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September 2, 1998

Ms. Blanca §. Bayo, Director

Division of Records and Reporting

Florida Public Service Commission

2540 Shumard Oak Boulevard

Tallahassee, Florida 32399-0850 L

Re: Docket No. 980696-TP

L
l"
Dear Ms. Bayo: %
Enclosed for filing in the above docket are the original an U
fifteen (15) coples of the Direct Testimonies of Carl Etda;
L2
=
[ =1

dr

Laemmli, Kent W. Dickerson, Brian K. Staihr and James W
Sichter on behalf of Sprint-Florida, Incorporated.

Please acknowledge receipt and filing of the above by

stamping the duplicate copy of this letter and returning the
same to this writer. =

Thank you for your assistance in this matter. v
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T OR!G\NAL
:muuunﬂnmumnnunnmuumwwc:cmunnmmn
. REBUTTAL TESTIMONY OF BR AN K. STAIHR
w-ﬁh:m SPRINT-FLORIDA. INCORPORATED
Ll DOCKET 980696-TP
SEFTEMBER 2,198

mmiw&“ I-www‘ Luted Management Company
m-mm My business sdd' »ss is 4220 Shawnee Mission
mw,mm.mw.nm.

Are you the same Brian Staihr whoe filed direct test. mony in this proceeding on
August 3, 19987

Yeslam.
What is the purpose of your rebuttal testimony?

mwmmlmwmmwmwmmwmm
Humvmsumhdﬁmbﬂ Cl and AT&T. 1 also address certain
comments made by Mr, mmmnm1mrmmm
Vuﬁu!luﬂm
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A.  Contrary to Mr. Wood's statements, the HAI Modelis not “the most accurate and relisble

wﬂam“mwmdmup 3). In the past several months,
mmmmaﬂuummmﬂmmmm
md‘hmm:ﬁ 1 this proceeding. These problems have
mmhmwswﬁwmmm
mmﬂmmﬁ-mmmmmmm
w“mmw Severa! of these problems are discussed
humum
nﬁ“w.m_mmrmxmmmmm
Commissions chose to rely on the HAI Model for USF purposes. Do these two
mmmmmm,.-mmm'mﬂum
to these Commissions?

Absolutely not. 1t is important to understand that a grest deal of information and analysis

regarding the HAI Mode! has come to light only in the past few months. This is because a

large portion of the information used by the HAI Model in its preprocessing stages was only
made svailable to parties (under order of the Nevads Commission) in April of this year. |

specifically refer 1o the geocoded locations that are placed within main and outlier clusters
These clusters are then used by the HAI Model,

In April and My of this year Sprint examined this previously unavailable information used



3 E;Ei_ﬁnliri 30, 1998). These
4 iit'ia*bﬁhg&i;

5 l-ii.i.__w a result of this underestimation, the HAI produces less
6 Eil*itiirz provide service o the

8 EE A) %?ﬂ!&nﬁiﬂ!g at the FCC, and I have
: E!%i!ugiﬁu

11 Q. EEE!EEEEEERI
12 presentation decuments?

14 A. No. TheLouisiana proceeding to which Mr. Wood refers took place in late January (1/28-
5 30). The Kentucky proceeding to which Mr. Wood refers took place at the beginning of
6 March (3/3-6).

18 Q. Al the time of the Kentucky and Louisiana proceedings, did any party to those
] proceedings have access to the information that served as the basis for those ex parte
20 presentations?

22 A. No. The information that served at the basis for those documents is housed at the economic

23 reseasch firm of PNR & Associstes in Jenkintown, Pennsylvania. Until Apil 15-17, 1998,




2 Q Htlt'ﬁi to these ex parte presentstions?

4 A Following these presentations the FCC produced its own analysis of the HAI customer

5 Jocation sigorithm conducted by Jeftrey Prisbrey. This snalysis and Sprint's response (o it
] !EIEE The results of Mr. Prisbrey’s analysis support Sprint’s

7 Eit!ﬁii%fiﬁgg
8 ?iwv isi.irgiﬂwaﬂnﬂﬁi!u!

9 iiﬁill&lul.gr &&&&&&&& This

0 iiiﬁifgigwgsg

E!iit?%ig

13 Q. Eiitit?iiﬁfi this

16 A. InNevada, Costing Docket # 96-9035, the Nevada Commission initially chose the HAI

17 Model’s immediate predecessor, the Hatfield Model 3 .1, 1o be used for unbundled element

8 Eo}!‘ifﬂtﬁn?i?ﬁig%ﬁm&

9 [Nevada PUC Opinion and Order, March 5 1998). When it was pointed out in the
proceediag that the FOC had rejectsd the Hatield Model 3.0, the Commission moved

toward the HAI Model 5.0, sgain with the intent of using the model for both UNESs and
USF [ibid.]. Sprint then filed & report with the Nevada Commission discussing the HAI
E-Ei:%iiﬁ%gg_iﬁ.
1998). r_mi}.ﬁﬁi?!ﬁs#&iaiﬁmtits
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the FCC to be used i calculating universal service support (Docket 97-5018, Nevada PUC
Order, May 14, 1998).

In Minnesota, aithough the Minnesota Public Utiities Comission sppears (0 have adopted
ummuwﬂmm the presiding Administ-=ive Law

' d que Mﬁmﬁuhﬂrlﬁ. 1998 directly related to this
mi—; w:r the AL has asked whether the distribution plant

Mﬁ“ﬂhmmﬂdhﬁnh&d}h order to come

Mhhﬂ“.ﬂdhm ide service to purported customer locations.
mmmmmuu P-442, 5731, 3157, 466, 421/C1-96-1540].
mm&&w the Washington UTC issued a bench request
MMMMN*MNMM Specifically in the case of
the HAI Model, the Commission asked the HAI Sponsors to maks corvections that would
acidress the issues raised in the aforementinned Prisbrey/FCC analysis regarding customer
dispersion. [Washington UTC, Universal Service Docket #UT-98031(s), August 26, 1998).

How does this iaformation apply to Mr. Wood's testimony, specifically the cites on
pages 6 and 7 from the decisions of the Kentucky and Louisiana Commissions?

The cites from both Commission decisions refer to the HAI “locating customers™ (Wood
Direct page 6). Mmﬁhwﬁuuﬁm.umhmwinnmuhudouhlm
ﬁwdﬂ.m Ith;i_ui_'mghhlmdd to “locate” customers, bocause a
mﬂmhummmmmmmmm
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costs, Eamhwummmuuuwmthm

ﬂwmmm The ex parie presentations attachod demonstrate how the
mm;wwmdmhmmum-m
in rural areas. The result, particularly in rural areas, is an understating of the cable required
to serve customers. Hence, the HAI Model is not the “most accurate and relisble means” of

its network?

No, it does not. Mmmwywhmw:wnmﬁum
determine which customers will be served together. Once that has been determined,
geocoded location information is never again used.” That is why the HAI model produces
less plant than is actually required to serve customers.

Since the HAI Model €oes not build to actual locations, is there a significant
advantage to using geocoded information just to determine which customers will be
served together, as Is done in the HAI Model?

Not really. The BCPM considered using geocoded data and rejected the idea for two
specific reasons.

First, it is important 1o realize that geocoding is far from an exact science. The
latitudeflongitude coordinates assigned to any given street sddress can vary significant! /

:..:I.. "
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uii!!ﬁ&-. especially in rural areas. A simple example of this is shown in
Exhibit BKS4. o-%-t:a!&!liﬂl%f!i
i!gii As you can see, each of the systems has placed the
E...l.nr str}iﬁfglﬁig this point
a3 2 “strost address”, ?Eril%!; According to the HAI Model,
each of these addresses s an exact location. The question that remains, however, is, which
of these exact locations is right?

Erii.ﬂii.tlgmxi%%ﬂvnﬁ stroet-
address level data generally does not exist, and the data that oes cist is often of

i!ﬁtilriiﬂ:ﬂ!flﬂl&liﬂlt&. A copy of
Elﬂirifiuﬂ._. Nonetheless, the BCPM is capable of using
iiﬂiﬂf-ﬁﬂﬂ%nﬁﬁi&if
grouped together to form serving areas, much in the same way the HAI Model groups
customers. For this proceeding Sprint undertook an analysis to determine exactly how
mech difference it would make to use geocoded data. The result of the analysis showed that
it makes very little difference.

E‘Fl;t;!%sﬁﬁg.gg
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described in the BCPM Model Methodology. Since all grids are based on latitude and
m&hqwmhmwmﬂw
points to assign customers to grids and proceed from there. This of course assumes that

hﬂ#ﬂwlmmm&m%'immyhm
MMHHMMMM The 3 wire centers were Inverness,
Beverly Hills and Avon Park. The total mumber of lines scrved by these 3 wire conters i
using the standard approach, and the model was re-nun. In some cases the new ultimate
gids differed from the originel ultimate grids because the new placement of customer
locations caused the microgrids to be aggregated differcatly. In other cases, the grids may
have remained the same but the actual customer counts and dispersion of customers within
the gri may have changed. Our goal was to determine what costs and cable distances the

BCPM would produce using the geocoded locations, and how these costs and distances
would compare with the standard BCPM results. These results are shown in the table
below. 1have attached s more detailed explanation of the geocoding and placement process
as Exhibit BKS-6.
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Inverness $39.42 $39.80 0.9%
Beverly Hilis $37.00 $37.53 1.4%
Avon Park 84092 $41.51 1.4%

Inverness 1261177 7,391,367
Beverly Hills 3,009,300 3,088,937 26%
Avon Park 3,091,569 3,207,724 3.8%

As the table shows, the average costs per line vary by less than 1.5% in every case.

More importantly, the amount of network that is built (in terms of route distance) does not

mwyhﬂhmnvuiomofﬁtnndd. In every case. the varistion was less than

4 percent.

Q. How do you interpret these results?

memnﬁmwnuuiﬁndwhnﬁmmummdh
the BCPM are accurate and relisble in providing & standardized way of modeling customer
location. In numerous proceedings (including this proceeding, see Wood Direct p 8) the
HAI Sponsors have made the unsupported claim that the BCPM method of placing
whmhudmmwmnmmwmmmmnr

9
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Mm What Mi. Wood does not mention is that in the universal service areas of
Florida, 1) the vast majority of the HAI locations are not geocoded and 2) in cases where
there is data, the geocoded locations are never used to construct the network anyway!

These results, although clearly a sample, demonstrate that the BCPM approach of initially
allocating customers along road miles is valid (which the BCPM Sponsors have always
mﬁlhﬂﬁqﬂmﬂmmmmmmmmm, Most
importantly, they support the conclusion thv: withou! sing geocoding the BCPM is
wﬁumu;hmﬁwuumummuhmm

Specifically, how does this distortion occur in the HAI Model?

Once the HAI Model has determined that a certain number of customers will be served in a
specific cluster, there is no attempt to maintain the spatial relationship between the
customers. The model will distribute the customers’ lots uniformly across the area of the
cluster, An example of this is shown in Exhibit BKS-7.

In this Exhibit, the dots represent actual customer locations that the HAI purports to use.

Panels A, B and C are depictions of various dispersions of eight customer locations. These
would be considered the “sctual” or geocoded locations. Panel D is a depiction of how the
HAI Model will place the eight locations in Panels A, B and C before it builds the network.
NMMﬁ;MMdﬁHMMWMMmmh
overy case, despite the fact tht the customers are sctually situated very & Terently. Existing
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mwmwummmmmmmmh

';:M#mmhhm In Panel A, the majority of customerr are located in the

NW quadrant of the ares snd none are located in the SW quadran. In the BCPM, this
quadcant would contain the number you scc in Panl B. In the HAI Model, this docs nor

You said thet once the geocoded data s Clscarded and the HAI model builds its
Mmr-ﬂﬂmmmw‘hnmﬂm

_ w ih“ﬂuﬁ-Mhm"ﬂpﬁﬂh

ﬁlﬂl“hﬁm

Yes there is. M_‘@Mmmmmmmmmm
shown in the ex parie prescatations mentioned sbove. The results of the Florida enalysis are
completely consisteat with our findings in other states. I the rural areas of Florida, the
network "built™ by the HAI Model is & non-functioning network. The HAI Model
systematically and significantly underbuilds the distribution network.

Please describe how you determined that the HAI underbuilds.

Thwmkm*-"ﬂ-mnimhmﬂmmphmﬂmmmm
builds within its main clusters.* This includes everything on the customer side of the digital
loop canrier: the distribution cable, connecting cable’, and drop cable. All of these are used
hhmﬂmhmw:ﬁmmmthnmmmnw}mw

il
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default, to connect customens to each other.

the HAI Model's preprocessing. This equates to the distances between the blue dots in
Euﬁbiruln The distance measure used is a minimum spanwing iree
(MST). ﬁ-ii:ﬂ!ﬁlﬁ.iggssﬁnﬁ

set of polats or custamer locations in the most direct way, The length of the MST is what

we have determined 0 be “sufficient”. (A minimum s, anning tres s discussed and pictured
L0

In reality, the distar.ce of the MST is usually less than what would be “sufficient” to connect
ull customers 10 the network snd 10 each other, The distance of the actusl telephone

¢ stwork between & given set of locations (points) is usually longer than the length of the
MST for that same sét of points. Some reasons for this are: 1) the telephone network

15 . usually foliows roads (which the MST does not), 2) the telephone network must go up and

B ® B R ¥ B 3 &3 3 3

down Lills (the MST wssumes the world is flat), and 3) the telephone network must take into
account natursl barriers such as mountains, lakes, etc. (which the MST ignores.)

However, for our analysis we have assumed that the length of the MST is sufficient. We
then compare the length of what the HAI builds to the length of the MST. If the total
E.ﬁ.;gign&t!-grhi!_ﬂﬁlirﬁ
for the poiats in that claster, we determine that the Model has not underhuilt that cluster. 1f
the total distance of connecting, distribution snd drop cable is less than the MST for the
points in that cluster, we determiine that the HAI has underbuilt tha cluster. 1fa cluster is
underbuilt, the network the HAI builds to serve that cluster is non-functioning.

. b el L.
i s LV e ot G = il
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Q. Mhﬂhmm

A, hmm-imyormmmmmmmmmmm-

density areas. As the table below shows, in the iowest density zone the HAI underbuilds
w%ﬁhuﬁﬂnh Sprint’s servang temitory.

Spriat-Centel 0to 5 87 82 94.2%
Sprint-United 5 to 20 184 126 68.5%
Sprint-Centel 5to 20 214 174 81.3%
Sprint-United 20 to 10C 314 11 35.4%
Sprint-Centel 20 to 100 98 38 38.8%

In the table I have separated the next-lowest density zone (5 to 100 lines per square mile)
inmtwnpuu:ilumlhmpu-mnih.udinmmolinupenquuemilc This split
does not exist in either model, but it is valusbie as a tool for viewing that this underbuilding
woumnmmwhmmhwduﬁtymlhemmmumnf
most concern for universal service purposes.

L}

ST A Haiicat % Col
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Q. meﬂmwﬂnmmwMHnlm

of sufficiency in terms of length?

Yes, hhmmﬂmmwmmwmm
customes tipsrsiih mm the FCC staff has been working on a synthe=is of the
mwﬂwhﬁm This synthesis, termed the HCPM (Hybrid Cost
Proxy Model), uses A minimum spanning troe &s & measure of sufficiency for outside plant
and umhm into the loop portion of their -odel.

In other proceedings, have the HAI Sponsors commented on the use of the MST as a

Yﬂﬁqhu Mil'rmnr Robert Mercer, author of the HAI Model, and Mr.
:Id-lﬂmdhhﬂﬂ‘m- ‘inappropriate standard™ to use in sucha

WWMTMHH.MMMML John Klick,
Texas PUC Docket #18515, Junc 10, 1998). Merccr/Klick went on to state that the

“Steiner tree, not the MST, constitutes the minimum true distance required to connect a
series of points in & network.” [Additional Reply Testimony, Mercer/Klick, Texas PUC
Docket #18515, June 30, 1998).

What bs & Steiner trec?

A Steiner tree is another distance construct from mapping theory. Like the MST it
mmm.namm;morm However, in the Steiner tree
Ihwﬂhmdﬁwﬁsumﬂuhhmﬁmﬂnmmﬁn This
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Mhummmmmmmm Two simple
wnmumma and the conoept is discussed in Exhibit BKS-8,

mmmmuuﬂhmmum
“sufficleat” cable as  distance equal to the Stciner tree, not the minlmum 552V
mh l 'l";._., ", | I;\E'” ! ’

ﬂmtbmuﬂmbhmm of cases the MST distance
would sctually represent an insufficient amount of ¢ sble, since it does not account for
mﬂM|MMn:m, Obviously something less
than the MST distance, such as a Steiner tree distance, would be insufficient as well

Just as importantly, the addition o nodes can only decrease the “required” amount of cable
for very few, specific configarations of points. Most of these configurations involve less
than five (5) points or locations. 11 is common knowledge that all HAI msin clusters must
contain at Jeast five customer locations and most contain many more, even in rural areas.
Therefore it is simply incorect 10 assume that 1) the Steiner Tree distance will be something
shorter than the MST distance, and 2) that the Steiner Tree distance is the appropriate
measure of what is “sufficient”.

But in the spirit of cooperation Sprint has also conducted an analysis using an equivalent of
the Steiner tree. As I state above, it has boen shown mathematically [Prim, Exhibit BKS-8]
that by adding points or nodes, such as a Steiner treo does, it is sometimes possible in
special cases to connect 8 series of points with less than the MST. But it has been shown
that this reducion in distance can never be more than 13%. In other words, assume there

E

" TR Rl 2 T
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are 5 households in & HAI main cluster, and the MST tells us it requires 1000 fieet of cable
to connect them all to each other and to the network. Adding points of interconnection, as
the Steiner tree doss, might reduce that required amount of cable but it will never reduce it
below 870 feet.

In the table below, we present the number of HAI Main clusters in low-density regions that
underbuild the network using the Steiner tree as a measure of “sufficient™ cable length. The
length of the Steiner tree is represeated as §7% of the length of the MST.

" Ote S 84.4%

Sprint-Centel 0to S 87 80 9L9%
Sprint-United Sto20 184 109 59.2%
Sprint-Centel 50 20 214 152 71.0%
Sprint-United 20 to 100 34 81 25.9%
Spriut-Centel 20 to 100 o8 28 28.6%

FS

Mhﬂh“uﬁ;ﬂnﬂuﬁrmunmﬂ“wﬁdﬂ“uﬂchﬂmm
In the overwhelming majority of cases that represent universal service areas, the HAI still
underbuilds the network.

: mwMﬂhﬁtﬁﬂmﬂﬁﬂHMHAlMHml

is the magnitude of this shortage?

.. _'I:,'i l‘_;\-: iy lﬂ
ke R




The two tables that follow demonstrate that the magnitude of this shortage is significant  In
mmm;;m'm-mumm&mw'-mmm

Florida. m@-mummwmmmmmummm
mdm&nwmhmﬂmmummmmm
mm.ﬁﬁmmwmmqmmy. This is only a sample, for

illustrative purposes.

n

123

14

15

16

17

19

21

24

CLTNFLXAD02 45,131 181 44950
tm.nm ' 48,805 6,058 42,837
WCHLFLXAD0S 63122 23,169 39,053
NPLSFLXC004 50,783 13,048 37,735
BMICLFLXADO) 54 642 18,065 35,676
OKCBFLXA018 817 46014 35,303
LKPCFLXADOS 45311 10,818 34 483
PTCTFLXADYS 107 854 73,536 34,318

MMMMHHMIMMHMMMduMMJHumMMﬁM. In the
table below, 1 list the total in miles of this underbuilding, by density zone, for Sprint's
serving territory. Recall, the shortage listed on each line below does not address outlier
chusters, fior does it address freder in any way. The shortages listed are found within main

clusters.

17
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Sprint-Ceatel OtoS 333 miles 223 miles
Sprint-United 5 t0 20 434 miles 288 miles

Sprint-Centel 5020 659 ~lles 381 miles
Sprint-United 20 to 100 244 miles 138 miles

Sprint-Centel 20 to 100 91 miles 39 miles

Q.

A.

Have results similar to these been found in other states?

Yes. In every state for which Sprint has seen the actual cluster data and been sble to
perform such an analysis, the result is always the same: In the low density areas, this
MHMWMWHhthomfmmn{m
clrsters.

hmmmwﬂwummmmuwhnpmuMmm-!

In the aforementioned Texas proceeding, the response of the HAI proponents was twofold.
Mﬁmnﬂdﬂﬂﬁshwlwﬂmormmrwtmmmm
BCPM would exhibit the same shortcoming to a much. greater degree. Mevoer
Supplemental Testimony, June 5, 1998, states “Sprint's claim of a flaw is misleading, greatly
overstated, and is of equal or more applicability to the BCPM as well.”

MMMWMMIMMMIMMWM
o . "
LRy :_ﬂ':":.'iu .
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branch cable inside their clusters than the BCPM built inside its grids, a statement which was
intended to support the first statement above. (Mercer/Klick, June 30, 1998.)

Have the BCPM Sponsors conducted 8 MST 2nalysis on their own mode’ in Florida?

Yes we have. Itis not possibl to replicate the exact MST anslysi that was done on the
mmm&mﬂhhmw-@ummwmm
mmmm Hovvever, if assumptions are made regarding how
these cotints are placed in & microgrid, it is possible to conduct & type of MST analysis that
measures the dispersion of original customer locations and how that compares with the
cable built by the BCPM. A discussion of the BCPM MST approach s attached as Exhibit
BKS-10,

For the HAI Model, our analysis was done at the main cluster level. The equivalent level in
the BCPM is the ultimate grid level, and this is the level that was used for our MST snalysis.
m@mmmmhmmmmummmmm

Model, for all of Sprint’s territory in Floride. (Due to time constraints I was unable to

separate grids by company.)




As the tsble shows, there is evidence that sometimes the BCPM underbuilds in rural Florida
;fi&nraﬁ[rﬂillqitﬁimtg Using
agfiglfgﬂir%uﬁpi—i
iﬁuiiiiiﬂuﬂl vissters. By comparison, the BCPM

s Etrt_.rlal_il!r The HAI Sponsors’ clsim, that the BCPM exiibits the

2 8 &8 =&

R 28 8 B

el .....m.. .m.. h..,M.. m _'-.._

E%Eliﬂii:gg

In addition, it can be worthwhile to compare actual plant built by each model within the
basic unit of analysis, either the main chuster (for HAI) or the ultimate grid (for BCPM).
ci.nliruiu?-ﬂgisi}%.ﬂﬁw%
comparisons must bo made at the wire center level, and even then the comparison is
imperfoct. First, because our snalysis focuses only on main clusters, it would be incorrect to
%nﬂﬁi&ngﬁifnﬂ!ﬂ%gﬂ. Second, examining data
st the wire center level misses important detail because it atlows high-density areas witkin
the wire center to offset low-density areas. The solution is to look at wire centers that are
low-density overall

In the table below we provide the following information:
What the HAI Model builds within maia clusters for an entire wire center,
i?iﬁgrﬂigiriﬁ;ig
._tnll.__...q to which the HAI Model fell short of “sufficient” cable;

iffuﬂxrrinﬁl!.&!!gii
20




1 mﬂmmhhhm#hﬂumwﬁnm

2 mmrq.ummmumwm
. As ool Bl cur csdii b with e Sowest dessiy séins of Plorida, since thels are
5 d*mﬁﬂvﬂmm The table lists the wire centers, in

8 thmm where the overall density was less than 20 lines per square
7 mile.

4 a1
‘:th.-r' -fd.."m. NPT
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758,103
641,367

844,510
1,181,784
496,392

1,008,642

GLDL

PNLN

LEE

KNVL

ZLSP

SPCP

CHLK

RYHL 658,109
GNWD 875,148
EVRG 744,918
MALN 691,647
BAKR 1447839
FRPT 1,049,030
MNTI 2,507,994
CTDL 590,714
WSTV 68,129
GDRG 800,128

STMK 170,084

Mﬂiﬂthwmm”mxdimmmhmlkﬂw

| 995,501

966,026

. 310,829

995,511
694,267
1,313,833
896,039
976,640
127,307
806,258
1,547,207
1,268,181
2,941,833
580,683
85,375
759,808
241,346

403,464
147,655
237.3%4
324,059
0

0
197,875
305,191
237,930
101,492
0
111,611
99,168
219,151
431,839
0
17,246
0

71,262

¥4

1,574,751
986,196
1,185,130
1,304,735
863,493
1,312,056
969,965
1,673,651
1,167,481
1,562,988
505,130
1,184,506
2,595,212
1,984,645
4,395,127
948,482
94,145
1,319,982

430,952

1,321,860

791,228
1,036,367

1,173,921
605,045
1,103,090
781,920
1,436,335
956,386
1,352,350
386,073
1,056,531
2,059,406
1,389,764
3,469,573
721,563
76,766
1,044,484

333,115
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12
13

14

15

mmﬁuhﬂ-mmmmmmumhm
M‘m

Alsa it s important 0 note that i many of the e centers shown sbove, the MST

anﬂmmmm The fact that MST lengths would be
ﬂmmmmuuhmmummm lends support
hmmmmmmmmnu—wmmhﬂa
Mm“wﬂ Rather it is in how closely the model

Xs the plant listed in this table all estegorized as distributios plant, or backbone and
branch cable?

No, not for either model, Connecting cable is ir cluded in the table sbove because, in both
models, connecting cable is built inside the basic unit (the grid or the cluster) to connect
cuscomers in one section of the grid/cluster with customers in another section. In the
BCPM it is used more oftes than in the HAL

There has been a great deal of conflssion as to vhat types of plant or cable should be
included when calculating “what either model twilds™. For the HAI Model, in the majority
of cases the basic unit of analysis, the cluster, | :presents one serving arca and one
distribution area. hﬁtm“mpﬁlmmmuﬂunm
is separated into (up to) four distribution erea. Sometimes the two models have different
terms for the cable that is used st various poinis in the network. Because of this, it is best to
mﬁyﬂ#mmmmuﬁwd@n}mmoﬂmummm
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12

14

15

17

18

purposes of connecting customers o cach other and 0 the etwork.

h“ﬂhm;“uﬂnmﬁdwwhwm-
wuhﬁiﬁdﬂdnruﬁ'mwmm The same two

hMMMnﬁhhmMnﬁmhMmﬂummdm
pLC, Whh!ﬂ!m&nﬂyhﬂmmmmdﬂum
hﬂu!ﬂ!MMnﬁhhm In the BCPM it is not.

Because of this poteatial for confusion, the com parisons above used everything that exists
solely within the cluster or grid: connecting cable plus distribution (backbone and branch)
cable, Drop was sleo iackuded. The results of the table demonstrate the following: A
mmﬂq--mdmhﬁwthmm eliminating any
confiusion over nomenclature or terminology, demonstrates that the shortages discovered in
the HAI are significant snd systematic in the rural areas of Florida, while the BCPM does
not suffer from the same shoricoming.

h&.&umu._nmwmmunmummmwhw

.Mm:mwm:m"mummﬂhm

mmmmmmmumm ." (Wood Direct page 4).

hnmm:mwm first point. Contrary to Mr. Wood's statement,

24
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15
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i
lﬂ“ﬂﬂyw“mm“mmum We have
ﬂﬂhﬂﬁl%doumdn&.

mm&w.wm&:maddnm“m“ﬂ:wmmm
m#wmmmm&mmﬁﬂmmm
Mﬂﬂﬂnﬂ

ml‘

o

muhﬂummnﬂmmm
#_mormmhhmhmm Wood states it must,
w“wﬁ-m I have presented evidence that the FCT conducted its
own anslysis that supports the findings shown here. In summary, the HAI Model is not the
most accurste and relisble costing methodology svailable to the Commission but a model

Q. Mﬁ“wmw

Yes.




EXHIBIT BKS-1A
FOOTNOTES

! A detailed explanstion of how this usderbuilding ooours is contsined in the Sprint ex parte Apeil 17, 1998,

-mmmph.t::r-ﬁiuuwuuwnﬁwa
anry group of points is used 10 crosts an antificial polygon which enters the HAI Model e o cluster. However, it is
incorrect WMﬂqﬂnh“Mh-Mbyh

’wwhm. on main chesters coly. Sprint has comunented or conductod analysis
A T Sovion o oo o s G AL G st
using T1 repesters over copper and T1 s o o forwero-locking methodology.

* Actually, connectiag csble in the HAI is used ko connost two ar maore DLCy 9.2 & technically it does pot fall on the
customer side of the DLC. However, because it is ssed 1o spes distances huwoen cusiomers within mein clusters, we

unmmmmwumm puilda™.
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EXTPARTE

April 17, 1998

Ms. MagalicRoman Salas - T
1919 M Street, NW. Room 222 mw _‘%
EcsGs Pe: F O
RE: CC Docket Nos. 96-45 and 97-160 E =M
2 @

On April 16, 1998, Jim Sichter, Brian Staih, and Pete Sywenki of Sprin. met with
Brian Clopton, Natalie Wales, Brad Wimmer, Don Stockdale, Chuek Keller, Craig Brown,
and Richard Smith of the Universal Service Division of the Common Carrier with regard
to the above referenced dockets. In this meeting, we discussed the status of the cost
proxy model platforms currently under the FCC's consideration for use in determining
universal sen ice funding for high cost areas. The atte ched information was discussed in
the meeting. These attached materials illustrate the methodology by which customer
locations are converted into serving areas for use in the HAI model and point out the way

sded in these muterils are estimated distances (lengths) between customer

by Sprint staff during an on-site review of PNR geo-coded data at PNR Associates (the
vendor used by HAI for customer location points and clustering). This review was
arranged in response to Sprint's requests during recent Nevada PUC costing proceedings.
The information provided during our April 16 meeting did not include any actual customer
locations or any other information proprietary to PNR.

The original and three copies of this notice are being submitted to the Secretary of
the FCC in sccordance with Section 1.1206(2)(1) of the Commission’s rules. If there are

any questions, please call. i

Peto Sywenki
Attachments
cc:  Brian Clopton ©  Chuck Keller ~ Brad Wimmer

Natalie Wales  Don Stockdale  Craig Brown




Hatfield’s Polygons Converted to Rectangles

The Hatfield 5.0a Model groups & set of “actual” customer points into a cluster, according 0 a

set of aggregation rules. '
—
S ! 10 Cr'stomers
* . Horizontal Dist = 3.1304 mi.
. ‘Vertical Dist = 2 4856 mi.
Diagonal Dist = 3.764 mi.

We have determined that the minimsn sponning tree for these points — the mathematically
shortest connection possible for these points ~ is 5.88 miles.




Rl L -

Ny Minimum Spanning Tree

When Hatfield has determined the set of points that constirute a cluster, it logically draws a

Convex Hull of Cluster
Area = 3.07 sq. mi.

[0




N T el

| i ek e v w e B b . P = e

west — that exactly bounds the cluster's points. Hatfield then determines the aspect ratio of that

rectangle (that is, the ratio of the rectangle's height to its width) ... in this case. 0.8.

Hastfield then constructs a rectangle with the sbove aspect ratio; the size of that rectangle is
determined, of course, by its area ... and that area is set (o be the area of the convex hull ... in
this case, 3.07 square miles.




A

b

Hatfield then constructs lots within this constructed rectangle. Each lot is twice as high as it is
wide.

Constructed Lots

EachHelght=0.78mi. = 4118 1.
EachWidth =038 mi. = 2059 1t
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ﬁbmndoﬂth&ww Iiﬂn.dmpummducum.
‘Branch Cabile Length=6177 It.
10&09;.-0:11!1501
E

Total Cable Length = 7677 f. = 1.45 mi.
Less than 1/4 of the Minimum Spanning Tree lengthl

But note how closely the customers are squeezed toward the branch cable. The arrangement is
unrealistic, both from the standpoint of cable length and from the standpoint of arca scrved.




- Customer Area Served

Height = 300 ft.
Width = 106 + 6177 + 106 . = 63891t

ed = 1,816,700 sq. . = 0.0688 s0. mi.
mqﬁumm-sunq mi.
mmh'IManrm




So, HOW BAD CAN THIS BE?
Towhﬂmdmﬁwmcmf'
l) hwm-w(mmmmmd

nnlyw point where the perimeter lots start
g all ¢ have drop+ 150 feet or less

mﬂmﬂmm&mhmmdmwmw
BEAs I.uu'phnfm:l individual clusters (not wire
da Bell teritory).

le of the amount of cable needed to reach all actual

' i ﬁtdm The locations do NOT include any outlier
locations, Thdlmw&onlytbcd:mmmpohudm
mmmmm

ﬂﬂsmwu of the amount of distribution that
the Hatfield Model (or any proxy model) should build in the course of laying
cmmmmmmm cost.

mmmmumormmmm the Hatfield Model
builds to each respective cluster (again, excluding outlier points),

Cluster Number Absolute Minimum Total Amount of
Distance Between Distribution Cable Built
Cluster Points (in feet) | by Hatfield Model (in
23,500 7,900
29,000 2,210
: 29,000 836

38,000 2,089
21,000 1,494

4 21,500 5,093

EMPRNVIL. 24,500 0
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EXPARTE
April 23, 1998
Secretary - Federal Comtaunications Commise >n
1919 M Street, NW. Room 222
Washingtoe, D.C. 20554

[Py 1

RE: CC Docket Nos. 9645 aad 97-160

; Today, I seat the sttached information 1o Chuck Keller and Brad Wimmez of the
Unéversal Service Division of the Common Carrier Buresu in regard to the sbove

in an April 16, 1998 meeting concerning the clustering and distribution methodology
employed by the HAI model.

The original and three copies of this notice are being submitted 1o the Secretary of

the FCC in accordance with in 1.1206(b)X1) of the Commission's rules. If there are
any questions, please call.

Pete Sywenki i
Attschments

ec.  Chuck Keller

Brad Wimmer

- e T
Lk’ e R S SRR

Qoo
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mammmnh'ﬁﬁﬁhmmm.wmmﬂdu
mmqmqwummymmmmdm
mmmmwﬁmumm

A A

Thcuuumudngﬁa4m_hhhﬁﬁmmwhmhimmﬂu;m
and is slightly longer than the cable length in the figure on the right. (In actual measures,
the cable in the right figure is 92.3% of the length of the cable in the left figure.)

In the few cases where this might occur, we have found the difference in length to be
consistently less than 10%. In other words, where a minimum spanning tree for a given
cluster might equal 10,000 feet, it is possible that the points in that cluster could be served
u&mnﬂyQ,MOMdaﬂu(M;mmmmwntmﬁgm.

To eliminate confusion, the table on the following page lists several additional Nevada
clusters and the length of each cluster’s longest diagonal. (In the examples above, this
would be the distance between points A and B.) The table also lists the amount of
distribution cable built by the Hatfield Model to serve these clusters.

mw:m-wmuummmmmofm.mmf
ubhnqdﬁ{ﬁanhwlowﬁmﬁmhhndmmmmofm
points in that cluster.) The only case in which the diagonal length would represent the
mﬂmﬁ:ﬁhﬂﬂ:duﬂch'wﬁmaﬂpﬁnﬂiﬂldmmmmdinlmﬂgmﬁm.

In the vast majorify of cases, the minimum required cable would be significantly MORE
than the longest disgonal of the cluster. But using the diagonal length provides us with an
ultra-conservative measure of the required plant per cluster.

F kst T T e e e
— e ""d".'lgﬂ‘ru"_;.: g DAL iy o -:';':1"




TR

Cluster Name Approximate Length | Total Distribution Distance
of Polygon Diagonal within Main Cluster built by
| (Prior to Conversion | Hatfield Model 5.0a (Distribution
: 1o Rectangle. In Module Cell BU minus Cell CQ
feet.) {Cell CQ represents outlier road
distance, in most cases zero))
T RCANVRE [ 00T i 30274
- m_-
= . & B 13,257
e - 18,517
] 7 T _m
- T 1"@
: 22,296
o 10,289
R 15,822
" ,000 8,653
. 000 2,141
- ﬂlm
T ' ' 10,781
. 5 18,000 12,344
2 6 25,000 7,718
& 7 27,000 7,471
ot 28,000 8,697
AUSTNVIT 22,000 9,276
A 21,000 1,305
i 1 27,000 354
& 34,000 13,911
t 28,000 4208
: % 22,000 1,481
. 18,000 1,657
i 18,000 2,755
z Co08 | 24,000 68,331
hote that out of 27 clusters in 2 wire centers shown above, only two (2) clusters built more
distribution than tha cluster diagonal.
It is imporiant 1o remember that this is no way impiies that sufficient distribution was built in those
two clusters, only that sufficient distribution was built 10 cross the cluster's diagonal axis. For

axample, in the cluster ALAMNVXFO001, the Hatfield Model bulids 46 lines and in the clusier
AUSTNV110008, the Hatfield Modsi bulids 215 lines. The large number of lines in each
Ml:w-ﬁwmmmmnmmnmh

cluster's diagonal.

;‘“._ -#:_u ¥
o




TSR 7
i Cal =
e

e TRl

=& Sprint o Pete Syweakd Law & External Allairs
AREE Diseciee Fodersl Repedstory Refations 1950 31 Shreet, N, S 1100
Wishingon, UC 20036
' Vo 208 452
Fax 20 296 469
EXFARTE
April 30, 1998

1919 M Stieet, NW. Room 222

RE:  CC Docket Nos. 9645 and 97-160

Today, I provided the attachod materials in regard to the above referenced dockets
to Brad Wimmer and Chuck Keller of the Universal Service Branch of the Common
Carrier Buresu, The attached materials are related to s poteatial correction to the HAI
model’s current clustering methodology. This was suggested as part of an ex parte
submitted by the HAI model sponsors on April 23, 1998, As shown in the attachment, the
wmmwwﬂmmwmhmemﬂ
distribution cable that would be needed to connect all of the castomer locations in a
cluster. .

mmmmmmﬁsmmmm;om Secretary of
the FCC in accordance with Section 1.1206(b)(1) of the Commission's rules. If there are

any questions, please call
Sincerely,

Pete Sywenki

oe; Chuck Keiler
Brad Wimmer

thai LA,
e




Original Points, representing customer locations: Either
actual geocoded points or surrogate locations, or a

These points will be grouped into one cluster according to
PNR's clustering algorithm.
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rectangle.

bl

The convex hull containing the points on the previous
page. The area of this polygon is converted to the
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HAI Sponsor’s Suggested “Fix"

Take the rectangle that actually surrounds the convex hull
and maintain THAT aspect ratio (as follows). This is the
“rotation” mentioned in the HAI Sponsor’s ex parte of
April 23, 1998,

This approach differs from the current method, which (for
this particular set of points) would produce a more square-
like minimum bounding rectangle.

For ease of explanation, we tilt the rectangle level in the
following pictures.




Fm_ﬂiil point there are two options:

1) Maintain the area of the polygon using the aspect ratio
of this surrounding rectangle. Build lots on that.

2) Maintain the area of this surrounding rectangle, build
lots on that.

chrpdmopﬁonﬂﬁm.
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polygon, mnvemdtoupectraﬁ::: I?Jf;:rround:l
ng

rectangle.




Polygm—cmw-to-ucw-mngle and original points,

Mkhmmmed:mmﬂmmbcmcwd
between points is not encompassed in this area measure.




me into lots, 8 lots for 8 customers.

Note: Lat;mnulm:xac&yzx 1 (standard HAI 5.0a

assumption). In maintaining the aspect ratio this no longer
bmmpmible

Feeder/distribution interface device will be placed at center
of all 8 lots.
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m'(aﬁvy)ﬁmﬁmmmmwmmm
to this cluster, even when rectangle is tilted and aspect
ratio maintained.




Mpummmmm&cﬂlynhmﬂ
distance required to connect customers where they are
found.




A;-WMHAIMMmhdrmﬂcaﬂyshmtuf

of the cluster.
This is the “diagonal” measure meationed in Sprint’s

Now, option #2, maintaining the area of the tilted,

bund]umctlnﬁe. (In most cases this will be larger than
thcmﬂ;lﬂmigmﬂ polygon.)

0]
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Rectangle represents area of tilted minimum bounding
rectangle, not area of convex hull of polygon.




Lots placed mwul rectangle area as before.

12




TR

L L S, % ol ok s Y

HAI Distribution cable built as before.

Key difference: Slightly larger lot size causes cable to be
slightly longer than before.

13
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Same effect; Cable falls far short of even the amount
required to connect to farthest customers.

Important Notes:

1) There is NO offsetting effect.

2) As long as customer dispersion is condensed in any
way, (such as converting polygons to rectangles or
building cable only to the inside boundaries of perimeter
lots), underestimation of required cable will occur.

3) “Distance between points”, and not “area encompassed
by points” must determine amount of cable built.

14







EX PARTE OR LATE FILED
Federal Communications Commission
f Washington, D.C. 20554
oKE] mmﬂﬂm
May 13, 1998 RE
ATAT ' MA =VED
. Y 14 1998
iﬁh:ha quuw e
Basking lh hﬂ PR 0 o sy

"MMMnmmwuﬂMdmmm
mnmmumm-mmw The analysis consists of
s memorandum describing the analysis and a computer disk containing the results of the
individual wials of the analysis, We would appreciate your comment on this analysis at your

carlies. convenience.
s Y,
Lisa S, Gelb
Chief, Accounting Policy Division
Common Carrier Burcau
Enclosures
cc:  BCPM sponsors
Office of the Sesyetary, CC Docket Nos. 96-45,/97-160
o
i ,"1:_;
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Salas, FCC, dated February 3, 1998 {CC Dockst No. 96-45). ”
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(1) 1 randomly generate a series of N points. The points all lic within a 18 kit by 18 Kt
box. uﬂ.luﬁu&ﬂg-nﬁﬂ&ggnﬂﬁﬂﬁiﬂ?&
by

(2) 1 calculate two different measures of dispersion for the randoml geneiated points.
The first measure is the total length of a Star Network. A Star Network is constructed
by enanecting each point in the cluster directly o the centroid of the cluster. The
d of the cluster is represented by the average X and Y coordinates of the points.
?E__ihrggﬂﬁsgiﬂﬂﬂn?ﬁdm The MST

ible connect-the-dots type graph thet includes -very point in the
not want 1o imply t ¢t either measure is a good measure of the length of

distribution plant. Both measures, however, are measures of the dispersion

%

(3) I apply the HAI algorithen"s implications, as | then understood them.* | first calculate

1 - 'EE
:

b | : No
the rectangle (assuming North-to-South is the long side). I stack lots on the first
until thers is no more room in the rectangle; | allow the last lot to overflow
rectangle. [ then add as few additional columns as possible. I only add columns
until the total number of lots is just greater than or equal 1o the number of customers,
N.

Once I have laid out the lots, | allocate customers as if they were in density zone 1 or

' For information about Minimum Spansiing Trees and an algorithm used 1o find them, s4¢ Prim, R.C.,
November 1957, "Shortest Connection Matrix Network and Some Geoeralizations,” Bell System Technical
Journal: 36, 1389-1401,

* After further conversations with various HAI proponents, | am convinced that my test actually overstates the
amount of dispersion impiied by the HAI algoritum, The HAI algorithen does not actually determine the location -~
of all individual lots, like I have done. ?iﬂf!ﬁ&iﬂrﬁ!g&fjt}.ﬁa
comer of the rectangular distribution area. ?Eirgtlﬂiiﬁaﬁ
within the boundaries implied by these four lots. There ks an internal difficuity here, bocausk N lots of the
prescribed dimeasions often don't fit within those boundaries. |'ve ignored this problem and allowed the lous 1o
overflow the boundarics. Beécause of this, my estimstes of the dispension implied by the HAI algorithm may be

100 high,




2" lhmﬁaﬁmmhth:mhnhﬂfmlunhﬂ-urmmh's
frontagk (or width) and 150 feet South of it's Northern border. I add additional
customers, each one lot width t0 the East, until there are no more lots in the row, |
start the second row 300 feet North of the first row. I start the third row two lot
heights North of the first row. [ continue this pattern until 1 have Jocated N
customers, then [ stop. If there are any unpopulated lots, and thers typically are, they
are in the Eastern part of the most Northern row.

If there are an odd number of North/South Jots, I move the customers in the most
wmqpnhupum-hmﬁmm

(4) 1 calculate the length of the Star Network and of the MST for these new HAI poias.

Mmumlmwwcnmnuurumurm
customer locations used in the preprocessing stages of the HAI algorithm. It is not & test of
the adequacy of the distribution plant. subsequently built by the HAI model given those

At this time, [ have performed 2440 triuls of this experiment. [ have 15 trials for esch
N in [5,100] and 10 trials for each N in [101,200]. 1 have computed the error rate for each
trial, @ negative error meaning that HAI underestimated the dispersion. For example, in trials
%ﬁthﬂ-fﬁFhﬂﬁlwwmwﬁuthWHmwn
average of 15.4 percent. nmwmﬂumuu;wouu
percent. These underestimates correspond to ervor rates of -0.154 and -0.415, respectively.

I have also made kemel smooths of the data. Kemel smoothing is & non-parametric
re technique that allows you 10 plot an underlying trend line given "noisy” dats.* For
simplicity, | used a uniform kernel to estimate the HAI algorithm's error rate as a function of
N. mm;pmhmwﬁummﬂglﬂdﬂupﬂiodmﬁn‘m‘m
Figure | is a plot of the kemel smooths. The solid line represents the expected error rate, or
hhah?hﬁ:ﬂ.hhrﬂmhm:mmmﬁmwmmm
length of the MST.

Mhmﬂmmhwmdhmuwuwmmmkmnfmfm
both measures. Thhhmuhuhmﬁmnrﬂ.ﬁmﬂuﬁnnrmﬁulnmu
N gets smaller. The shape of the curves suggests the following simple parameterization of the
relationship between N and the eror rate, E:

-P
v“'\-l
' The HAI model defines density zone | 13 an area with 0-5 thuwmmih.mdﬁ?mi(m!'uu
area with 6-100 lines per square mile, e
* For more information about non-parametric regression and smoothing see: Manski, C.F., March 1991,
“Regression,” Jownal of Economic Lirereturs XXIX: 34-50, and Hirdle, W., 1989, Apolied Nonpsrametric

Regression, Cambridge: Cambridge University Press.




Kernel Smooths of Error

;..
L] 1] | | ]
L] 50 100 150 200
Humber of Nodas (M)
Evb,+blaM) e,

where b, is an intercept parameter, b, is a slope parameter, and ¢ is a random disturbance.
Using this parameterization, I"ve run regressions of the error rates under both measures. In
both cases, the relationship between E and N was statistically significant, with p-values
essentially equal to zero. The results of the regressions are in the Table 1. Figure 2 shows
the curves implied by the estimation.
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Figure 2:

Estimajed Error (bias)
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Sux g  Value Standard Ervor testat Prob (>it)
B M 0.0069 -94.0937 0.00
e o e 0.00:5 782301 0.00
RSqud 07151

e s

MST 5T Vet Standurd Esroe tstat Prob (>it)
0.7268 0.0038 -193.5693 0.00
0.0937 0.0009 1084149 - 0.00
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Appendix 1: mmmmhmuu

:qumu::hﬁom mmwn:i.mdofiuiﬂlforﬂﬂh[ﬂwl.
You should Ill'm series by seeding the random number generator with 1.
mmﬁuuw%tﬂli&ﬁrmhﬂh[sm You should be able 10
replicate this series by seeding the random number generstor with -2. Note: you can toggle
wmmnﬂnﬂhﬁlmm

‘= May 1, 1998. v e
—Mprwm-m-ﬁthw“nfm V5.0's Customer
mm-:mu

-—M!‘Hﬂy
—mem

Include "Mapbasic.Def"

Declare Sub Main
MMFWWWHMMMWBW}BM
Declare Function 10 float, ToNode(), N as integer) as Logical

Declare Function Ra I idum As Integer) As Float

-—lneedhnﬂbhlvuhﬂuﬁfhﬂﬂﬂmmhum
Gilobal iff hu:.lnuq\ﬂ.i}hhpr

Sub Main
Close All
DmXﬂMJ,Ymm;Ym rX, rY as Float
Dim Hulllnd(30%). HullCat, ToNode(300), N as Integer

Dim |, j, k, tl, 2 as Integer
Dim starD1, starD2, treeD1, m-m

Dim cenX, cea¥, Areal, AspectR, H, W, a, b as Float

Dim Result as Logical

Dm&pm(lduﬂﬂﬂ

Dim RectObj as Object *

"— Initialize Knuth's random number generator. e
H'M'ZJ . . -1:.1
H = 0.0 e N

"=~ Create 4 place to store the results.

1% =
] : A e H
i \Ez:ri" ‘IE s ,‘;m i
W N pis "ol B = o




Type

Set Table Results
FestEdit On
Undo Off

Set Window Message Position (7,.75) Height 3.5

Set CoordSys MMTH (-180000,-180000) (180000,180000)
Nw=4 g

For j=1 to 1960

tl = timer()

strD] = 0.0

starD2 = 0.0

teeD] = 0.0

treeD2 = 0,0

- Create a place for the objects, and & coordinate system for plotting.
If NumTables() > 1 Then
If Tablelnfo(Cluster, Tab_Info_NRows) > 0 Then
Drop Table Cluster L.
End If
End if
Create Table Clustes

CoordSys Noncarth Units "it" Bounds (-180000,-180000) (180000,180000)  _ = .-
Map from Cluster M 1
Set Map Center (9000,9000) Layer 1 Editable On Selectable On P L

‘—-Inmﬂifuﬂid,ﬁdmpﬁn
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"-- Note that the points are within an 18 kft box and could therefore
"~ represeat customer locations in a single cluster.

If (G - 1) MOD 10) = 0 Then

N=N+1

End If _

ForimltoN

X(i)-!nﬂ!{ﬁ‘!ml

Y(i) = Rad3(1) * 18001

-thlhmmmhmhﬂlnfhtfm
*-- Create the convex hull and insert it into the tsble
m-m?mnm

1 ?umwnmum
Fori= m o S
Nﬁumw de Add (X(Hulllnd(), Y (Hulllnd(i))
mmmhv&-w

-Hndﬂnmuuufhﬂmr
cenX = 0.0

cenY = 0,0

Fori=1t N

cenX = cenX + X(i)

cenY = cenY + Y(i)

Next

cenX = cenX / N
cenY =cenY /N

*-- Find the distance in the initial "Star" networi.

'~ Find the distance in the inital minimum spanning tree.
Result = Tree(X, Y, ToNode, N) '

starD1 = Distance(cenX, cenY, X(1}, Y(1), ")

treeD1 = 0.0

Fori=2wN

treeD1 = treeD] + DistanceQX(D), Y(DX(ToNode(i)), ¥(ToNods 1. ")
Create Line (X(1) ,Y(D) (X(ToNode(i)) , Y(ToNode(i)))

Pen Makepen(1,2, RGB(255,0,0)) i "
starD1 = starD| + Distance(cenX, cen¥, X@), Y(), "ft") . _\  Pad
Hext P

"= HAI treats areas less than 0.03 square miles as high-rise buildings.

$

Eziye.




‘== I'll exclude consideration of these for now.
lf\rdk:ﬁmﬂﬁ,'qd‘)bmh

-Funimplhlu mmmwmmnbwm
If AspectR < | then

AspectR = | / AspectR

End If

nﬂ::dimudnuntlhmmn.
W= Sqt(d.rnlfm
H=W * AspectR

-Fuﬂanhgmdﬁ#h‘hmmnfﬂnwm

X = ObjectGeography(RegioaObj,0B) GEO_MINX) - W * 3 /2

rY = Oﬁmﬁmmm GEO_MINY)

—&mh“nﬁmﬂhﬂhhﬁmm.
Create Region Into Varisble RectObj 0 Brush (1,0,0)

Pen Makepen(1 2,RGB(0,0,255))

Alter Object RectObj Node Add (rXrY)

Alter Object RectObj Node Add (£X.rY+H)

Alter Object RectObj Node Add (fX+WrY+H)

Alter Object RectObj Node Add (rX+WY)
[mmlmum(og}vmmmm

-li:lhe‘llﬁhnfllﬂt.hhhm
I-Sqr(A.r-!m
b= %y

'-- Determine the number of NS and EW Jots
NSlots = (H\b) + 1




EWlots = I}\!’Ehu}+l
Tiots = Bm -

‘- Plot the lot regions.
For i = 0 to EWlots
Crw:l.hc&x-l- ‘s, rY) (fX + i*a, rY + NSlots*b)

' Next ' sty

ks {lx r'ﬂrl'b)ﬂt EWlots®a, rY + [*b)
Create Line -+ Y +
?ﬂwm

wummllrhm

"-- Start at location 1 and wock your way east. When vou
- get 1o the end of the lots, move up = row,
-mm&mmhm
nX(l) =X +a/2 S
aY(l)=rY +(b-150)
Fori=2wN :
nx%:’.ﬁl;+.-m-l}msm
nﬂp-nmammmmmmrnw

ulfﬂ:mbwnt‘mho&mmmthpm
"= down to the bottom part of their lots.
If (NSlots MOD 2) = | then
For i = Tlo*s to (Tlots - EWlots + 1) Step -1
aY(i) = aY() - b + 300
Next

End If

'~ Find the centroid of the new points.
cenX = 0.0

cenY =00

Fori=1wN

Create Point (aX(1), nY(1)

cenX = cenX + aX(i)

cenY = cenY + nY(i)

Next

cenX = cenX /' N

cenY = cen¥ / N

"

i AR -’f'i.'lj-:;'.':-i-- et



Set Map Zoom Entire Layer |
-mumuhmwm
-

starD2 = | '“[ 1uﬂnﬂumﬂu1h
For i-M
treeD2 » ﬂm + MIWYMHMMYGDNGHi)] "ft")

mmmmmm n¥(ToNode(i)))
y (1, 2,RGB(255,0,0))

Endlf' l‘iﬂtlw

"~ Write the results 10 the Results table.

2 = Timer() - tl

Insert Into Mﬂw.swm:lwwmm TreeDist], TreeNis2)
me: 02,reeDl weeD2)

—&mﬂlmrwﬂipnuubhmumnma

IfN> 0 then
Dialog Title * Nuw MIdememunn*r-hw
If not Commandinfo{CMD_INFO_DLG_OK) Then Sk, e
Exit For : _ R
End If
12




Next'-j -
Close All
End Sub *-
Function Hull(X()," I‘MMWHW}HM
-Tﬂlmz? from code published o by The MapTools Company.
the convex hull of a

I’ rﬂm Graham M:m
- It'san ;
‘e set of ; -

madm“wumu; for duplicate points

: oullhmuitk

WDMT.MMWHM
Dhl.;.:ﬂﬁﬁﬂﬁw

If NoPts -::;nnhﬁ-uumu

ml’hdhpﬁﬂﬂltﬁmm
For I = 1 1o NoPis

For J = [+] 1o NoPts

T = (X(N-XMY'2 + (YO)-YM)2

If T > Dist Then :

M=1 N=J Dig=T

End If :

Next
Next
If Dist = 0 Then Exit Function End If

* Find the rightmost point from thie line M 1o N

Angle = -1

Anglelnd = M

ForJ=1tw02 ;

D2MN = ( (X(N)-X(M)Y'2+(Y(N)-Y(M))"2 )

If D2ZMN = 0 Then Exi: Function Ead If

ForI= 1 1o NoPts .
IfifoMandl <= N Then
D2IM = QUD-X(M)y 2+ Y(T)-Y(M))"2
IfD2IM = 0 Then Exit Function Ead If
T-cmmrmm CRON)-X(M))* (Y(D)-Y(M))Y

:rcr':-m)mm-rwm-imu
If(T= Alllt_ KMXM)Y2 + (Y(I)-Y(M))Y2 <

13
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(X(Anglelnd)-X(M))"2 + (Y(Angleind)-Y(M))"2) Then
Anglelnd = [ End If

End If

Next

'Tuumﬁcmmpﬂhuhm

p 1“.!3-1&*
If Angle> 0 For End If
If J = 2 then Exit Function Ead If

Anglelnd =N NwM M = Angleind

Next

Hulllnd() =M Hulllod(2) = Anglelod HullCot = 2
N=M M= Anglelnd

&Mhmﬂ.hﬂm*humuﬂﬂidp

Angle =1 Anglelnd =M
D2MN = ( mmmw:
Forl=11t NoPts
Ifl<oMad | < N Then
tfmnl- ‘Thea Exit it Funetion End If .
mn—mwn-mm + (Y(D)-Y(M))* (Y(N)-Y(M))V
Sq:am.t

lf('rtmm an:

m-rw-rmu

H(T= and UD-XODY2 + (YA)-Y(M))Y2 <
+ (Y(Anglelnd)-Y(M))"2) Then

Anglelnd ~ [ End If

End If

Next

HullCnt = HullCat + |  Hullind(HullCnt) = Anglelnd
NeM M=

Anglelnd
Loop Until Hulllnd(HullCnt) = ' Hulllad(1)
Hull = True
End Function

Fmﬁmmmumrmﬂummuw
"-- This is an implementation of Prim's minimum spanning tree algorithm.

Dim inTree(300) as logical g
Dim minDist(300) as float ' .=\

Dim i, j, k, m as integer




Fori=1twN

inTree(i) = False

ToNode(i) @51

minDist(i) = | WIMHW
Next
inTrec(l) = True

-1
J!’4::nrl-2llzlr1N
-:mmmm
Fork=2wN :
If inTree) = False) then fm.'r:
Ifdfmh
minDist(k) = :

ToNode(k) = j
End If

lrminnim-cmu,..
= minDist(k)
m-k
End If
End If "— inTree
Next "= k
inTree(m) = True
j=m
Next "— i

Tree = True
End Function

memmyvuumuwlmm
— Subtractive Random Number Generator due to Kauth. From Numerical Recipes.
-Twubmmﬂm”fﬂmm&hwm

Dim i, ii, k As Integer ,
Dim mj, mk As Integer

If (idum < 0) Or (iff = 0) Thea
iff = |

mj = 161803398 - Abs(idm)
mj = mj Mod 1000000000
ma(35) = mj

15




mk = |
Forl-ITuﬂ
il = (21 * i) Mod 55
ma(ii) = mk
mk = mj - mk
If (mk < 0) Then mk = mk + 1000000000 End If
mj = ma(ii) A
Nﬂ- } 1
Fork=1To 4
Fori=1To 55
ma(i) = ma(f) - ma(l + (i + 30) Mod 55)
H;;m-co;mm-mnmmmu
Next
inext=0
inextp = 31
idum = |
Badlf .
inext = jnext + 1
Il'{hn-m'lhm-lhllf

ineatp = inextp + 1

If (inextp = $6) Then isextp = | End If

mj = ma(inext) ~ mainextp)

If (mj < 0) Then mj = mj + 1000000000 End If
ma{inext) = mj -

Rnd3 = mj * 1.0 / 1000000000.0

End Functioa
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=& Sprint

Jay C. Kelthley Law & External Allairs
Vier Presder 1850 31 Street. N, Suste 1100
Washingion, DC 20056
Vokx 201 828 1453
Fr 200 296 )9
EXFPARTE
May 19, 1998
Federal Communications Commission
1919 M Street, NW. Room 222
Washington, D.C. 20554

RE: In the Matter of Federal-State Joint Board on Universal Service, CC Docket No, 9645
MWMMH&MLE&.CCMHO 97-160

Dear Ms. Salas:

WMEWWWWMMMBMMM below in
respopase to the HAI Model analysis of Jeff Prisby dated May 13, 1998.

m“uumum-mu{mminmm. Four
copies of thi. letter, in accordance with Section 1.1206(a)(1), are provided for this purpose. Ir

you have any questions, please feel free to call.

Sincerely,
Jay C. Keithley
Attachment !
cc: Bead Wimmer  Brian Clopton
Chuck Reller Natalic Wales
Craig Brown Bob Loube

Richard Smith Lisa Gelb
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In his document dated May 13, 1998, Jefirey Prisorey prescnts evidence regarding measures of
customer dispersion similar to those modeled in the Hatfield Model 5.0a (a.k.a. HAI Model).
Specifically, as stated in his document, Mr. Prisbrey provides a “measure of dispersion of
customer locations both before and after an algorithm similar to the HAI aigorithm is applied to
et ecungulesrving .

The spreadsheet that accompanies Mr. Prisbrey’s document preseats the following information
and conclusion: In general, custo dispersion is altered, often dramatically, when “an
%ﬁ” Al slgorithm” Is applied to customer locations. The biss of this

customer Hga! else held constant, understate the cost of providing service to

customers by underbuilding the network, specifically with regard to distribution pla~ This
finding is coasisteat with previous findings that Sprint has presented to the FCC.

smw as shown numerous cases where the amount of distribution cable built by
the HAI for individual clusters falls far short of the amount of cable actually required to
connect customer locations in those clusiers. One driving factor behind this underbuilding is the
distortion of customer location that occurs in the model's preprocessing (the exact occurrence
described by M, Prisbrey). Further distortion takes place in the HAI Distribution Module itsell.
The result of this underbuilding is that the Fatficld Model 5.0a does not build a functioning
telephone network in many of the areas that are of greatest concem for universal service.

Recently, Sprint was provided an opportunity to examine additional data for the state of Nevada
to determine the extent of this underbuilding problem. As stated in the Prisbrey document, the
HAI Sponsors have claimed that this situation is rare. Mr. Prisbrey’s analysis strongly suggests
otherwise, and provides evidence that the problem is systematic rather than random.

On the following pages, Sprint presents summary evidence that provides further support for Mr.
Prisbrey's analysis, The following pages contain no protected or proprietary material.
M:.Hhhnrw.ummmumﬁnafmrmwdummmhﬂm
the amount of distortion the HAI produced. For example, distortion was larger (in percentage
m)ummmuhmmmmj. This is shown below.

T D e e R | LA L s Th Bt e
e, Number of COStomes i lEnyerhge DIt *ﬁ:n*'iﬂ‘ iih :3::’4"” e R

N=§ | FEAIRE b T3.2%
N=10 ' : 47.6% 55.5%
Nal§ 36.0% 44.0%
N=25 154% 41.5%
N=40 14.8% 32.8%
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Mm“vﬂhhmﬂ:%ﬁuﬂhhmmﬂm

The table below lists the amount of underbuilding (as a result of this customer location
distortion) that the Hatfield Model exhibited for Nevada with regard to 2 measures: the minimum

m“hhm.ﬂdeMﬂdelmmwu

(For example, assume the minimum spanning tree of a cluster is 5000 feet, and the diagonal of
that cluster's minimum bounding rectangle is 3000 feet. If the HAI Model builds a total of 1000
feet of distribution for that cluster, the first column below would show an underbuild of 300%

(3000/1000) and the second column wi.ld show an widerbuild of S00% (S000/1000).

Ihﬂuﬂdhﬂh‘“#rﬂﬂaﬂydﬂumﬂcﬂduﬂ:ﬂ[ﬂduﬂ:ﬂﬂ) all fall within
the two Jowest density zones for the state o/ Nevada and these two density zones account for
Mhmhmwﬂtmmumdmmmuwm]

As the table shows, the relationship between size of the cluster (N) and location distortion is
exhibited in the relationship between size of the cluster and amount of underbuilding. It
should also be noted that the percentages are dramatically higher in the table based on actual
Nevada data. The reason for this is straightforward, and is outlined below:

As stated in Sprint's ex pane filing of April 17, 1998, the HAI model underbuilds as a result of

three scparate effects

I. The conversion of the original polygon to a reduced rectangle (this is the only portion
captured by Prisbrey’s analysis), which reduces customer dispersion

2. The practice of not building to the outside of the perimeter lots, which reduces customer

even further, and

3. mmu-hnmmﬂm:wﬂdﬁcwly.mmﬂlllmliw

within 150 feet of the froat of the lot.

The combined impact of these three effects results in the dramatic underbuilding that Sprint has
documented since April. mm.mﬂmwmmwmmm
areas of everv state we have investigated. This lends further support for Prisbrey’s conclusion
that this is not a random or rare occurrence, but a systematic effect.




T Y =

The claim r garding the frequency of these occurrences is well supported in Prisbrey’s
document. e figures shown in the table below were obtained using the spreadshect provided
with that document. ;

1) IO R W o,
Lo vl & L . o :_1 ’
|

| LAl

mwmwmmqﬁmmmmmmmmm
produces is not rare, it is not random, and it is not de minimjcs.

Based on this evidence and other evidence presented to date, the following is clear: The Hatfleld
(or HAI) Model 5.9a in its current form cannot be used s a costing methodology for
calculating explicit USF. LA

[ Sprint respectfully submits the following Mode! Recommendation: |

Sprint believes that the BCPM produces a substantially more accurate estimate of distribution
plant distances and associated costs that the HAI Model. However, Sprint also recognizes that
an even more accurate estimate of distribution plant and costs, especially in less populated rural
areas, could be produced using actual (i.e. geocoded) customer locations. Sprint also agrees with
the Commission staff’s determination to obtain that customer location data. However, the key 1o
this additional accuracy lies in the model (any model) actually using the customer location:
building plant to actual locations, and mainsaining relative distarces between locations.

In order to finalize & forward looking cost model by August 8%, Sprint urges the Commission to
take the following steps:




I. The Commission needs 1o resolve the outstanding network design and technical parameter

issue. Mhﬂhwmmwmm{mmsm
mmuuunmmmmmmspmmmm.mmam
feet), and the method for serving very sparsely situated customers (the BCPM serves these
customers through DLCS, while the HAT uses T1 repeaters and remote terminals.) These
issues are well articulated in the various comments and ex parte submissions of interested
parties, and are ripe for Commission decision. The Commission should note the possibility
umm*mwp :tions of each model into the
Commission's final model (see point 2 imme siately below).
mwumwmmw of the modeling effort. Based
on the models submitted for its consideration, and the resolution of the network design and
mmmwmmmmmwwm
fiaalizing its cost model. Sprint believes it is no longer productive to continue the
development of campeting, privately funded cost models. Only by taking ownership of the
model development process, and using the work that has already been done by the model
mmgmmummms‘mm

. The Comeission should develop & plan and timeline for obtaining geocoded data from all

LECs. iﬂhhﬁﬂlﬂmﬂhmﬂcmmmmmuwhym
2000, and incorporated into the model for cost estimation purposes by January, 2001.
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In the tht of )
| )

me ”n . )
Universal Service i }
)

)

Forward-Looking Mechanism
muummhmm

mmmmmqummm“mnmmﬁum
rmmwﬂwmuuummmdﬁmm
Commission. mmwmmwmmwmcmimmm

response 10 issues relating to the cost model plaiforms set forth in the Public Notice.
Tuﬁdllﬂh&mﬂu‘:mhh.hhhﬂﬂmw%m&m
provide their comments relating to the issues as outlined in the Public Notice seeking comment
mmmtmmmmmfmmmmur
mﬂﬂmﬂmuhwwﬂ version of the HCPM.

“Common Carrier Buresu Secks Comment on Mode! Platform Development,” Public
Huﬁu.mn-lm.mmi 1998 (heroinafier “Public Notics™).
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Augun 28, 1998
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Utilization of Customer Location Data
Geocode Data
EE!EHF«I ?ikﬂqiﬂqim As has been stated in

Eiﬁ?-ﬂxrﬁ_iﬂﬁr}_liiiﬁr%sig
model. iiiiii%lgaﬁg

provide service within & certaln number of days of the reqJest. Second. geosoding sucoess rates
sce poorestin rural. high cos: sreas ~ exactly thase arces whare universal service subsidy
requirements are the greatest. Third, we need be assured that the source of the geocoding
oints arv the geosoding process aes of high quality. That is not alweys 8 certainty todsy

be determined for those households that are not geocoded. The proper determination
surrogale points the sccuracy of the models. To compound this concern. nol on the
method gi%i!wﬁ% ixing success geocoded

points and surrogate points. [fthat mixing is done improperly it is likely there will be o biased
estimate of the actual plant requirements.

Surrogete Methods

ﬁi.taﬂ?ﬂt:&ﬂ.:ﬁﬂfﬁrﬂ:i%ﬂiﬁ&ﬁﬂiﬁn
%Eiiiﬁ&iﬁif% The BCPM Joint Sponsors

iﬁinﬂill.ﬂli!-t&.ﬂ% for locating the households. It
{s our belief that not only do people live along the roads. but aiso telephone plant will, to & great

N e e




extent. follow roads. This Is typlcally where rights-of-way are located. Therefore. in & modsl
irying 10 replicase the Bsmount of plast. rosd data is 8 useful piece of information. We would add
\hat the plassment of the susrogate points should be based upon an assignment of the poinis 1o
the roads. This would produce sn unblased estimate of the household location in the chosen unit
of goography.

Tnmﬂpﬂﬂdmwmwmm
wmmpﬂ“khﬂlwm'w#ﬁmﬁhmwﬂ
o be used. That . if the success raie of geocoded dar was not above a certain poiat. geocoded
data should not be used. hM'ﬂtm-:Iw information system (GIS)
expets.it i their opision that this breakpoint needs tc be set elstively high (80%-85%) at the
census block level. Unfortunstely, there is s dearh of empirical evidence o support thal level
for & breakpoint. m-mn_pm-wm

MmmMWuﬂwmmm. The Public Notice
Siscusses 8 uniform distribution on the perimeter (used by HAI), 8 disuibution on the rosd
network (used by BCPM), or & random distribution. Regardiess of which approach is taken.
mmmmwwmm-ﬁummmmmmm
How can Imﬂw-hﬂnnh-ufjﬁbupnnu where cusiomers actuglly exist
without diluting the iruly occurale curiomer Jucations | already have? We would like to
introduce the concept of “calculated placement”. Calculated placement takes into account the
known points in determining the uaknown points. Let's look first at & uniform placement on 8
mimtm’.iltuulﬁnilmuﬁfmmpwm:muﬂfmﬂmw.

?ﬂmmgwnﬁlthwm:nme.
muthhﬂwmmmmm Using publicly
.Mdnum5mmmmnmmm4mmmm

'WMHMMWMMMMM
*ummmmmwwm.aMmumuwwu
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1mmm'wﬁjﬁﬁmmmmuwumn-rm-m
creating the heed 1o estimate the jocations of the remaining $5% (6) of the customers which we
know to exist, qu:_hmm-ﬂmﬂmmwmﬂnﬁmﬂlrmﬂm
locations without regand for the suscessfully located customers - thereby creating the possibility
of uniformly plasing estimated location points on top of existing points (sec disgram below or
Atachment C-1). |

P Lbrmftours
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M‘“hﬁ“ﬂ%ﬂy:ﬂtdmﬂﬂﬁrﬂuﬂ.ﬂylﬂﬂ.
meﬂmmmmummmm.umm

placcment process may grestly understate the cost of supplying universal service.

Thh#dmahhhmdbyumﬁfwﬁmmmmuh
calculated uniform placement process. Using this method. one would supplement the
mwmmwmmm-‘ created

Again sssume we are attampting 1o locats customers in three contiguous census blocks.

Uﬁ;pﬂﬂrwﬂlﬁ!dﬂ.m“!mﬂmﬁnﬁﬂ%hﬂnm%im

: A
T B




TSR

the second. and 2 within the third. M—_ﬁﬂm-ﬂ-h“ﬂb geocode 45% (5) of
the customers, creating the need 10 estimate the locations of the remaining 55% (6) of the
customers, Using the calcudated unjform placement process. we identify the successfuliy
geocoded customer location latisades and longitudes and mark those locations as occupied. The
ﬁmﬂhﬂdﬂuhﬁiﬁhuﬂiﬂﬂﬂ“dﬂhﬂdﬂpﬂ”ﬂ
the census block. m#ﬂmhﬂmunmmp;ndn
allt mmmmumamwﬂmﬂmmw
Mmmuhwmmmmwm
dmmwmufmﬁmmuw{mﬂwhﬂwaw

c2)

i

mmmnfwﬂﬂﬂdﬂdmwnﬂnﬁum
present in cither process alone. The low success rates of geocoding, particularly in rural areas,
allows one (0 gencrate duta that may sppesr accurstc because it is based on successfully
geocoded location. wmmmmmﬁmwwmm

mmm-rmm:u_mmmmuym«

mmdrhcpu&-_rﬂ.hpﬁhhddqnhmmm“
low success rates. T&hmmmﬂMIMhmmﬁmw

A-5




mmwwmmmm-lmmmawm
locations are so few. that little impact results. However, if a moderate geocodc rale is achleved
nruy.mﬂhmm-ruw locations are estimated. the combination of
MMMMMMMMMNMMWM.

mmmwmmnaﬁmmmuummw
MMHMMM”MMW.MMMM
WWHHMWMHMMMMMM:H!
ﬁmnnﬂwﬁn{ﬂunmmm:mmlruchnmblr
85% or higher. T&:ﬂhﬂhMﬂmdpﬂmMmﬂmm
sumﬂdlrmmmdlﬁﬂhmmlmmm-n
nt‘mmm-mwwnMMiMﬂmm
15% estimeted locations without eveating clusters oc uniform distribution that does not actually
exist. Inmﬂhﬁmhﬂwhl*ﬂhmmmmmuwﬁﬁs

%




reasonsble estimars of the remaining losations. Even if the estimsted locations are nat truly

wdhﬂ“ﬁﬂuﬁﬂmhnw-mrﬁhﬂym:}:
resulting sost.

MMMMWMHWHMh
m&ﬁumwﬂmhm tl’dnupu-d-hduh-dmﬁnﬂumm
mmmﬁmmm That can oe quite misleading, however, if
mmdmmmmmhmﬁuqmw We should be careful to
mumqﬂmmmwurmmm

MMMM

w:wmmmhw&anmﬂwdmmuwm
none. However, ﬂnmmtﬂhﬁ-mhm We would be
mm#-ﬂhﬂmwﬂwﬂhmmum“
bias.

mm%mmmmﬁmﬂmmw
distributions. Therefore, our recommendation is to use the geocoded locstions in the chosen unit
of geography (e.5. ﬁil-—ﬂlrl.mﬂuh}uh-puﬂmmnmmm
85%. 10 units of geography whars geacade success rates are Jess than 85%. estimated customer
locations should be used.

Methods of Crouping Custemars

The Commission seoks comment on the relative merits of the HAI Model's clustering
umﬂuwm-mmwmuﬁu in the “Test Data" section
below.

Mﬁﬁnhlﬂﬂ-ﬁmm#pﬂh#ﬂﬂuﬂmm
specific mesits of the HCPM clustering algorithm. Rather, we believe the Commission should

A7




W-ﬂﬂ"h—*uuﬂuﬁmamm::mﬁmww
below,

mmﬁﬂdﬁnmmmmmmm
:mmuahﬂmwmmutmum
acceptable. mmthmummwuma
varying size, As staied inithe BCPM Model Methodolegy (pa; « 28). "Modeling grids that vary
mmb“ﬂ“ﬂﬂmm 4 with e particular CSA to vary
in density and dispersion.” Some parties have raised objection. 1o the BCPM spprosch.
mﬁmuhmrmwmm;mhmmn Itis
mwumiﬂ*ﬁkhademm.me
used by the HAI Model which can be accurately chamcterized «s an agglomerative technique.
mm&m*:w_wmwwmmmmm
which the rastarized cells sre aggrogated. I he starting point s changed. the critcria that
mu:inmmiﬂ_m_mmm-mﬁu: Justers being produced.
cwﬁnwﬂh‘nﬂwm“m pﬁmn'hnkmnpm“m
another starting point. th-ﬂ'mxduﬂumwmm
m&nﬁhhmu.mmnﬂmmﬂr applic s to the HAI Model iselfl

{( this Commission decides the concept of clustering is & reasonsble means of
determining CSAs, it is important to avoid the subjectivity buiit into the HAl approach. 1{an
w“wuchhmu.tluwmmw clusters produced by all suasting
mﬂmmmmmmm final : <t over another,

mw.hh_ﬂhlthﬂﬁhuﬁnuaﬂhrquﬁmclmh
MﬂMuhMmMumuarm in any proxy model, These
parameters include relative disiance besween and dispersion s 200§ points The BCPM
wmthMWmuqmmmm
The HAY Model discards existing dispersion information and uniformly distributes withia
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clusters. mu-mpﬂm_ﬂum Any clustering algorithm is
duiamdmmmmmm To subsequently ignore the relative
mﬂ-mﬁmhhm#hmw , and guarantees incorrect results.

mﬂmnﬂ coder P
Mﬁ-afw“m-h

mmmammmmmmwam Early on. a simplistic
MMM*M-H:“MMWM
mﬁmmmﬂi&mm In sbsequent releases, improvements (o the feeder
slgorithms have been made. | These improvements ranged from routing the min fecder at an
mg!:mlbvhlnl’ﬁlm The HCPM impiements & further proposed improvement by
udlmntnlni-nmq-ﬁum

wwmuympmih-w-ﬂmurmmm
HAl 5.0a Feeder Design

HAI uses two distinet methods to lay out feeder plant. In the first method, foeder
:mﬁuhmﬂﬁhﬁwuﬂmpﬁum Subfesder extends
from the feeder st right angles to serve the main clusters. This is the default feeder design and is
essentially the same a5 thet used in carlier versions of the model. The second option. which the
mmmmﬁuummmmmuh pointed ("steered”)
wumd_ﬁmmumummmmmn
serving. mmﬂmam&mdﬁhmﬂmwmdmirﬂ:mu
chosen. This multiplier is a user-adjustable input.

BCPM 3.1 Feeder Design

amwmmmmum feoder layout. These mathods are

mhpﬂ“ﬂnﬂhﬂ#mﬂhﬂbﬁu“hmm
office.

A5




mmmmmmmmmm office in four
cardinal compass point directions for 10,000", Afer 10,000, foeder is either "poinied” loward the
Wmmah%mmgﬁ'wm'nwwmmm
centroid of 172 of the wire center quadrant. The rasionale is that for the first 10,000’ feeder
mﬁhﬂriﬂhﬂﬂiﬂ-’ﬁdﬁwmm“&ﬁmwﬂhhm
mnrmuﬂnmum‘wﬁmﬁhum-dﬂmmhm

Subficeder then extends either vertically or horizontally frum the feeder to serve BCPM:
serving areas (ultimate grids). Subfeeder is sharcd. where apg ropriste. between serving areas.

WMWMﬂm“ﬂnﬂ{ﬂmmrm 1 shorter total
feoder distance (including sublieeder) than cardinal roung. 1f not, cardinal routing is used.

HCPA Feeder Design

HCPM has similarities to both the HAL and BCPM. The HCPM has 4 main feeder routes
Mmmmmuuhmmwmm From this main
feeder. junction points are marked. ThHCMhnpum;hu:hFDlpnImumh:
where 1o route, The determination takes into account the cost of structure and the cost of
material for the routs under consideration. The routes analyzed are those of the junction point on
e main fceder and the previotsly ansly2ed and routed FDIs in proximity. Using this minimum
mmwumwm-mﬂﬁm*wum
1o connect all the FDI points. Thﬂh!&:lnpﬂmnlhﬂuﬂ:uﬁﬁmmnMum
formed rectilinearly or using airline distances. Under either case, a single road adjustment factor
iswumummmmm.




How Can We Test The Various Approaches?

Mhhﬂ_thﬂcmmhﬁuwdlnm FCC analysis. the
eminiu speasing tree has proven 10 be & valid and valuable measuresment of the reality of &
odel's feeder routing. (n fact. & model should estimate  feeder and subfeeder distance thal
exceeds the MST distance. We have been able to run the MST analysis for the BCPM ud the
HAI in & number of states. Hawever. we have not had time or the data 1o test the HCPM.

HAl Analysis

the foeder and sublceder lengths estimated by HAI 5.08 and the MST distance for cach of the
mmmymm That is. & MST distance was catimated for the
cnai clusters that fell within, for example. the north quadzat of a wire center where the MST
connceted the serving areas with each other and the centra! office. The caleulaied MST was then
mﬂﬂh“ﬂﬂhﬁﬂ““fmhqﬂm The results of
ine analysia ass shownin Tablall.

Tsble 1. Ratlo of Feeder & Sabfeeder Distance to MST Distance

by HAI 5.02 Wire Center Quadrant
Default Sleerin
g
Maximum 4.56 2.25
Minimum peg 077
Average 147 128
Line Weighted Average 165 133
Coefficient of Varstion 254 % 18.7%
Percent of Quadrants for Which 0.30% 6.0%
Ratio < 1
A-11
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wm-u.*m-m»mrmﬂm:hnlm
0.39% of the quadrants. And then. oaly slightly lcss than 1. Hence. the HAL 5.0a feeder design
mr«ummummm There are, however, some relatively high ratios
with the maximum being 4.6.

Uring the HAI defeult route-to-air ratio of 1.27 and ensbling the steering option results in
the statistics shown in the last column of Table 1. Although the maximum estimated distance to
Mﬂdinmﬂnhuﬂbyﬂt“lrmw&ﬂ#hmmmy
lest, i.c.. 6% versus 0.39%. Mwuhwﬁnﬂﬂmﬁuaﬂhﬂﬁﬁmmhﬁ
.wmm-mmwmhhm

Thhniﬂllwm muuﬂsmm.mﬁum
which of the twe methods is mere efficient? Besed on our snalysis, we have detesined that the
#ﬁm:ﬁﬁm“-nmmﬁﬂﬂﬁuwwﬂnﬁm&
more ¢(Ticient foed ¢ touting. Rather, the user must selost o method beforshand for the entire
modeled arcu (company within a state). This does not allow the HAT model to optimize the
radnmnrwmhﬁmﬂ-uﬂummﬁumhlmumm
feeder in the same way. Thmwkchdrnmuiuinﬂmhupﬁndmﬁdw
routing for esch individual wire center.

BCPM Analysix

mmMrandlnm-ﬂphanMiﬂ;hhdwmmimm
mdmmm&ﬁrﬁmm The results of this analysis for the same
wire centers are shown in Table 2.
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Table 2. Ratio of Feader & Subfecder Distance to MST Distance

Average 128
.tﬁww 1.33

;m “m 13.7%
- 1%

.'Mnﬂ o

mmmummﬂummdum-!wmﬂn
quadrants. Although the lowest ratlo is .9, §2.5% of the quadrants with rarios less then | have
ratios between 0.96 and 1.0 MMMMmuMMyq&vdmmﬁhm
mmqmuuwumﬁumamhmmumd
deﬁnMdﬁ]hMMhIRBCPMMMHMIWH.M

Are cither the BCPM or HA! spproaches inefficient? We would have expected both
models to exceed the minimum spanning tree. As the name indicates, the MST is the minimum
distance necessary (o connect points. It does not wke into considerstion rights-of-way, temain,
obstacles, ot cost minimization. hnﬂummwhmﬂmuh&um
mhmhhhl.&ﬂmﬂ“hhmhwﬂhw As
tzbles | and 2 indicate, the BCPM 3.1 and HAI 5.0a are similer. on sverage, in terms of the
mdwmummmumsnm The simple
average ratio is 1.3 for BCPM and 1.5 for HAI 5.00.

R e )
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Whas sbout the HCPM spproseh? Tha HCPM proposas u Cast Minimized Spanning Tree
(rectilincar snd airtine) that is then adjusted 5o account for roed routing. Our major concerms
with this approach are 1) we have not been able to analyze snd compare the routing with the
mmhmm&mdnlwmﬂhmhdjmﬁuw in rural
areas and mm;“m lnﬁ—j,umldwﬂut#miﬂmm
spanning rosd tree (based wpon minimization of costs) would produce the most sccurate
wtﬂhmmﬂnmmmnww. However, this
WHMHHM£MMNWWMMMW
mmmfuhﬂlﬁuﬂ#hﬁﬂdm route adjustment tha’ caa oceur in denser and sparser
areas.

Reaction o the Current Synthesized Version of the HCPM: (version 1.6)

mmmuh-muhmwmﬂmmm
mmﬂummnmwhmwwn. 1998 Ex Pane filing to
Ms. Magalie Roman Salas from M. Pete Sywenki (see Attachment B). A review of the
FEEDDIST progrun has eiready been provided. The review of the CLUSTINTF and VB

clustering are near completion.

mlcﬁmm“lhmmmnrm HCPM as & proxy system. [n this
mi:w.mmu:ﬁmnuormmmmmummuﬂmmmw.

Overall. we believe the HCPM has definite potential. As mentioned earlier in the
mmhﬂmnﬂmﬁuwﬁhwmmhﬂmm In addition, there
-nloﬁmmwmmm:omw.ﬂmﬂﬁumabﬂﬂmmh
Mhﬁunmhﬁy#ﬂﬂﬂumﬂ:hﬂnmmmmmm
model.

A-14
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2, System layout:

Mm“hhﬁqﬂ-ﬂwﬁh&mmmﬂm
control files.

inpu files should be scparated by state

3. Systemn design and methodology

mmhmmmmmmmuumwm

a&ﬂh.ﬂhﬂhw_mmwnpmwwﬂiim
“wmﬂwm.mmhmﬂuw

more current programming techniques should be used when possible (e.g. objects)

4, System review/maintenance:

MMHHIWHM&MM&#MM
Muﬂuhnm.ﬂ_ﬁmw&nwﬂ:muumbymm
hmﬂ“hhqh“-dﬁhmumﬁﬁnﬁmﬂh
{M#ﬁtﬂlwhm

hmmﬁhﬂﬂhhm

there neods to be & consistent set of actual customer data, without which, the HCPM, HAI
ﬂmmmﬁuﬂuhﬂnuqlﬂrmq-ﬂmduﬂyﬁ

A-15




General comments on HCPM

. The system lacks structire. mm—&wmmmumm&m,
making it difficult 1o keep ack of individual files. There should be s directory structure in
place to separate input files and output files by state. The majority of the file handling has 10
be done manually, Progam (iles and other contro! fles should be located in a separate

; Tumulwﬂwhummiuw This generally results in
systems that are very hasd to maintain and more subject (o error.

 There is little or no flexibility in contrelling the program flow. In HCPM 2.6 a baich file
handles system control. hh““dhmﬂumeth
Mmﬂw.mmmwwmme. This is not the most
current. more efficient style of programming.

: Thmuhhmmhudtym As it currently stands, the system isa
wblack box™ with no way to check intermediate results. Al the present time. to look at any of
Mwmmmlmﬂmmw.

. There are concerns about model methodology. Wehnv:pimd&nunminﬂwnm:hnd
July 31 Ex Pante filing. Th:ﬁmwiliu#niurﬁﬁquuf&:dmnﬂngmnhinm:
near future.

; mwhmﬂrm.mmﬂmumumamﬂwmﬂrm

mmhﬂnnlmﬂ#wm Data structures are poorly

chosen, resulting in excessive looping during processing.

A-16
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Conclusion

Thhhﬁmam-mmuﬁhﬂuemﬂuﬂhﬂiﬂulﬂmy
mddﬂmmmmmdﬂhwhum A synthesis may produce &
mnbmhmﬂh-mw.hJMEmdnmmw
sbout the process. As kt concerns geoceding, the Joint Sponsors believe good geocoded data
muw»mm-ﬂuumwhﬂnwuma
the currently available geocoded data. As important 1o the nsture of the availablc data, the Joint
smmmmmmmmuu-mm.um
geocoded. Tamhmmmwm-u--mjm*wu
described hereln. The Joint Sponsors recommend a geocoding br sakpoint (80-85%) below
mmmuuﬂﬂmmnm&muuw Abso. it is
cssential that the location of the poiats within clusiers be maintained, not discarded, a3 the
clusters are used a8 serving areas in any proxy model. The selected model should optimize the
fﬂmmmhﬂhﬂﬂﬂ!mhﬂhmmlﬂm. Even though the HCPM
hu&nnuewmﬁiluﬁmmwhhlmlwmm In addition.
-mmtmcmmmmmmMmmumm
muslbcﬂdruwdbtfcuﬂiﬂﬂ?ﬂhwﬂhrﬂnmmm“ﬂdpu

the FCC’s own criteria,

AT
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Amsm Using Geocoded Customer Points

MnMﬂmmmsWdWhﬂm“m-Mm
WMMMMI&WMMMW:MM
files. :

MMMHWMMIMﬁMGMMM. We accepled
pawd-nﬂi'\oﬁ and — where wat failed ~ to the ZIP44 centroid (the laiter
mm:ﬂﬂ mﬂd&:mh-ﬁdﬂuﬁyum We considered any
dupﬂﬂhhum On thi® basis, we experienced geocoding success in the

.....

Mnm“__' on
We used the same BLR wire center boundaries for these wire centers that were used in BCPM, to
maintain true comparability. mlpﬂmmdmhmﬁadmmhuHﬂﬂmmwm
mwwﬁwmmmwwwﬂm Therefore, we
used customer data from each true wire center and from each wire center around it Afier
geocoding this customer data, we then determined which of the points fell within each BLR wire
MM.MM'WHMMMNMWW
points. In this way, we minimized the poteatial for any variation in results that might be due to
wire center boundary issues instead of pure customer location allocation issues.

mmmmmummmmmmwmmm
amﬂmmmhﬂmm.mwmw:nmmmmmum
:num'uﬂe-hnmwﬁmmlwmipndmwu Also, our collection
allowed us to determine fnrai_l;h business location its number of business lines; thus, when it
lines information availeble.

However, in each wire center studied, the geocoded residential customers were still fewer than
the total number of tesidential cusiomers recorded in BCPM from Census Bureau data; and the




a@ﬂﬂmhmmmmmmmdmmmm
received from PNR. mtﬂmmumw for comparability - to
mmMM(ﬁmwummmnﬂ}mm
Im(ﬂhwﬂMhm}hHMMMIﬂmwﬁfMMh
BCPM. mmdmmwwpklﬂﬂulhlﬂmliiw

mmﬂﬁ”“um:wmwﬁm“rmm
wnmm_@ﬂpm,mhymmn For each ZIP code we determined
the number of residential Jocations and units required, and the pumber of business firms aad lines
required, to match the number used in BCPM. We then constructed the road area for each ZIP
code within each wire center by drawing & “buffer” 50 feet on either side of each road segment.
We then nandomly generated, within cach wire center / Zip code road area, the appropriate
number of residential locations (and housing units) and business locations (and business lines) to
match the BCPM numbers.

The remainder of the process was straightforward. In this study, instead of allocating Census
Bureau and PNR dats to microgrids, we simply determined the Iccations, units, and business
lines that wese located within each microgrid and assigned them to that microgrid. We retained,
ﬁmmaﬂdMnﬂmmﬂmwmmmm
WM%MMWM}HMMEMMM
originally for BCPM. The comma-scparaled variables files produced became replacement input
to the BCPM model.
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Trees to Estimate
MMMM&MNWML@@

a. Hn- wlmmmm It is commonly used in network
dwﬂndhpm.uhmwlmt,mdua
sible length of a netv'.ik to serve those points,

other point in a set, it is not difficult to construct, and to

determine the ] of, the M Spanning Tree of

those pounts. The famous for calculating it,

Mhlmbymnmdmmumu

siayla loge: A Minimum Spanning Tree .

. Mﬂhmmﬂmmhm S
other and connect them '

» Then repetitively, until afl points have been connected, find the shortest distance between any
mend-y nol-yet-connecied point, and connect those points

Ml‘limp“ﬂhhi:m there is one and only one shortest total length,

mmmwrmmnmmmﬂmmamm
0is M‘mﬁuobjmmuwddmhmluuuhmlmn;nm

. Mnmwwwmwmm:am
Rather, a ﬂﬁ%m“um:m-mnﬂmwm
mwmﬁmmm (Those terminals represeat additional points in
the network, Introduced at will by the designer.) Perhaps one could construct a shorter
network than & Minimum Spanning Tree when using this method.

W
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o On the other han the line segments of a Minimum Spanning Tree run directly from one
across back lots and cow pastures, and through lakes, mountains, and tall Luildings. Surcly
the Minimum Spanniog Tree is a significant sndersiatement of tho realistic routing of

network cable. :
Both points bave merit. They are sddressed below in order.
| Tree construet does not aliow the introduction of sdditional points.

t simple, and casy to calculste, The construct that attempts
‘additional points as iecessary is known as a Steiner Minimum
 Jakob w.mmdmmpm in

any configurations of original po.nts for which adding additional points (forming
a Steiner Minimum Tree) will connect with less total length than a Minimum Spanning Tree, but
there are some. Even in those special cases, however, there is an absolute limit to the
improvement. In & psper pul in 1990, D. Z. Du and Frank Hwang (Hwang is of Bell Labs)

The caicolation of & Sieiser Miaimsim Trve for a large number of is known 10 be
s e, kg s s of ol . Becase 1 3k improves i 3

A More Realistic Tree




WewutMWMMhyuhpmwmmmm
MhWMﬁﬂﬂthMM}mMcﬁhmh
the square root of 2, or 1.414. &t would be no greal leap to consider that a reasonsbic minimum
mm&wmuummmﬂmmwmau

R. C. Prim, "Shortest Consection Matrix Network and Some Generalizations,” Bell System

D. Z Du & Frank Hwang, *A Proof of Gilben-Pollak’s Conjectare on the Steiner Ratio”,
mwgﬂM#MHM&mWrMof
Rutgers University, mo ¥

i RIS o RS







Minimum Spanning Tree Steiner Tree

Customer
Locations

=

The length of a Steiner Tree will always be 87% or more of the length of the associated MST.
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Spanning
Tree

Added node

The length of a Steiner Tree will always be 87 % or more of
the length of the associated Minimum Spanning Tree.






Minimum Spanning Trees for BCEM: Methodology Used

This paper describes the methodology used 10 calculate the Minimum Spanning Tree (MST)
leagths for BCPM uitimate grid ;md’w“uﬁﬁm“mmm
the MST for BCPM in the | » manner. But, recognizing that the purpose of this calculation
is to determine whether the BCPM Mode! produces sufficient cable to cover Minimum Spanning
Tree length, we empioy & methodology that ~ when it uses statistical estimation — always does 50
in a direction that may possi ',‘-Wduﬂﬂhﬂuhuhhmﬁum is

on the basis of road lengths. The position of each location within the microgrid is
not made specific in the [ Model, but it is clear that the customers are assumed to be

Had there been sufficient time 10 do 5o, we would have y the customer
locations y along all roads, redrawn the grids, and nsed fhat set of points and grids for
this analysis. But that is a large endeavor, demanding muci more time than we were allowed.
Therefore, we took a careful mathematical approach that will very closeiy estimate the MST
length in & BCPM ultimste grid, slways leaning toward the high side. To check our
methodology, we did hand plscements of points in grids as described here, performed the classic
MSTMHMM.H@-WWMwmmho{mM
wh:m'mumwwpmamywrmw

Our approach is essentinily this. First, determine the MST and its length within each microgrid
of the ultimate grid. Then, determine the minimal set of line segments, and their lengths. that
can connect the microgrids. Finally, add all these numbers to produce the estimated Minimum
Spanning Tree length for the BCPM ultimate grid. (This approach somewhz: overestimartes the
mmmhmmmwwﬁmﬁunnmwmh&hu
than the point-to-point distance within a microgrid.)

mmmy.ﬁmwimﬁmm:mmmmnﬁmmd.
then connect all the subtrees in an ultimate grid. A BCPM ultimate grid may contain anywhere
from 1 10 64 (and, in some cases, 8 few more) microgrids.

The caleulation of the substree for  micro-grid begins by determining the integral number of
Immmhmﬂw_m\mﬂquWﬂmMmb
due to the nature of a minimum spanning tree, Specifically, the MST for m points must have # -

Ihmmwﬂn of those points. If n, which i« equivalent to our




customer locations, is allowed to be fractional, we introduce the possibility of a fractional count
of line segments, which does not exist in greph theory.

The basic equation for calculating the number of locations is:
MI— - B =

Locstions = BusFirms /1 + HUIDet /1 + HUIAu/ 1 4+ HU2/2 + HUo4 /3 +
. HUSw9 /7 + HUI0w019/ 15 + HU201049 / 35 + HUSOPtus / 55 +
! 1/ 1+ HUOther/ |

is the result of equation 1 uring the demographic infi rmation of that eatity. The rounding
method used is; round up for numbers with a fractions! part that is greater than or equal t0 0.5,

locations per each micro-grid. Unfcrtunately, this can resuit in a complete loss of locations whea
compared 10 the number of locations for the ultimate gnd. Consider the case of an ultimate grid
with 1 location that is composed of four micro-grids. The number of locations for each micro-
grid is 0.1, 0.2, 0.3, and 0.4. Rounding the number of locations for each micro-grid would result
in 0 locations for each which, in sum, does not equal the number of locations for the ultimate
grid. ;

To alleviate this nroblem, we use the foliowing method, which allocates an integral number of
locations to the micro-grids that, in sum, equal the number of locations for the ultimate grid.
First, calculate the rounded number of locations using the data from the ultimate grid. This is the
total number of locations that we can allocate amongst the micro-grids. Next, for each micro-
grid, allocate from the total Jocation count based on the rounded number of locations for the
micro-grid. This may produce either a shortage of locations, when not enough are allocated, or a
surplus, when too many locations are allocated. The following illustrates a four micro-grid case
that produces a shortage after the initial allocation.

Ultimate Grid Location Count: 4

| Micro-grid Allocated
1 1.8 2
2 . 1.2 [
3 - 04 0
4 02 0
| Shortage 1
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When there is 2 after the initial allocation. the nex: siep attempts to fairly allocate the
remaining locaiions. This is ace by taking 2!l micro-grids whose location count is
muﬂdﬂnﬂ*“s pding order by the fractional part of locations. Next,
is a fair method for all the shortage since micro-grids with a more significant sub-0.5
fractional part will be allocated locations from the shortage before those with smaller sub-0.5
fractional parts. Here is the above example after allocating the shortage (where * denotes a

1.8 &

1.2 11

0.4 1

0

3 0

The total namber of locations aliocsted to the micro-grids now equals the number of locations
calculated for the ultimate grid. Howeves, it is possible after the initial allocation that a surplus
of locations was allocated. The following is an example that results in a surplus.

" Ultimate Geid Location Count: 4

. e e =
_!M 1 2
2 5 15 2
3 OB |
4 04 (1]
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Tomnwdyﬂw-dh@ﬂiﬂdhﬂhﬂ.ﬂmnmhudthﬂh:hﬂmmo{mnwdm
allocate any shortage. Wr.mmﬂhwmmmum
up and sort in ascending order by the fractional part of locations. Then step down the list de-

allocating 1 location from each micro-grid until the surplus is fully accounted for. Here is the

above example afier de-allocation (where * denotes a candidate for de-allocation).

1" . 1.6 :
PN 1.5 0
_'}' 0.8 |
4 0.4 0
Surplas 0

This concludes the method for allocating aa integral number of locations to the micro-grids. We
rnﬂymﬁﬂmrmwﬂmﬁmwmmmpmn{h
mmﬂaw;.nq?’mfm method than one that randomly allocates or de-

allocates locations. :4
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Notice that for any one customer, its 1

neighbor is L/n ft away. So the value !dl. /nnot
only gives us the dimensions of the cusiomer areas, it also gives us the minimum distance
between a customer and its nearest peighbor. This allows us (o casily calculate che sub-tree for a

micro-grid:
Sub-tree =(n-1)*¢

wfur::isequ-thiu.nh"hmnhrn{mehthetuﬂlmphofmdum
within the micro-grid.
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n=9

L=900N

@ =L/n= 1000
Sub-tree =/ {n - 1) * e = BOON
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For some micro-grids L may be so large that it produces impossibly large customer arcas, i.c.

arcas that in sum have m q-mg-wuﬂ.mmmmipo{mum

evealy disperse customess using the area of a micro-grid. To mathematically disperse cusiomers
byuu.wMﬂn!ﬂHMﬂ,hhnmbudmthMn. This gives
us n customer areas all of which
have an area of A/ n. Customers e
are logically placed in the centerof |
these square arcas, and the areas | '
are arranged in a group that is
centered over the physical centerof | | %
the micro-grid (not theroad |
centroid). _ =4 0 e

hﬁmnmﬂzﬁw £
neighbor is sqrt (A / n), where sqnt : LD
the-square-root-of. : a m_mmn'“

e i e e ——— ]

— v =
e
n=9
| A=0.1 sqml=2?8'?34ﬂ
. —  |le=/AIn=1761t
Sub-tree = (n- 1) * e = 1408 {i

As previously mentioned, dispersion by area is used 1o realistically limit the size of customer
areas. Customers are dispersed by this method oaly when it produces a customer area size
smaller than that produced when dispersing customers by road scgment length.
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Tﬁummmmmmwm for calculating the sub-
mhwn : fig
n = customer locations

M-h ij' :
e-*(e",i‘} = L = road segment length
=L/n A=grea

-"‘-mw-} 0
m“mmﬂd&m Sub-trees are connected to one another via their

comer points.
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If the two micro-grids do not lie dinectly N/S or E/W of one another, we use the two comer
points of those micro-grid that point toward ope snother. For example, if micro-grid A lies NW
of micro-grid B, the SE comer point of micro-grid A and the NW corner point of micro-grid B
are used ns connecting nodes.




Using the above inter-distance calculation, we generete the set of edges that interconnect every
sub-tree of & micro-grid to every other sub-tree in the ultimato grid. From this set of edges we
select N - 1 edges that minimally interconnect all of the sub-trees, where N is the aumber of sub-
trees in the ultimate grid. : : :

When we sum the leagths of all the sub-trees and the lengths of the N - / edges that minimally
WMMunumMmﬂum grid.
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