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Tel. No. (850) 425-2313 
Fax. No. (850) 22A-8S51 
Atty. for MCI 

Thomet K. Bond 
MCI Metro Access Tranamisaion 
Servlcea, Inc. 
780 Johnaon Ferry Road 
Suite 700 
Atlanta, GA 30342 
Tel. fo!o. (404) 267-8315 
Fu. No. (404) 267-5992 

Robert II. Poet. Jr. 
ITS 
16001 s.w. Malt<et l=:treel 
Indiantown, FL 34956 
Tel. No. (581) 597-3113 
Fax. No. (661) 597-2115 

Char1M ~hwtnkel 
Sprint-Florida, Inc. 
1313 Blair Stone Road, 
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Tlllahluee, Florida 32301 
Tel. No. (850) 847-0244 
Fax. No. (850) ~8-(Jm 

Carolyn Marek 
VP •Regulator( Aff11lra 
S.E. Region 
Time W*mer Comm 
2828 Old Hickory Boulevard 
Apl 713 
NaiMIIe, TN 37221 
Tel. No. (et5) 613-1191 
Fax. No. (615) 613-1192 
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Nonnan H. Horton, Jr., &quU. (+) 
Messer, Caparello & Self P. A. 
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Suite 701 
Tellahauee. Florida 32301 
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David B. Erwin, Esquire ~ 
Attorney-at-Law • 
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ITS andTDS 

Floyd R. s.tf, Esquire 
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Represents V\'ol1dCom 

Patrick Wlgglna, &qui,. 
Donna L canzano, Esqul,. (+) 
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2145 Delta Blvd. 
Suite 200 
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Tel. No. (850) 385-a007 
Fax. No. (850) 385-eOOS 

Klmbetty Cuwell, &quire 
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201 North Franklin Street 
16th Floor 
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Tel. No. (813) "83-2617 
Fax. No. (813) 20<J.a870 
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Jeffry J . Wahlen, &qui,. 
Ausley & McMullen 
227 South Calhoun Street 
Tallahassee. Florida 32301 
Tel. No. (850) " 25-6471 or 5487 
Fax. No. (850) 222-7560 
Represents AU TEL, NEFTC. 
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Tom Mccabe 
-os Telecom 
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Pet.r IIi. Dunbar, &quire 
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180 South Cllnton Avenue 
Rochester, New YOf1t 14646 
Tel. No. (716) 777-7793 
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Fax. No. (850) 229-8889 

St.ven Bfvwn 
lntennedia Communications, Inc. 
3625 Queen Palm Drive 
Tampa, Florida 33&19-130G 
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Tel. No. (860) 681 -6788 
Fax. No. 18501 681 -661 6 

Peul Kouroupas 
MlchMI Mc:AH. Esq. 
Tolepon Comm. Group, Inc. 
2 Lafayene Centre 
1133 Twanty-fht Street, N.W. 
Suite 400 
Waahlngton, D.C. 20036 
Tal. No. 12021 739·0032 
Fax. No. (202) 739-0044 



Joseph A. McGlothlin 
Vidd Gordon Kaufman 
McWhirter, Reeves, McGlothlin, 

Davidson, Rlef & Bakas, P.A. 
117 South Gadsden Street 
Tallahassee, FL 32301 
Tel. No. (850) 222-2525 

d-./1.il~ ~ 
J. Phillip~ ~) 

(+) Protective Agreements 

1 



·/ . ORIGINAL 

BEFORE TBEnORIDA PUBUC SERVICE COMMISSION 

.REBUTTAL TESTIMONY 

OF DR. KEVIN T. DUFFY -DENO 

ON BEHALF PFBELLSOVTB TELECOMMUNICA TIONS.INC. 

SEPTEMBER l. 1998 

C'SliJ :S S£P -2 ~ 
~I ~C RCC'RO~IllCPORTIHG 



• 
• 

Table ofCoalatl 

Rltloml T-y of 
Krrill T. Dutry-Deno 

Docbt No 910696-TP 
Scpwmbrrl. 1991 

I. INTRODUCTION ................................ ~ ...................................................................... 2 

II. CUSTOMER LOCA110N- ......................................................................................... 6 

A. ~.S.O. Catlliilif~. !>411bo~clcl)' ·-··-~··~·-······· .. ·--···-····· ... - ..................... ~ ......... 6 
a. BCPMi.l o u rz•l1l kwU+ fllol)' ........ ---·-··--····-· .. ·-·-.. ····· .......... _, ................... 17 

DL CUSTOto4EltA00R£0AllON........... ............................................................. 20 

A. IW S.O. 0-llfil jMioe Mil' I doloQ ... _ .. _, .. _ .... , .~ ........ ~ ....................................... 21 
a. 8CI'Ml.1° AWe IIU11 • .....,. - 1l 

V. DlST1UBU110N PLANTES'TIMAllON ............................................................... 2-4 

A. IW $.0. Dial ' 0' · • Elri d• .. ------- ·-· ...... -. . ·-· 24 
11. 8CI'M Dwl • Dl : E•l h•-- ·-· - J6 

VlD. S~Y ................. _ .......................................................................................... 4l 

E:XIiiBrTS ····-···-·····- -··---.................................................................................. 4S 



• 
• 

REBUTTAL TESTIMONY 

Of DR. KEVIN T. DVFPY·D£1110 

RdMWT-y of 
Kn• T Duii')'·Dcuo 

Doctd No 910696-ll' 
S.p1 mwl. 1991 

ON BEHALF OF BELLSOtrrB TELECOMMtJ!Io1CA TIONS,INC. 

BEfORE THE FLORJDA PUBLIC SERVICE COMMISSION 

DOCKET NO. 9SM96-TP 

SEPTEMBER l. 1998 

I. INTilODUcnON 

2 

J Q. PLEASE STATE YOUR NAME AND BUSINESS AFFILIATION. 

<I A. My Mille is K.mD T. Duf!Y·Oeno. I am the M~n~~ina Directoc·Martctl Racarth 

s at/NDETEC lntemat.lona.l. alelccommWlkatlons consultlna finn. 

6 

7 Q. ARE YOU 1liE SAME KEVIN T. DUFFY·DENO WHO FILED DIRECT 

a TESTIMONY IN THESE PROCEEDINOS? 

9 A. Yes. 

10 

I I Q. WHA TIS TilE PURPOSE OF YOUR TES11MONY? 

11 A. 'The primary purpc11 of' my testimllny is 10 rapood 10 Mr. Wood's uscrtlon in his 

1 l •estlmony of Auaust 3, 1991 on pqc 20 lhal: 

14 

: s "By deYelopiQa coau baed on the ~ti\IIJ locations of mos1 customcn, this release 

16 of the HAl Model povidcu de ~fee or precision in Ill I"C$UUIJ that limply canDOI 

11 be dupllc8ted by a model such u the BCPM which ~ a IIICft simplistic 

11 ippoedl or ll'bthrlly dlllributiaa cncl liMn alot~~ rotld-)'• or within an 

2 
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7 

I 

9 

10 

I I Q. 

12 A. 

ll 

I. 

I! 

16 

17 

II 

19 

:o 

21 

22 

23 

H 

H 

llflNIW T.....,_y or 
Kwlll T Do&tfy·Ocoo 

Oocbl No. 910696-,. 
$coptcDber 2, 1991 

My JeStlmony providet lbeoretltal and ompirital evidence that rcfutn Mr. 

Wood' a auenioa. Tbb tvldalec C«<JiJla ofa relative evahwlon of three k.cv 

Cemaes of tbe HAl Model R.eleaJe S.O. (HAl S.O.) IDd !be 8CDchmart Cost 

Proxy Model Ret.. 3.1 (BCPM 3.1 ): ( I) the customer location methodoloaY: 

(2) the customct IQJelltion metho.ioloaY: and (3) a complriJon of1hc minimwn 

distlncc, _. tbe a'OW flies, required 10 ~ OUSk oMIS and lhe dJstributJon 

pillll JlfOVbloned Ill HAl S.Oa. 

PLEASE 5UMMAlUZE YOUR PRIMA.R Y FINDINGS AND CONCLUSIONS. 

The followina llllllmlrizcs key cvilkace that COW1lm Mr. Wood's wcnion that 

HAl S.Oa b more "prceiac" than BCPM 3 .I. 

• The rile of RIC'Casrul aecx;odlna Is extremely low In the runl, low-dmsiry 

areas of florida. ~y. the HAl Model C1IIIOC!!CT looatioo metbodoloaY is 

reduced lO atlmatlna tbe Uoo's share of cllltOme'r locadonl in thea areas. HAl 

simply pltca such eustoQierS oulbe perimeter of relatively lqc Ccnaus Blook.t, 

lanodna the imponlllce of placina c11110men alona Interior roeds. 

• The HAI'a •poe••"' claim that tbe modcliCCW'IIely looalel customa"S 

under! )ina pocodecf md IUI'i"'pte dau 10 BcllSoulh for Florida. 

• The rectanaula-HAl tlustm to wblch tbe HAl model cnsinecn plant. do not 

fully cncomJ*II tbe Ullderlyinr ll"""'d'd llld IUITOple locallona upou which these 

HAl cll.lllm .,. bued. The 1CICICOCW and JW1'0P'e loc:atio:u lhemttlvn arc not 

l 
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20 Q. 

21 A. 
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24 
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used in lbe HAhooclel. 

R.boml T~y o( 

krifn T. Olitl't·Dcao 
Doebl No. 910696-TP 

Scpttm~ 2, ·~· 

• Azllllllysis or the y lllbetown wire cauer in Levy County lncllcaiCS that 

BCPM'I ~location metbodology effectively Identifies the IICIUal distri~ ulion 

of c:us\o!'IWI ~tblt ~ CC~ttct. 

• Atllllll)'lis of~ HAl 5.0a admales the minimum dis1anee occded 10 

COIUICC1 all of tbe Cllllomen In their main ct~ loc:atiOaJ identified by the moclcl 

iDdlc:ate~tblr HAl 5.01 t»bbllntielly ~ II .J dlSIIDCe by 1,866 miles for 

Bel !South's f1oridi territoty, ln the lowest deM!1y zone. the moclcl'e estimated 
' ~ 

dislribut!Oo dlSWII)e.(IDdudina drop ml CO!lm'Ctina cable) is leu than thla minimum 

~ disrmoe in IN ofiiJ main cl.usten. ~. HAl 5.0. 's distribution plllllt 

sub~Wrtial.ly ~tho requisite plant by aaubswltial margin to provide 

basic: service, ~Y in rural ems. 

• to c:ont!Ut k lbe pwoo~ lntcnllll in<:olllllm~y in HAl S.Oo clc~rminouon 
' 

ofrequiJiu distrlbutlonplant, a cocnpllllblc lllllyais ofBCPM 3.1 revcola that 

BCPM't modelina of distribution pllnl if intemally oonsistcnt with BCPM' s 

moclclin& ~ 11te minimum CiOilllCCiing diJ1anco anelysif of SCPM 3.1 indica~CS 

lbatBCPM is.ollly 46S mllcesbon in the lowest clcnelty.zone and sbon In only 32'Yo 

ofila ullimato arid&. 

HOW IS YOURJtEBUTI AL TESilMONY OROANlZED? 

SeQtloo JI provldeuoowrvlcw.,fHAI S.Oa's and SCPM J.l'a c:uatomer l~ion 

method,qlosr and~ evaluation of !be two methocloloaies. Section U1 provides 

•tmlllr lnlOtmldon fOr the model's dUSIOmc1 qateptlon mcthocloloaies. The 

modcJ.s' J*'OYision of dlstribudoQ plmt II 8lidtased in Section IV. A IUIIUDit)' of 

by polnu it~ in Soctloo V. 
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II 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

21 

7l 

2) 

24 

2j 

Rd>uaal T-y O( 

KmA T. Dlll'l)'•Dalo 
Oocbl No. 910696-TP 

Stplcnlber l, 1991 

ARE lliERa.EXHJBrTS TO YOUR TESTIMONY? 

Yes. 'J'bC followjna b a list of !he E!Chlbits lhat ~mJllllly my testimony: 

i<.DD-1 

KDD-2 

K.DD-3 

KD£>..4 

Kbo-s 
K.DD-6 

KDD-7 

KDD-8 

KDD-9 

KDD-10 

KDD-11 

KDD-12 

KDD-13 

KDD-14 

KDD-U 

Tho Roed Netwotlt in Dixie County, fL 

Occxoded Locatioas ln OWe Q)umy, FL 

Ococodod Loc:alions ln Levy County. r'L 

Goo.:odecl Loc:ations ln Washi4g1011 County, FL 

Sale1JI•Observa11ons ln the Y !Ulltectown Wire Center, FL 

Effect ofSunop~e Poilu Pllicemelu On Minimum <;penning TR:C 

Leng1h 

Mach 2, 1991 AT.t'T npcvtt 10 the FCC 

~ IUq Analyah of !he YWcc«lwn Wire Cml<-r, Fl. 

Flawe I. Ylllkte:lown Wbe Center. Oislrlburion of Mtual and 

BCPM pm:l!Cied Counts. 

BCPM Ultimate Grids ln the Y•nkoetown Wire Cmtet, FL 

1W Dlstribud.Ou Cable Requirements 

HAl S.O. Clusters In !he Y ankeel:own WU"C Center. FL 

Flauz;e 2. Stylized PNR Polyaon Cluster and !he HAl Equivalent· 

an:a RCtlllJM (A~ [)otat.esc): Fiaun: 3. Formation of the HAl 

s.o.~ct~ 

UJina MiJUmum Spii!Dina Trca to Ellim&lo Subtcriber 

D!JpenloG llld Mlnlmum NetWOrk Lenath 

1be "Shclrtcr· TbiD-MiD!mum-SpiMi.na· T n!e~ F a1lacy 

s 



2 U. CUS'TOMER LOCAnON 

~ Q. HOW DOES )JAJ$.0. toeA TE CUSTOMERS? 

R.ouual Taclmofty ot 
K.vlll T. Outi')'•Dooo 
~ Wo 910696-TP 

ScpumboY l.. 1991 

5 A. AJ explliDcd in tbe HAl Model Documenwioll. ~ a~inaM Ls used 1o 

6 Jpllially loc.rc "•lCDen. Flnt,aa lddlcsa detabece is ecqulml from a toun:c 

7 I1.ICb as Meta UIDiiJ, wblcb wupplles eddr ._, 10 !be IDII.I-ID&il matk.et1na lndusuy. 

1 These addrasa .re !ben b1pul 10 pococlina toftwtuc. wblch thc:n dd.tnn1ncs lht 

' Windt lad Jonajade oftbe addraa oa amep o!tbc roed-oetwotL 

10 

II When C\iSMDetl CIDDOt be econ~Ciy l'tdzas~, tbeit Joe :lllons .re 

12 piiCCd llllifonnly oa the ~of the Census Block in which they ~~e located. 

·~ 
u Q. OF niE COMPLETE ADDRESSES METRO MAll PROVIDES. CAN THE 

16 LOCAnONS OF ALL CUSTOMERS BE ADDRESS.OEOCODED? 

11 A. No. ?.0 . Box lad Rural Row~ c.annot be ICall'aldy acoc:oded. Since 

ta P.O. 8oxa IDd Rural Row lddr 1 c r occur lllll"b men frequently in rural ~ZCU, 

19 lhia a1foctl !be llbWry 10 pooodllll rural .,_ subtuotirJJy 1110re than il affects 

20 a_...! IOJ in thoo wt.D -· 

21 

2.2 Fallute to lddlea ere cacle mey a1JCI result &om incompiCIO lntonnallon in lht 

2J roed lllllwotk d•r b 1. For CXIIDplc, COOJider a fktioaal Mn. Emma Jones who 

2~ Uva at llO Town Ro.d. To eoanrdy pocodc Mn. Jooet' locarioa. ooe lWedl 

6 

--~-·-



~T~o( 

KMa T Outry.Dtfto 
~ ~ 910696-T1' 

S.,..bot 2,1991 

three pieces of lAI'onnallon In the I'OIId networit dlflbesc Flm, lhc pbyalcal road 

1 ........ T~ Raid, lhc portion or rwd bctY;'eCQ CWO ~ O«dJ ID be In 

3 the datablse. Secoad, the pbyaicaiiiOIId eeamenl miiSI be idell'tlfled with the rwnc 

• '"Town Roed." Flaally, tbc eddras nnp aaJOCimed with '"Town Ro.d~ miiSt 

s Include "120." 

6 

7 The Lca.ilaa rasoo why CIISIOmtr L catiOCIII.D NtalatUS e&MOC be KCuraaely 

a lddleos fCC c Nd illhis roed IICt'W'Oft lnfonr.i!IUII Rlq\limDcnL Auuumplc. 

9 Exhibit KD~t lbowa the roed Ddwotk I!! Dixie Couuty, Florid&. Physical !Old 

10 ICJII*UII .C lllowa i.D bilck, Qlll1.ed road a.;p LIJ lftlbown Jn blut, IDd named 

11 road sejll'llalll with lddrou r.,a .re .tbown In red. CIIStomcr locatl0111 can o.nl y 

12 

u IC!&mellll UW are named lnd cumbered 11 quite low. Leu tlw\1% of lhc physical 

1• ~I.D Dixi~CoUIIly lftlllmed IDd .-ve addlas rqes. 

16 Q. WHAT SHARE OF CUSTOMER LOCATIONS COULD BE ADDRESS-

11 OEOCODED IN FLORIDA? 

11 A. 1be spo01tor1 of HAl S.Oiru.d with lbe FCC ID apomon Fcbrulry l. 1991 

19 wbic:b pr t a= '" tbe pocode 111e1 obtalnod by the HAl Model clovclopcn. by 

20 dcDslty J.ICIM, for the SO .cata. For 1he < S line pet lq\lllC mllc dc.nsity ~. the 

21 HAJ Model ~l~ eould aocura~A~Iy ac:ldrcst-Jeocode tho locatl0111 of vnly 

22 J.4"ofcu•••om I.D Florida. The lloldoo&IIVCf'IIIO wul'qiOriOd u btlna U% for 

2J thlJ daWt:y moe. Tlbl. 2 below lbowa all oC tbe 1cooode rata for Florida. 

2• 
lJ Tal* 1. 8A15.h AM......o..-M Ra• In Jolorlcla: 

7 

1 



l 

2 

) 

4 Q. 

P.obuaal Ttadmony or 
Kevin T. Dutl'y·Deno 

Oocbt No. 9t()696. TP 
Scpttmbct 2. 1991 

CBG Dtulty Zoae 

0·5 
5 ·100 

100 ·200 
200·850 
t\60·850 
150·2.~ 

2.550-5.000 
5,000-10,000 

10,000• 

MCI~I~I 

OeocMt""-

34% 
e~ 
~ 

86% 
54% 
78% 
M% 
45% 
~ 

tS THERE ANOTHER WAY TO EXAMINE l1iE OEOCODE RATE fN 

5 FLORIDA OTHER llfAN THAT PRESENTED IN TABLE 2? 

6 A . Yea. Another ~etofpocode succ:ess rates haJ been provided by AT&T to the 
' 

1 Fc:o to Alpport HAJ5.0a. ~data are s\ICCC1!s mlet by Florida wl~~: center. 

a n- dala. &bown In Tablo 3, reveal that no midmtial customer loatlOIIJ could 

9 be tuc«ssl\dly llddral-aeocoded in 25 wiR centers in Florida, or S.Wo of the 

10 l'lllll wiR ccnu:n in Florida. 

II 
12 Tab!. 3. Dlltrtbtatkla of RAJ Ad~eocode Sat:caait.ttl for Florida 

I l Wire Cftteft. 

GIIU~IIt&D WCCount WCIMN 

()% 2$ 5.33% 

0· 1K 55 13.88% 

10·~ 2$ 533% 

acl ·:so% 111 4.05% 

8 
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30-~ 20 .:.2e" 

40-~ 26 53.3% 

50·~ 20 4.2e% 

eo-10.. 43 8.17% 

70·80% 78 18.&3% 

eo-~~o.~o 105 22.38% 

90·100% 43 9.17% 

100% .21% 

To411 10000% 

2 ADOdler way to examine lbae ~c:aller level d.l1a is co c:atqorize wire ceottn 

J into deuJity zooes usiDa ~ ccalcr lc-.·d ~tics (deuJity in Table 2 refen 10 

• CalM Block. Group dcnsity, the lllt&Nnl of density used by HAl S.Oa). This 

5 approach suums llw the eddresl-,~ !'lie in the IOMS! density wire Ce:DU!rs 

6 IJ lower thaD the 34~te'p011Cd in Table 2. ln fict. oo averaae.lbe success me in 

1 the lest than S line per tqii&RI mlle clculty z.ooc is 22%. Thete d.l1a for all HAl 

1 ~ cauen in Florida are lhown ia Table 4. Wll't center area is Liken Ctom 

9 BCPM l .la lbc HAl Acccu dlllbate does 1101 provide these diu. 

10 

II 

13 

Table ... H.AI5.h Add,...Ceocode Ratllfor florida: 

<5 

5·20 
20.100 

100 ·200 

Win C•cu IHulty ZoDt 

,. 2243% 

71 23.30% 

81 4U3~ 

az 81.17% 

9 
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200-880 79 72.7" 

6!10- 850 20 79.~ 

850-2.560 112 70.1R 

:Z.etfO - 5,000 55 eo.1n. 

8.«10 - 10,000 1& <IO.&nr. 

,. tO.OOO 2 21.18% 

~- 54.74" 

l Q. HAVE YOU EXAMINED THE A'JDR£Ss.o£OCODE RATE FOR RURAL 

l FLORIDA? 

" A. Yes, I b&YL Table S thows tilt 1995 CIIISus bousiJla unit COIIIIt for three 

$ IWidocnly •lcacd n.rral Florida COUDtles. Dixie and lAYy Counties are located on 

6 

7 

tbc water~~ c:out of nonhcm Florida wblle WashiDaton Cow:uy it located juat 

eut of~ Air Forco Bale. A/llhn!o counties are cbatlctetiz.cd by low bousin& 

1 lllllt clemhies (I.e., let~~ than IS houJina unita per square milo). Theae counlies 

9 were •leered llliDI• Mlp8ulc IWldom ~electlon pclljlam from 1 list of the 

to swe's c:oumieJ wi\b clallitles lesa than 2S boottina llllits per aquare mile and 

II laiOWIIIO ~I BdJSoulh 0\II'Did wire ceaset. W'ue cal1en contJ1nina Nati~'C 

11 Americao ~major lUte parlr.a. or preclomlnamly Water wac rejected if 

13 tJwy were •lectocl. 

'" 
IS ADo'ilboWn lA T.W. $,lot ncb c:ounty II the numbero(Meuom.all complete 

10 
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Table 5. AIY~Cil Low-Deuey COillltttl of Florida 

1tMC:..U. ~u a-oct able C.neue Count 

Houtln8 ~ Addrnue G.oeodable 

Ul)lla Add ...... 

OOde 7,141 218 0 0% 

IAYy 1-t011 7,014 3,748 27% 

w.shlngtgl'l $,.C01 3.794 2.2&3 27% 

4 Table S dtarl~ shows tbll t11e shire of total c\IJII:.dlct locations (Census housins 

s units) dlat e111 be JeOCOded varies IIClOIS ccxllltles ll1d WI be extremely low, ter0 

6 in Cac.t. con.sistent with the HAl ModciiJXIIUO: ftndlnaa. 

1 

I Q. YOU MENTlONET> nfAT THE ADDRESS..OEOCODE RATE DIFFERS 

9 BETWEEN RURAL AND URBAN AREAS. CAN YOU PROVIDE 

10 EVIDENCE OF THIS IN lliESE RURAL FLORIDA COUNTIES? 

II A. Y a . The px:ode rileS aboWII in Tables 2 • S do 001 sbow the flocl that customer 

12 loc:aliou in toW!lf are milCh IDOR likely to be &toeoded than thoiC out of town. 

13 AJ evidence of this. c:omlder11ie tMe maps of wire ccntm In these countirc 

14 provided as Eldu'blut<DD- 2, 3, &lid 4. Tbtse mJPS show, by red diamonds, the 

Is aeocodeod loeadilGI in !IIese wire cetlterl. No customer locatio111 could be 

16 aaoeoiSeiS in Dbdc Coumy (KDD·2). Uaually O<'le fOOt that in rural counties, 

11 aeooa W l«aaioas t=d to occur in cluttas. cenl.ered on toV.llS. ThlJ ~ the cue in 

II both I,evy (K.DO.l) apd Wuhlnaton (I(DIM) Counties. In levy CoWIJ)', the 

19 geocoded IO"ftloot are clustered «roUUId the toW!lf o( laaiJa, WiiiUton. Bronson. 

20 llld Chiefbu\d ln Wah!Jiaton County, the geocoded locatiolllate clustered 

I I 
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IIIOWid Ctilpley,lllhe inteneclion oflntentare 10 and route 77. 

3 lo fat1, the 34% poeodc 111te for lbe lowest dtnsity zone In Florida reponed by 

4 lhc spomora of HAl S.O& likely ovmwcs the gcoc:ode rate In the UUiy rurala!'eaS 

s for thiJ latoft. ~ daJsfty ZOQel UleO to ~ thete acocodc rates likely 

6 COOiain boch toW11S IDd out~f-4Dwn areas. Hence. an aaareaate iCQCOde ra:re is 

7 rypiqally bl&flet Qlll ~is uuc Cor 1'1e out~f-town areas . 

• 
9 Q. IS IT UK.a YTHAT ADDR.ESS-QEOCOOED LOCA nONS ACCURATELY 

10 REPR.ESENT rHs tRUE DISTRIBUTION OF CUSTOMER LOCA nONS rN 

II niESE WIRE CENTERS? 

12 A. No. By examilJina actuallotations n:l.arlve to acocoded loelli0111, ooc can aee lhat 

1 J lodocd, ¥- odo4 localions lc:od 10 be only in IUld t.ro\llld towna, deapitc !here 

IS 

16 Q. 

17 

II A. 

OlD YOU EXA.MINE A WIRE CENTER IN RURAL FLORIDA FOR THJS 

PHENOMENON? 

Yes. ~locations were obtained for thc Yankeetown wire cenler 

19 In Levy Cowny. ln .&iillon, 8daal eustomer locations wem obcalocd l.brousb the 

20 anal )'lis of a atelllie lmaac for thiJ wire ceniCI. 

21 

22 Q. WHAT IClND OP $ATI!tLITE IMAOE WAS USED FOR 1liE FLORIDA 

ll ANAL YSlS? 

24 A. The saWll~e 1m1ce wed Is R!ferred to a 1 " I o-metcr product". Tbllla. ooc pbtel 

2' equala I 0 metal on allele. Tbe imiae was talcen on December 4. 199S from an 

12 
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aldtude of S20 mUes. It wu purdwed from SPOT lmaae Corporation and 

2 analyzed by E1UM (Emiirotuncnw RaeatclllnJtinnc of Mlc:hipn). 

J 

• Q. HOWWASlliESATELUTElMAOEANALYl.EDBYERJM? 

5 A. Si:na: the imqe is d\airizld, it CCI be loQd imo a pmonal computer and 

6 enlarred ocr cbe c.ompw:r monitor. BlUM's experienced imaa'"IY analy1ts then 

7 visually ldaili1led.bolllel 011.a Ccnlus BII'Clt by CcnJus Bloc:k buis. 

a 

9 Q. WHATDIDYOURANALYS(S REVEAL? 

10 A. A map oflhe YIDkeetoM ~ centcr Exlu'bit KOD-5 shows !he loc:atlons of toe 

I I bousa that could be ldaltil\ed from cbe llldllit imap loc:alioas. SL: hundred 

12 and lhiny-chne of lbe 2,119 bousiDa Ullits in thlJ wire center c:ould be aeoc:oded 
I 3 10 lbe FIAI ModeiiWidlnla. llll clear l.bat &coc:odin& doa 1101 captUre: a 

14 aiamfleant portion of !be c:11110mer loealiortln Florida low-density areas. 

15 ~oreover, Exhibit KDD·S sbowtlhat II:UIIJ customen are dispened throuahout 

16 lbe wire center. 

17 

11 Q. CUSTOMERS WHOSE LOCATIONS CANNOT BE ADDRESS·OEOCODED 

19 ARE PLACED ON Tim PEJUMETER OF CENSUS BLOCKS. IS TiiERE 

20 EVIDENCE TIIAT CUSTOMERS ARB ACTUALLY LOCATED OTHER 

21 1HAN ON THE PEtUMJnEJl OF CENSUS BLOCKS? 

22 A. Yes tbeTc Is. It II tnae thlr people ICDCho llvulq roedJ. It is also true lhl1 

2J roads are DOt limited 10 lbe perimcur of Census Blocb. Pot example. In Florida. 

24 44% oflbe P"P"'•rod rOids ~the l~«mlty CeiUUI Blockl (clenaltles IJeatcT 

25 than 0 but ICII 1b1z1 ~ to.20 bQus1na UD111 per ~quare mile) are Minterior roeds." 

13 
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The sblrc of pnpde!ed road milap that is interior to CcnsuJ Blocks for the four 

2 lowat da:Jsi~ ZllGII ill Florida b sllown in Table 6. 

) 

4 

e ll 

o-lt1 
IHU /IQMI) 

II· 20 
20 ·100 
100·200 

" of ,.d ·- ltoldllltlat 
are llltetlof to c-ue -*" 

432 
3i.5 
383 
32.7 

1> In ldditioo, wbai/NDETEC ~ t\lltomer locatloos in tbc oounda of Levy 

7 ltld Wabhlatoa we found that 32% ltld 27%, respectively, are located on interior 

a roadJ. These findinp 110 lnc:onsislmt with the pt.cement of all oon-a~odable 

9 CUSIOt"Ao:tiOO tbepatalttef ofCcMII BlockJ. Tb.us, HAl ina~l)' 

10 di11epad$ the lict tbat ~in rural ~raJ live Ilona both Interior and 

II perimeter roeds. 

1) Q. 'S THE PLACEMENT OF SURROOA TE LOCATIONS ON 1liE PERl METER 

14 OF CENSUS BLOCKS A "CCNSERVATTVE'" ASSUMPTION AS 1ltE HAl 

1 s PROPONENTS CONTEND? 

16 A. 

17 t''*CII«Ioccions. Exhibit KDJ).6 provides an example of wbml unlfonn 

11 placemm& of cuatomer loc:alions a1ona road& both exterior and Interior to a Ccnsw 

19 Block )'ieldltlfflllcr dlspmlocl (u measured by the Minimum SpiMlna rnoe 

20 diJt ) IbiD lmilorm pt-mem aloaa the Ccwus Blodc boulldlry. 

21 

14 

l 
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m tMWoa. IIDibm plaC' """~" ~Jon~ c-Block DOIIIldaric:s " not 

2 ~w if utlJklal elustm m ConDod Ilona coctisuous Census Block 

l b;::ll• rfe its 

' Q. HAVE~ DEVELOPERS OF HAl S.Oa PRESENteD AN AI. TERN A TIVE 

6 MElliOOOLOOV TO THE SURROOA TE PLACEMENT YOU DISCUSSED 

1 ABOVE? 

• A. Yes. On Mlrcb 2, 1991, AT.t1 lllcd with 1!11' FCC ann pan' that prnen!J an 

9 "altemldve mecbodolol)' ror ~!. the loc:ation of c:ustomcn wbo were not 

10 seoc:odcd to !heir precbo llrCCt tMrw locatloo by the HAl Model. vMa." Tbl.s 

II n ptll'fl Ia llllebed to my rebunal ttltimony u Exhibit KDD· 7. 

12 

l l Q. WHAT IS THIS A.LTBltNATIYB MEniOOOLOOYTiiAT HAl PRESENTED 

14 TO THE FCC7 

IS A. 

16 canoot be 8CCIII'Iltly Jeoooded wilhlo a CCIUWI Block on the basis ofbotb inlelior 

17 and boundolty .--b. Tbl.s tllttbo6olcl)' 1*S the internal CCIISWI Block roed 

II nctworlt much in lhc A1D1 way dial BCPM bas used aU lion&- The n parte 

19 IWOI, "We are currently lllina the .... roads that m claimed to be UJed in 

20 8CPM3." {I!"'JJ'w'ftlldcMd). 

ll 

22 Q. IS IT TRUE 1liA T A MODEL WHICH ADDR.ESS-OEOCODES SOME 

ll CUSTOMER LOCATIONS IS NECESSAJUL Y BEl I ER lllAN ONE l1iA T 

24 DOES NOT USE ADDRESS OEOCODINO? 

H A. No. Fin&. tblllllftl-or lddtw aeooodiDa doa not Deee1ttnly make eiiiOdcl's 
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a"'''Def """-don mcdlodolol)' bcnef thao oae which utes some otbct ICChnlque 

2 10 ~ cust•: uen. Tbb ltJUIDCIIlls esptdally suspect in lhe low«nsily UUJ 

J wbeft lhe ~fCC IJ eX~rctDely low. CooJequently, lhe wenlon or 

4 ICQII'¥)' ofHArs pltcemmtcrCUIIOinal in nn.IUUJdependJ critically u~n 

' the diQbiiOUS .... Oft Wit~ UYC 00 oaly paimeler row. 

6 

1 Second, d. ..,_10 whleh aiiXIdcl usa addt....._ DC:OdJna occcb to be 

I determined for cumple, • ~ laler. i.110 ~ IDd aurrople 

9 lcJ r•iqw are Uledoaly 10 ddlnt lbc pcri.alctcroflbc PNR polyp cluster~ in tbc 

10 HAl pepco c nine stap. Ooce HAl ll"lllrlW'IDIIbc PNR clusters. amcruilll oew 

II HAl cli.ISic3 t.bat encotll& Ill I ditJermt &copapbic - thao UM: PNR dustcn, 

12 the CIIIIOCIIef lldtude IIIII Jon&ltuck lnformatiocls diswded. Thb lnfonnation in 

1 J no way enter~ the Aeeea dl!•bese used by HAl s.oa. 
14 

" Q. WHAT IS Yotlk OVERALL ASSESSMENT OF THE HAl CUSTOMER 

16 lOCATION MBTHODOLOOY? 

17 A. FiM. 1bc HAI c "••••localloD llldbodoiOSY Is te'Vd'tly limited in its abiluy 10 

11 use poco6ed 4111. apeN!Jy Ill nn1 -.. Sioce tbc rcc or sucx:a.sfu.l llddreu-

19 lf'OO""ina b low In nnllow daull)' area. IIW melboc!oJoay relics heavily on an 

20 inadequate csfuaMO of customer loeations. Th!a ettlmation placet customm on 

21 die~ ofC..11 BlocU, dlJrcprdlna the fact t.bat c:ustomen live alona 

2l illraior "*' • .mJ 

2J SecoDdly, despltt ~ by the HAl propocldiU t.bat tbc HAl customer location 

l4 metbodo!Qsy more ~y loca&ct aiiiOrMrllbaa BCPM. ~yin lhc 

2S low-deftsiry-. lhb conellllioo Is ~ &iwn lhc lltnitationa just 

16 
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described. Flll'lhermore. AT&T bat not provi<led any quantitative evidence to 

2 substaati~ this claim .• nor has h provided the undcrlyins data for lhe seococtcd 

3 and sunopto loaaions a requested by BtUSouth in dJJcovcry, to pennil such o.n 

• anruysls .. 

$ B. BCPM 3.1 Castomer J.ocattoo MdllodolOI)' 

6 Q. WOULD YOU PLEASE BRIEFLY R.EVlEW BCPM'S CUSTOMER 

7 LOCATION METHOOOLOOY7 

• A. BCPM 3.1 assumes \hat customm ueloc:&lt.J on or near roads aDd uses deuiled 

9 road·mlJeaie informlllioo to allocate U.S CCftS\11 bousini llllits c:ouol5 within 

10 Ceoswa 81oeks.. Specifically, a "flslmct" oimi~ each rouabJy 1,500' by 

II 1,700,1s pl,al;od over a~ ceotc.r. Census Bloc:k bousins urut C:OUOIS are lheo 

12 alloc:atcd to cacb mlGIOifid ~ oa ~b mlcropid's share of 101&1 Census Block 

I) road mlleage. The end ~ is allllisucal dhlriblltion of customer loc:atlons 

14 8Cl'Oa tho mlaopid's of a wire center. That Is, tho pro<:eu yields the 1/Uiy 

I~ (eatim"ecl) loc:aaloo of CU~tomen wilhin a wire center. 

16 

17 Q. HOW ARB HOUSINO UNITS DlSPERSEO WITHIN A MICROORlD? 

II A. The eustorla' locetioo metbodolOI)' mWIII ln a bousiJli unit C:OUOI for each 

19 n:lkropid. However, BCPM etrectlvely asswn.es. for purposes of estlmatins 

20 dlmibutiou cable dlc!e =cs. tJw bollling uniu ue «M~nly dislributed alona the 

21 roeds wilbiD. mic:qrld. 

2l 

ll Q. DID YOU COMPARE BCPM'J CUSTOMER LOCATION PREDICTIONS 

lA WITH AC1UAL CUSTOMER LOCATIONS? 

17 

,tc -t , ..... 
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Yell .A key test ot *'IY CUJtomer location metbocloiOSY iJ whether the model's 

esdm"ed cuaiOmCf loeadolll&re conJiateru with ICtUII customer locations. TblJ 

is of p&I'IIDOWit imporuuce in the run!, low-detuity area Iince Census Bluc:ks -.~ 

qullb llrQe in tbeJe areas. 

The tint step was to ehoose a BeiJSoL.h - Florida wire center in a low-deruity 

area. M described Clliier, this adection was D"...ile randomly and resulted in the 

Yankeetown witeccmer i1l Levy County. HRIM tbeD II!Alyl.Cd two ~&~ellite 

pboiOJRPhs rbat covered th1s wire c:cnter anc: idemificd bouse loutions. These 

I~OJl' {latitudes and loo.aitudcs) were tbm dlailized with the result beina the 

map ptetented.as Exblb~t KDD-5. N Exhibit KDD-5 shows, house locations an: 

rcauered lhrouih out the wire center. 

The De1Cllltp Is to overlay this map with concerurlc circles eacll with a radius I· 

mile pater IbiD the pevious clrtle't. This yields ''rinas" around •he ce.n!ral 

offiw "buul's eye" with a width of I mile. Tbc idea is to count the number of 

actual houses that fall witbin each "rina." Tbcso COWIIJ are summed and then 

plotted qalmt the rin(s outer><dac distmc:e from the c:cn!ral office. The result is 

lhedll1rill\liion of ICtUII bou:.ea as mwured apins1 dl~W~U &om the ce.ntftl 

offiee. 

The map abown in Exblbit X:OD-t (with the c:onceotrie rinaJ) iJ next overlaid 

with BCPM'a mtcroPkb- AI DOted CII'Ucr, bousini units are allocated to the 

m~ in the wile center baaed on each one' a shire of livable !Old mileaae. 

Uaina ~ c:emrold or the mlaoarld. each m.icrojpid is aulped to an appropriate 

18 
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riD& IDd tbr: D'I!Jibcr of BCPM prcdlacd MU<ring units d swnmc:d for each riD&. 

J TbiJ nep yields lbrclillribudoo of 8CPM jndlc:ted housJna units u measured 

) apiost the djmuw fiom tbe CCIIIrll oJlkc. 

4 

~ The Ktual boUM&Dd BCPM houllllS unit dJf11ibutions for Yllllteetown are shown 

6 rvaphlcally In KD0-9, Flpe I, At one would~ the rmjority of houses 

7 (62%) is ICUJI1Jy locllld widliD ) lllila or tbe c:aural office \ ,(b the disuibution 

a bavina a ~loa& tail." F"IIIR I abo ~~ tlllllbe actud and BCPM disuibutioos 

9 are a vay close malCb.. S'-the.._..,,.,, .. are siDaJc, dculcbcd-bowcs tnd the 

I 0 ~prcdic:ted"' are all bouaiJia IJIIill, dleft CIIIDOt be Ill eDCt oae-IO-OM MilCh. 

11 What we are looklna for Is tbe lendeocy of ldUI!Iocatlons to lie where St.:' PM 

12 predleu them to be. 

I ) 

14 For ClW!Iple, 62¥• of'ICtl.IIJ loealloos are wilhlo 3 mi.1ea of the central office. The 

1 s eompcablc tipu't for BCPM'a prcdlcted bo\lsina unit locatio.:.s is 66%. At I 0 

16 miles, lbe pm:m~qes are 16 and U. Moreo\'Cf, !be limple correlation bct\o"l:ell 

11 the IICt\lll boa!e eoutUIIIId BCPM'• ~ bousina unit couotllaOII the 

11 nnp Is 0.99. Helice, BCPM'J eu110ma localloo mctbodolo&r, usina thu 

19 bmdlmark. acewaaly ldeot!fies die tleMJ cliluibutlon of cunomen wilhln tbls 

20 wire caucr. 

21 

n Q DID YOU PERFORM A SIMILAA BV ALUA TION OF nm HAJ CUSTOMER 

n LOCATION MEniODOLOOY? 

14 A. 

1~ 

No. BcUSouab NqUellecllocliJco~ t!IIIATAT pco~ die eustomer loeauon 

dala oocasry to perform dlil..tyals. A TAT claimed that tbe intormetlon l.a 

19 
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propriellry llld reMed to produce i~ Thus. ATAT b&s rcfus.ed to provilk the 

2 dlla ._,kd 10 cooduct 1 complrlbk tat o(tbe Halfie!d model. 

) 

~ Q. WHAT IS YOUR OVERALL ASSESSMENT OF lHE BCPM CUSTOMER 

' LOCATIONMimiOOOLOOY7 

6 A. 

7 iJncra& for univeraJ eervlce, mote. if DOt al . c:t. itomer locati0111 must ~ 

• ""!meted iltdle low~ty ~~~US. Urlna" ld infonnation i• a loaicaJ approKh 

9 for estim the CUIIOQ!Cr l«ltklcll Not «'I) illbe rcletioosbip be'-"'«11 CmJUJ 

10 Blodt told miJaac llld bouslq unil eouou ~ly vcrilhble but tbe 

11 mctbodolot)' II t..d oo a oompcdlaulve ctatabl~e. Tbat Is. told cla1a ar• 

12 rcaiOOibly complete for emy CalM Bloel In lbe c:owlll')'. Addtn.l detabeset 

I ) llO DOt. 

14 

U Moreo\lef,lbc ~otmd.oe., ofBCPM'tiPPf"Okb lw ~-n vaHdeled by c:omparina 

16 tbc m•omrr locltlona predicted bylbc acp; I mocld wilh rcel•\lo'Ofld (USIOftiCf 

17 loc:atloas. AI pc 11 m~ ...... 5\ICb 1 1at of lCPM'1 roed-belcd mcthodoloaY 

11 indicaln dw it efredively pNdicu lbe actual distribudoo ofbou5n, u a related 

19 to di.ICIIICC fmm lb. CCtllrSJ oftlce. ill tbe Y~JJ~ CdOWil wire cen~ct. 

20 

21 IlL CUSTOMKll AGGit.WATION 

22 

ll Q. HOW 00 mE COST PROXY MODELS USE THE CUSTOMER LOCATION 

2c INFORMATION'1 

,, A. Tbe nrxt *P lA die mode& I procct~ iJ ID 111fCP1C eusromcn iniD cckpbone 

20 
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sa'VIIIIIRU. 1"bac seJVina areas are the fitndamental units that are sem:d by the 

2 wiro-bued oetwottc. A brief pmentation of the mockiJ' agreaation process is 

l necoaary u ·it bridaes my di.lcut.llon of the customer IOC41ion and distribution 

4 plal;l methodo\oajel. 

7 Q. HOW DO.£S RAJ .S.Oa FORM ITS TEL.nPHONE SERVINO AREAS? 

S A . Orollclhc ~ mel IW'fOIIIl= \ USIOIPCf loc:ations are determined. 1 

9 proccu developed by PNR mel Auoc:latn (PNR) dctermiDcs el1111m of 

tO customen. This proceas b detc:ribed in the HAl Model Dotwnentation in .;ec;tion 

1 1 S .5. The doe111DC111alion indicates lhll there are teveral critma used to de~rm.inc 

12 the utdmatc aizD of a <ll\lltCI'. 1belJe S1IIed criteria.,..,, ( I ) no polnl in "~hater 

13 may be~ lhllll8,000 feetdiluun (based oo riaht anale routina) &om the 

14 duster's cem:roid; Q) no clu=r may e:Jte«d 1.&00 ~ina in slz.r; mel, (3) no pouu 

1 s In a d\IS'ler may be fattber than two miles from it's Deai'C$t neigbbor. The end 

16 result oftbia ~ ia a JCJ oflnqultrly tbaped polygon clumn. 

17 

tl Q. WHAT AREOtJTIJERCLUST£RS7 

19 A. The pnl ~m dexribed lbow ~to lbe Mmalo~ diiS!erl, which coos!Jt of S or 

20 more &ocldoo.t. PNR.alJO ldentlfin very small c!US~a'S. called outlier clustera. 

21 which consi&t of 4 Of let~ locallonJ. n- outlier ciUS1crl an: "homed" on a 

22 parent mal.n clustet aod t.re stnma ~In HAl S.Oa by Tl road cable. ln 

ll BcUSou1hs'a Florida~ tarltocr. dlc:c are S,941 main cluster~ mel 210 outlier 

2~ clustera, The main dUI!CrlllllCO!W for 99.99% or lhc locations and 99.99% of the 

21 
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1 In the diJcu.ulciU that follows, "acmna areas" in HAl S.Oa ate synonymous with 

s 

6 Q. V)SUALL Y, WSAT PO 1HE PNk POLYOON CLUSTERS LOOK UK.E? 

7 A. Oiml tile AT.H rcfuled ro provldc BeUSoo.cb tbe occessary data when It was 

a requested throuah the ~very prOcess, n it not possible to anphlc:all y depict the 

9 ICtUa1 PNR poi).'IOQ clusl:crt for • wi3 mu.a In Florida. 

10 

II 8. 

12 

13 Q. PI.;E!ASE.BRJEFLY REVIEW BCPM'S CUSTOMER AOOR.EOATION 

14 MEll{ODOLOOY? 

IS A. 0o...e boosint llllib llld bu$1ness lila ate alloca!cd IUIIOSll tbe mJc.rosrlcb In a 

16 ~ ceruer,ll1icroarid.s (alo1111 wllh tbc CtStimAtcd loc:arions within each mlcrogrid) 

17 are~ into tdepllooe Canier Service~ Areas (CSAJ), rcfemd to as 

11 "ultlm~~C ari<ls-" UUiiDita pids ,.. In slzit from • Jinalc miaoarid (In the 

19 bia!Hiemity caa) roeppo1lilmllely 12.000 feet by 14,000 feet. rol!abJY 61q1W'C 

20 mlla. ID the ~-4aillcy azw. 

21 

22 In rural. ~ty a--. .. BCPM llltimllll pid litualcd 1W1Y from tho edae of 

23 the we CC'1llft b cypkally. reclqlt dill is 8 contJcuous microaricb v.i.1e by 8 

24 conti8UOUf ntictoafids tall. 

22 



-, Q . 

Rtbull&l T ttrimony or 
~Yin T. Dutry-Dmo 

OcKStt No. 910696-T1' 
Scpl4mbcf 2, 1991 

VISUALLY, WHAT DOES THE BCPM 3.1 ULTIMATE GRID NETWORK 

l LOOKUKE? 

4 A. Exhibit KDD-10 sboWJ the Ylllkee1owa wire center with~ locatioQJ, 

5 overlaid wilh tlw 8CPM WtiDwo sridl.. Abo shown is the numt- of housina 

6 units prcdiCled to ieslde In etCh ultimate grid, 'T'bm are S I ultimate arids in this 

7 wile mltCr. The mulmum stud lllid is 8.3 square m11et. BCPM 3.1 places 

1 2.392 bousina llllits (1,86S houxbolds) In this " 1tc center and 3 SO bu.Jineu 

9 locations. 

10 

11 Q. ONCE "UL'I'IMATE ORIDS" ARE FORMED. HOW ARE CUSTOMER 

12 LOCATIONS TRSATED WJ1liiN THE ULTIMATE GRID? 

IJ A. 

14 

16 Q. 

Customcu are stillloe*ted within the ultimate l!rid in the mlcroarids to which 

they wue orisinally ~sipd 

HOW DOES THE BCPM CUSTOMER AGOREGA TION MEnlO DO LOGY 

11 DIFFER FROM 11IA T USED BY HAl S.Oa? 

II A. The PNR mctllocloloif is a "oearest neighbor .. methodology whereby a cluster is 

19 formed &om !be "bottom up." Oim.oce to lht oeares~ nclabbor is a primary auide 

20 in Ibis ptOOCSS.. The BCPM methodology st.ans with 11macrol!rid, a 1125* of a 

1 1 ~ lllitudc md lmJihedc pid wo~st!oi o(, Ill tho mcm, 64 mig-opid&, and 

n 101kl to deiermlnllfthiJ Ire& can be brok.en Into smaller tervln9 areu. Hence. 

23 the BCPM met,IJodoJos)' b a "top down" approeth. Ocn.sity, or c:oocentrlllions of 

24 lines, ia the pri.mary JU14e in'lhe BCPM proce~. Both metbodoloaiet yield 

ll servlna areas of varyina s1zu, with Jarier areu servina the lower-dcasity zones. 

23 
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12 Q. 

IJ 

I~ 

IS A. 

16 

17 

18 

19 

20 Q. 

ll A. 

12 

23 
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DISTRIBUI10N PLANT ESTIMATION 

RdouiW T-y ur 
Ktvln T. Ouft't·Dmo 

Oodtcc No.9~ Tl' 
Stpcmbcr l. 1991 

WHAT IS THE NEXT STEP IN l1iE MOOEUNO PROCESS ONCE 

CUSTOMERS AREAOGJU!OATED INTO SERVING AREAS? 

The nex1 step iJ to desian a distribution network to serve thete arus from lbe 

cumnt I.Qeatloo 01' die l!.etllrl1 office. Hy focus in lhlt section is on whelhcr the 

model~ eJtlmatc CftOUib "distribution'' plant to tel"\~ customen in lbe locations 

assumed br the mode!J. 

HAl 5.0a DIJtribcdioJt Dbta11ee F..ttimatloa 

HOW DOSS HAl !I.Oa ESTIMATE THE AMOUNT OF OISTJUBUTION 

CABLE DISTANCE NEEDED TOflERVE CUSTOMERS IN THE 

LOCATIONS wmaNTHE PNR POLYGON CLUSTERS? 

This is a multiple jiCp J1f0«$S. The fint step iJ a ltlll!lfonnatlon of the irreaularly 

shaped PNR polyp clustets iniO RCtalliles. The second step is placement of 

customers within lbue rectenalcs. The last step is tbc de3i8Jl of a branch ADd 

beckbono ~ to serve Wac cii.IIOtnen. 

HOW DOES HAl S.Oa t:JV.NSFORM THE PNR CLUSTERS? 

HAl 5.0a COIIverli PNR'at.rresul• polyaons into the model's rectal1auW servina 

areas in two~ First, for cad! ofPNR'a polyaoo cl~~~~er~, HAl S.Oa fonna a 

"minimum bou.ndloa~.~ a teellll81e lhal CXIdly boUDda the alumr's 

"convex bull," by etl<IIOIU!a the polyaon'a four most nortbmy, IIOU!h«ly. easterly 

24 I 
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aod wacaly coordiDa.Les. (Sec Exh!bit KDO.II foe 111 illusau!~) This 

2 minimum botmina ftCt.lllllc tw I North· South. E&lt-West orimw.ion. 

) 

4 Next. HAl S.O. conwru each mi&Umwn boundina RCiallile in10 111 ··equivalent· 

s area" rectMale. The mockl performs lhls ICClOnd step by fonnina a r«l.ll\ilc with 

6 tbe SliDe IRII as theWlderlyina PNR. polyaon cluster but with lbe ~aspect radoM of 

7 lbe mmimUD boa!ndlna ~ An upea ratio Is tbe ratio oh I'CICWI&Ic's 

a bciaht ~Its widiL HAl S.O.~~~a the rat~ .valen:t-crca rcctanaln u tbe 

9 celeplome ~ 1rt11 ilfltntDI to lUI J.Oa. Tlw Ia, ::.esc arc the arcu to whitb 

I 0 the HAJ model "bi.d1ds planL" 

ll 

12 Q. 

I) 

14 A . 

WHAT DO mE MAIN, WEQUTV ALENT-AREA .. RECT ANOULAR 

CLUSTEil$ LOOK UKE lN PLORJOA? 

Exhibit KDO.lllbowl the Yllllbctown wire: ceniCf and tbe ~ dumn 

Is u dtrlved hal the clllllet Acecu dattbllc IICCO!Ill)ln)'lna HAl S.Oa. In this wire 

16 center, HAl S.O. ••mes tbenlwe IS main dllitm and 3 outlier diiSICn 

17 1'1ioety-nine point ci&ht pe:r=u of the loc:ations ISJWDOd 10 exist in thiJ wire 

11 ecnt.cr arc pi8Ced iluo the maiD cl~~~ten. The llqest main ciUA.Cr l.s ll.laquarc 

19 mllC$. In the Stile u a wbole, the IUJCII HAl S.Oa du.mr it 20.2aquarc mlln in 

20 .u.. 
21 

22 Q. ONCE niE RECTANGULAR MAIN CLUSTERS AAE FORMED, FOR 

ll MODELING PURPOSES. HOW AR.E CUSTOMERS LOCATED WITHN 

24 EACH R£CT ANGULAR CLUSTER? 

lS A. 
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Rab<lnal T ctdmoay or 
Kevil! T. IMI'y-tlcno 

Dock~t No. 910696-11' 
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l Q. HOW DOES HAl i.O. DS.SION THE DISTRIBUTION NETWORK WITHIN 

~ THE lAAJN, RECTANOUL.Ail C.LUSTERS? 

s A. Distrlbi.rtiOD plant is mOdeled In a Almple bn.nch n.nd backbone eonflauratlon. 

6 HAl S.Oa UJ'IUI)CS ClllfOI:I!Cf lou are euentially evenly distributed within each 

1 main clllllef. Each lot Is IAUil\Od to be twice a ~JI as il is wide. 1'be sm or 

a each lot Is simply the area or the: polyp el~ divided by the nwnbcr of 

9 IOC"dON. If die model ddmnlDn tlw IMR !han ooe OLC ia necdod. then 

10 connectina ~is al.toJiilced to COMCCt the centroid of the: main cluster (wbere 

I I the tubfeeda' ICrllliDms) wflh the DLC.S. 

12 

I) Q. 

14 

DO THE EQUIVALENT-AREA. RECT ANOULAR MAIN CLUSTERS 

CONTAIN ANY INFORMATION ON THE LOCATION OF THE ADDRESS· 

ts GEOCODl!D AND SURROOATELOCA TIONS USED TO DEFINE THE PNR 

t6 POLYGON CLumRS? 

t7 A. No. 'l'he equl~ent- recllll&lcure a modelina tool used by HAl S.Oa to 

1 a estlmale the 'WOIIDt of d.!Jiributioo cable needed to serve eus10men In the 

t9 locatjona within tbo •tsor.Jattd PNR polyi(ln diiSIUI. The address-acocoded and 

14 surropte locasloru n used only In the detcrminatlon of the PNR polyaon 

21 Gluat.cn. 0DC411be shape &tld.-oflhe PNR polyaon chJSI.cn are determined, the 

22 information oa U.: aeoco<kd aDd !lllm)pte lneations is no IOflicr UJed by HAl 

23 S.Oa. 

l4 

lS A visual iOJIICM'dMion may belp. lCD[).. I), rli\ft 2 lhowaaatyllzed PNR 

26 
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Q. CAN YOU PROVWE A VISUAL DEMONSTRATION OF ntiS ISSUE? 

2 A Cenalnly. KDD·I), Fil\ft 3 shows a cluster of tUSiomer locatioas. some 

J gcocoded,some SUI'I'Opte. lbis polyaon cluster is trunsfonned by HAJ S.Oa into 

• 11 rcetaDJie lhlt is \lied in • estimllioo of di..-uibution pWu. Allhouab HAl S.O. 

s conslnlina lhe ua of the I'CICWlaWif cluster to lhc ua of lbc PNR polygon 

6 clusur, the mnJtina rec:1111pW clwtcr may bear little resemblance 10 lhc shape 

1 of 1he underlyina PNR polyaon cluster of customer locations. The orisinaJ 

a customer locations u weU utbe oriahW cllm~ between these locations are not 

9 preserved in lhe trmsf~ process. 

10 

II Q. 00 YOU HA V£ A CONC£RN WITH THE HAl S.fit DJSTRJBUTION 

12 NETWORK DESIGN Wffif.IN THE MAIN R£CT ANGULAR CLUSn:RS? 

IJ A . 

14 distribution dlstaDce caused by the c:orupcessloo of C\I.JlOmer dispersion discUSJe<l 

IS above. This assumption conccnp tbe plllllC:IIlllnl of the bnm<:h llllCI blckbone cable 

16 within !he maiD~ clustm. 

17 

11 Aft.c:t producl'l& lhe eustomet lot~, HAl S.Oa places backbollel distribution eable 

19 vettlcally and bnnd! cable boriz.oatally. 8ocauJc branch and backbooe cable 

10 ex1alds 10 within one lot width (depth) from each rcctanaJe'a boundaty,low-

21 density m=t•n&let 1R ~by locations (i.e .. Str\ll;tlllel) that m\llt be 

22 compressed UOUDd the Interior lots in Ol'4cr 10 be ~aChed Now thlt is not a 

2l problem in cluatm lhlt ate dcnscly populated. However. in SJ*IC'IY populated 

2• clustm, tbCI Ulllllled lou art vay larJe and tbe compRitS!oo aroWid tbe interior 

2S loU is much areater. 'Jbil f$1 dfccl o(tho tranlformatlon process coupled with 

21 
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Ibis assumpdoo c.ooccmina branch LDd backbone lenp is alelldancy to 

2 ~ !he disuibutlon dislal!ce. ;\Jain, Exhibit KDD·II iUUSU'Iles how 

3 this unclerul1mafioo dill occur. 

5 Q. WHAT MEASURE CAN BE USED TO QUANTIFY THE EXTENT TO 

6 WHICH THE HA; S.O. UNDERSTATES DISTRIBU110N DISTANCE? 

7 A. The Minimum Spullliq Tru ("MSlj can be used . , provide an appropriate 

a ~ bo\11111 for qua.ntlfy!D.a CUStOmer dispmion. The MST i.J the: most 

9 c:osuervadve rneuliX\l oflhe minlmiiDI disU;nce requin:d 10 c:onn«t all customer 

1 o locat.loos. As such, it p!Ovides a measure of c:urtomcr dispmion. 

II 

12 Simply,lhe MST ora set ofpoin11 is lbat set of~lnsllne seament.s whose 

1 J total Jeqlh b !be ¥/rortm poulbl' hr thia set of polnu. The a~bc<l paper. 

14 "Uslna Minimum Splll!lin& Trees to E.st.imau Subscriber Dispersion and 

u Minimum Netw«k Lenatb" (Ex.biblt KDD-14) provides further ratiorl4le for the: 

16 uscNiness of the MST. The anached paper also provides a step-by-step example 

11 of bow a MST is calculated. 

II 

19 Q. IN REALm', ARB NETWORK DISTRIBUTION DISTANCES Lll<EL Y TO 

20 EXCEEOTHEMSTDISTANCE? 

21 A. Yes, for thc: simple reuoo Llw lleiU&I distribution disu:nc:es likely exceed the MST 

22 dlJt:anco. For example., ICSual distribution palbs must lldbete to riahts of way 

2l (e.a .• ttne~t). The MST ianora any S\ICh constn.1n11 and simply measures the 

2.4 shortest way 10 eoo.oect bousa with a stralaJuiJ.oe. AI tuch, a MST aegment .... ;n 

2J lraVenc snlaht across a lake rwtherthan follow a road atOUDd the: lake to reach 

29 
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J Q. CAN YOU PROVIDE AN ANALOGY TO HELP EXPLAIN THE MST 

4 CONCEPT? 

$ A. Yes. S~ that an interstate hiaJIIIIIIY is to be co~ed c:Urectly between 

6 Gainesville IDd Jadaloovllle. We k.aow that liS the erow flica, tbc aerial dii1&J1Ce 
' 

7 betv-ml tbc.x two dUes is IJIIXOximaldY 6S mila. Clearly, the constn.lded 

a intcntate that connectnhete twO Gldea WU10t be shoner than 65 miles. If it were 

9 then e&r~ would have to "fly" O'm' tbl: 8Jpl in the .Jpway. Realistically, the 

1 o amount oi interstate highway distance eoDStNC:ted would b'! greater than the: 

11 "crow" diS!&!ICt u natural bltrim, rights~f-way, and other obsw:les would have 

12 to be fllCtOn:d into the routina oftbe bi&hway. 

I) 

14 Hence, the MST distance should be considered as a "rea!Jty cb«k." not as the 

15 amount of distribullon dis1811Ce that a model should estimate. A m.odel should 

16 estinwc a distribution distaDce t!lat aaeds the MST distance. 

17 

II C. SHOULD THE MINIMUM SPANNJNG TREE DISTANCE DE CONSIDERED 

19 A 'LOWER BOUND' FOR A REQUlRED AMOUNT OF DlSTRJBlJTION 

20 DISTANCE? 

21 A . The MST should no1 be coosidcml as a "lower bowld~ for a required Mlount of 

22 distribution <ili:taZJM. Such a lower bolllld likely ucwi.J the MST for the reason 

2l given above. Our llliiYtis IJ baed oo the premiJe that if a model's ealculaled 

24 distribution dLtWiu is less than the MST dls!ancc.lhen ill• less 1han the 

JO 
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Rcblm&l Tdllmon~ or 
K•viA T O..ll'y·Onlo 

Dockd No. 910696-TP 
~b«r 2. 1991 

mjnimnm dimnce required (ot a f'uoetiooal distribution~ .. 

IS IT TRUE THAT 1lfE MST DISTANCE MAY NOT BE THE SHORTEST 

DISTANCE CONNECTING A SET OF POINTS? 

Tbeoretkally SJI rzlrina, yes. By lddlna polnll (nodes) one mqy be able lO reduce. 

Wider catalD conditions, the dJJtancc ~ 1.0 ex>~ the ociamal set of pomts. 

However, In 'l)()lt casea of lntau~ i.e., f'UU' '*• j I~JU. it iJ very 

difficult to lind a caaoectiJ1a dl.stlnce tbal 'sless tlwl the MST diJUnCC Exhibll 

KDD-1 S diJcwses thiJ m more ckQil. 

DOES THE ~tsT TEST THAT YOU ARE PROPOSING CONSIDER AC11JAL. 

I.E .• "R.EAL-WORI.D," CUSTOMER LOCATIONS? 

No. It b impotlallt 10 realize lhallhe test I am proposina is one for cxaminina 

wbcthcr HAl S.O. ~ cnouab diltributlon table diSWICC lO connect the 

CUS10maS In the locations tWIUWti ty HAl $.fJII, L£, bl dl, PNR cltatm. not in 

their "reaa-world" loc:adoal A ctllfiii'Y.IIoul~ de1•'wsc on the real-world 

locations of 1111 eus1omcn II ~tot available. HCD~:C, Ibis iJ,. ICSI of a model's 

'"in~ coomleUCy." 

OlD YOU lJS£ 1lfE MST TO DETERMINE IF HAl S.Oa UNDERESTIMATES 

DISTRIBUTION DISTANCE FOR BF.LLSOUTII'S FLORIDA SERVICE 

TERRITORY? 

Ya. We flrll calculalcd lhe MST ctilt&IICC for cad! PNR itrcauiar polyaoo fall in& 

within Bell South's WU. ccnlftlln Florida. The MST cfuWice rcpruen11 lhe 

31 



llebuual T n1•1110ay or 
Kevin T. Outi)'·Oalo 

OocUt No. 9t'l696-T1' 
Septcmbr • 2. 1991 

ml.nimwn diSII:DCc requlml to conocc:t the acocoded IID4 swrop~ coordinntes 

2 encompasaed by el!dl polyaon. For each con-upt~ndlnf equivalen1-an:a, 

3 rec~angular main c:l~~~ter formed by HAl S.Oa, ~!ben compared the MST 

• diJtanco wi1h the distribution ro111e dblallcc tal~tcd by HAl S.Oa. In mn.king 

this compadJOO, we added drop lt!ljtba IIJd connec:tlna cable lenathJ to the 

6 disl:ribution route~ ealcuWed by HAl ,_Oa. 
7 

• Q. DID YOU ACQUIR£ THE COORDINATES FOR THE C1EOCODED AND 

9 SURROGATE LOCATIONS FROM THE ACCES~ DATABASE THAT 

10 ACCOMPANIEs HAI5.0a? 

II A. 

12 does not conilinany information on the ori;ina.llocctioOJ in the PNR polygon 

I J clustcn. A dati rcq\ICit wu made oF AT&T to obtain llle MST diS1A11Cc, bue<l on 

14 a program supptiod to AT&T by StopWatch Maps. We reeeivtd for each HAl 

1 ~ ,,.Oa ciUSIU the MST clisunce, but wu not provided any acoc:odtd or SurTOgAie 

16 locations. 

17 

II Q. HOW ARE YOU DEFINING "UNDERSTATEMENT OF DISTRIBUTION 

19 DISTANCE"? 

20 A. An UDdetllalemen1 or "&boru&e" ocaan If the MST dlllall« is areater than the 

21 distn'butl~ route diSIAIItCO cal~ by HAl S.Oa. Again. this does not imply 

22 t.hat tho MSt is a lower bouDd for a required amount of distrlbutlon diswlc.e. It 

23 simply mWIS the model Ia not providina for cnouah diJUibution di514nce to 

2~ connect 1111 the CUI!ocncr IOCII!iolU idcn1i11ed by PNR In the uodcly!na potyaon 

23 cluster utbtl tltt~IIIIH'USI dlstii~JU ct~iifliiUtiMII tlflll u llflomi.:;llly poulbl•. 
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WHAT DID YOUR CALCULATIONS OF lliE PERTINENT MINIMUM 

l SPANNING TRRES REVEAL? 

~ A. 

$ 

Usin& the HAl Ma clc!ault drop ICilllhs, we cak:ulatcd the diffcm:JCC between the 

MST distanoe llld lbe dl.suibulion rouse diJIIIlCC caleulaled by HAl ~ .Oa for each 

6 main clumT. Table 9 presenll a sunmary of our findlnp. aplro by cknJity zone. 

7 Table 9 shows lbe cumulative lUDO\llll by wblrh the HAl S.Oa calculated 

I distribution route dlttanee falls short of tl".c MST ditWice ( .. sholUI&e''). the 

9 cumulative MST for the diiSierS that arc sl.ort. lbe avcraae shoruse. the number 

10 of main clustcft tbat arc abort. the number of main c:lustm In each density mnc, 

11 llld the pereentap of main clusters thai arc sbon. 

12 

IJ HAl S.Oa docs not UJO'Ibc 5 - 20 and : 0 - 100 density :woes but eoruidera only th~ 

a• aaarcaate .S • 100 denalty zxme. To provide areater dcuil for low-density areas. 

1 ' we provide data for these two S1lbc:alqories. 

16 

17 labk 9. HA15.0. Diltribatloa Route Dlslallee Uad~tatflllnat: 

Defult Drop LeqthJ, lklJSoatb Florida 

a... ... Oqljr ..... ~.,.. ,. .. -

Ol iWE&ii atror nliDfi ......, w;;;;t w;;;;&;O/ .... ,... --= oUIC -'MCiol MC-Iol ...... - Dl Dln<ol 

•o 2.7t&.l77 ...... ~ I. 157 -.-
5. 20 eM! .til IUtUII :lt..W~ ,.. )tl -~ 
20· 100 1.m .MO 7,12.4.~'13 21.1~ IU 418 )4.2211 

100· 2')0 -- I,:IN.171 2Unl 31 U1 13110,. 

33 



P.cbllnal Tndm011y of 
Kcvtn T DuflY-Dcno 

Oockf1 No. 910696-TP 
$cpumbct2. 1991 

200·650 112~ MJ.OSJ l7- JZ 110' UO!I 

650·-
·~-

41.W aun. e 216 Ul'll. 

650.2.550 ·~~~~ t ,OM,637 1015'11. ., •.• 81 JM'K 

2.650·1.000 ... <* w .... 10:15% 31 l ,l711 22$!1 

1.000 • 10,000 » .116 lti,Qt lue-4 2• w U611 

• 10.000 '""" 13Q,)Of tun~ 16 %).1 •• I% 

....... " ».n.l.tlO Jfltll no , .... lltn. 

As Tab!~ 9 iodkatu; HAl Mo slpfkan:tly lndercslima.tnlhe required diSWICC 

2 10 simply COMCCI the CIISIOIDCn, as tbc aow l>le$, 10 the QdWOrk. The 

l UlldcrslalmiCIII by l!Al S.Oa of dl5tribution dliWICC is &rUlCSt in .nc lower 

• dc:osity ma;s, ~ly. zonca with fewer than 20 lines per ~quare mile. 

s Generally, the UDdl!tswcmenl dccll.ac3 as density rises. Estimated dl5tributlon 

6 dlauncet that are rhon o(lbe MST distaoce cbarlcterizc f'l% of the main clUSICfS 

7 in tbc lowest density ZlOtiC. This Jho~ie in lbl: lowest dcnaity zone Is, on 

a average, 42%. For &11Sou1h's enlitt Aorida ICrVice tcmiOfy, HAl S.Oa 

9 llliOmlates dislribwloo cllstaDcc by It least 9.9 million feet (1,866 miles) using 

10 the HAl S.Oa default drop !Imp. 

II 

12 Q. IS IT UKEL Y nlAT TilE PlACEMENT OF SURROGATE LOCATIONS ON 

1 l TiiE PEIUMBTERS OP CENSUS BLOCKS LEADS TO AN 

14 OVERSTATEMBNTOFTHEMSTDISTANCESFOR 11iE PNR POLYGON 

t5 Cl.USTER.S? 

16 A. No. Exhibit ·KDD-61howa that a placcmctu ofloc:a.tions on inlerior and boundary 

11 roedJ can lead 10 araur diJpctsion lbao placcmcnt just on tbc CCI\JUJ Bloc:k 

II ~· Hence, thb toUnlm'l the qumcnt that lbl: MST ciiJ1anc;e, Q!culakd 

)4 
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for lhc PNR dusters m "too long." and the shonaae in diJtribution dlsuno:c: :: 

2 oVC!IIIted, bec.ause oflhe locatlon of the ~UITOplt poinu along the perimeter of 

l the Census Block boundaries. 

4 

~ Q. IS IT MORE APPROPRIATE TO FOCUS ON l1iE GROSS SHORTAGE IJR 

6 NET SHORTAGE IN OISTRlBUTlON DISTANCE? 

7 A. It IJ more approprla2 to focus on the arou shortage in distribution distAnce. 

I First, a definition or tenDS is in order. A &fOSS sbonagc is the toul shonqc that 

9 oceun aaou main ciLIJters v.bcn only the dlstJibujon diatanc:e sbortqes are 

10 added together. A net sbortqe is the total ihonagc thai occurs when both 

11 shortai~ ud "surplu.n" ~added togcthe: ~Cross maio clust.crs. 

12 

ll Now, lbe shcma&e in 0110 clusu:r (for which lbe MST distAnce: cKceeds the 

14 diltribullQn di~ c:alculated by HAl S.Oa) C4MOt be otl'Jet by another cluster 

1 s for which the opposite u INC. Then .on: two rcuons. First. the MST is no1 a 

16 "lower bound~ dlstri.bullon ~ for a functional netwOrk. Second. and mon 

17 fimdamcmWJy, diluibutlon cable iJ not f'unaiblc across distribution arcu. 

11 Beuuse a p/rytlc4l network u bcinalDO<kled, I 00 f~t of distribution dillAIICe 

19 beyond the MST amount in clllller X c:annot be used to offset a I 00 fttt 

20 deficiency in di.strlbulion clistaoce in cluster Y. Eadl and cvay cluster should 

21 have an ~ lmiMIIlt of distribution dls&aace so that ewryone on the 

22 modeled netwotk can "'aa.k." DOt just the "avcraac" customer. 

2) 

BUT IF rnE OBJECllVE IS A COST ESTIMATE. 11fEN WHY DOES IT 

25 MATTEllllfATnfE MODEL IS SHORT IN SOME CASES IF THERE ARE 
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3 A. 
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12 
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14 A. 

IS 

16 

17 

II 

19 Q. 

20 A. 

21 

22 

23 

24 
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CABLE DISTANCE NEEDED TO SERVE CUSTOMERS IN THEIR 

MICROORJD LOC,b.TIONS WITHIN THE BCPM SERVING AREAS? 

BCPM em,ploys two modttlQa too II in this estimation. Fim. each ultimate BJid is 

divided into 4 poccutlal Mdlstribut.IOOJ qllldrants, ·• wilh the Mcro:u hairs~ bcina at 

the road-ceatrold oflbc llllimlte (pid. Subfoederthen extend.J into each ultimate 

grid to the I'Oid<tnUOid oftbe ultim.tue grid. In low-densily IIRJU, this is where 

the OLC !s loca!ed. Horizontal and \'enlcal eoMcclioa cable extend from lhc 

OLC 10 each JHJpM#IId dbttibutlon quadrant of tJy, ultimate grid. The eo.Meeting 

cable terminates ll the road-centroid of each populated distribution quadran~ 

HOW IS THE AMOUNT OF BRANCH AND BACKBONE CABLE 

DISTANCE NEEDED TO SERVE 1liE CUSTOMERS IN EACH POPULATED 

DISTRIBU110N'QUADRANT DETERMINED? 

Thls is detcnnined wilh tbe aid of anoll= mud~ ling tool. An area equal m size to 

I ,000' tUnes the lmOWit of road milea,e within a populated distribution quadrant 

is c:onoeptualbzd. 1bls area is assumed to be a square consisting of equal sized 

CliSIOmet' lou. Branch and t.clcbooc cable iJ then "laid" to serve each lot. 

HAVE YOU APPLIED THE MST REALITY TEST TO BCPM IN FLORIDA 7 

Yes, I bave. 1 penonned at.esl on BCPM 3.1 for Bc:IISouth's service tetritory in 

Florida. The relevant unit of analysis in BCPM 3.1 is the Carrier Serving Area or 

"ullimatc grid." 'llle MST b computed for Qcll ultimate grid based on the 

usumption U\11 wstOIIYT locations are evenly di.51ributed alooa roads. 

HOW SHOULD THE TERM "DISTRIBUTION" BE USED TO ANALYZE 

)7 
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BCPM'S DlSTRIBtmON NETWORK USING THE MST TEST? 

The bsue is wbetber BCPM it cstinwina ~ cable distance 10 connect 

J CIISIOmei'S 10 eldl other tUtiiD the network.. H=. wdl.stributioo ~ cable sbould 

4 include all cable on the customer's tide oflhc subfeeder tenninarion point in !be 

s servina area. i.e., ullilnatt &rid- This diStanCe incll.det tnnch. backbone, drop. 

6 and connectina cable di.slanc:e. For the purpose of the MST teSt. conoectina able 

1 Is alwayadefiDecf as wdistributioo~ c:.able ~leu oftbe loution of the FDI. 

• 
9 Q. 

10 A. 

II 

12 

IJ 

14 

WHAT ARE YOUR FINDINGS FOR BCPM? 

The findings are Pf*Dted in Table 10. 

Taba. 10. BCPM 3.1 Dlltribvlioa Route Dlltute Uadentatcmtlltt 

Dcfnlt Dtop l..acths BtDSouth Florida 

Dell lot Only Oltdla,.,.. Ate -

QZ idiiOW .... UIIM ....,CIIwu;;;rOi iiUfl&fot&teie .._,.... 11W1 Clflcll - Clflcll tn QZ IIMHtlnOl~l ..... _. -
<$ 1,1,.,017 ..,., .. 77 21.- ~ 101 l1.1W 

~ • :10 anne , ... , ,:102 111.01~ IQe m UOI,. 

2D. ICO w.• 770,0M .. ~ Z2 711 Z.ll,. 

IQe • 200 «UU 201.* •..w I Ill ,.,. --- ....., 177.t87 ~ 11 U:SI 0---- IIMf 10- a..- 4 Ill o..-
uo -1,1110 101- 224,701 ... - 11 4,fTf 0~ 

2.110-t,COO t.Qt :um l7-N'Il .. I.ZU 0~ 

5,000 . 10.000 2U07 21.107 100~ 40 uo,. 
>10.000 u.. 11,111 100.- • 

2Q __ 
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2 In Table I 0, lhD data 1te for the ultimate arids for which lhe MST di$tanec 

l exceeds the lmOIIIll or distribution cable estinwtd by lhc mocltl (i.e.. "sbort" 

• arids). In ~ BCPM 3.1 does oot U$C the S • 20 and 20 • I 00 density :r..ones 

s but considers OCI!y dleearqatc S ·100 density zone. To provide greater detail 

6 roc low«nsi.ty area. we PfPvide dalll for thclc two subcategories. 

7 

a Q. WHAT DOES TABLE tO SHOW? 

9 A. In the ltCU of'intaat ror uni~ SCt¥ice, i.e., the twO lowest density :r..oncs, the 

to da1a in Table 10 sbow that BCPM 3.1 does oot estimal.c eoouab diltribution 

II diJtanoe 10 coanec:t CUIUIInerl in thi:ir estim.ued localiolls In 24% of i!l ultimate 

12 iflck. Con:siclerlJ1a dwl entire BeiiSouth Florids aervil:e ll!rlitory. BCPM's 

t l estimated dlstribudon distMc:e falls lhort of lho MST diJ:Iance in 4% of the 

t ~ ultimate £rids. The total .. sbortaac" is 11 least 2.S million feet or 465 miln of 

IS d.lJtribution dlsta.ace. 

16 

17 Q. WHAT IS YOUR OVllRALL ASSESSMENT OF BCPM'S DISTRIBUTION 

11 DISTANCE £S11MATION PROCESS? 

19 A. The resuits iudlcetc that ·BCPM is mud! more inlmlllly consiJ.telll!Nn HAl S.Oa. 

20 1bal )1, BCPM moro ctl'«tlvely estimates a minimum required diJtributlon 

21 diltiDC:e {i.e., the MST diiUUlCC) 10 coiii'CICt CUMmerJ in lhe locations estimated 

22 by lhe model. 

2J 

2-4 Q. CAN ONI! COMPARE THE BCPM MST RESULTS WITH THOSE OF THE 

39 
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HAl MODEL MST TEST? 
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SqllcmbH 2. 1991 

Yes, but il lS imponant lbal one keep in mind wtw the MST test represents. The 

test Ia a tes1 of& modd'a intem&l consillc:ncy. in other words. whether the 

respective model does wbat It purporu to do, &JIIII11ina lbal ollt' ~Ceepu ua 

plltieulat modeling esSumpriODI. 

With respect to the HAl model, lbe test addresacs u.~ lbe HAl model 

estimates the minimum llDOUDt of cable distr...ICC, via the reciAJlilllar m~~ln 

cllll#n, to connect c:ustomm in the locations kkutified by \be model, i.e~ in the 

correspondlna PNR -hi ciiiStm . 

With ~ to BCPM. the test addluses wbelha BCPM estilnaus lbe mirJmum 

amount of c:.ble dl ... _., via the road-reduced areas o.od cowctlna cable 

confiJUlllioa, 10 COODCCt cust0men in the locations identified by the model, i.e., 

in the l'llictoarida that compriJC 111 ultimAte grid . 

Hence, the conc:lu.sloa occ can malte b lhat BCPM is !DON intml&ll)' consistent 

than HA1.5.0'1. 1lw Is, BCPM iJ much mon~ likely 10 estimate the minimum 
,, 

&mOIIIII of dis1ribudoll di""""' needed 10 connect c11110men in Ill serving areas, 

I.e., ultlmale &rids. than II HAl S.Oato conMet cu.stomenln Its terVina areas i.e .. 

main PNR poly&OO clu.stcn. 

DO THE R.EI..ATTVE RESULTS OF THE TWO MODELS' MST TESTS 

CHANGE IF THE DEFlNITION OF A "SERVTNO ~EA" TN THE HAl 

MODEL IS EXPANDED TO INCLUDE THE ASSOCIATED OUTI.IER 

40 
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Not JUbe!aotlslly. Table II praenu the rellllts of the HAl MST test, in the S41De 

3 format u Tabla 9 alld I 0, for HAl JC!Vina ttt&J defiOed in this nw:.r~. As 

4 Table ll lndicaw, the addition of the outllerc:lusu:n reduc:ea by 0.89 miiUon feet 

5 (169 miles or 9%) the total sboruae for BellSoutb'a Florida territory. ln the 

6 lowest density zone,< s lines per llqliiii'C mlle.. the slwc or~ac:vinas areas" that 

7 IIC short declintt ftom 87% to 76%. The cotnj'mble figure for BCPM 3.1 (from 

I Table 10) is 32%. l'ndudlna Ollllien lmrroves the HAl model's sbowina in this 

9 test beca~~~e the Tl road cable diswlcc b.."tWCen the outlim is estimated usumina 

10 ~ routina wbile the MST Is the JU~laht·line distance. 

II 

12 

I) 

,. 
15 

16 

Table 11. HAI5,01 DlltrllnrtMia Route Dbtuce UDdcntatcmeat: 

Defult Drop Lft&W. ~ s.rnas Aft1l Dd!DIUoa, 

BeUSovll Florida 

Oot.o ""~ ........ - Tlllj,.-Ali i16ilt ., to; iihCWi ...... til H-Df """"* a ,...,... a.tiA "'- lAIII IIl IAII>ortlft .... Dlc-41 

cs U14.177 .. 711. M.~ 120 II? 70 <3'11 
a. 20 4.01t.)M 11,1f1P71 a•n HI ,. IUS 'II 
20. 100 ,..,.~t I,IIO.;l.N ZL~ 131 410 )).lS'II 
100. :zoo 29$.fTA ,,... .. a-1.75'11 lO 221 IU2'11 
:zoo-uo ,.,, ... ,., .... a.~ ll aa. ·-eaG·MO •t.m ,,., ... ~- • Jll J 11'11 

100·2.110 JtG.fiJ ·~· 
....... .. •••• 1 , 22'11 

U..O•I.OOO 10.11~ .... 12.- )I l.lTO J U'll 

1.000 • IO,otiD 31.1 .. 2tl,lll IZ.- aA m a""' 
• 10000 .. , 11t.71l ,. ...... •• 2M ."",. 

a.-.m M,l75,INI IIS.IK 171 ..... 11 7tll 

vm. SUMMARY 
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PLEASE SUMHAIUZE THE MAIN POINTS OF YOUR REBlJITAL 

IE!TIMONY. 

There ce llbree ~ J wish 10 emphasize !hal pctW:: :apectivcly 10 the Hatfield 

models· e\ISIOIDCr loadon. CIIJIOIIleT qareptloa, llld provision of distribution 

Flnt. lbe rile of t~IC ceufW ~in lbe nnlarcas of Florida iJ very 

low. lD lilct. DOll sm,lc loealioo could be JCOCOdcd in 25 wire CCIIIa'J In Florida. 

HAl 5.0a rdlel oa 111 ati!T!.Idon ~ fot thole locatiocu thu caonot bt 

addleu g~ Due 10 the limited ability 10 ~ customen l.n 

nnl.-. fW s.o.·. CUS1Dmet locadon metbodoloa;y is Rlduced euentWiy to 

PlaciDa C:WWIDCI'I aJooa lbe perimeler of Ceti3US Blocks. 

Tbe propona111 of the KAJ model have not provided MY quantillltive analysis of 

the pftldictivc accur.cy of the gcocode·JWl'Ople melhodoloa;y rdative to actual. 

rcal-worid customct locations. ln c:oiJip&rison. it bas been demonstrated ln this 

ICStimony lhll BCPM yields a rusooably roa:umc depletion of the distnl>uuon of 

customcn Krostlbe raodomly chosen Ylllkcetown win: center. 

Second, lbe clo;ree 10 whlcll a model u.tC$ eddress-gcocodina .needs to be 

detenninod. Foreumplc the address-acocoded lllld SUITOpiC locations uc UJed 

only to define the perimeter of the PNR polnon clusta'l in tbc KAJ ~n& 

atqc. Once tbete cl~~~~en ce fonned. the c>GiC!"YT lautude &lid lonaltude 

lnformalioo b cl1KC'ded. Thillnformatloo never aller'J !he ~ d•t•btat uJed 

by HAl s.o.. 
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2 Th1Rt. a key valldadoo leSt is whetbtr the models estimate cnouah dlstribu•Jon 

3 eable ciJ.stance to at least connect customen. as the crow flies, in the locatlons 

• identified by ~ mod.ols. 

s 

6 Once eus10mm have been localed and 8iiJ1 gaue .nto scrvlna ~as. HAl S.Oa 

1 4lld BCPM Ufe dift'emu modelllla tools iD tl.c mimation of the distribution 

a d.iscmc:c ocedecl10 COODeCt ciiSUlmen 10 c:&~ other and 10 the netWOrk. The focus 

9 sbould DOC be on tbe ISI'unptioos bdlind lhe>.e tools bul on the esrimlfcd 

10 dilwxes that ~t ftom the appUQ!ion of !l-ese tools. Specifically. the focus 

11 should be on whether the models estimau: m< uah dlJtribution cable disl.ai\U to 

12 conoect customers ln the locations identified I ·y the models. In the ease of HAl 

13 S.Oa, these ate the acoeoded and SW\'Oia!C lex Ltions within lhe PNR polyaon 

" clusters. In the c,ac ofBCPM 3.1, these are t!.c microgrids within the ultimate 

u grids. 

16 

11 The minimum spcmina trft (MS1) tes1, offm I iD my ICS1imooy, Is a test of a 

II moclel'alntemaJ COIISiJtalcy io !!:is realltd, i.e., whether II does what its purports 

19 10 do baed upoo Ill own moclelioa assumptions. When applied 10 HAl S.Oa and 

20 8CPM3.1, the test Indicates that the HAl 5.0 contains aiUbslanlial shortfall. ln 

21 tbc lowat dollllity z:ooc, the model's Clltimated c! ·suibutlon ctisWIU (including 

22 drop and ~ cable) it Ins th.m its MST listance in 87% of Its main 

23 clustcrt. For tbe 111tne d4nsit)' zone, BCPM 3. l'r. estimated distribution distance 

24 (lnc:lucllna drop and connectins cable) iJ Jess than its MST diJW~U ln 

2.1 tubslantlally fewer ultimate grida. Ovctal.l, the HAl S.Oa shortfalltotala at leut 

43 
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3 Q. 

4 A. 

1,866 miles while lhat ofBCPM tolals IU le&Sl46S miles. 

DOES THIS CONCLUDE YOUR TESTIMONY? 

Yo. 
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Rtbuual Twimony of 
Kevin Dulfy-Deno 

F.xhiblt KDD-6 

Effect of Surroeate Point Placement On 
Minimum Spannin& Tree Length 

By Phil Bolian, Stopwatch Maps 
For INDETEC lnttmatlonal 

The documcnl.ltbn of the HAl Model Version S.O. clainu that the plllCtll\ent of SUITO~llt points 
uniformly about the pctlpbely of a Census fl.oek caUJCS those points 10 be Mmaximally separated 
from one anolbcr" (Seclion 5.<4.4, 11m parapaph). IDe doc:wnenuuion clalnu that this 
placement iJ hi ably eontetVIlive . .. that is, that ~ CIWICS the grtallst dlsp~rslon of poinu 
poalble. 

ln fact, it docs 1t0t c:eu. the iJa1CS1 dlspersim of poinll. This paper will iliUS1rate llua by 
pllci.aa the 5lllllC number of swropte poinu in two othlr conJlsuretions: 

• Uni forrnly within a Census Block 
• Uniformly llooa lntlrlor roodJ u well as the pcfipbery 

We will then determine the dispc:nloo (as measured by a Minimum Spanning Tree) of each of 
lbe newly placed seta of points, lben eomp..re ea.:h 10 t.he Minimum Sp.annlna Tree for polnr. 
plaad about the pctlpbefy of die Cct~SUJ Block. We will ftnd that t.he sUtTogatc points in these 
IICW placemen!S are dlbet j iUt 01 dhp~rscd 41 01 mou dup~rscd titan in the original placement 
about the peripbtry. 

For every cue, let us eonstnlct a square Census Block, eonvcniently (for calculation) exactly 
16,000 1\. by 16,000 ft. Let us place 16 subscriber locations as surrogate points in that Census 
Block. 

ln the fint cue, we place lbtte points unlformly 
alona the periphery of the Census Block. exxtJy 
as is dooe for the cumnt HAl Model. When we , 
calculate t.he Minimum SpiMina Tree of thb set 
of poinu, we find it to bt 60,000 ft., the lenath of 
the fWJ pcrimeC.er IPIIIIIU the dJJtlnee becwttn two 
tdjlcmt pol.nts. 

Suppoae, Instead, we wen: to pt.ce our pollJII 
unitonnly dJJiributed wltltln our lqllll'C Census ; 
Block. One mi&bt lhlllk lhll thb would mab 
tbcm let~ dl.l9e 1 ltd But lbeil lbcre iJ a 1e1 of 
"inner" connoctions to mab. Oo &he next pqe, 
u die nm flgwe. we MO one of tho poaalble 
COSlflawatlon.a ot Mln.lmum SJ*Wna Tree for , 

----

I 

l 10,000 fl. 
by 

IO,OOOA. 

T 
Unllonn "'-ment Along 

Boundary 
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Exhibit KDD-6 
this unifonn placemem within tbc squaR (but, of eoorse, twry eonfiauratlon of Minimwn Spanning Tree for lhat placemenl of points has exiiCtly the same lcnath). Surprisingly or not. It is again 60,000 fl. 
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Then wbat of • piK :mem alooa lmaior u wcll u ccterior rOllds? In the fisure at the right, above. !maaioe that lbere are 1'11110 u.t-- and two notth-aoU1h in1crior rolleb, and !hal tbc bowlds of tbc Censu~ Bloclt a abo rolds. Then, if we placc tbcse points uniformly along o/1 I'OIIds, we tlDd lhll tbc diJpc:rsloa oflhe points w grown, noc diminished. The Minimwn Spanning Tree of lhb conflautatlon IJ 10,000 1\. 

In other wotds, cbe placement of aurrop&e pointJ Wllformly on the periphery of a Census Blod is not a mort dUpenled confipl'atloo of points !han the other two plaeementJ we have investipted beT'C. In fact, il iJ ltu dispened than the ICCOIId altematlve. Said yet another way, oeilher of the two altemativc placc:mct~ll presented 11m would mluc;c tbc: Mlnimwn Spanning Tree of these points ... One would even c:xlend IL 

We have exAmined lbo diJpertioa ofunlfonnly placed sunoaate polntJ In a s/n,g/1 Census Bloelc, and found that lbo piiCemcat for surrop1C1 UJed by HAl S.Oa iJ ntH the most conservative piiC•IN'II avail•bJe We: do not even~ the~ that if two adjaunt CenJUS Bloeb have swropte polnu placed lbla their pcrlpberia. the polnta Ilona • common boundary will be far tlote110Jelbet thalli! they hid been spread throughout the area of cad! CenJUS Bloclt. 
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HAl Distribution Cable Requirements 
Whether the distribution plant modeled by HAl S.Oa is adequatr to serve customers In their ·~1'1111· locations u identified by PNR and Associates (PNR). 

The dlstributloo route miles modeled by HAl S.Oa M: too few to- the 
C:Ustornc:n in the COIIYU Judi duslc:n of icocodcd and SlllTOple loc:ations thlt UDdaiay tile recl.lneuW clustcn. The rectanauJar clusten M: used in HAl s.~ In the dcaian of the DCfWOrt. 

Hence, HAl S.Oa'a estlm&tc of lhc n;quired investment in rural, lowdensity M:U b too low. 

DbcuuloD: Tbe customer locltioos wvmed by HAl S.O. for the pwposc of 
"bui~ plam M: inconsistent with the "ICIIII.I" locatJo.u in the undc:rlyina polyp (convex bull) chasten. 

The fiawo below allows a hypothetical coovex hull cluster of ac<'COCicd aDd surropse locatlont. The reclaDJ)c lbowo iJ derived from the NorthSouth,~ West upect ratio and area of the convex hull cluster. Spcci.fically, the rcetanaJe bu cbc upec:t ratio of the rectaoale that jtUt coven the convex hull cluster (1 minimum bounding m:umglt) and rt.e 

tta o!tbe convex bull cluster llldt. The reclal!aJe cluster is what is direcdy used by HAl S.Oa in Its dcsian of the network. 

HAl S.O. UIIIIDII thlt customct loc.alloN (l .o., lots) M: evenly distributed within the roctanaU!at cluster. For slmpliclty, usume there M: 9 locati001 Tb.IJ yields the followiq fillft-

... , 
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HAl 5.0. J\lbt.riCIS otT two lot depths &om the ci\ISIU North-south la!ith 
10 ddcradlle the lenp of the '*kboae cable.. 11 alto subtnlet.s off two lot widths &om lbe EaJt. We~~ c:lwtet leneth 10 delennlne the leneth of the br..odl cable. In lbe 6JUrC abown above, there arc two bn.Dcll cables. BKkbone 1M bnnc.b cab~ Ia laid In only the mldc:!!! lot. A drop serve~ the bouN In -" lot. 

Since lbo de.fllult drop ICilJlh In the lowest density area iJ I SO feet. the boule In acb lot must be 150 feet fiom a bnDtb cable. That is, the houla .,. eonceutratcc1 coward the CCiller or the m:~anjU!u c:Justu as 
indlc:11cd in the 8Jl.ft. I 

Tbir bu an lmportantlmpllc:adon for whether the model is providina for • realistSc: amount of cable. As:lume that the area or the c:oovu hllllls IS aquare mila. Henoe.. tbe area or tbe rocunak is the same and the area of C«h lot Is ~y 1.67 tquare miles. Lota an< assumed co be twice as deep • they arc wide. Each lot iJ 1.13 miles deep (9,640') 111d 0.91 mila Wide (4,120'). Thm, lbe total dlstaoce of cable. lnclud1na the 150' dtops. llllbb c:Just.u• 9,640' + 2°4,120' + 9-ISO' •10,630' or 3.91 miles. 

E ... m!ni"C ~ lllldtrt~a conwa bull c:lustc:r of pocoded 1M IUITOpte loealooe lb'OOIIY JUWt~~lbl( tbb atiiOUftt of cable Ia much 100 Uttle 10 - ~ lD lbdr •actuaJ•Iocaliom. Thlt IJ, the pi~ of CUSW!Defl tor clclam!nlo& cable knatbJ within lhe recu.nauJar clllltetl iJ IJ!coaaittmr with wbml PNR. locala c:u.stomcn In the undaiyinJ poJy1011 

1 Alii O'llld by HAJ $ 0.,1111 ~ .. ·-t. 1M ca..-~~~ lilt .S,. o(dlt llllddlt loc (il lhll• ,,....) ..,_ _... f4r I ........ wMdllr --... ot.e. eno Medocl. 
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ciUSICrl. In reality, customcn an~ wi~ly dispersed. Not only will more cable be rcquimt buc abo the 18-ltll copper cricerion willllkely be violated more oftco.lhWI rcqultina edd.iclonal electronics. 

Allelyalt: A cSdamiAatioo ofwbech.:r HAl S.Oa is not m~lina enough distribution plant In Its ~ clustcn can be INidc in lhc followina m&IIIICt. 
F'~ lhe diwibutioo plant ro•uc miles modeled by HAJ S.<!• for 1 specific redaQ&IIIIr clusur Is found. Then, the "minimum spannlna tree· d.isunce In lhe underlyioa polyaoo chuter Is cakulalcd.l lf lhe IIIIOUDI of dis:ributloD plant fOUie miles modeled by HAl S.Ot is leu than the 
minimum tp'MiQI tree lltiOUD1, then \W coacludt that HAJ S.Ot is DOt baiJdlna cnou&fl plant to read! customen In tbe "ICtlnl" locations ldeDtllled In !be pol non cluster~.) 

Tlleordlu.l 
Examples! EwapleiU 

HAl S.Oa poups IICI of "aci\W" customer poinu Into a clus11r, ecc:ordlna to a let of aurepli<lo Nics. The two key aapptioo aileria 
11e thllt no e1111omcr In lhe ciUSicr be more than 2 nules from iu ncarat ndpbor llldlhllno Cllllomer Is more than I B·k:ft from the centroid of the clumr, meaured rodllhv:arly. Below l$ Jbowna. bypothctic:al dustc that 
mee11 thete c:rfteriL 
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HAJ Ibm COIIJU'UCb a rtctanglt with the above aspect ratio; the slu of that roc~MP I• delemllnoed by ill arc:a ••• and tbtt an:a IJ set to be the 
artD oftlw conwz lrufl ... ln thl• we, 3.071quare miles. 

~-·NM Awc:lliiQI<t 
~.,,.,., 

Weill • I t7 Ill 

HAJ then. coDIU\ICII/011 within thl• COiliUUCted rcciAII&lc. Each lot 1• 
twice u hl&b u lt b wide. 
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Ill CbD eumple, thctl! II no bac:kbooe c:.blc, olll, ! branch cable. T'be 
DLC site Is 111he ~nuold or tile rec11niUlar clusler. I SO-ft. drops 
cmnect tD l.hc eus~omm. 

IHDF:T"E.C 1--.wioMI 

elbing 110 s-Cust.onwa 
lllrlrdl CCIIt L~ • e 111 ._ 

10 Dropt, MCII• ISO~ 

I I ! i 
I l . l 

-· .. ...... ·-
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TOCII c.tM LMgdl• 7877 ft.• 1A5 mi. 

Le11lhln 114 of Cfle MkllmLm Spamng TtMienglhl 
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But DOt~ how closely the custOmUa are squeezed toward the bfaoch table. 
The amnccmcm is \llll'tallltk, both from the Jlandpolnl or cable lcnath . 
a!ldftoom the alandpolnl ohrca served. 

Cl I ••lvw.a.....t 
"""' • JOO .. 

~·toe •etn. 'oe• • UIOa 

D -=r 
kM StMd • U 18.700 oq. 1\. • 0.0. oq.II'L 

.. AcMI CUiw,.,.. • ' , lq. d. 
lvw. ' 'ltlledico t-..r, CUWivw. 

Heoce, ror thb cump.le, the distribuJoo plant route miles modeled by 
HAl S.O. 1n1 ooly 25% o(the minimwn amounl required 10 COM«I the 9 
cUSIOmerlln their "actual"locations. Mo~vcr.lbc ua model.ed as 
conta.l.nlna !Sistn'butlon plane Ia only 2 % of the area of !.he polyaon 
(convex hull) chlslc:t. 

Eumplel2 

The nox1 example coruidcn a much laraer cluster, simllar in size and 
density 10 wlllch HAl S.O. models in low-density areas. 
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Heacc, In thb cxwple. the dbtributlon plane model«! by HAl S.O. is only 
20 % oC cbe cnlnlmWD IIDOilnl~~« ry to eetVe tbcte 9 tUSiomen In 
tbelr •IICWaJ• loeadons. Momwcr, die area !hal c:onlalns distribution piMt 
reprc$COtl only I %oCibo lOti! area of the pol)'800 duster of•~ctuaJ" 
locatlona. 

M extiC"JDe QUe OCQirl wbC"Jlllic COO\U bull duster iJ Jona and lhin.. 
ThisMII!mool)' ocCurs ln rural 11U1 wbcte CauUI Bloc:b tend to be l&r&c 
and che I'OioCk tend to 1le Jooa. Thus, lbo dlaww:. constnlncs cmploytd by 
tbe HAl dllllablt .tprilbm lad to IJ'OUP to&e1bcr nrlllts of rubeeribcn 
aJoQa • tewta1 mile •P rr of road. Somctlmea the I'OIId Is JU'Iiabt, 

INDETIC~' PliltiO 
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somctl~ It It curved, and somc1imc.s it bends. But very typically, the 
CQQVCX bu1J Of tbe raultfq cluster is loot and akiMy. 

The Bswe below ahowlalona and tbln coo vex hull cluster that can ocC\11 
in nnl11eas. Tbe ciiiiWcouiltl of61ocations IU'Urll out alotll • relarlvcly lll'lla.ht U.(roed). The ICftllh of this strina It 29,000' with a 
width of lea than 1,000'. The ml.nlmwn bollndina rectanaJc for thb ehlskr It al.to lhowa eod IJ uaumed 10 have u upoc1 r.t1o of 1 .25. In 
dllJ cump:C, tbe equivalent area recunp hu an am of approxima1cly I tquare mile. 

~·2t.OOOl 
'INc:kwa < I 000 l 

- W'Ci& I Ill 1ft 
Alpoct-., • I :25 

~AoelorOfll 

uoo~ H••.ma. w 

Auumlna 6 looatioos In thlt cluster yleJda 6 plotl, eaeh 0.17 square mllc1 
In mo. The HAJ dlstributlon module alaorithm theft US\IIDeS each lot is twice .. deep .. it IJ wWc. nu. ylc:Jcb 1o~ that II'C 3,04r deep lllld IJZ4' wido.. 

HAJ ~.0. CIOIICCJlCIIIIly modcla thlt clu.stcr u c:onslatina of2 row~ of lou (EM&. Wat). Slnct rwlcc die Jo( depth u~ lho NMh-South dimmalon 
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of the chJS1Cf, HAl S.O. defaultiiO no becltbooe ::ble with 10 two East· 
Welt brlftd1 cables emanating from the DLC. The ubk extends for only 
1,514', the width or one lot. Assumina I SO ' dropt yleldJ a totll route dlltance of2,424'.' 

lA ocbet words, HAl S.O. ISSIII'IICS thai only 2,424' of cable II required 10 
tcrvo 6 customers wbo ate ldllally identlncd by HAl as belnaiU\UI& ow llooa 1 I'Ofd 29,000' In knglh. Since tbe 6 tustomets ate wu.mcd 10 be -uaJiy iA aiiCralabt line, 29,000' Is lhG minimum spannin& tne 
dbwlee. H~. HAl S.Oa pl1ces only 8.4% oft.be cable occcssary 10 
ta'VO tbae CUIIOmerlln their locations witt- ::~ the c:onvex bull. 

Su.lllmAf1: Our analysis iDdJeales that there ate t\Wl effects !hat wodt toaetber 10 
lower tbe l!bO\IIU of dlltributlon pi& 11 caku1ated by HAl S.Oa In n.tral, 
Jow.den&lty llaa.. 

The f1nt effect re.ul11 from the dlJtortlon of the oriainal p.~lyaon cluster of 
"ICNII" CUSiomtr IGcatloos cautcd by the fotmllioo of the ree1AnauJar 
dUIIClL 1tie dlsulr11oo resulu from the rcctlnauJar elustm havina tb~ 
upoet ndio oflbe minimum bowldlna ~of the pol)'lon cluster and tbe.,. of tbt polyaoa clus=. 

The ICCOtld cffec!auultl from lhe branc.h and backbone cable length 
alaorilhm lbll caentlally forces customer premises 10 be concentrated 
arouod the CCDier lol(•) or the dustc:r. Thlt ruults from tbe requirement 
that tbe bec:kbonc and bnncb cables extend no further lhiD one lot cleplh 
(widtb) tiom tbe ,......oak clusla'a boundary. Thb constrain~ has the a:reacat cffed on dlscributloo route distance in larae. low«nslty clustcn .mere the individual Iota are very larae. 

The boaoon lillc cooclusioo is thai HAl S.O.ls DOC placina enouah diltributlon cable to ~em~ ~ in their •acruat• locatio111, as 
JdentlOcd by PN'R'a polyaon dumn. This undcrplaccmeol appears 10 be 
tbe 11101t acvere in tbe lo"' -dcM!ry dustm. 

11W '.0.-">'_.11 I,M .. otbf-'tC.W.fordlltcl.-.. Ia akv .... Cht .._.Qblo-KAI '.0. rd'WIIO ....... Cldo tlrCht~larcNM .... Ia ~ wlllldlolol U!*1 ndo o(2 (1111 ~ ~ dl, Cabllldou Sllolll, c.oa.- W). 
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Flrure l. Slyll:zed PNR Polyeoa Clomr ud the RAJ S.Oa EquJvaleat Area 
.R.ect.u&k (Acceu Databau) 
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Using Minimum Spanning Trees to Estimate 
Subscriber Dlspenlon and Minimum Network Length 

Pbll Bollin. SlopY.'a\eb Maps 
For /NDETEC lntematlonal 

1. BacJcarouDd 

A A/JJI/- ~ 7lw Is a ceos1n1tt !om pph tbcofy. It b commonly used ill lldWOric 
desflfl IS I meu:lle Of lbl dllpcnfon Of ,.,., poiJlll 10 be tetVCod by I netWOrk, and IS I 
benebmsdt for the 11ttJrttst poulb/1 Jeaatb of a nctWul'k 10 , , rve those points. 

for a tel of pobru ('we would II)' ~ibcr 
locltiool"), a SpaNM.f 1l'•• b a IC!l of lttll&ht line 
qments that "'"':I"d #Wry polllt (lllblcribct), simply 
dtawlaa I liDe Ci'OCD oae poiot to IDOCbtr, usiJia DO 
excas lines. II there IRH polnll, there will necessarily 
be H - I of thae llDe KIJ'"" !fl. 

The Mini- SpiDIIlQa 'Iftle or • IC!l of polntl is that I 
fCC of COlli iC ctillaliDe •aments whole IOt&l I~ II tbc 
shortul posslb/1 for this IC!l of points. 

If you lalow tbc diJiaDCe &om every pol.nt 10 cvCI)' ocher 
point in a set, II Ia DOC diftlo\llt 10 C0111tNe1, and 10 
dekrmiJie tbc lqtb ot the Minimum Splnaina TRC of 
those points. "be famous aJaorithm liK calc:ulalina II, 
publlsbcd iD 1957 by a.c. Prim ofBdl Laba'. UX31hiJ 
simple loaic: 

• F' 111t, find the two points tblt are doeal to caeb 
olbef IIDd COMOCt l1lcm 

• 

• 
• 

• 

• 
A Minimum SpaMing Tree 

• Then repditlvety, unUJ all polnta have been connected, flnd the shortest di~ ~ any 
alre8dy-ccMf"':fed poills and aoy IIOI·yd -coiUICIC(eld point, llld COIUICCt those polnta 

As Prim pointed OUlln bb ~. then b oneiD'1 oaly ooc slttJrtuttotall•fll'lt. 

1 R. C. Pit-. '12 - C !loll w.rtx .......... llllld s-o-.1''*'="• • IIIII J>o1- T«JM.. ~-Hlllo )6, IJI9-1401, No ..... .,, 
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While the Minimum SpatUI!na Tree seems a vuy !atistylna l1lCioS\R of the cJearee of dlspuslon 
of a ICt of pointa, tbere are CWO objections we would make 10 ita ute In estimatlna a minimum 
possible tt/#p/loM MIWOI'C 

• Flnt. ldepbonl octwocka - DOt consll\ICied by dlalnlna toaecber one subscriber til ~"'ther. 
Rather, a ICt of ctbla II nm aiOftl u optimal a path u poalblc, and shot I drops from 
ttrtllllltlb ~ lbole cabla to subetriben. (Thole tennlnab repraent addltlooal polms in 
lbe oc:nwct, illlmdiKed • will by tho <k1iiJICI'.) Perl!aps ooe could coostrud a sltortu 
nctwottc dian • MlDlmum sf)~Mioa nee wbeD IISina thia method. 

• On the o«bct hiDd, die IU.ttp •UJ of a Minimum Spnnina Tree nm diledly f10111 ooe 
poiDl to IDCJ!bcr. U' ...,_, poi#J repcae.'lt r..aJ subscriber, theae 1inel could poalbly IWl 
IICfOII titiCk loU and cow pullni.IDd throosb taka, mou~ta.lna, and tall buildinp. SIIR'Iy 
the MbWDum Sptnnina Tree b a alplJicam lllltk. staltiiWffl of the realistic routina of 
network caNe. 

Both polnta have merit Let' a take tbpu In order. 

The Mlnimwn Spaanlaa Tree CO•Ifz\ICl doca 110( allow the lnttoduttioo of edditioMJ poi.nts. 
Thal'a wbat kcepe die CODS1NCl simple, and cay 10 cakullle. The construe:~ that ancmpu 
minim Ill o total lcoalh by addlna lddffional polntl as IICCC$J&IY ia known u a Sttllllr Minimum 
Trtt, namod for r.bo ~ Jakob Sldocr wbo poled this COI\IINCtioo problem in 
desi~ I'OIId octwocb two CiallWics • · 

There arc DOt many contiJIItltlona of odaloal poinU for wtllch lddina ldditlonal pointa (formlna 
a Steiner Minimum Tree) will QIC!n·et whh lea~ lczlath than a Minimum Spannina Tree, but 
there are 101M. E w:n in thole llpeCial caas, however, then Ia an ahlolutc limit 10 the 
lmproYCII'IC1It. ln • paper publlabed In 1990, 0 . z. 0u and Frank Hwana (HW&n,~l.s or lkll Labs) 
proved tha1 addina cx"-inctrconncctJon pofnta canno1 reduce the IOIIIICJlllh of the tree by~ 
than about a 1 paceor. 
The caleulation of a S1doct Mlnltnum Tree for a Jarat number or pointa iJ known 10 be • 
moo.sllOWI etfot1, llkJ.na lmiDCftll!l! IIIIOUIIIt of OOCIIpu&cr time. Beeaute II ttldom lmprove3 on I 
Minimum Spanrdna Tree'• leecth, IUid - chft only .UabtJy, tho ailnple Mhlimum Sp&nninc 
Tree ct.Jculation Ia reauJad7 UICid .. a bendmw\ fllf llwtut ,,._.,,c« ll"f'IL 

The accood obje<:doo bas poc:lla' lllplfieenot, and ID....mca wbylbe MIDimum Spannlna Tree Ia 
simply a bt~! tnr, 1116 noc a ,.,!Ide DMIIIft or. tho sbol1aa potlible netWOft. lkcaute a 

1 D. Z. 011 A l'illllt If--. •A ,_,eiOIIII1 llf'1A t•• Cal o • .. Sooillor a..do•, I" tl'ac!oe f0-72 o{ .. c-fod>b_,.., t t • nu •• tc..,.,&t~a.f/~UM•~· 1990 
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Mlmmum Spannina ~ bu no rupea for riah~f-way, lllld • tclcphorte netWOit mWSI rcspec;t 
them, the Mlnlrnum Spullllna Tra: rqululy Wldenwes IlK mlnimwn pd~Ctical netWOrk lenJth, 

1D this f-aure. we bavc consiNC1ed a more nearly retllstic 
pm1 of 1 ne1WO!k, I'Uillllng along wbal would ~ strtcU or 
I'Oida. E vcn bavlna l&ilored lhls $IJb.oetwodt to this CJ!act 
let of poinu, we f\nd the lmath or the tree in tbb tlguR 
to be II% gra&cr than the leoa1h of the Minimum 
Spe.onlnc Tree for lbote wne points. To accoWlt for 
tu1ure arowtb. reaJ~eJepbonc nctworb e.o 1101 be l&ilorcd 
.., tljblly .o a 8ladt tet or cu~ and arc tberdore 
eva! leu eftlcient or l•:fti1h !han ill tbe Ulusndoo II the 
riahL 

We know tbal .\ commoo rule-of-thumb factnr used by 
telepbofte alliDt -n to coovcrt arbitruy ltl"'iahl Une 
distance~ (such a arc used In 1 Mlnl11wn Spanaiaa Tree) 
to rullJtlc: cable NOS Is the tqiiii'C root of2, Of 1.414. It 
would be no great leap to consider lhll a reasonable 

minimum networt would be IOOidhiJ:Iallke 1.414 lima the length of the Minimwn Spannlna 
T RIC of the poinuiCI'VCd. 

The princl~ reuoo tbll a MinJmum Splllni11J 
Tra: Is so mud! U1ed u a - or dispcrllon 
oC a let Of polnta Is tblt h is I rdallvdy euy 
metric to cakulate. 

lb1J aec~loo W\ISU'Ifa the cakulaaloo of a 
Minimum SJIIIlii{Da nee f« Ole t= poifttl mown 
It the riaht, Jtep by ltcp. 

So thai - wiJI be able 10 kkulity tboiO points ID 
this~ lee's label ach wilb aleuet, as - 1 
lbow d.irectly below. 

• 
• 

Ttn CUtt-Points 

• 

• 
• 

• • • • 
• 

' 

l 
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- ---- - ---
Minimum Spulnlna TrM ot tiM Polntl 
A 

• J" 
•• 

,. 
• I 

H I 

--- ------------

We've abo lbowft, to lbc rtpt lbowoo, tbe ruvblitl Mlni.mum Splllllin,a Troe !hat we have 
calcula&ed for tbae Poba. Ewa bc!ore wtlbow the 1tep1 dllt jjle( ua to tbl.t troe, ld'• remember 
what a Minimum SP""'i• n. II ... it b tbc lllortut tet of line JC11neDIS !hat can ~ oil 
the poinll Of IIJ'O'!P, usiq only tJIOIC polDu t.bcmJcJvet (not int.'OJucina any additional poinll). 

The procedure for detennlniDi dial Uonetl tel or line scamencs is really very almple: 

• Fim, find the 1llonut o/411 dlltfllfCU bctwwl any two polnll, end connca thole two poln11 

• Then, unUl aiJ polnla have bem ~ repeat the follow!na; Delem1lne the ahonat 
mnainlna dlstaDce IQ)' ~ttd point and any ffOf·yet-conNCttd poillt. end connect tho~e 
two polnll 

We bavea'l abowD the tc:niiJ diJtiDcc aumbcrl 
!left, but tbc abor1at di~&IDCC betweeoany two of 
tbeee poinll b bctwcea A lllld 8. So we'U bep 
by~ thote t\¥0. 

Tho 1\CXI mp, tbc OliO Wll ~ <Mf ecJ over, ! 
roqu.lra us to cldenii.IDI: the tbort.at diltancc 
betweeo IQ)' abady eta~ t c~ po1at llld _, !lOt· I 
)'U-coonerted pohll. A md 8 are lbe l!!tadY· 
COlllleCC.ed pointa. n. ..,.. dJstance from 
e!\bcr of lbcal to any other poillllt hD 8 to J. 
So we'U foUow lbc )ltOCCI4ure and CCM•IICI tbem, 

"' 
' ·--

J. 

o • 

o• 

as we- diRctly below. ---

at.pfott 

• I 

e• HI 

,• 
o• 
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----- -----

,• 

• I 

H e 

From A. 8 , llld J, the~ COIIIlCICtion 10 IllY other p;lnt is from 8 10 C. So we'll c:onnect 
than. • seen 011 tbo ripe, above. 

The proccst continues f'olloq tbo ame rules until all polou have been conncc:tcd. We sbow 
the complc&e ~equence below. 

Stf94oft S'-P Soft 
A A • J • • J • 

•• • • 

c~ 
c • 

• • I I 
o..__i8 •• He ". ,. ,• 

o• o• 
---- -

' 
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•• 
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•• 

J_. 

c • 
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Here it 1n example of the relation of Mlnlmum 
1 Spennlna ~ ~nd 1 pouible cable route to serve A Cluster of Rural Subacrt~¥rs 

• cluster or subtcribas in • rural &lea. 

-
We must ~bcr Chat Mlnlmum SJIIMlna T,. I :J 
Ia 1n arbltraty, mathematical muJUI't ~hi bas no I \ 
respect for natural otmacla nor bum&llly 

1 
Lake 

I'CSirictod of riabls-of·way. It simply llliCIS1JIU the 1 -.......... 

sttl.i&bt.Jine distance from one sUbscriber point to 
anoeber, usfna the tbortat let of llrllsJ!t linn · 
possibJe, If Cflat should Jeatf tluvuah I COW 

paswre, 1 body of Wll«, or a bisb mountain, the 
calelllatlon doet not, care. And It cetWAly cloel 
not c:onsi&er lhlt cable.<~ bulcatly rv.o aJona roads 

,. 

~ 

-- J 

• • 
• • 

... the cakulatlOD makea UJe ofiiOihJila other than ·-----------
lbe location ofeacb ottbe pOints, and the distaoc:e of cadi point from each other. 

So the Minimum Spll'lll.ina Tree Chat woulo be ~----------
poctuc.:d for ttU• QOnfiauralloo of JUbscriben is 

1 
a shown at the tight. Tho line rqmmts COIIDCCl 
the points ftom ODtO to anotber, al\\'l)'S with 1 r 

mi&bt line, and alwaya t111na the ~ let of 
lloe xgmcou posslb~. The faCl t1111 scvcral of .J 
these line SCpenll rv.o4bJiqucly KIOSII road is ' 
oatural .. . the calc:ulat.iori Is DOt eva~ 1wve of 
roads. APd tiJe f'act lhat ODC of the XiJDCillf I'\IIIS 

aaw:s 1 lalce Is, oace aalln. 1 natlnl result of 1 
mathematical prooedute that alwt)'l fCCb tbe 
sbor1est ~aht·llne dl.stance.s and kaowa nothlna 
of obstacles. 

Minimum Spanning Tree 

-

I 
Hc:re we have abo~ tbe lenjth, In CCCI, of each of 1 

ibe line scgmcnta ot·tha Minimum Spaanl.na Tr:ee. ~· ____ Lt_ng_th_•_1_o~_7_rt. __ _.:.._ 
The toW lcnslh Ia I 0,437 feet. We will be bard 
PJWSCd to deviJc 1 reallstic ~ 10111c that can match that lc:njllh, bec«uso cable routes -
unlike abtttw:t ~ prooedurea - are compelled to honor natural and lniiHilAde 
icstl ictloal. 

The cable route b compdlod to follow tOids. ln ch1s cue, we have run the cable alona the side 
of the r'OIId thai favoR the liqeu number of tubscrlbct poinll. We show here r.be lcna.th II[ CICb 

7 
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lellilh of diJtributioo Clble, lllld tbc laJgth of e.ch drop. We ftnd thai In COi ttspond 10 the: connections of !he Minimum Spannlna irce, we m1111 lilt 14,054 fee~ of distribution cable and 2,006 feet of drops, a lOIII of 16,060 feet 

Clearly lhit lenath Is am£U !han that of tbe 
Minimum Spann.in& Tree fot lb!a ICt of polnu. Cable Route 
just u we would expect it to be. In this tUC, tbe ---- -"""""= =-""....,....,,--4070 16,060 feet 1s t.s. times the Minlm\ID spw!lna 
Tree le~~jltb of I 0,437 feet, a aleai&:anl mulllplier. 

The multipller will Vlt'J wi1b difrer= 
conlil\lflliool of aublcrlbett In cll&mac oaturaJ 
lllld man-made sett!np. But illbould be dear thai 
c:xccpc in the most trivial oC cin:umstaDcel tbe 
routt dimrw Is ca1ai.D to be more dim 1.0 lima 
tbe Minimum SpillllJ.Q& Tree lcft&Ch. 

...._ 247 

-. ....... ..... 
-

Lito• -;J 4868 
......... 

1.___/ 
aDZ 247 

51111 --14,014. 2,001 {Oiop) • 11,o10 ft. --

• 
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The "Sborter-Tbaa-Minlmum.Spannlng-Tree" FaUacy 

By Pldl BoiiM. Stopwatch Maps 
For INDETEC lntematlooal 

It is ccnainly uue thlt the claalc Minimum Spannlna Tree constNct allows tnncbes only 111he e:xistin& nodes of a ppb. It Is abo wc lbll- ilia Ccw V«'f tpecial cues- lbc delibelale insmion of addltlonal noclec mlabl prod\lte a sllabtly shone: tree dwl the Minimum Spannina Tree. In a tclepbone oetwork. 116didanal DOda mq be i.altoduccd Ill will. Thus ooc miaht llJUC that it is at least ~lw2b/, diM 10me cab! ina iD aldepb.;oc lldWOI1c could be •liahtJy lbortct thaD 1M measure or a Minimum ~parulina Tree. That arpment would .:ertainly require an example to illustrate lbc cue. Howewr,IUdJ eumpla are dlf1k~1 to develop. 

ln a JWlC 10, 1991 ex p1tte to the FCC, ATctTand MCI pmeataue.umple purportedly lllustratina put of a jdephooe nctwoftt dill usa 1m cable foot.'IC than lbc measure of lbc Minimum SpaMlna Tree fot the subecrlben to be arved. Tbe exunple Is bucd oalbe pmnist that on a typic<llsuburban atreet. MlftiDa cable doWD ooe Jide (or lbe middle) of II:~ street, and extcod dropa to etch boule, will yield lal DIU) (Dis1rlbutlon Route Distance) thalllbe 
MinimumS~ Tree di'*"" 

Unfot1UQ.alely ftr ATAT and MCJ,Ihc cxamplo they che doa ftOI pro~c lbclr poiDt. In fac1, it proves thaD wroo&- Lec't examine lbe c:lrcumstaDca AT ctT and MCI cite. 

llllAaine a subwban block, with ten boules on dlhcr side oftbc ~ lmaainc lbcm evenly lpec:ed ln this flnt example, let flat Joe J1ze:a be 100 feet, and let lbe distance from lbc frolll of ooc house to itt ~street neipbor be 90 feet (In a later example we'll revme !.bose di!taneet). The MlnLnlllll Spannlna Tree I~ f« lhae orialnal locations Ia 1,800 feet 

Minimum Spanning Tree 

90 I 100 I • • • • • • 
l I I • I . • • • il • • 

9x100 + 10 X 90 = 1800 f't 
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Now, if a slnife cable isrundowncme aide (or the miJdle)ofthe ~and dropa are exteoded 
to each house, the followJna conllJ\Ifltlon resulu. In thla c:ue, the DRD is idtntlcat t.o that for 
the MlnimUJ'!I Sp.wlil)a Tree. 

Distribution and Drops 

T • • • • • 
• • • • • 

9x100 + 10x90= 1800ft 

Now, Jet'a mouse the numbm, such that the lot me is 90 feet IDd the di.atance to a eros:s-SU'eet 
neighbor is I 00 feet. 

Minimum Spanning Tree 

• • • • • • • - 11--- • • 
100 

• • • • • • • • • -90 

100 + 9 X 90 + 9 X 90 = 1720 ft 

The Minimum Spannina Treo by OCIQCISlty l\liiJ the full block Jmetb tbrouah tbc boule• on both 
sides of the .uect. In tbis.cuo, 'dec wo conatn~e~lbo diJtributico llld drop QOClllauratlon we 
find lb&t it Ia l~r, nat ll!ort«, cban lbe Minimum Spemlna TRe. Tho Mlnimwn Spulllina 
Troc II, to be exact, S"thol1crclwltbe conftavration AT AT and MCJ cite. 

INDf:I"EC I~ l 
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Distribution and Drop 

• • • • • • • ~ 100 ' 
• • • • • • • ll 

90 

9 X 90 + 10 X 100: 1810 ft 

• 
• 
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---

• 
• 

Hence, it II quite dllllcult to 1mprow upoa lbe Minimum Spannin& Trte disi&DI:e. 

tND£TtC l~al 
) 
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