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st e T -; The x.Jorth American telecom:‘aunicatiom system J.s a- vast

network w:.th thousands of SWitChlng nodes. 'I‘he nain function

Y .

) of t.he telecommunications ‘petwork is to mterconnect all o...

—.‘4 N i . .

another. The optimization of the equipment configuration_, to
Lt : »
achieve these interconnections in the nost econonomjeal

manner presents an ideal opportunity for the applic tion of

. ‘fl simulation techniques el ,"' ”. ‘,' SIEE NS

'I.‘he vast najority of sw:.tch:.ng cantres J.n ﬂewfoundland

and the rest of uorth America employ analog technolog;. tlost

o

‘I,'J., serv:.c-e,A feature and na:.ntenance capabilities of the’
’. ‘ newer-generation digital switches. It 15 .generallliy agreed
L " among telecommunicatlons engineers that couverting to digital
: S ‘ ‘ will have long-gterm benefits The planning ~problem."ha.é‘ "':_ .f‘;.

therefore become one of how to convert from analog to digltal

technology wz.th a minimum of dlsruption of service

N

minimum of cost., '

of these sw1tches are vintage equ1pment and do not haVe the""-“

these nbdes, as well as the teleohone subacriber. w“‘ith one o
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fﬂju;;"gff‘gj the plannlng aspects of the local telecomnudlcatlon network. .

- .

'ai"u_F;7Q;* A model was deVeloped Wthh was capable of SLmulating up to

_. Vs 'l.
<

ff':ffﬁﬂﬂ. seven 1ocal central offlces..Tth model utllizes present
L ; worth of annual charges(PWAC) as the evaluator to assess a;]m:

.

‘1number of s;mulatlons for dlfferent plannlng conflgurations

'.fyfand arrlves at the 0ptimum plan for local network evolution.

2 The Bay Roberts/Carbonear area 1n Lewfouhdland was.ifT'~ff”
. ;nvestlgated for the purposes of thls study. The study :5,j]f=5"

\\ demonstrates that system dynanlcs ls ‘a, valuable technique for

Q- e T

ﬂ;"ﬁxQ. the analysxs of telecomnunlcatlons networ?s.g;.g‘ ’”::”f';faJsf
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‘CHAPTER ,I INTRODUCTION

s

1.1 PLANNING REQUIREMENTS FOR THE TLLECOMMUNICATIONS

INDUSTRY - - L o o - SRR |

Lo . . R "l;' ‘-'u'
o . o e Ten b -

The telecommunications carrier industry, espec1ally thei“

P q;.;publio ‘telephone utility sector,[ ie very highly capital,fffw
.1AEinteneive, requiring massive amoumts of capital for growthffaﬁtu*f

RO
‘.? ’

"expanSLOn : d operation.ﬁ?IhT 1980, xﬁe-jféﬁ companie;'

i [N oL - . el N .,v -

D ' 'compr151ng the TransCanada TeHePhone System Arequired $2 4 '.;”p'“;“'

'\, "' . w\ ..:'.- ~..'.'.
~ Billion for oapital construction and another $3:9-Billjon for. - -

; - g operating expenses.‘ Newfoundland Telephone,

"dne
'smaller Canadian telephone utilities, serveQ, approximatel'
‘128 Gﬂﬂ subscribers and required over $34 Million in l980 for
capital expansion. The management of this capital spending is .
‘a major conoetn to all telephone managers and a considerable=’
amount 1ofh engineering effort is ~expended‘ i planning'
"~ff'f o ::tactiVities relative to dec;sion making on how to w13e1y make'?'

use of available capital.i Technical planning has therefore L

' e been very sensitive to the. availability of capital and in thev

f majority of cases, engineering economic analysis gis' the:;t'
critical factor in determining the optimal technxcal plan.,af'

-y

: One of the major factors impinging :Qn- telecommunications

planning Within the past several years- has been‘ the"
. lntroduction of digital tedhnology. Until very recently, all:_YT“-“

i
lllzjt',: o ‘facilities,» both,.sWitching_ and transmi351on.. have been'_’?“

3 . S .
. . X » I R r
RN . ) . . o . . ; .
O b, . e

A . . o ¥
P R, . W




: growth or totally replace the EXIStlng analog plant.' 1:,;‘:L;g'ijf;ii

".:, whlch handle all 1nternational trafflc,'.to-.the ‘Class S'

analog. The adveht of dxgital technology has generally been

accepted by the 1ndustry to be more des;rable from a buit'ﬂﬁfﬂ
: ong- ange.: " f:?

1Y .ot .-

technlcal andi serv;ce, poxnt .of 'v1ew, and

englneering studies indlcate that the long term replacement

B :

" of analog with dlgltal fac111t1es has economlc and technlcal

. " - . R i g
¢ . .‘. B .. . ). . ,, &

,:z;adjantages' dThe englneerlng problem has therefore become one- jﬁf

‘.’

the optlmum t1m1ng for the replacement of analog technology,}m" ;
A whether all analog plant should be replaced 51multaneouslyf§7";;~£f

and whether new dlgltal facllltles should only accommodaterff‘”

v

1.2 EXISTING PLANNING: METHODS < - -, .. .. : ;
Englneerzng plannlng in the telecommunlcatlons 1ndustry f

"1\

can be d1v1ded 1nto several' speciflc categprles. These
categor1es,~wh1ch are illustrated 1n Flgure lh con51stA:o£ﬁﬁﬂﬂﬂw"

toll,f.local and out51de plant.;wln?7thef North American

AT

..~

sw1tch1ng-@lan, there are flve levels o£ swztching.-These

range from the"C1ass 1' MOntreal and Reglna'Prlmary Centres,'feT*'

A
l. -

H -

local swztchlng offlces. whlch.;may vary in szze from -the

»
s

dozen or so llnes of many remote communltles.'up to the tens

o -t
N
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of thousand lxne sxzes 1n the larger metropolltan areas.~
! B /r'
R . e .
. SChenatlc, of zthe ‘North Amerlcan swltchlng hlerarchy
! ?ii presented 1n Figure S .

ffﬁi‘;; The equlpment requlremenﬁk 1n a given office are dependent onfﬁif:f;5

l 21 Local

.,Q

means of feeder cable,‘While some of the larger citles may

'Al. e

\

have 'onef‘or5~more central flces.;JI the "ot John s,

.Tﬂ";f’ Wewfoundland area, for example, there are central offxces 1n ,foji<~

.2 . :h [ '. . -
Pouch Cove, Torbay,}Bell Island -wltless Bay, Hount Pearl
L Long Pond Portugal Cove and Harbour Marne,.as well as two

PR S

1ocatlons ln ot John 5-A¢"

1} ‘ All central'offlcesgare 1nterconnected w1th one another ;

K
(

bj means of trunks. Trunklng may’ beh prov1ded over elther -r"}f-f"fff

57 radlo or cable fac;llties, hOwever. in most local s:.tuations,k

ffk cable 1s used. Trunks from Long Pond to StJ‘John s, for lﬁﬁf"

: o uarbour Ma1n and St. John 8- are carrled;’n mlcrowave radlo.' ﬂf‘r
t ‘4:.1‘.' . - . ; ..‘. L

.;‘ B s e

growth and the communlty of interest w1th other 10catlons.‘ft°ulfr
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oL 1.3 Existing Computer Modelling Technigues T T
'..'. . T LT N ~'- ’ ‘ ' ‘ ) -!‘. > tT >, : ‘-I‘. ; - 4" B -. .', . , i el .“ '”.".:v‘"‘.“‘
RERT ”'Féf' some years. ‘the computer has found use e
A rocess. In recent tlnes,‘: the number of comput
S modell.ing ' technlques ',f ,ﬁ for' plannlng :

.‘._., A ‘l S L ) ‘t [ e W

">w.1despread use ,1n the ,mdustry.' Most of these programs are

. w0
._‘ -~

“i-,91mulatlon tools have become avallable.j Some of the oommon

Tee

comput.er " techm.ques are outl:.ned. ~in .-l th follow;mg
o N "'3-'.‘"":.-. a "" R Tl

subsectlo' s v . k . :.

v Av-|-\.“

eng;meerlng cost evaluators and fmanc:.al d ’

.o

mdlcators to deterxune’ the' proJect s prof:.t-=.”"

: o : , g .
o EES isi.; the : nost_ widely : employed tool the

¥ "‘-~'.‘,t;elecommun:|.cations‘ J.ndustry and is ch:.efly used to develop

1 -, 7

present {.rorth studx.es._ ’I‘his program was developed by Bell
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'{?situations.rEach planning alternetive has to be separatelyszx;\ffﬂk,;
} e 2 ,‘y\ - .," e " ‘,x“ N
costed out by the planner. In addition,\all cost factors mnst5j

“a . a

”xﬂf-.b. inputted into thelmodel on h discrete baSis, along wlthjfﬁ

N

time the‘ expenditure ;e incurred a8’ well'Nas-_other;l“‘

o . K

AT
SR

the cost (eg CCA rate,ja

RO Bir LT,

at a tine. It cannot therefore sxmulate'

‘.

- As EES 1s only avallable on a timeshare basls frdm Bell

:jCanada and BNR.;use of this fac;lity is both expens;ve and

L4 -

g prev1ously, EES.A_afcause Of Zifs srze,f requires

:;computing fac;llty.,Because EES LS so all—encompass;ng, 1tmisi“

"’fﬂunwieldly for planning -use and is better suited for cost r ji,“«;”

v ' N

“

”j:stuqies on large progects for which the?planning options’are 5

costs

x>produce annualized ‘service' uand

-\'fproducts' and servxces.; This‘ model

o e e

bl b o e mekin vm sy e e h R s A
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i . o o
o , =~ customers for products such as decorator telephone sets as .,ﬂ ‘?
ol ;' : ;! IR S e
i - ‘well as servxces such as Spec1a11y desxgned assemblies for a .'ﬂ'b
. :;thfvi customer 5 lndlvadual use."”” i ' L ”::ldv" i ’ e
:.,,f%ff:'Vfr.ﬁ ACES 1s anothereBell Canada program whlcb'lzastandard '“rﬁdr
;; o throughout the telephone, 1ndustry 1n Canada.. 1t flenﬂénﬁﬁﬁfif
ﬁi‘ 1nteract1ve program whzch 15 used(for practlcally alllserv1ce‘f5w
5 y of rates: Eéé
;%fﬂ; offerred throughout the Company. ;
) {;;\.-F; - “ifﬁn' 1nputs~ to the ACES modellsarei the ‘costlng date
‘: ‘ J.ncludlng 'a]l.l .capital costs,~ e'xpenses and *‘naxntenance .-costs, :
SR 1rn : o o : o
o7 ‘revenues, s and the appllcable economlc parameters. - B i
| ACEswle an excellent tool for developlng serv1ce ratesflfllz ﬂfﬂ;
but lt cannot be utlllzed to nodel network plannlng "‘~ RS {'i
o ff*f-f:r‘, *f ' "é;.l'ffrf B SR RS A SR . o
{ _j " l 33 RDIP“Remote ngltal Installatlon Prov1510n1ng J}“ |
IR iﬁ;f}§}f5 RDIP ?;a7;conputer proéram whlcn :nodels 'nv'llocal ".fhz'tf’ff3
e, ~"‘:v:f“.f"‘distributlon:‘j_;network when RLMS (Remote L;ne Modules)f are .?,f s
‘ _ o used "RLHsE are extensaonsy-oé' dlgltal ;switchlng machanel ﬁ
$B?Q”FIA whrcn are 1ocated 1n the fleld near centres of high-telephdne‘ 4
density. By u31ng an RLM”telephone lines may be concentrated

"at the unlt and trunked back to the dlgltal central offlce;on
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central office digital switch along with the approprlate-.éif"

feeder cable,_v the second plan calls for a digital Central_ Wy

office switch with remote switchin " un:.ts. -

.I, - -

h RDIP program performs

analysis on a number of planning

user.‘The inpugts are the location

associated capital and expense costs, : the usual economic::;"":'

h

: ‘-' f parameters, outside plant infprmation regarding the sizing of‘ '.-"f

an engineering eéonomicf ::;'a";',-
cenariosf inputted by the )

K f the proposed RLM, thet--';“

i -
cable,\and the callmg patterns of the subscribers involved. :-
Since RDIP 1.s not a dynamic computer model details on

each planning scenario must be geperated by the user. This

a

\ model Only looks at a very small part of the network and is"" 4-

- [ . B . L - ‘ Lo ey
- . st ~ ) 5&‘ ’ .
- K ot : '~. - .

3

1 34 RAPS- Route Analysis Planning s_{stem s *:4 “‘_ ‘, L

RAPS is another BNR developed model wh:Lch is used by';--.

e p]_anners in the planning, design and augmentation of Outsldef-—".‘

L

'subscribers.. From the feeder routes smaller copper pa:.red,“_f.'

e

design is the determination of the 0ptimum sizing of cables."',m

For instance, is it more - economical to install a 40@ pairj’”..:_,"'-i'

basis? Another problem assessed is the sizing of the gauge of'.;-,,'_,‘“"

: ..; : e :
o 1 . b . PR
N . = . -
. . ; : . ., L.
N : . -4 e R .
‘ R . & . L
: . . PR}
N . . KR L -
.- [E . R
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' ',cables branch ut:"f and }subsequently connect ' telephone:.‘i--/' .

subscribers. One of the ma.jor concerns of outside Plant,'- G

Plant feeder routes, i eL.1 those tele{:hone cables which extendﬁ;‘;.'vf:.v.-"

i\. out from the sw1tching central offices to serve a number of

L cable initially or :mstall two 20!3 paJ.r cables on a phased'_:v—

i
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”;,‘f;l]. Some of the marh inputs to thls program are as follows.'

g

Vvand performs an ana1y51s on the dlfferent scenarlos 1nputted:f_ff7

C B IR R . . . BN

by the OutSLdé Plant planner.‘pﬁj"

lrlCable slze, 1ength and guage._ff'fgl"f f” I
u;z Capltal and expense costs. ﬂ f; I
'”}3 Econom;c parameters.»”‘ o '

-f4. Forecast of requirements._i“"ufm

1“v

. \ : K e
areausually so extensive that printouts are very costly. The
e [

cost effectxve way of obta ni ng output 1s achleved by sendlng;

the hlgh speed pflnter outputs from BHR 1n Ottawa to the user“‘
crn avpﬂ4., RS .. L o

. v1a courler.;jr.ﬂi;‘f‘f‘ G:r

Thls program is an excellent sxmulatl ; ool but itsk

- __"‘
¢ saﬁ;‘ AN iy

greatest drawbacks are '1ts* 1ack of interact ion ’and 1tsif27”“"

\\\ S ,‘

llmltatlon to studles on a localized basxs._pgﬂ"V

s >

v ’

1V -

\:

=Ap1abemeﬁt? of local switches.u,Thls model permlts” thelff

’
L

assessment of - varlousw localf

vy .. -

determlning the corresp0nding costs and engineering economicf*Vi

evaluators associated with the varlous sw1tohing and trunklngff

copper cable..The RAPs program helps address these problemsf~f

but the computer results }ﬁ:}

model used to optzmize the“:timlngi“andngﬁhu'

network conflguratlons by'ii

-
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The main inputs into this model are as follows: -

4 ¢

1. Existing switphing configuration.l

. « 3. Initial traf’fic.v N
4.:L1ne=and trafflc demands. . :
- (5 Study'time ?c" 5 o "f',; ﬂll, l:ﬁi‘ o . l;e:
. - 'f‘;éfﬂcost models for switchlng and trunklng equlpment.li N
jﬁ?: xExlstlng trunk characterlstlcs.”' . f{ | b
f’j g':B.’Evolutlon pOlle of the'sthcnlnc network. .ff};;
i‘ LKNES is a good example of the use of dynamlc 51mulatlon
< and is the £irst ,such model developed expressly for the
. telecommunlcations induSEryf Thé ° model permlts the.

2.

Initial values of working and installed lines.

PRI

development of dlfferent. plannlng scenarios,

and-growth patterns and dlfferent plannlng horrzons. All the

varylng costs/

usual englneerlng economlc evaluators are developeﬂ for each.

scenarlo as well aS»the assoc1ated cash flows. The model lS

data for the scenarlos set - up by the user.

LyES is a. BNR developed program whlch requires a vast

amohnt/of computer run tlme. Runs usxng thls program normally‘

»requlre prlntout of results at the Bell Canada computer. As

o

1n the case of EES,

to computer access problems‘and is a far too sophlstlcated.'

~T . . ,

and compllcated program for general plannlng use.

T T T

not self-optlmizxng and w1ll only generate engineerzng cost

thls program is- expenslve to run, subject'

B
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CHAPTER 2 OBJECTIVES _ ‘
., - : N

H
v
|,
N

2.1 INTRODUCTION -

A Bysﬁems dynamlcs model of the local telephone planning
network w111 greatly simpllfy the— work of the - plannlng
englneer in assessxng the multiple plannlng oPtions that are

: uooer 5tudy. The telephone netwofk_lsjln Lts own right
dynamic fmodel wh;ch constantly changes ~
changlng network requlrements. Because
“the telecommunlcatlons 1ndustry 15 p.rtlc/l';

txon techniques.

:for~an-exam1natlon using dynamic simf;

- Many cost study nmdels exist for plannxng purposes and B

several modellrng technlques hAve - already been dlscussed.

‘These models ueually require \V/ st'amounts of ;torage and are

’not take. into account. the inter-
'eietioﬁship oﬁAplannin events and the dynamlc nature of the

Hork « There As. -a--need therefore for a

7. nmdel—which*islapp cable to. the . telecommunlcatlons network.'

and thCh will pé relatxvely xnexpensive to run ‘as uellfgief

'fairly slmplezand versatlle\EOt planq/gg»use. It 15 therefore

the objegt/;e of thls”et/dy/fo/gezelop a dynam;c srmulatlon .

-model that will »asarst in plannxng the local .swltchlng
netWorkh/Thls model will ~take into account such factors as.
fthe impact ‘of dlgltal technology, the. chenges ‘in growth

iy
\

57 “well sulted?:‘f

ostly to-run. In addjtion to this, most podels {with .~

.‘,‘._v
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1

) " patterns, -and the variability of costs and aetwofk.evolutiqn,
2.2 OBJECTIVES : ‘ ‘ ' ?

- The overall objectlve of thlB report w111 ‘be. to deVeIOp
R systems dynamxc model of a local telephone sw1tch1ng
_hj l network.~Some of the specific objectiVes of thlB mOdel‘WIIIL
: ﬂ ;be as, follows, f; z'f'fﬂ‘;jifJ~ﬂ e :

] o ",'%_:, - L centres.. “ :':: _;.;_ P

T

P S ';;echnoldgym LT e 5’5~"r  - ;gg?l‘f*

. W ) o oo S S o .
3. To assess the: impact  of the. retirement of anaIOg-

equlpnent. o "' S E s

4, To determxne and ‘assess the 1mpact on. capxtal and. exPenBe .

dollars.

e L
1

-

Lt .'> 5;'To sxmulate the 1mpact of the follow1ng factors.;u,f

,a,“Change in: forecast o

< S - Change in equipment 511n§$“
R .;;rynkeér“
R o ‘a‘:,? ~,fabili£ies-}--

R R T s:j j“ 'remote unlts

)

2. To assess the Lépaeeﬁ'653iEheﬁ]fhtred@eﬁibnf}bf’wdigigal':

b.. - Change in costs ‘ﬂllf:‘ j,;$7:ft-;;_;‘fhfel‘

;6;{To' éimuLate the impact of varmous analog replacement

[ "
» .
[8
a
e
“a B
- [
LY .
o -
- .
. - e
ey ~ - SV R . -4 -
e 8 T —— oy - C )
- v
. -, h = >
s _. e N o~ ~ . -
‘ ¢ R e H ~
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7. To simulate -the impact ‘of various homing arrangements for. = .

I . switching. offices. S o :_. EE

-

9."I'o a"etermlne present worth costs for t.he alternat.wes

under study.- - .'. SR r BRI

1D, To develbp terk forecasts f_c'r.‘i"'tﬁe'lfwa‘ijicug".__f,'gf’

' - ‘ ) - " 3 o
| 2.3, MITHODOLOGY: -

The slmulatlon model under study w:Lll be developed ‘”-th{'i R

the use of D_{namo, a computer s:.mulat;cn technique developed].

e "’by Alexander Pugh and extenswely applled by Jay Forrester.vf

-

:Dynamo is . dlscussed :,n further detail in Append:.x B. I

T el One crf"the first steps 1n the development cf la model is'
: ‘J ‘ N } ““ ' e
o e the preparatlon ‘of'a schematlc d.ragran of the s:.tuat:.on to be‘ )

) modelled.-,". In .cthe case of subject under study, a. sket‘ch of

"A-__‘.,:.A-sw:.tchlng off:.ces. A srnall sampIe is used for the sake of

. ',7'."";,,51mp11c1ty, keeping m:.nd t.hat thefnumber of :Lnter-

4,.. E. ‘

o -4new offlce added S ;

'8. To take into ‘acccunt' the geographic separation between -

the switchmgf conflguratlon:‘i‘;-is gJ.Ven in Flgure 3.._ r

demonstratlon purposes, t‘his fJ.gure 1llustrates only three-‘.'

s

.’ccnnecta.ons between offlces 1ncreases exponent:.ally wn:h eac:h







? i ‘en \' t ‘: -..A‘ , :
.j ! " » ‘B ' 4 .

. v ' . . . o , ~_ . .o, N PR ';, L _- . L. R . .. . ‘:, ;

IR Figure 3 represents a phys:.cal plant laycut of ae typ:.cal R

. local switching network. ’ It should ) a.lso be noted that a : . '

"‘_' '»"_’"planning model should be capable of configurlng the network-‘- N
L any manner : that the . user desires. uence 1"‘ ‘;‘!7 real'_ b
"'..configuration not all Poes:.ble interconnections w;.].]_ be; Lo .

- FERRSERY lo . = e e

'neceasarlly ex _)ned but 1nstead, the planner w:.ll limlt his

TN

(NP

model, f}certaln ,:

In thé development of a local network

e i, . con

o - T ‘fguldellnes e,v,‘ '-required separatet the - local network

‘
B T . ..

“'.'_:’:--3 D - ‘-planning subsystems e from the toll | outside plant

-subsystems.-";— In order to bound the '-‘1ocal network system and

.. Lt T

-'__",also to keep the model to a’ manageable size, the follow;ng

T AN assumpt:.ons were made.__z BN ;' L

1. No dig:.tal switch w:.ll be installed J.n a 1ocation without

.--retiring the existlng analog sw:.tch.‘l

"‘rhAll neWr trunks 1nstalled w1ll be d:l.gital..

"-‘“\Extended Area Serv:l.ce ’ (EAS) assumed between

R
N . e

':flocat:l.ons and w:.ll be provided’uszng direct t/;ﬁﬁking. A'

be.,installed- however analog

:';No new analog sw:.tches w:.ll

A i e 6 it
P R v












'!": "Simulatioh".

pertains to the act of tracing a certain

time history. i e., simulating what would happen :.f a certain

'|

event occurred at ‘a partic ala:r: time. Because of the myr:.ad

> m

of planm.ng alternat:.ves in a\lcng range study, espec:.ally

d fferent

"the occurrences

products, costs,

3

increasinqu

L

B '..

}'/-,T’

’

N "al 1:':‘.

. through

simulation. -;. Th

f-of : various

d:. f“f:.cult

stnuctured

- ‘e e

‘-one involv1ng the telephone network,, :Lt 15 highly desirable

planning . options;,

Dynamic .:imula.tion Model wa t.he Local

Switching detwork" developed :mj this report w:.ll simulate.

alternatives OVe'

s

evente

'_ and.

a (-

systems is Jmaking the decis:Lon making processes extremely

f';_ problematic. Becauae of sqch factors as the diversity of

markets and raw materlala,‘— it is becoming

- t‘he cause-effedt relat:.onships of management dec:.sions haVe

v

become almost 1mpossib1e _\ investigate uithout 'computer

aide.._ By s:.mula.ting the effect of management decisions

I

simulation' process, th e

45 ;=eva1—uated- ) using

fr managers ',.t'o a§Sess "f-hé;j‘- "--._‘_.',‘i':
consequences of their decisions. For moet large industries,‘

overall




L
o EN

"‘

which he wo‘uldf'not have if he had to ais":s'_e-s’sj-_ 'b-_‘l_"\e"nning(,‘

T . ‘. . : Lo A ceogey ;
scenarios us:l,ng other planning aids. - g / ST e RN

Although s:lzm?ulation techniquea are :l.n common use for"

‘ N :nany applications,, simulaton j' modelling is_'i still in 11‘-8.‘3‘“’.:_'..“;-:,',‘:'

-

change in computer technology ,wh:[ch doea " not allow the,_ °

'stability required for' many businesses to dedicate human and"

,esources ':to_ 'model development because

......

perception'f on the‘;, part of .'many : managers of the

'-‘.that it 15 difficult to capture ‘a :" snaps’hot" in time

3 J.nfancy. One poss:l.ble reason for this is the current rapid__"*.'. i

‘findustrial s:l.tuation as the basis for the formulation *of a'f S

'simulation model. Both of these factors,’ "however ’%Qderline e

, _.7 ?assist managers in studying the impact of change.

l .

simulation. .

e — P

g 'busnieea y and industrial usee. - As prevmusly" mentioned,"‘-

' K

";Dynam:.c referl‘,'.j“" t.o changing with tim ,' u‘and therefqre . ha.s ;;“" “

' ;the need for the dg.ve.wpment of a: simulation tool which \qrill.'l.;,'."'-"'j o

Before proceeding w'i.th model development, J.t is first ofi NS

-'.,.-?all necessary review some of the Vvarious aspects of,'»_"{f:-."r»

_'"t"ime. 5uch 'a simulation would have 1J.mited use for ;nDst,”“.'“"
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components will be ‘involved and because’ the simulation model
‘is des:.gned for long» range stud;.es. a-time interval of ome

year over a tuenty ‘year time per:.od will be suff1c1ent.

3.3 SYSTEM DYNAMICS TECHNIQUES  ~°

°

'I’he development of a- systems model should be undertaken
% . . 4

o organlzat;.onal steps wh:l,ch w:.ll 1ead towards a successful

[ N . . . Lo

- model. ) A e

' : % "

simu‘latlon model”’ must be, documented along with the quest:.ons

- . and. problems to be answered:. PR

. 'r“ ’
ADE'SCRIPTION’- The situatién ko be modelled mgst be

5 deecrlbed. and an understandz.ng obtalned\ of _all the f'actors

A . ' ‘.- . ‘h

whlch wxll 1mpact on t’ile questions to be answered.
L% &

-

’

. C MA’Th:.MATIC MODEL— A set of mathemat:.cal nelations‘nzps

\"i'.- -

must be developed wh:.ch w111 represent the sltuatlon benng
g
modelled. . ThlS‘ is :probably the( most dlfflcult~ and\ most
. . ' . K A
"&% e ted:.ous aspect of model developn-ent and i's also ‘the most
. # - o . o .- I .
3

b cmtlcal WLth respect “to accuracy.. T ' . .

e ety C e XS
. :

T / .
Co Y ;
s condltions, simulat;.ons of the planning model are obtained.

l . N - e " > Ta,
1
¥

! LT i ot
| . ) 'I . L. . . . i B o N
b, . e o o ' : C d

w:.th ane - organlzed plannlng system.' Jay Forresterv(1968,“ _"

o A-INDUSTRIAL DYNAMICS) proposes the followzng -number fof_

"GOALS - 'fhe o'veral"l ‘obr-jeétives“ '_a_né"" 'godls of *-the

. R 7 l' . ' _ PR . "., [ .
. SR SIMULATION- By;',.. ontrolling certa:."n expe‘rlment‘al-

Yo The_ ucomputer. is ‘ideal fq_r.\s;lmulagiqns- and a great. number of.
' i . ' . ' T b ‘. ) . - .“A, )

i vt

.

PR AN SR
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simulations c¢ould be easily obtaihed for many- dlfferent o e

experlmental conditions once a conputer is employed. R vjﬁ""
’\—-v
INTERPRETATIOLi- The results of thé simulations’ must next
- : o

be examined to determlne “trends and HﬁresuLts. The
interpretetion of the results snould"enswer;‘the oricihal
queStlons posed. ) . _ - _ | |

RBPEATLD EXPERIMENTATION- since -noa.sithétion"can be'

modelled eXactly, it often occurs to the experlnenter arter ﬁiﬂ

i

51mulat1on runs that .. further runs w111 be neccessary in order -

Cro ' to focus on. a 51tuat10n whlch was not expected L e {i"'“
// » . :,; o
. _ The above steps are only guldellnes, but they genérally . ' _

. . “, ‘-" " ,‘IA' ‘

follow the: approaches taken to . most’ modelllng s;tuat;ons.

Consequently, these steps will be generally\followed in thls

hd
1

report. ' A o -7 “ffﬁi]

¢

S - u .

3.4 APPLICATION OF DYNAMIC MODELLING TO TELECOMMUNICATIONS

L. i . LV DI
i - N . -
s

. . . e ’ -
. The telecdhmunications network ‘consists -of many

switching nodes all 1nterconnected to another by trans. g;fA"abJ’:.

#
ic\\ These sw1tch1ng nodes and 1nterccnnect10ns Eonstantly requ1re

review because of varylng calllng patterns and changes:ln SR

Y
. . .r' T 4' A, J 1

technology ' f“. R o ”a'_ o B .

P
‘.I

o h The variatlons wh}cﬁ occur as a- result of changes 1n ,
calllng patterns are external env;ronmental condztlons over ’ﬁ 4/

which the plannlng endlneer has '11ttle” control.-’ For . :

.
‘. Wb,

",
an
-
-

. « .
N TN B R S i
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instance, a potential economic boom in S5t. John's resulting

from oil development will most likely greatly increase the

central office line and toll trunk requirement. This sort of

occurrence is beyond the control'of thefplanning engineer but
.he~ canyt'throngh slmulatxng' different growth scenarlos{

determine the impact that an 011 boom mlght have . on- the'f

i

':‘telephone network and take the appropriate steps to enaure

that the telephone network can accommodate the addltional.:,

trafflC- _’ L SR Lol S
' he other type of change 18 hat inltlated' by ’the g
plannlng englneer.- This usually 1nvolves the replacement of

- plant or the extenslon of existing plant.: These changes may
':.be dlctated by 1mprovements JJx*technology' or reductions;in'

cost. The long term 1mpact of these changes would?‘be‘

difficult o' ascertain wlthout elaborate modelllng technxques

because of the countless combinations and pernutatxons to the

sw1tch1ng network, as well as the many changes in costs and

technology.

4

Dynamlc\ modellfnd'fis_ undoubtedly " a _necessity for

successful longa‘range" technical plannlng ‘and thus‘~'h ‘

development of an appropriate model Ls the obJect1Ve of thls

report.
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':“constltutlng the nodel will be explained

—p—te

CHAPTER ¢ . SYSTEM DYHAMICS MODEL OF 'THE

LOCAL- TELEPIONE NETWORK

4.1 INTRODUCTION . o -

In this section, a sy‘sten"dynamics model of a. local

telephone network will be developed and\the var1ous equatlonsl3~

The planning for local sw1tch1ng networks is. extrenely

K complex because lofllthe 1nterrelatlonsh1ps of the 'nany

Evarlables,‘ but the plannmng model can be addressed by

;ﬂsubdlvadlng the problem lnto the followxng Categormes-}}

- Y

o Ve

l)'~'Input Module. This‘ portion” of the model'

&

contalns all"the constants,'lnltiai values{ tables, and model

1
.

' i , ) . . - . . v -\;.
N'costs.‘ Sy 14", R ;." S _vy"

'2) Forecastlng Hodule*‘ This portlon of the model

contains< the equatlons for developlng analog and drgltal

‘"hlS part of the model generates forecasts based On the

'l‘ .

‘varlous scenarlos under study. .1' i,f_ f'r' Ca

- 3§f Cost Module-w Thls section derives capltal and

-1expense costs for all components of the model.;Thls part of

.jthe model lS also dependent on the scenarios under study.

”conflguratlon constants. The varlables 1n thls fectlon are_‘-h
generally beyond the control of the planner and are set by

‘external constralnts ‘such as growth forecasts and equlpment

'growfhs as well las the developnent of trunklng quantltles.,j

e EL

RPN .
PSP S AU
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Economic Analysis lodule: Thi's section

performs‘.n englneerlng econom1c analy515 of the sccnarlos

-~ modelled and deVElOpS present. worth of -annual charges (FWAC)
flguréf Since PHAC s the most. commonly used evaluator fbr‘“*
_ enqineering" analYSLS, the 'prOpsed model will’ develop PUAC L : . ?
flgures for all scenarlos.v . ‘"-’ J';t R e }1EF' | |

The telephone network is made up 'of manj :dlscrete j‘”'{

'components. Slnce the present study focusses;

lonlyffon the >m

ff::local network, the outslde plant and toll conponents w1l1 notfi3'

S jvffl‘":ff The maln componentoiof the local switchlng network are

. ﬂdlscussed 1n the follow;ng sectlons.v~{i:{:1$.;-.;;ﬁihfif{;.,;”
4.11 Local Sultch | o
: »s.?he most ~1mportant segment of the ‘lochl telephone '~j'fft¥ﬁj"

5;:network is the local swltch.-”uher loc&l sztch,tis“ the- e -{flf;fi
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2 ;;:'tt f”completed.: Every telephone subscrlber s telephone

Y

;phys;cally connected to a local sthchf Slnce all subscrlbers jifﬁﬁjiu;ixf

R 4Ln 's" glven exchange 'termlnate on. the—-same switching
. N . ]

equlpment,, any two customers - can - ef connected‘ together

. P . .

throuch the process of diallng a number, whlch 1n turn setS“

.

e up a haln of events whlch directs the sw1tch1ng eqU1pment to
;‘ conplete a connect;on between ‘the two subscrlbers. jlf;*-"

‘. L3 “ v, '

[, A
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vFigure L.

~f;dramatically over the past twenty or so years. Highllghts of’

o . o - 33~

CEWTRAL OFFICE. Every central. office serves ‘a number .of

e

'subscribers bounded in a specxfled geographic area called .an .
EXCHANGE. Any completed telephone(icall between any “two

“subscribers w;thin the same exchange area. is. called a LOCAL‘jX

call. Calls between subscribers in two different exchange

areas w1ll be' either, TOLL calls- or-  .EAS (Extended Area;jif‘fv

< ~'.¢

Service) calls. A Tcll call 15 a call for which long distancegﬂ

K

- charges apply.‘EAS serv1ce 1s a serVice allowing subscribersf-ﬁ"'.»

T _3 . e
'g to place calls between dlffer nt “central offices w1thoutﬁ}5-

'w‘the larger number of telephones that can be accessed withoutﬁ"q'

Lfiu&ing the toll network. Since EAS calling 15 achieved w1thoutfﬂﬂf

I

,}accessxng the long distance or TOLL network, EAS calling\isii”

'con31dered part of the local swztching network A schematictrgﬂv

‘}adescription of the local, EAS. and toll networks Was given in;:

ﬂiTh?l' technology an . local :.Bw1£ches jagﬁlr changed;gﬁ"l
lvg'filocal switching history include the Step by Step ‘SXSJt?QE:ffT:‘
‘ielectromechanical sw1tch which was fert introduced in the;fi?“”'
.Iearly part of this century and is st;ll ln common use;“é

- éthroughout the telephone 1ndustry today. The .next ha]or??;*”
l;change in local 5W1tChlng came in the late 1930 s w1th theﬁ:$~:‘

“‘introduction cf the commcn control crossbar sw1tch.—Common1¢/:'

iy
- B ..v !

fcontrol switching greatly increased efficiency by permittiéz
n%&

‘Efaster circuit completion times and also reducing equipme;

- ‘\-' "'..,"—
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‘requ1renents.’ ﬂexttiih 'the ~ebdlution of telephone' local L
. - &) . . ) _:
"SWltChlng came the stored program office. Thls system is e X
L ‘4

'completely software controlled- however, the actual sw1tching

.. C il

may either be performed by electromechanical or semiconductor

.

'deVices. The latest entry into the local sw1tch evolution is'”*7

<,

L the digital switch The digital switch is completely software

A"”u:controlled and;all

sw1tch1ng is ,performed by solid state

cA‘

'indeVLCes. The digital sthch

18 far superior ~to,”

;:technology as soon as practical.

An adjunct to the digital SWLtCh 1s a device called a

remote line module (RLM) This device permits the placement

“ ,'

" I

_The RLM can concentrate a group of subscriber

v

-Tﬂc°pper cable.“Figure 4 ProVLdes a representation of the'}fef-*

o e

ﬁddigital switch/RLM relationship. :
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‘ ‘ _ Sinee. there are 'many..sXS{. coMmon' céntrol:’ and 3stored%

network, a sxgnlflcant plannlng problen is. to determlne how

2 ‘ " T addltlonal customer \growth w;ll ‘be Iacocommodated ln those

Y
v

l

technoloéy "The technlque used 1n arrlving at thls dec151on :

i

. .
is" therefore the maln thrust of this paper.,.‘&

I X . .- . . . . Y I
B - -, . N .

Ef:.f¥fv’# "ifqi The 1ocal sw1tches are the nost crltlcal elements of:the :-

3o,

networkf but there‘_'

cu kS - ‘ L 4.2 ‘fI‘rAun'k-S.

sWitching.machine"with-another.:A local call orlglnating in’
Offlce #1, for lnstance,_and termlnating in Offlce #2, will

Lse trunks to 1nterface the transmxsszon facxlltles between

-{E_ : the two offxces. The lnterface between a dlgltai SWltChlng“;‘

B

machrge and a’ remote dlgltal llne unlt (RLW) is. also callea a

" “ :..- B “‘o-:' >

trunk.

E A . - . . . s . RN

- iw

“:w W ';j:'Before the.advent of digital technology all trunks were

e

‘ﬁ?{ - :f“: n}, of course analog. In the late 1960 s, dlgltal technology was"”:

v L -

'alternatlves.~ Such ‘trunks ‘requlred dlgitalr’to” analog

convertere at each end beforp._;nterfacing w1th the analog

switches.( w;th installation '65’ dlgital ,sw;tching

probram sw1tches gtill ln serv:ce in the telecommunlcatlons

. areas. still mot serVed by - the latest ' state of the art -

“"Trﬁnke; Are‘ the . equlpment requlred to lnterface ‘onef-

5:*1,f' developed to the’ extent that digztal trunks became economlc )
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o

machines, it will “no-. longer be necessary : for ﬁdigitalf to

.analog conver31on.'

Digital trunking still constitutes only a fraction of.

the number of trunks presently in serV1ce. As a general rule,'

any new trunking systems required in the future . will 'be

digital This dec1510n lS usually an. economic one in view ofi;

';th ever increaSing coat of analog trunks and f‘ also"

N

'transition to an all digital network..

.\\

also because of the fact that changing the trunking at any

given Off1¢e neceSsarily changes the trunking to all those
offices interconnected with that office.ﬁ
The quantity of trunking ls determined by the volume of

"'calls between any two offices as well as by the duration of

The cost of trunking 15 aASLgnificant factor 1n network

desirable from a technical point of as it fac1tates the f:;“*

these. calls. Two locations with “few . long duration calls s

.2

between them. for instanoe, might require the same number of

L,

e'trunks as two different locations where frequent palls of

-4

:"ehort duration are made. The volume of calling between two
*jcommunities is usually directly related to the populations of
"the communities.h When the actual measured traffic data

"fbetween locations is not readily available, the traffic can

1iibe estimated mathematically. Once the traffic 1nformation 1s

~“-h determined the number of trunks ‘can be determined With the

s

::{use of Poisson tables.;*?:;; 'f'“'c::.,~ ;":\;ﬁff‘,fngﬁ

T T
R LT
TR

planning not only &mcause of the high cost of trunks ‘but}ﬂgﬁi s

[P

Seedm e Ly
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"v. " 4.13 Facilities Y T o '.ff
Uherea; ;runts”are theiEysrem interconnectioﬂe hetyeen “31'--h7?
: '5wi£chipg qffiees;L transmlsSLOn&y;QeiliEies are requ;red ’to 
earry the . telecemunigations - qlgnals. - Trunkine . 'bet'\\.'eer;'
. offlces can be UrOVJ.ded by several means J.ncludlng copperj

AR palred cable,. analog or dlgltal rad:,o,,and analog or dlgltalﬁ_ o

RS car-rler". . ;n the local sultchlng network the nost conmor: RN
Tae . n ., l'.' .' ': . “ .. . . '; LI
i

Codec

odulation) 1s often-used

S

There ’must _'*d'efj_",a suff:.c:.ent m.noer f

ey avallable 1n order . to acconmodate the requ1red ‘riuﬁbrer ldff,,ﬂ"*'.

SRR trrnks. As d general rule, the 1:te:connect1ng fa@lllty has ER
, 'eneurh ca;acn:y to. provxde for an add Lbnal yeur of trun'} <t _ ‘
. growth The cost of fac111.t1es 15 a funct:.on of t‘ne type cf". )
fac;llty used and the length of ehe fac111ty.jLnlessﬂunusaalgn" h
c:chunstamces : a‘re;. encountere-d‘ hfer‘ 1ong term plannlng
purposés the cost of fac:.lltx.es 15 usually estlnated on a- '
' o um.t cost b351s- - N
““f4 14 Pemote ‘Line MoaJEés (RL%s) " ’
,, Remote L:Lne modules are’, extens:.ons bf d‘ng..ta{l '.ﬁswrtches..i '-‘;r }
: Instead of brlnging all tele'ahone lrn’ee”’».xnto- q- central""
’ ! off;ce ‘- ‘an’d> termlnatlng then on a d:.g:.tal sw1t 'a part of,'- {
: | : the d:Lg:Ltal sw:.tch can be distrlbuted further oué lato thef-l""-";':'l‘)l
network and intercc;nnected wrth the d.\.gltal SWJ.tch by neans.‘,:,"--;..'_,' |
o 5 imondy Lé:;ﬁ*" 2 e j%: : ¥
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LA

of dlgltal (PCM) facxlltles. The oec;sxon to ‘use RLM& 'ié»one’f'. f' Lo

.-
;

based -on ecOnomlcs and is determlned bj .an englnerlng cost:

'\\ o - evaluatlon of 4the expend;tures 'assoc1ated 'wlth placxng Vo T "

equ;pment remote from the central off;ce (along w1th the 0
assocxated facxllty and RLM buxldlng costs),’~versus the

KRt f; optlon of installlng a 1newf feeder route plus 11ne, and

4”{sw1tch1ng equipment 1n the central of‘ice.;;iv

N

For long range plannlng purposes, charts and graphs hf””

for RLMS‘ ovér palrec’eable for varlous sxzes of RLVS

example of thls -1s glven 1n *fighééj;53" _h RDIP :program

i l.dlscussed earlzer ‘can - be used to.fine tunela long raﬁge'ﬁiﬁjf??ﬁ};y
: - N study.; _Hﬁfﬁ,zhf,d? 7ﬁJ””ﬁ'¢:,5:F?<’?*ﬁﬁai'f!7%g fuL;iF R
- : » RLus often prove to be appropr;ate for serv;ngwlsolated o CF
pockets of subseribers as- We%I ae concentrated groups; of tj”ﬂ,f ?i;
'affﬂriiv"':n' subscrlbers An places sechfas appartnent bulldlngs. An RLMils .lfig
. , | not cons1dered a separahe central offlcq swrtch becaUse ;he’ X

sw1tch1ng 15 not done by the RLM,.but rather by the dzgltal fﬁf{”e,v3§

'{?anl?ﬂjf_fprofflce on which the RLM homes. If the faczllty between the “tf’ﬂ;}

Tfiﬁiﬂ AR RLM and xts home office is. cut off, then there_'would ‘be

o
A . |'4 . g 0

on whether separate digital







e

the bulldlng space that 1s needed. D1g1ta1 equ;pnent, because

~Wh1Ch can often acconmodate lbD BUU subscri er 11nes or uore..}ff

L . P .Y K
w0 . l\ .

Two sw1tches of thls .size- would have sufficlent capacxty to

_‘,. . ) Y

prov;de the local switchlng requlrenents of every telephoneg~

Y

supscrlber,_in_‘Newfoundlanu. Because'eéf' nanj practlcal

cons;herat;ons, lncludlng the riSk of eculpment fallure, two

_ASLngle sw1tches would,not be practlcal The use of' RLMS w111

'of sone sort In’the caseiof Rth 'the bulld;ng‘eoula bew

nothlng more'than a heated axlﬁ foot'enclosune. In the Ease

. . L . IO
~|‘ . . .Y v "

of sw;tchlng machlnes, the bu;ldlng would sonetlmes be snall

and unattended largen_1nstallatlons wo?ld requlre thet the

The'nore sw1tch1ng equlpment that 1s 1ns£alled' the more

- ,:“ - e
. .

P ‘,.n
R '.v-,' ~ .

of 5 1nherent dense packagxng. normally requ1res lessiii~f7“

.

1n the bullclngsh Flgure 6 prov;des a representatlonuof the

'.h\

.A‘,
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. 5XS(Analog) SWITCH -
' 2360. SQUARE FEET -
N DU o - CROSSBaR(Analog) SWITCH

1500 SQUARE FEZT.

o

DIGITAL SWITCH

600 SQUARE FEET

.U i

. Typical floorspace requirements based on"a 5¢06 line.SXS

"foice. '

. 1
R _(EIGURE..G.:;.,S}WL'&ChiﬁQ Machine 'F;.qb;é[pa‘c'e" Requirements.
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There is a definite cost -associated with buildings, in

addition to all associated maifitenance and operating costs.

The major impact of the cost o bui‘fdings‘ is associated with Lo

"the’ initial construction of the building. It is a"ge'r‘xera1<

"rule"ﬁhat buildings and: 'subseq’ue'nt' exterisi‘on's*‘are .s‘ize‘d" té6 - ..

prov1de the opt:l.mum long term econom:uc . beneflt.A When new ..

H
’

d:.gltal sw1tching mac'hmes_or RLMS. are J.nstalled eVEry

s

.effort is' made to house thls equ1pment J.n existmg bu1ldlngs.

lS is not 1:—leays poss:.ble because of bu:.ldlng constralnts

'

and even' in those cases w’nere a new buxldlng is. avo:Lded, ~

there are still capital costs incurred because of renovations’

and rearrangements. R °

-

[

4.2 INPUT. MODULE

- The Input module cons:l.sts of all lnltlal values, tables
and the model ccmflgurat& n. uormally,. th:.s portlon of the

e DYNAMO model is the part that is user changeable to allow for

different swltch-mg offices, um.t costs etc;; L;Lsted below

are the equatlons for thJ.s mo¢ ule thh representatlve rlght

hand sides. Therflnal valugs, 'of course, d_ggendw on the,

simulation required. ' : ' o S

N LINGl=1000 - The 1n1t1al number of workmg lmes

'm 0ff1ce #01._ E Lo '-' ) : ‘A

Lot “ L S,
P N - L e ;
. . . . k) Y . . .

-




e e F e "—'.' {1y =

¥ TLINOl=0

N QLING1=D

N TLINSG '
¥ TrLY=®
N PWAC=0

N 'rm\nsa‘ o
N FAXMST=0

T sl?r'm:;l/z;. e

C INSTO1=1100
C GPFTIfl=1
C GPFT=1 .

. C OVERGl=1

o ‘Ls prov1ded bj RLMS

C RE@1=L
C RED201=1
C INTRAM=. 6

' C CCSPL=2.5

e ccscoe =2

By :Lras.

"of annual .charges. N

~by dlgltal. - w

44

The initial number of digital lines .

in Office #081. .

The initial number of main stations served

by a dlgltal switch 1n Offlce #31. .

) -<In1t1a1 number of. total dlgltal 11nes in.

a, plannlng area not served by RuMs.

"y

"'In1t1a1 total number of llnes ~served :

'

B

"‘,Imnal value for present worth )

¢

Initial value of .trunk maintenance cost.

Initial value of facility maintenance cost.

28 year forecast of line growth for

._Offlce 1:01.

'I‘he,numbér of i'nstal;.ed lines in _O;flfiée Q1 - -

'fI‘hé variable factor .f_o}'.uoff-ié‘e“’ 401

The total variable factor. for all offices.

"I‘:Lme when growth J.n offxce #01

Tlme when- Offlce wﬁl J.s totally replace@

A2

.'Truth equatlon 1nd1cat1ng Offlce $02

will grow on offlce -‘91 v1a a,n RLM.

Factor representlng mtra mach:l.ne trafflc

L.

, Average number of ccs's per line. g

v

Factor representlng central off:.ce trafflc.- -
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DO28l=10 Distance in miles between Office #Ul aﬁd
office #02.  °
RATip=. 5 ‘Debt ratio. )
Tax=.5.l . _I'ncome tax rdte. : - o, | a o E
CCARl=.2 CCA rate for capital group type 01. ,' ‘ . fi ,»x:",: .
,‘11;$'L01=iﬂ o ‘-Average serv:.ce life of cap:.tal group Ul‘ o w:r"
iNT-’ﬁ;l'as.. . ."Cost of Capital. R o E ;.
INTD=14 ,Cost of debt.: S . “ .

ItJTF%O ‘. ‘7}:’ ) -Inflatlon faqtor.._ . h B 1 : .
""ICIFR--"l' T ’_‘Lnflatlon factor for cost of RLH llnes. o ¥
ICIFF=1 : Inflat:_.or;_ factor: fo; cost. v R
- of’ a‘malﬁg_facili'tigs. B

ICIFFD=1 ' Inflaé’ion facf;or for cost
o of dlgital fac111t1.ea.
Ié;Fﬁé‘i ‘ .Inflation f_gct&:r fof cost ubf build:.ng space.‘
ICIFD=1 " ‘ ;Inflation ‘f.rac;:c;r f'éi;:'cqsf_l:._'o'f d:.gltal lxnes.-. R
.'I.C.IF.!I‘='1 . ‘ Inflatlon' -fact'c.)rl f,or cost éf. trunl;s. '. .
ICIFG=1 C -Inflatlon faci:o‘r for cp.st.of analog 'liﬁ'eéll‘,. o
' élil;vé.‘lﬂ' , Salvage factor. : | .
.REMOV=.05, "Cost of removal factor. -
—"-FAXMAN=.05 Fac:.lzty maintenance factor.‘. o
¢ _Msxs-la - Analcg sth‘ch' mamntenance(per line) .
‘MRLM=7A‘ Remote sw:.tch malntenance(per RLM 11ne)
i b.i'DMS"éS- L mgital sw:.tch maintenance(per line) $ l‘ -
MBI”..DPES ‘ 1".":‘.Analog bullding maintenance(per lx.ne) .
MBLDR—lS -_-'RLM bu:.lding mal;tenance (per line)
i»t;iBLQﬁ=1 - Digital building ma:.ntenance(per 11ne) . ‘" , | ,




«DMS=3009 - ' DMS“ sw:.tch cost per l:.ne. .

TgKDIGsZQS_" D:LgJ.tal trunk cost per t'.runk..~ .‘

TiRKAHA;Q'B'G: Analog trunk cost per trunk.

'TRKSOF‘lOQ So‘tware cost per d:l.g:.tal trtmk. .
"BLDA-ZGJ Analog building cost per line. W

-.»',BLDD— f : Dif’”:;tal bu:.ldlng cost per llne._

(SRS

.'BLDR-=4 C RLM bulldlng cost per lme. ‘
E'c1~1'=.2~5'[dl - DJ.gJ.tal facil:.ty cost’ per lz.ne per mlle. |
-DE3'-‘-¢SE'7'0.‘ cost per dig:.tal fac:.hty termmation.
TRA—IEM ', E Analog fac111ty cost per trunk per mlle. .

,PEREXlg:t Fractlon of dlgltal 11ne cost expensed

for tax purposes .

'GSSOF'I‘ 1850@9 D191ta1 get started software.
:GSCOST=54EGGQ Digital capital qet started cgyst.

GSCRLM=24QQQG RLM get Started cost.

6
. 4 ol
C MRKDIG=29. Digital trunk. maintehahc’e(per/tru‘nk). '
: C"["iRKANAéG.U' . Analpg trdnk ma:mtenance(per trunk)
c. SX6=200 Analog sw1tch cost _per line. .
C RLM=200 . - RLM sw:.tch cost per lJ.ne.- '

Most of the above equatlons are repllcated 1n the model:

,to apply to all dlfferent central off:.ces and facilitles. ‘The"

critical equat:.ons ‘with regard to determim.ng the simulations;‘,-f':

KL

." are: t‘ne three configuratlon equations. ’I.‘hese wﬂ_l be briefly

e elaborated upon. :'f

g

' The configuratlon equations are those in which OVERX.X,

N . . . -
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- costs, forecasts etc. . ;" , ~. . '. ¢

" the study perlod. I-f"the user is certaln of the ho‘st-renote

T - . o meymen? e ety st r et

1w

REXX, or REXXXX abpear on the left hand side. Once all other _

0
tables and constants are set up, these equatlons will be the

only ones that are changed durJ.ng the sxmulatxons in order to

s.Lmulate 'different sw:.tchmg relatxonsh:.ps. Equat:.ohs wlth-

constants and tables can also be changed to reflect chang:.n'g

OVBRXX must always be less than or equal to REXX. rI‘h:.s
Do

’;.J.s because the nodel assumes that there w111 never be a B
ioartlal replacenent of an analog offzce. he EEXXXX equations';j"-;z*
_“"have no llmltatlons except that the OVERXX and szx equations;;-.;,

mhst vflrst be set up- to permlt the remote-host relatlonships.

H*

Tlr‘gﬁequatlon RED405=1 ' for example, is only valid 1f @ffice'

#05 has been replaced and Offlce #04 has been overlald vuthln

" relatlonshlps, then only the OVERXX and REXX constants have

. 5 W.

v . 4.3 FORECASTING MODULE

-quant:.t:.es are der:.ved- LT

to be changed m reruns. .' o Co <

N
l .

. .
CRS

o 'I'he forecast'ing module e’onsists of all thé equations used

to derive central offlce sizes, trunks and‘. faci:lities-; The

‘1nput data consmts of tables g.w.l.ng the annual growths for

‘each- central offlce.‘ From this - baslc data the followlng,

NS

4.31 Central Office Lines ) .

e A ‘ .

‘ . h
‘ RS T NN
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" The equations concerned wa.th “central- office  lines. ;7.
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"L LIN@1.K=LINOl.J+DT*GPFOLl.J -

48 -

. constitute the major portion of the forecesting module. This

section contalnsilthe equations for the forecasted nain

station growth, ‘as well as the varlous derlved forecasts for

the various analog/dlgltel condltlonslln the model,

.

'4 311 Main Statzon Growth (GPF) ‘, ‘_;*if \L’L“ !

'3; The ma;n station growth(GPF) is a forecast of. telephone;f  L

e

'dehand which 15 derived by studylng populatlonrpatterns, newfv}ﬁﬁﬁ‘.

| 1ndustr1al developments and other~ szgnlflcant forecastlngwxﬁff¢[:“a&g*

i-

_“factoras The forecast requxres a. great deal'of subjectzveﬁ
”1nput and ls generated on an annual ba31s. The uPF lndlcates"

: annual galn and the total flqure ls therefone not cunulatlve.

’

‘ﬁA GPFDl K=GPFT01*GPFT*TABLE(GPFTﬂl TIA“.I O 2@ 1)

" where GPFTBl = Varlable factor for Office wﬂl

: GPFT» = Varlable factor for all offices-

754 312 Installed WOrklng Lines (LIN)

‘ The total number of telephone llnea that ls served by a

.

) central office 1s a. functlon of" the maln ‘statlon growth

. (epE) .

: ., . ) .
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:_4 313 Main Statlon Growth-Provzsioned by Rhalog

Switching (GPFA) ;fs A;l'f,; ’l'f~f§.j'
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'.4 316 ‘I'otal :.Jl:uﬁber-o Analog Lz_nes (LIl,) -

‘4 317 Host D:.g;ta,l. Offrce Line Growth (OLIN)

49

‘A GPFA’,:Jl-.I(-uPPOl K*CLip(0, 1,71:HE K, OVLRIL)

- *CLIP(1,4,LILBL. K ILSTI)
" 4. 31~L "‘otal Analog Llne '-‘*‘owth (GPFTOT)
The total analog llne gr0wth in’ the planm.ng network .'LS
.'the sum of the analog g‘rowth a.n all the 1.nd1.v1dual off:l.ces.
" A GPFTOTOY K=GPFAOL \K+GRFAO2.K+GPFAG3.K+. » o/ iCPFADT.K. © |-
' 4 315 Remalnlng Analog Llnes in- Central Offlcc.(LLI )
.The number . of analor_., l;Lhes in anj g;.ven offlce 'at- an'y
pomt in tx.me is a funct:.on of the main statron forccast, the
¢ o )
part of the forecast accommodated on dic'ltal l.Lnes and the
tlm.nc- for the replacement of the analog. termlnatlons. '
' A LLINGL.K=(LINSl.K=QLINOL.K)*CLIP(1, 0, REOL  TINE, K) :

L

The total number of analog lines in the plannlng network -

';of J.nterest J.s the grand sum of the rema:.nxng analog lJ.nes J.n

all of the cent.ral offlces in the study. o - SRR

3

A LIN.K=LLINGL.K4LLIZO2 .Kb.s. o2 JLIMOT.K

P o - CoLa vt

The digltal lme growth in A, host digrtal off:.ce 1s a

- ‘ >
M b i, = N . . . ~ - N B T

B S S T T T
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-the‘ma:l.n statlon growth an he. tlne that tne sw1tch1ng~"llf
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function ' of _the rmain station, éii'cital growth. for, that

- 7

" switching céntre and the growth accommodated by TLHs.

. A OLINU).K=GPF5l. L;+ax:0201*-*ppaé "K'-

a

*CbIP(l a, TIML.I\,L,VE}\JZ)+ 1303-'1*GP 3 I"

'_+mgc7;&*jgm7.[:fcup(l.;g,frl.;m" .lx,ovi.‘. 3 DRI ST

£ v
oor B N MY
0 . - . .o

. 4. 318 ‘.J.gital LJ.ne urowth (....,I:.- -':"»",,. L i B

Ly

The d:l.c‘ital llne r:,rowt'h 1n any o;.flce s a funct:.on oF'.;_"_,“«"-

(. N
T . A -

e -n’ KR . o woo

-centre becomes d:.gltal. T

;u
e

-

A NLINGL.K=CLIuO1.K*CLIP (1,0, TIME.K, SViROL )

31° Total - Dlgx.tal L:mes 1n an OffJ.ce ( LI;.)

' T‘he total number of ?1glta1 llnes 1n a swztc‘hmg centre B

{
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L TLINOY,K=TLI&O1.J+DT*LRINGL .J S _ . | f
, , L . . g4
4321 pigital Growth in an Office (LRIN) - : R L
The ‘total'digital growtﬁ in an "of~f~i‘ce is a function of o
the dlgxtal lme growth, remote off:.ces that are converted to
dlgltal, and the logxcal variable TLBl. . ;
A Lanl K—SWITCH(l i ’DEE)l K)*(JLINEI.K-'-LLI”J@Z I\*RL‘GZGI*
_;j'-t PULSE(l Rzez ma)+Lme.y*puz,sv'(1 m:m mu)+ __‘ Sy
_ LLmea K*REG.’in*PULSE(l,REQB 100)+. L
.. 4.322 Total'Digital Growth for the. . . . i 7
. Planning 'Are‘a"(‘L'R'IN)- o : ' P — . }
' The total  planning area digital switching .growth is the -
_sum of the digital growth in all the évyitchi..n.g‘ef.fiees ‘under .
study.
. ;1 . ‘ «I : .<. ! ) o , ' ‘ a ’ . ..‘ L4
. ¢ : ) '-';
" 4, 323 Total humber of LJ.nes served by a g
’ »”".J, . . e L L .'.. . ) P X
S j' Gentral Offxce (XLIN) . T o N o N A
R, The total number of 11nes served by a swltchz.ng office\' ' b

" .. is a funct:.on of the number of analog and digltal llnes; . LT i
§ ",._g. :'

served by the central offlce aa well aa the number of mam

atat:.on lq.nes prov1ded by remote units hom:.ng on the offlce.

5, - R %

A XLINGL.KSTLINGLKSDLINGL.K . ° ~oe oo s
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4.324'Total Digital Line. Growth' in the
: | ;
Planm.ng Lietwork. (DHSTOT) T . o
The total growth of dlgltal lmea in. the planmng area Ry
' is the dlfference between the total d:.grtal lme growth and "'g_
) the ln.nes that are served by digltal remote um.ts. '
: _ A DHSTOT.K=LRLG JK-RWFOT K. . © 7« 0 ot et
! ‘, 4. 325 Total thxmner of" Dlgltal Llnes that are not AR AR SERT
PR PP ) renote (T‘..IN) o I ;" R fj-- ER T R N
'I‘he total number' o.. d:l.g:.tal ln.nes :Ln a, plannmg area :'-f_
'w‘m.ch are not provzded by remote umts :Ls a funct:.on of the-
o ' non-remote dJ.g:Ltal growth. . o ) ' .
\ ' 'L TLIil.K=TLIN.J+DT*DHSTOT.d S IR R
* : M L - . ’ ° \ ' i . ’ :-. ‘ .
4.326 Logical Equatzon' ‘to d—eterni'ne i‘f RLHMs ar’e use‘d (T.E.’..‘vl)-'
Thls loglcal equatlon for Tbxx 1s requlred to determlne'
) '-lf a dlgltal off:.ce has RLM ’ remote unlts hom:.ng on J.t. TL@I
~is no.t equa-l tq .zerqg:.f ther.e. ar,te RLMS. hom.mg Nor_x .'Lt oo . .
A TEOL.K=RED102+RE0103+RL0104+RE0LOS5+RCG106+RE0107
_4 33 RLM LINES | L ’ '
Althoug‘h bot.h RLM and Digrtal lines are swrtched by the .
"'same dxgital sw.Lt.ch, :Lt is necessary to dlfferentrate between ,'-;. \
~~:;~‘f-,t«t«~.-¢*“‘"" A% T et b e T e T RN Sle e i e
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‘ technology in s:l.tuatlons where

53 .

. . . B

the two because of the following: factors:

RSP SRR

a. The unit costs are different.
b. RLMS' require ‘epecial fac'ilitgi.es.
Ce R'LMS nay serve part of the area served by another

sw:LtchJ.ng nach:l.ne although theJ.r home dJ.gJ.tal off:.ce is

renote fron that area. f' T ~' A 3 e

\"
4

. t

' 'ix dJ.scussed prev:.ously, : -an: RLN _-'the_' ' ‘apﬁ_,rop'x;-ia‘t'e“ < -

o

- ‘_ A The cost of RLMS 15 1ess than that fof constructing a :

s

new feeder rOute (Outsuie the scope of ty}s study) .'

y b The cost oa.A RLMS less than that of 1nsta111ng

" . . H '" - -

' another d:.gltal sm.tch or of extendmg analog technology.,-' :

The latter factor 1s the one of :Lnterest in thls model, . G

Th— whereas the other factor J.s dlrectly related to OUtSldE Plant o ,

planmng. The e'quatxons assocmted w1th RLMs are as follows.,

Vo " . b

N et M N . Voo
g ’ 5 - N .

4, 331 The Number of P.LM Lmes (Rmszm)

The number of RLH. llnes is dependent orn the mam statn.on o

N forecast, the tming of the mstallat:.on of RLMs

the 51ze i

:

AT

of the analog "office whlch 1.s replaced and a loglc varla(hle

1nd.1cat:|.ng wh:l.ch sw:.tching cehtre area :Ls accommod\‘ed/on

RI..Ms and wh:.ch d;LgJ.tal sw:.tch is- the hone offlce. . S

.
Y
Sl T T

ES Ruozal x=aaezm*(cpwz K*CLIP(L u TIM k,.a'appuz)f S
oo LLINDZ x*puusz(l REGZ 109) ‘ K

L3




" A RMTOT.K=RUO2OL.K+RMBIOL . KERMOSDL K+. 5 «+RMOT06-

4 332 Total R.Ll-l Line Growth (Rr-.TOT)

-I 333 "‘otal Number of RLM Llnes (TRLM)

"L, TRUM, K=TRLN.T4DT*RHTOT.T .~

‘ |

The total growth in the number of RLN lJ.nes 1n the

network andet stud_,t 18 the sun total of the’ growths of lmes

served by all RLMs in the network._- ‘ I , o T

”

"-1"‘he total number of RLM l:.nes in the local network 15

o
SR

the sunrilation of the rates of growth of RLMS.

P - ,'< .‘: s ~:h ‘ - O fel -
I . <L . »
I IR AR Ve nl - h
- T ot . AR

' 4.334 Total Number OF RLM lihes.homing on an.0ffice (RMOI).

= o .
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A RHOL,K=RMGZ01 .K+RMO30L. KARNG4OL .KHRHMOS0L o Keis oe
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' 4. 335 Log:.cal Equatlon to determa.ne s:.ze of RLMS (Rlil)

T

Th.}s 1og.1cal equatlon ensures that the mitlal RLM um.t

" ié sized for 1200 1ines.;'l‘h1.s equatlon sets RMl to P.Mﬂl

g ‘.n.,,‘-‘

L+ AlRMLK=CLEP{ RIIG1IK, 1200, Ri01i K5 1220) .

greater than 12;@0 and alternatLVely to 1209 ,:Lf R.Mﬂl :Ls leSS “ i

.\ .t : y ._ , (R

“€han, 1290
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(L’umber of RLM llnes served by a dlg:l.tal officeL 1f RI-.Gl J.S T
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ccs’and.the CCSyPerfdlg;talaliBQ~;
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v

.mgasuremea: howevever thls would be of no use for long range

studies. lhat "is known «is the typlcal intra—offlce cCs

(INTRAN) -and the typical cecs per subscrlber 11ne QQCQPL) With

this information, plus the number of subscrxbers in an? two

locations, the number of CCS's between any two offices can be

4

[} R .
approximated by the following equation.:
A RS‘J2ﬂJl h-(IHTRI\.M*CC.:PL*XLINOl I‘\*J(Llﬂﬂz K)/
- (XLINol, h+xL1u02 K)

j S

N

Vi4{3é2 Total Trunks required between Offlces-Dlgital l

anh Analog (RRzzol)

The number of 'truhks . reqULred between .effices is . a

4

function of- the cCs's requxred between offlces and a trafflc .

—

" blocking coeffxcxent(CCSCOr)

*%
~
©

A RRO251.K={RS0201 . K/36 )+CCSCOL*SQRT (RSO261 + K/36 )

a

T
4 343 ccs 5 provided by Dlgital Trunks (DCﬂZBl)

The CCS's prov;ded by dig;tal trunks is analagous to R°

except that only the dlgltal requlrement 1s examlned. Da is a |

-t

ifunction of the size of the- dlgltal off;ces, the 1ntra-office R

s, » R 1

- e o

O A Dc9201 K-(IuTRAM*tCSPL*TLIHel K*TLIHG2 K)/" A .
i (TLINGI h+TLIND2 K) o ' | i
T . (8 , '~ : .

- v;: \.:. “ ¢ F*‘ . ‘Z:

ey .*,-@:;ﬁf;j \ ‘ ik

e e A S S el - - .
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'-trunks.and the dlgltak trunks..

B AGD2UL.K=tAX (ATO20L.K-AF0201.K,0)

' - <. . ot . -
. N i ot . . [ ! . ,'

the~equation for AR.‘.'i' - BRI e

4.344 Digital Trunks reguired between Offieee.(DTGZD;)

The digital truhks petween two digital loffices is
enalogousl to the eqguation fot RR in that the number of
digital.trunks required is a function ef the digital ccs's

required and the blocklng ‘factor (CCECOL).

»

A DTUZUi.I—(DCDZ 1. k/3o)+CCuC““*SQRf(DCQ201.K/36)'

4 3~5 Analog Trunks requ;red betWeen Jfflces (ATU’Dl)

~ N - ot
;%e number of analog trunks requlred between two analog

o '4‘
Oﬁflces_;a reorasented as. the dlfference between the total

3 1

-

A -ATU201.K=RRO201.L-DTO201.K -
. | ”,,3"' ¥

4 346 Analog Trunk Growth between Of‘lces (nG0201)

5

The analog trunk’ growth between any two otflces is the-

«absp;ute ‘value of the dxfference betWeen the ex;stlnh

number, cf trunks and the nunber for the,prev1ous year.
s . -

o . 3

+

-ﬂ41§77 Analogﬁsrunks for the preV1ous year (AFJ’LI)

> —

_The’ nunber of analog trunks between any two offlces for h

the prev;ous year 1s a functlon of the first order delay of

.
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' 3 B
|
A AFO2U1.K=DZLAY1l (ATO201.I,1) . . i
4,348 Totei Analog Trunks (TOATRI:) ‘
The total number of analod trunks is equal to.the sum of
' all trunks interconnecting central offices.
“A TOATRL.lc—Aq;azrn K+AGB301 . h+AGU4¢Jl K
" . +AGO302. I’+F-GU4b2 1+.... o SR A
§;fL , frk}f=4 349 Digltal Trunks requmred for the prevxous year (DFQZHI)
él The number of digltal trunks between any two central
0 bofflces 15 equal to the flrst order delay of the equatlon for
P - . . . -
‘ . Dlgltal Trunks(DF)
A DFO201. LautLAYl(DTozol K, 1) @, o
4. 356 Digital Trunk Growth. between Offlces (Dcuzol) R P
; C e ;: ' The dlgltal trunk growth between offlces is the absolute f__?':
i '.value of the dlfference between one years dlgital trunk
' 7growth and the digltal growth of the prevzous year. '
~or ] - - '
A DGU201 :K=MAX(DTT201;K-~DFO201.K,0)

SRS

,iw::LVf- :} 4. 351 Total Dlgztal Trunks (TODTRK)

The totaI of dlgital trunks is the sum of all digttaiir

’ ’*étrunks 1nterconnecting central offices.r’!

. '
“ et e
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r

°

o A TODTRK.K=DGG201.K+DGD381.K+DGO401.K

+DGA3G2 . K+DGO402 cK+e v v v s o .
4.36 Facilities ¢t : Co é&
' This model’ assumes . _that all new facilities installed'
. will be dlgltal. This is a plannlng dec1510n which will help
‘ facilltate the convers;ou to a. full dlgital network.,"
e A : ' B o T . u:; . . S Iy

+.4.361 Nuriber of PCM Lines'between.two -Offices, (TT@201) =

PPN PN

;ﬂ' The number of PCM 1ines between qny two offlces Ls based

on two assumptlons. Flrstly,. ;wenty }fourl dlgital trunks

(DGGZQl) will requlre dne PCM 'line; ie;".04 (1/24) BCcH

‘secondly, . 007

(e

systems per: dlgﬁtal trunk (DGGZDI), ar(@’
; . . o (8/1200) PCM systems per RLM unit.

approxlmately 8 Pcu syeteme for every 12@0 llnes.' 71’

/_N : /

B A TT ZEI*K;. 4*nsazel K+, eﬂ7*(nu0201 K+RM01z2 h) ,
: | 4,362 Total Number of Facilitiés (TOTFAX) . - -

) .facllltles between all Offices.:i o L Ko '
L - - ; ‘ }‘ . N - . ' ol -

v

| A TOTFAX.K=TT@201 .K+TTE3IIL K+TTOADL K+TTOSHLKb"oe o

: M “unit neede;

The total number of facllltxes is’ thi'ffapdasuﬁ'bﬁ:aliﬁ"V‘ -

[P,
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4.4 COSTILG INODULL

Il

it e

This module consists’' of the equations used to derive all

capital andﬂexpense costs. Thé ‘costs. are determined by

developing cost equations from the equations developed in the
.FORLCASTI.G module,_and by using various cost factors. The -
development of costs in the telecommunications industry is ‘a e

f Lo ' g_"very elaborate process with progect costs being broken down;,.

L ‘vhwfinto “many “sub—accounts ‘aha’ catecories..~As ‘en.;exanple,_?ff'““
R o ¥ ) AP o
. .switchingf-costs would be, subd1v1ded ihto initial capitali,

H"...‘

‘:costr ' future capital l'costs, engineering ; cost, . RST,;.'”

N f“tranSportation and shipping, 1nterest during construction,_:

- s

':administration charges, software costs, maintenance durlng.

construction etc. For the purposes of this nmdel, most of

these"'components have rbeen _ consolidated . into’. several
cetegories--e) Capital b)¢ Maintenance, 6). Softw;re}' and -
id)‘set stertear AVerage costs were used ‘in the nodel sQ thef}
impact of treating the’ costlng in this manner will be;‘
'Usatisfactory for long”range planning.' o ,f f' . ‘u;:Z*;V;- f:;f
The equations constltuting this module are described in | -

: - i .° .. 'the following sections. ,j_p"' i(,;:h . ~1:l‘ S el ol

W'4 41 Capital Costs o :-F‘l.f : ,’.L"77T§w_ -

¢ . ’ at SR L f I

Capital costs 'are ~those expenditures which ah be

fapplied towards the assets of a company. Capital costs may L j}-t

v

o not only represent expenditures for equipment and material
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'ffor lncome tax purposes.?,u'*. _th-fvb:f‘

U - s i e . PR S, — C e e

Coaar

v
[0}
A

. oe

but may also involve the expenditures entailed in acquiring
these assets. Engineering-and‘installation\effort expended in°
setting up a new'central'office may therefore be considered a

capital expenditure. = .

The determination of whether an expenditure is"dapital'

*

-or 'expense' has become problematic since. the advent of
digital . technology.' THis occurs because of the ’1nherent

software content of digxtal equlpment. Since software ’lsll

o

'constantly belng revised and 1mproved, it 1s deemed by the

1ncome tax authoritxes 1n many cases to be an expense 1tem

Both 'expense':costs‘ and capltal Acostsriareiztfeatedf'

differently for 1ncome tax purposes. Capltal‘costs go towards

>‘the acquxsxtion of an asset and for income tax purposes, the~

'deprec1atlon of thls asset may be clalmed as- an expense Ltem '
over the llfe of the asset. Expense costs anurred . by,

nalntenance and repair, on the other hand,,may be claimed as

‘income deductlons.lln the‘ jear that »the Wexpenses ‘were»

incurred. - o IR T S T

'
i ! : " "

4. 411 Cost of Analog LJ.nes (GPFCST) = .

The cost of analog lines is a functzon of the growth of
¢

-analog maln stations. and the unlt cost. of ‘an analog llne

'(SXS) Because analog llnes can- be added 1n small lncrements,

'

;~there is no significant get started cost assocxated with o

analog sw;tches.
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A GPFCST.K=CIF*ICIFG*SXS*GPFTOT.K

. - 4 s
4.412 Cost of RLM Lines. (RLMCST) L
The cos-£ o‘fA RLM llnes :.s a funct:.on of the growth of~ o "‘!

main stat:.ons prov:.ded by RLMs ’ and the unat costv of R...M-

. lJ.nes,- as well as ‘the - get-started cost assocxated w1th the'

o .p'ro'ject. l:ach RLM can accommodate 1200 subscrlber lines and .
-_,"there is a get started cost assoc1ated wJ.th each RLH un:.t. ‘
ftfi} IE”E;;AA RLHCST K—CIF*ICIFR*RLM*RMTOT K+GSCRLM*(PULSE(RN1 x/lza@;ﬂ B E
T [ERERNRS <2 7OVE Rol 160)*RL1 K+pULss(Rn2 h/lvgﬁ oV Roz 1@0...;5km ﬂ
et .413 Cost of ‘Burldlng opace (BLDCST) . "

‘ The building space requ.u'ements of analog and digltal,.'

sw:.tch;mg dJ(ffer s:.gnlf.tcantly because of the hlgher dens:.ty
’ P of llnes per um.t .area permltted by d:.gltal technology._ ’I‘he”"'.‘:.

-

- cost of bu:.lding space is therefore a funct:.on of both the'

analog and digital ma:.n station g:cowth and the un:.t cost per'

Sy ety g i e e e 8 4

. ' :1_1ne,
. Y NPT
S A BLDCST K=CIF*ICIFB*(BLDA*GPFTOT K+BLDR*RMTOT hh" :
) -.+BLDD*DHSTOT K) S '?>.i‘ T C‘f'iV" R

LT TN . . oo . . -
K

.. 4. 414 Cost of Trunks (TRRCST) T e %,j

The cost of trunks is a funct:.on of the number of analog

v <

and . d:.gJ.tal trunks requz.red and the un:.t ¢osts of each.

R




| SN
X 63
A TRKCSTLK:CIF*ICIFT*((TRKDIG*TbDTRK.K)
~+{TRLALA*TOATRI..K) ) ia
4.415 Cost of bigital Lines *(DM§CST)
. ‘ ‘The cost of ‘digital lines is a functlon of the total
growth in main statlons served,by digital lines and the un1t ‘
.. !"5' . . - [ 4
L -cost per dlgital line. A . - R L
; L Aﬁpmééef}K=c1FticiFD*DM3*bMSTor.K:;3 e e ST %
i : S D T I N P
A 7';4 416 Dlgltal Get Started Cost (DfEGSC) '»“?-‘;'
w1 " b S T
j Wlth every large dlgltal 1nstallation, there 13 a: cost“ .
: 1
}3‘ .associated with the: englneerlng,;'1nstallatlon, loglstxcs'
etc,, wha.ch :is ‘not directly assoclated w.z.th the number of.
lines 1n the sw1tch.'The total dlgltal get started cost 1sl
:; equal to the sum of the get started coets for all. those
i locatlons wlere a dlgltal sw1tch was 1neta11ed. '
i ' ‘*.A DMSGSC K=GSCOST*(SWITCH(1 ﬁ‘TEﬂl K)*PULSL(l REﬁl 10@)
' +SWITCH(1 8, TEaz K)*PULSE(l REDZ, 10@)+..,. s
3 8 ,"4 417 Coat of Analog Fac111t1ea (FAXAST) ;

,central offices._ ‘?:}QQ;J,”":" ”.':;”

The cost of analog facilities depends on the unit cost

"efof-the analog facxlzt;es, the number of analog trunks between

'Tfo*each central office and the distance(in mlles) between the‘:

-
" . o - L. P ™
~ N . . . . - . .
s, -
. !
'\ h
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cost of the d,;'.g"iteif- £

64 ' .
A FAXSST.K=C1Ff1CIFF*(PCM/24)*(Acczgl.K*Dozol

+AGO3V1 . K*D0301+AGUS5U4*D 05J4)+...)

A FAXAST.K=FAXSST.K+(2*DE3) *TOATRK. K

4. 416 Cost of Dlgltal Fac1llt1es (FAkDgT)

¢
The cost of digltal ﬁacxlltles is . a functlon of the unit .

111t1es, the number of dzgltal trunks

'

”mi'QBeiwéeﬁ"'each central'-offlce and the dlstance (inf‘miieg)

. ~ . T .. ., . s, ;:‘." N . ) l o .')v ‘.
between the central offices. ?Qij{,,,f.J.: B .p;\\'

o, "‘,.,.‘4 R . __ | ‘/-.. , ‘.~' ’7

' ' y e ‘. PN ) . T 7 '
/’, _ _ C A o
) e et e - .

. .

: " e . i v e
: g A FAXDQT K-CIF*ICIFFD*PCM*(TTOZQI h*D0201+Tm0301*D9301 o
~§' : . s
e +TT04J1 K*Dﬂ401+......) 5 o
: SN e o R
- A . .8
. L .
4 419 Total . Cost of . FaCllltlES (FAXCQT)
i The total cost of faC}lLtIES is the sum. of the cost of~
B . the analog and dlg;tal facxlltles. . . . £°
y A FAXCST.K=FAXAST.K+FAXDST:K *. :
N Lo R . : i :
14 42 Expense Expendltures SRR Z":‘  ,;3F;:,"il§‘- ,~Qi.: _
ExPEnse costs ' are. expendltures ' that fcannot Bé,“:
: - ucapltallzed. -As dlscussed prevxously, expense costs! are
fﬁ'ndirectly deductlble for 1ncome tax purposes and the lncome,‘
Z'tax relief LS obtained in the year of expendlture. The typee~'”
- of expendltures consxdered expense for anome tax purposes
Dl :are mainten&nce,_softwaref repair and pdmlnlatrative work.
ws . RPN : ) Pl . : -
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4.421 Analog Line Halntenance (GPFMST)

o \ , Analog line malntenance is a functlon of the number of - SR

. analog llnes and the unit cost per line maintenance costs.
-A GPFMST.K=CIF*MIF*MSXS*LIN.K

"4.422- Digltal Line Maintenance (DMSMST) 7, ‘ ,;,. Lo - ) ._" 

* HEPE: RERGHE
M h Pl Y . ]

The total dlgltal l;ne malntenance 15 a f@pctiOn of the_;

-fj :_vgﬂ. 3 total number of dig;tal lines installed and the per unlt cost
LT ’ . . . RS . . e

T s
[

of malntenanCe.. ‘ V'jél

A DYSMST.K=CIF*MIP*MDMS*TLIN.K - . * .. s P B

- 423 RLM Mazntenance (RLMMST)

RLM malntenance is . a fdnct;on ‘of the number of RLM lines

’in serv;ce and the per unit RLM malntenance coats.

ER .'}'uVaA”RLMMS%.xgexa*MiF*MnLM*jnnM;KA

4. 424 Building Malntenance Cost (BLDMST)

- 0t
‘ . -

v*w'] The. bullding maintenance coat is: a function‘ of the

nuﬁber of analog, digltal and RLM llnes and the per unlt
o % L
R R I buildlng maintenance costs for each technology. s e :.“‘.vdn?

PP

A BLDMST K=CIF*MIF*(MBLDA*LIN.K+MBLDR*TRLM x B S i
lh +MBLDD*TLIN.K) ; : e
I ’ ; .
L ; ~ \" o . - . .
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4.425 Annual Trunk Maintenance Cost (TREMST) =~ » o
' The annual’ trunk maintenahce cost is a function dfjthé

number of digital and analeg trunks and the respective per.

unit maintenanceACQSts for each type of trunk.

A TRFTST K=CIF*MIF*(((MRKDIG+(TRKSOF/MIF))*TODTRK K, . .
' +(HRKANA*TOATRK K)) - .
. .\\\\;‘ Co
N L. . N T - ’ - \A\\ S . . - * M
. 4 426 Trunk Malntenance cost (TRhMST) [nge‘-TTj$7}¢‘;i‘ﬂﬁ,;yﬁvn,

'r:ﬂlfnh [:33'; The trunk malntenance cost 13 the accumulatfon of thé
annual trunk malntenance costs (TRKTQT). }~;ﬂ, 1,‘“:¢ ,f jz?'n'l'-i\tﬁﬁﬁ

L TRKMST.K=TRKMST.J+DT*TRTHST .K C - BT R

4, 427 Annual Facxllty Malntenance COst (FATMST)

The» facilzty mai?tenance cqs A sA determined as an : B uﬂtf
‘anngal.pércgn;ageﬁofjthetbapltal‘inﬁeéfment in" facilities.

\ N - . . ~

A FATHST.K=FAXMANYFAXCST.K  * . . ~ . &

L4 428 Fac111ty Ma;ntenance Cost (FAXNST) S
?},j.- ;1' S The faC111ty maintenance cost is the accumulation of the

annual facillty malntenance costs.“ '--ls ‘ﬁf

’ L. FAXMST . K=FAXMST.. J+DT*FATMST . K- i
. . . - o _ . N ! .
- . S ) -

: v " PR ro P R
D i G e R U SN LI
- P - e ty APV,
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4.429 Digital Switch Software.Cost (DHSSOF) .

u

At et e e e b we s 8 e .

All digita: switches are.'software controlled. This . ||

)

‘software is constantly belng updated, either Dby. the
manufacturer with neﬁ' lmprovements, or by the telephonez'
company with changes 1n sw1tch1ng SOftware 'ihétructions.'

. K . 6 .
Since the original software has a very short usage life e

before lt ls lmproved or upgraded,:the cost assocxated w1th ?, ‘

.

' thls 'is. anffexpense item. .The otal- cost of *software

;assoc;ated thh dlgltal sw1tches ls a functlon of which of

: the offlces Ln the network under Studj will be converted to '

AUutdzgltal...'ih'

- y
X

- B T e I e e 'f"ﬂlwa'fp
P DHSSOF Y—GbgOPT*(SwI cu(1 z TLﬁl Y)*PULS*(l REDI, 100) SRR

¢

*SWITCH(l o, TEEZ K)*PULSE(l REDZ, lﬂJ)+....4ff

e T 4._:__ PR -
.'4 430 Dlgltal Sw1tch Expense Cost (DMEXCT) 7
) The. income tax regulatlons allow a snall percentage ‘of’
‘ﬁ, .: the capltal .cost of a. d;gltal sw1tch to be expensed for
s . . N ¢
: 1ncome tax pu¢poses.iTth expense allowance is related to
- e - e software assoc;ated line equlpment.;
E _a * A DMEXCT.K=BMSCST*PEREXP -  ° .. . & 0 ooews g D0
‘v" ‘ . P -t B . FEEEN . ) ‘- -, . P - , ot .;
~..'>§' 3 '
i ) . . .

-
et

4.5 “TEOWOMIC ANALYSIS: MODULE . ~ .- . . " ¢ b "h il o

' The .Economic~ Analgsi¥ -Modile ' corisists' of; "all, those .. - .. °
.-"i. e ‘ oo
1‘;‘ . ':4 ) s ,'
) q‘ . ‘ ;v_: G . -., .
o . - ' -
Sy ¥ , o - ) , .
Tt K. 2 ;




L : T ) ) e o )
©o e8 L el S
equations-'used to. def'ive the économic evaluétérs;'for 'Ehe'
¢ model. Thls module develops Present WOrth of Annual Chargee i
(PWAC s) taklng into account all capltal costs, salvage and
cost of removal,flnCOme tax and CCA, malntenance and otheq
expense costsrand varylng servxce 11ves and plannlng perlods;
slnce this model 13 deszgned for long' range studies, the
eccnomlc analyszs_ mbdel. is opt;m;zedrvtOi glve.:Iong_,term
o "eccnomxc results. o , ‘.'x*? ,f\f‘ﬁ T
:;/”SQQ",_i,‘ ’ ?he equatlons ln thlB model are as follows: ;:nﬂ
k .; i ratevfudf return Movermq:‘f spec1f1ed
N ' oo ! . ‘, gz" LT .
2 ~ A EJA-K—EXP(TIME{K,LOGL(L+INT)).;:. > S ;
e o : :lf. R -
‘ﬁ 4 52 Present wOrth of a Contlnuous Future Amount (FhB)
O ST
LI ‘ﬂ'. : The present worth of a contlnuous future amount is the

.,v

v "'j*fQ . factor whlch will yzeld a cont;nuous future amount at ‘a f;xed

’v U " a . “..
S L B o o : RPN
Co ,A}F B K-EXP(-TIME KﬁLOGN(1+IvT)) .o

- K e = ’l -':,' S :' R '_,-’ R

" 45 53 Puture wOrth\pf a Continuous Annuxty (FNC)




‘ of return over a given perlod of tlme.

, T

’ ' Lt . , . 8 ’ K
-interest over a fixed period of, time. = 7
A FHC.K=(EXP (TIME.K*LOGN (1+INT))-1)/1uT NN

4 54 Present Worth of a Cont;nuoua Annulty (FNE)'

The present worth of a continuous annulty is the factor

“.

bj whlch a’ continuous annuity w111 accumulateuat a given réte~,‘*

Tt

the factor whlch will 'ylelq anfvannulty for a contlnuous

.\!




XS

' " ¥*LITT.K/JAY.K))*FIA.K)/

|
|
"~ A PMULK=FNK.K*({2+FI.K=((CCA/(CCAWQNTT. )} ‘ |
i N . N .. : -
|

- Lo EXP(JAX.,K*Aswn)+_(F1A.1<-r1&<)/(F:m.k*ASLuu))'

,:‘. o .’“4' “ o ¢, PRI . ) N . ’ . ' ' . o 1&4
e . 4457. Annuity from Cost of Removal (FNI) CTh
b . . - ‘p e

} S e ‘The ' anmnty from cost of removal is the factor wh,:.ch
0 e ,7": . AN . . M . } om

N R 'will y,ield an annuity at a giVen rate of retur% over the life: e
E A R
. of an asset from t‘ne cost of removaI of plant. L SR
S F_NI z\-Fun\.x*((Hrr K-(l/(1+INTT h)) (INTT K/JAY k)
S *FIA K)/EXP(JAY x*asmu ' '
+FIA K—FI I\)/(FNK K*ASLOll))

g T 4 58 PreSent WOrth of ‘a Discrete Future Amount (FNN) s
) f o 'I‘he present worth of a discrete future amount is the,,‘
’ i factor which, Will yieid a discrete amount at a given rate of,‘ _ l
S S areturn over a given ‘period of time. ' _ o ey . e
R L - ) , \ Y e R

- . AT . . . ‘“ * - . ,- . ‘. ! ' C - < ‘v.‘ " “‘ ' N "'.:' :x

A FNN.KsFNB.K*INTT.K/JAY.K * ~  ° ‘ L

4 59 Annuity frqm a‘ContJ.nuous Present Amount (FNK) ’ R C

/ .

The annuity from _a continuous present ?mount ‘is the.";‘ SR

factoxf- required to produce aﬂ- annuity from a present axhount.’j:“'.":- -
A at a given rate of return over a given period of time., 4 ’L ]
o AR A FUK. K-(JAY*EKP(JAY K*Aswnn ,.-‘.f_-,‘;j-"g,-:"‘ P

_./(((EXP(JAY K*ASLEJII)))-I))

RN
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- 4.60 Contlnuous Cost of Equlty Capital (JAY)

.. The contlnuous cost of equity capital 15 the effective

.rate 6f return requ;red to raise equlty capital, ’

- +
i - . . - .

|~ A JAY.K=LOGN{1#INT) ‘

. . N
. [

4 61 Contlnuous Cost of Debt Capltal (JAYD) :QA.; 'ﬁ"j|;wqjﬁl -

S

“The contlnuous cost of }gbt capztal 15 the effectheij;ﬁ‘
' R .- l‘K_\,‘ PR '

rate of return requlredlto ralse debt finanq1ng,;  Jff‘-iiﬁ-& "

A JAYD.K=LOGN (1+INTD) = .= -.- _

_Thé; 1ncome tax factor 1is the factor hrequlred tof‘

determlne the lncome tam, cost assoc;ated w1th a capital_.

asset. It 15 ‘a functxon of the rate of returnq corporatef

I - . < LR

EBCQme-tax’ratefand the dgbt tatlo; el
N . \~ P . ) . M '_. . . A "‘ ) R y . A L ) , o
A FL.K=(TAX/(1-TAX))*(1-RATIO¥(JAYD.K/JAY.K))
4» o 3 . s . ’ . ‘ *. “ . ", - A [

4 63 Effectlve Income Tax Factor (FIA) [“c'}f}l] ”j“kf_;Q
5ﬁ%“5 The effective income tax factor is the tax rate taking

_,',.

into account the corporate tax r@te ,and the income tax

factor.i




o 4.66 Present horth of Analog alne Capxtal Costs (ANCGPF) '7, /

P

' cash flous assoclated wlth analog line extensions.,?

et : o LY
. v - u . - ’ “ . . .
g o W N . A ; - e N . : R : ' M N
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4.64 Effective Interest Rate including Inflation (Izi'r'r)’ - o
= . The effective 1nterest rate ‘is the interest rate taning
. into account the rate of return on capital and the 1nflatJ.on
e . . ! . . .
' rate. o N S Lo '
i ' ' el T : T . .
ok A I I\~(L.T I'sITF)/(1+INTF) o =
o T . 2 o
l,':i‘.' “.' N . . U - ' L R . i v’ ) : . .; . '- ‘.-' ‘,1‘:._" - "‘ . : .
A 4. 65 Capltal and Incone Tax Factor (CAPT.(.I) e e SRR |
o ' The caortal and income tax factor g:LVes the annu:.ty of "
‘ ' the capltal and 1ncome tax cash flows‘f takmg J.nto account - '
) salvagq and cost of removal.» . ) : T
% A CAPTXLl:K=(FHG K=SALV*FN.. . L+REMOV.*FNI K)*FNB.K ~

IThe present worth o,f analog‘ llne cap:.tal costs .LS t'he

x

present wort‘n of t;\e anﬁnu:.ty of t‘ne cap:.tal and income tax .'.'

. i . -
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7 A AICDHS K=CAPTXL . KYDHSCST K -

" <A ANCBLDVR=CAPTX2 . K*BLDCST K/ FUK2 . K

73

A ANCRLM.K=CAPTXl.K*RLHCST.K ) [

4.08 Present Worth of Initial Dﬁ'.gita'l Capital Costs '(ﬁiCDi»lS)

‘The présent worth of dlgltal capital oost‘s' ',is, the

). present worth of the annuity of 91e capital and income tax
cash flowa assocz.ated w:Lth the Lm.tz.al dlg.ttal sw:.tch. S i‘ ’

* U
.

present worth of the annuity of the capltal and income tax

cash flows for bullding space. '4 S ‘ ‘

\' .
. . . - - . . f

4 7J Present WOrth of Trunk Capltal COsts (ANCTRI{) ‘

r .".
s )'~

The present worth of trunk cap:.tal costs J.S t.he present

for trunks- PV

¢
vy
)

- worth of the annu:.ty of the capital and 1ncome tax cash flows ‘

PN




4 74 . T

N\
, . ¢ ;
"A ANCFAX.K=CAPTX3.K*FAXCST ~K/FNK3.K ;

! ! N . . .
'4.72'Pre'sen't VJorth of Analcg Get Started Capital
Costs (AuTCGSC) o . o o L
- 'I‘he present worth of analog get started costs is ‘the' .

present worth of the annulty of the capital and J.ncome "-"ts}é-'

L . * ' . X L . S . .

f e cas‘n flows for analog ge“t started costs. e I
N -~ “A ANCGSC.K=CAPTX1.K*DHSGSC K/Fn?l(l\ T IR IE S ¢
R R I ; SR _‘_.{ Pl o T f

4 73 Present worth of .atartup Software Costs (AuM OI") B

R ' he present worth of startup software costs isthe . i

. present worth ‘of the annu:.ty of the capital and :anone tsx .
S j-.- o cash flows for d1gital sthch software.. . “ :,’“" '
L U7 K AKMSOF ,KEDMSSOF . K*  FNB K= (TAX*ENN. K/ (1+INTT.K)), R

, 4 74L Present \Jorth of Dig:.tal Extensxon uxpense - ';.'.'—.‘;‘.'

T PR Costs (AHEDus) ‘ s : B '.;:. | |
i The present wort‘h of dicital extension expenses is the "
".‘ff~"é£ésent worth of' the annu:.ty Of the expense and income tax

v ;"' ‘_,‘ ‘ cash flows for digxta.l extenaions, 4 o : i

Lot
. 3
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. -{.wort'h of ,the annu:.ty of the ma:.ntenance and lncone tax flows

o ..»..L._M“»ql«,.-mﬁ__..__m e ias s S g = s |

-

. ;’A mmons K-Dusus'r K*(FHB K—'"Ax*F:m 1'/ (%+1 \’TT 1\))

: 4 7o Present Uorth of RLH Iua:.ntenance (A_.HRLH)

’,4 77 Present Worth. of D;LgJ.tal Lx.ne Malntenance (AI;MDAS)

'4 78 Present \Iorth of Bu.tldlng tlaintenance ("'MBLD)

75

- <

. 4.75 Present Yjorth of Analog Line l\laintenance (:ﬁif-lGPE‘) B
The présent worth of analog l:.ne na‘J.ntenance is the’
.present worth of the annulty of the na:.ntenance and J.ncone

tax cash flows assoc1ated with the. maintenance: of,anelog

" ~e

lines.

P . - 2l

A mmcpr l’-—GPFM..:T I\*(F'JB -TAx*Fm:. (LHINTT.K) )

L

The present worth of RLM mamtenancg “is the present~ L

worth of the 'anm.uty of the malntenance and 1ncone tax cash

1

flows assoc1ated with the nalntenance of RL!:s.
Jo
A ANNRLIS | K=RLMIST . K* (Ft: =TAXFFLIK/ (14I8TT.K) )

A

"The - present worth of dlgital line ma:.ntenance is the
"’present worth of the annu:.ty of the mamtenance and 1ncome

'tax cash flows assoc.tated with the smamtenance of dxgltal

't. .'v ‘., f

. . v . . - [
. . - 3 R L R e,
. N r." Lo S L e e i 1 R

""'.;‘ ~

\ .

.‘The present worth of bulldlng ma:.ntenance 15 the preSent
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A ALMBLD .E=BLDIST.K* (F&B, K=TAX*FNE K/ ( 14+INTT-K)) .
? - ‘\ :
4,79 Present Worth of Trunk Halntenance (A.zMTRl\)
The present worth of trunk maintenance 1s the present f{?

worth of the annu;.ty of the malntenance and mcome tax cash i

flows assoc;.ated thh the max‘ntenance o:E trunks.;__:»

" A AUMTRE K=TRKHST &% ( FiiB. K=TAX*FLi K/ (L4INTE K)o 7w 70 0
. ‘! - ) ‘ L "_~ * ,’ “. .' s ‘ ’ G A- . . i ».“‘ .,I‘ v « .. : . -."
3 & : ; e i ’ !> .A-. . ' .."‘A-‘ ' ~4' . : - ,:- ' e : .' “' ..ll . . . v
s v o ' ' LLema S .-' e L !
: 4 8o Present tlorth of Fac:.llty Malntenance (ILIHFAX) L
A { t L 11 . - »
.-i e The present worth of ﬁacillty malntenance is the present
' worth of the annulty of the rna1ntenance and 1ncome tax cash
i . . - . . R
v . flows assoc:.ated wJ.tb the namtenanee of fac.xlltles.-- - R
. K ! . )
ol v :
1o =

‘ 4 81 Total PreSent Worth of Analog-'uxne Charges (TANGPF)

The total present worth of analog l:me charges f:Ls the

, €

total of the present worths of analog lme extensxon capital

and ma:.ntenance costs. . f-"-, o L e e










vy o ]

re

- A

T

. h:.s plan. ; -'\.::f

CHAPTER 5 SIMULATION AND ANALYSIS OF o T

A LOCAL PLANNING NETWORK '~ L

el

5.1 IiJTRODiJCTioN- . : -
L 'I‘h:.s model of a lqcai‘planning netwdrk allO\{cs t}'.let

"planner to _' simdla’te' -Varibus‘ ' network sw.ttchlng conflg-

'l

uratlona. Tms 15 an extrenely valuable tool wh:.c‘n enables

the planner to test, the 'effects that dlfferent conf:.g-

+

e N

uratlons, costs, txmn.ng, J.nterest ra.tes etc. haVe on the

dlfferent plannlng scenarlos'.‘ :
_‘.__\' . ‘~.r~A,'

.experlnental laboratory envn‘onment permlts the review of

{,
many s:.tuatians wh:.ch cannot reasonably be performed manually

5

vand most certamly cannot ~be duplicated 1n real lz.fe for :

-

evaluatJ.Ve purposes. ‘ . S T e

Thl.s techmque can "not - only be used for evaluat:mg

F
N

varxoUs alternat:.ves, but “éa also be- used ‘,'&,'9" test

Lnterrelatmnshlps and mter-dependenc:.es between variables.‘

o < )
Once the planner gams an apprec:.ab}pn- of the varmus

rglatlonshlps, he can devote nore attentlon to the cr%tlcal

. lnterrelatlonshlps and test how sxgnlflcantly they can affect \,

s M I

S
Tl

<

Havulg eetablished the interrelat;onshxps and depend-«.;,”

o ‘.. ‘e, iR -'w‘

- . EW AN

The use of the conputer J.n an o

enc:.es descr:.bed by the equatxons :.n the prev1ous chapter, o
”the next step in the develogment




3
§
:

PR e e e PSR R

later. First a short explanation will be provided of _the-

different types of simulations to be performed.

els'eWher'e.' These are but some of the issues wh:l.ch may be

< hs

in the Val‘-dity of the costing irrformation exists. since S
costing informet,ior; is sometimes not rel;:Lable,,va!;-y:l_“g L
L .the cost inputs may be“ useful to testvthe sens:.t:.vn.ty of .f, ‘
! li ) the preferred plan(s) to unexPected lnc!reas;es :Ln cests m : .
:’ ; . ’“ft.'iture years. S ok ' .:-:,."' ‘:' :» - o
: 3 Growth Anale:.s 1

S:.mulations of this nature ere useful when uncertainity T

8a .

F . S -

1. Network Configurations

The most useful feature of this model is its ability
to configure .and examine various sw%tching arrangemente.
Thls-: type of | sxmulation :: exaru.nes t effects "‘of;'i

rearranging the network from bot‘h a phys:.cal and a tJ.mJ.ng

a""‘ Sry - l ,u‘ -
pomt of v:.ew. Examples of this wouldr/,%e the decis:.on tol

cohvert Office #Gl to a digital office' ol or to make 1t"a

e W

remote office homing i

digital switc’h loc ated

addressed by simulating different netw::rk configurations. ’
2. COSt Analysis : N ‘ :
, The model can also be used to mvestigate tpe* J.mpact\ I

o the preferrred plans: bY'SQnSltlZlng capligi "‘f:ef}d

.

mamtenance' , coste -a,ls_; well as economic parameters.

¥ -

. '_.“

i Growth sgmlations* are %wsed on ~growth ﬁarOJectJ.ons e )




AN

‘ determined from '," 'th*e o simulation tf‘*-off"j-‘ Various : network

-ionce the extremes :Ln cost and growth variations are examined._

Stk e e e

81

which are the best . that can. be .obtained :to'; suit the
pl'ar‘mer‘s needs." Accufate groivt}i\'-' proé‘;e\ctio‘ns a,i}e_
‘ extremely 1mportant to the s:imulation, ahd ‘it ‘J'.s critical
' that care be. ta::en in, assessing the quality of the-. growth
data before embarking on long . and mvolved s:.mulatons.

Hav:Lng selected the best available data, the pianner may:

.

L

'I‘he s:.mulation of configuration,‘ cost and growth are :

:‘unfortunately not mutually excl\Jsive.k The preferred plan\

"

o

i

configurations, _ for example, might not be the e optimum plan

. A.*

-:Indeed in order' o, test .all possible. co:nbinations_of various

!1 R

'.configurations, costs and growths, an inordinate amount of

LR .-\n DR

. " planning and compute: resources would be -required.,_. Because-“

\ K

“;.this approach is neither feasible nor practical. planni,ng

\\

Stlll J.dentify uncerd;ainities m the growth prpjections

R
L
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comnun:.ties._' Thé telephone sw:.tclu.ng requlrements of th:l.s
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an aré prov:.ded by the seven central offices 1J.ated below.
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, S The above lnltla’l values wi;.l be used for the status quo T

=,;simulation of the loca.‘L network.' In. order to set up/ the model

'_‘for further s:.mulatJ.OnS, only the abOVe equat:.ons have to be

3

"".changed.l -When a particular locai network -1s -under’ study, all

o of the lnltlal values for costmg, financial and forecast:mg
i.w:.l]. normally be held t'onstant. Thls would “be expected, of

-' "course, s:.nce these variables are usually fJ.xed because of

external -constraints. In order to assess different network

',' strategies, only the d:.g:l.tal replacement and RLM 1ogic1

:.equations will have to be changed to reflect the different

"A;'network strategies. Many d:.fferent configurations may be }

‘.

",t‘nerefore tested by making smafl changes_:.n the computer’.

‘~.program.- DY\IAMO a110ws the user to do th.'Ls convenlently

.;permltting changes in rerun cpt10ns.~ - T R

e,

_~“»

"interest rates, etc., the network configuration could be held

constant and the sens:.t:.v:.ty qf the plan would be tested by

o vary.mg the cost and interest factors._ ' e {- ‘, ’.'*'

5 4 s'm'rus Quo. SIMULATIOH IR _E:t_‘ e ;._

Using the constants defined in. the prev:.ous section. an*

: (.::,

If :|.t is des:.red to test the effects of ranges in costs,“.:_,.'-

LR,

.7‘
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' dpitial = slmulatlon \«fae performed " for  the sta"t'u's que -
o situa-tion. In practically ll s:.mulation 5 stud'ie:s'v, at is -
Ades:.rable to szm—ulate the situation ~as it exists .mit:Lally.

w'-In :thxs 'particular case,j the status quo simulat:.on Serves SR

[ -

: only as a reference pomt, because :|.t is very unllkelj that .

P

".'.,‘over the course of the study period the network extensmns
and conflgurations : will - remain static. : The status quo-l
""-: scenarib xs therefore not: a- reallstvz.c canda.date for further'
‘<'ﬂccn51deratlon rélat:.ve to sone of the other alternatives that
'-.'4w1ll be rev1ewed._ The old analog .;xs equipnent, used J.n the |

'.status quo scenar:.o, cannot proV:.de the ‘ ma.xntenancé Aand',j"

»

C s.ervn.ce features that nodern dJ.gital equipment can prov:.de.

) I.n add:Lt:.on, S‘(S equ:.pment is. becomlng d:.ffxcult to obta:.n IE ° o

'I‘he status quo Sltuatlon establ::.shes the framework. ﬁor"

and many manufacturers haVe ceased :LtS product:.on. - -"

[
v

',_,.other slmulations. and. Wlll act as ca benchmark f'.‘_or:‘ other""

-‘-.smulatlon runs. i_'..T.he. complete computer przntout for the

.

) status quc 51tuat10n is: g:Lven J.n Append:.x C As can be seenfﬂ".-
kS ffrom these data, the PWAC for th:.a alternat:.ve 15 fairly low.-'“
. ""for‘ ~a 2l year study at approxlmately $l 7 m;l.lllon. The_y_nv

: ..‘factors that tend to keep the present worth of . annual c‘hargesf "

‘\4.‘

-'.‘ 1ow are that no plant ls replaced J.n t‘he study pericd, and-_"
' that t'he unJ.t cost of analog ‘sw:.tchmg equipment ‘is low.'
o ..relative to digital equ:.pment.l The current prJ.ce for sxs. L ;

.equipm\ént 15 approxlmately $80E per line,‘ whereas the study.,.

Vv

'has assumed La cost of :szw .per 1J.ne._ This,:.s justifxed

"4.,bec‘ause - was’ ‘assumed Ehat . reused st salvaged from §XS . ..
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.;',lo<:ated in Caroonear. in Year 2 to replace the ?existing
3'_§analog %witch, and that all growth in the othzar locations

_i)be brov:.ded by remote line modules : upon exhaust of the.

are found in Appendix D. e / 3
Alternative 3. (Carbonear Replaée) - "f?f-

';j._", 'rhis alternative proposes that a digl,tal switch be,.'x‘-:.'.

“‘-"other locationa be replaced by remote 1:|.ne units upon-:_._-

exhaust of t‘he analog equipmen,t.i Computer printouts for -

' '.f,the exception that the digital sw:.tch is placed in Bay

-analog equipment. Computer printouts for thi’s s:.mulata.on

,‘located in Carbonear in Year» 2 to replace‘ the existing"
'.‘janalog switch, and that analog switching machines in all
V "this simulation are found ih Appendlx E
. Alternative 4 (Bay Roberts Overlay)

"j'Roberts and not Carbonear.v COmputer printouts : for this
"'simulation are found in Appendix F

"‘,‘ Alternative Q (Bay Roberts Replace)

- I - : . fe L4 ':. i oo
) . .93 g . IR
I oy - .
Alternative 2 (Carbonear Overlay) : } ‘~‘5f' !
This alternative prgposes that a digital switch bu

.a .

<

I

‘.'. ,'.' ’

-~,‘ .
i : L [N e 1

'I'his alternative is the same as Alternative 2 with
'1' ;

s
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'I‘his alternative is s:Lm:.lar to Algernative ,3 w:.th/

the exception t:hat the d-'l-<.?J:|-1:a1 switch is installed in Bay -
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Roberts rat‘her than Carbonear.: COmputer ® printouts for
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(Year 3) provui:.ng growth to the other locat:Lons by meansi

BRI of RLMS":. ,he Lo&:er Island COVe and w’estern uay n.LMS

’ w111 ,'e served by the Carbdnear dig:.tal swztch and the

L.ew »ha bour, Brlgus and Upper Island Cove R.Ltls w:.ll be'""'

. “this simalation are Found in Appendix-G. . - 7T R
RN Alternatlve 6 (Bay Roberts/Carbonear 0verlay) - . ‘ Y
. : Thls alternat;.ve proposes ‘t‘hat d:..gital switc‘hes be. .
T, placed in both Carbonear = (Year 2) ~‘and' ,' Bay nobertsﬁ
- g R £
' SerVed 'by the Bay Roberts . switch. 'I‘he RLI\. w:Lll ‘be T}
:Lnstalled upon ex‘haust of the analog equ:.pment. Conputer'_hlli%':—"j
o prlntouts for th1s s:.mulat:.on are found in Appendlx h.

: Alternat:.ve 7 (Bay Ro‘berts/Carbonear Replace)

o e .Tnis' alternatn.ve is 31m.lar to nlternatlve -6 ‘.iiié-h~"' .

the _exceptlon- that Bngus, Upper Island cOve, Lower_:"'“

- replaced by RLMS., Comput:er pnntouts for thJ.s s:Lmulation" I
are found 1n Appendlx I. »

Alternat:l.ve 8 (All D:Lgital Replace)

‘I‘hls ",Vscenano proposes that d:.glt;al swltehes '_e:‘-_"’
:.nsta',fl_e'd'_ :1n all 1ocat10ns according to the follo\u. g

sched'nl'e.: L

e -“,‘ v
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A S - " i .
L - - -
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Island Cove, Luew llarbour and Western Bay w111 be totally, :
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'"Locat:.on - T+ i Year

CarbOnear S R o 3

. . . -Bay Roberts : RN .-  3 o | {_
. o priguay L S e | :
'.4: oy New Harbour o ‘;' - . 5,
\ N ‘ Upp.elr I‘s‘la\nd cOve B S ':“_ 4.
- . - R Lower In\.].é-r;d'."';';éve: S 3
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For s t,hJ.s s:.mulat:.on, : the ', Carbonear switch '\v»_las.' -

Lk .—repta—ced—wlth a dlgxtal sm.i'.ch_ in Year 2. Day P°berts in ‘ L

Year 3 and t‘ne, ) rema:.nmg offices t thew_tlme,qf -~ the ", .
‘:, ,."'; . -‘exhaust of t.he ex:.sting analog equ:.pment. | A |
| Computer prlntouts for thlB s;mulat;.on are found in z
_ : Appendix J. Tl '_ SRR - S .
. ‘ 'I‘he -féb.e've. .al::ernatlvee ~are ‘the broad 'fund.arnent'alA o
alterna!tlves for study. w:.thin each a],ternat:.ve, the oth.mum. .

- fg‘f . .
tJ.m:Lng of 1nsta11atlons should . be determinec‘l,. ‘ana, i"n

It may be des:.rable, for instance. to install g R

'.an '{LM for growth 1n1t1ally, and at some later date replace_. R

.'the existlng analog equlpment. The number of var:.ations is’

Aend;e'ss and sk:.ll is required ‘on the planner s’ part to'

-':d‘et'ermihejwhich slmulations are mean:mgful to his study.
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) "‘he 1nst>a11atloagof seven digital swrtcbes (Alternatlve' #8) .
can, also be 1mme“d1ately disru.ssed because-’th:.s alternatlve R

§xas the hzghest cost.,‘._. B ?:'__" f:‘ L

:Ln contentlon. It should be r‘soted that the opt:.ons 1nvolv1ng N

requlrenent for analog plant replacement. These,,al.te‘rna-tlves
,may stlll’ be candldateS‘lfdr further evalu'a'ti'on‘.-if‘.it- 'is':_‘

"'" determ:.ned that fot technlcal or other reasons lt may be

. . ) " .
—~ . C oy . .
' A e . Lot

6.2 ""‘UDY RESU‘ 'I‘S . - L. '///.-/
. , . ' i b /
A lastlng of the ‘summary of PVIAC results of the varlousl : S

ur‘.ulatxons .‘LS glven :.n Table 2. As can be seen. fron tlus \ L
sunmary, the least cos't opt:.on 1s the status quo plan, whlch

2 v’ .;

’“h e

The scen&rlos 1nvolv1ng the J.nstallat;on of two dlgltal

z

sw.rtches (Alternatlves 6 and 7) have Pwnc s: apprOximately 35%

e
i

hlgher than the plans prop051ng a- 51ngle dlg:.tal sw1tch. A

Y
difference of thls size is unllxely to be caused by the

9.

2
conflguratlon chOSen or by a change 1n any of the growth or

-\l . ' . .“U . .
cost factors., Consequently, ‘these two alternat:.ves _may be IR

¥

1nmed1ately diSmlssed as serlous contenders 1n thls study

.

“
L. » -

‘”*s a’ result, four se;':.ous plannlng alternat:.ves renaln- : o

C. . . CY o9t

it [ . "--t-a.- . : I

replacement of the smaller offlces (AternatJ.Ves 3 and 5) are o
o I

Ty

aoproxlmately 25“ ‘hig‘her than the overILay. 0pt10ns. 'I‘hese

. > . . ' ,~ -

plans are nore costly of cburse because of the 1arger caylta"l IRU
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appro,pn.ate to ret:.re -~certa1n analog%ﬁflces early.. For the a :
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purposes of this study, however, Alternatives 3.and 5‘will be '

discarded. , . .

-
Lo

S (Alternatives, 2 and 4) is less thap 2u,, whlch is nOﬁaﬂ‘

e o 1 - o '.,-

srgnlflcant con51der1ng the accuracy of the input data. For

L most long range plannrng.studres, the rule of thumb_rs'that a

.ff]“ S dlfference 1n PWAC of less than -5“ I;s _not a 51gn1f1cant
: '&ﬁfgfm . dlfference between alternatlves.tﬁfi i o y

. "

.

T, 6.3 ::userVINY AAALYQIQ_ e L I fl“fg

P

o vshoulu be performed Partlcular attention- should be glven to

P The . dlfference het@een‘,-the prlme . .contendexs

L o sensitive to any of the‘varrables, addltlonal computer anS £

In order to - deternlne whether Alternatlves 2 and "4 are'

-

":ﬁ_'j .,‘«.' those varlabies whlch _are questlonable or gre subject to

.change. Uhen the Present Worth ofyhnnual Charges are verj.' ;
‘ srmrlar, fhe plannlng alternatiVes should be tested for :;

)l;i E o ‘niarions ;ranges of costs,- interest rates, growth rates and' :

;{i  'Af;ﬂ 'vrhangesnln tlnang, to determlne whether any change.ln theseu _;
f o : _*",‘-‘varlables will affect the relatrve dlfference between the _ o
,f : WAG-s of the.contendrng‘alternatlvesa.“l“ . B e

‘. : . . “oo . - ,
‘ For study purposes, 1t was assumed that an 1ncrease 1n ?offf

“ the cost of RLMS’ mlght affect the relatlve outcomes of the

,yff contendlng alternatrves. COmplete cdmputer prlntouts for a
l”lﬂﬂ” RLM cost 1ncrease sinulatlon for Alternatrves 2 and 4 1s
'Tiiﬂgaven in, Appendrx K and L., L
To demonstrate 'how the model 1s od1f1ed to perform '1
*srnulatlons, the. followlng var1a51es were changed 1n conputer '
. .. . 5 : .‘..: . . : R . -
J L " ..‘-V ..' .
) X ’ 3 ) 'l. f 3 > 1] . -
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It can be seen from t‘ne above that although the relative N
Tooe e T y ) o
AR C ot
R T - P*JAC of the tuo contendlng pl.,ans reverse when tlhe cost of R.ull
- s ,.3w llnes Ls increased by l’U%.‘the alternatlves are Stlll not o S
T .- S

~,,‘«.:' ' slgnlflcantly dlfferent for long range plann:.ng purposes.': ) f

W B

have a S“'~difference between the:.r PWAC s for the severalf..'i:f"”

n

) sens;Ltlzat;Lon“s

‘..

“:: underllnes the fact that a: sxmulat:mn nodel J.s only a, 'tool at':'f

‘,-.- - Y v

- Loy s ~the planners " dispooal. ,; and although 1\1\: _ serves .'“a'. useful ;-' ‘ ‘14,,‘1.'} S

y purpose J.n eluunat:.ng many alternat:.ves,'\

.the (planner st:l.]:’l", "

’_".'Q'has a Slgnlflcant ‘role to play 1n"assesslng those factors
;_I:',.::}; ::{ wh:.ch c‘annot be assessed quant:.tat:.vely..\_.‘_"'Z:":‘.'.';‘;"'7-‘.;""-‘_.
ff?ff;-f;%k_jhwfiin‘ For the plannlhg area under studj,‘theﬂloWQgg cost plan;l'?ﬁ;:*"
A i _"‘ ln;aolve the 1nst&llat10n"of a s.Lngle dioital sw1tch at e:.ther | )
Carbon‘ear—or Bay ,Robetts. ’I‘he costs marg;mally favour Bay
o Roberts, but ';L as ‘.,ﬁpreva.ously ?mentloned' this ‘. 1'5_;‘1 not
.slgnlflcan‘t.‘; What 15 worthy of note‘ls.’lthat faz.rly large

4.,’

'analog p' aht. The corollary from th;Ls } that once the

.....

"s-' conflgured for a sxngle’digltal sw:.tch, what'

'.l .\ |
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Unit costlng- was

- \." -',

program‘ coatSu

‘been necessaryﬁto greatly anrease the 51ze of the nwdel._o

’fslnce the purpose of the nwdel was for 1ong range studles.

-ﬁ the unlt costxng approach was -conszdered suff;c;ent for

o ‘4
at " -\ )

ffcoﬁparaﬁ"" costlng.\ The result of thls,

of course,

;plannlng ana1y31s. Dynamicf

4 LT

" of computer tlme would requlre man-days of effort usmng

u“-?In assessing the introductlon of

digxtal t chnology,: the5 mod l deVeloped“‘herein meets. moat

1nstead of._

the- bostlng"l*x

Ls that ﬁl”
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" WIll snfflce for most applzcatlons.u
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_Tinvolving flows, of rinformatlon.

people and equxément.‘The concept of tlme delays and changes

;probiems when develop;ng models whlch jdo not exten51vely
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. OVERVIEW of COMPUTER PRINTOUTS

o or v e v K 0n % e dee

’I‘he computer printouts in the following appendices were

.

generated”by Mini—Dynamo, a. m.nicomputer vers;.on of DYLAMO._,

The s:l.mulat:l.ons were performed on the Memori)al Un:Lvers:Lty of '
- ) ’Newfoundland PDP ll/70 RSTS/E computing facility The actual} E
I e ,_computer prog;ram for .the follow:.ng simulations was given ih
if j “":‘.";appmpriate, however, to elaborate on' the co’r;puter“‘printouts,';i'.--:":I"'
. It ca be observed from the prlntouts that h
N ., - :,"Mini-Dynano output J.S in the form of- a table, wg.th the output,v Q
:,\ variables occupying the-- cplumns and the tine var:.ahle th\ef_"".f -
‘J""'rows. This 1s the only type of tabular output available \'lth e
'Minl-Dyxi‘amop :):;' : ' ' ’
’ S - For the majority of var:.ables, the interpretation of the i '
e Output ‘reports is etraLghtforward. For"instance,, the mam‘; :
_E & ‘ilr‘”;station growth (GPFﬂl) durlng tlTe period 5 lS, found by ?;i?i;;}i
: S H"reading under the GPFﬂl column for t:Lme period 5 '..-: :
* ';"l ;‘;’\ o For the ‘prese’nt worth var;.ables, such as ANCGPF,‘close B
ey {,~»~.,¢;’:att'ention must be glven'to the results because of thé way ‘
- e ’.: l.:that the model was set up. The logic of t‘he mdel is set up | . 3
B ":;.’,;Alsuch that the presentl, worth of anaLOg line costs,‘ “for ~ .
q _;J.-nstance,‘ is developed for‘“each of the time perlods that-an.‘_Q—l' 1 {::f"‘

T L e oL
. ,';."'expenditure fot analog lines was mcurred., For example, ‘.[1

, "".:-"'Appendix C. page 151 the value for ANCGPF for t:.me per:Lod 7

V"};o.s $4§J 433. fI‘his figure :‘hs mterpreted as the preeent worth..“.':::\' )

, e -t

: -sf-:(ie. 1p Time ﬂ). of the costs asaociated thh installing the“_""""""




ALIIv' and TAl require s:.m:.lar interpretatlon.

’ 0 v ry
' I - C 142 . y {
- . . . . . . . ) ] . . . ?
_equipment in year 7. Similarly, the equat:.on.: beginning in g
!

'I‘he PHAC output is the oné 'of most SLgnJ.f:Lcance J_n these'

[ oo,

outputs and again further explanat:.on J.S requ;x.red ’l‘he nodel

; .

J.s desrgned such that a- PWAC value is developed for all tJ.me

: - s

:~. per:.ods. The PWAC value at time perrod_.., _for J.nstance, gz.ves

Do ’

T results.z In all computer pr:.ntouts,- the value of PWnC for a

R g , r' . ‘, .,_", . [ '-.f . o Kl _-
A : twenty year study 15 most valld and all these results have B
been highlighted in the resultsr . T
S L 'I‘he var:.ab,les in the follow:.ng pr:.ntouts ‘are’ by no- nea'ls,

‘ complete. ,In the development of the model ’ many aux:.l:.a.ry

S equatlons were developed whlch ) mlght present ‘ useful e
T J.nformation for "certaln »appl.rcat:.ons. The values,,of CCS

&

For completeness, (the saime pnntouts are J.ncluded for

all scenanos. It W111 therefore be found that under certaln

perlods. An example of thJ.s would be the outputs J.nvolv1ng
- - fac:.l:.t:.es for RLM s J.n the scenar;.os where RLM 5 do not

- -",;\':-'-,»ex:n..st. i ' 'f. ’, _

developed for the determinatz.on of trunks are cases J.n po;nt.

s;.mulatlons, many of the varlables ‘are zero for all t:Lme"'
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