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Septembe r 2, 1998 

ORIGINAL 
110 r.:n !!1<4 
Taibi._. n. )JJI6 
'""""~' nrutoo1u· 
l.toiO<MOM"O! .. 
r..,IM SCH " Ill 

Ms. Blanca s . Bayo, Director 
Diviaion. of Records and Repor ting 
rlorida Public Service Commission 
2540 Sh\DIIard ()ale Boulevard 
Tallahassee, Florida 32399-0850 .... '-" 

.... 9 6 :;r 
4 ... 

Re: Docket No. 980696-TP CJ '-• w 
• 

Dear Ms. Bayo: ~ 
Enclosed for filing in the above docket are the original an~ 
fifteen (l':i) eopiea of the Direct Testimonies of Carl H.·~ 
LaellllD.l.i, Kent W. Dickerson, Brian K . Staihr and James w -~ 
Sichter on behalf of Sprint-rlorida, IncorPOrated. ~ 

.... 
'· '• 
" ,... 

0 

Please acknowledge receipt and filing of the above by 
stamping the duplicate copy of this letter and returning the ~ 96 ~ 
sa111e to this writer. 0 :.; 

Thank you tor your &saistance i n this matter. 

Sincerely, 

G-@~RQ2cz 
Charles J . Rebwinkel 
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:n:IORE 1U JLORIDA I'UBUC SERVICE COMMISSJON 

WUTI'AL TU'I'DIOJ:'N OJ DR tAN K. STAIDJl 

3 
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e 

Olf MB4ll <W SPRINT·PLORIDA. INCORIORATED 

DOCJCET '*"-TP 

SI:I"''DDBElll. " "' 

1 Q, ........... ,..... .............. .,.. I - addtas. 

a 

8 A. My-11 an. L !klillr. 1- 1 flayed by Sprint t ':..ked ManlpDcrd Company 

10 ("'Spria(') •• I 0 1 ' B= • I • My.... ldc!1• il4220 ShiWMO Mlalon 

11 httwly, SalllalOl, Flirwly, b , MlOS. 

12 

, 3 Q. Are :ro-1M-8riu ~ -.l'lled cl!nlct tal ••ollf I• tllb p.-.eeeclhla oa 

14 Altplt l, lMf 

15 

1e A. Ya lam. 

17 

18 

20 A. Ill my nbuttal_.k '011)' 186dl• 11JiC ciee poinu l1liaed by Docl Wood with reprd to tho 

21 fW Model v.-. S.01, filed.il dill p d t•tqa by t. 'CJ llld ATAT. l abo lddtca C«ttliil 

22 COIIIIIIIIIIU mado bJ Mr. WOC!d ~the .Beodunattt Coil Proxy Mocld (BCPM) 

23 Vtnlon 3.1 u ftW by Sprillt. 



.. 

2 

3 A. Cw a,- tollr. Wood"••••,-•*• die HAl MocW h110t "tbo niOI( ~ ud reliable 
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17 A. 

111 

111 
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22 

22 

24 

..... ol"-IDII I I OOII ... IMllio-. (Wood Direc:t p, 3). ln tho put .-.1 IIIOIIthl, 

.. j& •It pta' I r..t-t ldrrtifled at both die Pedaral and ~~~&elewla r'8llfdial the 

~ olti.JW MoMr 5.0., u filed uhis pnH• 49• 1'hae pcobloma bave 

111 • ')....., •HAl Wodel'r pc~p~amli"'4. ClUilOI'IIa" locedoo ·11 wldw, necWOit 

~ ·ra k' ,, .s Vldael• ,.,..._built 1nro lhe moc1e1 uc~ tho IIIOCSel 

111 c •¥' ._.,_.. 1 , t mabie iapa. SeYerll ofdae pobiei,..,.. dlea•.,t 

iD ....... . ....,. dM lll~rn 

Ia W. IWf' ,.,. Mr. w ... tiiiU twolhtts, Klahldcr ucl l..ollldua, wlltre Clae 

Cr rl•'•u~ .. nfJ• ... BAIMocldforUSP,.rpora Doela-two 

4Uclrlou """Ide ...w- Chat 11M pn'blrm•,... antloa above were of 110 eollelmi 

.. ~CI • ' I If 

Ablolilf«fy IIOC. llh ..... twlliO UDdenwld thela srcc cSt.l ol information and lll8tyrU 

~d. RAJ Model bu c:om. to lip only in tho put few mont11a. ThU if......_,., • 
llrJe Wftbl o/thc bd'onnatlon utOCS by tho HAl Model illlu preprooculna 11apa wu only 

made r. 3 tk co Jlll'l* ('"*" ont. of tho~ Commluion) in April oflhia yar, I 

ll*ihily r* 10 tile .,e c a !Md locsdona t1111 are plloed witbln main and outllar duJters. 

n-durt.n ..... Iliad by lbiiW Modd. 
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Q. 

A. 

the FCC 10 be UNCI In c:alcul:alina IM.IivenalllefVioc asppon [Docbc 97·SOII, Nevada PUC 

OnSer, W8)' 14, lMI). 

In M 11, elrh = p die l' • •• Public l1tilil* Cocnm!Aion 1ppe11110 biYe idopced 

... BAI Model tbt I 2 •w:d Ollllld UNE laua, tho Plllicliaos ,. h ... -u .. Law 

Judtt-... 1 I.._ llloul .. _.. 011 July 16. 1991 dlrecdy relaed 10 tbil 

~-.... !f i 11 eDy, 1be AU bu ulcod whether the dilcribulioll plant 

....,... 1 f wldliaeeGII .._...,be .....sed llnlllr(aamed) iD onSer 10-

c:Ao.' 10 dii·ICWII - I I ~ 10 pt. ljd,o ICfvioe 10 purponed QlltOII)Or ki ••km 

(Stile otN'f-.110111,11, WPUC Doc:bt No. P.-4<C2., S':J I, 3157, <166, 4211CI-96-I .540}. 

Morw ,......,, ID.. ...... otWr I{ ¥D'\ the Weihi•_.OII trrC iauod a bench roquat 

ulclai boch IIIOCW.,._.IO _.. 8djwltmenl1 10 tbeit moclcU. Sp iflc•Dy In tho- of 

tJ. HAl Nil hi. tbe Coanl ... llllbd tbo RAJ Spo111011 to mako 001 1ec:doltl tbat 'MIUid 

fNldnllf .--. nbod lD the afoo..,:Cintled Prilbroy/FCC anal )'lit repnSJna Qlllomer 

&spa 11oft. (Ww • po. UTC., thiw:illl ScMce DodleiiUT -910ll(a). Aup~t26, 1991). 

Bow'- dalt w-... apJ!Ilto Mr. Wood'• tatlasoaJ, 1pedfically ~' dta oa 

,.._' _. 7 r.- tile .._lrlr• .rtt.. Kastucky ud w•wlau C.••'•lo•l'f 

The citw tom both CommWioll decidoell refer 10 the HAl •loc:atins c:wtomen" (Wood 

Direct .,... 6). AI lllll.t In my direct Ulllimony, there b no quc~tion that location II 1 by 

drivu o/COII&, nowe-. k b notenouafl fbr. model to •~ocate" ~ bon-••. 

modiiiiiU'II illo .. dill loctdoa !Db r rdon when ~ the netwOric and calculatina 

s 



·. 

c:o11:1. If a modtl "'ocaal88" a•= • bul tliCII fills to ute thai wom11ion, tbcR ilno 

2 ~vantage to b 4fYC Cll. I Ill> flao Ct pt1IW po SatJcw attached dcmonmste bow lhe 

3 HAl Model'a po ept" ' ' w ~pons actul1 Cllllomcr locldoas wbcn k OONUUCU a llCICWOrt 

4 ill rural cas. n.e,..., ~ill nnl.,-, is uiMidaatiac of the Clblo requiRd 

5 to - CIIIIOIIWI. 1Wa, t'- HAl Model it not the ~moll aecurste and rell&ble means" of 

8 

7 

a Q. 

8 tu.-ortcf 

10 

11 

12 

13 

14 

15 

18 

17 

18 

111 

20 

21 

22 

23 

24 

A. 

Q. 

A. 

No, it does not. Gac ca W loc4fions are only wed in the model' a ~ co 

detennlae wit/ali Cllllomers will be terVed ropcber. Once lliAl hu been determined, 

geooodcd klcltioo b@canatioo it ACW:r apia wed. 1 Thai it wby lhe HAl model produtcs 

lea piiDl than Ia ecwally RqUinld lO - OUilOinen. 

Sloce the BAI Model !Soea aol baijd lo adul locatiou, Is IJtere 1 dpJiic:aal 

IHfnatap C. ... I II t iSC'II .. W.UIJM Jut CO cteca.lae w•Jdl ctUtoaen wiD be 

tcned coptke:r, u II doM • elM UAI Mode:ff 

Noc rally. n. BCPM • • 1de., UliQa p c c clod data and rejected the Idea for two 

spocifle J1!UQIII. 

F'.,.., It b impomn& lO 1'ellia M pa co q Ia Gar &0111 u euc:t l'"ic• "I The 

~ oooccliaatel utlped to IllY llwa~trect addl1llot c.n VII)' llipi1lcantl J 

6 
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'• 

1 dac:iillecl ill die 8CPN Model ~- SiDco II picb IRI buod onlll.iulde lllld 

2 ........ "'·it ....... , .. an pooeato 1110 ~ CIOCit'diaiSca o( P'l c Q ~d 

3 pollia to lllip .... .,'""to Jridt llld proceed tom lhcl'e. Thil ol couno wuna thll 

~ .,od letjcud~J tl'n+ dlta exiJtl. 

s 

II Ia IWa ')'lit M tcd 3 !!pedf!o wire O&lNII fi'om SJ.'rinl't OfiC'illdnlletritoly ill Plaridl 

7 filr whicJIM llld Ff I "ftlbly IOQd JIOOD "-! da&a. 'J'ba J wire Clllll«< _.. llMII IF, 

• a..uty lmund A¥00 hit. Tbe ..a'" •• of'liaes tu'\'Uf by tJ.e 3 wiro CCIIIFen is 

I 5eJ !yO'I'W50,000. U..8CU~!aa•O'W'Ioc&lons. -· Ia 1h "e•:•llld 

10 bulincaes co llicrolridL From thlt poilll, -~~~~ida ~ ...,...aecl into ultimlle sridJ 

11 lllioa the llllldlrd Iff oedl, llld dlo modi! .... re-na IJI-- the new u!t!meto 

12 asidJ cfl&rl(&oat the Oftalnel uhlmato arldt '*'-•• the new placunenl of CUJtomcr 

13 Joc*t!rw Cllllld1bo mlcqrids co be~ diffiu:ody. IJI other ca., the plda may 

14 hiYe ~ cbe .-buldllldllll aa•oaw count1 and cliJpcnion ol cwtomen witJiin 

1S t.ba'"' a)' haw dwt.,., d. Our PWIIIO dcunr!ine wbal COIU ead ClCibk distanou the 

111 Ba'M WIIUid produce u-. lbo ,.OCCI ~ local ions, and how t'-COIU and dltl-

17 would compant wid! dae ...sud BCPW rea~~ta.. nao I'SIIu ~n~llhown in the t.lble 

18 below. lbawllU!c:bed amotW detailed «qqlanalion of' the~ and piiCOIIMIIIl pocc:a 

10 .. ~8JCS..6. 

20 

21 

22 

za 

• 



. . ., 

1 $39.42 $39.10 0.9% 

2 &e.afyHills S37.00 S37.Sl 1.4% 

3 S41.SI 1.4% 

4 

5 lm;a )II 

8 3,009.300 3,081,937 

7 3,091,569 3,207,'72.4 

• 
e Altho .-ble mow., the IVa'IP costJ per Uno 'NY by less than 1.5% in cvay cue. 

10 

11 Monl ir)1portaotly, the ltiiOUI1t of necwort that is built (an tenm of route dlslance} does not 

13 4 pacent. 

14 

15 Q. Bow de JMia~ ..-realllcs? 

us 

111 the .B(:I>M .,.. _,.. and l'lliable in provldJna allandardizod -y of modeflnt QIStomer 

18 Joaltioft bii'IUJJICI'OUI procecdji!IJ (anc:ludina this proc..tlna, sec Wood Diroct p 8) the 

20 HAl Spo111011 hl¥e n1lde the Wla.lppOned daim tha1 the BCPM mcdlod of pled .. 

21 co •I*ONHIII atlcroplda ._, Oft '* JTiilcllae wu Oawed, and inferior 10 the we or 

, 



1 11 c c c hd dill,; Willi Mr. Wood cloa GOt "'C Qtion b that In the unln• ullelvicc &real of 

2 Floridl. 1) tM Wit =• c:tity o£ the HAl locatioN vo not g«<CCdcd and 2) in c:uel where 

3 ...... deal, die I'CI cc !ted loc:arioM .,.. ... liNd to CONili\ICl the llltwort anyway! 

4 

5 Tbele r-*', ........ ~ 1 ....... demoniiJato that tho BCPM approiCb of Initially 

e e!Jocat"w o!IC.,...... 11oaa RIW mn.tla Yllid (whidllbe BCPM SpoiiiOfl haw always 

7 Jtno-. baed 011 cwl•h e'~a&a ofOif"I"Cklioa bet--r...at roed mila and population) Most 

1 ill+oftudy. dMr ..,art tbe Mftdo"'or WJ wltltcflriUIJtr g.tOOOd11rg the BCPM b 

e eupcrior to lboHAJ WocW Ill termf of mlnimlzina the disconion that c:u OCQI1 when one 

10 me 'We o•ctr'" lo •'o- In Ntllu.aiDccw•ecdy. 

H 

12 Q. Spedfta~J • .., deel dill~ ocnr bl die HAl Moddf 

IS 

14 A. ~ tbe RAJ Model 11M 6L a lined that 1 ccrtaill aumbet of cwtomen will be ..we! ill a 

15 specific; ckiJter, tbere It no tUempt to maintain the 1J*1.ia1 relalionship between tho 

1e o••omrn. The modd will dlsuibuta the a~stocnen' Iota unlronnJy IQ'OJS the area ort~,o 

17 dual". An exampl.o of tbla iubown in Exhibit BXS. 7. 

18 

111 lJI tJU BxNbit, tbe doU 1ep u mt tcW&I 01110mer location~ !hal tho HAl purport• 10 we. 

20 Plftlll A. 8111d C.,.. depiciliona d Vlrioul dlapo lioaa of eiahc Oll&oalcr 'ocarioN. n-

21 would be oon"'deeld thaW or pxclilod IC'catiootS Panel Db a~ or how the 

22 IW Model will plao.U..~ locatioN In Panelt A. Band C bef"OR il builda tbe nccWOtk. 

23 Thu~!CNbit abowt how the IW Modd wiU model the rustomer loc:ations tho ame -y ill 

24 eYfl'/ c:ae, dllpite die llkt dllll the .... ,.,., areiCIU&IIy liluatcd very c£4"erenlly. Exillitla 

10 
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4 
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• 
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• 
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10 

11 

12 

1:t 

14 

15 

1a 

17 

18 

18 

Q. 

A. 

2 2 ICeS bitwea o..aoewn an i,gpored. dillliiCCI w11idl can often be -.1 nllca. Allo, 

......... 8CI'M ICipll'lla ita eetvina .,.. into quadrallu. tho cllllottioa that OCIQn in 

,_ A_,. occur Ia tbo BaM. ln Panel A. the l1llioritY of QI.IUll1lei'P 1re kx:at.ed Ia the 

NW qo 'r~~& oltbt .. .ad-nloalted la tho SW quadrant. Ill the Ba'M, thia 

r ' dn '\ 1a nd 2 ' 1 ~; die SW .,adtllll would c:ocuin no o••,._.., ud tbe NW 

.,. ' • M11W c •* 1be ........ )'Oil eeo Ill Puel B. ln the HAl Model. ebb cloee not 

001111' • 

Y• ..W_IIId_dlelll tldtdtlatlll c.11carded ud tiM RAJ ..cW ~~ddt lta 

......""" .......... eltiMdlltwtlee pkwnd .-. .... •JI4!cnta'-t., caWe 

...... IJitlf lr..,...tllatw tiRdlu aderbelldJaala tiMftiAilta pt'IMhlced by 

die RAJ M.W .. tWI JI"W 11db1Jf 

Y• dlert ia. Sprint llu conducUd miiDII)'Iia fat iu Fbid& t«ritorieellimilat 10 ~ 

mown llllbe a JM11* p 11 sn5atiool mentioned above. The rca~lts of tho florida ll\llyiiJ are 

CotJIII"eCefy t C 11 
..... 1lridl OUt fili&cs in Other ltaliS. ln the n.niiRU of~ the 

nc:twoltc "built" :,Y the RAJ Modd ila non-funotioninJ ~ The HAl Modd 

ayta•"""cdf and tJipifiCin1Jy uedllrbul1ds the dUiribuljon ndWOtk. 

20 Q, fkue dt.ICribe ·-yo• ddawlud tltal tile RAJ uadubuUdl. 

21 

22 A. 1'1lf OOC!Illlflt i.t wry.._ W• eqcamlllo tho amount of M(wortc plantlhll the HAl Modol 

23 bullda witbin lu mlill duJqo,. TIQ lacludca ~Oft the QI.IU)nW elde of tho diJkal 

14 loop am.: ... dlltributioll c:ebN, cot 71111 Clble', and drop ... All o( t'-.,. u.S 

2:5 in u-. model tu do twO t.hinp: to connect QIMIIICn to tho nocwortc (II tho DLC) and, by 
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1 

2 Q, ...... fiJI llleytM,_,..,. 

3 

4 A. Ia die 0\W....._IIII,jorily of~ the HAIIIol1dabuilclt the main duJun in l\lt'll, low-

S deollty area. AI die tlble below tbows, in the loWCIII donlky r.one the HAl underbuilda 

e CMit 90% fJIU. IIIMa .... Ill Sprinl's an '"a terrltofy. 

7 

a 

10 

11 

12 

13 

14 

15 

Spriltt-Catd 

Spriat-Ualted 

Sprint-Cntd 

Spriat·Uail.cd 

Spriat-Ceatd 

IeoS 

StolO .... 
5to20 214 

lOco IOC 314 

lO to 100 

94.1% 

126 

174 11.3% 

Ill 35.4% 

31.1% 

111 In the table I haYO ~the nect..Jowal density &One (S to 100 Una pa- JQUII'e mile) 

11 into two paru: S to 20 Unes pa-~ mi1e, and lO to I 00 lines per ~quare mile This Jpl1t 

111 does not c:xiJlln either model, but i.e Ia valuablo u a tool for vlewlna that thla undcrbulldlna 

10 problem OCCUt'IIIIOII fi'equealJy in tile vwy low d hy ..._11M cuc:tlniU that an. of 

20 mo11 COIIOCifll tor uniYitlll MMco P\lll)Otel. 

21 



1 

2 

3 

4 

5 

• 
1 

a 

• 
10 

11 

12 

13 

14 

15 

18 

17 

11 

18 

20 

Q. 

A. 

Q. 

A. 

Bav. ................... COMr.pt ef. lllala.a tpu.U., tree (MST) u •• I &Rift 

elw" I 1)111--elleqdlf 

Y-. bldle II' + ~FCC a ')• Jd'ey PriJbrey uiCid the aame cooooep~ to -.ue 

a•·••• dbponioo. Men .-.ly, the FCC ltd'bu boen woridna on a~· oftbo 

two mod eta pt 1 tJCI lA dU ~ ThiJ JY"'be'is, termed tho HCPM (Hybrid CoSI 

'"*>'Model), .. ~ I I .. 111'7" q 11M u • IIICIIM1I of p!ll!dcmy for Ol.!tllde plant 

IDd the I 'J A idu lllluilt ialo tile loop poniol1 of tJidt • JOdd. 

Ia edMr pi"" 1t' p, lurn die BAI Span..,. --ted oa tile 11M eltlte MST as 1 

•n•n .,. .. ,.,. wf'" plutf 

Yea &bey have. lteDelldy In Tcxu, Dr. Robert Mercer, IIUihor of tho HAl Mocld, &Dd Mr. 

1ohn Uck saud dill the MST Wll • 'lnappropriaso IWidatd" to UJO In IUdla 

CQIIIPIIilon.. [SuPSJh lleiiW llepty Tlllimoay of Dr. RDbert Mercer &Dd Mr. Jolin KJic:k. 

TCICU PUC f\oc'bt IllS IS, Juno 10, 1991). t.fcfocc/10idt wall on to lUte that !he 

"Steiner tree, act Ole MST, COCIICiMea the minimum tNe diJWICe required to CCMinilCl a 

~erie~ ofpoiau in 1111twudc. • [Additional Reply Tatlmooy, Men:eriiC.Iick, Tcxu PUC 

DocblfiiSIS, June30, 1991}. 

21 Q. Wut a. a Stt~Mr t1w1 

22 

U A. A 5.._ uw Is IIICdler cliJiarQ C0111itn1Ct I'OdliJIIPPina tt-fy. Llka lho MST it 

24 _.-. £ 'e e MtWMII I .. of poinu, 1oc:ationl or ftOdea. HoweYef, in the SlcQw tree 

2S k II po a• to add poiau or nodal In the p-of coal~Clin,t lho oriaiMI poinu.. Tbis 

14 



·. .. ,.,,,_ __ 
c:u nUl illu cnwtltlloi• ' .,. between poiau. Jbott« ct.a dlo MST. Two liqlic 

2 eampJea are lbowll ill 8wM!I! IJIC.S..9, llld the ... ICcpl it dlecn 111 f Ia BxbibiiiJKS.I. 

3 

4 Q. Tile~' U IllS'' ,s Gatlt....tdllnteru.,......-.dd!M 

5 ·wm ' a• able • ad' ' ".,..a~-. 1M SCdaa' uee.ut 1M....._ .. ~·t.a 

e ...., .. _.... ·rb• Dt,.a..,..t 

7 

I A. Mo. I do act. M 111114 *"" Ill .. CMi ••••qiiJijoril)- <Jf c::ue5 the MST dilt&nce 

e would ldlaiJ 1• r •IMtfll · · ...... c(".,.._ liece k cloeucuoooua& b 

10 

11 d.a the MST clitranoa. IIdia a S&aiaw tree diltMOt. would be in.adlkienl u wdl. 

12 

13 JUit u • ., • .,..atty, the !idditlnn o!"DOdea cu only dccrfalethe "required" amounc of cable 

14 tor V«Y few, IPdfk 00"1\\F•ildoas otpoiru. Most otlhcao confisuratiolu iDYolve les1l 

15 d.a 8Yt (5} poilu 01 b •'lew. II itc:wwoon kDowledp thlllll HAl main dUiten must 

18 ooatain .... e... CUI':- b:riom and moll COIIIain many more. -~~~ rural an:u. 

17 Thtic6wo k II limply lucoi 1«t to .-une that I) die Stainer Tree diJunce will be tome:dlia8 

111 lborW dian lbe MST clitranoa. .,. 2) that dlo Sceioer TRIC dlance .. the appropriate 

1e m••eof'wlllt It -.,sit ll"'. 

20 

21 But Ia the ipirit of ooopcRtloa Sjl!illt hu altO copduct«d 111 analysb w1na 111 tqlllvtlent of 

22 the Steirw ttw. lu I llhh allow. it bu ~ aboMI mathemldc:llly (Prim. Bx.lti B~] 

2) that tly ~poilU 01 nodei.IUdl u a SteiDer ln!O '-, il b IOIJIIllmee po Neill 

24 IIIP"'iaa ... to =e a cc a -"' cf poilu wid~ lea thla dlo MST. Bus it hu beco abowD 

2S dlll11111 r * fiiQif ill ISCI'IOI Cll'l DeYOr be - tbaD I)%. l.n ochtr words. .....-no then 

u 



- l I 

1 .,. S boo ""'"**t In a HAl meln duaet, aad tho MST tdls ut It requite~ I 000 feet ol C1b1e 

2 to CIOMICil dllm Ill to f8dl other ud to the nawort. Mdina poinu of inca llOCIIW'tloQ, u 

s die Sc I I r .... doll, ~niP ,.._ tllat ~ amoulll or cable bat k will- reduce it 

4 Wowl'10 ... 

5 

e Ill die Clbllt Wotr, we jlt rec11 the ..,._ ol HAl Main dwtcn in low Honlicy 1 qioftt thll 

7 lllllllrtalild *---" lllirw dla Sleiner trot u a meuue o("•rftidMI" cable Jc:nalh. Tbo 

• ~ ol* .. I ... .. •• •ed u 11% otllle Jawth otdla MST. 

11 

12 Spf'tat-ce.tel Ota5 17 10 'U% 

1S Sprillt-U•ked 5 ta.20 114 109 Sf.l'Yo 

14 Spria...C.td StalO 214 152 71.0% 

15 Sprillt·Uillted lOto too 314 .. 15.9% 

10 Sprluc-caut 2t toiOO ,. 11.6% 

17 AI i.ba llb&o ahowi, Ulint !.he Steiner trot u a 111CUU111 or~wf!!dc:r." cable hu little impact. 

1& Ill tho~ ..;oricy ot ~ dliJ fepllll,. unlwral .-vice.,.... lbe HAl ltill 

1" lllldetbuilclt tbe MtWOI1t. 

20 

2t Q. Tile flpns -.....,.-to tile ftecaaaaq wldl .wdltlle BAiallda' !k'•, kt wtw 

22 Ia t.be........,. ordlii...U1ef 

16 



·. 

1 

2 A. The two ilbleld!lti>Uow dunonsuau:lhar the mqnitu6e of thiJ Jborup b lipillcant. Ia 

3 1M .. IIWI,I haw ~how!~ a I8JIIC)Ie olnln .._..&om Sprint's -~ taritoly in 

4 florida. n. • ... t1a wire c:cater 11ec I :w11rith 1M duller -s lhe clwcet name. the 

a lilllpll oldie • • • IF • 1 me. the lclwSll ottoCII plana thl: die HAJ buildJ wilND the 

I llllill dull«, ..S die~ betw0111 the two (the lflonaac). This Ia only a ~ COt 

1 ~~ 

• • . . ( • r 
\ I ' 

. \ 
10 ...... :-: .. ,, .. ,.. ' 

11 ClllftXMDZ 4S,n1 111 44,ll50 

12 IAIJI\J(ADOS 41- e.ose 42,137 

1S WCHI..I'LXAOCI5 1$,122 23,1811 38,853 

14 NPUf'lJCC'AI04 IIO,Ta 13.&MI 37,735 

15 lo1II<I.I'UCAOO 54,e42 1l,lllle 35,171 

18 OKCIIA..XA011 et.:J11 41.014 35,303 

17 I..ICPCfUCio.OO 45,311 10.111 34,413 

11 PlCif~ 101.154 13,MS 3Utl 

Ill AI. you CM lee, the ~ thll1he RAJ Modollilldeltluildt are not lnsignlficanL In the 

21 1«\'ina l8niulry. ~. the ahonqo lllced on eec:b line below doot not tlddreu outlia' 

22 dust.,... ..... doct it~ Ceedct many way. 111e ~ li11ed- round within main 

24 

l 



1 

2 

3 s,.t.e C111JI tees Wmlee mmt. 

4 SpnM-lJIIIUd sceu 434 ""- 281mla 

5 Sp .. C Ill 5io2t .. ,.,... 311 mile 

• s,rt.eu.w 2tto 100 244 ""- 131 ""-

7 5; liiii-<M"' 20te1M """- Umla 

• 
• Q . Ban reniU Jlalar c. dlae beeaJouclla otlaer Jtatc:tf 

10 

11 A. Y • In f1W1Y .W. for wtlic:h Sprint bu 11ee11 !he IICNII dw.tcr data llld been able to 

12 perfonn IUCb an lftllytb. !he r8ilJ Is always the ~&me: In !he low density an:u, lh1s 

13 ~ b , .......... Jli&r'!L ..... and OCCUfi ill tha ~~majority of maio 

14 clr ..... 

15 

1t Q. U.W •IIVt cbe DAI &pouon rap ndtd to tbcn Jtatasuu wllta pruuted to lbas? 

17 

11 A. In the afOJomeadonecl Tew ~ the raponse or tha HAl ptopo«<C''1U wu tworold. 

Ill F1nt k wu IIIQ ltd tJwt if' thiJ b indeed a problem or lhonoomilla for the HAl Modd. lhe 

20 BCPM would f!lhlblt lhe -llloncamina co a muc:t..,-cater d.,- Mm:« 

21 Supplerncntal TCII&Imony, Juno S, 1991,11atea wSprint 't dalm of a flaw b mbladina, sraHY 

22 ~ end II ol equal or IIIOft appf'Cibility to lhe BCPM u wdl." 

2A s-ld, tho HAJ pcap I U dejmec! tbtl the HAl built •lbeltUCIIIIy 111001 bo" •tvw~e 1Jid 

•• j 



, bnndl ell* ialide .... ~ diUI cbo IICPM built lruidc hs pidl, I ltaiG!Ienl whlc:ll-

2 inleocled 10 qp an cbo lnt~t~tCment ebOYe. (Mttc«<JCJict. Juno 30, 1998.) 

3 

4 Q. llaftdlt.ICIW S,IIMrtCORII!t:tec!. MST....,. .. tlldrfll'll ~ .. nortdaf 

5 

e A. v.w. .. w.. bll•p: ilwiO~cboeuc:tMSTMI!yUthllwudonooncbo 

1 HAI ModtiM ,. 1M 8CPM In iu .., .. d fllrm!t doa not pa- poin&a, but plaoea 

a ClOUIItl ~ •,.,... tritJ:In lllicrotrida. Jfolol-cwr, il ~ -Dildo reprdil1a bow 

e cboat ClOUall- pi.IOid ip a miclropid, it b j'IOIIible 10 oonduct a type ofMST INiylil tbal 

10 r ..... die..,.,... aforipal Qlll.on1er loallions IDd loow tbet cot!1*es with the 

11 c:eb1e built by the BaM. A dilntnion oldie BaM MST apprDidlls I"N'hecl u Edlihil 

12 ~10. 

13 

14 ffK die H.AJ Modll, our_.,_ - doolll the main duMr level. Tbo equivUclleYd in 

15 the BCPM is cbo ultlmlle arid leYd, and this is dlo leYd this wu U.S for our MST lllllysia. 

18 Tbc l&blo bdow lhowl the teiUIU for the wno denlity- u abowllllbovc for tbo HAl 

17 Model, ftw aU of Spriat' 1 territory In florida. (Due 10 time COIIIIlllniJ I wu Wllblc to 

1a ,....,e add~ by CMJ.....,.) 

19 



~ ~ ~ ~ ~ ~ - - - - - - - ~ - -- ea .... av-•wN-oeca .... caUt-.w N ... 
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1 W111t till 1111111 NIT I TaP II for die ul!imete arid~ ill tJ.t - wire cea&«; 

2 1'11e ..... il.-y,IO wllidl dleBCPN fell 1111«1 of"••ftldent' Clble. 

3 

4 Aa ICDid ..-.. our......,.. II with the lowell deDiity .,_of florid~, Iince tt.o n 
15 dlllty ~ COliC* I ilf ....... JCIIvioe pulpcl Ill Tho uble 6au the wire CIIIUn, Ill 

8 Sprint' I~ ........ y .... the 0\'WIIl dealily wu --20 llael pcrtqUIIW 

1 ... 

21 
iwlir=;t z k 



.. 

5 GLDL ,..7,114 69S,S39 147,655 116,196 791,228 0 

• PNLN 7$1,10J 99S,501 %)7,394 1,115,130 1,036,367 0 

7 LEE 641.367 966,026 3ZA,u59 1,304,735 1,173,921 0 

• ICNVL 144,510 310,129 0 163,49) 605,045 0 

8 ZLSP 1,111,714 995,511 0 1,312,056 1,103,090 0 

10 SPQt ~)92 694,2.67 197,175 969,965 711,920 0 

11 <.:HUC. 1,001,642 
. '• 

1,313,133 JOS, l91 1,673,651 1.•4l6.33S 0 

12 .RYJU.. 651,109 196,039 %)7,930 1,167,411 956,386 0 

13 ONWD 175,141 976,640 101,492 t,S6Z.,9ll 1,3S2,3SO 0 

14 EVRO 74C,911 327,J07 0 505,13() 316,073 0 

15 MALN 691,647 106.251 111 ,611 1,114,506 1,056,533 0 

111 8AJC.R 1;447,139 1,547,207 99,361 2,S9S,212 2,059,406 0 

17 FRPT 1,049,030 1,161,111 219.1SI 1,914,645 1,319,764 0 

te MN'11 Z.,S07,994 2,941,1JJ 433,139 4,395,127 3, .. 69,573 0 

18 crDL 590,714 510,613 0 941,412 721,56) 0 

20 WSTV 61,129 15,375 17,ZA6 94,145 76.766 0 

21 ODIW 100.121 759,101 0 1,319.911 1,044,414 0 

22 STMK 170.01~ 214 1)~ 71.262 430,952 333,11S 0 

23 

24 IU &lie ..W. tbowl, In ..-y c:ae whln a r•JO«<Ibby dlrel;t comp&rbon can ~ adc. the 

u j 



1 8CJ'M baildl,. ' 111 ,._. • tilt wire cent« 1ew1, wbweu tho HAl filta lhort ill die 

2 mt,jority o( - · 

3 

s C.••• • .. rc af b ..._ '-•'*' the two modell. The tacc lhll MST Jencdls would be 

• ,.,...,.,,o-•r•c~•w•r .. -~.,_,..,_,,..4,:.:•,..,.loalt'.- Rdlwrltum~tuwcJo.JyiMaodlt 

8 ~ 10~ .. ~ ""'M '""" It bfd/4• /tllllfl'liiCift. 

10 

11 Q. II die,._ IICed Ill dill tallle .. cat 11 ' ' • 4IJibiklJoll plaat, or bee" 111 ud 

13 

1C A. No, noc b either mocld. CO"W"'M,a cable II irctuded In tho t.b1e above becw•se, In both 

15 1110 W•, ~CIIblebbuilt intldelhc buk uail (tho pic! or tbcc:blcr) IOOODIIOCl 

11 c:w..ocnon Ia OM IIICdoll oC cbo pidldusulr with CUSlOmOrl in another tee:tion In the 

11 BC7M it it u.ed more oftCR diu ill tbo HAL 

111 There bls bell8 a I"* deal ot corlfl•• • u to .tilt typea of plant or Qble a.llCJulcl be 

20 Inc+ .. willllcalculaW!a"wbu cllhcf model tWds". For tho HAl Model, In tho maJority 

21 or e1111 die buic uail or .-JyU. che ctu.cw, 1 lpl 1 u one .-v1na area and ono 

22 cllltributioft .,., fa llle 8CPM. IIIOilllltlnwk pid.a Alpl 11 r 11 one cwricr ~ area lhll 

23 Is~ iato (up t.o) four cliJdulion ara.:. Somdilnct tho two moddJ law difrGI'al& 

~ tenm Cor 1M oable &hal It utod at vvloua poill•aln 1M network. O«.rto of INs, It b belllo 

2$ COli ......... buill witWa ... bale Wilt (Jlldldulc=r) alnco aU alilmay be uted tbr die 



1 

2 

3 Ia.,.-ilr 1111 IIAI, a CUIIOIIICr oa the west lido olany dw&cr il QJNWICUid to a 

4 oeeC oa die .. Mt afdlll cUller ... IJocM;aw t11' btvltdt Cllbl.. l'bl ~two 

5 Q!ll• I 1W!OIIWIII II I «ectlatlleBC'Mua.QIIfllllWbwcabl.r. Boclt .. oopper. 

e 

7 

• 
--·Iii ... oabla lA tile BaM oftAo:a Is round on the Qllll- tide ollho 

DLC, OC -CIIi• .. •CIIIIIallll tkBAJ Model Ia u-...-Dy tbulld oa the oCiicc lido oldie DLC. 

II Ia die HAl~ I C I :•ina cable Ia llber. In the BC"M it b not. 

10 

11 s-111 aldlia pot,.W b c:oa6.lliocl, the COIIlpariJOQIIbcM uted CWII)1bUia this ecilu 

12 lOW)' ............. Of arid: CO'IIOI •ina c:ablo plul clilriubca (bttkbo<w IIIII bnndl) 

13 Cllb6o. Drop was lllo I 1 t dill Tt.IMIIU olthe lablo dcmonlltl.le the followiltc: A 

'" proper ., ..... cttl. ...,.. orp~n bul.'t by the two mocScU. d imjnarina any 

t s ccnfhn -ncn h• n « Cll 1 o~otY. d.en>ceilt!illel this thuhonaps clitco¥Oed ill 

18 the HAl are tiplllclat l!ld JYitCIInllicl in tho rurai~R~~ of Florida. while the BCPM does 

f7 not IUft"aoiomthtAme~ 

18 

111 Q. rsca.. .. .....-,. .. nctNtcaJc.tJ.oay. 

20 

21 A. lA Iii..._.....,., Mt Dco Wocd ~~~ate~ dill a modei!IWI do two~ It...._ 

22 accunalyd~Unnine OdfO!N"b •ta tS"' and it 1'111111 "Oil I~ &hoe~ " laOC!WJ with the 



l 
1 a .del-• 0111)' ·~ cuaomer location but 111a the Jocat!on u wdl. We ba¥C 

2 

• 

7 

11 _....,.. dllll tuppartalhe " 5 p lbown here. In lllllllllUY. tbe HAl Model is IIOC the 

12 IDOil ~ 81 rtlietleCOIIlJw lllldaodolol)' avaiJablo to the Cotmmloo but a mocld 

14 

111 

t7 A. Yes. 

18 

19 

20 
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Batftelcl's Polygons Converted to Rectangles 

~ 

The H.adic:ld 5.0. Modeiii'OUJI' 1 fill ol "'cWWl" c:us&omcr poiDII into 1 diUttr, IICCOniin~ <o a 
set or agrcpliola rule&. 

• • 
• 

• 

• 

10 Ct'11tomers 

-Horizortal Olst c: 3.1304 mi. 
Vertical Olat:: 2..4856 mi . 

OI&Q0n81 Olst = 3.764 mi . 

• 
• 

• 
• 

• 

We have deunniDecl lhlll the lflinl"""" sptJitllbq '"' for tbeae polnts - lht mathcmatic:ally 
shoncsl ooanedion pos.&iblo for tbcsc poina- Is 5.88 miles. 

r r 



•• • ',, ,~ 
·~, 

Minimum Spanning Tree 

L~!: 6.88 mi . .. 
\ .. 

' \ .. 
\ ~ .. _ '•, .,.._. ·. 

'• ,., ., . 
............. 

• I "•..... I 
.... I 

-~ ........ 

When H•rfic:ld baa de«eenplnecStbtselofpoint.UhahlOOSdnuc ac:liiSIU,lt loJioally draw• a 
COIIVU huJ(~ diose poln~ D ~ iiJ II'CL 

Convex Hull or Cluster 

Area= 3.07 sq. mi. 



.. 
. . 

Hatfield theo JoaicaJIJ G01111n1CU a ~ ~ fU14111U - oriaiiCd ~. 
west- thai CUdJy lis _,, dlo c1 "•poba. Hatflddlhcn ddcrmloa tbc uptct ratw or thai 
rectangle (!bat is, lba ndo ol dlo ........... )leiJIIt to ill wldlhl ... In dl1s case.. 0.8. 

Minlnun Bowldlng Rectangle 

..... "':: 2.47 mi. 
'Mdlh = 3.13 mi. 

Aspect Ratio • 0.8 

Hacfldd theo COQSU\.ICU a rwatliiiU with tbc abo\e upect ratio: the sit~~ or that ~ctangle i$ 
detennincd, oC COUJK, by llltAtU ... ltld chat atU 1J Kt to be the orca of rf1e COtiWX ltulf ... in 
this cau, 3.07 aquan~ miles. · 



Eq~ent hea Rectangle 
~-..:......z. Helgtt = 1.56 mi. 

'Mdh = 1 SJ7 mi. 

Harneld. dlen ~lots wlliUn this constnac~ed reci&DsJe. Bleb lot is rwic:e u hi&h u It is 
wide. 

Constructed Lots 
e,ch Helllht= 0.78 mi.= 41 18ft. 
Each With= 0.39 mi.= 2059 tt 



. . 

u 

C~ to Serve Customers 
Branch Ceb1e Lqlh = 8177 ft. 

10 Drops, teCh .. 150ft. 

I I I I I 

. I I I 
I I - • ... -; t ···-· • 

• • '""---.. -.. T --.-
l L : I I 

-, I I i 

T otaJ Cable length = 7677 ft. "' 1.45 mi. 

less than 1/4 ofth• Minimum Spanning Tree length! 

But noce bow closdy lbe CUP""""' are tq~1et2cd IOWird the branch cable. Tbc amnsemcnt is 
unrealisUe. bcch from lbe rundpoitll of cable lcqlb tiNI (rom the IUIDdpoint or area ICt¥Cd.. 



.. 

Customer Area Served 

Hel"' = 300 It 
Wdlh = 108 + 8177 +106ft =63891t 

Area Served~ 1,916,700 sq. ft.= 0.0689 Sf'!. mi. 

BUtActl.lal Clulter Area a 3.07 sq. mi. 

Area Modeled Is 1144 of Cluster Area 



r • --

So, HOW BAD CAN 1HIS BB? 

To. what ex~"itC doea d_le ~effect of: 

1) oonvediJti lbe polyp into a tectaQgle (with identical area) and 
2) ~ldlD&._ only to Cbe point~ the perimeter lots SWt 
3) aAumiftllill cd .... baVo drop, 150 feet or less 

cause cbe !lfl"doolo UNPBRSTATB tbe UDOf>nt of cabl.: needed to transverse 
the AC1UAL dil•a..._ betw;eep customer•? 

' 
'~be fol.lowiua lillie aiowa a wnple of sev~")] individual cluster~ (not wire 
centen) br Nevada~ B~ temtory). 

The table Jives an ex•...,ae of cbe amount of cable needed to ruCb all actual 
C~f:D« loc)~lioos ~-cl111~. The locationa do NOT include any outlier 
locitions. T6o dlsJ.~nCCreporced il only the distance between points that 
reside in the main clllllerl. 

This lmgtb tqlllel•lit approXimation of the amount of distribution that 
the Hatfield Model (or any p:mxy model) should build ln the course of laying 
out the netwodc ao4~g the ~Ated cost. 

- -~ 

The table also lbows tho amblmtof actual diltributlon the Hatfield Model 
builds to each reapec:tiveduater (qain, excluding outlier points) . 

. ',\":', 

ClUster NUJ'llbet Absolute Minimum Total Amount of 
DiSWICe Between Disllibutlon CAble Built 

ClllStU PointS (in feet) by Hatfield Model (in 
' 

,, feet) 
CHBTNV11.C003 23.SOO 7.900 
IMLYNV12.C022 29.000 2.210 

UPMDNVXP.QJ05'' 29,000 836 
lML YNV12.C<HS 38.000 2089 
DYTNNVl J.C004 21,000 1.494 
EMPRNV11.C004 ,. I , 21.500 5.093 
EMPJU.."Vl LC003 " 24",5.00 0 .., 



: H ,., It: .. ,..,'"" •• 

ll•;!l lfl Pll U t U PAl HI 1M NU 

A(lril23, 1991 ... ,....,.. .... 
S.. ,.,.r,•us'Cc ' r'mc-wi• • 
1919W ..... N.W . ._222 
we I I J D.C. 20554 a • 

..-all!llnll Aalln 
iolltiiii&)Y.-1 1111 
'I' Ill a DC lll.ll 
'-... ~.(! 

ralJI!•• 
1ft-r 4 'f••• ...... :lA"· 

gum 
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Hatfield Qnatcaa epd a Nato 'CJIZ"inr lbe Km!mnm Speoojnr Tree: 

In a few unique Cllet, it la poeaib\o tbat poinll in a tdepbooo netwOJk could be 

connected with ao anw••nt at cable chat was •li,gbdy lets tbao lbo length of the 

minimum apmnfna ttee. An ••nq,.,. of Ibis is lbowD below. 

A A 

8 
8 

The cable COD.DeCltiog tbo .. pointl Dl Cbe left figw'o ~ the minimum IJ>"DD!Qg tree, 

and is tliabdy Joacer tbao tbe c.ble length In tbo fiaure 011 tho rlpt. (In "»"'' measures, 

the c:ahlc iD tbo ri&bt figure Ja 92.3,. of the len.rfb ofebe cable in the lc::ft fisun:..) 

In tho Cow Cllet wbero lbiJ mipt occur, we bave found the diffe~nce iD lcorlh to be 

COOJilteotly- tbao lOt(,. lo otbu words, wbero. minimum tp•nnin,g tree for a given 

cluster migb1 equallO,OOO foet, it is possible tbat Che points in that elU$ter could be served 

with oaly 9,000 feet of cable (dependina on bow lbosc poinu wete c:oofigured}. 

To eliminate oonfusioo. the table 011 tbe followiog page lisu aovecal additional Nevada 

clustul aod Che lqtb of each clost.et' 1 kqea diaiooal. (ln the examples above. this 

would be the d.iataDce between pointa A ao4 8 .) The cable a1lo llsu the amount of 

disaibod.on~le built by tho Hadield Model to serve lbese clusfUS. 

The cluatcr'alqcw diqouJ ac:na u ao ab!ollll!; lower boUnd in temu of the amount of 

cable required (aiDce cbe clu.lf.er'a CODfiguratioo Ls bucd on the acfnalloc:alioos of the 

points ill tbat cluster.) The only case in wbich tbc diaaoaaJ leugtb would repmseot tho 

actual required lcoath of c.ble Ia wben all point1 in a cluster wen~ located in a SUI.irht line. 

ln the vast majority of carat, cbe minimum reqailed cable woJ.!d be significantly MORE 

than the longeat dlq()ftl) of tho ¢lust,e(, But uslq tho diaJonallenath providea us with an 

ultra-cooservative meuurt of tho ·RlqUlRd plant per cluster. 
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Hatfield Model 6.0& (Oiatlt>utlon 
Module Cell BU minus Cell CO 
(C.U CQ reprt I IIlla outlier road 
distance, in most ca.a zero)) 
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• 
• .. , .. nnn 68.331 
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April :10, 1991 

Ma.Uq ., , Sala 
Seaaty · !eden! CaGimualc:adoos CM!mlgjon 
1919 M Street, N.W. ltoolll 222 
w-...no. D.c. 20S54 

RB: cc DocW Nos. 96-45 aad 97-160 

Dear Ma. s.au. 

U.AhletMIAa'aln 
IIIIUI -...w. :lilllr IIGII 
1'12" DC1Jlil.l(o 
lliiGr Jlllll J4i:l 
l'aJJl"'11't 
~ 

EX PARD 

Today, I ptOYided tile auachcd meacritls 1ft npd to tho lbo~ referenced doc:kdJ 

to Brsd Wimmer &lid Chuc* Kdler or the Ul1ivaal Scmoe BTIIICb or the Common 

CanW Blnlu. The atUidled ma.taiallarc related to a potOIIIlaJ COI'AICdoo to the HAl 

IIIOderr catwd.ulaic lll'!cModolos1. Tbb wu • ..,.ed 11 put ofao ex pette 

submjstedbytbeRAI modehr<'l'*"' oo April23, 1991. Aubowala tbeett...tment, the 

• 118""ed HAl mocW "fix'" 1\'0Uid llill RIPih illaap& 1 II aboft&l1 in the amount of 

dlsuibudoo eable tbat wOuld be 11 c t !ted to colllleCl all ot the cortocncr locations In a 
duster. 

Tho ori,jjDal and tine oopla or this notice are beiQI submitted to tbe Soetetuy or 
tho FCC biiCCOI'dancc with Scc:don 1.12:06(\1)(1) of tho Commlslloo'a rules. It there are 

any quealons, please call 

cc: OludC Kdl« 
Brad Wimmer 

Siuc:ady, 

ldo7.4~· 
PcuS)'Walki 
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OrigiJWPointl, 1epteaenti.og customer locations: Bither 
actual gCOC'oded points or GWTOgate locations, or a 
combination of both. 

These points will be grouped into one cluster according to 
PNR'.s clustering algorithm. 
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The convex bull containing the points on the previous 
page. The area of this polygon is converted to the 
rectMgle. 

.......... I 1 : 

2 



HAl Sponsor' a Suggested .. Fvt" 

Take the rectangle that actually swround.s tbe convex bull 
and maintain mAT aspect ratio (as foUows). This is the 
.. rotation'' mentioned in the HAl Sponsor's elt parte of 
April 23, t998_. 
This approaJ;b differs from the current method. which (for 
thi~pardcular set of poinlS) would produce a more square­
lilce mim.mu.m boundiog rectangle. 

For ease of explmation, we tilt the rectangle level in the 
following pict\R'C$. 

3 
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• • 

From thiJ point tbcte arc two options: 

1) Maiotam the area of rbe poly goo using the aspect ratio 
of lhis surrounding rectangle. Build lots on that 

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

We 1,1roducc option fl fmt 
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Smaller rectangle tq;reseots the area of the original 
polygon. converted.to aspect ratio of the surrounding 
rectangle. 



• 
·1~-----S·--·--~~·--------~ • • • 

Polygoa...conv~to-new-rectangle and original points. 

Already it is clca:r that the distance that mtat be covered 
between points is not eooompused in this area memue. 

6 
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Converted area twned into lots, 8 lots for 8 customers. 

Note: ~ are no lonpt exactly 2 X 1 (standard HAI S.Oa 

usumptioo). In maintaining the aspect ratio this no longec 

becomes poaible. 

Feeder/distribution interface device will be placed at center 

of all 8 lots. 

7 
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Red (or heavy) line repesents total HAl distribution built 
to this cl~:~~ter, evep when rectangle is tilted and aspect 
ratio maintained. 



• • 
• ~--·~---• • • • 

AJ picture sbows, diltribution falls dramatically short of 
distance required to collDeCt customen where they are 
found. 

9 
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• • • 

As pktwe sho~ HAl distribution is dramatically short of 
evea connecting the two customers that span the distance 
of tbo closter. 

This is tbe "diagonal" measure mentioned in Sprint's 
former c;x parte. 

Now, option 12, maintaining the area of the tilted, 
bouDding I"CtU!gle. (In most cases this wiU be Jarlter than 
the area of the original polygon.) 

lO 
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Rectan&le represeOtl area oftJlted minimum bounding 
rec:t•naJe. not area of convex hull of polygon, 

II 
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loa placed over total rectangle area as before. 

I:Z 
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HAl Distribution cable built as before. 

Key difference: SUgbtly larger lot size caUSC3 cable to be 
sUgbtly longer than before. 

13 
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S~ effect: Cible faUs far short of even the amount 
required to connect to farthest customers. 

Important Notes: 

1) There i$ NO offsetting effect. 

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

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

14 
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Federal Commurucarioas Commission 
Wabinaton. D.C. 20SS4 

R.lcblrd N. a.tc& 
AT•T 
RooiD 5:4QC2 
29S North Mlpll A,_. 
8ukfnc aw.. New JcaiJ 07920 

Mly ll, l991 

EX PARTE OR lATE AlED 

RECEIVED 
MAY 14 t9'98 

._..,esug --·-=-= .. 
Aalched pkae llad 111 ~ ~ by tall "'""ben of the Commoa <:arricr 

B~ tbll deUS ~ dll HAl mocld'a Clatomcl' locadoa alaocfdlm. The aoalylil coaalsr.s of 
a 11M'!! :• ' • cSacribuw tbe lllll)'kl 1114 a COCIIpWt disk ,..,.ma.., tbe mulu of the 
lodtvhballriala otdae IDII,U, We woWd ~ your commmt oo th1s wlyals at your earne.; coa....._. . 

cc: 

~~JJJ_d-
Lisa S. Gdb 
Cbld, A4:colmtilla Policy Divi.sloa 
CoiiiiDOD Carrier BUIQII 

8CPM spcwon l.... 
Office oCtbe Scqcwy, CC ~Nos. 9~Sfl"·l60 

' . 
. ' . 



r ~i ~~~'·a~-i6 ~~~"§n-f- - s.. t ~~1- a g-j( tl-~ i ~ ~ i ~ 6 ' Ill~ tl ! ~ tl. ~ s-I -J 
(JJI 
'11 l~i 
~ tr -J:.. F . . tl &·~I.~' r..(t . ! J '~J 1 •. 1 a[a.slailfa-rr(l~~ .... -....... R>:~ '~·· l fit 1-ft ..... a _g!: ~. > - -~ - ~ i:-4 .. ta · 

II it '•~t~i·~ltt ;ti•~'~l - I litJlls. • 5 1 i>J~~~ I Jft~ii~li[ ;;r:~l; 
> g I e· 8 ~ o t;. f [~II 3: I:J..i !I 
~ ?l Hs-EI~~i~:a ~s~o~~~ 
l 
~ 
.f . _..~ : .. , a_i· §_i ~~~ o~i~~g s}fS B. 

~ J~ I~ ;t~tlr.tt.i Ji~~!! 1IJI i 't. :- f 1 s a. I a. r r1l a. rt 
• 
' . 

Ill c ~ ""' .··~ 
I ~ ';} i I 

i I 1 i 
I . j 

I I 
f 
~ 

f ~ 
f ~ a; 



-alpos ~f 

~ft~i~!i~ti 
'Jr''f''~l J 1li i!f 
rt1Jr1• ·1r ~-1' ~.tf f 
~Rr J'i 
~h~i'if !J 
t';~t,~ Ir 

.. ~ l .. l!rJ l.l rf•rt~ r~: 
~~~ ;;- I!~ 

•M~~~~~~ ~~! c (f 8 

~~Jr!:f tr 
~~!Hil f, 
tin-ir« ~J 
''i~}tl ~~ ! f ['tl 
ll's ft 

•• 

3 E ~ -_. 

o ~6f~t~Q ·~~§~t - ~·e~rl~r- ~~­
§ s g .. II §'xi!';~~ t It i · .;c 

. I tla.B 
f il8~ ' ~ vrl-iil ·~'~!}rl -
• r~1~Ir aJ~~~~ ltiJt~~~ 1f 
i i~l~!l ~:r~~~ rit. fl i 

. .!f 

i r~ ~!i ~~ii~~ ~~·~f fi~t ~f 
01 st •c:- · i t s 'JI~s st s-

f slt-ia. . a- 11.[ !~.~l [n-
~ t;;-tlt~ J i(tf t B B ~~§ ~i~ ~ i. 
s I i ~ ~ ~ ! i s • ! i: ii. ! D ! ~ i= t i 1 ! :. 
e- r ... igs.:o 3&-&-at - ... ~'8;iuc.a.~ ~-
~· !?., §: s t ~ ~ t! p i If t i [ .. ~ I ~ 8. 0. g; 

! ~~~~~~ l;i~~~ ~~~~:~fl ~~ 
0 J~ s 0~ f s 0 ~2 . ~~ ~ ~u ~ F 

'I 



2.1 llocMe die f&m QlSUimef in tbc IIIOSl SoWl-WCAem lot. b&!f·way a1q the Joe's 
~(or widUI) llld ISO feet Soudl of it'a Northcm border. I IdeS lddirional Ct.........., lll;b ooc lot v.idrh :0 tbc East. until lbeR are oo more locs in the row. 1 
IWt ._ II"''OId row 300 feet North of the f&m row. I start !be third row rwo lot hcjpu Nanb of cbc lint row. f coatiaue this J*lenl until I baw IOCittd N 
c:u11c mm, daall110p. If thete are Wl'1 unpopa!md lots, llld there typieally are. tbey 
are in 1M Ealcna ~ of diiiDOSl NOC1IIcm row. 

If lbere are u odd ,.anbcr of NonhiSou!h lots, r move tbc: CUSIOIIICrt in the most 
Nordlem row from the eop eo the boclom of cta.1r Iota. 

( 4) I Clllc:ulale lb, lal&1b of the S1ar Networlc ucl of the MST for lhese new HAl pollus. 

PlcMa 11011t dill wlllll haw cldcribed lbovr. is oaly a tc:st or !be accwacy of tbc: 
CUS'OIIIIT lc 11¥lul 111111 Ia lbo pq!fC: ; 11ir11 ~ or lbe HIJ al(orithm. h is DOC a tc:11 of 
the adequacy of .... il lhVfon pllauub•ll'l:ftll)' bulle by tbc: HAl model alwn thoJe loc:edoat 

At dais time, I hlw pafl»imcd 2440 tN.!a or chis cxperii:Mnt l baw IS trials for each N in (5,100) IIIII 10 trilla far each N in (101,200}. I baw c:ompllled tbc: enor rate for c:ac:b trial. a ac&ldwe cor ' 1 that WJ UDI!enslim•!td ~ d.dpcnloft. For example, in trials 
wilh N eqiiiiiO 25, lbe HAl alaoridm wdenuim"cs lbe laJalh of tho Sial Nc:tWodt by an 
aYeraJe of l SA paccct. It ~ tbe 1cnJ1b or lbe MST by an a venae of 41.5 
~eat Tbae Ulldcresllllla& llOC•CSFood co enor raw of .O.ISf uci.0.415, respet'lively. 

I haw abp made bntd smoocbs oC the diu. Kemd smoochi!ll is a oon·puamclric: 
n:pusion leduliq1ae that allowl you co ploc an IIDikrlyiDalmld liDo Jive~~ "noisy" d.ua.. • For simplicity, I Ultd a u.olform bmd to aaimate thc HAl alaorithm'a error rll& as a filnctlon of 
N. The csdmujoa ptOCCSS is equlvaleat 10 lllina an un"~lablcd Ow period movfna ·~· f lpre I ls a plot ol the kane! 111100cbs. lbe 10Ud line repn:saus tbe ccpcc1td error ruc. or 
bias, in lhe le:!t&tb of the Stat NetWOttc, tbc brokea line 1cpeacn.!1 the cxpeacd bias ill the 
length or lhe MST. 

M tbe papb Wwa•cs. lhe CQl t :led bias is nqadw OY'II:f the wbolc nnac or N, for 
both ~ lbe b'..u ICaiiiiO baa fltnc:don of N, with the sbe o( the bias lncreasiDa as N gets smaller. 1le .lblpe of tbc c:urvcs SUJiCS11 the followina aim pie perilllCI.erizalion of the 
relationship between Nand tbe error ntc, E: . 

.~ \o.l 

' "" ' T1lo KAJIMI4el deGMt dalllly- I f.S ID area wlda O.S U.U pet Joqlllft milt, llld clriiJ'; IlOilO l u u area wid! 1-100 Ilia,....,. llliiL • ' , • fot ,._ w-... ..._~ .. .,, • ._ IIOd •eocJIIaa-. Mamkl. c.r. M.....:lll991 , 
" Rcpuloft, •....., ¥ ~ U..-f XX1J(: ,..$0, and Hlrdk. W., IU 9. APPlied HRDRI[Jmt!rls 
Bcmnlon. Caal.ndJt: C1111~ Ual¥tnlty 1'1-. 

J 



Ftcur-e 1: 

Kernel Smooths of Error 

~4-------~--------------------------------------~ 

0 

,..,.-.----~-...---­./_,._-,., ........,._..-
~-~-" 

100 160 

where b1 is In inten:ept ~. b, is a &lope patllllCltr, llld I is a random clisnlrbance. 
Usina thb ~ I've run re&~essioas of rhe uror ra1es UDder both measum. ln 
bo1h cases. th,e m.tiocsblp between E llld N was stat.islic:ally lianJ.fic:a.nt. with p-valucs 
estenliaUy equal •to =:o. The m:ultl of lhe rcpC$$1oos are in lhe Table I. FlJWC 2 sboW5 
!be QIM:S implled'b)' dle ~ 
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Flpn1: 
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Estlmsfed Error (bias) 

-t-------· ----------,-----
I== I 

100 

Nwrllberf/INoda (H) 

150 1200 
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Table 1~ 

Sllr 

bl 

b2 

lUI ! 

I II I 

$tr';dlll0f 

dt 

.,, 
bZ 

R-St .. 
Residnej 

StiDdard Emir 

ctr . 

vu. Scaodlrd Enw 

.OM11 0.0069 

0.1231 o.oo:c; 
0.71$1 

0.()(531 

2431 

Value Stlnc'.Ad Error 

.0.7261 0.0031 

G.0937 0.0009 

0.12Jl 

0.03.566 

1431 

' 

-9o4.0937 

71.1301 

1-stal 

-193.$693 

101..4149 

. 
... -

0.00 

0.00 

Prob <>:() 

0.00 

0.00 

~ . \ . 
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Appendix 1: ~ Lfsrl I IOUl'llUC. Gwrlllllllia& cbo taL 

I pcdOOIIIDd Ill)' tell iD two aerta. Tbe 6nl .-ies coasllkd of S trials for acb N 1o [S, lOO). 
You sbould be .W.ID npli 1 dlla llda by 11Cdlt11 die na"""m nmnbcr p:aaiiOt wid! ·I. 
The: WOOd .... ...,. ...... of. lO ...... (« filCh N Ill [S,200). YCAA tbould be ~ lO 
replicate dab tcria by 111 ! 1 Jbt rs h mumber &eoe:ndw with ·1. Haec: )'011 can tog1o 
intuldive mode oo IIIII off bdri )'Olia oocapile. 

·- May l, lf91. 
·- This JIC'OPIII1 .,.,..,..... a ~ type cat or HAl vs.cra OISlODier 
·- Loeedoa Alpk'"" 11 1 1 1 r'IL 

·- Jdi'Piilbie) 
·- FcdetaJ~mnal Mkl• Cona$Mioct 

l.oc:lude "M'4!ot I: ~ 

Dedare Sail Mala 
Declare FUIICiiocl HIIU(X(). YO a Floll, ~ NoPa, Hul10. IS ltJietcr) u t.opcal 
Dee1are F• :"·..., TawQCO.YO a flaM. ToHode(), N a IJtt tn) u LosiC11 
Deelare FIIDCIIoa RftiU(IJVal ~ Al l• JCT) AJ F1oal 

'- I ..-f tbae alobal ~leJ !« tb4 nndom 1111111bet aemmor. 
Global Iff blex:r, ~. IIII(SS) IU lalqw 

Sub Mlia 
Close All 
Dim X(300). Y(300), aX(300). aY(lOO). tX, rY IS F1oll 
Dim Hulllad()OO). HullO., ToNodc(300), N u lalqc:r 
Dim NStou. £Wiou, noes u tateser 
Dim I, J, It, tl, 12 u IDIISI I 
Dim IWDl, ..o2, a.JJJ, tneD2 a 0011 
Dim cenX.. caaY, ...,_,, ~ H. W, a, b u Float 
Dim Ra:ulta fAaical 
Dim Rqjoa()bj IS Objecl 
Dim ~ a Object • 

·- lnitialile JC.Dudl'a r1DdDm aumbel' F•*'· 
H • R.odJ( :2) 
H • 0.0 

1 

. . ' 



ere. Tallie R r lti 
(TriPI i*&tf. 

NWIINoda I 2 & , 
£Tiille w 1 • 
StMDU&Iaa.. 
S..obl2 ... 
T lftD!Ill ftolt, 
TRICDila dolt 
) 

fUe, ~!c:edoaDin Ctcll~ + "Rttldts8" 
TypeDBF 

SetTibi.R'tUitt 
Fat&fit 0. 
Ulldo Off 

Set WiAdow.. • Polldoo (7 .. 75) ~ 3.5 
Set CootdS)'I ,._. Ulda "1\" 8owwh (·110000,·110000) (110000,110000) 

N•4 
For j • I 10 1960 
ti•W..O 
swDI•O.O 
$Ud)2 •0.0 
ll«DI • 0,0 
au02 •0.0 

•- Crelac a plice Cor dx ol!jc ea. 1114 a coordltlale JYS'aD for plorriQI 
I ( Num Tabla() > 1 1liCI1 

lfTibldllfo(Cusur, TabJII(o_NJt,ows) > 0 'Tbm 
DropT~O.. 

Eodlf 
Eodit 
Crcuc Table CIUlla' 

(ld Qaz(IO)) 
File~+ "Cb!l!a" 

Set Table OUIIU 
FestEdk Oa 
Uado Oft 

Cn:lte Map For Ousler 
~>'I Noone, UAIU "ft" Bc.oam(-110000,·110000) (110000,110000) 

Mlp &om 0\ISII:r ... ! . 
Set Map Calla' (9000,9000) La)'Cr I Edbablo On Sdccuble On ., • "\ . 
'- lnc:rtmeat N l( r r r ISed, pick riDdoca poiDU. 

• 

--



'- Note that Jbo ~ _.. wilbln ~ llldl box and could therdore 
•- aepcscor cu• • wr Ia •sit:aa iG •liolle clustct. 
lf(G ·I) MOD 10) ·~ Tbcn 
N•N+ I 

EodU 
Fori • 1 to'N' 

X(i) • RD:IJ(t) • 1100 l 
Y(i) • RAdl(l) • 11001 
Craie Pqia(X(i), Y(i)) 

Next 
Set Mlp Zdoal Earn tayer l 

·- F1Dd die pOlals ..tDcb cldqe • ~lnall or t11o dodlcr . 
• - Create tbe OOUftj( bull - bpcrl it ialo tbo 111M. 
R.esu1J • ~·Y, Jlnltlnd, N. HuiJCm) .. 
Qare Repc 111110 VINble R~ 0 BNsb (1,0.0) 
For I • I ~ Hnii('Dr . .• 
Aller ObjeQ ,., Obj Nodi~ ~ Y(HIIIUIId(i))) 

Nelel I • 

Intat'tA&oaUIICt(oiJJ) va~ ..... ~') 

·- FlDd lbe-callroi4 oflho CIU.Ster. 
ccnX• 0.0 
unV•O.O 
For I• I 10 N 

<:enX - cessX * ~ 
ceo V • ca~Y + Y(i) 

Next 
ceoX • ccnX I N · 
ceoY • ccnY /N 

'- Find tbe cUJfi!!C» In tbo iaitial "Sccr"' DCtWOric. 
' - rl!ld the~ In the lniw minimum 1P1D11ina ~ree. 
Re.rult ._ Ttee:(X. Y, ToNodc. N) 
swDl • 01"* ocx(CCSIX, ccoY, X(l}, Y(l), "ft") 
treeOl • 0.0 . 
Fori • 2 toN 

treeD I • .lreeOI +~,Y(J)JC(Tol'lodc(i)),Y(To:-;od(•lll." ti" l 
Create UDe ocro • Y(l)> {X(l'oNodiG)) , vcroNode(lm 

Pen Malcl;,peii(~~S,o.,D)) 
NrDI • surD I + biSI•Dce(CCSIX, c:ccY, X(l), Y(l), "f\") 

NeJa 

'- HAl lleats areas less than O.Ol tq~~~te miles as hiah-ritc buildinps_ 



·- I'U C'!Cthm COI:Ifldcudou o! dlese f'of now. 
If.~. "Jq all") > 0.03 dial 

'- For stmpllclty, IIW~Yt -. die n ••cle Wier tbm lt 11 w.dc. 
lf A.spccdl < I dam 

AspcctR • l I AJpectR 
Eod If 

' - The dimmsiOIII of tbo l'eC::liQplar rqioo. 
W • Sqt(Aial I AlpecdQ 
H • W • Alpecdl 

'- For pJoafna purposa. Ibis Is tbc lot!er CC1n1U of tbe m:uqular tq.lon. 
rX • • ' OBJ_OEO_.WJNX) • W • 3 12 
rY • ,OBJ_OEO_t.m<Y) 

'- Cmr:c dae 1''<7 J I· Rlioa ..S Wen lt laiD lbo: table. 
Create R.eaJoc lGID Vlrill:lle llectObj 0 8Nsb ( 1,0.0) 

Pen Mt!lilepal(l ,2,ROB(0,0,25S)) 
Al!U Objtcl ~bj .... Add (r)(,rY) 
.t\ltef Objet R.tctObj Node Md (fX.rY+fl) 
Alter Object R.ecQj Node Add ~+W,rY+H) 
Alter Object~ Nodt Mel (rX+W,rY) 
lmert 1mo aussu < o1zD Values (Rec:tObJ) 

• - • is tbe widdl o(. loc, b is lbe depth. 
I • Sqr(Arell~N)) 
b • 2• a · 

' - Dctcnnino the number of NS IDd 2W lot.t 
NSiots • CH \ b) + I 

10 
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EWiots • ({N - 1) \ NSiocs) + l 
TioiS • NSfots • E\lt'IOCI · 

'- Plot tbe lot ~ 
For i • 0 to EWioCs 

Cteate LiDt (rX + l•a. rY) (rX + l'a, rY + NSiots'b) 
Pen M•bpai(1,2.RGB(IUSS.D)) 

Next 
For i .., 0 to NSiots 

Crate UDe {rX, rY+ i•b) (« + ~ rY + l'b) 
Pen M.al;epeQ(l~G,2SS.O)) 

Next 

'- Populae die lots. olrvJe• ~ · , ,,. focatioos 
·- Sllrt at !oc=atioci 1 and Vt'O."t JOGr _,.-cat. Wbe:n rw 
'- &ct 10 lbe cad oC die loci, IDOW up a row • 
• - 1'JM vadable k loUows daa rows. 
nX(I) •rX + a/2 
nY(J) • rY + (b- 150) 
Fori •lto'N 

oX({) .. aX(l) +,a • ((H) MOD EWlots) 
lc • .(1·1) \ E\VIocs 
t~Y{i) • aY(l) + (k MOD 2) • 300 + ((lc\2) • 2) • b 

Next'- i 
. 

• - lf"lb number or I'OWI is odd. brina the locations In lbe top rf1W 
• - doWil to 1he bocrOm J*t 01 dlcir IQu. 
U ~Sloes MOl) 2) • 1 cbeQ 

For i • TIO'S to (11ou • SWJoo + I) Step ·1 
nY(l) • llY(i) • b + 300 

Next 
Elldlf 

·- F'Uld the c:curroJ4 oftbc new polms. 
CCDX•O.O 
CQ}!'•O.O 
Fori • t toN 

Create Pol.at (aX(I). aY(t)) 
c=X .. c=X + aX(J) 
ccnY ... ccnY + oY(i) 

Next 
eenx • cenX I N 
c:enY • c:enY I N 

II 



-·---

Set Map~~ tayei I 

·-raid lblt dil"n Ja.&be aew "Sttr" ~ 
'- f'illd daD di.l J't Ia &be IIIW ml.almuill IP"*'IIill& tree. 
~ • l'r.-<.X. aY. ToNodc, N) , 
lllrD2. DIMerc.(~ caY, ,aX( I). DY(l). "ft") 
crceD2•0.0 
FO, l•l1D liJ 
lnldn • u.D2 • Dfslpcc(IIX(i).aY(l).nX(ToNock(i)),nY(ToNock(I)),"A") 
0.. U. ~, DY(1)) (IIX(ToNode(i)) , aY(ToNode(i))) 

PCil M. ; 1a(I~S,O,O)) 
..o1 • Ml Q2 + Dil,'*i<!c<~ CICilY, CIX(i), nY(i), "1\1 

Nicf ' 

End lC'- ·Nota~ 

•- Write Chit.-. to lbt ~ tablo. 
tl• Tlma()- tl 
Insen JAIQ ,Results (T~~IIrDlstl.SwDilt.: .1 rC"L"OiSII,Truflisll) 

Values (j,N,O,....OI~·ped)l) 

•- Sivildl1bc,> or< lip 10 top I~~~CrKUve mode. 
IlN>Othm 
D~ ntJ.o I Oo It liaaJA1, Widlh lOOHdgbt so Position ~(•5-10 

COIIt.'Ql ~ -·~ COotrol Qi ......... na. "EEdl" 
lfDot ~_n.lfOJ).LO_OJQ Then 

BldtFoc 
Ea61f 

End({ 

IZ 

: ....... . ...., 
... :.· 1• 
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Next'- j 
aose AU 
End Sub '- Main 

FIIDCdoG H~,YO 11 Flolt, Hllllbld(). HoP\t. HllllCbt.a~ lAtqcr) as LoebJ 
'-'Ilafs:ll.qcdoa 'Is ~~kat Cram qode piNhbrd 01 die lolunet by The MlpT9QI.s ~y. 
'-ll't ai fo 4ko mW. of~'t Alpill111 !or fiDdJDa the cocm:x bull oh 
•- ses. of poiau. 

'The HaD ft•.oc:tloa a'ceaw 'Tu."llNoPu < 3 o: for ctuplicale poinu 
' or alltbl polars oa a llile 

Dim Disc, T, AaP1. ~. ~a .Fio:lt 

=~~~N.~~•J•'J' 
If NoPis < 3 1liaa Ed p!i.w •WI EDd If 

' Fin4 tbe ~ MJf wttkllla peatat JePIIIllon 
Disl• 0 
For I • l to H9P11 

For J '"' 1+1 "NoPis 
T • (X(J)-X(I))"'2 + (Y(J)-Y(I))"'2 
U T > Dlst 'Tbal 
M•l N•J Oist•T 

End[( 
Next 

Next 
If Oist • 0 ThcD Exit FIIDCiloo £ad 1C 

' FUid the ri&hunost polllt !tom tJ¥s lliiO M 10 N 
Al:la!c • ·I 
Analc:Iod•M 
ForJ• 1102 

D2MN • ( OC(N}-X(M))"li(Y(N)-Y(M))"2) 
lC 02MN - 0 Tbllll Ext fUoctloa EDd It 
For: t ~ I to NoPII • 

1rr <> M ..t 1 o: H Tbc;a 
D21M. ~r.;M{Y(J).Y(M))"2 
If DlJM • 0 'l1les:l &it FtiJriaa W II 

J . .. . •"""', '"'l ' .. -T • ((X(I)-X(M))•(Y(N)-Y(M)) • QI:(N)-X(M})•(Y(I)-Y(M))Y 
Sqr(D2IM • DlMN) . .. . ' 

If (f > Allp) n. AJ111e • T Analelnd •I End If 
If (T • A.Jwle lAd {X(l)-X(M))"2 + C'l':(l)-Y(M))"2 < 

• 



~ + (Y(~Y(M))"2) 'Then 
Analelnd • I ~ U 

EudU 
Ned 
' TallO mala: _.. ... poiallt to die dab~. 
' oeJaex iiiiM ' Jl M _. H l8d eli» apl.o 
rr Ana»> on. Bill for Wit 
lfJ • 2 thea Exit fw cdola lad lt 
Analtlnd • N N • M W • A &'ct.f 

Next 
HulllDd(l) • M Ha!IIIDd(2) • AaaN"' Hui!CDt • 2 
N•M M•Ao ..... 

' Fiad lbe pola • .. • 1 t duc.kw.iJIIQISe tram CU!"iC:Il Hull alp 
Do 
Ancie•l .......... 
D2NN • ( (X(N)-X(M))"'2f(Y(N)-Y(M))"'l ) 
For I • l to NoPII 
lfl <> M..SJ <>Hn.t 

D2IM • (XO}X(W))"'.ft(\'(1)-Y(}ot))"'l 
It OliN • 0 n. Exit F d.,. &d U 
T • ((X(I)-X(N))~X(N)) + (Y(l)-Y(M))"(Y(N)-Y(M)))I 

Sqr(1)2IM • InMN) 
It (T < Allaie) n-

ADaJC • T A..,..,nct • t Eod It 
It (T • AJ111e .S (X(I)JC(M))"'l + (Y(l)-Y(M))"2 < 
~X(M))"2 + (Y(Anp!M)-Y(M))"'l) Tbal 

A,.Wnd • I EDd U 
End I! 

Ned 
HuUCal• HuiiQit + l HuUlad(HuiiOII) • An&klnd 
N • M M • Allldnd 

Loop tJadl Hnlltnd(Hul!Cr«) • H111Qnd(l) 
HuU •Ttuo 

End Func:doll 

. 
Functbl Tree(XO. YO a ftoll, ToNodeO, N a latqu) a f..ockal 

·- Tbls II •Imp! "llP ; •wklll of Prim • • IIIIDimum spennina a. aJaoc ithm. 

Dim l.aT..OOO) u lojlca1 
Dim miDDisl(lOO) u flolt 
Dim d. miiiD a ao. 
Dim I, j, k. m u lac.esa-

14 
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-
For I• I coN 

inTrec(l) • Fala 
ToNode(l) • •1 
mini>ist(i) • 1.197693ll41Q32E+J07 

Next 
inTn:c(J) • T~ 

j • I 
For I • 2 coN 

minD • 1.797693134t62UE+307 
For k•2ro N 
It (iATree(k)" • Fabe) die· 

d • ~.YOO.X(J),YOJ,"ft1 
If d < mlal>isl(k) lbal 

m1D.Db1(k) • d 
ToNode(tJ •j 

Eod If 
If miADis1(t) < miiiD !ben 

minD • mf~~Disr(k) 

m •lc 
End If 

End If"- lnTm: 
Next'- lc 
In T'ree(m) • Trial! 
j • m 

Next " •• i 

Tree .. True 
End Function 

Function RncD(ByVal idum A4 ~) As F1011. 
'- SublrBCtlw Rm$om ~ Geoi ¥'« da» 10 Klwlh. F10a1 Numerical Rcapcs. 
·- This is better thm m LCR a& •t ator for clolq Mocle-Cado type autr. 

Dim i. ii, lc As Jntt:a!% • 
Dim mj, mk As 1tnepr 

If (idwn < 0) Or (Iff• 0) Tben 
ur- 1 
mj • 161803398 • Al:il(ldo'Jil) 
mj • mj Mod I 000000000 
ma(SS) • mj 

' .. 
~ . "\ . 
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mk•l -
Fori• l To 54 
il • (21 • l) Nod ss 
IU(II)•181t ...... -
1( (Jilt < 0) Thaa mlc --+ 1000000000 Ead It 
llt•81(U) 

Nal 
Far It • I To 4 

For 1•1 ToSS 
IDI(l) • Dll(l) • a(l + (I + JO) Mod SS) 
I! (1111(1) < 0) Thaa 1111(1)- 1118(1) + 1000000000 Ead If 

Nea 
Nat 
IMxi•O 
iDexlp. ,, 
idum. l 

&Ddlt 

iiiClCt • izlal + I 
If (laal• S6) Tbea llllll• l Ead. II 
~-,iaaql+l 
It (llalp • Sf) Thaa fDIIdp • 1 &d 1C 
mj •ll\l(lMid) - IDI(hlmtlp) 
IC (rqJ < 0) Tblll mJ •q + 1000000000 Ead tl 
Ylll(ioau) • aV • 
RDdl• ad. 1.0 / 1000000000.0 

' . 
J - \ . 



Ms. Maplie R,..... Salas 
Seaewy 
~ Communk:elloas COCDmlssloo 
1919MS&nct,N.W. Room222 
WashlJIIIOO. D.C. 20554 

May 19, 1998 

In". El1mlll All'.lm 
11!0 )lllooll. ~'It Mr 1100 
........... CClllOJ4 
lolallllllli,.U 
r .. m$)469 Pre'.,,, a J ' ,.. 

EX PARTE 

RE: Ill cbo Milia ol PedenJ.Swo Jolat Bolrd on UniYCnal Service. CC Doc:kct No. 96-<tS 
IDd Fawii1S-lMtlftl Nc:btlsm foe Non·Runl LECs. CC Doc:ket No. 97·160 

Dear w ... Salas: 

Tbe ..,..beii_IOday pro¥1docl 1.0 die Common Cltrier B\I.IUII 5t&lJ listed below in 
respopc:~~e 1.0 1bo HAl Model ualys1a of Idf PriJ:by dalecl May 13. 1998. 

Spriot rcqo._. dill tbiJ ID!OCIDI!tion be IDide a part of !be rcconlln this mallet. Four 
cop.iea or thl. lcmr, in accordiDce with Sea.ioo 1.1 W«•X 1), are provided for this pwposc. II 

yoo have 1.0y qUCS'Ioas, please feel !tee to call 

cc: Bt..s Wimmer 
CNc.kNUet 
Don Stoctdalc 
.CtaiJ BIOWft 
Rlchat4 Smith 

BriM 0opcon 
Nli&JiJWw 
Jim SchllchlinJ 
BobLoobe 
UaaOdb 

Sirx:erely. 

~CJ~~ 
Jay c . Keithley 



Sprtpt Bsmoge to Avru oC.Itlfm Prilb!!r 

In his donv p' .-eel May 13, 1991, Jclrtey l'rililc'ey pracots evidence reprdinJ musurcs of 

co•••omer ~l ... ebt dmiiAr 10 cbolc modclrd In lbc lilltkld Model S.Oa (ai.a. HAl Model). 
Specl6cally, • -.1 io bk doaUDCUt, Mr. Pdslny provklca a "measwe ol dllpenloo ol 
CUilOCDCr lc+ •• badl blfcloe IDd after • alpilhm llm11lr co tho HAl alpilhm ls ~pplled 10 

cteltc l"'(tt .. d ~ ...... 

The spread•t 11 cbJt ll.lOOmj""'iea Mr. Prlsbmy'J docwncllt pracots lbo foUowinJ ln!onnatioo 
IIIII «"'dt•s!m· Ia e .a, c hm r clllpallaa lultend., oftat dnuulklll7, wbal "an 
~ ' Em ..... IIAI ~lUllS: ISM to talt:n rr JoceUo~~~: The bUs or lhlt 
llllf*lls •ftnnly n plwe. 

The rault oC .... lUI JN t c..S by Cbe HAl Mo6o..t (IDdlll prcproccuina) is to wdc,.uac 
CUIIOCDCt dlspllllloiallld,llf elM boJd CCIISCIIII. Illldmlalc ltto cost of provldlq $CtVice lO 
cwtomett by ~tho ncty.'Oik. specifiaally wllb repzd to dlstributluo piC' This 

wma is coast*" wida pl'IMoa fincliop dill ~print has prc:scnled to the PCC. 

Spcclf!c:tiJy, Spril& 1111...,.. 1111111a01.1a cua wbcte tho .,..,,lilt of dWributloa Clbk built by 
tho JLU Modll tbr ......... dusccn falls far 111M of lbc IIDOWII of Qlblc II:Uially required 10 

connra c:uaomer kl =•"• ill !bole~ ODe drivinJ fiCtor behind Ibis WldcrbulldinJ is lbc 
d.Wortloa of QIIJocarr local loa tbal OCICIICIID lhe model's ~~ (lbc exiCt OCC\II1eiiCe 

deJ.cribcd by Mr l'dlbrt)l). Furthotrdlslortloo tW:a piA.:c lo lbc RAJ .Distrlbutloo Modlllo ludf. 

Thc renlt ofiWI....,.tw••!clq is tblllbc ~Model S.Oa does not build a func:tloaina 
tdc;lboec Mlwort ia ~yotlht IIIUSihllareolpu~t:~tgoocao for l.llllvaul ac:rvloc. 

R.eoallly, Sprint -JC'OYided an owocnwlty lOoumlne additimaJ dala lor lbc Stale of Nc:Yllda 

to dcretmiliC die QtaK ol Ibis lllldatlai14iq problem. Aa aaed in lbc Prlsbrcy doc:ummt, lbc 

HAl SJIOGICIIS !law dehnM tblllbla lilllllioD Is rare. Mr. Pr:btny's analysis aron&Jy suuesu 
otberwl10, llld provldea ~ce lhllllbc problem iJ a)'$ltmll.lc: ralhet !ban random. 

On lbc lollowl.oa (lilA Sprinl pe:a It aunmwy O'Yidmce that pro¥ldea funher ~ for Mr. 
Prisbrey' 1 a.Wysi&. 1bc followlq ,..s c• wu•+• DO procected or propiewy IIII&Ctl.a1. 

Mr. PrUbrey r~ OQ ·~ thll ebe ~ref~-, /DQIIIq,u ~, diiSt«r- n:1lted to 

lbc tmOWlt or dllaoltba lbe BAI produced For example. dll1ortioa Wlllarpt (bl pen:cnta&C 

terms) for myllcr chaian lN-'Hiwl for larll!f c:luatere (Na40). 1bll iJ &bown below. 



These are coodslclll ~lh lbc ruulca Sprinl fowd In Ill own analysis. 

The table below uses the &mOW!l or~ (u aiUIIlt of this CIISlomcr loc:atloo 
c!Utonl011) cblllbe Rlrf<e:ld Model c.lbibilcd for Nevada with reprd to 2 ""~...SWU: !be minimum 
sperm ina uea lor Cbc ctuaur. ad !be diapal dislaoce of the dusta's mlnbnum boomdi!ll 

recwsaJc. 

(For example. .,.,..... 'Ills-minimum •ponnloa tme of a clusu:r b 5000 Cccc. aod the dla&ona1 or 
that clulfet's mJai!!IUQ! boul)din& roc~a~~&Jo is 3000 feet. U !be HAl Model bulldJ a toCal of 1000 
feet of dilcah he for d.lll duster, !be fll11 c:olurM bdow would allow an UDdettiii1Jd of 30091. 
('JOOIYIOOO) .Sibe laCOIId col·- wt..lldlbow Ill·~ of sao. (500011000). 

(Jt sbould bGJ101ed d.llllbev~ ~tyoff.bc amallcsc ciiiSIA:n (N.S or N•IO) all fall within 
tbe twO lo ..... dr:asity 11*1 (or die RMe t./Ne\'8da md these IWO dalslty zona acoounl for 
cm:r ~oldie ualvcnaltet'lice IUppoil tw tbe JUlie.. TbcteiOR, this diJtonJon m4 
~ b palallo tbota speclllc areas lhlt are of patCil COIIt:U1I for USP purposa..) 

As die tabl.llbon, die f'dedoe+lp bctwwu dza ot the daster (N) and localloo d.lstonJon IJ 
....wNwd Ia tilt I I •• $If bet,....-ot the dldter I.DihDIOOIIt ol UftCicrt)ufldlDJ. II 

lbould aiJo be DOCed thll !be pcrc¢tl&cS are clnnwkally hi abet in tbe llblc baed 011 ac1ual 
Nevada dala. Tbc rwoa foe this Is JUal&blfOI'Witd. and 1J outllned below: 

As IUIIId ill Spdat'& ex Pl(te (illn& of Aprill7, 1991, the HAl model UDdettlullds as a resul1 or 

three *'l*•c:«crs 
I . Tbc CICIIIvaPoo of tbe adpal poiYJOCIIO a red• ad r•un&)c (this Is !be ooly portloo 

c:apwmd by Prillny'alllalysls), wbkb reduca CWlOml:r dispcnloo 
2. Tbo ~of DOt bulldloato !be ouWde or llle perimeter l;)u., wbkb redllce$ c:usromu 
~011 CIWO ftlnbcr, and 

3. 1bc ••iii•cloo tbltlotl-Nlaped aod V""'cd a spoclfil: way, and that all customcn Jive 
wlth1o I SO (Jet ot lbc t'I'OIIt ot &be lot. 

The COil.lbined iq;Kt or..- tlaoe df«U I'CQIJIS Ia !be~ IIDdeltJu1JdiAa lhal Spriot ba$ 

doc!iiicrdcd ,._ ApdL Funhcrmore, evi4cnce ofthiJ unde:rbuJidioa hu awcwod Ia tbe Rll'll 

areas or~ Jta&o wo line ln~4Jicd. 1bls lendl flll1bcT wppon ror Prisbroy'a condUiioft 
lhll this Is noc al'lllelom 01,..,. oc:curmlCIC:, but a 1ystunlol.ic ciToct. 



The clalm n prdina the frequeDcy ollbese ooam:ncc.s is weU supported In Prlslmy's 
doc:u.r:nml. lbc fiPBSIIIowa ill dao llblc below were obuined usinJ the sprudsbect provided 

with IbM doa•nxn• 

~Hit&dd Dlluiblldoa ..... U!SS 
tbiiD lbe dlstaiiCe of die cl\ISWa 
.. , ..... .,.. • • • tree. 

The clislonlon deed by MI. PrbbRy 1D1S ia impa ootb8 lldwork aod cosu that tbc HAl 
produces Ia not rare, It Ia 110( nDdom, led ll is DO& tk lflbtllfljq. 

Based on this e~ aD4 otbec~ prcJCDitld to dMe, tlle followlnJIJ clear: Tbe Hatneld 
(01' HAl) Model SAala Itt c:arn.l fora CIUIIIOt be aed u a COIIIIIJ metbodolotY rot' 
calmt.ttaa...,...lt OSP. 

Sprint believes IbM~ BCPM produces 1 substantially mcm IICCUf'llte estlti'IIIC or dlsuibutlon 

plmt d1swlc:a llld lfM" I .... COlli that fhe HAl Model. However, Sprint abo ra:opizcs that 

an eveo men ICCIIr* eatleMe or diJUibulloa plaolllld COlli, espocl•lly in less populated l\ltll 

areas, could be produced usiaJ ICNII (i.o. pocoded) CUJIOIDa' loc:1doas, Sprint abo qrc:a whb 

the Commiuloa lull' I dtlenDinatlooco otJUilllhal customer loc.ulon dal&. However, IM uy ID 

this MtliiJctuJJ tu:a~Jvq Uu ill the rNJtl41 (D1J111/UNkl) 4CIIIlllly usiJIJ tJw customtr locaJiDit: 

btilldiltJ p/lultto DCI#Gl ~. MIIIMiniGlnlnJ nlDtiw dinar~$ bc,_m IDC4tiDftl. 

In order 10 finlllt.e I forward loc*lnJ COli model by AU JUSt a•, Sprint urp:s the Commission lO 

take lbe foUOWioJ<~Ieps: 



. . 

1. The Cnmm!spoa ailleds 10 raolvc the 0'11naadbla I*WO!k dcJignllld technical pmmeter 

iuue. Theil Ill' Ita, for cumple. tbo maxbnum copper loop len&th (the BCPM Sponson 

,. q 11118 or a 12,000-fooc fimlt. wbDc the HAl Spoosors teCOIIUIIr.ld a limit of 18,000 

Ccct). .S tbo mcd>od (Qt ICIVIaa vuy lplndyllnw"(( Q$OI'DetS (lbo BCPM ~ thele 

a!down tJirouabDLO, wtil6tboHAIIIIeS Tl repeatcn and rtm010 tcnnllllh.) Thc.sc 

WU. .,. ....U antcua..xllri tbo vatloul ClOI1llllCtlla llllll ox pate •ubmlulon1 of lto~re.t"(( 

plldict.llld ... ripe tor Coalmitlioa clecWoe.. Tho Qwnm!ssjoo abould naco tbo possibility 

tbat lhb Noln«:C. milllll• h+ illc:olpc~~lllq p. .doos or cadi model int.o &be 

Commi1al011'1 fiDII ..... (100 point l lmuw..U..Cl)' below). 

2. Mosa illlport,ll1tly,lba C.......&aloo IICICdl l o take "owactthlp" of the modcllna cflOtt. Based 

011 tbl model• • I ir'Oif ({It lea cocwckrMIO.'I, mel the resolution or the nctwodt dellgn and 

rcw=•leel penmew balllll*d abow, &be Ownmlssloo abould take rtSJIOIISlbiliry for 

6 ••flt!na iu COlt Jlllldd. Sprillt bciJcwa Ills DO 1oapt prodlldive 1.0 continue the 

deYclopmcnl ol CCIIIIpdhta. pri vlldy flladed CIOSI modeU.. 0111 y by lakin& OWDCt'lobip of the 

model dc~clopaw:lll procca, Uct li1.lll,l &be Mlrit tha1 hu already been done by the model 

,pooson, cu tbo Qwmnlaioa bqpllt.o 1.-t Its AuJUSI .. deadline. 

3. Tho C4nvnksloe lbau.ld ckw'elop a plao mel dtnciJ nc roc obcainlna po coded data from Ill 

LECa. SpriDa be&w:s u •"'OIId be 1 e x eNe to require clw sucll cilia be produced by mid-

2000, aad lllcacporlted illolbe modd f« c:oa cstlmalioa puiliO$tl by JIIIU.V)'. 2001 . 
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CC Dockd No. 96-4S 

CC Doell• No, 97-160 

(DA-91-1 Sl7) 

JOII'n' COMMU1'1'1 OP JIIII.IOUTif ~MMUNICAnONS. INC.. 

U I WUT,QIIC..Aim ariUNT COilPOilATtON TO COMMON CAIUU~R BUA&.\U 

fiiQUEIT PORCCr.rMINT ON 
MODEL PLATIOAM D&YELOPMENT 

BELLSOUT1f Ta.I!COMMUNJCA TIONS. INC. 

M. lt-'-' ~ 
RJct.ard M. Sllnat 
Suite 1700 
IISS P t••• SINd. N. £. 
Allanra. OA 30J09-l610 
(404) 1~t.-ll90 

Their Anomeya 

AII&USt21.l991 

US. WEST. INC. 

llobat 8 . MdCcMa 
Suite 700 
102.0 19th SIIICL N. W. 
Waldqlon. DC lOOJ6 
(301) 672·2791 

SPIUNT CORPORATION 

Jay c. JC.Ichley 
Smlra K. Wllllllllll 
IUOMStliCt 
Suite 1110 
WubJrcson D. C. 10036 
(20l)GI-7W 
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Weshk&' .. p.c. DB4 

In the Mla&1 of 

Federal-S .......... 
Uni--a Ssuloo 

Poc-.4 1 aaki. tte~· '• 
For HIP C• 1 4 ; 111 F• Noll ft Ill U:O 

) 
) , 
) 
) 
) 
) 

CC t'ocbl No. 97-160 

~DI,-91-1517) 

JOIHT COMMIHTI or •umum T&LECOMMUMCAnONs, INC.. 

U I WEST,INC.. ANDtraiNT COUOAATION 'l ~ COfiCMQH C.UDIIIliUUAU 

IIQUUT P0R COIIIMIM' ON 
M:lDJt, f'LA ll'Obl O&VUOf'Mia'fT 

ISciiSoudl. Tel 

~Joint SpontOra"),jolflt llfiOil*M'I or !be BcndiiDiflC Coa l"rolCY Model ("&cPM"). t.n:by aubmit 

the foRowiltaCCIC1IIDCIItlln tapociiC 10 abc Public Notice n:lcacd on All&ust 7. 1991.' 

T1le l'llblk Noclce aiTonb Plftia an c ;; ,.UUI!cy to ~ lbdr CIOftiDICrUin:pnllftc the 

forwatd•loo"ina1 ceo wnic CUll mode! plldarDv dill have altudy boell flied with the 

Commlaalon. 1M Joint~_._ t.hs ~11W\ity 10 pnwlde the Commwion with their 

response to ltata rdlllng to die COliC~ plaiCormJ set (onh in lbe Public Notice. 

To fadlitlle !he CocDinlllloa ·, rnicw, die Joint Spoman provide A~ A wtllcb 

paovlde lbdr c lCI r ".u.dat co lh&luucla CMltllnod in !be PublJc Natlce -..kiQI ~ 

aboul cbe U!iliDdoo or Wwt ~ dlra. CDC!hodt of IJOUPIOI CI.I1IIOcnc:rl, the dcslp of 

cliawi~ _.111M. pial. ... I II t£01\ 10 .. CWTel\llyntbcsited vmlcm orlhe HCPM. 
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Ulall. tbltow roedl. Tbla Ia typk:al•y ~ rillh~f._y arc 1-t..t Ther.fote. In • model 

trylna 10 t'qlllcaw lhc •11 all Iff pWIL roed ~ I• • -(ul pi-of inl'onMUon. We -wt 8dd 

tb8t lhc pia s • oftM -• J , poblralbcMald M MMd upon a •ulllftiDCJ\I of !he pointJ 10 

the roeds. Tbls WIIUid ~ • •• t III'Jid ad mate of the houtchold location In u.o- Ulolcn unit 

or IMPJIIIIY· 

To .... I .. c.' : r I I ... o( cocnbinlna Jf'O""'d"' and~ C\IStDIDer loca•k'CI 

poinu. one pcwiblc IDidlod Is eo we a "'bt 1 1 kpo!nc" bdow ¥"! lc:h ;c a c a W d8la polnu wwl.d 

DOl be u.f. Tbla Is. j(dw P II nteOf .... cadai dAI•J WUnotaboYCI ~~~point. CJDCliScd 

data lhoWd DOl be...._ In q ' Mil wldla numbcf ,r ceoppbical inf~ IYI(Cm (OIS) 

expens. u Is lhdt opi • '4llllll dlit b• kpohu flllllll rc be ICirtlallvely hlah (10%-lS%) 11 the 

«MMJ block leoJeL UAfiat•w U lf,lbae Ia a dean!~ of empirical evidence 10 suppon thall-I 

for a bmalcpolnL ~ • win protide a dalortdaliiJ'IlDIIIl. 

Tlwtw- many paul~~ 10 11\c lumti:IISC locttton process. Tho I'Ubllc HOI Icc 

diJCI&UeS. uniform~ Oil !he pcrtlac1ct (llllld by KA1).. dliCii~ 00 the roM 

nctwos\ C1811i bJ 8CPM). rw ai'SIIdom c!Iaributl.on, Repdlcu of wttW, apjXOKh i• Llk£n. 

when tiM 1'111114 (Or IIW11>P*C c~t~ID"*I-*' poiftla arl-. lha dawl09« must deal wilh bias. 

How c>c~~r/ ~- • .,..,. ~'-' tlwt _, fotrly npru~lfl wlicn CIUIO/IfiUI tiCtiMI/Jy uJJt 

w/tltow ~illlllte tlw WJi ~~«-• ewt_, /ucaJIDN I olmM/y how'! We wwld lib 10 

inuoducc the COCICCpC o(•caJad- pllccmcllt~. Cal"'lated placemau uka in10 IICCOIIIItlhe 

known poincs in detelmWIIc the~ poi.nu. Let' a loolc nnt It a uniform plac:cmtnt 6n a 

perimeter'. Ulustralina. pun: w ifoml pi~Ctn~CSUand. co!nde•.cd uniform placa:maJI. 

l'vn 11111/onfl p~oe.,..,., c:an most cellly be uadmtood by~ an rumple. 

Assume we are '"«1"11Ciii&ID IOC8Ia CU*iiocn Ill dlrl:c COC1Iipul _, blocts UJ!na publicly 

availahk d-. we baw S ~ uist witlda the flnt C~e~~JW block. 4 within the second. and 

' Any,..,...... to a• 1 113 6ouid lftchada e..dl raws-. ud '-'-~ 
1 Ut1111 tM HAl IM<Icl torllilllltitl"- puJ'PCIM' hwe dlould not be OOftSU\IOd u J11A10n frwdlll 

mocld. 



2 wlddll Che thltd. Now .. 8reablc to lUI Jr..lly aoa~adr 4S ~(S) ortbe~ 

crciiiJallbe nachocsl , !Mia~ad•- of d. N'!fl&illll\8 SS~(6) of the CUIIOmcn which M 

tnow 111 aiM. Uri~ die ,._llltlfonrt pr/M:r-ltl pcoc:cu.. we would cad lillie the rcmaildnc 

locadons widloul ftllpl'd Cor 1M •--Mlr loca!cd c•rst"i'I'IOm • thwuby cn:aUna tbr poaibiUty 

of unilonNy P' ' 1 -rio s 'L s;• poiaa on top of ....Pili 'II polntl (IIIIC dlacram below or 

.. u • • 
I • \ 

I • 

" ' I - • ·- , I -· \ 

• \ - I - I::= = I ·-I -
• b. I .... 

Owri"!~Pns the pla:ei&itlO(~m&)' Clale di&SSCn thai do not I!Cwally «~list. 

F loll'thennort. wtlal oac COftlidcn cbe vu& eru t1tat some c:cnsus blocks wvcr. rhc prn un/frwrrl 

p/lla1MIII pniCCII may ar-Jy ~the cast of supplyilllllllllw:rsaiiCTVkc. 

TlJc !opc:al illta'Mlive 10 the bias Cl"C&II!d by !be lllfi/ - p/41ntMIII JI'OCCSS '-lld be lhc 

colcullllti ~ ,._.IMIII procas.. Uainc lh!J mctbo4. one would ~~~pplcmcns the 

SUCCCSIII\ally l'fC C 1fr« Joclib» ~uWnceci~ loc:atiom til# IR acatcd 

~tile exllllna CIISIOaiCr loadoas. 

Apia NIII!Wira - - &tlllnlpllllf to s-t. G\lllomeft ill tlwe COnUI\IOUI cctlllll blocb. 

UliJia publicly ava1Jib4e data, WI latow .S ~exist witbin the filll CCIIIUI block, 4 widlio 



the C:llllDflMn. cra&lcla lha noecl 10 ellimale the •-~ of tlw I'IIINiaint SS% (6) of die 

custotncn . Uanc ttt. e.M;tJ-.1 ••OirMI'l-•·• pcocaa. .eldcntify lhc .,....,..,...Jiy 

Jeocoded aasrucw Jocarloo lei • edloa&Jnd=' aad !Dirk dac loadorw a occupied. The 

ectimas.llocer''· - d.a .,.;.~ lA an &'qllidlstll1l """"" alona tho mnalnf.na perimlcef of 

the cctiiUI bloc:lt. Doi11110 W II"'Mf!nJly tipad Jocalloa dill- IIOt IIJitlfonJ/y ~ II 

all! This mlllbod cqwJ!y cliMa 1be ~of tu c fidly ~Adod cu•omcr local !oM by 

incorpontl•llldr post'*'ICIID die~ locWon ..-alhcrtb)' cllmillllina any 11111nl 

clumrlna or ~butJon of CUIIGIIWIJ ~may lnlly OL'C\Ir (-.: d1acnm below« Allachmcnt 

C·2). 

C I I I I &I II af!n--

,._ ·­·-
·­-·- ---·-

Thl.ll 1hc c:ombinalion of let' c alk4 and Cllimaad CUSIOCDI:floallons aai.CS a bW 110t 

lftKlll in d-procas alaae. 'rt.lotr IIICCCa r-. of 'cocodinc. ptltkularty In nniiJQI.. 

allowa one 10 ~ 4111 dill may ippC&r accura~c hccausr It It f)asul on ~UCCU~t'uiJy 

acoc-.odcd IOCI?ion. &wwW~t, Juch lo lrioal, wbal combmed wi1b alin 1· ~ lr •ti«u. -= 

damndy low c o 11M • ,.._ b p;•" We to dolac 10 Ill._ M!!!liJPnh'IIJICNkme co 

low PIC'UI rar.. Tbla Ia Jx :e lbe dwloo or Cl'ellfna & aUw In customer locetkwl by 



uiVIIIW'IIIy lpldlll or~ cu somcnle &.t -llk81ylf- _..to combine SO% 

ace dr Ia rio•~ _.. SC* •im , lloc:eciOM for.. """' fAosl"'nhe dJaanuns below 

c-"" . .. c.s>. 

.. --·­-
f"i"EI 
l.!.::..J 

Whallbe 1AI"tttr(ul vee cook IUCCftS 11110 hill 10% · IS%.. !he number o( estlftllllcld 

IOC&LionJ _.so (cw. diM Jllllc im!IIC' raul II, Howrwr.lr a rnodealtc J> de role is athlevcd 

o( say, SCM. w 1M mnala1ac 50% o(dJ: CUI' lei etlona &ft CSilmalcd. Qlc c:cmblllldoll of 

tbt ~ plwaiUII mc'lhada pMcnrlally Ci a one or both or lhe blua dt.......s aboYC, 

Thae(ort.- must :1-. ~~pa:lal ~ tD dcfinf~ dlC panmcten wa 1111 c.o dclonnlne 

wt1en Qeocodlna and Clllnwln; cu.-nu locatio,.- be.....,~ . .Ad""- 0.,. canDO(, 

within a --'l .. IJI tl'r -(...m .. a-Wod:.CBO. orwiraocntcf)raeha rnsonably 

IS% or tup.. TWa lllllllber It oJMovrty -' 011t of predrloa. but 01111 or rea.mabltloclc. 

Succead'ul(y c. nall"me Cbe loQUan oriS% of~ CUI*IniCIII whb1n a tiWitucaar ;eliCI , a IICl 

ot'poiniS thlt taw aaimplcl ~_,..to wichlt•nd &M ~of !he remalaifta 

IS%~ k •k M tr~klla a ...U.C d1 1 +or UDlfema dbcrih«io- dill cloa DCtliCQIIUy 

exist, In ocber _., i!M bow lhaiiJKoflblle Rioo.t iii'C ICCiftl8, we WIIIYW wilh a 



............ callsllaotlhea I. aloAIJON. £wn1Cd.•'m IT1&o.lioM--INiy 

iCJii nlMlw of dill -a-. d. IIi¥ will- be eo .,..a u to slpiflantly ebaop the 

<nWtlacoo.t. 

I'~ by-wn.lna "'" nllltlocldoa medlods. • ~ ofpnQiblls 

rMde IIIII ~or~ IIIIC .. • a. If data iJ Jii w a t-.daa t..d on &' 1 = '1 ' datA. !be 

~nann!!)' 1.1 bd •llidl CDIIfldenoe level 'T1IIl Cllll be qultelnltJndiJIIo hoM~. if 

thcpu1 Ulfal'"' 111111....nyi111 t jJl.ID~quilclow. WubouldbcCII'dillto 

st!ll: dill pu s of 11 r 1 d' 'iaH 81111 llle mdlocl of surropsc loeadon ClCilioll. 

()t ?W LfH 1 II,.. .. Ill')' 

We ~~~~demand "'-~ be~ ~~any quantlJy of acwal data il bcmt than 

none. ffowu'Cf. •--CIIIOWAII•..._erW..•mqbelnara1·: 1 We-wdbe 

open to ocher ue ~.or.-.. ;rocc 11 d-JUI'JOI1III poW. dlltcoul411od4tcu rht blue or 

bias. 

dlsrribudocs. '111ae&we.- "' -•-•'•·ta.:..NI it tD - Cbe e• c : d • 1 loud- in rht c.'-- u.lt 

of s:~Y <•.a. wiN ....,I'll. -III<Nka) .....,_ o-ococt• •-ra1es IIR grcattr than 

IS%. In unlcaof~y ......._IIWCodesucrca nua arc leu thai! IS%. ett1maled w.tomu 

locadont &blluld lleii.ICd. 

Mctbou ofCrw,U.1 c ..... ~ 

n. Cotnast.lon Wlb eonunent on lhe....Uw -'" o/ lhc HAl Modct•a ciUJIIriD; 

alpillun aDd .-t'pmqakdon sta!f'a diiiUrirJa alprid:m dacribcd le tba "TaM DuaM IIK1ion 

below. 

At dlis u-dw ICPM SPDIJIOii - ....... od to ollir ditl !led OOIDIN"U Oil tbt 

&pcciflc mcriu otllw HCPM cllliWrifll alpridm. llldlllr, we bdiew the CocDmfsslgn sbould 

Ar7 



!owsllllllimllon on die prop1r- of d.IWO.IIca •f .. , dlllllriftt ~ 1AWie.r 

consl4cnlioR. -'lhDo&W a ape._ .....id 1M .,Ctfalt• of 1M HA.I di.IIGtrinaiCiflrOICh dltr'~ 

below. 

In ..-.l .. _.or-.. If• 1 d ll*la1 c1llll.tri.q mechlnlsmJ to~ wtncb 

c~ l' catwmlhoeld be ..-t • a a1acJo CL.ricr tcMn&- (CSA) is pcrflll:tly 

occqJtable. n. ac:n.( .-..a· r tftllo aa£crocrids llld ~oro.-mlc:rocrida IDio CSAI of 

varyina sill'. /u ~ iD the BCft,( Model .... dw.,y (pej c 21). "Modellna pt4l that nay 

in sizlc It 'W' ct .. 10 llJDwl-a eh 0 1 1 of" S • ._,. ~ ~ :d wlch a ,.,uc.uJar CSA to vary 

in dcmity IIIII dbpon' am .. s-,.... baw rtlJcd olojectJoG:. co chi BCI'M i~Wil*h. 

comploln1ftt cbat k ~ly I f rata e111t0men who rni&ht 1-~ be arwd ~- It b 

imponanl co IIIIIIC dill tills II• dwll &dtJ; ;nk of QlfY datub!J tfWIIrtl«<l~, f*'licWarty lbat 

uxd by dla HAJ lofaW .tlldl ~be .-ow 1 'y~ •• 111!omo•tive t«Mlque. 

The rcada ofHAJ'a ....,.... • .d•uppa..bm 'qbly dcpa• •mt Oil the ll~poiN n-om 

Whidllhe ~ i:d1a-.,....od If the ttartlnc point 11 cblllpd, lhc criteria 1M 

constnlin cluster 1!:~ lnlf lllllpe wiiiiU\IIt lf1• ditn:mlc JC« of ,_, ...,. ,...." d.. 

Cuscomc:n ct. WCMIId be •Jefftld ~Wider -~&&nina poiAl arc "ttrokm &pM. u.ndu 

anocflcr IWtla; poilC. ,......._ "eooioJe .....,. • ._,;~It at the HA.I Spoua• haw cbolcn 

10 dcacribe dw BCPM. "-lcaUy, ~- IICCI.In.lely 1pptlr s to !he HAl Model iialn 

If chis CommilsiDft decldcs the concept oC ciiiiU.rinau •IUICNI&blc rnc.ans or 

dctcnnillinl: CSAs. it is ilnponant to a~id the subjectivity bu111 in10 the HAl tpprooch. If an 

alldoma'atiw appoech Is u.ed.it IJ nc t r ry 10 aamlnc llw cliiiU:tl paoduc•d by all a.atUna 

polntuad Clllblilh 1 ° ul+t crlLeria (orcboMIQione fil\11 : etowr~. 

t.eo.l lmpoc1811dy, II is .-ulallhM die localiona of the polnu wllhill clldtan be 

m•inralned, QDCdiscH1td. u the m.r. co used uliti'Yina •rcas in 1111'1 JII'O)()' model. ,_ 

pcramtta1 Uldlllk rtlldw dlltMOibt-.-.e llld .,/Oil a~._, polniJ.. The BCPM 

llllinl:alnl "!!ISoo!cTdllpinloD by dM4iaa CS/u{pidt) fnl.oqad!Wa Wbal plaelna CUSIOftloCn. 

The HA! Modd di......, ~ d~on lnfonnation llld lliiU'onnly diJiributlca withiD 



diiSICn. Tbb ls a tiJIIUk• .... dill c..-"' owniiWd. AI('J cl....nn, alaoftdun ~ 

Clesl&ned 10 rcWII JIOIIplap .._.. 01\ Ida~ looal.ionl. To wt-qiMIIlly la-th. matlw: 

locad.oulhM _..,.,._d ..... Ia .. an. ,._ '*pun f41Jy, &Dd 11*1111: 1 II'ICOirea mu1u. 

The reed« panloo oi'IJ.pftlliiY l'8Ddcb hav. cvol~ over time. Early on. a simplistic 

~-- (NS£W) I'OIIIill ttl the culn &ed&Jr WU bulJI with MplftJ& IUbf'ndWI 

diluted 10 e\111)' calllll WDck 11""P (CIO). loP t nquc."' rda I I llliFfOI'CmCOU 10 tile feeder 

alpilhms hlw bcca ..._ n.. la;p;o<'llllmll l'l.ftPS tram f'II4AIDa t11c 111-ln fccdcJ at &ft 

1111alc IOIMrirlal!f«huu~~. TbeliCPM h ii4'1ncncsa ~jAOp floljAo•en ••..,. 

utllizin& min'-•JIIMial...,_ 

HA.IIISI:S IWo dladi)Cf INihodliO jay out (ceder pWu. In die ftm nvchod. feeder 

fl'l'ft"" fi'Ollllhe C*\11'11 orne. lA fovt ~cOP 1 11 point dltKdons. Subfeeder CICWidt 

from the feeder 11 ri;hr &!lf1ct 10 terYelbt main c:tU~Cas. Thi.J Is the do&ult fcedc:r deslan aad is 

euentillly the~ u dlllt !lied In earlier wt~IOftt of tile model The DCOnd opdon. which \be 

user un JCiccc. allows \be U11r 10 indbl.t whelhct dw fMidct should IE poil\ltd c•slctftd•) 

lowards the pcf c r 1 de o( melD c:l..,. WfdliA die wire ccn&er qllldtanllhlllhe feeder is 

scrvin,. TMCIIadelljlplieta~~JctiO ldjllll tile (c:cdcrdi.Nace lttbb option is 

cbolcn. Thb nmlclpllcr b a~ bJpat. 

ICI'U ~I Fftlllr Dat6n 

BCPM ·~11M$~ dlalhp mtri!(' lSI ta ~ ,_., leyout. n-. wet I d•­
illthcjALjA : '111\'lOWUDdl'llllllla .. jll 1-11 llldtw..__,_-=ll--' 

ofli«. 



The ,.. 0 c 'ng m+ ......... the Clildct cmaMtina (JOm ad! cnuaJ om~ in four 

c&ldinal cotnpiiN poinldh~ •n•l'of tG.CIOQ'. ,.,.,. 10,000'. feeder iJ dtbtr "poi~"loftrd Ule 

population ccnltOid oftbt wn Cll8llr crw' ... or iJ "s:plit" m:l paWed toward !he populallon 

cca&rold ot l/2 oflbc wire_.., '1111. The mion•Je is Chat for tbl flnl 10.000'. feeder 

I'OUICS libly follow ...ss wllidl .. wtlmDr «• f oanb.IOUih. cas~. ud '*' wb!J. In IDWn. 

Out or~ roeda art IIIOI'IIIbly 10 ~ fioom ddt oric:naldoo IIIII (adcr rows c:aa be !!111ft 

SubC..s.r thai ••Umdt elUwt vatlcally « horitonl&lly l'r..omlhe Cecd~:r 10 KrW BCPM'a 

servin; ~(Ill~ arids\. SuWwdcr is~ 'Whim _,.tope lat.~ ICMnaareu. 

The BCPM F4cpt c 'saloP .... ~ • poWcd (s:plltl &.fer yields 11boncr tocaJ 

fcodcr dlstaacr (indudina .. ,.._, 1MA Cll'lfllaiiOUilJI&. 1r-. cdlMI rovs~na I• ~ 

HCPM ba clmllarilict eollodllhe HAl and BCPM. l"he HCPM iw; 4 main f~ i'OUlCI 

ctn&l*ing liOftl the ceawat of'lke In 1M Cbur~ c;ompaa pol111 dhcctiON. From IIIII main 

f..O.t. jun.ction polnu .,. marked. l"he HCPM diQ\ 111C1 dwouah each FDI point to deu:rminc 

where 10 I'OUIC, The ciclcmliftaion taUs intO ac:c:ounl b COil of ltlllalft md !he COR of 

me.lcrial (M tiM I'OIJle undat conlickratlon. The tliUtCS analytlld o.re lhotc of the junction point on 

the ~Min feeder and the pnWiously anai)'U41114l0~ FOil In proximhy. Using this minimum 

spMIIina tree 19111oacb thac mlllimlza lOCal=-. a modified ~p!nHrec. app.....tl is~ 

to c:onncct all the FDI poiru. The-1w1 &be optjan of havfnl thc minimum lpMI\J~ 111C 

fonncd ,..,....m-ny or vs:IJic alrl1M d'•,... UDder ~lhct cue, a sin&lc road 8djUJtment Caclor 

iJ applied 10 conven thc ida! roud.oaleqd! into reality. 

A·IO 



AI t.s a.. ...,._ ......, Ia FCC ex F- fllillp as wdl as iDJa'l\&l FCC analyaia. lhc 

miniDium II • 1 ....... prowD 10 be & wUd 1114 Ylillable lllaiUI'CIIICII of the rali1y of a 

ruodel' • r.dcr mori'lll In &d. aiiiOdlllhould «th 1 a fader aod 111! &eder diJlance lbll 

exC"''ts the MIT 4i•s "' We twv. boeo 610 t11D 1be MST ~for the BCPM -..;111r 

HAf In a ~~~~~~~~~a' of'ICIIa. HoM Wit. VIII have noc had dme «die da to cac die HCPM. 

Uslntdle ..._ , a ror a '"'P J2lllt. oar aaal)'lia a.r.-d Cbe ~ betvlzcu 

lhc feeder aM elb,.....,. k .... Clli.lnGid by HAf S.O. all($ die MST dUunl:c tor cadi or cbc 

madcl't wire • I a. 6y wile et#Mtf fl" ' .. J , 1blt Ia. a MST ell..,_ wu Cllimu.d fw dw 

main dusun tbntlnll winhlD. a • gAc tbo not111 quadrloil of a .U. oenttr whm the MST 

conncc:ted lbc laYinl mu 1¥11!1 acb CI!Mt-.f dw cca~nl om-. 1lwl ~ MST- thaJ 

competed \111m &he ..um.tai _. r--. .... -r..4« ~ few the quadrant. The raults or 

thcanaly.;a., .. ho-iftT.W.I. 

T.W. I. Rade .rr.-., 6 S.bl'eedtr Dlstaa" t• MIT Dilln« 

by HAl '-Oe Wire C.nttr Quednat 

MaxlrTun 

Wnlmum 

AYWI!Oe 

U. W~fgtdlld Avetev-

C~ttt of V.,. hn 

Percent Of Qu.cltlta for Wlkh 

R.lo< 1 

A· I I 

Oeflult Staorln 

g 

•USe 2,25 

0.98 o.n 
1.47 1.2! 

1.155 1 .~ 

z.s ... ,. 18.7,. 

0.1~ ··~ 



.w.lr.M•~~t:-•te MST ~of lal dJin I cb&nc1l:riad 

O.l~ of 1M q....sra.ta. iNII:I dwn. OA!r d{ghlly lea than I. HctiCC. die HAl S.Oa Cccdcr claiiJl 

pascs. for • IDDil pin. die MIT ..aky cbldt. 1hlre cc. howl:w:r. 10a1a l*iYdy biP l'1llial 

with the m...U.w bc:ill84.6. 

Ufill& llle tw ....., .. ""* &alit ado olt.27 Md """"Ina tbo ~ opdoa raulta iA 

the swlslics thown In the tall column of Table I. Allbol!lh the muim11111 atima~od distance 10 

MST diSI&DI:C ado b r+M by t.lL r I rli•'ly "*"' qued'IQb do llllt pea cbr: MST ralily 

1C11. i.e.. 6% .._ O.lt'K. This •.• l1f dill lbe·lllel should U1C ttl:~ opdon with care end haw 

Tbis.niMitnlnapj'JriiiM q<_. pow .. HAI5.0. ~a cbcck 10 dlkrmlnc 

wltkb of tis c.. 1 .... _ eftlciad? a-d 011 our -.1}'111.- haw ckf.Q.:nlacd lhal cbc 

defaull and ~*rill# doalans-QOC compercd "'IIII -h other to dot""""lna which- yle141 cbc 

more cl'l'lcldlllbed:r-mc. ~. dw:-- ..-. • . ....., ~~ ro. t1w -u.e 

mocklod IIIQ (CO!ft4*\'/ ~In osuu). i'bl1 does not Ulow thc HAl mode! 10 opllmlzc lhc 

fccdr:1' ""*for.,. '*"YWual win C1111Mr bul r-all wile caaun In a compzny 10 CCIIIII;;ct 

ruder in !he - ..,.. The 8CPM 41 ewell is dariy aupcrior in lhat it opcim1za feeder 

routina for ouoch Individual wjnr c:cntcr1 

BCI'M Alftllym 

The same meltlodoJosy .-dIn die .W)'Iis of HAl S.O. feeder diaunwr cstiiNI.Ion wu 

llted 10 aaalyJJe BCPM'a {er:d« distarA atlmal!on. The rau1u ofthil ~ysu for the MmC 

wite ccnten ll'l Jbowft in Tillie 2. 

A·ll 
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T.W.2. ..-e~r ....... A"t. ....... e.~ro MITOIPI8a 

11J IICI'M Win c.Jar OPclrut 

........, ....,.... Awl. 
U..Y'\Iti1M•-ee 

Coeftldent afV8rillllon 

Hu:1ttw af au.nnts for IM\Ich 

Ratio<, 

2.25 

0.80 

us 
1.33 

13.7" 

1% 

An cadmalld feeder .S tllb&.wdq ~IJI:Incc 10 MIT l'll.lo of I• IMn I chu.c:tl:nDd I% of cbe 

qu.dnata. A1d = p c~......_ .-b c.t. ~ or~~~e q 1
..,.., .em rma..,. diD 1 a.w 

raaloa bttlli •D 0.~ IIIII I .0. ~ BCPM llld HAl are 1'1-lallvely cqldnlcnl on thlt MBT 

rcaill}' cbedt.lt b tnas NI!IM eo,_"* diE -«"•d•tohw"•·• ia 11M ...uo <•.., 1 "e/ 

dispctdoe arouad w a' r tt rltio) II much llfttllcr r~ BCPM llwl for HAl (ddaull). Thll 

lndiacu IbM tlw 8Cf'M ,_Ita .,. --.. 4 thea the HAL 

Ate either eM 8CPM or HAl if'PI -w indlldem7 VIc -.ld bave cqiCCu:d bolh 

modiels to ClCCIIIIf tt.llliMrlun cpnninc a.. Aldie MmC ltvfinln, diC MST lslhc minimaal 

diJI.Ifto:c n '1'/ 10 poitUL hdoctnot&lb IIIID~ riptHr-w.y, tem1A. 

obst.Jdes, Cll' COil~ Jn r., if M ~ 10 USC lht rvJe of lhumb lhlllbe air 10 IO\Il.C 

COChUiioci &c:wllllllald .. cJc. 10 1.4, ~ JDIIdd -- 10 be iD IU. with CICJ [ IMbsa. AI 

lAbln I ..a lind I- •• t1w ICPM l .l 111111 HAl S.Ouro tlmllar. ouwnp. ln lenni orttw 

111n011111 of ... ielfM feedlr IIDd • •l ft I d IF dinw- n:ll&iW 10 !heir to:BT cr......... 1"-lillple 

&'fet~P rado Is I ..3 6w BCPM _., 1.5 for HAl S.O.. 

.. 



Wha abou1 die KCf'M r;; U Tlw HCI'M P' ; :;n a Cost Minlmiz=S SPIIIftina T~ 

(~Uti linear Mil aitllae) d.M I. U.... ......,. 16 -•nc fat road nMili!lll. Our~ conccrtiJ 

with th1t .,. ··h - l) •llllrw 1101-..lble to anatya-' comi*Cibc routina wid! the 

other modc1J oo n:cont.lnd 2) a t1ocJc rolld to rou edjllltmenl will OYIIQICI.,.,.,.u in nn1 

uua ud IUidlrN!ft!i in udllalrCU. hs cbl.y, • would llrft tba1 die minimum 

JPMOinll tc*f Qee ( ....... upon talaimludce of Cllllts) Would ptodUICIC the mDG ICCW'IIC 

cweutna~t oflhe paellbla ci1staDou •• ' t «o COIIMCf poinlulonaa ricbl-of My. Howcwr. dliJ 

appcuocb is 110( ill tJwe Pf a r,. llllllddna ~~-. dw lltDORlicallljipi llldl needs to ho lllOdffied 

10 IeCOunt (or dK dltre. n 1 ID 1111 "*' 10 tOIM ~ lll:lr ,..~~1ft cknser IDd lpN'Ief 

.,__ 

Our cri&iquc hera Ia ill addition tD me Jollll lpomoc 1M oli cit ~ c:ridqw: of dv: ILQ1allosk 

and cod1nc o(lfKIM&de! widlla cbc KCPM JN~Wfdcd in Sprint's July ll. 1991 Ell Pane filina so 

MJ.. Mlpllc Mtnlan 5I!U fl'oln Mr. l'lliC S~ (-Att#Jvnent 8). A review oftbe 

FE£DDIST 1JC0FUm bAS aln:ady bcm P'Ovi4W. TM rwview of the CLUSnHTF IUid VB 

c:II&SieriQ~: ~ - COCI'Iplct.ion. 

This crltlq~~e (oew~U on the SlNC.tW'C Wille: ofehc HCPM u a PfOX)' »,..um. In thb 

rc:vic:w. we looked at ltNCt~ ease of ute. thc lllb41hy 10 be malDI ela«d Qtld ntliabi I il'f. 

Owr.\11. wo bdiew the HCPM '- .,-;Nta po~endal. ,_. mcnl1oNd cartiu In the: 

GOmmmta. the HCPM nee4t ln..._IMCi114110'i&h actual c:uatomcr loc:ation dltL In addition. then 

tnt lo;lo 8f1'0f'&. -c._.., data daftJdllona. cbsa 10urca. and 8Uclitiraa needs thai mila be 

llddm8d bdara-ce 1\iUy CAidon8 HCPM u "!'cp''"k fat the national uniYmll KTVlcc 

modd. 

A·l4 



I. Uter~ 

• fta!Na rn.• ...... ... 
• op0oa _, ND 00, Of .... ..... 

• opdoa _, ND oour~~~~~a el.:e 

• ~.wwt•ww pt I( -.yfcr..,_,edltlllpUU(..,.doD'tt.v.~Dwonyabouc
 

_, OIW. de.) 

• Ylriaus lcwlt Md~Jpe~ or l'lpOI'IS 

• aWUiy •~ttw I "tfJfr ,..... 01"1 ~ 01 ricll. 

1. s,..._ layou&: 

• cllrcUG~t ecrucan lt!ould M clerJ'tl:; Lid tepltltinc l"fflll ftlct from ptOpm and ocher 

C0111r011ikl.. 

• lnpal filcuhould .. 1 rs 1 d II)' mec 

l. Sys~a~~ ~~~~ and mcdloclolol)' 

• c:oduboald be wtlaltlt c•CIIfi'C lly t1:t011 lilt dne modula lllifta lilt AlnC coc!lna 
G 1Mds.lllmlq con~ c 1Joa1 

• code sboald be ...nn.n in the- Pl\liiW*Ii!lc .......... to ifta1:uc inletOpmbUity, 

,.,_,...,,.. __ CON. lllllkc ~ cui•. &lid raab .w.llla~t~Ulot-

4. S)'llan rntewll-"••108': 

• lbln ,.sa10 be a WfiY to lllld.lt liM: ~ywtem ..... - IMCm~d'• -til 

• tbae aeeda to be a W1J to~ cr J rc 1ed data to the KbMI tlae COUIIU. by wire CCIIICf 

• dw IDOdel .....S.to lie_, for fOP\'- co ..Ut tt. ~ 10 c:nc.. ell «emu oWp\lt Olet 

(~ ddlcr dae .. ot .. ,..., 

• dw n:porliaa illllldllla Mlds lObe naibla 

• Ibn aads 10 be a c Iii 1 ll"''l-of ICtUI.I• IOVIW dlla. witioul wtlidl. tba HCPM, HAl 

od 8CPM •.......,h'l EWJ II ''*-t C.aiiOt M llaoruu&Jily _,.,.sand aaalyud 



-----

(dwnl CIP I I ., M HC/'M 

I. The lytlallladtl iG K c All Ilia end llrosrarJIS arc ~ mrl In rhe eamc IUbc!!r .:dDry, 

maldna It dlftlaaltiD bql Cllldt ofledlvidlall fila. Tbn abould t-A • ~ lll\ICCWe in 

P'- 1D lllplll'lltt Input fills ad 9\llpllt filet by-.. 1bo m!Vority of rhe IUe bandJlna hu 1D 

be-- tiiiNIIlly. Pt me • flla ud other COIIU'Ol nla diould be lOC!!'td l.n. xpltlle 

dinc101y. 

2. The 1ys11em i• a Dlft&IOIIIICillocl of various pf01nunmlna laaa~· Thu IJCIICftlly ,.u1ttln 

S)'1lemJ that 11W Vf:f'J hud to..,.,ntalA IIIII I'IICifC llll.'oiCCIID mor. 

l . There is Ullk ot oo fW!Wiiey Ia c:onii'DliJaa * proarmn now. Ln HCl'M 2.6 a ba1dl file 

hMd'w .,..._ -1101. '"1M laMa.,._ of die model the in~Dfacc Ulllllla tllll the 

~.,.. P""..S -.q~ly, thus mimlciillc the oriainai!Midl file. This it noc tbe 11101t 

curmiL - ctrldcnr ll)1o or PIOI!Ammin;. 

4. The I)'IICm u It b wri~ caMOC be aaily ll.dilcd.. MIt eutm~tiy IWIIb. thr ~)'Stem IJ a 

..,lack boltM with no wey to c:btdc lnaermedla~e raulu. At lhc pracnt tlmc. ID look at any of 

!be gatC'JiatfoN one mtat hAve a ptotrammln; backpund. 

S. T'hc« an: cont:a1111 Jlbou:l model mcUiodoloQt. We hove pointed thc:sc 0111 in lhc tnKbcd 

July ll E. .... mq_ Tbc Spol*n will submit a critique of rhe dlllleri~ approadlln tbc 

nat flllln. 

6. n. ~ b eltCitpllonaUy alow. Tha Nil tlma an: a l\lnctlon ortba larp amounu of data 

to pniCall, be abo ... flllldlot\ or dloll ptvpailiittlnlll)'le. Dab JINClllra an: poori)' 

c'-.rauldfta In c• •lw haelaaclwita JI"Gf ;na. 

A·l6 



Co•doaaioa 

The Joint Spo1110rJ- oot u •II oppoted Ill \ht ~of symhcsizina a c:o.t P'OJIY 

model platfonn ucilizilll dillnal •""*"' frau ---models A syD&hais may produce a 

pcucfuct beUer 111111 8QY of ill p; I 1 1 r.. Ho....cr.lbe .SOU. Spo~IIOR do baw some CCIIICaliS 

.tlout the ptoccss. ~ k • 1 •• p : d'll lht .loiat Spa11101'1 bdkw cood 11 • clcd cilia 

wouJd be bcocficial l't>IID)' J1f0XY IIIOdcL but W JolQt Spomora bave qt..soc.d die q..Uty of 

the c:um:ntly ~ cec Mt ~ As i111pcwllill ro dllt Mlllr't or die ·~ ~ !be Joial 

SpotllO('IWC CWO I'JIOft canca zdllloul MWa.iy locariJ;,I 11.-~ dull ItO DDt 

ccocodcd. TodlisC!Jd.dleJoilllt1f I IIUpi' I .......... !n.S....Ai ph -·4F tchu 

cJesaibcd bc:rdft. The Jolnl S$Jc I IC C ;_..tapa·. diq w•k,..lll (ao.as.4) bdow 

wbic:b ~cocodcd ciala ~ not Iliad .... tt:lll - 'ocricl!ll - eai~tecl U dl•'11sacoc! Alto. ills 

eucntiallhat the loc•tloa of ct.poillcl wldlln chasca be maimainat. nat dixerdcd. u 111e 

clu.atm atw....d a arvlna -~~~ 101 pniiC)' IIIOCkl. The f'lecs..S model Jbauid opdmiu the 

(..du route on an Individual wbe Clllllllf llais AllliJir to IJI6 BCPM. Rwa thouP the HCPM 

lw dd inlu: poiCIIUal. il aeeds llll.eftle *"'Il wkll-1 c:.astornc:r l~on dMa. In eddlliotL 

chtrc ~ lo&ic: mort. Jtnlcturc c:b.tyt dA£a dc&ll10111. cilia Jniii'C)el.. iUid ..tldnanmb dull 

must be -.ddrcuo1 be(o~ the HCPM ilecceptallk fCC' tbD m~'-l llllhaul .. dec model per 

!he FCC's own criteria. 
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A BCPM Study Usina Geoc:oded Customer Points 

As • beiXhnwlc ot dlo BCPM IIIOdcl'a essipunmt ot cmtomcr 1oa1t1ocs, we nn • ICSt on 

aewni wjte call«< kl A4!t* ~ by Sprinr. WI 1~ CUSIOGIU poh\11. Thea 

' 
allfl'ln1Ct loatiou wem poocw:lo-S from the customrr addreu data in Sprint' • own CUIIOtneT 

files. 

Tt.e F c c c llu Ulllld 11111ltlipMIIrbr 3.3 Pl~ti. a wry r n=t ODT -buDd IOQCodcr. We ICXCptcd 

p:ococle I'CAICI -.o .._ill ~ .. Mil-~ IDil Clilld- co 1bo Z1P+4 ~old (lba &IUet 

IIIUally pllceaa paW • 1111 OOiniCf slde ot f.b.s ailed lA a slAP city btocic;). We~ my 

tldJu poillllltDt co ....,. belli ,. c o 1..t 0. dll..~ bub. we cxpaience4 J'CCI c c ISI&IJ sr"""':Ss m the 

~ 10 ~ rlllJI, ... I ,.. • wWCCIIIIIf. 

We used the same BUl w.U. ccncer boun48rica foe tbc10 ww ceo.tua llllll wero used in BCPM, to 

malqtalll U'UO coqwlblllty. Tbll Sprjnt ~ dala Is OfPD.Iu4 011 lbo buls or the ITW wire 

~ 10 wblcb eiCh QIS1omer bclton&l. ~ the ~.dmadons provided by BUt Therefore. we 

used cuaonrr dl&a Crom ~ tnae wife c:aJUZ 111111 from eacb wlte ca~1« llOUDd iL Af~~:r 

geocodirla thlsO'IIOtnr'dala. we tbead&nn!Ded Wblch oltbe polnta fell within each BLR wire 

cea11:r ~. asiped mo. pointiiO lh&t ~ Clelllel', IDd dbelnSed un•ss!iJI"'d p:ocodcd 

poinrs. In this way, we lllinlmlud the jJOCCOd•' foe uy Vlriacioo ill tt:IUlla that flliP be due to 

wire ocou:r ~me!·')' 1s1ues iJwead or pure c:ustoiiJa' locttloo ••toculoo tuuea. 

In tbo clu collmloa procca, WI 'I"Ct'D lbk 10 detamlne for cacb realde:otiiJ b:et.ion lbe number 

of subscribiDa bouslDJ units illtbaf lf.niCtiJle; thus. we hid the lnlotmlllon to nu In the "Units in 

auuaute" table Milo chta ~ wen: l..u:r ualpcd 10 JD1croari4a. Alao. our collcctioo 

allow¢ ua to dee~ fot -~~ bu~ncu loutlon ill number or bwincss lines; thus. when ir 

came limo 10 up l.bolo locadOCIJ 10 microp:l4J. we hid both the busincu flnns and business 

lines infocmadoo aYailablo. 

Howe veT, Ia eacb ..W ClmW' 1tu.1illd, the fCCCOded ruldential cummcn ~ still (ev.~r rban 

the toea! number of naldefttial CU&IomB1 recotdod Ill 8CJIM from Ceasw BWUIJ dlta. and tbc 

" . i 



total """ 'cr of I · ftrall wece llitJ fewer IbiD lbe munbcf used in BCPM from dll.a 

rea:iwd from PNR. Tbenfcwe.ill CIICh wire CCidU we wae required - (or OOftiPIRbility- 10 

acnmre lllmiJG# 101i1 •''' Jocec!oas (ancllbe comber of boullna unit~ ill eecb) ~ business 

locariom (IDd cbo .-•k o! lilies for oach) to bri!IJ ~ IIII!Dbcl10 1be 1cvcJ or thole used In 

BCPM. The perceot of loclllpN aunop&ed Yt'U rypl.cally In the I~ to ISIJ' ranp. 

The CVIk"Dtr .._ ......... )' c a c I a, '" '-'a 5-d.i,;t ZIP code for cw.ry Ql1fO«t!rr location, 

We do ~. lbtiililloie, eo_... iWropla poim. by ZIP CIO.IC. For cadi ZIP code we decc:mliDcd 

the 1• ho ofm!rl del lo llh• .S Ulllu RqUiled. eacllbe tllllliWofbn•'acu firms IDd llnu 

r-qtWed, 1D m.-. cbo •• Olld Ill 8CI'M. W~ Ita COIIICUJCSed cbo f'Otll/ tiT'Itl (or CICb ZIP 

code wilbla cadi WU. 0111111r by clmriila a "'bull'et" "-'0 foes aa *-dde of cadi R*l sepnent. 

We thcu ..,.dilml'y ........ 1lridllo cacb wire center I~ code !'Old area, the appropriate 

numbct oil"'6eo•!e! Joceclou (llld bousinallllits) aed b•sleea loradons (and basincss lilies) 10 

mau:b tbc~ Qt.....,. 

The remaiDder of tbe pocca was Wll&htfOfWII'd. In this IWdy, lllltead of DIIOCDI/ng Census 

Bureau aod PNR ciMa 1D miaopids. we Nmply dclicnDined lbe lc:.dca.J, llllits, IUld business 

Uncs lbalwenlocaudwtlhhl cad\ mlnopid and asiped lbcm 10 lbal mlc:roarid. We~. 

from lbe oria1MJ Ba'M Nlll, lbo terraiJI aod !'Old lnfoom111M .UO.Sy spoclftod for CICb 

miaopjd.. Wo da ra cbo AII:IC ~plioa IDd feeder p:aa1lliq proji&mS apia<~ lholc 

microgrld.s (oow with FC c a 1ld c:uscomcr 'Jocltioo CODI.CIIt) u were ND in JRPIMI the dala 

oriaJnally Cor 8CPM. The comma-separaiOd variable~ rue. proclucltd bcq- ~q>IICtlllCIIt input 

to tbc BCPM model. 
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UsiQaMJnlmum Spanning Trees to Estimate 
SubJcrtber DllpenloD and Mln.lmum Network Length 

A M~ .... ., 7iw1 Ia a OIIOitrUd .ko lflpb lbeocy. It II commollly U1CCf in neiWOit 
daip as a e ol diD t/Uputbf ol 1M poilltJ \0 bo -vect by a DCCWOrt. and liS a 
bmcfmwlr Cor.._., r · 10 rstW.a,tb ola lld9• •• dt 1.0 ~erVe thole points. 

For • tel ol ,.,. <• would uy "111~ 
..,..len"), 1 S, '4 Trw II a tel of Jtn4bt liDo 
.., .. I II dill. CliW ~ ftWr/ poiD1 (lubacriber), lilllp)y 
dnwtq I lirle from CillO polot 10 aoo«hcr, llliaa DO 

euaaliael. ltdlll'e*Npoio&a, cba'e wiU IW"$$•rily 
beN·Iot._._ , ....... 

Tbo lt!btUR•• Sprnlaa The or • Jet or poilu 1s tha 
aet ot c• ''OJ liM ..,, ii'Wt whose roW &ca:!b Ia tbo 
JhDnut po p'ttr for dl1s Jet ot points. 

1t oe1e bowl lbe cfbtanee fJom every ,poUlt 10 evay 
Olbor poiDt ia • Nl.k is DOt dilf"IC'Illt 10 c:aDitlOCC. ud 10 

detmnlne the Jea&lh ot, ma Wialmum Spann;., Tree ol 
c11a1e pou~~~. ne hn .. IJ&ontblll ror caJccJMina 11. 
publilbed 111 J917 by R.C. Prim or 8dl t..at.. - lbb 
simple Josle: A Minimum SpeMlng Tree 

• First, bl lbe two poinU tbir lit dOICil 10 eiCb - -.-
other lllld c «' (bam 

• 1bc:o tcjiMidn:ly,lmlilall pointl baveboaac:mrec:tod fiad tbo &boncat diJtADCe bccweco 111y 

already- Ml:d JIOim aDd •Y DOt,.ccrM • ,Mcd poilu. IIIIi COCDOCt those poina 

As Prim pobled oat In hil PIPCf•lben: Is caelllld ooly ooe monm total'"'''"· 
While the MillhDwD SJIIIUIInl TftAI scetD~ a wry IIIW)'iiiJ meuun: of tbo depoe or dispmiM 

of a let o( .,-., diem lie tWO objcctloat- woWd mab IO ita UIO ill ~~ I minimum 
poa.1bk: w rA-~t~tMort: 

• flnt. ........ oetwodcs itt - ~ by dWa.iq fD&el,bor ooc sublaibu 10 anotbet, 

R.libcr, a Ml of Clblea II Ntl aJona a optimal I p!lb • poaibJe, IIIIi abort dtopl (tom 

lt,.,ln4~ IX"''"' ct lhoso e&bi"-S 10 IIJbscriboll. ~ lmll1llals repcCICIU addiliMol poiiiiJ In 
the oetwork. laii'JCIUt(d at will by tbo dct.lper.) Patlapl ooc c:ould COIIJIIUCI a sltorttr 

oetlllod: tbaD • Mllllmum Spann ina Tree wt1en usiiiJ tbb method. 



L 

• On -. odllr ....., die &e RIJ'IICIIIJ of • Minimum Spenni'IJ Ttoo run diJectly from one 
point 10 w 1 . tr dlolo poin!J 1epc 1: 11 real subscribers, dlcle liJie$ couJd poiSibly run 

aaoss beet" Joa llld cow putara, llld lhrou&b llba, nu••lu, llld tall lJ!Iildi'IJI. Surely 
lhc .. ,,,._ Sf '"I Tm: Is • slpi(IQIII .,.~ o( tt. ruiistlc routing or 

nctwodt cable. 

8oth poitlll ..... morU. Tilly •lddtcu=d below iA ont«. 

1be Mla'an Sf ' 1 n. CIDIIIWel c1oa DOC allow lhc illllodoctloo of ldditlonal poiAIJ. 

1lab Is -. ..... ._ c ili:l Aalpk.. aad cay to caku'•· Tho OOOJtrUct that lllemplS 

mblrl!ymliiJCal--.., ..... "~Sc'kional poiACJ a t!"'C'gryls lmoWD a a Skl,ur Minimum 
nw. ......s far 1111 r · . .,,... lllcob StU>.- Wbo P*d tbls caaswctioa problem tn 

""'ip..,,_.. '*twoGUIUikuao. 

n.e • __ , ...... ...,, o( oriliuJ po.'IU for wllidl addJo& lddidoul poi.Dta (Conning 

a S..U. .. ,,., •• 1'cwe) wW eon_.. Wllb lea total .... tt. a VloliiMim SP"'nl"' Tm:. but 

tbirn uo ,_,., BVCIII Ia .daoiD tper!MI caaes, bow••· tbc:rc IJ ao lbsoii!IO Umh to the 

lalpou 7 Ia a...-pulE 'd In 1990, D. Z. Du and Fllllk Hwq (Hwaoa is of Bell Labs) 

pi'O'Wid dalud ... ctl:a I 9 I I dOll polou QIII)Ot recluce tbo toW loQalh or lbo tmc by IDOR: 

lbao lboul 13 pll c Pi 

n. calcul._ of a SO 'a rr .MiaUnum ~ foe a 1.-p 1111111bet of poln!J IJ lalown to be a 
mocrtroa1 dirt. caldD& 1 ct lmOUDIS of comput.er lime. Bccat•• It ICidoln lmproVCJ on a 

M!ni!J111111 Sf· maT-ree'allllpb. lid eYeO ~ only Ui&bdY· 1bo &1mp1e MJn.imum SpiNI!nc 
Tm: cek.,letjoo IJ ~Y ...S • a beechmart foe slwlrrut ~llmfth. 

The secoDd objenioa bat ....... ~ llld 
IIJ~ Wby lbc t.flnbn!lm Spaonin& Tree ls limply a 
bcrtcluttarlt lot, llld DOC a rea14tlc II1CIIliR of, lbc 
sbol1a& p IWu QICYrOIL Ben•• a Mlnlmvm 
Spewdq Tree ._ 110 lllpiiCt Cot rips-ot-way, &Dd 1 

teleplllooe t*WVIk IJIIIIt rapeat thcnl. lbe Mlnlmum 
Spennhta Ttoo repl.wty wdel"$UUU tbo minimum 
practical DCtwodc llqdL 

In lbc llpra at the Jtabr. - have QOidU\11;\ed • men 
.--ty reatbtic pen o1 a oetwc8. Nlllioa Ilona what 
would be 1Cn1etS ot rOidl. E~ ~vi!'~ tailon:d thls 
sub-ootwOI'k to lbiJ eur:t Itt ol poiiiU, 'II'C ll:od the 
lcnlt}l or the tree ill -flpn: to be ,,. pater than 
the lcaalb ol tbc NW•• $pllll.lilla Tne for lboM 

- poilU. To UCCIIIII ror fiatunl poill1la. real 
telcpbooe DCnVOib Clll! DOl be ..noted to li{luJ y 10 a 

static ICIC of ~ llld .an: dlietof• efto I6U 
A More Reallltlc TrM 

cCI1c:iellt of I=Jtb thall hi tile ill\l.\lntCJonlllhc riJhc. '-----------



We know dill a commoo NJe..ol-ctlwnb flitS« used by 1Ciepbo11e eup"""S 10 cooven llbitrary 

W'I.IJI!il U. dl•- (l!lclt • an IIICd io a Mllllmwn Spennioa Tree) to n:allWc: eal:!le NnJ i.s 

the .-root ol2. « I A14. ll would bono peat leap to considet that a reaiOIIiohle mhUmum 

networt woulcJ be .. ...,ctl:allte lAl4 limes lbe lcnJih of dx Mmlmum SpennlnJ Tree of tbe 

poiills lll:rWd. 

R. C Pdlil, "SbanMt C!!! Cll«< MlaiJC Nc:awo.t ar.J Some Oalcn1.iudoos," lkJJ Systtm 

T«<rnkttl 1_. 36. 1319-1401. No, ,.., 1m 

D. z. Du. Pr.t Hwaa. .. A Prool of Ollben..f\1llak'a Coajoc:Qire 011 tbe s~ RadoM. 

P\lblic:atlon 90-12 pi dill C.., ftw DUctYI# Mallwruuiu & "'"/Y11CGI Ct1tr!pllltr ScUnc# of 

Rlllten Ulrlwnliy. 1990 
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The length of a Steiner Tree will always be 87"/o or more of the length of the associated MST. 
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The length of a Steiner Tree will always be 87% or more of 
the length of the associated Minimum Spanning Tree. 
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Minimum Spennlna·Trees for BCI'M: Methodology Used 

ThiJ (IIIICt dcloibes till llllltbocloloaY lllcd co caku!Me the Mlhftno•m Spmntna Tree (MST) 

~ tor 8QM lllta. pidl. h .. of l:oostralllll ft ex;p!elo bae, we can DOC ealculate 

1be MST fer BCPU ill till c:faldc e s u. Bill, I'CICOplz1q !hat lbo purpo10 ofthls eaJadMion 

is 10 f 1 • ..tledler lbe BCPM Model paocklca aufticialt cable to Ct:1W:I Miatn.•m Splllllina 

Tree ""nath, - ewploy a 1 1C1c*>Q !hat -~ it usa ••istin' ctti!Ntion -always does 10 

In a dllec:doo !hat may sintly tiW1'II4If 1M MST leo,j,'f':>, iD ordet to ~ !hat B~ Is 
wua ,,Y......., 
A ~ MST Cfkw•'"io:. Gplll&v upoa a tel of diJcrde poillll aJ spoclfiod i~ 

dc:a:lnDioes daa t ... - f/1 ... •P' II 10 CC HI Cl IIJ poiaa, IDd Alllll die kiiJib oflhofe 
liDo ...,., • Ja BCPM. *" Is ao lid of cfisonM p~. ltada. wicbiD OICb lllk"'lrill (Ill 

~rea IOUjbly •soo tt. bJ 11!)0 ft.. lb6 bale fll.lisdeil unit of tbe model), t1.cte areraldcn!.l&l and 
busblela k- Mille a wt1o1e I 11 wu cletetm1Dod fl'ocn llllderlyiq Ccmus Block dala. 

appanloocd Oil die bllb o{ ftllld lla&ths- The posidoo of cadi Joc:•!loo willliil lbe mJctosrid is 

not !Dille If* 'lie' ill 1ho 8CPM Model. but it b dear 1111& ~ cu11omen are assumed to be 

uniformly spreld lioDc dll ftllld KptOU witbiD the IDia'oJIId. 

Had fJ:Ierr. been au'ficleat til!lllto do so. we WOIJd bave P*OJI'"'IDallcai.Jy pl4«d tbe c:usto~ 

loeatloos unlCOfUIIy IJOaa all ro.d.. redrawn tbo &rids. and nsed tJIIIJ liCl of polnls and arids for 

this IIDIIysis. a. dill II a larp tedeav«. demedilla ~D~~CU - diDO dill! we wen: allowed. 

Tbetdcn, -toot- a c:erdiaJ lftllhe!Niic:aiiPpiOK'h thaJ will ~ dotcJy utillwu the MST 

l(ll)Jib ill a BC'I'W llltlmlrc pid. always 1eu111a lOW1II'd tbe hJ,p slJe. To check our 
metbodoiOI)' • ..., did Iliad plw ut• of poilus In pids u 6earr1w1 bae. l*fotlDCid lbt dusic 

MST caJculaJIOl' oo lbotl poi.n!J, and eompiRd those raultr to tbe rcsu.lts of our mathctn.t&1cal 

approac:h. In oacb cue, OUt ~kal appt'OICh produced a lliabiiY kul11r iviinlmwn 
Spannlnc Tree. 

Our approach is esseotlally Ibis. FlJ1t, ~nnille the MST and Ill leiiJlh within each mierosrid 
of tbe ultimale &rid- Tbeo, dr:.wnWie tbe miAimal tel of line sep~C~~ta. and tbeU lcnJI)u. !hac 

Wl QOQIM'Cf lhe mlctoplcb. Rnally, .Sd all tbcso numben 10 procluoa the ecdmllcd Minimum 

Spunlna Ttee lcnatb for the BCPM ultlmaco lfi4. ('l"hiJ IJlllfC*b fDiliiiiWh;: owrutlmntu the 

MST leQJth bc:causo Ill - easo the poinl~ d!suao- oaou microarids mJahl be less 
llwl the point~ dl...,. wldtllt allllCI'Op'id.) 

Said another way, we fii'Jt compute a mlnlmum s.pennlna .rubt'rw f« cadi occupied mlcroarid. 

!ben ClOtllleCl all the subcJec$ ill 111 llldmate Jrid. A BCPM ultimale pid may conc&ln anywhuc: 

from I to 64 (&od, ill-cas.es, a few ITIOfC:) JlliaopidL 

Tbe caklll•ioo of diD llllb-iRc Cor. mic:ro'lrid bell• by dec Qlinlol cbc up! mltllbct of 

!ocatloaa pqco1 !a that ~arid- ,. need rw an ltttqral 1\UlDber of customrr loc.otlons 1$ 

due 10 the Qatlln\ of a mlnlmum •f*ll'lnllret. SpadAeally. the MST I«" poinll must have 11 • 
I linn lt.ll"""lJ, Ot odpa. dial cc • I Cl 611 of thole polnu. u II, wblcb I• <~qlllvalent lO OUf 



+ p .., 

cu11omcr loc:Miolll, lillie tad 10 bo ltlc:tional, we inwduce &he poulbility of a 6w:tional COW!t 

of UDc atp 's, wblch does 1101 esJst ID mPh lheory. 

The bulc equadoa forcalc:W"ma die 1111Jlbtr or localloos iJ: 

8frrhal. 

Le MY"f• ButP!Ia/1 +HUIDet/1 + KUIAU/1 +HU2/2 +HU3co4/3+ 
HU5d 17 + RUICif.ot PI IS + KU20lo4913~ + HU.50Plull ~5 + 
HUiofal/1 + HtiOdau /I 

For tba toiiQwiAJ dl<qn•Joa, 1111 'lfi"+llt of locatioftJ (« 111 cetlcy (micto-lri4 or oltlmalc srid) 
istbuaukohq r'Mlllliltllle~ 11\fctrCllllioDottbllallity. Tbo,......,,., 
metbod used II: I'OODII~q~lor •••• 1'1 wid! a fi'ICliOIU\1 pan t1w Is parer than or oqu.allO 0.5, 
llld JOalld dowllilr ' I I --·~•1 piRlcn :hut 0.5. 

~cart a 6w r!: n n' •+ • .,.,.. ol"" m 'iJ..,WCIDformer!on.. Lo. "'"'ncu finDs llld 
,..., uaiu. t.JI!!o s lri* mnyttlls-amc dcmolrwpblc irsfonmldola u wtlokllmepl. 
resn"iil from !be r: w-ol lot ,.,.¥lies from !be 1&11 v,.s ~ Ooo ms tb<ld 
for dclcnlliDirla 111e -.,., • II•• ot Joeatloo:l ml&bt bo lO slmpJy,....,.., Cbo oumber or 
locatioa~ per eiCb micro-ariel ~y.lhis can rt~Uh ID a .... , loco leu of locNiool wbeu 
compared lO die P'P'ft! o/loc'i •• for lbe ultlm.llc Jnd. Couldtr !be CUD of ID ultimate Jri<l 
witb I k>ca•loo &bit Is COO II"'*~ Cl£lout caJcro..pidJ.. The number olloc8doal for each mla'o­

grld is o.t,o.l.O.l,.SOA. R.oadlaslbc ~ofloc1tlool foreadl mJcro.pfd would result 
in 0 locar.ioa~ Corcacb wblch.lo aa, docuoc equal !be nnmbcwo/Joc:vjoot for tbe ul!imare 

pid. 

To allevile dt.ia !Woblcas. wo usc lbefollowillalndhod. wbicb .,,. · 1 Ill inlqral JtUJDbcr of 
locations lO the mJao.aridllhal. 1o fUDl, equal the nwnbu or locltloas /or lbc ull.l.matoa sri<1 
Arst. ca"'dllo tbe rosiii'W J!U1Dber of locNiocu uslfta tbe daa from lbc •tJtlm• !rid- Tbls b the 
total numb« oC locad0«11 tllll we Clll alloca&e amoopt tbo Jlllcro.Jrida. Nut, for cacb m!Cf'Os 

llllll1bet of IOCIIloos for tbe grid, alJOCI?e from tba localloaldoo OIMIIIC baaed Olllbc I'OWided 
mlc:I'O-Jrid, 1blJ may pft)Cluce cjlber 1,. aborlqt of locadom 
awplus. wtlal too mmy locltkcl arellloclted The followio 

·, when 1101 ctJtOU&b arc allocated, or a 
1 illustnlela fOW' mla'osJri.d case 

tlat procha a~ &1\u lbc 1Dkial afloealon. 

Dl: ~~~Grid LocaiJoo Cou 

LocatiOM 
" 

l 

3 

• s 
0.2 

ADaCIIa.d 
2 
I 
0 
0 
1 

~ ' c _~. ~ ... , 

'. 

\ 

' 

7 



When IlleR ia albat r after lho IAk1al .noe-ioo. Cle nea1 11ep lllempu 10 fairly al.loc*c lhc 

p:mein!na loo lliooll nil U * J 'ltW by Cltiq dJ mic:ro-pids Whole locMioa COUIIlls 

rounded <Iowa ..S aa he ct.. • *' ,n 'iq onkr by lhc ff'IClloaal p1rt olio •ions Next, 
step clown die-._ •Qac:atioa c. lac"* 10 adl ~ WJtll we eJihaust lhc ~cap. Tbis 

Is a fair melhocl (qr e!Joceclqdll ..._. siDOII mkJ"Oslricb whll a more tlplficenr JUb4.S 

frlcctou.l pan will .. elloc , ( tel eCioal fniiD lbc sborU,p befOR tbolc willl qna!Jer JUb4.S 

fractioul parts. Halla IMIIacM nempao aAe:r •Jiocadns lhc fbocUp (wbete • deM!ew I 

l:&lldlct.e for sbon•• 11 Iori). 

~ L!;.:atbw ~taoc.l.ed 
1.8 7. 

2• ' L2 I 
3• 'd' 0.4 I 

•• ·• ,, ~ I 0.2 0 

:Iii . J 0 

The cocal nmnber of lo eeltJal alk d ro die mkJ'Ostrida oow equals lho 1111mbcr ollocarlons 
cak:ullled for lbe nh'= , pid. Bownlf, h Is pocsibk lftleflhe iAltlal alb eeh WJ IbM uurplus 

of locarions was Ill< 1 1 t 11le tbllowblc Ia Ill,. •• dill taulu Ill a snrpbzL 

I·''' LocaiJons AIIOCII.ed 

J t6 2 
2 I.S 2 
3 O.B I .. OA 0 

•• 
To mncdy an~ oflocMioaa ft Ilk a mclllod IIIII Is lhe QODVCIK of thai used 10 
&IIOC&IC any rl:lccUp. Spedtlc:a!Jy,tab all ofdlc.IJiicro..lricb wfloM Joeallon COI.Jnlls mcmdod 

up and fOrt in •seend'nl ~by tbc fnlcdoaal pen or loetclons. 1ben IICp down tbc lilt dc­
aiiOCiliiiJ I Joc:atlon f'rops ad! mJcto.Jrid Ulllil the swptus IJ fuUy lrCOIIDtecl for. Here Is tbc 

above eumple after clo-allocadon {where • dcnocew a candidate for dosallocadon). 

l.olladout A1Jocated 
1 • 1.6 2 
2• 1.5 0 ,. ' 0,1 I .. ' ().;4 0 

0 

This coqc:judes lila nwtiMJ ~for tiJocarlq 1:1 ialepl nwnber of locadona 10 die~ We 

f1.1rly ecc:ouot for any alloctdon ~ cr swphu by c:onsidcrina the frecllooal pan of tbe 

locadon COUQl or a mic:ro-Jrid •• raudl more fal.r method tban one tblll randomly aJIOCilca or de­

al locales locations. 



Neat,. cust....., lo eenw .. a ,.,.,;...,uy 
dispc:nc:d wichla lhe IJiiclo.ldd. s-. 8CPM 
usumes lhlt CUS!Cli!W!I•lc n d .... ft*Sa. 
we ane:mpc 10 Josit:aDY place loMiam 
alonathe roeds of~ Tlw fest. to 
evenly dispene 11 anfCliiW!I ik*l Lft of ft*Sa, 
we losically p&.ce a WI c m 'fl1lfltJ Ll tt lt. Or ill 
cqulvalcnteamt. we~ nr r mia~r :1111 
customer areas*- m 'J •£/11 A by L/tt 1\. 
Then square .... -. a 1 

•• ..., shit Is 
cmtcrcd ova- dloJOid r old~ .. ralc:ro-sDd­
This Is easily vlme"-d willa die P '«of 
loealioc1s bas • bnr' lqlall8 naot. 

Nodcc that for &IIY c.e "'• w:, kt r ut 
nci&Jlbor is Lin A away. So danlllre of L /1111ot 

-

only lives •!be "i Ia. oldie ..,., it abo &ivcs as lbe mlnbDnn d!st._, 
between a c:~lltOa-llld ill n t8l Nil'• 1:11. 1\ia allows as 10 easily calad.,. clio tutMree Cor a 
micro-arid: 

Sub-4tee sr (a - 1) • 0 

w~ t is equal to Ll "• "is tho ownbet of loc:Won&. end L is the toW lcn&lh or 1'014 seamenu 
within tbc rnJao.&rid. 

. 
• 

n•ll 
L•800ft 
••Lhl• lOOft 
a.na•(n • 1) • •• eooft 



-·-

For- rnJcto.Jrids L may be 10 lltp that It produoa Jmpncalbly latJO customer arus. i.e. 
areas that in IWD ba~ ~~~CD lfU m. d» mic:fo.l;dd IUdl. Noco tbc relationship or' to L for 
large I... For micro-&rids a wiDe ol L dill PIM • ., owrly brp c:usiOmCt areas. we inSield, 

evenly dlspene c:ustornm UliJI& die .. ola JDic:ro.srio'l To mw!ymaojeaUy diapcne CUSIOftlCfl 

by ara. we divide the .. offtilicro.s:rid,A. bydao nnmbu o( et$01Jltr locations.n. This &iva 

us n cus•ornH area Ill ol wbicll 
bi~ an IIU of A f 11. C\uuJmen 
m: losic&lly placed lA 1lle ceQCU of 
~square lteal, and tbc ltUS 

are amnpd in •&JVUP tballs 
CCIIlCrCd O'la' !be pbyUc.aJ C:c8ICr or 
lhe mic:ro-pid {DOC dar. road 
cc:ulrOid). 

As yoa can-, tbc diu.,.,.. 
betweeo a c:aiUinla' llld ill IICll'tll 

flei&hbor b 1qrt (A In), whcft lqft 

0 ~ lbo tqUIIH'OOt-of. 
Thu$, when diliM ... ..,. __ 
sutKn:>e for a mlao-jdd is: 

·-. 

' 

]~ 

n•t 
A•O.IIQrN• 

27I7IC IQI 
Mi.. tl'$11 

when: ce is equal to rqn (A / 11), " Is tile ou!Jibrr of localioos, and A Ia tbc &rei of !he mlcro-Jrid. 

' 

e 

na9 
A • 0.1 sq ml = 278784 ft 

1--.......... .---,:---w_ 8 =JAin = 176ft 

L..---~----..J Sub-tree= (n - 1) • 8 = 1408 ft 

As prevlowly mentioned. d!Jpmloa by are& is used 10 rulit.tically limit lhc slu of customct 

m:as. CuJtorn,en lll'lt·dl.pen.cl by lhlllllllhod ooly when It producca 1 CUIIomer area slu 
smaller than t1w ptoduccd Whcla dlspctdna cuuomua by road &eJDICilt JcnJih. 



Taldq both dlilpalioo IJICibods 11110 ICCIOUnl, lllc mMbtmttiQJ equatlcos (Of eakultriDI the &lib­

tRill foe alllk:rv-Jrid are: 

S~•(a-l)•e 
e • mill (e'-, aA) 
e"• L/ a 
eA •lql't (A I a) 

a • n•st•*"" Joeetioas 

Next. wemusllala nmlf!C' all otlbuul>cmea. Sub-croct -CX!!!Mded 10 ooc lllOihu via their 
CIOID« poiDu. 

. 
- --

•• '· • 
1 ~. 

I · 

..1 
~ ~ ~ · • , 



r 
I 

- --

The comer poiDu lbllllr'O • By ..S 10 COIIDCCliWY two IUb-trca ckpcnds oo lbe JCIOVIPbic 
n='••Jonsblp oCtbc rwo~ lo q~...aon II~ ~ds 1nlocalcd directly 
NortbiSouth or BM~N•~ -IDOC!w. die NIS or fJW oaroer poillls ~re c:oosldetcd for usc as 
lbecooH~~ ""' ooc1a. For• :«.lf~A Ia k , ~ dlncdyeaa oCiftiao.Jrid B. lhc 
NW IIIII SW COfllla' paiDII cl Dcro-pid A IDd lbe NB IDd SE comer polou of mic:ro-srid 8 1te 

cboscQ • ..W n • ilr c nina aodeL Of lheso fOur ...,.id'tc DOdea. lbe .,.U lhll 
minlmeDy lalaoo 1"' .._lllk:roopidla..S. 

. . 
A B 

Jl ~twO mk:to-srids do oot lloe dh.tiy NIS or EJW til<* ti'Odle•. we use the two comet 

poiiiU oi thoM lllicro-lrid tbll poiDl j()llll{lt'd ooe 1001bcr. For eurnplc, lt mkro-arid A lies NW 
ofllliao-piciB, Ibe SECClnef poiiiC olmicro-¢d A &Dd lbo NW CC1t1Mr point of micro-gld B 

are ..S u ooonc ctilJ& node$. 

. . 

8 



If+= 

Using lbo above iatet4kcance ,...,Mim, 111e ....._ tbo ld tA od&ea tbM lDr.c:n:oMect every 
wb-Uec of a mic:zo.p:ld 10 cwry ._~ill die Ql!lmM' &rid- From tbis 1t1t ol eciJCS we 

select N • I ec1JCS tba mW""''y' 1 : • ·c all tA lhc IUb-cecs. ~ N 1a die 111•mber or wb­
trccs ill tbe Qlti....,.. pid. 

When - IUID?he Jca&lhs tA all die .. Q II 7 .. die "*""' oftbo N. I ed,ca ?hM minimally 
inlmXM'!W'J the aub-crea, we &ee the I*''Cio-mini"'""'IJ"'MMina 1.n:1e ol our ulliJu;c pid. 
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