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FLORIDA 
BEFORE THE 

PUBLIC SERVICE COMMISSION 
PREPARED TESTIMONY 

OF 
MICHAEL L. BROSCH 

Please state your name and business address. 

My name is Michael L. Brosch. My business address is 740 

North Blue Parkway, Suite 204, Lee's Summit, Missouri 

64063. 

What is your present occupation? 

I am a principal of Dittmer, Brosch and Associates, Inc. 

The firm's business and my responsibilities are primarily 

related to special services work for utility regulatory 

clients, including rate case reviews, cost of service 

analyses, jurisdictional and class cost allocations, 

financial studies, rate design analyses, and special 

investigations related to utility operations and 

ratemaking issues. 

Will you summarize your educational background and 

professional experience in the field of utility 

regulation? 

I graduated from the University of Missouri, Kansas City, 

in 1978 with a Bachelor of Business Administration 

Degree, majoring in accounting. I hold a CPA 
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Certificate in the State of Missouri and in the State of 

Kansas. I am a member of the American Institute of 

Certified Public Accountants, the Missouri Society of 

Certified Public Accountants, and the Kansas Society of 

Certified Public Accountants. From 1978 to 1981, I 

served as a public utility accountant with the Staff of 

the Missouri Public Service Commission. While employed 

by the Missouri Commission, I participated in rate case 

examinations involving electric, gas, water, steam, 

transit, and telephone utilities operating in Xissouri. 

My responsibilities in Missouri utility rate case 

proceedings included analysis and testimony on virtually 

all facets of public utility 'revenue requirement 

determination. 

In December, 1981, I accepted a regulatory consultant 

position with Troupe Kehoe Whiteaker fi  Kent in its public 

utility department. While with Troupe Kehoe Whiteaker h 

Kent, I directed the development and presentation of an 

in-house training program on public utility income tax 

accounting concepts and issues. With other firm 

members, I was involved in the review, analysis, and 

presentation of a wide range of rate case issues and 

various other utility management advisory functions for 

both utility company and regulatory agency clients. 

TSOSBMB.82 2 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

In May of 1983, I commenced employment with Lubow McKay 

Stevens and Lewis as a senior consultant. While with 

that firm, I was involved in numerous regulatory 

proceedings and directed several project teams in the 

conduct of special projects including the development of 

a comprehensive lead lag study theory and procedures 

manual for use by the Ohio Office of the Consumers ' 

Counsel (OCC) and its technical staff. Other special 

projects that I directed included a detailed analysis of 

utility holding company formation/ diversification policy 

issues for the Wisconsin Public Service Commission and a 

study of electric utility interconnection agreements and 

related bulk power transactions studies of Ohio electric 

utilities. 

In June of 1985, Dittmer, Brosch and Associates, InC. was 

organized. The firm specializes in public utility 

regulatory and management consulting in the electric, 

gas, telecommunications, water, and wastewater 

industries. As a principal of the firm, I am 

responsible for the supervision and conduct of the firm's 

various regulatory projects currently in process. 

I have testified before utility regulatory agencies in 

Arizona, Arkansas, Florida, Bawaii, Illinois, Indiana, 
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Q. 

A. 

Q. 

Kansas, Nichigan, Missouri, Ohio, Oklahoma, Washington 

and Wisconsin in regulatory proceedings involving 

electric, gas, telephone, water, sewer, transit, and 

steam utilities. 

What experience have you had in analyzing and quantifying 

revenue requirements for telephone utilities in general, 

and Bell operating companies in particular? 

I have been involved in many telephone rate cases 

involving Bell operating companies, major independent 

telephone companies and small investor owned and 

cooperative telephone companies. I have testified 

regarding telecommunications issues in multiple 

jurisdictions on a wide variety of issues. 

With respect to Bell companies, I have participated in 

multiple pre and post-divestiture rate proceedings in 

Arizona, Indiana, Oklahoma, Washington, Wyoming and 

several cases in Missouri. Moreover, I have analyzed and 

addressed BELLCORE and regional holding company 

affiliated relationships with regulated Bell telephone 

subsidiaries several times in certain of these 

jurisdictions over the past decade. 

What functional areas of the Florida Office of the P u b l i c  

Counsel (OPC) case are you directly responsible for? 
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I have reviewed and will sponsor testimony addressing 

Southern Bell's transactions with certain affiliated 

companies, including the parent, BellSouth Corporation 

headquarters (BSC-HQ) and Bell Communications Research, 

Inc. (BELLCORE). I also examined one segment of the 

Southern Bell affiliate, Bellsouth Services', Science and 

Technology (ShT) entity. My analysis for this proceeding 

used the Company's filing as a starting point. Since 

Southern Bell made certain affiliate disallowances in its 

own prefiled case, I propose additional adjustments as 

required to properly restate test year affiliate 

transactions to a reasonable level for use in quantifying 

Southern Bell's revenue requirements. 

what are the general types of adjustments which are 

described in your testimony? 

I propose adjustments to restate charges to Southern Bell 

from three of the principal affiliates doing business 

with Southern Bell, BSC-HQ (parent), BELLCORE (research 

and development services) and BellSouth Services' Science 

and Technology (S&T) organization. 

BellSouth Corporation headquarters (BSC-HQ), Southern 

Bell's parent corporation, has a large centralized 

corporate staff which is organized into discrete 
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responsibility codes (RC's). Each RC incurs labor and 

non-labor costs, most of which are assigned or allocated 

among the BellSouth subsidiaries, including Southern 

Bell. I propose adjustments to Southern Bell's proposed 

recovery of such parent company costs to eliminate 

certain parent-ownership costs not properly recovered 

from ratepayers, as well as to disallow certain 

proprietary types of costs which should be disallowed if 

incurred directly by Southern Bell. 

In general, why must regulators be concerned with 

affiliated interest transactions of regulated utilities, 

such as Southern Bell? 

Utilities which have transactions with affiliates 

introduce new complexity and responsibility into the 

regulatory process. Complexity is obvious throughout the 

diverse departments and activities of numerous affiliates 

individually and collectively transacting with the 

regulated entity as well as among multiple affiliates, 

creating pools of costs, some of which are ultimately 

charged to regulated ratepayers. Additional regulatory 

responsibility arises from the potential for abusive cost 

attribution to regulated ratepayers in a variety of ways. 
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Q. What potential forms of abuse are existent within the 

telephone affiliated interest relationships of regulated 

companies? 

A. Examples of generic regulatory concerns with affiliated 

transactions of rate-regulated utilities include: 

1) Incurrence of objectionable expenses by an 
affiliate which are partially allocated to the 
utility. Examples include contributions, lobbying, 
antitrust and advertising. 

2 )  Improper allocation or assignment methodologies for 
affiliate costs which may subsidize unregulated 

TSOSBMB. 82 
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business segments. 

Pricing goods/service bought by the regulated 
utility from affiliates at prices which yield 
unreasonably high returns. 

Pricing goods/services sold by the regulated 
utility to affiliates at prices less than the 
higher of the utility's costs or market values. 

Uncompensated sharing of utility intangible assets 
such as personnel expertise, intellectual 
properties, credit worthiness and purchasing power. 
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6) Charging the regulated utility for goods or 
services not required to provide utility service, 
such as redundant expenses, corporate ownership 
costs, merger/acquisition costs and unnecessarily 
extravagant expenditures. 

7) Contrived financing or  operating arrangements 
between utilities and affiliates which attribute 
higher costs to the utility or attribute profitable 
business segments or functions away from the 
utility to its affiliates. 

8 )  Other affiliated interest abuses, such as parent 
company debt leveraging, risk shifting and capital 
structure or  dividend policy manipulation. 

Do you mean to imply by this list of potential abuses and 

regulatory concerns that all affiliated arrangements of 

regulated utilities are unreasonable? 

NO. Many of the utility-affiliate arrangements I have 

studied are advantageous to the utility and make good 

business sense as the most efficient means to provide 

necessary goods and services. However, all significant 

utility transactions with affiliates must be reviewed 
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Q. 

A. 

Q. 

A. 

with a strong appreciation of the potential problems and 

general concerns arising from these arrangements. My 

conclusion with respect to BSC-HQ and BELLCORE is that 

the majority of charges to Southern Bell are reasonable 

for inclusion within regulated revenue requirements. 

Do the affiliated transactions of Southern Bell raise 

issues in some of the areas of concern you listed? 

Yes. The remainder of my testimony discusses certain 

issues arising from Southern Bell's transactions with 

affiliates which, in my opinion, merit consideration by 

the Commission in this Docket. Since my responsibilities 

were limited to Southern Bell's transactions with BSC-HQ, 

the parent company, and BELLCORE, I have no conclusions 

with respect to Southern Bell transactions with other 

affiliates. 

How have your efforts been coordinated with the 

presentation of Mr. Randy Allen, OPC's primary revenue 

requirements witness? 

I have discussed my proposed adjustments with Mr. Allen 

and have forwarded appropriate amounts to him for 

inclusion in the total revenue requirement calculations 

that he sponsors. TO the extent Mr. Allen sponsors 

revenue requirement calculations for test periods other 
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than 1991, I recommended that my adjustments be restated 

in proportion to any escalation of gross BSC-HQ or 

BELLCORE jurisdictional expenses. 

How is the remainder of your testimony organized? 

My testimony is arranged by topical section. The 

following table serves to index the testimony sections 

with reference to the related schedules at the end of 

this volume which I sponsor: 

Testimony 
Paae Exhibit 

BSC-HQ (Parent) Ownership Costs . . . . 11 MLB- 1 

BSC-HQ Proprietary Disallowances. . . . 35 MLB-1 

BELLCORE/BellSouth Services- 
Science & Technology . . . . . . . . 48 MLB-2 
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BELLSOUTH CORPORATION PARENT OWNERSHIP COSTS 

What is the overall form of organization of BellSouth 

Corporation and how does Southern Bell fit within the 

organization? 

BellSouth Corporation was one of seven Regional Bell 

Operating Companies (FlBOC's) created at divestiture to 

own and operate the previously integrated ATtiT Bell 

operating companies. Southern Bell and South Central 

Bell were organized as subsidiaries of BellSouth 

Corporation at divestiture, with Southern Bell continuing 

to provide regulated Florida intrastate telephone 

services under BellSouth ownership and control. 

Effective at year-end 1991, Southern Bell's name was 

changed to BellSouth Telecommunications, Inc. and at that 

time South Central Bell, as well as BellSouth Services 

Incorporated (a jointly owned service subsidiary of 

Southern Bell and South Central Bell), were merged into 

this renamed entity. However, BellSouth 

Telecommunications continues to use the names of Southern 

Bell and South Central Bell f o r  various purposes. I will 

use "Southern Bell" herein to refer to the regulated 

telephone operations of BellSouth Corporation, subject to 

FPSC jurisdiction. I have attached as Attachment MLB-1 a 

TSOSBMB. 82 11 
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copy of the BellSouth Corporate Structure organizational 

chart from the Company's FCC Cost Allocation Manual to 

illustrate the relationship of BSC-HQ to BellSouth 

Telecommunications (doing business as Southern B e l l  and 

South Central Bell) as well as the multitude of 

diversified domestic and foreign subsidiaries controlled 

by BellSouth Corporation. 

Q .  Does BSC-HQ incur labor and non-labor departmental costs 

for centralized corporate services which it charges to 

various subsidiaries including Southern Bell? 

A. Yes. According to Southern Bell's FCC Cost Allocation 

Manual, services provided to it by.BSC-HQ include: 

Financial services, such as securing capital, 
maintaining investor relations, administrating 
pension fund, preparing consolidated financial 
reports, providing budget assistance and economic 
forecasts. 

Regional planning services such as corporate, 
strategic marketing and technical (including 
development) . 
Personnel services related to labor relations, 
relocation, wages, salaries and assessment. 

Legal assistance on taxes, antitrust and federal 
matters. 

T50SBMB. 82 12 
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e Public affairs involving federal regulatory and 

Public relations related to financial advertising 

federal legislative activities. 

and media information. 

Accounting and tax services such as internal 
corporate reports, consolidated tax returns, 
accounting policies rulings and interpretations and 
internal audit policy. 

Executive Support 

Security 

Q. What level of BSC-HQ costs are included within Southern 

Bell's Florida Intrastate expenses in its minimum filing 

requirements? 

A. Exhibit -[MLB-l) summarizes Southern Bell's test 

period Florida Intrastate BSC-HQ expenses by Department. 

Column D of this Schedule sets forth the unadjusted 

Florida Intrastate BSC-HQ corporate services expenses of 

$19.5 million per books. Column E reflects Southern 

Bell's MFR adjustment to eliminate certain of the BSC-HQ 

and other affiliate charges in the total amount of $1.9 

million (See MFR Schedule A-66, page 23). After the 
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Company's adjustment, the remaining Florida Intrastate 

share of BSC-HQ corporate services expense the Company 

seeks to recover total $17.8 million. In addition to 

corporate services, BSC-HQ also bills Southern Bell for a 

variety of specific project costs. However, these test 

period intrastate charges totaled only $0.8 million for 

all project costs. 

Q. Does Southern Bell's parent corporation, BellSouth 

Corporation (BSC-HQ), act in dual capacity, serving as 

both a management service company and as corporate owner 

of Southern Bell and its other subsidiaries? 

A. Yes. BSC owns all of the outstanding common stock of 

Southern Bell as well as significant financial interests 

in a wide variety of diversified businesses, including 

domestic cellular telephone services, foreign cellular 

systems, domestic and international paging services, 

directory advertising and publishing, CPE sales and 

leasing, software creation and sales, graphics and 

printing services, Australian telecommunications and 

other business operations. Therefore, BSC exists as both 

a parent/holding company and a service company, BSC has 

the same interests as any institutional investor managing 

a diverse portfol io  of businesses. The duality of 

purpose comes into play where BellSouth acts as more than 

T~OSBMB. 82 14 
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Q. 

A. 

Q. 

A. 

a passive equity investor in Southern Bell, by virtue of 

its self-appointment as management advisor to the 

subsidiary telephone companies. In its dual role of 

owner and advisor, BellSouth sells management advice and 

assistance to the subsidiary telephone company and other 

subsidiaries while simultaneously protecting its 

ownership interest in such subsidiaries. 

Have you analyzed the specific functions and related 

costs within the BSC-HQ billings to Southern Bel l?  

Yes. My examination focused upon the nature of 

activities within each of the BSC-HQ responsibility areas 

and the amount of costs incurred within each RC, as well 

as the allocation of same among BSC subsidiaries. I 

examined BSC-HQ organizational charts, written job 

descriptions, detailed descriptions of departmental 

activities and benefits, and examples of work product 

emanating from various BSC-HQ departments. 

How are the BSC-HQ billings for General Services and 

Licenses costs accumulated and charged to Southern Bell 

and other affiliated companies? 

BSC-HQ is organized into responsibility codes (RC's) for 

which all salaries and non-labor costs are accumulated. 

Each RC has a defined functional role within the overall 

TSOSBMB. 82 15 
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management framework of BellSouth Corporation. BSC, as 

parent corporation, contains departmental management 

resources to control and direct its portfolio of 

investments in its subsidiary company business segments, 

including the regulated telecommunications segment, as 

well as the diversified BellSouth Enterprises segment. 

Each RC accumulates its expenses for assignment or 

allocation to designated affiliate beneficiaries. The 

basis of allocation is prescribed by BSC-HQ management 

with the intent being to causally and systematically 

assign costs to the business entities receiving benefit 

from the RC's actions. The allocated costs from each RC 

are accumulated and billed to the telephone companies and 

other subsidiaries of BSC on a monthly basis. 

Does BSC act as both advisor and director of the 

telephone subsidiaries, including Southern Bell? 

Yes. BSC serves both an advisory staff function as well 

as a line management control function over the regulated 

telephone operations of Southern Bell and other 

subsidiaries. In contrast, telephone company management 

has authority over and responsibility for operational 

issues, acting within the operational guidelines and 
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broad policy directives prescribed by the parent 

organization. 

Positions taken on corporate-wide policy issues are under 

the authority of BSC-HQ. The parent company also controls 

corporate strategic planning and centralized 

administrative processes. BSC-HQ guides the business 

planning done by Southern Bell, oversees the capital and 

operations budgeting process, establishes expenditure and 

earnings commitments from regulated telco management and 

monitors achievements of such plans, budgets and 

commitments. 

You previously indicated ratemaking adjustments to 

several categories of these BSC-Hp costs which you 

sponsor. Turning to your first adjustment category, what 

are the kinds of costs which you characterize as 

"ownership" which should be disallowed? 

BSC-HQ costs which I consider to be ownership in nature 

are those costs which are incurred as a function of BSC 

in the role of parent company and investor in Southern 

B e l l  as well as the other diversified subsidiary 

companies. Specific examples of ownership costs include 

the costs of the holding company's senior executive 

management who are concerned with planning and managing 

TSOSBMB. 82 17 
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the BellSouth portfolio of diversified business ventures, 

while providing overall policy guidance and corporate 

governance over each subsidiary. 

Another example of ownership costs are those costs 

incurred by the BSC-HQ corporate secretary, corporate 

treasury, corporate planning and certain corporate 

counsel RC's which are primarily responsible for 

maintenance of the parent company legal entity and the 

administration of its corporate responsibilities and 

external legal affairs, such as Board of Directors of the 

parent company and the cash management and investment 

functions which generate below-the-line income for the 

consolidated BSC organization. Many of these "ownership" 

costs are duplicative of costs incurred directly by the 

BSC subsidiaries. For example, corporate Board of 

Directors fees and expenses, treasury department cash 

management costs, and corporate secretary activities are 

duplicative of similar costs incurred directly by the BSC 

subsidiaries. 

Even though there is a duality of purpose, with BSC-HQ 

acting as both management advisor and parent/owner, the 

Company's proposed allocation of BSC-incurred costs would 

cause many parent/ownership costs to be charged to 

TSOSBMB .82  18 
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ratepayers, if the FPSC fails to approve the ownership 

cost disallowance I propose. 

If Southern Bell were owned by individual investors, 

rather than a holding company parent, would such 

investors be able to recover their ownership costs from 

regulated ratepayers? 

No. It is only by virtue of the telephone subsidiary 

billing mechanism that the problem arises. BSC-HQ is 

able to recover both the costs of management advice and 

assistance, as well as the costs it incurs to manage its 

portfolio of investments in the telephone companies and 

non-regulated affiliates, through corporate services 

billings. I propose that the Commission consider the 

costs associated with BSC oversight and management of 

its investment in Southern Bell and its other 

subsidiaries to be properly chargeable against its 

dividend income stream rather than allocated and 

recovered from telephone ratepayers. 

Does your Exhibit - (KLB-1) set forth detailed BSC-HQ 

Florida intrastate amounts by parent Company Department 

which you propose to disallow as ownership costs? 

Yes. Column G of Exhibit - (MLB-1) provides the 

detailed costs by BSC Department which I propose to 

TSOSBMB.82 19 
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disallow as being ownership in nature and not properly 

recoverable from ratepayers. These amounts are 

quantified at a Southern Bell-Florida intrastate level. 

Line 24 of column G represents my total proposed 

adjustment. 

Why have you included the cost of BSC's Chief Executive 

Officer, its Vice Chairman and other BSC Executive Vice 

President responsibility codes within your "ownership 

cost" disallowance category? 

Senior executive management at BSC-HQ is, at best, only 

indirectly involved in providing specific detailed 

technical and management advice and assistance to the 

telephone company. The roles of these individual 

executives is primarily oriented to broad BSC strategic 

policy issues and the promotion of BSC in the most 

favorable light to the investment community and other 

public forums. 

I believe that the value of the parent's senior most 

management is realized primarily by the parent, rather 

than Southern Bell ratepayers, and should not be so 

heavily allocated to regulated telco ratepayers. 

Therefore, at column G, line 1 of Exhibit - MLB-1, I 
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have eliminated one-half of the cost of BSC-HQ's most 

senior executives, as allocated to Southern Bell. 

Q. DO the written position descriptions associated with the 

four senior-most Bsllsouth Corporation executives you 

would partially disallow support your conclusion that 

these executives are portfolio managers? 

A. Yes. According to written position descriptions for 

BSC's Chairman, President, and Chief Executive Officer (1 

position), the focus of management attention extends far 

beyond the telephone company's interests: 

Accountabilitv Obiective (Basic Function) 

To provide leadership to the Board of 
Directors in carrying out its collective 
responsibility for the management of the 
assets, business and affairs of BellSouth 
Corporation. 

To strategically plan, organize, manage and 
control the total operations of BellSouth 
Corporation and its subsidiaries in ways that 
result in the optimum in cost effective 
service, the required growth in revenues and 
earnings, and expansion into new international 
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markets and new business lines, while 
maintaining compliance with applicable 
regulatory guidelines, Board policy standards, 
and maintenance of a viable existence within 
the competitive marketplace. 

(2nd Interrogatory, Item No. 34) 

Reporting directly to the CEO of the parent Company is 

BellSouth's Vice Chairman-Finance & Administration, its 

Executive Vice President-Governmental Affairs, and its 

Executive Vice President and General Counsel. Other 

direct reporting positions to the CEO include BellSouth 

Telecommunications' Chairman, and the President of 

BellSouth Enterprises. This parent Company reporting 

structure is illustrated in Attachment MLB-2, a BellSouth 

Corporation management organization chart received in 

response to 3rd POD, Item No. 39. Attachment MLB-3 

contains written position descriptions for the four 

senior-most BellSouth executives I propose be treated as 

parent/ownership costs. 

How do the responsibilities of the telephone Company's 

Chairman and CEO compare with the responsibilities of the 

parent Company's CEO, Vice-Chairman and Executive VP's? 

The telephone subsidiary's Chairman and CEO also has 

TSOSBMB.82 22 
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overall leadership, planning and management 

responsibilities comparable to the responsibilities of 

the BellSouth CEO, except that his focus is upon 

telephone company operations, rather than global holding 

company portfolio performance. A written position 

description for the telephone Company's CEO was provided 

in response to 2nd Interrogatory, Item No. 35, describing 

the position as follows: 

Title: Chairman and Chief Executive 
Officer 

Reports To: Chairman, CEO and President of 

Provides leadership and overall direction for 
the planning, management and control of all 
aspects of BellSouth Telecommunications 
activities for the effective coordination and 
integration of the varied and diverse 
functional elements of the company's 
operations to produce the required levels of 
growth in revenue and earnings. Participates 
in the overall strategic management direction 
of BellSouth Corporation, thereby contributing 

BellSouth Corporation 
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to the overall strategic direction of 
BellSouth, and representation within BellSouth 
on behalf of BellSouth Telecommunications. 

Q. In your opinion, does the allocation of BSC-HQ senior 

executive management costs burden ratepayers with 

excessive and duplicative executive compensation 

expense? 

A. Yes. In the 1991 test period, Florida ratepayers are 

asked to pay for three layers of generously compensated 

senior executive management. The compensation of the 

most highly compensated executives of Southern Bell, 

BellSouth Services, Inc., and BellSouth Corporation in 

1991 were as follows: 

southern Bell Executives 
BellSouth Services Executives 
BellSouth (parent) Executives 
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I believe that my proposed 50 percent disallowance of 

BSC-IiQ costs is conservative in that it serves to reduce 

charges to ratepayers for only the third layer of 

redundant senior executive management. 

Is there additional written evidence that the executive 

management of the parent Company perceives its portfolio 

to be much broader than the core telephone business of 

Southern Bell? 

Yes. Many of the written work products I have reviewed 

indicate BellSouth's emphasis on global diversification 

and the efforts of senior executive management in 

planning and executing such diversification. I have 

appended Attachment MLB-4 to my testimony to illustrate, 

through the statements of BellSouth's CEO, Mr. John 

Clendenin, the direction and scope of the parent 

Company's strategic planning and to illustrate one of the 

functions of the CEO in representing BellSouth in the 

investment community. 

Why have you recommended a 50 percent disallowance of 

BSC-HQ senior executives, rather than 100 percent 

disallowance? 

I believe that Florida ratepayers receive little, if any, 

direct tangible benefit from the efforts of the parent 
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Company's CEO, Vice-chairman and EVP's. However, to add 

additional conservatism to my proposed adjustment, 

recognizing the difficulties in evaluating such issues, I 

have reduced the adjustment to 50 percent. In addition, 

disallowance of only 50 percent of parent/holding company 

ownership costs is consistent with Florida PSC precedent. 

I would note that Southern Bell's adjustment to disallow 

certain affiliate lobbying costs excludes a portion of 

costs for the BSC-HQ EVP-Government Affairs. MY 

adjustment is additive to Southern Bell's adjustment. 

For what reasons do you propose disallowance of 50 

percent of BSC-HQ's Corporate Planning Department as 

representing "ownership costs"? 

This BSC department is involved with strategic planning, 

strategic issues analysis and the identification and 

analysis of parent Company business opportunities in 

which BellSouth may be able to profitably invest 

resources. Even though new business development and new 

technology deployment can occur either through new 

product/service introductions within existing BellSouth 

subsidiary entities or through traditional mergers and 

acquisitions, the cost of Corporate Planning analysis 

toward refinement of the parent's portfolio of 
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telecommunications industry products and services is an 

investor function, properly recovered out of the dividend 

income stream realized by the parent. 

Does the BSC-HQ Corporate Planning Department develop 

economic and financial forecasts and data bases for use 

in the parent Company’s planning and strategic management 

processes? 

Yes. In addition, Corporate Planning develops 

mathematical simulation models of Bellsouth financial 

performance for use in the Corporation‘s financial 

planning and financial strategy processes. Corporate 

Planning coordinates the preparation of financial and 

strategic plans and budgets from the subsidiaries and 

practices portfolio management by studying, from a 

consolidated viewpoint, changes to BellSouth’s financial 

value from alternative resource allocations. (3rd POD, 

Item No. 41) 

D o e s  the Company admit that there is an element of 

redundancy and overlap in the mission and strategic 

planning of the parent entity compared with the telephone 

company? 
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In response to Citizen's 9th Interrogatory, Item No. 231, 

the Company contrasted the mission and planning of the 

two entities as: 

BellSouth Corporation (BSC) is a holding company 
responsible for establishing the overall mission, 
goals, strategic direction and overall guidelines 
for the total enterprise. BSC has operations other 
than BellSouth Telecommunications (BST) which cover 
different product/service markets and more expansive 
geographic markets than the "local" nine state, 
franchise service area. As a result, BSC's mission 
and goals must and do encompass the activities of 
all of its investments in the telecommunications and 
information industry. 

At the same time, however, BellSouth 
Telecommunications, a wholly-owned subsidiary of 
BellSouth Corporation, is responsible for 
establishing its own specific mission and specific 
goals consistent with and complementary to the 
overall mission of BellSouth Corporation., 
Consequently, while the mission and goals of 
Bellsouth Telecomunications complement and support 
the overall mission and goals of BellSouth 
Corporation, they do differ for these reasons. 
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Q. what internal capabilities exist within Southern Bell to 

conduct Corporate and Financial Planning without 

dependence upon BSC-HQ for technical or administrative 

assistance/services? 

A. According to the Company's response to 15th 

Interrogatory, Item No. 386: 

"BellSouth Telecormrmnications (Southern Bell) 
maintains a Planning Staff in the Executive 
Department which coordinates the Corporate 
Planning activities of the various functional 
departments. Each of the Functional 
departments maintains a Staff responsible for 
developing functional corporate plans and 
coordinating their implementation. Financial 
Planning for BellSouth Telecommunications 
(Southern Bell) is performed by various 
Headquarters Organizations under the direction 
of the Financial Management and Analysis 
Staff. Collectively, these organizations have 
all of the capabilities needed to perform 
financial Planing [sic] Functions for the 
Company. 
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Q. Referring next to the BSC-HQ Treasury Department, why 

have you classified 50 percent of BellSouth's Assistant 

Treasurer-Cash Management costs, as charged to Southern 

Bell-Florida Intrastate, to be "ownership costs" and 

thereby disallowed? 

A. The BellSouth parent Treasury Department performs a broad 

range of activities including pension administration, 

investor relations, cash management and financing 

support. I do not oppose BellSouth's allocation of 

pension trust administration and investor relations costs 

within the treasury function because centralization of 

these activities at BSC-HQ should allow Southern Bell to 

avoid direct incurrence of such costs. However, those 

portions of the parent company's treasury function which 

include the management of BellSouth consolidated cash, 

investments and borrowings are appropriately considered 

ownership costs. Furthermore, BellSouth's efforts to 

maximize the profitable investment of available cash from 

Southern Bell and other domestic and foreign subsidiaries 

produces below-the-line income not credited to 

ratepayers. Therefore, the costs of centralized cash 

management should not be charged to Southern Bell 

ratepayers. 
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Similarly, the administration of banking relations for 

the reconciliation of cash books and bank registers and 

the development of cash forecasts is an entity cost any 

holding company investor would engage in and absorb out 

of the resultant dividend income stream. For these 

reasons, I propose disallowance of one half of the cash 

management function within the overall Treasury 

Department costs allocable to Southern Bell in Florida. 

This narrowly focused disallowance represents only about 

28 percent of the total BSC-HQ treasury charges to 

Florida intrastate operations. 

What internal capabilities exist within Southern Bell to 

develop and coordinate cash forecasts without dependence 

upon BSC-HQ for technical or 

assistance/services? 

administrative 

According to the Company’s response to 15th 

Interrogatory, Item No. 379: 

“BST develops and coordinates its cash 
forecasts without dependence upon BSC-HQ. 

BST developed its own cash forecast 
procedures, collects and analyzes its own 
data, and uses PC spreadsheets designed 
locally. For information purposes, BST 
provides BSC-HQ with estimated external 
financing requirements.“ 

TSOSBMB. 82 31 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Q. What internal capabilities exist within Southern Bell to 

coordinate banking relations without dependence upon 

BSC-HQ for technical or administrative 

assistance/service? 

A. According to the Company’s response to 15th Interrogatory 

Item No. 380: 

“BST coordinates its own banking relations 
without dependence upon BSC-HQ. 

BST develops and maintains its own banking 
relationships, determines services required, 
negotiates services and fee structures, tracks 
bank performance, contracts with banks and 
dissolves relationships as needed. 

BSC-HQ puts together reports on all BSC 
banking relationships and shares this report 
with BST. Io 

Clearly, there is a concern with respect to redundancy in 

the treasury functions of Southern Bell and BSC-HQ, which 

is partially remedied by my proposed adjustment. 
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Do you consider the BellSouth Corporation Assistant 

Secretary, who is responsible for BellSouth Board of 

Directors Support, to be an ownership cost properly 

absorbed by the parent, rather than allocated to 

BellSouth's subsidiaries? 

Yes. BellSouth's Assistant Secretary provides 

administrative and research support for the BellSouth 

Board and committee meetings. This RC's activities 

support the BellSouth parent legal entity and its control 

over subsidiary companies and is properly considered an 

ownership cost. Moreover, the Assistant Secretary 

activities are redundant in light of the legal obligation 

of each subsidiary to perform similar functions as a 

separate legal entity. F o r  these reasons I have 

disallowed 50 percent of the BellSouth Assistant 

Secretary dollars charged to Southern Bell-Florida. 

What is the total amount and percentage of BSC-HQ costs 

charged to Southern Bell-Florida Intrastate operations 

which you propose to disallow as ownership in nature? 
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A. Total test period BSC-HQ jurisdictional costs charged to 

Southern Bell which I believe are ownership costs, 

properly disallowed by the Commission, can be summarized 

as follows: 

eac-m D- t z i t h  
1991 To+.l 
us-80 $ 

Total AW2ur.u 

Total 

ch.rrl.d 

Ill%=-tA-$ 

tn nl0riQa 

51.415.300 

893,300 

2,107,700 

730.600 

$5,146,900 ..---- 

p=- 

D i m a l l a n d  
h M I . h i D  

1 429.012 

446,650 

590,148 

110.609 

11,576,419 
__u_ 

51,576,419 --- 
The $1,576,419 of BSC-HQ allocated cost I would disallow 

as ownership costs represent only approximately 8 percent 

of the total of $19.5 million BSC-HQ costs allocated to 

Southern Bell-Florida Intrastate operations, in the 

projected 1991 test year. Note that these amounts tie 

to Exhibit - (MLB-l), columns G and D. 
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BELLSOUTH CORPORATION PROPRIETARY DISALLOWANCES 

Has Southern Bell recognized the need to disallow certain 

of the costs allocated to Florida intrastate operations 

by BSC-HQ? 

Yes. The Company included its affiliate disallowance 

adjustment at MFR Schedule A-6b, page 23, to disallow 

$1.7 million of BSC-HQ charges for contributions, 

advertising, lobbying/liaison, memberships/dues and the 

BellSouth Golf Classic. These costs represent typical 

costs the proprietor of a business might choose to incur, 

which are not of a nature that is necessary or essential 

to provide regulated services or of direct tangible 

benefit to ratepayers. For this reason, I refer to such 

costs as proprietary disallowances and recommend that the 

Commission treat them the same as they would be treated 

if incurred directly by Southern Bell. 

Do you propose further disallowances of BSC-incurred 

expenses, beyond Southern Bell's proposed adjustment, 

because of the specific nature of such costs? 

Yes. In addition to, the ownership cost adjustment 

previously described, I propose that certain specific 

costs incurred by BSC-HQ and allocated to Southern 

Bell-Florida be disallowed because such costs, if 
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incurred directly by Southern Bell, are not properly 

allowed for  ratemaking purposes. These proprietary 

disallowances would include the BSC-HQ legal costs 

incurred to defend and support BellSouth positions in 

antitrust and Modified Final Judgment (MPJ) matters, the 

remaining costs of corporate advertising not disallowed 

by Southern Bell's own adjustment, the BSC-HQ corporate 

affairs department not already disallowed by Southern 

Bell and the costs of BellSouth DC Public Relations. 

Q. What are the BellSouth Corporation antitmst and MPJ 

legal costs you propose to disallow for ratemaking 

purposes? 

A. I have considered the costs within BSC-HQ Responsibility 

Code H61300 and a pro-rata share of legal support staff 

(RC 61170) to be antitrust and MFJ legal costs (11th Int. 

No. 275 and 3rd POD, No. 41). According to BSC-HQ's work 

activity description for these lawyers, 

performed include: 

Antitrust and Modified Final Judgment 

Represent the subsidiaries before the 

the functions 

KFJ Court. 
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Q. 

. Review, analyze and interpret court orders and 
decisions. . Review and analyze pleadings filed by others before 
the Court. . Represent the subsidiaries before the Court of 

Provide legal advice to BellSouth management and the 

Provide antitrust advice to BellSouth management and 

Appeals on MFJ and antitrust matters. 

subsidiaries regarding the MFJ. 

the subsidiaries. 

. 

. 

. Represent BellSouth in antitrust cases. . Develop and conduct antitrust compliance seminars. 

Why should the parent Company's legal representation in 

antitrust cases not be funded by ratepayers? 

A. I have disallowed antitrust 

awards because such costs do 
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provision of regulated, tariffed telephone services, and 

because BSC-HQ has failed to adequately describe the 

nature of such charges. In the present case, BSC-HQ was 

asked what antitrust cases presently involve BellSouth 

for  which BSC-HQ incurs and allocates costs to Southern 

Bell (9th INT. No. 241). The Company's response listed 

four individual cases, two of which named Southern Bell 

as respondent. However, in response to 13th 

Interrogatory Number 330, The Company responded, "BSC-HQ 

did not bill any costs to Southern Bell during 1991 in 

connection with any of the antitrust cases listed in 

response to Item No. 241." To add to this confusion, the 

Company responded to 13th Interrogatory Number 331 .by 

stating that BSC-HQ employs 6 attorneys who work on 

'MFJ/antitrust" matters, f o r  which test period Florida 

intrastate allocated charges totaled $282,900. 

I believe that Southern Bell antitrust costs should be 

disallowed, in the smaller mount I derived from other 

,discovery responses, unless and until the Company 

demonstrates benefits to ratepayers from its antitrust 

activities and provides an accurate accounting for such 

costs. 
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Do you recommend similar treatment for the parent 

Company's MPFJ legal charges to Southern B e l l ?  

Yes. MFJ waivers sought by the parent are likely to be 

associated with non-regulated operations because the MFJ 

explicitly authorized regulated exchange and exchange 

access telephone services to be provided by Southern 

Bell. Similarly, MFJ compliance matters would relate 

primarily to Bellsouth's non-regulated business conduct. 

To what extent is Southern Bell dependent upon BSC-HQ for 

legal services? 

According to the response to 11th Interrogatory, Number 

284, BellSouth Telecommunications (Southern Bell and 

South Central Bell-post merger) has 78 lawyers throughout 

its operations, including 35 lawyers within the state 

organizations, 10 labor lawyers, 26 regulatory, marketing 

and network lawyers, 2 general corporate lawyers, 2 

general support services lawyers, 2 legal vice presidents 

and 1 lawyer to support headquarters anti-trust and 

litigation matters. No adjustment is proposed for any of 

these telephone subsidiary lawyers. 

BSC-HQ has 29 attorneys responsible for Federal 

regulatory, antitrust/MFJ, labor relations, tax, 

intellectual property, securities/corporate and 
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litigation. My proposed adjustments addresses six or 

fewer of these headquarters lawyers. 

With respect to BSC-HQ corporate advertising, how did 

Southern Bell analyze the parent's advertising in 

deriving its proposed disallowance adjustment? 

The Company appears to have evaluated the parent's 

advertising copy to determine the percent of each ad that 

was thought to be "product related" and therefore 

allowable. FCC Part 32 distinguishes between "product" 

and "corporate image" advertising, as follows: 

Account 6613 Product Advertisinq; 

This account shall include costs incurred in 
developing and implementing promotional strategies 
to stimulate the purchase of products and services. 
This excludes non product-related advertising, such 
as corporate image, stock and bond issue and 
employment advertisements, which shall be included 
in the appropriate functional accounts. 

(47 CFR, Ch. 1, 32.6613) 

The Company's adjustment then disallows all BSC-HQ 

advertising except those individual ads determined to be 

"Product Related". 
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Q. 
A. 
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A. 
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A. 

Do you agree with this criteria for disallowance? 

I agree that only product specific telecommunications 

advertising which is cost effective should be eligible 

for ratepayer recovery. Unfortunately, the Company 

appears to have not rigorously applied its own criteria. 

The BSC-HQ advertising costs Southern Bell did not 

disallow, which it proposes to recover from ratepayers, 

includes the cost of 50 percent of four print ads and 

11/16 of several television ads which I believe are 

entirely corporate image-building advertisements. 

Did Southern Bel l  judge any of the BSC-HQ advertisements 

to be entirely product related and, thus, recoverable 

from ratepayers? 

NO. The only BSC-HQ advertisements not completely 

disallowed, were partially disallowed, at either a 50 

percent or 5/16 (TV ads) level by Southern bell. 

Have you prepared an attachment to your testimony to 

illustrate the specific BSC-HQ advertising you propose be 

disallowed in its entirety, rather than only partially 

disallowed as proposed by Southern Bell? 

Yes. Attachment MLB-5 contains advertising copy for the 

specific print and television ads disallowed by m y  

adjustment (3rd POD, No. 49). Each of these ads was 
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partially disallowed by Southern Bell, as described 

above. It is my opinion that these ads are entirely 

corporate image building rather than product-related 

advertisements. 

What activities are included within the BSC-HQ Corporate 

Affairs Department which you propose be disallowed? 

Corporate Affairs is made up of four principal activity 

areas; Education Affairs, Executive Services, External 

Affairs and BellSouth foundation. Within Education 

Affairs, internal corporate resources are devoted to 

programs aimed at the improvement of public education in 

the southeast states. Executive Services includes 

planning and conducting executive/shareholder meetings, 

coordinating the Bellsouth Classic golf tournament and 

other customer positioning activities. External Affairs 

supports the BSC Chairman's external activities such as 

US Chamber of Commerce, J F K  Center for the Performing 

Arts and United Way involvement as well as coordinating 

corporate contributions, corporate memberships and 

community affairs programs. BellSouth Foundation 

administration, involving the evaluation/approval of 

Foundation grants, is also included in the Corporate 

Affairs Department. (3rd POD, Item No. 41) 
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Has the Company disallowed some of the allocated costs 

from BSC-HQ in its own adjustment? 

Yes. Southern Bell's MFR Schedule A-6b, at page 23, 

disallows the allocated direct costs of BSC-HQ corporate 

contributions, Social/Service club memberships and dues 

and the BellSouth Golf classic. These adjustments total 

$352,000, the majority of which originate in the BSC-HQ 

Corporate Affairs Department. 

Why do you propose to disallow the remaining BSC-HQ 

Corporate Affairs costs, after reflecting Southern Bell's 

own disallowance adjustment? 

Lt is my belief that Florida ratepayers receive M direct 

tangible benefits from the Corporate Affairs activities 

described above. The social and civic activities of the 

parent Company's executive management may enhance the 

public image of BellSouth, but such image enhancement 

should not be charged to ratepayers. 

What are the principal written work products of the 

BSC-HQ corporate affairs department and how are such work 

products said to be used to benefit Florida ratepayers? 
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"The principal written work products of the 
BSC-HQ corporate affairs department are 
published reports of the BellSouth Foundation 
and BellSouth Education Affairs, including 
guidelines for  requesting grants, annual 
reports, and special reports. These products 
benefit Florida ratepayers by advising them 
about how to seek financial support for 
education programs and providing other 
information related to improving education in 
the southeast, including Florida." 
Also, the department provides written 
responses to external groups seeking support 
from the corporation or foundation, totaling 
approximately 1,500 annually. This 
correspondence supports Florida ratepayers by 
improving the corporation's awareness of and 
responsiveness to the interests of the 
community, including Florida. 

Does BSC-HQ also maintain a Washington D.C. Public 

Relations organization? 

Yes. Responsibility Code H91000 is the BellSouth DC 
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Public Relations cost center responsible for Media 

Relations (11 INT, No. 275). This Media Relations 

function controls disclosure of centralized financial 

data and information regarding legislative/regulatory 

activities and corporate policy. National and 

international media relations support for BellSouth and 

its subsidiaries is provided, while corporate media 

opportunities are "created" with the national press for 

BellSouth officers in Atlanta and Washington. In the 

test period, the Florida Intrastate jurisdiction was 

charged $233,300 for these services. 

Why do you propose to disallow the BellSouth Public 

(Media) Relations costs? 

I believe these activities and costs are similar in 

nature to the Corporate Affairs functions described 

above. Media Relations is an important concern to 

BellSouth as it endeavors to effectively create and 

utilize public media opportunities to enhance the image 

and advance the legislative/regulatory agenda of 

BellSouth. There has been no showing that regulated 

ratepayers in Florida need such media relations services 

in Washington or Atlanta or that they receive any 

tangible benefits from same. 
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Q. 

A. 

Q. 

A. 

Q. 

Have you also adjusted the BellSouth D.C. Federal 

legislative and regulatory relations charges through 

BSC-HQ to Florida? 

No. I have accepted the Company's proposed disallowance 

of $812,000 within ME'R Schedule A-6b, page 23 as a 

reasonable apportionment of such cost between ratepayers 

and shareholders. The Company's adjustment disallows 

two-thirds of such charges to Florida Intrastate, leaving 

a recoverable amount to recognize Southern Bell's 

dependence upon BSC-HQ for interaction with FCC 

personnel, with Federal-State Joint Boards, and with 

NARUC and other National entities/agencies. 

Does your Public Relations adjustment also disallow the 

expenses of the BSC-HQ Vice President-Public Relations? 

Yes. The Public/Media Relations, Advertising and 

Corporate Affairs functions disallowed by my adjustments, 

above, report to the Vice President-Public Relations. I 

have, therefore, also disallowed the responsibility code 

charges to Florida Intrastate for this Vice President. 

What is the total amount and percentage of BSC-HQ costs 

charged to Southern Bell-Florida Intrastate operations 

which you propose to exclude as a proprietary 

disallowance? 
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Test period BSC-HQ charges to Florida-Intrastate that I 

propose be disallowed can be summarized as follows: 

Florida Proposed 
lo9l t o t a l  Intrastate Disallowed ~~~~~. ~ 

BSC-HQ Department-Function BSC-HQS Charged Proprietary 
Legal-AntitrusthF.7 S10.372.321 $1,432,900 S 117,422 - -- 
Advertising 7,072,581 831,900 831,900 A 

844,600 A Corporate Affairs 6,208,450 844,600 
Bellsouth DC-Public Relations 1,419,315 233,300 233,300 
VP-Public Relatione 462,831 70.206 70,206 

Total Amounts 25,535,498 3,412,906 2,097,428 

Lees:  Amount Excluded by Southern B e l l ' s  Adjustment (853,000) 

Total Public Counsel Proposed Disallowance 
A - ~nclm- mmf. also asanand by southern mu. 

51,244,420 
==-==e 

This total Public Counsel proposed proprietary 

disallowance amount ties to Exhibit -(MLB-l) at line 

25 and should be added to the Company's own proprietary 

exclusion of $1,665,000 of BSC-HQ costs. 

18 

19 

20 

21 

22 

23 

24 

25 

T5OSBMB. 82 47 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

1 9  

20 

2 1  

22 

23 

24 

25 

Q- 
A. 

a. 

A. 

RESXARCE AND DEVELOPMENT I RhDL 

What is the purpose of this section of your testimony? 

This testimony section addresses Southern Bell's test 

period research and development expenses, explaining the 

nature of such activities and recommending certain 

adjustments to such expenses. 

Does Southern Bell purchase research and development 

services from affiliated companies for which costs are 

included in test year expenses? 

Yes. The primary affiliate providing RhD services to 

Southern Bell is Bell Communications Research, Inc. 

(BELLCORE). BELLCORE was established at divestiture as a 

centralized national RhD and centralized service 

organization, owned equally by each of the seven Bell 

Regional Holding Companies (RHC's), to provide applied 

research, national security and emergency preparedness, 

operational support and common administrative systems 

support on a shared-cost basis. BELLCORE offers a broad 

spectrum of technical and operations RhD and support 

services through a series of programs and detailed 

projects. A "project" tracking and cost accounting 

system is employed by BELLCORE to accumulate and charge 

its incurred costs in each detailed project among the 
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RHC's. BELLCORE is a valuable resource to Southern Bell 

and other Bell operating companies because it is uniquely 

positioned to serve the mutual interests of its owners 

and clients on a national basis, sharing the costs of 

supporting common automated systems, centralized National 

Security/Emergency Preparedness (NSEP) and 

telecommunications RhD. However, the nature of the 

services provided by BELLCORE in the RhD domain raises 

significant regulatory policy issues. 

A second, much smaller source of RhD services to Southern 

Bell is the Science and Technology (ShT) organization 

within BellSouth Services. S&T conducts more focused 

technology development work in selected areas of interest 

to BellSouth. ShT is building BellSouth's Advanced 

Intelligent Network (AIN) laboratory and a related 

service creation environment f o r  the production of new 

advanced services to be provisioned through Southern 

Bell's AIN networks of the future. 

What total amount of test year expense was incurred by 

Southern Bell in Florida for RhD services from these two 

sources? 

Florida Intrastate BELLCORE expenses totaled $29,089,484 

in 1991 (11th Interrogatory, Item No. 269). BellSouth 
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Services ShT expense to Florida Intrastate were $797,575 

(13th Interrogatory, Item No. 333). 

Q. What are the BELLCORE program areas which are used to 

group the numerous specific projects funded by Southern 

Bell? 

A. BELLCORE activity is grouped by work program, with each 

program containing a number of similar projects. The 

1991 BELLCORE work programs were as follows: 

. . . 

. . . 

. . . 

. 

. . 

APPLIED RESEARCH 

GENERIC REQUIREMENTS 

NETWORK S T A N D N S  & 

ARCHITECTURE 

NETWORK SERVICES 

PLANNING h ENGINEERING 

OPERATIONS h PROVISIONING 

PROCUREMENT SUPPORT 

TECHNICAL ANALYSIS 

TECHNICAL TRAINING 

COKPUTING STANDARDS h 

ARCHITECTURE 

SUPPORT SERVICES 

MARKETING SERVICES 
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. . 

. 

. . . 

. . . . 

FEDERAL REGULATORY 

REGULATORY SUPPORT 

ACCOUNTING h FINANCIAL 

STANDARDS 

BILLING SYSTEMS 

COST SYSTEMS 

PRICING 

DIRECTORY SERVICES 

SUPPORT 

PUBLIC RELATIONS 

CORPORATE MEASUREMENTS 

GOVERNMENTAL AFFAIRS 

PLANNING RESEARCH 
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Q. D o  other Bell telephone companies across the country 

incur R&D costs comparable to Southern Bell's 

expenditures for R&D? 

A. All of the Bell RHC's participate at varying levels in 

BELLCORE projects. Some of the Bell RHC's also have some 

internal technology development and deployment 

capabilities, however the level of commitment to 

proprietary in-house R&D varies among the RHC's. 

Q. What ratemaking issues are raised by the existence of 

substantial R&D activities and costs incurred by Southern 

Bell? 

A. The fundamental issue with resDect to R&D exnenditures of 

reaulated teleDhOne companies is whether current 

ratenavers should bear the costs of such RhD. a iven the 

dearee to which thev be nefit from such emenditures. 

Related sub-issues include the following: 

a) The benefits of successful R&D will be 
realized in the future, suggested that RhD 
costs should be deferred and matched to the 
period of benefits. (Subsidization of future 
Southern Bell customers.) 
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b) The benefits of successful Southern 
Bell-funded RhD may be realized by 
non-regulated affiliates of the telephone 
company. (Subsidization of Southern Bell 
affiliates.) 

C) The benefits of successful Southern 
Bell-funded RhD may be realized by Southern 
Bell, but in future products or services 
treated as non-regulated by the Florida 
Commission. (Subsidization of Southern Bell 
Non-Regulated Services.) 

d) Southern Bell regulated operations may serve 
as a funding vehicle for speculative R&D aimed 
at new technologies of potential interest to 
BellSouth's diversified businesses, which 
would be too risky to absorb as a start-up 
cost of a new BellSouth business venture on a 
stand-alone basis. (Subsidization of 
BellSouth new business risks.) 

e) Southern Bell funded R&D may be unSuCCeSSfu1, 
resulting in no benefits to ratepayers. 

52 
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Q. Have you examined the research and development 

expenditures of Southern Bell, mindful of these concerns 

and potential issues? 

A. Yes. I have reviewed the voluminous BELLCORE project 

profiles and a number of other documents associated with 

Southern Bell's BELLCORE expenditures. These documents 

include BELLCORE'S Business Plan, various NARUC and 

NARUC-FCC Audit Reports on BELLCORE, BellSouth Services 

cost/benefit studies, as well as example work products 

and explanations of RhD activities of both BELLCORE and 

the BSS ShT entities. The documents I have reviewed, as 

described in the following testimony, 

adjustment which allows current rate recovery 

Southern Bell's RhD expenditures, but 

disallowance with possible future recovery of 

costs. 

Q. Has BELLCORE been audited by other regulatory 

the recent past? 

support an 

of most of 

recommends 

certain R&D 

agencies in 

A. Yes. Aside from periodic rate case reviews by state 

PUC'S of BELLCORE expenditures to determine 

rate-recoverability, the NARUC Subcommaittee on Accounts 

has received audit reports regarding BELLCORE from a 

multi-state joint audit team in 1985, 1988 and in October 

1991 (joint NARUC-FCC Phase I Report). The most recent 
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October 1991 Report on the Review of BEUCORE Financial 

Activities, issued by the NARUC-FCC Accounting Task Force 

Audit Team, addresses only overall financial issues, 

rather than the broader technology policy issues 

addressed in earlier NARUC audits. However, I understand 

that a Phase I1 Report may be issued by year-end and will 

again address the technical work effort of BELLCORE. 

How did the most recent NARUC technical (rather than 

financial) review of BEUCORE categorize project work 

efforts? 

After reviewing the 692 BELLCORE projects which existed 

in 1987, the NARUC project review group categorized the 

BELLCORE projects into four broad areas in its 1988 

Report: 

A - Applied Research: Projects reviewed in this area 
related to activities performed to detenaine the 
technical feasibility of incorporating new 
technology into the network. 

B - Existing Technology: Projects reviewed here deal 
with Bellcore activities relating primarily to 
today’s software systems and is in large part 
maintenance oriented. Reviewed here are such 
familiar systems as TIRKS, FACS AND PICS/DCPR. 
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C - Emerging Technology: These projects relate to 
development activities to incorporate new technology 
or software into Regional Networks. Prominent in 
this area is work involving ISDN and IN/2. 

D - Financial Projects: These projects do not relate 
directly to operating the telecomunications network 
and may be thought to be more of a support or 
ancillary nature. 

According to the 1988 NARUC project review group, "The 

four groupings were utilized since they pose different 

types of concerns for regulators". (3rd POD, Item No. 

689, NARUC 1988 Audit, p. 174) 

Q. How did the NARUC BELLCORE auditors describe the 

ratemaking concerns with these categories of projects in 

the 1988 audit report? 

A. The primary concern throughout NARUC's 1988 BELLCORE 

project review section of the audit report was the 

linkage between project activities and benefits to 

current ratepayers of regulated telephone company 

services. For each of the project categories used by the 
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NARUC auditors, the regulatory questions or issues were 

summarized as follows: 

- Research with no direct relationship to customer or 
service requires a high level policy decision to be 
made by State Commissions. 

- The Existina Technolow projects bear the closest 
relationship to today's customer, are maintenance 
oriented and are performed at Bellcore because of 
economies of scale (scope also comes into place). 
Concerns with existing technology relate to the 
efficiency of the maintenance activities and perhaps 
creeping featurism, discussed in part 4 of this 
report. 

The Emeroinu Technolouy projects, which are well 
along in the development scale, are being performed . _  
for specific service or benefit discrete customers 
groups. Rate Design and Capitalization issues 
appear prominent here. Economies of Scope and 
Limited Expertise are driving factors here with 
Economy of Scale also coming into plans. 
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- The Financial Proiects which are not as directly 
tied to network technology as other projects can be 
more readily offered by third parties; and questions 
arise as to the wisdom of having Bellcore perform 
these functions. 

With these concernsin mind, the NARUC auditors stated as 

their purpose, "In order to determine if any or all of 

Bellcore's project costs should be borne by monopoly 

customers, we must understand both what Bellcore does and 

how the regions use it." (NARUC 1988 Audit, p. 175) 

Q. What adjustments or other recommendations did the NARUC 

auditors recommend in 1988 for each of the four Bellcore 

project categories? 

A. There was some diversity of recommendations among the 

distinct audit groups involved in the NARUC audit in 

1988. For example, with respect to the Applied Research 

category, the Accounting Review group considered 

capitalizing research costs to better match such costs to 

future periods when related benefits would be realized. 

The Project Review group, out of concern that applied 

research may benefit future deregulated services after 

being funded by monopoly ratepayers, recommended 
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alternative methods to allocate research costs between 

regulated and nonregulated accounts. The Regional Group 

recommended that only 20 percent of applied research 

costs are used and useful to current ratepayers and the 

other 80 percent should be disallowed. The allowable 20 

percent would then be deferred and amortized over 7 years 

to better match costs with benefits. (NARUC 1988 Audit 

Report at pages 30-32). 

With respect to the Existing Technology category, more of 

a consensus among the NARUC audit groups existed. 

Projects in this category, "deal with maintaining and 

enhancing today's network system and are the most 

innocuous of the four sections reviewed" (NARUC 1988 

Audit Report at p. 33) 

The Emerging Technology category was found to deal with 

the transition to tomorrow's network, and in some ways 

form a bridge between knowledge gained in Applied 

Research and actual implementation by the operating 

companies. The Audit concluded that, with respect to 

Emerging Technology, in many cases there is no benefit to 

current residential ratepayers and that the possibility 

of such Bellcore work benefiting future deregulated 
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services justifies careful study of proper cost 

assignment methods. 

Financial Projects were found to be less directly related 

to provisioning or maintaining telephone service, but 

were administrative and general support functions that 

seemed justified by cost savings associated with shared 

economies of scale. (NARUC Audit Report, page 34) 

To what extent did you rely upon the NARUC audit of 

Bellcore that was conducted in 1987 and reported in 1988? 

I used this NARUC Audit Report and prior NARUC reviews of 

BELLCORE as background information in reviewing the 

activities and benefits of Eellcore as they relate to 

Southern Bell in Florida. The 1988 NARUC Audit Report 

was not designed to resolve rate case issues, as stated 

at page 20 of the Executive Summary: 

The approach taken in this report is to 
provide information that state regulators can 
use to make decisions - not to necessarily 
resolve issues. The difference, which may be 
subtle, is significant . Consensus in 
multi-atate audits requires compromise among 
differing state opinions, which is 
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antithetical to a basic NARUC tenet---state's 
right to deal individually with state matters. 
This report has been fashioned to give state 
regulators the information needed to resolve 
matters in accordance with its own agenda. 

My review of BELLCORE as stated herein, relied upon 

specific interrogatories and document requests aimed at 

evaluating the extent to which the costs of BELLCORE 

activities in the test period are properly recovered from 

today's regulated ratepayers. 

Before explaining your approach to Southern Bell's R&D 

payments to BELLCORE and BellSouth Services ShT 

organization, what is the status of the more recent 

1991-1992 NARUC investigation of BELLCORE? 

A joint NARUC-FCC audit report was recently completed and 

a Phase I report was issued October 30, 1991 to address 

"Financial Activities" of BELLCORE. The findings in the 

Phase I report do not address the nature of work 

conducted by BELLCORE, but instead focus on internal 

accounting, costing and pricing issues. These concerns 

are resolved by adjustments already made by Southern Bell 

or BELLCORE and are not addressed further in my 

testimony. 
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A Phase I1 report may be issued by year-end by the 

NARUC-FCC Accounting Task Force Audit Team which will 

once again address the technical work efforts of 

Bellcore. This "next" audit report is aligned with the 

issues addressed in my testimony and may be of 

significant interest to the Commission as a more 

contemporary overview of Bellcore by NARUC and the FCC. 

what specific documents did you rely upon to understand 

the activities of Bellcore? 

The principal documents I relied upon are the Final 
Prolect Offerinq documents contained within the 1991 

Customized Work Program purchased by Southern Bell from 

BELLCOPE in the test period. This documentation consists 

of five volumes of detailed profiles of each BELLCORE 

project. The BELLCORE "project" is the unit of activity 

used to accumulate costs incurred for a defined scope of 

work having specified deliverables, clients, budgeted 

resources and billing authority. 

Southern Bell provided the actual test period Florida 

intrastate Bellcore expense for & project in its 

response to 11th Interrogatory, Item No. 269. Other 

documents I reviewed include the BELLCORE Service 

Aureement with the RBOC'S (13th POD, Item No. 164), a 
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series of specific interrogatories (2nd Interrogatory), 

the BELLCORE 1991 1991 Annual Reuort to Shareholders and 

Accounting Instructions (3rd POD, Item No. 65) and 

BellSouth Service's "cost/benefit analyses" of individual 

BELLCORE projects. (3rd POD, Item No. 62) 

Does your R&D adjustment also include the BellSouth 

Services Science & Technology (ShT) activities previously 

referenced? 

Yes. Beyond its BELLCORE funding, Southern Bell also 

pays BellSouth Services for  S&T activities related to its 

Advanced Intelligent Network (AIN) laboratory, Switched 

Multimegabit Data Service and Broadband Integrated 

Services Digital Network (SM)S/BISDN) research and other 

activities. 

Have you prepared a schedule listing the specific 

BELLCORE and S&T projects you propose to exclude from 

Southern Bell's operating expenses? 

Yes. Exhibit (MLB-2) lists the BELLCORE and BellSouth 

Services S&T projects and test period intrastate expenses 

for such projects that I propose to be removed from test 

period expenses. The basis for the exclusion of these 

projects is that they do not result in benefits to 

ratepayers of Southern Bell's currently offered regulated 
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services. Additionally, these projects create 

significant risk to ratepayers because of the 

"sub-issues" listed at page 51 which justify 

disallowance, with possible future recovery of these 

project costs. 

These listed projects represent a modest portion of 

Southern Bell's overall BELLCORE and S&T test period 

expenses which, arguably, should be disallowed or, in the 

alternative, deferred to future periods and matched with 

demonstrated above-the-line ratepayer benefits when such 

matching is possible. 

What are the BELLCORE projects you would disallow or 

defer for future recovery consideration? 

Lines 2 through 30 of Exhibit- (MLB-2) set forth the 

specific BELLCORE projects I propose to exclude from 

Southern Bell's Florida Intrastate revenue requirements. 

To document and support each project, I have attached as 

Appendix MLB-6 the related Project Descriptions from 

Southern Bell's response to 3rd POD, Item No. 70. on 
each project description I have indicated, by vertical 

bar in the right margin, the language I rely upon to 

support a conclusion that near term benefits to Florida 

regulated ratepayers are not evident. There are a total 
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of 702 individual projects funded by Southern Bell and 

documented for the 1991 test period, but the Appendix 

includes copies of only the 28 projects I would exclude. 

Q. What specific recommendation do you offer with respect to 

these Bellcore projects and the S&T activity costs? 

A. The costs of these projects, which represent the more 

forward-looking advanced network technology endeavors, 

should not be included in current revenue requirements. 

I recommend that the costs related to these 28 projects 

be disallowed at this time. However, Southern Bell 

should be authorized to maintain separate "side records" 

of the disallowed costs from these projects (and 

equivalent successor projects) so that, in future rate 

proceedings, rate recovery of such costs (including 

reasonable interest thereon) may be reconsidered if 

telephone ratepayer above-the-line benefits are 

demonstrated. 

Q. How did you determine the projects you would disallow are 

the more futuristic "network of the future" activities at 

Bellcore? 

A. I relied primarily upon the project profiles which 

describe each project in terms of its research direction, 

deliverables, past accomplishments and a common language 
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overview. Additionally, the Company's cost/benefit 

studies for  these projects indicate their future network 

orientation. 

As an example of the future benefit nature of this 

BELLCORE work, I note that disallowed projects numbered 

021411, 421301, 421303, 621204, 621405, 621406, 621409 

and IR3011 relate to development of a "next generation" 

communications network based upon fiber optic broadband 

transport of voice, data and video information. When and 

if such a ubiquitous high-speed broadband fiber network 

is deployed to provide regulated telephone service, the 

costs of these projects may be determined to be 

recoverable by the FPSC. However, it is possible that 

the future services this technology may enable Southern 

B e l l  to deploy, such as packet video, multimedia 

teleconferencing, multimedia messaging and video on 

demand will be determined to be competitive 

(non-monopoly) services that would not yield regulated, 

above-the-line revenues. 

Similarly, when and if Southern Bell deploys information 

networking services through new technology platforms such 

as ISDN, Broadband ISDN and Advanced Intelligent Networks 

(AIN) as regulated, above-the-line services in Florida, 
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it may be reasonable to allow ratepayer recovery of 

BELLCORE project 1R1311, 1R3111, 1R4127, 1R4211, 1R501N, 

1R502X and 621307. The technologies to deliver 

information networks, video and multimedia services 

include Synchronous optical networks (SONET) and SMDS, 

which are under development in projects 1R3521, lR411, 

lWOll1, 1W0211, and 1R212. If the Southern Bell's 

regulated network is ultimately used to distribute high 

definition television (WTV) to the public in Florida, 

BELLCORE project 421306 should be recoverable from 

ratepayers. Speech and Image Processing (project 621408) 

promises exciting potential future services using 

synthesized voice recognition and network interaction as 

well as video compression to enable video service 

applications prior to full fiber deployment. As a final 

example, BELLCORE project 1R4111 and the Service 

Company's S&T AIN laboratory provide for work on 

"Advanced Intelligent Network" (AIN) applications to plan 

for evolution toward telephone company intelligent 

networks through the 1990's. Such intelligent network 

capabilities, when deployed in Florida, will allow rapid 

service creation and modification via software controlled 

by Southern Bell, improved network trouble isolation and 

other ratepayer benefits. However, if new AIN 

provisioned services are eventually offered on a 
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deregulated basis, shareholders should bear the BELLCORE 

and ShT development costs. 

How does Southern Bell describe the status of its plans 

for deployment of broadband ISDN technology within the 

Florida network? 

According to the Company's response to 15th 

Interrogatory, Item No. 371, the status of broadband ISDN 

deployment is uncertain, which in my opinion does not 

support the current above-the-line expensing of R&D for 

this technology, as proposed by Southern Bell. The 

Company's response states: 

"Current Southern Bell plans regarding 
broadband ISDN are to install technology 
trials as appropriate to verify standards and 
test equipment. No volume deployments are in 
Southern Bell's near term plans. The 
regulatory status of any service to be derived 
from broadband ISDN is unknown at this time. 
Benefits to be derived from broadband ISDN 
cannot be quantified until the results of the 
technology trials are known and analyzed. 
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Is the status of deployment of Advanced Intelligent 

Network (AIN), video/advanced television, PCS/wireless 

and Synchronous Optical Network (SONET) technology 

similarly uncertain? 

Yes. (See 15th Interrogatories Number 372 through 375). 

Does BELLCORE also provide more fundamental research into 

emerging technologies of potential future application by 

the BellSouth companies? 

Yes. Projects 821101, 821102 and 821103 address optical 

and electronic devices in terms of basic materials 

research, physics, and fabrication methods. BELLCORE and 

BeAlSouth are prohibited by MPJ restrictions from 

designing and manufacturing telecommunications devices, 

but hope to influence the vendor community and expand 

fundamental knowledge about such devices to participate 

in evolving the technologies available to 

telecommunications. 

Does BELLCOW continue to support BellSouth efforts to 

deploy enhanced network capabilities in the local loop? 

Yes. Projects 621306 and IW1511 address technical 

concerns surrounding fiber in the loop issues. Project 

421302 involves applied research into digital radio 

capabilities to provide radio local area data networks 
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and other "highly flexible tetherless digital data and 

voice services that cannot be offered now." 

Q. Are most of the BELLCORE project dollars you propose to 

disallow within the "Applied Research" program? 

A. Yes. The projects listed at lines 2 through 16 of 

Exhibit - (MLB-2) represent Applied Research. The 

remaining projects would probably have been categorized 

as "Emerging Technology" in the NARUC audit 

categorization previously discussed herein. 

Q. How does BELLCORE describe the goals and objectives of 

its Applied Research programs? 

A. According to the Bellcore Business Plan An alvsis for 

1990-1994 (3rd POD, Item No. 6 6 ) ,  the Goals/Objective for 

Applied Research are: 

Applied Research's technological strategy 
stems from a long-term vision of the 
technological future of telecommunications. 
Today's public narrow-band networks are 
already proving inadequate to meet the growing 
high-speed needs of the large data users, 
especially big businesses. This will be 
accelerated by the potential business and 
residential use of image and video, especially 
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in the entertainment and education markets. 
It is essential to encourage and guide the 
rapid evolution of the public networks into 
truly broadband, intelligent, friendly 
networks supporting information networking. 
These broadband intelligent networks must be 
able to support, at will, information 
networking services involving any or all of 
the complete gamut of communications media -- 
voice, data, facsimile, image, and video. 

These Applied Research Goals/Objectives then carry over 

into the network areas of BELLCORE activity where the 

short-term goal, according to the same source, is to: 

Become a strategic partner with each of the 
Client Companies in defining and implementing 
financially viable, incremental steps toward 
the Information Networking Vision, while 
maintaining a profitable network business. 

These ~tatements, in my opinion, clearly indicate that 

current period BELLCORE RhD in the project areas I 

propose to adjust, are aimed at a boldly redefined future 
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communications network incorporating many new products 

and services bearing little resemblance to basic 

telephone services provided today. 

Has Southern Bell studied the cost/benefit justification 

for the work done by BELLCORE? 

In response to 3rd POD, Item No. 62, the Company produced 

a voluminous document labeled as "Cost/Benefit Analysis" 

for the 1992 BELLCORE Projects. However, these 

"analysks" did not quantify any benefits from BELLCORE 

efforts. Indeed, the Company has repeatedly admitted 

that it cannot estimate such future benefits because 

network applications of new technologies remain 

uncertain. Instead, the Companyls costfbenefit studies 

merely assume that BellSouth would necessarily replicate 

the BELLCORE project activities without the benefits of 

cost sharing with the other six RBOC's. It is not 

surprising that such "analysis" indicate that independent 

BellSouth conduct of its own RhD to replace shared-cost 

BELLCORE activities is not cost-effective. 

Does your testimony challenge the cost effectiveness or 

efficiency of BELLCORE? 

NO. Instead, I challenge the nature of the RhD services 

provided by BELLCORE and the implicit assumption that 

TSOSBMB. 82 71 



1 

2 

3 

4 

5 

6 

7 

8 Q. 
9 

10 

11 A. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

today's regulated ratepayers are the beneficiaries of 

virtually all BELLCORE project activities, as suggested 

by the Company's accounting for such costs. The 

replacement cost to create internally, rather than buy, 

R&D services not needed to provide 1993-vintage telephone 

services is largely irrelevant, in my opinion. 

Turning to BellSouth Services Science and Technology 

(S&T) t the affiliate responsible for BellSouth 

proprietary research, do the same types of issues apply? 

Yes. According to Southern Bell's response to 15th POD, 

Item 222, S&T provides R&D services to Southern Bell that 

are described as: 

"Includes building the Advanced Intelligent 
Network (AIN) lab and a service creation 
software development environment and then 
development of advanced services software for 
deployment in the BOC networks using the 
Advanced Services Platform for the Intelligent 
Network (ASPIN) . Functions include : 
planning, programming and testing of services 
software." 

"Deliverables will include advanced services 
for BOC networks in more timely and custom 
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design manner than previously possible. These 
will exploit the evolving Advanced Intelligent 
Network (AIN) capabilities to increase revenue 
and decrease expenses." 

Another principal technology area being investigated by 

S&T is Broadband ISDN for use in Local Area Network (LAN) 

interconnection and host-to-host commaunications with 

Switched Multimegabit Data Service (SMDS). Other S&T 

areas of inquiry include Fiber to the Curb (FTTC), SS7 

performance standards, network disclosure references and 

network equipment evaluations. These three S&T 

categories, AIN, SMDS/BISDN and appear on lines 32 

through 34 of Exhibit- (MLB-2). 

Q. What is the basis for your proposed disallowance of the 

AIN and SMDS/BISDN costs allocated from S&T to Southern 

Bell? 

A. My evaluation of the S&T projects at BellSouth Services 

caused me to conclude that S&T work is primarily oriented 

toward future enhanced (and potentially non-regulated) 

services which clearly do not benefit current regulated 

SWBT products and services. 
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Has Southern Bell deployed any AIN or SMDS/BISDN services 

in Florida? 

NO. 

Near the beginning of the R&D section of your testimony, 

you identified the matching issue that arises from the 

fact that R&D expenditures yield benefits over future 

time periods. Does Southern B e l l  acknowledge the future 

benefit from its R&D expenditures? 

Yes. In response to 9th Interrogatory, Item No. 246, 

Southern Bell described the ratepayer benefits of the S&T 

organization relative to BELLCORE to be: 

Bellcore is an excellent vehicle for doing RhD 
in areas of mutual interest. However, the 
interests of the various regions are diverging 
because of the different geographical, 
political, regulatory, and economic 
characteristics of the regions that they 
serve. These differences cause the regional 
operating companies to make different choices 
in many fundamental technical areas such as 
SS7, digital switching deployment, AIN, etc., 
particularly in the timing of deployment of 
these capabilities. Internal R&D is necessary 
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to support the transfer of Bellcore and vendor 
technology to BellSouth and to allow for 
customization to meet specific BellSouth 
needs. 

Research & development identifies, defines, 
and develops new technologies and services 
that can control costs and/or provide new 
capabilities that are necessary to move the 
public network into the future. Ratepayers 
benefit because they can expect to enjoy an 
improved standard of living over time if the 
communications infrastructure in the reaion in 
which thev live continue to improve and is 
capable of supwrtina even more SoDhisticated 
services. Many of the new services being 
envisioned, e.g., Call Name Delivery, improve 
both the personal and economic security of the 
citizens. (Emphasis added) 

Q. What accounts are used by Southern Bell to record the 

BELLCORE and ShT expenditures you would disallow? 
.. 

A. Most of the BELLCORE and S&T projects I would disallow 

are charged to Southern Bell's Account 6727 Research and 
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Development. 

follows : 

FCC Part 32 rules define this account as 

9 32.6727 Research and development. 
(a) This account shall include costs 

incurred in making planned search or critical 
investigation aimed at discovery of new 
knowledge. It also includes translating 
research findings into a plan or design for a 
new product or process or for a significant 
improvement to an existing product or process, 
whether intended for sale or use. 

(b) This excludes making routine 
alterations to existing products, processes, 
and other ongoing operations even though those 
alterations may represent improvements. 

(47 CFR, Ch. 1, S 32.6727) 

By charging the costs of these specific projects to the 

R&D account, Southern B e l l  implicitly admits that these 

costs do not relate, "to existing products, processes, 

and other ongoing operations...", but are instead aimed 

at, * ... a new product or process or a significant 

improvement" which will create future benefits. 
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Q. 

A. 

Q. 

A. 

Is it possible for BellSouth to be made whole for the R&D 

costs disallowed in Southern Bell rate cases by deploying 

new technologies in non-regulated markets? 

Yes. Nothing acts to preclude Southern Bell or any 

non-regulated subsidiary from employing technologies 

developed by BELLCORE or S&T outside of regulation. For 

this reason, the R&D adjustment I propose should be 

viewed as not punitive to the Company. The Company can 

either deploy technological innovations in its future 

regulated operations and seek rate recovery of previously 

disallowed R&D costs, it can elect to deploy new 

technology in Southern Bell or another affiliate on a 

non-regulated basis. 

Have you reviewed the Commission’s Order No. 25218 in 

Docket No. 89019O-TL, in re: Petition of CITIZENS OF THE 

STATE OF FLORIDA to investigate SOUTHERN BELL TELEPHONE 

AND TELEGRAPH COMPANY‘S Cost Allocation Procedures? 

Yes. At page 19 of its Order, the Commission concludes 

its discussion of BELLCORE expenses by stating, 

“...Southern Bell  will be filing MMFR’s no later than 

March 31, 1992. It would be appropriate to review the 

RhD expense in those proceedings to determine if there 

are charges which should be capitalized f o r  regulatory 
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purposes that have not come to our attention in this 

docket. Io 

Q. Is it your testimony that the BELLCORE and S&T projects 

within your proposed adjustment should be capitalized for 

regulatory purposes? 

A. I recommend these costs be deferred for po ssible future 

consideration as an above-the-line regulated expense, 

subject to a reasonable demonstration of ratepayer 

benefit from the technologies being researched. This 

recommendation is somewhat different from more 

traditional capitalization of a regulatory asset, as 

governed by Financial Accounting Standard No. 71 

Accountina for the Effects of Certain TVD es of 

Realation, which is dependent upon evidence that future 

rate recovery of the amount capitalized by "probable". 

It is simply too early to tell if and when regulated 

ratepayers will benefit from new technologies that may 

ultimately be part of the network of the future. 

Q. D o  Generally Accepted Accounting Principles (GAAP) 

preclude the disallowance or regulatory deferral of R&D 

costs? 

A. No. GAAP governs the accounting treatment of R&D costs 

in the general business environment for public financial 
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statement purposes and generally provides for expensing 

of R&D costs, in the interest of conservatism, within 

financial statements. However, GAAe does not govern the 
costing or pricing of regulated utility services and does 

not dictate how R&D costs should be apportioned among 

subsidiaries in relation to current or future benefits, 

within the context of utility rate proceedings. 

Q. Does this conclude your testimony? 

A. Yes. 
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DESCRIPTION 

BEUCORE ADJJSNENT ELEMENTS (PROJECTS): 

Systems inlegation 
LighWaw System Teclnology 
Radb Resmrch 
Transwltching Technobgy 
Mdeo Syslems Technology 
Systems Rbrelples 
DlsMbu(lon ~awak Technology 
Nehnmk Comol  
Netwak Systems 
Mulllmadia Communlcellone 
Speech and image Processing 
C O W W  Nelwolkktg 
Photonic Science and Technology 
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AIN ReIee8e 1 Planning& Requirements 
SONET Release 1 .O infrasbuchrre 
SONET Release 2.0 I n l r a s t m b e  
Fm Requirements & Arcnteclue Ptannlng 
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lnlegreled Operalbns Suppon of INA 
Irformatlon NetWoMng ISDN Plamhg 
Itformallon NetwaMng ElSDN Planrlng 
Itformatlon NelworMng AIN Plannhg 
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O h  

13 INT #333 
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PROJECT 
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1 R4211 
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119.711 
164.399 
129,274 
162.050 
195.400 
130,828 
167,876 
333.389 
296.659 
232,338 
48,997 
336.595 
80,457 
93.268 
157.174 
218.027 
197,361 
m * m  
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53.864 
39,094 
38.326 
36.276 

$4.182.717 

$566,284 
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Nature and Scope 

The Chairman and Chief Executive Officer of BellSouth Corporation reports to 
the Board o f  Directors. The Board consists of sixteen members, thirteen of 
whom are outside directors. 

BellSouth Corporation is the largest of seven telecommunications holding 
companies and related enterprises created as a result of the AThT divestiture. 
BellSouth Corporation's principal subsidiaries include: 

. South Central Bell - a regulated operating telephone company 
servicing customers in the states of Alabama, Kentucky, Louisiana, 
Hississippi. and Tennessee. 

. Southern Bell - a regulated operating telephone company serving 
customers in Florida, Georgia, North Carolina. and South Carolina. 

. BellSouth Services - a company jointly owned by South Central Bell 
and Southern Bell 'providing strategic support services to these 
regulated companies. 

. BellSouth Enterprises - a holding company established In 1986 to 
pursue three prlmary llnes o f  telecommunications-related businesses: 
directory advertising and publishing; the sale and service of 
telecommunications and computer systems; and world-wide Robile 
communications operations. 

, 

The current environment of the telecommunications industry It characterized by 
increasingly ' aggressive and dynamic national and global competition, as well 
as rapid technological change. In the past corporate decisions focused on the 
ability to maintain earnings levels and to improve the efficiency of services 
provided. By contrast, today's corporate decisions entail greater risk due to 
the required early commitment of corporate financial and technological 
resources towards projectslbusiness lines which may or may not provide an 
adequate return on investment. Issues that significantly impact 6ellSouth's 
ability to compete include: the regulatory restrictlons which currently limit 
the business market segments in which BellSouth can expand; the financial 
success o f  alternate forms o f  regulation (i.e.. 'incentive regulation'). both 
for the company and the shareholder; the ability to remain at the technical 
forefront and compete internationally in an industry whose tnnovattve products 
of today are technologically obsolete tomorrow; competing under a regulatory 
process against others not so constrained; the widely varying regulatory 
env(ronaents in the various states in the BellSouth region; and being 
precluded by the terms of the divestiture agreement from manufacturing 
equipment or forming strategic alliances with possible suppliers. - 
The incumbent is accountable to the 8oard of Oirectors, shareholders, and 

- ultimately the general public for the efficient and effective management of 
BellSouth Corporation and its subsidiaries. Specifically, this involves cost 
effectively provfding; through the three operating companies, the highest 
quality telecommunications services and related businesses. utilizing the 
latest in available technology. To accomplish this objective, the incumbent 
must select, develop, evaluate and reward key management for insightful 

L 
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s t r a t e g i c  planning and the accomplishment o f  company goals and object ives.  
The incumbent must a l s o ’ p l a n  and d i r e c t  t h e  company’s i n i t i a t i v e s  i n  the areas 
of  regulatory  cont ro l ,  telecommunications research and development, marketing 
analyses and implementation. and the expansion i n t o  new business segments 
within the telecommunications indust ry .  

I n  accomplishing t h i s  accoun tab i l i t y  the Chairman has s t ructured a support 
o rgan iza t ion  with the f o l l o w i n g  pos i t i ons  repor t ing  d i r e c t l y :  

President - South Central  B e l l  -- Accountable for  ove ra l l  d l rec t i on .  
planning, management and con t ro l  of  a l l  elements o f  South Central  Be l l ’ s  
a c t i v i t i e s  i n  order  t o  provide e f f e c t l v e  coord inat ion and in teg ra t i on  of  
the  var ied  and d iverse  func t iona l  elements t h a t  combine t o  make up 
company operat ions and t o  produce the requi red l eve l s  o f  growth i n  
revenues and earnings. South Central B e l l  employs approximately 32,000 
personnel with revenues o f  $5.18 and assets of  $11.18 and provides 
telecommunications serv ices t o  a f i v e  s ta te  serv ice  area. 

President - Southern B e l l  -- Accountable fo r  ove ra l l  d i rec t l on ,  planning, 
management and c o n t r o l  o f  a l l  elements of Southern B e l l ’ s  a c t l v i t i e s  t o  
prov ide e f f e c t i v e  coord ina t ion  and in teg ra t i on  o f  the var ied  and diverse 
func t ioha l  elements t h a t  combine t o  make up company operat ions and t o  
produce the requ i red  l e v e l s  o f  growth i n  revenues and earnlngs f o r  that 
company. Southern B e l l  employs approximately 46,000 personnel with 
revenues o f  S7.lB end assets o f  approximately Sl5.lB. Southern B e l l  
provides telecommunicatlons serv ices t o  a four s t a t e  serv ice area. 

Presldent - Be l lSouth  Services -- Accountable f o r  e f f i c i e n t l y  prov id ing 
selected techn ica l ,  regu la to ry  and s t a f f  support services t o  the two 
regulated telephone companies and con t r i bu t i ng  t o  t h e i r  sustained and 
p r o f i t a b l e  growth. 

President - Be l lSouth  Enterpr ises -- Accountable fo r  expanding 
BellSouth’s Presence and market share i n  the non-regulated oor t ions  o f  
the  telecommunica t 1 ons indus t ry  through iqnova t i  ;e technology and 
marketlng o f  t he  company’s mobile communications. telecommunicatlons and 
computer systems, and d i r e c t o r y  adver t i s ing  and pub l ish ing  serv ices bo th  
domest ical ly and abroad. 

Executi.ve v l c e  Pres ldent  and General Counsel -- Provides t o  the 
management o f  Be l lSouth  and i t s  subs id ia r ies  l eoa l  counsel and advice 

~ ~. ~ -~ _ _  
through d i r e c t i o n  of  the corporate lega l  dep i r tsen t  and funct ional  
d i r e c t l o n  and coord ina t ion  o f  subs id iary  l ega l  departments. 

Executive Vlce Pres ident  - Governmental A f f a i r s  -- Accountable f o r  
o v e r a l l  s t ra tegy  p lann ing  and implementation before federal  regulatory 
agencies, and fo r  d i r e c t i o n  of  Bel lSouth’s ove ra l l  congressional 
re la t i ons  program. 

i 
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Vice Cha i rman o f  the Board - Finance and Administrat ion -- Accountable 
fo r  d i r e c t i n a  c o w o r a t e  l eve l  s t ra teo i c  and f i nanc ia l  o lannino e f f o r t s  
for Bel lSouth-torpor a t i on. Addi t i  onal i y  , the  incumbent d; rec t s  corporate 
leve l  a c t i v i t i e s  i n  the  areas o f  external  communications, corporate human 
resources and provides coord inat ion between the  company's non-regulated 
businesses and the remainder o f  t h e  enterpr ise.  

A s i g n i f i c a n t  chal lenge c u r r e n t l y  fac ing t h e  incumbent 1s the p lanning fo r  
succession o f  key managerial pos i t i ons .  Due t o  t h e  long serv ice  o f  many 
senior executives. a major replacement o f  key managerial t a l e n t  w i l l  be 
required over the  next  f i v e  t o  s i x  years. These replacements w i l l  be made 
through i n t e r n a l  sourc ing and, i n  some instances, external  r e c r u i t i n g .  As the 
telecommunications i ndus t r y  becomes more complex, the requirements f o r  the  
managerial pos i t i ons  and t h e i r  incumbents have necessar i ly  become more 
special lzed. A c r i t i c a l  r o l e  o f  the  Chairman i s  t o  b u i l d  and develop a top 
management team t h a t  w i l l  be prepared t o  achieve the s t r a t e g i c  plans and goals 
o f  the organizat ion.  J 

Another s i g n i f i c a n t  chal lenge fac ing  the Chairman re la tes  t o  the  condi t ions'  o f  
the  d i v e s t i t u r e  which mandate separat ion o f  the  corporat ion's regulated and 
non-regulated businesses. The company must continue t o  operate on a bas is  
which insures there  w i l l  be no cross-subsidizlng o f  t he  non-regulated 
businesses by the  regulated ones. This requires very c a r e f u l  p lanning and 
con t ro l  in  order t o  defend the  company's p o s l t i o n  i n  the event o f  charges from 
competitors and others.  

The Chairman operates within broad p o l i c y  guidel ines establ ished by t h e  Board 
o f  Di rectors  and app l icab le  regulatory  au thor i t ies .  Within those gu ide l ines  
the  incumbent exercises f i n a l  au tho r i t y  on a l l  matters r e q u i r i n g  major 
organizat ional ,  p o l i c y  o r  budgetary decisions. 

The incumbent and a l l  d i r e c t  repor ts  serve on the Bel lSouth Corporat ion 
Corporate Po l l cy  Council. w l t h  t he  incumbent serv ing as Chairman o f  the 
Council. The Counci l  meets on a regular basis t o  e s t a b l i s h  and review 
operat ional  and f i n a n c i a l  goals, develop corporate p o l i c i e s  and deal  with 
major decisions. Because o f  t he  increas ing ly  compet i t ive envlronment. 
p a r t i c u l a r l y  from the  non-regulated sectors, the th ink ing  o f  the Corporate 
Po l icy  Council must take on a more entrepreneur ia l  s t y le .  This represents a 
major c u l t u r a l  change f o r  the organizat ion and a key chal lenge f o r  the 
Chairman and the  Counci l  i n  the development and implementation o f  p o l i c i e s  
t h a t  support th is c u l t u r e .  

The Corporate P o l i c y  Counci l  t y p i f i e s  the incumbent's approach t o  management 
Sty le .  That i s ,  the  incumbent chooses t o  u t i l i z e  a team approach i n  managing 
ove ra l l  operations, which a t  the same time f a c i l i t a t e s  an o r d e r l y  and 
formalized system o f  s t r a t e g i c  p lanning and tracking. Such a forum also 
f a c i l i t a t e s  the t n t e r n a l  communications requi red t o  ensure a w e l l  coordinated 
and in tegrated approach toward e f fec t i ve  company management and d i r e c t i o n .  

- 
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As Chairman and Chief Executive Officer, the incumbent serves as the chief 
spokesman on behalf of the company to the various constituents with which the 
company must deal, including regulators, stockholders, customers. and the 
general public. The Chairman must relate to these various groups in a manner 
that puts forth a positive and aggressive image of the company and ensures 
effective communication. 

To perform this job, the incumbent must have some business management 
education, as well as many years o f  experience managing a sizable. technical 
and diverse organization. The Incumbent must be able to assimilate a wide 
variety of technical and business-related information and then formulate 
strategic plans. goals and objectives based on that information. This 
position requires the highest level of decision making in an environment that 
demands a high tolerance for ambiguity and great degree of r i s k .  

Prlnct pal Accountsbi 1 1  ti es 

1. 

2 .  

3. 

4.  

- 
5 .  

e 

6 .  

I 

7. - 

Assure that BellSouth Corporation and its subsidiaries are operated in' 
a f3scally sound and prudent manner in order to provide the best 
possible telecommunications and related services at a reasonable cost 
while simultaneously achieving required levels of growth in earnings 
and revenues. 

Organize and structure the top level managenent team both for the 
corporation and its major subsidiaries in order to assure the 
achteveaent of strategic goals and objectives. 

Select, . develop, evaluate and reward key executive management 
throughout the corporation to assure a high level of management 
productivity and continuity. 

Guide and advise top management within the organization in the 
resolution of significant problems that may affect the achievesent o f  
overall goals and objectives. r 

Assure the attainment of required financing for overall corporate 
operatlons. 

Serve spokesperson to the Board on 
all matters requiring its attention In order to ensure effective, top 
level communications and facilitate the Board's decision making 
process. 

Serve as the chief spokesperson on behalf of the corporation to the 
various constituents with whfch it must deal, including government, 
industry, the financial community. media, and the general public in 
order to effectively communicate the corporation's position on key 
issues and the services that BellSouth provides. 

as Chairman of the Board and chief 
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BELLSOUIT CORPORATION 
POSITION DESCRIPTION 

TITLE: Vice Chairman - Finance d Administration 

DATE: December 16, 1991 

ORGANIZATIONAL UNIT: BellSouth Corporation 

LOCATION : Atlanta, Georgia 

REPORTS TO: Chairman, CEO and President 
, 

BASIC FUNCTION: 

To provide strategic guidance to the company's financial and corporate planning 
processes and to human resources and public relations areas in order to 
anticipate, prepare for and respond to business demands in vays that assure the 
company a competitive and profitable posture in the marketplace. 

DIHENSIONS: 

Total Assets 
Total Revenue 
Pension Fund and Savings Plan Investments 
Long Term Capital Debt Outstanding 
Equity Outstanding - Book 
Equity-Outstanding - Harket 

Capital Expenditures 
Corporate Income Tax Liability 
Operating Budget Administered 
Number of Personnel Supervised 
Number of Shareholders 

(among top 20 U. S. corporations) 

$30B 
S14B 
S12.6B 
S7.8B 
S12.7B 
S23B 

$3.28 
S778H 
S248H 
522 
1.3B 
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NATURE AND SCOPE 

This position reports to the Chairman, CEO and President of BellSouth 
Corporation as do the Chairman of BellSouth Telecommunications, the President 
of BellSouth Enterprises, the Executive Vice President and General Counsel, the 
Executive Vice President - Government Affairs and the Vice President - 
Corporate Responsibility and Compliance. Reporting to this incumbent are the 
Vice President - Secretary' 6 Treasurer, the Vice Preident - Corporate Planning 
6 Budget, the Senior Vice President - Corporate Euman Resources, the Vice 
President - Public Relations and the Assistant Vice Preident - Tax. 

The internal and external environments affecting BellSouth's operations have 
become highly complex since divestiture. Internally, there have been nev 
functions added in the finance and human resources areas, including the nev 
requirement for the company to relate.directly to the shareholder. In the 
external environment the scrutiny by the press and the financial community, the 
rapid changes in technology, the incresed involvement of government in the 
operations of the business and increased competition, combine to add unexpected 
and changing considerations to planning and the development of policies. 

In order to accomplish the objectives of the company, this Vice Chairman 
provides support to the Chairman and has a staff organization vith the 
following key positions reporting directly: 

Vice President - Secretary 6 Treasurer (77 employees) 

Whose role includes both the Corporate Secretary function and capital 
acquisition and cash management activities of both the regulated and 
unregulated segments of the corporation. Additionally, this includes 
surveillance and performance management of the corporation's pension and 
savings plan, development and recommendation of treasury policy and methods on 
a corporate-vide basis, banker and investment community relations, long range 
financial planning, interface vith the Nev York Stock Exchange and other 
exchanges upon vhich the corporation's stock is traded, managing shareholder 
services and communications, and maintaining contact vith rating agencies. 

Vice President 6 Comptroller (83 employees) 

Whose overall accountability relates to protection of corporate assets and the 
proper recording and reporting of transactions vithin a system of sound 
internal controls. Other areas of responsibility for the Comptroller include 
generation and maintenance of Executive Instructions, interfacing vith the 
corporation's independent auditing firm, developing accounting policies, 
methods and systems on a corporate basis, managing corporate level accounting 
operations and managing the corporate insurance function. In addition, this 
position is responsible for the planning and provisioning of all corporate 
support services for the BellSouth corporate headquarters building. 
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Vice President - Corporate Planning & Budget (56 employees) 

- Accountable for formula-tion, communication and reviev of  the corporate and 
strategic planning process for BellSouth Corporation and its entities. This 
includes consolidation, reviev and tracking of capital and expense budgets for 
the corporation, strategic analysis and planning. - 

.. . Senior Vice President - Corporate Euman Resources ( 1 2 4  employees) 

Accountable for overall management direction in the corporate-vide design of 
human resources policies, procedures and practices that vi11 assist BellSouth 
Corporation .and subsidiaries. Functional areas include industrial relations 
and benefits, employment, vage and salary administration, employee assessment 
programs, Equal Employment Opportunity compliance, executive compensation and 
benefits and executive continuity. This incumbent negotiates the union 
contract every three years. 

Vice President - Public Relations (48 employees) 
Accountable . for coordinating the public relations activities for BellSouth 
Corporation and all entities that vi11 provide information to the customer on 
the BellSouth identity, implement the values of BellSouth vith the employees 
and create proactive media relations. 

Assistant Vice President - Tax (135 employees) 
Vho is responsible for centralized administration of a totally integrated tax 
function including federal, state and local taxation. The incumbent directs 
the research, planning for and filing of consolidated returns, as vel1 as 
direct interface on behalf of the corporation vith the Internal Revenue Service 
and state revenue departments. The incumbent also maintains a proactive role 
in the legislative arena in providing company positions to those bodies related 
to tax matters. 

* * * * * * * * * *  ,- 

The Vice Chairman directs the activities of these subordinates using both 
formal and informal methods. Each of these subordinates has their o m  
strategic objectives and operates fairly autonomously. In most situations this 
incumbent utilizes one-on-one contact to direct their activities. The Vice 
Chairman does conduct formal staff meetings once a month to update these 
subordinates on corporate activities and to coordinate their efforts on major 
issues. 



The incumbent in this position faces significant challenges in several major 
areas. First, the Vice Chairman is challenged by the responsibility for 

- resolving conflicts, 'particularly betveen the regulated and unregulated 
segments of the business. Next, this incumbent has responsibility for assuring 
that BellSouth Corporation meets its financial commitment and that 
developmental iniatives are consistent vith corporate strategies. Hajor 
challenges also exist in the Vice Chairman's subordinate areas. These include 
ensuring the successful operation of the planning and budgeting process; 
providing oversight of company-union relationships; developing programs for - succession planning, particularly at the officer level, to provide upvard 
mobility for employees; and, being an effective communicator vith the external 
financial community. 

In order to overcome these challenges, this incumbent creates nev policies as 
necessary or may clarify company policies. Changes occur so rapidly that it is 
necessary to monitor policies and react to pronouncements of the Federal 
Communications Commission, the Department of Justice, Congress and the 
Financial Accounting Standards Board, as vel1 as regulations of the Securities 
and Exchange Commission, the Internal Revenue Service and state laws. 

Vithin the framevork of policy and regulation, the Vice Chairman makes 
decisions f o r  the corporation that are related to.subordinate functions and 
informs the Chairman of any of these decisions of vhich he should be avare. 
Any decisions requiring Board approval, such as the commitment budget and the 
appointment of officers, must be approved by the Chairman before being taken to 
the Board. 

The incumbent maintains an informal relationship with the Chairman, usually 
meeting in one-on-one situations. Strategic objectives are established each 
year and the Vice Chairman provides the Chairman vith a semi-hual reviev and 
update. 

The Vice Chairman serves on the Board of Directors of BellSouth Corporation and 
on the Strategic Plming Committee of that Board. There are frequent contacts 
vith individual members of the Board on a variety of subjects. 

PRINCIPAL ACCOU?TIABILITIES 

1. Organize and structure the key staff services in vays that provide 
efficient and profitable services to the corporation and its subsidiaries and 
the best use of individual and group capabilities. 

2 .  Participate in the overall management of the corporation and its - 
subsidiaries through membership on corporation Board of Directors and through . 
executive assistance to the Chairman. 

3 .  Provide overall direction to the development and monitoring of a corporate 
budget to assure the effective control of expenses and capital outlay that vi11 
assist the corporation in achieving its financial commitments. 

4 .  Participate in resolution of issues between regulated and unregulated 
segments of the business by acting as arbitrator of disputes. 
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5. Provide overall direction to the corporate finance function to ensure a 
sound and viable financial posture for the corporation and the presence of 
sufficient internal controls. 

6 .  Provide overall direction to the formulation of corporate and strategic - plans SO that the corporation’s direction and purpose is properly defined and 
communicated. 

7 .  Provide policy direction in the corporate-vide design of human resources 
policies, procedures and practices in vays that fulfill the corporation’s and 
subsidiaries‘ current and future personnel requirements. 

8. Provide overall direction to the corporation‘s interface in its dealings 
with various external constituents in vays that result in the generation of 
consistent and effective messages and . feedback, and, in general, create a 
positive and favorable image for the corporation. 

9. Be a good communicator and listener vith subordinates and coordinate in a 
vay that contributes to the smooth operation of BellSouth Corporation. 

, 
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BELLSOUrE D.C. 
POSITION DESCRIPTION 

- Position Title: Executive Vice President - Code: 
Governmental Affairs 

- 
Organizational Unit: BellSouth D.C. 

Date: October, 1987 

Analyst: P. H. Saszi 

- 
Location: Vashington, D.C. 

Reports To: Chairman, CEO, and President Approvals : - BellSouth Corporation Executive Vice President 
Governmental Affairs 

Chairman, (JEO and President 
BellSouth Corporation 

- Accountability Objective (Basic Punction) 

Accountable for developing and implementing corporate policy to achieve favorable - public policy decisions at the federal level: for apprising senior management of 
developments that may impact such public policy decisions; for directing corporate 
actions to influence the course of these developments: and for enhancing the 
corporate image in Vashington in order to assist in the attainment of corporate - goals vhile enhancing the stature of the company as the leader in the 
telecommunications industry. 

Di-ions 

Total BellSouth Revenues: S11.4B - 
Department Expense Budget: S7.38Ku 
Employees: 34 
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Nature and Scope 

The Executive Vice President - Governmental Affairs reports to the Chajrman, CEO, 
and President - BellSouth Corporation as do the Presidents of Southern Bell, South 
Central Bell, BellSouth Services, and BellSouth Enterprises; the Executive Vice 
President and General Counsel; and the Vice Chairman. Reporting to the incumbent 
are the Vice President - Federal Relations and the Vice President - Regulatory 
Affairs. Reporting on a functional basis is the Governmental Affairs Support 
organization in BellSouth Services. 

prior to Divestiture all relations at the national level vith Congress, the 
Executive Branch, and the Federal Communications Commission vere handled by ATbT 
for all of the Bell system companies. Each of the operating companies vas 
responsible for the Members of Congress from the states in their respective areas. 
Since Divestiture not only has ATST been removed, but also the relationship betveen 
the Regional Companies and the Federal Government has undergone some dramatic 
changes. For example, BellSouth's involvement 4 t h  Members of Congress and other 
branches of government 'nov extends beyond the confines of the nine-state 
southeastern region. This is d.ue to the company's involvement vith nev ventures, 
some of vhich have operations in other states and countries; to BellSouth's efforts 
to market products and/or services to the Federal Government; and, equally 
important, to the fact that so many in the Congressional leadership posts, 
affecting the interests of BellSouth. represent areas outside the BellSouth 
territory. Vashington is the necessity 
of operating within the regulations and restrictions of the Federal Communications 
Commission (PCC). This situation is peculiar to BellSouth and some other 
telecommunications companies, and it poses a distinct set of political problems. 
Therefore, the objectives of this position and the Vashington office include 
expanding the relationships vith Members of Congress to include the 535 members 
from all of the states, increasing influence in the executive branch, and obtaining 
relief from the FCC in order to position BellSouth Corporation as a financially 
healthy, all-service provider to the customer. 

The Executive Vice President - Governmental Affairs accomplishes these objectives 
by performing various functions personally and by structuring an organization to 
handle key functions. This incumbent has five major areas of accountability. The 
first of these is the early identification of emerging concepts in the Federal 
public policy arena and a professional assessment of the viability and timing of 
any public policy decisions that may result. Concepts of this nature can be 
legislative, regulatory, or executive orders by independent federal agencies. 

Also affecting the company's situation in 

The second major area is the determination of what impact, i f  any, such potential 
public policy decision may have upon corporate goals, objectives, plans, and 
policies. Vhere there are existing corporate policies that may be affected, the 
Executive Vice President establishes corporate strategy consistent vith such 
policies and directs vhatever actions are necessary to implement that strategy. If 
there is no existing corporate policy, the Executive Vice President consults vith 
top management (usually the Presidents of Southern Bell, South Central Bell, 
BellSouth Services and BellSouth Enterprises; the Executive Vice President and 
General Counsel of BellSouth; and, of course, the Chairman of the Board. CEO, and 
President of BellSouth) in the formulation of appropsiate nev corporate policy and 
develops strategy to implement the nev policy. In addition to impact assessment, 
i t  is the responsibility of this incumbent either to advocate personally, or to 
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direct the advocacy by others of the corporate position vith the appropriate 
government body or official(s), or other private sector groups and organizations 
detemined to have an interest. This includes leadership positions in the 
legislative and executive branches and in the independent agencies, particularly 
vith the FCC, the Congress and the m i t e  Rouse. 

The third major area of accountability is the political assessment of the 
feasibility of obtaining public policy decisions that are consistent vith corporate 
goals, objectives, plans, and policies. This is critical in determining the extent 
to which corporate resources and expenditures are committed to influence the 

of a public issue. Sometimes i t  is necessary for the Executive Vice 
President to decide that the advocacy of some corporate positions must be 
subordinated to others in order to enhance the possibility of achieving a favorable 
result on a more significant issue. This dimension of the incumbent's 
responsibility requires both knovledge of and insight into the total governmental 
environment together vith an experienced political sensitivity in order to render 
informed judgments in matters of major significance to the corporation. 

Fourth is the area of representing the corporation as the senior executive in the 
national capital area. External perceptions of this incumbent are critical to the 
success of corporate activity in Yashington. Professional competence in government 
relations is the foundation for leadership of the department and is essential to 
the maintenance of mutual respect vith policy makers and business counterparts. In 
the competition for corporation prestige among the business community and private 
sector representations, hovever. the Executive Vice President must also demonstrate 
leadership in the cultural and social communities in Vashington. This dimension of 
the position not only enhances the corporate image vith the various constituencies, 
but it has the potential of providing the margin of success in a corporate 
endeavor. 

Lastly, this position serves as the principal corporate officer for all Federal 
governaent relations mtters. Ils such, i t  has overall responsibility for shaping 
and directing corporate advocacy vith all Vashington based stakeholders both vithin 
and outside the government. As the principal political resource, this position 
also directs the activities of all corporate-sponsoTed Pederal political action 
committees for the corporation's employees. 

In accomplishing these functions, the incumbent must coordinate vith various 
contacts both external and internal to BellSouth. The contacts external to the 
company include essentially all Vashington-based stakeholders. Internal contacts 
include the top management employees already listed plus the Vice Chairman of 
BellSouth; the Executive Vice President and General Cbunsel of BellSouth; the Vice . 
Presidents and General Counsels of South Central Bell and Southern Bell; the 
Executive Vice President - Marketing, Netvork and Planning (BellSouth Services); 
the Executive Vice President - Corporate Liuaan Resources (BellSouth Corporation); 
the Vice President - Corporate Affairs and Secretary (BellSouth Corporation); the 
Executive Vice President and Senior Financial Officer (BellSouth Corporation); the 
Senior Vice President - Regulatory and External Affairs (Southern Bell); and the 
Senior Vice President - Revenue Requirements (South Central Bell). The purpose of 
these contacts is tvofold. Pirst, the incumbent must communicate vith any or all 
of these contacts concerning telecommunications iss'ues as vel1 as generic issues 
such as tax bills or bills relating to employee benefits. Secondly, the Executive 
Vice President must position the Chairman and CEO of BellSouth and these other key 
Executives in the national scene by plugging them in vith Vashington leaders vhere 
appropriate. 
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- 
The Executive Vice President has structured an organization as follovs: 

Vice President - Federal Relations (11 employees) 
position is accountable for achieving favorable public policy decisions by the U.S. 
Congress and independent Federal agencies (excluding FCC) including the Executive 
Department and the Vhite Eouse on matters that affect corporate goals, objectives, 

. plans and policies. Shaping and implementation of corporate policies are integral 
parts of the job. Organization is responsible for development and maintenance of 

- professional relationships vith staffs of all members of Senate and Eouse of 
Representatives and vith those members vhose constituency is outside BellSouth 
territory. Provides direction and leadership for advocacy by other BellSouth 
entities vho handle member contacts for our nine state areas. Staff members also 
have direct contact responsibility for numerous agencies and executive departments: 
including State, Commerce and U.S. Trade Representatives that are essential parts 
of our international strategy as vel1 as strategies of unregulated subsidiaries. 

- 

- 
- 

Vice President - Regulatory Affairs (18 employees) 
Position is accountable for -achieving favorable public policy decisions by the 
Federal Communications Commission and related governmental and private sector 
groups on matters that affect corporate goals, objectives, plans and policies. 
Also . responsible for liaison vith other industry related non-governmental - organizations based in Vashington such as the National dssociation of Regulatory 
and Utility Commissioners (NARUC) and United States Telephone Association (USTA). 
Shaping and implementation of corporate policies are integral parts of the job.  - organization is responsible for development and maintenance of professional 
relationships 4 t h  PCC commissioners and their staffs, vith key members of the 
Common Carrier Bureau, Office of Plans and Policy at the PCC and vith members of 
the staffs of key NARUC and Joint Board committees and USTA. Provides leadership 
and direction for advocacy vith members of NARUC and Joint Boards vho reside in 
BellSouth territory. Bas direct contact responsibility for all others. 

- 

- 

- * * * * *  

- The forms in vhich influence is 
exerted require that each subordinate organization operate vith considerable 
latitude. The Executive Vice President dravs on expertise and knovledge of - individuals as appropriate to fulfill particular requirements. In addition, the 
incumbent provides broad directions and specific focus vhere necessary. The 
incurbent coordinates the operations of the staff by conducting monthly staff - - meetings. The Executive Vice President also spends an average of tvo days a veek . 
in Atlanta primarily to coordinate the activities of the Governmental Affairs 
Support organization vith the Vashington office and to interface vith others in the 
Senior Hanagement of BellSouth Corporation and its entities. 

The major challenge of this position is tvofold. First, the incumbent must 
leverage the functions related to the 535 Members of Congress from the small base 

- of nine states and 100 members. This involves creating relationships vith members 
from states in vhich BellSouth is either not a con’stituent or has just recently 
become a constituent. Secondly, this position must endeavor to remove the 
regulations and restrictions of the FCC and the Federal District Court t o  allov 
BellSouth to operate and compete effectively in areas of established business as 

complexity and diversity of issues monitored and 

- 

- 
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vell as in those areas represented by the nev ventures. Another signiflcant 
challenge is to bring at1 of the companies that are nov part of BellSouth 
Corporation into one political stream. This requires blending of disparate 
political cultures. 

The incumbent is granted broad authority to operate vithin the functions of his 
position. Major policy parameters vithin vhich to operate must be approved by the 
Chairman; hovever, the methods related to operating vithin those parameters are all 
left t o  this Executive Vice President. The incumbent meets with the Chairman or 
communicates in vriting on an as-needed basis to provide updates and status 
repor ts. 

In addition to the duties listed, the Executive Vice President - Governmental 
Affairs is also the Chairman of the BellSouth Pederal Political Action Committee. 

Principal Accountabilities 

1. 

2. 

3.  

4. 

5 .  

6 .  

7 .  

a. 

9 .  

Develops and implements corporate policy to achieve favorable public policy 
decisions by governmental bodies and other policy shaping organizations at 
the federal level. 

Provides analytical and evaluation issue support to all components of 
corporate management to facilitate timely and effective decisions. 

Directs the activities of the Governmental Affairs organization and revievs 
the strategies of staff members to ensure the Corporation's positions on 
federal legislation and federal regulatory issues are clearly defined and 
unified. 

Assures that contemplated legislation and regulatory rulings by federal 
entities are recognized and addressed by the corporation. 

Provides public affairs leadership, advice and assistance to the BellSouth 
entities. 

Develops and maintains effective continuing liaison vith key national 
policymakers to identify and evaluate significant issues in a timely manner 
to assure avareness of the Corporation's operations and plans. 

Ensures a competent, notivated and developing staff is available to meet 
perceived short and long-term requirements. Provides training for contact 
people in subsidiaries on critical issues. 

Maintains relationships vith policymakers, trade associations, and 
representatives of other corporations in Vashington to keep them informed of 
BellSouth's operations and plans. 

Provides leadership and direction to ensure the corporation is recognized 
for its professional expertise as vell as f o r  its position as a major factor 
in the social and cultural communities in Vashington. 



BELLSOUre CORPORATION 
POSITION DESCRIPTION 

Position Title: Executive Vice President Code: 
and General Counsel - 

. ... 
Date: April, 1990 

Organizational Uoi t: BellSouth 'Corporation Analyst: P. 8 .  Saszi 

Location: Atlanta, Georgia 

Reports To: Chairman, Chief Executive 
Officer, and President - 
BellSouth Corporation 

Accountability Objective (Basic Function) 
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To provide the management of BellSouth Corporation and its subsidiaries vith 
effective legal counsel, advice and representation through direction of the 
Corporation's Legal Department, functional direction and coordination oE subsidiary 
legal departments, and supervision of all outside counsel employed by BellSouth 
companies; to participate in the overall management, guidance, and policy making 
for the Corporation by serving as a member of the BellSouth Corporate Policy 
Council; and to make the legal function operate as one f o r  all companies. 

Dimensions 

Total Operating Revenues 

Legal Department Operating Budget: 
Outside Counsel Fees: 
Personnel Supervised: 

BellSouth and Subsidiaries: $14.28 (1989) 
$40.3 titi (1990 Budget) 
$10.4 Hn (1990 Budget) 
138 Attorneys (Total System) 
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Nature and Scope 

The Executive Vice Presid'ent and General Counsel reports to the Chairman, Chief 
Executive Officer, and President as do the Vice Chairman - Finance and 
Administration; the Executive Vice President - Governmental Affairs; and the 
Presidents of BellSouth Enterprises, BellSouth Services, Southern Bell, and South - Central Bell. This position serves as the top legal officer vithin the BellSouth 
Corporation, a role vhich encompasses management of the Corporation's inhouse legal 
function, including direction of the legal functions in each of the corporation's 
subsidiaries, management and/or coordination of outside legal services retained on 
behalf of the Corporation or its subsidiaries, and participation vith other key 
executives in the efforts of the Corporate Policy Council. The incumbent 
accomplishes this personally and through a legal staff vhich consists of the 

- 

- 

- folloving positions that report directly: 

Vice President and Associate General Counsel 
- 

Vho acts as deputy to the General Counsel and is directly responsible primarily in 
the area of the legal aspects of regulatory matters affecting the Corporztion and 
its subsidiaries. The Associate General Counsel fulfills a coordination role in 
this area, ensuring that appropriate interface is .established and maintained 
betveen the Federal Communications Commission (FCC) regulations and the terms of 
the Consent Decree and the Corporation's subsidiaries. The incumbent vorks closely 

- vith legal staff and other management vithin the subsidiaries to ensure consistent 
interpretation and coordinated efforts in dealing vith a l l  legal affairs of the 
Corporation and its subsidiaries. 

- 

- 
General Attorney - Regulatory 
Vho concentrates in the area of FCC regulations and guidelines and other Federal - regulatory matters, as vel1 as coordination of state regulatory matters. 

General Attorney - Antitrust, Intellectual Property and Litigation 
- 

Vho specializes in Federal Courts and Department of Justice matters affecting the 
Corporation and its subsidiaries, providing guidance, 'interpretation and advice on 
issues arising from these bodies and from general antitrust lav problems; also, 

I providing direction on intellectual property matters and major general litigation 
throughout all entities. 

- Genera.1 Attorney - Corporate 
Vho specializes in corporate lav, i.e., securities, issues, Securities and Exchange 
Commission rulings and compliance, and matters relating to corporate governance of 
the corporation and its subsidiaries. Also provides support in mergers and 
acquisitions and guidance and direction of litigation resulting from such 
transactions. 

General Attorney - Tax 

- 

- 

- Who specializes in corporate tax law, providing guidance on tax matters from a 
legal standpoint. Also directs state and local, E R I S A ,  the tax aspects of 
benefits and manages major tax litigation throughout all entities. 
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General Attorney - Human Resources Hatters 

Vho specializes in  labor-lav and vorks primarily in providing guidance and advice 
to the Corporation and its subsidiaries on matters relating to Human Resources. 

Members or subordiates of the above outlined organization may from time to time 
Serve in a project manager capacity in conjunction With the legal staff vithin the 
subsidiaries vhere problems or issues arise in their specialty area. 

Additionally, the Executive Vice President and General Counsel provides guidance, 
functional direction and support to the Chief Legal Officer in each subsidiary, 
including concurrence in all hiring, career planning, promotion, and compensation 
of lavyers in all entities. He counsels vith them on administrative matters, broad 
corporate policy matters, apprises them of obligations arising on a national basis 
(e.g., FCC, Justice Department) and meets frequently vith them to discuss regional 
direction and objectives. As needed, he vi11 provide assistance and support to the 
subsidiary General Counsels in detling vith their management. 

Huch of the incumbent'$ time is spent interacting vith others, both vithin and 
outside the legal organization. He usually confers with the Chairman on a daily 
basis, keeping hidher informed of and receiving input on major issues of current 
concern. tie regularly meets vith members of his staff to remain up to date and 
advise on vork being conducted in their specialty areas. He meets regularly vith 
the Legal Hanagement Committee, vhich consists of the General Counsels of all major 
entities, and vith vhich he consults in performing his duties. Be meets 
occasionally vith legal heads of other regional companies to share experiences and 
generally stay informed on areas of common interest. Additionally, personal time 
is spent revieving court and commission decisions, revieving and folloving up on 
correspondence from management requesting advice and concurrence on legal 
questions, and making himself available to management to provide advice and counsel 
on legal questions they may have. Be vi11 make personal appearances before the 
Justice Department and the Courts (though usually not in a formal manner) 
representing the Corporation's position on various matters before those bodies. 

The incumbent serves as a member of the BellSouth Corporate Policy Council. The 
council is chaired by the Chairman. Also serving on the Council are the Presidents 
of the tvo operating subsidiaries, the President of BellSouth Enterprises, the 
Vice Chairman - Finance and Administration and the President of BellSouth Services. 
The primary function of the Corporate Policy Council is to set operational and 
financial goals, develop corporate policy and financial strategies. The incumbent 
provides input to fellov Council members from a legal perspective, as vel1 as 
participating in general business decision making. 

In accomplishing the position's overall accountabilities, the incumbent employs 
management practices designed to provide the most efficient and effective means of 
responding to corporate needs vhile at the same time ensuring the safeguarding of 
Company interest. This includes coordinating all legal jobs in all of the 
subsidiaries to assure provision of consistent advice. 

The incumbent is afforded vide latitude in exercising the responsibilities of his 
office. He is regarded as the chief legal counsel of the corporation and thus is 
looked upon as the key advisor vith regard to any and all legal questions that may 
arise. His membership and participation on the Corporate Policy Council further 
exemplify his role in the overall strategy formulation of corporate policy. 
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Principal Accountabilities 

1. 

2 .  

3.  

4. 

5 .  

6 .  

7. 

Organize and staff the'BellSouth legal department throughout all entities in 
vays that result in the optimum utilization of legal talent and an ongoing 
response to needs of the company for legal services. 

Ensure that the rights and obligations of the BellSouth Corporation and its 
subsidiaries are met from a legal perspective; to advise senior management 
of matters requiring their attention, thereby averting the possibility of 
adverse consequences occurring against the company. 

Represent or manage the representation of the company in all legal 
proceedings to ensure that its rights are protected and its case properly 
presented. 

Haintain an up-to-date avareness of legal precedences and rulings to ensure 
that the company is equipped vith the most competent and effective legal 
advice available. 

Ensure the most efficient and cost effective use of outside counsel in 
representing the Company's interest. 

Ensure that the Company's ventures into nev non-regulated businesses are 
proper vith regard to the Federal Court's decree and that such ventures are 
sound from a legal standpoint. 

Provide overall coordination and direction to the entire legal function of 
the BellSouth subsidiaries so that those companies maintain a competent, 
effective, and consistent legal representation. 
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John L. Clendenin 

Speech to N.Y. Financial Community 

February 4,  1992 

Good morning. 

We in the southeastern part  of the country have seen some dramatic 

events in the last couple of years. 

Atlanta getting the 1996 Olympics surprised a lot of people around 

the world. But that wasn't the biggest surprise -- a t  least not for 

baseball fans like me. 

I thought the Braves had taken out a mort- on the cellar. But 

they came out of there with a vengeance and, along with the 

Minnesota Twins, treated us to a classic World Series in  1991. 

BellSouth had a solid year, too -- admittedly, not a spectacular one 

like the Braves. But then, thankfully, we didn't have as f a r  to go 

as the Braves. either. 

Like a professional team that uses its d raf t  picks to build for the 

future instead of trading them for a quick fix. we're committed to 

managing BellSouth for the long term. 

1 
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.- We’re playing to our strengths in technology and people. 

We’re investing aggressively in  evolving opportunities domestically 

and around the world. 

I 

We’re streamlining and realigning every structure in our corporation 

for greater efficiency. 

And we’re working diligently to influence new long-range regulatory 

and competitive structures, even when they involve a near-term hit 

on earnings. 

But, as the price of pursuing these and other long term goals. we 

have sxaectcd and are experiencing a period of flat-to-down reported 

earnings. 

That doesn’t mean we’re satisfied, and let me assure you that we’re 

doing all we can to put a positive slope back on that earnings 

curve, but it will take time. 

Today I plan to tell you about what we’re doing to develop and 

strengthen what we believe is as good a mix of wireline and wireless 

capabilities as anyone can offer. In the world we see developing. 

this flexibility is what i t  will take to capitalize on the exploding 

demands for telecommunications around the globe. 

2 
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Domestic and international wireless are indeed key components of 

BellSouth’s growth strategy. And, we’re well positioned in these 

emerging markets, both geographically and from a marketing 

standpoint. 

- 
We can offer the customer almost anything on the wireless continuum 

-- from tone-only paging, to fast-handoff, to fully featured 

cellular. In between are numeric and alphanumeric paging, mobile 

data. and experimental Personal Communications Services, or PCS. 

Geographically, we now have as many cellular POPS outside the U.S. 

-- some 36 million in nine countries -- as  we do  in the 54 

metropolitan markets we serve in this country. 

Counting our subscribers worldwide, we put our one millionth 

cellular customer on the air  in December. We have passed the 

millionth customer milestone in paging, too, thanks to our recent 

acquisitions. 

Wireless is now a primary driver of BellSouth’s growth. 

Our domestic mobile - t h a t  includes cellular and paging businesses - 
became solidly profitable in 1990. In 1991, mobile revenue 

increased 37 Dercent, to almost 5900 million. Despite the 

recession, net income improved 50 percent, to S57 million. 

3 
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The number of our cellular subscribers grew 49 percent. Even without 

acquisitions, i t  was still a strong 46 percent growth rate. 

Incidentally, to help our owners get a better understanding of how 

wireless fi ts  into BellSouth's overall strategy, beginning with 

first quarter 1992 numbers, we are providing additional information 

about our cellular and paging operations both domestically and 

internationally. 

As you know, we were active in the acquisitions market last year. 

Domestically, we finalized deals with GTE. Graphic Scanning and 

McCaw. These solidified our control or gave us added interests in 

22 of our 54 markets. 

And as part of the RAM Broadcasting joint venture I'll talk more 

about later. we have a deal pending that will give us a majority of 

the non-wireline license in Honolulu. 

All told, we are in 13 of the top 50 US. cellular markets. These 

include such major markets as Los Angeles. Houston, Miami, and 

Atlanta. 

Overseas in wireless. we have focused our investments in areas with 

good growth potential and acceptable political risk. 

4 
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I In  Latin America. we saw the potential early and teamed with 

excellent partners. 

In less than two years we have built systems from the ground u p  in 

Argentina, Mexico, Venezuela and Uruguay, and have purchased an 

operation in Chile. And we are exploring additional locations. 

Because of the condition of some of the landline systems. cellular 

is highly demanded in Latin America, especially at the upper end of 

the market. 

In the U.S., three out of five cellular phones a re  car-mounted, but 

in Latin America, four out of five are portable. 

As a result, there is a landline substitution effect, and average 

air time in Latin America is considerably higher than i t  is here. 

Usage approaches 400 minutes per month in Argentina. for example, 

and although the other countries are not quite that high. they do  

exceed U.S. levels. 

Due to this higher usage, our company in Argentina became net income 

positive in only its second full year of operation. something you 

don’t see in the U.S. 

5 
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u And this growth is not limited to Argentina. In Venezuela, our new 

system, a t  year end, had added 16,000 customers since being turned 

u p  one month earlier. At this rate -- which is more than 500 per 

business day -- we are a year ahead of plan. 

In other parts of the world, we have been awarded a cellular license 

to serve New Zealand. When operations commence late this year. the 

system will be fully digital and fully compatible with the networks 

we’ll soon be building i n  Australia. 

In Europe, we own 29 percent of a consortium selected by the Danish 

government to build and operate Denmark’s first state-of-the-art 

digital mobile phone network. Service will be initiated in 

Copenhagen during the second quarter. 
3 

Dispitc our emphasis on wireless, our plans to grow earnings through 

strategic cross-border investments include the right wireline 

opportunities. too, and Australia is our biggest international deal 

to date. More than being the biggest, the Australian consortium, 

called Optus Communications, is unique in many ways. 

Due largely to its relative isolation, Australia is communications 

intensive. The telecommunications sector of an  otherwise so-so 

economy has been expanding just under IO percent annually. 
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Starting on Day One in fourth quarter ‘92, customers will be able to 

access the Optus network by dialing only one additional digit. 

Interconnection will be provided to Optus by Telecom Australia 

initially, at direct costs. 

And we were granted a waiver from the long distance restrictions of 

the MFJ for the trans-pacific portion of the traffic between the 

US. and Australia. 

This is the first general carrier’s license in the world issued to 

build a competitive nationwide telecommunications system from 

scratch. 

We can integrate the latest digital technologies across wireless and 

wireline services. We can develop our own operating systems to 

support our marketing efforts in a coordinated fashion. 

We won’t be burdened with an investment that’s obsolete, or a 

structure that’s hidebound. That’s one way this project differs 

from a privatization. 

Optus will offer a fult-range of network services, including 

domestic and international long distance, mobile, personal 

communications services, private line and private network. 

But this is more than just a wireline opportunity. 

7 
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The Australian cellular market has one of the highest growth rates 

in the world, with 2 percent penetration of the population since 

starting in 1987. The U.S. cellular penetration rate is comparable. 

but it’s taken about twice as long to get there. 

Optus will roll out the first component of its mobile services in 

the second quarter by reselling capacity on the existing monopoly 

analog network. 

By early next year, Optus plans to start marketing its own cellular 

services. We’ll have the only GSM digital network in the South 

Pacific, and  we’ll be able to provide international roaming between 

Australia and our system in New Zealand. 

Over the next f ive years, Optus will invest approximately 3.1 

billion U.S. dollars. About half of that will be internally 

generated. 

BellSouth expects to put in capital of up to $300 million over the 

next four years. 

BellSouth first  became .involved i n  Australia f ive  years ago. We are 

the largest provider of paging services on that  continent, so we are  

no strangers to the market. 

8 
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But now with our 24-and-a-half percent of Optus, and our consortium 

in New Zealand, BellSouth has a much’stronger presence in the 

southern end of the Pacific Rim, and we are interested in future 

opportunities in that emerging region. 

In a move that will significantly expand BellSouth’s wireless 

product line, we formed a joint venture with RAM Broadcasting 

Corporation to own and operate mobile data communications networks 

worldwide. 

We think wireless data networks will be to computers what cellular 

is to phones. Our research, and that of others, identifies IO 

million potential wireless data users in the increasingly service 

oriented U.S. economy. 

RAM uses an intelligent network technology called Mobitex, developed 

by Ericsson and Swedish Telecom. It has lots of applications -- 
computer-aided dispatch. two-way alphanumeric messaging, electronic 

mail, transaction processing, remote data entry and retrieval. and 

automatic vehicle location. 

You’re probably famill’ar with at least one mobile data network here 

in the U.S. -- that’s the one Federal Express uses to keep track of 

where a package is a t  any given instant. That’s a Drivatc system. 

Attachment m - 4  
Page 9 of 20 

9 

FOlQ032000753 I 



The system we will operate with RAM will be w. The only thing 

like it in this country is IBM’s and Motorola’s venture called 

ARDIS. 

A big difference between the two is that customers on the 

BelISouth/RAM system will be able to use a variety of communication 

devices to access the network. ARDIS is presently tied into just 

one manufacturer. 

This flexibility for our customers is integral to our strategy. We 

think the joint venture company can become the platform for  a 

software driven, nationwide. packet switched data network that end 

users access through a vast array of wireless terminals. 

It will be a public network. But as fa r  as the customer is 

concerned. it will behave Iike a very cost-effective virtual private 

network. 

The shared network aspect opens up important markets for  us. We 

will be able to price the services so smaller companies will be on a 

more equal footing with their larger competitors for wireless data  

solutions. .. 

We think Mobitex has the potential to become a worldwide standard, 

and we are already aggressively going after opportunities in markets 

around the globe. 
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The new BellSouth/RAM entity already has paying customers in the 

U.S. and U.K. Some firms are deploying the services throughout 

their operations. Most are doing more limited field tests. 

We are in the construction stage of our RAM network in the U.K., and 

we are in  various stages of business development in Europe and other 

countries. To develop RAM'S networks in the U.S. and the United 

Kingdom, we will provide more than $300 million in equity funding to 

the joint venture. 

Establishing beachheads in emerging wireless and wireline markets 

around the world doesn't come without short-term costs. For 

BellSouth, those costs will cause overall dilution of about 40 cents 

per share in 1992, and there will be dilution next year. as well. 

But like a sacrifice bunt in baseball, these investments advance our 

team's strategic position. 

With all new technologies, we believe that the most vital question 

is a How do they work? .__ but, What do they &? 

We firmly believe that services are  more important than the 

technology itself. .. 

Customers care about applications. For example, in Orlando, we are  

currently testing what people want by simulating a PCS environment. 
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Working with Motorola, we modified portable MicroTac phone equipment 

to provide PCS-type services to operate on our existing cellular 

band. In effect. we are trialing PCS under actual selling and 

marketing conditions. 

We are offering flexibility in pricing and customized calling 

options with "DriveAround," "WalkAround," and "OutBound" service to 

roughly 750 customers over about a IO-month time frame. It's the 

first and only test of its kind. 

Our commitment to providing the full continuum of wireless services 

for voice and data has put BellSouth in the forefront of PCS 

development. And we're concentrating on what customers need, not on 

what engineers can do. 

Our confidence in the long-term earnings potential of BellSouth's 

businesses extends to our regulated operations. We are implementing 

strategies to grow and market our sophisticated network, even as 

local exchange services become more competitive. 

Underlying our efforts is a pragmatic regulatory strategy. 

We recognize the political reality that regulatory change is a 

gradual, evolutionary process. It seldom keeps pace with the 

headlong rush of technology and other market forces. 

12 



We've made progress along the regulatory continuum. Seven of our 

nine states, representing about 80 percent of our access lines, have 

implemented alternative regulatory plans that feature sharing of 

profits above specified ranges between customers and shareholders. 

We have shared i n  Alabama, Kentucky and Mississippi. 

But this progress has come a t  a cost. Incentive plans have been 

coupled with rate reductions and adjustments in targeted rates of 

return, and we expect continued regulatory scrutiny in 1992. 

There is no question that these plans. in the aggregate. have 

punished earnings. But there would have been rate reductions in 

recent years, anyway. if we had stayed with traditional 

rate-of-return regulation. 

That's a fact of life. Going forward, these regulatory plans give 

us upside potential. 

At the federal Ievel. we have booked SI6 million for  our portion of 

sharing the benefits of price caps with our customers, the long 

distance carriers. 

_. 

This win-win scenario is precisely what the FCC intended when it  

instituted price caps at the beginning of last year. 
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Of course, I Can’t leave the topic of regulation without mentioning 

the MFJ. We are encouraged by the courts’ allowing us to move 

forward in information services, and by the momentum in Congress 

behind manufacturing relief. 

But these issues can be moving targets on Capitol Hill, because. as 

YOU know, some special interests would like to limit consumers’ 

choices and prevent us from competing. 

We are encouraged, however, that the progress over the past year, 

plus the FCC’s recent initiatives with so-called Video Dial Tone, 

suggest that artificial barriers to market entry will tend to erode 

over time, as they should. 

The FCC’s decision last month to allow BellSouth Telecommunications 

in Georgia to resume sales of MemoryCall. our voice mail product. 

was another significant step. 

As these barriers do come down, our track record should give our 

shareholders some assurance that BellSouth will not swing for  the 

fences a t  every pitch that comes near the plate. 

_. 

We listen to what customers are  telling us. and that helps keep our 

focus on market opportunities that will build long-term value. Our 

investments at the margin will continue to be well reasoned and will 

focus around our experience and capabilities. 
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But as you are  well aware, having new regulation and new 

opportunities isn't enough. We have to market our services more 

effectively. and we must continually increase productivity and 

efficiency. 

That's where our strategies to streamline our organization and 

generate new revenues from our core business come into parallel with 

our regulatory strategy. 

Last year, we reduced management ranks by more than 4,000 through 

voluntary programs. The incremental savings from that should be 

about $160 million this year. 

Overall, our telephone employees per 10.000 access lines went down 

to 45.5 in 1991 from 49.1 i n  1990, our largest annual percentage 

decrease since divestiture. 

For most of 1991, we ran our telephone operations under a new 

unified management structure now headed by Frank Skinner as  CEO and 

Duane Ackerman as  president and chief operating officer. We legally 

merged the three former entities into BellSouth Telecommunications, 

effective January 1. -. 

The reasons for  restructuring and cost reduction are  simple -- to 

serve our customers more efficiently, and to price our 

state-of-the-art services more competitively in a freer marketplace. 

IS 
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On the volume side, the local exchange region we serve continues to 

be a plus for  us, and following the lingering effects of the 

recession, we expect access line growth in the Southeast to continue 

to outpace the rest of the country. Our 3.2 percent gain in 1991 

set the pace for  the BHCs. 

BellSouth continues to be a pacesetter in deploying new network 

technologies. enabling us to get more out of the backbone of our 

business. We gain efficiencies, and we continue to bring new 

Information Age services to our customers. 

We completed 100 percent deployment of stored program control 

switching more than a year ago, and more than 80% of our switches 

are  digital. 

About 57% of our access lines now have digital transmission 

capability and  over 75% are equipped for CCS7. 

With fiber optics now the most economical choice for much of our 

network, we have more than 765 thousand miles of fiber in place. We 

are committed to the full scale volume deployment and 

commercialization of ISDN. 
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A t  this early stage of development, we do not view information 

services as a stand-alone business. Rather, we see the ability to 

deal in  content as a critical enhancement to our current offerings. 

Again, we're not going for the home run when all we need right now 

is a base hit. To find out what the market wants, we will be 

conducting limited market trials of specific information service 

offerings. If the test markets prove out, we'll proceed with 

limited deployment later this year, and methodically build up to 

wider deployment in 1993 and beyond. 

Our strategy in information services has three major elements: 

First -- we'll concentrate on advanced messaging and transaction 

services. There is strong market interest; we're already involved 

in these services; and both are heavily dependent on networks. 

Second -- we'll provide services that evolve primarily from our core 

businesses. 

Third -- we'll develop strategic alfiances with providers whose 

skills in applications development match our own expertise in 

network management. We just acquired Scientific Software. for 

example, to bolster our capabilities in systems integration. 
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Ladies and gentlemen, last month we observed the 10th anniversary of 

the consent decree that led to the breakup of AT&T and the Bell 

System. 

I remember with amusement the predictions that BellSouth would never 

be much more than a stodgy local monopoly utility. 

But just like no one predicted that the Braves and Twins would make 

i t  to the World Series. we could not anticipate in  1982, nor can we 

foresee today, all the monumental changes that lie ahead in  

telecommunications. 

Is this business more competitive than i t  was a t  divestiture? You 

bet it is. 

But the other edge of that sword is future  growth potential, and we 

are  excited about the way we’re managing these changes at  BellSouth 

looking toward that furture. 

We’re investing in evolving opportunities in mobile data and other 

wireless opportunities around the world, just like we did in 

cellular in the U.S. 

We’re going to streamline further. 

We’re looking at every job, and asking if it’s really necessary in 

this new environment. We’re looking a t  every new technology, and 

asking if i t  will really create solutions fo r  our customers. 

19 
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We’re proving the case for regulatory pricing plans that reflect the 

immutable forces of technology, economics and competition. 

We’re alive and well in the wireline business. Yes. we have 

competitors now, but many of them can also be our customers. And, 

hopefully. we’ll continue to be allowed to enter new markets and 

become a network of networks. 

We could have grown earnings faster in the short run -- by, among 

other things, being less aggressive with acquisitions and 

investments - but that would not have been in  the best long-term 

interests of our owners. 

As the Street consensus indicates, 1992 is not expected to be a 

grand slam year for BellSouth. 

However, our strong balance sheet and healthy cash flow give us 

confidence that BellSouth has the financial resources to make the 

investments and stay the course when the long-term potential is 

clear and substantial. 

I believe we’re making the right investments, and I can assure you, 

we will stay the course to achieve sustainable earnings growth. 

Thank you. 
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when brought together tohelp 

you, they can provide integrated 
solutions tn a surprising 

mariety o l  telecommunications antl 
v 

information problems. 

. ,  
in America for the past 
three years in an annual 
Forrunr magazine survry. 
Which means il' you're 
looking a t  your own 
business or personal 
comniunicationt needs. 
the companies of 
BellSouth may he just 
the kind ol' partner 
V O U ~  lookine lor. 

. 
i, 

1 Telecommunications InJormarion Services Mobile Cornmuniratians 
0 

Altera when 
you can surround 
a problem with 
remarkable 
talent. 
successlul ' 

solutions can't 1 
be laraway. ' 

I 1 

I- 
D 
0 
0 
N 
0 
0 
W 
0 m 
c. 
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She became the firstwomanaviatorto cross 

the Atlmtic,an author, entrepreneur and nurse. 
Justwhat you’d expect fkom afahion designer. - 

. 
senior lndunry executives 

u a w x a m w ~ ~ m m  have chosen &IISouth u the 

~~~@%t~”N’cmow- company they most admired 

-rbnF.==#*m 
Which means ifyou’re 

a r W . w u l d w a  
lmking at your own business 

c-- j -maYv 
- v + w ~ ~ ~ l . -  or pnonal  communications 

_._I DUMTIIOHWLITHI telecommunications 

Dnbpd49mh- in the United States. 

omcsaythingscan’t bedone. Othersdo foundedmorumsrlulairlines. Anadmired . , , . * , , c  
“ , L A *  them. provingthat with the tight 

cumhinitiun ofbravado and talent. there’s no 
tcllingwhat you can accomplish. 

Nicknamed “Lddy Undy:’Amelia Earhan 
was not only the first woman to fly solo acrou 
the Atlantic. she held women’s speed 
and distance records that earned her place. 
as the Rrst woman to receive the 
Distinyished Flying Cross. 

War I. Earhan devclopedan 

poet. she inspired mo papular songs and 
wen a Her zdventurour 

S 
lifestyle IO enthralled the Ametican people that 

IikeMacycy’rad Manhall Field’s 
lfyou understand how 

Amelia Earhan combined 

the commitment of 

world. Her memorable 
accomplishments in the 

three best.xllingbmb. tortveyournctds.theycan provide 
best in their field. Brought together be exactly the kind of panner , 

a aviation editor fo a variety of problems in health care. you surround a problem 

7clr~on1munic.urions Inlurmorion Servircs Mubilr Communiruurioris 
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1 

After being an author, a professor 
and championship athlete,he was fhally 

in a position to change the world. 
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- 
(MUSIC UNDER THROUGHOUT) 

and I both set records flylng 
airplanes. But. she flew a l i t t le 
lurthei into hislory 

mechanic. somelhmg she was gonna do 11 

she was an author and a 
magazine editor. designed luggage which 4s std1 

being sold, 

- 
c 

- She though1 evetyone should 
lly. so she helped stan an 
airline. 

SECOND WOMAN. My svster 
was a gilled speaker. 

- 

ANNCR: NO) I1 you understand - clothing. And most people just how Amelia Earharl combined 
many talents in her pursuit 01 
excellence. you’ll understand 
the commitment 01 BellSouth. 

To be a network of COmPanleS 
doing a lot of lhings well. To. 
help health Care. slate 
governments and others do 
whal they do even better. 

BellSouth. 

L 

- 
and she even designed 

thouaht she flew airplanes. 

Everything you expect from a 
leader 

(MUSIC) (MUSIC) (MUSIC) 
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PROJECT OVERVIEW: 

Thls project 8ddmsses tk integrat ion of services and m t w r k  
tmcknolagios for  tk futum umwnlcat ions mvlrormmnt in  Vhlch an 
i n t e l l i g m t .  broaeand oxchange m t w r k  w l l l  bm tk k a r t  of an 
Infrastructum supporting a w i d m  range of user rinds and W i p m n t s .  
Boglnning frcu tk promiso that a k terogenwus co l lec t ion  of 
m t w r k s .  t o m i r u l s  and applications uust work t0smth.r as o m  
information m t w r k i n g  in f rast ructum fo r  tk I n f o r u t t o n  &D. t h i s  
projoct furthers undmrstanding of tk c8pab i l i t les  mind i n  tk 
oxchangm m t w r k  fo r  i t s  ro le  as th foundation and Interamdiary of a 
- l i e  wmunicat lons s y s t m  that t r u l y  m o t s  porsorul. 
o r g . n i z a t l w 1 ,  and s061a1 mods.  T k  mtwrklng systoms and 
tKknologiN o x p l o r d  by t h i s  p r o j c t  am stmssed. along w i t h  
Sorvlcos and applications t o  invostlgato m 8nd mom offmctive ways 
of dmalipg w i th  t k  challenges of a uul t l -servlcos.  u l t l m d i a .  
ultl-mtwrk. w l t l - t e m l r u l ,  and multi-user c o u n i c a t l o n s  
envi-t. 

Sp.c l t lca l ly .  tha projmat Invest~gatos DM constructs up.rtmmnt81 

supporting u l t i - 8 o r v I w s .  w l t l M i a .  ul t l -point usor applications 
of tk futum Broadband I n t q r a t i o n  Smwlcos Dig l ta l  Nmtwrk (BISON). 
f t  fu r th r  invostlg.tes and prototypms local  O ls t r lbu t ton  notworks 
that would b. used t o  extond tk publ ic mtwrk i n t o r f a w  t o  u l t i p l e  
subscrlbmr . q u t p m t s .  and Intmrmtwrk of loca l  and m t r o p o l l t a n  am8 

tk systmms-low1 app t lu t l ons  of a#m-glng hlgh-.p.rd o l r t r o n i c  and 
cpt lca l  tmctutologlos. I t  f u r t k r  studies tk p r f o r u n c r  of 
o x p . r i m t 8 1  prototypos o f  advuwd sorvkos. Wch as packet vtdmo. 
U l t l l d l a  tel.ConfOP.Klng. .nQ h l g h - s p d  wnmctloCbless data 
transport. In I t s  testbeds. I t  wxploms mtwrk op.rations issuos such 
as mni to r lng .  t r a f f i c  control and bi l l lng. And I t  o f fe rs  o t k r  
--arch groups u p . r l m t a 1  test- fo r  8orvic.s. appllcatlons, usor 
Intorf8ms. and mtwrk control conmpts and tmahnologlos. 

T k  kmul.ag. p r r r a t e d  by t h i s  pmjmct has Iqmc ts  on C l l e n t  Colpany 
exchmgm busimssm through swora l  mch8nlsms. Coordinated 
prototyping I s  c a r r i a  out w i t h  Informatton b t u o r k i n g  s o r v l u s  and 
o t k r  araas of I o l l c o m  that  wr* uith th C l l m t  Cap.nios on IIW 
services. nrtuork evolution. and Oporatlons. H8P61.m 8nd softwam 
msoarch prototypos am t r a n s f e r ~ a  d t m c t l y  t o  tk c1mnt Capanlet. 

P.SOarCh PPOt0tYP.S O f  local  eXCh8nge SYSt..P. S I g M 1 l ~ .  and S0f tW.m 

I U t W r k S  W I t h  tk 1-1 OXChange. Part icu lar  attmlltton i S  dl - td  t o  

PROPRIETARY - Bellcore ana buthorized Cl ients Only 
This document contains propr ietary information that shal l  De 

aistr ibuted or routed O n l y  w i t h l n  Bel lcore and i t s  authortzea 
c l ien ts  except w i t h  w r i t ten  permission o f  Bellcore. 
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PROJECT OVERVIEW: I CONT . ) 

8nd i n f o n u t i o n  i s  transferred through demonstrations. t r l k s  and 

collaborations w i t h  indust r ia l  8nd other rosearch laboratories. 
rosoamh and d.v.loplmt inportant t o  the futuro tnformation 
networking mvi-nt. 

Tho benef i ts t o  the C l i m n t  Cwpanios lm lude knWldg8 of tssums and 
t8chnolqi.s f o r  mtwric wolu t lon .  i d e n t i f i c a t i m  of sarvlcos and 

onviro-t. and cro8tton of tKhno1qi.s f o r  c r i t l c a l  s.rvifas 
lntogr8tton. c8 l l  prosossing. and network u n 8 9 ~ n ~ t  WE. T r m d s  in  

p r o v i d .  insight In to  stratogic planning. buslness C l i l Y S t i O n S .  and 
capi ta l  urugomont of the C l i m n t  Corp8ni.s. 

 he w o r k  of tho p r o j e t  has four p r t n c i p a ~  thrusts: tho broamand 
local  exshag. axporimnt81 prototypo. th. local  d i s t r i bu t l oh  notwork 
expor imntal  prototype. int.rmtwrking and tomin81 adaptors. and 
mtwrk cp.rat lonl  8nd smrvtcos -#8mnt. 

Th. broadrand 1-81 exchang. .xp.rimnta~ prototypo. LXp.ril.nt81 ATM 
M t w O r k  SarVlWS E n v i r o n m t  (EXPANSE). i S  a hybrld 8Mlog/digl t81 
.xporlmnt8l t 8 S t D . d  . rph8SiZtyl  th. US. Of ATM/SDNET-lik. f O r a 8 t S .  
I s s w s  of c a l l  proussing. sign81ing. r o s w m  urugannt. and 
appltC8ttOfl p r q r u  int.rf8US 8- .xplOrd; 8nd nS.8rCh 
sOll8boratiohs W i t h  v-rs w i l l  provid.  u l t i m m d i 8  t.rmin81 
oquipnt t o  bo u s d  i n  Md-to-.M sorv iws  and applications 
mxportmnts. The applicattons w i l l  imlud. i n f o r u t t o n  broacls8sting. 
u l t i m M i 8  mmsr8glng a M  vi- on d u n d .  

Th. 100.1 dlstr ibution mtwork .xp.ri.l.nt81 prototypo, H-WS. i s  8n 
ATM (ASyMWnous Tr8nsf.r yod.)/SONET (SynehPOnOUS D p t t U l  H.tWric) 
LUI  (LOC.1 A m 8  NOtWOrk) .Xt.nding, Via Optic81 t0Cknologl.S. W'N 
.xch8ng. a-ss mtwrk tnt.rf8ca t o  usor q i p m n t s  tn 8 local  
mvi-t. Issues of 8 st8nd.rd lnt.rf8~. 8n o f f i c t m t  &la  8Cc.Ss 

p l b l i C 8 t l O n S .  F l M l l y .  t h i s  p r o j r t  ansouraps. thrcugh 

I .ppliCatlOfS th8t Di#ht #UNrat. W P8V.W. St- in  bF08dr.M 

tKhnolDgy 8nd tkir On th. b8S. Of IYtWrk -lpl.nt 

PPOtoCOl. a M  S l g r u l l n g  8- MI- O x p l o d  in  tk p8WtOtypo. Y.thodr 
Of u t i l i z i n g  alt.WUttV. U l t l p l . X i n g  t r M i g n S  fOr'bPo8dC8St 
S.rVIC.S 8- 81- Ming .xplOd. 

Th. int.lTlOtYorkir)g mS.8rCh. b8S.d i n  YETROWRE t.bmlo(n. 
invasttg.t.s 1SSU.S aSSoCi8t.d W i t h  l n t ~ r n o t w r k i h g  g.tW8yS Such at 
S W S  (SWitGhDd M U l t l r g 8 b i t  Dat8 f r rv iU) /A lM.  Eth.mt/YIDS. and 

Pouting. S i m l i l b # .  8m p8Ck.t fr.g*nt.ttOfl 8nd -8S-ly. NOtWOVk 
F i b e r  D i s t r l h u t d  ~ a t a  Intorfaem (FWI)/ATY. T ~ N  issums ine ldm 

tnt.rf8ws to  th. 600 bmg8bit/soc HI* Pwfo runce  Pmriphor81 
Xnt.rf8w ( W P I )  bus wI11 also be mxplord.  

th. rosmarch on mtuork o p o r a t t w  and sorvicos processing conearns 
mtwrk porforiunco monitoring. 8cwss control. cpwations functions 
such as s o r v j w  musu-nt, p r o v t s i m  and porfo-a of sorvicos 
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PAST YEAR RESEARCH ACCOMPLISHMENTS: 

This ptxjoct did not mxist unti l mid-Nove&or of 1989. Pr io r  to that .  
two of th. thr- D i s t r i c t s  const i tu t ing the presmnt Dlv is ton 0xist.d 
in othmr Oivisions. and the t h i r d  D i s t r i c t .  msponsiblo f o r  the 
EXPANSE prototype. was d r a m  from two D i s t r i c t s  in  s t i l l  an0th.r 
D i  v i s ton : 

LOCAL DISTRIBUTION NETWORKS (pmvtously OPTICAL NETUDRK TEOIOLOGIES 
RESEARCH ) 

Th. H-BUS ATM/SONET LbN, opt ica l  tmchnologims fo r  local  d i S t r i t u t i o n .  
subcarrimr nultlplmxing, and ATY video intorfacer.  

BROAD8AND INTERNETWORKING RESEARCH (pmviously METROPOLITIN AREA 
NETUORK RESEARCH) 

Th. NETROCORE mtwrk. mtwork smrvicms proressing 8nd un8gmmnt. 
smrvlws in te-  grat ion in  8 high-sped mtwrk. 

BROAOEAND SYSTENS RESEARCH tdram f r om YILTIYEOIA CDYWNICATIONS 
SYSTEMS RESEARCH 8nd INFOMATION NETWORKS RESEARCH) 

Tk. E X P M E  mxchang. ~CCOES mtwrk prototype; msoarch on c8l l  
procmssing, mtwrk sigrul ing.  and mtwrk mscurcm 8l locat ion.  

I lpor tan t  mxuplms of 8 c ~ 0 ( . p l i s h M t s  a m  given bolw: 

Broadl3and 5y.t- ROSOamh 

o Har&aN prototypfng wrk fo r  the EXPANSE o x p . r i r n t a 1  t o s t m  
InclUQd d o u g g t q ,  f a b r i u t t o n ,  8nd Intograt ion of thm t i m i n g -  
g m r 8 t o r  and i n t m r f 8 c m  boards for tk. EXPbNSE cel l  swtteh. This 
includd collaboration wi th  Ois t r ic t  21493 which 1.4 available t h m  
Batch.r-b.nyan switch bo8rd. Tk. msult i s  an mxp.rtmt.1 32x32 

m i t / s o c  accmss ports, and 100 I s f t / s r  Bateher-banyan Intarn81 
spnd. Another mxperimntal board colplotod was thm wl l  intmrf8co 
to a microprocessor; the wrk I n  s ~ i ~ n d  half  1989 includmd O~sign. 

Switch. W i t h  t r p u t  MfWing  and OUtpct port -Watton, 140 
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PAST YEAR RESEARCH ACCOMPLISHMENTS: (CONT. )  

debugging, and fabr icat ion of the boara. which can support 
transmission a t  about 70 m i t s / s r .  given a sui tably fast  processor 
t o  ar ive It. A d ra f t  technical - r a W m  (TU) m n t i n g  t h i s  
c e l l  i n t e r f a u  board was conpletod. 

o Sevaral exp.clmnta1 EXPANSE boards were transferrod t o  Nmtwrk 
Trhnology (Division 27130, H. -in. DvY). along w i t h  consulting 
exportism. in  support of that  Division's planmd S u i t c r n d  
Ylltirg.bit D8ta Servic. (SUDS) dmonstration at  thm March, 1900 
lochnology S u i n 8 r .  

o W o r k  wntilwed on refining a broamand c a l l  -1. daftnlng thm 
appropriate slgnallng protocol syntax, and iqlmmntlng parsing and 
output modules f o r  thm slgnaling l a w a 9 8 .  Those lodrrles a n  
rucessary t o  i q l . m t a t i o n  of thm EXPANSE c a l l  processing systmm. 
and w l l l  support w l t l p a r t y .  m l t i m d i a  services and applications. 
Work bogan on Wining th. software a r c h i t r t u r e  and ldent i fy lng 
thm softwarn prototyplng mvironment ( 1 a ~ a 0 . s  and too l k i t s )  f o r  
EXPWSE Cal l  pW0SSing. D I S C U S S I W  wm hmld W i t h  D i v i s l o n  27110 
( W .  Darr. DvM) t o  k n p  th8t organlzation. responsible f o r  bm8Oband 
signaling standards, inforr*d about researsh i n  t h l S  area. 

o D i s t r i c t  21411. Broacband SYstmns Research. was created and 
c h a r t e d  w i t h  construction and integrat ion of a 6roaOand ISDN 
1062.1 exch8ngm laboratory prototype. and inte.cwmctions ulth 
o t h w  Otvislon and research prototypes. 

6roamnd I n t e r m t w r k i n g  Research 

o w n s t r a t d  a thrN noQ. e x p . r l m t a 1  YETRDCDRE mtwrk working a t  
140 #itS/SOC W i t h  p8Ck.t VI-. data and p8Ck.t VOiS . .  Thm p8Gk.t 
vi- CUI bo p r o g r m  for d i f f e r m t  rates ~1bl-N?H-011316, TY- 
A R H - O I ~ ~ ~ S ) .  A papor was p-td a t  EFOC/LAN eo (Europ.an F i b o r  
opt ic  r n t u t i o n s / L o c a ~  Area wtwork). 

o Transfermd thm thme nod. e x p . r t m t a 1  YETROCDRE testbod t o  o m  
Cl ient  Copany f o r  thm i r  e x p o r i m ~ n t a t i ~ n  and t o  thm Software 
Trhnology 6 Syst..o (ST&S) am8 of Dellcore (Otvtsion 28010. C. 
~ i i o y .  DVY).  whore It i s  bming u s d  t o  explore t ~ h n i c a l  -stions 
of servic.  masumamnt f o r  WDS bil l ing. ~ h m  Wipmmt tronsferrud 
1nclUd.s e x p o r l m t a l  LIW s e r v i w  prowssors ( fo r  E t h r m t  
Inters-tion) and WE (Versa yodl1 Europ.) Interfaws (TY-ARH- 
011316). 

o ~ r a ~ f e r m d  a throo-nod. o x p . r i m t a 1  YETROCORE t e c t b d  t o  thm 
Naval Rosearch Laboratory und.r m l l c o m ' s  M V S E A  c o n t r w t .  Thm 
Wlpmmnt t m l u O s  LAU s o r v i m  prosusors .nd a 1.7 Q l w t t / H C  
baslrborm. 

o Dmmnstrated 280 I b I t t / s r  a c a s s  t o  thm YETROCORE bus uslng two 
para l le l  140 I b l t / s r  channels. Foru la tod  a mcU18r arcnitecture 
f o r  a Para l le l  Modla Access Controller. allowing 8 para l l e l  
ChaIYIlS a t  160 I b i t S / . . C  OaCh t o  acCOss 8 1.2 GIg .b l tS /SOC p8Ck.t 
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PbST YEAR RESEARCH bCCOMPLISHMENT5: ( C O N T . )  

at8 cc~munic8tLon systom (TM-ARH-014697). 

p8r81net.r~ of tho LAN intorconnection sorvicm proassor  in  tho 
METROCORE oxpertmnt81 tostbed. Prototyped pmsont8tion 18yors fo r  
tho n t u o r k  m8rug.r. customer ntwrk un8g.r. 8nd usor sorv iws  
mnu on 8 u l t i -w indow color  ~ r k s t 8 t i o n .  

o Brought  up 8n oxpmrimnt81 capaOi1ity fo r  p r o g r m i n g  tho 

LOC~I Dis t r ibut ion Networks 

o Tho H-BUS exporlmntal hybrid opt ica l  wtuork was studiod 8nd 
mportod in  TM-AM-014226 8nd two prb1Ish.Q p.p.rs. Y.ID.rs of tho 
D i s t r i c t  i nvos t i p tod  protocols f o r  intra-promisor t r a f f i c  and 
u l t i - t o m i n 8 1  8 r rangwnts .  Results of tho 8nalysis. tnclic8ttng 
tho Liz. of buffers mclod t o  support intra-prmisos c o u n t c a t i o n .  
w n  documontod In TM-ARH-OIS356. A n  oxpor im~ntal  system was 

transport of u l t l p l o  Lorvices t o  8 subscribor Intorfaco. and 
mportmd i n  TM-ARM-015168. C a p l c t i n g  tho H-WS 11.418 ~SC.LS 
protocol s iu18t ion .  ..ID.PS of tho D i s t r $ c t  lncorpor8tod tho 
prot-1 in to  8n o x p o r i m t a l  design fo r  8 custom m l o m n t a r y  
Mot81 O x i d .  Somiconductor (CMOS) chip, of about 20,OOO t r u s i s t o r s .  

control functions. ~ h o  1ogic.1 and functloru1 8Sp.StS of tho C h i p  

for fabriutim was c w l o t M .  

c811s f o r  tho oxporlmnt81 H-BUS promisos m t w r k  Intorf8cW t o  
BISON. RoWlts wm dOSUmntod in  TM-AM-OlS3D3. 

. p p l i w t l o n s  of opt lca l  U p l i f t e r s  in  u l t i - U 8 v o l M g t h  w t w r k s .  
Systm oxpor iamts wro prfom8d t o  o x m f m  tho crosstalk p rob l r r  
8nd rmp0rt.d in  Ty-ARH-01373S. Rosm8rCh on LyStNn . p p l i C 8 t i w  Of 
dopod-flbor optic81 U p l i f i o r s  rosul tod in  8 100 ch8-1 oxpor imnt 
roportod in TU-ARM-0160S6. 

d r p n S t r 8 t . d  f O P  8 p8SSiVO loo(, 8 r C h i t U t U M  USlng SMIET/ATM 

f o r  tho d i 8  8CC8.S functions. 
8 S S d l y  8nd d iSaSSdly .  W E  IntmPf8CO 8nd d i 8  8CC.SS 

Tho Chip d . S l g n  (l lC1ud.S -11 

UOP. t 0 S t . d  W i t h  Corp(rtEr 81- d . S l g n  tOOlS.  8nd tho 18yWt 

o S t u d i o d  -11 control. sign8ling. 8nd routing of intra-pranisos 

o -rs of tho D i s t r i c t  m q 8 g . d  i n  systert-lovml stUdlms of tho 

o A study of tho f o 8 s l b i l l t y  of using UDf8rri.r u l t i p l o x i n g  

u8s rrportmd in TU-ARM-OlSS41. Amlog vi- Ols t r tbut ion 

mportod in Ty-ARM-015127. 

tuhnologios such 8s f i bo r  opt ics  and VLSX p- 8doption 
scon8rios f o r  bro8-d t.c)nology ( p r i r r i l y  f ibor-in-tho-loop) 
rrportmd In TU-ARM-014819. A study of t h m  o f f u t s  of now circuit 

t O C h n l q m S  for tho Q l i V O y  O f  N l t i p l O  C h 8 M . l S  O f  bmadC8St V l d . 0  

tOChnolog(0S SUIt.bl0 fOP 100p . p p l i C 8 t i o n L  WP. O X M l l U d  8nd 

0 A study of tk o f f u t s  on tho --w*c.I wtwrk of mmrging 

~ l p r n t .  b8S.Q On U)IJET t r 8 n S p o r t  S t8 l ld8rdS.  U8S -1Ot.d 8- 
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REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N '  

Th. wrk of t h i s  rPp1i.d Resoarch P r o j r t  providos f o r  th. dovelopmmnt 

broammd tomin81 -1s. u l t i m d i a  applications. 8nd usor 
i n te r faus .  E p h a s i s  i s  placod on applications t o  current and future 
m d s  i n  notworks. s e r v i u s  8nd op~r8 t i on r .  Th.  subst8ntl81 M f i t s  
of t h i s  P r o j r t  ~ C C ~ W  t o  a11 0-r-Clients 8nd 8m unable t o  bm 
pmvented f m m  accruing t o  an Ownor-Cliwt vho m i g h t  e l r t  not t o  
par t ic ip8te in  t h i s  P r o j r t .  

O f  8 108djng OdgO k-1- b8Se i n  Such key 8-8s 8S IntOgratIOn Of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RESEARCH D I R E C T I O N S :  

Resoarch on an int.gr8t.d in f rast ructum fo r  th. futum in to l l i gan t ,  

research on s l g N l i n g ,  c 8 l l  prouss ing 8nd s e r v i u s  control 

Research on t H  int.gr8tion of services and a d l a  i n  the ln to l l i g .n t ,  

.pplic8ttons tnvokod by a population of loc8l users. 

bPO8m.M 0 X C h . W  rYtVork, w h 8 S i Z l n g  OXPOrlmnt81 PPOtOtypllrg. 
msearch CO118bOr8tlOn W i t h  bm8-8M t.mfM1 . U I U f 8 C t U m r S ,  8nd 

b-8-8- 0 X s h . W  IlOtWOrk. .nPhaSlZing OXpmrl-nt.1 PPOtOtyptm 
8nd th. S t m S i n g  O f  IlOtWrk tOChtlO1OgieS W i t h  S W V i U S  8nd 
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Thm technical areas addressed in this project a m  intendod to enhance 
thm CWprbillty and fU11StlON11tY. - thm COStS. end optilliZe th. 
p.rf0-m of Single-IOQ l~ghtwave S y S t W  Vhlch a m  aployed by thm 
Bellcore Client Conpanles (B tcs )  in their exshag. and exchang. acwss 

technologies. including wavelength-dlvis~on ultiplexing. c m r m t  
transmission. optical ~pliftcatlon and optical signal pmcmssing, 
which will allw flexlble broaQand service dollvery in 
conjunction with highor mliabillty and mdud mintuunce ("passive 
photonic loop"). 
MtMrk/AsynchrollOUS Transfer WOQ. (SONET/ATM) mtwrking asp.cts of 
high-spmd transmlsston systems. Thm futurm broamand networks uill 
p m l t  t H  leu-cost provisioning of conventional voim and data 
serviws, as wll as a variety of m analog and digltal viQ0 and 
high-spnd data serviws essential for thm hmalthy grWth and long- 
tern Kol lo l ic  vlability of t H  BCCS. Appltd ms8a-h p.rfoPId und.r 
this projrt can m divid.d into four u j o r  amas: 

1. High-Spmed Lightwave Systwnr T.SM01ogieS 

ReSUlreh in l W - m l s ~ .  high-- lightW8VO 
t r a n s m i t t e r / ~ l v e r / ~ m r a t o r  technologies I s  pursu8d to ensure 
that thm Bellcon Client coqanies (BCCs) have access to thm most 
advanud tOCWlogy at th. earli.St possible til.. can pl8n thm 
o w r l y  g'ovth and upgrado of futum networks. and can provldo ~p.cial 
servims In thm wlti-gigabit-p.r-sKond rang. In rrsponse to growing 
wst#r W n d .  A -t .SEO.PIILM~ was th. record transmission 
e x p w l m t  at 1 1  (Pit/sec over a span of 200 *I using two optlc.1 
fibor Upllflers. Our protot- state-of-thm-art hyDPld wltiplexers. 
rmceivers, and ragomratton clrcuits contributed to thm sucmss Of 
this exporimt. 
optoolmctronic intograted circuft (OEIC) t.thnologies for leap and 

systm experfimts at thm -ET rates of 2.6 and 10 Gblt/smc am boing 
WrfoPld to characterize Iollcom's own expwtmtal rosearch 
prototypa OEIC transmitters and ~.~.ivers and adv8K.d s111COn 
Intograted circuits (ICs) (using C ~ ~ r c l a l  foundry smrvicms for thm 
f8bricatfOn of t N  slllan ICs.) y. continue irputs Into thm lightwave 
transmissl~n standardization p1-DC8ss by provlding consultation to 

IYtVorkS. E.ph.SiS i S  bclw pl8C.d On dV8llMd 1fgktW8VO S y S t W  

Also constdorod a n  thm Synchronous optical 

y. a n  also exploring advancmd intograted and 

exchang. 8pplications vhlch have t H  potential for high fUrYtiW1ltY. 
1-11 size, lw powr COllS~tion. high mll.biltty. and lOU COSt. 

Be11COm'S Technolo~y S y s t W  Ama on p.HOmme aS-tS Of IIshtW8Ve 
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PROJECT OVERVIEW: (CONT . I 

systms. 8nd contributions on SONET an0 Broadband Nmtwrk systems 
st8nd8rdization in th. U.S. T1 Colmittee and in  the Internation81 
Consultativm Cornittmm on Telq~hone 8 Telegraph (CCITT). AS 8 
Mt.YOrthy e x ~ p l e .  w established a t hwre t i ca l  8nd expmr i rn ta l  
found8tion fo r  tha systmms dogradations 1 W . d  by u i t i p i e  

includ. th effmcts of opt ic8l  U p l i f i e r s .  which w i l l  bo ilport8nt fo r  
f u t u m  bro8cb8nd n t w r k s .  F i r u l l y .  w a m  mxplorlng marly 

Y.llon Univmrsity t o  i r p l u n t  a SONET/ATY l i n k  bot- suporcaputers 
f o r  th. N8tional G i p b i t  Nmtwrk Projmct. To ensum m l I 8 b l e  
pmrfornum. w am studying 2.5 G b i t / s r  SDNET/ATY opt ica l  
tr8nsmission and hlplng t o  mstablish advancod resm8rch testing 

r e f l O C t 9 O N  whiCh f0- th. b 8 S l S  fo r  Iyy S t 8 n d 8 M S  On N f l O C t 8 I I C m S  
Of S O m E t O r C  8nd SpliC8S. This N S 8 S X h  was -t ly expanded t o  

lpp l ic8t ions Of SONET 2.5 m i t / S K  S Y S t W  by coll8bor8tlng w i t h  
B.11CON‘S Trmswitching TrhWlOgy RmSe8rCh Divis ion 8nd C 8 r y l i m  

C8p8bl14tl.S f o r  th.Sm Systems. 

2. LightW8Vm Tmchnolqy rppl ic8t ions.  

Resm8rch i s  pursud t o  explore th. potent ia l  use of Innovative 
~ightwave trhnologims in  mom functional and wst-ef fmct ive systam 

mtvork .  In  p8rticul8r. y. study th. mrform8nce s t n n g t h  8nd 
l i n I t 8 t i o n s  of both d i g i t a l  and analog systmas fo r  th transport of 
u l t i - c h a n m l  v i m  slg”8ls in  th. broamand subscribor loop. Y. 
contirum t o  mxplom th. use of optic81 u p l i f i e r s .  Including both 

r u p l i f i e r s  (FOA). f o r  app l l u t i ons  In vi- d i s t r i bu t i on  t o  8 181-98 
Tu.D.r of Wbscribmrs. For ex.lple. w havm drpmtr8t.d t k  f i r s t  use 
of 8n FOA 8s opt ic8l  powr u p l i f l e r  f o r  ultich8MNl ruplitud. 
~ ~ ~ * t i . t . d  ( I Y )  t e l w l s i o n  signals d l S t P i b u t i o n .  Y. havm 8110 
dmonstr8t.d. through tochmlogy tm81ning w i t h  Nmtvor* Tmchnology. th. 
f i r s t  e x p r l m t a l  systam fo r  th. ~ I Y ~ ~ ~ ~ Y o u s  tr8nsmlssion of 10 High 
Dmfinitlon N ((PTV) ch8nnmls ovmr 30 kn of single-mWm fibor. by 
using th. 501 (Subc8rrier-YIltiplmxIng) t m c h n i g n  f o r  -iniw I O  FM 
(F r rq runcy -Wl8 t .d )  mTV c I u M . I S  t O  -1.t. 8 hIgh-b.nd.rldth 
smaIGonductor d i m  laser. Y. haw dronstr8t.d 8 lightwave systmm 
c 8 p a b l m  of d i s t r i bu t i ng  16D ch8nnmls O f  FY te lev is ion signals. using 8 
W i r u t i o n  of OFOM (Optic81 F ~ y - D i v l s i o n - Y I l t I p l . x t n g )  8nd 501: 
16 Distr1bUt.d F e c k  (DFB) lasers a t  d i f feNr I t  opt ica l  f n q u m i o s  
( w i t h  10 Qwr frrqwnCy S p s l n g )  W N  aorAI1at.d W i t h  10 FY tml.VfSlOn 
S l p l S  m8Ch. fo r  8 tot81 O f  I80 t. lmViSlOl l  C h 8 M N l S  bolng 
tr8nsport.d. 

a S i g n S  which 8- C w 8 t $ b l e  W i t h  t h M  eVOlVlng d ig i t81  bPOam8nd 

S e a i c O W t o r  Optic81 *Ipltfi.rS (SO*) 8nd .rblu-dqnd F i b o r  optic81 

3. Fibmr 8M In terconnut  T.chmlq ieS 

R.se8rch i s  p u m  in  dlffmront typms of S i n g l m - Y o d .  Fibors ( Y l F S )  
8nd fibmr-b8s.d colporrnt tochnologims. Including n8su r lng  
tmchnlqms. This H l p s  t o  mnsum th8t th DCCS haw dimct 8nd 
i ~ p 8 r t l 8 l  8ccess t o  leading-md9a knoul.dp. in  flbor t rhno logy  fo r  th. 
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planning. procuwmnt. ins ta l la t ion .  maintenance. and evolutionary use 
of optic81 networks. Work in  t h i s  Div is ion has r4monstrat.d tha t  i n  

p e r f o m n u  w i t h o u t  requiring major -sign charges. 1og.th.r w i t h  
0th.r Bel leom org.nizations. w 8W addressing i n t e r u t a b i l i t y  and 

mse8rch. 8 mcord 4dB/lY gain e f f i c iency  was 8chiev.d w i t h  8n optic81 
f ibor  . .p l i f ier  using 8 unique f ibr endface conf Ig l r8 t ton f o r  m8xI1y.1 
pmmr coupling t o  a diod. pup laser.  T M  packaging of opt ical  

8ddmss.d. Our wrk pr0vid.s subst8ntial contributions t o  st8M.rds 
bodies such 8s th. I E C  ( I n t e r ~ t i o n a l  Electrotechnic81 Cornisslon) and 
CCITT ( Intem8ttonal  COnsultative C o n m i t t -  on Tel.0raph and 
Telephone) uh.m -rs of t h i s  Div is ion a m  act ive p a r t i c i p m t s  in 

4. Cohmnt  Multi-Uunnel Tr8nsmission Technologies 

Coherent tr8nsmission tmchnologles 8re investig8tmd bmc8use of tMir 
potent181 f o r  high m w i v e r  sens i t i v i t y .  htgh signal cIU(vI1 
W l e c t l v i t y  8nd 18rg. -ch8ml-cwnt  tr8nsmissi0n. This t rhno logy  u y  

inforrutton-carrying capabi l i ty  of s ingle rrod. fibor. onca I t  h8S 

dlrmct-d.tOCtion s y s t r r  can b. -terminma. E q h a s i s  i s  p l a w d  on 
mlt i -channel  SOh.mnt networks fo r  exch8ng. and sUbscr1b.r 

fo r  th. mutlng .nd sul tching of s ig ru ls  in  futum photonlc netwrks.  
As 8 notwor thy a ~ ~ q l l s k n t .  w n u n t l y  dnonstr8t .d 8 16-ckuUwl 

prototypa r a c k - m n t d  terminal .quiprnt. 6y using d0pod-fib.r 
~ l p l i f i e r s  in t h i s  network. w wm able t o  expand th. c .p .b i l i t l es  of 
th. w t w r k  t o  s i ~ l 8 t e  tM d is t r tbu t l on  of 16 d ig i t81  TV s i g u l s  t o  

t h i s  mtwrk d.rOnLtration t o  b. sui tab le f o r  f i e l d  op.r8tion 8nd t o  
op.rate a t  622 I b i t s / s u  for th. transmission of hlw-dDfinltiM1 
te lev is ion s igru ls .  

t r a r ~ ~ i s s l o n  8 t  tM 10 O b i t / U c  SONET rate.  using e1th.r f V Y -  
shift keylng or plum-shift keylng -18tSon f O P U t S .  

Y.ny O f  tk -4ning pr0bl.a yet t o  b. 8ddC.Sf.d 8W 8SSOCi8t.d W i t h  
our rph.sls on t h m  practical .pp l i cs t ion  of t h i s  technology. Those 
Involve s l q l e  sehans for  s t a b i l i z i n g  th. optIc81 frrgl- Of th8 
t ransai t ter  l a ~ r s .  Q s t g n  of htghly-lnt.gr8tmd and n p . c t  w w l v e r  
electronics, n t h o d s  for very fast  tuning of th. 10~81 osc i l l 8 to r  

C8S.S UhWW Optical W m C t O P S  W i t h  I O U  WfleCt8TUS 8W wid. 
SIWle Ch8-S In endf8Ce p o l i S h i n g  t r h n i q U O S  8Chl.V. th. d . S i d  

Wl(ab ( l ( tY  ( S S W S  8SSOCi8t.d W i t h  opt ica l  COnr).StOrS. In  Wl8t.d 

. Ip l ( f iePS fo r  pr8CtiC.l 8 P p l l C 8 t l O n S  by th. 6CCS I S  81.0 

le8d.PShlp p O S l t l O n S .  

eVWltU8lly Wl8bl. tk B I x S  t o  t8k. fu l l  

adV8m.d t o  SUCh 8 wm th8t 

8dV8nt.W Of t h  m m S  

i t s  pOtWltl81 -iC 8dVMt80.S 0V.r 

y )p l i c8 t iw ,  8 l t M  th.Se S U  t r hno log ie f  P y  81SO prOVe UWfUl 

00Ublm-St8r WtWrk 8t th. 185 m i t S / S . 0  P8te Using 
-rCi8lly-SUppli.d d tS t r i bU t .d - fw8Ck  1.S.C p8Ck80.S 8nd 

ION th8n lO.oo0 .UbHF$b.rS. Y. 8W 81SO IOVtng rap id ly  t o  1W-V. 

I n  m0th.r . E C O l p l l s k n t  .Id 8 t  exch.np. tNn* 
.ppi icat ions.  w wm able t o  d . ~ ~ ~ t r . t e  e x p r t m t a l  techniqws for  

18SerL t o  8Chl.V. rap id C h 8 m l  8 ~ t S i t l O n .  8nd StUd imS t o  eStabliSh 
th. pr8CtiC81 l i m i t s  t o  th tOChnolO#y th8t U y  b. C8US.d by WtiC.1 
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PROJECT OVERVIEW: ( C O N T . )  

ref lect ions,  fibor four-wave m i x i n g ,  or other i n p a i m n t s  

5. Tahnology I.pact 

The output Of our rosearch i s  being nude available t o  o t h r  par ts  of 

8nd prototyp.  subsystems; t o  tH r m w i r W n t s  and 8n8lysIs process of 
Notwork Technology through consultations and resm8rsh c0118bor8tions. 
8nd ~0118bor8tIOn~ In tk stsndards aroa; t o  th network architecture 
planning and standards p r o a s s  of Information Notworking Services 

c0nsult8tions 8nd c o l l ~ r 8 t i o n s .  l icensing 8g-nts. and rose8rch 
collabor8tions w i t h  th t e l e c 0 1 ~ n i c 8 t i o n  i-stry; and t o  tho 
Telecomn~nication CQIUnity and th World of Scienw through rosearch 
co118borations 8nd tmchnic8l publlc8tions. I n  su ru ry .  our msearch 
contributions in  8bovo 81-08s have bnn very ef fect ive and benef ic i8 l  
t o  the 802s 8nd th tel-nications c-nity a t  largo. O u r  
roSe8rCh h8s strongly lnflwnud introduction str8tmgies fo r  s ingle- 
aoda f ibor tachnologier in th subscribor loop notworks of t h  BCCS. 
8nd h8s i n f l r w n c d  th work of o t h r  te la0 l l l ln lc8t ion org8niz8tions 

T H  f o l l w i n g  ropmsmts 8 s-ry of accolrpl isWnts p.rfom0d undor 
Project 421301 f r o m  July. la88 through D m c m r .  1#8S In support of 

notworks of t h m  0 ~ ~ s .  our rYS.8rCh f o r  tho above mporting p.riod h8S 
bnn doscribmd in  23 Jourrul P8pors. 28 Conferoffie T81ks. 8nd 15 

and 2 patents have bnn f i1 .d  during t h i s  pori&. 

the -lid ROS08FCh A n 8  th-e tOChnlC81 public8tions. consult8tlon 

through . C t f V O  S t 8 M . M S  p8r t ic ip8t ion;  t o  t h  BCCS d i m t l y  through 

and St8 l ld8rdS bodies. 

the Optical fibor S Y S t W  8l7d fU tUP.  bPO8Q8nd 100p 8nd 0 X C h . W  

8ddltiOn81 TOChnlC81 w r 8 n d 8 .  In  8 d d i t i O n .  1 p8tWlt h 8 S  b.m I S S d  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PAST Y E A R  RESEARCH ACCOMPLISHMENTS: 

Optlc.1 Fibors. I n teKOmSt ion  Dmvicos 8nd P8ssive -nts 
0 LW-ROfIUt8K;* 

Y l l t l p l e  rmflactions bot- c o m c t o r s  and/or rp1Ic.s u y  ~8~s. 
dmgr8d8ttoru tn  high-- -log 8nd d ig i t81  llghtU8VO S y S t w .  
WflOCt8115.S 8S loV 8S -67- W i t h  0.43 8Vrnr8- inSOrtfOn 1OSS h8Ve 
boon 8chiev.d w i t h  convmntion81 cy l indr tc8 l - fe r ru le  C O n m c t O r S  
through OblIw f ibor  -8-S W i t h a l t  miring d.Slgn Ch8-S. 
E8rly 8pplic8tionS of lW-lWlmCt8ffie S O M . S t O P S  Could IWlUO. c31 
vi- distribution systmm on s i n g 1 o - l o ~  fibor. 

Lw-mf lec t8nw.  v8ri8ble 8ttenu8tors 81-0 l v r t 8 n t  -nts fo r  
testing ul t i -g ig8bi t -p.r-s.sond ligktwave syst.ls. Prot0typ.c 

0 LEU-ROf let.- V 8 r i . b l O  Optic81 A t t O r Y 8 t O r  

have bnn SUCCOSSfUIly bui l t  8nd USBd f o r  8 V8rt.ty Of Optic81 
SySt- . X p O r t m t S .  A t t O I W 8 t O r  POf1.Ct8ffiOS 8S IOU 8S -60 do 
could be 8ChleV.d. WhICh ( S  I*MSS8ry i n  S Y S t U  W i t h  Optic81 
-1 i f ie rs  . 
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PAST YE A R  RESEARCH ACCOMPLISHMENTS: (CONT.) 

0 Optical Minishop 
h Optical Minishop fo r  conmcting and jo in ing  d i f f e m n t  types of 
f ibors  (irrludlng f i be r  a n p l i f i e r s ) ,  and f o r  terminating and - 
packaging v a r i w s  Optical dwices, provides inportant harduam 
support fo r  syst.(D experimnts and tochnicsl analysls uork uithln 
and W t S l d O  &pl l .d  Research. 

S t 8 n d . r d S  *CtiV$tiOS 
o In ternat ioru l  Standards Ac t i v i t i os  
We continued t o  par t i c ipa te  in  188dOrShip posi t ions in  both CCITT 
( In ter rut ional  c O n S U l t 8 t i V ~  Colnlttmo on Telophorr & Telegr8ph) (P. 
Kaiser. COOrdirutor and spokesman f o r  tho US delmg8tion i n  Study 
G r w p  XV. Working Party 5 .  Optical transmission1 and I E C  
( I n t e r n a t l w l  Eloctrotochnical Comission) ( W .  C. Y w n g .  Ch8iman 
of Stand.- COIittm 868, Fiboroptic Interconnection Owices and 
Passive Colpormts).  Several Contributions fo r  CCITT SGXV/WPS 
8QOmss.d tho i n t e r r u t i w l  standaMiZ8t~on of SONET (Question 
2B/XV) -- uhose RKOI*l.nbation 6.957 uas 8pprov.d a t  tho July 1990 
Plorury Y..ttng of SGXV. 
wes t i on  16/XV on ~oc.1 m t w r k s  (submittad fo r  i n f o r u t i o n )  
d8scrib.d tho F(#r-to-tho-- t r i a l s  in  tho U n i t a d  States. 

As Chairrrn of I E C  SC868. W .  C. Young leads tho Interrution81 
standardization of opt ica l  conmctors, uhim concentr8t.d on 
proparing dOEUnts fo r  thm noxt Plenary Mooting In 0ctab.r. 1990. 
I48 also f o r r d  an Advisory Group f o r  planning and managing 
standards a c t i v i t i e s  m l a t e d  t o  opt ica l  connector m l i a b i l i t y .  
m n g  othors. 

Op t i ca l  r r p l i f i e r s ,  Applications and S y s t m  S i r r l a t l o W  

Another Div is ion 21310 Contribution f o r  

o Fibor Optic81 r r p l i f i e r s  (FOA) 
FOAs and SmiSOndKtor Optical r r p l i f l e r s  (SOAS) a m  eV0Ct.d t o  
find 8ppliC8ttOrIS in  the loop and exmang. plant of tho BCCs. In  
collaboration uith tk SRI David Sarnoff Lab and tho University of 
Swthupton.  8 hi@ COlJpling ef f ic iency O f  47% U8L 8Chi.V.CI W i t h  a 
rocord 
A p a t ~ n t a b i l i t y  Study of t h i s  C E U p l i n g  tOChn tW0 i S  Und.WW. 

o SrieoneJctor Optical r rp l i f ier  (SOA) P m r f o r r r n u  Limitations i n  
High-Sped S y s t r r  
‘To bet te r  undmrstand thm l im i ta t ions  of SO&. y. have pmrforrc l  
c a p r t e r  s i r r18t ions of t h m i r  p e r f o r u m  i n  high-.p..d ligktwave 
systems. 
SYSt..P C8UC.d 8)”. C I O S U m  and L Y S t M  p . ( U l t i O S .  
SDAs Should be porlttocwd along 8 fibor Iin* SUCh that  tho OptlCa1 
signal inprt m r  i s  s u f f i c i m t l y  lw, 1.8.. belw .#)rox iu te ly  
-2M6m. 

0 Fibor Omtical * IP l i f i e rs  (FOA) f o r  *Iplitud.-l lodrlat.d ( A M )  Vi -  

gain ef f ic iency fo r  a BOO tuno8Nter Iaser-PUWOd FOA. 

V. fwnd that  gain saturation ef focts  in  10 O I b l t / S r  
m S w t l y .  

o is t r ib ; t ton.  
y. have successfully d r o n r t r a t . d  tho use of an Erbium-- 
fo r  tho d i s t r tbu t l on  of u l t i - c h a n m l .  UlplitudO--1at.Q. 
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PAST Y E A R  RESEbRCH ACCOMPLISHMENTS: (CONT . 
Vmst ig l8 l -S l~and-YOdUlat lon (AM-VSBI ta lev ls lon signals. Thm 
galn of t h m  FOA was 13dB). and no systems degradattons w r m  obsmrvmd 
d u m  t o  nonlinm8r Crosstalk. FOA powr a l lp l t f lo rs  In such systmms 
cwld h8vm marly pr8ct ica l  appltcations In Flbor-ln-thm-Loop (FITL) 
~n+t8118t{OnS. 

V l d . 0  Transport ovor Flbmr 
0 16O-FY 6K)8*8St E x p m r l m t  

V. h8vo sucwssfu l ly  dmmstratmd t h m  tr8nsmlsslon of a rmcord 
w&mr of 160 FY TV ch8nmls t o  16 usmrs uslng 8 co&irutlon of 
Optlcal Flrgnnsy-Olvls lon Yl l t ip lmxlng (OFDY) urd Eloc t r l cs l  
UDSarrlor Yl l t ip lmxlng (200. An mtalon was usmd both ms an 
0ptlc8l ch8ml f l l t m r  and 8n FY d rpdu l8 to r  ( i . m . .  opt ica l  
fmqwncy discrlmln8tor). This l s  thm f l r s t  O lons t ra t l on  of such a 
high spmctrsl o f f  Ictmncy of a onm-vid.o-chanrm1 pmr om ~ n z  b a i o  
Froqumncy (RF) sign81 bandwidth. 

Using UlbC8rrior-YUl t iplmxl ng 
As p8rt of Tuhnology Tmmlng u l t h  Nmtwrk Tchnology (Olvis ion 
27210, 0. Burpmo. Dvy). w havm (1IPnstrat.d tho t r 8 n u l s s i o n  o f  10 
HDTV chuvy l s  ovor 3Wm of S t n g l m  Yod. Ftbor (SUF) using 
~ ~ r c l 8 1 1 y - 8 ~ 8 l 1 8 b l m  Pulso F-ncy Yodul8t.d (PFY) tr8nsmlsslon 
.cF.rIprnt. Thm 10 HDTv ch8nmls wrm thmn subC8rrimr-mltlplmxmd 
In t h m  2 t o  6 QHz fmcpmncy 1-81'198. 
t h l s  tchnology Could bm usmd f o r  t h m  marly p rov is~on ing  of 
m l t i p l m  HDTV ch8nmls. 

0 10-Ch8ml HDTV Transport Ovor 3 0 * m  of S l n g l m - Y o d .  F lbmr (SUFI 

A n  oxpmrtmt81 systmm using 

Hlgh-sp..d LightU8Vm SySt.lo ROSm8Kh 
o 2 .5  Qblts-pmr-Second Systmas Technology and Htgh-Spood Intmgr8tod 

C l r C u l t S  (ICs) 
To d m m ~ ~ t r a t o  t h m  potmnttal of low-cost l l p l r r n t a t i o n s  of 2.5 
Qbithoc 8nd othmr mxt-gmnmr8tion SONET s y s t U .  hybrld c l r c u l t  
pack8-S b a s d  on hlgh-sp..d 6mllSOrm/AVLv.nt.k fUSO8rYh ProtOtYPO 
ICs wrm madm f o r  systmms studtms up t o  SONET STY-64 ( 1 . m . .  O C - l e 2  
o r  10 Gb l t / su )  slgn81 rmtms. Thmrm ~ r m  no obsorvablm 
dmgradatlons rmsulting f r o m  hlgh-Lp..d r8summmnts on t h m  u 8 f m r .  

I n  ~ 0 l l . D r 8 t t o n  u t t h  L8b 211, novml OEIC tr-Ittors S 0 q r i S . d  Of 
(1u8rtmr-u8vmlmngth-shlft.d distrtbutmd f-ck (DFB) 18SmPS 8nd a 
quatmrn8ry Mocblatton-~op.d F l o l d  E f f c t  Tr8nststor (YOWET) d r l V O r  
Mvm bomn rp10y.d I n  2.5  8nd 5 Gblt/soc syst- mxpor l rn ts .  V. 

8 YODFET p r m ~ p l i f l o r .  8nd ch8r8ctmrizod i t s  p r f o r U I Y .  rq t o  5 
gigahmrz. 

I n  studytng t h m  offmct of m l t i p l m  bylol@t-.cattmrlng on high- 
spmmd systmms w l o y l n g  opt ica l  ~ p l t f i o r s .  H dmtomtnmd th8t 
Raylolgh scattmrlng can bm s i .p ly  mmdo1.Q 8s 8 " m t r r o r "  which 8cts 
s l n l l 8 r l y  t o  dlscmtm r m f l c t l o n s  tn pmduclng r r l t l p l m  r m f l u t i o n  

o O p t w l c t r o n l c  Intmgratmd C l r c u i t s  (OEIC) f o r  Q b i t / s c  S y S t a  

h8VO 81.0 tmstmd mSm8rCh p l W t O t y p .  r C . ( V m r S  b8S.d Upon thm IlDV.1 
W i N t l O n  Of 8 Y.t8l-mlConQKtOr-Y.t81 (m) p h o t o d 8 t U t O r  8nd 

o ntgh-spmod Dl ru t -Dmtu t i on  syst- W i t h  0ptlca1 -1lflmrs. 
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: 

noise. The interferometric noise -e to  mul t ip le  Rayleigh 
scatter ing insmases u i t h  a r p l i f i e r  gain, and m s t r i c t s  the 
a l l w 8 b l e  gain t o  less than about 20 dB f o r  high-spnd syst.a;E 
unless w t i c a l  i s ~ l a t o r s  a m  omloved. 

(CONT. ) 

0 High-& F+Ky-Shift Keyi*w i F S K )  and Differential-Phase- 
Shift-Keying (WYO YOQl la t ion /D i r r t  Detection Transmlssion 

We h8ve i n v e s t i p t e d  high-sp.rd direct-dntmction transmission using 
both FSK and. fo r  the f i r s t  t ime ,  d i rec t  DPSK modulation f o r u t s .  
These t r h n i q w s  mpms.nt 1w-dispmrsion a l ter rut ives t o  
conventional high-spmod i n t e n s i t y - w l a t e d  systans. 

Ye d.ve1op.d a theory of Distr ibuted Bragg Ref lector (DER) lasers 
nploymd as opt ica l  f i l t e r s  f o r  use in u l t i p l e  uavelength opt lca l  
c ~ l l ~ n i c a t i o n  syst.a;E. Y. confimmd wr theory by exprrimental 
m~asu-nts of WR fmqwncy msponso and noise propmrties. in  
col laborat ion uith Div is ion 21110 ( P .  Y .  Smith. DvM) .  Based on t h i s  
theory. a m WR f i l t e r  structure i s  proposed which i s  opt4miz.d 
fo r  u l t l c h 8 n n e l  applications. 

o Picosecond Pulse Transmission and Dispmrsion Canpensation 
Ul t ra-short  optic81 pulses u y  find 8pplications in futum very- 

opt ica l  su l t ch iw .  They also f a c i l i t a t e  an und~rstanding of the 
l im i ta t ions  of mn- l inear  pulse transmission in  Single-YoQ Fibors 
(SMFs). I n  ~0118boration uith Div is ion 21110 (P. Y. Smi th .  Dvw). a 
m e x p . r t m t 8 1  u l t ra-shor t  opt ica l  pulse gmaratton systrn h8s 
bnn built. Togmther uith a grating-talescop. dispmrsion 
c#p.nsator. w worn 8ble t o  transmit 500 f s r  opt ical  pulses over 
a 3.2 km long dispmrsion-ShiftDd SMF. 

systems. 

0 OptIC81 sign81 P-SSing 

high-spOOd 1ightUaVe SySt.a;E (10 GbLtS/SK and beyond) 8hd In 

Mu1 t i - C h 8 m l  Cohemnt Sys t rP  
o 18-Ch8ml bterodynm E x p . r i m t  a t  622 IW!pb i ts /s r .  

Ye 8- iI'lCm8S$ng the C.p8Clty Of Our 18-Ch.ml .XpOrtmt by 8 
factor of four by insmasing the IPQIlat lon spnd t o  622 Wa l tWsr .  
A t  pmsent. w h.ve achieved th is  uith only onm of the 16 lasers 
using the A l t e r N t e  M8rk Inversion (#MI) W l a t i o n  form8t. 

0 P.Skapd  Laser F-y S t 8 b i l i t y  Y.8SUreamntS 
Ye h8V. I*aSU- the 8bSOlUt. opt ica l  f r r q U m Y  Of distributed- 
fndr- 18L.r pU*8* t o  Vary by 1e.S than 300 W Z  0V.r 8 POriod 
of mm th8n 8 month. Periodic 
be s u f f l c t m t  t o  realign the transmitters t o  accwnt for m i n o r  

0 Active Damoal18tion c i r c u i t s  
We h8ve i n v o s t i g a t d  the use of act ive mixers f o r  use as 
f v y - s h i f t - k e y i n g  m d L l l a t o r s  bmcause they provid.  bet ter  
than 25 dB suppmssion of interroQ11ation distort tons re la t i ve  t o  
the s i g u l .  even a t  very lou t rput  pcuars. 
h8Ve su f f i c i en t  ba-ldth t o  illCm8S. th. nodll8t(Oll Sp..d frolD 155 
t o  022 I b i t s / s u .  h8ve Irproved our r u e i v e r  s m s i t t v i t y  by 7 dB. 
and have the var ta t lon in  -1ver smnsi t lv i ty QIe t o  

( o w  pmr month or less) u y  

f r r p r m Y  d r i f t s  4n t o  laser aging. 

The act ive m i m r s  usmd 
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PAST YE A R  RESEARCH ACCOMPLISHMENTS: (CONT.) 

polar izat ion f luctuat ions from 3 dB t o  less than i QB. 

We h8ve O.llOnStratM an Optical Phase-Locked-Loop (OPLL) using 
miniature Nd:VAG so l i d  state lasers which achieved a phase error  as 

d8monstrat.d homodyne PSK transmission w i t h  a mcord receiver 
sens l t tv i t y  of -82.8 dBm at  140 #its/sec (25 photons por b l t ) .  

0 Ph8Se-Shift-Keyed (PSK) HModym Receiver 

SU11 8S t W 0  d.g-S. Using t h i s  high P.rfONnance OPLL. w 

High-Spnd C o k n n t  Transmission Systems 
0 10 Gigabitshoe D i f fe ren t ia l  Phase-Shift-Keyod (OPUO L8p.r 

Yodulation 8nd Recoption 
We have dmonstr8tod a sat isfactory bipolar d r i ve  signal f o r  DPSK 
modulation a t  10 Gbitlsec. Using t h i s  .lodulation signal. w have 
8chiev.d DPSK tr8nsmission using a d i s t r t b u t d - f w a c k  laser w l t h  
IO ~ l r  1iIYuidth. work t o  domonstrite 8 IO m i t l s e c  h t e r o d y m  
IYC.iver f o r  t h i s  modulation format is i n  progress. 

REASON FOR INFRASTRUCTURE CLASSIFICATION: 

T k  work of t h i s  &@plied Research ProJect provldos fo r  t k  d.velopl.nt 

wrmnt and futuro nnds  i n  m t w r k s .  servlcos 8nd operations. T k  
substant181 bmmfi ts  of t h i s  ProJect 8ccrue t o  a11 OuMr-Clients 8nd 
ere un8ble t o  bo pmvonted form accruing t o  an O m r - C l i e n t  who m i g h t  
e lect  not t o  p8r t ic lpate in  tho Project. 

Of a le8dfng .Crrr knOUlOdp base in  SUCh key S m 8 S  8S mtWr* 
tOChnologi~S 8nd SyStmS. E g h 8 S i S  I S  pia@ On WPl iCat tMu t o  

RESEARCH DIRECTIONS: 

DUOnstration of tk v i 8 b i l i t y  of Stngle-Yod. Flbmr (SMF). colrpomnt 
8nd syst.13 tuhnologies ~ n d  conwpts. including mmasuPlnt 
t u h n i g H s .  through labo8tory Oronst rat ions and f i e l d  e x p o r t m t s  
( i f  approprl8te. In col laborat ion w i t h  o t k r  d l v i s i M u .  and/or ulth 
om or  mom BCCC). -l ing of porfomarr;. of YIF systmms t o  
f a c i l i t 8 t e  8n8lysis of pract ica l  systoas using standard collpanurts. 

Thmontlcal and exp.rimnta1 invest ig8t lon of 8dv.K.d SMF 
transmission characteristics w i t h  par t i cu la r  rrphasls on loop 
8pplic8tlons of SMFs. Part ic ipat ion in  tk stand8rdiz8ti0n of 
single-modo fibmrs. W E T  (Synchronous Optical Notwork) systQS 
8nd fibmr-b.s.d local  bro8-and systmas in  tk Intercution81 
Consultative COIittn on Telophom A Telqraph (CCITT).  Studies 
of fiD.r-b8sod wrpomnts.  tn te rconnr t ion  Dv ices ,  8nd optic81 

8nd -king S$Y18t(On tools eV8llabl. t o  tk BCCS. 

f 8 C i l i t y  SY1tCk.S. 8S W11 8S StaM8rdS 1eaO.rshlp In tk 
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RESEARCH DIRECTIONS: (CONT.) 

International Elrtrotrhnical Cchnnission (IEC). 

Idmtification of optical connector reliability issues and 
Participation - togother with other Bellcon organizations - 
In th. illplamontation of reliability evaluation programs leading 
to f u t u n  Bollcom m q u i m n t s  and standards positions. 

InVOStigation Of SONET/ATY (Asynchronous Transfer Yod.) optical 
transmission and portormanu issues and participation in establishing 
standares for t k  various SONET hiePaPShY I O V ~ I S .  including th. futum 
Synchronous Transfer nodm (STY-64) ( i o  (Pit/sec) rate. Exploration of 
th. early application of prototypa SlY-iS (2.5 Gbit/soc) .quip.nt as 
part of a research Collaboration with Carrwgie hllon University's 
Gigabit-por-second Notwrk Projrt. 

Research in systoms tachnologles and applications of High-Density 
Uavelength-Division-Ylltiplexing (O-UOY). basod on 10 to 20 hie- 
bandvidth optical cha~vyls, including mlti-wavelength lasers and 
laser arrays. dmtrtor arrays, YOM dmvicms. f i x d  and tunable etalon 
filters. etc.. for high-chanml-cwnt vi- distrtbution in th. local 
ntwrk. 

Contihuatlon of exporlinental and th.omtica1 studies of capabilities 
and limitations of opttcal Ulplifiers (both dep0d-ftb.r and SUI- 
COMUctor amllfiers) in himh-c8oacttv. mlti-cham1 .W1icatioN 
Such as tn &-UP( and tktr-ilpict on.&tical ntwr* a i i  broamand 
services evolutlon. 

COntinw th.ontIca1 and exporimtal investig.tton of mlti-ch.ml 
hmterodyn and homodyn transmission systmms. with . rphas is  on 
c h a m l  asstglmt. laser frrqurncy stability. laser modulation 
tuhn4gl.s. local oscillator tunlng and c h a m l  actpisition. and 
integration of ruoiver e~rtronics. ~ h .  00.1 i s  to establish 
trhnologios useful for transmission in th. r.np of (55 to 622 
Ybtt/su. 

Dronstration of a 18-chaml cohomnt Qouble-star n t w r k  -rating 
at 622 -It/-. With . q h . S t S  on establishing praCtICa1 field 
opmratton and undmrstandtrg t k  limitattons 1.pos.d by optical 
mflocttons. flbor- and co.ponMt mn-ltnartties. elutrontc 
coIpQnnt banc*riOths. e M  optical ~lifiers. Also .rphasiz.d 
ut11 b. th. integration of th. transmitter and mcelver opto- 
elrtronics to M'trate th. practical feasibility of cohormt 
mltichaml dlstributton. 

1og.th.r with Lab 211, portom rosearch in Opt-lutrontc Intqratod 
CiKult (OEIC) trhnology for loop and ex- applicatlons. 
Continue study of OEXC transmitters and mwivers. as -11 as 10- 
caplox opt-lutmic intagratmi cirwtts with 0nhaIIC.d systaas 
functionality and potential for low-cost loop applications. 
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/ 9  

Exploration of advanced siltcon Meterojunctton Bi-polar Transistor 
(CIBT) and Hlgh-Elactron Mobi l i ty  Transistor (HEW) intmgrated circuit 
technologtes f o r  illpluntation of 2 . 5  Gbitlsr and hlph-tp..d 
ltghtvave systmns. Ye  have establtshed research collaborations with 
both Rockwell and Avant& t o  have access t o  foundry SePViceS and for  
axpmriintal lw-cost. high-spaW Larg./Very Larg. Scale Intogratmd 
(LSI /VLSI )  prototn). ctreuits. This helps t o  accmlerate thm 
tntroQlction of low-cost BISDN in thm loop and exchanga plant of the 
Ballcore ciimt ~ollpanies. 
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Sign?f icant Change Date: 
05/30/90 

PROJECT O V E R V I E W  

This p r o j r t  .rphasizes app1i.d msearch on innovative radio 
t rhno log ies  and systoas that  explo i t  t k  unique capabi l i t ies  of radio 
fo r  providing ( 0  economical a l ternat ive d i S t P i D U t i O n  mans, and ( 2 )  
mu intogratmd v o i w  and data services that  a m  h i@ly  f l ex ib le  and 
pOrtDb1.. A major o b j r t t v e  i s  t o  provids these m d i g i t a l  rad io 
comunicatlons serv iws  v i a  small t e t k r l e s s  portable voica handsets 
and data terminals as a par t  of local exchang. m t w r k s .  A key 
sorpomnt of t h i s  wrk i s  t o  investigate intograt ing tk capabi l i t ies  
O f  rad lo W i t h  tk C.plbl1iti.S O f  t k  local  axehang. mtmrk 
infrastructure.  Emrging Radio Local A m )  N.tuorks (RLANs) and tkir 
i I lp l icat ions on win less  central-office-based packet data acwss 
sorviws a n  a growing area of projoct  i n t e n s t .  

A n  w t o l . 1 0 ~ ~  d u n d  fo r  portable col lunicat ions has bm daa0nstrat.d 
by tk Wid.Spmad popular i ty of w r n n t l y  avai lable technologies 
(1.e.. cordless tel.phoms) that  provid.  only very 1 i r I t . d  portable 
c m n i c a t i o n s .  N w  Innovative services t o  portable handsots and data 
terminals could b. provldmd as exchang. rwtuork serv iws  by a systan 
using dDmand-assIprd rad io l ln*s  for t k  l as t  thousand f-t or so of 
local  t.1- 10Ops. This rad io Systm swld provlds tetkPleSS 
portable -nications services while making use of intogratod 
operations and bi l l ing. mtuork i n t e l l i g m c e  and futum nigh-- 
opt Ica l  fiber d is t r tbut ion.  Such a mu portable radio systan may 

data and voice serviws tha t  cannot 0. offered now. Radio I s  t k  only 
mans f o r  providing wch m innovative 1nt.grat.d portable 
- n i c a t i m  sorvicas. SP.fia1iz.d contra1 o f f iw  bas4  wirmless 
packet data accmss services swld roduce tk cost of rearranging data 
-ss f a c i l i t i e s  as w s t w o r s  move. 

-1. R.gl-1 Coclpanies t o  Of fer  highly flexIb1. t e t k r l eSS d i p l t a l  

AdVuI#d d i g i t a l  radio SySt- and radio 14- aPCh i tC tU~S.  Wntr01 
strat.gt.r. t .cknlgws and technologies must provids m I u 1 .  high 
qua l i t y  servlws d.spite tk c-lex and h o s t i l e  radio rnvi-nt 
around and w l t h I n  buildings. E x p . r i m t a 1  invest igat ion of rad io llnk 
tuhniqrm In appropriate rad io onvi-nts 1s ossontial t o  dmtemim 

This p r o j r t  Incl-s appllod msearcn on tk fol lowing topics: 
t r h n i c a l  a M  K O I I Q I C  f e a s i b i l i t y .  

1. Syntks ls .  Colputer simulation. and iIlplmmmntatlon of rad io 
sys tm architecturns and control  strat .g ies includtng rad io 
chann81 accmss. alerting. act ive c a l l  t ransfer.  and protoCols 
that  w i l l  mi t igate e f fec ts  of radio propagation and cust-r 
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motion. Corparison of proposed architectures and control  
tochniquos in  appropriate envirommnts i s  m e  i n  oreor t o  
seloct those providing tho bost character ist ics f o r  Oxchang. 
notwrk voice and data applications. 
Synthosts and l n p l u n t a t i o n  of innovative radlo l lnk d i g i t a l  
Sign81 PrOCOSSlng. channol coding. spooch coding, and privacy 
techniques that  a n  n a d l l y  imlonmntable tn economical lw-powr 
very-larg8-scale tn tog ra td  c i r c u i t s  I V L S I ) .  Dig i ta l  slgnal 
pmcossing tochnlques continue t o  provld.  s ign i f icant  
imrovomnts in  radio l l n k  porforunce in  tho u l t i p a t h  rad io 
env i rommt.  t o  i q r o v c  spoctrum ef f ic iency by pormctting M 
radio l l n k  a r c h l t o c t ~ m s .  
B u i l d i n g  and test ing of laboratory -1s of rad10 .quipmnt 
sUbass..Olies and Intogration of subass..Olies In to  a laboratory 
cornopt prototypo systom t o  shw experimontal~y tho f u s i b i l i t y  
of Innovative dound-assign& ti- d iv is ion  u l t i p l e  access radlo 
link and sYEt.I control tochniqws. and t o  insum that  tho 
indlvldual sign81 procossIng and control tochniques and rad io 
tochnologims vi11 function as an intograt# radlo s y s t r .  
Bullding of oxp . r l rn ta1  radio f m n c y  and baseoand 
s u b a s s ~ l i e s  in  advancod lw-powor hybrid and i n t e g r a t d  c i r c u i t  
toChnologies t o  inSUt-0 tho foas ib i l i t y  of .50mn1ical fabr lcat ion 
in  l a w  quantit ies. 
F ie ld  r a s u r r m t s  and -ling of radio propagation i n  
.PPf~pPiate o n v i r o m ~ n t s  ulthin and around buildings. Ear l tor  
propagation exp.rtl.nts providod in fonu t ton  md.d f o r  
establishing transmission rates and f o r  t rputs t o  wnpr te r  
s iu18t iOns of sys tm a r c h l t r t u m  and control stratogies for 
f ~ n c l o s  around 1 tnz. F u r t h o r  r a r u r r m t r  am nndod a t  
hl-r f ~ . q ~ n c i e s  and in  othor envl-ts i n  Yhich lw-powor 
portablo c u n i c a t i o n  systems and contra1 o f f l u  b a s d  wimless 
data 8CC.SS syst.rr u y  b. U S d .  
Insuring collpatible servlws and no twrk  i n t e r f a u s  ulth d19it.1 
d is t r lbu t lon  notwrics (both f l bo r  and wppor).  ulth curmnt 
suttchod urmlino and w~m..~oss notwrks.  and ulth ovo lv~ng  
no twrk  I n t e l l i g o u ,  tncludtng par t i c lpa t ion  In tM f i rst  stagos 
of f i o l d  exp. r imntr  using - rc ia i iy  ~ a f i a b i e  prodrctr. 
Invostlg8ttng el torn8t lvo notwrk i n f r a s t r u c t ~ m s  fo r  providing 
v o t u  and aata u r v i c o s  that r p l o y  uim1oss acwss. tncluding a 
"h ie - l eve l "  V I W  O f  tho 8SSOCiAtOd ocOmlCS. TO max1RdZe tM 
b.noflt O f  t h i s  a p p l l d  msoaKh t o  tho Bo l lcom C l i m t  
~ a p . n t . r .  ~ r h n o l o s y  ~ r a n s f e r  and L i u n s i n g  e f fo r t s  a m  
bogiming t o  transfor tho rad10 link tuhnology and systom 
a r c h i t u t u m  and control stratogles f01mu1at.d In t h i s  project t o  
tM tndrstry. 

rpplid m u a r c h  w i l l  bo continued on oxp. r lmnt8 l l y  vor i f y lng  M 
.oQls Qve lopd ea r l i e r  that  prodict tnterferonco in  point- to-point  
micrwave rad io routes &o t o  scatter ing f r o m  bui ld ings in  urban 
amas. Curmnt I n t e r f e r m m  prodict ion loQ1s US# i n  froqdoncy 
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I CONT . ) PROJECT OVERVIEW: 

CWrdlMtiOn do not adequately take into account the effect of 
Building characteri~tic~ and orientation. 

In th. 6ellCON Client Corpanies. radio has the potential for 
mplacing 1-r intensive installation and mintenam uith larg. 
scale intmgratd electronics. Knwldga of th. radio concopts 
constdmmd in this project is neead for evaluating Both n w  revmue 
opportunities and bypass potentials. 

PAST YE A R  RESEARCH ACCOMPLISHMENTS: 

During thm period of July 1. 1989 to D e c w r  31. 1989: a) extensive 
consultation and reviw (including a one-year internship for a 
Division Y I S )  wre provided to Division 27240 (0. R .  Ritchie. DvU) for 
thm purpose of pmparing a region-specific frU.rork Technical 
Advisory concerning smaric mquimjmnts for a port8Ble 
t e l ~ ~ ~ ~ n i c a t i o n s  service; b)  extensive consultation was proviad on 
radio interference from u r ~ a n  scattering to Division 22370 ( F .  zupa. 

Norrls. DvY) working on inproving fmquoncy coordination of point-to- 
point micro~.ve radio; c) extensive consultation was proviad t o  ECCS 
on yorldyid. activity in portable c011~nications and its rmlatiwhip 

Bellislo. DvY); 0 )  extensive consultation was Bogun with Division 
26220 (U. Clfford. DvY) on wimlinWwim1ess network intmgration; f )  
inforutton and -ts wm given to DIViSlM 623% (4. N. Noorris. 
DvY) m98rding 8'Nation.l T e l e c ~ ~ ~ ~ n i c a t ~ o n s  (L Inform8tion 
&tnistration (NTIA) Notic. of Inquiry (MI) on fmqumcy r n a v n t  

technology am ( 2 )  by Yilltcom to initiate experimts leading to a 
Personal ~ ~ ~ ~ n i c a t i o n s  wtwork. During this period, w wrote 10 

DVU), Division 27240 (0. R .  Ritchie. DVY). and Division 823% (J .  N. 

to eXCh8ng. MtWrkS; d) pooling Of k-1- on digital r#.sh coding 
for digital port8Ble radio ocwrmd with Division 21340 ( J .  A. 

and petitl0nS ( 1 )  by C.llUl8r 21  to hold 8 trial Of Iritlsh 0 - 2  

t.EhnlC8l -r8nd., pUBliSW 2 tOChniC8l p.p.rs. pF0SWIt.d 9 talks 
8t t.shnlC.1 I..t#m. C0nfW'WlC.S. and S Y 9 0 S i 8 ,  W- *SS@ On8 
patmt. fl1.d 3 p8tmtS. UPDte B Othr TKhnlC8l and Enginmars Notes 
and lotters. and pD1isk.Q a cag.ndiw of papers on Terrestrial 
YiCrWave Radio In CO11.bOratlon with Division 23100 ( G .  R .  RitChie. 
DVY) .  

Port8Ble Digital Radio 
o Rapid progrrss Conti- toward i q l m t a t i o n  of an exp.rill.ntal 

link uses digital signal processing tochniqws f o r  -lation and 
s-1 timing of ind.p.nd.nt si-1 Bursts. Thm It& m u  supports 

circuits to p.mit on-th-air testing and intorfaces to POTS (Plain 
Old  emp phone Srrvico) loops to permit c.11 origination. Thm 2 o(z 

concopt prototyp. Of a two-way digital port8Ble rad40 link. This 

t W  S~Ult8llOoUS port8Ble Users With 2 OHZ R8dtO F w  (RF) 

RF. intem~diate fmef3Cy. b8SQand. S-h and POTS loop 
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(CONT. ) PAST YEAR RESEARCH ACCOMPLISHMENTS: 

interface processing portions of t h i s  l i n k  8e work ing in  tho 
laboratory. Tuo e x p o r i r n t a l  "portable" un i ts  have bmon 
constructed. Tho portable prototype u n i t s  incorporate a novel burst  
-lator c0oMinat.d w i t h  a switching pcvor RF a m l i f t e r  which 
togother p o m i t  on-tho-air r8p id burst  turn-on/turmff w i t h  no 
addition81 8 d j 8 W n t - f r o q ~ m ~ Y  interferenw. Tho e l r t m i ~ s  fo r  thm 
* f ix&"  unit have boon sop8ratod i n to  #-mote and c m t r 8 l - o f f i c e  
portions. Coglet& lntogr8t ion of b8sQand. In te rmdla te  
Frrqwncy ( I F )  8nd RF s r t i o n s  of tho e x p o r i m t a l  prototypos t o  
pormit on-tho-air test ing.  This inc1ud.d 8 single rmcoiver 
s e l r t i o n  d ivors i ty  c i r c u i t  which providos optimal a n t e ~ a  
s e l r t i o n  bas& on sign81 qu8l i ty .  P e r f o m  on-tho-air tests  of 2 
portables on adj8COnt time s lo t s  undor mar - fa r  conditions. 
Construct& experimntal lotap interfaces and intogratod t h o m  w i t h  
tho central o f f i ce  c i r cu i t s .  Colp1et.d tho dosign of expor imnta i  
e1rtrically-program1uble log ic  dovicms t o  show tho f - s i b f l i t y  of 
lou pocnr opor8tion 8nd int.gr8t.d those c i r c u i t s  i n to  tho portable 
un i ts .  Collp1et.d tho dosign of 2 e x p o r i r n t a l  Very Larg. Scale 
1nt.grat.d (VLSI) chips t o  por tom burst  . 0 d l l 8 t i O n  and 
d.IIDQU18tion. Those dosigns dmaonstrate tho lw ccaplexi ty of novel 

chip dosig"s wm submittad fo r  fabr ic8t ion In -r. Proposod 
8nd dow8nmnt.Q 8 llodul8tor s t r u c t u n  f o r  e f f i c i m t  VLSI 
i . p l m t 8 t i o n  (So11enborg.r. TM-*Rn-015813). R.portod n s u l t s  on 
s e l r t i o n  d ivers i ty  fo r  T i m  Div is ion Mul t ip le  *CUSS (TDYI )  
portable r8dio l i n k s  (Chuang 8nd 5011.r0.rg.r. I n s t i t u t e  of 
El.CtPIC81 8nd E l r t r o n i c s  Enginwrs. I=.  ( IEEE)  GLOIEWY ' 9 9 ) .  
R 0 p o r t . d  resu l ts  on tho p o r f o r u n w  of j o i n t  e r ro r  dotmctlon and 
burst d . n o d r l 8 t l O n  (Ch8ng and 5011enb.rg.r. IEEE GLOBE- '89). 

t r h n i q n s  w l t h  very Iw transmission overhad. Such t rhn iquos  

rocoiver c h a m 1  f i l t e r  i l p . r f r t i o n s .  Dmonstr8t.d tha t  8 very 
lou-cog lex i ty  t rhn tqua using burst storagm and "tin n v e r s a l "  
that  oprr8t.s on 8 hard-limitod rocoivod s i p 1  can providm 
s ign i f icant  p e r f o r u n w  iIprovmmnt (Ar iy8viSi t8kul .  TM-UW- 
015241). Ext0nd.d th i s  * t i r - r r v o r s 8 1 *  trhnlw t o  C O n V w 8 t i O M l  
l inear  . ~ ~ a l i z e r s .  wimp. evm motu ilprov-t w8s o b t 8 i n ~ d .  

c o l l r t o d  i n  officms 8nd an urban .rea. showing that  s o l ~ t l o n  of 

e f f r t s  of ti- dolay spnad in v i a l y - d a p l o y d  portable 
c 0 1 ~ n l c 8 t i o n s  systoms. B.0.n plans f o r  m8summnts i n  an urbm 
a n a  a t  o v a  hi-r f~.4.loncies in  ~0118bor8tion w i t h  8 B o l l c o n  
Cl ient  Colp8ny. 
program 8 t  four widoly-sp8cmd f m i e s  in  o f f i u  and r o s i d m t i a l  
enviromonts. 

o Continrod t o  -1 spoctrum u t i l i z a t i o n  Ch8r8cteristiCs. ( b r n h a M t  

burst O..Pdr18tlOn t0Chntqu.S VhlCh 8- b8nduidth e f f i c i e n t .  Those 

0 Cont(llLJOd 8 Study O f  1 W - q l . X i t y  8 d 8 p t l V O  .9U81iZ8t$On 

CWld f U r t h r  m1tlg.t. tho O f f U t S  Of ti- 0l.y 8ptU8d and 

0 BOg8n further 8MlySiS Of U l t lp8 th  t f-  -18y Spr0.d d8t8. 

tho r 8 d l O  port  W i t h  thm S t r o n g . S t  Signal 81.0 0.V. tho p8th V l t h  
tho le8St ti- d o l 8 Y  SpM8d in =St C8S.S. This Uould m I n l D l 2 0  t h  

Bqpn 8 colpnhonsivm 8t tuu8t ion u 8 s u r m m t  

8nd Chr8ng. E n g I m r S '  Notes. AUrgust 4 .  1989) I n  Orm thrust .  tlm- 
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PAST V E A R  RESEARCH ACCOMPLISHMENTS: (CONT , ) 

slot unagarnt (assigning calls to Time-Division multiplex ti= 

thousands of calls spmad over rylndmds of fixed-radio coverag. 
arwas; systmm ocwpancy. rouse factor. propagation parameters. etc. 
wrw varimd for t h m  test algorithms. It vas found that om 
algorithm (saving th. best slots for  users with low signal) 
significantly wtprrfommd the oth.rs and yie1d.d up to 13 QII 
illprovrmt (mrnhardt. TY-~-O15554). A talk on earlie -ling 
wrk was also pmsented (Bernhardt. IEEE GLOBECOY. Nov..b.r 30. 
1989).  In thm 0th.r thrust. mmthods for autonomously d.temining 
frqwncy asstgrunts for fixed radio equipmnt wm studied, along 
with th. Use of SrOnd-choice muting uh.n traffic blocking occurs. 
loth of thse tochnipres give significant Op.ratt-1 advantaws 
and yield performance i.provmmmnts as -11. Th.  a u t m s  
assignmt alporitha yields a stable configuration with only a fw 
itwatiOnS. Earlier work was mportod (Crylaw. TM-ARH-0141178. and 
IEEE GLDIIECOM. Mv-r 30. 1989). In addition, saputer siulation 
prograas wrm created to analyze the access pmrforunce of portable 
coamunications systuns d~~10y.d in groups of lulti-story office 
buildings. This caputer -1 will be usmd to assess the spmctrun 
rm+irwnt In high-use IXIS~MSS envirommnts. Early msults 
indicate that variability of vall attenuation characteristics may 
b. th. dominant effct. 

0 Continwd work on data thrwghput estimation for tho two-way 

functlon of Carrier/Interference. for various automatic m a t  
nquest (ma) protocols; o m  TY was i s s u d  (Chmng. T Y - A R H - O ~ ~ O O ~ ) .  

0 The basic investigation of data servicos was alsa cOlp1et.d; it was 

servica in which th. portable systmn enhances data intogrlty via 
ARQ, and ( 2 )  a non-protrtma service in which thm user’s ond-to-end 
protocol protocts t k  data intmgrlty (Chang and Porter. Ty-ARH- 
015702. CMunbor 9,  198e). Earlier work on synchronization was also 
rgortod (Chang and SO11e~rg.r. IEEE GLOBECOM, N0V.lb.r r989). 

o Synthmsizmd a configuration for a - I d  lw-noise mcoiver front 
ond Uplifter and antenna diVerSitY switch which offers lowr 
noise, powr dissipation. and corplexity than conventional 

could ba iqlrmtod in low-mlexity tntogratod form for a 
dlgltal portable radio. Contlnwd a search for an appropriate 
intwratod-cirwlt trhnol-y to iql-t a previously doauntmd 
higk-effici.ncy I F  powr Uplifier (Arlyavisit8ku1 and Liu. IEEE 
CUOIILCOM. Nov-r te le ) .  COnt(nwd a survey and eynril.nta1 study 
of v r c i a l l y  available lw-pouor RF tochmlogy (Kratn, 
Engimr’s Notes, &gust 1~8s). 

o Continued to participate in CCIR (International Radio Consultative 
Camittoo) wr* toward futurw portaele radio tel.CoUniCations 

cycle. -0. trMIca1 presentations and published papmrs 
wnwrning local exchanp. applications of digital portable rad10 

SlOtS) was Studid by a M Y  SiMlatiOn (WLTICALL) which simlates 

Rayleigh-fading ChaM.1 With diversity. ShOWd hou throughput i s  a 

COnC1Ud.d that t M  basic data SerViQS a N  mQ.d: ( 1 )  a pr0trt.d 

a p p m s  (Llu. TY-ARH-OiS367). The c ~ i d  uplif Ier-swltch 

LtandardS. With att.nd.IIC. at th. f(M1 I..tfing Of thm 1916-90 
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tmlmc011~lnic8tions t o  Bmllcora Client Conpany groups. 8nd t o  
w t s i &  confmrenems (Cox. IEEE Camtunications Y89821m.  July. iBB9. 
seminar a t  V i rg in ia  P o l y t r h n l c  Ins t i tu te .  Octobor 1980; Porter, 
Informatron Nmtwrklng I n s t i t u t e  a t  Carnmgim M i l o n  University. 
D.wrr#r 1989; Arnold. FCC Pmrsonal Corunlcat ions Smminar. ~ u i y  
1080, T I A  M i c r o u l l  Tmchnology Synposium. Ostobor 198s. smminar a t  
C o l W i 8  Unlvmrslty Cmntmr  f o r  Tmlmcoll~lnic8tions R.c.~Pc~. & t a r  
1989). Urotm 8 paper commlng the wed fo r  l n t m r f a u  standards 
betummn smIIular systmas and thm uirel inm nmtwrk (cox m t  a i . .  
TY-ARH-014545, July. 1989). 

Point-to-Point Micrw8vm Radio 
o Tested on the Bmllcore antmnnr range 8 s r o n d  version of an 

mxpmrimnt81 u l t l - a p e r t u r e  noQ-divmrsity couplmr f o r  8 standard 
I)~CPOU.V~ h o r n - r e f l r t o r  antmma ( s n  9F32-10. Thm 8Mly t iC8 i  
p r D C . d u r m  was i q r 0 V . d  t o  include thm m f f u t  of smvmr8l highmr 
0rd.r modms. Thm tmst resul ts  8 r m  in  ooocr 8g-t w i t h  thm dmsign 
objat tvm.  This couplmr provldes 8 n g l m  divmrsity p r o t r t i o n  .winst 
u l t i p 8 t h  f8ding fo r  mxisting point-to-point m i c 1 ~ 8 v m  radio 
systems fo r  both p 0 l a r i ~ 8 t l o n s  s i 1 ~ l t 8 n m o u ~ l y  (Nowpel. TU-uw- 
014750). A p8tmt h8s bnn f l l e d  on 8 d ivmrs l t y -p ro t r t l on  systmm 
ulth thm ulti-aperture couplmr. D o s u n t a t i o n  1s being 8ssm&led 
fo r  l l u n s i n g  of th technology. 

e f fects  of ssattmrtng frm bul ld lng structures and thus provldms 8 
bettmr mst iu tm of thm m f f a t  of building orimnt8tlon thm thm 
mmthods current ly used f o r  f r vquury  coordlrut lon of mlcmu8vm 

mxpmrimmnt t o  ver l f y  thm dimCtlon81 nature of thm refluted 
lntmrfm- f r o m  building surf8cms 8nd t o  obt81n dmpol8rit8tlon 

ttidDb8nd -log opt ical  Fiber D is t r lbu t ion  

o Corplmted 8n intmrfmrmnce-prmdiction l0d.l uhlch tncorpor8tms 

r 8 d l O  r W t m S .  An ~XpOPllMt81 SmtUp U8S -1mted f o r  8 f l m l d  

at.. (Il#rP.l 8nd bn8de. t8lk 8t  GLOBECOW'S#. N0V-r 1989) 

o continumd 8 study of W i d m b 8 n d  FY t u h n i p N s  f o r  f ibmr-opt ic 
d is t r ibu t ion  of u l t l p l m  RF N8t loMl  Tmlmvision Stand8rd COQ. 
(NTSC) tmlmvision signals. completed i q l w n t 8 t i o n  of 8 concept 
prototypm 0.lwutr8ting the t u h n i + m  8nd . q l o y l n g  l w - l e x  FY 
-18tion. smvmral lodul8tion 1nd.x dcublmrs. and s i q l m  
dlssriminator dmtrtion. w n  mm8surmmmnts 8nd invmst ip t ions  
84- 8 t  -4ng C r O S S t 8 I k  d i s to r t i on  1mVmlS In thm PPOtOtW t o  
.Cs.pt.bl* 1mvm1s. 

REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

Thm wrk O f  t h i s  +l ied RmSm8PCh P r o j e t  prov4d.S f o r  thm devmlDprnt 
Of 8 l m 8 d i n g  w k n O U l w  b8Sm Ill SUCh kmy 8-8s 8S mtWrk 
tuhnologims 8nd syst .a  8nd c-nic8tion thmory. Egh8sis  I s  pI8- 
on ~ p p l i c 8 t l o n s  t o  current 8nd future weds in  nmtuor*s. smrvicms 8nd 
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RE4SON FOR INFRASTRUCTURE C L 4 S S l F l C A T I O N :  (CONT. 1 

operations. The substantial benef i ts of t h i s  Project accrue t o  a l l  
Owner-Clients and a n  unable t o  be prevented from accruing to  an 
Owmr-Client uho m i g h t  elmct not t o  par t ic ipate i n  the P r o j e t .  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - -  

RESE4RCH D I R E C T I O N S :  

D.termim cnaracter lst ics and p a r u t e r s  f o r  radio propagation in  
and around buildings. Those a m  required fo r  determining sys tm 
configurations. l imi ta t ions on radio l inks,  and s u i t a b i l i t y  of a 
broad rang. of frequencies f o r  portable c ~ ~ ~ ~ n i c a t i o n s  systems. 

systom configurations. raaio channel 8CCeSS strategies. a le r t i ng  
techniques. and control strategies, f o r  providing m. ~ o n o m i ~ 8 1 .  
high qual i ty .  S p u t r a l l y  e f f i c i en t  portable ~ n l c a t i o n s  services. 

Exp lon  the ef fect  of wall and floor attenuation on thm p o r t o m n u  
of d i g i t a l  port8ble radio systems doployed i n  l a w  u l t i - s t o r i e d  

Further investig.te rad io link parameters that  w i l l  providm exch8nge- 
network-q~a l l t y  port8ble C-nications. These para l r ters  includo 
d i g i t a l  ch8nnel rates. frequency Chanml spacing. privacy l r thods. 
d ig i t81  spmh soding apprO8Ch.S. ChaM.1 C o d i n g  tehnlqrwS f o r  
er ror  dmtection. and protocols fo r  data sewices. 

s u b a ~ ~ l i e s  f o r  use in Y l t i p a t h  rad io w iv i ron rn ts .  This Inc1Ud.S 
invest igat ing and constructing Sub8SSa&21iOS. uaing lou-pornr. 
very-large-scale integrate8 or hybr id circuit technologies for radio 

data protocols, and privacy. 

Expand the capab i l i t ies  of an i n i t i a l  exper i l rn ta l  concept prototype 

approaches t o  mtwrk integration. 

I n i t i a t e  e f for t  t o  p m  a Tehnology Transfer and Licensing 

t rhno lcgy  md radio systam 8rchlteetum. radio l ink control  and 
access strategies. 

Dmteraim appro8ches for thm integrat ion of portable rad io 
~ 0 1 ~ n i c a t i o n s  in to  the evolving i n t e l l i ~ t  mtwrk. This includes: 
(0  i den t i f i ca t i on  of the mwi - ts  that  user a & i l i t y  places on 
aynmic mtwrk d8ta bases 8nd on transfer of act ive c a l l s  betwan 
mtwrk switches. and ( 2 )  an i n i t i a l  view of overal l  economic i s sws .  

E V l O r 8  i M O V 8 t i V B  f-y P.USe radio SySt.R C o m p t S ,  including 

o f f i c e  buiiaings. 

ExplOm ~llnOV8t(Ve d ig i t81  rad io l ink 8 P C h i t U t U r 8 S .  techn*WOS and 

f l n q r m y  C i r C U i t S ,  rad10 I t &  Control. S m  Coding, C h 8 M . l  Coding. 

Of 8 d ig i t81  r 8 d i O  link. Using iMoV8tiVe radio link techniqrws, f o r  
providl- UlIteth0P.d V O i C .  8nd a t 8  C O l l M i C 8 t i M S .  illClUdtllS 

p8Ck.98 incorporating pmV10US app1i.d lUSe8mh O n  r 8 d i O  l ink 
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RESEARCH DIRECTIONS: I C O N T .  I 

Perform assmssnnt of existing or planned radio system and 
tmchnolcgies for providing porsonal camunications. 

Colplmtc the NSmarGh on divmrsity tu=hniqums for ilproving the 
pmrforuncm of point-to-point digital microuavm system and validatm 
by mxperirntal r a s u r a n t r  the n e w  laoocls dmvmlopmd marlier that 
praict intmrfmrmcm a m  to scattmring from buildlngs. 

Omtmmlne thm perforunm of hard-llmited Slplling tmchniqums for 
flnmr optic distribution of mlticarrimr RF (radio fruquuryl signals. 

PrOvidm trhnical irputs basmd on applimd rmsmarch to Otain fmqumncy 
allocations and to support formlation of national am Intmrnational 
standards applicable to portaolc COIIIIYnicatlOns system. 

Provid. conrultlng to Bellcorm Client colganims as raquested on radio 
topics. m.9.. wrlawide activity in portable COlmications and its 
rmlationship to mxcbnga networks. participation in fimld mxpmrirnts 
on portablm radio smrvicms and radio tmchnology. point-to-point 
micrWavm radio. IMTS (Ilproved Mobile T m l q h o m  Smrvicml. radio 
paging, and thm us. of radio for rural distribution. 
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Bellcore Project Manager: 
P F L I M  

Tel. No.: 
(9081 758-3100 

Bellcore Suoject Matter Expert: 
D c cox 

Tel. No.: 
(908) 758-2979 

This ProjecI supports the following Major Proauct(s): 

W E T  
Non Affiliate Participants: 

CBI 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Owner-Client Representatives 

Owner Flag Name Title Telephone a 

N4 V A . S I U D U N  EXEC DIR - DATA NTW TECH 708-800-8214 

BA V M. YEGLEITNER EXEC DIR - TECH DEV 703-974-1890 

AVP -'SCIEWCE 8 TECH 404-529-2602 BS V D. KETTLER 

NX V E.1- CORP DIR - ADV TECH DEV 914-683-2071 

PB V D. HARRIS EXEC DIR - ADVUICED TECH 415-823-3080 

314-235-1550 SY V J. CARPENTER AVP - TECH PLBN 8 DEV 
US V L.  W S E  DIR - SPONSORED RESCH 303-740-1570 

Fund 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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PROJECT O V E R V I E W  

This mse8rch s w r t s  the Transport C r i t i c a l  Ama Qfimd by tM 

t rhnolog ies r rqu imd f o r  t k  c o s t - e f f r t i v e  tr8nsmission and 

th8t leads t o  network transport Cyst- uhmm th. mods of 
transmission and switching a m  Studied. and solutions j o i n t l y  

-81 of e f fo r t  tn Bel lcom. in  U . S .  Stand8rds bodies. and 
i n te rn8 t io ru l l y  in  th. Internat ional  Consult8tive Coaittu on 
T 0 l . p h o r r  (L Telogrwh (CCITT) e imd at formulating s t 8 n d . m ~  f o r  8 
broamand network. Work dom on t h i s  projest  in  th past has helped 
to plasr  Bellcore in 8 Ie8d8rShlp pos i t ion in th. & f i n i t t o n  of t h i s  

broacb.nd are rad ica l l y  d i f fe ren t  f r o m  those t n  use i n  curmnt 
t e l r ~ l l m l ~ a t i ~ n s  networks In thir use of 8 mu p8cket-l lke 
t rhno logy  c8ll.d th. asynchronous tr8nsfer lad. (ATY). ATY 
multiplexing w i t n f i n  -ET (th. synchronous opt ica l  wtwork 
st8nd8rCIs 8dopt.d i n t e r ~ t i o n 8 l l y  in CCITT) trurrport systms 
p r~ . l l sos  t o  o f f e r  th. Be l lcom C l i e n t  Coq8ni.s (BCCs) 8 -8ns to 

r8tes s im l ta rNws ly .  8nd i n  8 c o s t - e f f r t l v e  UnrYr. 

This p r o j r t  sooks t o  exp lo i t  8 i-utdzw of t rhnolog is81 opportunities 
that  w i l l  w a r  in th. near future, and w i l l  8 1 1 ~  our c l i en ts  to 

subscrib.rs In 8 c o s t - . t f r t i v e  way. O m  opportunity I s  th. m s u l t  of 
the rncre8sing circuit spomd p r r f o r r u n a  of 8dv8nmd s i l i c o n  CMOS 
(Cap lmmta ry  Y.t.1 Oxice Semiconductor) and g 8 l l i u  8rseniQ 
tntogr8t.d circuit t rhno log los .  
vi11 InCm8Se th. S w  POSSIble W i t h  l W  COSt 8nd IOU WUOr 
aissipat ion t r h m l o g i e s  fo r  bro8m8nd subscr8b.r interf8ms. These 
two tmcnnoiogies 8 1 1 ~  i r 1 ~ m 8 S i n g  func t iona l i t y  t o  b. inc1ud.d in  
network i n t o r f a m i  w i t h o u t  8 substanti81 cost p u u l t y .  Simi lar ly,  

in to  CQIP~C~. re l i ab le  i n te r f8ms  and Wbsystoms. This I s  
i lpor tant  t o  our c l i m t s  sinm i t  w i l l  al low mom rOphistlC8t.d 
8dv8nceS i n  p8ck89iw 8nd i n t e r c o m s t l o n  trhno1ogi.S 8 I lW high- 
rp..d 8nd highly fYWtion81 in tqP8t .d  C I P U J l t S  to b. 8 S S e l . d  
i n to  colp8ct. m l i a b l e  Interfaces and wbsyst-. This i s  
control 8nd u n a v n t  funct ion capab l l l t les  t o  b. inQ1mmnt.d In 

Applied RmSe8FCh *dviSOry Canlttu. through th. pursui t  O f  

S W i t C h l w  Of bro8Oand SerViCOS. I t  i s  the pursu i t  Of t.ShnO1ogi.s 

0 p t t m i Z . d .  th8t  9iV.S r i s e  t o  t M  p r o j r t  n8nlB. 1h.m IS 8 gmat  

mtYOrk. T M  S W i t C h i n g  8nd m4lt lp lexing c o v t s  edV0Cat.d f o r  

Q l i v e r  8 W i d .  V8riety O f  mu SeCVIQS 8 t  lW. d i m .  8nd high b i t  

d.plOy broeO.nd SOrV1C.S t o  8 W i Q  b8Se O f  mS i (mt i81  .nd bUSImSS 

Th. 8ppltcat ion of wsh t rhno log ies  

8dV8T)S.S In p.ck8ging 8nd l n t e r w n m c t i o n  t.shno1ogi.S 8 I lW high- 
rp..d 8nd highly fUmt lON1 intqr8t.d C ( C Q l l t 5  to b. 8SS.61.d 
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PROJECT O V E R V I E W :  ( C O N T .  I 

I harduare. y ie ld ing ilpr0v.d performance. A n  object ive of t h i s  rosearch 
I S  t o  d.llOnStrat8 that SDNET/ATY interfaces, w i t h  a l l  t h e i r  powr f o r  
a l l w i n g  SophistiCatod ntuork control functions, can be consideroa 
for the very cost-sonsitive broadband user -mtwrk  interface. Y e  w i l l  
wrk j o i n t l y  w i t h  Bellcore Notwrk Technology t o  consider candidate 
functions for the broadband user-notwork interface. and dotermino the 
feasibility. porforunce and cost i lpac t  of these functions. I n  
c a r o f ~ l l y  selected si tuat ions,  where suf f ic ient  deta i led knowledg. can 
be gained i n  no other way. we w i l l  par t ic ipate in  the design end 
f8br icat ion of exporimntal laboratory prototypes. one ex.nple 
prototyp.  project  c u r m t l y  under way i s  a broadland/advarud 
te lev is ion  rewarm project j o t n t l y  supported w i t h  Divisions 2t340. 
vide0 S Y S t m  (L S(g-1 PrOCeSSlng ReSe8mh. (4. Be l l i s i o .  DVM) and 
21370. MWOPk ContrOl Research. (J .  Berthold. DVM). 

Our p i o m r i n g  work on broadband c i r c u i t  switching of several years 
ago. and our rocont work on integrated regomration functions pointod 
out the capabi l i t ies  of C W S  technology. Ye n o w  pursue ow mlcron 
sizod technologies, (our e a r l i e r  uork was don i n  tw micron sizod 
tKhnologies). t o  obtain adecpate speed nurgtn f o r  the more sonplex 
processing functtons and higher sonplexity m i r e d  f o r  ATM 
interfaces. Our m e n t  uork on SONET u l t i p l e x e r / f r u r  chips 
shoved the potent ia l  f o r  a l l  c-lex. high-speed (2.5 Gbit/sec) 
r r l t i p l e x e r  functions t o  be includod wi th in  a s ing le chip, in  a 
technology capable of low ~ n u f a c t u r t n g  w s t .  V. w i l l  pursue t h i s  
11- O f  rOSO8rCh. both pushing highBr S p e d  and highor functiOrU1ity. 
in i n t ~ r 8 t . d  n i c ~ l e c t r m i c s .  The rosult of this work w i l l  be t o  
PIOVe the W S t  pOn81ty O f  hisher SYSt.II Sped. 
T . c h m l o g y .  Inforaat lon Netwrking Services. and the Bellcore Cl ient  
Collpanies md t o  know the U l t i M t O  COStS t o  D. expected Of high-speed 
d i g i t a l  subscriber 8cs.s~ s y s t n s  as they consider other a l t m r t ~ t i v e s  
f o r  the provision of broadband services, u h t h e r  switched or 

Be11WM NetWrk 

bro8ds8St. 

A m r  O f  G i g a b i t  M t w o r k  Testbeds have been Identified by the 
Corpra t ton  fo r  National Research In i t i a t i ves .  These testbeds 
h8Ve heavy par t ic ipat ion by leading U n i V O F S l t l 8 S .  VhOSe 
par t i c ipa t ion  ts Qovor-t funQd. B e l l w r e  and Bellcore 
Cl ient  Corpany par t i c ipa t ion  i n  these proJects w i l l  m o u r a g .  the 
8dhO- t o  M r g t n g  bro8db.M St8nd8-S mlCh Ut11 h the b 8 S i S  Of 
future BCC M t w r k s .  
Wtwrk T.St#dS w i l l  St-ly influWU the direction Of 8 N8tiOM1 
Research and EaCetiOn Network UrldOr COnttderat1on I W W  by the 

ReSeaKn) h8S b..n U l l C O m ’ S  r r p r b S W t 8 t f V O  In th is  8P.8. This 

I t  I S  0xpKt.d th8t POSeamh fM the G i g 8 b i t  

~ o v e m n n t .  Y .  ~ i n c o s k i e  (D iv is ion  21490. ~o lpr tor  Networking 

project w i l l  provide support t o  Sincoskie i n  the Aurora project, and 
t o  C 8 m g i O  Mellon untversi ty in  the -tar P r o j e c t ,  p r i u r i l y  in  
the area of transport. Our par t i c ipa t ion  in  these projocts w i l l  

Only by providing such ear ly  prototypes can w Influonce the 
provide ear ly rBSO8PCh prototypos Of SWETIATY . K I S S  S U b S Y S t m .  
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universi ty p8rt ic ip8nts t o  adopt SONET/ATY standards, since no such 
prototypes a n  curmnt ly  8Vailable f rom vendors. Adoptton of those 
standards w i l l  help t o  8ssure that  the cost and performance bonefits 
of 8 uniform sys tm w i l l  be a v ~ i l a b l c  t o  subscribers by preventlng 
tho B8lk8nIzation c8us.d b y  the creat ion of d l s s i m i l i r  networks. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PAST YEAR RESEARCH ACCOMPLISHMENTS: 

Thorn W 8 S  8 9M.t deal Of P-rOSS In bro8Oand C t 8 d 8 r d S  In th i s  I 
pmriocl. SONET was 8ccy)t.O as 8 physical layer t o  wpport ATM c e l l  
tr8nsmission. and tho b8siC ATM c e l l  parmeters w e n  a g m d  to  in  
CCITT. Y. carp10t.d the design, f8br ics t ion and test lng of a CYOS 
SONET access int.gr8t.d c i r c u i t  which supports the transmission of 
ATM CO11S w i t h i n  SONET. YO also Colp1et.d tho 8rch i tKtUn O f  8 
2.488 Gbit/smc SONET multiplexer subsystm that consists of t h m  
mxpor im ta l  prototype ChIp typos. Tho most d u n d i n g  chip, 8 2.488 
Gblt/sec ~ ~ l t l p l e x e r  and d.nul t lp lexer.  was c u p l e t d .  t e s t d  and 
found t o  operate s8 t is f8c to r i l y  t o  3 Gbit/sec i n  i n i t i a l  laboratory 
test ing.  The exlstmI'ux of t h i s  f e 8 s i b i l i t y  d.IDnstr8tion. .long w l th  
our w l l l i y y u s s  t o  make e x p o r i m t a l  nsearch prototype coqaomnts 
available t o  coll8borating un ivers i t ies .  r8sul t .d In tho asc.pt8nco 
of SOWET 8nd ATY 8s the tmchnologies t o  bo us.d i n  four out of f i v e  
tostbods in tho c igabt t  Nmtwrk Tostbeds p l a n n d  by tho Corporation 
fo r  Nation81 Research I n I t i 8 t i v e s .  A n  Inport8nt N s u l t  cme f r o m  
our explor8tions O f  tho fB8S lb l l l t y  O f  8 l a w  ATM S w i t c h .  8 S w i t c h  
w i t h  8ggrrg.t. throu-t Of OIY Ter8bit/smc. A S w i t c h  8rChitOCtUn 
W8S devolopmd whIch convmient ly supports very hlgh sp..d port r8tes 
( t  G b i t / s r  o r  mom) and has a colpact physical size. An o x p . r i m t a 1  
prototype tnt.gP8t.d c i r w l t  chip whlch contalnod an int.gr8t.d 

conf ldmt of operation In an 8ppl lc8t ton wtth 8 spmod of is5 mlt/sr. 
such corponnts a n  c r i t i c a l  for  mventu81 a p p l t u t i o n  In b1~8cb.nd 
subscribor loap r y s t u r .  

technolagic81 al ternat ives COnsidorod In the broaO.nd user -mtwrk  
i n te r f8w .  Along w l t h  othor Div ls ions In Drg8niz8tlon 21300. Nmtwrk 
Systmm. and w i t h  ~0118bor8tors f rom Bel lcom's Notwork To~hnology 
AI-... we continw wrk on 8 B r o 8 0 8 n d  Transport Prototype prolct  

w l t h l n  8 SONET b r o d a n d  channel. O u r  coqxnmnts am pl8rWNd fo r  
incorporation in  the Datacycle. DAW. EXPANSE 8nd --bus p r o t 0 t y p . S  
of O ~ n i z a t l o n  21400. Nmtwrk Servlcos Research. 

we contlnuod t o  play an llport8nt r o l e  in  8ppropri8te IEEE stand8rds 
and professional bodles. We servM on tho d i t o r i a l  Wards of the 
IEEE Journal on Solmctd Areas In Corunicat ions (JSAC) 8nd the IEEE 

dig i t81 Signal -r8tOr W 8 S  fabr lC8tM 8nd t 0 S t . d .  I t  W a S  
functlOlU1 t o  250 mit/SOC, bdllCh PrOVILkS 8W.t. --In t0  M 

1 This projmct contlnws t o  support ha*8m 
f eas lb l l l t y .  p o f ' f O N K . .  8nd Cost arU1YS.S Of f U r l C t i W  8nd 

8 i d  8 t  tho S i Y l t 8 I ) . O U S  t r 8 n S I l S S l O f l  O f  8 d lg l t8 l lY  C0d.d 8nd 
C w I W S S O d  Idv8n#d T8IeVISiOtl 8nd 0tk.r S I m l S  USIw A m  
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: CON1 . ) 
Lightwave C o u n i c a t i o n  Systmms Magazine. and as guest d i t o r s  in  
thrn forthcoming JSAC spacial issues. We were a key playor in the 
formation of an IEEE Technical tomnittee on InterconnectiOns w i t h i n  
High-Spmd Dig i ta l  Systms. We have provided a gmat  m a l  of 
exp.r t ise and 108doPShip t o  the I E E E  EorrxlS standard a c t i v i t y  which 
S-5 t o  &fin 8 SONET-coapatible backplam. 

Y l l t i p l e x  and Multiaccess Technology: 

High- tpnd Interface and Wl t ip lex ing  Ci rcu i ts  f o r  SONET w/~rop 
Yult ip lexor 
o The appl icat ion of h lgh-spnd VLSI technology t o  a r l t i p lex tng  

of fers the potent ia l  of gmat l y  m c i n g  the cost of broamand 
mtwrk access. In  th f i r s t  ha l f  of 1000, w c q 1 e t . d  the 
test ing and oxp.rinmntation of our p r o t o t w  SONET STS-48 (2.488 
G b i t / s r )  interface C i r c u i t s .  The tw -sh ip  set i s  t r p l u n t e a  in  
-As technology. and pr fo r r r  the key interface functions f o r  
W E T .  These includ8 E : l  U l t i p l e x i n g ,  1:8 d u l t i p l e x i n g ,  byte 
a l i g n r n t ,  and SONET f r a u  r h t u t i o n  functions. Our test  resul ts  
i n d i c a t d  that  the c i r c u i t s  can op.rato a t  data rates up t o  2.5 
G b i t / s u  w i t h  a b i t  error ra te  loss than IxlOE13. I n  addition. 
w studied the func t iona l  r r q u i r m n t s  of 8 SONET 525-3c t o  STS-48 
u l t i p l e x e r / ~ l t i p l e x e r  systan. This prototypa systmm i s  
rrquimd i n  our par t i c ipa t ion  in  a w r  of Dro.dD.nd mtuork 
oxpmr i rn ts .  including the Gigabit Nntwrk Tostbeds sponsorrc( by 
th. D. fO IUC UV8tlCd R.SO8PCh Pro jW2t  *gmcy (OI\RPA) and tk. 
N8tiOM.l S C S . M  F W M . t i O n  (NSF). 

SONET DC-12 Mu l t i p lexe r /Du l t i p lexe r  Test Sot 
o I n  the f i r s t  ha l f  of WOO. w wnstructd an exportmntal  SONET 

OC-I2 ~ l t l p l e x o r / d u l t i p l o x e r  tos t  set using our SONET ICs. 
This tmst set has bwn doliverod t o  Div is ion 27220 ( L .  Scerbn. DvM) 
fo r  usm in  their SONET product a ~ l y s i s  program. 
u w r  heavy u t i ~ t z a t i o n  in  the i r  SONET standard coq2liance tes ts  
of tk. 622 Y ) i t / s u  v.ndor .prlpmt. 

T h i s  unit i s  

Bro.O.nd Switchtng Tuhnology: 

L a m ,  SynChrOhOUS CMOS S w i t c h i n g  Chips 
o Our msmam I n to  broamand switching tuhnology concmntrates on 

s ~ 1 8 b l o  t.chnology prototyping f o r  high-L#.d p8Gk.t Switching 
and SONET crossconnut .ppl icat ions.  om goal i s  ttm ~ l o n s t r a t i o n  
of a single board 2% x 250 switch tntrrconnaction f8br ic  c8P8blo 
of smlf-tWUtlng ATM (ASychrOnOUS Transfer -) W11S 8 t  8 P8tL Of 
155.52 mit/su. owing t h i s  poriod. w o p t i i i z d  the tntmgratmd 
c i r c u i t  *sign f o r  both gmator noise nur@ln and diagnostics 
support. T h e  mlat lonship M t m n  fabr ic .  Interfaces and w n t r o l  
functions was a r u l y z d  in & ta i l :  the resul ts  had s ign i f icant  
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PAST YEAR RESEARCH ACCOMPLISHMENTS: (CONT.) 

i l p 8 C t  On th. T O P 8 b l t  Switch e f f o r t  8 t  Bellcore. Our P.S.aKh h8S 
O.lonstr8t.d that  today’s comnoaity integr8t.d c i rcu i t  processes 
are f u l l y  capable of mooting tM fabr ic  technology n n a s  l n  such 
8 tOP8blt switch. We are using t h i s  insight t o  focus at tent ion 
on th. pWl.10 of switch aoni tor ing and control  i n  a broad~and 
env i ml*IMt. 

Arch i tu tu res  fo r  A Ter8bit/s.s S w i t c h  Fabrlc 
0 While comodity 1ntograt.d c i r c u i t  tuhnologies m a r  able t o  

support the b i t  rates roquirrd for  Terabit/sec ATY Switch fabr ic.  

th. high-Lp..d InteCfOnrmctS mod b8tH.n i n t o g r a t a  c l m i t  
e I . m t s  on a i f f e m t  circuit  boards and oquipmmnt frams. workers 
in  th. Terabit/s.s switch pro joct  contlnuc t o  s n  breakthroughs in  
in te rwnmct  tuhnology. *notnor path arouna t h i s  r o a ~ i ~ ~ k  u y  ba 
archit.stura1 solutions that minimize th. w i r e d  intercowmcts. 
I n  t h i s  porloa. we extendma Mrk on sel f - rout ing crossbar 

solporwnt densities exp8ct.d t o  bo available in  th. futuro w i t h  
Very La- Scale 1ntylrat .d (VLSI) technology, and p.quim fmr 
interconmcts than 0th.r al ternat ives.  h0th.r advantage of t h i s  
m a r c h i t u t u r e  l i e s  I n  i t s  a b i l i t y  t o  eas i ly  support port rates 
UCh hi-r than 155 w i t / s a .  

8 PrOb1.R that P . I U i n S  8S 8 r0801OCk t o  8 Terabit/s.c Switch I S  

fabriCS. Th. I U S U l t l n g  Iyy 8 K h i t . C t U r Y S  I.*. u X l Y P  US. of th. 

Interconmct ion and Access Tuhnology: 

Optoolut ron ic  1ntograt.d C i rcu i ts  (OEICs) Subsystems Research 
o Th.  goal of t h i s  work i s  t o  rYdUce th size and pocnr consupt ion 

(and poten t ia l l y  th. W S t )  O f  t h  O p t W l O C t r O l l t C  colpomnts that  
w l d  carpr ise an 8avans.d broa0and opt ica l  mtwork. 

Several advancod prototypo laser dr ivers  and 4x4 analog crossbar 

n t e r  b ipo lar  pr#.ss I n  tho b m g i n n i ~  of lSBS. T M  f i r s t  wafers 
wre dol ivema In -r. 1088. Prolimtnary test ing was 
p r f o r m d  on indiv idual  t rans ls tors  and on an a l l  NPN ( r rgat ive-  
posi t ive-rwg.t ive) bandgap voltago r rgu lator .  T M  t ransistors 
and th. voltago r rgu la to r  wre found t o  opmrate in  a sat isfactory 
unmr . 
A proposal fo r  a high curront ef f ic iency Opto-Electronic 1ntograt.d 
C I r c u i t  l a m r  d r iver  was eva1uat.d and r8port.d (TU-ARH-013750, 
1.nmi1). This c t r w i t  CO(Yqt i s  k i n g  U S . ~  In Wll.bOr8tl0r1 
w i t h  D iv is ion 21120 ( R .  L.h.ny. W) t o  resoarch an e x p o r l m t a l  
1 0 n O l i t h i C  I n P  Hmterostructuro Bipolar Transistor ( W T )  laser 
dr iver .  

I n  col l8borat ion w I t h  D iv is ion 21110 (P.Y. Snlth. DVY). w 8- 
prototyplng an e x p r r t m t a l  two-dimensional array laser dr iver  
t o  d r ive  th. s u r f a u  omi t t ing lasers l r a n t l y  f8br icat .d a t  

SW1tCh.S Wm d o S i g n d  and l a i d  OUt Using th. P18SS.y 0.6 micro- 
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: CDNT. ) 

Bellcore. A V L S I  integrated c i r c u i t  fo r  the laser array dr ivers  
was dmsigwd using a i.2 micrometer -OS process. I t  w i l l  d r i ve  
an 0x8 array of laser diodes at data rates up t o  155 m i t / s r .  
This inportant expmr i rn t  could i l l u s t r a t e  mu mthods fo r  making 
lussive intereonmctions fo r  subscriber access and intra-machine 
lnterSOM.CtiMS. I t  could opon up m switching and subscriber 
access a r e h i t r t u m s .  We plan t o  m e i v e  the completed ICs f r o m  
the foundry in  th. fourth quarter of 1990. 

S i n p l i f i e d  Laser-F ihr  Coupling Trhniquc 
0 Ye conploted a proof-of-concqt damnstrat ion of a n w  method f o r  

coupling lasers t o  single-IOd. f l h r s  a t  r o ~ l l  t m r a t u m ,  using 
an e l r t r c p l a t i n g  t rhn ique.  Using a s i w l e  butt-coupling 
8ppr08Ch. Y. 8Chl.V.d coupling efflC1ency as high 8s 14%; and 
fur ther  InveStigatlon indicates that W Cou ld  achieve YCh higher 
ef f ic iency using lensed f i h r s .  
t h i s  trhniw awing the S r O n d  half  Of 19BO. This Ut- holds 
th. potent ia l  f o r  mdueing the cost of opt ical  transmitters. since 
i t  great ly s i l p l i f i e s  th. f i h r - t o - l a s e r  a l i g n r n t  process. 

Ye expmct t o  f i l e  a patent on 

IEEE Cabus StaI'Id8rd Ac t iv i t ies  
o Ye conti- t o  play a u J o r  r o l e  in  th. f o r m l a t i o n  of the CQbUc 

( IEEE P1396) Stand8rd fo r  8 SONET-conpatible p8ckp18W. O u r  
contributions includm heading the SubeOlni t tn w r l t i n g  the 
..6hanical/physical sp.c i f icat ion.  dmveloping c r i t e r i a  fo r  
s e l r t i o n  of a a.s*piam conmctor, and coordinating the 
organization of th. dosurntat ton.  Ye .IS0 i n i t i a t e d  a b8ckplaW 
prototyping a c t i v i t y  to characterize the e l r t r i c a l  p o r f o m a m  

issws. v. a r i g m d  an exp . r i nn ta l  prototypa of th. Dackplam 
and ordop.4 many of th rrquirrd parts.  we bogan t o  involve 0th.r 
Bel lcom org8nizatlons in t h i s  ac t i v i t y ,  e.9. .  Div is ion 27510 
(D. Shelton. DvU) in  th. a m 1  of conmetor r r l i 8 b i l i t y .  

Of the b8ckpl8W Uld t o  e X U l W  VaP$OUS 8 r C h 4 t C t U m  and 10glC 

C8bl. Tracking: 

C8bl. Tracking 
o A novel nthod fo r  tracktng buriod a l l  d l e l r t r i c  cables in  

lightning p rom amas was proposod and testmd in  the laboratory. 
&n e x p . r l m t  was porfonrcl  at Bellcorn's outdoor Chester s i t e .  
and tk. m S U l t S  as- W i t h  Our tk.omtlC81 PC.OlC8tlOnS 
(TU-ARH-014138. Bamfoll). 
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futuro mads In mtwrks. services and qserations. The substantial 
benefits of this Project accrue to a11 Owner-Clients and are unable to 
bm pnventmd from accruing to an Owner-Client uho nlpht elrt not to 
participate in t h  Projrct. 

RESEARCH DIRECTIONS: 

Explon key trhnology a n a s  in broadband accoss, ultiplexing and 
switching. AdvaIIC. tmchnologios ~ ~ ~ e s s a r y  to 8 1 1 ~  cost offrtive 
subscrihor access, with an nphrsls on high-spnd. very larg. scale 
tnt.pration ( V L S I I  digital circuits. 

Resoarch on t.chnolOgy issues 8SSOCIatOd with flbOr-baSOd SONET/ATM 
mtwrks. 
on bro-and standards. rrquinrnts and product analysis. 

Provid. technology found8tion for m11wn work projects 

Fabricate exporlmntal prototyp. systems and subsystoms for use in 
(8) Bellcon Notwork Trhnology A n a  proQlct an8lysis (for ex.qle. 

(for oxuple, advancod television transport); (e )  G i w i t  Notwork 
Testbods with Bellcon and BCC participation. 

R.search on higk-spoW optteal and ~lrtrlc81 interconmetion 
tKMologlos *ish arm crltical to t h  1lpl.lvltrtton of future 
broadband tCaMISS4on and Switfhlng S y S t M .  ThlS Will 81SO lK1Ud. 
SDNET-c0.patiblo b8CkplaMS to support th. IEEE COllbuS standards. 

SONET tost SOtS); (b) 0011CON teStbBdS In broadband and IH* ~tUOrkS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Tnls Project i s  a Component of the Bellcore Product: 
APPLIED RESEARCH 

PROJECT O V E R V I E W :  

T m l m c ~ ~ n i c a t i o n s  systmms bmcomm usmful only whmn t h m r m  i s  a good 
coupllng bmtmn nmtwrk c8pabil lt ims and the mods of l n f o w t i o n -  
b8S.d smrvicms. signal p w s s i n g  i s  thm mnabling tmchnology fo r  
utching nmtwrk transport c8p8bil it ims t o  smrvlcm-drivmn nnds.  
This pro ju t  ..phaSIZms smvm1-81 spmcific armas of signal procmssing 
N S m 8 K h .  High Omfinition t m 1 m V I S l O n  (HDTV) and d i g i t a l  opt ica l  
f ibmr arm tw u r g i n g  tDchnologims which could form idmal coaplamnts 
fo r  IYV im8qm-b8s.d COUnicatlOns smrvlws. Rmsmarch t o  ~ a l i z m  
t h i s  promism a d d ~ s s m s  a l l  of t h m  kmy mnd-to-mnd tmchnical issums 

fibmr systmm was us- t o  transport W T V .  
tn i t la t ivm.  t h m  tmchnologims md.Q f o r  th transport of vid.0 slgnals 
on mxtsting WIN pa i r s  am mxplorrcl. 
d i m t l o n s :  t h m  d i g l t a l  coaprmssion of tmlmvision s igru ls  to lw 
b i t  r8t.s: and t h m  s i g n 1  pmcmssing t rhnology nmmdmd t o  opmratm 
mxtsting subscrlbmr llnms a t  s ign i f i c8n t ly  highmr b i t  ratms than i s  
lloy posslblm. I n  ymt anothmr diumnsion of signal pmcmssing. Nsm8rch 
in to  i l p l u n t a b l m  mura l  nmtwrks m y  lmad to pr8ctic81 solutions t o  
problem of pattmrn m o p i t i o n  and a r t l f i c l a l  i n t m l l i q m m  which arm 
d l f f l c u l t  t o  so1vm using convmnttonally p r o g r u d  caprtmrs.  

I n  ordmr t o  pmrform t h i s  msm8rch. um nmmd to bm m x p m r t  i n  lug. 
coding thmory. s a p r t m r  s l ru la t ton .  high-SpNd diglt.1 pmcmssing, 
vmry largm .calm int.gr8t.d (VLSI) c l r c u i t  t rhnology,  c-tmr .Idmi 
dmsign (CAO) and t h m  assoc ia ta  amas of nmtwrk transport protocols 
and control. Work typical l y  rmsults in  t r W l o g y  rm8dy t o  bm 
Intmgr8t.d i n t o  Bmllcorm's ovmrall sys tm plans and in advoc8cy of 

way. y. f r rq rnn t l y  md to build m x p r t m t 8 1  ~ s m a r c h  prototypms 
whlch oftmn contatn U n i w  VLSI c i r cu i t s .  
rmsmarch prototypms and thm ass.IOly of t h m  n u s s a r y  CAO mnvirorrrnt 
t o  fac i l l t a tm t h l s  wrk arm. thmmform, mcossary COlpOrYnts of thm 

also mxtmnsivmly u r d  mlsmhmm in  Bmllcorm bpp1i.d Rmsmarch. and our 
VLSI i q l u n t a t i o n  mxpmrimnts tqrovm our t.cknology transfmr 
opportuni t ims. 

Hlgh Doflnltlon Tmlwlsion fo r  Br0aQ8nd Nmtwrks 

Rmsm8rch on Adv81)S.Q Tmlmvislon (ATV)  Ius bmmn an ongoing mffort in  
t h i s  projmct from i t s  incoption. Cons.qumntly. bm arm very wl l  

that might 8 r l S m  if 8 E C l l C O N  C l l W t  cOq8IV (BCC) brOadD8nd d ig i t81  
I n  mothmr rmsmarch 

timre, t h m  rmsm8rch follows tw 

StaIld8rdS poS i t lO l?S .  TO QO t h i s  Wrk i n  8 C r m d i b l m  8nd m X p d i t * O U S  

t h m  construction of 

Nl.8rCh procmss. T k  VLSI RthodoloOy * V m l o p . d  In t h i s  projmt ( S  
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p o s i t i o n d  in  t h i s  a m 1  n o w  that  interest  in  WTV. thm highest qual i ty  
form of ATV thus fa r  d o f i n d .  i s  making. Ylch research In thm U.S.  
i s  focusmi on mthods fo r  the analog transmission of ATV v i a  thm 
aiwavms. Vm. hOHver. ant ic ipate that  the mvolution of thm mxchanp 
network i n to  a d i g i t a l  f iber  op t ic  system w i l l  o f f e r  an urparal lmi 
opportunity t o  provide an ronomical .  high qual i ty .  robust and 
f lex ib le  transport s y s t m  f o r  ATV services. Wm have extmnstvmly 
msurchmd. using colputer s i r r l a t ton .  a l g o r i t h s  f o r  thm coclpmssion 
Of  WTV i n to  tk pF0pOS.d SONET (SynChWWS Optic81 NmtWrk)/ 
6roamand Nmtwrk 155 m l t / s c  chanml (gross ra ta) .  wm a m  confident 
Of Qlr th.oWtiC.1 W S U l t S .  but a t  least tW key WSe8rCh ( F n S t l o n S  
rmu in :  the pictum qua l i t y  undmr actual conditions. and thm 
pract ical  fe8SLblity of thm a l l - d i g i t a l  fiber 8pproach w i t h  m s p c t  
t o  mn mar-tmrm, less caprble alternativms. construction of a 
WSelrch prototup. i s  the lQSt S t ra~ght foward .  m l l a b l e .  and COS*- 
0ff.CtiVO U8y Of W S O l V l y l  thmSe 1SSU.S. Work, t hmWfOW.  I S  
C O n t i l Y l n g  On 8 BrOa-and NmtUOPk/WTV WSm8PSh prototyp. SyStNU that 
w i l l  d.(Dnstrate thm transport of W T V  on a single SONET 525-3c 
(Synchronous Transmission S i g N l  a t  3rd Level Himrerchy) channml. Thm 
Wrk bui lds On V i -  C O l p W S S l O n  and 6rO80and NmtWrk St8nd . rdS  
msmarch that  has bnn oqoing. Thm msmarch ut11 be gmmrical ly 
applicable t o  a uide range of ATV stardards and broaaand d is t r (but i0n 
8PShl tCtUWS tnClUd4ng p o ( n t - t O - p o ( n t .  brOaOWId/buS and lulti- 
WaVOl.lrgth llghtuave-b8S.d M t W r k S .  

S t u l a t i o n  work has bmmn wncludmd. The msu l t tng  a lgor i thn  producms 

cmat ion o f  VLSI par ts  for a msmarch prototup. am sontinring. 

high qUal1ty 4 u - S .  i S  W S t .  and WmitS Wl8tiVmly 1W coclplOXity 
PUl128t lM.  mt8il.d 8MlytiC.l Wrk O n  thm 8Kh l tK tUW and thm 

Consurnntly W l t h  th is WSeaPSh. V. p-8- and pWSWltOd 8 highly  
sbbecmsSfU1 t-ical C.( I iNr ( M L K h  la-20, 1990) W i t h  *XtWlSlV. 
supporting d o c u n t a t i o n  t o  advise othmrs of our findings. 
such tmchnical s m i m r  w i l l  take p l a u  on 06tob.r 16-17, 1990. In  
th is  Way. those in tomstmi  in planning and dmveloping ATV transport 

t o  thm inforution. Thmse smln8rs hmlp . ~ h i o v e  our ~ b j r t i v o  of 
ef f ic imnt ly and rap ld ly  t ransferr ing our mseareh resul ts  t o  othmr 
laboratories SO thmy can s t a r t  building on our ideas. 

A second 

SySt- fW th. IICCS. b8S.d On Wr tUMOlogy. W i l l  h 8 V m  U r l Y  .CUSS 

I n  additlon t o  thm WTV sys tm mseareh dmscribd above. v. a m  81S0 
mxplortng ATV t rhno logy  f o r  spmcializmi 8pplications which uould Rake 
ovm gr08t.r use of thm packmt-transport a t t r ibu tes  of thm proposd 
6W8O.nd W.tWr ( (S .  SUCh 8 SySt..l. I#v In thm SIU18t$on state.  m l d  
 all^ wsto l ) rs  thm opt ion of balancing qua l i t y  898inst transport cost 
to  optirizm p m r f o r u n u  f o r  s e r v i ~ s  ranging f r o m  telmconfmmncing t o  
IdtC.1 lMgIWg. 
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ISDN (Intogratmi Services D ig i ta l  Network) V i -  

W i t h  .bout 1OOO:l d i g i t a l  bandwidth conpresssion, motion vi- can bo 
transmitted through the ISDN Basic ACCESS ("9") channels. 
has already boon d.IPnstrat.d uith some proprietary v i -  coding 
w ipmon t .  
Nmrgm only whrn the p i c t u m  qua l i t y  is i.pr0v.d. th. algor i thnr  a n  
standardiz.cl. and thm wdmr/dmcod.r (c0d.C) coaplexity a n  b. -d. 
We have a lnady  Lyvised and patent- mu a l g o r i t h  w i t h  th potent ia l  
of qual i ty  suporlor t o  ex is t ing ccdocs. S o l r  of our a l g o r i t h s  have 
now bnn adopted in international standards. B e l l a m  has also 
daonstrated that  s o n  key functional blocks w i t h  a COQc can bo 
e f f i c i en t l y  inp1 .mt .d  using VLSI. W i t h  the l a m  market potent ia l  
of ISDN. a lowcost  acaptable-qual i ty v i m  c o n f e r m a  sys tm mu 
S..ID feasible w i t h  t o d . Y ' S  tOChnology. Researchers around the uorld 
ncognize t h i s  fact and a m  vorklng intensely on th i s  s u b j r t .  many 
VeMOrs. kW.vor, am holding the i r  coding expertise prcpr ie tary  and 
a n  not expoctmd t o  nuke i t  available t o  standards bodies. CCITT 
( Internat ional  Consultative COlnittw on Telmphom (L Telegraph). an 
international standards organization. has m w n t l y  ( w i t h  our 
par t ic ipat ion)  approved a d ra f t  mco l rnda t ion  on vi- coding f o r  
Ism. Research e f fo r t  has cloy mon shi f ted towards st imulat ion of 
the VLSI i I p l . m t a t i o n  of such a C0Q.s fo r  service demonstrations. 

Thm successful i n t w t i o n  of a now v i m  wnfemnca service w w l d  
not only g m r a t e  mvenws f o r  the OCCs. but u y  also stimulate th 
dmsiro f o r  m Bro.Oand Network services in the futuro. Thm ISW- 
ra te  wvio.ophom' w i l l  help preserve s o m  of t h  value of th. ex is t ing  
copp.r-based plant  during tho period that m opt ical  f ibors  are h i n g  
extended d i r e c t l y  t O  customrs by allowing both sets Of customrs t o  
inte-nicate v ta ISDN/vidwphom. 

Because of thm s ign i f icant  e f f o r t  mind f o r  th proposed work. much 
of the msearch 1s d o r ~  undmr research Collaboration ag-nts. t h i s  
gives US considorable levera- w i t h  n s p u t  t o  thm construction of 
n s e a m  prototyp.. In support of CCITT stawards a c t i v i t i e s  as wl l  
as ~ c c  f i e l d  expor i rn t s .  

Htgh-Oit-Rate D ig i ta l  Subscr tbr  L i m s  and AsymmmtricaI D ig i ta l  
Wsct-1 bor L i nos 

Although Optical fibor u y  dominate loop transmission in  the futun, 
high-sp..d d i g i t a l  services a n  almady Nmrging, and a MaP-teIII 
solut ion i s  nmdod until f t b o r  access 1s uidmly available. 
Fortunately. recmt advanus t n  d l g t t a l  signal promsslng and VLSI 
t c h n o l o g y  u y  m8ke the transmission of d i g i t a l  data over n0nload.d 
subscribor loops a t  b i t  ra tes s ign i f i can t ly  above tl'm ISDN Basic 
Access ra te feasible. I n  par t i cu la r .  our research has focused on 
nigh-Bit-Rate D ig i ta l  S&ccribor Lims (HDSL) and A S y l l ) t r i C  D ig i t a l  
Subscribor Lims (ADSL) signal pmcmssing tuhnipres.  W S L  i s  a 

Feas ib i l i t y  

notaver. u j o r  business opportunities for  the Bccs u y  

I 
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schme that uses two pa i rs  f o r  providing repeaterless O S - l  ra te 
(1.544 &it/smc, fu l l  duplex) C8p8bil ity in  the Carr1.r Servlng Area 
(CSA) up t o  12 k f t  with no p a i r  se1.Ction roquimd. PSSL i s  a 
schlllC th8t ~18s  o m  p a i r  t o  provide OS-1 r8 te  tr8nsport in  o m  
di rect ion 8bOVO 8 St8rld8- telepho- ( O r  POSSiblY ISON Basic CSC.55) 
ChaM.1 over 18 k f t  loop length. 

(CONT. I 

Both WSL 8nd ADSL S C W S  b u i l d  on our knowlOdg0 Of tho 
character ist ics of ex is t ing loop plant .  and upon r8p id ly  8dv8ncing 
t.ChnolO#lOS in  both Sign81 processing 8lgoritlmS and VLSI 
iIlplomontations. Our mse8Kh program I s  now co-trating on WSL. 
Wlth AOSL 8 S  a Iyy thrust .  HDSL rosearch L K l U d D S  8 d 8 p t l V O  w l r o - p 8 l r  
. ( IULI#ZLt~OYI.  8dWtiV. Wry) C8l ' lCO118tiOn, 1 i l N  Coding, t i m i n g  
m o v e r y .  8nd r o S O 8 r C h  PPOtOtyplng. A m8r-t.17~ rorult I S  expmctd 
t o  bo i n f o r u t i o n  t o  support rmpoaterless OS-i Sorvico up to  12 k f t  
0V.r OXlSttng Il.t.1115 1OOpS. This e f f o r t  I S  a MtUr81 f o l l w - u p  t o  
our very successful e f for ts  on ISON D ig i ta l  Subscribor Linos. For 
ADSL. we 8nticip.t. that  mcent dramatic advancas in vi- coqmss ion  
could prosent 8 m servico opportunity f o r  tho Bas. I n  addi t ion t o  
tho v tdm opportunity. tho AWL could bo llport8nt f o r  high-sp..a 
~ ~ ~ ~ n c i a t i o n s  servims. 

Very L a w  Scale 1nt.grat.d C i r c u i t  E x p o r t m t s  

I t  i s  mtstakenly thought by som that  VLSI i l p ~ m m t a t i o n  i s  useful 
only 8s tho l8s t  stop boforo v o l r u  production. Exp.rimnt8l VLSI, 
is .  in  fact .  8 cwt r8 l  p8rt of s i p 1  processing ~ s e 8 r c h  for two 
b 8 S i C  ro8SOnS: 
by USlng CIPQl l t r y  W i t h  tho I ICrOS-iC d i l l 1 S i o n T  8nd C#lSmquDnt high 
f v N l C y  P . r f O r U =  Of VLSI; 8nd tho U S O f U l m S S  O f  8 l W S 8 r t h  

U n y  high D1t-r.t. f U K t i o n S  C8n Only b. d.D(ILtr8t.d 

prototypo i s  o f t m  8ppa-t only uhm i t  has boon sMvn that  cort8in 
t m n s e l y  d l f f t w l t  c a p r t a t ~ o n s  and siprul procosstng functtons a m  

proof-of-canwpt. mich i s  an Intimate par t  of t h i s  project. w 
construct exp.r imnta1 VLSI. using c o m ~ r c i a 1  -tor aids whom 
app~icab~e. or too ls  of our om destgn yHn those addross our 
untqw mods bat ter .  

c#puter-s l&d dosign (CAD) tools f o r  8 x p . r l m t a l  Int.gr8t.Q CirCUlts 
contirue to  bo i1pr0v.d. Rese8mh on CAD f o r  VLSI at  tk spboltc 
s y s t r  level  mSults In  S p C 1 8 1 1 Z . Q  too ls  th8t c8n ffihleve hioh 
porfomancm and wick turruround i n  dosigning tho VLSI e x p . r t m t 8 l  
mS08f'Ch p r o t 0 t y p . S  IlOOdOd fo r  -POUS mtVork S Y S t . I L  8Ild SOrV iCO 
e X P . r t M t s .  T k I U  1. 8 18- b8SO O f  C U S t O l W  8CPO.S r P p 1 l . d  
R . S U r C h  yko C M t t M  t o  d.p.nd On t k S 0  tools. 
W r W I Y O S  t o  C N 8 t O  OXPOrtmt81 C $ r C U i t S  - f o r  V i -  COd$ng. 

rOdtJClb1. t o  8 ~ t O I ' l t ~ 8 ~ ~ y  I W - C O S t  I1CrOCIPCUlt. AS p8rt Of tho 

8nd W US0 th.5. tool5 

neural notwork m r c h  and othor notwork tuhnology dmonstrat~ons.  
Now. .ON powrful too ls  have boon p n p a n d  fo r  m l u s e  to  tho 
Bellcorm user s o u n i t y .  8nd thoy pl8y 8n igortmt r o l e  in  tho t lnmly 
cm8t ion of tho e x p . r I m t 8 1  int.gr8t.d c i r c u i t s  f o r  tM ATV pro ject .  
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Neural Network Research 

T h e  long term goal f o r  neural network research i s  t o  solve problems 
in  pattern rucognition and a r t i f i c i a l  intel l igence th8t am easy f o r  
humans but d i f f i cu l t  utnn using conventtonal couwter  based 
techniques. Within mura l  s y t u s .  knowledge i s  encoded by t ra in ing  
rather th8n by progruing SO ttut powrful learning a l g o r i t h r  
f o r  m u r a l  s t y le  networks a m  needed we belteve. that t o  be useful. 
a lgor i thnr w s t  be l . p l w n t 8 b l o  in  para l le l  harduam bmcwse 
t ra tn ing  t8kes too long using ser ia l  Colputer s i ~ l a t i o n s .  Therefore. 
the a l g o r i t h r  should take i n t o  account the constraints i~posed by 
V L S I .  we papose t o  extend our study of e lectronic i n p l ~ n t a t i o n  

fo r  W l a r  V L S I  i q l o m n t a t i o n .  2 )  functional s l u l a t i o n  of 181-9~ 
scale hareuam systems using boxtun8rk test  problems. 3) creat ion 
of prototype Chips suitable f o r  inclusion in Such N S t . I 2 ;  
4 )  e x p . r i m t a 1  prototypes of board-level electronic systms using 
mura l  network Chips; and, 5 )  t e l e c ~ . ~ n i c a t i o n s  applications 
d.IPnstrations using the h8rduare and software y. cmate. 

iSSUeS 
1 )  fur ther  W S m L K h  On leaPll4ng 81gorith.5 and 8 r C h i t . f t U m S  SUit8ble 

t o  18- SC.1- S Y S t U I  U S l n g  the f O l l W l n g  8 W r o 8 C h . S :  

PAST YEAR RESEARCH ACCOMPLISHMENTS: 

The e f f i c ien t  technology transfer of research coK.pts t o  stand8rd 

and the other par ts  o f  Bellcore. 
ideas ~ n e r a t e d  u s t  be evaluated. f i l t e red .  and Integrated i n to  a 
coherent stand81-d~ position. T h e  effectiveness of the a d v # . ~ y  of 

tk. origin81 investig.tors par t ic lpate i n  the stand8rds prowss. A 
g m t  deal of our researchers' ti- and e f fo r t  ts d.dic8t.d to uklng 
t h i s  type of technology transfer work smoothly. 

part ic ipants in the fCC Syst- S u b - C O I i t t n  studying ATV. h8ve a 
major 1.p.ct on North W r i c a n  plans f o r  Broamand Notworks. and are 
CCITT Speclalists on low-bit ra te  video. 
dmlivmr8ble used i n  Bellcore bpplled Research. 

8ppliCatlonS 1s M 8CtIVity S h 8 W  MtuWn the * p p l r e d  ReSeaPCh -8 
A s  research pro jects  reach matur i ty.  

these p o S l t l O f I S  (both M t ( O N l l y  and i n t ~ r N t 4 O N l l y )  I S  enh8n#d I f  

W U W  O f  our in te r ru l l y  a v e l O P d  knwl.dg. base. V. 8- key 

Our CAD i s  an intern81 
O u r  semin8r and 

and documt8tion On WUlC8d TeleV$SiOfl f o r  BIV8cb8nd/ISm 
h.1p.d dlSS.ISMte mSe8rCh N S U l t S  t o  the uor ld  8t I.-. 
mSe8rCh by-prodrct, o r t 8 t n  V L S I  ChlpS 8- IiCMSLble. wring the 

ta lks  8 t  toChniC8l Y t l n g L  and f0Ilfermc.S. f i l ed  tM U . S .  p8tentS 

AS 

f i r s t  ha l f  of leeo, H published 27 pywrs  ex ter tu l l y .  presented 27 

and wre granted one patent. 

Cod tng  A l g o r l t k r  f o r  D ig l ta l  Transmisst~n of A T V  
o Capr te r  studies of a l g o r i t r r r  f o r  colpmssing very high qua l i t y  

PROPRIETARY - Be l l co re  ana A u t h o r i z e d  C l t e n t s  O n l y  
S e e  P r o p r i e t a r y  R e o t r i c t l o n s  on T i t l e  P a g e  
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: (CONT . ) 

vi- signals w i t h  v i r t u a l l y  ilpmrcmptiblm visual dogradation have 
continwd. Thm prim aim of these studies was t o  achimvm thm 
collprrssion of HDTV (nigh Def in i t ion  TV to  the roughly 130 mlt/smc 

has roughly doubled ttm horizontal and ver t ica l  rmsolution of tk 
currmnt 525 11- display standard. and u n c o n p ~ ~ ~ m d  H~TV n q r i r m s  
800 t o  1200 # i t / s u .  Thus, cagrossion in  thm rang. of E:i t o  e:i 
i s  mqutrmd.  501. oaphasis is also placed on "m" or  
'1aymP.d" cowpression. YrYrm a separable por t ion of thm c ~ ~ r m s s m d  
HOTV slgn8l i s  used t o  reprmsent an m&mddmd EDTV (Enh8ncm.j  
Def in i t ion TV. anothmr c lass i f i ca t ion  w l t h l n  ADTV) signal; 1.m.. 
an IN* substantlally b o t t m r  than ordinary TV. Thm additional 
b i t s  I n  tk signal thm smrvm to  ilprovm the rosolut lon to  f u l l  
HOTV qual i ty. T k  conprmssion algori thar studied arm carefully 

VLSI  c l r W l t  real izat ions. After a thorough investigation of 
smvmral Coqrmsslon a lgor i thm.  H have c)lOsen and COntlnbm t o  
n f l n  or) that prOdLlcms mxcmllmnt visual qual i ty ,  I s  robust. and 
rmquins minimal c o q l e x i t y  f o r  llplomentation. Vm arm also 
continulng t o  obtain and upgrado thm highly sp.Cl8ltzed storagm 

mvaluation of thm imp qua l i t y  resul t ing f r o m  our soqrmsslon 

P8YlOad Of the proposed SDNET/6POrdDand STS-3C C h a m l .  HDTV 

Ch0S.n SO that t k y  Can take f u l l  8dVantagc Of tk KOlWlntmS O f  

diSp1.y 8nd Wi-nt NqUiP.d f o r  thm fu l l  8n81yE15 and 

5 1 U I 1 8 t l o n S .  

H i g h - B i t  Rat. D ig i ta l  Subscribor LImS and A S ~ t r ( c 8 1  Digital 
Subscribor L i n s  
o I n  w11.bOration ulth Divisions 21240 (J.  Wonna. Dvy) and 23310 

tochnicpms f o r  thm nigh-Elt-Rat. D ig l t a l  Subscrlbor L l m s  (MDSL) 
ustng t k  - bas. of  coppor loop plant. Our rmsmarch e f fo r t  

(R.  Laam, DVY). H mxplOlYd dlglt.1 Sign81 pPOC8SSfng (DSP) 

iW1- th.omtiC.1 Wl8lySmS and tk L . l . C t ( V m  PrOtOtypiW O f  
high-spud m l u t r o n l C 5  t o  mxpl0- thm fm8Slbl l l ty Of t r 8N l l t t f ng  
i n  both Q i r W t l O t S  a t  1,544 mlt/S.S th-#l mt8111C 1OOPS YlthoUt 
any ~ p m a t o r s .  p a l r  smlu t ion .  or conditioning. M8ny c r i t l c81  
l ssws Inclueing t iming movmry .  u h o  cansollatlon. 1111 codlng 

arulyzed and U c t r a t e d  f o r  t h i s  8ppllcatlon. 

Based on our patmntmd t l m i n g  m o v e r y  mthod. a 5011.rclally 

syst.cl, H havm boNtr8t.d a hlpk-sp..d timing tUCOVery 
t.shnlcpm. I n  W118boratlon w i t h  Dlvision 23310 ( R .  Laan.  DVY) .  
H have j o i n t l y  prototyped 8 rua l - t l -  l i m a r  who cancmlmr 
opmratlng a t  thm 1.544 Y o l t / s u  rat. f o r  tk HDSL 8ppltcation. 
60th tk t i m i n g  movmry syst- Uld t h m  r m a l - t l m  l l m a r  uho 

S u l f u r  t n  Del Lago. Texas. i n  March. lSS0. I n  0rd.P t o  rmlimvm 
the strlngmnt lrquirrmt f o r  t i m i n g  movmry. YI arm now 
tnvostigating and i rp lmmnt ing a n o t k r  WSL -tvor ulth a 
dmciston f-8- ecpalizmr ( W E )  and fractionally-spacmd 

and ~ 8 1 1 2 8 t l O I l .  and CPOSStalk 5 . t l C ~ l l 8 t i ~  V.N PrOPSBd. 

8 V 8 l l 8 b l m  mp Chip. Uld 8 d . c i S i O n  f..db8Ck oqmltzmr prototyping 

C8-I.r HN -5tP8t.d SUCC.SSfUl1Y 8 t  t W  -11CON T r h n o l o O y  
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: (CONT . ) 
equalizer (FSE) as part  of i t s  architecture. Systom and c i r c u i t  
level work has boon coapleted. The preliminary analysis of an 
FSE-based HOSL r o a i v e r  was collpletod and dcu8mnt.d. 
m a l - t i m  DSP i r p l m m n t a t i o n  of a 2 1 - t a p  FSE and 40-tap DFE which 
c8n t r a i n  i t s e l f  t o  adjust f o r  wire-pair  variations i s  now working. 
Th.  dosign of an enhancod version of a quasi-mal ti-. DSP-basod 
loop omla tor  to  evaluate wr FSE-basod HDSL mcoiver  was 
wnp1et.d. 

Our msearch e f f o r t  had previously concentratod on HDSL. and 
Asynrtrical DSL (ADSL) IS  llov a mu thrust .  A pml ia lnary  
an.lysis of b8soband u l t i l e v e l  transmission SC-S f o r  tho 
AOSL was c o r p l e t d  and dOQ1mnt.d. As a -811s of s t l m l a t i n g  
ear ly lIY*Istry involvmmnt. and of coalrining our m ~ a r c h  e f fo r t s  
on HDSL w i t h  idoas g o m r a t d  from industry, un ivers i t ies and 
vendors, w organlzod an IEEE-sponromd HDSL Workshop which was 
held in  Now 4mrs.y th i s  YIrch. We am I n  th. process of proparing 
a Rese8rch Compmdlun on High-Bit-Rate D ig i ta l  Tr8mport 
Trhnology for th. Copp.r Loop. (This wrk was p . r f O n m d  undmr 
P r o j r t  821306). 

A pswdo 

Study of Lo8rning Algor i thr r  fo r  N.ur.1 Nmtwrks 
o Unlike conventional carputers, mura l  notwork coquters  have tha 

th. pmp8rty of coding in fomut ion by le8rning r8th.r than by 
progrulng. V. h8ve shown that our learning a l g o r i t h  using 
noise le8dS to stable f i n a l  states, even i f  th. COmCtionr i n  
th. mura l  mtwrk am not tho sa- stmngth in  both d imct ions .  
We have invostig8tod a dotorministic verslon of our a lgor i t lm 
which i s  mom ~ ( l p u t a t i o n a l l y  efficient and u y  have edvanta0.s 
fo r  t..poral s.qwnce learning. since stochastic averag~s over 
ti- a m  not lnvolvod. V. have studiod th. scal ing pmp8rti.s 
of t h s e  a ~ g o r i t h r r  as th. p r o b l ~  s ize IS  IncmaSM to th. 1eve1 
noodod f o r  -81-wrld p r d a l w .  
P r o j r t  621307). 

(This wrk was porfomod undor 

X-windous Basad OT8phlcal Simulator f o r  Neural Nmtwrk Learning 
o A gr8pt1ical softwarm s i u l a t o r  was w r i t t o n  which d l w l a y s  th. 

state of t h  mura l  mtwrk as i t  learns. By using X-windows 8nd 
a Iodular  softwarn style, th. s i u l a t i o n s  can bo run W t e l y  on 
a fast  coqu te r  while boing displayed loca l l y .  T h i s  s e r v . ~  as a 
tool t o  tes t  1earning a lgor l th r r .  rncorpor~ te  harrwam ~ ~ n s t r a i n t s .  
study appllutionr. and. in  th. futuro, ~ r v e  8s 8 gr8phical f ront  
mnd f o r  test ing neural mtwrk chips 8M h8rdv.m SyStOBS. 
work was p o r t o r a d  undor P r o j c t  821307). 

(This 

LOU Bit-R8te vid .0  ~ t ~ e 8 r d i z a t i o n  
o we continued t o  support th. stand8rdt~at ion of 8 vld.0 coding 

a l g o r i t h  a t  64 K b i t / s r  (kilobits/s.EOnd) and m l t l p l e s  Of 64 
K b i t / s r  t o  2 mlt/sa sponcor~d by t h  CCITT Study Group XV 
Working P8rty XV/1. CCITT wrovmd tha f l n a l  version Of t M  
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PAST V E A R  RESEARCH ACCOMPLISHMENTS: ICONT.) 

rocomendation in  duly. 1880. I n  collaboration w i t h  AT&T Bel l  Labs 
PicturmTml. and VldmoTmleccin, f l m x l b l m  h8rduam mxpmrlmnts of 
vi- codmcs b a l d  on CCITT proposals were cow1mt.O and tested fo r  
c a p a t l b l l l t y .  Thmsm c0-s have bmen sucwssfu l ly  conrmctmd 
through and ISON switch in  Rmd Bark. NJ. marly t h i s  ymar. 

VLSI Expmrimnts f o r  L w  Bit-Rate Video 
0 I n  a msmarch col laborat ion w i t h  Graphics C w n t c a t l o n s  

Tchnologlms (OCT). laycuts of thmm mxporimntal VLSI ChlpS 8nd 
logtc dmslgn of a fwrth chip f o r  l w  b i t - r a t e  vidmo wm 
C o n p l m t d .  Th. f l r s t  C h i p  lncorporatms an 8x8 t w - d i m r l o n a l  
Oiscmtm Cosine Transform ( E T )  and Invmrsm DCl  (XDET) prowssor 
w i t h  irput/wtput scan convmrtmrs. Thm smcond i s  a f l ox lb lo  
f u l l  S m 8 K h  block-matching motlon * S t l m t i O n  proussor .  Th.  
t h i r d  8nd four th  8m 8 programMblm varlablm-wrd lmgth codmr 
and dmcodmr. mspmcttvmly. AII four Chips rqarosmnt key 
tochnologims nmemssary fo r  futurm ubiquitous vldmo sorvicms. and 
arm useful as bmnclmmrks i n  undmrstanding thm p.r forunc- / '  
c#plmxlty tradmoffs m O d  to drlvm t h m  standards procmss. 

High-Spmmd CMOS ( C o r p l m t a r y  Metal Oxidm Smmicowctor) Fmasibll l ty 
StUdi*S 
o Fmasibl l l ty  studims wre bogun f o r  vmry-high-spnd mxperlmntal 

in tmgra td  clrcuits using the commrclal ly availablm "CMOS" 
l n tmgra td  circult  technology fo r  usm i n  SONET intmrf8cms 
and lasmr drlvmrs at  t h m  022 mlt /sec SONET ISTS-12) rate.  
and t o  lnvmstigatm thm possible application of lw-cost, high 
dmnsity CMOS technology t o  amas whom mrm mxp.nsivm G8llium 
Arsenldm intmgr8tmd C i r c u I t  t~chnology nlght h8Vm t o  bm . .PlOYmd 
othmrulsm. A tmst  chip urlng a 1 . 2  mlcron CMOS prowss 8nd 
Incorporating i lpor tan t  functions thrt w i l l  ald l n  
demonstrating high-spmmd c8pabl l i t ims w8s f8bricat.d 8nd tmstmd. 
Synchronous functions of 8 log ica l  cap lmx l t y  s lml lar  to th8t 
wimd t o  bulld mlt lp lmxmrs w r m  MOnstrtd 8t a .p..d of 
688 y(z.  I n  8 second test  chlp. also in  8 1.2 m i c r o n  QOS 
pmcmss, w a m  mxpertmnting w l t h  clock movmry and d8ta 
r r g m r a t i o n  a t  022 W z .  Thls Snip wl11 provi- 8 ~ 8 l i b r a t t o n  
on som of tk potentla1 d i f f l c u l t i m s  of providing h lgh -D I t  ra te  
8CC8SS to IWSfdulti81 CUSto(l*PS W l t h  I W - W S t  tOCtUlOlO9Y. 

REASON FOR INFRASTRUCTURE CLASSIFICATION: 

Thm wrk Of t h l s  rPpl1.d RmSm8Kh P r o J U t  p r 0 V l d . S  f o r  thm d m V m l o p M t  
O f  a ludtng .cCp knoVl.cCp base ln SUCh key 8-S 8S I l tWrk 
tmchnologlms and systems and i n f o n u t i o n  80. smrviw C8pabilltlms. 
Ewhasis I s  p l a w d  on appltcatlons t o  current 8nd futum nndr in 
m t w r k s .  smrvtws and oporatlons. Thm substantial bmnmflts of t n l s  
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1 CDNT. ) REASON FOR INFRASTRUCTURE CLbSSIFICATION: 

P r o j e c t  accrue t o  a l l  Owner-Clients and are unable t o  M prevented 
fro11 accruing t o  an Ounr-Cl ient  who might e lect  not t o  par t i c ipa te  in  
th. Project. 

RESEARCH DIRECTIONS: 

Research u i l l  con t iwe on the exp.rimnta1 prototyp. syst.r that  w i i i  
dmonstrate th. colpression and d i g i t a l  transmission of nigh 
h f t n i t i o n  TV i n  th. proposa IrOaBand Notwork e n v i r o m n t .  A 
Part icu lar  focus of t h i s  research w i l l  bm t o  choose a l p o r i t h  that  
u l l l  providm u x l u l  COlpat ib i l i ty  wi th  th. over-tho-air broadcast 
ATV standard t h a t  w i l l  ba chosen u m r  fCC auspices. Ye u i l l  also 
continue our strong interact ion w i t h  standards organizations on 
issWs r e l a t a  t o  the d i g i t a l  transmission of v t 0 0 .  

Ue w i l l  continuo to  c o m e t  research on a broad r a g .  of vi- 
corpression a l p o r l t h s .  hardware architmctures. and systems f o r  vi- 
bas- servicms of a l l  kinds. 

Ye expsct t o  provtdm visual telephony through an ISDN switch using 
Vtd.0 codus bas- on th. proposed CCITT sp.Cifications. Y e  w i l l  also 
contirum work on VLSI exper i rn t s  of several key signal prosessing 
modules in  th. l o w  b i t - r a t e  v i 0 0  COOS t o  dmmonstrate th. f e a s i b i l i t y  
o f  WIdmSpmad affordable vi- servtces. 

Y e  vi11 investtgate t h  M m f i t s  of using s t a t i s t i c a l l y  var iable 
packet tr.nrmisslon f o r  ATV. Other s ign i f icant  -search issues 
that u i l l  ba addmssw includm th. d i f f i c u l t  p rob l r  of in ter fac ing 
th  variable b i t  rate v i 0 0  wrr ratmd uith tk transmission chanryl. 
th. error  dmtution and mit igat ion p r o b l r  a t  th. receiver. as -11 
DS v i m  t i m i n g  and synchronization mcovery a t  th. mcmiver. 

Research u i l l  cont tnw on th. enginnrtng. layout. and fabr icat ion 
of th. e x p e r i m t a l  VLSI chips r r q ~ t m d  t o  t rp lment  th. IISDN/SONET 

c r i t i c a l  functtons and w i l l  lead t o  a dmmmnstration of th. transport 
o f  m v  on a stngle S T S - ~ C  (synchronous transmission signal a t  third 
love1 hierarchy) 155 Ibit/sec E1uM.l. This Wrk DutldS on VI-  
c#pressimn and Broadmnd btuork standards resmarch that  has b n n  
ongoing. Thts work i s  baing dom i n  col laborat ion uith Div is ion 
21330 (N. CHUng. DVM). 

Y. ui11 Sontirum th. ln ty l ra t i on  of I e l l oa re  VLSI CAD tCapr te r  
Aidmd a s i o n )  tools w i t h  0th.r av8ilable tools,  as appropriate. 
ulth par t i cu la r  r p h . s i s  on prov id ing  a CAD e n v i r o m n t  that  1s 
best ut- t o  incmasa  resoarch proQlct iv i ty .  c i r c u i t  .p..c( 
and c i r c u i t  dms l t y  f o r  spmcific research p r o j u t s  in  our a p p l i d  

HOTV m u a r c h  prototyp. SySt.l. 1h.S. Chips U l l l  OfftClOntlY P.aliZ. 

Nsearch. EXtmSionS O f  th. tools t0  h1gh.r 10VelS Of D U t o l U t i W l  
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RESEARCH DIRECTIONS: (CONT.) 

and to tOChnolOgiOS beyond digital CMOS (Coaplwntary Mota1 Oxide 
SmicoMuctor) will also bo pursued. 

Rosoarch wl11 continue on algorithms for lmarning in modular mural 
notmrks.  Ym will porform slnulations of those algoritho using 
mxtonsions of our -1.r simulator on tost prob1.l~. wm will bulld 
a C8SCldablO mural notwork Ioarning chip that incorporates lessons 
from tho study of 10arning.algorithns and can form a mlti-chlp 
systmn. Yo oxput t o  cmato a bOaPQ-lmve1 systm oxporlmt using 
avallablo chlps or thoso to bo cmatod in ordor to dunonstrat. tho 
pmmr of a paralam1 oloctronlc l.plmtation. no wlll oxploro 
practical appllcatlon of an mloctronic mural notwork systom In {map 
or .pooch procosslng or mal-tir network control. 

Rosoarch will continuo in tho application of digital signal prosorsing 
t o c h n i w s  and VLSI tchnolqy t o  incroasm tho transmission 
capabilities of tho wppor loop plant. Significant offorts. both 
HDSL and ADSL. a m  now focusod on QlOnstrating tho foasibillty of 
high bit-rat. digltal transport trhnology that can support 
rqmatorlmss DS-1 rat. smrvicos in tho loop and drop wnnoctlons for 
f ibor-to-tho-curb. 

wm wlll contlw t o  t m a m  with othor Sollc~rm aroas to tnplmmnt and 
d.lllonstrato a m u  m s L  transwivor and messary stgnal proussing 
t0chni-s for WL applications. 
Rosmarch will continuo on thm appltcation Of 1W-Cost W S  VLSI a t  
vmry high spoods. with -hasis on BISON and optical intmreonnmct 
functions. 

Yo wlll continuo t o  conduct msoarch in smloctod amas of digital 
sipnal procmsstng for tol.~ol~nications applications. 
System StUdleS. algoritho, mSOJKh. stulation. VLSI 8rChltKtUP.S. 
mal-ti- Ilplwntation. and msmarch prototyplng. spKlfic topics 
uwld d g n d  on tho md. lipact. and -roo of challong.. 

Thosm includm 
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SYStORs Pr inciples Rosearch i s  involvmd in wrk 81- a t  incmasing 
our undorst8ndlng of, 8nd our a b i l i t y  t o  oxplom d~sipn pr inc ip les f o r  
syst.(IS of i 4 ~ r t 8 n c e  to  the tolephone busiwss.  Somo of t h i s  wrk i s  
f a s o d  on enhancing the u t i l i t y  of the ex is t ing  WtUoPk in  ordor t o  
provid.  nw r n v o r u  opportunities. A n  exalple of t h i s  i s  the 
continuing work a tk High-Spood D ig i ta l  Subscribor Loop p r o j r t .  
Other wrk i s  f a s m d  on undorstanding ryu s y s t u s  w i t h  rovenuc 
potent ia l  such 8s wr performance analysis of packet suitshod wtwrk 
architecturns and our studies of optic81 c-nic8tion wtwrk 

e f f r t i v e  ways of pursuing the t e l r 0 1 1 ~ n t c 8 t i e i a s  busimss. For 
exalplo. b.Caus0 w bolieve that para l le l  processing coquters  w i l l  bo 
most cost offmctive fo r  u n y  8ppl ic r t ions in the tolaphem busiwss. 
w have 8n e f f o r t  in  exploring nw uses fo r  p8r8ll.l cqputing. 

During the 6 aonth poria undor roviou. m r s  of Div is ion 21240 
por fo InM N L ~ ~ I - C ~  on a wide var ie ty  of tcpics which c8n b. roughly 
d i v l a d  i n t o  7 c8tosorims. 

8rChI tOCtUrnS.  S t i l l  O t h P  Work 1S 84lUd 8 t  providing COSt  

1.  

2 .  
3.  

4.  

5 .  

6. 

7 .  

we conttnuod t5 wrk on i lprov ing both t tm portorunce and our 
undorst8nding of t h  L.0 progrunning l8ngu89.. This incl- 
j o i n t  work w i t n  Div is ion 2SS30 (P. Wring. DvY) in  adding now 
featuros to  the 1 . ~ 8 0 . .  and fundamntal studies on the m l a t i o n  
bot- L . 0  8nd t-r.1 logic. 
u c h i w  w8s wri t ten.  and w continnd to  investig8to the use of 

Y. exp8ndmd our rnsearch e f f o r t  In para l lo l  processing. 

lurning t k o r y .  
V. wntlnuod t o  work on c o u n i c 8 t i o n  thoory. O f  p8r t tsu lar  
i qo r t8nca  i s  t k  uork dom on the High-.p..d Digi t81 Subscribor 

-nication and data -rossion. 
Yo h8vo -1- uork on 8101 f o r  US. of the telophow wtwrk 
by the h8ndlc8ppod 8nd dis8blmd. V. continua as COlWlt8nts i n  

We have Continumd our msoarch on prob8b i l l s t i c  -ling. 

A n  L . 0  cOlpi1.r fo r  the V 

the V UChlW 8S 8 f8Lt S w i t c h .  

we C o n t 1 l Y . d  Our NSOIPSh On tk U t h U t i C 8 1  f W n d . t $ O n S  O f  

Loop PPOjKt. I n  8dditfon. V. h 8 V O  C0nQUEt.d r O S O 8 K h  In opt ica l  

th is  8 m .  

$nclIIdrng th p o P f O m n #  8 M l Y S i S  O f  p8Ck.t LUitChDd I N t W r k S  
8nd I n f O r Y t i o n  tKhnologies. 8nd W have COntilY.Q t O  00 
fUnd-t.1 NSe8Kh On StOChaStiC pr05.SSOS. 
We h8vo begun t o  construct e x p o r l m t a l  rnse8rch prot0typ.s of 
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NNW8l NCtWrk RCSe8PCh 

Tha long term goal for mural network research i s  to solve problmms 
In p8ttern meognltlon and 8rtlfic181 intelligence th8t 8 n  m8sy for 
kununs but dlfflcult w h m  uslng conventton81 conputor b8s.d 
trhnlques. Ylthln mural sytmns. knwledgn Is a n e m  by tratnlng 
r8th.r th8n by programing so th8t powerful learning 8lgorlth~ 

tralnlng tams too long uslng serl.1 e0wut.r ~11~18tlons. 
the 8lgorltims should t8km into 8ctount tho eonrtr8tnts 4.poS.d by 
V L S I .  Ye propose to mxtmnd our study of electronic lnpl.nent8tlon 

1 )  
for m0dul.r V L S I  Inplmtatlon; 2) function81 sI1~18tlon of l8rgc 

4) expmr~mtal prototypes of bo~rd-imv*i mlmetronlc systmns using 

for MUr8l Style mtVorkS 8W md.d. Ye b.1lmV.. th8t to b. USmfUI. 
81gorlthna IWSt b. lnpl.n*nt8ble In p8r8llel h8PdU8N baC8USm 

Th.mform. 

13SU.S to 18- SC81C SYSt.O)S U S f n g  tM fOllOUlng m m 8 C h . S :  
further research on lmarnlng algorltims 8nd 8rchltmetures sult8ble 

SC81C h8rdY8ll SYSt.lllS USlm b.nchnurk test probl.ll.; 3) Cm8tlOn 
of prOtOtypr ehlps sult8ble for IKlUSlOn tn Such SUSt.lll+: 

llU.JP8l MtWOVk ChlpS: 8nd. 5 )  tel.C~nlC8tlOnS 8ppllC8tlOnS 
dNnOl'lEtr8tlOnS USiI lg the h8PdW8- 8nd S0ftY.m V. Cm8t.. 

PAST YEAR RESEARCH ACCOMPLISHMENTS 

Thm efflclmt tmehnoloay transfmr of nsm8rch coneopts to st8nd8rd 

Idm8s gmnr8t.d m s t  be mvalu8t.d. flltmmd. 8nd intylr8t.d Into 8 

them posltlons (both rutlomlly and Intmrn8tlonmlly) 4s mh8nemd I f  
the orlglnal 1mmstlg8tors p8rtlclpatm In tM s t 8 n d . d ~  p-s. A 

thls type of t.chnology transfmr wrk smoothly. 

parttclp8nts In the FCC Syttmms Sub-Connlttn studying ATV. h8vm 8 
major impact on North Crrrlc8n plans for Bro8m8nd NmtwVks. 8nd 8- 
CCITT Sp.cl81lsts on low-Blt r 8 t m  vldmo. 
dollvmrmble u s d  In #mllcore App1l.d Rmsm8rch. Our smln8r 8nd 
and docunnt8tlon on Advanemd T*l.vlslon for Bro8mandlISON 

first half of 1990, H pallshad 27 p-rs mxtmrn8lly. presmtd 27 

and were gr8nt.d o m  p8tmnt. 

Codlng Algorlt- for Olglt8l Tr8nulsslon of ATV 

8ppl$c8tlons IS 8n 8CtlVity Sh8nd bmtwnn tM rPp1l.d RmSm8VZh A-8 
8nd the other p8rtS Of BellCOrC. 

COhm-t Stand.PdS pOSltlQn. T M  mffOCtIV*WSS Of th. 8dvOCaCy Of 

AS m m 8 r C h  plW]W2tS -8Ch mtUPlty. 

gm8t -81 Of Our mm8FChePS' 8nd *ffOrt 1s d.dlC8t.d to N*ll'Q 

I)K8USm Of our IntmrNlly dO V m l O p d  knOUl.dg. b8Sm. H 8- key 

Our UD i s  an Intmrrml 

h e l m  dfSSllNt* lUm8FCh mSUltS to th. world 8t la-. 
mSm8rCh by-produet. wrt8ln V L S I  Chlps are IlCWIS8bl~. During tM 

talks 8t tRChnlC81 w t l n g +  8nd C O n f m ~ ~ S .  ff1.d tYD U.S.  p8tmtS 

*s 8 

o Colputmr studlms of 81gorltims for conprmsslng very hlgh quality 

PROPRIETARY - B e l l c o r e  a n d  A u t h o r i z e d  C l i e n t s  O n l y  
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: f CONT . 

video signals w i t h  v i r t u a l l y  inpcrceptible v isual  dmgradation have 
continued. The prime aim of these studies was t o  8chieve the 
conprmssion of HDTV (High Def in i t ion  TV t o  the roughly 130 Ib i t /smc 

has rwgh ly  dwblod the horizont8l 8nd ver t i ca l  msolut ion of the 

800 t o  1200 mlt/smc. ThUs. carpression in  thm r8ng of B:l t o  9 : l  

"1aymmd" conpmssion. uhmre 8 smprrable por t ion  of the cwpmssod 
HDTV sign81 i s  usmd t o  rmpmsmnt 8n e EDTV (Enhancmd 
Def in i t ion TV. 81'10th.~ c lass i f i ca t ion  w i t h i n  ADTV) sign81; i.0.. 
8n inup subst8nt l8 l ly  be t te r  th8n ordln8ry TV. Tho 8 d d i t l o ~ l  
b i t s  i n  the signal thon smrve t o  irprovm the m r o l u t i o n  t o  f u l l  

VLSI c i r c u i t  W 8 l i Z 8 t i O n S .  Af ter  8 thorough invmstlg8tion of 
smveral conpresston algorithms, wm h8vm chosmn 8nd Continum to 

r w i m s  minimal conplmxity f o r  inplement8tion. We 8m 81s0 
continuing t o  obt8in 8nd upgr8de the highly Sp.ei81tz.d StOr8ge 

mv8Iuation of the ilagm qua l i t y  resulting from our ceapmssion 
s im~mt ions .  

IlRt p8ylOad Of the proposed SDNET/Brordb8nd STS-3c C h 8 m l .  HDTV 

CIJPmnt 525 1IrW dlSp1.y St8nd.d.  8nd IJtlConpWSSed HDTV n q U i r C S  

I S  mind. Son* Ollph8StS f S  8110 pl8Cmd On ".nb.dO.d' O r  

MDTV qu8l i ty.  The COlIpreSSlOn 8 l g O P i t k n S  StUd1.d 8- C8mfUlly 
ChoSWl SO th8t they C8n t8kt f u l l  8dV8nt.W O f  tho KOIIOIIlmS O f  

FOflIlR OfV2 th8t proc*ICOS O X C m l l m n t  VtSU81 W 8 l i t y .  f S  r o ) w S t .  8nd 

dlSpl8y 8nd C-tmr wlmnt P w f P O d  f O P  tho fu l l  8MlySlS 8nd 
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~ 8 1 1 ~ ~ ~  I F S E )  8s part  of i t s  architecture. System and c i r c u i t  
level wrk h8s been conp1et.d. The pre l in in8ry 8nalysis of 8n 
F S E - b 8 S d  HDSL r m i v e r  W 8 S  conpleted 8nd doeurnntod. 
m8l-tiM DSP Iilplomentation O f  8 21-tap FSE 8nd 40-t8p DFE uhich 
c8n t r8tn I t se l f  t o  8djust fo r  u I re-p8i r  v8r i8t ions i s  now working. 
The design of an enhamd version of 8 ~ a s i - r e 8 l  tinr. DSP-b8s.d 
loop mu la to r  t o  ev8luate our FSE-b8SRd HDSL I % C O i V W  W8S 
conp1et.d. 

O u r  mse8rch e f f o r t  h8d previously concentr8t.d on HDSL. 8nd 

analysts of b8saband m l t i l e v e l  tr8nsmission SC~NIIRS fo r  the 

ear ly  industry tnvolv.n*nt. 8nd of conWntng our mse8rCh e f fo r t s  
on HDSL ulth i d . 8 ~  gener8t.d from industry. Universi t ies 8nd 
vendors, we 0rg.niz.d an IEEE-sponsored HOSL Workshop which was 
held in Maw dersey t h i s  M8rch. We 8re i n  th. process of pmp8ring 

l rhno logy  f o r  the Copp.r Lwp. (Th is  wrk w8s performed under 
Project 621308). 

A pSWd0 

ASylWIlOtr lC81 DSL (ADSLI 1S llow a Mv t h r U S t .  A prelimin8ry 

ADSL W 8 S  -1.t.d 8nd docurrrntd. AS 8 -8nS O f  S t l l u l 8 t l n g  

8 Rese8rch CDflpRndfUm On H$gh-Blt-R8te Digit81 Tr8nSpoPt 

Study of Le8rning A l g o r i t h m s  f o r  Nmm8l Networks 
o Unlike conventional caputers .  neural network -tars have the 

the propwty of coding information by learning r a t ~ r  than by 

mise 1e8ds t o  stable fin81 st8tes. won i f  the conmetions i n  

V. h8ve imest ig . ted 8 deterministic vorston of our 8 lgor i thn 

prOgr8IISning. V. h8Ve S h o n r  th8t our lO8Pnlng 8 lgor i thn Using 

the M r 8 l  MtMrk 8r t  tWt tk. S8- S t m t l g t h  In both d imct lons.  

ukich 1S llOm CQput8tfon8lly e f f lC iWl t  8nd M Y  h8VO 8dV8nt8-S 
f o r  t.npor8l S w l W 2 O  le8rnlng. SiflCe StOCh8St lC 8V.r80.S 0V.P 
t$m 8- mt fnV01V.d. We h8VO S t U d 4 . d  th. S C 8 l i t l g  p-Pti.S 
Of th.Se 8igoPitknr 8S th. pr0bl.n Sf20 ( S  l l lCr08S.d t o  th. 1.V.l 
md.d f o r  -81-world problans. 
Project 621307). 

(This wrk w8s perf0rtl.d und.r 

X - u i n d o v s  B8s.d Gr8phic81 Sim818tor f o r  k r 8 l  Wtwork Le8rning 
0 A gr8phlC.l S 0 f t V . m  S i l u l m t O r  -2 W4tt.n Vhich dfSpl8yS the 

St8t.  Of th. W r 8 1  M-rk 8S It Ie8mS. By USjw X-Wtndovr 8nd 

8 f 8 S t  Uh l le  - 4 l Y  dfSpl8y.d 1Ou l l y .  This S.rV.S 8S 8 
8 Ilodul8r s0ftV.m s ty le .  tk. s t l u l8 t Ion t  c8n b. run r a o t o l y  on 

tool  t o  test  le8rnIng 8 lgo r i t k r r .  inwrpor8te k.r&am ~ 0 n s t r 8 i n t s .  
study 8pplIc8tiom. and. In tk future, serve 8s 8 graphical front 

work was p e r f o m  under P r o j c t  621307). 
and f o r  t O S t l n g  I lUW8l MtWrk Chips 8nd ha-8- SyS tm.  (This 

LW B4t-R.t. V f d . 0  bt8nd8rdiZ8tion 
0 V. C D l l t i n r n d  t o  SUppoPt th. St8nd.rdlZ8ttWl O f  8 V 4 d . o  COdiw 

8Igor(thn 8 t  64 Wi t /SK ( k l l o b i t S / ~ n d )  8nd IWltlpl.2 O f  64  
K b i t / S K  t o  2 I s l t / s c  SpOnSOred by the CCITT Study G r w p  XV 
Working P8rty XV/1.  CCITT 8pprov.d the f i na l  version of th. 
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reconnnndation in  July. 1990. I n  collaboration w i th  ATBT Be11 Labs 
PictureTel. 8nd VidooTeleem. f l ex ib le  h8Khlam exporimnts of 
video codacs b8s.d on CCITT proposals ware colp1et.d and tested fo r  
Co lp8 t fb l l l t y .  These C-5 h8VC been SUCC~SSfUlly c0nnact.d 
through 8nd ISDN Switch in  R e d  Bank, NJ. e8r ly  t h i s  ye8r. 

VLSI Experimnts fo r  L w  B i t -R i te  Video 
o I n  a mse8rch col l8borat ion w i th  Gr8phiCs Conm~nic8tions 

TOChnologleS (GCT). 18yOUtS O f  th- cxp.rlmnt81 VLSI Chip5 8nd 
logic dosign O f  a fourth Chip fo r  lw b i t - r 8 t e  v i a 0  Wm 
CQIP1et.d. T h e  f i r s t  chip imOrpor8tes 8n 8x8 tWo-dillllSfOn81 
Discmte Cosine Tr8nsfom (DCT) and Inverse DCT ( IDCT) pmeossor 
wi th inputloutput sc8n Converters. Tha second i s  8 f lex ib le  
f u l l  Se8Kh bloel-mtchtng rnotton estim8tiOn pPOCOSSOr. T h  
t h i r d  8nd four th  8m a prOgr8mble v8ri8ble-Wrd l q t h  cod.r 
8nd decoder. t-eSp.ctively. A l l  four Chip6 rapf'OSOnt key 
t rhno log ies  rmess8ry f o r  fu ture ubiquitous vi- servIce6. 8nd 
are useful 8s bonchmrks i n  uWerst8nding tho p.rformnm/ 
conplaxity tP8dOOffS md .d  t o  d r ive  tha S t8nd . rdS  pIWC0.S. 

~ i g h - s p n d  CMOS (Conplommtary - ta l  O x t d e  Semicondustor) F e 8 S i b l l l t Y  
Studies 
0 Fe8s lb i l i t y  StUdleS Wm f o r  very-high-spnd e r p . r t m t 8 l  

int.gr8t.d c l reu i t s  ustng the c o m e r ~ i 8 1 l y  8v8llable "CMOS" 
intyjr8t.d c i r c u i t  technology fo r  use In SONET Interf8ees 
and laser dr ivers a t  the 022 m i t / s o c  SONET (STS-12) rate.  
8nd t o  i n v e s t i p t c  th possible . p p l t C 8 t i O n  O f  l w - C O S t .  hi@ 
density CMOS t rhno logy  t o  amas whom mora oxp.nstvo Gallium 
Arsenide Int.gr8t.d C i r c u i t  technology night h8ve t o  b8 ..ploy.d 
o th ru i se .  
incorporating inportent functions th8t w i l l  8id in  

mind t o  b u i l d  u l t i p l e x e r s  ware dom0nstrt.d 8 t  8 s p n d  of 
088 yh. I n  8 s-nd test  chip, 8100 in 8 1.2 m i c r o n  CMOS 

A test  chip using 8 1.2 micron WS process and 

demOnStr8t Ing h lgh-spnd C8p8bflIt405 Y8S f . b r l C 8 t . d  8nd te5t.d. 
SynChronWS functions O f  8 log ica l  ConplOXity SImI18r t o  th8t 

pPOCOSS, H 8- Oxp.rl6Nnttng W i t h  C l &  m O V e v  8nd d8ta  
rogmmr8tion 8 t  022 yh. This C h i p  W i l l  p r O V l d .  8 C 8 l I b P 8 t I O n  
on So01 of tH pot0nti8l d i f f l e u l t t r s  Of providing high-bi t  r8 te  
8 m S S  t o  mSidmt i81  CUStOllNrS w i t h  l oY-COSt  tOChl'lOlogy. 

REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  
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Rese8rch w i l l  contirue on the experiment81 prototype system th8t w i l l  
demonstrate tho capression and digit81 tr8nsmission of High 
Daf in i t lon TV i n  tho proposd B r o 8 O 8 n d  Network mvironmont. A 

ATV standard t h a t  w i l l  M chosen udar FCC 8usptccs. We w i l l  also 
continue our strong interact ion w i t h  st8nd8rds org8niz8tions on 
issues re la ted t o  the d ig i t81 tr8nsmission of v i a .  

We w i  11 cont i  nu0 t o  coI#uct research on a br0.d ring. of v i  dno 
conpression 8 lgor I t i -m~.  hardw8n 8rchitectures. 8nd systems f o r  video 

we expect t o  provid. visua1 telephony thrwgk an Ism switch using 
v i d w  CodKs based on tho proposed CCITT speeific8tions. We w i l l  a lso 
Continue work on VLSI experiments of sever81 key s igna l  processing 
modules in  tho In, b i t - ra te  video cdee t o  demonstrate the f e 8 s i b i l i t y  

p8r t lcu l8r  foCUS O f  t h i s  rese8rCh W i l l  be t o  ChOOSe 81gOCitln~S th8t 
W i l l  provid.  m8xim8.l conpr t i b l l l t y  With tH OV.r-the-8ir bro8dc8St 

b8S.d SePVICeS O f  811 kinds. 

Of Wld.SpPO8d 8fford8ble V l d . 0  SOl.ViWS. 

we w i l l  investig8te th. bonofits of using s t 8 t i s t l c 8 l l y  v8rlablm 
p8cket tr8nsmisslon f o r  ATV. O t h o r  s tgn l f ic8nt  rese8rch l s f w s  

tho v8ri8bIe b i t  ra te vidoo pnorstmd w i t h  tho tr8nsmission c h a m l .  
the error dotmetion 8nd n i t i s 8 t l o n  problm 8 t  the r m i v o r .  8s we11 
8s video timiw 8nd syKhroniz8t lon m o v e r y  8 t  tho mcotver.  

th8t W i l l  b. 8ddmS.d lnCludc tH diff icult  pr0bl.m Of  ln ter f8c ing 

RaSe8PCh Y!11 Conti- On tho .ngll’lOOrtng. 18YWt. 8nd f 8 b P i C 8 t t o n  
Of tho e x p r i n m t 8 1  VLSI  C11lps T i r o d  t o  inplmmnt tho BISDN/SONET 
HOTV mSO8f‘Ch plWtOtype SyStm. T k S O  Chips W i l l  OfflCiOntly m81iZC 
c r l t I c81  functions 8nd vi11 le8d t o  8 d.monstr8tton of the tr8ntport 
Of HOTV on 8 S l n g l O  STS-JC (SynChronouS t r 8 M m I S S i O n  S f g r u l  8 t  t h i r d  
1eV.l h(.r8PChy) 155 I b i t / S O C  C11.MIl. This Uork bui lds on v i& 
CORpPOSSfOn 8nd bO8*8nd NOtWr* St8nd.rdS me8PCh th8t h8S b..n 
ong~ing. This work i s  botng dono I n  coll8bor8tton w i t h  DlvIs ion 
21330 (N. Ch.ung. O W ) .  

Wo w i l l  conttnua tho intograt ion of Bollcore V L S I  CALI (Co.putor 
Ai- h S i g ” )  t W l S  W i t h  other 8 V 8 i l 8 b l O  t W l S .  85 8ppropri8te. 
W i t h  p8rtiWl8r Ol Iph8S iS  on providing 8 CAD enviromont that  i s  
brrt m8tCh.d t0 inCm8SM POSO8Kh ProduCtiVlty. C i r c u f t  SpoOd 

POSe8PCh. Extensions Of tho t o O l S  t0 highor 1eVOlS O f  8utmn8tion 
and c i rcu i t  donsity f o r  specific rose8reh p r o j c t s  i n  our app1i.d 
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and t o  technologies beyond d i g i t a l  CMOS (Complementary Metal Oxtde 
SmiCondUctor) w i l l  also be pursued. 

Research w l l l  continue on 8 lgo r l tms  f o r  learning t n  m d r l a r  neura l  
networks. we w i l l  perform sinulations of these algorithms using 
extensions of our nodular s inulator on test  problms. we WIII bulld 
a cascad8ble neural rYtWrk learning chip that  tncorporates lessons 
f rom thc study of le8rnlng a l g o r i t r m  and can form a m i t t - c h l p  
system. We expect t o  create a board-level system experltrmnt using 
available Chlps or those t o  ba created tn order t o  m t r a t e  thm 
power of a p8rall.l e lectronlc i n p l a n t a t i o n .  VC w i l l  explore 
pract ica l  yrp l tc8t ion of 8n electronic mura l  notwork system in  lmgc 
or  speech p-ssing OT rO81-tinr netWr* control .  

ReSeaPCh W i l l  COnt fW in  thc y rp l l c8 t ion  O f  d i g i t a l  signal pPOCRSSing 
techniqws and VLSI technology t o  increase thm transnisston 
capabl l l t les  of ttm copper lwp plant .  Stgntficant e f fo r t s .  both 
HDSL and ADSL, a m  llov focused on damnstrat ing the feasibility of 
high b i t - r a t e  d i g i t a l  transport technology th8t can Support 
ropeaterless DS-1 ra te servfces in  the loop and drop m e t i o n s  f o r  
f iber-to-the-mrb. 

we w l l l  continue t o  team w l t h  other Bellcore areas t o  t r p l - t  and 
damonstrate a m u  CWL t ransmiver  and necessary signal processing 

Research w l l l  COntIwe on ttm 8pplIc8tion O f  low-cost CYOS VLSI a t  

f unct 1 ons . 

We w i l l  Continue t o  eorvLICt reSeLKh In tel0Ct.d 8Pe.S Of d i9 l t81 
stgn.1 processing fo r  te lecamuni~at ions  .ppltcattons. 
Systmm Studies, a lgor l t kn  mSe8Kh. stnulation. VLSI aPCh4tOCtUrYS. 
real-tlma i rp l .nmta t ion .  and mSe8rCh prototfling. Sp.ci f tc topics 

tN2knIqU.S f o r  HDSL lPPlfC8tsOnS. 

Very him S-S. w i t h  rrph8StS On BISON and 0PttC.l InterCOM.Ct 

TMse tncludm 

Wuld On tka m, I np8Ct .  and aam Of Ch811eV. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Systmms Prlnciples Research i s  iftYolved i n  vork almmd a t  incmasing 
our undmrstandtng of, and our abil' ity t o  explore dms$gn pr inc ip les f o r  

focused on enhancing the u t i l l t y  of the ex is t lng mtvork in  0rd.r t o  
provlde mu revenue opportunltier. A n  exanple of t h i s  is the 
conttnulng wrk on thm W l g h - S p o M  D i g i t a l  Subscriber Loop projact .  
Other vork i s  focused on undmrstanding m systems ulth revewe 
potent ia l  such as our pmPform8ncm analysis of packet suitchmd netwrk 
Jrchitactures and our studles of opt leal  comunlcatlon mtwrk 
architmeturns. S t l l l  other wrk i s  aimed a t  providtng more cost 
effective uayt of pursuing t h m  telmeanmnieations bustrrss. For 
exanple. bmeause H belleve that para l le l  procesrlng cwputers ut11 be 
most cost e f f w t l v e  fo r  mny applicatlons In the telmphom bUslmss.  
bm have an e f f o r t  l n  exploring mu utos fo r  para l le l  co(lputlng. 

Durlng the 0 month pmrlod under r e v l w .  m r s  of Dlv ls lon 21240 
performed research on a vide var le ty  of topics uhlch can be roughly 
d iv id .d i n t o  7 categories. 

V. contlmmd t o  wrk on inprovtng both tk perfornunem and our 

j o i n t  wrk ulth Dlv ls lon 25930 (P. Dmmrlng. DvM) tn arldlng nmu 
features to  the language, and fundammntal studies on thm m l 8 t t o n  
bmtwon L . 0  and t a p o r a l  logic. 
muchim was vrittm. and H conttnrud t o  tnvestlsate tk use of 

SyStnn+ Of lI6pOrt.B t o  thm te l .pkon bUsin8Ss. S e  O f  t h l s  wrk i s  

1 .  
undmrstandtng O f  thm L . 0  programing l a w a g a .  This lnC1Ud.d 

An L . 0  conpiler for  the Y 

thm Y m e h l m  a5 a fas t  Witch. 
2 .  We expaM.d our research e f f o r t  ln  para l le l  procmsstng. 
3. Ye cont1rY.d our research on the muth.Nt ic81 fwndattonr of 

4. Ye contlnnd t o  wrk on comunicatlon thmy. Of p8r t icu lar  
1.8rnlng thmory. 

tIpQrt8- 18 tk VOW dorw On thc High-.p..d Dig i ta l  fub.cP4b.r 
L w p  projact. I n  addltlon. ve have c0ndKt.d P.CWKh ln opt ica l  
eammlcat ion and d. ta conpresslon. 

5. Ye have p011clUd.d wrk on aIdL f o r  use of the te1mpI-W mtuork 
by thm handtcappmd and dlrablmd. we COntinw as consultants tn 

lncludlng thm perforrrpnem analysts of packet suitchmd netwrks  
and ln fo rmt ton  tmekmlogles. and H have conttnumd t o  do 
fundammntal retearcn on stochastic processor. 

t h i s  8-a. 
Ye have COnt1rY.d Our mSmaKh on p l W b . b l l l S t l C  lod.lfng. 6. 

7. V. have byrJn t o  COnStrUCt exper lnn ta l  NSeDrch p lWt0 typ .S  Of 
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V M8Chi lW 
o An L.0 conpiler has beon wr i t ten  for  the Y nuchine. This yieldmd 

WCh V 8 l U 8 b l C  tnfornution O n  dCsir8ble Ch8-S t o  the L.0 18ngu8gc. 
Work COntlnueS On Studying thc high-- (EO0 I b l t / S r )  switching 
C8pabil it ies Of the V M8ChillC. 

Integrated COllllllnic8tIon. Conput8tIon and Coordin8tton Environment 
(IC*) Yod.1 O f  C- t8 t iOn 8nd the L.0 L8W.9. 
o The I C *  Y0d.l of Conputation i s  8 new. p m i s e  model of p8r8 l le l  

conput8tiOn being d.Ve1op.d by Bellcore 8nd I S  thc b8SfS O f  th. I C *  
p r o j e t .  V. md. 8 lll4-r O f  C h 8 w S .  8nd 8- i n  the P-SS Of 
nuking other changes t o  the environment of the L.0 programing 
languag. t o  inprove i t s  spwd and m8ke i t  mom objmct o r t c n t d .  I n  

th i s  i s  j o i n t  work uith 25930 (P .  -ring. D ~ M ) .  I n  addition. new 

p8rtiCU18r W 8r( nuking Ch8-S t o  8 l l W  WlCepSUl8tiOn 8nd 
par8mt.r p 8 S S t n g  C o l l p 8 t i b l C  W i t h  the p8r8ll.l p8r8dign. SonC Of 

tk.QlVt(C81 Work h 8 S  Shoyn the m18ttOn b.t- L.0 8nd t-r.1 
logic. Son0 O f  t h i s  i s  j o i n t  vOrk w i t h  21454 (4 .  E. C 8 l r W n ) .  

P8r811.1 w t l n g  
o We c o n t i r m  t o  wr i te  coda f o r  the Conmetion theh im (Cy-2) t o  g8in 

experience in  p8r8ll.l pmgr8nning. The Cy-2 i s  8 ruy. mssive ly  
p8r8ll.l m C h i - .  A t  p m e n t .  W 8- W i t l ~  eo0 t o  S I l l l l 8 t .  
O C ~ m s s i o n  8lgorittsns for 1.5 I b i t l s r  TV t rmsnisston. Y. h8Ve 
also found new routing 8 Igo r i t kM fo r  pmral le l  w w u t e r s  using the 
hyp.rrub. 8 P C h l t r t U N  (Such 8s t- Cy-2). 

Le8rning 8nd Complexity Tk.ory 
0 This ( 5  mS.8Kh On the n u t m t i C 8 1  f W n d 8 t i O n S  Of 1.8rning 8nd 

knoul.qY acquis i t ion rmd.d t o  support B ~ l l ~ o r o ' s  extensive 
involvmmnt in  nuchine learning. in te l l igmnt  control and re l8 t .d  

q m n t i t y  of i n fo rmt ion  rrq.llnd t o  learn logic81 expmstons  frm 
exuples i s  r r l a t d  t o  formJ18 complexity. M d i t i o l U l l y .  w h8Ve 
been pmp8ring lmcturrs on mthmat i c81  thmory of le8rning (which 
inC1ud.s rigorous treatmmnt of r ~ u r s l  mtuorks) f o r  p m e n t 8 t i o n  8 t  

c ~ l p ~ t 8 t i o n  r 8 n t  t o  -1 8 s i tu8 t ion  in  which  om p8rty.  uhich 
has d i f f i c u l t y  corputing t r re t  or s o m  extr8 conput8tiolul pwcr. 

f ie lds.  Y. h8V. O b t 8 i n d  m S u l t 5  WhiCh -tr8te hOU the 

Be11COm. V. h8V. 81S0 b.m Studying an 8bStP8Ct -1 O f  
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t r i e s  t o  convince 8 second p8rty of som f r e t  whlch Is beyond the 
second p8rty 's power t o  Compute i t s e l f .  

L ight  Pulse Encoding 
0 We h8Ve made theoretic81 studies on the l im i t s  of l ight pulse 
encoding. 
code-divlsion w l t i p l e  access (CDMA) s y s t r s .  I n  addition, two 

th. i n p r o v m n t  of Systain per to rnurn .  

Th.se h8Ve yielded s i l p l e  bounds on the performance of 

1eV.l Optic81 OnCOdiy l  SCh.naS h8Ve bean StudtM which point  tW8Pd 

High-SpOed Dlglt.1 SUbsCrlber Loop (HDSL) 
0 We have stud1.d n w ~ r i c a l  ~ p t l m i z a t i o n  tmchniques t o  construct 

c0d.s f o r  Ch8n17elS w i t h  in tersymol  interference. This i s  part  of 
Wr Study Of Mv. l u l t l - C h 8 n M l  Sign81 designs th8t SUbSt8nti8lly 
mdlce tha effmcts of crosst8lk b m t m n  tw4st.d pairs. Pmllminary 
resul ts  indic8te t h a t  tr8nsmission r8tes of 1 m l t / s e c  c8n be 
8Chiev.d on most subscriber loop Ch8nnelS. 8nd even highmr r8tes 
8 e  possible by incOPpOr8tfng 8dV8nCOd .qU8ltz8tion tmchniqws. 
Thls i s  par t  of O e l l ~ o m ' s  HDSL e f fo r t  involving org8ntt8tions 
21241 (DSM V. - 4 ) .  21360 (DVM P. S m t e ) .  27270 (DVM R. L8.M). 
26530 (DvM 1. S c h . u m r )  8nd several consult8nts. 

D 8 t 8  COnprCSS~On 
0 Th.  lOC8lly 8d.ptfVe SC- Of We$. e t  81. h8S b..fi n C 0 g n l Z . d  8S 

OM Of th. fUtld8Mtlt81 d8t8 CmreSStOn 8 1 e r f t h a  by th. 
s c i e n t i f i c  c-nity. I t s  perfornume r i v 8 l s  th8t of L .np. l -Z iv  
for 8 r i t h m t l c  coding. Fast Very L a w  Scale Intylr8t.d (VLSI) 
I l p l ~ n t 8 t i o n  h8s 8ppm81-M in  the l i te r8 tu re .  We 8m a r m t l y  
using th. algor i t lm f o r  video and s p m h  conprosston. 8nd f o r  
C1USt.P .MlySlS. This rpESentS 8 d r 8 S t l C  d.p8rtUm fm 
tr8ditlOVUl l r t h O d S  8nd o p . n S  f" 8V-S Of poSStbl1itieS. E W l Y  
m S U 1 t S  COmp8m f8vorably W i t h  eSt8bltSh.d IURthOdS. 

Aids t o  Conunlc8tlon 
o We prov1d.d an exp.rlmnt.1 h8rrMam/softw8m conputer prototype 

h i c k  h8s v o l m  recognition. s p m h  synthesis 8nd tel.phorr 

8 u g m t 8 t l v e  inplt/wtput dmvtms t o  assist t h m  hum8n interf8ee 
prOb1.mr Of tk h8ndtc.pp.d. 

fUl lCtiOtlS t0  h l p  th. diSeb1.d C-4C.t. Over th. t8lghOM 
mtWPk. Th lS  1IlClud.S th. p.rf0-m 8 M 1 Y S l S  O f  81tWV'l8t(Ve 8nd 

We p r O V 1 d . d  COnSUlt fng SePVlCES MI tk 18taSt .V8118bl. t K h n o 1 w  
f o r  th. dlS8bl .d  t 0  tha Del l  Op.r8ting Colp8niM 8nd t0  th. Nd 8-8 
through cur "Dlsabi 1 I t y -Dr len tM Corun t C 8 t l W l  SYSt.ll)." 9- 8- 
th. Telophom Pionnrs  of horic.. 

Th. IntWYUl StPUCtUm O f  P8Ck.t Stm8I l lS 
o Yo dmv.1- 8 t r 8 f f i c  n0d.l fo r  th. intern81 structure of P8Ck.t 

w r s  of D i s t r i c t  21332 (DSM R.  C8rckml1) in  8 s i r u l i t i o n  study 
Stm8mS in  8 Single Virtu81 c l rcx l l t .  This n0Q.l h8S b.cn US.d by 
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Of output buffer contention occurring in  an (almost) b lock i y l  f ree 
Switch. where the main source of congestion i s  the occurrmnce of 
M l t i p l e  packets a I W  a t  the same output buffer. The relat ionship 
betwen internal  character ist ics (such as almost per iod lc l ty )  and 
congestion is of great inportance and not y.11 understood. For 

measurements m s t  M co11ected. and what types of customer bmhavior 
a m  harmful t o  the network. 

*X.nPle. t h i s  m l 8 t i O n S h i p  largely determines what t r a f f i c  

s i w l a t t o n  ~lodels of Packet streams 
0 (This I S  a COntiIUation O f  both the previWS it- and our pP.vlWt 

work on "lockstep" i n  packet strmams). We wrkmd out a mmthod to 
translatm dmscrlptive s t a t i s t i c s  ( f o r  exallple mmasurunmts) of a 
packet stream in  coefficimnts In a model uDich d . S C r i M S  how the 
stream may have been gemratmd. This method was tncorporatmd in  a 
sinulat ion model built in  D i s t r i c t  21332 (DsM R. Cardwell). SN 
also thm previous i tem.  Currently. M am invmstig.ting thather 
th i s  mom1 can be used t o  study "lockstep" (i  .m. strong almost 
per iod ic i ty )  in  packmt streams. 

Per iodic i ty and P e r s i s t e m  in  Packet Streams 
o we nave come t o  the comluslon t n a t  them am two main sourems of 

congestion in  packmtizod connunication: 'per iodic i ty"  (see 
"lockstap" In pmvlous progress reports)  and "porsIstence*. thm 
phmnommnon that once y. reach t h m  s i tua t ion  uhmm too many v l r t u a l  
c i rcui ts a m  r inu l tanaws ly  In a send mode. t h i s  situation tmnds to  
persist .  Wm d . s i w  models fo r  the study of those phenomma and 
solvmd the om -ling pcr iod lc i ty .  The onm modalling p e r s i s t m m  
is s t i l l  undmr study. 

Inf ornut i on Tmchnolog I ms 
o urn have anmlyzmd t h m  valum of infornut ion on custommr bmhavior In 

optimal or m a r  o p t i m a l  schmduling of genmralized In fo rmt ion  

mmas~res f o r  the -tion i n  nurlnr of  "smrvmrs" (e.0. disks w l t h  

customers are w i l l i n g  t o  wait aftmr m q w s t i n g  service. 

Providing Srrvlcm. such 8s V i m  mOVi*S on Orvnd. Wm CalCUlatOd 

CopImS O f  tk m V I m )  md.d I f  Y. h8Vm k-1- Of how loyl 

TH study of various Stochastic Processes 
o Y. cont inwd our Investigations of various aspmcts of stochastic 

processes such as q ~ w m s .  buffmrs In packetizmd connuntcation. 
a r r i va l  proeassms in  t m l m p h o n m  t r a f f i c  t hwry .  # m i a n  Motion. 8nd 
Martingales. Y. mad. fundammntal contributions t o  obtaining 
nmmrical solutions f o r  stat lonary distr ibUtIons in  Mrn ing 
Systems and W.rkov Chains. 
resul ts  .bout tk rmlationshlps bot- studylng a q u ~  in  
contlrrrws tima and s tudy iy l  I t s  Mh8vior  a t  spmcial timcs (a r r i va l  
m n s .  dmparture apeens) .  wm 8- cont tnu tng  our study of the usm 
of Won Standard Analysis in  imest igat lons of various stochastic 
processas such as Martingales and Fractional #rovnian Motion. and 

Wa provad rm 8nd nummrically usmful 
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on the relationships between Martingale Thcory and Control Theory 
problems such as optimal trading of f inancial securit ies. 

Neural Networks 
o We have bmen learning har t o  iaplemont an experimntal haredare 

prototype using neura l  network integrated Ci rcu i ts  (ICs). We w i l l  
oxploro connecting these neural Chlps to  a conputor in  a way t o  
study the tk.Oret1cal bounds of the learnlng algorittms. 

S m h  Synthesis 
o We cont ime to  i lprove the haredare/software o x p e r t m t a l  -1s of 

dnni-SyllablO Sp..Ch synthesis to  PrOVlde m a l  ti= S p c h  
synthesis over the phone network. Joint w i t h  21480 (C.  Judice. 
WM). 

REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

 he work of t h i s  - l ied Research Projmct provides for the drv01g)nant 

theory. softvrre sorvieos layluagc. para1101 procmssing. and human 
factors. Enphasis i s  p1ac.d on y)plications t o  Curront and futuro 
needs i n  notworks, services and operations. The substantial b o w f i t s  
of t h i s  P r o j C t  acerue t o  a11 Omr-C l ien ts  and am unable to  bo 
prevented f r o m  accruing t o  an hnur -C l ion t  who m i g h t  el .Ct not t o  
part icipato in  the Pro joc t .  

O f  8 10adlng OdgR knoUl.dgc b8LC in  Such kOy amas 8S COMniCatiOn 

RESEARCH D I R E C T I O N S :  

I C *  (Intylratmd Cornnunicrtion. -tation and Coordtnation 
E n v i r o m n t ) :  
L.0 conpilers for tho Y u c h i n .  Y. w i l l  eOnt i rw Studylng the 
Use O f  the Y N C h i l l O  as 8 broadband Witch. 

Yo p lan  t o  Contirum studying the p.rforloDne~ of 

Noural Networks: Wm plan t o  b u i l d  oxporimntal prototypes of a 
conp1.x Sot O f  I IUra l -notMrk Chips that m y  b. w t e l y  8 C C . S S d  
by tho t k . O m t i c 8 ~  IYYral-notwork grap throu#l t h o f r  WrkStatiOnS 
over the Local A m 8  Notwork (LAN). 

S p m h  SynthoSiS: 
drn i -sy l lab le s p m h  synthesisor that can bo Nmotoly accoss.d ovor 
a LAN. 

Aids t o  Conunication: We w i l l  contirum t o  act as consultants t o  
th. B o l l ~ o m  C l l m t  Conpanies. The hmrlcans w i t h  O isab i l i t ios  
Act  (ADA1 p8sS.d the HOUSO and the SOnat. and W a s  S i g m d  by 
Pmsidont Bush on July 26, 1BBO. 

We plan to  bUld and program 8 mSe8rCh PPOtOtW 
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RESEARCH DIRECTIONS. 

Probabilistic Yogling: Um will continue to do research on 
probabilistic aspects of problems from operations research. 
telophony. am porform8nce analysis of colputer and ~ ~ ( ~ n i c a t i o n s  
systrp. We uill study the basic properties of the proussos 
involvd. ~ ~ r i c a l  pmb1.p arising in these a r u s .  and specific 
problrp such as t h  behavior of packet stroams in pac*etiz.d 
c ~ . ~ ~ ~ m i c a t  ions. 

Comwnication Theory: Ye plan to continue our msUrch on the fast 
inplantation of loC8llY adwtive data conproscion algoritkls and 
on IL1(1*riCal tmchniws for r i m 1  design in data ~o..~nlcations. 
We plan to w n t i n w  our rosearch on light pulse encoding for optical 
c~~~~lnicatiofm systm. Um plan to resum our r search on the 
g.mral t-ry of coding -nication sipnals. 

(CONT.) 

Learning am Complexity 1-ry: We plan to continuo our VOW on 
the uthautical farndattons of learnins and knwl.dg. acquisition. 

Parallel Computing: Um plan to continue our efforts in studying 
parallel algoritlns and parallel programing. 
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PROJECT OVERVIEW 

Durtng 1990. .XChanga-ac~SS " f t M r  I n  the 1 W p "  (FITL) m 8 C M d  

I n  5 e l r t . d  m - b u t l d  appltcatlons. ThtS Llnclwmrk. along w t t h  
cost par t ty  w t t h  copper when tnsta11.d as " f tbmr  t o  the curb" (FTTc) 

studtes skovtng that FTTC ut11 Contirum t o  f a l l  tn Cost m l a t i v e  t o  
coppor. vas accolp8nt.d by coordinatton of Bellcore ac t tv t t les  t o  
resolve known FITL Issues. tdmnttfy f u t u m  b o t t l m u k r .  and support 
FITL 0 . W r t C  W t - t S .  This p W j K t  8ddmSS.S a11 t h m  am.5 
through msoarch on f t M r  i ns ta l l a t ton  and m l t a b i l t t y .  powrtng of 
th. Optteal mtwrk un t t  (ONJ) and ranote temtnal  ( R T ) .  and 
oxploratton of a l ternattve FITL a r c h ~ t r t ~ r e s  and r t ra teg les f o r  
uparadtng FTTC In  msponro t o  dmund f o r  htgh-bandvtdth servtces. 
T M  m S u l t S  Of thtS Wrk (-act tnduStry through publlcattons and 
standards wntr tbut lons.  the Bc11com ~ 1 1 0 n t  Colpantes (BCCr) through 
f t e l d  support and ~011aborattons i n l u d t n g  a f i e l d  t r i a l .  and 
rnmwous B e l l w m  organizattons thray lh  two-way eollaborattons. The 
tin* fra-L for  thoso Inpacts t o  be t9monrtrat.d through 1wrov.d or 
r).v p r o a c t s  b.contng avatlable t o  the BCCS am 0-3 yoars for  the 
f tbor  and pwmr mearch,  and 2-S years f o r  the FITL a r c h t t u t u m  
-Search. 

The proj-t tdmnttfies and exploms opportunlttos fo r  applytng m 
optteal  t rk lo log tOS SUCh as W8VOlength-dtVtSton I I U l t t p l e X t ~  and 
.nrrglng mom trhnologlos t o  mduee Costs. 
p r o j r t  COnt1lU.s to  addmss t r h n t c a l  1ssU.S wtth exts t lng 
tmchnologtes such as ftbmr and battmrtes t o  tnprove m l t a b t l l t y .  
o f f t c t m t m s  and c ra f t  porforcluncr. By eonttructtng research 
prototypms. eondrcttng both laboratory and f i e l d  expmrtmmnts. 
t n f lwnc ing  tndustry standards. and analyzing tn dmtatl tM 
8nttctpat.d W S t  Savlngl, t h l S  pr0j-t 8LSU-S tha t  th0.m b m f t t S  
w l l l  M ma1tZ.d and Ipdm avat lable t o  th. BCCS a t  tM .arlteSt t t l  
and from w l t l p l e  VMdOrs. Thts p r o j r t  h . 1 ~ .  est8bl tsh a l-dtng- 
mdp knarlmdp base a t  Wth Bel leam and the BCCS. and t t  COntPtbIJteS 
t o  ramomus 0th.r Emllwm projutr. The thme rosearch progrunr -- 
f t M r .  powor and FITL a r c h i t u t u m s  -- ~ ~ n s t s t o n t l y  rosu l t  tn 
tuhnomgy transfer through p a l f e a t t o n s  and ta lks  (both tntemal and 
external) .  patents and standards proposals. Durtng 1 M O .  o x u p l e t  
tn1Ud.d 25 pap.rr. 39 e x t m m l  pmsmtat tonr .  5 standards proposals. 
4 patents tssumd, f1 l .d  or opond, 20 t r h n t c a l  -rand. and 2 

on htgh-spad d l s i t a l  r tgnal  proeorstng f o r  ( a )  provtstontng 
mpoatmrless OS-1 servtea over ex ls t tng  copper loops up t o  12 k f t .  

A t  the Sam t t l l l .  the 

Sp.Ct.1 5tudi.L. (Durtng I M O ,  t h l S  p r o j r t  81SO 1IxlUd.d --arch 
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(b l  provtstoning 1-way O S - l  servtce plus 2-way voice t8i.phony over 
msldmntfal loops up t o  l l l k f t .  and ( c )  transporttng u l t t n y l a b t t / S r  
sorvtms over copper d r w s  < 300 f t  In FTTC systems. Wo v l w  thos8 as 
key OptlOnS fo r  8 V O l V i n g  t o  broacmand. AS Of August 1, 1960. th t s  
Wrk, knam as Hlgh-Bit-Rate D ig i ta l  Subscrtber Ltrm or HOSL. has b8en 
transf8rmd t o  P r o j r t  421306.) 

Flber  d l s t r l t u t l o n  and m l l a b l l i t y  research 1nelud.s low-cost mthods 
fo r  d.ploynmt of f iber  in  tha loop and ongolng app1t.d ms8arck I n  
f iber  m l l 8 b t l l t y .  Y8thwmttCal -1s and supporttng -tor 
Softwar8 fo r  arulyztng tho IKhantCal behavlor of f1b.r-optic Cables 

f ~ l l - s c a l ~  tn-st tu test lng ts conmcted t o  vor l f y  -ling trhnt((u8s 
and the ln t8gr i t y  of f tber cables and spltcos und.r load. Extonsiv8 
analysts and laboratory test tng of optic81 f i b . r s  and fiber coatings 
a m  p 8 r f o r r a  t o  dmt8rmtrm the i r  mchantcal s tmngth and fattgua 
msistanc8 tn v a r i w s  onvtronnrnts. These m s u l t s  a n  pms8nt.d t o  
nat loru l  and lntornatlonal standards conni t tns fo r  tneorportlon tn to  
f iber  opttc tos t  procMum8. Post-mort- aru lyms am carr1.d out on 
ffb.P-opttC-c.bl8 f l8 ld  fa t l ums  In  collaboration wtth W r s  of 

conditions. 
t r h n t c a l  t n p l t  fo r  cOI#nsatton clatms ag.inst nunufactumrs. Thls 

27210 ( 0 .  Burp... DVM). 27510 (0. shotton. DVM) and 24230 

and SPltNS In ft8ld-StmS8.d C O n d l t l o n S  a m  pP0c)uC.d. EOnch-top and 

NRtWPk T8Cknology t o  COIT818t8 18boratOPy t 8 S t S  W t t h  aCtU.1 f l8 ld  
Th8s8 analyses provld.  wr c1t8nts w i t h  s tgn l f fcant  

Wrk h8S nUln8rOUs two-way l t r h p s  t o  p rO j8CtS  t n  Oivtstons 21130 
( V .  K8rmidas. DVY). 21140 (E. ROagor. W).  21310 (P. Kalsor. O M )  

(E .  Oarld. DVY). 

Erwrgy Sy8t.O. t rkno logy  mSOaMh 1nClud.S app1l.d m88amh On 
syst.na f o r  pmmrlng both CITL and Intograted Syst8ms Dtgt ta l  N8twrk 
(ISON). and l s  mt8md on our contlnulng t- of Y I n l n u  Ermrgy 
-sign f o r  Tolro#m~nteatlons (YEDTEL). Dum t o  the docun*nt.d hlgh 

t8rmtnattons (Nils). our foeus l s  on d.rmnstratlng ormrgy-of f tc imt 
dmslgns, lncorporatlng powr l t m l t s  i n t o  68 l l com m l r a n t s  and 
sluplng stand.rds that  w l l l  accOlllOd.t8 tho pmmrlng down of I rue t l vo  
C i r c u i t s .  This tS a N t U r a I  OxtMSlOn of our n0dlfl.d d ig l ta l - loop-  
carrfor program that dmm8trat .d gr8at.r than 60% mrgy and pou8r 
savlngs fo r  f u r w a n d  sorv1c.s. loadlng t o  tho mv ls ton  of 
TR-TSY-00057. Ant1clpat.d In f l a t ton  In orwrgy costs. colbtfmd w i t h  

tormlna1s) adds t o  tho cost of -ring outs(&-plant o ~ u t r o n i c s .  

and t rhno log los .  F-1 c.118 a n  being 1nv.rttgat.d for  pmmrtng 8n 
RT cont lnuwsly fm pip8d ru tu ra l  g.8. ml8gmttng the o l r t r t c  grid 
t o  a back- f a c l l l t y .  N8u tchnology low-pmssum ntaol-hydrog.n 
bat tor los and 11prov.d ntcLol-cadntum b a t t o r i n  a n  b8lng tnv8stlg.t.d 
f o r  F ITL  appllcatlons such as W s .  Tho Ch8st.r Outsld. Plant 
Laboratory long-tom f l e l d  t r l a l  of 10 OWUs ut11 con t lnw  t o  g a l n  
lnslghts tnto ba t t t r y  long8vlty and t .n#ratum oxt-8 fo r  F I T L  

COStS aSSOc1at.d w t t h  powrlng each W t t  In OWUS and ISON IytvDrk 

the p m s m t  .npk.SlS On lnCmaSlng b8tt.V FOS8W8 t a l .  a t  RTS (PNIIDt8 

T h o W O m .  m88arch w i l l  addm88 alt8r(UtlV. powwtng arcklt8CtUNS 
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a~p l t c8 t i ons .  
energy w i l l  conttnue t o  be studled a t  our Chester Laboratory 
t o  focus on m l l a b l e  and conemleal space condtttonfng f o r  Passtve 
Photonic Loop (PPL) n0d.s tn  1991. NaP~o~.lm~d Ism l t ne -p ro tc t l on  
work on sealtng current vi11 be conttnued In the Nn, J.rsey P8ssaIc 
t r i a l .  and extmnded t o  a central o f f tee  tn Flortda. F u r t h e r  msearch 
on Be1 Icore’s thtn-f  i In fuel  eel 1 ut11 bc pursued t h r w  a msmareh 
collaboratton w t t h  an outside f a c l l t t y .  The morgy systmms research 
has strong two-vay ltr1k8g.s t o  p r o l ~ t s  tn Otvlstons 27270 (1. Laam. 

Enclosure energy-man8garrnt schemes rrqulring less 
we plan 

DVMI.  27410 ( W .  Schuartz. DVY) 8nd 27450 ( F .  Zup8. Dm). 

0PtlC.l rYtWrk 8PChttctUW reSeaKh tfWlU&S .xplOrattOn Of both 
mar-term 8nd long-term opttons f o r  upgrrdtng FITL capabl l l t ies  frm 
n 8 r M a n d  t o  broadb8nd 8 t  lowest cost, w t t h  ntntml dtsruptton tn 
the d ts t r tbu t ton  pl8nt and 8s servIW -rids warrant. War-tmrm FITL 
opttons belng 1nves t l~a t .d  fo r  provldtng wldab8nd ( G  43 I l b l t l s C )  and 
prhaps ear ly  broadb8nd (> 45 Ilbb(t/sec) servtces tnclude coppor-plus- 
coax or colpp.r-plus-ffber claps. Long-term opttons for broaOand 
center 8bwt evolvtng frm FTTC t o  8 passtve “ftber-to-thm-huu” 

that  t h t s  m e t s  tk objc t tvms above (lcnmst cost. minIm1 dlsruptlon 
and d.nund d r t v m ) .  then taehmlogy. panr. space and envtmnmnt81 
mqu immnts  mst be explorod f o r  e8Ch of the key staps I n  the 
evolutton. T k  Inpl tcat tons of tncro8s.d bandutdth p.r subsertber 
and the lower lnplted p a t r - p i n  on the  future central o f f lee  81% also 
baing COnStderYd. T k  ob]c t lVe  Of t h t S  Wrk I S  t0  CO-IY. 8 m 
nr8ns of applylng optomlmetronlc t.chnologtes m a r  tk swlteh fo r  
provtdtng n m x t u n  servtem f l e x t b t l t t y  at  lowest cost. Research i s  
carr ted out  f r o m  a servtw-mods persP.Cttve thrwgh laboratory 
expmrtmnts. a ~ l y t l c a l  modollng and M t a t 1 . d  cost studtes. Advanced 
software too ls  such as CINESST have b n n  d e S t g m d  fo r  accurate IayOUt 
Of servtng amas wtth tk 8rChltectUPal opttons. Planning f O C  a f j e l d  
t r t a l  of tk Patstvm Photontc Loop I s  underway w t t h  ora of the BCCS 
for 1992. Thts IYSmaKh h8S h8d . p l O r  t n p 8 C t  a t  h l1COm th- 
s t t m l a t t o n  of u n y  m r m s s f u l  collaborattons both lnslde and w t s t d e  
Of rPp1I.d Research. I t  lm ln ta lm S t r o n g  two-way l I r Ik80 .S t 0  DtVlStOOS 
21310 (P. Kalser. DvM). 20330 (t. ZChMmr. Dvm). 27210 (D. Burpee. 
DVM) and 24230 ( E .  Wid. O V M ) .  

(FITH) 8PCht tKtUm (Such aS t k  P8SS*V. P h o t O n t C  Loop). TO M L U m  

PbST V E A R  RESEbRCH ICCOMPLISHMENTS: 

T h f S  project’+ a ~ c ~ n p l t s h ~ u n t s  drrlng tk past S I X  months COnttl*IC t O  
d.monstrate hw m u  t.chno1ogt.r can b. mloymd t o  BCC costs 
and provid.  opportunities fo r  rn servtces or nmtwrk evolution. The 
fo l lou lng mxawles illustrate thm v a l m  of t h t s  work t n  the amas of 
f fber  m l l a b i l l t y .  low-cost stngle-mode conmto rs .  tnst8118tion of 
FITL. e f f l c ten t .  extendmd mrlng  Of loop e l c t r o n t c s  tncludlng FITL. 
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PbST Y E b R  RESEARCH ACCOMPLISHMENTS I C O N T  I 

povcring Of ISDN. high-bi t - rate OSL (D ig i ta l  Subscriber L i m )  fo r  
ex is t ing loops. mv arch i tec tu r~s  fo r  FITL that  roquim povmr only 
a t  thm end terminatlons ("passive loops"). and L0ftV.m tools f o r  
analyzing FITL options. 

F i b e r  lCdi8 R e l i a b i l i t y  Research 
o Substantial progross has bmen nude In  f i be r  mmdia ml iabb l l i t y  

rosearch including opt ical  f i be r  test ing progrunr in t h m  areas of 
S t m S S - f m  aging, s t a t i c  and dynamic fatigue. and thm in f lwm 
of f iber  coatings and of'~viror#nmntal contamirunts. B e l l c o n  IIW 

masun thm corrosion of opt ica l  f i be r  surface In vater and 
cormlatm the n s u l t i n g  surface roughening v I t h  reductions in  
f i be r  strength. ReS.8rch i s  continuing on the long-term 
r e l i a b i l i t y  of opt ica l  f ibers  and nmasurmmmnts of thm I lch8nica l  

f a t i p e  raslstance of f iber .  Investigations have also contifwd 
on the long-tom m l i a b l l i t y  of fiber splicms and f i e l d  fa i lu ros  
of f i be r  splices and d i s t r i bu t i on  cable shmaths. 

we am continuing t o  play a vary act ive role t n  thm F i b e r  

wi tntn thm TelrOlllllmiCations Industry Association ( T I A ) .  We 
dmvelopod f I v o  Fiber Optic Test P roc .dms  (FDTP) f o r  tos t ing  of 
opt ical  f ibers by vmndors p r i o r  t o  cabling. and presentod thmn t o  

providing -nts on t h m  r w r l t e  of f i v o  FDtPs v l tn in  E.E.7. 

Thmre i s  continuing intwest In thm +Upport of post-8nort.cn amlyses 
in co118borations w i t h  Network Trhnology. Div is ion 27210. 
(0. Burpw, Dvy) O f  f ibers  that  h8vo f 8 I l . d  i n  the f i e l d .  
I n s t a m s  of la- surface f l a w  on f ibers and poorly coatmd f Ibors 
have bmon smmn. LID (Local I n j u t t o n / D . t r t I o n )  dmvices v h t c h  Use 
mIcrob.nds t o  -le light ornrgy In to  f ibers  h8vo bmen thm S U b j r t  
of 1ncmas.d at tent ion and investigation. Substantial coating 
d ~ 8 g m  has bmon obsewmd and quantifimd m l a t l v o  t o  the f iber  

Additional a t t m t i o n  i s  beIng brought t o  d. temlnlng tho W t i o n S  
i n  f iber  stmngth that  occur rho t o  cabling. i ns ta l l a t i on  and 

~ N V  long-saugc-lmgth f iber  test lab t o  ImostIgmto t h m  proP8sation 
anf f a i l u n  of t h m  largmr f laus th8t ex i s t  i n  opt ica l  f ibers .  which 
i s  expmctd t o  dmtomIrn thmir actual s t r m g t h  and USefUl l i f e  
u-r typical  f i e l d  conditions. this lab i s  ossmt ia l  i n  
dmtormining thm corra la t ion b e t u n n  tests  and roa l I t y .  

lead5 thm f i e l d  in  f i be r  r C l i a b I l i t y  mSR8Peh.  and W 8 S  f i r s t  t o  

properties O f  fiber Coatings that vi11 i n f lwm tk strength Of 

Ro l Iab l l i t y  Vorking G r o Y ,  6.6.8 and Fiber C o a t I w  COlWllitt- E.6.7 

thm E l r t m n t c s  Industry ASSOCiation ( E I A )  FDE.E.8. and arC 

stmngth -tion froll) LIDS. 

subs.qnnt f i o l d  aging. YO h8VO -51- and b.gun t0 -tMt 8 

Povor Plant Suw lvab i l i t y  of Natura1 Disasters 
0 This top ic  very current through iSES vIth tk 1OS3 Of 

tolaphorn sewices that  8cc-ani.d hur r i cam Wgo and the San 
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Francisco earthwake. 
thc C r y  fo r  more re l iab le .  l o w r  las t ing  emergency carryover fo r  
outside p l a n t  remote terminals. This Issue hastened wr hand-off 
of these resul ts  both w i t h i n  and outside Bellcore. 

Our recent experience w i t h  s e a l d  lead a d d  batter ies.  ga lmd 
through substantlve tcriting a t  A r g o n m  Natlonal Laboratory and 
rep0rt.d t o  POYLr SYEs and t o  the battery indrstry.  shwmd that  
battery c.pacity was ckp.nant upon -11 orientation. Also, 

=cur w i t h  g.1l.d elmetrolyte -11s. 

taken up our sugg.stiom. 
(Rmote Termlnal) appl icat ion today consoqwntly o f fe r  these 
IllprovemMts In capaclty over that of c e l l s  in  forvice -ring 
recent natural disasters. 

T h e  other par t  of the solut ion t o  longer carryover tlm l s  t o  

(DLCI . q u t p m t  load. O u r  laboratory modfficatlon of a Northern 
Te1.COlll OMS-I UrbDn S h o H d  th8t emrgy d f S S l p 8 t l O n  could b. rOdUCOd 
by two-thlrds Uhlle. a t  the S.DI  tlm. making the SySt.ll11om 
re l i ab le  a M  1eSS expMSive t o  ImUfaCtUm. The m10Va)IC. Of t h i s  
r C S U l t  t o  the I S S W  O f  SUrVlV8blllty through natural dlS8StePS ( S  

T w  recently conpleted projects addressed 

CaP8Clty d y l r D d 8 t l O n  W l t h  dlschargWch8rge CYC1.S WaS fOUnd t o  

that  l W  Capacity COUld be C 0 r m t . d .  The battery IndrStry h 8 S  
Our rasearch sug#est.d ways 

Prodrcts belng IN& available f o r  RT 

the battery dra in  p m s e n t d  by the d i g i t a l  loop carrier 

that  i f  the + a m  telmeomunieations function can be pr0vid.d a t  
o m - t h i r d  the mw. then a given size battery uould carry over 
the s y s t m  f o r  t h r n  tlmes the mserve ti-. In  March. 1990, a 
mv ls ion  t o  TR-TSV-00057. d.scriblng nquimmmnts fo r  DLC systmns. 
W 8 S  a M O U m  b a d  On these mSU1tS. A 55% powr W t I O n  IS 
expmetmd. Th ls  work was acCQlp1l.W by a c00#rative e f f o r t  w l t h  
DlvfsiOn 27450 (F. Lupa. W) i n  eon jun t l on  w i t h  Div is ion 27410 
(M. sckvartz. W). P o w r  surv lvab f l i t y  through natural 
disasters has b..n md. the thmm of the $990 Intercuttonal 
T e l ~ # I I * m l c a t i o M  E n e r g y  Confernnee. This c o n f e n  pmP8lM 
-Ittea i s  l m d  by Bel leom prs-1. Y. plan t o  s- these 
solutions through t o  f u l l  l~p l - ta t ion .  

Fuel m11s p ~ m d  by natural gas NY o f f e r  an unusually m l l 8 b l e .  
e m c r o r r m t a l l y  clean. eontitwous sou- of powr f o r  RTs. 
Elmetric u t i l l t y  pmmr. the primry soume today. uould b. Wmd 

a l l .  Our pml imlnary e s t l m t e  I s  th8t the 20-year l l f r - c y c l e  

sizmd fu.1 -11s and el.Ctrlc pobmr wiles w i t h  8-hour battery 
backup would be cowparable. (Most cu rmnt l y  available fuel all. 
a m  stgnf f tcant ly  1arg.r or snu11.r than appropriate f o r  pouerlng 
an RT, k.m. o m  aspmet of our planrmd e f f o r t . )  we plan t o  
analyze the smallest of the l a w  fwl c a l l s  ( I O  t o  20 kU rang.) 
f o r  d~vmloplng a mom accurate s y s t m  -1. including m l l . b i l i t y ,  
and tns ta l l  and tost o m  of these a t  our outside-plant f a c l l i t y  a t  

w i t h o u t  bat ter ies Only f o r  backup. or poSSlbly I l O t  a t  

COStS (tllClL?d$ng p m m t  . q u f V B l m t  m r O y  COStS) O f  w r o p r l 8 t e l y  
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Chester. NJ. 

Pouertng of Fiber tn tk. Loop (FITL) 
0 The Costs assoelatd w i t h  provtding re l i ab le  un tn te r rup td  powmr 

fo r  an Optleal Nmtuork Untt (W) on the w s t o m r  .nd of a f tbor  
uem docunmtd tn TM-TSV-013503. 
dmgm of m l t a b l l t t y .  up t o  and tncludtng that  of central-of f lee- 
provtrkd pouar. can bo obta imd a t  a -nsuratm cost. A w i d . -  
b a l d  S t u d y  grow ufthln Bellcore was convemd t o  roach consensus 
on s~ll aswets of pornrtng f tber  tn tkc loop. Umntnt ty  was 
roached on tuo potnts: 
nod.. and power fo r  the w should be sou- g m r a i i y  as close 
t o  the W as the d ts t r ibu t ton  architmeturn permits. Savtngs on 
th ts  potnt are most pronounced on long loops. 

These studies show that  any 

the W should accO(*IDd.te a p0uor-m 

Tk. COStS aSS0Ciat.d w t t h  powertng each w a t t  O f  conslnptton a t  the 
C U S t w P  and Of f fber a t  the Wrb O r  ha 8- Skovn t o  bo htgh. 
A l ter iu t tves considorod a n  over m t w r k  copper. from ttm curb, 
from wstuner 's AC supply, and over the flbor (opt tca l  m r ) .  
The ht* cost provtdos mottvatton t o  
the O W .  
f O m  that  the O W  ut11 aceonnodate a pov.P-doYn nod.. Thts 
airion ut11 lead t o  substantfa1 savings t n  f t r s t  cost and 
OprDttonS =St .  
f o l l w .  Thts work was presantd  a t  F t b o r  Conforum. N a t l W l  F i b o r  
opttcs E n g t m r s  Confm-. and Sup.-. Y. plan t o  pmssum 
mnufactumrs t o  dovelop mmrgy e f f i e t m t  a r c h t t u t u m s  and 

pornr consunption of 
TO t h i s  and. a eonsonsus UaL maChmd by tk. FITL Task 

I t  Sets a ooocl exatlpl. f o r  broa-and ISDN t o  

haPdU8m. A t  tk S U  tin*. Ut11 Mrk tk. Standard.. 
m t P . ( I M t S  and t rhno logy  4SSU.S t o  Sp..d ttlpl-t.tion Of FITL. 

T h i n  Ft l rn  FU.1 -11s and (i8S Smsors 
o A very broad d w t c .  p a t m t  w s  tssuod S.pt.nb.r  5. 1909. on the 

thtn f l l r n  fuel -11. The saltmnt potnts o f  t h t s  m w  emrgy 
conversion O w i c e  am that  i t  1s thin and om-8td.d and can ba 
pr0dh.d on tmxpmnsive substrmtms such as capton: i t  oparates a t  
room t v r a t u m  and p m s w m  ulth n t x d  g8s (fuel and a i r ) :  and 

at t r ibutes have tH prorp.ct o f  ylmldlng a l o w  wst  In v o l u  
probht ton.  Ttm most t n t e m t i n g  BCC . p p l i c a t i a  envtslomd ts 
a c w a c t  msmrve pornr supply for a m m t e  terminal or control ld 

run the load for tu ia  the rasorve tlmo. Parmount 1s tho fact 
that  tndef tn t te  e x t m a d  msewe u t t h  ttm p m m t  bat tery  system 

i n c l u d n  serveral sf tes.  But w t t h  a fwl -11, tndef ln t te  reserve 
i s  conting.nt only on the r r f t l l i n g  O f  ttm fuel t a w s .  

"Nature" ttm tntemattonal journal of s c i m m ,  publtshmd Bellcore's 

that  t t  op.rates on SWeral hydrogm b a 3 d  fWlL .  A l l  Of t tmm 

erivfrollllMta1 vaul t .  T h l S  Vwld Ocu4py 8pproXlmtely 20% Of tkc 
V O l U  O f  ttm E-hour battmry VhlCh i t  Vould -1.C.. and It w l d  

cannot bo achimvd when tH outago covers a broad a n a  tha t  

Of f tc ta l  dtsclosum In a l m t t e r  F-Nary 7, 1990. We HP. 

P R O P R I E T A R Y  - Be l l co re  and A u t h o r i z e d  C l i e n t s  O n l y  
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P A S T  Y E A R  R E S E A R C H  ACCOMPLISHMENTS: I C O N T . )  

dC1up.d by m d i a  coverage because "Nature" edl tors leaked the 
resul ts .  Tha fuel c e l l  has received more exposure than any other 
ee i i com aeewrplishnant. I t  was covered by net, c-SPIN. eusimss 
W e a k  on two ~ ~ c a s i o n s .  T h e  Wal l  S t r e s t  Jwrna l .  The Neu York T ims.  
The Washington Post, The Lo5 Angales Times, Japan T i m s  ( f ron t  

l icensing p ~ c k a w  t o  o f f e r  interCStM conpanies. Our plan 
IS  t o  form a 2-year research ~011aboration w i t h  another party fo r  
purposes of bringing the t rhno logy  closer to  telephone 
application. 

p a p )  and Ill.ny mm. We rmU have 8 l icensing philosophy and a 

FITL Planning software 
o Dasign. coding. test ing and documentation were cap le ted  on thme 

key program in  the Fiber Netwrk Ecormnics Software Systmn 
( F I N E S T ) .  an In toract ive software system uhlch evaluates and 

(Technical Hmorand.) out l in ing  the s i tes.  services. and -1-t 
lnteraettve database edi tors  were conp1et.d (TM-ARli-OlSlS3. 
TM-ARH-OlE3EZ. TY-ARH-OlEOl9). Collaborations aro c u r r m t l y  being 
purswd w i t h  othmr B01lcom technical areas and BCCs t o  turn 
F I N E S T  i n to  a Bellcore software package. 

optimizes B1terlUtiVe flber 1- InEtWPk DKhltKtUPRS. TMS 

S w i t c h i n g  and Switch Interfaces 
0 ROSeamh COntlmJmd On tk app11CatiOn Of m t0Cknologi.S a t  the 

intorfaco of th. d is t r lbu t ton  mtvork. An analysts of a s y m ~ t r i c  
packet-switch Ilodr1.S wi th  Chanml grouping was C0nplet.d. 
Perform- analysls of a 3-stap. 110611~ packet switch 
aPCh1tUtUM that  ShOUld be SCalablO t o  more than 1O.OOO P P t S  
W 8 S  a1.0 comp1.t.d. 
broaeb.nd w i t c h  mlat tonshlp has explorod the m l 8 t i V e  m r l t S  Of 
lrput and ou tp l t  guwlng In a h i g h - S p a d  packet switch. and H 
have b..n able t o  prove the Counter-intuit ive resu l t  that  irput 
bufforing 1s bettor than output buffer lng und.r sme t r a f f i c  and 
service mixes (TM-ARi+-Ol7030; ~ 1 1 - 1 ~ ~ - 0 1 7 0 3 8 ) .  

We have explorod r - fo r -N protect ion s e w s  f o r  f i be r  loops 
( T M - A R H - O ~ B P ~ ~ ) .  fo l lowing up on las t  yoar's successful work 

on tnc-tal =st and accost l t r *  ava l lab l l i t y .  R.emt m s u l t s  
stmu that  som r - for-N protmetton a r r a g a n t s  w i t h  diverse 
f a c i l i t y  routing m y  cut access lir* unavai lab i l i ty  by more than 
two orders O f  magnitud. b e l w  t h m  Unavailability providmd by 1 : l  
p m t r t t o n  w l t h  dlverse f a c i l i t y  routing. 

Rolated a c m l i s k r n t s  in  a l l  amas includc s tg r i f t can t  
part ic ipat lon (papers. conni t tns)  tn mjor  confemnces Including 
th. Optical COIIIYnleations Conferonce (OFC). G l o b K m .  th. National 
Fiber Optics E n g l m r s  Confe- (NFOEC). the I n t e r n a t t w l  
Ccmmnications Confe- ( ICC),  th. Eastorn and National 
C ~ n l c a t l o n s  Forms (ECF and NCF). the COnfemnco on Lasers and 

O l y O t n g  mSe8rCh On the 1- WtWPk and 

on th. impact O f  paSS1VO loop a r c h i t e c t u m  w i t h  rOUte dtVerSlty 
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Signi f icant Change Date: 
10/02/90 

PROJECT OVERVIEW: 

The Bellcore Cl lent  Conpanles have a need t o  evolve their p r l m r l l y  
volcc networks of today t o  the Information Networks tha t  t he l r  
a s t w r s  w i l l  d.ll.nd t n  the next century. Slnply statmd. the 
I n f o m t l o n  Networks of the fu turo w i l l  provtde any typo of 
lnforrut ion.  v o l a .  lmga. v l d m  or data. t o  anyon. a t  any tlme. In 
any place, and a t  masoruble cost. Bellcore has artlcu1at.d t h l s  
v is lon in  a prodrct e8 l l .d  the In forml t ton Networking A r e h i t r t U r C .  
or INA. The Network Control Research pro ject  u l l l  Condlct app1i.d 
research t o  establtsh one por t lon of the technological foundattons 
of the In for rnt lon Mmtwrklng ArchltCCture; the por t ton of that  
archl taetum whlch eonslsts of the undorlylng transport notwork, I t s  
control s t w t u m .  and the softwarn syst- whlch 1npl-t ltt 
control structum. I t  i s  the goal of t h i s  msearch t o  learn kov t o  
b u l l d  and control a transport in f ras t ruc tum that  supports great ly  
lncm8s.d banduldth and 1ncmas.d var ie ty  In t r a f f l c  characteristics. 
while a t  the sam tlm conttnulng t o  de l iver  the m l l a b f l f t y  v. have 
c w  t o  expect f rom the current network. Our work In (901 u l l l  

design, on the u n a g n m t  of t r a f f i c  and conrrcttons vlthln these 
networks. and on the nod.llng of large scale networks and thelr 
op.rattng Syst-. A l l  t h l s  work I s  atmod a t  the evmtual  goal Of 
achlevtng a V r f u l  and robust underlying transport and del ivery 
network fo r  the fu turo I n f o m t l o n  Networks of the Bellcore C l l e n t  
~onpantes (BCCS).  

V. u l l l  eonttmm our work towards the coIIC.ption of SUrvlvable and 
Cost-effaetlve f1b.r notwork a r c h l t r t u m s .  Our work tn the past 

uldespmad use ulthln B e l l c o n  and by notwork pla-rs tn the BCCs 
as an a l d  t o  thelr stratmglc plannlng. Y. u l l l  ex tmd t h l s  work t o  
dovelop a lgor i t lna  and corprter p r o g r a m  t o  t d m t i f y  amas in  the 
10~81 exchang. notwork yk.m f 4 b . r  opt tc  rtngs can M c o s t - e f f r t l v e l y  
dmployod. These algOrttknL w i l l  e lso lndlcmte I f  other mans. such 
as dlverse pPOtOCtlOn. 8- IPP. SUlt.ble t o  aChlWe pPOtrtlon fo r  
a r t a l n  bulldlngr. 
Network Plannlng Systan. Dlv ls lon 24240 (C.  Pack. Dvy) and tho SONET 
(Synchronous Optteal Mmtwork) pPOJ.ct, Dlv ls lon 27240 (G. Rltchle.  
mu). 

networks, and tn p a r t l a l a r .  the portions of those notworks whlch 

C O n S l S t  Of rCSe8rCh On survlvable rYtWPk a P C h l t r t u ~ S  and MtWrk 

mSu1t.d ln  8 SOftVaP. product Cal1.d F1b.r Optton. tha t  h8S S N n  

T h l S  work ut11 d l n c t l y  m f l t  the h l 1 W l U  

Work On MtWrk t ra f f lC  Wntrol Ut11 b. d 1 m t . d  a t  fUtUm bPOBa8nd 

PROPRIETARY - Bellcore and Authorized Cl ients Only 
T h i s  document contains propr ietary information t h a t  shal l  be 

drstr ibuted or routed only w i t h i n  Bellcore and i t s  authorized 
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PROJECT O V E R V I E W :  

carry Asynehroncus Transfer Modc (ATMI  t r a f f i c .  We w i l l  contlrue our 
Close working mlat lonshtp w i t h  the Eroadband P r o j r t  In the Network 
Technology Area. Dlv lb lun 27140 ( 5 .  Ualters. DvM). we w l l l  study the 
prob1.0 of c a l l  adnlssion control and t r a f f l c  routing. We w i l l  soak 
t o  determine the level of s t8 t l s t l ca l  nu l t ip lex ing gatns that am 

c r t t l c a l  conmetions betwoon t r a f f l c  parameters. Switch mswrces. 
and SMDS service qual l ty .  

One of the obj.ctlves of the Bellcore Inform8tton Networklng 
Architecture vts lon i s  the r o g ~ g a t i o n  of the futuro In fo r ru t ion  
Network i n t o  a Services S-nt and a Delivery S-t. The Dollvery 
S-nt conslsts of notwork elanents and a control structure tha t  w i l l  
support m services and m network operations 8pplications. 
Software funettons whlch are appropriate t o  transmlsslon and swltchlng 
produets are l n  the Delivery S y F . n t .  Software funetlons which shwld 
be undor the d i m t  control of the Local Excharge Carr ier  or  i t s  
customers are In the S e w t e e s  Sognent. The paposod soparation m y  
be at t rac t fve  from a ICC bustwss perspectfve. but the achiev-t of 
a m a t e  ma1 t t m m  p e r f o r r u m  of a notwork md. up of sogrqatod 

of our work w i l l  be the lnvestlgatlon of mthods t o  m f n t a l n  h igh ly  
re l i ab le  c a l l  or c o m c t l o n  records tn wtwork elmmonts. but s t i l l  

W.twor)c t r a f f l c  control .  f a u l t  lsolat lon.  t nhn tea l  l l m i t s  on b i l l t n g  
pol lc ies.  and se rv lm  response tlm am a11 d m p m d m t  on v i r t u a l  
circult lnform8tion storod i n  switchlng elomonts. Our wrk fn the 
par t  p a r s  on ma1 time c a l l  procosslng. using para l le l  conputerr. 
provides a base of knowlodge upon which t o  bui ld. 
coll8borate c losely w i t h  t h m  Bellcorn -tars t o  develop tchnology 
that w l l l  8 d v a m  US tOU8Pd the XNb gO8l O f  eSt8bliShlng m r f U 1  
and m m s t  Delivery s-t: Network Serv lws Research. Center 214 
(5 .  Persontek. AVP):  Network A r c h f t r t u m .  Center 271 (D. L..p.r. AVP) 
and Conprtlng SyStOlltS 8nd A r c h i t r t u m ,  Cmter 258 (D. KeSS.11. AVP).  

aChieV8ble f o r  Such burbty services 85 paCkOt vi- and Switched 
h b l t l n r g . b l t  Data S.PVfC.5 (SMDS). O u r  Work In the past 5hOy.d the 

SwltCheS and serV1C.s SoftIda- rYqu1-S -Search adVamS.  D m  BSp.c t  

mke ~knn8Va$l8blO t o  I'bOtWrk S O r V l C . 5  8 p p l i C 8 t l w  in ma1 tlm. 

Thls p r o j r t  wl11 

I C O N T .  I 

Modolfng and a ~ l y s i s  wl11 be inportant tn doveloping an undmrctandlng 
of hov futuro In fo r ro t ion  Networks b.k.ve undor noma1 and adverse 
mnaft lons.   he s imla t tons  tha t  am t o  be carr1.d out w i l l  be a i d  
a t  the broad- lwel  b.h.vlor Of SySt.a+. and am nDt det8 l l .d  
s f m ~ ~ a t f o n s  of i nd i v fb la i  network e l w n t s .  D m  of major comrn 
i s  quant l fy i rq  hov tho a r c h i t r t u r a l  design of softwarn systems 
detemlms hou these systom w i l l  porfom. The o b j r t i v e  Is t o  

cod. u r i t t n g  IS w n .  Y. w(11 also col l .borate w l t h  Ie11com 
Softbmm Tochwlogy and Sys t .mr .  Dlvfs lon 25SlO (C. Riley.  W). fn 

-rela1 market. f r o m  the UCC (M lcme l r t ron l cs  and Computer 
Trhnology Corporation) Software Trhnology Program. and froin 
acad.llfa. The a b j r t l v e  I s  t o  idont l f y  a c-n set of too ls  tha t  

all8lYZO the p.rf0-m O f  d f f f e M n t  aFChitOCtUmS b e f O N  d.tal1.d 

8MlySlL Of tM t W l S  th8t C l W C M t l Y  8Vall8bl* frOIl tm 
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PROJECT OVERVIEW: 

Could be used by Bellcore in  modeling d i f ferent  systems. 

A l t h W g h  the Netwrk Control Research project  IS m. i t  represents 
a brlnglng together of already ex is t ing  indivtdual r8s8areh programs 
in  t h i s  area. uith the ln tent ion o f  re inforcing 8nd expandlng t h i s  
e f f o r t  . 

(CONT.  1 

PAST YEAR RESEARCH ACCOMPLISHMENTS 

The main thrust  of t h l s  prOj8ct 1s tht advanc8nNnt and demonstration 
of C r i t l ca l  l n t 8 r c o m c t l o n  and packaging t8ehnology t o  be used In 
f U t U m  broadband I U t W r k S .  
mpor t lng period fnelude the d.nonstratton of an 8xp.rimmtal 
prototype o p t w l r t r o n i c  l n t 8 g r a t e d  C i r W l t  me8lver chip that  w r k s  
a t  sp8ods t n  ~ X M S S  of * mit/sr. the dcl lvery of a 622 mmit/see 
SONET-llke transmlsston s y s t m  f o r  an Advanced T8 lw is ton  
demonstrat ion. a standard e811 integrated e l m u i t  destgn Syrtmn 
dev8lop.cl in col laborat ion uith Div ls ion 21340 (J.  Bel l i s io .  DvM) and 
d.v8lopmnt of a novel nrtkod fo r  gemrattng n u l t l p l e  psuao-randm 
noise f o r  m r a l  n8 tMrk  appl lcat iom.  F w r  dtv ls ton -rr wre 

Inc. ( I E E E )  sentor m r  grad. l a s t  year. 

Broadband N8twrk Switching Consultation 

Notab18 8CcO(rpllSknnts durlng t h i s  

818Vated t o  the I M t i t U t 8  O f  E l r t r i c a l  and E l 8 C t m i c S  E n g l m r s .  

o we c0ntribut.d r rgu la r l y  t o  w r w s  Bel lcofn grows i n  the 
Broadband Nmtuork r h f t n i t t o n  and standards p r o j e t s .  
t o  wrk clos8ly w i t h  the m r s  of th8 Nmxt Qmmratlon S w i t c h  
p r o j r t  und.r Dlv ls ton 27140 ( 5 .  Ualt8rs. W). as wl l  as the T I S 1  
and CCITT ( Int8rnat lonal  Consultativ8 COllllltt88 on 1 8 1 8 ~ ~  and 
T818graph) mgot la t lng  t8am m.ponsibl8 fo r  Broadaand aee8ss 
standards t n  th8 sa- dfvis lon.  08ta l l .d  Asynchronous Transf8r 
*od. (ATTW) t r am la t fon  tablo t.cknology eapabl l l t l8s  and cost 
8s t lma tn  wm pr0vid.d t o  Dlv ls ton 27270 ( R .  Laan8. W) l n  
s q p o r t  of Broadband n8twrk control standards d.v8 loprnt .  Id8 
pr0vld.d t .ckntcal  arulyses of a l t8rnat lv8s i n  protocol In8Ss.0. 
processing and ea11 mcord a m s s  t t m s  in  d is t r lbu ted  sultchlng 
systms and mxchang. t 8 m i ~ t l o n s  i n  W m r a l .  

Fr-rk TA (Toehnlcal Advlsoy). 

V. continu8d 

Y. contlnw to 
suppert th8 d .v8 lopmt  O f  -tS SUCh 8s tH Broadband S u l t C h  

Pack8t S w l t c h l n g  Controls 
o Our t m 8 s t l p t l w a  i n t o  Broadband eong8stlon control  contlrnmd ulth 

the .pp l icat ton of ylDs ( S w i t c h e d  Yl l t im8gablt  Data S8rvlce) 
t r a f f i c  -1s t o  -t 0ro8dbBnd S u l t c h  arehitoeturns. I n  
collaboration ulth Dlvlsions 27120 ( L .  Ltntml l .  W). 21400 
(U.  S l n w s k i 8 .  W). 27140 ( S .  Yalt8rs. W). um analyzed wrrt 
cas8 -1s of ATY packet t r a f f l c  w l t h l n  the l l m t t r  of S Y K  Quality 
of S8rvlc8 constraints. This wrk shnnd th8 C r i t l c a l  Conn8ctions 

PROPRIETARY - B e l l c o r e  and A u t h o r i z e d  C l i e n t s  O n l y  
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PAST YEAR RESEARCH ACCOMPLISHMENTS (CONI ) 

b e t m n  t r a f f t c  parameters. switch resources, and SYDS servtce 

queue st te .  and the qual t ty  of service delay parameters. FOIIOW up 
work w i l l  resolve swttch dynamtcs questions shnrtng hou r8p id ly  
congestton occurs and abates. as well as the ttme frum In uhtch a 
BrOa&and exchange termtnation can be exp0ct.d t o  tak8 acttve 
measures t o  counter any such problmn. We assigmd a nmb.r of t h l S  
Divtsion t o  work tn Divtstons 27120 and 27140 as par t  of a 
technology teaming ac t t v l t y .  

qual i ty .  eSPCl8llY the ml8tiOnShip betuem burst 1.ngth. S w t t C h  

MOW Research In i t la t tveS Task F O K C  
0 A task fOrCC Was f0- t o  Iden t i f y  research 8 m B S  -1at.d t o  

software that could be b u t l t  upon the e x p r i e m  of people 
curmnt ly  worktng on cowuter ai- dmstgn tools and 0tk.r hardware 

about four nmnths revinr1ng manos and tn te rv twtng  techntcal and 
nunagmunt people tn v a r i ~ s  areas - especially Softwam Tmchrmlogy 
and Systmrs. Tchnology yp l i ca t tons .  Nmtwrk Planntng and rPp1i.d 
ResearCh. 1h.y dRV.1- an tnltf.1 1lSt of mS8aKh t S S W S ,  and 
dertved from part  of thm l t s t  a nub.r of p r o j r t  proposals. Tmse 
proposals u8m -1- by tks APp1t.d ReSearCh L8b 213, 
subset vas p m e n t d  t o  foftwam Technology and Systms lurugmmnt. 
A research program on applications of Performma yodr l tng tools 

related mseaKh. This grOUp V0rk.d par t  t t l  over a prlod of 

and a 

has d m V 0 l o p . d  W t  O f  thm COnclUslons O f  t h t S  task fo-. 

622 # i t / S K  SONET-ltke SyStm for Adv8nC.d TelWtStOn and DataCyCl. 
Exper tnnt r  
o Ut th  Otvislon 21340 (J.Be11isto. DvM). we successfully d.nonstratmd 

d fg t ta l  transmisslon of ATV using a SDNET-like 622 # i t /s .c  
transmission protocol over 42 kllometers of opt ica l  f t h r  at  1.3 
mterons using potOntiDlly l O U  COS* -4. that  W l d  b. Sl l l t lb le  fo r  
tk. N b S C T i M P  loop. 
eoh.rent expmr tmt  ( i n  col laborat ion u t t h  Dtviston 21310 P. 
Kalser.  DvY) to  d.nonstrate d i g t t a l  ATV transmission of a whmmnt 
opttea1 1in* for subscrtber network dlStPibUtiUn. Dtvtston 21450 
( 0 .  W.rrpn. DvM) has askmd f o r  a copy of t h m  tr8nsnlsslon h8PdYam 
t o  s-rt an ongoing researeh e f fo r t  in  dat8base mn89.cnnt 
(Datacycle) and s to rap .  ustng o p t t a l  ftbor as the stor- amdia. 

This sySt.ll y.5 l0difI.d and - I d  w t t h  8 

Copt- Of th is SyStOlM h8Ve b..n d.1tV.d. 

Terabit pr s.cond Swt tCh  F8brlc St- 
o During t h t s  yoar a u j o r  i n l t i a t l v e  was -n t o  dotwmine sultabl8 

arehtt.CtUmS for  a tW%blt-pOr-..cond N l t c h  8nd t o  8MlYZ.  
contmdtng S W l t C h  f8br1CS V h l d  W l d  b. - I d  t o  U l d o l Y  -1OY 
BISON. Thm pml tm lnay  coneluston ts th8t thm switch fabric I s  
feastble w i t h  s ta te -o f - th -a r t  tehnology but W l d  b. d t f f i c u l t .  
Control and softbmm ut11 M ext-ly d l f f t c u l t  tssws. A -tal 
raport on thm C0111)tttOe’s a c t i v t t t e s  w a l l  M w r i t t e n .  Bc8Use  of 
thm -ltt..’S Wrk. P.SeaKh On fabrics $n B O l l C O m  W 
includes examlnatton of scal ing issums. and has resu1t.d I n  

PROPRIETARY-- Bellcore and Authorized Clients Only 
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Standard Cell IC Design System Usfng Schomatic Capture and symkwlic 
c e l l s  

Very Large Scale Mtograted 0 TO expmdite the dmsign of prototypa 
C i r c u i t  (VLSI) chips of high eonplexity (e.g., f i f t y  thousand 
transistors o r  more). a system of CAD (C0wputer-AId.d Design) too ls  
has b n n  aSSd1.d  and W r l t t W l  t h a t  takes t k  logical  Sp.ci f icat ion 
O f  8 C h i p  and aUtOWdiC811y Creates the C i K U f t  layout. This 
SYSt.III I S  C011abOr8tiOfl W i t h  D iv is ion 21340 (J.  Bel l i s lo .  DVM). 
Many exper imntal  chips fo r  a prototype Adva- Television systmn 
experimnt are current ly  being gmneratmd u s i n g  th i s  too l .  

Sinulat ion and Analysis of Intmgrated C l r c u f t  T i m i n g  
o A n  interface t o  t i m i n g  sinwlators has bnn c0d.d t h a t  mables 

6.11COP. chip d m s r m r s  t o  run these s im la to rs  and examine speed 
pmrforrpnce resul ts  on the r e m .  A m t i m i n g  sinwlator. ca l led  
CONGA. has b.m wri t ten and teSt.d. This stnulator has the 
ef f ic iency of a log ic  simulator. but is able t o  determim delay 
t i m s .  which 15 IWt possible Ul th S t 8 n d 8 r d  log ic  simulation. 

REASON FOR INFRASTRUCTURE CLASSIFICATION: 

The work of th is  App1I.d Research P r o j e t  providms fo r  the development 

current and future nnds  In notworks. servicos and oparations. The 
substantial bmmf i ts  of t h i s  P r o j r t  accrue t o  a11 hnwr-Cl ients and 
a m  unable t o  bm pr8vent.d f r o m  accruing t o  an O m r - C l i m t  who m i g h t  
.let not t o  par t i c ipa te  in  the P r o j r t .  

Of a leading knWl- base in SUCh kOy amas 8S lYtWrk 
tehno1ogt.S and SyStMBS. EllpkaSiS 1S p l a d  On appllCat1OC)S t0  

______________- - - - -_____________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
RESEARCH DIRECTIONS: 

Carry out resoarch a i d  a t  tk Infonution Nmtwrking Archi tKtum 
o b j r t i v e  of eehiwlng a s p a r a t i o n  of tk Delivery 5.gnnt and the 
Servtcos s t .  whi le imrlng tk h i e s t  levels of r e l i a b i l i t y  
in  the Delivery -nt. 

Rosearch mtwork lumgmmnt strat.gic+. t r a f f i c  routing strategies 
and mtwork -sign mmthod. f o r  broarBand m t w r k s .  w i t h  an .qh.sIs 
on tk Isynchronws Transfer rod. of packet transport. 

Research a i g o r i t h a  f o r  tk dmsign of survivable mtworks. w i t h  an 
.nphasis on dmteraining areas w i t h i n  a mtwork *re SONET r ings can 
be c o s t - e f f n t l v e l y  rpl0Y.a. 
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RESEARCH D I R E C T I O N S :  I CONT . ) 

RCSe8rCh ln to  methods of modeling operatlons systems and netmrks 
m8& up of network elements w l t h  d is t r ibuted contro l .  

ResO8rch in to nodcl i rq of systems a t  the level  of thmlr software 
archft.cture. IN purpose i s  t o  analyze th. prformance e f f e t s  of 
the cholcrr m8de i n  program *sign 8nd organlz8tlon before t h m  
detr41.d codc fs  wri t ten.  
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T h i s  Project i s  a Component of the EellCOre Product: 
APPLIED RESEIRCH 

A ~~ f tuarm-dof inod publtc mtuork. provldlng abundant. ubtqul tats 
~ ~ l l l l m t ~ a t l o n s  s e r v l a s .  supporttng the raptd introduct ion of m u  
featurms and services uith 8 rultitudm of eonp.ting suppllmrs of 
nmtu0I-k com@ononts. i s  a 90.1 Sharmd by Iellcorm. the I m l l c o n  Cl lent  
Conpanfa ( ICCs).  and mny ln  tH tml-nlcatlons l*stry. Thm 
transmlsslon and nrt tchlng tec.hnologies nmmdmd t o  provldm an 
Intmgratod sorvlces broadband transport capab l l l t y  f o r  such a 
nmtuork arm b.conrlng tncrmaslngly w11-undmrztwd. ltaumver. the 

control transport r m s w r w s  and offmr t h i s  funct tonal .  f lmxlble 
" fntel l igmnt" nmtwrk are n x h  lmss undmrstood. Such advanemd 
a n h l t r t u r e t  can mduw ICC costs fo r  provlsionlng, mintonanca. and 
data achlnistratlon. and can a l l w  mxpandmd volca/data/vtd.o s e r v l a  
CapabllltleS suitablm f o r  b t h  bustnmss and m s l d m t l a l  wstomrs. 

mxamplm. thm dmploymmnt of u l t ra -h igh  capacity transmission and 
sultcking s y t t m s  crmatms a mmd f o r  cormpondtngly  m t uhn lqu rs  
f o r  congmstlon ufu0.nmt. r m s w r w  al locat ion.  and f a l l u r n  movmry  
fo r  thm public nmtuork .mi-nt. Thm dosirmd fmaturms cannot bm 
aehlmvod ulthout slgnl f tcant advances ln  softuarm onvlronnmts fo r  
SePVlW SpNZff lC8t(Ofl and in  S 0 f t - N  dmSlgn and d D V ~ l O W N l l t  
tmchniqms for larg. .  high ava l l ab i l f t y .  N a l - t t m  distrtbutmd 
systoms. Simi lar ly.  thm lncmaslng d.l.nds p l a d  by thm in tml l lgont  
nmtwrk on Its s igna l l ing  m t w r k  and on nmtwrk d8tabases -rate 

s lg ru l l tng  notuorks th8t arm fa r  bmyond thm wrmt statm-of-thm-art. 
~ h m  goal of t h t s  p r o j r t  I s  t o  acklmvm th -ssary advaneor In thmse 
armas. 

work on nmhrork systms amnmgmmt f o w s u  on control a lgor i t rn r  for 
amnaplng thm rmsourws of thm evolvlng p b l l e  telu-leation8 
nmtwrk. W t 1 - S  t o  addP0SS.d l n C l u d .  those p0SW by r8diC.l 
chanp.S in  nmtwrk sultehlng and transmission tuhnologies.  such as 
Asynchronous l r a ~ f m r  yod. (ATMI transport. as u m l l  as nmamr t m r m  

t w a r d  tncnastngly mom tntmllfgmnt nmtuerk m1-t. and systmms. I n  
th. a m  of futurm broaOand nmtwrks. H am t m m s t i p t t n g  congmstton 
and f lw control a l g o r l t M  ~ l l c m b l e  t o  Ireadband Intmgratmd 

8KhitmtUN and 8lgoPitkna fo r  thm advamd nmtW0I-k S y S t B  tlUt 

Major rmSma#-eh 8dVaIICOS BtW t o  na l12e  th0.e L m f l t S .  FOr 

m m l - t s  for htgk Cmpaclty di8trlbut.d databasma and 

VNWOrk Control and I.fI8-t i S S l N S  by thm OVOlUtton 

Smrvlas Dlglt.1 N . t W r k S  (BISON). IKaUsm t h i s  rNtUOrk U i l l  SUppor t  8 
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PROJECT O V E R V I E W :  ( C O N T . )  

greater var ie ty  of servtces and w i l l  operate a t  transmtssion and 
switchtng rates orders of magnitude faster than today's packet 
networks. t t  ut11 -Ire IVY strat .g ies t o  control network congestton 
and provtde the n m s s a r y  pwfornunce grarantus -trod by each 
service class. Our analyttcal wrk ts conp1.nnt.d by r i m l a t i o n  
t c h n i w s  t o  provida tools t o  bet ter  unrbarstand tk dylunics of 
conplex systmns. The n s e a ~ ~ h  on current m t w r k  evolutton rrph8stz.r 
ter2hnl-S t o  allow fo r  the real-time rrconttguratlon o f  D ig i ta l  
Cross-COnmct t y s t m  (DCS)-based truw m t w r k s .  rppl tcat lons under 
study includ. mtwrk rewnf igurat ton stratmgtes t o  daal w i t h  f a c l l t t y  

unantlcipatod t r a f f i c  f luctuattons (tnprovlng t k  eff letency of use of 

optimtzation tmchniwes i n  our studies of mtwrk mconfiguration. 

I n  the a n a  of ne twrk  software a r e h ~ t c t u r e  and i~ lmnmnta t ton .  w 
sought t n t t i a l l y  t o  understand uhy telmcmmmtcations so f twan i s  so 
mch mom c a p l e x  and d t f f ieu l t  than software f o r  other large 
appl ieat tom. For 1000. w intend t o  take tho instght gaimd and 
apply t t  In thmm m8Jor areas. F l r s t .  w are Investtgating 

fa t lu res  (SurvlVab4llty through 8 U t D i N t L C  fau l t -movery ) .  or 

MtWrk f8C i l i t i eS) .  V. f O N S  on dlstr tbutod algorittms and Stochastic 

S w i f t e a t t o n  1awa0.S and O l l V i r O l l l M t S  that  faCil it8t. thc 
S p . c i f i C 8 t t W l  Of th. des$& beh8VtOr Of m mtWrk SePVtC-. V. S..k 
t O O l S  that  a m  P-tSe. collp1.t.. and yield eXOCUt8bl. C o d .  ( f o r  
stnulat ion of the I*Y sewtee). These tools ms t  also a l l w  masoning 
about the behavior of the m se rv lm  tn tk context pmsontod by a l l  
o t k r  servlces that  tk systmm exwutes c n r u r m n t l y  (e.0.. can t k  
m s e r v l a  r n u l t  tn a deadlock in  tk mtwrk: does the mu servtm 
c o n f l i c t  In exmuttion w i t h  other services?). We are tnwstLg8tIng 

so f twan a r e k i t e t u r n  f o r  t 0 1 ~ 0 1 1 1 1 ~ n t c a t t o n  control software. we wish 
t o  daonstrate.  tnrough a mseareh prototypm. tk use of para l le l  and 

o b j c t t v e s  of tk s y s t r .  Y. plan t o  addmss a w t d .  range of software 
iss~.s that  art- tn l a w  te1-ntcatiom syst.nr Including 
mtwrk -rating systms, progr-lng p a r a d i p .  po r tab l l i t y .  systmm 
monltortng and mlnterunw.  naming and addmssing. as w11 as tk safe 
and cormct  Interact ton of local  and mmote s o f t u 8 n  CQIPOIYnts. O u r  
third ama of r p h . S l S  IS I n  SDftwaN f U l l t - t O l . r 8 ~ .  T k  eolplOxfty 
Of tel.ColllUnlCatlOM S0ftV.N.. -1- w t t h  the OXtr8OrdfMPy 
ava l l ab t l l t y  N q J t r m m t s  for  mtwrk elmants in  tk. public mtwrk. 
suggest that the . b o t t y  of a systmm t o  to lerate errors o r tg t ru t i ng  tn 
spmclftcation or destgn i s  essmt ia l .  Y. w i s h  to gM.ra1tze the 

form81 m0d.l that wwld a l l w  fau l t - to le ranw considerattons t o  be 
1nclUd.d i n  a standard. 0p.n s ~ f t w a n  o n v i r a n t  f o r  
t e l ~ o ( * ~ ~ m i c a t i o m  s y s t a .  

logic-b8S.d 1BnguagOS and the US. Of SQD 0xp.rt SYSt.IIIL t.CP#lDlD#i~S 
i n  t h i s  area. S.cond. W are att-tfng t o  d.f(m an *XtmSible 

distributed programing t m f v S  t o  deal U l t h  S O f t V 1 n  .vOlUttOl7 
(introduet(Ol7 O f  I'NU f e 1 t l J m )  and SC8l.bf l l ty  8s f undamta l  

t P 8 d l t l O M l  .ppFDaCkS t0 S 0 f t Y . m  fUJ l t - tOler8K* and dDVe1Qp llDn 

O u r  rOSeareh on nRtWrk cOntlWl a r t h t t c t u r )  8ddr.SSes the datab8Se 
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PROJECT O V E R V I E W :  ( C O N T . )  

technology and network control archi tecture issues assoe1at.d w i t h  
evolution of the exchange network t o  an i n te l l i gen t  network supporting 
ubiquitous access t o  service features. customized routing. logical  
(person-spui f ic )  amressing. and personal services. Such a mtwork 
generates da taa te  query volumes and s igna l l inp  t r a f f i c  v o l w s  f a r  in 
excess Of the capai11ty  Of today’s trhno1ogi.r. T k  Problmm i s  
f u r t k r  c0npamd.d by inemasad c q l e x i t y  of queries a t  those high 
vo1uI)s. 

I n  addressing t k s e  problmns. our rosearch .nphaslzes explo i ta t ion of 
tk high in te ro f f i ce  transmission bandwidths avai lable W i t h  sinple- 
rnWa fit# t o  create highly e f f i c i o n t  d is t r ibu tod  datsbase syrtams 
capable of supporting onor(l l~~s transaction volums. This wrk has 
t h m  conpomnts: ( 1 )  analyt ic and s i m l a t l a n  studies t o  explore 

(2) def in i t ion  and extonstons t o  data models and q m r y  langua0.s t o  
support network services through s h a r d  ~CCISS t o  a n t w r k - m s i d . n t  

pmit undorstandlng and resolut ion Of key t c h n i e a l  issws.  I n  le90. 
H a m  extendiyl tk  prototypo i n i t i a t e d  in  1911 to  explon fau l t -  
t o l o r a m  and the d is t r ibu t ion  of prototypm funct ional i ty ,  and t o  use 
the prototypm as an exp. r innta1 platform for prototyplng selective 

today‘s taehnologtes. 

In  the past SIX months. y. p u b l l s h d  19 t.cknlc01 -rands. e v e  12 
external ta lks.  publishmd 1 1  tochnical papmrs and fild 4 p a t m t  

altem8tiVC control aKhtt.CtuPaS and d i s t r i t u t e d  databale 8Ck.rs: 

d.tabaS. SyStm; and (3) the prototypo I l p l m t a t l O n  O f  8 novel 
bPoa-and data d i s t r i bu t i on  8 r Y h f t r t U m  t0 eSS.SS f.8SibIlity .nd 

mtWrk SWV1C.S W i t h  data a B S S  d a p n d S  tha t  8- not Il.t W i t h  

-1 t C 8 t l o n S .  

PAST Y E A R  RESEARCH ACCOMPLISHMENTS: 

VLSI Relational Data F i l t e r  
o A c r i t i c a l  technology issue i n  archi tor tures tha t  r*p.nds on the 

bro8dcaSt O f  1.- M U n t S  O f  date IS tho O l W Z t P o n i C  SUbSyStW that 
exam~nes the data appmaring i n  tho b r m d c D S t  cham01 to atut and 
copy Itoms of local  ln temst .  I n  1011. w successfully fIp1emont.d 
a 2 micron msearch prototypo of a n l a t l o n a l  f i l t e r  tbt porfornr 

I n  tk suond hal f  of 1919 w e x p l o r d  extonding the capab i l i t ies  
of tk current chip t o  take advantagm of tho on-chip a r i t k t t c -  
logic-uni t  1ALU) t o  pmrform mom eolplex on-tho-f ly f i l t o r i n g  
md.d t o  msolve spat ia l  qwriw t o  l d s n t l f y  tho closost mighbor. 
and t o  sa t is fy  t n p o r a l  data rrquests. ~k overall a s i g ,  and 
Inpl-t8t(on pPOCOSS US.d t o  1Wl-t tk. Chip r p m S m l l t 8  
novel embin8t ion of PROLOG (a 1 q i C  b a S d  p ~ m m i n g  1 a w a p )  
a m h i t K t u m  S l l l l a t i O n  W i t h  a S(ltCOl9 CO(lp1l.P Corptter Ai-  

rel.tlOn.1 -tab.- SelUt iOn p r d i C 8 t O S  On StP0.m COntWtS.  
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PAST YEAR RESEARCH ACCOMPLISHMENTS: (CONT.) 

Design (CAD) tool th8t contributed s ign i f i can t ly  t o  the rap id 
design and U l t i m t e  success of t h i s  VLSI c i r e u l t  (Very L a r g  Scale 
1ntegrat.d) inplmmntatton. This design process i s  descrlbod i n  
TM-ARH-014291. 

Perfornunem studlms in  DroadDand ATM Networks 
o T r a f f i c  nun8-t in AsynchrDnous Transfer Mod. (&TU) packat 

m t w r k s  i s  an (.portant issue t o  avoid coyyst lon.  and consmqwnt 
de1ayS and p8Ck.t 10SS.S. we have C o r p 8 P M  mtwork-level and User- 
lave1 p e r f o r n u m  of t h m  access Control IKhanlsms fo r  eongmstion 
mnagmmt:  Patm-baSmd Wtndoyl ("leaky buckets"). 0 d - t O - H  
acknwlmdgmmnt. and c-stion f..dback ackevldg~mmnt.  wm 
stud4.d their perfornume using a eelt-levml s im1at ton of an ATM 

pwfornr -all, u h i l e  mithar Kkrrcrul-t basmd mechanism i s  
ad.wmtm. However. assessmd froll thm usmr's pwspmetIvm. "leaky 
buckets" also f a l l  t o  provide sat isfactory smrv1ce. Our s l m l a t t o n  
m S U l t S  IndlCat. that  fUrthmr StUdleS Of IntP~I'NtWrk wing and 
rwtlng am md.d t o  ad.quately control congestion and supply 
assumd qual i ty  of se rv im  t o  end-users. This work I s  d0ummnt.d i n  
Ty-Am-013122, and a p.p.r v8s pmsmtod a t  O l o b . c o n ' 8 B .  Continuing 
work tm~udms thm mnasummmt and analysts of L ~ C ~ I  A n a  Nmtwork 
(LLN) t r a f f i c  ovmr fim tim scales t i , = . ,  m i l l i s m e &  resolution) 
In odmr t o  obtain and CMUraCtmPiZC n8l-world t r a f f i c .  

Mtwrk. We found that a t  thc network-lmvml. "leaky bUCkCtS" 

T l m d  Logic Programing PaPadIm fo r  Service S # ~ i f l e a t i o n s  
o Pmsently, thm currmt servicm creat ion process i s  longthy and 

vmrwror-apmant. Qmmrally, smrviee cmatlon consists of four 
intm-late s t a g s :  botuvioral spmeifieation. network d.s~gn. 
softwarm d.sign. and 1rpl .mntat lon and testing. Thm test lng and 
i~p l - ta t ton  s t w  i s  usually thm most t in-wsuming par t  of thm 
present process. I n  most Casms t h i s  I s  (*I. t o  imonplete and/or 
lnwrraet B W U V I O r 8 l  spwi f i ca t ions .  Dmhavioral spmciItcations 
USU811y C O M i S t  Of CUSe-effeCt m i - t S .  m a l - t i L .  
m i l Y n * n t s .  and ti- tnrhpmndmt Invariants. Most ex is t ing  
S e P V l N  C N 8 t # D l l  t W l S  and MVl - tS  foCUS On the C.PmSMt.tlOn 
O f  CDUSe-effmt IY((Ul-tS and r cMn lsms  f o r  d.tmtlflg 
Intermetiens t n  such m p ~ s o n t a t l o n s .  Dy chocking e8use-mffmt 
pai rs .  sign81 8&lgulties can be maslly d.tmt.d yh.n thm s8m 
C o n d f t i e n s  (emus-) lmad to d i f f m r m t  mffmts. However, what! 
Intmgratlng mu featums In to  an mxistlng systm. lrronpatiblm 
t-ral boh8vlors and/or v io la t ions of invariants can cause 
problm. ThD g0.1 of this pF0j-t i s  t o  d.t*mIm i f  thm 
axpmsstvmss and built-In eantrol acruntsm of logic programing 
could b. usoful tools i n  f a c f l f t a t i n g  thm ve r i f l ca t l on  of 
spmeiftcation and intograt lon of mu s m r v t e n .  tbsh e f f o r t  h8s beon 
dmv0t.d t o  1 )  Hlmting a prop.r formalism fo r  rspmsenting 
s # ~ t f i c 8 t i o n  in  thm logic programing pa rad iv ;  and $ 1 )  
Incorporating thm t-ral notlon t o  m s ~ l m  thm evolutton of 
smrvim bohwiors over time. A paradign i s  boing d.ve1op.d t o  
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PAST Y E A R  RESEARCH ACCOMPLlSHMENTS I C O N 1  ) 

a l l w  servlce designers t o  simply provide a set of tewora l  
t rans l t ton ru les and Invr r lants  as speelfteatlons. and thm t o  
a l l w  the dmslgner t o  query the service behwlors as dmslmd. 

Dlscmte-event Object-ortented Stmla t ton  E n v l r o m n t  
o Telromrunlcatlons softwarn cystms are notor lo l ls ly couplmx and 

h a r d  t o  C h 8 9 R .  Tkc Illat17 oblOCtivR Of t h l l  PFD]ct IS t o  
Invmstlgatm uays t o  allow conplex softuarc SystNtIS t o  M lam 
oasl ly destgned t o  b. mxtonslblm and Nusablo. SO th8t f w e r  
porsm-years a m  nemdmd t o  devmlop and nu ln ta fn  thm. 
explores Ways t o  dOflM S O f t W 8 m  SYSt.lllS V i 8  IIDdLI1-S that Can be 
easl ly o x t a m  by eonposlng mus8ble subimxhles. T k  systan can 
then be W g g e d  ustng software nonl tors or probes. Softw8m 
englmering appro8ek.s such as object -or lmntd programing address 
solllc of the ISSWS. In p a r t l w l a r .  l adu la r l t y  and r u s a b t l l t y .  
through tkc notlons of enc8psulatlon and fnhmrltance. Howvmr. I t 
does not address t h m  1ssums of s t r u e t u r d  c ~ s l t t m .  sys tm 
mxtmnslbfllty or Systm lan l to r fng .  A progrannlng par8dtgn based 
on tH ob]ect -or~mntd language c++ has bmen dmv01op.d. 
s l m l a t t o n  mnvirormmnt, DDSE (Discrete-ovmnt O b j r t - o r t m n t d  
S lmla t ton  Environn*nt) i s  Mtng bullt. A pml tmirury  vorston of 
WSE Is functtonal. 

Thls p r o j r t  

A 

L . 0  -- A n  Ex-tablm SpOCfftC8tfm L a w a g e  
o L.O IS a m mxmeutablo spoci f lcat lon 1awaga spme1ftca11y 
dmslgned t o  b . t t m r  f8Cfl l t . t .  S P . C f f ( C 8 t f O n  and rmpld PPOtOtyplng 
of CQlllmlCatlon systems. CQIIILlnlcatlon systms a m  mactlvm 
(event-drivmn) mal - t lme systmns which havm m y  tntormctlng 
eonporunts a t  8ny s lvon Instant. To f ac l l l t a tm tho dmserlptlon of 
tlm-based mlatlOnshlpS Mt- OVmntS 8nd at.. L.0 tIICOWDratOS 
an mxpltc l t  notton of logtca l  ttmm or program st-. t011MntcatIm 
systmms a m  c o n p o s d  of mny subsystms. honcm L . O  prov~dms easy 
f lox lb lo  -10 conposltlon v la  constraints. to enable usmrs to 
s F l f y  .what" skould h.pp.n Wtthout dmscrlblng "kov" t t  S k o u l d  
h-, L.0 IS 8 rU1e baSd  18nglap. 
dynmlc natum of tm locumunlca t~~ns systoms. L.O ru les can 
f n s t m t i a t o  and/or -vm o t m r  L.o ru10s. TM-315-014531 dlswssms 
ustng L .0  t o  mods1 t o l ~ n l c a t l ~ n s  sorvlems w f t h l n  tho contmxt 
of l8y.md aKhlt.CtUP.S wch as X In fo r ra t fon  Systms ( X I S )  or 
Opmr8t tw Systms W t l n g  Archftoctum (OSCA). M I n v l t d  t a l k  
On L . 0  U 8 S  SfVm a t  C k  UnlVOPSfty Of A r l z o h a .  
pmsentmd a t  SETSS 'BO. " IC* :  an CmtrOrnmt fo r  Dmstgnlng 
COnrUnlcatlons Softwan." L . 0  Is pmsmntly Mtng used 
mxpertnmtally a t  tw Unlversl t los.  

TO mP0 m8Slly d.SCrtM the 

L . 0  WaS a1S0 

Dtatrlbutmd R m s w r c m  Cwntors 
o whmn m a i - t i l r  cons t ra~nts  l u s t  M S a t l S f l M  by ~argm systmms und.r 

modml f o r  m ln ta tn lng  a f l x d  nmxlmm w r  of l f m  bo- two 
customrs In a prlvatm v l r t u a l  mtYOric. w I nvmr t l g8 td  om such 

k a v y  loads. mvm Stmplm pr0bl.m bar d l f f l w l t  t O  SOlvO. As a 
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: f CONT. ) 

problem whose solutton i s  conplicrted by a l l  thme factors. We 
fomulated the p rob lm as a real-time resource counter on a 
distr ibuted systm. and developed 8 real-tlme correctness condition 
for  the counter. We then investigated several appro8ches t o  
inplnnnt the counter. and conpared the i r  per fomnee t o  8ccwnt 
fo r  messagc processing delays. The results of the perfornunee 
StUdlCs are also used to  dovelop h w r l s t i c s  fo r  configuring a 
resource Counter on a d is t r ibuted systm. 

Non-stop 5of tware upaates 
o I n  the teleeowmJni~8tions mtwrk. where smrvice M S t  be 

Cont1nUOUSly 8V8l18ble. the COSt Of Stopping 8 cyst- t o  i n S t 8 1 1  
Mw S O f t U 8 m  m y  be Un8CCOptable. This i S  partlcu18rly l i k e l y  t o  
be true i f  softwarn madific8tions occur f m a n t l y .  which i s  
possible in the fUtUPC 8s lKmaS4ng W e r S  O f  tlOU fmatUWS 8- 
introduced. I n  1089. v. analyzed wr non-stop update approach w i t h  
m S p C t  t o  the aV8 i l8b l l f t y  8nd m i n t a l n 8 b l l i t y  -4-tS f o r  
switchlng s y s t m .  as defined in  L0e.l Access Transport Ama (LATA) 
Suiteking Systmns Generic R.qu i rn rn ts .  and preswted our f indings 
a t  the I n s t i t u t e  of E Iu t r i c81  and E lKt ron lcs  E n g l m r s .  Inc.  
( I E E E )  Softuare E n g t m r i n g  f o r  Telac0lllllmic8tlons Systms 
Confemnm. V. also studlmd 8 method f o r  axtmnding an ax ls t lng 
upd8ting sys tm t o  8 distr ibuted envirommnt. These mxtmstons 
a l l o w  d is t r ibuted programs writ ten. using the r-te promchJre c a l l  
paradign. t o  be dyn8mlc8lly upc(.ted. Our 8pproach ~ ~ 8 1 0 s  t o  8 
gaographtcally distr ibuted eaput ing  mnvlronmnt and supports 
-tar systmms that contain heterogorwars h8rdV.m and softw8re. 
PPOgr8M th8t a X K U t C  on 
amin is t ra t ivm m n t i t l m s  can also ba upd8tmd using th i s  8ppro8ch. We 
p m s m t d  the msu l t s  of t h i s  oxtenston 8 t  the XEEE COnfm- on 
Software M8intan8nce. 

S y S t m  owryd by M l t f p l e  

T e l ~ ~ l l l l l m i c a t i o n s  Softuare Rmsmarch Prototype 
o The curnnt gmmration of tml-nications software i s  mxtmmely 

caplmx (both In structure 8 M  qwr8 t ion) .  has l imi ted 
a x t m s i b i l i t y ,  and i s  d i f f icul t  t o  maintain. Thmsa factors l i m i t  
the growth potmntlal and the r8- of now servIC.s th8t m y  be 

used i n  sys tm d.valoplrnt. Wm have an mqmr inn ta l  
prototype of a nova1 ~ ~ l l l l l m i c a t l o n s  sys tm int.nd.d as 8 vmhicla t o  

use of modern progr8ming t u h n t q n s  t o  ow- som of t h s e  

graphical s ta t ion .qutpmnt in  a8Ch end user's of f ice.  and h8vm 
to i n s t a l l  wltching softuam and control p romsors  t o  

to  addmss 8 rang. of softw8m issues that arise i n  largm 
tal-nic8tions systmns including network opmrating system. 

m l l 8 b l y  O f f a m .  MUCh O f  t h i s  I S  b t o  Unp lamd S 0 f t W . m  g'ovth 
8nd the lnh.Mt 18Ck Of SC818bility O f  tM programing tachniqns 

mX.l l l iW therm S O f t W 8 -  8PCh$tOCtUF81 1SSU.S and t o  3 I W m S t i w t m  tk. 

S0ftW.m P r O b l m .  h 8 V m  S t8P t .d  the 8 S S d l Y  O f  Vi-. 8 U d l O  8nd 

l n t O K O M C t  USmP S t 8 t i W .  0- the h8rdV.m 1s In  place. H pl8n 

progPming p.r8dignc, po r t8b i l i t y .  SyStm M O n l t O r l n g  and f a u l t  
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: fCONT. I 

recovery. namlng and addrcssfng. as well as the safe and correct 
Intcgrat lon of l x a l  and remote software cO(lpOnnts. 

_ - - - _ - - _ - - _ - - - _ - _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - ~ ~ - - - - - ~ ~ - - ~ - - - ~ - - - - - - - - -  
REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

The work of t h l s  Applled Research Project prov1d.s f o r  the developnnt 
of a leadlng mdge knarlmdgs base In SWh key areas as r e a l - t t m  
systems. control infrastructure,  servlce n a c t l o n  and Interaction. and 
database management. Enphasis 1s placed on ~ l t c a t l o n s  t o  curront 
and future neods tn networks. servlces and operations. Tha substantla1 
b m n f i t s  of t h l s  P r o j e c t  accrue t o  a l l  hmcr-Cl ients and are unable t o  
be prevented f r o m  accrulng t o  an O ~ ~ r - C l I o n t  who nlwt elmct t o  
part fc lpate ln  thm project .  

not 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

RESEARCH D I R E C T I O N S :  

Examlm the f e a s l b l l l t y  of open archl tecture f o r  mtwork software 
systmns. conststent w l th  t rad l t fona l  r e l l a b l l l t y  and porfornunce 
Stand.Ms. but f a c l l f t a t t n g  rapid l n t rod lc t lon  of new network 
Capabl1ltl.S. 

Study tha archftmcture f o r  mtwork control functions. lncluding the 

Study software tools and technlqHs f o r  mtwork servlce sp .c l f I~a t fons  
that wl l1  f a c l l l t a t e  tha rap ld introductfon of new ratwork s e r v t m  
by the ne11wre c l t e n t  coqaantes. 

desfgn O f  very hlgh capacity. d ls t r lbu ted  nOtWrk database SYStMltS. 

Study control a l g o r l t k  and develop evaluatlon tmchntqms fo r  
managtng resources of thm current and futurr publlc mtwork. 
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PROJECT O V E R V I E W :  

This project  addrmsses human networks and technolcgy-orlentmd 1ssu.s 
on which the servlccs of fer ings of the evolving fntell lgmnt. broaOand 
network dqaend. I t  advances a v is ton of an Information society In 
whlch tndividuals commnicate v i t h  each ether and w i t h  infomatton and 
conputfng rmswrcms f o r  wrk. ~earn lng.  ~ 0 ~ 1 8 1  relat1onshlps and 
lmlsurm tlm ac t l v l t l es  despite barr iers  of d lstame. tim and mmdim. 
I n  t h i s  v is ion,  lndivtduals and organizations are able t o  use 
connunicatlon nmtwrks t o  Sham ldeas, lnfomut1on. and elmctrontc 
wrk spaces. t o  handle floods of tnfomutton. and t o  relnforcc 
rYlatlOnSh1pS and social values whlle maintaining control over t h e i r  
prtvacy and pmrsonal c-nicatlons mnvirommnts. Thm projmct fur thers 
undmrstanding of nrltimmdla comunicatlons smrvirms. and resmarchms 
tmchnologles f o r  rea l l z lng  thmm over the nmtwrks of Bm11com Cltmnt 
Conpantos (BCCs). 

Spmclffcally. th. projmct invmstlgatms m l t l m d i a  (and u l t l - p a r t y )  
m a l - t l m  confmrenc1ng and collaboration. nr l t inmdla information 

advanced usmr lntmrfaccs, and secur i ty and prlvacy lssums. X t  Stud1.s 
thm software. nmtwrk archltmctum and tools thmt a l l o w  servlccs t o  bc 

what makes futum smwlccs usmful, usable, and s ~ ~ l a l l y  amptablm. 
T k  projmct creatms mxpmrtmmntal resmareh prototypms of 11)110vativm 
smwscms t o  undmrstand users’ nmmds and t o  stress nmtwrk 
Capabl l l t les.  I t  invmstlgatms advancmd usmr lntmrfacms and the tools 
fo r  creat lng such t n t m r f a m  t o  makm a r1Ch.r sorvlcms m v t r o r n m t  
acemsslblm t o  ordfrury resldmntial and busimss usmrs over thm publ1c 

(such ms smrvtcm control through high-lmvml s0ftV.m. In fo rmt ton  
brarring, and cryptogrsphtc smcurlty), and s0~4a1 or  behavioral issums 
(such as prlvaey. co l l .Wra t l ve  wrk. and organlzatlorul actmptam) 
bearing on thm s-ss of future mtwrk servlcms. 

The knovl.dg. V r a t m d  by th l s  p ro je t  Ius l v a c t s  On BCC m x c t u n g .  
busimssms through smveral rwtms. I t  ts passed t o  Infommtlon 
M t w r k i n g  Serv iws and o t k r  areas of Bml lcore.  mlch wrk w l t h  tk 
BCCs on network mvo1ution. I t  IS passmd d i m t l y  t o  tk BCCs f o r  
t h m i r  lntmrnal o r  othmr usms through dmnonstrat1ons. ta lks.  
publlcatlons. and tmchnology transfmrs of m S m 8 K h  p ro to typs .  
mxpmrtmntal smrvfces dmslgns. and software. M i t  IS passmd t o  

aC-SS and dlSS.II1NtlOn. MUltlllM18 mSS8glng. tools and m t S  fo r  

PPOVf- maLily and robuStly. Thm Wrk n p k 8 S f Z m S  UndmrSt8ndiw O f  

mtWrk. A n d  f l M l l y .  tk WrL Of tk PPOjct  WU1yt.S t K k n l W O S  
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research and vendor comunlties. uhere i t  stimulates further research 
and developrnt. 

The benefits t o  the BCCs lmlude increased eff lcieney ln  the l r  
internal operations. greator a u t m t l o n  of subscriber-netwrk 
Interactions. hlghar u t l l l z a t l o n  of ne twrk  f a c l l l t l e s ,  the 
developllant of m u  mvenue stmaas as these and other s e r v l o s  am 
prov4d.d over exchange Carrier facilities. the a b l l l t y  t o  n*.t 
smwr l ty  and prlvacy conarns. and a leadlng r o l e  in  tho ma l l za t i on  
of an tn fo rmt ion  soctety accessible t o  a11 through the public 
SUI tehed ne twrk .  

T h e  uork has f l v e  thrusts: lnterpersonal eonnunlcattons. broadband 
servlces prototyplng, lnformation access and dlssmlnation. ne twrk  
s.Curlty. and human interfaces. 

The wrk i n  interpersonal co~m~nica t lons  i s  foeu8.d on Comunlcatlon 
among tndtviduals to  stmngthon their exrst lng wrk a c t t v ~ t i e s  and 

collaborative wrkers.  and famlly m r s  s..*tng something Closer t o  
"belng thorn". tho p r o j r t  u l l l  lnvostig.te i n t q r a t d  u l t i m d l a  
~ 0 1 1 1 1 ~ n l c 8 t l m .  both mal-t ime and nrssaglng. w i t h  -84s on visual 
el-nts. Tho p r o j r t  u l l l  further lnvestlgate broadband "urplanmd" 
connunlcatlons such as #nn or group-managM mltlmmdia l i r k s .  

audio. doMnt sharlng, and conputor applicatlon-sharing 
capabll l t los). and a "Cruiser" s y s t m  for  casual votce and vld.0 
tnteractton (aupr8t .d  by doarrnnt and appltcatlon sharlng) among tho 

SOCial ml8tlonShlpS. Exalp1.S lmluda dt5t r ibut .d  groups O f  

ex.np1lfl.d by a wld.-asp.ct " V l d . 0 W l M w "  (ak8gmDnt.d by four-channel 

0.ographlcally d1strlbut.d m S l d . n t S  O f  a "VlrtU81 ha1lUaY". 

Informatton mtwP*s  msearth. w i t h  S t r o n g  -5.S on ViSU.1 
tnformatlon and d. l lvory v ia  BISDN (Broadband 1nt.grat.d Sorv las  
D ig i ta l  NRtwrk), W l l l  1nvestlgato trknl((U.5 for both CSSU811y 
v l w l n g  in fo rmt ton  and mom act lve ly  soarchlng fo r  lt. I n  those 
studies. the lntel l lgmnt. broadband mtwrk u l l l  bm v l M d  as a v t t a l  
C o n p o n n t .  f a e l l l t a t l n g  a-5 t o  a broad rang. Of d8tab.505 and d ( 8  
typos. A t t m t l o n  ul11 b. focu5.d on euSto(l1Z.d. S B t l m S  adaptlvo. 
inforaatlon f l l t e r t n g  t o  rreLK. NSS~VO Informatton f l w s  othoruise 
p l a a d  on tho notuork to  managmble proporttons (e a n t r a l  WOstlon 
for  tho evolvlng Information soeloty); but f t  u l l l  also b. d1met.d 
tobfard Interfacing ulth hoterog.nmus +nfo-tlon s w m s .  

and cmverslons. and tho study of " f r iendly"  s.l.ntlc. hierarchical. 
and advlsory user I n t e r f a a s  f a c l l l t a t l n g  usor amss  and dynamtc 
Control. 

NRtwrk s.curi ty m8earCh I S  broadly d4mt.d tOU8Pd tho p r l V 8 -  end 

t rhnolog les fo r  m l t l d l a  carposltton and . d i t t w ,  d i a  ad.ptatlOtIS 

authentlcation of user t r a f f l c .  tho control of a c a s s  t o  s e r v l a s  and 
databasos. and tho p r o t r t t o n  of m t w r k  fumt tona l  01-t~ in  tho 
mom 0p.n m t w r k  of tho futum. NW e f fo r t s  ut11 bm rad. on 
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cryptographic and biometric user authentication systems and security 
architectures of an opmn network. and previous research contirums on 
tCChn4qJ.C f o r  the production and exchange of secure. authcnt iC8t .d .  
~ i t i m d i a  electronic transactional documents ( w i t h  d i g i t a l  
signatures). and on speaker ver i f i ca t ion .  

I n  genera l .  the project 's work program recognizes the business and 
rosearch opportunities presented by providing COIIMniCatim services 

The coming goneral ava i l ab i l i t y  of w l t i D d i a  conprting w i l l  incmase 
the potential r a w  of such services. one roaOlock t o  the develefment 
of a broad base of conprtmr-mdlated telec00lllllm1catims services i s  
the lack of easy-to-use tools to  construct them. The project's human 
tn ter f  ace research program vi 11 take advantag. of these opportuni t i es  
by examining and dmvmloplng techntqms to  a id  dmvelopmrs of nult i-user 
and mul t inmdia Interfaces. I n  t h i s  Coffimption, develDpwS 1-8- f r o m  
profession81 "progrannrrr" t o  customers vho have tkc a b i l i t y  t o  
personalize the i r  interfaems to  e-nication serviems. While the 
focus of our " too lk i ts"  research i s  to  evolve softwam environnnts 
that f a c i l i t a t e  the cmat lon of w l t i - u s e r  applications. It i s  c lear  

singlm-user interfaces w i l l  bm consirlmmd as par t  of the nsearch 
program. Thm work w l l l  l l k e l y  d raw on objmet-ortmted programing. 

metaphors, and desk-top in teract ive v i m  tecknology. The overarching 
goal i s  to  understand the tools and t e c h n i w s  that w i l l  a11w 
dovelopmrs t o  build m l t i - u s e r  applications vhtch w i l l  g ive pmople a 

that bring p.Qple togmther w i t h  a C o l l p . l l l n g  Sent. Of "bmfng them". 

that tKhnlC8l p e l -  iIp.dlng the deVelopmt O f  high-qU8lity 

bmhavioral sclmncm mseareh. knnr l .dgc--Sed SyS tm.  graphical 

S m S e  O f  f l dm l l t y  and p-5.m throu@ the US. Of d i 8 .  

PAST YEAR RESEARCH ACCOMPLISHMENTS: 

I n  the second hal f  of 1989, the pro ject  contirued research on the 
N j o r  t M s  d.sCribmcl 8bove. I w r t a n t  o x ~ l p l o s  of the Division's 
l as t  Slx-IMlth's Dccapl lShnnts am g l v m  WlW: 

IYllttmmdia I n t e r # n m a l  Commnications 
o U.S. p a t m t  (#4 ,8~0 ,314)  covering the v ~ m w t n d o v  ~elmconfmrmncing 

s y s t r  was gr8nt.d on D.e. 26, lS8S. Patmt applications w e n  
f i l e d  f o r  thm "Laser-Pm". and * V i m  Vim&raph.  interfaces f o r  the 
vtd.o~indou.  and an .nmd.d application V.S f i l e d  fo r  a " T h r w g h -  
The-Semmn V l w i n g "  eOrrpt f o r  Vld.o-Phonm terminals. 

-rs ot the ~ t v i s i o n  conti- .valuating users' interactions 

and group d y ~ n i c  (e.9.. transit ions bmt- publ ic and pr ivate 

W i t h  e8Ch other 0V.P thm V l d . o W t M o v .  Results 1ndiCat.d that 
t)w- 8- both U S . b i l l t Y  (e.9.. PN2lplWClty O f  S m i n g  and he8rIng) 

5-h) 1SSU.S th8t md t o  bm addmSSed. Pr t l lm fMW F O S U l t S  
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documented in  a book chapter that  out l lnes our perspective on 
1 n f o m l  c-ni cat ions. 

system fo r  CaSUal Interact ion (Crutser). The appl icat ion software 
was corpletely mdmsigncd. re inp l .nmta t ion  of the applieatton was 
started. and the prototype uas ported t o  a p a i r  of goneric 
Su1tch.s. These aCt iVi t feS resul ted In: (1 )  a more f lmxib le  and 
.xtenflble mppltcation architaeture. ( 2 )  a p o t o n t t a ~ l y  faster 
Cruiser appltcatton. (3) imroved funct tonal i ty  of tk. application. 
( 4 )  a platform that gtves us f i n e  control  over tk behavior of the 

s w r t  up t o  30 users. i n  place of t k  is-user i x i ~ u l l  available 
on the o l d  p la t fom.  we published the Crutser vtd.0 tape. a s t m  
privacy mchanisms and neu tmrmtnal oquipmnt, and nou plan an 
internal t r i a l  dmploymnt in  ISSO. Final ly .  y. ostabltshmd a 
co11aboration W i t h  the Div is ion 21450 (G.  C*man. D ~ M )  Tourtng 
Machirm p r o j u t  t o  mxplore issues i n  systmn softwarn support fo r  
advanmd n u l t i m d l a  c o w ~ n i c a t i o n ~  servlms. 

investigate the f e a s t b i l i t y  and potent ia l  usos of enha-nts t o  
tk noma1 mmchanisms of e lectronic mai l .  Thts reSearch att-ts 
t o  go # v m d  the currat state of the a r t  In mlt immdla mat1 
SYStmms by permitting c ~ l l p ~ t a t i o n a l  al*rithlll+ t o  be mmmddmd in 
Inail and b u l l e t i n  board MSSagmS. 
powerful and gmral -purpose conputattonal mgtm f o r  u x  i n  ma11 
softuare. a *le m u  g.mratton of nuil-basad intmraettve smrvices 
u l l l  bums possible. Thm current resmarch foCUses on the key 

robust. portable. and socure research prototypm in  1990. 

0 Progress continued on implementing an audio and video c ~ ~ ~ ~ ~ ~ m t c a t i o n  

Switch and 8SSOCIat.d pOFlpher8lS. and ( 5 )  8 SYSt.ll) tha t  Vi11 

0 A nn! rnsearch i n i t i a t i v e  uas I n i t i a t e d  in tk Div is ton t o  

I t  I S  hcped that by PrOVidlng 8 

W S t t O M  O f  p o r t a b i l i t y  and SKUrt ty .  u t t h  tk goal Of producing a 

Mult tmdia Col*untcattons Systems 
0 T k  8 M l Y S I S  Of V l d . 0 - o n - D . n u n d  S Y S t . M  WaS #sun. O m  TM. 

"Analysis of tk omora1iz.d information Providing Syrtmn." 
provtdms an analyttcal platform and a s . c o M ,  " M l s  fo r  mar-term 
Restdontlal V l d . 0  Services" (TM-TSV-OIISSO) WlttOll j o i n t l y  w i t h  
Nmtuork T u h n o l o g y .  doscribes nmar-tmrm a rch t tu tu res  fo r  tk 
dmlivery of v i -  smrvlces. W o r k  uas agun in  ml labora t ton  u t t h  
Dlvtsion 21480 (C. M i c e .  Dvw) and Em11 Ilorthrn Research on a 
novel " S t o n  and forward" v id.0 dmltvmry eoncopt. 

0 N w  research uas I n i t l a t a d  on several novel. ha*am-basad. 
visually-ortontmd i n t e r f a ~ s  t o  the broSa?8nd mtuork. Work on 
V l d . 0  dtSplayS b a r d  On COlunn-Skrtt.r/rov-bac*ltgkt tW2hnl-S UaS 
w n .  This rnsearch could lead t o  la-, high-rnsolutlon 
displays suitablm f o r  onhanmd Vtd.oUindou and High DmftntttOn TV 
(HDTV) 1I.gtng. ROSmar~h On 8 customr mntro11.d V l W l n g  cOmpt 

future broadJand mtuork  subscr+bers t o  oxpmrlmnco a v t r t u a l l y  

work on a thm-dimnSion.1 p r o j r t i o n  and tmmging rystmn uas 

"SPHERE-D-VISIOlY" UaS i n l t i a t a d .  This C o m p t  VI11 a l l m  

UninP.aa. fu l l  leo*-arOund V I -  Of a w t e  location. F ina l ly .  

1nttiat.d. This SyStm Should U l t i i t . l y  a l l W  r e 8 l - t l n .  thm-  
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technologies. 

Inforcutton Notwrks 
o Project m r s  conp1ct.d a study of thm vtsual q r a l t t y  o f  a 

verslon of a m u  1.5 # t t / s c  f u l l  motlon v t d w  conprmsston 
alporttkln dOvelCpW by Dlvlston 21480 (E. JUdim, DVY). P m l t n i M r y  
resu l ts  had +howl that It 4s posslble t o  proc*lca fu l l  motton 
e n t e r t a i ~ m n t  v id.0 thot  can b. transport.d a t  T I  rates wtth 
qual t ty  -ar.ble t o  VHS (format u3.d I n  05% of home VCRs) 
recordad vtd.0. Subsmwent wrk l nvo lv ty l  a thorough s ta t t s t i ca l  
analysts of tho laboratory test  msu l t s  was cap1et.d and 
documented tn TM-AM-014100. "A S u b j r t t v e  Visual W a l l t y  
Coapartson of NTSC (National Telmvtston Standard Cede). W S .  and 
C a p m S S d  DSI-Colpattblo V i d w . "  This Vork was mP0rt.d a t  thm 
F t f t h  Internat ional  workshop on Temmttcs t n  Donver. Colorado. and 
h 8 S  b..n 8ubnrltt.d fo r  publ lcat lon fn 8 t r h n l c a l  JWm.1. 

prototypa was cap10t.d. A research prototypa nulttmmdla formatter 
ba8.d on an extendm6 SQNL (Standard Glmra1lz.d M a r k u p  Language) 
was wr l t ten  and to8t.d as an EloctrDktc Wagutm on 8pproxlnutely 
00 ar t te los.  seloetton and 6t.play programs thot take output fran 
tk. formatter and pmsmt t t  as pmrsona1iz.d "nuputnos" on an 
tnteract ive temtna1 wm u r t t t o n  and 6momtrat.d. Work on th ts  
phase was 6 O a m m n t . d  In TM-ARH-014704. "An Dvervtnr Of thm 
El.ctrontc Ic.gmzlm P r o j r t . "  end was pm8ent.d a t  thm E l r t r o n i e  
Imgtng ' 8 0  C o n f o r r m  In Boston. Mass. Work bagan on phase 2. 
tnorpora t tng  d1gttlz.d audto. a mom gr.Phlc.1 usor Interface. and 
a more sophlst1eat.d no twrk  dmllvory l0d.l In thm prototype. Wo 
also bogan looklng a t  tho use of tho Custm4z.d E l r t r o n t c  
Informatten Omllvory t m l o g y  f o r  in-hwse corporate In fomat ton 
6al tvory syst.lll+. 

0 Phase 1 Of tho Qlst#lltz.d E l r t r o n t ?  Inforcutton Omltvory mSeamh 

mtwrk soaw i t y  
0 A stgntf tcant e f f o r t  has b n n  dmv0t.d t o  und.rstandtnp thm PPtVaCY 

IrpltCatfOIIC of Co l lo r - ID .  
TM pmsmts  msoarch supporttng th prtnc lp lo  that  e a l l n s '  r ights 
t o  knov vho 1s uslng their t tmm and .qu tpnnt  takos pmedonm 0v.r 

privacy am 6ynmtc. rathor than ftx.d. corIcOPts: stnply buause a 
tochmlogy o f fo r tng  c 0 n v m t . m  (thm t e l + m m )  US- t o  favor tho 
prtvacy pmfemnws of ca l le rs  over e a l l m .  0 . 5  not m a n  thot  thm 
status w should r r p l n  uk.n thm tmchmlogy bommos available t o  

thm privacy l.bal8nm. T k  Ty also dmlves I n t o  s o ~ t a l  nom 
and practtces t o  ascartaln pmvat l lng  m r i c a n  values vts-a-VIS 
plaCtng phDM Cal ls and ex81RtnoS thm a y C " " t  t h a t  Cal lor- ID W t l l  
take away prlvacy rights. 

Vhtch NSu1t.d In TM ARH-011005. This 

Call.r+' Ptghts t o  anonyltty. I t  f l n d S  tk.t both twhmlogy  and 

Tho TM C0nclud.S that  Cal ler- ID 
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: ( C O N T . )  

accOnplishes the opposite by removing ca l l e r  anonymity. something 
that was a by-prodrct of p r i o r  network design rather than a s r r c c y  
that wr cul ture agreed should inhere in phone Calls in  thm f i r s t  
p l a a .  There are also reconmendations t h a t  c e r t a i n  saf.guards bc 
pmsent in  Caller-ID irplementations. 

of unchrstandtng hov the l im i ta t ions  of Inman w r y  a f f m t  the 
u t i l i t y  of the Caller-ID service. Our conclusion that .  w i t h o u t  
mehanical asststance. -1. w i l l  o f ten not b m  able t o  tdmntify 
t he i r  ca l lers  from the ca l le r ' s  telephone m r  pr0vid.d by 
Caller-ID. has i rp l i ca t tons  for privacy po l i cy  and mtwrk services 
p1 anni ng . 

o Fast. s.arm methods of encryption and mssagm authmntication 
ex is t .  provtdcd that  the par t ies f i r s t  sham a s r m t  cryptogr8phtc 
key. Tkus. key d i s t r l bu t i on  i s  o f ten  the b o t t l m k  of a socure 
nult l -user connunications system. Ye pmsented tk work p m v i w s l y  
mported on a MY. e f f i c i e n t  key d i s t r i bu t i on  sys tm that 
authmticates thm par t ies and creates dynamic session koys a t  
Crypto'89. and thm v. bui l t  and demonstrated a working prototype 
of t h i s  systmm. Our e f fo r t s  to  make t h i s  prototypm run faster led 
t o  the dlscovery of MY a l g o r i t h m  f o r  n u l t l p l e  p m i s l o n  i n t q e r  
a r i t h l r t i c  t h a t  are bmtter than the previously ex is t ing  om fo r  
the 500-1OOO b i t  n u n l n r S  md.d t o  8ChleVe good SOCUPIty (TU-AM- 
015023). 

o B i o w t r i c  methods of user Ident i f lea t ion  can provide an inportant 
s m r i t y  pr imi t ive.  espmeially YMn m t m d  w i t h  S u f f l c l W t l y  
m r f u l  smart cards and paswards or pmrsonal ldent i f  i c a t l o n  
nunb.rs. Our U.S. p a t m t  a4.827.518, "Spmaker ve r i f i ca t i on  Systom 
using 1nt.prat.d C i r c u i t  Cards." g w r a t e d  numrous inqulrims In to  
t h i s  taehnology; and v. continued t o  support t h m  e f f o r t s  of swera l  
Bccs t o  apply e i ther  smart card or spmaker i d n t i t y  ve r i f i ca t i on  
mat-. In  eoll8boration w i th  Dtv is ion 24110 (4 .  LaBanca. Dvy). 

V. 81SO m V l M d  -search on psychology O f  -ry. w i t h  t k  t n t W t  

TU-TAP-105096. 'SUWey O f  B i m m t r l c  S K u r i t y  S y S t m . "  and. In 
C01l.bOration w i t h  DiV1SIonS 21aO (P. Skunrte. Dv(l) and 21480 (C. 
Judice. O M ) .  TU-M-014515. " F l ~ l d - * C C . S S i b l ~  I n f O N t i o n  and 
Spmaker-Idmntity Ver l f lcat ton:  A Rmsearth Strat .gy* tS5U.d.  

C*lll.n-Corptter Systms 
o we c-leted version 1.0 of the YEL t o o l k i t  f o r  nul t i -user 

graphical Interface developwant. In  addition, Sweral  s-11 tes t  
and dmonstrat lon i n t e r f a a s  have bow cm8t.d t o  S t m s  YEL'S 
i ~ l - t a t t o n  of thm basic o b j r t - o r t m t e d  and constraint 

4lap.nant s h a r d  x wtndov systom. 
t r a n s f e r r d  t o  Div is ion 27q30 (H. R u b i n .  W) In -Work 
Trhnolegy. TU-AM-015522 was isswd.  and an ext.nd.d. journal- 
length Nnuscript has b..n draf ted which de ta i l s  the l l p l t ca t i ons  
of shared w i n d o r n  applications for v i r t u a l  ternin81 def in i t ions.  

t.chnolog1.S. 
o Y. colpleted a robust and usable vorslon of SHADOWS. an appl icat ion 

T h e  Y u D O y S  systom has b n n  
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P A S T  YEAR RESEARCH ACCOMPLISHMENTS: (CDNT.  1 

0 Work V8s i n i t i 8 t e d  on AMES (Active Media Edit ing System). AMES i s  
intended t o  be M l t i m d i a  COnpOsition too l .   he goal i s  t o  W l l d  
ed i t ing  tools tha t  gain Inforlnrtlon from the structure of the media 
they NnlplJ18te. Text pPOCOSSiyl tools h8Ve COnC.p tS  Of P8r8gr8Ph. 
ch8pter. l f s t .  &e.. wven in t o  the fabr le of the system. This i s  
not trUt O f  t1m-w-t n).dla l i k e  vi-. UhOm the level  O f  
control stops 8 t  fast foru8rd 8nd freeze fr8m. T M  90.1 i s  t o  use 
AMES as a p l 8 t f o m  t o  understand c ~ n i ~ 8 t i o n - e n 8 b l t n g  tools fo r  
t lm-b8s.d medI8. A tool  l i k e  AMES w i l l  make services l i k e  the 
Qlstonized Elmctronic Infornut ion Delivery e8sier t o  CIY8te. 

REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N '  

The wrk of t h i s  bpplfed Rese8rch Project pr0vid.s f o r  tM d.velopmnt 

termIn8lr interfaces. beh~vior81 science. 1nultin*dl8 8pplic8tions. 8nd 
user interf8ces. Enphasfs i s  placmd on 8pplic*tions t o  curmnt 8nd 

be prWented f rom 8cerutng t o  an Ourmr-Client uho night  e lect  t o  

O f  8 IO8dfng k-1- b8Se In SUCh key 8rm.S 8S C#nrrmlC.ttOnS 

fUtUm -S In MtVOrkS. SeCVtCOS 8nd Op.r8tlO?IS. The SubSt8ntt81 
b . m f i t S  O f  t h i s  Project 8CCrUe t o  811 O Y r ) r - C l l O f I t S  8nd un8blr t o  

p8rt fCfp8te in  the P r o j r t .  
not 

RESEARCH D I R E C T I O N S :  

Rese8rch on novel. h8rduare-b8s.d. ~ i s ~ 8 l l y - 0 r l e n t e d  klMn interf8ces 
t o  bro8db8nd n O t M r * S .  This w i l l  InClUdO Wrk O n  18rg.-SCmn, high- 
mS01UtIOn V i -  dfSpl8yS. 

Research 8nd prototyplng of videa-on-denund d.1 (very service 
8PChltOCtUmS. 

Rese8rch i n to  tmchniwes. control ,  protocols. supporting tmcknologiOS, 
8nd Interf8ces f o r  nultimmdi8. ulti-porron. carprter-supported 

Rese8rch i n to  u l t i m d i a  In fo r ru t ion  coaposltlon. ed f t t ng .  
C18CSifiC8tfOn. f l l t O r i n g .  8nd dlSp1.y fo r  diff.mt Dd.5  O f  
8 m s s .  8nd t r a d m f f s  mong ~0111111ic8tlons. stormgm and prOCesslng 
rnSOUK.S. 

Invest igat ion of techni+ms 8nd d.sign of too l k i t s  f o r  the 
str8ightfOrv8rd -sign of u l t l l d i 8  and u l t i - u s e r  fnterf8cm.s 
t o  con*mlc8tton and i n f o r u t i o n  systems. 

Cryptogr8phlc 8nd b i w t r i c  r~search on s-rity f o r  w t w r k  
systom 8nd social sciences rese8rCh on comuntc8tlons prlv8cy. 

S 0 W f C . S  8nd . p p l i C 8 t l O n S .  

PROPRIETARY - Bellcorc and A u t h o r l Z C d  C l i e n t s  Only 
See P r o p r i e t a r y  R e s t r i c t i o n s  O n  T i t l e  Page 
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Owner-Client Representatives: 

Fund 
TeleDhone U Owner Flag Name Title 

AM Y A . S W b N  EXEC DIR - DATA NTW TECH 708-853-8214 

BA V M. YEGLEITNER EXEC DIR - TECH DEV 703-974-1890 

BS Y D. KETTLER A W  - SCIENCE & TECH 404-S29-2602 

NX Y €.THOMAS CORP DIR - ADV TECH DEV 914-883-2071 

PB Y D. HARRIS EXEC DIR  - A D V W E D  TECH 415-823-3530 

SU Y J. CARPENTER AVP - TECH PLbN 6 DEV 314-215-1550 

us Y L W S E  DIR - SPDNSORED R E S W  303-740- 1570 
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PROJECT OVERVIEW 

This p r o j u t  continues t o  explore Sp.e i f i ca l l y  t8rg.ted research 
a c t i v i t i e s  In spmh m o g n i t t o n ,  speech synthesis. and the 
representation and coding of s t i l l  and ful l -mot ion images. 
Furthermore. the p r o j e t  has focused on a  limit^ m r  of +pmh and 
i m a g  processing Wpl icat lons.  uith tho Ob jKt Ive  of d r iv lng  the 
technology research by having a thorough UndorstandIng O f  Ond-USOP 
r . q l l i m n t s .  For exanple. tho wrk on building 8 prototype 
e l e t r o n i c  b u l l e t i n  board f o r  t lugas.  cal led FAXBOARD. b s  
-strated a rmd f o r  doarnrnt procmssing t.c(ntWOs t o  opt ional ly  
encoda and rendor mixed-modo images uith tex t  and gray toms.  
A l t h o u g h  the wrk i s  p r i m w i l y  aimed a t  advancing relevant 
t.cknologtes t o  the advantage of B e l l ~ o r e  Cl ient  COllpanies. a 
s ignr f icant  bmf i t  i s  dw4v.d f r o m  understanding the tlme frames and 
rough costs of inpl-ttng those technologies and t h e i r  associated 
serv1C.s. 

I t  Is.  of course. -11 mognired by the Eiellcom C l I e n t  C0npani.s 
that  v h  tOChno1- could 8l lOU t h e i r  N s t o m r s  t o  b V e  d4-t 
access t o  Cooputem and i n f o r u t t o n  databases using t h m i r  phones as 
s i ~ ~ l e  and 1mxp.nstve i lput /output dovtms. IIOHvor. spmech 
m o g n i t f o n  b s  f a i l e d  t o  aChieV8 the porformnca necessary t o  make 
t h i s  V l S I o n  pract ical .  Therefom. t h i s  p ro je t  b s  f o e u S M  on 
t8lOpkon conpaw o p . r a t i w  uith sp.clal nphasts  on their dirYCtOw 
aSS(St8- SWVIC. .  For 8X.lple. a f te r  rrcOrding and StUdytng h U n d r r d S  
of t ramact lons bot- d i m t o r y  assistam8 operators and t h e i r  
eustomrs. I t  bmeame eloar tbt w e n  a lod.st -rn of sp..Ch 
corpmsslon could significantly m&tce the cost of t h i s  ServiC. t o  
Belleore C l i m t  Corpanies and their a s t o l ) m .  Our goal I s  to 

s y n t k s f s  tmehmlogy as i t  applies t o  autaaating tk d i m t o r y  

I n  addltton t o  focusing on har 8x is t Ing  serv1C.s could bornfit from 
spooch tuhnology. research has also b n n  d i m t e d  twards  making m u  
SOrVtCOS .uCh 8S AUt-ted Q1St-r Name and Address p o S S i b l 8 .  WN.  
meh im prOlWnClat~wl O f  SUrt ’mIS i s  a basic v i t r rn t .  Over the 
years. t h l S  proJut b S  r e f i d  the C.p8b l l l t~Os Of d.oisyllable-based 
.pooch S V l t k S I S  t o  the point Ukr- 8 reSeaPCh pPOtOtypc. Called 
ORATOR. has b u n  csnpleted and d m o n s t r a t d  in  the context of such a 
MY serv lw.  Behsvloral expmrimmnts shar t h i s  approach t o  bo suportor 

mn5tr.t. lllCN8Slngly S o p h I S t f C 8 t . d  S p m h  m o g n ( t l O l 7  and 

aSSISt8- R W I C . .  

PROPRIETARY - Bellcore and Authorized Cl-ants Only 
T h l S  document contatns proprretary tnfornation t h a t  shal l  be 

d ls t r ibutea or routed only w 7 t h i n  Bellcore ana i t s  authortzed 
c l tents  except w i t h  wr i t ten  permtssion of  Bellcore. 
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PROJECT OVERVIEW:  

In both i n t e l l i g l b i l i t y  and n8turalness when conpared w i t h  known 
a~ternat ives.  

( C O N T . )  

I n  thc fnU+ PrOCetSlng 8-8 W h8VC p8Ck.e 8 S O f t W 8 r C  prototype. 
C 8 l l . d  F I V E  (Fornut 1nd.p.ndent V i S u 8 l  Exch8nge). 8nd have IN- I t  
8vall8ble t o  811 Bellcore C l l m n t  C~llpanles. Thls IM- processing 
softw8rm 8 1 1 ~ s  non-exports t o  use the most sophlstlcatmd -msslon. 

connunlcatlons 8mong dlsstmil8r termtn8ls. As a m s u l t .  8n 
ln fornr t lon g8tw8y ern be destgrwcc t o  provtde COlp8tlble m l t l m d t a  
conamlc8tions 8- 8 w i d e r  v8r ie ty  of end user teminals .  

Responding t o  6e11corm C l t m t  Carpmy tntmmst In provtding potnt-to- 
po int  H i g h  Defintt ton TV (CIOTV) transmisston to  the l r  wstommrs. th ls  

~ a i i t y  HDTV be1w 150 m i t i s e e  8 t  reasonable cost. 

work has h8d stgntftcant i lprct on the rmse~reh COlnLlnity. uhlch 

1.boratory prototypes am rmpl tc~tec~ by the vmndor conmunfty. nm11corm 
Cltent Conp8nt.s w l l l  be 8ble t o  work w t t h  t he i r  wstemmrs in  
devmlopffq tr8nsmlsslon smrvlcms th8t s8 t is fy  the i r  m d s .  

SCallyl 8nd mnd.rlng 81gorltknS l n  8 C h l m V l n g  pr8CttC81 lMl8gO 

I p W j r t  h8S bnn mSe8rChlng dlglt8l techniques th8t del iver f u l l  

Which W C . 5  lnfoNn8tton rrdtnd8llCy On m8Ch fP8m O f  V l d . 0 .  t h l S  
projOCt h 8 S  dmmonstratmd the f e 8 s l b i l t t y  O f  SUCh 8n objmctlvm. Th tS  

PmVlWSlY dld Wt  be1l.VR SUCh 8n 8CCOnpltShmmnt U8S poSSlble. AS 

using 8 tmcktque 

As  the networks ovolve t o  f u l l  amployment of flber-to-thm-home. It 
w l l l  bm posslblm to  extend the HDTV smrvim p m v l w s l y  d8scrlb.d t o  
msldmntl81 customers. nOY.vmr. the Bellcorm C l t m t  Conpmnlms a m  
very i n t m r m s t m d  t n  m8r t m m  opportunitlos tn v l d w  that m k m  US. of 
t h m t r  *XtStlng pl8nt. ROSm8Kh has bnn L-SSfUlly dtP0Ct.d a t  
carpresslng TV stgnals a t  1mss than the DSI (~tgit.1 signal - Lmvml 1 )  
tr.nSmiSSion .pnd (1.5 I b l t / S K ) .  R-ntly. t h l S  p ro ju t  h8S 
succ.ssfully dmmonstratmd 1.0 # i t / s u  v t d w  t h a t  h8s bnn jwlgmd t n  
beh8VlOr81 m X P O r i m t 5  85 bmlng 8L gOOd 8S O r  b m t t m r  th8n VHS (f0-t 
usmd f n  95% of hnmm VCRs)/VCR ( V i d . 0  C8ssettm Rrordmr) w a l t t y .  I n  
8 d d l t l O n .  -8Ct d i e  (CD)-W8ltty 8udto ha5 b..n d . m n S t r 8 t . d  
8 t  256 KbltS/SOC. These tUo mSUlt5. 8ChleV.d t h w  
e0qut.r stnul8tton of 8lgorltknr. a m  very mouraptng. themby 
lDUl9Chlng 8 l7Ou mSm8rCh d l m t t o n  which has bnn MmDd DS1-N.  
Crttic.1 t o  thm q rmt ton  of whether HDTV and NTSC (National Tmlmvtston 
S t8ndard  cod.) v l d m  s tgmls  can bm transmtttmd a t  rates of Interest 
t o  Bmllcorm C l l m t  Conp8ntms. 4s whethmr t h m  cost I s  m 8 s o n 8 b l m .  This 

of t w l w n t t n g  thc c r l t i c81  c m n t s  tn  VLSI (Very L8rg .  Scale 
Int.gr8t.d) clrcxltts. Ustng htgh lmvel dosign tools. th ts  pro ju t  has 

rrqulmd t o  8Chlmvm DS1-TV c8p8bi l l ty .  c8n b. lwlomntmd on 8 s l rq le  
s i l t con  chlp. 

W t h  8 t r 8 i m d  s t8 f f  of m l r t r l c 8 l  Nlginmrs. conputmr p m r 8 n r r s .  

P r o j u t  8ddmS.S t h l S  1 S S W  by S.1KtlVmly’ mx8mlnlng tk fm8Slbll lty 

Shown th8t llDtlOn mSttlPtlU? 8nd C m 8 t t o n .  8 CrtttC81 tUkn$w 

pSYChologtStS 8nd 11ngu lStS.  t h i s  p r O j m C t  C O n t i M S  t o  push thc 

P R O P R I E T A R Y  - Be l l co re  and A u t h o r i z e d  C l i e n t s  O n l y  
See PPopr ie tary  R e s t r i c t i o n s  on T j t l e  PaQe 
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PROJECT O V E R V I E W :  

technologlcal boundaries of the ne twrk .  Results i n  111189s and speech 
processtng are opcning doors fo r  new revewe poSf1bl l l t leS 8nd Cost 
reductions i n  currant operations. 

In  2H8S. Oiv l r ion 21480 delivered 13 conference p8pars. gave 15 
t8ChnfCal  ta lks ,  had 2 patents p8ndiyl. and had 1 p 8 t M t  gr8nt.d. 

( C O N T .  I 

PAST Y E A R  RESEARCH ACCOMPLISHMENTS: 

Most s1gnlflcantly. r8searehers i n  Oivtsion 21480 hav8 shown that fu l l  
qual i ty .  HDTV fu l l -mt1on inuges can be ceonomically conpr8ss.d t o  
less than 120 m c t s / s c .  Furthomore. an HDTV w 1 t h  qumlity conparable 
t o  the curr8nt 6-9 Mhz proposals being nude t o  th8 FCC can be eodmd 

shown that  VCR qual t ty TV can ba eciwr8ss.d t o  1.0 m i t / s a c  w i t h  m a r  
CD-qualtty sound a t  2% Kbits/sac. Furth8rmor8. w have shown th8t a 
c r i t i c a l  conpomnt. 1.e.. motion 8st inut ion and conp.nsatton. can be 
(nplm8nt.d on a sing18 VLSI Ch1p. Ftnal ly.  w continu8 t o  support 
ovmr 27 s i tes  that haV8 our 1 - 9  processing software package ca l led  

a t  45 Ibits/s8C. A t  tka loV end Of th8 d i g i t a l  S p 8 C t m .  W h8Ve 

F I V E  (F0-t 1nd.p.nd.nt V1SU.l ExChaIlg8). 

I n  th8 Sp88Ch a-8. W have COfp18t.d tM f i r S t  phase Of PaCkrging OUr 
dmn1syll8bl8 b8s.d synthositer C81l.d ORATOR. and h a w  #gun t o  Iuke 
it a ~ a 1  18b18 t o  CI f8nts. 

Pro f  8SS1On.l k t 1  V i  t l 8 S  
o Organ1z.d 5th Int8rnat1onal Workshop on T818iNtlcs: 70 uor ld  

8xp8rts In  tnfomnt ion tachnology met I n  Dmnv8r. Colorado (US WEST 

tM C l i m n t  Corpan18s an apportunity t o  Imam .bout m d.velopll.nts 
tn f n f o r u t l o n  tachnology and standards r8 la t .d  t o  tkir 
d ls t r l bu t l on  0v8r 8volvtng mtworks. 

was lCC8l host) t o  d l S a S S  advallC8S tn t8lmt8xt. V1d.Ot.X. 
t 8 l ~ O n f 8 r 8 ~ i n g .  and I J l t l d l a  e011MnlCat1OnS. Th lS m t l n g  9 8 V 8  

V1d.O coding 
o Subm4tt .d a proposal t o  th8 In t r rna t iona l  Stand8rds 

Org8nlratlon/Mov1ng PIC tUr8S  Exp8rts Qroup (ISO/YoEO) Stand8PdS 
groY, M98rd11)9 th8 C m P 8 S S f O n  Of V1d .O Progr-Ing a t  1.0 - 1.3 
I b i t / S . c  w i th  VHS/VCR qua l f ty  for m t m r t 8 l l * l . n t  s.qumms. Th1S 
proposal ranL.d In th8 top 4 out of 16, 1s CCITT XV ( In t8r rut tonal  
ConSUltat(V8 Connftt88 On Tel.pkom A T 8 l g r 8 p h )  Conp8ttbl8. Cmn b8 
ced8d tn m a l  t1m.  and can b8 tnplm8nt.d t n  fmmr than four V8ry 
Larg8 SC.18 1nt.grat.d (VLSI) r p p l l ~ a t l o n  -4f1e 1nt.grat.d 

(40%) tnknelogy that could t ransnl t  1.5 m c t / s u  on 8 sing18 

wrk op8ns up an opportunity for t h m  C l f 8 n t  Conpani8s t o  0ff8r an 

C1KU1tS (ASICS). W i t h  8VOlVtng ASYChrollWs Dlgit.1 SUbSCrlb8r 

t W 1 S t . d  pa1r along W l t h  POTS (Plain O l d  T 8 l q k o l l 8  S8rv1M). t h i s  

PROPRIETARY - Bellcore ana Authorized Clients O n l y  
See Proprietary Restr ict ions on T i t l e  Page 
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V ldmO C o d l n g  
o Devel- a m u  pre and post proeessinq technlquc fo r  DSi-TV Images 

uhlch o r lg lna l l y  come from a 24 frame @r s r o n d  s o u m  such as ~ 

movie f l l m .  The technique restores the or lg lna l  24 fps IN- 
enabling processing t o  occur on the or lg lna l  imagm. not tH dorlved 
30 fpS IMP available on tapes and V l d . 0  dlscs. T h l S  trhnlw 
slgn l f l can t ly  Inproves thc qua l l t y  of r e a l i s t i c .  e n t e r t a l n m t  
v10.0 S.quenceS that  have h n  coded w l t h  the Bellcore DS1-TV 
algor I thn. 

subband/DCT (Dlscrete Cosine Transform1 d i g i t a l  VI- cedar. The 
technfque kmps the b f t  ra te  ulthln a p-temlmd r a w  around 
130 M b l t / s r  by varylng the amount of p r e f l l t e r i n g  (softenlng the 
I m a g e  wMn appropriate) and subband coef f tc lent  quanttzation step 
sizo. Havlng a Wrkable ra te bu f fe r  tcehnlquc I s  meersary f o r  the 
op.rat ion of coders on c i reu f t  suftch.d m t w r k s .  Thls wrk uas 
presented a t  the Internatlonal ConferenN on COIIIILmlcations 
( I C C 1 / s U p . ~  SO. (TM ARH-0i5267) 

0 Developed m u  techniques fo r  cont ro l l fng the rate buffer of an HDTV 

I ~ g e  Connunlcatlons 
0 D.ve1op.d and now mady f o r  technology transfer. FWEDIRD 

mltlmmdia e l r t r o n l c  b u l l e t i n  board. Thls sys tm a i i o ~ t  facslmlle 
and O t M r  lam t o  be postmd on p r b l l c  b u l l e t l n  boards Inp1mmnt.d 
on graphtc wrks ta t lons  runnlng X-utndous and Interconnected over 
E t H m t .  Thls f a c l l l t y  c w l d  be lnstallmd In c l l e n t  RhD groupr t o  
Inprove Inform81 ~ ~ l l l l l m l c a t l m  ulth Be11COre resmarehers. FAXBOARD 
U8S dnnonStr8t.d a t  the Napl.+. Flor lda NOtMrk P18nnlng 
Confewme. (TM ARH-Oi47S7) 
0 T w  m u  Capabl l l t ies have bnn a d a d  t o  Bellcore's F I V E  softuare 

packag.. FI rs t .  the mcant ly  a g m d  upon s t l l l  Img. 
conpmsston. 1.. .. Internat lonal  Standards Org8nfzatlon/dolnt 
Ptetum cod~ng Expmrts ararp (ISO/JPEG). has bnn 1nclud.d as an 
option. Suondly. Be l lwre 's  nmural nmt-based Optleal Character 
Rmeognltlon (OCR) t.chnlqn has b..n Incorporated. The F I V E  
sof tuam packag. has bnn mdm available t o  Cl lent  Colp8nI.s and 
~ n l v o r s l t l e s  as a r~seareh  too l  fo r  expmrlnnt lng ulth l r g m  
~ 0 1 1 1 ~ m f c 8 t f o n  H r v I N s .  (TM ARH-OSSS8) 

Vldeo sy5t.IIIL 
0 Carp1et.d Study O f  altWTNtlV. 8 F C h l t C t U W S  fo r  d m l l V O P l y (  

DSi-TV qua l i t y  vl&o-on-domnd servtca over ex is t ing cqrp.r 
natwrks  using Hlgh-Blt ra te  DIglt.1 Sfgnal - Level i (DSL) and 
f1b.r-to-the-curb t rhno leg les .  T M  study 0monstrat.d tH 
s e n r l t l v l t y  of costs t o  the grad. of serv1N offemd. and 
suggests m r g l n a l  p r o f l t a b i l l t y  If the vid.0 C0d.c and 
S u b S C r i M P  l t m  channel COdCrs can b. built fo r  und.r a c-lmd 
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cost of $800 - $lo00 per subscriber. (TM TSV-014850) 

I CONT . ) 

w h  Processing SyStM 
o Conplmtmd a concept demonstration of the technology t o  conpress 

customer wmries t o  a d l r t c to ry  a s s i s t a ~  op.rator. thereby 
rmduclw the operator holding time by 1 - 2 SWondS. T h l S  
demonstration forms the foundation of our Sp..ch Processing 
Systm. 8 PC-baSd S m h  t0ChMlogy p l 8 t f O m  YhlCh W i l l  be US& 
as a vehiclm t o  move our S V C h  technology i n to  operator service 
. P P I  l es t  i Ons. 

Speech synthmsis 
o Canplmtmd Orator 1.0 spemeh synthmsirmr optlmlzmd for  name 

pronunciation. 6m11core’s danisyllablm basmd synthesizer h8S 
bean packagmd and i s  available f o r  Cl ient  Conpany use. Orator 
has bmen 4 ~ r o v . d  over earlimr vmrsions by having bet ter  
d t ra t lon roles f o r  consonants. m ~nechanisms for  assigning 
phr8S.l S t W S  and h8ndllng hyph0nat.d W r d S  and n8mS. and 
4nprov.d l n f l r t i o n s .  Orator i s  par t i cu la r ly  -11 S u i t m d  for  
appl lcat iom such as C a l l i n g  Party I O  announcement and Automtcd 
CUstOll)r Nam and Address Smrvlcm (inverse Dimetory A s s i s t a m )  
(lW ARH-012864. TM ARH-010405) 

Spmakmr Idmntlty Vmrificatlon 
o Canp1et.d study of t .nplate conpmsslon rolmvant for  S m r t  card 

8pplicatlon of rp.akmr l d m t i t y  vmrlfic8tton. Th is  work extmnds 
Del lcon‘s  e f f o r t  In uslng spemch as a too l  f o r  providing socure 
accmss t o  C l l m n t  m a n y  buildings and s o r v i c ~ .  (TM ARH-OlSS05) 

Hidden ~a r *ov  yod.1 (nm) 6as.d Sub-Word R n o g n i t l o n  
0 Devmlopmd H4dd.n MaP*OV -1-basM rp..ch m e O g n l t l O n  a l g o r l t h  

and iIpl-t.d i t  in  SOftWar~. Th is  SOftWam SyStm m o g n l t * S  
Indtvldtal m S  that a m  par t  Of any tpmakmr’s COntlWOUS 
sp..ch. This approach i s  a fwndat ion for thm d.v*lopnnt Of 
nm11com .pmh rrcogntrmr. om of tk. f i r s t  tnt.nd.d 
appl icat lom for t h i s  tmehnology i s  c i t y  nams meognitton as 
amthmr ingmdtmt  I n  ruUctng thm cost of d imetory assista(K. 
L.rViC.S. 

s p m h  Proassing 
o We havm dmvm1op.d a unl fy ing framwork f o r  vimwlng a l l  forms of 

d ls to r t lon  masums f o r  sp..Ch m e o p t t i o n .  Thfs has 1.d t o  a 
mu l r t r t c  that gives b m t t m r  m o g n l t r o n  a ~ ~ ~ r a c i m s  than 
previously recordmd. This  i s  applicablm to a11 m o g n t t i o n  
tmehnlglls (TM ARH-01405) 
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RESEARCH DIRECTIONS: 

Work in  speech recognition w i l l  focus on the neural ntwrk and 

continuous s p m h .  Advanced signal proeesslng techniqms w i l l  be 
used t o  pmp8n the speech for recognition. Attention v l l l  be 
d l m t e d  a t  solv ing those problems in speech recognltion w i t h  
p8ramters mlovant t o  8utonutlng the directory 8ss is t811~ service. 

T h e  dmnisyllable-based S p m t l  syntheslzer. ORATOR. w i l l  be i n p r o v d  
t0 8 I lW f O r  8 bP08d.r tp.ctl7*n Of inplt t O X t  8nd mP0 n8tUr81 
S O U n d l y l  OUtpr t .  Considerable e f f o r t  W i l l  be dlmtM 8 t  mktng 
ORATOR 8v8l lable t o  8nd useful f o r  the Be l lcow Cl ient  Coapanies. 

A new e fo r t  on DS1-TV prototyping v f l l  give eonsld.rable at tent ion 
t o  technology transfer 8nd 8 1 l w  ideas. eoncqats. and 8lgorltkm 

s o r v i w  expor tnnts .  S t u l a t i o n  studles 8 t  1.5 - 10 Ib l t / soc  w i l l  
be conducted t o  detemin8 optlnul coding methodologies f o r  evolvlng 
p.e*et netwr*s.  

t o  explom I t s  usefulness 8s 8 technology to  support "~011abor8tive 

Hlddcn M 8 r k W  -1 (-1 8pprO8CheS f o r  Solving 18- Voc.bul8ry. 

in  fnUg8 C o d i n g  t o  be -81iZ.d ill fUSe8lW2h p l W t O t y p .  h8PdU.m fo r  

The PAXBOARO INy Bu l le t fn  BO8rd  W i l l  be Nd. 8v8llable t o  CllentS 

VOrk a t  8 d l S t 8 I 1 M " .  

________________________________________----~-~-~---~-~--------- - - - - - - -~~-- .  
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This Project i s  a Component of the Bellcore Product' 
APPLIED RESEARCH 

This project  provides appl1.d mSe8rCh i n  Support Of high-s- 
eerputer mtwrk s y s t m .  Work w i l l  concentrate on tk. m s e a r ~ h  
mcessary t o  ma11ZC lwg. Scale. high-speed. packet SWttChW 
n t w r k s .  Work in  t h l s  arna includes research i n to  crrvlces necessary 
to  build high-sp..d packet W f t C h s .  tk. arChitctUrns we8ssary t o  
build large m t w r k s  fm these devices. and the protocols necessary 
to  *rive high-spnd data connunteations services f run tk.se m t w r k s .  

leaders in. those tchnologica l  areas. 
This pmjct  ContIflU8lly W O l V C S  t 0  k..p abnaSt Of I and be OI'N O f  tk. 

Work i n  t h l s  p ro je t  can be d i v i d d  i n to  tw f0CUL.d thruStS: Witch 
a r e h i t e t u m  and data eonnunications. T M  S w i t C h  architeeturn thrust  
has as a long-term goal the demonstration of crucial  witching 
conponnts mmssary t o  construct the broadband mtwrk. O m  of our 
e a r l y  a e c ~ l i s k r n t s  was gott tng packet w i t c h i n g  technology 

network. Thus. t h l s  wrk comnt ra tes  on the fnvmtton and 
damonstratton of prototype systm6 t o  parform packet switching a t  
ra tes of 1% mit/+c and ~bovm. Furtk.rmom, these cyst- u s t  bo 

servicms t o  hundtudt of m1111ons of wstommrs. 

8cknOVl.dg.d 8S tk. I)thOd Of ChOi- fo r  t r p l m t t n g  tk. bm8db8nd 

Oxpandable t0 tk SCale we8SSary t 0  PWVld. broa8.M lYtWrk 

T k .  data COO.lmlCatiOns thrust  4s f0CUS.d on tk. ma l t za t ton  Of hlgh- 
s p n d  conprter e-ieatlons uslng broadband m t w r k s .  T H  ..phmsis 
on data eomwntcations s t m s  f r o m  the porwpt lon thmt data t ra f f t c .  
boing poorly mtchmd to  tk. arrrnnt t e l q h o m  nmtwrk areht te tu rn .  
w i l l  bo an I lpor tan t  ear ly  appl icat ion of broadoand m t w r k  
t c h m l o g y .  Our long term goal horn i s  t o  gain an undmrstandtng of 

a d v a m s  in the *stgn and I-1-tatton of w t e r  COllllmlCatlons 
protocols. 

One s lgn i f lcant  e f fo r t .  b.gm In lS8S.  I s  P r o j r t  DAW. OAWN I s  a 
rosearch col laborat ion w i t h  NIT and tk. University of Pmnnsylvanla t o  
explom tho protoCo1 a r m i t c t u m s  mwssary  t o  achieve vory-high- 
s p n d  coaputer ~ ~ m u n l c a t i ~  over broaOand m t w r k s .  X t  l s  par t  of 
tM data connunlcatlons thrust  of t h l s  p ro jc t .  

Thls projmct also serves as the primary point  of contact bot- 

tk. t e k n l ~ s  m w s s a r y  t o  lrpl..*nt broadband data SWWICOS On tk. 
broadoand mtwrk -15 H d . S l g n .  This P.qLII-5 fUnd.n*nt81 
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PROJECT O V E R V I E W :  ( C O N T . )  

Bellcore and the National Research and Education (Ctwrk  (MEN). WEN 
i s  best described 8s an fnfortlul co l lec t ion  of researchers and fundors 
of research in  capu to r  netuorking. I t  involves rrpresentatives f r o m  
indrstry.  ac8domia. and govorrmant. I t  i s  the go81 of t h i s  gmUp 
(Which 100SelY 1KlUdeS llUndPOdS O f  people. but DS yet has fOl%Ul 
organtration) t o  Cmate a national ne twrk  t o  be usmd by reseaKhers 
across the country. The network would provide usor a#.ss a t  spoods 
O f  a t  108St 1 gig8bit/SOC. 

AS part  O f  the ear ly  mS08Kh phase Of tha NREN. 8 Set Of gig8bft 
research t O S t b O d S  have been fUnd.d by the National SCi- Foundation 
(NSF) and the Department of Defense Advanced Research P r o j r t  Agomy 
(OARPA). This project  i s  heavily involved w i t h  the AURORA gigabi t  
tostbed. whose goal i s  the construction of experimental prototype 
broamand m t w r k  conncting research 1abOratoriOs i n  the 
Philadelphia-Boston corridor. This pro ject  I s  Mmrmd w i t h  the 
construction of prototype broadband suitches and high-spnd Computer 
protoCols t o  be u s d  in AURORA. and also cwrdinates WREN wrk being 
p o r f o m  by t h m  o t k r  Bellcore projects.  

Thts p r o j r t  also mn8g.s and op.rates an Internal  Dellcorn cowuter  
c m t e r  Which provides p r f m r y  conputing s o r v l ~ .  t o  about 200 Inmdaors 
of the @lid Research Am.. We designed an intornal  Eol lcom high- 
tp..d C v t o r  mtwrk. Which IDY providrs ~ ~ ~ n i c a t l o n s  8mong 8bWt 
I t 0 0  m i n i c ~ t o r s  and uorkst8ttons inside Bellcon. We qwra to  the 
-tion botmn Bellcorn's internal  w t e r  mtwrk 8nd the 
NSFNET. a NSF-+ponsond corputer m t w r k  c o m t t n g  .bwt 1 0 0 . 0 0  
c#IPUtors in  the internat ional  resoarch comunity.  V. also provide 
t r h n i c a l  support and consulting on conputor notwork security. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
PAST YEAR RESEARCH ACCOMPLISHMENTS: 

A considrrablo mount of wrk i n  the d i v i s ion  t s  dimctd a t  the goal 

fabr ic.  V. dmeidmd. 8bWt tw ymars ago. th8t t k  so-callad B8tck . r -  
banyan 8rehftrtum would a f fo rd  ~ux inum p o r f o r r P m  and m i n l u l  
CQplOxity. This arChit.Ctum Mns ts ts  O f  a C4atch.r mtwrk. which 
sorts packets basad upon tklr dest inat ion addmsr. and a b8ny.n 
POUtfw f l O t M r * .  W h i c h  0-8ndL the Sortad I t s t .  
packets t o  tk p m p r  output por ts  on the witch. Aemwlislmmnts 
over the past sovorel years h8ve provm tk v t a b i l i t y  of var10~s sLb- 
8SS.l lbl iOS Of our eXpOrflMt8l broadband packet Wi tch ing  fabPfC. 

A bm8dband peckOt witching fab r i c  can b. thaylt O f  as the k a r t  Of 
8 bm8db.M packet w i t c h .  W V O r ,  In 0rd.r t o  C O n S t N C t  -1OtC 

Of p rod lc fw  d..PnstPatlon prototype broadband p8ck.t witchlnp 

and d l P . C t S  the 

w i t c h .  M N s t  e-nt the switch fabr ic  w i t h  contmt ion rnsolut ion 
Ci rcu i t ry .  A packet witching fabr ic  cannot al low morn th8n a s-11 
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS ( C O N T .  I 

wnhr of packets (o f ten 1 )  t o  bc s1mltaneously transmitted t o  the 
s8me output. Gantentlon resolut ion 1s the process of dctecting when 
too many packets 8re s iml tamous ly  he8ding fo r  the sa111 output. The 
contention resolut ion c i r c u i t r y  selects the p8ckets that are t o  be 

1.ter output. 

We have invented a novml contontfon resolut ion nach8nism f o r  8 
broaO8nd p8Ck.t Switch. wh1Ch has thm coden8me "Sunshin". T k  
Sunshine S W l t C h  m x p . P l n n t 8 1  pPOtOtyp. (8CtU8lly 1 t  1S 8 & O l e  f 8 n i l y  
of m l a t e d  designs) uses coutafnations of known contontion msolut ton 
mech8nism5 (Such 8s ~ i r c u l 8 t 1 o n .  mlt1pl. b8ny8nS. or trunk 
grarptng) t o  8Chl.V. Ox t l ra r ly  IOU p8ckmt IOSS P8t.S. Tu0 p8tIEfltS h8Ve 
bnn lssumd on thm Sunshine architecture. 8nd 8 t n h n l c a l  ta lk  I s  
c u r r m t l y  8v8ll8ble upon rawest .  

A nOu PRSm8PCh e f f o r t  U 8 S  S t a r t m d  during 1989. d . 8 l l y l  W i t h  h1gh-S- 
transport protocols. A tr8nsport protocol 1s t yp i c8 l l y  usmd t o  onsure 
cor roc tnss  In e ~ t e r - t o - C c 4 q w t e r  COOMn1Cations. but the thrust  of 
t h l S  Wrk I S  t o  d.Slgn 8 pPOtOC01 t h a t  Ut11 Sew0 IntegF8t.d (d8t8. 
voice. vi-) 8ppl lcat ioM.  I t  t f  1nt.nd.d th8t t h i s  Mrk w 1 l l  W i l d  
upon th. rosu1tS O f  t k  bro8dland N t t c h i n g  thrust .  Thm I O n g - t O m  
goal of thm tr8n.port protocol wrk 1s thm constructton of 8n 
m x p . r t m t 8 1  prototype t r8mpor t  protocol uktch w 1 l l  h8ve thrwgkplt 
bc tmn 150 Ib t t / s .c  and 1000 m f t / s e c .  sor* marly accarplishmnts 

w l l l  produce Nbstant l81 m s u l t s  in tho 1990-91 tlmefrune. 

Durlng t h t s  pertod (Ju ly  1988 through Dmnb.r 1989). y. wrotm 11 TMS. 
publlshmd 3 pmpmrs mxtmrn8lly. pmsmntmd S t8lks a t  t nhn tc8 l  met tngs 
and oxtmrnal smntn8rs. and 8pp l1 .d  f o r  2 p8tonts. 

8llOUOd t o  mxlt the Switch llWnOd18tely. 8nd then tu f fe rs  the r e s t  f o r  

8- ~ n t i e m d  tn t h l S  SWtion. 8nd It 1s 0 X w t . d  th8t th1S thrust 

3p.c i f tc  proj-t ~ c c a p i i s k n t s  {r~iud.: 

Broadland Suttehing TrhnolOy 
o No continu t o  m8km progmss on t h m  constructfon of an oxpmrimmnt81 

prototyp.  SunShlnR p8dC.t MItCh. Thm d.S1g, hat b..n p 8 r t f t 1 M d .  
and .bout 9 wstom 1nt.grat.d Ci rcu l ts  kava bnn dmf inmd.  Work on 
tH.0 C lPGUl tS  h8S w. 8nd 1S m-t.d t o  C O n t f M  f o r  18-24 
mtkr. sn TU-ARH-014100 and m-csw-oi4i32. 

0 A s 1 q l i f i . d  Sunshtn N 1 t c h  pmtotyp.  h 8 S  81.0 bmmn d.flnmd. m 1 C h  
m q ~ t r o r  only 0 of tk abovm m t l o m d  wstom 1nt.grat.d e f r cu i t s .  
S.vmr8l lndlv idu8l  e t m 1 t  8ccarpl ts l l lmts follow. 

c t r c u i t  Chlps wm t r p 1 n m t . d  In 1 .2  m i c r o n  CMOS t ~ o r p l m u n t a r y  
ht8 l -Oxtdc SomIcOndKtor. 8 -n Intogr8t.d C i r c u i t  

o A n  1lrprov.d ~ n r 8 t t o n  of bm8Oand p8ck.t switch 1ntmgrat.d 

mIUf8cturtng pWOss) .  TMSO .xp.rtmBntal p l W t O t y p .  M1tChlw 
ChlpS h8V. 32 tllpUtS 8nd 32 WtWtS.  8nd h 8 V m  8 t  170 
I b l t / s n .  mxc..dlng our goal O f  1S5 # i t / S C .  Thmsm Chips 8- 
d0cummnt.d t n  two t n h n t c a l  nmoranda. m - m f - o i 4 s o 8  and TM-ARH- 
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS (CONT ) 

015040. This gemr8t ion of chips incorpor8tes inproved clocking 
C i I W l t r y  8nd bar- l og ic  dcl8yS which m k t  the Chips mre robust 
when used In demonstration prototype p8Cket sw i tch iy l  systems. such 
82 Sunshine. This 8Cconp l iSknt  1s 8 170 MbIt/Sec BatCHr Sorting 
Chip. 

0 A mseanh prototype Ba tcho r  merge chip. O M  O f  tk. 8bove ( . M t I o d  
brOado8nd p8cketS switch Chips. useful In building SWltChCS l a r g r  
than 32 4 r p u t S  8nd O U t p t S .  W8S deslgnad. f.brtC8t.d. and t 0 S t . d  8 t  
(70  m i t / s r .  

o An expcr imntal  prototype banyan muting chip. ColapatIble w i t h  the 

o A pr in ted c i rcu i t  board, consisting of tk Oatcher above mfemncod 

p M V i W S  two Chips. UaS deSiSnOd. f8bPtC8t.d. and t.5t.d a t  170 
mit/sm2. 

constructad and tostad a t  s w s  of over (55 m i t / s a c .  
was dol ivomd t o  OIvtston 21410 ( 5 .  Woinstein. DvM) for 
ineorpor8tion i n t o  a l a r g r  experlnmt81 p r o t o t y p  systm.  which 
w i l l  ba del ivemd t o  8 8ellCore Cl ient  Conpany (OCC) fo r  furthor 
mS08nh 8nd t.St(ng. 

o I n  order t o  build packet switches larger than the 32 l ines which 
Can be f 8b r ICa t .d  On 8 S f n g l m  C h i p  today. 
C 0 M t r U C t . d .  T k  p8Ck89tg Of high-Sp..d .I.CtPOl94CS i s  j u s t  8S 

high-Sp..d paCWt switch f 8 b r i C S .  
Y.P. IN- On tho paCk8p. S f m  the Switch fabr ic  1S SynChrOn#lS. 
W i t h  08Ch paCkOt n O V l n g  thoUgh tho Witch a t  OXBCtly tM S U I  .p..d 
I S  tM 0tk.r p8CkOtS. i t  U8S IWOrt8nt that  pack8- ba IWWltad 
that m i n i m i d  tho variance in  the w i r e  lengths bat- 8djacmt 
chips. A mse8rCk prototyp.  3-dlnmstonal pa&.- f o r  a 2W-linO 
BatChor-bWIyan switch f8bric U8S 4-1-tad. end Was SkoYn t0  be 
capable of t ransmit t ing s l g m l s  m l i a b l y  a t  up t o  200 
# i t / s r .  while *..ping tho mx lmm w 1 m  longth t o  rpprox l lu te ly  4 
InehRS. TO dllPnStrate tho V i a b i l i t y  O f  t h i s  -t. 8 pDrtl.1 
3-0 BatcMr-b8nyan switch fabr ic  has b.m Constructad. A resoarch 
p r o t o t y p  0 4 - l i r Y  fabric. operating a t  lo0 mit/sr par line, i s  
now 0p.r8tlo(ul In our lab. w i t h  dmonstr8tIons available upon 
m o s t .  This i s  an onping projmct 81- a t  demonstrating a 250- 
l im prototrp unit opmrattng a t  150 # i t / s u  per lim. 
U8S C.rP1.d O U t  j o i n t l y  W i t h  OfvlSiOtl 21370 (J. Borthold. DvY). 

mtworks. Two now tmchnlc8l -Panda i n  th is  ama have bm 
wr i t ton  (TM-ARM-Ol47BS and TM-ARH-014841). 

SoTr O f  tM I l p u t S  and O u t p l t S  Of 8 Witch t 0  S h a d  buffor pool. 
Packets which carnot o x i t  tM W i t c h  lnnrdlately.  dn t o  thoir 
designatad output bming busy, are directad t o  tho s h a r d  buffor 
pool through tMso  m c t r w l a t l o n  l ines.  S h a d  buffors 8- 
theomt ica l l y  tho best bu f fo r t r y  trhni-. but am oxpmsivo t o  

invontad a nrthod of d t m t t n g  packets which are t o  be mc i rw18 t .d  

sort ing Chip, b8nyan routing chip and SoTr  SUppor t  ClKUitPy U8S 
This board 

8 SpK1.l paCk8- M S t  be 

I rport8nt as the o l r t r o n i c  -sign i t s o l f .  8nd i n  tM c8se of 
SOOT r8 tk . r  un iwe  - 1 N l N n t S  

This work 

0 We h8Vo C O n t i r w d  wr S I W l 8 t l O l l  and analySi5 O f  bf'OaO.nd 

o R r i r e u l a t i o n  I s  a contmt ton mso lu t l on  mthod whmm o m  conwets 

I rplmt WC8use switch bandvldth W S t  be dOdtC8t.d t o  t-. V. 
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: ICONT. J 

t o  the td le  input l ines,  thus avoiding the dmdtcation of w i t c h  
input5 t o  the sh8red buffer pool. Thls has the effmct of 
increasing sv l tch  efficiency eonslderably a t  loads undmr 1ooX. A 
patent v8s lssued on th i s  techntque. and 8 TM v8s v r l t t e n  (TM-ARH- 

o A nseareh prototype CAY (Content mdressable Yanory) integrated 
014891 ) . 
Cl reu l t  C h l p  h 8 V l n g  on-chlp 5el f - teSt and rrp8lr C 8 p 8 b l l l t l m 5  V85 

SNnlcOndrctOr). T h l S  I S  a SpOCial purposm w r y  C h l p  vhlch I S  
U S ~ f U l ,  8InWlg O t k r  things. f O P  r w t t n g  p8Cket5 through 8 bPoaO8nd 
p8Ck.t L W l t C h  8 t  Vmry high r8t.S. OPg8nlZRd 85 256 WPdS O f  84 

inp1mnmnt.d In 2 mlcron CMOS tConplwnt8ry  Metal Oxtde 

b l t s  e8ch. t h l s  exparlmmntal C h i p .  cont8inlng over 250 thou58nd 
tr8nsl+tors. 4s one of the largest dmv1c.s ever bui l t  by 6ellcor-e. 
A TM V8S l S S W  (TM-ARH-014939). 

C q u t e r  Ccmwnlcatlons 
o He have set up 8 ~0118bOration v i th  MI1 8nd t k  Untversity of 

Pennrylv8nl8 ( P m )  to  perform rm5.8Wh expmrimmnts in  hi&-spomd 

be 8 3-ym8r co118bor8tlve msm8reh e f f o r t  t o  explorm hlgh-.p..d 
c-ter ~~( l l l lm lca t lons  tssws lncludtng: protoeolr. ho5t c o r p r t m r  
inter+8clngg. and high-tp..d S V l t C h l n g .  TW SO d8y S 8 b b 8 t i c 8 l S  (One 
a t  MIT. o m  a t  Penn) uere conplmted by +lied Research mnnagmrs. 
A m r  O f  det8l l .d dmslgn N V l W  m t l n g S  wm k l d  htmn MIT 

corputer mtWrk5. T h l S  p r O j m C t  4s M d  DAWN. and I 5  lntmndmd t o  

8nd 601 1COm. 
0 One O f  tk 8nc l l l8 ry  p r o b l m  85SOCf8t.d vith bul ld lng mxpar i rmt8l  

tr8nsport protocols 8 t  hlgh-sp..d. 15 th8t mest m8sonably prtcmd 
-tmrs ( $ . e . ,  wr*5t8tion+ 8nd pmrsonal corputmrs) 8- 
lflC.p8blm Of m r 8 t l n g  O r  ab50Pblng d8t8 8 t  r8t.5 O f  1- m l t / S m C  
8nd 8bove. We havm 5tUdl.d t k  8PChltWtUm O f  t k S m  hO5t 
c ~ ~ ~ ~ ~ t m r s .  8nd h8ve m8dm some mcommd8tlOM .Dut tk bmst 
8rChltectUm fo r  hi@-- MtyOPk lnterf8-S. T k S m  l Y S U l t S  8- 
docummnted tn tw tuhn lc8 l  w r 8 n d 8 .  TM-ARH-015265 and TY-ARH- 
015630. 

o One of tk pr lnc lps l  t8sks 8 transport protocol m s t  8econpllsh (5 
error control and C O r r u t l O n .  A ~ r m l m n s i v e  study of mtkods for 
m r r o r  control h8s bnn pmrformd 8nd OMnt.d ln  TM-AIM-016146. 

o T k  Data fauntc8 t lons  Prototypm (DCP), 8n m x p m r t n n t  w h8d b..n 
wrking on arrfng 1968-89 ha5 bmon c a r p l m t o d .  

~r8nsf.r Mod.) -11-like interfaem. b851C8lly a klgh-spmmd sof tvam 
f r 8 g n n t m r / r n 8 r ~ . n b l m r .  A f in81 mpor t  I 5  av8i18blm ln TM-ARH- 
015028. 

DCP u8s 8n 
t r p l m t 8 t l O t l  O f  a LOC81 Arm8 W.tWrk t o  ATY (ASyrr(l-5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REASON FOR INFRASTRUCTURE CLASSIFICATION: 

~ h m  wrk of th i f  r p P 1 l . d  Resmarch Projmct provtdms fo r  t h m  dmvmlopment 
of 8 lm8dlng knarl.dg. b8SE in  SUCh key 8-85 85 hi*-- d8t8 
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REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  I C O N T . )  

COIIIILmlcatlons. svltching. high-speed protocols. and protocol 
applicatlons. Enphasls i s  placed on applicatlons t o  current and 
future mads tn m t w r k s .  serv1ces and opcratlons. The substantla1 
benefits of t h i s  Project accrue t o  a11 ovner-clients and a m  unable t o  
be prevented frm accrulng t o  an O m r - C l i e n t  vho m i g h t  e lect  not t o  
part le ipate in  the Project .  

RESEARCH D I R E C T I O N S :  

The vork on broamand svl tchlng v i11 be focused vpon tho construction 
of an experfmental prototype broadband packet sv l tch f o r  use ln  the 

cDnponent wrk v. have dom over the last  several years. 

 he vork tn co11abOratlon v l th  Project 621307 (J .  Berthold. DVM) on 
the 3-D packet W l t C h  pBCkag0 V f l l  COntlWe. w i t h  the 81111 Of 
drmonstrattng that a 256-1lne packet svl tchlng fabr le  can be 
constructod. Research prototy-s and crucial s u b - a s s ~ l i e s  
comerela l ly  unavailable v l l l  be Constructed. Thfs packaglng 
technology ut11 be incorporated i n t o  cur exp.rimenta1 prototype 

AURORA glg8bft  test- COnlW!Ctlng U. P m n .  MIT .  I B M  and BellCOrC. 
This prototype SvltCh V l 1 1  b u i l d  upon the experlnmntal SVlteh 

broadband mtWrk. 

The w r k  on data -nteatlons appllcattons of broacband mtvorks 
v l l l  be foeusod on tha fundamntal l lml ta t fons of hlgh-sp..d 
conputer connunlcatlons protoCols. An att-t v l l l  bm m 8 d .  t o  
understand tha natum of 3pI.d l l a l t a t l o n s  of curmnt  protocols. 
and than t o  doslgn and prototype expor lmntal  protocols that  can 
exwute a t  sp..dr a t  or above t h  1% mi t i s=  rang.. 

A sm11 msoarch e f f o r t  on mtwrk mnagmmmnt v f l l  be undertaken 
SO that  the manag.nmt a s p s t s  of the broadband mtwrk nlght bm 
bmtter undorstood. Thls nseareh v l l l  s t a r t  v l th  801111 exper tnnts  
on exts t lng W(lputer m t w r k s .  v l t h  m a l t s  t o  bm ext.nd.d t o  
broamand mtwrks and services such as Svltchmd Wl t l - lmgab l t  
Data S o r v l n s  ( S Y K ) .  

A small mserch e f f o r t  on conputer m t w r k  s a r l t y  has b n n  startod. 
and I S  .xp.ctod t o  expand slightly. we V l l l  contlnrn to  Wpp1y 
consulting servfcos t o  tha m s t  of ne l l com and ttm BCCS on 
conputer mtvork SKur l t y .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Significant Change Date: 
08/3 1190 

PROJECT OVERVIEW: 

This proJoct exploms the potent ia l  of Optical and optoelectronic 
technology t o  i lpaet  future information mtwork dosign and control by 
providtng m CapabllltiOS fo r  S w i t c h i n g .  routing. nrlt1plOxtng. and 
sign81-proUssing. 

This resoarch h8S l d i a t 0  f n p D C t  In thc l rputs  V. p r O V # d R  fo r  
F m r i e  n q u i r n n n t s  ( T ~ h n i c a l  Mv1sortes (TAs) and T e c h n i c i l  
RefemrIeeS (TRs));  on plannfng; on influming tho ven((or -nity; 
and on assessing tho stat. of toehnology dovelopnnt. 

I n  tho l o n p r  term. our wrk w i l l  inf lwm and providm guidaneo fo r  
p1.ming tho evolution O f  futuro CO(MnlC.tionS netMrk3 tlut W i l l  
mod gmat l y  e n l u m d  capabi l i t ies  fo r  lundl ing l a r g  amounts of 
infornut ion In f l e x i b l o  and economical ways in  ordor t o  carry tM wicW 
v r r i o t y  of sorvi~.s which am cu rmnt l y  envistonmd. ExpKinmta l  high 
b i t  rat. lightwave eomunicatiens systans am c u r r m t l y  b0tng 
POSearChOd a t  8.11COm. Tho 1fIftatfOnS t o  tho C8PCity Of t k a S 0  
1ightWav. S y S t m  do I l O t  0- fro(ll tM C.pSCity l l l l f t 8 t i o n S  Of tho 
opt ica l  flbor usad for transmission. Tha l imi ta t ions a n  4rpoS.d by 
tho electronlc par ts  of tho systm.  I n  t h i s  pro ject .  y. am exploring 
U8ys in which such l im i ta t ions  m y  b. Ova- by tho US0 O f  Optical 
and optoolmetmnie o ~ m n t s .  

To f u l f i l l  our mfpons tb i l i t y  f o r  supporttnp Bel leom resoarch on 
rightwave nntwrks and systans. H prov!do both in fo rnu t lm and 
e X # r l m t a l  P.S.artn p P O t O t y p .  d.vlc.s that am llOt O t h o N I S O  
W8llablO. Our Mrk h8S four R j O r  t h r U S t S :  

0 ROLOarCk On Optical physict. tnCludir( mSO8reh On tla g'oYth. 
fabrication. and opt lea l  prop.rt1.s of layorod and sm11 v o l w  
romtcondlctor strueturns. T H S ~  structures w111 b. i w o r t a n t  
e lomnts in  futum hi* p o r f o m m  Optical and o l r t r o n i c  dov1c.s 
that  am om of tho koys t o  s-ssful i l p l m t a t i o n  of photontc 

invontion and f t r s t  damonstratton o f  a l l f t o f f  fabr tcat fon 
tochnlqm that w i l l  a l l w  lasors and othor W t O n t c  dov iws  t o  b. 
tntogratod vlth o l c t r o n t e  c l r cu f t s ;  and tho dovo lopmt  of an 

tKhmlogy .  Our -t aU2onpliShlNntS In th is  8-8 InCluO: tho 

Optical trCMIpn that  can b0 U S M  t o  cOntrOl Crystal g "Ch for 
cost and mom m l i a b l e  smniconductor d o v i m  

0 RoSearCk On ~ l t r a f a S t  opt ics and opttcal  Siwal-prOC.SSing. 
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PROJECT O V E R V I E W  I C O N 1  

including opt ical  switching. non l i nea r  opt ical  phenonma. opt ical  
i np l r rn ta t i ons  of mura l  m t w r k s .  and the generation. handling. 
and transm1~s1on of u l t rashor t  t im duration pulses. S h o r t  Optical 
pulse technology i s  essential f o r  the e f f i c i en t  utilization of the 
high-speed C8pabiIftleS of opt ics.  Optical signal-precessing o f fe rs  
tapressive ~ a p ~ b i l i t i e s  f o r  f l e x i b l e  information handling. Our 
r m n t  a~~onp~ ishments  i n  t h i s  area include: fabr icat ion o f  th 
w r l d ' s  largest integrated laser array w i t h  e lactronfc addmsstng; 
d.monstr8tion of a conpact. fast  access time holographic -ry; 
invention and d.monstratfon of programable 0ptic.1 pulse sh8ping 

gemratton o f  the highest pouer ul t rashor t  l ight pulses f r o m  a 
semicondL(Ctor diode laser 

creating the structures m&m f o r  lw -cos t ,  high por tomnee  
lasers and anpl i f lers ,  and the integrat ion of opt ica l  and 
electronic cocnpomnts on the sam chip 
o m  of the keys t o  successful applications of photonic t rhno logy  

cocnpomnts. and the a b i l i t y  t o  integrate opt ica l  and electronic 
eOllpOnmts on the sa- chip O u r  rmn t  a c e o n p ~ t s h l l ~ t s  include: 
the -Sign and f 8 b P I C a t l O h  O f  8 WV.1 8ngle-faCOt S ~ l C O n d u c t O r  
a q l i f i e r ;  th fabr lcat lon Of brO8dly-tUnable n m r r o u  l imuldth 
srnicon61Ctor lasers: and the dmonstrat ion of a mcord high-.p..d 
laser transmitter o p t a l c t r o n i c  integr8t.d c i rcu i t .  A m r  of 

available e o n r r c i a l l y  have beon supplied t o  other pro jects  in  

and f8br icat ion of exp.rtmnt81 integrated op t ica l  comomnts. 
Intogratmd opt ica l  -nts a m  essmt ia l  e l m t r  in  a l l  curmnt 
(Iplmentat ions of Optical c#nunications systans Our m n t  
ac~~l lp l isk l l l .n ts  include: th Invention and fabr ica t ion  of a novel 
intograted Optical w i t c h  device w i t h  d i g i t a l  Witching 
charaeter is t i~s ;  and tM d.nomtrat ton of a tunable. po la r l ta t ion-  
t n a p m d m t  M r m a n d  wavelength f i l t e r  f o r  wavelmgth 
m l t i p l e x i n g  mtuork applications. A w r  of research p r o t o t p  
intograted opt ical  d w l w s  have bnn supplied t o  o t h r  p r o j u t s  8 t  

T M  und.rst8ndtng. discovery. and invention of photonic ConporYnts 8nd 

i n f o r u t t o n  w i l l  lead t o  a mu gomratton of tel-r11catlon 

and COdfy) for  U l t r 8 h f g h  C8p8Clty M l t l U S C P  r Y W 0 r k S ;  and 

0 RCSOaKh Oh optDt2lOCt~hlCS. including rCSe8PCh on I r t h U d S  O f  

I t  i s  widely bmlieved that  

VI11 b. tM 8V8ll8b41tty Of KOI)OIIIIC81 and . f f l C l m t  O p t a l c t r o n l C  

mSe8Wh p F O t O t p  18S.r and 8 n p l i f i e r  d R V f M S  that  8- Mt 

BellCOm fo r  lightU8Ve SYStNIlS mSO8rCh StUd leS.  
0 Rcsnreh on photonic COllPQYntS. tnClUding mSe8PCh On tM detlw 

OellCom f o r  llghW8V. S y S t m  mS.8PCh StUdi.2. 

tachniqWs f o r  the N i t C h i n g .  C W t i n g  and p w S S l n g  O f  high b i t  rat. 

IICtwrkI W i t h  g r ra t l y  M k 8 m d  O8pabilttlmS t o  h8ndl. ryV high 
bandvidth S R P V i M S  in  f l ex ib le .  .fflCit%lt. mll.bl.. and COSt 
e f fec t i ve  W8yS. 
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PAST V E A R  RESEbRCH I C C O M P L I S H M E N T S :  

Technology Transfmrs 
o Ye have cont lnwd t o  mxpand our device prototyplng e f f o r t  and have 

establlsked nummrws collaborative l l nks  ulth systmns groups tn 
othmr par ts  of the *ppllod RRSm8Kh Area. During t h i s  prlod. 
D l v l s l o n  21110 (projmct 821100 has fabrlcatmd and suppllod fo r  
systems research studles t o  O t m r  projmcts at  BmllCOre: IO rrsoarch 
prototype lasers and anp l i f le rs  t o  sevmral dtvlslons; 2 novml 
d l g l t a l  tntmgratmd uavelmngth f i l t e r s  t o  DiviSlOn 21360 (P. 
Skmute, DvM). A l l  of these dmvlces W r e  mxpmrlnntal research 
prOtOtypaS that 8 N  not O t h O r Y l S L  aVal18ble. 

I n  order t o  dmrlve m x l m m  b e m f l t s  from our msmareh programs. our 
Mrk has t n v o l v d  fP0W-t W t S l d m  COntaetS th-gh SoTr  6 
lndust r la l  and 8 unlversl ty msoarch ~011.bOratlons ulth 
lns t l tu t lons  such as Helnrlch Hmrtr Xnstltute. Fuj l tsu.  Hl tachi .  
ATT(LT. Prlmmton Unlverslty. HIT. Davld Sarnoff Labs. and the 
Calf fornla Imtltutm of Technology. Thmse tntmractlons lncludm o m  
-r of t h l s  project  as an Adjunet Profmssor a t  thm Unlvmrslty of 
X l l l m l s .  and o m  n*nb.r as A d j u n c t  Profmssor a t  Stovmns Xnstltutm 

lns t l t u t l ons  and unlvmrsltles such as Pr lnn ton  Unlvorsl ty.  thm 
Unlvmrslty of X l l tno ls ,  the Unlvmrslty of Tokyo. To1 Avlv 
Univorsl ty.  and thm Tmchnlcal Unlvmrslty of Ynrlch. O n  n*nb.r of 
t h l s  p r o j n t  was a v t s l t o r  a t  Fu j i t su  tn Japan under a 
~ o l l a b o r a t l v o  msoarch ag-nt drrlng t h l s  porlod. 

Durlng thm s c o n d  half of 1989. our wrk n s u l t d  ln  82 Tchnlca l  
W.noranda. 88 ta lks  (lncludlng 45 lnvltmd prrsontattons a t  -]or 
tmchnlcal confmmncms such as the optcon Confo- of thm Optlcal 
Soclmty of h r l c a  and thm Xnstltutm of E l n t r l C a l  and ElectronlCS 

Comunlcatlms Forun. The Oordon Confm- on Nonllnmar Optics. 
Thm Intornattonal COnfm- on Optlcal -1eatlons ( X Q K ) .  and 
a t  -]or unlvorslt lms). and 8 m patmnt dlsclosurms. Flvm patmnt 

portod. 

past s i x  Dnths' tmchnlC81 . C C Q P l I S k n t S .  

of Tchnology. Thmm wre 8 v l s l t l n g  SClMt ls ts  frol) loading 

E n g l m r s .  Im. (XEEE), Thm m r l e a n  PhyslCal SOCioty. T H  N8ttOn81 

Bpp1tCatlOtlS Wm flld, and 8 p a t m t s  Wrr l5SU.d cLtrlw t h l S  

I).caUSm O f  Spa- 1fmltatlOM. W l l S t  b.lW Only Sanpl lw Of thm 

Optoelc t rontc  Intmgratmd Ct rcv l t  Corrponmts 
0 Optwlntroolc tntmgratmd e l r cu l t s  (OEXCs) which Intograt. Optleal 

dCvlC.5 SUCh a5 1asoPS and ph0todtod.s wl th  o l n t r o n l e  t r M S l S t O r t  
t o  OIlh8IIC. C l F C U l t  C8paBllltlmS 8- kOy collpocmts fo r  f U t U N  
vldmband l lghtuave s y s t m  and Optlcal m t w r k s .  
wm tam In our studlms of OEIC f oas lb l l i t y :  01). I s  t o  tntmgrate 

Transistors (Y)WETs) ulth InP lasors. In thm forimr case. H 

T w  approaches 

CaAS FETS lnt .grat0 InOaAS m l a t l m - D o p . a  F i m l d  E f f e t  

tntmgrate I-AS Y)DFETS w l t h  InP lasmrs. and W havm 
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81SO t8ken advBntBgt Of tk I I U t C r l a l  grovth C 8 p B b f l i t i C S  8 t  

(C0118bOrBtiOn w i t h  Div is ion 21130 ( V .  Ker8mid8S. DVM)) .  The 
Bellcore fo r  the l a t t i c m  IniSmtChed gPoVth of GaAs-on-InP 

m8teri.l qua l i t y  and the mature GBAS tmchnology a11w us t o  mkm 8 
conplmx 2 : l  nu l t ip lexer  chip vhich contains 14 transistors.  6 

(coll8boration v i th Oivls lon 21330 (N. Charng. DVM)). The povcr 
consuwtion u8s BO mW. only 2 a  of 8n equtvalmnt s i l i c o n  chip. 

diodms 8nd 8 lWSlStOrS..Bnd hBS Sp2Od O f  10 Gbl t /SOC 

u k t C h  CBlWlOt k dlt'W2tly intmgratmd V l t h  a 1as.r. (SOe TW-ARH- 
013845 B n d  TU-ARH-015557) 

O u r  s r o n d  ~pproach i s  t o  make a nrodrlatton aop.cr FET (UDDFET) i n  

greater thm that of GBAS FETs. mnd the DFB laser I s  nmmdmd a t  high 
b l t  ratms t o  prmsmrve thm s ing le f w n c y  spmctrun. This 1s the 
f l r s t  8tt-t t o  tntmgrate the most advannd m l u t r o n l c  dmviw and 
thm DFB lasmr. The t n i t l a l  resu l t  shovM that  t h l s  mxpmr immta l  

the h i g k s t  spmd OEIC mvmr rmportmd. ( S n  TU-ARH-015747, and TM- 

udm 8V8iIBbIe f o r  high-speed t ~ n s m i s s i ~ l l  mxper innts in Div is ion 

81s. but thmy cannot b. groun t o  the MCmSS8f-Y dmgm of perfmetion 
mxcqat on hlgh-cost I I I - V  smmtconducting substratms. Wm mcmntly 

ml r t ron ic -grad .  laymrs t o  bm s.par8t.d from tk substratms on 
Vkich thmy wm grovn and rm-mountmd on othmr matmrlals .ueh BS 
S i l i e O n  Chips and g1BS B M  1lthiUln nl0b.t. W B V . g u I q S .  
trhni+Im h.s t h m  potmntlal t o  substant ia l ly  rmrWce thm cost of 
thmse carpomnts. and givms nmv f l m x i b f l l t y  in  t h m  dmstgn of 
opt ical  e l n u i t s .  Wm have S U C C ~ ~ W  in  mounting InP/ InQBAS 
photodlodms on smpphtrm. lntogratmd QaAs mmtal-smmieonductor-metal 
m t r t o n  on l i thlun ntobatm and glass wv.gu1d.s. and C ~ A S  
t ransistors on s i l l eon  bmfmrs. Thm InP/o.*. photodtoh mxhibitmd 8 
high WBntUII mffiClmImy (00%) and 1.- 0StllPt.d bandwidth (13.5 
och). This Wrlr hat p.C.1V.d p u b l i c i t y  i n  Set-, Thc u.V YO* 
T i n s .  and T k  Wall S t r e e t  Journal, .lllong othmrs. Thm t r h m l o g y  
has bmmn 1 i r m . d .  and 8- royaltlms h w m  bnn mcmtvd.  Two 
patents havm i s n M .  and tw furthmr dlsclosums arm boing 

I ~ O B A S / A ~ I M S  ~ l l t h ~ C 8 l l y  intmgr8ted w i t h  Ga!nAsP distributmd 
f w 8 C k  (DFB) 1 8 s ~ .  Th. InO8AS UDDFET provldms high spmd 

pFOtOtYp Chip Can W 0pOPBt.d 8 t  S-S 85 high BS 11 Pbft/SOC. 

ARM-014536) Thm h1gh-S- tmst 1s -6 i n  CO11.bOratlon w i th  
Division 21310 (P. KBiSmP. O M ) .  This OEIC t r a M I i t t m r  cklp Vi11 bm 

21310 (P. Ka1S.r. DvM). 
0 Optwlmctronics t e h w l o g y  i s  b8S.d 1 1 1 - V  S~ iCOndrc t ing  NtWl- 

immntmd n thod .  C 8 l l . d  l i f t o f f .  that  B l l o v L  .Xtnn*ly thin 

This 

CMISldRP8d.  (5.. TU-ARbl- 015124, TU-ARH-014023. and TM-ARH-014666) 

OptlC.1 Svitchlng 
0 To mxplolt thm potmntial O f  opt teal  dmviws f o r  u l t ra fas t  w i t c h i n g  

bmYQnd thm Of m1utrontcs. W md m opt ica l  S v i t C h  

N I t C h m S  b8S.d Oll 8 m typm O f  W 1 i I Y a P  1aS.F MM PrapBgBtiOn 
conf Ig~r8t ions.  Wm h8vm 1nvmnt.d som typms of u l t ra fas t  opt lca l  

ukick occurs In planar wmv.lpridm StrUCtums. Undmr ~ p p r o p r l 8 t m  
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PAST Y E A R  R E S E A R C H  ACCOMPLISHMENTS ICONS 

e o n d l t I O n S .  UC 8rC 8ble t o  demonstrate th8t 8 SpOCf811y Sh8pCd 
beam, ca l led 8 sp8tI8l  so l l ton,  can propagate in  8 glass pl8n.r 
waveguide W i t h o u t  s lgn l f icant  d is tor t ion.  lConventlon81 laser 

propagate I n  bulk mdl8.) Our resul ts  constitute the f l r s t  
observ8tlon of spat181 sol l tons In 8 so l l d  state m t e r I 8 l .  This 
work u l l l  be prosanted 8s 8n i n V l t M  paper 8 t  the Confermcc on 
L8sers 8M Electro-Optics In 1900. 8nd 8 p8tcnt h 8 S  boon lSSUed 
(U .S .  p8tent #4.856.860). ( S W  TM-ARH-015352. TM-ARH-Ot567S. TM- 
ARli-Ot507I 1 

be8m. VklCh 8M I'd S O l l t O n S .  un8voldably Spm8d Out 85 they 

Semiconductor Lasers f o r  ComrUnicatlons 
o coherent lightu8ve systems 8re the opttc81 analog of 

superheterodyne radio and mlcrouave systems. 

o tv ts lon 21310 (P.  K 8 I S C r .  DvM). Stngle fruqwncy. wrrou 

the coherent l i gh tuwe  system. Provlously. vc h8ve reported the 
qu8rtor-u8ve s h l f t d  d l S t r l b u t M  fHdb8ck lasers me& by the 
l lw ld-ph8se .pf t8xy 8t  B e l l C O m .  T-SC 18sers 0xhlbl t .d St8ble 
single f rvqnncy  ulth 8 llnewldth O f  3 y(z. ( S n  lW-AN-012347) Y. 
have also r.ported 8 nult i -e lectrod8 d Is t r lbUtM Brags re f lec to r  
(WR) laser uhose sfngle f w n c y  l t gh t  output C o u l d  be tumd 
e l r t r o n l c 8 l l y  over 8 range of 1 terahertz. (See TM-&RH-013847. 
TM-ARH-014279. and TM-ARH-014608) I n  t h l s  mportlng period. yc 
h8Ve n o d 1 f i . d  tha mvelength tunlng ConditlonS by 81lOUlng both 
foru8M and reverse bi8s volt8g.s on the tuntw section. 8nd the 
tuning P8- h8S 81mSt d0Ubl.d. (S- TM-AN-015529) Such 
U8VelOngth tUMble 18sers not Only have Useful 8 p p l f C . t $ O n S  8S the 
l o c a l  osc i l l a to r  In the coherent llghtu8ve receivers, but 81.0 h8ve 
potent181 8ppllc8ttons In nultl-uavelength packet sultehlng Vhlch 
h8Ve b..n .XtWlSlVely m S 0 8 K H d  by BollcOrr. 
21360 IP .  Skum.to. Dvy). (5- TM-ARH-013502. TM-ARH-013874. TM- 
AN-013030, TM-uW-014@#61 

The a t t r ibutes of 
such coherent 1lghtU8Ve SYStel lS 8Pa presently b0lw mSe8PCh.d by 

l l m l d t h ,  8nd U8V.lOlyth tUn8ble 18serS 8ra eISWltl81 SWrCOS fo r  

l t h k 8 p  t o  D i V l S l O I l  

OtSpl8y ReSe8Kk 
0 PPog-SS $n O f f l C l O n t  18rga-8-8 dltpl8yS U l l l  i n p 8 C t  m S.WqCRS 

VhlCh 8 n  1lk.iy t o  CrO8t. 4 1 ~ 2 r e 8 S l n g  d . N M s  fo r  highw b8ndvldth 

t h I S  trknology. H have b..n Studying 8 COlWn-XkutteP roY- 
b8cklight d l l p l8y  Uhlck h8S potenti81 f o r  provldlog 18rg.-8fU8. 
fl8t-p8r).l dlSPl8yS C8p8bl. Of dlSpl8ying fu l l - lot IOn VI* .  The 
ltqUId-CrySt81 technology nocess8ry f o r  the column shutters Is 
8 l I D S t  8V808bl.. TO Obt8ln Df f tc iWl t ,  h lgh -bP igh t rYSS roV 
b8CklIghtS. 8 T N W  type Of roV 08Ckli$lt b8S.d on "108ky l lpht 
grides" exeltmd by hlgk-offlcl.ncy. high-briphtmss light m l t t l n g  
diodes (LEDs) u8s d e v l d  8nd dBmonstr8t.d. A n  expOr imt81 
dlSPl8Y USlng t h l S  b8Ckllght W8S abOUt 2.5~ more OfftClent th8n 
C O I I I I I K ( 8 I  dC-Pl8Sm dlSPl8YS. A p8tHlt 8ppllc8tlOn I S  In 
pm8r8tlOn. (0- TU-Un-015047) 

ln fo r tu t lon  wtworks. To p i n  som lnslght Into the evoluttOn of 
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Ult ra fast  Optics 
o SaniconQlctor diodc lasers are conmet. re l i ab le  s o u m s  of 

continuws wave or  modulated l ight f o r  use in  current opt ica l  
~ o a m ~ n l ~ a t i o n s  systems. Future high-speed systmms. howver. m y  
T i r e  short opt ica l  pulses. we have tnvestigatmd the use of 
EemicorrCKtor lasers and anp l i f i e rs  t o  pror*rce high peak p w r ,  
ult rashort  opt ical  pulses: and vc have sucmd.d in  gmerat lng 
ptcoSeCOnd pu1S.S W i t h  p a k  powers O f  Several Watts. The p.* 
pobmrs pr0dlC.d by our System 8- a factor  of t(M highor than those 
prodlcmd by p m v i w s  SemICOndUCtor dlodc laser basmd SyStW.  
(This wrk was done i n  Collaboration w i t h  S R I  Davtd Sarnoff 
Research Center. (See TU-AM-015456 and TU-AM-015675) 

Opttcal Signal Processing 
o Dense su r facc -a i t t i ng  laser arrays may find inportant use t n  a 

variety of applications. such as opt ica l  signal processlng. opt ica l  
interconnection systems, and opt ica l  data storage. We have 
dmnonstrated a r m d  mothod of fabr icat ing dense. t~0-dlll.nSlOn81 
arrays of sur face-mi t t lng  SmlCOndLlctor lasers. Our method I s  
basmd on an Ion inplantat lon process which s l 1 p l i f l e s  the further 
processing stops mimd t o  i n p l w n t  lntnjratmd el .ctrontc 
addressing of the tndivldual lasers In the array. V. have usmd 
t h i s  approach t o  fabr icate 32 X 32 array of 1aSWS uklch U t l l l t ~ S  
an elactronlc addmssing scheme known as matrix addmsslng. Thls 
I s  the world’s l a r y s t  array of lasers w i t h  lnt-rated o l r t r o n t c  
addressing. A p a t m t  appl icat ton has b.cn f(1.d. (2.. TU-ARH- 

We have dsmonstratod t h a t  sur faco-ml t t lng  lasers can be usod t o  

d l f f emnt  lasors w i t h i n  the array. d l f femnt  4 ~ 0 . 5  s tomd in  the 

information. can bm retrievmd. Thls work points  the way t o  a 

potont ia l ly  bm usod f o r  opt ica l  data p r o m s t n g  and d l s t r l t u t i o n  
s y s t W .  A p a t m t  appl tcat lon on t h i s  work has bnn fi lmd. (5- 
TW-ARH-OlS083) 

015559. TU-ARH-015748, and TM-ARH-015749) 

Mad-OUt t w - d i r n s i o n a l  1 N g . S  S t o w  in  hologr-. Ily tUrn tng  On 

hologram. each COrreSpond ing  t o  a p a w  O f  1OO.OOO bt tS  O f  

C-aCt. fast  a-55 ti-. holographic w r y .  uklch C W l d  

opt ical  ~henomna and sputroscopy 
o The control of the growth of santcondntor d r v l m  matorials and 

structures l s  cruc la l  f o r  m l l a b l e .  l o w  cost Optical and elmctrontc 
c o r p o m t  t rhnology.  V. havo r m n t l y  1nvmt.d a double modulation 
extension of our nonlnvasivo opt ica l  mthd of mnltoring crysta l  
growth I n  m a l  tlme. Vktoh gives inportant r e a l - t l l r  in fomat ton 
.Dout a smmiconbrctor sur fam during growth. Thls invmtlon also 
solves a 20-yoar p r O b l r  of how t o  obtain Ck.Ilca1 and st ructura l  
information about a saicondl lctor surface w i t h o u t  havtng t o  destroy 

of several OaAs grauth surfacos of in terest  f o r  11~1mcular bran 
the s u r f a ~ . .  USinp t h i s  approach. w have e s t a b l l s h d  the bWuvlor 
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS. (CONT. I 

epitaxy.  Theoretic81 c 8 l c u l a t ~ o n s  have a l so  been performed t o  
re18te the Observed o p t i c a l  s t ruc tu re  t o  s p e c l f l c  t r 8 n s l t l o n s  
i nvo l v ing  GD and As chemleal bonds on thc growth surf8ee. T h i s  
c h l n a t l o n  o f  experinant and theory al lows us t o  tr8Ck the G8 and 
As concentrations on thase surfaces. leading the way t o  better 
control of growth processes. A t  l as t  count. t h l s  project has 
gener8ted 8 i n v i t e d  t 8 1 k S  a t  m ] o r  confercncas i n  I989 and 1900. A 
patent app l l ca t i on  on the o r l g i n a l  nrthod h8s b n n  f i led.  (See TM- 
PIRH-014071. TU-ARH-014745. 8nd TM-ARH-015406) 

REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

T h e  work of th i s  Applied Rese8rch P r o j e c t  provldas for the aovelopment 

s o l l d - s t a t e  SCIOIICC. ~ l p h a s i s  I S  placed on ~ p p l t c a t i o n s  t o  current 
8nd future needs i n  networks. services and or~er8tions. Th8 substantial 
benef i ts of t h l s  P r o j e c t  ~ C C ~ U C  t o  811 Owner-Clients and D ~ W  unable t o  
be prevented f m  D C C P U ~ ~ ~  t o  an h m r - C l i e n t  vho m l g h t  elect not t o  
par t ic lp8te in  the P r o j r t .  

O f  8 108dIng knowl- b8se in SUCh key D m 8 S  8S optical and 

PROPRIETARY - Be l l core  and Authorized C l i en ts  Only 
See Propr ie ta ry  Res t r i c t l ons  on T i t l e  Page 

c n  I fin27 n o 0 5 2 0  I 



B E L L C O R E  Page: 8 
Applied Research Date Prlnted: 10/02/90 

1991 FINAL PROJECT OFFERING 

Project Name: 
PHOTONIC SCIENCE AN0 TECHNOLOGY 

Project NO.: 
821101 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Restrictions on Title Page 

r n  I sn3Z 0005202 



E E L L C O R E  P a g e :  9 
bpplied Research Date Printed: 10/02/90 

lSSl FINAL PROJECT OFFERING 

Bellcore Project Manager: 
Y J EOYDEN 

Tel. N o . :  
1908 b 7%-3360 

EA V M. YEGLEITNER 

OS V 0. KETTLER 

NX V E.THDMAS 

PB V 0 .  HARRIS 

SY V 4. CARPENTER 

US V L. HOUSE 

EXEC DIR - TECH DEV 703-rn74-1E90 

AVP - SCIENCE 6 TECH 404-529-2002 

W R P  D I R  - ADV TECH DEV 914-083-2071 

EXEC O I R  - ADVINCED TECH 415-E23-3DBO 

AVP - TECH PLAN 6 DEV 314-235-1550 

D I R  - SPDNSORED RESCH 303-740-1570 

r n  I nn77  



T h e  Contrtbuttons of e lactronle science and t rhno logy  rosearch t o  
device tcchmlogims c r i t t c a l  f o r  current te1ecomunications sctmnce 
are indisputable. Present research trends arm toward systmns 
explo i t ing higher speed, lower power. gmater f l e x t b t l i t y  In m t w r k  
Control. and tncreased use of optteal  conponmnts t o  provtdc f o r  the 
mtworks and m t w r k  servtces of the future. 

E x p e r l e m  has shown that  t o  sustain conttnuing systmms mvolutton. a 
pat tern of conponmnt tmchnology discovmry I s  m t m d ;  discovmry aimad 
a t  explo i t tng more -lex and untqae appltcations of materials and a t  
the rna l lzat ton of smaller d.vtc.5. consumtng less powr and capable 

evolves toward greater use of opt tca l  techmlogims. utth the 
advantages of htgh-bt t - rate opt tca l  trmsmtsslon m u  -11 establtshod. 
advances In the performance of conpomnts tn ty l ra t tng  m l r t r o n i c  and 
opttcal  functtons hold promise of an mvolutton toward Incmastng use 
of optteal Control fn the network. 

Thus the challenga today. in  plarmtng fo r  futum mtwrk m d s .  1s t o  
dmtmrmtm the Correct n l x  of opt ics.  e l r t r o n t c s  and tntegratmd 
optomlr t rontc  mnponmnt techmlogtes t o  take advantaw of the broad 
bandvldth avatlablm utth opt lca l  flbmr. whi le achtmving mfftctont. low 
cost. m f f r t l v e  high-spmmd Infornutton dts t r tbut ton.  This ehallmnge ts 

-rS of t h l s  p r o j r t  contrtbutm by conc&ctlng msmarch coverlng a 
w i d .  rang. of topics tn m l r t r o n l c  s c i m e  and t.ckmlogy. 

e l r t r o n i c  propmrtlms of mtm- la ls  and dmvtws uhlch dmftnm and l t m t t  
thm i r  p o t m t l a l  lapact on tmlecOlllllmlcatlons scloncm. A major goal I s  
t o  contrlbutm t o  mln ta tn tng  tk paca of dtscovmry mcessary t o  
N s t a l n  tk mvolutlon of coqwmnts m t m d  t o  achtmve and anttctpatm 
8dvanc.d mtwrk capmbtltttms. P m s a t l y ,  of p a r t t w l a r  tIperta- 
am those eO.POnonts contr lbut lng t o  thm mvolutton of o f f t c t m t  

I n  pursutt  of those goals. the Divtston's rosearch program has four 

Of lnCm8S.d S m  and llpm COrpleX fUnc t lOn .  Also. 8s thm tYtmrk 

d d P 0 S S . d  a t  a11 lWm1S tn rPp1l.d RmSmarCh (AR) p P O j U t S .  and t k  

ThtS p ? O j K t ' S  pr lnc lpa l  a1m I S  t o  adv8- tk und.rStandlng O f  tk 

bPO8d-b.ndvtdth f1b.r tP8nSDISStOn and hlgh-Sp..d SWtChtng. 

clujOr thrusts; 
1. htgh-l#.d d . V l c I  mS-8rCh at- a t  Inflwnctng tk m V O l U t t O n  O f  

t r h n o l o g l r s  Important f o r  future tel-ntcations 
mppltcations. such as low pouar e lec t r i ca l  mnpenmnts fabrtcatmd 
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using conparnd semiconductor materials. high-speed switches. low 
noise opt ical  receivers and integr8ted op toc le t ron i c  dmvicms; 
and, in  ~0118bor8tton wi th  Bellcore systems rese8rch.r~. providm 

expertnmnts 8imed 8 t  c la r i f y i ng  network evolution. 
PPOtOtypc rCSm8Kh dOViCCS *Signed t o  InOet thc noad O f  

2. qu8nturn structums resm8reh. invest igat ing the s c t m  8nd 
f8brfC8tlOn O f  SIN11 
Of knOVl- n q U t P 4  t o  8nt ic ip8te tkc I n p 8 C t  on eXCh8ylc 

StNCtI8-S 8illlOd 8 t  C O n t r ~ b U t l y l  t o  tkc body 

. nmtwrks of futum g.nmr8tions of high pmrformncm dmvicms. while 
a t  the same time. providing a Bellcore mtwi8l processing 
reswrcm fo r  invmstig8ting such st8te-of- the-8rt  dmv1c.s f o r  
8dvanc.d systems mxperiments 8s d i S t P i b u t C d  f m 8 c k  (OPE) 18sers 
8nd subntcron tr8nststors,  

broad range of emerging rese8rch rnsul ts .  p 8 r t i w l a r l y  in  areas 
expmctmd t o  contributm t o  our understmdlng of the evolut ion of 
m l c t r o n f c  dmvias po ton t ia l l y  inport8nt t o  tml.~0o1~nic8tlont. 

3. 50116 S t 8 t m  PhYSiCS POSO8PCh 8iImd 8t  providing 08r ly  8 C m S S  t o  8 

8nd 

8n81ytiC support 
4. material and dmvic. ch8r8eteriz8tion rnse8rCh 81- a t  providlng 

t o  8 r8l'QO O f  AR N S O 8 r C h  propr8lllS by provtdlng 
dmtal lmd infornution on nutmri81. 8nd mtmrl.1 strueturns. 
c r i t i c81  t o  und.rst8ndlng tlu in f lwnce  of fund81nmntal m tmr ia l  
propmrtlms on useful applic8ttons. 

I n  addi t ion t o  w r k  dona i n  our M laboratories. mmbmrs of t h i s  

involving unlvmrsity cmntmrs. n8tton8l 18bor8torims 8nd other 
corpor8tm rnSm8Kh organir8tionr. 
t o  mnham and mxtmnd our eap8bi l i t ies  8nd oftmn involve other AR 
orgmlr8t tons as -11. T l u  cmirmd purposm I s  t o  smwre 8 rolm In 
the Wrld of sclmnem 8nd tchnology fo r  Bmllcom 8nd our climnt 
eollpanlms that  providms m8rly 8ccess to ,  and I n f lwnce  on. 8 bro8d 
r a w  of mmmrging rnsm8Kh resul ts  w l t h  I w 8 c t  on tml.connuntcatton 
SCimWe. Soln uJ0r p8St 8ChieV~mntS Of tkc Division's N S m 8 r C h  h8ve 
bmmn: 

1. 

P r o j e t  in  8 r8- Of COl18boP8t(Ve m S m 8 K h  8Ct iVf t f .S 

Tlusm ~011mbor8tions 8rn dmslgnd 

plonemrtng rnSm8Kh on the e l c t r o n t c  mtcm ~ p p l i c a t t o n s  of 
Indtm Phosphide aasmd smnlcon&Ctor 10tmri8ls mom t yp i ca l l y  

having slgni f  $cant i w a c t  on our und.rst8ndlng of how 
o p t w l e t r o n l c  dmvicm t.Ckno1ogi.S vi11 inp8et future fibmr 
syst.IIP. 

f8brlc8tfon of som of the sml lmst  m r g l m m d  st ructums mvor 
nportmd. wrk that  has contributmd t o  the m 8 l i z 8 t i o n  of 
rnsm8r~h prototypm 18smr dmvlcms w r m n t l y  finding y lp l t c8 t i on  in  
8 w r  O f  AR 8 d V . m  Optic81 SYStmlnS mxpmriments. 

t r8mpor t  t n  saleonduetor strueturns th8t has provided 
s l g n i f t c m t  infofm8tion on the dmslw 8M undmrst8ndlng of tkc 

USOd for optlC81 conpollmntS In f l bmr  SyStNns. This r e S m 8 K h  15 

2. 8dV8IIC.S in m f C W f 8 b P f C 8 t l O n  tOCknologlmS th8t h8Ve p.fnlltt.d the 

3. t h m  d.IPnstr8tton of unique tmchnlqms for tnvmstig8ting c h a r y  

potWlt481 1 l l l f tS Of 8 d v 8 m d  01KtPonlC dmV1C.S fo r  mXCh8- 8nd 
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exchange 8ccess networks. 8nd 

superconductor nuter ia ls  that  are contr ibut ing s ign i f i can t ly  t o  

mnmrkable phYSiC.1 phenomenon. 

4. n e w  insights i n to  the m8terial Structure of high t.npcr8turc 

our U W r S t 8 n d i n g ,  8nd u l t i nu te l y  t o  Our 8 b i l i t y  t o  CxplOit, t h i s  

PAST YEAR RESEARCH ACCOMPLISHMENTS: 

The f o l l w i n g  provides 8n upd8te on work performmd i n  DfvIs ion 21120 
( R .  Lekny. D v M ) .  This and othmr work h8ve msu1t.d in  109 TKhnlC81 
IY.mor8nda tssumd -ring tho period 2H89-lH90; 81sO S p8tents wm 

bmneflt d t m t l y  f r o m  the matmri8ls and other support mceived f r o m  

( E .  Re8gor. J. Werntck. D v M s ) .  I n  addition. w b m m f i t  from ongoing 

iS0U.d 8nd 1 8 p p l l C 8 t l D n  W 8 S  f i lm. This p P O ] K t ' S  Wrk COntlrXTrS t o  

Divistons 21110 (P. Smith, D V M ) ,  21130 ( V .  Ker8midlS. DvY)  8nd 21140 

COl i8bor8t iOnS/ l i r *8~S W l t h  Dlvtsions 21310 (P. K8lSer. DVM) 8nd 
21330 (N .  Chwng,  DvY) i n  the 8-8 O f  h4gh-S- optwlOCtPOnlC 
deVICCS 8nd W t t h  Divlstons 21310 (P. K8tS.r. D v M )  8nd 21370 (J.  
Berthold. W) i n  the 8 N 8  Of high tmp.r8ture S U p c F C O n d u c t l n g  
matmrlals. 
f8brtcat lon of state-of-thm a r t  resm8rch prototype eonponents f o r  use 
i n  systms mxpmrtmnts. 

Htgh Pmrfomuncm Tr8nststors 

Thm major thrust  of our msmarch t n  htgh pmrform8nce tranststors I s  t o  

pr inctpa l  11pm of t h l s  work ut11 bm t o  providm msmar~h prototype 
d m v i m  t o  sys t r r r  resma~~hmrs. 

Thmse ltn*ag.s are forntng the b8sis f o r  the destgn and 

adv8- the 8WllC8ttOn Of IndlUn Photphidm b8S.d M8tmrf81S. O M  

Thts work rml tes on conttnumd 
COll8bOr8tlOn W l t h  DiviSlDn 21130 ( V .  Ker8nld.s. D v Y ) .  
o Pmsmnt bro8O8nd f lbmr opttc systmms mxpmrtnnts 8nd futum 

OptfC.1 Slgn81 pFDCOKSlng SYStNl lS r e S m 8 K h  -4- 8CCmSS t o  
t r8ns ls tor  tmchnelogtms c8pablm of provlding htgh gain 8nd f8s t  
Nt tChIng 5-S. 
p s t t b l o  by d.cm8Stnp  thm CDnt rOl  m l m c t r o d m  dtnnSlDnS On 
I n A l A S / I ~ A S  F ie ld  E f f K t  Tr8nsistors (FET). This Work h8S 
yt0ld.d t ransistors mxhtbiting record htgh tr8nsCOfidKt8IIC. (1150 
m i l l t - S i . n m / . m  of g 8 t m  l m n g t h )  and vmry htgh output wrrent dr tve 
( t n  mxemss of 1.0 I n p . m S / m  g8tm l m n g t h )  W t t h  W t - O f f  f-nc1.S 

Urn 8- mSm8PChtng thm prf0-m InproV-n tS 

8ppP08Chtng 200 01g8hmrtZ. 

Ch8MO t n  Flmld E f f K t  Transistor (FET) COndKttng Ch8nl'lOlS t O  
o We are tnvmstig8tlng dmlt8 doptng t r h n i q m s  8s 8 r 8 n s  t o  tncm8sm 

I n c r k m  transeon&8ctancm of those dmv1s.s. Thls work has 
dmmonstratmd that  tr8nststors tncorpormtlng dmlt8 d ~ t w  oxh ib i t  
mnh8ncmd Ch8raCtmrtstlCs. 

Intmgr8t.d Dptomlmctrontc Dmvtcms 
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A m j o r  focus fo r  t h i s  wrk i f  aimed a t  the in tegrat ion of electrontc 
conpomnts. such as FETs and Heterojunctton Bipolar Transistors 
(M)Ts) .  w i t h  opt ica l  conpomnts. such as photodetectors. lasers and 
WaVyluldeS. Waterla1 support provided by O i V l S l O n  21130 ( V .  
Kermldas. DVM) 1s c r i t i c 8 1  t o  t h l S  wrk. 
0 In  MaKh. 1989 the IEEE LaSW and Electro-Optic SOClety (LEOS). and 

a nunb.r of gove rmnt  agancies sponsored a Workshop fo r  the 
purpose of def in lng the current status and future pro+p.cts f o r  
oEIC technologies. Bellcore Researehers were major contrlbutors t o  
thlS COnfCMnee. 

o Integrat ion of det.ctor-vavegrtdc collbinations l s  expected t o  a l l ou  
enhanced on C h l p  Optlcal slgnal proccssing such as W8velength 
Olvlslon Y l l t lp lex lng  (VOM). We a r e  invest igat lng photodetectors 
integrated w l t h  e l ther  F je ld  E f f e c t  Tr8nslstors or  w8vyluide 
strueturns. 

t o  provlde a low-cost a l ternat ive t o  hybrid cirCUlts and when 
Integrated tnto arrays also w i l l  pcmlt enhanced stgnal pr#.sslng 
functions. fo r  exanple m. we h8ve dmmnstratnd the monolithic 
tntegratlon of a conplete high parfornunee tr8rntq3edance 

investigated w i t h  m r s  of Div lston 21310 (P. Kalser. DVY) for  

o )lonollthtc Integrat ion of act lve Optoelectronic comonnnts and 
v a v w l d e s  o f fa rs  a n w r  of advantages but an a l ternat tve 
approach separates the problem of opttmfztng performncr of 
dlsparate d e v l m  by tektng 8dvantage of the t.chnlWS f o r  etch 
P.IIDV~~ of thtn f l l m s  ( l i f t - o f f )  damonstrated by Olvtston 21110 (P. 
S n l t h .  DVY) t o  transfer dev1c.s from the substrate. 

0 A novel Ippro8ch t o  laser diode deslgn 45 -sed on vertle81 
resonators that  mlt t h e i r  output barn f r o m  the surface of tk. 
laser chip vhteh mko thnn l n t e m s t l y l  for lntegrat ton v t t h  
electronlc Mlporwnts. These pre l ln tnary dmvice m s u l t s  are already 
ftndtng app l tu t l ons  tn Olvls lon 21110’s (P .  Sml th.  O M )  opt ica l  
neural networks reseerch. 

o For mny appllcatlons. f u l l y  l n teg ra ted  photora-lvars are 0xpect.d 

preanpl i f ler .  

Use In h l g h - s p d  SUbSyStm r p p l i C 8 t i O n S .  

Thls mSe8rCh prototype C h l p  15 current ly b0lW 

Matertal and Devlw Pracosslng Researeh 

A broad rang. of device mseareh programs v l t h t n  Lab 211. a l l d  at 
uk lng  aVallable exp . r inn ta1  p P O t o t p  deV1C.S Such 8s dlStP1but.d 
feecaack (DFB) ~ a s e r s  and high parfommca transistors - I r e  acwss 
t o  adv8llCd nmterial pr#.SSlw. Ytch O f  t h l S  UOPk l S  dWN In 
COll.boratlon v l t h  OlvlslOnS 21110 (P. Snlth. O M ) .  21130 ( V .  
Kerrnidas. W) and Olviston 21140 ( 0 .  Reagor. OM). 
o In  a v leh ly  publ lc lzed co118boratlon V l t h  Olv ls lon 21130 ( V .  

Kermld8s. OW) and ATTIIT Bal l  Labs porsonml. H have contlnnd t o  
research the M t e r l a l  g w t h  and processtyl - i d  t o  8Ckieve l W  
threshold current operation of novel vertical emft t tng laser 
s t m t u r e s .  

0 For Optlcal stgnal processing and lntegr8t.d Optwlectronlc 
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appIications. lw threshold current lasers provide a par t i cu la r  
advantage. Thresholds as Iw as 0.35 mil l ianp have been 
damonstrated and further reductions t o  as lw as 0 1 mi l l ianp  are 
predicted. 

o Even further r e a c t i o n  of laser threshold req8imments t o  the 
nicroanpcre level  should be possible. Y. d.monstr8t.d 3oX 
reduction in  threshold current f rom 3.5 t o  2 4 m i l l i ~ n p ~ .  

o The fabr icat ton of structures in  which electrons a n  ConfiMd i n  
t h r n  dimnsions i s  possible We have damonstrated the sm81lest 
enginmred thrCt-dlmnSlOn81 structures: ver t i ca l  semiconductor 
coIuwns less than 30 at- across. 

signi f tcant i n p l i c a t l ~ ~  f o r  te1ecOIIILlnications. One such advance 
exploi ts an anom8ly of. s i l i c o n  oxiehtion in regions of high 
curvature t o  rea l i ze  a technique fo r  forming atomically sharp 
s i l i c o n  needles. 

o Fine l i n e  patterning of high Tc supercorrc*rcting m8terlal I s  
c r l t l c a l  f o r  many of the anticipated 8pplicattons of these 
materials. We have d.monstr8t.d a m etchant f o r  these m8terials 
which permits etching In a more Control1.d m a m r  than i s  possible 
vlth a l ternat ive methods A patent has b n n  obtained on t h i s  
process. 

o Advances in  semiconductor material processing could have 

E l e c t r o n  Transport in  Smiconc*lctor Heterostruetums 

f o r  tho m x t  g m r a t l o n  of t rans is tor  devices that are exp.ct.d t o  
contribute t o  Ip tntatn ing tk. evolut ion of high p e r f o r n u m  electronic 
systems fo r  tel-nicatlons 8pp l i~a t i ons .  We Conrhct research on 
electron transport in  tMse  material structures v i th  t h m  goal of 

antielpated t o  b8 i rpor tant  in  n* . t tng those sys tm r*l.ds. This york 
i s  done i n  col laborat ion w i t h  D iv is ion 21130 ( V .  Keranidas. DvM). 
o Electron transport in  very n a r m  smicondlcttng w i r e  structures i s  

expmetd t o  ba inportant for  tho dmslgn of future t rans is tor  
 WINS. Our studies a m  current ly a i d  a t  invest igat ing the 
influence of the wave character of electrons in  small structures. 

o I n v e s t i ~ t i o n s  a i d  a t  urdmrstandlng and explo i t lng the pOtontia1 
for inf ra-rod light mission U t o  electrontc t rans i t ions bmt- 
wantun! states f o m  i n  the eonduction band of s u p r l a t t i c .  
structures h w e  sham that  COndlCtion band t o  valence band 
meonbinatton plays an i-rtant ro le .  I t  has bnn found th8t as a 
resul t  of e f f i c l o n t  i lpac t  ionization. electrons can g m r a t e  
holes; and t h i s  process modifier the mffective e lec t r i c  f i e l d  in  
the supmr lat t iw.  Fur ther .  t h i s  process gives r i s e  t o  band-to-band 
light mission i n  an othowise uni-polar s t rue tun .  1 . e . .  vithout a 
p-n junction. 

Specially pmpared S..IiCOrrc*rCtOr het0rOStruCtUmS Vi11 form the b 8 S l S  

8stabl ishing a knovl- bas. f o r  p o t M t l a l  fUtUF0 deViC. technologies 

H igh  T.nprrature SupercomUctors 
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The ma jo r  focus of t h i s  w r k  i s  on elucidat ing the elmctronic 
propertles of t h i s  m v  class of superconducting matorlals. A t  t h i s  

speed tn tereomet tons on and betmen c i r c u i t  boards. and novo1 
oloctronic devicos basod on the unique propert lor  of suparconductlvlty 

thmi r  lw msistance f o r  lw loss. passive microwavo d . v l m  such 

of tM mlc'ovave properties of Y t t r t u n  Barrlm Coppmr 0x1- 
(VEI~CUO) m t o r l a l s  are gemra l l y  mcogntzed as loading the w r l d  
e f fo r t  t n  t h l s  a n a .  Work a l d  a t  rea l i z ing  prac t lca l  hlgh a 
f i 1 tars has w n .  

lw powor r r q u i r r n n t s  awalt the demonstration of a Junctlon 
toehmlogy. Further e f f o r t  i s  requtred beform pract lca l  prototype 
d.vice5 can be dmonstrated. 

~ ~ t o r l a l s  l n  hlgh mgnot lc  f lo lds .  or a t  hlgh currmnt d.nslty. am 
contorod on und.rstanding the nature of the motton of a l . n ~ t 8 f - y  
un l t s  of magmtlc f l u x  ca1l.d fluxons. Thls wrk Is 0xpKt.d t o  
contrlbuto t o  the dwelopmnt of a coqsmhenslvo thoory fo r  
suparcondYctlvlty in  t h l s  c lass of matorlals. 

time I t  W l d  yynar that  t k y  hold the potentla1 fo r  LUCh US05 85 l O W  
1055 power d is t r i bu t i on  v i t h t n  b u r l d i n g 5 .  high-5- WltChtng, hlgh- 

f n  thmSe M t O r i 8 l S .  
o O m  8ppllcatton of hlgh TC supercondrctlng INt( l r la l5 axplo i ts  

85 hlgh f i l t O P 5  and -8Ct dc1.y l lW5.  BO11COP. lllVOStig8tton5 

o Som8 8pplications of high T c  nuter ia ls  t o  hlgh-spomd suttching w l t h  

o Invostlgatlons of the swrconduct lng  proport lor  of high Tc 

Elmctro-Optic Propert let  of Condrctlng Polymers 

We a m  tnvostlgattng a class of organtc s m l c o h c t o r s  w l t h  
tntomst ing aloctro-opttcal p r w r t i o s .  includtng very largm non- 
l t m a r  0pttca1 response. knwn as conjugated polymers. Thmtr 
potont la l  pract lc.1 8ppllcations for  tolocOllllm4cations lnelud. a l l -  
0ptlca1 swttchtng and IOU cost o ~ o c t r o - o p t ~ c a l  -mnts. Th lS  wrk 
f s  bolng done t n  co l la to ra t lon  uith Divlslons 21110 (P. Smi th ,  Dvw) 

o Rovlws of reca t  Bollcorn vork m l a t o d  t o  t h m  nonl tmar  ~ p t l c a l  
prqwrtfos of cDndrctlq polynrrs  and m a l l z f n g  prac t lca l  Optlcal 
rvltehlng d.vtcos u t l l l z l n g  polynrr matorla15 worn pa l l shad .  

and 21140 (B .  Roagor. W). 

~ a t e r f a l s  charactorlzatton 

Matorial ch8ractorlzatlon l lnks  butorla1 pmparat lon and appl lcat lon 
by p r o v l d l ~  d.tal1.d i n f o r u t i o n .  of ton on an atom$= sealo. of 
structum and COlposition. -1 fsmnts  in  t h i s  .ma e m  ofton 
charactorl2.d by thm inslght tl'my prov ld.  i n to  prop.rtl.t c r l t l c a l  t o  
achlovlng tho .nolnaorod material structums $.portant t o  
OptomloctPonlc d.vtcas. Yost of thm a c c o n p l l s h n t r  m p o r t d  hmm am 
thm M l t  Of COl l .bOP8t lOnt  W l t h  DivlSiDn 21130 ( V .  Koramtdas. W). 
0 E l m t r o n  mlcroswpy p r o V l d . 5  a means t o  oxamlm m t o r l a l s  v l th  

m a r l y  atomic mso lu t lon  a l l w l n g  d . ta l lod  studios of dofocts and 
ml8t.d anom8ll.t of g'ovth pattorn.  W l t h  memors of Dlv ls lons 
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21130 8nd 21140 ( V .  KOr8mfd85. 8nd 8 .  Reagor. DVMS). In 8 S C r I C S  O f  
investtg8tions of hlgh t m p r a t u r e  supercon&ctlng matertals 
pnp8rad In 8 v8rtety of of u8ys ue h8ve raportd on v 8 r l w s  
structur81 properties of high TC n8ter l8 ls.  This uork 1s c r l t t c81  
t o  provtding tnfornutlon n m s s a r y  to trprove the qual t ty  of fonts 
f o r  futun devtce appltc8tlons. 

ht$#h pmrfornunm e l r t r o n t c  c i w t t s .  Uorktng In ~0118bor8tion 

~0118boratton ulth AV8nt .k .  ua have provided infornvt lon Inpo r tan t  
t o  dmonstr8ttng process prOblms tn  re8 l t t l ng  St-IC’s Oper8tlng 8 t  
M l t t - g t g a b l t  rates. 

0 ThO ktnd O f  I n f O r I U 8 t I O n  Obt8ln8ble by det8 l l .d  eleCtron ntcroscopy 
I S  C r f t l C 8 l  t0 8 C h l O V I n g  h t e  y ie ld .  8nd COnS.qllMtly l W  =St. for 

W t t h  D I V t S l O n  21310 (P. K84Ser. DVM).  8nd 85 par t  Of 8 mS.8rC1I 

REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

RESEARCH D I R E C T I O N S :  

C O n t f m  mSe8PCh On tk. d.Sl@ll 8nd f8brlC8ttOn Of mS08rCh p r O t O t y p C  

SUCh 85 InP/Inb8AS and GaAWAIQaAS 8nd h8vlng potentt81 f o r  htgh 
C8PaCtty l f g h t U 8 V O  S y S t B .  hSe8PCh On tk C 8 P 8 b f l l t l R S  O f  IC 

hlgh performan# tranststors b8s.d on corpound smniconductor 1 ~ t a r i 8 1  

(1ntmgrat.d C t r c u i t )  tKhnologles b8t.d on InPIQ8As t r8ns t r to r  
t rhno log ies  fo r  lw  powr. hl@h-.p..d optmlmetrontc appltcattons. 

I 

Research tk. appltcatton of ry l rwih tehn iqws.  Incorporating 
u l t t p l e  grarth steps In.8 Ipnmr cocnonly USU! t n  s t l teon  d.vtce 
f8brlc8tton. t o  tk. f8brtc8t lon of exp.rtnmt.1 4nt.grat.d 
o p t m l r t r o n t c  -nmts uslng -nd tmlcondrr tors .  which 
C W l d  pP08tly f8Cl l l tat .  th. f8brlC8tIOn O f  collp1.x devt- S t r U C t U t Y S .  
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R E S E A R C H  D I R E C T I O N S :  I C O N T . )  

Research t o  advance the technology Of electron b c 8 m  l lthogr8phy and 
re lated material processing techniques. such as raact lve Ion etchlng 
fo r  the fabr lcat lon of microstructures e r i t l c a l  t o  tho perfornume 
of foruard lwklng e l r t r o n t c  and opt lcal  devices. 

Resmarch the taehnlqurs fo r  very high-rasolutlon patterning of 
semiconductors and othor materials P lmd a t  eSt8bllShlng tho l l n l t s  
f o r  engineering m t e r l a l  structures on a scale vham the grantum 
natura  of m t t e r  becomas Inportant to  dmteminlng opt lca l  and 
e lec t r l ca l  propmrtles. 

Research the e l u t r i c a l  propmrtles of nlerostructurms a t  very lw 
tmpmratures and very hlgh magnetic flmlds t o  Ident l f y  tho physlcal 
propertlms govmrnlng char- transport In the l l m l t  -re the q~18ntum 
natura of matter s lgn l f l can t ly  Influences ~ I a s s i c a l  behavior. 

RmSRarch the .ppllCatlOn O f  ml81ytlC81 techniques Such 8 S  T r 8 n S n I S S l O n  
E l e c t r o n  Ylcroscopy. Smcondary I o n  Mass Spectroscopyi X-ray Scattmrlng 
and N N l t r O n  Scatterlng t o  tM tnvestlgatlon O f  m t m r l a l  and devttx 
strueturns of Interest  for  advancad teleco1munleat1ons c w t s  
such as novel t ranslstors.  lasers and othor o p t w l u t r o n l c  dmvlcms. 
mnglmrlng Ntmrf81 S t W C t U W S ,  and f'IOb4 m t e r I 8 l S  SUCh 8S the hlgh 
tmqaerature supmrromrctors . 

electronlc parformanee. In par t i cu la r  the re la t l omh lp  batwan 
the detai led structure of layerad m t e r l a l s  and voltagm-currant 

m t e r l a l  structures are playlng an lncreaslngly more Inportant r o l e  
In modern op toml r t ron lc  devlces. 

Research the prop.rt1.r of non-standard mtmr la l s  such as organic 

the 8 I m  t o  ldmntlfy physteal propmrtlms Inportant fo r  potont la l  
t e l a e ~ ~ ~ ~ ~ n l ~ a t l o n s  appllcatlons such as m f f l c l m t  non- l lmar  opt lca l  
propartlms or efflelmnt hlgh-sp..d signal trans~ntsston. 

RmSm8Kh tha us. of s~1111f111~ter -wave spectroscopy I n  conjunctton 
vl th lntmnse m g m t t c  f te ldS t o  dmternfm the propmrtfes of m l r t r o n s  
I n  structumd s.mlconbKtor m t m r l a l s  uhlch are mxpectmd t o  bm 
Inpor tan t  f o r  futura t e l r ~ ~ ~ n l c a t l ~ n s  dmvltxs. 

ROSe8Kh tho phySlC8l mla t lonsh lp  betwan MtRrI81 S t r u C t U m  and 

Wl8tlMlShlPS goVOMlng the paSS8ge Of C h a w  th- th.la. TheSe 

S.IIIiCOndlKtWS and tho Iyy hlgh t-r8tuW SUparCOndretOrS. V l t h  
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T h i s  Project is a Component of t h e  Bellcore Product: 
APPLIED RESEARW 

t h t s  Projcet P ro f l l e  de ta i l s  tho work perfornad in  projmct 821103 
durlng t h i s  mpor t ing period. As before, the research Is almecl 
pr lnc lpa l l y  touards providing projects 821101 (P.W. S m i t h .  DvM) and 
821102 (R.F. Leheny. Dvkl). Photonic and Electronic t c i o m  and 

m t e r i a l s  not comerc la l ly  avai lable but requlmd fo r  t he i r  rosearch 
and f o r  creatlon of mxperlmntal research prototypes t o  be 
lmorporated in  Bol lcoly 's systems research projmcts. Optical 
c01p0mnts (lasers. datectors). elmctronlc d a v i m  a t  hlgher spa& 
opwat lng ulth louer pouer (transistors, drtvmrs) and optwl .c t ron ic  
integrated c i r c u l t s  are playjng an incmaslngly Inportant r o l m  In the 
Wolvtng mxcha- mtYDrk. A l l  SuCh daViC.5 aly mda W i t h  -1.x 
" m a ~ d e "  m t e r l a l s .  To understand the potantla1 Inpact of these 
davlcms on mtuork evolution. M s t r l v e  t o  understand the+. m t o r l a l s  
and t o  continue t o  inprove our a b i l l t y  t o  control t h e l r  physlcal and 
opt ica l  propertles doun t o  atomic layor dlmnslons. The undmrstandlng 
obta lmd through s y s t m  cxporiments u t l l t z i n g  these MY. hlgh 
pcrfornunce dev~cms provtdes the fundamental knovl- bas0 nndmd for 
thc COSt 0 f f . C t i V O  plalll'tlng O f  oxCh8nga I U t M r k S  W i t h  .nkanc.d mtU0rk 
CapabIlltimS. 

TKhnolOgy ReSmarch mSpOctivmly. W i t h  tho nUt8rialS thDy md. 

- _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
PAST YEAR RESEARCH ACCOMPLISHMENTS: 

Smtconductor m t o r i a l s  Rosoarch 

!%8rfaM E m i t t i n g  Microlasors and M~crolasor Arrays 
0 Vort lea l ly  r l t t i n g  lasors have groat potmntial f o r  

t o l . ~ ~ ~ ~ ~ m I c a t l o n s  .pp l icat lons.  Thmy can bo coupled Urn moly 
m f f l c l m t l y  In to  ~ p t l c a l  flbors than ConvmntiWl slda mlttlng 
lasors w r m n t l y  used. m t o r l a l s  md. by the proems. of *01-1ar 

controlled. u l t r a t h i n  1ay.rs have stato-of-the-art th lckmss 
control of 1% and matorials cO(IPOsltlon t o l o r a m  of O.S%. T h y  
are us@ t o  fabricat. mx tmmly  -11 lasers and groups of lasmrs 
ca l lad 1as.r arrays. These matorlals achlovomnts lead t o  1asmrs 

Bm.111 Epitaxy (ME€) a S  -Site Of Over BOO ( n d i V l d u 8 l l Y  

w i t h  m x t n l y  l o w  threshold Current (1.5U) ( the m l n l . u I I  W P m n t  
a t  uhlch t h m  lasmr can operate). w l t h  hlgh ylOlds and hlgh 

PROPRIETARY - Bellcore and Authorized Cl ients O n l y  
This document contains propr ietary information t h a t  shal l  be 
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS- ( C O N T . )  

reproducib i l i ty .  L w  threshold currents are inportant bmcause they 
raduce the overall -rating power requirements. The expmrimntal 
prototype arrays have about 2 m l l l l o n  lasers on a square contimeter 
size chip. wl th  each laser only 5 micrometers in  diameter, the 
smallest lasers udc In tM World. Fabricatton of the dcvicos 
mqutrms spmelal patternlng and etching procmsses whlch arm carrimd 
out In ~ o l l a b o r a t l o n  w l t h  D lv ls ion 21120 (R.F. LmMny. DvM). 
T t s t l n g  Is Carrlmd out in  col laborat ion wl th  Div ls ion 21110 (P.W 
S m l t h .  DvY) .  (TU-ARH-011083, TM-AH-015084. TM-ARH-015118, TM- 
ARH-015130, TW-ARH-015220. TM-AH-015495. TM-ARH-559) 

U l t r a - T h l n  Layers for  Electronic and Optwlectronte Devices Lasmrs 
0 Lasers w h o s m  turn on (threshold) wrrmnt i s  low rvdlee the PouOr 

r.qLIlronmnts fo r  ope ra t i ng  the fibor mtwork. 
Eeam Epltaxy (WE) t o  grw very t h i n  layers (quantm wel ls)  on 
substrates f r o m  whleh parts havo b.cn prcfermnt ia l ly  rmmovmd t o  
gomratm g'ooves. r r o r d  lw thmshold mxpr lnmta l  prototyp.  
lasers wre made whlch operate a t  currents of as l o w  as 0.35 
ml l l lanp. the l o w s t  value over mportmd. (col laborat ion w i t h  
Div is ion 21110, P.W. Smi th ,  DVM). Achiovmment of such 1 w  current 
operation i s  essmt la l  f o r  efflcimnt lntmgratlon of electronic 
dmvicos and optteal devices. an Inwortant rmsm8rCh d l r r t l o n  f o r  
f u tun  lw -cos t  re l iab le  devicos f o r  flbmr t m l ~ ~ l l l m i c a t l o n s .  

6y using #locular 

(TU-AM-013422. TM-ARH-013988. TM-AH-t4843. TM-ARH-0154S9). 

Transi +tors 
o ~ r a n s i s t o r s  a m  ub lqu l tws  devices i n  w i r y  aspmet of 

te1.c-nications. The hlgMr t h e l r  por formam. the faster arm 
the promsms thmy p r f o r n .  Rmsmareh prototyp.8 of high 

Including spmeial atomlc shmots of i npur l t los  (de l ta  dopmd) i n  the 
co-ting channels of tM FETE t o  provlde 1.prov.d prfornunem 
(col laborat lon w l t h  Div ls lon 21120, R . F .  Lmhmny. W). (TU-ARH- 
013BS2, TM-uW-01471B). 

parformanem FlOld E f f c t  Transistors (FETS) have b..n prrparud by 
thm Crystal 9-h p-SS Of #locular Bm.111 Epit8xy (MOL) by 

Burimd Mmtal Layers 
0 Y t a l l t e  layorr  a n  always usmd f o r  contacts and as corponmnts of 

many dmviws. S t a b l o  m t a l l i c  layors lIprOvm tk n l l . b l l l t y  of 
dmvicos and systmms. Rmsoarch has eontinwd on tk . p i t a x i a l  
growth by nolocular M a m  g l t a x y  ( M E )  of m t a l  layom whlch can be 
burimd bmt- ga l l f un  arsmidC s s m i c o w t o r  layom. Work In 
progross u t l l t r i n g  thm m t a l  nick01 a l m i n m  has n w  boon oxtondmd 

spaad and nmarmr t o  thr spacing t n  ga l l tun  arsmnldm ( the  mismatch 
i n  atomic spaclng i s  2.1% for  the nickel eapamnd. but only 1.2% 
for the cobalt eanpound). TH I n t l u t o  eoupltng of the growth of 
both m t a l s  and smmiCondlctors has mxtrmmly I rpor tant  potmntlal. 
+Inem a l l  prmsmnt smtconduetor o p t w l r t r o n l c  devlems r u p i r m  tha t  
metals bm tncludmi f o r  e l r t r l c a l  wntaet lng.  This In -s l t u  method 

t o  tM -tal  Cobalt 81UIIIiM. VhlCh ha8 i t s  at- IOPm ClOSmlY  
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PAST Y E A R  RESEARCH ACCOMPLISHMENTS: I CONT . 

of m t a l l l r a t l o n  has the addad advantage that the Interface betwoen 
metal and SmnicondllCtor Is oxldc f ree since the procoss Is carrled 

resistances. V. have contlrumd StUdiCs of the e l c t r i c a l  
properties of the metal-smlconductor Interfaces and have found 
that the metal-smnlcOndtctor Interfaces nuke excellent d i d o s .  
which can In fact  be enhamd by including thin layers O f  81UIIItWWI 
arsonld. betwoen the - ta l  8nd ~ a l l i w n  arsenide. (TM-AM-014739, 
TM-ARH-014077, TU-ARH-015425, TM-ARH-014922) 

W t  I n  high VaNUIII. T h l S  leads t o  ClCCtrlCal Contacts w l t h  1-r 

Qrovth on Non-P1anar Substrates 
Lasers 
o Lasers are very expensive ( ,500 each) because of very loy 

fabr icat lon y le lds and very c a p l l c a t e d  processing steps. QrWth on 
non-planar gal11um arsenlde and lndlum phosphide substrates, whore 
material was PMDved p re femnt ia l l y  t o  create V-shapad grooves. was 
s t u d l d  In order t o  r v d K e  tho processtng s t g s  and Inprove the 
y le ld  in  fabr lcat lng mve l  d .V ICCS.  By explOlt4ng tM -m Of 
the *ant ( l npu r l t y )  lncorporatton on tM type O f  facet Of tho 
materlal on uhlch It Is d w o s l t d ,  expor lmntal  prototype long 
wavelength lasers of the typa md.d f o r  flbor opt lc  ~ ~ l l l l m i ~ a t l o n s  
wm groun In a s ingle stmp. Instead of thrme. T h l S  Is possible 
)).Cause the Inpur l t los  a l l gn  thmnselves en t i re l y  d i f f e m t  Ins ld .  a 
V-groove than Wts lde Of i t  (col laborat lon w l t h  D l V .  21110. P.U. 
S m l t h .  DVM). Thls aehlevmnmnt i s  e x p K t d  t o  lower consid.r.bly ths 
Cost O f  lasers and Inprove tM yleldS (TU-ARH-015372). 

UBV.Fu(d.5 
0 Uavoguldrr YHn t q m d  In throe dlnrnstons mke possible f a r  

bot ter  coupllng bot- photodmtctors or opt lca l  flbmrs and u l l l  
have s lgn l f tcent  lqaact In Incorporating optomlct ron lc  ClrCUlts 
fo r  f1b.r-In-tM-loop. Q r a r t h  of t r rh  u8vyluld.s on non-planar 
p l l l u m  arsenld. (oars) substrates whom part  was p n f o m n t l a l l y  
mmovd t o  -rate spmcial d lmnslon trunehos. was stud1.d and a 
trhnlqrn was at8bl Ishod by uhtch prototype t q m d  vlv.guid.5 
wre md. (Collaboration ulth Dlv. 21110. P.U. Smi th ,  Dvw) (TM- 
ARH-01487S). 

A l l n 0 . A ~  Lasmrs fo r  E r b t u n  dopd F1b.r Punp lng  
o Tho .nrrgmcm of f1b . r  anp l l f lo rs  f o r  use In the f1b.r-In-tk-loop 

creates a md for s o l i d  s ta te lasers t o  "pnp" tM f1b.r 
anpl f f lers .  ~ i s k  qua l t ty  a~um~num ~ n d ~ u m  ga111~11 arsonld. 
( A I ~ ~ ~ S A S )  layers wm grmun by o r g a n o r t a l l f c  chomlcal vapor 
dmposltton and u s d  t o  f8br lcate exporlmmtal prototype lasers 
q n r a t t n g  a t  0.W mlcrons. S t r i p  lasors 25 microns vldm .nlttd 
as uch as 370 Y of powor. T M l r  turn on ( t h m h o l d )  wrmnts. a m  
~o lpa rab le  t o  tlut of commt lona l  1.3 ntcron t n d t u r  ga l l tun  

P.U. Smlth. DVM). T M  laymrs f r o m  which tho llet orlgtnates a m  
grown In tont lonal ly  t o  b. und.r s t ra ln .  This bullt I n  m t e r l a l s  

arsonld. pho8phld. (InOaASP) lasers (CollabOratlon w l t h  Dlv. 21110. 
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property allows adjustment of the lasing wavelength between 0.M 
and 1.65 microns, 8 very desIr8ble flexibility for flberoptlc 
comunications (TM-ARH-015704). 

Fiber OptfC81 M8terl8lS ReSe8PCh 
Flber Anpltfiers 
o Fibor 8~1ifiers are r8pldly ovolvlng as vl8blo corponents for the 

lnplo1mnt8tlon of fibor ~omun1~8tlons. Ye h8Ve Investlgltod the 

grin of slllca gl8ss optleal fibers wlth tho Intentton8lly 
Introdreed lnprrlty. orblum. Ue h8ve obsorvod over 3 dB/w 9.117 8t 
the pu~@ng vrvelength of 0.98 mlcrons In a flber d.signod for wICIC 
(1525 to 1560 m) opt(C81 b8nduidth. These fibor 8IlplIflOrS h8VO 
been used to dmmnstr8te sInult8~0~s gatn of ovor 20 dl) plr 
ch8nM1, 
IHD-YDM) using 16 18sers. wlth 2 m  rpaclng and an 0vor8ll sp8n of 
34 rim. Thls systom experlmnt d.monstr8t.d the use of flbor 
a~lpllfters In the dlstrlbutlon network. The systom provlded 

Off-t Of g18SS COnpOSltlOn 8nd Pnp W8VelOngth On 8npllfiC8tlOn 

for 8 hlgh donslty W8VelOy(th dlvision nultlplOxod SYSt.III 

slMlt8nOOlJS distrtbutton Of 1 0 0  FM TV ch8nMlS wlth SUbC8CrlOr 
mltlplexlrq wlth 12 dlstrlbuted f m 8 C k  
Mblts/SOC diglt.1 Ch8lWIOlS for dat8 8nd/or HOTV Ch8mlS. 

K l f S C V ,  DVM; 21410. 5 .  Uelnsteln. DVM 8nd 21300. P.Y.fmte. DVM.) 
(TM-ARH-015847, Tll-AM-014814. TM-ARH-014080. TM-ARH-OIOD%) 

18SerS 8nd S I X  022 

(Coll8bor8tlon Divislons: 21110, P. Y .  Smlth. DvM; 21310. P.  

Long-term Fiber ROll8bfllty 
0 Our  work through thc Electronics Indrstries ASSOCl8tlOn (EIAII 
Tol.~omm~nl~8tIons Indrstrlos ASSoCt8tlOn (TIA) -1ttr h8s 
mSU1t.d In tho 8OptlOn Of 8 flbor ~ Y r U n l C  StPNlgth m8SIJ-t 
tOSt p m P 0  8s 8n IndrStV W l d .  St8nd8Pd. This VI11 tq8Ct On 
tho 8 S S U r 8 m  Of lq-tOfWl f l b W  mlf8bllfty In the 0 X C h . w  
network. Thls test p m r e  ut11 now be submittod to the 
intorn8tIon81 st8nd81-d~ bodles such 8s The Consult8tlvo COllittoo 
of Internatlon81 Telephone 8nd Tologr8ph ICCITT) 8nd tho 

adopt~on. 
InternatIon81 E l U t W  TKhnlC81 ConmlSSiOn (IEC) by tho TIA for 

________________________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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RESEARCH DIRECTIONS: 

Research w i l l  contlnue on the growth, by organometallic chmntcal 
vapor deposltlon techniques. of u l t r a  thln layers of nuter la ls wl th  
abrupt Interfaces and control led physical, opt leal  and electrical 
properties and of the utmost pu r l t y  f o r  devices and lntegratmd 
C l rcu l ts  t o  be used i n  experlncntal system prototypes fo r  
f lber-tn-the-loop. 

Research w l l l  contlnue on tha growth. by IIOlec1~18r beam epltaxy. of 
devtce structures on planar and non-planar substrates for  s u r f a ~  
emlt t lng lasers. t ransistors.  waveguides and other devlces w l t h  
tachnlques that  w l l l  u l t l m t e l y  resu l t  In low  cost devtms f o r  
f lber-In-the-loop. 

Research w l l l  Contlnue on the growth of lndtv ldual ly deSlgnRd 
semlconductor structures havlng atomlcally thln crystal  1myWS. 
t o  meet the m d s  of research programs wi th in  BellCOrC th8t are 
explorlng the evolutton of m conponents technologies for the 
e x c h a m  netvork. 

Laser evaporatlon technte(ws w l l l  be used t o  reproducibly d.poslt 
hlgh t-rature supercwuct lng thln f l lm. 

Research In processing hlgh tenperaturn superconducting thln f l lms 
has been In l t la ted .  The . ~phas ls  here w l l l  be on 1 w  tmperature 
processing of applicatfon tn hlgh-sped e1.etronlc c l reu l ts .  

Research w l l l  con t lwe  on new and modlfled flber conposltlons fo r  
op t f ca l l y  act lve f l be r  a ~ p l l f l e r s  and lasers. The Intentional. 
contro l l8b le Imorporat lon of l m u r t t l e s  th8t enhame . np l l f l ca t l on  
and las lng p e r f o m m e  tn f lbers  v l11 be studled. 

Part tc lpat ton In the Electronic Industrtes Assoc1atlOn ( E I A )  flber 
coatlng coml t toe  w111 continua In order t o  provide lrput and 
leadershlp f o r  the establ lsknmt of natlonal opt leal  f lber  and 
cable Stand.rdS. 

PROPRIETARY - Bellcore and Authorized Clients Only 
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Bellcore Product Name: 
APPLIED RESEARCH 

SNET 
Non Pffiliate Participants: 

CBI  
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Owner-Client Representatives: 

Fund 
Owner Flag Name Title Telephone c 

BA Y A. SHAOMAN EXEC OIR - DATA NTW TECH 708-808-8214 
- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

EA Y M. UEGLEITNER 

I S  V 0. KETTLER 

NX Y E. THDMAS 

PB Y 0 .  HARRIS 

SW V J. CARPENTER 

EXEC DIR  - TECH DEV 703-974-1890 

AVP - S C I E K E  6 TECH 404-529-2602 

CORP DIR  - ADV TECH DEV 914-BE3-2071 

EXEC DIR  - ADVANCED TECH 415-823-3WO 

AVP - TECH P L I N  6 DEV 314-235-1550 
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PROJECT O V E R V I E W :  

Thls p r o j e t  w l l l  p r d c e  p m r l c  m q u l r ~ n t s  t o  support m a l - t l m .  
publle C l M l t  S W l t C k d  DSl and fr8CttOn8l 0.51 (SWIFT-DS1) smrvlcm 
cap8bll lttes. Thm project w l l l  8110 explom pmllmlrury wnmrtc 
nqulmmmnts fo r  hlghmr rate swltdmd service e8pabtllt les (e .g. .  
DS3, SONET). 

TKhnology 8dv8ncmmmnts I n  the are8S of l o w  b l t  ra te vtdao CODECs. 
low cost Synchronous Optlc81 NETvork (SONET) tr8nsmlsston qu tpmmnt .  
8nd lncmaslng d8ta  t r 8 f f t c  h8s msu1t.d In 8 grovlng market md f o r  
publ lc swltchmd. wld8band servlces. A publlc sultchmd DSl/fractlorul 
OS1 smrvlce u p 8 b l l l t y  allovlng wstOl*rs t o  set up 8nd tear down 
1.S44 m t / s  and fracttonal OS1 conrmtions tn -8l-tlmm Should M 
COSt-effUtfvC. M8r-t.m SolutlOn that SatlSflms p8rt O f  th l t  market 
need. Thls servlcm cap8bii lty 8llous use of exlst tng OS1 custumr 
p m l s e s  -1-t w l t h o u t  IPdl f lc8t lon.  SWIFT-OS1 w i l l  81So br 
supportmd over ISDN Pr tmry Rate Interfaces. (Note: th8t the 
ISDN and non-1~0~ tnterfaca w(11 be CQpatlble.) 

Thm form~lat ton of gmorte w t m m m n t s  fo r  swltchmd DS1 servlcm 
c8p8bl l l t ios w l l l  pronote 8 mlt l -vendor envt-nt and a l l o w  

f8brlcs. d l g l t a l  cross-eonwct baS.d solutions. asynchronars transfer 
nod. b8s.d solutions) t o  be US-. Sever~1 vmdors a m  w r m n t l y  

prO(*ICts hut w l t h o u t  Oelleom wnmrte w l - t s .  thmlr lnpl-ta- 
t t o m  w i l l  be l r ro lp8t lb le .  Init181 vmdor t r l a l s  for  thm swttchmd 
OS1 and f raet loru l  DS1 sewlee ~ap8b l I t t t es  8n exp.ct.d tn l a t e  
l ea l .  

SeV~81  supporttng t rhnology pl8tfO- (e .9. .  n x 04 kbl t /S Nltch 

d.veloptng m s l - t l m  sultehmd DSl S.Pvlo Cap8blllttes fo r  thmtr 

DESCRIPTION OF (991 WORK: 

The focus of t h l s  p r o j r t  ln (OD1 w l l l  be t o  l s s w  TR-TSY-001068 on 
th publlc N4tck.d OSl / f raCt lWl  OS1 S.WiW C8p8blllty. 

0 P r e d K .  hlgh 1Ov.l servlce d . S C r l p t t O n S  dlScuSStng thm 
8 r c h l t ~ t u r a l  8M O t h m r  pl8nnlng 4SSU.S 8SSOC(at.d V l th  
widmband. pub1t.z sultchmd services. 

o Suppor t  tnteracttons w l t h  t h m  V m d o r  Comuntty In thm 

PROPRIETARY - Bellcore and Authorized Clients Only 
This document contains Proprietary information that shall be 

distri8uted or routed only within Bellcore and its authorized 
clients except with written permission of Bellcore. 
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Project Name: 
SWITCHED FRACTIONAL DS1 8 SWITCHED OS1 

Prolect N o . :  
lR3S2 1 

OESCRIPTION OF 1991 WORK' t CONT. I 

developnmnt of appropriate gemrtc r w i r e m e n t s  

o Support approprtrte s t ind i rds  ( $ . e . .  TlS1) york 

o Deftne the user 8Ki I n t e r o f f t e e  tnterf8ee spmctftc8ttons t o  
support t k s m  servtces. Thts tffi1Ud.s spmctftc8tton of 

t n t m r o f f l a  8 ~ p l t c 8 t t o n s  8nd the sp.etf tc8tton of 
8pproprtatm P l a t n  O l d  Telmphone S e r v t a  (POTS) 8nd 
Int.gr8t.d S m w t a s  D l g l t 8 l  Natuork (ISDN) stgn8ltng 
8 t  thm customer tntmrf8ee. 

tnclude approprt8te b t l l t n g  8nd oper8ttons T t m m m n t s .  

8pproprt8t. S I g r U l l l w  SyStm 7 (SS'I) mSS8-S for 

0 Develop 8pproprt8tm gcmrtc SvltChtng rYqul-tS. ThtS V t l l  

OELIVERAELES: 

O r i g i n a l :  Commitment D a t e :  3991 
TR-TSV-001008 on m81 ttna svttchmd DSl/fr8ctton81 DS1 s e r v t a  c8p8btl t ty  
ut11 bm mt1.d t o  thm tnd ls t ry  from B e l l c o m  by 9/30/01. 

No: F51 
O r f  g i  n a l  : Commitment D a t e :  3991 
T k  p r o J c t  p l8n  for the SV4tCh.d OSl/Fr8CttOMl OS1 pF0J-t V l l l  bm 
d.1tvmmd to d.stgn8t.d c l t o n t  rmpmmnt8ttvms f r o m  Bmllcorm by 9/30/91. 

PROPRIETARY -' Eellcore and Authorized Clients Only 
See Proprietary Restrictions on Title P89e 
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Bellcore Project Manager: 
G.R. RITCHIE 

Tel. No. :  
tBO8l 758-5400 

Bellcore Ppogram Manager: 
N/A 

Tel. No.: 
(N/A) - 

Tel. N o . :  
(908)  758-5445 

Bellcore Product Name: 
SWITCHED DSl 

EA V R. ALBERS 

BS V D. A. KETILER 

UX N N/A 

P8 N N/A 

SW V J. CARPEMER 

AVP - T E W L D G V  PLAWINO 703-974-3046 

AVP - SCIENCE 6 TECH 

N/A 

W A  

AVP - T E W L W V  PLAWINC 514-231-1110 
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1991 FINAL PROJECT OFFERING 

. ._------_--__-.__----.--.-------~--.....-------------.--------------------- 
Project Name: PrOJeCt NO.: 
A I N  RELEASE 1 PLINNING & REQUIREMENTS 1R411l  

Bellcore Product Manager: Tel. No.: 
c.  w i L L a m  (9081 758-2321 

This Project is a Component of the Bellcore Product: 
AIN RELEASE 1 

_ ._______- - - -__ . -___~- . - - - - - . - - -~ - - -~ - - - -~~- - - -~ - - - - - - -~ - - - - - - - - - - - - - - - - - -~ -  

____________________--------- - - - - - -~.-~-------~---~~---~-------- - - - - - - - - - - - -  

Significant Change Date: 
08/31 /90  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PROJECT OVERVIEW: 

Adv8nc.d 1ntellIg.nt Netwrk Re18.s. 1 ( A I N  R1)  I s  defImd 8s the 
set of mtwrk ch8ng.r t8rg.t.d fo r  1994 th8t avolv8 tM 6.11Com 
C 1 l m n t  Conpanl8s' (BCCS'I mtwrks tw8rd m o t f n g  A I N  goals of 
progr8nw~bI l I ty.  ml t l -v8ndor  8nvIrorurent. and standard t n t o r f a c o s .  
The R 1  8rChItKtUm VI11 IrrOrpOr8t. the 8t t r lbut .S O f  tM V 8 r i W S  
A I N  ROla8S8 0 8 K h I t c t U m S  -1OyRd in  1991 8nd 1992. 1nCN8SC 
their funct1on8lIty. and bring the mtwrk 8 st.p closar t o  the 
I n f o r n u t t o n  Nmtwrklng A r c h I t c t u m  (INA) t8rg.t. 

The m j o r  bwflt of th ls  P r o j e c t  I s  th8t It pr0vld.s tM n m s s 8 r y  
p l a n n l n g  8nd rcqu1r.nmts for 8 s e r v t c e - l n d e p n d m t .  vmndor- 
t n d 8 p o n a n t  p l a t f o r m  mlch u l l l  f 8c I l I t a te  thm -1oymmt of 
m u  r c l v 8 t n m - g o n r m t t n g  servlcms In your conpany'r mtwrk. 

K8y 8 S S w t f O n S  8- that: 

- V8ndor  p w c t s  b8s.d on AIM R1 rcquirennnts md t o  b8 a v a i l a b l e  l n  
the 1994 t lmm fram; 

- A I N  R l  ?0+8I-tS V I11  b8 b8S.d on tk A I N  R l  98S.llm 
A r e h I t e t u m  8nd the A I N  R l  N m t W r k  8nd O p ~ 8 t l O n S  P1.n; 

- T e h n I c 8 1  Cdvlsor1.t for A I N  S u t t c h 1 n g  C 8 p 8 b l l l t I m s .  
SCP Nod.. Servtce Loglc Ex- t lon  E m I r o n n r n t  (SLEE). 
8nd thm A p p l t e 8 t l o n  L8y.r P r o t o c o l  u t 1 1  b8 ml.8s.d 
8 t  tM Ond Of 1990 8- U l l l  S 8 r V 8  8 S  the basis 
fo r  tM wrk on the T.ckn Ic81 R.fm-s C O V a m d  
by thIs P r o j e t .  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
DESCRIPTION OF 1991 WORK: 

B 8 l l c o m  u l l l  continue I t s  wrk t o  d.v.10~ grwrlc rwp l ramnts  fo r  

I s  gmnerlc r w p i m m m t s  wrk t o  p-cm thm fol lwing: 
A I N  IYtwrk El-tS ( I I E S ) ' 8 M  o # P 8 t t o n S .  1nClUd.d In th is  P r o j e t  

- Cmflnltlon O f  tk A I N  S u l t c h  C8p8bIlltIes mtch 8- the f.8tU-S 
m.SS8Py for  8 S U l t C h I n g  SyStm t 0  trcognI2. 8nd h8ndl8 C 8 l l S  th.t 
-4- A I N  proc.SsIng. TMSC A I N  S u l t c h  C 8 p 8 b I l t t l O S  IncludO 
descrlptton of tk A I N  R 1  C 8 l l  -1. billing C 8 p b I l l t I 8 5 .  8S -11 

PROPRIETARY - Bellcore and Authorized Clients Only 
Thls dOCUment contains proprietary lnformation that shall be 
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Project Name Project No 
AIN RELEASE 1 PLAWIffi 6 REWIREMENTS lR4tll _-___--____________-____________________.-------------------.-~----------~.- 
DESCRIPTION OF 1991 WORK (CONT.  I 

as tlpacts on Suttchtng system operations, pcrfortnmnca. reltabtltty. 
fault mcovery. and trafflc englmring. 

the stgnaltng and tnterrcttons batwan a swltch and a Sorvtw 
Control Potnt (SCP) or adjunct. 

to adjunct and SCP 8ppltcattons for the support of AIN torvice 
loglc. ~111tng. parformanee, fault ramvory. and mltablltty 

- Fornulation of sultchlng systm mqutramnts mlch a m  spactflc to 

- Deftnitton of tha Sorvfcc Logtc Exccutton Envlrommnt (SLEE) c-n 

fV8CtS Ut11 81SO b0 COnStdarad.  

- Forulatton Of Adjunct Systm raqutmmants supporttng AIN Rl 
funetlons and oparattons lntarfacas. 8tlltng. parforunce. fault 
movary. and mllabll(ty 1.1)acts ut11 also ba eonstdame. 

- Fornulatton of SCP Noda mqutwmonts sqporting AIN Rl f u n c t t w  and 
natwrk. btlltng. and oparattons tntorfacos. Parforunca. 
fault mcovory. and mlt8btltty t.pacts ut11 also ba consldard. 

- Fornulatton of the suttmtng systom. Intolligant P.rtpharal 
(IP). and R a s w m  Control ExKUttOn Envtrorrrnt (RCEE) 
rrqulmmmnts VhtCh a m  mwssary to specify tha stgnaring 
and Intoracttons batwen a NttCh and an IP. 

- Furthar daftnitton of tha Sarvtca Logtc Program (SLP) archltectum 
mtch 1nclud.s *blntstratlvo SLPs (ASLPs). Foatum SLPS (FSLPSI. 
and Oporatlom SLPs (OSLPs). and mftnmnant of the SLP Progr.nrr 
Rofomnca Marual. 

- Fornulatton of mthodology for mmnagtng AIN foatura Intoracttons 
(parttarlar nphasts  ut11 ba glvan to tha cm8tion and poprlatton 
of Featurn Intoractlon T8blos). 

In additton. thts Projct provtdas tha ganoric mqut-ts daftnttton 
for: 

- Oparatlons C8p8btlttlos tn YES m t r d  by AIN R l  and for 
associatad   par at tons rppltcatiom (o .0 . .  mmoy ahltntstratton. 
survatllanm. tosttng. a t 8  collrtlon. trafflc nunagamant). 

- R l  spaelf tc NE/Oparations Systam tntorfaeos (o .9 . .  SCP/Ynay 
*dntnistratton). 

- R 1  spaetffc Oparattons Systam/Op.rattons Syst.r intorfacos 

Note that thls we doas not tncluda m + 8 t r w n t s  for tha S o w t e a  
Iwpatlatlon and Marug.l.nt lSN6Ml appltc8tion-indg.ndant ( 1 . .  . .  
platform) capabtltttos wwch a m  offorad tn Projcts S23457 & i~4i28. 

( 0 . 0 . .  Sowtea Nagottatton and Y.nagamnt/Y.rory ~tnistrattonl. 
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________.___________.-.---.~--------.----. .- . . . .----.------~-~-----------~-- 
Project Name PrOJeCt NO. 
AXN RELEASE 1 PLAWING h REWXREWENTS 1 R 4 I 1 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D E S C R I P T I O N  OF 1991 WORK (CONT.  

X t  does, hovaver. tnclude M r k  t o  tncorporate SN&M data roepi-ts 
tn to the Release 1 i n f o m t t o n  model. 

A d d l t t O M l  AXN R 1  pl8nn1ng aCtivt t lCS tn t h i s  Project InClUd.: 

- Ver t f fcat ton of tha AXN R1 8 r c h t t e t u r m  8cross 8 r e h t t c t u r 8 1  
elemants so 8s t o  tnsure th8t servtces can be sucwss fu l l y  
b u t l t  8nd supportad. 

- O n p l n g  ~ t m m a n t s - f o w s a d  Interacttons v l th  p o t m t l 8 1  vmdors 

cOIIII*nts pr0vtd.d by vmndOrs tn mac t fon  t o  AIN R I  Tchn tca l  
Adv1sorlms or  Spaetal Rmports rrporttng t o  the BCCs on vmdor 
conr*nts. 8nd on propoa8ls f o r  addressing those c-ts. 

k c w n t t n g  T e h n t c 8 l  S u p p o r t  ararp. 

1nclud.d tn t h t s  mf fo r t  v t l l  be: 

* The ereatton of an analy t lca l  modal 8nd sim118tor to  study tha 

Of AXN R 1  products. Thts VI11 tnclude responding t o  wtttm 

- Suppor t  f o r  the AIN Iilltng Tm8n 8nd Automrtic Mess8ga 

- The mx8mlnation of the p a r f o m m  of the AXN R I  arehitmetun. 

dcl8y 8nd c8pactty of the S v i t C h / M j u n c t  tnterf8ca tn 8 
typlc8l dmploynnt scemrto. 

of the c8 l l  modal. t r t m r s .  8nd sign8l ing tntmrfaws).  
* Svttch capacfty tssues ( t n c ~ u d t n g  the tnvmsttgmtton of tha m f f m e t  

* The mnhsncmmnt of the AXN servtce Pmrformnw AmIyzmr ( A ~ P A )  

smrvtw d .s tgwrs  In mvalu8ttng the parfornunen t lpact  of 8 
m smrv lw on tha SCP and Adjunct tn tams  of delay and 

UhtCh t S  a SLEL s tnu l8tor  to01 d.v.1op.d to  8ssl.t th. AXN 

thrwgk#rt. 

I n  8ddltion. t h l s  P r e j c t  cont8lm buslmss SUppOr t  ac t t v l t lms  
U h i C h  Vf11 prov ld.  the ICCS v t t h  COnomtC, -18tory. 8nd buSlnaSS 
I M O r m 8 t t o n  -rt f o r  AIN R I .  

- P8rfOm B U S t m S  M8N-t funCtlon for AIN. 

- Supper t  tha ICCs In that#-  businass 8n8lysts of AXN amploymmnt 
E x q l m s  of such support tnctud. gmmrtc .cononte and markat 
8fulysts. d . V m l o p n t  of t oo l s  f o r  us. by tha ICCs In tha 
perfor*IPmm of thelr oun c o m m ( c  8nd bustmss u u l y s f s  of 
AXN smrvieas. I ~ t l f t c 8 t i o n  of posstblm m sorvlms. and 
w8lu8tton of ass0~t8t .d  r y l u l a t o r y  and stakmholder i s m s .  

- Ass8ss ~ r e s s - m l 8 s t l ~  m f f c t s  of AXN smrvteas on mach othar. 
on mxist lng s m r v t m .  and ulth mspaet t o  smrvteas of forod 
by lntmmxch8ng. carrimrs and mnhancad rervfea prevtrars and 
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NO: 0 0 1  
Or iginal : Commitment Date: 2081 
Adjunct S y s t e m  Technical A d v l s o r y  ( T A ) :  T h e s e  nqutremnts for  A I N  Rl u l l l  
t n c l u d .  l d e n t l f t e 8 t l o n s  of mdjunct funct lonal t ty and 8djUKt lnterf8ces t o  
other network and o p o r a t t o n s  systems. 
8nd sh tpmen t  by June 30, t88l. 

T h i s  TA u l l l  bc ready for 0rd.r 

No: 002 
Original: Commitment Date: 3091 
S u i t C h l M J u n c t  Interface T e c h n l c 8 l  Advisory ( T A l :  These g w r t c  
nqulrments w l 1 1  focus on the deftnltton of the lower 18y.r protocols t o  
be used for the t n t e r f a c e  betwen tha AXN R l  Adjunct and nrltchlng s y s t m .  
T h l S  TA U l l l  ha m8dY fo r  0rd.r and shlpmnt by f.ptmr 30, 1991. 

No: 003 
O r  iginal : Commitment Date: 4-1 
A I N  Rele8SR 1 R e p o r t :  
Advlsorlos ( T U )  plawmd t o  ha ine1Ud.d tn the T e c h n t u l  R e f e r o n e m s  (TRs) 

Logtc E x o c u t l o n  E m l m r n r n t  (SLEE); n r l t c h / f L E E  8 p p l t C 8 t t O n  18y.P PWtoCol 
8nd Sewtee C o n t r o l  P o l n t  (SCP)  Node. The report u l l l  be 8val l8ble by k. 
31. 1891; the TRs ~ $ 1 1  be m8dy f o r  o m r  and S h l p m t  by June 30. lB92. 

P r 0 V l d . S  an 8tSOSSl l .nt  O f  C h a m  fm the T a ~ h n i C 8 l  

8S 8 Wlt Of 4nbrStPy f-8&. Covers the M f t c h f W  8ySt.n: S.w(m 
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DELIVERPBLES: I CDNT. ) 

NO: 004 
Or i q i n a l  : 
A I N  R 1  I n t 8 1 1 1 g e n t  P e r l p h e r a l  ( I P )  8nd S w i t c h  1nterf.a aonerlc 
R e q I c r n n n t s  T.cnn1cal  Advisory I T A ) :  
betwen 8n I P  8nd 8n A I N  R1 sultchtng System. 
C o n t r o l  E x e c u t i o n  E n v i r O n n n t  (RCEE) funetIon8llty md.d t o  c m f 1 m  
the int8rface w l l l  also be Ineluw. T h l s  TA w i l l  be m8dy f o r  
ot-cmr 8nd s h t p m t  by S e p t a r  30.  

Commitment D a t e :  3991 

OefIms the sign8l ing 8nd Interface 
D e s C r l p t 1 O n s  of ResOuK. 

1991. 

NO: 005 
o r  i q i  "01 : Commitment D a t e :  1991 
A I N  R1 Operations b+pltc8tIons Uner tc  ReqJ i IWmmts  Sp.el.1 R e p o r t  (SR) 
Issue 1: Provides genertc function81 w i r n n n t s  f o r  o p . r 8 t t m S  
C 8 p . b i l l t t c S  th8t 8rC My for A I N  R l .  
m8dy f o r  order 8nd s h t p m n t  by F . b W 8 r y  28.  

T h i s  B C C - p r o p r i e t 8 r y  SR V i 1 1  bc 
1091. 

NO: 006 
Or  i q i na I : 
A I N  R1 S p e c l f i c 8 t i o n  of Mess8ges 8 t  the O p e r a t t o n s  S y s t e m  ( O S ) / W . t u o r k  
E l e m e n t  (NE) In ter face Techn lC81  A d v i s o r y  I T A ) :  P r e s e n t s  gmmrlc 
r rqu i rwn ts  for messages between NEs 8nd OSs t o  t n c o r p o r 8 t e  neb# 
o p . r 8 t 1 o n S  C 8 p 8 b l l l t l e S  rrqulnd for A I N  R l .  
for 0-P and S h t p n r t  by S . p t m r  30. 1991. 

Commitment D a t e :  3Q91 

T h l s  TA U 1 l l  be m8dy 

NO: 008 
O r i g i n s  I : Commitment D a t e :  49Bl 
A I N  I 1  O p e r a t f o n s  yp l lc8t ionr  O w r f c  R e w l m n t s  Report: Y l l l  p t rsmt 
8 p m l i m l r m y  v i w  of 1s- 2 of the A I N  Operations Appl(c8tiem (Yner1c 
R . q u l r a u n t s  S p u l a l  R e p o r t  (SR) .  The report w l l l  be 8v8118ble by 
Dlc.llb.r 31.  1BBl; the gmerlc rrqulmments SR u l l l  be 8v8ll8ble f o r  
O r d r r  and shlpmnt by JUlr 30, lBS2. 

PROPRIETARY - Bellcore ana buthorTzea clients only 
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No: 009 
Orrgr "a1 : Commitment Date: 2991 
Perfornume Analysls of Switch to  Adjunct Interface: Presents rosul ts of 
a detallmd study of the delay and throughput associatmd w l t h  the Switch/ 
Adjunct Interface. This dellverable w l l l  b. ready fo r  ordmr and s h l w n t  
by Jum 30. 1991. 

NO:  010 
Or, g! nal : Commitment Date: 4991 
Capaclty Planning and Analysls of the A I N  Rl Archlt.Cturn: Rmports on 
siztng and c8paclty tssues rolated t o  suitek.s, S l p l l n g  Transfer Points 
(STPs). and Signaling l lnks  &e t o  AIN R1 t r a f f l c .  Thls delivermble w l l l  
be ready for order and shl-t by m r  31. 1991. 

No: 011 
O r  i g i n a  I : Commitment Dare: 4901 
Enhammmnts t o  the AIN Servtce Performance Analyzor (ASPA): Yl11 a l l o w  
th. Servlce Loglc Exawtlon Envlroment (SLEE) s i m l a t o r  tool  ( that  
was dmvelopmd tn 1990) to  support analyses of a wldmr  range of services. 
This dellverable w l l l  also provlds fo r  the mintenanm of the Slnulator 
Cod..  Thls dmllverable w l l l  b. mady for  O r d e r  and shtpll.nt by 
m r  31. 1901. 

N O :  012 
Or ,g! nai : Commitment Date: 4991 
AIN R1 Servt- Logic Program (SLP) Report: Provtdms a prnl lmlrury v l w  
of th. g m r l c  m l m m n t s  covering SLP softwarn arehltmcturn. SLP 
programlng, and prom*lrns f o r  rnsolvtng Featurn Interact lorn vhlch 
w l l l  bm lnc1Ud.d in  th. AIN  R1 SLP Qemrlc R.qulmmnts T.chnlca1 Advlcory 
( T I ) .  Th. mF4Jt-t w l l l  b. avall8ble by Dw2-r 31, WSl: tk TA w i l l  b. 
mady for 0-r and S h l p r n t  by March  31. 1991. 

No: 013 
Original : Commitment Date: 3991 
Dmllver aoammnt on the resul ts  of pre l ln lnary laboratory test ing H f o r t s  
fo r  Data COllllllnlcatlons Servtca -tS. Thls ae t l v l t y  w l l l  support 
( A I N  v la)  hands-on amlys ls  of servl# opportunltlos. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
This Project 1s a Component of  the Bellcore Product 
SONET REL 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Significant Change Date 
08 13 1 /SO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - -  

PROJECT OVERVIEW 

The Synchronars Opttc81 NETwrk (SONET) Relmasm 1 . 0  Infrastructura 
p r o j r t  provfdas for  the baste foundation and co(llll0n wrk md.d t o  
support and movm tk  SONET Rmlmase 1.0 Prodlet  forward. Pr1marlly. 
thc work In th is  p r o J r t  I s  mssmtlal t o  davmlop tk O.nmr1c 
R.qulrmmmts 8nd Standards that v l l l  mnablo petant181 vmndors t o  

C l l m n t  Eonpantas (BCCs) m d s  f o r  SONET Relaare 1.0 COIIp8tlble 
aqu1p.nt. and to  provlda f o r  tM Emllcora capab1llty to  analyzm 
t k s e  vondor prodKts on bmh8lf of tha BCCs. T M  p r o j r t  81.0 
providas tha -n support o l n n t s  such as uonm1c 8mlysms and 
PredUct/Projrt Nnagmant of for ts  madad to  suwort both th i s  work. 
and furthar. mom vmndor p-t spaelfie work containad vfthln tha 
m l r t l vm p r o J r t s  lvO17l thPOUgh 1YOl77. 

SONET 1s a C-t that extmnds the COllCOpt O f  a St8ndaPd12.d d1glt81 
h1mrarChy boyond tk tradtttonal DSO-OS3 e I r t r t c a 1  hlmPWChy tn use 
thPWghC4Jt tml.conunlcat1ons. 
world of f1b.r WtlC tP8MIR$SSIOfl. 

daVm1Qp 8nd PredUCI -1-t 8nd SyStNlS that V111 mt tkc 8.11Com 

1nto tk  NIt1-ll.0ablt/S.cond dfg1t.l 

SONET bms or1glrul ly wncaivad In rasporno to  the proltfmr8tlon of 
vmndor spoelflc. praprlmt8f-y. flbmr optic systems th8t bag8n t o  mntor 
tM t o l ~ n l c a t l o m  mtworks of tha BCCs ln tk mld-lO8Os. T k  

protocols. and qwrmttng fmturas that v l l l  M n t u a l l y  a u b l m  tha 
BCCs t o  t r p l m t  a trw mlt1-v.ndor. lntm1110.”t. fimr opttc 
transmlsslon capability in tklr natwrks. Thls I s  axpoetad to 
prOV1da SUbStWItl81 COSt S 8 V l W  to  t k  BCCS by m 1 1 ~ l l U t 1 ~  Of N n Y  
currontly nqrlrod 'bade-to-back" mtvoric m l m t s .  tk m s t a b l l s k n t  
Of a tM N l t l - v m d o r  anvirOlmBnt vl th I t s  msllltlng eon#tltlon. 
8nd OVmtUaIly by provtdlng for  flmxlblm IIOtUOrk Capab1lltl.S and 
sorv1~.s  not posslblm v1th currant asyrehronous .-tams. 

Bmllcora, v l t h  tk  wnwrmnea of tk Bcfs. 1nlt1at.d stand8rds 
mctlvttlms In 1985, lmading to  tvo W S I  st8nd8f-d~. o m  on ratas 8nd 
formats. and tM o t k r  01: tk optleal tntmrfaa. balng appr0v.d 1n 
1988. T k  COKqt vas 81.0 aceaptad In  tha Intarcuttonal Co l lm f t y .  

b . 1 ~  .pprovad In 1988. 

Ballcorm has 81.0 workad oxt.mlvmly V I t h  tk BCCs and tha vondor 
comwnity t o  davmlop a -r of p.nmrtc rrqrlmImnts for  r p n l f l c  

Ida.  O f  1S to  mfl- and lW1-t 8 Sat O f  Stand.FdS. 

Wlth th- CCIlT R - W t l W .  m n s l s t m t  v1th tk W S I  stmnd.Ms. 

PPOPRIETARI . Bellcore and Author?zed Clients Only 
T h i s  document contarns proprietary informatron that Shall be 

distributed or routed only within Bellcore and (ts authorized 
clients except w i t h  written permission of Bellcore 
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Project No. : Project Name: 
SONET RELEASE 1.0 INFRASTRUCTURE 1WOt 1 1  ____________________-- - - -~~- .~-- - . - - -~- - - - - - - - - - - - - -~- - -~- - - - - - - - - - - . - -~- - - -  
PROJECT OVERVIEW: I C O N T .  > 

Networic Elenents. Many vendors hive 8nwncad thelr Intenttons of 
provtdtng SONET c~(lp.ttble w l p n n t  starttnp In the 4989-19a4 ttme 

either In process. or planned for 1990-91 by the BCCS. 

fr8m. ulth tW0 m j o r  vendors 8llllOUllClng full SONET COlWJtlblC 
product 1lmS. L1mlt.d fteld trl8lS Of S1lplO SOHET Systems 8- .IS0 

TWO BellcOm ProdrCtS. SONET R.l.8Se 1.0 and SOWET ROlm8Se 2.0. 
d e s l m  to take the pronlse Of SONET from the world Of c O m p t  and 
deslgn Into the m a l  wrld of op.rat1ng netwrks. 
Release 1.0 P-t coneentr8tes on the short-term go81 of IrplOmEnt- 
Ing a basic ultl-vendor symhronwr:optlc8l tr8nsport c8p8btllty tn 
the form of potnt-to-polnt systems 8M sllple tree networks. as 8 
repl8cmnent for the current vendor speclflc 8synchronars tr8nsport 
llws tn the BCC networks. lhls VI11 m8ble the BCCS to procum 

The !SONET 

SONET COllp8tlble SyStOmS th8t c8n later ~lW'8atIC.d t0 PrOVIde 
addltfOn81. 110- SophlSttCStM M t M r k  C8P8bllltleS. r8ther th8n 
CDntlnutng to pUrch8S. current asyllChro(lWS RqJlpmnt. YhlCh I S  
Incol*r.tlble Vlth the80 f U t U m  C.p.bllIt9~S. 

Ulth thls In ntnd. SOIW of the major gu1dlry prlnclples of the 

MaJor Goal: 

TO drlva the Ilplsinent8tlon of 8 b8sIc. synchronous, optle81 tr8nsport 
backbom Into the BCC networks In a cost-efflclent 8nd effecttve 
manner. 

Arch1 tectum: 

The SWET Release 1.0 p-t will support the Irplemnt8tlon of 
SONET transport systems In polnt-to-polnt 8nd slmple t m  ( V I S  the 

Equlprnt Corpatlblllty: 

The 3011111 Role8se 1.0 predrct ulll work to deftne 811 fomsae8ble 
"h8rdy.m affecting" elmmnts of .qrlp.nt SO that future upgr8de to 
enhanced SONET C8pabllltles can procwd ulth mlnlml mtroflt 

nInlum1, If any.) 

Yultl-vmdor Conpatlbtllty: 

SONET Release 1.0 rlqulrrrnnts vlll allou for basic transport of 

Maintenam Slgrultng across vendor bound8rtos. (However. stngle 
md.d opmrattons and u1nten.m of 8 nultl-vendor ltw I s  not 

RCle8SO 1.0 product 8- 8s fOllOUS: 

US. Of Add-DrOp YultlpleXer .gulpllNllt) 8PZhftOCtUWS. 

pm81tleS. (I*v ddltlOllS and SOftUam upgrades to -1-t W l d  bc 
~ I I U d .  but ch8ng.att or ObSoleSCOM. Of OxlStlng pl8nt W l d  b. 

SONET P8Yl-d bot- . p t l p m t  Of dlffertry vendors, 8nd provide 
for b8SlC OP.P8tlOM1 C8p8bllltIOS S K h  8 S  PrOtOCtlon SUltChlng and 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Restrictions on T(tle Page 
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PrOject Name: 
SDNET RELEASE 1.0 INFRASTRUCTURE 

PROJECT OVERVIEW: 

posstblo under Release 1 . 0 )  

( C 0 N T . j  

(NOTE: Addttlonal costs fo r  c l ton t  spaetfic t ratning (e.g. Ballcorn 
TEC). and any assoetatad costs fo r  plarmtng or devmlopmmnt of Bollcore 
Oparattons Systms that m y  be I-OQ!J~& t o  f u l l y  oxplol t  tha potan- 
t l a l s  of SDNET a m  not Included In thts p r o j e t .  but rather would ba 
contatmd v l th tn  tha l r  rmspacttve progrms.) 

L 

DESCRIPTION OF 7991 WORK. 

1991 work tn th ls  projet  tnc1udCs: 

Product/Proj.ct MaruganNnt: 

This p r o j e t  tncludas the M.d.d Proc*lct/Project Managnmt mffort 
madad t o  plan tk W E T  Rmloaso 1.0 mffort. and onsum that m s o u m s  
davotad t o  the to ta l  prodKt a m  usad tn  tha most mfftctant and 
o f f r t l v m  nunmr posstble. 

aowr(c RmqdtmImnts: 

O r a  of the major amas of concantratton fo r  thts p r o j e t  In I891 
1s tha dmvelopmnt and matntananca of (rcwrtc R.arI-ts t n  tha 
acptpnnnt. qnrat tons tuhnoloay. and w a l l t y  and m l l a b f l t t y  amas. 
Therm deMntt a m  usad by .arlpmant and oss s w l t e r s  as a bas~s 

bustmss mads. Bmllcom part lc lpat ton tn. and cwrd l ru t l on  
w i t h .  standards bodtat ts also an cntagral and orsentla1 m1-t 
of t h l s  U O M .  Thasm asnmrlc Rmqdtmmnts a m  than usad tn th 
Trhntca l  Analysts of v m r  mqdtpmnt as tha standards asatnst 
uhlch tho .qulpmnt balng constdamd by tha BCCr 1s aruly2.d. 

The major thrust In 1991 v l l l  be tha updating Of mstabllshmd 
r r q u l r m n t s  t o  m f l r t  tha msu l t s  of ma1 world usm and tmsttng. 
t o  ansum that thasm doamants acarratmly m f l r t  tha actual 
t r k n l c a l  and opmra t fw l  aspacts O f  mqdtpl.nt batng purehssmd by 
tha BCCS. 

Laboratory Capabllttlms: 

Tha s.cond major a m a  of concantratton In lB91 v t l l  ba the 
dmvolopmnt of laboratory capabllttlms f o r  tha tmsttng of vondor 
provldad SOWET Rmlmasm 1.0 conpatlbl. mqdtpmmt and OSSI. Tha 
nuassary knovl.dp. bas.. tmst m t p n t .  softwam. and m - 5  
wit ba pravtdad to  anablm analysts to  ba parfofnmd ( In tha o l u t l v o  
projoetr  - lyO171 through 1Vo177) t o  ansum that tha v.ndor 
rq.ltpmant bat- ~0nstda.P.d f o r  purchasm by tha BCCs In fact nmmts 
tha m t - t S  thay havm m t f 1 . Q .  Spaclftc work In t h l s  a m a  

on uhlch t o  das1F prodrcts that nmmt the BCC’S trhntc.1 and 

PROPRIETARY - Bellcore and Avttmrized Clients O n l y  
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( C O N 1  . J D E S C R I P T I O N  OF 1991 WORK 

lne1udes the development of a sophisticated test setup tha t  can 
analyze the SONET transmlssion paramters of vendor cqulpnant to  
ensure thet they meat the necessary mquirenmnts t o  assure Inter-  
uorking ulth other .qulpn*nt. Another area 1s the development of 
nmthods/.qulprot t o  sinulate slgnallng and OS msseges t o  ver l fy 
equtpment furstton. 

M T E :  RqlroInents d.velopnant uork related t o  Quality Surveillance 
a r e  not provfdod under the SONET Release 1.0 problct. but rather are 
provlded as an e l e n t  of the Bellcore Quallty SurveillaI1C. P r O d l C t .  
as these r w l r m n t s  a m  generic t o  a11 suppliws In g.rwral, and 
a r e  not sp.el f lc  t o  SONET . q l l p a n t .  

No: 550 
OPiginal : Commitment Date: ONU) 
Provld. q ~ ~ a r t o r l y  Produc t  Progress Report on P d t  and P r o j c t  MSn8ge- 
mnt ef for ts  In Support of SONET Release 1.0. Report t o  lrslude status 
of u j o r  dellver8bles. potential j w p a r d l e s .  and action plans. Report t o  
be ~ l l M  t o  NTAOS PSG 6 other designated c l l m t  mpresentatlves on 
4/30/91. 7/31/91, 10/31/91 h 1/30/92. 

NO: JSl 
Original : Commitment Date: 1291 
PUbllsh TOCknlcDl Y.gr8- commlng p0sslble SWET Release 1.0 
appltcations ereht tc tures 6 the oeonomlcs tnvolvM tn each. Prevlde 
Infomat ion on lnteractlons w i t h .  a ~ ~ ~ l l ~ l l l o s  of lntegratlon ulth exlStlng 
asynchrsnars transport systmms. Mall t o  BCC/BmllCom SONET Planning Teem 
by 12/31/91. 

NO: JS2 
Opip,nal: Commitment Date: 1291 
Rovlso and ROlsSW TR-TSV-000253 (SONET Transport S y S t m  - 
R.qulrmonts) b a s d  on resul ts of flrst round of Tuknlcal  luu lys ls  and 
Bellcom/BCC/Vendsr I n t o r u t l o r n  and standards act lv l t les .  Avalleblo for  
0-r and s h l p m t  t o  lnb ls t ry  12/31/91. Mall Status Reports t o  darlgnated 
e l l en t  ropmsentatlves on 7/31/91 and 1/31/92. 
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O E L I V E R P B L E S :  I C O N T . )  

No: 453 
O r  rg! nal : 
Revlse and Rolssua 8s Irqutrad, enhanced versions of TR-233 (SDNET Dcz). 
11-496 (SDNET ALlM). TR-872 (SONET Dtgl ta l  Sut tch  T r u n k  Xntorf8a) 8nd 
TR-917 (SONET Rogemr8tor). b8s.d on results of Technlc8l An8lysis 8nd 
Bellcore/BCC/Vandor tntor8etlon. M 8 t l  S t 8 t u s  Reports on progross t o  
doslgn8t.d Client mprosent8tlves on 7/31/01 8nd 1/31/92. 

Commrtment Date: ONGO 

No: J54 
O r  ig? nal : 
P u b l i s h  Trhntca l  Y.nor8nehm comrn tng  optlon/fo8tum sot ~ 0 l l p 8 t i b t l t t l e s  
O f  SONET Notwork Eloments (NEs) I R ~ l ~ ~ S ~  1.0 clp8btltttOS) t o  8ld B K S  
In detormtntng SONET aptions se le t4on f o r  M l t t - v m d o r  l lnks  of SONET 
NEs. M 8 l l  t o  Tr8nsport P 8 n l  and BCC/Bellcorc SONET P18nning Te8m by 

Commi tment Date: 0791 

7/31/91. 

No: JSS 
D r i  g? nal : 
Provlde B o l l c o n  prr t tc tp8t ton in  st8ndards 8c t tv t t les  on SONET tr8nsport 
and opor8ttem tnter f8w (SONET Reloas. 1.0 ~ 8 p 8 b l l l t t o s )  tssuos to  
eontrtbuto t o  8nd Influone0 st8nd81-d~ th8t support BCC bustmss m d s .  
M 8 t l  St8tus Reports on progross t o  doslgn8t.d c l ton t  rrprosontattvos 
on 7/31/9t 8nd 1/31/92. 

Commitment Date: ON00 

NO: dS7 
Or igi na I : Commitment Date: 1291 
Publ lsh T K ~ W I ~ C ~ I   mer ran dun on m g t n n r t n g  dostgn constdorattom. 
includtng 8 d d l t t w 1  dr8f t  Irqut-ts f o r  optteal p8r8net.r~. to  
addross dyn8mlc 18ser offoets 8nd d t s p r s t o n  i n  SONET tr8nsmtssten 
systoms opra t tng  abovo OC-12. M 8 l l  t o  Transport Pam1 h BCC/Bo l lcoro  
SONET P18nntng Te8m f o r  comments by 12/31/91. 

No:  JS8 
O r !  gt nal : 
Pub l ish  TR-TSV-001042. provldlhg Opor8ttons SystDRllWtWrC Elmwont 8nd 
Wtwork t l m t / N o t u o r k  E l . r * n t  tntorfaeo gomric rmwlroments (ASN.l/ 
Q l I S E  ness8p.s) fo r  8 corn sot of oporattons functlons (alarm survol l -  
lance. parformme0 mnttortng, protoetton suttchtng. 8nd provtslonlng 
drtven w r y  8mtnts t r8 t ton. )  Av8ll8blo fo r  ordor & shtpment to  t-stry 
8nd ~ t 1 . d  t o  M O A  8nd NTAQS PSQS by S/St/91. 

Comm, tment Date: OS91 
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N O :  J59 
or I gi "a1 : Commitment Date: 129i 
P u b l l S h  enh8nccd verslons O f  TR-TSV-000832 8nd TR-TSV-000833. prov id lng 
Operations Systm/(Utwrk E l a n e n t  tntmrf8ce gemrlc mrplmments (TLl  
l rssrgcs)  f o r  nrrnory a&ln ls t r8 t lon and mtwrk nulnten8ncc. Av8il8blC 
f o r  order and shtpll.nt t o  lndustry and ml1.d t o  NhOA and M A O S  PSGs by 
i2/31/9l .  

N o :  J60 
Originaf; Commitment Date: 129i 
Publish Techntcal Y.mor8ndnn on "0.VlSe Ch8r8CtlrlZatlOn Of O p t o - e l ~ t r o n l c  
tonpomntS. 8nd effW2tS On PhySlC.1 DOSlgn 6 R.li8billty ISSUES. 8s p n -  
cursor t o  lncorpar8tlon of mvtsed r e q a l m n t s  In ttm 8mropr t8te 
eocuments. M 8 l l  t o  Tr8nspot-t P8neI 6 BCC/8eIlcom SONET Planntng Team 
by 12/31/9i. 

No: J B i  
0-iginal: Commitment Date: DNDO 
D.V*lOP Tachntcal hD lyS lS  Lab C8p8bl l i ty  f o r  t m S t l n g  Of SWET ROle8SC 
1.0 C8p8bl l l ty  eqaipmnt. including devmlopmmt O f  'SONEl TCSt 0 4 "  to  
8nalyze SWET stgn8ls. Oper8ttons Teehnolsgy cap8bl l l t ims f o r  8 ru l ys l s  of 
NE/OS 6 NE/OS lnterf8s.s. 8nd wired W 8 l i t y  6 R e l l a b l l l t y  18b C8pabil I-  
t l e s .  Ma11 Status R e p o r t  t o  Transport Panel 6 B C C ~ B o l l c o n  SONET P18nntng 
TO8m by i2/31/91. 

REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

The wrk elements in  t h l s  project serve as th. f-tlon fo r  t tm 
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REASON FOR INFRASTRUCTURE CLASSIFICATION ICON1 ) 

balance of the work in  the SONET Release 1.0 P r o d u c t .  One of the 
primary outputs. Oemrtc R.qUimmnts. a m  placmd i n  the publ ic 
dom8in i n  the form of T.chnical Advisories (TAs), Technical 
RefemIKes ( T R t l .  and Tmehntcal R.qUirrnants Industry Forums (TRIFs). 
These doummts and forums a n  opmn t o  a l l  I.nb.rr of I n a s t r y .  
The laboratory ~ a p 8 b i l i t l o s  are f o r  developmnt and ta8 in tmem of 
test .quipnmnt. p-res. and the k o u l d g e  base and t k l l l s  nndmd 
t o  condret w t  rp.eiflc product arulyses. T h ~ s e  u p a b l l i t l o s  
e n  tkm usmd by a l l  c l t m t s  uho h8ve any type of analysis condlctmd 
In tM future. NOtuDrk A r t h l t m e t u m  and E m m i c  Ar18lySlt work U s t  
.IS0 be Shared t o  8ChievC i t s  f u l l  value. The P r O d h t / P r O j K t  
Mnagmmnt ac t iv i t ies  providn an ovwa l l  structure t o  th. prodrct. 
and ensure the propor coordination of the diverse o l m m t s  and 
organizations. 

The Subst8ntial benofits of t h l s  proj .ct  accrue t o  a l l  Ouner-Clients 
and a r e  unable t o  be pmventmd from accruing t o  an Owmr-cIiont 
who m i g h t  elmet nut t o  part ic ipate I n  t h i s  project. 
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This Project i s  a Component Of the Bellcore Product: 
SONET REL. 2 . 0  

PROJECT OVERVIEW. 

The Synch-s OpttC.1 NElUOrk (SONET) ROle8SO 2 . 0  InfrastNCtUm 
project provldos fo r  the b8sIc foundation and comnon wric md.d 
t o  support and move the SONET Release 2.0 P r o d K t  fo-rd. P r ln r r l l y ,  
tk wrk In t h l s  p r o j ~ t  Is essentl8l t o  develop tk aonorle R . q u t m -  
m m t s  and Standards that u l l l  enable potmntlal v-rs t o  rJovelop and 
produm . q u t p m t  8nd syst.ns that ut11 #mot tho B m l l c o ~  Cllent 
Capanlor (BCCs) n n d s  for SONET Relmase 2.0 carp8ttble .qulpmt. 
8nd to  provld. f o r  t k  Bellcorm Cap8blllty t o  8n8lyzm these 
vendor p e t s  on boh8lf of tk BCCs. The p r o j u t  also provldos 

ProaKt /Pro jc t  lunagnnnt o f for ts  md.d t o  support t h i s  wrk. 
the CoIlllon Support Ol-ntS +ah 8S .COnORIlC 8n8lySmS 8nd 

SONET. IS 8 C O m p t  th.t OXtOndS tk COIIC.Pt Of tk St8ndarddlZ.d 
dlglt.1 hlOP8r~hy boyOnd t k  tr8dltIon81 DSO - DS3 e lU t r l c81  
hler8rchy I n  use thr-t tal-nlcatlons, I n to  tho 
nul t l -mgabI t /srond dlglt.1 w r l d  of flbor optle tr8nsmlsston. 

SONET u8s o r l g t r u l l y  conm1v.d In msponse to  tho pro l l fo r8 t ion  
of vendor spoelflc. proprlet8ry. flbor op t lc  syst- that bogan 
t o  mnter the tml-n1c8t1ons notvorks of the BCCs tn tk mld-1980s. 

protocols. and oporattng fm8tums that u l l l  wentu8l ly on8blo t k  
BCCs t o  tnplmunt 8 t r ue  nultl-vondor. Intell lgmnt. flbor opt ic 
tr8nsmlsslon capabl l l ty  In tklr mtvorks. l h t s  Is expKt.d t o  

of a t r u m  u l t l -vmndor envtronmnt ulth I t s  msu l t lng  conpetftton. and 

T k  1-8 Of SONET IS t o  d.fll). 8nd tmlOW4Nlt 8 Set Of S t 8 M . m .  

PPOVlrJo SubSt8ntI81 COSt S 8 V l n g S  t 0  tk BCCS by OIlDtn8tlCm O f  I.nY 
CUrPWltly -1- "b8Ck-t0-b8Ckn MtWrk 01.IIMtS. tk mSt8bllShlMt 

*VOntU8lly by pPOVldlng fo r  flmxlbl. nhror* C8pabllltleS 8nd SmW1C.S 
not poSSlble Y l t h  WPNnt 8Sp3WSnOUS systmws. 

I).llcom. Y I t h  tk cwrurmm of tho BCCs. l n l t l 8 t . d  st8nd.rds 

f o ~ t s .  a M  tk O t h o r  on tho optlc8l tnterf8m. bolng 8pprov.d l n  
$ # E a .  Tho wnapt uat also 8mpt .d  In tk tntmrn8ttonml cQlunlty. 
u l t h  t h m  CCITT R.colr*ndatlom. Consistent ulth tk U S 1  standards. 
bolng 8pprov.d l n  1988. 

c-lty t o  dovolop a rumor of 0.norlc r r q u t m n t s  f o r  spocl f lc  
Notwrk Elomnts. Many vendors havm 8rwmunad tklr  Intenttons of 
provldlng SONET Corp8tlble -lp.nt S t 8 r t i n g  In the 1989-1991 t lm 

aCtlVlt!OS In 1985. 108dlr) t o  tW *NsI S t 8 n d . m .  On P8t.r 8nd 

6011CON ha. alSO Y0rk.d * X t M S I V O l Y  U l t h  tk BCCS 8nd tho V-r 
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PROJECT OVERVXEY (CONT ) 

frame, w l t h  two major vendors annoumlng f u l l  SONET earp8tlble 
product 1Ines. 
elther In process. or pl8nned for 1990-Bl by the BCCS. 

TWO Oe11CO- PrOdlCtS.  SONET Re1.8SO 1.0 8nd SONET Rele8Se 2 . 0 .  arm 
deslgrNd t o  t8ke t k  prolllse O f  SONET frm tk world Of compt 8nd 
dcslgn In to the re81 world of oper8ttng networks. 
Release 2.0 Product I s  d~slgnmd to  develop tha potent181 t o  evolve 
tk polnt-to-polnt and slnple tree transport network prov1d.d by 
SONET Rele8se 1.0 Into 8 f lox lb le  optlc.1 tr8nsport mtwork In YklCh 
network re-conflgtratton and servlms can be prov1d.d qulc*ly 8nd 
remotely v i8  op.ratlon8l Support Systems ( O S S ) .  Thls c8n be 8CCQI)- 

L1nlt.d f l e l d  t r l 8 1 s  of slnple SONET SyStmS 8- 81.0 

The SONET 

p l lSMd VI. explOlt8tlon Of the C.p8bllltleS Of the SONET E m  
Dp.r8tlons Ch8-1 (Em). T k  EOC t8keS 8dv8nt89. Of t k  hUS8 knd- 
wldth f lber  optlC l l w s  to  bu l l d  in to  tk  SONET COl lMpt  8nd P r O t o C O l S  
the a b l l l t y  t o  carry 18- quantltles of st8nd.rdlz.d oper8tlon81 
Inform8tlon I n  order t o  provlde the potent181 fo r  remote provlstonlng, 
active p.rfor(~nce monltortng. 8nd remote network rr-confIgtr8t lon 

I n  1990 and 1991. the SONET Release 2.0 PrDdlct u l l l  eonmntr8te on 

and Incorpor8t.d In to 0ellcory .qrlpnmnt and system (Ymrlc R.qr I t -0 -  
monts. Also, bn t o  the ujor  l1p8ct on Opor8ttons. M.lntm8m. 
Admlnlstr8tlon 8nd Provlrtonlng (-PI systems. the nyl8rls on 
Op.r8ttons T.chnology rrqulmmants work w l l l  be 8 larger e1.mnt of 
the work I n  Release 2.0 t b n  I t  was f o r  Rele8.e 1.0. 

I n  the 1992 8nd 1993 tl1rrfr8m 8s vendor .qrlpmt d.ploymnt oeeurr, 

t k  M v e l ~ n t  Of St8nd8mS 8nd OIl'NrlC R-l-tS. 8. t k  
IrrSS8-S. PPOtOCOlS. 8nd OSS Ilr*8gcS pr0Vld.d by tk EOC 8- deflnmd 

tk -1OXIOn Of t k  R t l O 8 S O  2 .0  Product  V I 1 1  Ch8w. Th. Offort 
On St8nd8rdS 8nd r r p l l - t S  VI11 IOVCI  OUt O r  d.s l lnC.  8nd t k  
WFk VI11 t P 8 M l t l O n  t o  8 S t r o m r  r p h 8 S l S  On Tnhntc81 h8 lyS lS 
of vmdor prodxt and systems. 

W l t h  t h l S  In m t n d .  tk scop., 8nd s w  of tk nmjor wldlnp prlnclples 
O f  t k  RO1.8Se 2.0 product 8- 8S f O l l W . :  

major 00.1 : 

fiber opttc transport Infr8structum In to  the 0CC networks I n  
8 cost e f f l c len t  and e f f n t l v e  umr. 

Arch1 tntum: 

The SONET Relmse 2.0 Product u l l l  support t k  t r a m l t l o n  from 

topo1ogl.S. 

TO dr lve tk IIpl.l.nt8tlOn Of 8 . O p h l S t I C 8 t . d .  flexible. 

the S l l p l .  point-to-polnt 8nd t r m E  8rch l tn tum p r S V 1 d . d  by 
R*l*8Se 1.0 In to  f l * X l b l 8  8nd survivable rlng 8nd m S h  
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SONET R e l e 8 s e  2 .0 w i l l  drtve the cre8tlon of st8ndrrds/ 
w i r e m e n t s  f o r  both mqutpm8nt 8nd op.rat ion.1 8spocts of 

envlronnnt on both the t r 8 n s m l s s l o n  8nd o p 8 r 8 t I o n 8 1  support p l 8 n s .  

E n h 8 n c e d  T r 8 n s p o r t  NOtMe C l p 8 b l l l t i e s :  

SONET SO th8t th8 BCCS Can 8 C h l O V C  8 true n l l l t l - V . n d o P  

The SONET R e 1 8 s e  2 .0 w l l l  ex8mlm the potent ia l  for enh8md 
WtWrk C8p8b l l l t leS Such 8s suPvlV8bl l i ty .  d Y n 8 m i c  b8Wldth 
81loc8tlon. m n d  remote network configuration. 8nd thm d.fin8 and 
dr l ve  for  t k S 0  C 8 p 8 b l l l t l 8 S  t o  Ly S t 8 n d 8 ~ t Z M  8nd lW20PpOP8t.d 
ln  SUCh 8 MfWIOr SO 85 t o  pre5OrVe Interch8ng8bll l t y  MtUO8n 
dtff8rtng vendors' mqulpmnt 8nd Systo . .  

O E S C I I P T I O N  OF 1991 WORK: 

PROPRIETARY - Be l l co re  and IuthOriZed C l i e n t s  O n l y  
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D E S C R I P T I O N  OF I991 WORK (CONT ) 

nattonal and InternatIon8l.directtons. and enable tkrm t o  reap 
the b e m f I t s  of global eonomIes realized by vendors. These 
r e q u l m r n t s  w i l l  81s0 be used In 18ter (post 1980 Technical 
Anrlysls o f  vendor .qulpment as the st8ndards agalnst uhfch thc 
.quIpmnt beHtng eons4deIYd by the BCCs IS analyzed. 

Laboratory CepabI l l t ies:  

The pro ject  also provldes f o r  the davelopmnt of laboratory 
CapabI l l t Ies for the test tng of vendor pr0vId.d SONET 
Release 2 . 0  cenpatible .quIpnmt 8nd OSSs The rwcrss8ry 

be pr0vtd.d t o  enable 8rmlysls t o  be performed (.qulpmnt 

In ear ly 1992) to ensum tlut the vmOor eqApment belng 
Consldard f o r  purch8se by tM BCCS In  fac t  m e t s  the 
-fromento they have spei f1 .d.  

NOTE: R.qulnn*nts development wrk ml8t.d to Qu8lI ty 

product. but rather a m  p r o v l a d  as 8n 81.nmt of the Belleore 
~ u a l t t y  ~ u r v e ~ l l a r n  PrOdrct. 8s these mcpt-nts are genertc 
t o  811 supplters In g m r 8 l .  and 81-0 not spectflc t o  SONET 
.quIp*nt. 

k m l -  b8se. t e s t  .glIp*nt. S O f t W 8 m .  and p-mS l l Y S t  

-lr!l‘q 8n8lySIS I S  0 X p O C t . d  t o  be 8V8ll8ble Starting 

S u r v e I 1 1 8 ~  8- Mt p r 0 V l d . d  under the SONET Rele8se 2.0 

O E L I V E R A B L E S :  

No: KSO 
Original: Commitment D a t e :  omio 
ProvIde quar ter ly  PPOdht Progmss R e p o r t  on PrOd lc t  and P r o j e t  
Yana9.ont e f f o r t s  In support of SONET Release 2 . 0 .  Report t o  tncludm 
status of  m j o r  dellverables. potentfa1 ImopaMIes. and act lon plans. 
Report t o  be m8II.d t 0  NTIPS PSG A other deSt9nated ell-t rrpPOSmtDt(VeS 
On 4/10/91. 7/31/#1 6 1/30/92. 

No: KS1 
Original : Commitment Date: 1291 
Owelop 8 Wtvoric and Op.ratlons P l8n .  Th ls  plan ut11 provlde the w t l l n e  
f o r  W O l U t I o n  O f  the BCC transpert Cep8bl l l ty  t o  a flexible. SONET based 
netwrk ulth mbstantI81 m t w r i c / ~ ~ . r a t l ~  ~ y ~ r g y .  ECOIIOIII~C 8n8lysls of 
v 8 r I w s  options u l l l  81.0 be Included. FInal Plan t o  be ml1.d t o  M O A  PSG 
and other d.sIg”8t.d e l l e n t  m p m s m t a t l v e s  ray 12/31/91. I n t e r l a  Status 
Report - 7/31/91. 
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N o :  KSO 
O r  igtnal : Commitment Date: ow0 
Provld.  on-golng Belleom par t t c tpo t ton  tn standards a c t l v t t t o s  a SONET 
transport and o # r a t t o m  tnterfaco (SONET Release 2.0 capab1llt1es) tsnws 
to  w n t r t b u t e  to, and t n f l w m  stand.r(h ttut s w r t  BCC bustmss n n d s .  
Ma11 Status mpor t s  On p W m S S  t o  d8SlgMtM C 1 t - t  rmpmSWltattVeS On 
7/31/91 and 1/31/92. 
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Ortginal: Comm,tment Date: 1291 
COnduCt M J O r  StUdY and WlalYStS Of S U ~ v l v i 8 b l l l t y  opttons and archi-  
tmctUreS available W l t h  SONET. The a M l y s t s  Y111 tnclud.: probability 
Vlsk aMlySlS Of P W t  C8US.S. NatWrk/Econanlc analysls O f  arch1tmctum 
opttons. and resul t tng tmchntcal tnpl tcat tons. Publ1Sh as ~ ~ k n t e a i  
Mmorandn, and m t 1  to M O A  PSG. NTAQS PSG and BCC/Be l lcom SONET Plannlng 
Team by 12/31/01. I n t e r t m  Status Report - 7/3t/01. 

No: K53 
Original : Commitment Date: -91 
Conduct 8 ~ l y S i s  of c ~ a t i b l l l t y  Issues a f f ~ t t n g  planntng f o r  Carr tor- to-  
C a r r t e r  interface. Publ ish as TKhntCal Wmoran&m (TU) and m 1 1  t o  MOA 
PSG. NTAQS PSG. and BCC/Bellcore SONET Plarmtng Team by 6/91. 

No:  K55 
Origrnal: Commitment Date: 1291 
Develop nmmssary mquirmmnts and criteria t o  provtd.  both .qutp*nt and 
operattons T t r m M t s  such as software download. LAN tnterconwcttons. 
enhamd.d DX socurtty. etc. f o r  SONET Release 2.0. Includm those m- 
wlmmonts t n  m u  mloas.+ of appropriate Tmchnlcal R e f e r e m r .  Mati 
Status R . p a r t s  on prograss and results t o  d8slgnat.d cltent mpmsentat lves 
On 7/31/91 6 1/31/02. 

No:  KS? 
Original: Commftment Date: 1291 
Provtd. status mport on Cymrlc and Nmtwrk E l a n t  spmelftc -nts 
Upd8t.d 8 S  -1- to  spmetfy ~ 1 ( 8 ~ 1 1 1 t y / ~ V 8 1 1 l b 1 l t t y  I r q u t m t S  fo r  
SONET Nmtuork E lmnnts .  ISM st8tus mport t o  Transpor t  P 8 m l .  Oual l ty 
6 b l 1 a b i l l t y  Pa-1. 8nd BCC/B8llcOm SONET Planntnp Team on 7/31/91 
1/36/82. 

r n  I a03Z 0004868 
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DELIVEPABLES: ICDNT. I 

NO: K59 
Original: Commitment D a t e :  1291 
P u b l i s h  ~ e c h n t e a 1  Advlsory (11) on opmrations systmms/Network E l w n t  & 
Network E l . n * m t / N e t w r k  E l a n t  I n t e r f a c e  generic m l m m n t s  (ASN.1 
mmssaps) f o r  an m n h a m d  s e t  of operat ions functlons. TA t o  bm n p I 1 . d  
t o  l n d r s t r y  8nd M O A  PSG by 12/31/91. 

NO: K61 
O r  igi n a i  : Commitment O a t e :  0791 
P u b l i s h  8 TmcklC8l  Ilaor8n&m (TM) O n  "SONET NestEd PrOt.CtlOn Sul tChlng 
C r i t e r i a " .  Th ls  4s 8 pra-cursor t o  s t8ndar lza t ton  and doeumntatlon In 8 
Tmchntc8l Advlsory In  1992. M a l l  TU t o  W O A  PSG. T r a m p o r t  Panel. & BCCI 
6e I Icore  SONET P18nnlng Tmam by 7/31/91. 

N o :  K62 
o r  i 9 i " a  i : Commitment D a t e :  0991 
I ssue Supplmmnt 1 t o  TR-TSY-000496 (SONET ACU) t o  providm crltmrla f o r  
u n l - d l n c t l o n a l .  p a t h  p m t m c t l o n  sulteh.d. rlng a p p l i c a t i o n s .  Thls TR u t11  
be avai lab lm for ordmr and shlpmmnt t o  l n d r s t r y  from Bm11COf-m. and u t 1 1  be 
N0.d t o  tM M O A  PSG by 9/30/91. 

NO: K63 
O r  i g i "a I : Commitment D a t e :  ONGO 
Dmvmlop T c h n t c a l  Analysts 18b c a p 8 b l l l t y  for ana lys ls  of SONET Rmlmasm 
2 . 0  c a p a b l l l t y  wlpmnt.  M a l l  St8tus R m p o r t  t o  T r8nspor t  Pam1 and BCC/ 
6Ol lcora S W T  P l a M l n g  Tmam by 12/31/9f. 

No: K64 
Original: Commitment D a t e :  0391 
Condrt J study of tM aconomlcs and a p p l t c a t l w  of U n l - d l m t t o r u l  VS. 
B l - d l n c t l o r u l  rlw. as 8 tool for smt t tng  p r l o r l t l o s  for dmvolopl.nt of 
StandaFdS 8nd m t - t S .  Publ lSh 8 S  T c h n l C 8 l  (TU). 8nd 
-11 to  WOA PSG. NTAQS PSG. 8nd BCC/BmllCON SOWET P lann lng  T0.m by 
3/31 19 1. 

PROPRIETARY - 6ellCOre 8nd Authorized C l i e n t s  O n l y  
See Proprietary R e s t r i c t i o n s  on T i t l e  Page 
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OELIVERABLES: i CON1 . ) 

No: K65 
Original: Commitment Date: 0891 
h h l l s h  a feehnlsal nemoranaum (m) docurrrntlng SONET features and 
CapabilItlCS fo r  USC 8nd rYfe?OWC by flOU SCVV1C.S pl8nrlePS 8nd t k  BCCS 
and Belleore. M a l l  t o  M O A  PSG. NTAPS PSG. Trsnsport P L ~ I .  and BCC/ 
Belleore SMIET Plannlng Team by 0/30/91. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REASON FOR INFRASTRUCTURE CLASSIFICATION. 

T H  wrk m l a n t s  In t h l s  p r o j r t  serve 8' 
tH balanm of tk wrk In the SONET Role; 
One of tM p r l m r y  outputs. Qwmrlc R W l l  
p 1 . d  In tM publle daptn In tk form 0' 

xndrstry ~orums (TRXFS). TMS* d O M n t s  
t o  ~ 1 1  -rs of Industry. T k  Iaboratol 
fo r  d w m l o p m m t  and mmlntm8nC. of tmst N 
ud tk  kI.loul- b8- m n d  Skt l lS tmdBd ' 
I p c l f l C  prodwt WI8lyS.S. TMSe C.P.bl1 
by 811 C1l.OtS uko h8Vm 8w typ. O f  8lUly! 
future. Nmtwrk A r c h t t r t u m  and EcoIY)IIIt 
8180 Ly S h S w  t o  aCh1.Y. I t S  f u l l  V8IU.. 
un8gmmnt met lv l t los provlaa 8n 0vmr.11 I 
p m .  and .MUP. tk propmr coordirmtli 
mlamnts and orp8ntz8ttom. 

(TAS) .  T r h n l C 8 l  R0fm-S (TRS). 8nd T* 

.-_-- 

Ion 
rt . 

r 

dvtsortms 
rmmnts 
mopm 
OS 8- 
Ndrms . 
oMt 
n usad 
I tn tk 
rk I l l s t  
/ p r o j u t  
t H  
mrsm 

PROPRIETARY - Bellcore ana AuthoPizea Clients Only 
See Proprietbry Restrictions on Title Page 
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1YO211 
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Project  Name 
FITL REWIREMENTS 6 ARCHITECTURE PLNG 

Project  No. : 
lW1511 

Th-s Project i s  a Component of the Bel lcore Product 
FITL 
---------------------~--~----~.-~~------------------------------------------ 

Srgnifrcant Change Date 
I 08 /31 /90  _ _ _ _ - _ _ _ - - _ _ _ - _ _ - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - -  

PROJECT OVERVIEW. 

Thls project provldms 0.wr Ic  RmqArements. Standards Support, and 
TeChntCal Analysls C . p a b l l l t l m S  In S u p p Q r t  O f  p rov ld lng  baslc 
telmeonrunlc8tlons servlcas (ex ts t l ng  ta r l f fmd s e r v t a s .  such 8s POTS. 
v o l a  f n q w n c y  spmclals. basle r a t e  ISON. ete . )  ovmr flbmr In tk 
d l s t r l t u t l o n  p lan t .  I n  addltton. It provldms f o r  tk developmmnt of a 
prospectus and cormspondlng assessment of the tmehnology Ilrpact to  
support vld.0 transport and transport of futurC broaOand servlcas. 
Thls p r o j c t  consolidates and augnmnts curmnt ISSO e f f o r t s  t o  address 
m8r t m r m  dmployrn t  of Flbmr t o  the Cum (FttC)/Flbmr t o  the Mum 
(FTTW) and 1s fowsmd on accmlmratlrtg thm devmlopmmnt of tmehnleal 
e r l t e r l a  n m s s a r y  f o r  suUCC.ssfu1 BCC dmploymnts of vendor p-ts 
t o  met both ms ldmnt la l  and small b u ~ l w s s  m d s  uslng Flbmr In the 
Loop (FITL). 

volum dmploynmt Is v l m d  as mlrlng available Inmehanlzmd f lw- 
through opmratlons +upport (ulth mlnlmal wrk around). and an 
mvolut lon path t o  support t k  transport of v1d.o and broaOand 
smrv las .  A l t h o u g h  thm Opmratlom SYStNnS (OS)  WrC e f f o r t  t o  aSSUm 
os support ulthln t k  dmploynmt t lm t r a m  Is not fundM und.r t h l s  
Nmtwrk S . g n n t  projmet. tk dmvmlopmt Of WtwrC e l e n t  gmmrlc 
r e q 8 l r n n n t s  and wmrlc OWWE Intmrface nqrt-ts f o r  opo ra t l om 
a m  InC1ud.d. 

DESCRIPTION OF 1991 WORK' 

B e l l c o r n  u l l l  c o n t r t b u t m  to  nat lonal  and Internat lonal  stand8rds 
supporttng BCC Intmmsts In f Ibmr cable/COlpMnts. system 
applleatlons, and q u 8 l l t y  and ml+abll l ty. Cont r tbu t tom VI11 focus on 
tms t  methods. eonponmt and s y s t m  p8ranrter dmf ln t t t om.  and 
t.cknology I I l p lmmta t Ions .  Ommrtc nqu l rmmnts  d O M n t s  u l l l  bm 
dovmlopod or d l f l m d  t o  m f l m e t  eorparnt and s y s t m  lmvml 
req81remmnts for  tk use of f lbmr In thm loop. P a r t l c l p a t l o n  In tk 
standards org.nl2atlens and conttrumd dl8lopm ulth tk Vendor 
e-nlty u l l l  mxpmdlte thm req8l-ts dmvmlopmmt proerrs and k l p  
msum t k  a v a l l 8 b l l l t y  of Wtpnmnt  amslstmnt ulth BCC aploymnt 

a n t r a l l r m d  pouertng o p t t w  ass0cl8tmd ulth FTTC and FTTH a p l o y n n r t .  
as -11 as ba t te ry  back-up technology and m l r e m n t s .  N m t w r k  
elmnnnt smmrtc mqul-ts and gmmrlc OSlNE lntmrfac. req81mmnts 

PROPRIETARY - Bel lcore and Authorized Clrents O n l y  
This document contalns p ropr ie ta ry  Information tha t  sha l l  be 

d i s t r i bu ted  or rcuted only wi th in Bel lcore and i t s  authorized 
c l i e n t s  except w i t h  w r i t t en  Permission of  Bel lcore.  

m d s .  work U l l l  C O n t l l U  on dmvelaplng and docuntlng loca l  and 

4/53 
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Project Name- Pro]  ec t No. 
FITL REQUIREMENTS (L ARCHITECTURE PLNG 1Hlfll ~ - ~ ~ - - - ~ - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

DESCRIPTION OF i 9 9 i  WORK: ICONT. I 

for  SUrvc I l lam.  tcstlng. memory 8dnlnlstr8tion. network data 
collcctlon. and network t r a f f l c  managemnt vl11 bo formlatad for 
dellverlng cxtst ing tclrormn~nlc8tions servlccs on Flber In the Loop 

Deployment guldeltncs t o  support the l n i t l a l  dellvory of b8sIc 
tele~~(111~mlc8tlons servlces v l l l  bo rele8sed 8nd v l l l  lncludm 
lnfornutlon on ways t o  upgrade the inftl.1 crplopmnt t o  provld. vi- 
transport and future broadband servtces. I n  addftion, 8 prospoetus 
v l l l  be devol0p.d assessing res ldmt l81 vld.0 transport OppOrtunlties. 
T o  support future mlgrr t ion of m8r-term deployed FITL t o  8 t8rg.t 
broamand network th8t m y  anploy SONET/ATM. studies v l l l  be mnc*lcted 
t o  assess both network technologies and slgnallng cap8bl l l t les 
m e s s a r y  t o  support future sorvlces. 

Loop trrnsport System m l t a b l l l t y  8nd aV8l18blllty IDIJ.15 V l l l  k 
developed t o  detormlm approprtatc system/colpormt d o v n t l n  
a I loer t~ons  t o  ensure th8t customer servlce 8va l l ab l l l t y  o b j r t t v c s  
am met. Tmse models 8nd lnform8tion on other r e l l a b l l l t y  Issues w i l l  
be used to  update or t s w a  new generlc r e w l r W n t S  f o r  
systems/amponents. 8nd the Re l l 8b l l l t y  8nd Pu8llty e r t t o r l a  Speelflc 
t o  FITL systems. 

Test methods and procedures v l l l  be developed t o  support contrlbutlons 
to  standards organiratlons and t o  support technlc81 81ulysls of F ITL 
suppl ler products. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DELIVERABLES: 

No: 001 
Original: commitment D a t e :  ON0 
Pu8rterly status reports <4/01,  7/S1. 1O/S1. 1/02) v l l l  be l u l l e d  t o  the 
Network and Oporatlons Arthltectura P m t  S t g p o r t  Group (WOA PSG) 
sunurlztng ongoing 8c t lv t t tes  8nd contrlbutlons t o  N8tl01ul 8nd 
International St8nd.rds In the areas of FITL syst.nr. optlcal I.dl8 8nd 
conponents f o r  loop appltc8tlons. 8nd transport systm 8nd d.v lm q r8 l l t y  
8nd r e l l a b l l l t y .  

NO: 002 
Original: Commitment Date:  ONGO 
m8r te r l y  st8tus Npor ts  (4/S1. 7/91, 10101. 8nd 1/92) vl11 be m l l e d  t o  
the M O A  PSG sunurlrtng orgolng 8c t l v l t l es  In Issulng new 8nd revlsed 
genertc w i m m e n t s  d o w r n t s  on d ls t r lbu t lon  flbor and cable. 
d ls t r lbut lon and sorvlce tennlnal closures. optlc8l brDnchlng devlces. 8nd 
sourcwdetector Ilodrles supportlng basic to luonnunl~8t tons sorvlms on 
f lbor .  

PROPRIETARY - Bellcore ana AuthOriZCa Clients Only 
See Proprietary Restrictions on Title Page 
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No:  003 
Oripi na I : 
Technic81 Reference TR-909 on FITL systems for  delivery of basic 
telecomunfcatlons services on fiber will be mailed to MOA PSG and viii b. 
avail8ble for ordarlng by clients 8nd industry by 12/91, The TR will 
Include rrqlllmments for powrlng f o r  the OH1 and rellablllty 8nd ~ 8 l l t y  
rrqui-ts. The TR vlll 81SO include -irements for  generrc o#ratlons 
functions and for ths generic OSlNE Interface. 

Commitment Dare: 1291 

No: 004 
O r  igina I : Commitment Dare: 1291 
A Technlc81 Advisory coverlng mthodologieS for optlcal and electric81 in- 
service performance monltorlng 8nd m~lnten8nce of wltich8nnel NTSC vld.0 
transport vi11 b. ulled to the N60A PSE 8nd to industry by 12/91, 

No: 005 
Original: Commitment Date: 129t 
A T.chnlC.1 Memor8ndLIIII will be mild to the M O A  PSC By 12/01 providlng 
deployamnt guialines for the dellvery of baslc teleconnunle8tions smrvlws 
over f4b.r in the loop. tncludlng upgr8de conslderatlons fo r  vld.0 
transport and future broa-and service dellvery. These g ~ l d e l t m  will 
meamend ths ecen.mlCally optlmm means of deploying flber In the loop In 
um8n. suburb8n. 8nd ~ r 8 l  envlronnrntt. 

NO: OOo 
Original : Commitment Date: 0991 
A prospectus vlll b. ml1.d t o  ths M O A  PSG by 9/91 sumartzlng restanti81 
vtd.0 trmsport opportunltles. 

. . - . 
or i g i " a  I : Commftment Date: 0891 
A Technlcal Y.llor8ndll v111 be -+led to the M6OA PSG by 819t 8stesslng 
network technologies 8nd req~lt-ed slgn8ling Capabllltles to support the 

switched dlgital vtd.0 servlees. 
WOlUtlOn Of FITL SySt- tO SONET/ATM. fUtUN bPO8O8nd serv iws.  8nd 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Restrictions on Tftle Page 
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DELIYEPABLES: I CONT. ) 

N o :  008 
Or i g i n a l  : Commitment O a t e :  1291 
A St8tUS report will b. mlled to the N6OA PSG by 12/91 sufen8rizlng 
8CtlVltlOS IO8dlng to 8 TOChnIC81 AdV1SOPy On SlW81lng C8p8bllltl.S to 
swport the evolutton of FITL systems to Y)L(ET/ATM. Cuturn bro8O.nd 
sorvlces. and sv1tck.d digltal v l d w  servlcar. 

. . - . - . . 
Commitment Date: o1(00 

ld.ntffylng 

Orlginsl: 
St8tus mports vlll be ml1.d to the M O A  PSO on 4/01. ? /#I ,  lO/Ol. and 

eoordln8tion of wlc efforts among BO2 Product Teams/PrObrt Support 
Groups. Bellcorn lnters.gnnt wr* coordlnatlon. and over811 w o j r t  

(/92 S U ~ r l Z l n g  P-t 8nd PPOjDCt bn8-t 8CtlVltl.S. 

St8tUS. 

PROPRIETARY - Bellcore an6 Authorized Clients Only 
See Proprietary Restrict*ons on T4tle Page 
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PPovide5 T O :  

lY1571 lY1572 lU1573 1111574 1Y1575 lU1576 lY1577 

REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

This project produces and supports deliverablcs ~ 8 l l . d  Canertc 
Requlre~mnts that are placed i n  ths publlc dauln I n  the form of 

Ind ls t ry  Forms.  These documents and fo rms a r e  available and a n  
open to  a11 members of 1 M s t r y .  A l l  hmar- Clients substantially 

from the m features and functions vendors of network equtpmnt 
provlde based on these dellverables. 

Ovncr-ClIents and are urublc t o  be prevented from accwlng 
to  an Owmr-Cl1ent uho n1gkt elect not to  parttelpatc In th ls  project. 

TOChniCal MVlS0Pl.S. TechnICal References. and TIChnlCal RnIJIremonts 

m f l t  fm ths WtUOrk CapabllltleS and COSt  avo idams resulting 

Thc SUbSt.tlt1.1 b . o . f l t S  Of t h l S  pPO]OCt t o  a11 

PROPRIETARY - B e l l c o r e  ana A u t h o r i z e d  C l i e n t s  o n l y  
S e e  Propr ie ta ry  P e S t r 1 c t i o n s  on T i t l e  P a g e  

t n  I n n q 7  n nn tr R ~1 n 
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(908) m - z i e i  

Significant Change Date: 
08/31/90 

PROJECT OVERVIEW: 

As a market-driven follov-through t o  tka t n l t i 8 l  high 
s p e d  dat8 s e r v l a  i n i t i a t i v e  undertaken i n  SMOS Ph8se 1. i t  1s 
necessary that  Y n S  be exp8nd.d t o  beeom 8 more uniform, consistent 
n8t ioM1 service wtth M C h  brO8dOP. M W  UbIqUitWS d . p l O m n t  th8n 
that  Of Ph8Se 1.  Tho p r l l u r y  90.1 f o r  Ph8Se 2 I S  t o  tnCPO8S. M r k e t  
pmSeIWZ0 8nd provid.  n8ttOll . l  - t iVl ty.  Thio 1S tka ti- f V 8 B N  in  
which tk. eccs can est8bl ish thmnsolves as major players tn the high 
sp..c( d8ta s o r v i a s  market. SWDS Phase 2 I s  designod t o  s-rt a 
bro8d.r servico deployment and n8tton.l se rv im  c8p8bi l i t Ies.  

o A multi-vendor switch mvi ronnrnt :  
o Intenxch8ng. C8rrier ~CCOSS servico: 
o Ful ly  nrchanizod operations: 
o Customor Notvork Managmmt (CHI). 

T k  major O b j O C t f V O S  O f  SMDS Ph8S. 2 8m: 

For 811 of tHSe O b j e t i V O S .  1001 I S  8 key ye8r f o r  d.VelOping ( Y M r i C  
R.c(uimmnts SO th8t V m d o P S  W i l l  h8Ve 8W.t. tim t o  build 
q l p m m t  f o r  the targetod 4asz deploynmt date. 

OESCRIPTION OF 1991 WORK' 

tk I991 work e f f o r t  t o  support Plus. 1 SMDS w i l l  foeus on t k  four 
major o b j c t i v e s  of providing 8 Mlt i -vendor  switch environmnt: 
intenxclungo c8rri.r 8-s~ s o r v i ~ .  f o r  8 rution81 service 
capabi l i ty ;  moch~nirod oporat~ons: and m. 

tk spocl f ic8t lon of 8n I n t e r r i t c h i n g  Systom I n t e r f 8 a  (XSSI). Am8s 
miring work includ. mtvork 8nd protocol a rch i toe tun  8nd intmrf8co 
and opmr8tions t c h m l o g y  m l r r n m t s .  Those ef for ts  w i l l  m t n  
working c losely  w i t h  mtvork .quipl.nt vmdors. 

Tk.  e f f o r t  tOU8fW 8 n8tt-l S O W f C .  C.p8bll lty W i l l  InClud. S e r V i M  
planning. eonomic 8nd ~8rk.t 8mlys ls .  opor8tions tehnology 
m t - t S .  bi l l ing -l-tS 8nd tk. S p K l f l C 8 t i O n  Of tk 
Intenxchangm C 8 r r l e r  Interf8ce ( I C I ) .  T k  rutton81 service c.p.bI l i ty  
w i l l  m f n  extmsive inter8ctions bot- tk SCCs 8nd tho Industry. 
in p8rtieu18r Intenxclungm e8rriers. 

T H  w l t i - vendor  Witching environnrnt w i l l  M 8CCoIp l iSh .d  thPough 

PROPRIETARY - Bellcore and Authorrzea Clients Only 
This document cont81ns Proprretary information that shall be 

alstributed or routed only WIthin Bellcore and its authorized 
clients except with written permission of Ballcore. 
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B E L L C O R E  Page: 2 
D a t e  P r i n t d :  10/04/90 

1991 F I N A L  PROJECT OFFERING 

No: 002 
Or IQindl : Commitment Date: 1QSl  
Issum t o  tk Industry TA-1061 spmclfying the Dpor8tions T m e h n o l o g y  gmmrlc 
nqulrnnnts for tk I n t m m x c h a r y m  C a r r l m r  I n t m r f 8 -  ( I C I )  for Ph8.m 2 
SMDS. T k s m  n q u l m m m n t s  supplmment t k  4990 rmlmasm of tk ICI 
nqu i mments . 

PROPRIETARY - B e l l c o r e  and Autnorized C l i e n t s  Only 
See Proprletary Restrlctions on T i t l e  P8ge 
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B E L L C O R E  pago: 3 
Date Printod: 10/04/90 

1991 FINAL PROJECT OFFERING 

DELIVERAELES:  (CONT. 1 

N O :  004 
Original: Commitment Date: 2991 
Issua to chsignatod cllent ruprasentatIves a SR on tho NSCG Faasibilfty 
An8lYSlS on SMDS Phase 2 as a national sarvico. to support a BCC Nation81 
Plannlng Lottar. Sot plchltns to pronoto and lntrodlQ tho service 
on a national basis. Tho analysis will addross tho 1ssuos ichntlfiod 
in tho SUDS N a t i ~ l  Servlco Prospoetus: either msolvlng tho Issues 
or statlng tho pOsitfon taken on tho issu..  

N O :  005 
Original : Commitment Date: 3991 
Issua TI-1002 to tho Industry specifying tho Initial set of Customr 
Notwork Managmnant faatuns. to bo offarod In conjunctton with Ph8so 2 
SMDS . 

No: OW 
O r  igi na I : Commitment Date: 3491 
I s s w  TI-1050 (Issw 2 )  to tho Industry of tho Interlwltchtng Intorfaa 
(ISSI) p ’ N r i C  m i r a * n t S  for Ph8.0 2 SMDS. This iSSU. Will ln~0rpoP8t. 
Industry C-tS -4v.d On TI-1059 ISSUO 1. 

N O :  007 
Original: Commitment Date: 4991 
ISSUO TI-1000 ( ISSW 2 )  to tho IndlStPy Of tho ExchangO -5 SMDS 
mcplrmmnts for Phase 2 UIDS.  

N O :  008 
O r  igi nat : Commitment Date: 3Q91 
0.11var a docunt on tho msults of prolimIn8ry 1.borato1-y tosting 
offorts for D8ta O l e a t i o n s  Sarvlco Corrqts. Thls activity will 
suppert UOS via h8nds-on a~lysls of sarvico opportunitias. 

PROPRIETARY - Ballcore and Authortzed Cl ients Only 
See Proprletary Restr lc t lonf  on T l t l e  Papa 
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E E L L C O R E  P.9.: 4 
Date Prtntd: 10/04/90 

lSSl FINAL PROJECT OFFERXNG 

PROJECT FUNDING DEPENDENCIES: 

1991 

Receives F r o m :  

lONSZX 

REASON FOR INFRASTRUCTURE CLASSIFICATIDN: 

Tho subst8ntlal bowfits of this projKt acerue to 811 hmr-Cllents 
and am unable to bm prownted f r o m  aecrulng to an Owmr-Climt w h o  
nlght elmt not to partlclpate in thls proJ.ct. 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Restrictions on Title Page 
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B E L L C O R E  P.gm: 5 
Data P r f n t w :  10/04/00 

I901 FINAL PROJECT OFFERING 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P r o j e c t  Name: P r o j e c t  NO. : 
SMOS PHASE 2 PLNG 6 REQUIREMENTS 1R2112 

B e l l c o r e  Program Manager: 
N/A 

T e l .  No.: 
(N/A) - 

T e l .  NO.: B e l l c o r c  Subject  Mat te r  Exper t :  
NA (OOO) OOO-oooo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e l l c o r e  Product  Name: 
SMDS PHASE 2 

T h i s  P r o j e c t  suppor ts  t h e  f o l l o w i n g  Major P r o d u c t ( ~ ) :  
SMOS PHASE 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Owner-Cl ient  Representat ives:  

Fund 
Owner F l a g  Name T i t l e  Telephone I 

AJ4 V 0. LATTNER AVP - TECH. SVCS. 312-605-2500 

BA V R. ALBERS AVP - TECH. PLNG. 703-074-880s 

I S  V 0. KETTLER AVP - S C I .  6 TECH. 404-520-2802 

NX V R. HELOESEN (HG. OIR. Wmc. P M .  914-883-2034 

PB V R. IRELAND AVP - TECH. PLNG. 415-823-7- 

SY V J. CARPENTER AW - TECH. PLNG. 6 OEV. 314-235-1550 

us v J .  EtlK 0IR.- N W K .  ARCH. 6 STDS. 303-880-B409 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

--.....--..... ~~~~~*~.~~..~.~~~~~~~~~.-..~.~~.~~~~...~.....~.*~..*~....~..~~ 
RaSaarCh Tax C r e d i t  A p p l i c a t i o n :  .. 1 . . * . . . . . . . . 1 . 1 1 . . . ~ . . . . 1 . 1 . . . . . . . . ~ ~ ~ * * ~ ~ * ~ ~ . . . . . . . . ~ . . ~ . ~ . . ~ . . . . . . . . . ~ ~ ~ * * .  

PROPRIETARY - B * l l c o r e  and Author lzad  C l i m n t s  Only 
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B E L L C O R E  P 8 F :  1 
Oat0 P r i n t d d :  fo/oa/ao 

I 

L 

- -. - . . . . . . _ _  . . -. . , - 
1991 F I N A L  PROJECT OFFERING 

Project Name: 
BISON PHASE 1 PLNG (L REQUIREMENTS 

Project No.: 
1R3011  

This Project is a Component of the Bellcore PPodvct: 
BISON PHASE 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Significant Change Date: 
08/31/90 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

PROJECT OVERVIEW: 

Bro8db8nd Intmgr8tod S u I t c h W  O i g i t a l  Netuork (BISON) i s  
8 long t e r m  notwr* dolivery s r t o r  t8rg.t th8t c8n provtdo 
Integr8t.d tr8nsport 8nd NItchlng for  mny d I f f o m t  informtion 
S0WlC.S W i t h  V8ryIng t r 8 f f t C  C h 8 r 8 C t O r i S t I C S .  0 . 9 . .  VOI- S O W I W S .  
V l Q O  SOrVICOS. hlgh Sp8Od d8t8 SmrVIC .S .  f N l t i - m d l 8  S e r v I C t S .  
ClJrPOfltly VOndoPS 8nd S t 8 n d 8 r d S  b0dI.S 8- nuking r8pid plWgmSS 

L t 8 n d . r d S  uhlch V I11  h8VO l O l q  t m f m  inplic8tions fo r  ~ 1 1 C O m  
tw8rds dovoloplng i n I t i 8 l  BISON .qutpmnt 8nd doftning BISON 

c 1 I m n t  -any ( E a )  BISONS. I n  ordor t o  move twards 8 standard 
long tom BISON In 8 cost m f f r t i v o  nunmr (8voidlng tho 
costs of moving f rom in l t I8 l  vendor proprIot81-y .quIpmt 
dmploymont t o  8 standard BISON onvironr*nt). In l t i8 l  BISON 

BISON Ph8sm 1 vi11 provtdo intmgr8t.d 8 e m s  f o r  8 cora sot of 

(OS1. DS3. 1SS laps SONET) wnmrttonloss data a p p l i c 8 t f o n s  

Conmetion orlontod at8 sorvlms. N l t c h d  paint to  point vld.0. 
v i d e a t o l e c o n f o m n c t n g ,  s u f t c h o d  and s.rai-pomunmt constant 
b t t  r 8 t O  appl(C8tIonS (0.0.. DS1. OS3. f P 8 C t f O n 8 l  OS1 8nd f r8ct IoMl 
OS3).  L o w r  tom BISON pl8nning wrk w i l l  bo contaimd in tho 
BISON Ph8SO 2 P18Mtng P F O j c t  (1IY.t). 8nd 8 d d f t i O n 8 1  Bm8-8nd 
sorv lms uork u i l l  bo uorkod In tho Product C o m p t s  and oppsrtunlty 
A n 8 l y S I S  prodrct. 

Tho 1991 BISON Ph8SO 1 w i l l  bo In tho 08r ly  portion Of tho 

8nd T c h n O l o g y  P r o m s .  Tho p r o j c t  vi11 focus on Wing .conamic US. 
of Bollcorn rnsoums. In conjunction W i t h  st8ndards bodlms 8nd 
v m n d a r s .  to  U*lport 8 st8nd8rd I n i t i a l  BISON aploynmt In tho 1994 
-1995 tIma fr8mo. In  a d d i t i o n  th is p r o j r t  vi11 provtdo mtuork 
pl8nning. 0p.r8tIons toehmlogy 8nd oprr8tions systoms 8rulysos nudod 
to  support an i n l t i a l  BISON dmploymnt. 

d . p l O p l W o t  Shou ld  bo b 8 S . d  On S t a n d 8 d S  and/or T I M m O l l t S .  

I n f t l 8 1  C 8 p 8 b l l i t l O S .  T k S O  C 8 p r b i l t t t O S  t n l u d . :  high rp..d 

(0.0.. CAo/CBM. 6RdfC.I InUgIng) V i 8  S W S .  V 8 P I 8 b l O  (Ilt R 8 t m  (VERI 

R.qCIfPOlilWltS. D.VO1-t 8nd DOp10-t S t 8 9  O f  tho NetWrk S O W I m  

___- -_- -_ - -_ -____-______________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OESCRIPTION Of 1991 WORK: 

Tho 1991 wrk for  BISON Ph8sm 1 h8s tuo nuin corponmts. Tho f i r s t  
c m n t  i s  mtuork and op.ratlons planning uork f o r  phase 1 BISDN. 

PROPRIETARY - Bellcore and Authorized Clients Only 
Thts document cont8ins Droorietary information that shall be 

distributed or routed only within Bellcore and its authorized 
clients except witn written permission of Bellcorm. 
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B E L L C O R E  P 8 e :  2 
O8te P r l n t e d :  10/04/90 

1991 FINAL PROJECT OFFERING 

DESCRIPTION OF 1991 WORK: (CONT. )  

Thm smcond CDllpOnmnt i s  gemrlc W i r o m n t s .  st8nd8rds contrfbutlons 
8nd indrs t ry  lnter8ct ton uhich involves w r k i n g  uith vmndors 8nd 
!*+try stand8rds bodies t o  mnsurr that  in i t181 BISON wipmt I s  

ongoing tnteract ion ufth vmndors. e.9. .  indrs t ry  forums, BISON RFIS. 

The netwrk  8rchl teetum 8nd opmr8ttons plannfng wrk w i l l  bm focusmd 
on 8n8ly21ng the key 8rChitmct~r81, opmr8tlons, m r k e t .  and r w l a t o r y  
8spmcts of BISON Phase 1. A n  tnport8nt p8rt of t h i s  uork vi11 bm thm 
Idmnt i f lc8t ion of Ph8se 1 BISON users and t h  m d s  of thmse users. 
w h i c h  v i11 bm usmd t o  b f t n m  thm nmtwrk and opmrrtlons functionality 
r q t m d  t o  wt thmsm namds. This wrk ut11 lay thm fr81nmwt-k fo r  

Thm outputs of the gmnmric m q u 1 r a n t s  and st8ndrrds wrk u l l l  bm 
Teehnic~l  Advisories 8nd spme181 rvports on cert8in key 8sp.cts of 
BISON protocol. BISON intmrf8cms. 8nd BISON n8twrk m l n n t  opor8tions 
tunet io ru l i t y .  as -11 8s ongoing contributtons t o  thm WATT and 1 1  
standards grorgs. Thmsm tw 8c t i v i t l es  am c o n p l a n t 8 r y  s1ncm 
st8nd8rds body mcwmmd8ttons c8n providm thm found8tion f o r  gmnmrlc 
r rqu t rmmts .  

St8ndardS b8S.d. t o  t k  extent possible. 1nClUd.d 1n t h i s  WPk I S  

w t l l 7 g S  W i t h  indlvidr81 vmndors. 

St8bS-t pnmrlc ~ I r N r m n t S .  8nd St8nd8rdS contributions. 

- -__- - -_ - - - - - -__- -______________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OELIVERABLES:  

No: 001 
Original : Commitment Date :  2-1 
I m s t r y  FOlWm on BISON Ut11 bc kc ld  by Be11CON. This TRIF l lkm fOrUl l  
vi11 provtdm an opportunfty f o r  dl-t industry tntmr8ction on in1 t i8 l  
BISON daploynmnt. m.g., 1990 BISON Fr8mwork  T I S .  tn t t18 l  BISON smrv1MS. 

No: 002 
O r  fginal : Commitment Date :  1-01 
Framuork T I  (FA-TSV-001112) on ATM PPOt#ol .p.clfiC.ttOn W i l l  bm W t 8 I l . d  
t o  thm indrst ry  f rom Bmllcom on 0/30/91. This dowmmnt vi11 dmfinm 
functions and p-ms fo r  t h m  ATM L8ymr ufthin thm BISWD Protoco l  
Rmfmm..IW 1106.1. A l O n p  W l t h  I n d u S t r Y  f e 8 C k .  8nd S t 8 n d . h  PVlUSS 
on ATY t h i s  FTA Ui11 PrOVldm lrput t o  8 1992 TA. 

PROPRIETARY - Bellcore and Authorized Clients O n l y  
See Proprietary Restrictions on T l t l e  Page 
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B E L L C O R E  P 8 9 :  3 
O 8 t e  P r i n t e d :  10/04/00 

1901 FINAL PROJECT OFFERING 

DELIVEPABLES: (CDNT. ) 

NO: 003 
O r i g i n a l :  Commitment D a t e :  3991 
BISON Natwrk and Operrtions P l 8 n  SR w i l l  ba m a i l e d  t o  design8t.d c l ient  
rYDmSent8tiV.S bv 9 /20 /91 .  T h i s  SR W l l l  O r O V i d e  n m t w r k  rnhttceturc ~~ - 
for  BISON Ph8.e 1- (8nd Phase 1 SePViC*S). i d&I t t f y  o p e r 8 t i O n S  i R p 8 C t S  O f  
BISON on 0% 8nd NEs. 8nd provide an a l loca t ion  of operations function8lity 
between OSS and NES. 

.. 
O r  i g l  na I : Commttmcnt D a t e :  3991 
Protocol A r c h i t a c t u r m  for SMDS over BISON WI SR w i i i  ba m a i l e d  to  
d.rigr8t.d cl ient  r.pmsent8tivcs by 0/30/01. T h i s  SR w i l l  d m f i m  8 
p m l i m i m r y  protocol 8rchi t .CtUM for prOvidlng SUDS over 8 BISON 
8CC-S 1iW. 

. .._ 
O r  igr nal  : Commitment D a t e :  4991 
I s s w  t BIsDN User-Natwrk Access S i g n a l i n g  TI ( T I - T S Y - 0 0 1 1 1 0  v iv i  
ba m a i l e d  to  the industry frm Bm11core by 12/31 /91 .  T h i s  TA w i i i  defim 
user-mtwrk signal ing (which i s  expKtod t o  bui ld on th. 9.031 
reconnmd8tion fo r  narrOYb8nd ISON) for BISON. 

NO: 006 
O r i g i n a l  : Commitment D a t e :  4901 
Issw 1 BISON I n t m r f 8 c e  F r 8 m w o r k  TA (FA-TSV-001113) w i l l  bm ma1l.d t o  
th. i n d u S t r y  fro(ll BellCOm by 12/31 /01 .  T h i s  douamnt W i l l  PrOVid. 
p m l i m i n 8 r y  interf8ce rrqlt-ts fo r  tha Usor-Netwrk Intarf8- (UNI). 
and th. Wtwrk Nw. Interf8ce (HJI) .  8nd Interworking un i ts  (IW). 

No: 007 
O r i g i n a l :  Commiimcnt D a t e :  4901 
op.rations ~nkno logy  S t r a t e g y  for BISON SR w i l l  b. m i l d  to dmsiguted  
Client mpNSOnt8 t iV .S  by 12/31 /91 .  T h i s  SR W i l l  p rOVldm 8n 8n8lysiS Of 
NE OP.r8tIOM function8llty for BISON. to  be u r d  8s irput to  futum 
O p l r 8 t i ~  Tmchno logy ,  S w i t c h i n g .  and T r a n s p o r t  TAs.  

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Restrictions on Tltle Page 
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B E L L C O R E  Page: 4 
Date Printed: 10/04/90 

1991 FINAL PROJECT OFFERINO 

D E L I V E R A B L E S :  ( C O N T . )  

NO: 008 
Original: Commitment Date: DNoa 
O n p t n g  contrtbutlons t o  key st8ndards bodies - v l l l  provide ongoing 
par t tc lpat lon in  and contributlons t o  CCITT and 11 vork on BISON. 
Status mpor ts  on standards a c t l v l t l e s  re la ted t o  BISON v l l l  be mailed 
t o  d . S ( g n 8 t . d  C l l M t  reppnsent8tives by 6/30/91 8nd 12/31/81, 

No: 009 
Orlginal: 
A n  updatm t o  th. BISON Ph8SE 1 proSWtUS U l l l  be mailed t o  dmsigruted 
BCC mpresmtat lvas by i2/31/81. Thls upaate v l l l  lncorporatm addltlonal 
. c o w l c ,  market. 8nd stakeholder analysts relevant t o  t n l t l a l  BISON 
a p l o y m n t .  

Commitment Date: 4991 

No: 010 
Original : Commitment Date: 3991 
Dellver a docunmt on the resul ts  of pml lmlnary laboratory tmstlng 
o f fo r ts  fo r  Data Comuntcations ~ m r v l ~ .  Concepts. 
support BISON v ia  hands-on analysis of service opportunlttes. 

This a c i t v l t y  u t i 1  

PROJECT FUNDING DEPENDENCIES: 

I991 

Receives From: 

ioNf2x 

REASON FOR INFRASTRUCTURE C L A S S I F I C d T I O N :  

1- output fron t h l s  projut u l l l  asslst  BCCs l n  lnovtng t n l t l a l  BISON 
+ro(ll t h m  research and pl8nnlng stage t o  l n l t l a l  deploymnt i n  .cE 
notwrks.  Future Bel lcom wr* on BISON. 8s wl l  as other B m l l c o r e  
prsdrcts such as I W  and INmt v l l l  depend upon york carplated In  thls 
projut.  

PROPRIETARY - Bellcore and Authorized Cl ients Only 
See Proprietary Restrictions on T i t l e  P 8 . p ~  
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B E L L C O R E  P a w :  5 
Date P r i n t d :  10/04/90 

I991 FINAL PROJECT OFFERINO 

Project Name: 
EISDN PHASE 1 PLNG LL REQUIREMENTS ~. ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Project No.: 
1R3011 

REASON FOR INFRASTRUCTURE CLASSIFICATION: (CONT.) 

PROPRIETARY - Bellcore and Authorlzed Clients Only 
See Proprietary Restrictions on Tltle P a w  
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B E L L C O R E  Page: E 
Date P r i n t e d :  10/04/90 

1991 FINAL PROJECT OFFERINO 

This Project  supports the fo l l ow ing  Malor Produc t (s ) :  
BISDN PHASE 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Owner-Client Representatives: 

Fund 
Owner F 1 ag Name Ty t l e  Telephone a 

bJ4 V 0. LATTMR A W  - TECH. SVCS. 3 12-EM-2100 

BA V R. ALBERS AVP - TECH. PLf f i .  ?03-0?4-0005 

BS V 0. KETTLER AVP - SCI. 6 TECH 404-520-2602 

NX V 1. HELOESLN yk. D I R .  NTW. PLNO. 914-683-1034 

PB Y R. IREUI(D A W  - TECH. P L m .  4fS-923-?MK) 

SW Y J. CARPENTER AVP - TECH. PLNO. 6 DEV. 314-231-iSSO 

us Y J. CUK 0 I R . -  NTW. ARCH. 6 STOS. 303-889-6409 

________________________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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B E L L C O R E  P.9: 1 
O 8 t e  P r i n t . d :  10/04/90 

199f F I N A L  PROJECT OFFERING 

Project Name : 
SCAI AN0 INTELLIGENT NETWORK STANDARDS 

Project No.: 
lR4127 

This Project 1 s  a Component of the Bellcore Product: 
A I N  RELEASE 1 

T H  m j o r  b.lwflt O f  th is P r o j e c t  1S th8t I t  pPOV4d.S for  B e 1 1 C O m  

Int.ll(pnt W.tVOrk St.nL(8- 8CtfV4tl.S i n  CCITT 8nd TlS1.  T h l S  
p 8 r t t c l p 8 t i o n  In S w i t c h  C o n p r t o r  ~ l i c r t i o n s  1nterf.c. (SCAI) 8nd 

p8rttclpation w i l l  h l p  support the fornulat ion of P.qrIroments for 
8 sowlc.-~nd.pmd.nt. vendor-ine).p.nd.nt p l8 t fom uhtch ut11 
f 8 c i l l t 8 t e  thm daploymnt of m revenuo-ganer8t~ng Sorvtcos in  your 

p0SslD1~. bot- B o l l c o r r ' s  gonortc m w t m n t s  f o r  AXN R9 8nd 
e f m y i l ~  standards. Such eonststorey v i th national and tntercution81 

tnterqmrate s 8 t i s f 8 c t o r f l y .  

le8d.rShip posi t ion i n  t h m  In te l l i -n t  Netwrk ( IN)  8-m. 

Comp8ny'S rNtWrk. Thmm 1S 8 nOOd for COnSiStanCy. 8. M h  8. 

St8nd8rdS Y f l l  8 I lW 8 bm8d.r r8- O f  S u p p I I o r S  to  b. 8 V 8 1 1 8 b l O  8nd 
p r O V l d .  Io- 8SSUr8I IC.  th8t prOdrctS fPorn dtfferont SUPP14ePS VI11 

T h i s  P h o j K t  V i11  help Be11COm 8nd thm BCCS n u t n t 8 t n  their tOCkn lC8 l  

KOy 8S- t iOnS 8m th8t: 

- Vendor P r o d l C t S  b8S.d On A I N  R1 n q u 1 m n t s  t o  b0 8 V 8 i l 8 b l e  In 
thm 19#4 ttm f r e m . ;  

- Thm W l - t S  W i l l  b. b8S.d on thm A I N  R1 B 8 S e l i I Y  A P C h i t W 2 t U m  
8nd th. A I N  R1 WtWrk 8nd w P 8 t i O M  P18n. 

DESCRIPTION OF 1991 WORK: 

B e l l e o m  w l l l  b. 8ctlvo In ruttonal and internatlon81 st8M.rds bodies 
F O 1 O V M t  t0 I N  8nd SCAI. In  P 8 r t i C U 1 8 r .  8CtlVft4.S W l l l  b. f0CUS.d On 
T1S1 8- CCITT. 

PROPRIETARY - Bellcore and Authorized Clients Only 
This document Contains proprietary informatton that sh811 Be 

distributed or routed only within BellcoPe and its 8uthorized 
clients except with written permission of Bellcore. 
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OELIVERABLES: 

NO: 001 
O r i g i n a l :  Commi tmen t  D a t e :  ON00 
Support f o r  S u i t c h  Conputer npplic8tions Interface ( S C A I )  st8nd8rds 
8 c t i v i t t n .  including particip8tion in  T I S I .  

No: 002 
O r i g i n a l  : C o m m i t m e n t  D a t e :  ONGO 
S u p p o r t  f o r  Intelligent Mtvork ( I N )  standards 8c t l v i t l es .  including 
p 8 P t i C i p 8 t t o n  i n  8nd C O I l t r i b u t l O n S  t0 T I S 1  8nd CCITT. 

PROPRIETARY - Bellcore and Authorized c l i e n t s  O n l y  
S e e  P r o p r i e t a r y  R e s t r i c t i o n s  on T i t l e  Page 
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1001 FINAL PROJECT OFFERING 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Pro jec t  Name: Pro jec t  No. : 
SCAI AND INTELLIGENT NETWORK STANDARDS 1Rl I27  

DELIVERIBLES: (CONT. 1 

No: 003 
Or i pi n a  I : commitment Date:  ONGO 
Conttruatfon of the analysis of the r e l a t i o n s h i p  of Su l tch  Conputor 
r p p l i s a t l o n s  I n t e r f a c e  (SCAI) t o  AXN R I .  

PROPRIETIRY - E e l l c o r e  and I u t h o r i z e d  C l i e n t s  O n l y  
Sme Propr ie tary  R e s t r i c t i o n s  on T i t l e  Pa00 
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Date P r l n t o d :  10/04/90 

1991 FINAL PROJECT OFFERING 

Pro] ec t Name : 
SCAI AND INTELLIGENT NETWORK STANDARDS 

Bellcore Program Managev: 
N/A 

Tel. No.: 
(N/A) - 

This Project supports the following Major Product(s): 
A I N  RELEASE 1 

BA V R. ALBERS 

8s V 0. KETTLER 

NX V R. HELOESEN 

P I  N N/A 

SW N N/A 

US V A. W U T A  

AVP - TECH. P L M I N G  

DIR.  - SCIENCE (L TECH. 

WKi. D I R .  - NWK. PLNG. 

N/A 

N/A 

DIRECTOR 

703-074-800(1 

404-520-2ED2 

014-883-2034 

N/A 

N/A 

012-344-BI18 

r n  I A ~ W  00053 1 
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08te P r tn td :  10/04/90 

1901 FINAL PROJECT OFFERIffi 

Project Name: 
INFOWATION NETWORKING ARCHITEC ( INA)  

Project No. : 
~~ ~ IRSOIN 

Tel. NO.: Bellcore Product Manager: 
N. PETSCHENIK (9081 758-2151 

This Project is a Component of the Bellcore Product: 
INF. NWK. ARCH 

________________________________________--------.--------------------------- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Significant Change Date: 
08/09/90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PROJECT OVERVIEW: 

Bel lcon Cllent Conp8nIes (BCCs) need Infornutlon Netwrklng 
Areh l t r tum (IN*) to drtve mtuork and system protWCts I n  
consistent. covergmnt dlmetlons: to  achieve r8pld and e f f r t l v e  
develapr*nt O f  Infornution MtWrking eXCh8ngc 8nd OxCh8m 8CC.SS 
ServlCeS; 8nd to  8ChleVe the m l 8 r l t y  that faClltt8teS ul t l -vendor 
solutions. 

To IWt t k s e  el l- t  I l O d S  tM InfOrm8tIon NetWrklng APChitCtUrt 
PPOjOCt def1MS 8 t8rg.t 8PChltUtUm C.p8bl. O f  8Chl.Vlng deSlr8bl. 
m twrk /wra t l ons  attributes 8nd Wlding tM Incorpor8tIon of 
INA coneapt. Into m t w r k  products and 0p.r8tIons systms. T k  
t8-t 8 n h l t r t u r e  u l l l  bul ld on natlon8l 8nd lnternrtlon81 
St8nd8e. Indlstry QroUp dlrrctlons. 8nd eXl+tlng BellCOm/BtC 
a r c h l t r t u n  effOrtS SUCh 8S the OSCA (TM) AKhlteCtUm. 

OSCA IS 8 tr8darprk Of B.llCOn. 

DESCRIPTION OF 1991 WORK: 

Thls p r o j r t  mnts BCC n n d s  by definlng I N A :  the prlnclples and 
s p e c l f I c 8 t l ~  for  an t n t y j r a t d  structure that drlves tM developnnt 
of Informatlon tuhnologles t o  f 8 c l l l t 8 t t  r.pld I np lnn t8 t ton  of 
InfOrmtlon NOtW*llQ WdUm 8nd exCh8ng. 8CC.S. =lVfC*S.  
TeStb.dc 8- U S d  t0  V.1Id.t. 8PChltOCtUPe COnCqtS .  

I n  1991. t h l s  p r o f c t  p r o d r m  8n over811 I N A  Fr8Imwrk (dellver8ble 
000 .  Thm I N A  Fr-rk u l l l  eontaln Informtion on tw of the 
corpwnt  8rchltctures. 
Interop.rabll ity 8rehltutum deserlbes t k  constraints on tM 
protocols 8nd sp.elflcattoIIS that a m  messary for  devmlspmt 
of -1.r. tnd.pmd.nt entitles th8t 8m able to  1nterop.r.t. 
u i thtn 8 dlstrlbuted procnslng envl-nt. 
@ldeliMS. 8nd p r l n c l p l n  pr0Vld.d by thlS conpemnt 8rCh l tUtUm 
pertain to  hou M t l t l e s  ulthln tk m t w r k  tntrr8ct among t m l v e s  
8nd Ulth Mtltl.3 W t S l d .  Of tk Mhrerk. T k  -1Oylmt 
8 r c h l t r t u m  Is tk set of ~ l d e l l m s  on hou o b j u t s  a m  
nupp.d 
d.pl0y.d In nodos. 

T k  8ppltcatlon develommnt 8nd 

T k  COnmPtS. 

Into WPllC8tlOllS 8nd hou those 8 p p l I C 8 t l O n S  8- 

PROPRIETARY - Bellcore and Authorized Clients Only 
Thls docunont contains proprietary Informatlon that Shall be 

distributed or  routed only withtn Bellcore and its 8uthorized 
cllonts except with wr1tten oermission of Ballcore. 
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1991 FINAL PROJECT OFFERING 

Project Name : 
INFORMATION NETWRKIK; ARCHITEC (INA) 

Project No.: 
lR501N 

The projct  wrkr j o i n t l y  w l t h  Project lRSO2X t o  provide dst8i led 

uh8t  tM busimss b s .  insludlng idmntiftc8ti0n 8nd do f in i t l on  
of tM buslmss'. procossas. information. and intermlationshlps 
r.qutmd t o  Op.rate tM busimss. 
information and functions in to  objects. and spocifles the smuntics 
of tMir interfaces. 

wring tha nul t i -year  period i n  which INA i s  defined. 1 key r o l e  
of t h i s  project i s  t o  infl- tha pl8nmrs 8nd efylneers 
( i n  Ba l l con .  in tM BCCs. and in  tha vendor colnunlty) uho are 
dofinlng requlminmts for  prOdrcts th8t BCCs w i l l  inplmmnt 
drriy( tha 90s 8nd b Y O n d .  ThUS. INA V i 1 1  s l d m  8 PWmSSiV. 
SaPieS Of mtWrk 8nd S Y S t m  Ch8-S COnVarglng On 8 C- 
set of a t t r ibutes and 8 t8rg.t 8Kh l tec tum ln  support of buslmss 
m d s .  For t h l s  p l r p o S e .  tM INA Framework (dsllvar8bla 001) w i l l  
b. dallvamd t o  BCC 8nd B e l l c o n  fub j r t  Matter Expmrts in  l S S 1 .  
and w i l l  M m1eas.d t o  Indrst ry  in  msz. TO insum that tM 
8ppPOprl8t. llI'dC80.S 8- 8ChlaV.d M m  I N A  8nd tha 1W.t P e t  
Sat (smm projects lR4211 - AIN Release 2 ,  lR3111 - BISON Phasa 2.  
1R1311 - ISW Ph8Se 2 )  tha INA Project W i l l  81SO prodtca t e c h l C 8 l  
~ X p Q S l t l O M  t h a t  SupplWnt tM INA FP8lll.work On topiCS C r l t l C 8 l  
t o  p l 8 m r S  8nd englmrS f o r  tha Iht P r o d K t  Sat. T M  8V8l l8b( l l ty  
of tMS. exposttlons w i l l  b. SymhMnt2.d w i t h  tha 1N.t SCtYdllla. 

BCCS t o  M t  3 p r l f i C  m d S  O f  Be11COm 8nd BCC Pl8WNrS. 

de f i n i t i on  O f  tM INA EntarpriSa A K h i t K t u m  (del iVaP8bl~ 003). 
8nd tha ob]Ct  A r C h l t M t U r Y .  T M  EntePprlSe AKhltectum d0SCrib.S 

T M  O b j r t  Amhitectum groups 

Tha topics f o r  tk exposittons w l l l  b. se1ect.d 8nd m v t m d  w l t h  

T M  INA Work P r o g r 8 m  Pl8n providos l Overall ro8d m8p of t h m  

consistmnt en t i t y "  i n  tM f l a l d  tn 1998 ( f l r s t  o f f ico a p p l l c a t i ~ n ) .  
Hobmver. nujor interim mllestoms w i l l  b. 8chlav.d. P m t s  th8t 

8rekttUtUt% eVOlUtlOn that p r 0 V l d . S  le8dorship for har V. W i l l  
mV. tW8PdS tM t8r-t. T M  OVar811 goal l S  t o  h8Va 8n "INA 

h8V. 81-8dy boon Inflummd by I N A  8ttr lbut.S W i l l  S t 8 r t  t O  b. 
8V8118bla frolll VnrclorS i n  tM m8Cly SOS (a.9.. AIN Rele8Se 1, 
SMSDS Phase 2). P-tS th8t 8- Strofigly Inf1wnC.d by I N A  U l l l  
st8rt t o  b. 8v8il8ble f rom vmdors i n  tk. nld to l8te 90s (#.e., 
tha met Produet sat ) .  

INA ~ n i t i m t l v a s  a m  w f o r t s  that aecelarate tM translt ton t o  I N A .  
A n  i n i t l a t l v e  i s  1nt.nd.d t o  focus tM t8rg.t dmffnit lon wrk t o  

r o l e  of INA I n l t l a t t v n  8m sumarlzmd in  tM INA Work Program 
Plan (dallvmrrbla 002). Tk. m s u l t s  of tk. wrk on tn i t l 8 t i vas  8nd 
p1.m for futum tn+t fa t tves  a m  sunmmrl+.d t n  tha INA status R.port 
(dmliVar8bla 000).  E x p 0 r l . m  w l t h  tM INA D8t8  R.dlM8ncy 
Manag.nmt I n l t i 8 t l v a  drrlng 1890 w i l l  dotamlna tM appro8ck t o  
futum I N A  i n l t l 8 t l ves .  

M t  tM md. O f  8 S p C l f i C .  mDasur8bla b U S l m S  OppOrtIJnlty. T M  

PROPRIETARY - Bellcore and Authorized Clients O n l y  
See Proprletary Restrictions on T l t l e  Page 
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  ELL CORE Page: 3 
Date P r t n t d :  10/04/90 

1991 FINAL PROJECT OFFERINO 

OESCRIPTION OF 1991 WORK: 

- due t o  mo&llz8tion and smp8r8tion of modules thrwgh Intmrfaces 

to  b. mn8@ in smaller un i ts .  thus daem8slng the Inpact of 
th8t S-rt int.rop.r8bllIty 8 t t r l b u t O S .  I)CC 8SSetS W l l l  b. &le 

Ch8ng.S 

- opportunftimr vi11 b. cm8t.d f o r  nou types of serv1c.s and 
WV-0 StW8lRS. 

I N A  d.ltvmrab1.s V i 1 1  M distributed to  811 Nl.V8nt SUE groups 8nd 
9OV.m.K. bdI.5 by tk COllll~tllNnt date t o  k l p  8SSUW th8t 

ulth t k  evolution O f  thm I N A  dmflnlt lon. 
arehitmeturn 8nd planning a c t i v ~ t f . ~  ulthin thm nccs a m  ~ o o r d i n a t d  

(CONT.) 

NO: 001 
Original : Commitment Date: 
INA Framuork. Issum 1 provldms the high-l.v.1 eoneopts. prtncip1.s and 
g u I ~ l l m S  fo r  INA Ulth q h 8 S l S  On 8ppl lCat fm dRV.l-nt. 
tnterop.r8bi l i ty and -10-t. Thls documwtt u i l l  b. dm1iv.d t o  
wPOpri8t. goV.PMm bodin 8nd SUES 
f o r  f tn8 l  8pprov.l so th8t tha docrnnnt c8n bm av8ll8bl. f o r  ord.ring 
by induStry by 3/31/92. 

( w i t h i n  thm BCCS 8nd I).llCOW) 

lZ91 

NO: 002 
Original : Commitment Date: a 9 1  
Thm XNA Work Program Plan. Issum 2 provtdms deta i l  on thm stmps In t H  
dmflnlt lon of thm 8rehlt.ctum. and hov intorn81 and mxt.rn81 
~ 0 ( l l l m I C 8 t i o n  00813 Ut11 b. 8Chi.V.d. 

PROPRIETARY - Bellcore ana Authorized Clfents Only 
sme Proprfetary Restrlctfons on Title Page 
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B E L L C O R E  P8W:  4 
D a t e  P r t n t o d :  10/04/00 

l 9 # 1  F I N A L  PROJECT O F F E R I W  

DELIVERAELES: (CONT . ) 

NO: 003 
O r i g i n a l  : Commi tmen t  D a t e :  1291 
The Enterprlso A r c h l t o c t u n .  I r s w  2 i s  a joint del iverable v l th project 
1R502X.  I t  p r 0 V i d . S  tho M X t  level  Of d . t 8 l l  frol ISSUe 1 by bringtng 
tha d . C Q l p O S f t i O n  dovn to tho level 
d o f t n i t j o n  t o  proceed. 

Of 8 P p l l C 8 t f M l S  8nd 8 i i W i y l  &JOCt 

NO: 004 
Or t gr n a  I : Commi tmen t  Date: ONGU 
I N 1  a x p o s i t t o n s  SupplmnOnt  tM I N A  Fr8-m W t t h  d . t 8 l l . d  topics 
c r f t 1 c a l  to  plannars and m g t m r s  for  the INat P r o d u c t  Set. 
S p . C f f l C  topics 8 M  SCh.61. U t 1 1  b. dctePlllinW 8nd r Y V 4 H . d  by BCCS by 
tho and Of 1990. 

Tho 

No: 005 
O r  i g i  na l  : C o m m i t m e n t  D a t e :  ONGO 
P 8 r t l c 1 p 8 t f o n  In mlev8nt N8tion.l and Internation81 d i m t i o n  satt1ng 
VOFk Such 8s T I N A ,  bNSA. I R O N  8M O t h e r  p m j W 2 t S  t o  b. d.tal*linW 8s 
1 f O l l W - y )  t o  ISSO Of S t 8 n d 8 P d S / I n d r S t P y  A s s e s s m n t .  

NO: 008 
O r i g i n a l  : C o m m i t m e n t  Date: 1291 
Tho INA S t a t u s  R a p o r t  w i l l  m v i w  tha progress that  INA md. in  1001. 
t n c l u d l n g  p 8 r t t c l p 8 t l o n  I n  national 8nd t n t a r r u t l w l  Indrstry groups 

Belleom. 8nd p m m s s  on IN* i n l t i a t i v a s .  
8nd Stand.rdS bod$.+. tH St8tUS Of tho A m h t t W 2 t U r e  R O v t W  B 0 8 M  i n  

PROPRIETARY - B C l l C O r e  and Autnorized C l i e n t s  O n l y  
S e e  P r O p r I e t a r y  R e s t r i c t i o n s  an T i t l e  Page 
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lSS1 FINAL PROJECT OFFERINO 

Pro J ect Name : 
INFORMATION NETWORKING ARCMITEC (INA) 

Project No. : 
~. 1R501N 
________________________________________-----------------------------------. 

REASON FOR INFRASTRUCTURE CLASSIFICATION: 

 he work in this project provides 8 comon base for many other 

specifications for connunic8tionr. opar8tions. m n d  information access. 

The substmt$rl benefits of this project accrue to 811 Owner-Clients 
8nd 8n un8blc to M prevented froin 8eeruing to 8n Ouner-Client who 
might elect not to participate in this project. 

I)O11COW projects for  OVOlVing St8nd8rdS. 8PChiteCtUre 8nd 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Restrictions on Title Page 
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B E L L C D R E  Page: I 
D a t e  P r t n t d :  10/04/90 

1991 FINAL PROJECT DFfERI f f i  

Bellcore Subject Matter Expert: 
NA 

Tel. NO.: 
(OOO) OOO-oooo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bellcore Product Name: 
INF.  NTW. ARCH 

This Project supports the follouing Major Prouuct(r): 
INF.  NTW. ARCH 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

counc i 1 : ’ Committee: ’ Forum: 
RESEARCH 6 NETWDRK ! NETVORK STUJD. 6 ARCH. ! NOT APPLICABLE 

SNET 
Non ATfiliate Particlpants: 

cox 

EA V R. ALDERS 

IS V D. KElTLER 

NX V R. HELOESEN 

P I  V R. I R E L W  

SU V J. CARPENTER 

us v J. CZlK 

AVP - TECH PLNG 

DIP. - SCX 6 TECH 

Mw; DIR - NTW PLNQ 

AVP - TECH PLNG 

AVP - TECH PLNG 6 DEV 

DIR - NTW ARCH 6 STDS 

703-974-8005 

404-529-2W2 

911-883-2034 

415-023-7- 

314-235-1550 

303-889-8409 
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Data Pr1nt.d: 10/04/DO 

1991 FINAL PROJECT OFFERING 

Project  No. : 
1R502X 

pro jec t  Name : 
INTEGRATED OPERATIONS SUPPORT OF I N A  

Bel lcore Proauct Manager: Tel. NO.: 
N. PETSWENIK (908) 758-2151 

This Project  1s a Component o f  the Bel lcore Product: 
INF. M W .  ARW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S ign i f icant  Change Date: 

08/31/90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PROJECT OVERVIEY: 

Th is  p r o j r t  pP0Vld.S 188d.rShip I n  thc PlWM7fng. 8 n 8 l Y S f S .  and 
d8finit ton of tH Infommtion N8tbmrking A n h i t u t u m  ( I N A )  
Ent8rprls8 A r c h i t r t u m  and th8 INA D b j c t  A n h i t r t u m .  
8nd continu8s tH O V 8 l - t  Of tM S t r 8 t . g l C  Oat8 APChItOCturr 
(SDA) and tk C o T r 8 t 8  LWiC81 LlOd.1 (CLDY). 

D.v8lopmt of m i n m M t S  for INA-conslstmt prodrCtS i s  
ap.nd.nt on th8 und8rstanding 8nd fJocumMt8tion of an agr8ad upon. 
cl88rly -f ind Ent8rprts8 A r c h i t r t u m .  

lnt8rmlattonships that d.*im uh8t a B811com C118nt Conpany (BCC) 
t8l.colmunie8tlons busln8ss does to  provld. i t s  products and sawic8s 
to  l t s  cust-rs. I t  1nclUd.s a c k c v l t t o n  of Individual 
busimss functions and an in tq r8 t .d  mod81 of functions. 
Information. and t h t r  IntOractions for  t h m  BCCs. T H  

informtion m d s .  I t s  seep. I s  8nt8rprlsm-wid.. covaring a11 
asputs th8t d . l f V 8 P  8nd support s8rvIc8s and prodrcts. T H  
Ent8 rp1 -1~8  A r c h 1 t r t u m  i s  a pmmwis i tm for  d.fintng thm I W  
obj-t A n h i t r t u m .  m i c h  vi11 group I n f o m t i o n  and functions 
into ob jn ts ,  and s p u l f y  th8 smmntlcs of tHlr int8rfams. 

T H  Ent8rpris8 
A n h f t r t u r Y  l S  tH S 8 t  Of fUl7CtlOnS. InfoI%8tion. and th8tr 

Ent8rpris8 A r C h i t m t U m  pfWV1d.S 8 him l8V.l V I W  Of th8 

T h i s  prOj8Ct W i l l  a180 COOMln8t8 lq lC81 d8t8 nod.llm WOW ill 
B811COm. yl8ldtng 8 CL#. Th8 t .ckn4-S.  8PPfWaCh.S and 
structums d.v.1op.d f o r  t k  CLW a m  8xp.ct.d to  M usad I n  
d8v81opIng th8 o b j c t  Archlt8etum. T H  CLDY I s  a eonsolld8t.d 
v i w .  8CrO.S tH corpor8tlon. of at.. th8 op.r8ttons that a m  

op.ratton+. T H  CL# I s  dw8lop.d by i n tq ra t l ng  tH v8r iws 

infornutton. A L# i s  8 structurad and syst-tle m p m s ~ t a t l o n  
of tk. Infornotion and +unctions 8 l loV.d on that I n f o N t i o n .  
m l m d  for a product. This mpmsmnt8tton I s  i v n t  of tH 

lneludmd 8s part of 8 m l - t s  docunrnt for a .p.ciftc proc*ht 
or i n t m r f  am. 

T H  prOjmt W i l l  a1.0 IrPn.0. Ch8ng.S to  tH Subjet  a t 8  8m.S 
and o b J r t s  of tH 5DA W S t d  by th8 Informatton m0dS 
td8nti f i .d by th8 Entorprls8 ArChltr tum. by Infornutton -ling. 

8llmmd agaiMt that at., 8nd tk m S U l t S  Of 8PPlytnS t-8 

LwiCal Data -1s (LDYS) tha t  d.SCr i#  VI-  O f  COrporat8 

tuhnologi8S UndKlylng th8 prodxt .  This nod.ltng W l l l  M S U l t  in 
TAS 8nd TRS th8t m y  M fSSU8d to  tH IndrStry 8lthmP S.p.Pat8ly. O r  

PROPRIETARY - Bel lcore and Authorlzed C l i en ts  Only 
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Project Name : Project No.: 
INTEGRATED OPERATIONS SUPPORT OF INA lRSO2X 

PROJECT OVERVIEW: (CONT.  1 

and by the ECCs. 
m v i w  services f o r  o w i n g  In fo rmt lon  .nodcling work w i t h i n  
Bel lcom. This project  w i l l  Include the coordination and support 
of j o i n t  ECC plannlng groups w i t h  an interest  in  the Enterprise 
Architmetun. tM SDA (Which w i l l  bc inCOrpOPatOd in to  the 
Enterprise A r e h i t m e t u r n ) .  and tM CLDW. pr imar i ly  the Data 
A n h i t c t u r n  ROSOUPCO TOM! (DART).  

The p r o j e t  w i l l  also provide consultation and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DESCRIPTION OF 1991 WORK: 

This wrk w i l l :  

- Lead cont inu i ty  work on the Enterprise Architecture. Th is  wrk 
Includes tM further d.COIIPOsitlon of tM functions and Information 
Of tM Enterprise A m h l  tOCtUrn. I S S W  1, that V I  11 b. uSmd at 
lmt t o  tM Corporat. Logical Data Y0d.l and tM INA ObjOCt 
A r e h i t c t u n .  T M  Enterprise ArehitOCtUn. ISSU. 2 
(delfver.ble 0 0 0  W l l l  provide enough dmtai1S Of BCCS’ b u S l m S  
t h a t  s # c l f t c  .ppl tcat lons and t c h n t c a l  rrqui-nts can b. 
dmve1op.d. This w i l l  m q u t n  consu~tat ion w i t h  those who 
develop r r q u l m n t s  t o  ensum that  t he i r  m d s  a n  mot. 

- spoeify hou tM functions and in fo r ru t ion  developed in tM 
Enterprise Architecturn a n  nupp.d ln to  logtcal groups of functions 
and groups o f  information, b a s d  on a -r of c r i t e r i a .  such as 
porformnce and information mods. 

- support tM continuing dmvelopnnt of tM Strategic Data 
A r C h i t . C t U m .  Which W i l l  b. iIlCorpor8t.d in to  tM Enterprise 
A r c h l t c t u n .  T M  wrk w i l l  dmtermim tk Inpact on th. SDA of 
rn data O l m W l I t S  dlSCOV~P.CI in  tM Enterprlse A reh f t c tu re  Yo&. 
during log ica l  e t a  nod.lity. and as suggmstd by BCCs v i a  DART; 
t h i s  Mrk aMly2.S tM Of t M S 8  data Ol-tS On tM SDA 
and UpdateS tM SDA actordlllglY. I t  pP0mOt.S tM a l l g n n n t  Of 
Bmllcom’s SDA w l t h  StmtOgic a reh i t c tu rns  of tM BCCS. 

- Coorddtnat. lOgtCB1 et8 nod.lity aCtlVltlOS and tM Owing 
intogratton of Logical Data Yod.15 w l t h  the merging Corporate 
Logical Oat. y0d.l. P r tmry  data n o d . l f n g  ac t t v l t l os  rawiring 
coordirut lon a n  those 8ssoeiat.d w l t h  LDIs deve1op.d f o r  Notwork 
and Op.rattons prodlct mWmmOnts. such as Advanmd Intelligmnt 
b t w r k  (AIM) o r  Data C o l l r t i o n  Op.rattons Sy3t.n (OWS) and tho 
Managmd Information Base (an OS1 standard). A l t h o u g k  tM 
dovelopmnt of L#s i s  widmly d istr lbutd organltatlons 

cw t ra l l zes  tM Wordlmt lon.  arm~lnistratlon. standards. and tools 
u r d  f o r  information Ipd.ling. 

developing rYqLIi-tS and S u # # r t l n g  data bas. VOW. t h l S  Mrk 
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NO: DO1 
O r i g i n a l  : 
E n t e r p r l s e  A r c h l t r t u m .  I S S W  2, i S  8 
1RSOlN. I t  pr0vid.s tM m x t  10V.l Of 
t h  dmcarpositlon down t o  the love1 of 
obj.ct definition to  promd. 

Commi tmen t  D a t e :  1291 
j o in t  d.1 f V e r 8 b l .  W i t h  PFOjKt 
dSt8 l l  fro(ll I S S U  1 by bringlng 
8 p p l $ C 8 t ( O n S  8nd 8iiWing 

NO: Qo2 
O r i g i n a l :  Commi tmen t  D a t e :  1291 
Th is  S t r 8 t O g i c  D 8 t 8  A K h i t O C t U P e  IsSue 4 15 an Upd8te t o  tM B O l l C O m  
S t r 8 t . g t c  D 8 t 8  A r C h i t r t u m .  I t  P e f l K t S  t n f O M U t l O n  m d S  t d . n t i f 1 . d  by 
the E n t e r p r i s e  A K h i t . c t u n .  information modeling efforts. and the OKs.  
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REASON FOR XNFRASTRUCTURE CLASSIFICATION: 

TM work I n  this p r o j m t  provldas a comon bas. for many o t b r  
(I.11com projects for  ovolvfng standards. arehltectum and 
sp.ciftcatlons for c ~ l l l l ~ l n i ~ a t l o n s .  op.ratIons. and InfomatIon 

T M  Substantial b . M f I t S  Of this profmt  IICCWU. to 811 O v r w r - C l f m t S  
and a m  unablo to b. pmvmtmd f rom acerutng to an Owur-Cliont 
who m l e t  elect not to partlclpate I n  tM project. 

8CC.SS. 
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PROJECT OVERVIEW: 

T H  BCCS a m  eVOlV1ng fPOal bOing PF0lRI.P prOV1dmrS O f  eXCh8ng. 8nd 
exchangm 8esmss t8lephony to h i n g  prmmter prov1ars of ~CCOSS t o  
i n fo ru t ton  i n  8ny form. Th1s evolutton i s  Mlng driven by t h m  
grouing ommnds of the te~ee-nicat~ons mrke tp l8o  and tM 
rmd for  tk. BCCs to m o t  these dmn8nds by offering a wlckntng set 
of servtcos to  t k 1 r  customers. 

As init181 steps i n  tH evolution toward infomutton mtworking. 
6.11CON I S  working On Set O f  m mtWrk platfOrn+ 8nd 
t-logl.5 (ISON Ph8S.S 1.1 8nd 1.2. A I N  Rele8S. 1. BISON Ph8.e 1 ,  
SONET Rel.8SeS 1 8nd 2. O t C . )  th8t 8- t e w t M  for d S p l O y l N t l t  
by tH m l l c o n  C11-t Conpanfes (BCCs) thmq+mut tk f l r s t  h8lf 
of tk. 1900.. In  addjtton. ml leorn IS working w 1 t h  tM BCCS to  
dmt1m 8 t8-t a rch f tn tum for  th rYtUOrk ( o p . r 8 t 1 O f l S  SySt.13 
a m  i r r1ud.d in tH term "networ** i n  th is  projnt prof i le)  i n  
tH Infornotton H t w r k i n g  A r M I t n t u m  ( INA)  pro&ct. BellCOm 
and tH I C E S  0-t that tH I U t V O r *  O f  tM mid-1990. W 1 l l  b. 8n 
eVO1UtlOn 8nd 1nt.gr8tIOtl Of th8 .8rly/mid-10#OS p l8 t fOm 8nd 
t c h l l O 1 o g i O S .  
th8t W111 

8nd 8 t P 8 n S f t t O n  Stw tW8M tH Iw t8-t. 
i n  tk. BCCS 8 b l l f t y  t o  Offer 8 r8 l l9  O f  

inforut1on mtwrking services I n  8 wst-effective manner. 

T h  work i n  1991 to dmflm t k  mtvork of tk. mid-1990. vi11 take 
p l8m I n  I set of p m c t s  c a l l d  tM In fo lu t ton  Notwr*lng (INET) 
prodvst set that consists of tM AIN Rele8se 2, BISON Phase 2 8nd 
ISDN Phase 2 prodrrts. Thts produet structurm v.s eSt8bllslmd 
p r l r r l pa l l y  for adltnlstrattve purposes and th. product set v111. 
1n fact, b. man- 8s a single I).llcorr procbct h8ving a slngle set 
of outputs tn 1901. T H  project dmsCr1b.d MN (lR1311) i s  o m  of 
tH p m j r t S  that 1s C W I t a t m  tn thts p r w t  set. tM O t M r t  b.ing 
ttm Information Notworking BISON ~ 1 8 m i n g  (113110 and Infomatton 
Notworklng A I N  P18Mfng (1R4211) projects. I n  additton to  th.8 
pro jn ts .  8 portton of P r o j r t  1ONS2X. Opor8tlom Pl8nntng for 
Notworic Prodrrts. w i l l  bm a p p l t d  t o  tho of for ts I n  thls end tk. 
o thw p r o j u t s  tn th is  sot to  pmrform tho opmrattons pl81mlng 
f U r r t  t o m .  

T h  p r i n d p a l  90.1 O f  t h 1 S  prodlct Set (and thn th VOr* In th1S 
p r o j u t )  I s  t O  m b l e  th ICCS to  dmploy p-tS b.plmling 1n tM 
m1d-190Ot that allow thm to p r o v 1 a .  vi8 a servta-cmatton 
envirommt. cost -ef fe t tve mmdi8-i1#p.ndmt (including m I x m d - r d 1 8 )  
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PROJECT OVERVIEW: (CONT.)  

Suftchlng and transport servicms a t  8 rang. of In fo rmt ion  r8tes. 
These servtcms w s t  conplemmnt t h m  f u n c t i ~ n a l l t y  in CPE 8nd other 

In t h i s  p r o j r t  and the othmrs In t h i s  set u i l l  t8ke 8 WtWrk-uidm 
v1.v of thm v a r i w s  fUnctiOn8litY (tr8nsmlssion. Mltchlng. control ,  
O p R r 8 t i O n S .  aCWS5. S l g n r l f n g ,  etc.) th8t U t l l  b. h.quind t o  8ChleV. 
t h i s  90.1 and u 1 l l  u l t imate ly  msult In thm productton of rmr+Iir.nnrts 
fo r  product5 h8Vfng tM md.d funct ion8l i ty  th8t c8n W d W l O y e d  
i n  tha nid-19BOs. 

Thm planntng and tystmm m n g l m r t n g  ~ r k  in  t h i s  pro ject .  
810ng W i t h  tM Other pmjOCtS W t M  8bOVm. U l l l  1nCorpor8te 
thm upfront wrk ncrss8ry t o  dmonstrat r  the businmss. 
tOChnlC8l. 8nd IR8rk.t V l 8 b i l l t y  Of i n f O n I 8 t 1 O n  WtWrk1ng In  tha m i d -  
1990S. Th1S U1l l  1Klud. pml lmin8ry 8KhltOCtUra pl8Ilntng. 
Il.rket. St8kehold.r. 8M RCO(KIII1C 8 M l y S t S .  t O C k n l C 8 l  
fe8SIb l l l t y  8 M l y S i S .  8nd tP8nSlt1on pl8Ilnlng. This Inform8tion VI11 
mn8ble thm BCCS t o  dmte ldW uhmthar t o  pursuo tM dmvelo(mnt O f  

W W O r k S  t o  f 8 C f l ( t 8 t O  . n d - t O - M d  CUStOUNP 8 W l l C 8 t l O n S .  Thm UOrk 

en Intmgr8tM Nmtwrk 8nd Opmr8tlons P18n ( W D P ) .  folloumd by gemrlc 
mqii-ts f o r  1n forUt Ion  netuorklng products and ulttnmtmly thmtr 
deploymnt In thm mid-10008. Omploymmnt of products b8s.d on thm 
Integrated Nmtuork 8nd Opor8tlons Plan vwld providm thm BCCs uith m u  

I n fo rmt ion  m t w r k i n g  servlcms t8rgmt.d t o  thm i r  spmc1fic nmrkets 8nd 
vwld provldm thmm ulth cost mduct ion -rtun(tims threugh thm 
tntmgr8tton of s1mi18r functions 1n 8 logic8l mtuorking envirorrnnt. 

WV- ~ t U n ~ t i ~ S  by m M b l i n g  tMsn t o  PrOVldm 8 diVePsR Set O f  

DESCRIPTION OF 1991 WORK: 

In  1901. thm INET predlct set u l l l  bm in  thm Concmpt Dmvalopmt 
Stagm of thm Nmtuork Smrviw 8nd Tchnology Procmss (NSTP). Thm 
purpose of thm Compt Dmvelopmmt Stage i s  t o  dmflm mom 
W(lpPOhOM1VelY th. OPPOrtUnlty bRlng 8ddmSSed by tM prodlct 8nd t o  
win t O  (d.nt1fy 8 S01UtIOn th8t 
m f C 8 l l y  Vf8ble. 

I S  tOChn(C8lly S W n d  8nd 

TO met tH.e objmctives I n  lS91. Belleom u i l l  develop 8nd providm 

t o  *id. uhothmr t o  purnn mid-1990s d.ploymnt of lnform8tfon 
mtuorking. Thls tnformatton ufl1.b. contairmd t n  an opporutunity 
CsulysiS f o r  the nld-1990. WtWrk. folloumd by 8 prOSp.ctUS. 8s 
dmSCr1b.d b.lOU. T h f S  Wrk U f 1 1  b. b8S.d On 8rrhftntUm.. 
techmlogy 8nd serviems vork done in 1990 in sever81 projects 
th8t have b..n upp.d t0 I M T .  

Thm Opportunity ClNlysls (OA) i s  mssentl8lly 8 f i r s t  at at  thm 
prospmctus end vould consist of thm f o l l w i n g  Infornntion: 

thm BCCS W i t h  t r k n l C 8 l  8nd bUS1mSS InfOWNttOn Wubllng tH1) 
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D E S C R I P T I O N  OF 1991 WORK: ( C O W .  

o An i n i t l a 1  cut a t  8 function81 dmserlptlon of the mtwork of the 

o Identl f tc8t ion of 8 set of s8rvlees. soim of which uould b8 of th8 

mld-199Os. 

int.gr8t.d vo~~./d.ta varcety. that  customrs may mad i n  th 
mid-1990s. 8s w11 8s b8llp8rk 8StlmteS Of d.nund 8nd m8fIU8. 
1k.S. S O r V I O S  vw ld  l i k e l y  b8 b8Sd On p 8 S t  8nd CIJrmt ( 1 . 8 . .  
1990) in8rk.t mS88nh 8nd S 8 r V I C 8  COIIC.Pt effort. 8 t  B811COm. 8S 
wl l  8s on inprt f r o m  t h m  BCCs. 

op8r8tions) 8nd rough 8stlm8tes of th8 cost of the 81.nnts. 
An8lys8s of how th8 8bov8-mntlomd s8rvices uould b8 prov id8d on 

88rll.r p l 8 t f o m .  

o U t i l i z i n g  811 of th8 8bov. lnfornution. 8 pmllmln8ry .coIDIic 
8MlySls  Of th8 mid-901 n8tyDrk vwld b8 C O M u C t d  8nd u s d  by 
BCCS t 0  d8Cld. Uh8th.r York S k a u l d  C O n t l n U 8  tW8Pd th8 l l 8 X t  St8- 
O f  th8 NSTP. 

0 A hlgh-l8v.l 8rch$t.CtUr81 V I W  O f  th8 ll8tVork (InClUdlng th 

th8 8nhi t r tur8 vwld b8 InClUdOd. 8s -11 8s Soim O f  th8 
t8ChnlC.l 1SSU.S 8SSOCl8t.d W l t h  t r8ns i t lon  8nd 8 V O l U t l o n  froll 

F o l l w i n g  th8 Opportunity An81ySlS. 8nd 8 S u n t n g  8 go-8h.d d 8 C l S l O n  
by th8 BCCS (mst l l k 8 l y .  by t h  N8tMrk h Op.PstlonS A m h l t U t U m  

w i n .  ThlS pPOSp8CtUS W i l l  i nCOFpOP8t8  B811COm m8e.t. S t 8 k . k o l d . r .  
t 8 ~ k l C 8 l .  8nd -le 8n8lySlS t o  PrOVld. th8 BCCS W l t h  tnfOrPt lWl 

( M O A )  Product Wrpport Q r o u p  (PSG)). work on 8 prosmetus w l l l  

mab l tng  thm t o  -id. uh.th8r fur ther  support f o r  mid-19901 
d.ploymmt of I n f o r u t l o n  N8tworking l s  j u s t i f i d .  This prospmetus 
W l l l  lrrlud.: 

0 E C O m f C  8 M l Y S I S  Of i n f O r u t l O n  I).tvOrklng 8nd I n f O r U t l W I  
mtuorkillg corn s.rvi~.s Including p r o J r t i o n  of t o t a l  l l f.cycl8 
costs. mv-s 8nd cost m t l o n  opportuniti8s. 

Also l ~ 1 u d . d  in  th8 prO.#CtUS W i l l  b8 8 p P 8 l l m l M y  Intmgr8td 
N8hrork 8nd oPOr8tlOV9S P I M  th8t W l l l  C m S l S t  O f  th8 f O 1 1 W l ~ :  

0 A d8scr lpt ion of th8 funet ion8l l ty  p-sd fo r  th8 mtuork 

o Pml lmirury  ps r t l t t on lng  of thls f u r r t l o r u l l t y  8nd I n f o r u t i o n  

of th8 mld-1,BOs. 

PROPRIETARv - Bellcore and Authorized Clients Only 
5.0 Proprietary Restrictions on T i t l e  Page 
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Date Prtnted: 10/04/90 

1991 FINAL PROJECT OFFERING 
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Prolect Name: Project No.: 
INFORMATION NETWORKING ISDN PLAWING tR1311 ___________-____________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
DESCRIPTION OF i99i WORK: 

into m t w r k  and op.ratlons elmnts. as -11 as mlaents 
external to tk. m t w r k  (such as WE). 

o Inttlal ckscrlptlon of t k  tnterfaces b.tv..n el-ts tn the 
mtwrk and botvnn t H  m t w r k  and extomal entities. and 
tdmttftcatton of stratogles for nrrugtng m d n t  chta. 

(CONT. ) 

o Overviw doscriptton of tM yay internal and external usmrs ut11 
tnteract ulth t M  tnformtton mtwrklng platform and tnforution 
mtwrking services: 

o Overvlw doscrtptfon of tM servtcm cmatton eapablllttes nquired 
to m e t  user m d s :  

o Gomral strategy to eruble t k  transttton from .nb.dd.d systmc and 
pNVtOUS1y-ckfiMd platfOPlMS. 

lhts pmspmctus Is a -]or milestam and dutston point for tM BCCs 
In that ft propoS.8 Uh8t tk. m t w r k  of tM nfd-1990S Ut11 loo* like 

conwrrance vlth tk. rocandattons pr0vfd.d in t H  prorp.ctus. 
Bmllcore ut11 -in thm cktalled wrk on tk. Intograted Nmtwrk and 
operations Plan which Is targmted for carpletion in 1991. 

In sumn8i-y. this projmct. tn Conjunction utth tho 0tk.r projmcts tn 
tk. INET prodrct set. pmtcks b m f i t s  to tk. BCCS by pmvidlng 
th.m ufth tk. b8SlC SYSt.lo .ngtImorlng and plamlng to 
mruble t h m  to pursw a conststent evolution touards a single 
Intograted m t w r k  .ncapassln# both "mtwrk" and 'aporattons" 
capabtlttiet. Thts single tntmgrated m t w r k  ut11 pmvlck tk. BCCS 
uith m revenw opportuntttes for transport services. valw-add.d 
servtcn. and unbUnd1.d c.pablllt1es. and ulll prosent tk. BCCs ulth 
opportunlttes for cost ro&#ctlon t h m q h  tk. intmgratton of similar 
functtons tn a .Ingle logical mtuorklng strueturn. 

and UIUt fUllCttO#l8llty It Ulll PrOVtdo (and Uhy).  ASSmtng 

OELIVERABLES: 

No:  001 
or i g i  "a1 : 
Dpportuntty Analysis - Prwlcks an analysts of t k  servlm and cost 
-tion pppOrtunttla th8t m y  warrant wolvlng tk. mtwrk. a htgh-level 

and should b m  uud by M O A  to cktemtm uhethor any chang.8 tn 8 s S u W t i ~ .  
dtroctlom. ete.. nquird in ckveloptng t M  Pmspmctus. 

Commitment Date: 0391 

WChltUtUral V 1 W  Of tk. mhArk and pN1tIfMPy W r # f C  and 8t8k.kold.r 
8MlyS.S. 1 h l S  ckltmable Ut11 bo n 0 I l . d  t0 tk. M O A  PHI WrCk 1991 

PROPRIETARY - B*llcore and Authorit*d Clients Only 
See Proprietary Restrictions on T i t l e  Pap. 
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NO: 002 
Original: Commftment Date: 1091 
Prospmetus - Provides conpmhonslve buslness analysis f o r  t k  ln fo rmt fon  
mtwrking platform of tk 11id-19SO's and a p m l l m i n a y  1nt.grat.d Notwork 
and Operations Plan providing trhnology. arehitoeturn and t rans l t ion  

1991 and should bo usod by M O A  In formulating a &elston t o  #gtn detai lod 
work on t H  MOP. 

l n f O l n . t i o n .  This dellVW8blO Y l l l  bo Ml1I.d to  t h m  M O A  PSG In October 

PROJECT FUNDING DEPENDENCIES: 

1991 

Receives From: 

1R4211 lR3111 I W 2 X  

Provides T o :  

1R3111 1R421l 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REASON FOR INFRASTRUCTURE CLASSIFICATION: 

Thls p r o j r t  providms tH comptua l l t a t l on .  plmnlng. analysls. and 
m l a t M  t O S t l n g  Of fundammtal carpatlble rmtwrk and op.ratlonS 
a n h i t r t u m s .  C 8 p 8 b l l l t l O S .  and systms. and analysis for  Belleom's 
US0 Of tk potmtl81 l.paCtS On StandaHS and aKhlt.CtUm. and tho 
servlcos .upportod by tho network. of inbrs t ry  lssws. 

T k  substantla1 bmmflts of t h l s  proj-t aecrua to a11 Ourmr-Cllmts 
8nd am unable t o  ba P m v M t M  f r o m  accruim t o  an h r r * r - C l l m t  uho 
mlght elect not to par t lc lpate In t h l s  projwt. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PROPRIETARY - Bellcore end Authorlzad Clients Only 
See Proprietary Restrictions on Tltle Page 
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B E L L C O R E  Pa*: 6 
Date P r i n t d :  10/04/90 

I991 FINAL PROJECT OFFERIffi 

Project Name: 
INFORMATION NETWORKINO ISDN PLPNYIffi 

Bellcore Project Manager: Tel. No.: 
NA (OOO) oO0-oooo _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Eellcore Program Manager: 
N I A  
..______________________________________------------------------------------ 

Tel. No.: 
(IS/*) - 

~~~ ~ 

Bellcore Subject Matter Expert: Tel. No.: 
NA (OOO) oO0-oooo _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Bellcore Product Name: 
ISDW PHASE 2.0 

This Project supports the followlng Major Product(s): 
ISDW PHASE 2.0 A I N  RELEaE 2 81SW PHASE 2 

________________________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OuneP-Client Representatives: 

Fund 
Telephone I 

3$2-605-2500 AM Y 0 .  LATTNER A W  - TECH. SVCS. 

703-974-8005 EA V R. ALDERS A W  - TECH. PLNO. 

BS V 0. KETTLER AVP - SCI.  h TECH. 404 -529 -2802 

014-083-2034 NX V R .  HELOESEN m0. DIR. NTW. P W .  

PB Y R. I R E L A M  A W  - TECH. P W .  41S-823-7WO 

314-235-1550 SU Y J. CARPEHTER A W  - TECH. P W .  DEV. 

us v J. UIK 0IR.- Wm. ARCH. h STDI. 303-889-6409 .. ljll...~.....I......=**~.*.~~~~~~=====~**.~....~-~~.~.=~~...~.*.....--=*.. 
Research Tax Credlt AppllcatiOn: *....l.... 1.....111....I..I............**....-.....-..~.**~~--.*.*.......*..~~. 

PROPRIETARY - Bellcore and Authorlzed C11ents Only 
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B E L L C O R E  P8W: I 
Date Print&: 10/04/90 

I991 FINAL PROJECT OFFERINO 

T h i s  Project i s  a Component of the Bellcore Product: 
BISON PHASE 2 

Significant Change Date: 
OW3 I /SO 

PROJECT 04ERVIEW: 

Tho B a s  a m  ovolving from being premier providers of oxchang. and 
mxch8ng. 8 ~ ~ 0 ~ s  tolephony t o  belng premier providers of ~CC.SS to  
Infornution i n  8ny form. This OvoluttOn I s  being drlvon by tM 
growing d.cl.nds of tM teleconmUnic8tlons nurketpl8ce 8nd the mod 
md for  tM BCCS to DNt tMSe d . n p n d S  by OffOPlng 8 W l d m 4 n g  S O t  
of sowicos to tMir custonmrs. 

As In l t t 8 l  steps i n  tM ovolution toward tnfornution ntvorking. 
I).llCOPO 
t.chnologies (ISON Ph8s.s 1.1 8nd 1.1. A I N  Rol.8~0 I, BISON Ph8so 1. 
Sop(ET ROlO8S.S 1 8nd 2. etC.1 th8t 8- t 8 P g E t d  for  dSP10-t 
by tM Bollcorn Cllont Conp8nles (BCCs) throughout tho f l r s t  ha l f  
O f  tk 1090.. I n  8ddtttOn. Bol lcon 1s Wrklng w i t h  tM BCCS t0  
d.fI- t8-t 8WhltKtUrO for tM IlOtMPk (OpRr8t lw  SyStW 
a m  Incluchd I n  t h m  t o m  "notwork" i n  th ls p r o j e t  prof i le)  In 
tM InfWMtlOn NotWrking A K h i t n t u m  (INA) prodlct. BellCOrn 
8nd tM BCCS 0-t th8t tM ntvork  Of tM Mld-lSSOS W i l l  b. 8n 
ovolution 8nd intmgr8tion of tM ~8rly/nld-l090s pl8tforna 8nd 
t.eknologios. and 8 tr8nsttlon step tow8rd tM INA t8rg.t. 

Infornutton notworking services i n  8 cost-offoettvo nunmr. 

T M  vork In 1901 t o  d . f i n  tM Mtwrk Of tM nId-lSDOS W i l l  t 8 k O  
plat. i n  8 sot of products c8l l .d tM Informtlon Notwrking (INET) 
product Set th8t C W l S l S t S  Of tM A I N  RelO8SO 1 .  BISON Ph8SO 2 8nd 
ISDN Ph8.a 2 prodlcts. 
prtnctp8lly for  8 ~ l n l s t r 8 t t v o  purposms and the p r m t  sot w i l l .  
I n  f 8 C t .  b. mn8p.d 8S 8 Sfyl le Be11CO- product h8ViW 8 StnglO Set 
of Outputs i h  1091. T M  p r o j n t  d8scrIb.d Mm (IR3IIO Is o m  Of 
tM pro jn tS  th8t I S  COnt8tnOd In th ls  product Set. tM OtMrs - 4 %  
tM In fo ru t i on  Notworking ISON P18nnlng (1R1311) 8nd Informtion 
Notworking A I N  Planning (1R4211) projects. In  8ddltton t o  t-0 
p ro je t s .  portton of Project IONSZX. Opor8t iw P18nntng for 
NDtMPk Products. w i l l  b. .pPll& t o  tM O f f O r t S  in  thlS 8nd tM 
other p r o j n t s  i n  th ls  sot to porfom tho oporations planning 
f Unctions. 

T M  prlnClp8l -81 O f  t h t S  pr-t Sot (8nd thus tk VOr* tn th is  
p r o j r t )  IS to  m a l o  tM BCCS t o  doploy products bog~nning in  tho 
mtd-1900. th8t 8 l l W  thrr to providr. V i 8  8 SOrVlCO-C~atlOn 
mvtromont. cost-of fnt ivo n~d i8- ind .p .nd .n t  (Including m l x d - d l 8 )  

( S  Wrkfkfng On 8 SOt O f  I'IOU mtWrk pl8tfOr(lS 8nd 

th8t VI11 m U l t  i n  tM BCCS 8b i l l t y  to  Offer 8 r8- Of 

ThlS p-t S t r U C t U m  W 8 S  OSt8bllSkd 

PROPRIETARY - Bellcore and Authorized Clients Only 
T h i s  document contains proprietary lnformatlon th8t 511811 be 

distributed or  routed Only Withln Eollcore and its 8uthorlred 
cllents except with written permlssion of Bellcore. 
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B E L L C O R E  P 8 m :  2 
Date P r f n t d :  10/04/90 

1991 FINAL PROJECT OFFERIIYG 

P r o l e c t  Name: 
INFORMATION NETYORKIIYG BISON P L M I N G  

P r o j e c t  N o . :  
1113111 

PROJECT OVERVIEW: (CON1 . ) 

DESCRIPTION OF 1991 WORK: 

I n  I t e l .  t k  INCT prodlct sot u i l l  bm In tk C w m p t  D.velopl*nt 

collpnhmnsivmly tk OppOrtuntty b.1- addmssod by t k  P r o d l C t  8nd to 

Stag.  of tk htWrk SOrViC. 8- T K M l O l o g Y  PPOC.SS INSTP). T k  
pUrpQS. of t k  COncRPt mV.lopl l .nt  St898 1S t0 d.fim #IO- 

b r g t n  t0 id.nt(fy 8 S 0 1 U t i O n  th8t I S  t K h n l C 8 l l y  SWnd 8nd 
. c ~ m i c . i i y  v t a i e .  

TO m n t  t k s e  o b j . c t l v n  In 4991. B e l l c o n  w i l l  dwelop 8nd providm 
tk BCCs w i t h  technical 8nd busimss i n fo ru t ion  .rubling thm 
t o  dadd. wmtkr to pursw mId-1990s dmploynmt of informtlon 
mtuorktng. T h i s  intornuttar ut11 ba contaimd in an Opporutunity 
Csl . lySlS for tk 114-1990. mtYork. f O l l O U W  by 8 PPOSp.ctUS. 8. 
d.SCP1b.d bOloU. T h i s  uor* W ( 1 1  b. b8sod On 8rYhltOCtUN. 
technology 8nd s o r v l c ~  w o r k  dam In I990 i n  sever81 p r o j u t s  
th8t IUve bm IIDpp.d to INCT. 

Opportunity mmlysis (OA) 1s essmt i~11y 8 f i r s t  cut at t k  
Prospactus and would consist of tk fol1wtng ( n f o m t i m :  

PROPRIETARY - Bml lCOPe and Authori~od Cl ients  O n l y  
Sam P r o p r i m t a r y  R o s t r i c t t o n s  on T i t 1 0  P 8 p .  
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B E L L C O R E  P8- : 2 
Oat- Pr intmd:  10/04/90 

1901 FINAL PROJECT OFFERING 

Pro jec t  N a m e  : 
INFORMATION NETWORKING BISDN PLANNING 

Pro jec t  NO.:  
1R3111 

PROJECT O V E R V I E W .  ( C O N T . )  

swltchlng 8nd transport nrvim 8 t  8 range of tnformation r8t.s. 
TMse servfces nust conplmment tM fune t~ona l t t y  In CPE and o t M r  

in  th is  p r o j e t  8nd tM OtMrs In t h i s  Sot W i l l  t8km 8 m t w r k - W l d o  
VIW of the v8rIous funetIon8lIty (tr8nsmIsston. switching. control.  
OpOP8tiOnS. 8fC.SS. S i g M l I n g .  ate. I th8t V I11  bm t 0  8ChImVm 
t h i s  goal and ut11 u l t i m t o l y  resu l t  i n  tM prodlet ion of nqutremonts 
fo r  prodKts having tM medad funetton8l i ty th8t c8n b m  d8ployM 
in  ths mid-1900s. 

The plmntng and system qimring uork in  t h i s  projmct. 

tM upfront wrk nmcossary t o  dmonstratm the bus~mss.  
tmehnical. and m r k o t  viability o f  information mtwrking In tk. nld- 

m t W r k S  t0 f 8 C l l i t 8 t O  Ond-tO-mnd CUstoamr 8 p p l i C 8 t I W l S .  T M  Wrk 

810yl With tk. O t M r  p r O j K t S  n0t.d 8bOVm. W i l l  iMOrPOr8tm 

' 1990s. ThIs w t l l  include pml1nin8ry 8rChitmctuM pl8nnIng. 
M r k m t .  St8kmhOldor. 8M .COIIo(IiC 8n8lyS*S. t e h n I C 8 1  
fm8SlbllitY 8MlySIS. 8 d  t r 8 n S i t i O n  pl8tWllyl. This Information w t l l  
on8blm tM BCCs t o  d m t m r m I m  uMther  t o  to  pursw tM Owolopnnt of 
8n Int.gr8t.d Nmtwrk 8nd Opor8tions P18n ( M O P ) .  f o l l o w d  by g.mrIe 
c .qv i rwn ts  for Information mtwrking pro&cts 8nd u l t f m t o l y  their 
dmploymmnt I n  the mid-1090s. Dmploymont of p-ts b8S.d on tk 
Integr8t.d Nmtuork 8nd Opor8tions Plan would providm tk. BCCs w i t h  m u  

i n fo rmt ion  notwrklng smrvIces t8rg.tmd t o  tMir spmzific u rkmts  and 
Vould provld. thmm wi th  Cost IYdlCtton Opportunitims through tM 
I n t q r 8 t I o n  of s iml lar  funetfons in  8 logical m t w r k i n g  mnvirorrnnt. 

m.W* o p p O r t U n i t i O S  by en8blIng th.la t o  prOvId. 8 divmrsm Set O f  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D E S C R I P T I O N  OF 1991 WORK: 

I n  1991. the I N E l  produet sot w i l l  bm I n  tM Conempt Dmvolopmnt 

purpose of tho Concmpt Omvmlopnnt s t 8 9  i s  t o  dofim mom 

-In t o  idmntffy 8 solut ion th8t i s  technic8lly sound 8nd 

lo m o t  theso objet ivms In 1991. Bellcorm W i l l  dmvmlop 8nd provido 

t o  WIdm uMtMr t o  pursw nId-1990s dmploynmt of Information 
notuorklng. ThIs Information w I l l  bm con t8 ind  In 8n opporutunlty 
An8lyslS f o r  tM m1d-ISSOs MtYerk. f o l l a n d  by 8 PrOS#CtUS. 8S 

S t 8 9  O f  th. WtWrk SOPV1- 8nd l-logy P-S (mTP) .  The 

ConpNhOnStVmly tM opportuntty Mlng 8ddMSS.d by the P-t 8nd t 0  

.COIIOIIIiC811Y V I 8 b 1 0 .  

tM 8CCS W i t h  tekntC.1 8nd D U S I M S S  I n f O r * N t l o n  m n 8 b l i n g  thmm 

. . - -  -. L ..- .. .__&.*__L _. . 



B E L L C O R E  Page: 4 
Date Pr in t@:  10/04/90 

1991 FINAL PROJECT DfFERI f f i  

Project Name: 
INFORMATION NETYORKIM BISON PLAMIffi 

Project No.: 
1R3111 

DESCRIPTION OF t99t WORK: 

ln to  network and operations elafmnts. as wl l  as elements 
external t o  the mtwork (such as CPE). 

0 I n l t t a l  *scr lpt lon of tk tnterfaces be- o l m r t s  ln tk 
mtwrk and WtWOn tk mtwrk and extornal entities. and 
td .nt t f iC8t ton Of Str8t.gl.S f o r  MMglng ndundant data 

o Overv1.v d.scr ipt lon of tk way internal  and oxternal users v l l l  
interact  v l th  the infornut1on networking platform and l n f o m t l o n  
mtwrkfng services: 

0 Overvlw descrfption of tk SewIce creat lon capab1llt les wid 
t o  meet user weds: 

o General strategy t o  enablo tk trans i t ion  from .Ib.dd.d systems and 
pmviously-d. f imd p la t fo rm.  

Thls Prospetus 1s a major mllostom and declslon point f o r  t k  BCCs 
ln  t h a t  1 t  preposel What tk rYtMrk O f  tk mfd-lSSOs v f l l  look Ilk. 
and What fUnctiOn8lity l t  VI11 pr0v id.  (and w).  A S S u l n g  BCC 
concurmm w i t h  t k  P.WIIII*ndations providod fn tk Prospmctus. 
Bel lcom v l l l  bmgln tk. d.tal1.d work on t k  Intmgratmd ICtvork and 
-rations Plan which 1s t a w t m d  f o r  completion in  1992. 

In  runmry. t h l s  p r o j r t .  in  conjunctton v l t h  tk o t k r  p r o j e t s  in  
tk. INET pro&et set. pr0vld.s b m f t t s  to t k  BCCs by providing 
tk.n V l t h  tk. b 8 S l C  SYst.1)3 mglmring and p lamlng t o  
m8b le  than t o  pursm a cons is tmt  evolution towards a s lngle 
tntmgratmd m t w r k  encoapasslng both "rutwork" and " o p o r a t i w "  
capabll1tles. This s inglo tntmgratmd mtwrk w111 prov ld.  tk. BCCS 
v l th  m v  rove- opportunltier f o r  transport servlcms. valuo-addoel 

opportunltfer f o r  cost -tion thr#lgh t k  intograt ton of s imi lar  
functions fn a s ingle logleal  mtworking strueturn. 

SWV1C.S. and UWnd1.d Capabl l l t les.  and W i l l  pmSOnt tk BCCS v l th 

(CDNT. )  

DELIVERABLES!  

NO: 0 0 1  
O r  i g i n s l  : Commitment Date: 0301 
opportunlty Analysis - Prov1d.s an analysts of t k  SOWIC. and cost 
mcbJctlon opportunities th8t m y  warrant evolving tk mtMrk. a hlgh-love1 
8rehl te tura l  v l w  of tk mtwork end pmllmlnary -IC and stakoholcbr 
ana1yr.r. f h l s  d. l ivorable w i l l  ba m i l d  t o  t k  M O A  PSO t n  March 1901 
and should bo u s d  by M O A  t o  d.temim vhmtkr any ch8np.C i n  a s ~ l l p t l o n s .  
dlmct1Ons. etc.. a m  ngrlrai i n  d~ve lop ing  tk. Prosp.ctus. 

PRDPRIETIRV - Bcl lcore ana Author t~ad Clients Only 
See Proprietary Restricttons on T t t l e  Page 
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DELIVERABLES : ( C O N T . )  

NO: 002 
O r  fg i nar : C o m m i t m e n t  D a t e :  1081 
Prospectus - Provides conpmhensiva business 8n8lysis for  tM infornution 
mtwrklng pl8t fom of the m i d - 1 9 9 0 ’ s  8nd 8 p r e l i m i n 8 r y  Int.cjr8t.d Nmtvork 
and Opmrations P lan  providing technology, 8 r C h f t 0 ~ t U m  8nd t rans l t lon  
informtion. T h i s  delivmr8ble vi11 be mail& t o  tM M o l  PSG tn 0etob.r 
1991 8nd should be u s d  by M O A  i n  fornul8ting 8 dneision t o  bogin dot8ll.d 
w o r k  On tM M O P .  

PROJECT FUNDING DEPENDENCIES: 

1991 

R e c e i v e s  F p o m :  

l R 4 2 1 l  1 R 1 3 1 1  IONS2X 

P r o v f d e s  To: 

l R 1 3 1 1  1 R 4 2 1 1  

REASON FOR INFRASTRUCTURE C L A S S I F I C A T I O N :  

PROPRIETARY - Be l l co re  and A u t h o r t z e d  C l t e n t s  O n l y  
S e t  P r o p r i e t a r y  R e s t r i c t t o n s  on T i t l e  P a g e  
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Significant Change Date: 
09/31/90 

PROJECT OVERVIEW.  

Tho BCCs are evolving f rom being promior providers of e x c h 8 y y  and 
exchang. access telmphony to  being prrmier providors of 8 ~ ~ 5 s  t o  
i n fo rmt ion  In 8ny form. This evolution i s  being driven by tho 
growing dmunds of tho telmeamunicattons nurketpl8ce 8nd tho 
nmed f o r  tho BCCs to  m m t  those W n d s  by of fer ing 8 uidontng set 
of s e r v i a s  t o  thofr wstomors. 

As i n i t i a l  stops in  the evolution t w a r d  infornution networking. 
Bel lcam i s  uorking on 8 set of m u  network platfa- 8nd 
tchnologles ( ISON PhCSeS 1.1 8nd 1.2, A IN ROle8S. 1. BISON Ph8.0 1. 
SONET ROl08SOS 1 and 2. et=.) th8t 8- t8rVt.d fo r  d.pl0-t 
by tho Be11COm C l i m t  Conpmies (BCCS) throughout tho f i r s t  h8lf 
of tho 1990s. I n  rdd i t lon.  B e l l c o n  I s  wrking w l t h  tH BCCs t o  
dofine 8 t8rg.t arehitmeturn for  the network (op. rat ions systms 
am included in  tho term "wtuork" in  th i s  projmet p r o f i l e )  in  
tho In fo rmt lon  Notwrking Architmeturn (INAA) p a d x t .  BellCOm 
8nd tho BCCS expect th8t tho network O f  tho mid-1990s W l l l  be 8n 
O V O l U t l O n  8nd inty(r8tfOtl  O f  tho 08rly/IIlld-l990S p l8 t fOr lnS 8nd 
tehnologies. 8nd 8 t r8ns l t ton stop t w a r d  tho INA t8-t. 
th8t W i l l  -5Ult In tho BCCS 8 b i l l t y  t o  O f f e r  8 r8- Of 
i n fo rmt ion  mtuorklng services in  8 cost-effect ive M m r .  

 he work in  lo91 t o  dofine tho network of tho nld-1990s w i l l  take 
place in 8 set of products c8 l l .d  tho In fo rmt ion  Notuorklng (INET) 

p r inc ip8 l l y  f o r  8 b t n i s t r a t t v e  purposes 8nd tho prDdKt set u l l l .  
i n  fact. be managoel 8s 8 single Bellcam product h8ving a single set 
of outputs in  1991. Tho p r o j c t  doscribmd horn (lR4211) i s  a m  Of 

tho Information Notwrking ISON P18nning (lR1310 and I n fo rmt ion  
Notuorking BISON Planning (lR3111) p r o j e t s .  I n  addition t o  those 
p r o j c t s .  8 por t ion of P r o j e t  1ONS2X. Op.rations Pl8nntng f o r  
Notwrk Prodrr ts.  w i l l  bo 8 p p l f . d  t o  tho e f fo r ts  In t h l s  8nd tho 
othor p r o j e t s  i n  th i s  set t o  porform tho ap. r8t l0M pl8ming 
f Unct  ions. 

The princip8l go81 O f  t h i s  product Set (8nd thUS tho UOrk in  t h i s  

mi rJ - l##0s  th8t 8 I lW tk.n to  PrOVido. V i a  8 S O W f C O - C m 8 t I W l  

proe*let Set th8t COIISlStS O f  tho A IN  ROle880 2. BISON Ph850 2 8nd 
ISON Ph8.0 2 product.. This prDdKt S t W C t U r e  WaS O S t O b l f S H d  

tho prOjOCt5 th8t 15 COnt8iIYd In t h i s  product Sot. tho 0th.n being 

projmet) i s  t o  onable tho BCCs to  deploy products boginning t n  tho 

mvironnnrt.  cast-mffutivm d i 8 - I n a p m * n t  ( including nix.d-mmdi8) 

PROPRIETARY - Bellcore and Authorized Cllents Only 
Thfs document contafns proprietary Information that shall be 

distributed or routed only within Bellcore and its authorizmd 
cllenta except wlth written permlsston of Bellcore. 
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PROJECT OVERVIEW (CONT. 1 

switching and transport sorvi~ms at a rang. of information ratas. 
These Servicms Mst conploment tho functlon8llty in CPE and other 

view of tho v8rious functlon8lity (tr8nsmisston. switchlng. control, 

this go81 and will ulttnutoly result tn tho production of mqullwnts 
for products h8ving tho modod function8lity th8t can bo dop10y.d 
In tho mid-lSSOS. 

Tho pl8nntng and system engineorlng work in this proJoct. 

tho upfront work rmess8ry to d.tnonstr8tm tho bustnost. 
tochnic81. 8nd market vlabllity of information notworktng In tho aid- 

foasibility analysis. and transition planning. This information will 
mnablm tho BCCs to dotormIm whothor to pursw tho dovolopn~nt of 
an Intogr8t.d Notwork and Opor8tlons Plan (MOP), follouod by ganoric 
mqui ruants  for Infomtlon notworking products and ultla~toly thoir 
daploylmt in tho ald-1~9Os. aploymont of products b8s.d on tho 
Intogratad Matwork 8nd Opor8tlons P18n rwld provia tho BCCs with now 
m v o w m  opportUnItiOS by mn8bling th.m to PrOVldo 8 dtvorso Set of 
Informatton notworking smrvieos t8rg.t.d to thoir spaelfie mrkmts and 
w l d  provide tk.m with cost rdUctton opportunitios throue the 
intogr8tton of slmil8r functions in 8 logte.1 mtwrktng onvirorrnnt. 

networks to f8Cilit8tO Ond-tO-cnd C U S t m r  8Pp1iCltionS. Tha work 
in this project 8nd tha 0thoI-S In this Set Will t8kO 8 t7etwork-Wido 

OpRP8tfOnS. 8CCmSS. Stgll8llng. ate.) th8t Will b. m i r e d  to 8ChiOV. 

81- With tho Otho? proJ.cts n0t.d 8boVe. will incorpOr8to 

1900S. This Will IKlUda preliminary 8nhltetUre pl8nnlng. 
m8rk.t. St8kOhOld.P. 8nd KOllOlll1C 8n8lySis. technic81 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DESCRIPTION OF 1991 WORK: 

In 1901. tho !NET prod#t sot wlll be In  tho Concept D.volopnnt 

purpose of tho Coneapt D.vmlop.nt Staga i s  to dof ino more 
canpnhonstvoly tho oppOrtunlty wing 8ddress.d by tho product 8nd to 
bogin to idontify solution that i s  tocknie81iy sound and 

TO moot thosm objoctivos in 1sS1. nm11Cot-o will dovmlop and provide 

to doeldo Yh.tkr to purtu mid-1990s doploynnt of infornution 
notworking. Thls Information ulll bo cont8lmd In 8n Opporutunlty 
AnalyStS for tho mld-lSSOs mtwrk. f o l l ~  by 8 proSp0CtUS. 8s 
doSCribOd bolW. This Wrk Will b0 b8S.d on arChitOCtUm, 
trhnology 8nd sorvl~s work dono in 1990 in sovmral projocts 
that h8vm bra, upp.d to INET. 

Prospactus 8nd rwld eomlst of tho following informatlon: 

St8- Of tho W t M r k  S O r V I C .  8nd TOChnolW PrOC.SS (mTP). Tho 

OCOMiC8lly Vl8blO. 

tho 8CCS With tOChnlC81 8nd bUSiflOSS fnfo-tion Wl8blil’g tk.m 

Tho Oppgrtunlty An8lYSiS I O A )  l S  OSS~tltl8lly a first W t  8t tho 

PROPRIETARY - Bellcore and Authorized Clients Only 
See Proprietary Restrictions on Title Page 
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O E S C R I P T I O N  OF 1991  WORK: ( C O N T . )  - 
o An t n l t l a l  cut a t  a functional dascrlptlon of the m t w r k  of the 

0 Ident l f lea t lon  Of 8 set Of services, SOIm of uhich W l d  ba Of th. 

mid-1900s. 

tnt.gr8t.d v o l ~ . / d 8 t 8  variety. t h a t  w s t m r s  m y  need i n  tha 
nld-190Os. 8s Y.11 8S ballpark (St lNtaS Of m n d  8nd rev-. 
THS. SerY1CeS vWld l l k e l y  be based On p8st 8 d  curWnt ( 1 . m . .  
1090) lIl8rk.t mSe8Kh 8nd SOPVICC C0IIC-t e f fo r t9  8 t  BO11COPO. 8. 
u o l l  8s on lrput frm tha BCCs. 

0 A high-level aKhitaetur81 v i w  O f  tha cetwrk ( lncludlng the 
oporatfons) and rough est tmtes of the cost of tho el-nts. 
Analyses of har tha above-mentiomd S O ~ V I C . ~  r w l d  ba provldad on 
tha 8PChltetUm would ba lnC1ud.d. 8S W l l  8S S O I N  Of tha 
t r h n t e 8 l  l s s w s  assoelated ulth t r8n r l t t on  and evolutton from 
e8rlf.r p l 8 t f O m .  

o U t l l l z l n g  a l l  of tha 8bove lnfonnatlon. 8 pmllmin8ry aeonomlc 
8n8lySfS Of tk. ald-00s WtWrk W l d  ba Con61ct.d 8nd US.d by 
ECCS t o  Wid. uk.thaP wrk S h w l d  C O n t l M  t w 8 r d  tha M X t  St.9 
of tha NSTP. 

F e l l w i n g  tha Opportunity PsulySlS. 8d aSSUlllng 8 90-8ha.d W t S l O n  
by tha BCCs (most l l ke l y .  by th. Netwrk 6 Oparations Arehltaetum 
( M O A )  PtWdUCt Suppor t  Q r W p  ( P S G ) ) .  UOrk on 8 p r o l p K t U S  U l l l  
win. Thls prospactus ul11 lncorpor8te Belleore market. stakmholdar. 
taehniC8l. 8- r e r m i C  8n8lySlS t 0  prOVlda tha E C . :  W l t h  l n f O P l N t l O n  
mab l ing  thm t o  d.cld. bhethor fur thar  .Upport for nld-1000s 
dmploynmt of Informatlon Netwrktng 1s j us t l f l .d .  
ut11 tnclud.: 

Thls prosp.ctuS 

o Market 8nalysls f o r  a set of infonnatlon m t w r k l n g  corn sarvices. 

o Idan t l f l c8 t ton  of mlevant st8kmholdars 8nd monnnd . t l ons  fo r  

lncludtrg menue potantla1 and w s t a m r  u l l l l n g m s s  t o  pay: 

lnfluancing thoso st8kehold.r~;  

0 A St8nd.e S t r 8 t w :  

o Econumlc analysls of fnfonnation m t w r k l n g  and I n fo rmt ion  
natuorking corn s o r v l ~ . s  lneludlng projaetton of tot81 l l f ~ y c l e  
costs. ravanws and cost lYdlc t lon opportunltles. 

Also lncludad In tha proswetus u i l l  bc 8 pml ln lnary  1nt.grat.d 
NDtMrk 8nd Op.r8tiOM P1.n th8t Ut11 COnSlSt  O f  tha f O l l W l n g :  

0 A daserlptlon of tha functton8l l ty proposed f o r  tM natwrk 
of tha mid-1000s; 

0 Pm1lIlfUPY p8rtltlOlVfng Of t h l S  fUnCtlOlV81lty and I n f O r n g t l O n  

PROPRIETARY - Bellcore ana AUthorlZed Clients Only 
Soe Proprjatary Restr4cttons on T i t l e  Pago 
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Project No.: Project Name : 

INFORMATION NETWORKING A I M  PLAHYING lR4211 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
DESCRIPTION OF 1991 WORK: ICONT.) 

i n to  mtuork 8nd  rations elements. 8s we11 8s elmmnts 
external t o  thm nmtuork (such 8s CPE); 

o In l t l8 l  daseriptlon of thm tnterf8cms bot- e l n n n t s  in  thm 
IlRtYoPk 8nd b0t-n tH MtWrk 8nd .XtePMl Mt f t tOS.  8nd 
~ d . n t f f f C 8 t ~ o n  O f  StP8tyll.S f o r  Mn8gtng rrc*md8nt d8t8; 

o Overview dmscription of the w8y intern81 8nd extern81 users w i l l  
tnter8et w i t h  thm infornution rntwrking p l8 t fo rn  8nd inform8tlon 
mtuorking serv iws;  

o Overviw &scriptton of thm rervtca em8t ion c8pabil t t tes wimd 
t o  mt user m a d s ;  

o eener8l stratogy t o  en8ble tH tr8nsttton f r u n  systmns 8nd 
prnvtausly-dmflmd p l 8 t f o m .  

This p roSp .c tUS I S  8 M J O r  I l leStOlY 8nd d . c l S l O l l  point f o r  tk BCCS 
In th8t i t  propeSeS vh8t thm Whrork Of thm I i d - I S B O S  U l l l  lw* l i k e  
8nd Uh8t fUI1CtlOtl8llty i t  W i l l  PWVfda (8nd Uhy). ASSUntng 
conwrmIx.  w i t h  tha mcommdations pr0vid.d in  t h m  prospetus. 
B e l l m m  w i l l  bmgtn thm dmt8 i l .d  uoP* on thm Intogr8t.d Nmtuork 8nd 
Op.r8tions Plan vhfch i s  t8rgmt.d fo r  conpletton in  1992. 

I n  sum8ry.  t h i s  projet.  in  eonjumtton w t t h  thm o t H r  p r o j r t s  in  
thm INET prodrct set. provtckr b . (wf i ts  t o  tH BCCS by providing 
tha w i t h  thm b8SfC SyStMRS .nglmrlng 8nd pl8nnlng t o  
enable tha t o  pursm 8 m n s i s t m t  evolution tmmrds 8 single 
intogr8t.d nmtuork encolp8ssing Wth "mtwrk" 8nd "op.r8tions' 
c8pabt l i t l r s .  This single tntogr8t.d nmtwrk w i l l  provtd. tH BCCS 
w i t h  m u  rnveIXn Opportunities for  tr8nrport serviCI.. v8lu.-8dd.d 

opportunities f o r  cost m d w t i o n  through t h m  lntogr8tion of S i m t 1 8 P  
functfons in  8 single logic81 mtuorking strueturn. 

S e r V t u S .  8nd UrBUnd1.d C8pabilltleS. 8nd W i l l  PmSMt thm BCCS W i t h  

DELIVERABLES: 

No: 0 0 1  
O r t g i n s l :  Commitment O a t c :  0391 
Opportunity An8lysis - Providms 8n 8n8lysis of thm serviw and cast 
-tion OppOrtunltln th8t m y  mrr8nt mvolvlng tH mtwrk. 8 high-level 

8nd should b. us& by M O A  to dmtemlnm bh0tk.r 8ny ch8ng.s In 8snp t ions .  
d lmct ions.  ate.. 8- ~rquimd In dmvelaping thm Prospetus. 

8 r e h f t r t U P 8 1  VtW Of thm MtMf'k 8nd Pml f I l lMrY 8nd St8k.hOldmr 
8n8lyS.S. Th tS  daltVWable W i l l  b. m i l d  to  thm M O A  PSQ In Y.mh 1991 
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Miami, FL 33130 

Robin Norton 
Division of Communications 
Fla. Public Service Commission 
101 East Gaines Street 
Tallahassee, FL 32301 

Doug Lackey 
BellSouth Telecommunications, 
Inc. (Southern Bell Telephone 
& Telegraph Company) 

4300 Southern Bell Center 
Atlanta, GA 30375 

Mike Twomey 
Department of Legal Affairs 
Attorney General 
The Capitol Bldg., 16th Floor 
Tallahassee, FL 32399-1050 

Laura L. Wilson 
Messer, Vickers, Caparello, 

P.O. Box 1876 
Tallahassee, FL 32302-1876 

Madsen & Lewis, P.A. 

Angela Green 
Division of Legal Services 
Fla. Public Service Commission 
101 East Gaines Street 
Tallahassee, FL 32301 

Edward Paschal1 
Florida AARP Capital City Task 

1923 Atapha Nene 
Tallahassee, FL 32301 

Force 

The American Association of 

c/o Bill L. Bryant, Jr. 
Foley & Lardner 
215 S. Monroe St., Suite 450 
P.O. Box 508 
Tallahassee, FL 32302-0508 

Retired Persons 

Richard D. Melson 
Hopping, Boyd, Green & Sams 
23 South Calhoun Street 
P.O. Box 6526 
Tallahassee, FL 32314 

Michael J. Henry 
MCI Telecommunications Corp. 
MCI Center 
Three Ravinia Drive 
Atlanta, GA 30346 

Lance C. Norris, President 
Florida Pay Telephone Assn., Inc. 
8130 Baymeadows Circle, West 
Suite 202 
Jacksonville, FL 32256 



Joseph A. McGolthlin 
Vicki Gordon Kaufman 
McWhirter, Grandoff & Reeves 
522 E. Park Ave., Suite 200 
Tallahassee, FL 32301 

Rick Wright 

Fla. Public service commission 
101 East Gaines street 
Tallahassee, FL 32301 

Peter M. Dunbar 
Haben, Culpepper, Dunbar 

& French, P.A. 
306 N. Monroe St. 
P.O. Box 10095 
Tallahassee, FL 32301 

Patrick K .  Wiggins 
Wiggins & Villacorta, P.A. 
P.O. Drawer 1657 
Tallahassee, FL 32302 

Dan B. Hendrickson 
P.O. Box 1201 
Tallahassee, FL 32302 

Monte Belote 
Florida Consumer Action Network 
4100 W. Kennedy Blvd., #128 
Tampa, FL 33609 

AFAD 

Cecil 0. Simpson, Jr. 
Peter Q. Nyce, Jr. 
Regulatory Law Office 
Office of the Judge Advocate 

Department of the Army 
901 North Stuart St. 
Arlington, VA 22203-1837 

General 

Joseph P. Gillan 
J. P. Gillan and Associates 
P.O. Box 541038 
Orlando, FL 32854-1038 

C. Everett Boyd, Jr. 
Ervin, Varn, Jacobs, Odom & Ervin 
305 S. Gadsden Street 
P.O. Drawer 1170 
Tallahassee, FL 32302 

Chanthina R. Bryant 
Sprint 
3065 Cumberland Circle 
Atlanta, GA 30339 

Michael W. Tye 
AT&T communications of the 
Southern States, Inc. 

106 East College Avenue 
Suite 1410 
Tallahassee, FL 32301 

Florida Hotel and Motel Assn. 
c/o Thomas F. Woods 
Gatlin, Woods, Carlson 

1709-D Mahan Drive 
Tallahassee, FL 32308 

& Cowdery 

Douglas S. Metcalf 
Communications Consultants, Inc. 
1600 E. Amelia St. 
Orlando, FL 32803-5505 

Benjamin H. Dickens, Jr. 
Blooston, Mordkofsky, Jackson 

2120 L Street., N.W. 
Washington, DC 20037 

& Dickens 


