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ABSTRACT 

"911" is expected to become tht~ universal emergency telephone 

number throughout the United States. Numerous studies have been conducted 

and reported on the social, economic, and technical questions relating to 911 

emergency phone systems. The present report focuses on one particular 

facet of 911: the system and equipment options available or which could be 

made available, their typical cost, and their performance. This effort was 

sponsored by the Law Enforcement As sistance Administration, U. S. Depart-

ment of Justice. Specific tasks undertaken by Aerospace included technical 

analyses of 911 equipment options and synthesis of new configurations, identi-

fication and analyses of "buy-or-provide" options, statistical analyses and 

modeling of traffic, system vulnerability analyses, and assessment of response 

time. Some of the se tasks are reported in detail in this document. 

A basic problem of practically all 911 systems arises because te1e-

phone company wire boundaries often do not coincide with specific municipal 

boundaries and, consequently, there is no way to tell where the 911 calls are 

to be routed. Essentially all solutions to this problem are based on cal1ers 1 

automatic number identification (ANI) which enables selective routing. An 

alternative to selective routing is a technique, referred to in this document as 

selective answering, which is based on the idea that all 911 calls are routed 

simultaneously to the two Or .three municipalities served by a specific central 

office; and only the proper municipality answers a cal1 automatically based 

on a computer reverse directory look-up. Re1ativ<:, advantages and disadvan-

tages of selective routing and selective answering are discussed. The con-

cept of a centralized voice/data (CVD) system is also described. 

v 



The docum,ent reports on a study of problems telephone companies face 

in providing autom.atic number identification (ANI). Findings include the 
,'"l 

following: (a) approxi~nately 80 percent of all telephone subscribers presently 

tl:H'm,inate in central offices which are already equipped with ANI for accounting 

purposes 1 (b) central offices which do not now have ANI are in low population 

areas where ANI and selective routing of 911 calls is not a pressing need, and 

(c) ANI could be provided to public safety answering points fairly easily and 

at relatively 'modest costs. 
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SUM:MARY 

The Aerospace Corporation has provided technical consultant services 

and guidance to the Law Enforcement Assistance Administration (LEAA) funded 

Alameda County 911 Eluergency Telephone System Study and conducted general 

studie s of 911 que stions. A principal goal of the Alalueda study is to determine 

the utility and cost effectivene s s of providing public safety answering points 

(PSAP) with selective call routing and automatic location identification (ALI) 

using automatic number identification (ANI). 

Specific tasks undertaken by Aerospace and reported on here included 

the following: 

• Technical analysis of 911 equipment options and synthesis of 

new configurations 

• Identification and analysis of "buy-or provide" options 

• Statistical analysis and modeling of traffic 

• Vulnerability analysis - false reports, security, saturation, 

catastrophies 

• Response time assessment 

The Aerospace effort resulted in several interim reports, including a 

more detailed automatic number identification (ANI) study, which are sum.

marized in this report. An alternative 911 system concept called centralized 

voice/data (CVD) system is also described. 
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L Backgrounci. The Alameda County area comprises a population of 

npproximately one million people and contains 500,000 telephone sets. The 

(~xi.ati'ng telephone plant consists of 19 central office locations in which 32 

wire c(mtcrs axe installaed. The Alameda County 911 User I s Group, together 

with th(~ 911 I'>rojcct Office at Oakland, have determined that they need 56 

t~~lcphone answerers, supported by cathode-ray tube (CRT) terminals, at 

21 locationS. 

In actuality there are only 17 municipalities and/or service centers; 

however, several of these municipalities have mUltiple terminals. For 

cxnmplc, Oakland Police Department is proposing to install eight CRT 

tCl'l'Y'l.inals and their Fire Department (at another location) requires two more. 

'rho anticipated county-wide 9 if emergency telephone traffic is e sti-

l1:1ated at approximately 3, 000 calls per day, and about 250 to 300 of these 

(~il118 al'(~ expected to occur during the busiest hour. Consequently, on the 

nvcl'ngc one would expect about five to six emergency calls per CRT terminal 

pCl' hom' cl\l:t'ing the busy hour. Each call lasts about a minute and consequently 

(). typical tCl'minal sees fairly light incom.ing traffic loads.' 

The so .. cnllt~d advanced 91i system is baSically designed to provide the 

following t1n'co progressive levels of sophistication: 

• Sch~ctive routing of calls 

• A\ltornatic location identification (ALI) 

• Optional supplelnentary dispatch support data (SDSD) 

All of these levels require that the existing telephone equipment provide the 

eallel." S lHUllhel' uutornatically. 
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When a citizen picks up his phone and dials a number, his call goes 

directly -to the nearest central office which routes his call directly to the 

called person, or indirectly via other central offices, on the basis of the 

number dialed by the caller. For accounting and billing purposes, as well 

as for other services (e. g., for supervisory telephone operators) the tele

phone company needs to know the caller' s number. Years ago they would 

simply do this by asking the caller for his number; today automatic number 

identification (ANI) is performed at most locations. Automatic number 

identification (ANI) information is vital to 911 system s providing such fea

tures as selective routing and automatic location identification (ALI). We 

should notel:lowever that in areas in which only selective routing is desired, 

the routing of the call could be done in a bulk fashion by using only the first 

three or four digits of the caller ' s number, consequently maintaining 

caller anonymity in most cases; the exceptions are those citizens living 

directly on the boundary of municipalities and telephone wire service areas. 

In the present instance the advanced systems that are being inve stigated could 

provide all three levels of sophistication de scribed earlier in this section 

and, consequently, all the digits in the caller I s number (full ANI) are 

required. 

Among the thost important factors in the system de sign problem are 

reliability, user privacy, cost, and compatibility with existing communica

tions equipment and procedures. We will discus s a few of the se points 

in the following narrative. 

xix 



in1ltr{'otmg iM;t that, .cor Ala,meda County at least, the number of telephone 

hIHH~ ~n{i J.HttwtH'ing atatione requi.red is governed more by the nature of the 

('~i6Hn1~ tt<lflphune ayutenl and public safety offices than it is by traffic 

t"t1widN>.~"hlml'h I~;8timfl.te8 were made of the ntunber of answering points 

t'mpH ('Nt to Vl'ovid(~ bUllY signal probabilities as a function of call volume rate 

int' tltU!.l 1.wiing ',0 f.1('('onda on the average. To provide a grade of service 

ywltHn~~ It'tttt than O. 1 porcent Pl'OhilbiHty of a busy signal for the entire 

nmnty \I"wild (optinmlly) l"Nluil'c from 12 to 15 call answering stations and 

IH't.'h':!{HI t\f.'1.( (' thiH numbHt' of litl(~s to enable call transfers. 

A ( out tHudy \Ih,I./3 nhl.(h~ to estimate the necessary number of phone 

prindp;d u,ntlw(ll'ing points in Alulncc1a County. From a pl"actical standpoint 

H H'I. t'ntwlut1t~(l thah 

• Ahtlut 65 to 70 ph{mcl Hnes w()uldbe adequate. 

• T1H" aut'ornaUc location idontification (ALI) computer should 

hp It1{'lltNl in Oukland. 

• P~l·lmpt. n aN~ondn.ry phone line concentrating device should 

tw hH'tltNI in tlw southern, pt:l.l't ot the county. 

~* Autmm"th~ l)umht·t' td(mti!ie~\tion (AN!) availability and cost. A careful 
t'tj\.~t::~h·""i'-.;:;'+~t""",'r.''''t:l::,,'r;e,~i.'..,..::~'¢".t;t~;\~,~,,,,,,,,, _'"'_,.._..,~_~,..._, _IT .... ,_ ....... _.:..-_.:..-_____ ..:.-___ _ 

tH\Hi'l W',l~ ~ll..Eh~ pN,<J(H4mNl to d(\tc t'rl1ine the nature of l:he problems involved 

~m tht\ p.Ht ul tlH~ t~lf.'plH.:nH' lJt)mp~\tly to provide automatic number 

hh"utUintthm {ANI)t $:ine(\ AN! capability is essential to all advanced 911 



systems, The details of this study will be pre sented in Chapter IV; however, 

the following are highlights: 

• Prevalence of automatic nurnber identification (ANI). 

Approximately 80 percent of the subscriber lines which 

terminate in central offices in the United States are equipped 

with ANI for automatic mes sage accounting (AMA). ANI 

is not available to certain classes of service even though 

the subscriber line terminates in a central office equippped 

with ANI (e. g., certain private automatic branch exchange (PABX) 

installations and coin telephones), ANI equipment is 

available for all major types of central office equipment 

in use today. Stand-alone systems are available for 

adding ANI to older panels, 

• Automatic number identification (ANI) for 911. ANI can be 

provided with 911 calls using techniques and equipment 

identical to that which is used today to provide ANI for 

automatic message accounting (AMA). In offices already 

equipped with ANI for AMA, existing elements can be used 

to provide both services. The volume of ANI traffic for 911 

would be less than O. 1 percent of the current ANI traffic for 

AMA. Therefore, the addition of this function to existing 

office equipment would have a negligible effect on traffic 

loading. 
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• 

• 

• 

Cost o£ Modifications for 911 automatic number identification 

(ANl). The cost of modifications to central offices to provide 

ANI with outgoing 911 calls will range from $2700 to $5900 

per of!i-r.:e depending on the size and 'type of office. 

CO&t Versus O:££ico Size. The cost of central office 

modifi<!ations will depend principally on the num ber of 

tJ.·unl<$ required between the office and the central public 

safety answcl'ing point (PSAP). Modern automatic number 

i(hmtiIic(J,tion (ANI) systems are designed to handle multiple 

(up to 10) prefixes per office. i. e •• offices with up to 

100, 000 equipped lines. Separate trunks are not required 

for each pr(·;£ix. 

:r~{;,kp~wnc Cornpany (Tc1co)/PSAP Interfaces. A Telco-provided 

voice connection arrangement (VCA) is required at the public 

snfety answering point (PSAP). The PSAP voice switching 

and distribution system must be equipped with multifrequency 

(M1'\) Signaling and trunk supervision circuits capable of 

int('l' fncing with a1110cal central offices connected to it. 

'l'lwse intC"l'fncca are similar to those required in a Telco 

ta.ndetn oIfi.cl\ with central automatic message accounting 

(AMA), a.nd cnn be inlplcmented with equipment available 

1'1'On1 8evcl'al ma.rt\lfacturcl's. 
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• Trends. Electronic switching systems (ESS) are 

rapidly replacing older central office equipment. By the 

year 2000 virtually all central offices will be converted to 

ESSs. These system s can be arranged to provide 911 

automatic number identification (ANI) with minor program 

modifications. Automatic location identification (ALI) could 

also be provided by these systems but with some increase 

in memory. 

Recomluendations. The equipment requirements of advanced 911 

systems are unique and also involve services which presently are not 

offered or tariffed by telephone companies. The cost for such equipm.ent 

and services is not clear at this time; therefore, 

• A cost study should be initiated by the Law Enforceluent 

Assistance Administration to develop preliminary tariff 
~~ 

charges for a. leased telephone line which includes ANI. 

The study should be undertaken in cooperation with the 

Federal Communications Commission (FCC) and/ or the 

Public Utilitie s Commis sions (PUC). The study should 

include development of costs to provide updated telephone 

directory data on a daily and weekly basis for automated 

use by public safety agencies. 

):CThis service is a fundamental building block for all advanced 911 systemR and 

is a regulated service under FCC/PUC jurisdiction. 
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• All ha.rdware required for 911 implementation on an 

opera.tional. or test basis, with the exception of the leased 

line with automatic number identification (ANI), are avail-

able lrml'l a number of independent sources. 

• Tlw lJl'lW l-Cniorccmcnt Assistance Administration should 

commission preparation of a document on the subject of 

IfHeqtti:l'emcn.ts, Specifications, and Guidelines for 

PIn-chasing 91 i Equipm.ent" for use by state and municipal 

planning agencies. 

·1 

xxiv 

e e 

e;: e 
i 
I' 

I' 
I: 
11 
II 

n 

CHAPTER I. INTRODUCTION 

Implementing a 911 system involves many factors beside technical 

ones. Municipal and County Administrators, the people who must directly 

confront thes e problems, face decisions ranging from the consolidation of 

dispatching operations with neighboring communities to the interpretation of 

the need for such things as caller automatic location identification and 

related caller privacy issues. In addition, these administrators m.ust 

assess the significance of technical equipment limitations and their hnpact 

on equipment and operational options. 

Existing or pending legislation, for example, California's Assembly 

Bill 515, provides the legislative driving force for implementing 911 sys

tems. As a minimum, this legislation requires the designation of the tele

phone number 911 solely for emergency telephone communication to public 

safety answering agencies and generally dictates that this answering agency 

must respond affirmatively and rapidly. Unfortunately, preparation and 

pass age of legislation is easier to accCl'i'hplish than are the results which 

the legislation is designed to attain. 

A. Goals 

The principal goal of this study was to provide on- going technical con

sultant services and guidance to the federally sponsored Alameda County 

911 study. The general goal of this report is therefore to provide a broad 

description of the equipment and techniques which are available or which 

can be made available to public safety agencies interested in this problem. 

1 



'1'lw roport is con8~quently aimed at Municipal and County Administrators 

and th(~il' communications advisors and planners I as well as the using public 

fHlr(~Ly a.g('nci~s. Hopefully, potential equipment suppliers will also find here 

6u(£lcient d('scription of the 911 problem to enable them to review their own 

<'Cluipm,<'nt capabilities and its applicability to these problems. 

Two broad cat<>gori('s of 911 systems arc under consideration in the 

Uni.tc'd Stat('s: Basic and Advanced 911. Basic 911, which relies on manual 

l'C!l'OUtit'1g o£ calls (whC'n neces sary) received at a central location, is 

pr(ls{'ntly s(,l'ving about 25 million people in Omaha, Seattle l Denver, New 

YCH'l( City, and many other municipalities, While the Basic 911 systems 

1'11'(1 £(>1'16i1>1<' WhC'l'(l tl1<'re is a general correspondence between wire center 

fl ('rvlc(\ al'('llS and l1'lUnicipal jurisdiction areas, there are many areas which 

l'N]ub'(l ~lom<, typ<, of call l'outillg. This is provided for in the Advanced 911 

oyscc'n1 which in.eludes automatic llUmber and location identification (ANI 

m'ld A.LI), th(> subject o£ this study. 

'1'11(' Pr(1sid('nt's Office of Telecommunications Policy (OTP) is on 

rN~{n'<1 Nldorsing Basic 911. However, it, in conjunction with the Law 

En.lOl'c<'O)('nt Assistance Administration, is interested in studying the utility 

and cost-('£f(>t~tiV(>llC'SS of selectiv(;> call routing (SCR) and automatic location 

id(>nH!ication (ALI) prior to C'ndorsing use of these techniques in Advanced 911 

systC'lns. --th" [C'.clC'l'ally sponsored Alalneda County 911 study has as one of 

its n'utitt gonis th<.' cletel."mination of the cost-effectiveness of these two fea

tUl't's. II they p:l.'ove desh-able, the federal government will consider funding 

development and evaluation programs leading to the establishment of a 

standard national telephone tari££, thereby saving these expenses for the 

individual communities. While the Alameda study is involved with the social 

and operational factors as well, this study considers only the technical 

aspects of the probleln. 

In this report, the population and characteristics of Alameda County 

are used as a specific example and case application; however, the discussion 

and concepts are intended to be general and applicable to other cities in the 

United States, even though their population and make-up may differ sub

stantially. Our studies have shown that the volUlne of emergency calls is 

not significantly different ill various parts of the country and probably has 

greater seasonal than geographical variation. The make-up of telephone 

equipment and general level of public safety facilities, at least as far as the 

design of advanced 911 systems are concerned, is generally the same 

throughout the United States. 

One may accept at the outset that the main technical problem is to 

get the emergency caller in contact with the right public safety answering 

point (PSAP) in the most expeditious manner possible. Broadly speaking, 

there is one telephone for every two citizens in the United Stc.tes. Later in 

this report we will show that the cost to install a so-called advanced 911 sys

tem is in the range of $1.00 per citizen ($2.00 per phone); and the annual 

costs for operation and maintenance are probably equal or less than the 

present on-going costs. With these economics in mind, one can quickly 

dispense with technical solutions which cost substantially more than this. 
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POl' ('x<lmpl(' 1 BOrne consideration was given by other investigators 1 to the 

uSe> O[ sp(~cial signalling modules which could be installed in each telephone 

BubBcl'iht'r phon(' instrument which would automatically transmit a cod(:'ld 

1'11C'BfJagc' wh('n the digits 911 were dialed. Thus the subscriber originates 

automatic numbc'l,' idC'ntification (ANI). However, when one considers that 

thifJ apC'cia.l circuit module must be designed, built, and installed in over 

om' htrndl'C'd million t('lephullC! sets at less than $2.00 each, the economic 

{N\sibility must h; seriously questioned. 

At t','J.(' pl'('s!,lnt time the only [('asible solution is to have the telephone, 

COrnplll'ly G('ntral office <'quipment automatically ascertain the caller's 

llurnb('r. This approach is made more atb.'active when one realizes that 

most tC'le>phon(' c()mpani('s already determine a caller I s number automatically 

during toll calls [or thC' purpose of automatic messagf accounting (AMA) 

(1. ('. I CU S tOl'l"l.<" l' billing). 

'1'h" qU(\S tion which then remains is to determine what problems are 

iuvolv(·d in pl'()vicling this autolnatic llUmber identification (ANI) information 

to public: ani'(lt:y agC'ncies and to determine what equipment is required and 

t\vaUablr to th(~sC' nge>nciC's to interface with the telephone equipment. These 

poiltts al'(' (118('U88 C'd in detail in Chapter IV. 

1.('no(>d lil1C'S including ANI al'(> not a customary service offering of 

UH' t(>l<'photl(\ corllpnny, though as pointed out here there is no technical 

l'N\80l1 why this cnnnot be made available. There is, however, a question 

in th€' wlllingm\ss of telephone companies to provide this automatic number 

CUL: • 

4 

. 

identification (ANI) so that public safety agencies can utilize it to service 

their own needs. This is a question which is not addressed here. 

We have already noted that i.he volume of 911 emergency traffic 

anticipated is in the same general magnitude throughout the United States, 

but of course varies with time of day, day of the we~\k, and season. For 

E'stimating purpos es, Hill and Johnson2 suggest a call volume of 2.5 elner

gency calls pel' thousand of population per day as a typical aVl;'rage. About 

10 percent of these calls will occur during the "busy hour." Thesl;' figt.ll'es 

are supported by other investigators in Omaha and bY' 0\'l.1' own investigations 

and measurements in Oakland, Calirornia. These questions and the rdated 

equipment ilnplications will be discussed in Chapter II. 

We see now .that for a typical populated area of onE' million citizel1s, 

one could expect an emergency traffic volume of approximately 2500 calls 

per day of which approximately 250 will occur during the busiest hour. 

Consequently we would expect one emergency call every 15 seconds dul'ing 

a typical busy houl'. Obviously, an unusual catastrophe such as an earth

quake or a large aircraft accident would substantially change this traffic 

volume. Unfortunately, it appears economically impossible to provide 

communication facilities that would adequately handle all possible traffic 

conditions, including major catastrophies. On the other hand, many 

catastrophies involve considerable redundant telephone traffic (e. g., an 

airline crash) "'md in such cases one would like to minimize the number of 

redundant callers. 

5 



With knowledge of the volume of telephone traffic involved and the 

fact that the telephone company could probably provide automatic number 

information almost instantaneously, one is left with the question of deter

mining the type of system to employ to get the call to the right answerer

the right answerer in this case being the person assigned to particular 

geographic areas for specific types of service. Note that one can never 

know beforehand whether a caller is asking for police, fire, medical, or 

other em.ergency services; this can only be determined by listening to the 

caller. Obviously, provision for automatically determining the services 

needed, for- example by providing a fourth digit (e. g., 911F) could be 

implemented but, by definition, such techniques are not a consideration in 

this 91'1 study. 

B. System Concepts 

There are at least two fundamental appro~ches to getting the call to 

the right person. One technique is called selective routing and the second 

.~ elective answering. In the first, all 911 calls are routed to a single point 

where the automatic number identification (ANI) is used in a reverse tele

phone directory ,thereby yielding the caller's location and consequently 

determining where the can should be routed. In the second technique, all 

911 calls reaching a particular telephone comp(l,l)Y central, office are auto

matically and simt1.ltaneously routed to the several municipalities whose 

citizens are served by the same telephone wire center. Each municipality 

is then equipped with a device which automatically responds to the automatic 
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number identification (ANI) information accompanying the call and only the 

proper municipality answers, somewhat like a party line. Each munici-

pality is autonomous and may include any level of service [e. g., automatic 

location identification (ALI)] or none at all. More telephone lines between 

central offices and municipalities are required in the selective answering 

concept, however, the phone lines required in the s elective answering con-

cept are shorter than in selective routing and the result is that the total 

line-miles, consequently the total telephone line cost, is not significantly 

different for the two. 

A significani: advantage of the selective answering concept, since it 

has more phone lines to start with, is much greater capacity to sustain 

telephone volume overloads. A second advantage is that mutual aid can be 

provided between neighboring communities, particularly for citizens near 

the boundary of the two communities. Since this is where the telephone 

companies wire center boundaries generally overlap and where call routing 

is most important, this is an impc.~:?:tant advantage. A third advantage is 

reduced vulnerability to detrimental effects of problems in adjacent 

communities. 

The concept of selective answering is relatively unique, and it appears 

that not many investigators have given thought to this possibility. Never-

theles s, the selective answering concept has many attractive features which 

should be investigated; some thoughts along these lines are discussed in 

Chapter III. It is also important to note that in the selective answering 

concept, not all calls are routed to all municipalities. Only the calls that 
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UI' in Hit" 11"*~('r13PfJins~ :t.'l.·gion arp routed to the several municipalities 

Tt'l$p1If1oH/lt. for dtlzNW in this oVN.'lap r(>gion~ which compris es perhaps 

ll1 iu ''HI Pt·'ft.'t'nt HI trw citiz(ms, Ci~n('rally, the calls as sociated with any 

!~p*'fUil tt'lt"phmw wi rf' e(*nt('r (1. ('. J the- first thr('e digits in the caller's 

munlH'l*). tan ortNl lJ(· uniqLwly id('uti£ied with citizens of one com.munity; 

.lutl t ImrH'(!lU-nUy lht'CH' calla could b(' routed directly to their proper 

ni\midt~mJUy wHhulJt any a.utomatic number identification (ANI). 

(; AHVmmti(; Numht,}, Id(,lltification (ANI) Study 

nt·,~mlw of th(\ iInpm-tnnc(· ot automatic numb!,!r identification (ANI) 

if I fHh.l'I'Ulu,tI 91 t nyntr'ma I n study waS initiated to identify the modifications 

to ft'lr'p}HHW u·ntml uf{it'Nt which would h<> l'c-quired to provide ANI data to 

lmhlk tH\ll'fy IBH1WI'l'ing points. Specific tasks addr.os sed in this study were: 

Pl'('pa t't' n ()r'scriptlOt'l of t('h'phon(' c£'ntral office 

mmUfit'ntions l+pqu.irecl to pl'ovicl(' ANI for 91 i application, 

indmHng n hl'ipf df'scription of the various types of 

t~«'t'ltrnl offk<' Nluipn:'H'ut in uso in th" United States with 

t'Htimntl'!3 of tIlt' ])l'i>val<'llCt' of ('ach ot these types of 

t'quipmC>l\t IlmI a stnt(,l'l1Nlt as to whether or not th€'se 

f'qniprnnnhJ ('an nuw l)rnvidC' ANI, including a descr.iption 

tlf Ow tut'm ()t this AN!. 

r,~ttthnatc' tiw cost to l'nodHy central office equiplnent when 

~Wet'£HHll'Y nn.tl <i(,·t<"l'miu(' tl\(:~ availabilily of off-the- shelf 

Nluil))'ttNl.t \vMelt could b(' provided £Ol,' this purpose. 

8 
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• Prepare preliminary interface specifications for 

equipment designed to mate with various -telephone 

company central offices so that they m'aY receive ANI. 

The ANI study results are presented in Chapter IV and are based on 

technical reports of the BeH Telephone Laboratories and other open tech

nicalliterature listed here in the bibliogl.'aphy, plus information and cost 

estimates provided by various independent manufacturing uOlnpanies ):~ who 

market ANI and automatic message accounting (AMA) equipment. 

The principal conclusions derived from this ANI study were that 

approximately 80 percent of all telephone sub sc ribers tOday are connect<>cl 

to telephone central offices which are already equipped with ANI for use in 

autom.atic message accounting, For those cases where ANI is not now 

available, equipment can generally be installed at modest cost. One should 

recall, however, that those areas where ANI is not available are generally 

of low population density and the problem of call routing is not a pres sing 

one there since Basic 911 is often satisfactory. It is concluded that the 

ANI which is pres ently available at telephone cenh'al offices could be' pro

vided for 911 purpos es using techniques and equipment es sentially equivalent 

to that which is now used for automatic message accounting. How('ver, the 

public safety equipment required to interface with this telephone automatic 

number identification (ANI) equipment has not yet been tried in the 911 appli

cation, although this equipment does existal'ld is being used in other areas. 

!:~ 
Microdata; GTE Automatic Electric; ITT Telecommunications Division; OD/ 

Stromberg-Carlson; Continental TEL/VITEL; Northern TELECOM, etc. 

9 
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Tbt< irH.~l·NHH·d volume of AN~ traffic because of 911>',< would be less 

thnf} 0.1 pN'(::('nt f)f tIlt' currpnt ANI b'a££ic for automatic message accounting.' 

ThiHl(~ :wulil~ihlt· a.rlit] l)l'obahly undctc>ctablcj therefore, 911 calls would not 

prt*tH"nt tJignifiennt l(Jading of existing c(>ntral office ANI equipment. 

Il if! nInu nml'ludNl that the coetto modify central offices to provide 

AN! \f/ith utltgning 911 {~alllJ would range from $2700 to $5900 per office 

flt"fH'nding im the fJbw and trl)C of office. A telC'phone company provided 

vuit'(l COrHH'd arrangNlwnt (VeA) would be required at the public safety 

ngNH'y in tn'eh'''' to r("'(~('iv(> 911 calls with ANI and the public agency would 

tdtiu havi' to inMall AN! rN~('ivlng (':quipm('nt so as to decode it and enter it 

into ttH'h- tJwn mlni.t'onlput~r amI ~H.1bB(·q\lently reroute thC:' cal1 to the proper 

nmn."'t·t·hl}~ point. 'rhNW {~()tJhl ar(~ not indudt'd in the above estimates. 

Thl'l'P tU'" uonw Gocial hH.l1.H'S which hav(' important technical conno-

h1tionn. ('aUf'X' p1'iVt\(~y if) I'J't'obnhly tlw l'l'lost important. Automatically 

fIt'('t'l'm.ining rmel IH'NJNlting a (~all('r's t(>l<'phonc nun~bel', address, and name 

:mlHht l'''tH'''!lI'nt an invasion of privacy which tli{' caller may not wish to 

fu·.wltlt.. Th,,' tf'l('phOlW cOlnpa.ny utdicates that on the order of 25 percent 

•• r all t.·lj·p}mlw tmbtH~rih(\l'a hnv(> tlnlistC'd t<.'l('phone numb(>l's, Surveys con

dudf'd fop tlw Alanwdn County 911 project by the Pacific Telephone and 

'l't"l(;lrrnph f~om.po.ny imihiat(> thn.tmost telephone subscribers, both with 

HtltNI nnd unUntNl phun(' mlmbN's, would be willing to have their phone 

t':~"~.;-~~~~~~~ 
,t"1 

"H~tH'+d on Q 11 \'ulf'c nC tlntmb: 2~ 5 calls/iOOO/day; c1ompal'ed to published 

nll'N't niutnnf't' l)ialing (ODD) tl"nUic. 

10 

numbers registered in a public safety computer for emergency service use. 

Nevertheles s, it is implicit that thes e files would be carefnlly safeguarded 

to ensure confidentiality. One way to ensure this is to provide physically 

isolated 911 systems with restricted and controlled access 
1 as suggested 

in Chapter HID. 

Another way to ensure system security is to employ techniques within 

the system itself (e. g., employing coding methods which scramble th<? phonC:' 

number in a manner that prevents linking phone number and identifying 

information). This could be done by incorporating the phone num,ber into a 

computer algorithm that requires a key value to unscran~ble and determine 

the caller I s location. If th 1 . h e va ue IS c anged freqnently and is sufficiently 

large, the probability of an unauthorized person picking the right value 

would be quite smal1. Another possibility is to have the telephone company 

code files provided to public safety agencies in such a way that phon<:> number 

and address files cannot be easily n~atched by unauthorized persons. 

11 
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CHAPTER II. TRAFFIC VOLUME 

A knowledge of the anticipated call volume is a fundarnental 

parameter required for design of 911 systems. This section discus ses 

these and related questions about phone line requirements. 

A. Answering Requirements 

The number of answering stations [e. g., cathode-ray tube (CRT) 

consoles] is determined by the volume of traffic anticipated and the percentage 

of busy signals which can be tolerated. A typical telephone system criterion 

is to provide no more than one busy signal per I 000 incoming calls. This is 

considered a good class of service. On the other hand, systems are often 

designed to provide for busy signals as frequently as one out of every Ion 

calls, Or even two busy signals per hundred calls. In a public safety system 

such as 911 one would probably want a system which would generally provide 

a busy signal probability of less than one per 1000 calls. Obviously, in 

certain natural catastrophy situations even these systems could be 

saturated. 

Figure 1 shows the theoretica13 number of answering stations required 

as a function of the average "busy hour" traffic anticipated. Note that three 

solid curves are shown for cases of: one-tenth-, one-, and two-percent busy 

signal probability. These curves are computed using the Erlang B equation3 

commonly employed in telephone traffic analysis and an average call 

13 
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duration of 50 seconds. The dotted curves shown in Figul'e 1 represent the 

one-tenth-percent and one-percent busy signal probabilities using the alternate 

Poisson equation, which is also commonly employed in telephone traffic 

analysis. Note there is relatively little ditference betwet.~n the Edang and 

Pois son equations. 

One could use the curve s of Figure 1 in the following manne r. As sum.e 

a traffic of 300 calls per hour during the busy period. In this case if one 

wishes to maintain a probability of busy signal of less than ~':me-tenth percent 

[this is referred to as P (00 1) grade of service] during th~. "busy hour, II 

then 12 or 13 answering statlOns would be necessary; nine or ten stations would 

provide a busy signal prObability 01 one percent [P(01)]. As an example, the 

total traffic in Alameda County is estimated at approximate ly four calls per 

minute during the busy hour (240 calls per hour) and consequently, one would 

estirnate that approximately ten or eleven answering stations could adequately 

handle this traffic and provide a busy signal probability of about one busy 

signal per 1000 calls; this is about one busy signal every four hours. Since 

th\~~ Ilbusy hourll traffic load lasts for about four hours each evening, one would 

expect about one or two busy signals pe l' day if eleven answering stations at'e 

used for all of AlaITleda County. 

The Figure 1 curves are plotted on the basis of a typical signal call 

duration of S;j seconds -- the average call length experienced in Oakland during 

a three-day observation period. 

,I, 
"'Subsequently a 60- second standard is introduced; this change has no significant 

effect on the results or conclusions of this task. 
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'1\1, in intor(~nting'to coxnpare Figure 1 to the recommended number of 

llni')W(~:.ritll~ stations [c)ul1(l experimentally by the Manhattan communications 

lwadqunrtora 4• 'thoBe data points are plotted in Figure 1 as triangles and 

frra,££ic Volume 
CnllB /H"Ul' , 

100 

150 

180 

Recommended Number 
of Answering Stations 

6 

8 

9 

12 

Not(> that th(' Mnnhuttan criterion is rather conservative for the case 

wlwl'('. II stations nre used (well undel' one busy signal pel' 100 calls). The 

Mnnhnttun ('):'iterion agree with the one-tenth percent criterion when eight or 

nhm aunwerlng atations al'e used. On the other hand~ when only six answer

hlf~ utn,tiono aro used; the busy signal probability increases to about five

tentlw p(H·(~tm.t (1.0" one busy signal O'llt of eve1'Y 200 calls). 

B. MCtlOU1'od 'rime Between CnUs 

In ol'(hu.' to obtain direct information regarding actual traffic statistics, 

a call UlCaSUl.'CllHmt pl.'oject was 'initiated by The Aerospace Corporation and 

~ml':ricd out in Coop(U'ntloll with the Oakland Police Department. An individual 

Wa.D stationed at the Oakhllld I:lolice Department dispatching room where the 

telephone answodng station.s are located. A l'eel-to-reel tape r"E'corder and 

n tone gcmn'ato:raettJm,ted by n telegraph key we.:..?i pl·ovided. Each measure

flHmtl}criot:11natcd seven to eight hours. The operatol' of this equipment was 
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placed in a position where she could see the signa~ lights on each of the 

answerer1s telephone sets and could therefore determine when either an 

administrative or an emergency telephone call arrived by vil'tm~ of jihe dif-

ferent color of these signall~tmps. Each time a telephone call .arrived the 

operator would press the telegraph key and record a brief tone blip on the 

tape recorder. This procedure was carried out for both emergency calls 

only and for emergency plus administrative calls. A record of the dates on 

which these measurements were taken are as follows: 

Friday, 25 January 1974, 2-10 P. M., emergency lines only 

Wednesday, 18 February 1974, 8 A.M.- 4 P.M., emergency 

and administrative calls 

Thursday, 19 February 1974, 4-12 P. M., emergency and 

administrative calls 

Friday, 20 February 1974, 4-12 P. M. emergency calls only 

Later, the tape recordings were played back onto a strip chart recorder 

at The Aerospace Corporation and were analyzed visually by taking a ruler 

and measuring the distance between calls and converting this into the equiva

lent time. The results of this experiment are believed to be accurate to 

within one or two seconds. Unfortunately the data taken on Friday, 20 Feb

ruary, was not readable, apparently because of a tape recorder malfunction. 

The results of these measurements are shown in the following six 

graphs (Figures 2 through 7). Two types of graphs are presented for each of 

the three days on which usable data was recorded. The first type of graph is 

a cumulative distribution indicating the percent of calls which occurred within 

17 
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.It tIme ir.v~rwd equal or ICGsthan thc time indicated on the horizontal axis. 

FUt, (~~;UtjvleJ [{H'I·'tiday, 25.January, (Figure Z) 50 percent of the calls 

fWI Hrrml within (13 aoeond8 or leBs at each other. Stated another "~:'ay, and 

lll:jtn~t Udffl ,HUtH! figure, hHH1 tlu.1.n 35 percent of the calls were spaced more 

than lWi fw(;()ndtJ ap;u·t. 

Tlw (lotted pointv on tho graphs in Figures 2. J 4, and 6 represent 

;u tUttI d.tta, and tht\ liolid line il;; the theoretical curve that would best describe 

thn .u:tut11 d;tta, H It l'oil)tHHl distribution was assumed. Note that for all 

In'.utiL •• l11IU·purHH$ tho <L8Hmnptionsmacle in the previous discussion regarding 

Uu, tlwul'(!lh;,tl numlHH' of phono answering stations required, based on a 

j ;.,i!wmr ut.tUuth.:;~l dit.ltribution, should be valid. 

TIm tH~( owl typ<.~ of graph. (Figul'es 3, 5, and 7) is a frequency histogram 

nftlw rlif..tl"ilmllIHl of tinw inl(n:vul between calls. The histogram is con

uh'uctfHI by twx'Hug out the time l;)ctwecn calls for calls that lie between a 

~'Pt'tldll lnt(·l'v.ll, COl' oxamplo; between 0 and 20 seconds apart, between 20 

.~ t't ItwlH floW! -10 HC'('omit; aplll't, otc. '1'he main conclusion one can reach from 

HW'H' ,1'iLl ttl th.lt tlw \aW of a theo:l.'cti.cal Poisson statistical distribution is 

jJttiUfi.thlt" ilt !tMul during tlw pl'(:limimU'y equipment design phase. Secondly, 

Uwat~ d.\t4 imU~~ato t}'pical cnll arl'lvnl rates for both emergency and emer

HNh'y llhw .ulminwtrativo calls. 

Tim poput.\.tion of Oakland, according to the 1970 census, was 361,500. 

t\t tht~ IH?t.HHmt ttrm~ tht) populaUlon is pl'obably closel' to 380,000. Data in 

l"lHHt'~.~ fOl' !i·l'hlay. "S .Tam.ltu'Y, cover a time intel'va1 of slightly over four 

hours (164 calls) and are fairly representative of the statistical distribution 

of time interval between emergency calls. During the entire eight hour 

measurement period (actually about 7.5 hours), a total of approximately 2.85 

emergency calls were recorded. Projecting these average figures for the 

entire Z4-hour day would result in slightly over 900 calls. This results in 

approximately 2.4 calls per thousand of population per day, which is within 

the expected volume predicted by the rule of thumb figure of 2..5 calls per day 

per thousand suggested earlier in this report. 

Table 1 summarizes the total number of emergency and administrative 

calls received during the days on which these measurements were taken, as 

registered by mechanical call counting devices installed by the telephone 

Table 1. Summary of Emergency and Administrative Telephone 
Calls to Oakland Police Department (1974) 

-
a-IOP.M. 8 A.M. - ·1 P. M. 

Parameters Friday. 25 Jan. Wed. IS Fl'b. 

,--

Emergency Administrative Enle\'gency Ar\mi llislr.tti\·(· 

Total Numbe r of Calls 303 515 213 <10'] 

Calls Per Minut(' 0.63 I. 07 0.44 n.S'> 

Avel'a~e Time R",tW(,(,ll Calls (S(.concJs) 9') 'if> 116 70 

4-12 P.M, 4-t2P.M. 
Thlll'll. I') F!'b. ["I'ldny 21l 10'1'1>, 

EnH'\'~(,II('Y Aclministrativ(! r;nll~ l'gC'lll'Y Adminl st rat iv(' -
Total Number of ('an~ 21)1) 1)4 I 'n t <l(ll> 

Calls Per Minute O,6<l t. t 1 O. (l'i (J, '17 

Averagc Time Between Calls !Scconds) ')4 51 'N (,l 
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m:nY}lnmy. In Borne cases the total figures shown in Table 1 do not agree with 

tht~ tigU1"(;:s obtained by the meaBU1'ement equipment described above. The 

di/H~rCpllnt:~y (;()uld have been due to the fact that for some unknown reason the 

tl'I(!(;hu;t1i(~al counters would occasionally miscount (compared to counters at 

the, Ccnt1<;:tl O!ticc). There is aho the possibility 0.1 slight errors in counting 

calls u(llng the l.'I.pill.·atus described above, particularly during the busy periods 

when IHWCl".ll cnUf, would he arriving almost simultaneously. 

Some ()thcr intc:rca ting data along these lines were provided to us by the 

Comnmnicntiotla 1)lviaion. of the Omaha Public Safety Departmene:
c

• These 

data ;]1'(\ plottod in l.i'igurcs 8, 9, 10, and j 1 and repres ent the number of 911 

l~Ull!l f(H!oivcd by Omaha on each of the sevon days of the week fr01TI 28 July 

197'~ through :~ AUgUlit 1973, sorted out by time of day. An average for the 

w(H'\l~ ttl on Pi.Rurc 11. trhc information aClually presented to us by Omaha 

WHO in th~ (ottn (If tt\.blea J and we have taken the liberty of plotting this inior

rn;tti,on in the. !onn o! fP·npha. The actual table of data is included here in 

AppomHx B. Note that these data represent actual calls dialed 9ll. 

(;. rr(~lopholle Linea, Citizen to PSAPt 

With respect to telephone service, an area such as Alameda County is 

hl'ol(01\ up into rog101"9, each served by a central office which provides the 

uwit'~htngrOl' all ca,Us between phone$ located in that region. Calls involving 

t(lh~phOlHHI in tUffc.reut centl;al office regions are routed via interoffice trunks 
tt.;~:;t:;:!'..,"'b'\ll.~.:1~t.~::i/=.t;~u:;.~~ 

'PrnvitlNl ,\l ~l. 911 In'lr-fing in Oakland on November 5, 1973 and herein 

~trl\tt~r\llly ncl(.nowlcdgccl. 

!'rh(~ f('mo.inlng discuBsion in ('his chapte17 illustrates a methodology of analysis 

.. \,~ w('11 ~\8 a spl't:'ific case applicatiol'l, whi.ch case may differ significantly de-

tlt'mUnlt on. dty and q 11 Systtltl'n plan. 
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Figure 9. Omaha 911 Telephone Traffic Volume by Time of Day, 
Monday and Tuesday, 30 and 31 July 1973 
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and may incur a toll charge. Alameda County cotltains i 9 central offices as 

shown by the attached map supplied by Pacific Telephone (Figure 12). The 

majority of the telephones in Alameda County are concentrated in Oakland and 

the surrounding communitie s. 

The center where 911 calls are answered is called a public safety 

answering point (PSAP). Because political and central office region bound-

aries do not coincide and because of efficiency and cost considerations I a 

PSAP would normally receive the calls from several central office regions. 

Therefore, a charge for a line between the central office in the l'egion whel'e 

the call originates and the central office in the region where the receiving 

PSAP is located may be incurred. This cost may be a toll charge if the 

public switched network is used or a cost for leased lines, microwave links, 

etc. The total of these charges for Alameda County depends on the number 

of PSAPs established and the central office regions where the PSAPs al'e 

located. 

In this section, phone line charges are estimated two ways: using toll 

charges of the public switched network (1. e., the present approach available 

to citizens) and using the rate of $3.60 per mile per month for leased lines. 

Telephone company data indicating the percent of county telephones 

served by each central office were applied to the total projected 911 call vol-

ume for the county to obtain the volume estlmates shown in Tables 3 and 8. 

Two Inethods of estimating 911 call volume can be used. One is based on cUr .. 

rent emergency call levels plus projected incrl~ases after 911 beconles available; 
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the other is based on 2.5 calls per 1000 population. The two estim.ates for the 

entire county agree within ten percent. The figure used here I 2740 calls per 

day in the county, was based on the assIDllption of 2.5 calls per 1000 population. 

The volume of calls determines the l11.ullber of toll calls or the number 

of leased lines required to provide a given grade of service. The gl'acle of 

service required was assum.ed to be P(001) I that is, an average of 011.0 bus)f 

signal per thousand calls based on the Pois son table s for lost- calls- held 

conditions. Since the number of line s must be based on peak conditions, t:h,c 

assumption was made that the number of calls per day is ten times the number 

of calls in the busie st hour. Finally I the average duration of a call was 

as sumed to be 60 seconds. Call volume data and line requi 1'cments obtained 

from standard Poisson tables are sumularized in Table 2. 

In the first part of Section C, the Inethod is described for computing 

the total toll cost for 911 calls using the public switched network. In the 

second part, the method is described for computing the cost of leased lines 

to handle 9 i 1 call traffic. 

1. Toll Co sts. Information about the toll call structure ttl Alameda 

County can be found in the rate pages of the appropriate Pacific Telephone 

Directories. Basically, the County includes 13 toll zones which in some cases 

include more than one central olfice. There may be toll charges for calls 

between zone s, whe reas calls within a zone are free. Furthermore, the local 

33 



"rable 2 • LAne Loading Capacity From Reference 3 Converted 
to Number of Calls Per Day 

Number of' r.Anes Call Capacity Per Day 
~~.t-~~,~--~_u"'-,""'-""MIO...~l-'""'-----r---------------___ ~ 

2 

Z 30 

3 120 

4 240 

~ 450 

6 660 

7 930 

8 1170 

9 1470 

10 1770 
~----------------.----------.--~~--------------------------------------------------~ 
NOTE;S: n) 

h} 
'rhe avcl'ng(: call is of 60 seconds dUration. 

Tl'lo number of calls PCl' day is ten times the 
I'l.\lrnbel' of calls in the busy hour. 2 

Grade of service is P(OOl}, lost-calls-held 
conditions. 

EZx.'lmplol 'rhl'c~ linea are capable of handling 12 calls of an 
average duratioli. of 60 seconds during the busy hour 
'this allows n maximum of 120 calls per day, . 
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e - calling area of a toll zone is usually extended to include adjacent or nearby 

zones so that calls between two different zones do not always involve a toll 

charge. In Table 3 and Figure 13; the structure of the toll zones and the 

cost matrix as suming a 3 minute, daytime, station-to- station call are shown. 

The submatrices of 0' s in Figure 13 indicate the presence of several large 

free zones. Table 3 also shows the free calling zones from each zone and 

volume data for zones. 

Let V. be the number of 911 calls originating in Zone i pel' day 
1 

and let C. be the toll charge per call (may be zero). Then, the total toll cost 
1 

per day is given by 

13 
C = ~ 

i=l 
C. V .•. 

1 1 

The value of C. is determined as follows. For only one PSAP, the value of 
1 

C. is the toll charge to call from zone i to the zone where the PSAP is located. 
1 

For several PSAPs, the value of C. is the minimum of the toll charges from 
1 

Zone i to each of the zones where a PSAP is located. The effect of this pro-

cedure- is that, when there are several PSAPs, a toll call is always routed 

to the PSAP which is cheapest to call. 

The cost was computed for each of the 13 possible locations of one 

PSAP and for each of the (~3) = 78 possible locations for two PSAPs. These 

re suIts are summarized in Table s 4, 5, and 6. In Table 4, the value s below 

the dotted line are one PSAP only; the remaining values are for two PSAFs. 
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Ttlbl(~ '3. Stl"lwtUl:'C of Toll Zones and Daily 911 Call Volume 
ti!etirnatc8 by 'foIl .Zone for Alameda County 

;· ... ""',-~"'U;"<::t'4.,.''''';''''"y_l>I_~''-~-.", 

P<~rt'('nt 1)[ Total 
Milln Stations 

.1, II 

~ 

"'~l!l!t,l~~'.lt l~'tJt~ 

f~'l1p f.,H Wi' ~¥' 

;'", ~ tiJ $ ;.' lit r.d 

nilt'Ji~tl'! 4l .th'lt. 
( i,!i""\wI \1ithl 
.~II~'J ~;£ !1.1t ltlvtl. 

• ;'Hi!}, ~'~I't,! t.d 

t f"111.!;,th' .l~.VI'. 
i</, 'j "I \:11 J~ lui 

n .. llv ';1 
II, !lEwr~i'\II tJ •• rlh 

(., H:t ""/d~ f'tf E)(. 1M lilt" 

UP/lJWl",IH ~"!lII/i 
'*"'f,,,r PI! 
!J,W'>"trd MAW 

~ ! fNWllIf ~~!\tNH'# V'll lllll'~!l' 

~ 7< ~··\l 
! ! II t· H'~.W·'lit MIIII! I !hlmh,trhllll 
J j .\ Al~\\hitl .1\,.., 
f" '01 l'l' l~",. t;nlH"ll 

i ! j1 ~ ,.H: •• I 1< +, i'itt1il" , I J t 1 'a. .H,.tl\h'H FxduhHI' 
. 1'[ "'. f',2,·.n· };j(,·I,.HI}!I' 

t 1 ~ '<:U' H ,~';;"I\ l':li' h.\II+i'* 1 
t' ;""I'l\·t.,t,dll< ",1.,~ 

G.B 
11), 1 

h. ·1 
Ii. 7 

lO.O 
8, Z 

11. Li 
0.1 

H.Z 
ih H 
1.'1 

1 'i. H 

rr.'i 
6.3 

-t~ ~ f .. 

1.l 
.t. Ii 
7.8 

1., 1 

~.t; 

t" !) 

'L7 

... *~ r, 

0. I 

2..1 

l.li 

t.B 

n.n 
1t"'::"l·-4'r'-''J!'.-;;."~""·~,,,,-~,.,.,,_ 

56 

...... 4-
Number of 
I) 11 Calls Ca lUng Zones 

I 1778 

159 1,2,3,4,5 

413 1,2,3,4,5 

175 
238 

'HI) 1,2,3,4,5 

225 
315 

q 

224 1,2,3,4,5 

186 
38 

4,3 1,2,3,4,5,6 

260 
173 

'1211 5, 6, 7) 13 

88 
123 
214 

lU 

6IJ 6,7.8,9,10 

162 7,8,9, 10 

101 7.8,!J, 10 

a07 

3 7,8,9,10,11.12 

58 10,11,12,13 

<)6 to, 11,12. 13 

50 6,11,12,13 

i!742 

, .... 
Number of Toll Zone (See Ta.ble 3 for Key) 

1 2 3 4 5 6 7 8 9 10 11 12 13 

1 0 0 0 0 0 18 23 27 35 30"~ 30 35~:- 23 

2 0 0 0 0 0 23 27 35 35 35 ~~ 35 Ll0{:' 27 

3 0 0 0 0 0 18 23 27 35 3 O~~ 30 35';:- 23 

4 0 0 0 0 0 18 23 27 35 30* 30 35~:' 23 

5 0 0 0 0 0 0 18 23 27 25 25 30 18 
,-

Number 6 
of 

18 23 18 18 0 0 0 14 18 15 15 25 0 

'roll Zone 7 23 27 23 23 18 0 0 0 0 0 15 20 14, 

8 27 35 27 27 23 14 0 0 0 0 15 25 18 

9 35 35 35 35 27 18 0 0 0 0 15 20 18 

10 30~:< 35 ~:~ 30* 30* 25 15 0 0 0 0 0 0 15 

11 30 35 30 30 25 15 15 15 15 0 0 0 0 

12 35 ~~ 40~~ 35 ~~ 35 ':{ 30 25 20 25 :'0 0 0 0 0 

13 23 27 23 23 18 0 14 18 18 15 0 0 0 

':<Estimated; data not available. 

Figure 13. 

Rate for call between ztmes i and j is 
found in ith row and jth column, (Note 
that matrix is symmetri.c.) 

Example: Rate between zones 3 and 8 
is 27 cents. 

Cost Matrix for Alameda County Toll Calls (3 Minute, 
Daytime, Station-to-Station, in Cents) 
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Table 5. Cost Using Public Switched Network with One PSApa as a 

Function of PSAP Location (ordered by Inc.reasing Cost) 

PSAP Location (Toll Zone) 

5. South 

Holly St. 
Hesperian North 

1 , Central Ave. 

3. North Central 

Oakland 45th St. 
Oakland Main 
20% of Mt. Blvd. 

4 . South Central 

Fruitvale Ave. 
80% of Mt. Blvd. 

2. North 

Solano Ave. 
Bancroft Way 

6. Hayward Exchange 

He sperian South 
Depot Rd. 
Hayward Main 

7. II Ell Street 

13. San Ramon Exchange 

8. Fremont Main (Dumbarton) 

10. Sunol Exchange 

11. Pleasanton Exchange 

9. Adams Ave. 

12. Livermore Exchange 

Cost per Month, Dollars 

3,954.17 

7, 143.66 

7, 143.66 

7, 143.66 

8,567.77 

10, 243. i 2 

13,344.10 

14,029.99 

18,158.14 

18,361.02 

19,647.65 

21,323.91 

24,395.69 

a pSAP - Public Safety Answering Point 
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Table 6. Summary Information for Two PSAPs 
Using Public Switched Network 
(Ordered by Increasing Cost) (Continued) 

ii 
;: 

,;'1>_,; 

'4:'-4 f u 
t: 
" -~~4 ~ 
~ 

';;·4 ' ~'i 

~-.~J it",-., .. , 

4"·~ :;';'0 

PSApa Zone of PSAP to be Called Based on Least Costb No. of Calls Per Day 

Monthly Locations Number of Toll Zone (See Table 3 for Key) 1st 2nd Either at 
Cost, $ {Toll Zones) 1 2 3 4 5 6 7 8 9 10 11 12 13 PSAP PSAP ::; Cost 

2167.19 3 10 3 3 3 3 3 10 10 10 10 10 10 10 10 1778 964 0 
t 

2167.19 4 10 4 4 4 4 4 10 10 10 10 10 10 10 10 1778 964 0 

2251. 14 1 6 1 1 1 1 0 6 6 6 6 6 6 6 6 1345 964 433 

2251. 14 2 6 2 2 2 2 0 6 6 6 6 6 6 6 6 1345 964 433 

2251. 14 3 6 3 3 3 3 0 6 6 6 6 6 6 6 6 1345 964 433 

2251. 14 4 6 4 
"'* 

4 4 0 6 6 6 6 6 6 6 6 1345 964 433 

2251. 14 5 6 5 5 5 5 0 0 6 6 6 6 6 6 6 1345 539 858 

3078.17 1 8 1 1 1 I 1 8 8 8 8 8 8 8 8 1778 964 0 

3078.17 2 8 2 2 2 2 2 8 8 8 8 8 8 8 8 1778 964 0 

3078.17 3 8 3 3 3 3 3 8 8 8 8 8 8 8 8 1778 964 0 

3078.17 4 8 4 4 4 4 4 8 8 8 8 8 8 8 8 1778 964 0 . 
3449.25 1 9 1 1 1 1 1 0 9 9 9 9 9 9 9 1778 539 425 

3449.25 2 9 2 2 2 2 2 9 9 9 9 9 9 9 9 1778 964 0 

3449.25 3 9 3 3 3 3 3 0 9 9 9 9 9 9 9 1778 539 425 

3449.25 -1 9 4 
"'* 

4- -1 -1 0 9 9 9 9 9 9 9 1778 539 425 

3453.81 1 1-1 1 1 1 I 1 11 11 11 11 11 11 11 11 1778 964 0 

3458.81 2 11 1: 2 2 2 .2 11 11 Il 11 11 11 11 11 1778 964 0 
-L.... .-L-

apSAP _ Public Safety Answering Point 

b O _ Implies equal cost when assigned to either PSAP 

i 

e 

e 
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In Table 5 the re suIts for one PSAP are shown, ordered by 

increasing cost. The least cost location for one PSAP is Zone 5 (South) with 

a monthly cost of $3,954.17 . 

In Table 6 the results for two PSAPs are shown, again ordered by 

increasing cost. The least cost locations are Zones 5 (South) and 1 0 (Sunol 

Exchange) with a monthly cost of $228. 13. Additiol1al information is also 

shown. Indicated for each zone is the PSA P to which it is as signed. Enhic s 

of 0 indicate cases where either assignment results in the same cost. Finally, 

the volume of calls which would be received by each PSAP with the indicated 

assignment is shown. The third column of volume figures indicates the mm"lber 

of calls which could be routed to either PSAP at the same cost. 

In Table 7, a detailed breakdown of the cost computation is shown for 

one PSAP located in the South toll zone. In Table 8, sim.ilar computations 

are shown for two PSAPs located in the South toll zone and the Sunol Exchange 

toll zone. The se two cases give the least cost for one and two PSAPs, 

respectively. 

2. Leased L'ine s. The cost of using leased line s lor 91 i calls 

depends on the level of service required and on the distance between calling 

points. The level of service de sired for this application is as sumed to be 

P(001); that is, an average of one busy signal in one thousand calls. 

The distance between two points can be calculated by imposing 

coordinates on the points and applying to the coordinates the Euclidean distance 

formula. The coordinates of the 19 central offices were estimated from a 

map supplied by Pacific Telephone (Figure 12). The distance matrix is 
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1'ablf! 1. D(Jtai1(Hl CosL Breakdown [01' One PSApa Located in South Toll 
%OfW (Holly St. or Hesperian Not'th) 

(l,,,ea..at (;oot :Location of one PSAP baaed on public network toll call chat'ges) 
).;f~;;;;!..":::'.',:;~::_f'~c;..J;l:.7.;,;:t~~~~~~~""'w..M':.-::.~t-"'*"'~~*:;'~~""~~ 

Toll 
Charge Expected 
to Call No. of 
7.one of Call $ / Co s t per 

FSAPb, $ Day\.! Day, $ 
Cos t pel" 
Monthl $ 

~·""";.;,:::·J'<.!:r:.~,~j.~:-.'X-';>:1'~;::/ .!;.":";:l1,-·;,t.::;-~,;;.:;:,,,e:::.):'$t1;""~:;:;.-;'~t.:.'¢;.~---t------t----..-.-f------+-------1 

1. CenO'al Av(>. 0 159 0 

2, Nr)l'th 0 413 0 
Sulan.o Ave. 
Bancroft Way 

L North Cmltl'al 
(Jnldaml 45th St. 
Oakland Main 
20% of Ml. Blvd. 

. 1. Soul1) C~ntral 
F l'u1tv~l1e Ave. 
lW% or Mt. Blvd. 

ti. Smllh (PSAP) 
Holly St. 
UNlpN'inn North 

(I, 11.l.yv .... l.l'ci ,Exchange 
IIM}l){>l'inn Sotlth 
!'t*pof Hd. 
lIayv . .'tl.l'cl Main 

H. I·' 1'1' mont lvfni n 

H. AIlnmli Avt., 

In, Bmwl Exch. 

11. PIN\tlO,uton l;~~eh. 

1 *L 1.1\"N'mo r(\ EXt'h. 

I ~.. San Ih'Hnot\ Exdl. 

CnUN'l'Y TOTALS 

o 

o 

o 

o 

0.18 

0.23 
0.27 
0.25 

0.25 
0.30 

O. 18 

549 

224 

425 

69 

162 

101 

3 

58 

96 

50 

2742 

o 

o 

o 

o 

12.42 

37.26 

27.27 

0.75 

14.50 

28.80 

9.00 

130.00 

o 
o 

o 

o 

o 

o 

377.78 

1133.33 

829.46 

22.81 

441. 04 

876.00 

273.75 

3QS4.17 
~~~~~------------~----------~--------~ __________ 1-____________ ~ 

.1 PSAP .. l"llhUc S"l,[oty Answel.·ing Point 

hl"t:mu l'''ig\n'o 13 

~:r'l'om 'l'n,ble :;. basod Oll 2. 5 calls per 1000 population 

1 : 
, I 
I 

iO 

i: 
. 'I 
• I 
: i 

! I 

'I 
, 1 

• 

Table 8. Detailed Cost Breakdown for Two PSAPsa Located in South Toll 
Zone (Holly St. or Hesperian North) and Sunol Exchange 

(Least Cost Locations of Two PSAPs Based on Public Network Toll Call Charges) 

Toll Charge Expected 
to Call Zone No. of CostP~I' Cost P<'I' 

Toll Zone of PSAPb, $ Calls/Dayc DaYI $ Month, $ 

South: 

1. Central Ave. 0 159 0 0 

2. North 0 -113 0 0 

Solano Ave. 
Bancroft Way 

3. NOl'th Central 0 5-~9 0 0 

Oakland 45th St. 
Oakland Main 
20% of Mt. Blvd. 

4. South Central 0 224 0 0 

Fruitvale Ave • 
80% of Mt. Blvd. 

5. South 0 433 0 CJ 

Holly St. 
Hesperian North 

6. Hayward Exchange 0 425 0 0 

Hesperian South 
Depot Rd. 
Ha ywa rd Main 

PSAP TOTALS M 2203 0 0 

Sunol Exchange: 

7. IIE'I St. 0 69 0 0 

8. Fremont Main 0 162 0 0 
(Dumbarton) 

9. Adams Ave. 0 101 0 0 

10. Sunol Exch. 0 3 0 0 

11. Pleasanton Exch. 0 58 0 0 

12. Li vel'more Exch. 0 96 0 0 

13. San Ramon Exch. 0.15 50 7.')0 228.13 

PSAP TOTALS M 539 7.')0 228. 1) 

COUNTY TOTALS - 2742 7.ljO 228. 1) 

a pSAP M Public Safety Answering Point 

bFrom Figure 13 

cFrom Table 3, based on 2.5 calls per 1000 population 
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1\lh()wn .in Table 9. It gives the distance in mile s between any pair of central 

orrh.;en. Tn compute the cost, it is first necessary to obtain the line distance 

by rnulLipl.ying distances by the number of lines required to provide the 

rl«o;,lfCul lcwcl of service. The \."\umber of lines required is b'ased on the number 

or ('aIls in the busiest hour as was discussed in Section C and is conservative; 

how(~vcr, thi. s mc:ce S B capacity could permit some expansion in the number of 

t'aIh hanrllNl with no itlGl'CaSe in line requirements. Traffic table s which 

nhow Lhe nmnbcl' o[ lines needed fo!' vari.ous line loading capabilitie s were 

u!wd1. Tahle 10 fJhow 11 the numbe~ of lines estimated for each central office. 

It nlllo fJhOW8 the lnaximum nurrH)er of calls per day that can be accommodated 

foX' lIlt' desi!,<Hl grade of scrvlLcc. 

The totnl coat of using leased lines is directly proportional to the 

lutalline diota.ncc. 'rhe cost of one mile of leased line is assumed to be $3.60 

IHH' UHHlth"·. rr one PSAP is used, then the total line distance is the sum of 

tho Uno dia ta.n,COB between the c~ntral office servicing the PSAP and each of 

th(! othel' centrnl offices. 

The pl'ocecltu'o Ctllt be extended to more than one PSAP. Connections 

are aULlluned between the centlonl office servicing a PSAP and neighboring 

l.'(mtl'n.l ofUces with the l'estl'iction that no central office is COlUlccted to 

mOl'O than one centl'al oifice sel'vicing a PSAP. The question of which 

l~ontl·u.l atticea al'e connected to which PSAPs was decided on the basis of 

lea,at cost. 

~~~------------------" ··ryph~l.\l fig\ll,'o quoted by PT&T for leased two-wire line. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

II . 

12. 

13 .. 

14. 

15. 

16. 

17. 

18. 

19. 

I, 

Table 10. Daily 911 Call Volume Es timates and Line Requirements 
for Alameda County 

(Table based on 2.5 calls per 1000 population, a 60-second average 
call length, and P(OO I) grade of service) 

Estimated 
% of Total Number of NumbeJ:' Daily Call 

Central Office Main Stations 911 Calls of Lines Capacity 
.. 

Central Ave. 5.8 159 4 240 

Solano Ave. 6.4 175 4 240 

Bancroft Way 8.7 238 5 4.::> 0 

Oakland 45 th St. 8.2 225 5 450 

Mountain Blvd. 1.7 47 3 120 

Oakland Main 11 .5 315 5 450 

Fruitvale Ave. 6.8 186 4 240 

Holly St. 9.5 260 5 450 

Hesperian North 6 . .) 173 4 240 

Hesperiah South 3.2 88 3 120 

Pleasanton Exch. 2.1 58 3 120 

Livermore Exch. 3.5 96 3 12.0 

L.t.yward Main 7.8 214 4 240 

Depot Rd. 4.5 123 4 240 

flE" St. 2.5 69 3 120 

Fremont Milin 5.9 162 4 240 
(Dumbarton) 

Adams Ave. 3.7 101 3 120 

Sunol Exch. 0.1 3 2 30 

San Ramoh Exch. 1.8 50 3 120 

County Totals 100.0 2742 71 4350 
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The cost was computed for each of the 19 possible locations of one 

PSAP and each of the (1;) = 171 possible locations of two PSAPs. These re

sults are summarized in Tables 11, 12, and 13, in a fashion similar to Sec-

tion C.1. In Table 11, the values below the dotted line are for one PSAP; the 

values above the line are for two PSAPs. In Table 12, results for one PI:iAP 

are shown, ordered by increasing cost. The least cost location is Holly Street 

at a mont::~ly cost of $2,300.11. In Table 13, results for two PSAPs are shvwn 

ordered by increasing cost. In addition, the as signment of each c.mtral office 

to a PSAP and the numbe;r of calls that would be received by eac·;.l PSAP with 

the indicated as signment are shown. The least cost locations are Oakland 

45th Street and I'E I) Street with a monthly cost of $1,341.30, but there are a 

number of other choices which have Jnly a slightly greater cost. 

In Table 14, a detailed breakdown of the cost computations is 

shown for one PSAP located in the Holly Street Central Office Region; this is 

the least cost location. Similar computations are shown in Table 15 for two 

PSAPs located in the Oakland 45th Street and Hayward Central Office Regions. 

This choice of locations costs only $4.50 per month more than the minimum 

and provides a much more equal call load on each PSAP. 

D. Telephone Lines, PSAP to Dispz.tching Location 

In the previous section, the toll cost and leased lines cost to connectthe citi-

zen blephones through the central offices to the pu.blic safety answering points 

(PSAPs) was analyzed. In this section, the cost for leas ed lines between a centra-

lized PSAP and dispatching centers is is analyzed for Alameda County. If the exis-

Hng dispatching centers are retained as part of a 911 system, it must be possible 
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Table 1 L Summary of Results for One amI Two PSAPs 
Using Leased Lines 

(Entries are monthly cost in d.ollars) 

Find results for tv/o PSAPs above dotted line. 

Find results for one PSAP below dotted line. 

Number of Centra! Office {See Table 10 for Key} 
1 2 3 4 5 6 7 15 9 

1 -2586:93 2351. 03 2322.00 2320.63 2395.57 2379.98 2399.86 2028.26 16b8.91 (2) 3591:"17" 3241.40 2312.25 2435.41 2712.37 2253.17 1913.28 1670.25 
(3) 3Z63-:S0 2806.78 2414.98 2706.84 2224.38 1363.80 1586.88 Example (1 PSAP) (4) 2383-:-31 2408.27 2745.95 2227.83 1837.47 1490.41 

Find monthly cost when PSAP is (5) -2588.07 2443.32 2370. 12 1961.67 1605.29 
(6) 284C60 2280.51 1882.15 1524.02 located in C. O. region 6 in 6th 

(7) -2446.74 1966.88 1603.49 row, 6th column. Number of 
(8) 2300.11 .1~L'l..2§.. Cost = $2, 841. 60 Central Office 

(9) 2325. 79 
(10) 

Number of Central Office 
11 12 13 14 15 16 17 18 

1 1572.38 1840.37 1476.14 1620.14 1448.12 1529.08 1657.05 1592.47 2 H187.94 2864.94 1548.87 1717.23 1610.26 1766.33 1987.49 1973.60 3 1751. 45 2168.09 1442 •. 33 1610.69 1476.39 1632.41 1826.62 1804.23 Number 4 1571. n 1917.28 1345.86 1498.09 1341. 30 1489.74 1623.09 1615.69 of 5 1573.12 1847.45 1423.89 1567.89 1405.51 1498.90 1630.62 1599.56 Central 6 1576.90 1898.98 1376.85 1520.85 1364.06 1501. 37 1643.27 1620.87 Office 7 1493.94 1753.62 1400.51 1544.51 1358.19 1444.16 1563.29 1505.72 8 1585.35 1814.73 1671.99 1788.14 1543.24 1593. 11 1633.25 1595.28 
9 1848.95 1983.43 2049.60 2111. 06 1857.24 1843.45 1875.13 1852.87 

10 1004, 18 2023.07 2124.75 2169.45 1916.31 1902.41 1934.10 1911. 83 
11 3893-:-79 3825.58 2214.00 2382.05 2957.31 3382.20 3625.39 3773.14 

(I2) S1ti'3-:-79 2278. 71 2454.59 3020.63 3463.79 4083. 13 4279.64 
(13) 2524:81 2438. 14 2253.07 2239. 16 2263.48 2224.99 Example (2 PSAPs) (14) -23"08.60 2456.50 2467.03 2495.91 2433.05 

Find monthly cost when PSAPs are (15) 3206:98 3130.88 3131.55 3046.78 
(16) 3707.98 3655.32 3495.29 located in Central Office regions 5 and 

(17) 4341-:-21 .5..!.!.~l.2. 12 in 5th row, 12th column. 
(18) 4379.37 

Cost = $1, 847.45 (19) 
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Table 13. Summary Information for 50 Lowest Cost Locations for Two PSAPs Using 
Leased Lines {Ordered by Increasing Cost} 
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13M.ObI (, IS !.~. 6 t ~ f,; o! ~.l 6 f b ~ 6 ~ 1'" ! I" I"'; 15 1" I 1'; ! 1" I i'" ! I:; I 1" ~"l l i'O" f In- n 
, " ',,'" I , l • I I t 

1376.8:; 6 13 i 6 61 f. ~ 6f t '!'.' & f r)' 0" 13 13 13 I.' B 13 I, 13 i 13 I niB i I" n ~ ie!)" I In7 {\ 
1.' r- :' ~ J ~ I ~ t ~} i 

1400. 511 7 13 i 7 7 ti 7 i 7 I .. i.' 71 7 7 13 1.3. 13 I 13 13 13 I 13 /13 I 13 13. n Ibn:; 1 n." (\ 
140;.51 S l~ I:; '5 '" I "I :;,:; '" :; 5 15 1:; I I" I" 1'" 1" , 1:; ! 1" 1'> 1" 1"78 064 n 

.' J . j I I ; I 
14Z3.89 5 13 I s <; <j! s( '" ., c,. 5 13 13 13 13 13 13 I 13 I 13 i 13 I' 13 13 100;; 1137 f\ 

,I t· I I , 
i44Z.33 3 13 J 3 3 3 3 3 :I 3' 13 13 13 13 13 13 13 13 13 13 B 13 134'5 nQ7 I) 

1443.12 1 15 ! 1 1 1 1 1 1 1 1 1 1 15 15 15 15 15 15 15 15 15 1866 876 {'I 

1444.16 7 16 7 7 7 7 7 7 7 7 7 7 16 16 16 16 16 16 16 16 16 IS66 &76 0 

1453,63 4 10 4 4 4 4 4 4 4 10 10 10 10 10 10 10 10 10 !O 10 10 1345 Ivn (l 

1476.14 1 13 1 1 1 1 1 1 1 1 13 13 13 13 13 13 13 13 13 13 13 1605 1137 0 

1476.39 3 15 3 3 3 3 3 3 3 3 15 15 15 15 15 IS 15 1'i 1<; 1'> 1'; 160'> 1137 0 

14&7,24 6 10 6 6 6 6 6 6 (, 10 10 10 10 10 10 10 10 10 10 10 10 1345 1307 (l 

1489.74 4 16 4 4 4 4 4 4 4 4 4 16 16 16 16 16 16 16 16 16 16 1778 064 {'I 

1490.41 4 9 4 4 4 4 4 4 4 9 9 9 0 9 0 0 9 0 0 0 q 134'> 1307 0 

1498.94 7 11 7 7 7 7 7 7 7 7 _ 7 7 II 11 f 11 7 11 11 11 II 11 1989 7~3 0 

1498.09 4 14 4 4 4 4 4 4 .;. 4] 14 14 14 14 ~ 14 14 14 14 14 14 14 1600; 1117 0 

1499.80 5 16 5 5 5 5 5 5 S 5 5 5 16 16 16 16 16 16 16 16 16 1866 876 0 

1501. 87, 6 16 6 6 6 6 6 6 6 6 6 6 16 16 16 16 16 16 16 16 16 1866 876 0 

1505.721 7 18 7 7 7 7 7 7 7 7 7 7 18 18 7 7 1& 18 18 18 18 n03 0;,0 0 

a pSAP _ Public Safety Answering Point 

r, 

e e 
~':q=.::::",~,;;:;;.:,:,,-v::_. 

..... ~~~~~ • ..,u; ... ~---~}-~'~?~ 

e 

Table 13. Summary Information for 50 Lowest Cost Locations for Two PSA Ps Using 
Leased Lines {Ordered by Increasing Cost} (Continued) 

PSApa Central Oflice of PSAP to be Called Based on Leallt Cost No. of Calls/Day 
Number of Central Office (See Table 10 for Key) Monthly !Locations 1st 2nd 

Eitherl Cost, $ (C.O.) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 10 PSAP PSAP 

1520.85 6 14 6 6 C 6 6 6 6 6 14 14 14 14 14 14 14 14 14 14 14 1600; 1137 0 l 
1524.02 6 9 6 6 6 6 6 6 6 9 9 <:< 9 9 9 0 9 9 0 9 0 1345 1307 0 

I 
1529.08 1 16 1 1 1 I 1 I 1 1 1 1 16 16 16 16 :;6 16 16 16 16 J866 876 0 

1543.24 8 15 8 8 8 8 8 8 8 8 8 8 15 15 10; 15 15 15 15 10; I') 1866 876 0 

1544.51 7 14 7 7 7 7 7 7 7 7 14 14 14 14 14 14 14 14 14 14 14 160'5 1137 0 

1548.87 2 13 2 2 2 2 2 2. 2 13 13 13 13 13 13 13 13 13 11 13 11 . 134<; 1307 0 

1550.10 3 10 3 3 3 3 3 3 3 10 10 10 10 10 10 10 10 10 10 10 10 1345 1307 0 

1556.14 7 10 7 7 7 7 7 7 7 7 10 10 10 10 10 10 10 10 10 10 10 160') 1137 0 

1563.29 7 17 7 7 7 7 7 7 7 7 7 7 17 17 7 17 17 17 17 17 7 2130 612 0 

1567.89 5 14 5 5 5 5 5 5 5 5 14 14 14 14 14 14 14 14 14 14 14 160S 1137 0 

1568.51 5 10 5 5 5 5 5 S 5 10 10 10 10 10 10 10 10 10 10 10 10 134S 1307 0 

1571. 72 4 11 4 4 4 4 4 4 4 4 4 4 11 11 11 11 11 11 11 11 11 1866 876 0 

1572.88 1 11 1 1 1 1 1 I 1 1 1 11 11 11 11 1 II 11 11 11 11 1880 753 0 

1573.12 5 11 5 5 5 5 5 5 5 5 5 5 11 11 II 5 11 11 11 11 11 1880 753 0 

1576.90 6 11 6 6 6 6 6 b 6 6 6 6 11 11 11 11 11 11 11 11 11 186(' 876 1.:;-

1585.35 8 11 8 8 8 8 8 8 8 8 8 8 11 11 8 8 11 11 11 11 11 2203 580 0 

1586.88 3 q 3 3 3 3 3 3 3 0 9 9 9 0 0 9 0 0 0 9 0 114S 1307 0 

15<)2.47 1 18 I 1 1 1 1 1 1 1 1 1 18 18 1 1 18 18 18 18 18 2203 S39 0 

15 0 3.11 8 16 8 8 8 8 8 8 e 8 8 S 16 16 8 16 16 16 16 11, 8 2130 612 0 

1595.28 8 18 8 8 8 8 8 8 & 8 8 8 18 18 8 8 18 18 18 1& 18 220'1 <;30 0 

1590.56 5 18 S <; '5 5 0; '5 0; 5 '5 S 18 18 S '5 III 18 Iii 18 Iii 220, '>'10 0 

1603.49 7 0 7 7 7 7 7 7 7 7 0 0 0 9 9 q 0 n a 0 0 I(,OS IB7 0 
-

a pSAP _ P'lblic Safety AnSWering Point 

e 
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Table 14. Detailed Cost Breakdown for One PSAP Located in Holly St. 

Central Office Region 
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Mileage to No. of Line 
Central Office Holly St.a Lines b Mileage 

1. Central Ave. 4.22 4 16.88 

2. Solano Ave. 11. 02 <I 44.08 

3. Bancroft Way 9.50 '5 47.'i0 

4. Oakland 4'ith St. 7.36 5 36.80 

'i. Mountain Blvd. 4.85 3 14.55 

6. Oakland Main 6.76 5 33.80 

7. Fruitvale AVe. 3.43 4 13.72 

8. Holly St. -_ ... -- - -----. 
9. Hesperiall North 3.66 4 14.64 

10. HesperiaI'), South 'L 24 3 12.72 

11. Pleasanton Exch. 16.2,1 3 48.72 

12 . Livermore Exch. 22.06 3 66.18 

13. Haywll;l'd Main 6.90 4 27.60 

14. Depot Rd. 8.26 4 33.04 

15. "E'I St. 12.41 3 37.23 

16 • Fremo.nt Main 1 'l. 18 4 60.72 
(Dumbarton) 

17. Adams Ave. 18.43 3 <;<;.29 

18. Sunol Exch. 18.93 2 37.86 

19. San RC\mon Exch. 12.'l2 3 37. 'i6 

COUNTY TOTALS ---_ ... 66 638. 89 

a From Tabltl 9 

bp (OOl) grade of service, avetage call duration 60 seconds, 

!lCost of lines - $3.60 pCI' mile pel' month 
d 

From Table 2, based on 2.5 calls pel' 1000 population 

55 

F)xpccted Call 
Line Cost No. of d Cap(lclty 
$/Mollth C Calls /Day POI' Da ylJ 

60.77 Pig 240 

158.69 17 'i 240 

171. 00 :nR 4'i0 

132.48 225 '1';0 

52.38 47 120 

121.68 31S 4<;0 

49.3<) 186 240 

------- 260 4<;0 

52.70 173 240 

4<;.79 A8 120 

175.39 <;8 120 

23A.2<; 96 120 

qg.36 214 240 

118.94 123 240 

134.03 6q 120 

218.59 162 240 

19q.04 101 120 

136.30 3 ,0 

13'5.22 'iO 120 

2300.00 2742 43'i0 

see Table Z 

...... 
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TabV~ HL Detailed Cost Breakdown for Two PSAPs Located in 
Oakland 45th St. and Haywal'd Central Office Regions. 

€1..cilllt COl!t l .. oclllions oC Two !.)SA.P~ with Leased Lines and Equal Division of Call Load)b 

Expected Ca,ll 
ine Cost No. of CaTlacity 

$/MonthC Calls/Day! Per Oay 

~l\P._,~,_~._, __ 
·Ml.leag-e to ~:l Centrl1l No, o~ L 

Oake c r!(,lltt'11l O£Cic( 
o{ PSAP 

Lin(')/l Mileage 
~""'''lJ'~'''''''' __ , __ ''''-UI>'!.f,,:.:,!_ -
tll1l< b.'il'\ ,tt.lh S~. : 

l. t:t'ntl'al A"~_ 4. 'j·8 4. 18.32 65.95 159 ?tiO 

2. Snlru\rJ AV(l. 3.94 .!, lS.76 %.74- 175 24-0 

} . l1an· r.,(t Way Z.f>3 :> 13.15 47.M 238 450 

'1.. Ual<\nnrl 'Flth !iL (g) - ... _--- 225 4S0 

~s 4 M •• !mtlllll l~lvd. 3. ·16 3 10.38 37,37 47 120 

b. Oajl;land Milin 1. 78 5 8.90 32.04 315 450 

7. Fl mtval!' Av£'. 3,t;l3 I~ 15.72 56.59 186 240 

I'SAP '{'olnhl -_ ....... 2'i 84. 23 ~96.03 t345 2190 

Ilnywtlld' 

iI. B'Illy Sl. 6.<10 'i 34.50 124.20 260 450 

'I, t11'1'1(HH'ian North 'L'~8 4 13.52 48.67 1"73 240 

Fl. HNI\HIr{at\ Sllllth 2.86 3 8.58 30.89 88 120 

11. l'iNl.unot(lt\ f!xI'h. 10.18 '3 30.54 109.9'1 58 120 

n. 1 ... VIH'!l1tH'C f:xi'h. 16 •• 1.1 3 4.9.23 177.23 q6 120 

n. Uilyw(\l'd Mntn (g) .. ."-"""- 2H 240 

1·1. 1)t-put Rel. <1.40 <1 17.60 63.36 123 240 

1 r,. ~'Eu St, 1\.70 ~ 17.10 61. 56 6q 120 

lb, !"J'olnllnl Main 8.12 4 3·1. 88 125.57 162 240 
(n\~iIlb'\l'tllt\l 

17. Alinms AWh 11.78 3 35.34. 1:1.7.22 JOI 120 

111. Sun"t F;xth. 12..12. Z 24.24. S'I.2.6 3 30 

}t/. S,\lI Rnmon Ext'h. 8.6<'1 :. 2.6,07 93.B5 50 120 

PSA P 'fotnlt! .. .".- ... en 291.60 1041).75 1:397 2160 

('rl!lnty TOLalu ...... -- 62- 373.83 lH!;i.78 2742 4350 
~, ______ -L ________ ~ ______ ~ 

JtPSAl' ~ P\lullc.: Sarety J\nllwerll\g Point 

1l1.Q!!MJng tho 2nd PSAP in the "E" St. Region instead of the Hayw 
$4. ~() ltllt8 per month but ~hc call load LS not equally dlstl-louted, 

ard Region costs 

cf.'roUl 't't<.u\e I} 

d.p(OOl~ gr;\da o( BIAl'vice, n.vorage call duration 60 seconds, sec Table Z 

ClCOl!t of Una ... $3.60 per mile per month 

([<'rOil\ 'fl\ulCl 2, bl\lllld 01\ 2,5 cnlls per 1000 population 

8011~al\cl:I b"lhVllcl\ Oakland 45th and Hayward is 14.2.2 mites. 
~~ .... ~ 
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to transfer calls from the answering PSAP to the appropriate dispatcher. 

cost of the needed line s depend s on the number and location of the PSAPs. 

this report, the following as sum.ption.s are made: 

• One centra.lized PSAP 

• PSAP located in Alameda County Sheriff! s Office 

The 

In 

• An individual group of lines to each distil1ct dispatching location 

The choice of the se particular as stunptions doe s not rnean that this particular 

type of PSAP was found to be most de sirable. Which type of PSAP would 

minimize the line costs analyzed in this report was nol; investigated, since 

sufficient data were not available a.nd could not be obta:lned in the time available 

for cornpletion of the report. The a.ssmnptions made apply to the data which 

were available. The effect of the se as sum.ptions is discus sed later. 

1. Computations. The breakdown of line cost:s is shown in Table 16. 

Estim.ates of call volume in each municipality based on 2.5 calls per day per 

1000 population, the same basis appUed before, were used to obtain line 

requirements based on P(001) grade of service from Table 17. Experience 

has shown that fire calls are about 1.0 percent of the totalj therefore, in those 

municipalities where police and fire dispatching are separate, this conserva

tive number was used. A minimum. of two lines was assumed in all cases. 

M}leage and individual line cost data were supplied by the Oakland 911 

Project Office. The costs are indicated separately for the required voice line s 

only and the voice line s plus one data line to each dispatching center. The data 

line s would be used in a 911 system incorporating ANI or ALL Certain lines 

alsOl incur termination charges of $20.00 per month; this total is listed 

separately. 
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Table 16. Cost Breakdown for Leased Lines Between 911 
Answering Point at Alameda County Sheriff I s 
Office al'ld Dispatching Stations 

of 
~s 

Al.\Tlwdll P!}lit~e 

Alutlwcla E'i I'C 

Albany Polk(! 8t FiN) 

HI! i'llol!!y P"lice 

HOl'!mlllY Fire 

tJ. C. HOl'itllly Pulicc 

J':moryvi.l1~) Pulice 

I':mnl·yvm., FiNl 

O,dd,ln,l Police 

Oaldalicl l'll'l~ 

l'ierillwnt Pulice ~l Fit'e 

. :ian ]'lhllldl'/J PoU('C & 1'i1'O 

U,lYWiU'd Police';' 

Hayward I"iro':' 

OIlUII\ elly IJ(Jlico 8< Fil'(\~' 

N!lWnl'l~ P()lku &- .1o'i1'O':' 

Io'J'(ll1HHH Pllllc!!':' 

Fl'('IlIont 1,'( 1'0';' 

Pltmuilllltll\ }l1I1l,"· & Fit· (!': 

I.IVI'!'IIHIl'(· polk!' & Fil'll':' 

icc) 
",_·".A,.._ 

4 

2 
3 

5 

2 

2 

2 

2 

7 

3 

I 
4 

2 

3 

3 

5 

3 

~ 

AliUlwda ell\lf\l~' Hhel'Hf I) 

V.lll,·y C. H, D. ':' a 

(:lllulllhda!t'd Fit'" Dilllri('l'!l 2 

l';,uJt B.\y neg. }lut'ks 2 

1-';11 l'VHlW I··i t'1! Ollltt'H'l':' G 

Al.\lt1I~di\ Cmlllly '11'11'(1 PM!'ol::; ~ 

D,,,'ltlhm of .Io'tll'Nltry l 

Uahllll'nii~ lh~thwi.\y }!'ltrol 2 

'J.'1·;ln.UNA'l'tON CHARU.Io;S 
($20 pOl' liIH'lor 12'~lcl stations 
wHit :n HI)I.'fI.) 

Tt)'rALS 82 

Miloage 
\--' 

8.0 

7.5 
16.0 

1·1.0 

14.0 

13.5 

13.5 

12.5 

10.5 

10.0 
10.0 

2.5 

8.0 

8.0 
14.0 

17.0 

17.0 

17.0 

18.0 
23.0 

--
13.0 

8.1) 

0.5 

8.0 

23.0 

nn. 

nn 

.. 

Mil~e Charge, $/month 
One Total Voice + 
Line Voice 1 Data 

33.00 132.00 165.00 

31. 00 62. 00 93.00 

65.00 195.00 260.00 

57.00 285.00 342.00 

57.00 114.00 171. 00 

55.00 110. 00 165.00 

55.00 110.00 165.00 

51. 00 102. 00 153.00 

43.00 301.00 344.00 

41. 00 123.00 164.00 

41. 00 82.00 123.00 

11.00 44.00 55.00 

29.20 116.80 146.00 

2<).20 58.40 87.60 

51. 10 153.30 204.40 

62.05 186, 15 248.20 

62.05 310,25 372.30 

62.05 124. 10 186. 15 

b5.70 197.10 262,80 

83.95 251. 85 335.80 

2.00 10.00 12.00 

47.45 94. ')0 142.35 

2t).20 58.40 87.60 

27.00 54.00 81. 00 
2().20 58.40 87.60 

83. 95 167.90 251.85 

no. na na 

no. na na 

1204. 10 3501.55 4705.65 

-- 660.00 900.00 

. 
4161.55 5605.65 

~ 1I<.o."""~ 

_._,_ .... ,.w 
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Call Capacity 
Per Day 

240 

30 

120 
450 

30 

30 

30 

30 

930 

120 

30 
240 

240 

30 

120 
120 

450 

30 

120 

120 

450 

30 

30 
30 

30 

30 

30 

30 

4170 

Table 17. Daily 9 t 1 Call Volume Projections 

Seattle 
Current Recommended 

Emergency Planning 
Telephone Figures of 

Jurisdiction Call Volume sa 2. 5 / 1 000 Po p. 
. 

Oakland 773 905 

Berkeley 216 292 

Fremont 154 286 

Uninc. Alameda Co. 148 280 

Haywal-d 145 242 

Alameda 77 186 

San Leandro 84 176 

Livermore 53 109 

Newark 24 74 

Pleasanton 20 68 

Union City 22 50 

Albany 14 37 

Piedmont 9 27 

Emeryville 15 8 

Totals -- 2,740 

a As supplied by 911 ProjeGt Office 
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The total cost for voice lines would be $4161. 55 per month. With 

an ar1di.Uonal data line to each dispatching ccnter I the cost become s $5605.65 

1><' r month. To provide a (:omparison with the previous section, the mileage 

r q<jlfi nl't' $1'301. r,r; and $4161. SC; per mont.h, respectively. 

2, l'HEH'uAsion of AAsumptions. With 011e centralized PSAP, some 

of lilt' lim'Ei rn,ay he quite long. D(l<!entra.lization of answering would tend to 

l'pr1Ut'f! tlw avc! rage length of the line sand thorefore the co st. On the other 

ha.l1d , with (lecenlralization j.t is possible that the same dispatching center 

would have to 1 H.: linked to several PSAPs. This would tend to increase line 

UlUNL~W. Linking togelh(~ r of PSAPs would also increase lil1e mileage. The 

('x.tel dful:t. of ckc(mtralization on cast would therefore depen~ on the particular 

I1YHlom chn;ign. 

Although only one PSAP location was analyzed I the Alameda 

County Hherlff's Office is l'('pr('s(>ntativ(> since' thE' Oakland area contains 

Lhtt' Hl~\j() dty of the county population. In addition, computations in the previous 

/)!wtion h .. we 8hown that the cost for leased lines is insensitive to PSAP location. 

1n5[(,[1,(1 of rnainl'aining a separate group of lines to each dispatching 

l()('i\1 iCHl , il is possibh' to provide a transfer capability from the police station 

t () wlw1't' lilt' fi t'(' calls arc answcl'cd. While this approach tend s to reduce the 

litH' t,t't}llirN'lH'nts kosI's) betwecn the PSAP and the main dispatching location, 

tlwt<(' l.H un adcHlional I:'XP('lHlC for the secondary transfer capability. The 

I ralh'off u.t1\('Ug these cosls would d<'pend on lhe specific situation under 

t,tHwichJ ratiotL 
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E. Conclusions 

Conclusions about the de sirable number and l(1cation of PSAPs based 

solely on the&e results should be avoided since several important components 

of the total 911 system cost are not cmalyzed. These include the cost of lines 

between a PSAP and its cetltral office, the cost of links between multiple 

PSAPs, and the l!ost of equipping and operating the PSAP. With this qualifi

cation, the se re suits can be used to help decide on the number of PSAPs, 

their locations in an Alameda County 911 systel1"l, and what type of communi-

cations links to use. The luethodology used to obtain the se cost figul'e 5 should 

also be applicable in the design of other 911 system.s. 

The cost figure s calculated in this study are summarized in Table 18. 

For the portion of the 911 ~alls from the citizeh to the PSAP j the results lor 

the public switched network show a much greater cost spread than do t:he 
I 

re suits for leased line s. With a single PSAP, the monthly cost for leased 

lines is less than the monthly cost for the public network. With two PSAPs, 

there are a number of location choices for which the public network cost is 

less than the cost of leased lines. The sets of location choices giving the 

lower costs are different for the two cases. The portion of the calls from 

PSAP to dispatching location was less extensively analyzed, but representati.ve 

cost figure s for a centralized PSAP located in the Alameda Gounty Sheriff's 

Office were obtained. The mileage charge for the required HIles runs some-

what higher than for the first portion of the call. 

The validity of co sts for both approache s is limited primarily by the 

accuracy of the call volume estimates and, for the leased lines costs 1 the 

accuracy (about 10 percent) of the distance measurements. The leased lines 
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,', 

f~()8tB arc upper bounds" because the estimate of necessary lines is high; this 

results in som,e excess capacity; however, increased traffic could be absorbed 

without increased line requirements. 

Because of demographic considerations and the concentration of 

telephones tn the eastern par'l; of the county, the low~st cost PSAP locations are 

those ill the Ii~ast Bay area. Since the entire East Bay exchange, which contains 

65 p(n'cent of the county telephones, is a toll free zone, the beneCts of locating 

a PSAP in this area are apparent. A further cost savings w()uld accrue if it 

W(H'C located in the southern part of this exchange so it would be closer to the 

l:C st of the county. 

As the nurnbe:..' of PSAPs inc;reases, the telephone costs analyzed in this 

stt~dy 1.'\.1:0 reduced since the average distance from a central ofiic:(.; u) a PSAP 
_____ - •• --.... :.~ ...... ,.~ ... "'~~" ... 1" ......... 

goes down. Of course, other costs, such as the cost 0't"o·perati;,"ig the PS.APs, 

tno.y go up. In the case of the public network, exploratory calculations for 

l:hr(H.~ PSAl"s '.ndicatc a number of choices with no cost for the portion of the 

call h~tWCClj, citizen and PSAl~. This occurs when the PSAPs are located so 

as t:o take advantage ()£ the large toll free zone s found in Alameda County. 

. Based on traffic considerations, as noted in the summary, the required 

n\lrnl}~r of Hnes is goV'ernedmore by tehphone plant desigr. than by traffic. 
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Table 18. Summary of Line Cost Analysis for 
Alameda County 911 System 

Citizen to Public Safety Answering Point (PSAP) 

Cost per Month 
Number of PSAPs 

Leased Lines Public Network 

One $2~.:)Q $3954 
Two $1341 $ 228 

Public Safety Answering Point (PSAP) to Dispatcher 

Number of PSAPs 
Cost per Month 

No Data Lines With Data Line s 

One $4162 $5607 

Total Co st for One PSAP 

System 

-
Leased Line s 

Public Network 

~-

Cost per Month 

No Data Lines With Data Line s 

$6462 
(2300 + 4162) 

$8116 
(3954 + 4162) 
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CHAPTER III. SYSTEM OPTIONS 

A. Selective Routing and Selective Answering 

We have noted in the Introduction that there are two basic advanced 

911 approaches ciesignated as selective routing (SR) and selective answering 

(SA). These concepts ,are illustrated in Figure 14. 

In selective routing, all calls dialed 911 are routed to one or two spe

cific locations where they are subsequently rerouted, usually automatically, 

to the proper answering point. Note that to do this, a Gall which might origi

nate only one or two blocks away from the proper answering point would still 

have to be routed (perhaps many miles) to the central distribution point where 

the reverse telephone directory' is located and then back to the proper answer

ing point. 

Selective routing could exist in several different forms. In one form, 

the telephone company does the actual routing of the caller's voice but may 

include the ca.lle;;· s number [automatio number identification (ANI)] when 

they forward the call back to the proper answering point. At the answering 

point, the Public Safety Agency may have a computer that can then look up 

the caller's addres s [automatic location identification (ALI)] and any other 

information which they deem necessary [e. g., the fire zone or certain law 

enforcemBnt information defined as supplementary dispatch support data 

(SDSD) by the Alameda County 911 project]. 
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Another version of selective routing would have the telephone company 

forward both the ANI and the ALI information, but the Public Safety Agency 

would provide their own supplementary dispatch support data (SDSD). It is 

not likely that the telephone companies would be interested in, or indeed even 

legally permitted to provide SDSD, because of the FCC prohibition against 

telephone companies providing "data processing" services. For that matter, 

the legal questions relating to, or arising from, the telephone company pro-

viding automatic location identification (ALI) without the caller I s prior consent 

is an issue which has not yet been resolved. In any event, it is obvious that 

there are many questions with respect to: who provides ANI, ALI, SDSD, 

where the equipment may be located, and who owns it? 

Under the selective answering concept all telephone calls dialed 911 are 

routed simultaneously to one or more (usually not more than three) municipal 

public safety answering points which serve the citizens living within a. par-

ticular telephone central office service area. The call is preceded by a 

brief coded multifrequency (MF) tone sequence lasting about. a second, which 

conveys the callers number (ANI~. The answering agency auton~atically 

dete rmine s whether the call is for him, and if it is, answers the call. This 

determination may be done by a minicomputer in less than one second. In 

ca,ses where a mutual support agreement exists between neighboring com

m;unities, particularly for citizens living in the overlap region, these calls 

could be answered by either municipaJi,J"1IC $ WbL Ii ... 5 h"l':"P€ the case, for 

example, when a ma.jor emergency has occu.pied most of the resources of 

the neighboring community. 

Chapter IV of this report goes into more detail concerning the design 

of central office equipment and describes its capabilities, particularly with 
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regard to ANI. The manner in which the telephone company can provide 

ANI and AI..JI will also be evident to readers of Chapter IV and therefore in 

this section we shall only describe systems which could be assembled by 

Public Safety Answering Agencies for their own use. 

B. Minicomputers for Automatic Location Identification (ALI) 

We shall briefly consider now the de sign of an ALI system) as suming 

the telephone company has taken the responsibility of call routing (i. e .• voice 

routing) and the Public Safety Agency ha.s taken the re sponsibility for ALI 

(and perhaps SDSD also). We have already shown that the call volume is not 

signific&'ntly large and it is fairly easy to show that most minicomputers 

haye the necessary capability. Therefore this section describes a variety of 

nlinicomputer systl:!ms which can accomplish the function of automatic deter

luination of caller location (ALI) based on the callers number. The object 

will be to illustrate typical COf'ts as a function of the size of the ALI mini

con'1put\~r systeln. 

Figure 15 is a block diagram of the ALI minicomputer system under 

consideration. The four principal components of this system are the mini

computer I a disc ShHIlg0 Ilnit. a tape reader I and cathode ray tube (CR T) 

inp'lt/outpnt consoles. For purposes of cost analyses, the number of CRT 

consoles under consideration here range from i through 60. The tape reader 

is 'l'l.sod primarily to update ·the telephone directory stored in the disc file on 

a daily basis, or less frequently if desired. One item., required in the use 

of multiple CRT consoles, but not shown. in Figure 15 is an input/output 

m.ultiplexer. The multiplexer routes signals to and from each CRT console 

without any apparent interrpution or mutual interference. A modem {not 
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· shown) for each rem.otely located CRT console is 'also required when remote 

operation is desired. There are a va,riet:y of minicomputer ma.nufacturers 

and peripheral suppliers which'provide equipment that can accomplish the 

desired functions. In these analyses we have chosen a supplier (Data General 

Corporation) which we believe to be representative of these systems in terms 

of cost and performance. 

For purposes of these calculations We have assumed that each file entry 

consists of 50 alphanumeric character s which might include the caller's name 

and address and any other desired identification (e.g., location coordinate or 

dispatching instructions). In Alameda Country there are 469,000 telephones 

and, at 50 characters per entry, this would result in 23.45 million characters. 

Since each character can be characterized by a single 8- bit byte, we require 

a storage capacity of at least 24 million byte s if we wish to store the entire 

Alameda County directory in one location. The Data General Type 2314 Disc 

Pack has a 25 million byte capacity and would be adequate. At the other 

extreme, a few hundred subscriber file s could be stored directly in the core 

memory. For example, a system with 200 subscribers would require a 

capacity of about 10,000 bytes. Since mostnlinicomputers todl1j use 16 bit 

words, one only needs about 5,000 words of core memory to store these 200 

subscriber telephone files. This is a relatively small system, even for 

n'linicomputers. 

The operation of the systems shown in Figure 15 could be either auto

matic or manual. In a fully automatic system the number of the calling party 

(ANI) is received via the telephone company phone lines. The minicomputer 
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receives this ANI information and automatically retrieve s the caller's name 

and, address from disc storage and presents the results on the CR T display. 

Alternatively, the ANI information could be received manually (1. e., by voice 

or on an independent di.gital display) and the dispat.cher could manually type 

this ANI information on the CR T console keyboard. The minicomputer would 

subsequently retrieve the caller's nalTIe and address fro~ disc storage and 

display it on the CR T. The systems, discussed in this section are manual. 

Another option which could- be provided is to have the inforlTIation 

retrieved from storage and displayed on the CR T while silTIultaneously held in 

buffer storage at the CH T console. This information can subsequent! y be 

autolTIatically forwarded to other locations at the press of a button. This 

capability is not costed in the systems described in this section but can be 

included. 

Table 19 is a compilation of computer hardware options for systems 

ranging in size from 200 subscribers (1. e., phones) to 500,000 subscribers. 

The vertical column at left shows the principal components required in each 

of the six systelTIs considered. Note there are two systelTIs having a capacity 

of 500,000 subscribers. One of thes e systems has 12 CRT consoles and the 

second has 60. In the latter system, the CRT consoles could be placed at 

remote locations throughout the county. The maximum traffic rate of about 

2,000 to 3,000 calls per day as discussed in Chapter II would result in an 

average of about ten calls per hour per CRT console when 12 consoles are 

employed; only two calls per hour per 'CR T would be received on the average 

if 60 consoles are employed. 
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Figure 16 is a graph of the results shown in Table 19 and indicates the 

typical minicomputer system cost per call as a function of the number of ,tele-

phone subscribers in the minicomputer system: Obviously the economic 

tradeoff favors a single centralized system. One should bear in mind, how-

ever (as discussed in Section II. C), that the telephone costs decrease if one 

uses several distributed answering points and, hence, a curve opposite to 

that shown in Figure 16 would represent the typical telephone cost as a £unc-

tion of the size of the system. 

C. Minicomputer Subsystem Costs 

To illustrate typical costs for components of minicomputer system dis-

cussed in the previous section, a series of tables, of equipment offerings, 

their performance, and their price (1973) were prepared and are presented. 

in this section. The first table (Table 20) represents candidates seleded from 

the low end of the minicomputer lines of established and reputable minicom-

puter manufacturers. The specific configuration of each machine was seleded 

in an attempt to equalize their general performance .and provide a consistent 

relative cost figure for a computer having a 16, OOO-word memory capacity 

and 16-bit word length. In some instances, a core memory capacity qf 16, 000 

words might 'be considered large; however, such a capacity, or even larger, 

is preferable on the basis of programming efficiency and simplicity. In any 

case, hardwar,e costs are rapidly decreasing and the cost of additional 

memory will not inordinately alter the conclusion. (For example, a cost of 

$1,800 for an 8, OOO-word memory has been offered by at least three manu

facturers. The average cost (1973) for a 16, 000 word "basic system ll turns 

out to be about $7,270. ) 
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Table 20. Representative Candidate Minicomputer IIBasic Systems ll 

r Equipment Characteristics 

Word length, instruction length (bits) 

Cycl1e time, microseconds /word 

Word cap, min/max 

No. of directly addressable words 

Hardware multiply/divide 

Hardware floating point 

Hardware byte manipulation 

I/O word size, bits 

Direct rnerrlOry access channel 

Assembler 

Macro assembler 

FORTRAN compiler 

Other cornpilers 

Price ()f basic system 

Word length 16-bit memory size 
for price figure 

Additional 16-bit memory required 
to provide 16K word configuration 

Cost of additional memory ($) 

Total price of IIBasic System ll 

Manufacturer and Model 

Compo Auto. 
Alpha 8 

8,8/16/24/2 

1.6 

4,096/32,768 

512 

No 

No 

Standard 

8 

Optional 

1- and 2- pas s 

No 

No 

No 

$2,800/4K 

2K 

14K 

$3,150 

$5,950 

Data General 
Alpha LSI 

16, 16 

1.6/1.6 

4,096/262,144 

1,024 

Standard 

No 

Standard 

8/16 

Standard 

2-pass 

Yes 

Yes 

Basic 

$1,990/4K 

4K 

12K 

$2,700 

$4,690 

Data General 
Nova 2/4 

16, 16 

0.8 

4,096/32,768 

1,024 

Standard 

Standard 

No 

Standard 

1 and 2-pass 

No 

Yes 

ALGOL, Basic 

$3, 850/4K 

4K 

12K 

$2,700 

$6,550 
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Table 20. Representative Candidate Minicomputer l1Basic Systems t1 (Continued) 

Equipment Characteristics 

Word length, instruction 
length (bits) 

Cycle time, microseconds / 
word 

Word cap, min/max 

No. of directly addressable 
words 

Hardware multiply/divide 

Hardware floating point 

Hardware byte manipulation 

I/O word size> bits 

Direct memory access 
channel 

Assembler 

Macro assembler 

FORTRAN compiler 

Other compilers 

Price of basic system 

Word length 16-bit memory 
size for price figure 

Additional 16-bit memory 
required to provide 16K 
word configuration 

Cost of Additional memory ($) 

Total price of It Bas ic System" 

Data General 
Nova 800 

16, 16 

0.8 

2 , 048/32,763 

1,024 

Optional 

Optional 

Standard 

16 

Standard 

2-pass 

No 

Yes 

ALGOL, 
Basic 

$6,600/4K 

4K 

12K 

$2,700 

$9,300 

Manufacturer and Model 

DEC 
PDP-ii/OS 

16, 16/32/48 

0.9 

4,096/28,672 

28,672 

Optional 

No 

Standard 

16 

Standard 

2-pass 

Runs on 11/20 

Yes 

Basic 

$4,795/4K 

4K 

12K 

$2,700 

$7,495 

H-P 
2100A 

16, 16 

0.98 

4,096/32,769 

2,048 

Standard 

No 

No 

16 

Optional (2) 

2-pass 

No 

Yes 

ALGOL, 
Basic 

$6,900/4K 

4K 

12K 

$2,700 

$9,600 

Interdata 
7/16 

8/16/32,16/32 

1.0 

8,000/32,000 

4,000 

Standard 

Standard 

Standard 

Standard 

I-pass 

Yes 

Yes 

Yes 

Basic 

$3,200/8K 

2K 

14K 

$3,150 

$6,350 
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Table 20. Representative Candidate Minicomputer !!Basic Systems!! (Continued) 

Manu£acturel'S and Models 

Equipment Characteristics Microdata Microdata Prime Varian 
400/10 1600/30 100 620/L 

Word length, instruction 
length (bits) 8, 8/16 8,8/16/24/32 16, 16 16, 16/32 

Cycle time, microseconds/ 
word 1.6 1.0 1.0 1.8 

Word cap, min/max 1,024/65,536 4,096/65,536 4,096/32,768 4,096/32,768 

No. of directly addressable 
words 4,096 32,768 32,768 2,048 

Hardware multiply/divide No Standard Optional Standard 

Hardware floating point No Optional No No 

Hardware byte manipulation Standard Standard Standard No 

I/O word size, bits 8 8 16 16 

Direct memory access Standard Optional Standard Standard 
channel 

Assembler 2-pass 2-pass 2-pass 2-pass 

Macro as sembler No No Yes No 

FORTRAN compiler No Yes Yes Yes 

Other compiler s No PL-1 Basic Basic, RPG 
Price of basic system $2,250j4K $6,075/4K $4,600/4K $5,400/4K 

Word length 16 bit memory 
size for price figure 2K 2K 4K 4K 

Additional 16 bit memory 
required to provide 16K 
word configuration 14K 14K 12K 12K 

Cost of additional memory ($) $3.150 $3,150 $2,700 $2,700 

Total price of I!Basic System" $5,400 $9,225 $7,300 $8,100 



1. Dis c storage. Table 21 illustrates the general price level for 

disc storage devices. The prices of Digital Equipment Corporation (DEC) 

are listed to show typ~\cal costs for disc storage devices when purchased from 

a minicomputer manufacturer. Also included are prices from DIVA, who is 

an interface and controller manufacturing firm which has probably sold morE! 

large disc controllers for minicomputers than any other manufacturer. DIVA 

uses disc drives assembled by Century Data, Control Data Corporation 

(CDC), and other manufacturers. The prices per bit quoted by DIVA are 

generally the lowest to be found, with the pos sible exception of the 

CDC Model 9780. Control Data Corporation is one of the largest disc 

manufacturel.'S in this country and supplies discs for its own computer line 

and to many other computer and minicomputer manufacturers as well. 

2. CRT terminals. Table 22 illustrates the cost of typical cathode 

l.'ay tube (CR T) display terminals which may be considered to lie in the low 

cost region, 1. e. I less than $1,500. It should be noted that the cost of these 

t(.n:rninals has dropped significantly in the past two years. 

All of the "big four" cathode ray tube (CRT) manufacturers 

(i. c., Beehive, Conrac, Hazeltine, and LSI) have announced new low-cost 

CRT displays. Table 22 shows a cross section of low-cost CRTs that are 

presently available and will interface to a minicomputer via a typical 

ASR-33 interface card. The price of an inte~,'face card will vary from no 

cost to ~~1, 400, depending upon data flow ratu, type, and speed. 
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The cost of the basic rninicomputer system frequently includes 

enough electronics to interface with the first terminal without additional 

cards. Since most 911 applications do not require high speed by standal'ds 
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usually used in the computer industry, a figure of approximately $400 per 

interface card may be used for cost estimates. Even such "slow speed" 

devices are still capable of printing out a complete name, addres s, and 
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au."{iliary information in a time of well under two seconds . 

3. Printing terminals. Table 23 provides information equivalent 

to that of Table 22 for printing type terminals rather than cathode ray tube 
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(CR T) terminals. In general: the printing type terminals have the advan-

tage of producing a hard copy for historical records but usually impose 

speed and reliability limitations compared to CRT terminals. Inexpensive 

printing terminals usually print at a rate of about 10 to 15 characters 
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per second. The ten character per second speed of such machines may be 

acceptable in certain applications; for example, the nalue and address of 

most 911 callers can probably be presented using about 25 to 30 printed 
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characters, taking about 2-1/ 2 to 3 seconds to print. 

On the other hand, the devices set forth in Table 23 are the 

only machines capable of printing 20 characters per second or more. The 
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average price of these terminals is about $3,500. This is substantially 

greater than the $1,500 price of low- cost CR T terminals. 
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4. Record keepi~J~.' In some applications, there 1.s a requirement 

for keeping a log of emergencies handled, though the need to refer to this 

log may be infrequent; therefore, the most practical logging scheme might 

be one in which a computer can look up and sort files to extract a give11 file 

only upon request. At least :four logging system possibilities (i. e. , 

magnetic tape, tape cassette, paper tape, and "floppy disc") can be explored 

in future design studj es . 

The test logging system would most probably be a standard 

magnetic tape system. A good quality system of this type may cost some 

tens of thousands of dollars. An a.lternative. could be the rninitape or tape 

cassette devices. These lat-cer recorders, although low in cost, stil1 havE' 

several inherent disadvantages. These include: 

• Lack of standardization within the industry 

• Reliability- problems 

• Possible lnisuse of the devices for logging 

functions. Most of these devices are designed to be 

poor men's semi-random access systems (. e. g., 

"DECTAJ?E") 

An approach tel overcome these disadvantages would be to go 

back to high- speed paper 1:ape readers and punch devices. Reliable models 

of these can be purchased for under $4,000. This cost figure includes an 

interface to the minicomputer. 
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Another approach would be to use one of the new "floppy disk" 

Hystcms. These devices al'e so new that, with the exception of expensive 

IBM models used withit1 IBM hardware I reliability history is not available. 

Also, the industry still .£acl"!s the same standardization problems that have 

hindel'cd the low-cost magnetic tape systems. 

In view of the forgoing, the most pessimistic approach will be 

takon in providing a price for the history logging device. It will be assumed 

_,that a l'eliable IIcheapte ll tape or disc system cannot be found at the time of 

initial installatio11 and that this function will be per£orm~d by a high speed 

papc).· ((')l~ mylal:) tape reader/punch at a cost not to exceed $4,000. 

An additional line item not yet considered is a device required to 

update the computer core and/or disc memory with new or corrected file con

tent information (e.g., addresses, etc.), It is anticipated that this and the 

prC'cNling data logging line item can be done with the same hardware line 

itr.m. 17'01' this reason, no hardware cost is presently as signed to this 

syst('m component. 

5. Telephol1(, Company Interface. The last hardware cost to be 

(.~onslcl('rl~d is that for an interface between telephone com.pany equipment 

which, it is to be' assumed, will provide the calling telephone number in a 

l'<'gist<'l'. An interface to this register would consist of: 

• 

• 

An interrupt signal from the telephone company conveying 

the message that an incoming "91111 call has been initiated 

The reaching of the register within telephone company equip

ment conveying the incoming telephone number in response 

to the il1teJ~rupt. 
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• Details of hardware for an interface of this nature is discussed 

in Chapter IV. 

D. Centralized Voice/Data (CVD) Concept 

On the basis of the overall technical/cost requirements and certain 

important subjective factors (e. g., user privacy), Aerospace synthesized a 

911 system, capable of serving 1,000,000 people, referred to as Centralized 

Voice/Data (CVD) System. Many of the proposed sophisticated features of an 

advanced 911 system represent concepts of design and operaii.on never tried 

before and consequently some questions remain. Therefore, one goal of the 

CVD system is an installation which will minimize the cost and impact upon 

the existing telephone plant and government operations because of its instal

lation, or in the event it proved unsatisfactory, its removal. Another important 

object was to provide a system having maximum physical and administrative 

security to insure confidentiality of file s and use).' privacy. These important 

features, as well as ease of cost accounting, could be met by a, centralized 

equipment system which minimizes co-mingling of either records or equip

ment with other municipal or telephone company operations. The CVD sys-

tem appeared to meet most of these objectives. 

The Centralized Voice/Data System is described in the simplified dia

gram shown in Figure 17. Note that the citizen's emergency telephone call 

is routed, via the central office, to the Centralized Voice/Data (CVD) System 

located at the central public safety answering point (PSAP). The only inter

face with the existing telephone equipment is by virtue of the leased telephone 

line s from the central offices to the Centralized Voice/Data (CVD) System. 
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Such leased line s are custotnarily provided by telepho"-1e cotnpanie Sj however 1 

they do not include ANI as noted earlier. ANI is nortnally generated and 

transtnitted by telephone equipment in the fortn of what is referred to as a 

tnultifrequency (MF) tone sequence lasting about one second for a seven-digit 

nutnber. Thus, in operation, the caller's voice arrives on a l~ased line from 

the central office to the Centralized Voice/Data (CVD) System and this is pre-

ceded by a one- second tone burst identifying his number. This is all that is 

necessary to permit the voice switcher and ALI computer to properly route 

the call to the local pUDlic safety answering point (PSAP) 1 along with the 

caller's address (ALI) and other details (SDSD). 

The heart of the 911 CVD system is consequently localized at one point 

which can be technically, operationally, and financially accounted for with 

minimal difficulty and which provides maximum security and privacy. 

All of the CVD equipment required for installation at either the central 

public safety answering point or the local public safety answering points is 

available at this time and does not require deve10pment expense or time. For 

example 1 the minicomputer and its as sociated disc, modems, and other 

accessories are readily available from at least ten different manufacturers. 

The cost of these components has dropped in the past few years and basic 

minicomputer system.s can be purchased for as low as $5,000 or less. 

The voice switche 1', which repre sents an important part of the CVD system, 

is also available at a price on the order of a.pproximately $130,000, for a 

system having the neces sary capability. This latter equipment cCimtains a 

tninicomputer which must be programmed, and this software cost., effort 
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l'l.pt'j'!lf'hf tl ;,dditlfJflal (;ootfJ ,m the order of $60, 000 to $7~, 000. A system 

(,II' h .ttl tiw [IIii' <It>!H.:rilmd in Figure 17 has been considered by 911 system 

l' ' l' t t . s the que stion of reliability 1 • 15,d~!v'!illt~,. A p(Jint 0 ... vlta m'ores' 1 

qt IJll f,,'g'VHh 'I'll(' (~q\1ipment Hhown in I<'igure 17 can b(! designed to essen-

L111! J)'It.lf31'hility of catastrophic failures wherein the entire sys-fMI1Y"luuiuat" .) 

lJ'W hl0t. 'lUI/'ll iW11H' ratiVH. Prevcrlting n.11 pos sible partial failures becomes 

ff 1 t"'ur instance I the voice switcher include s 
I'Z"fl~l'('1wivl'ly Uli/l'" eli' ieu t •• ;; 

%I'lhwtl.mt I,Wlt, lllUg p~tLhB which, in effect, provide a seH-healing effect so 

1 I :Wl't"~}'l"\lf, rouLe becomes disabled, a second route will 
f h.i ( 11 "IW 1M rtll u ,Ll', ,. • t' 

ulltllt'th.tl .. ly t;d~I' OV('l'. Simi1.u'ly, redundant circuits are provided in the 

1 . t The basic voice switcher has an 
'HUU. "'hlpnt!'l' ,inc1 .J.fIlHH'i,l.tt·( t·qUlf>rnen·, 

'1 , (MT' BF) f 14 year s . It appear s that at 
,'tdlUM11'(} UH'.tIi tiu\(' h(~f()re ral~ule (') 

. ' . ,t l'k ,1 to occur in the ALI disc file sys-ill!' I,ulwyntt'm 1"'\1('1 il f • .uhu'p 11i n10S 1 (' Y . . 

t"Hi. ltlIWI'Vt':t', lail\U't!~d(·t(H,·ting 111C.'chunisms and repair procedures could 

'litH hly t'~·.HllV.lk tlll.' Hyntt·tn in n. matt~l.· of l'ninutes. 
Even if the ALI sub-

",~!,tt\m H. tilu.dJll'd. th\.' uysiem in l"igurc 17 could still properly route the 

"1' r t swering point (PSAP) with 
, •• Ui4' I:. vnH~I' h\1 tlw I».'l)Pt'l' It)c.~al Pltll Ie sa.e y an ., 

• 1 ALI f"Olnputer failure would not be expected 
,.'~It hut nul with AlII. Sm'). a.n '" 

The emtire question of reli
h' ~h:t'Ul' HUH't' oH~'n than mH'(~ Q).' twice a y(~ar. 

d '1 'r equipmet'l.t components are ,linhty \.mn~)t hc' properly a.nnly~~e \tnt! specll C ' ' 

,.'l thl'.'l ,j'l'U)'·' ~t appoarS that the reUability of the various 1,,'l(.~·tl.d. hoWt'v('t', ~_ 1-" #, 
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Additional information regarding minicomputer systen1.s reliability 

is included in Appendix A. 

2. CVD System Costs. Summary Centralized VoicE'.jData (CVD) 

System cost estimatE's werE' prepared by Aerospace £01' two options. l!< 

Option A uses a full- size cathode ray tube (CR T)terminal at each o£ the 56 

locations (average price $1,900 each) while Option B uses a miniature CRT 

terminal costing only about $500. The ALI/SDSD (supplementary dispatch 

support data) computer system compris es a minicomputer, two parallel 

high capacity disc files (one for backup), a magnetic tapE' recorder £01' 

logging information, a teletype terminal for monitoring , and all the cabling 

and interface equipment required, The data communications system C01TI-

prisE'S the modems and multiplexers necessary to feed data to and [rOITI the 

56 remote terminals over ordinary telephone lines. Under Option A, modems 

are required at both the sending and receiving terminals, while under 

Option B modems are required only at the sending end, sincE' the proposed 

miniature cathode ray tube (CRT) terminal has a built-in receiving modem. 

Total hardware cost under Option A is estimated at $368, 000 and under 

Option B at $270, 100. 

Engineering services are required to integrate and make opera-

tional the system described above. Total cost £01' these services is estimated 

at approximately $277,500. T~1Us the total cost for hardwarE', and £01' hard

warE' and software f'ngineering, is estimated at between $528, 000 and 

$626, 000 depending upon whether Option A, Option B, or a combination is 

chosen. 

):<Based on estimated user requirements in the proposed Alctmeda Cuunty 
911 system. 
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Actua.l tel(~ph()tlC company quoted cost to engineer and modify 

trd f!phfnH· (lltripany central offices to permit them to forward ANI information 

Hi fUJI- avad._t1Jlr:~ at Uliu time. Rough estimates obtained by the Minneapolis 

#J11 1') rojt~a OUict! indicate that AN1-equipped lines can be provided at a cost 

tiC itpp rr,txirnatoly $800 to $1,000 per Une (L e. I ZSO lines for $250 ,000 maxi-

wum n. Mhmmtpolio). Bil.S(ld on analysis of emergency telephone traffic in 

ALuIWd;l (;uuntYI AorofJpac:c estimates a need for approximately 66 voice 

tt·lt·plmfw litH-IS with ANI :Cl'om th~ central oUices to the voice switcher. How-

(OVt'1', ('Vt~U HtHHlming 50 percent In()re (total of 96) lines with ANI at about 

~:,l t OUO P(~l' lifH' wV\lld indicate a p:t:ice of $96) 000 for ANI equipped line s; this 

munht'1' II4{werally "ol'rnilltes with estimates made in the ANI study discussed 

Th., l'N~Ul'ring annual t('lephone line lease costs, based on Aero-

nt>;U't"n tl'utfh: Ilnnlys('n and Hu(t mileag<" (>stimates, indicate an annual cost 

o!l\lIrntt ~l;;jO,()OO. I~q\l.il'mc.·11t rru.tinh'nano(\ is estimated at about 12 percent 

111' lrwfollNl "quiprn('nt ('oat pt'r YC'ar maximum. 

In fmmtlHu'y, the' l'still').atnc1 total cost £orthe Centralized Voice/ 

nata (!~Vl)} Ryn tt'lU for n BN'vice> n':t'('a of abo'ut 1,000,000 pop\'1.lation might 

he' nJml.1t 1~1001 noo phm $Z50 ,000 annually J thn principal uncertainty being 

l)hunt" ('utnptll1'!t t~nnt tu p':t'()vid(' automatic number identification (ANI). These 

,'oatu l \"'hh~h lU'f' HNnizt'd in rrablc 2.4, are exclusive of day-to-day operat

lJ1R \'mlta (01' pf'l'flOnn(ll nml iaeiliti('s and also do not take into account the 

fA,"!: thnt Ndating t('lf'phont' lin€' costs that would be replaced should be sub

tNH't<,d trmn th(\ rN'u)')~i,ng CQots associa.t('d with the 911 system that 
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Table 24, Centralized Voice/Data (CVD) Distribution 
System Cost Estimates 

Hardware Option A Option B 

Automatic Location Identification/Supplementary $ 43,000 
Dispatch Support Data (ALI/SDSD) Computer 
System 

Data Communications System 

56 Remote Terminals [cathode ray tube 
(CR T)] 

56 Telephone Stations 

Voice Switcher, 96 Line 

Integration Components 

Total Hardware 

Engineering (Both Options) 

Automatic Location Identification (ALI) Soft
ware Design and Programming 

Supplementary Dispatch Support Data 
(SDSD) and Geographic Base File Storage a 

Voice Switcher Software Programming 

Hardware Engineering and Integration 

Total Engineering 

Telephone Company Equipment and Engineering 

Total Installation 

Recurring Costs 

Leased Telephone Lines 

Equipment Maintenance 

Automatic Location Identification (ALI) and 
Supplementary Dispatch Support Data (SDSD) 
File Maintenancea 

Total Annual 

aOakland 911 Project Office Estimates . 
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39,000 19,500 

106,400 28,000 

19,600 19,600 

130,000 130,000 

30,000 30,000 

$368,000 $270,100 

$ 60,000 

97,500 

60,000 

60,000 

$277,500 

__ -:;$~9 6, 00..:.,0 __ _ 

$741,500 $6~13, 600 

Option A Option B 

$140,000 $140,000 

43,000 32,000 

72,000 72,000 

$255,000 $244 J OOO 



CHAPTER IV. AUTOMATIC NUMBER IDENTIFICATION (ANI) 

This chapter will present a brief history of ANI development and will 

des cribe the operation of various types of telephone company central office 

equipment used in the United States with emphasis on automatic num.ber 

identification (ANI) features. 

The material presented in this chapter is based on the technical litera

ture of the Bell Telephone Laboratories listed in the bibliography, augmented 

by information and cost estimates provided by independent manufacturing 

companies who market ANI and automatic message accounting (AMA) systems 

and related components. SOD1.e of the companies contacted were: 

GTE Automatic Electrici ITT Telecommunications Division; 

GD/Strombcrg-Carlsoni Continental TEL/VITEL, Northern 

Telcom 

A. History of ANI 

Telephone company central offices have included equipment capable of 

automatically identifying a caller's number for many years. Historically, 

this capability has been developed as a part of automatic mes sage accounting 

(AMA) systems which reduce the manual processing necessary in preparing 

customer billing and to eliminate the need for manual operator number identi

fication (ONI) on direct distance dialing (DDD) calls. 

The earliest automatic ticketing (AT) systems printed billing informa

tion, i.ncluding the calling party's number, on tickets. This equipment was 

designed to service large central offices. AMA systems introduced after 
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World WiH· IIweJ:n dCfJigncd to pr.ovide similar billing data, but on punched 

!l'tpf~r tal'c' waIl/utI rJUitable [or machine processing. Both automatic ticket

wI!, (AT) and <LHt(Jmaticm.cssage accounting (AMA) systems were complex and 

t'~li{'f1lJtVI' and WI~l't~ tmly ct:{)nomi(;al in large central offices where common 

"fl'ttfJllWHt t'lwtlJ WIll."C dHJt;r:ihutcd over many lines. 

'1 h.! l'.lpifi )~l'l)wth of dir(!ct distance dialing (1)DD) following the intro-

11111 blm (1[ ,,'(wHIm!' IIwitdling systems increased the cost of accounting and 

lc·tI to tlH! intt'lIlhll lion of {·cnt~·(l.1izcd automatic me$sage accounting (CAMA) 

1J"llt«'XUn I,qmbll' qf s('l'vidng tnany small local offices. One of the earliest 

I 1'1Itl'.dt:t.l'ri .1ulttHMlH message (l.lc(')unting installations at Detroit served 

HIHl, (IWI ~1~l('l'htiw'li in Ijt) panel and No. 1 Cl'ossbar local offices when put into 

('c'ntt',,lh:r,I't! ,Lt\tllm,l.tk metl sage accounting systems were designed such 

t1h~r tlw t,.lltiuH pal'ly l
/i numbcr t:ould be obtained by the centralized automatic 

li.!(·tW.lg(* .tt I'mulling np('crntor and rnunually ent~red at the centralized auto-

t/;.\I U UI('HH.lgt· itt \',muting (CAMA) loeation or by Automatic Number Identi-

111 .dWH (ANn p(l'liplw'nl l<watccl at the local or tributary office which trans

llHtlr'd (liC' t lillmg lUllllh(ll' to th(' ('('ntralized mltc')matic message accounting 

ntltl t· 1l'l"Cq' ,\I) ml('l'tlffh'(' trunk dr("uit. 

nw fit'Ht aulnUMl\e nurnber identification equipments designed [or use 

iH tt'lbut,iJ." IIHin':, w<'nt intu tH.lcl.'atiol1 in 1960. These systems were intended 

fnl' th~ 1,u:"tN' (~r(,.ttt~r thiHl 10J 000 lines) central offices for reasons of econ

timy. Tlu' \~onti.nuing ~l .. owth n£ dil'er.:t distance dialing coupled with the advent 

Hi' th<~ tt'.m~ntit\lr. and rno:t'c recently integl:ated circuits l led to the develop

uwnt \\f ANt t·quipmcnt designed 101' installation in smaller I older local offices. 
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Today, the cost of including automatic number identification in small 

(2000 lines or less) offices varies from $10 to $30 per line. The equipment 

required £01' a 2000 line office fits into a single rack or equipl'l1ent bay. 

In 1965 the first Electronic Switching System, ESS No.1, went into 

service, followed in 1969 by ESS No.2. ESS No. 1 is designed for large 

offices with heavy traffic, while ESS No.2 is intended for medium-sized 

(1000 - 10,000 lines) non-metropolitan offices. Both systems provide sel£

contained ANI and AMA as well as signalling circuits for transmission of 

stored data to external offices. Although an ESS does not normally forward 

calling party identification past the local office, this system contains all of 

the neces sary comr:):'lon control and peripheral equipment neces sary to do so. 

B. 

Table 25 summarizes the chronology of these developments. 

Existing ANI Ca.pability 

]. Types of central offices. Telephone central offices are generally 

classified in terms of the type of switch gear used. Figure 18 indicates the 

percentage by switching gear for all offices and all individual lines in the 

U. S. at the end of 1973. Approximately 90 per.cent of all centr.al offices and 

lines are associated with either crossbar or step-by-step equipment. Elec-

tronic switching sys tem (ESS) installations represent a small but rapidly 

growing segment of the population. 

The distribution of office sizes is of interest because ANI tech-

niques were firs t introduced into large metropolitan offices and have not 

until recently been practical for small offices. 

Figure 19 illus trates the distribution of the number of offices by 

size and distribution of lines and by the size of the terminating office. These 
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Date 

1900 

1920 

1930 

1944 

1949 

1950 

1950 
-..0 
C1' 

1957 

1960 

1965 

1965 

1969 

1973 

k 

Table 25. History of Automatic Number Identification 

Development 

Mes sage register - accounted for local calls. 

Message register incorporated into panel central offices. 

Message register in panel system expanded to handle extended-area dialing. 

Step- by- step central offices arranged for automatic ticketing - calling 
number printed on ticket for hand processing. 

Step-by-step AMA first available - calling number and other data produced 
on tape for machine processing (ANI-A). 

Automatic message accounting for No. 1 and No.5 Crossbar. Local offices 
introduced (LAMA). 

Crossbar tandem arranged with centralized AMA to service local offices 
without AMA. Operator number identification (ONI) used to enter calling 
number at CAMA office. 

Conversion from automatic ticketing to AMA in step-by-step offices developed. 

ANI-B developed for use in existing panel, step-by-step, and No. 1 crossbar 
offices arranged to work into CAMA tandem offices. Calling number is auto
matically identified at the local office and forwarded to the CAMA office. 
ANI-B designed for large local offices - 60,000 numbers. 

ANI- C developed for small (les s than 3000 lines) step- by- step offices where 
ANI-B equipment is uneconomical. 

ESS No. 1 introduced with self-contained AMA operating under program con
trol. Designed for large metropolitan areas. 

ESS No.2 introduced; smaller, more efficient than ESS No.1; designed for 
1000 - 10,000 line offices. 

ANI-D developed for small step-by-step offices: functionally similar to ANI-C 
but smaller (by 1/3) and less expensive: compatible with TSPS and new AMA 
system now in development. 
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data are bas ed on a local region with more than 60 central offices 1 s er.ving 

approximately 450, 000 subscriber lines. The region includes both Bell Sys ~ 

tem and independent operating companies, and is presumed to be representa-

tive of the nationwide distribution. This figure illustrates that almost 

75 percent of the lines terminate in offices with more than 8000 lines) while 

approximately 75 percent of all offices terminate less than 8000 lines. 

Because we al'e primarily interested in the process of calling num-

bel' identification within each office, a further clas sification is appropriate: 

• Offices with local automatic message accounting (LAMA) -

Includes all electromechanical offices with local automatic 

message accounting which generate ANI for local use and 

accept ANI from remote offices. This class excludes 

offices with ESS 

• Offices with ANI - Includes all offices with ANI arranged to 

automatically forward calling number information to'a 

CAMA equipped office. 

• Electronic switching system (ESS) - Offices which perform 

calling number identific;ation in electronic memory under 

stored program control 

• Offices without ANI - Offices with no provisions for either 

ANI, LAMA, or CAMA 

Figure 20 summarizes the distribution of central offices and sub~ 

scriber lines in terms of these four categories. LAMA equipment is generally 

found in the large metropolitan offices which account for most of the subscriber 
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lines. On the other hand, a relatively large number of slnall and 

medium-sized central offices are equipped with ANI operating into a central~ 

ized automatic message accounting (GAMA) office. 

The column labeled ONI in Figure 20 indicated that a significant 

percentage of central offices in the United States have neithel' AMA or ANt. 

Because these offices tend to be smaller than the average. the percentage of 

lines without AMA or ANI is estimated to be less than 10 percent of the total. 

Of these, the majority of lines are to be found in rural areas whel'e the need 

for centralized andlor automated 911 service is not as critical as it is in the 

large metropolitan areas. 

Figure 20 does not l'eflect party line and other special subscriber 

classes on which existing offices do not pl'ovide ANI. 

2. Central offices with local AMA. Figure 20 indicates that central 

offices with local AMA systems account for more than 50 percent of all sub-

scriber lines. For historical reasons, these offices are usually large ones 

with either step-by-step or No. 1 crossbar switching equipment. This sec-

tion des cribes the ANI techniques used in these types of offices. 

a. Automatic ticketing (AT). Automatic ticketing :£01' step-by" 

step offices was first introduced in 1944 in Los Angeles. This dlsvelopment 

was the first in which the calling number and other information were auto-

matically printed for extra -charge calls for billing purposes. 

Figure 21 illustrates the major elements of the automatic 

ticketing (AT) system. An identifier determines the calling number and other 

information required for billing and passes this information to the ~)ender, 
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• which controls the printing of data for each call. It is important to note that 

the calling number is only obtained for extra-charge calls routed by the con.-

trol equipment to the ticketin~ trunk. 

b. Automatic message accounting (AMA). A greatly improved 

form of recording, the automatic message accounting (AMA) system, was 

introduced in 1949 with the No. 1 crossbar and later the No.5 crossbar sys-

tem. The success of these systems led to the development in 1957 of equip

ment for converting older step-by-step offices for AMA. 

Figure 22 illustrates a step-by-step office conv(~rted for 

AMA. As in automatic ticketing, an identifier determines the calling party1s 

directory number and other information which is transmitted to the sender. 

When the sender has collected all pertinent information, it transfers this 

information to a transverter which translates the information into a fonnat 

suitable for recording on paper tape. For step-by-step offices converted to 

AMA, the calling-line data obtained by the identifier is in directory number 

form and no number translation is required. 

c. Calling number identifier in step-by-step offices. Fig-

ure 23 shows an identifier used in early step -by-step offices. Although out of 

date, the principles of operation used in these early devices is reflected in 

the latest solid-state ANI equipment. 

The identifier applies a tone to the sleeve of the outgoing 

trunk to which the calling line has been extended. This tone finds its way 

through an equipment-to-directory number translating jumper to one terminal 

common for each 1000 numbers, one common for each 100 numbers, and one 
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1,1 l' tilUlir/f'%, W (lad) J 0 bl(Jek. The nUl"nbers of the terminals with tones 

t .. dlUl~~ fjllUlb(~r m£lIl'umtinu 1.£:1 provided on 40 output leads, ten leads for each 

,PIIIIIH.lti, ull'llfla~}' .L!,~..,,~"!!!.t!~,!}g {AMA}. In the No.5 crossbar system, sub

j> z'dl/,t' liul'fJ t"l'will.ttc on vel·th:a.ls of t:rossbar switches on the line link 

1~'"ulC'. '{ IIl'Y at',* idoutiflecl .fol' 8witching purposes by the number of the 

l.,uw' ,m w1l1l 11 tlil'Y .qj!H"U· awl their posi tion on that franle. This position 

'1/. tllt' 11' .• 111(' til d,'flllt!fl by the horizontal group, vertical group, and vertical 

111< .111utUI f11t·. 'llw lH'ries of numbel's specifying the link frame, vertical 

).',t"UlPf 11ll1'izlIHt.tl ~~l'tlUP, antl vertka.l iile is known as the equipment number. 

Fi~tnr(' 2.4 illustl'a.tcs the major clements of a No.5 crossbar 

.. UP ", \VIH~1t.~ ~mlHil'l'ibcl' t:omH~Gted to a Nc). 5 crossbar office picks up his 

L.llld~H·t III pl~u t' .\ \"tll, tIl ... marker seizes the calling line link frame, finds 

{in- "dlm}~ 111W. l tJUIH'\'lH it to the odginating register, and tells the register 

rh.· l'l!mlHIII'nt JHtfllh,'l'. \Vhen all other billing information has been collected, 

!I.lI' Ill'\~Ut.lttn~t \'l'.k!lt:ltln' transfcr$ this data via a marker to the outgoing 

tH'wh'I'. flH' HN\,!t'r l.'l)utruls the selection. of the called number and at the 

li.mw {mit> tr,mHi~·1.'6 billing iIUOrn1'l.titm to the local (automatic message 

.t. \\I\mhng (;\MA)) t'quipmc-nt as shown in Figure 25. Since thet'e is no fixed 

\'~·l.\ti If\Elhtp bt'twN~n the (~q\lipnlcn.t number and the directory number, a 
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translator is required to convert the equipment number to a directory number 

for AMA recording. The transverter uses this iniol'mation to obtain a trans-

lator which translates the equipment number to a directory number which is 

returned to the transverter for recording on the AMA tape. 

The original No. 5 crossbar translator with a capacity £01' 

1000 directory numbers occupied a single frame 11 feet 6 inches high and 

about 44 inches wide. In 1958, a more compact unit was developed with a 

capacity for 2000 lines in 34-inch wide frames. .B.:lectronic translator sys-

tems (ETS) are now available for use in tandem crossbar offices. 

3. ANI for No. 1 crossbar, step-by-step and panel offices. In the 

late 1950s, ANI equipment was developed for local offices served by central-

ized automatic message accounting (CAMA) offic€'..§l. This equipment obtains 

the calling number and automatically forwards it via multifrequency (MIt') sig-

naling over an ANI trunk to the centralized automatic mes sage accounting 

(CAMA) office. 

Figure 26 is a block diagram of the major equipment items 

required £01" automatic number identification, exclusive of maintenance racUi.-

ties. These are: 

• ANI outgoing trunk circuit 

• Link circuit to connect the tl'unk to an outpulser 

• Outpulser and identifier-connector circuit to seize and 

prime an identifier 

• Identifier circuit to determine the calling customer IS num-

bel' and forward it to the outpulser, which in turn transmits 
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the number to the centralized automatic mes sage accotl11ting 

(CAMA) office 

• Number network and bus system to connect each customer's 

directory-number sleeve wire to a grid of bus panels and to 

connect the output of these panels via an identifier connector 

to an identifiel' 

Fundamentally, the operation is quite simple. A call proceeds 1n 

the normal fashion until the called number has been transmitted to the central-

ized automatic message accounting (CAMA) sender, whereupon the identification 

equipment comes into play. 1.'his action is initiated by the outgoing trunk, 

which establishes a connection through the link to an outpulsel". This ell'cuit, 

by means of connecting facilities within itself, seizes an identifit:.n. The 

identifier connects its elf to the number netwol'1<:: and bus sys tem and signals 

the trunk to apply an identification signal to the sleeve wire toward the "local 

switeh train. This identification signal finds its way over the sleeve of the 

switch train and back to the customer I s Hne equipment. Here the path eon-

tinues through the d.istributing frame cross connections that attach directory 

number significance to the line circuit, and the . ~7.'ti£ic,ati.on signal reaches 

the directory number sleeve tel:minal. All of th.ese sleeve terminals are 

cabled individually to networks connected to a bus system. These buses are 

arranged in a grid pattern in such a manner that the identifier can quickly 

scan the groups of output leads and identify the central office and the four 

digits of the calling number. This information is transferred to the outpulser I 

which forwards it to the centralized automatic mes sage accounting (CAMA) 
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point by multifrequency pulsing. Then the outpulser releases its connection 

o through the link and the trunk connects the transmission circuit through for 

talking. 

a. Number network and bus system. The ANI-B system first 

dev~loped for No. 1 cros sbar, step-by-step, and panel offices uses an identi-

fication arrangement shown in Figure 21'. The customer I s directory number 

sleeve wires are cabled from the distributing frame to terminals on the nurn-

bet networks at panels in the primary bus system. The sleeve terminations 

are arl'a~gedin a square pattern of 100 ·rows and lOa columns. Each sleeve 

wire is conneCted through a O. OS-microfarad capacitor and SlO-ohm resistor 

to ground;' the junction of these components is connected through 20, OOO-ohm 

resistors to onevertical and one horizontal bus in the grid .. Thus, each 

.sleeve is associated with one of the 10,000 coordinate points in the grid and 

may be identified in tenTIS of the vertical aild horizontal buses to which it is 

attached. 

The primary 100 x 100 bus matrix is further subdivided into 

two secondt:n<y 10 x 10 bus .matrices. With this arrangement, an identifier 

equipped with ten detectors may be switched from one group of ten secondary 

buses to anothel". With an input signal at one of the number networks, an out-

put signal will appear on one bus in each of the four secondal:'Y groups of ten, 
'-

and the buses so marked correspond to the numerical digits of the customer I s 

munbt:.n·. Thus, the identifier makes four successive tests to identify com-

pletely a number in a 10, OOD-line unit. 

In multioffice buildings, a single group of ANI equipment 

n'lay serve as many as six central offices, each having a maximum of 
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10; 000 numbers. In buildings containing more than six central offices, a 

a ccond group of identification equipment is r equir ed and simu.ltaneous identi-

[ications may be made in the two groups. Successive groups of thousands 

bug~s are tested until a signal is found, then the hundreds, tens and units are 

examined to complete the identification. Office identification is accomplished 

by l'ccognizing the particular thousands group in which the signal is found. 

In offices with two parties (one identified as tip and the 

(Jther n,,-~ring), the tip parties are connected to a second set of primary buses. '--Belo1'o the ide~tfiier connects to the secondary buses, it is provided with 

infc)rmation as to whether the calling customer is a tip party and, if so, it 

tl"anSiel's the two secondary grids from the primary that contains the ring 

l"nl·ty numbers to the one that contains the tip parties. In this way, it differ

(inti.Mes between the two parties on a line in spite of the fact that the signal is 

p:,t'csent in the number networks, for both parties. 

b. Identifier and out.pulser. During its search for t.he calling 

numbcl:, the idontifier scans the groups of secondary buses by connecting its 

dl1tcdors t.c) the thousands buses of each office secondary grid, one after 

anc> th en,' • Meanwhile) the identifier keeps track of its progres s and, when it 

finds the sign~'ll, grounds a corresponding lead to the outpulser J thus enabling 

that ch'cuit to l'egister the office of the calling customer. Du,ring this action, 

the particular thousands digit l'egistered in, the identifier is being transferred 

to the ()titpulser. Thet'ea£tel.' the identifier s cans the hundreds, tens, and uni ts 

buses and registers theSe digits in the outpulser. Although identification is 

n'lacie on a ol1e-out-of-ten basis, a translation is introduced so that registra-

tiOl). in the outpulser is on a two-out-of-five basis. 
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With the registers in the outpulser full and checked against 

mis sing or extra information, and the digit representing the office translated 

to the "~orresponding three-digit office code, the outpulser releases the identi-

Her and starts outpulsing the calling number to the centralized automatic 

message accounting (CAMA) office. The information is sent in the following 

order: KP signal, information digit, three-digit office code, four numerical 

digits, and ST signal. The KP and ST signals use the conventional frequencies 

that serve to actuate a receiver at the beginning and end of a sequence of 

information. The information digit serves to indicate one of four conditions: 

• Calling customer identified automatically 

• Calling customer on a four -party of multiparty line, 

therefore requiring identification by the centralized 

automatic message accounting (CAMA) operator. No 

office of numerical digits are sent for these calls 

• Calling customer is under service observation, and 

therefore the automatic message accounting (AMA) 

record for his call requires a service-observing mark 

in addition to the usual information 

• , Calling customer could not be identified because of 

trouble in the automatic equipment. This condition 

requires identification by the CAMA operator. N.o 

office or numlerical digits sent for these calls 

When all digits have been outpulE;1!isd, the outpulser is 

released and the trunk is closed through for the talking condition. 
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c. Trunk circuits. The trunk circuit requirements for ANI in 

No, 1 crossbar, step-by-step. and panel offices are similar. These trunks 

must be able to recognize the\ COrl'ect time to perform the ANI function and 

thc.m se1.zo an outpulser through the outpulser link. They must participate in 

s(wc.l:al ways in the party~test function before number identification and must 

provide a path between outpulser link and outgoing cable over which the out

pulsar can ;forward the calling number after it has been identified. Then, 

after release of the outpulser I they must provide a transmis sion path with 

tal1dng batte:ry and supervision toward the calling customer and trunk super

vision towa:l.'d the tandem end. Also they must provide the necessary sleeve 

gl.·otmd to hold the originating switch train. 

Due to in.herent differences in the three switching systems, 

it has been found best to design separate trunks for each. Furthermore, 

vat'iatiol1s within each of the systems in methods of pulsing and signaling have 

resulted in two types of trunks for each system. In No. 1 crossbar and panel, 

one type is provided when. the called number is to be transmitted by multi

:h'cqucncy (M:r, pulsing and the other type when printed circuit integrator 

(PCl) pulsing is used. III step-by-step, one type of trunk is provided for loop 

signaling and the other for the so called liE and M lead l
! signaling which is 

ruquil'cd £01' the longer distances and when voice repeaters or carrier circuits 

a:te used. 

Crossbar and pCl-nel trunks must receive a signal from cen

h'alizcd a\.'ltomatic message accounting (CAMA) indicating readiness to receive 

the ci.'lll(\d nurobel'. For multifrequency (MF) circuits, this signal is a momen-

ta1'Y l'cvcl'sal of battery and ground and is relayed through the ANI trunk and 
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back to the direct distance dialing (DDD) sendel" as a go -ahead signal. For 

printed circuit integrator (PCI) circuits, the corresponding signal is the 

removal of battery and ground at the centralized automatic message account-

ing (CAMA) end of the trunk. At the time this occurs, the ANI trunk is cut 

through and the signal is transmitted directly to the subscriber sender (in 

this case, there is no DDD sender connected). 

All the ANI trunks need a Iistart identification" signal from 

centralized automatic mes sage accounting (CAMA) to indicate when the equip-

ment is ready to receive the calling number. Crossbar and panel trunks must 

also recognize when the district junctor or selector has reached the cut-

through position. Only then is the sleeve continuous, as required for trans-

mission of the start identification signal, together with detection of district 

junctor or selector "cut-through," when required, causes the ANI trunk to 

initiate the identification function. 

d. Electronic ANI systems. In the last few years, a number 

of electronic ANI systems have been involved for use in centralized automatic 

message accounting (CAMA) tributary offices. These systems are function-

ally similar to the older electromechanical ANI systems and are compatible 

with all clas ses of switching systems which provide a continuous sleeve lead 

through the switch train. These electronic ANI systems use a combination 

of electromechanical and solid-state components and provide significant cost, 

space, and power savings over older systems. 
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4. .frNI i~_~onic switching systems. Introduction in 1965 of the 

first (No. 1) electronic switching system (ESS) by Bell .. Laboratories marked 

a. nmjor advance in. switching system technology in terfns of speed, flexibility, 

and (HUe of maintenance. Since that time the major in~:lependent telephone 

(!tluiprrHmt manufactuters have introduced their own electronic systems. 

'rhoBe systems are being used £01' practically all new central office installa

ti(rna and are rapidly replacing older electromechanical offices. It is esti

mated tha.t by the year 2000 all central offices will be elect:t;.onically 

controlled. 

'rhe electl'cmic switching system (ESS) is particularly interesting 

with l'(}Spect to the problem of providing ANI for 911 for several reasons: 

• 

• 

• 

• 

• 

• 

Galling line identification is accomplished on all incoming 

calls 

Line equipment number to directory number translation is 

available as a standard software routine 

Three ... digit called number translation is available: as a 

standal.'d software routine for selective cal! routing 

Digit signaling ovel' inter -office trunks is controlled by 

stn.ndal'd softwal'e routines using either multifrequency (MF) 

01' dial p\llse. signaling techniques 

All t.runk circuits are available to, and controlled. by, the 

ccmtral control unit and are not peculial' to the service to 

which they al'e assigned. 

The control unit includes interface provisions for transmis

sion of digital data to remote terminals or processor [common 

channel interoffice signaling (GGIS)] 
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• Peripheral circuits have been designed to give coin lines 

dial tone before coin deposit to support 911 services 

Thus ESSs provide all of the basic functions needed for obtaining and trans

mitting 911 ANI information to a remote public safety answering point (PSAP) 

central office. 

a. Major components. Electronic switching systems (ESSs) 

contain three basic elements as shown in Figure 28: 

call. 

b. 

• Switching networks using high-speed ferreed switches 

• Control unit which directs switching operations and 

maintenance 

• Two memories - a temporary memory (call store) for 

storing information such as availability of circuits, 

called number, calling number, type of calli and a 

semipermanent memory {program store} containing 

all the information which the control unit needs to 

process an incoming call 

Figure 29 illustrates the functions required to process a 

Equipment number identification. Each subscriber line con-

nects to a saturable -core transformer called a fer rod sensor. This device 

indicates whether the line is ,on- or off-hook. Each ferrod sensor is scanned 

about five times every second by electronic circuits which report the state of 

the line to the central control unit. Whenever a change of state of any sub

scriber line is found, the line scanning program temporarily stops the scanning 
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r.1c:tion and rec!ords the equipment number in the transient call register in call 

stOre mcmol'Y. li~igurc 30 illustrates arrangement of data in the transient 

(W,ll register, 

c. Originating number translation: Line originating translation 

pl'ovideB a (!onvcrsion from the line equipment number to the line class and 

dil'cctOl'y number, Each line in an electronic switching system (ESS) office 

ha.a a torrninal equipmeni; number which is used to r€:J.eMo that line during 

tho [n'()(:cssing of calls. Class data derived from the originating line transla-

Hon includes type of scrvicc, i. c., individual two-party, PBXi routing and 

billing instl.'tlctions i and type of dialing, Translation is required whenever a 

digit l:<H~<~ivcl' is selected, a billing entry is prepared for automatic message 

'H:{!()unting, 01' a special servicc (such as 911 ANI) is required. 

Translation is accomplished by stored program table look-up. The 

£i1.'st six. bits of the equipment number are used to address a translation table 

in UHUl'lOl'Y whi.ch contai.ns a one word entry fOl' each terminal equipment num-

bm' on the input network on which the line appears, This word may contain 

" tIlt' c1i:t'(·('tnl'Y mtntber I C)l' it rnay be a pointer to another table which contains 

tlw directory nutnbcr and other data required to process the call. 

trhe tl'anslnt()l: is designed so that additional data can be added to the 

da.ta bas(~ as new servlces are defined, For example, the street address 

t'nt·l·t.~ap{)nding tel location of the instrument associated with the line equipment 

n\lfl'l.b(H' [01' n <~od~ identifying the responsible fire, police, and hospital public 

safety unswcrlng point (PSAP) ) could be included in translation store. The 

t:l'unalation process could then provide information neces~'J.::lry for automatic 
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.-

fH~l~dive l*()uHng of (~rnergency calls to the proper PSAP as well a,s automatic 

lilt ati(m identification (AI.!) to the atlSwcring service. 

rl. !!'!M.~~}::~Blation, As the customel' begins dialing and each 

r)q~it in l'I'U~iv(~d, a. r{~pf)l't is made to a digit analysis program which controls 

tlw /11'igillating t'('gwtel'. Aitel· three digits have been receivel'\" the digit 

• tU.ll.YlJin pt'llgl"UU 1'(~qUCSt8 a translation of these digits to determine the rout

itl~t Ilf th«· I .ill. The [h'st three digits repreE.lcnt an oHice code, an area code, 

til' .i IW1'Vlt (! cod(!. If tll(~ (:a.ll is not an intra-office call, tl'anslation is 

l'PIPH~lltl'd to d(~t(!rmine routing and an indication of whether or not the call is 

to 1m InUc·d. If tlll' vall iI, billa.ble, the digit program requests that an auto

UI.ttl" tn('!Hlag(1 at \'ounting (AMA) register be connected to the originating 

t'('giat('l', Thin l'('gilitel' is adually a bloek of temporary memory that accu

mu1.lt(',d lH'l'tinN\l data on the call as it progresses. The number of registers 

.lv.li1al,h· in ,1. giv(m Syut(ntl d(~pcnds on the type and volume of traffic and is 

I1c·tc'\'wilH'c! to tH\lHU'(! i.\ low probability of biockage due to the unavailability of 

If the .fit'st three digits ,u'e a sel'vice code (such as 911) the 

apprnpl'wt(\ 9t\rvic(~ l'tlutinc is called to control the necessary service functions. 

~~::,:,.t!:~~~. swi t~ing syst(~ml automatic lnes sage accounting 

n:~-lSL; AMA) ilpt\l'atinn. All I':SSI AMA functions are accomplished under stored 
• 1 ::-t>.~= - ~ '-,;;-. ;-~,_~ 

IH'IIHl'.l.Il' t'I)J\tt't)l in !Hll..'h t'\, way that the only special central office equipment 

1'.'<1\1\1'(\<1 fOl'thc AMA fum~tion h, U n1.agnetic tape unit. Two programs are 

HJH'd: ,\ (\at.\ '\I.'t'lunul;.l.tion pl:ogram and a data transfer program. The first 

l~N-\Il.·d6 ttl" dllu'g('\ details on all calls classified as billable, then encodes the 

d.lt,\ aml tl.'.ulsfcrs it to a memory register. When the register is full, the 
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• second program takes over and tral.1.sfers the data to magnetic tape. Figure 31 

illustrates a typical layout of an AMA call store l·egister. 

The process of forwarding 911 ANI or ALI data to the proper 

public safety answering point (PSAP) would be handled in exactly the same 

way except that the 911 data transfer program would conhol tt'ansmission of 

data over an interoffice trunk via multifrequency (MF) digit sending circuits . 

C. Required Modifications for 911/ ANI 

This section describes the requirements for and proposed modifications 

to telephone central offices to provide ANI information to remote public safety 

an.swering points (PSAPs) for incoming 911 calls. 

1. ANI functional requirements for 911. Foul' basic functions are 

required at local cenh'al offices for pl:oviding ANIon incoming 911 calls: 

• 

• 

• 

• 

911 service code must be intercepted and used to initiate 

emergency call processing 

Outgoing trunk must b(~ obtained for rou.ting the call to the 

proper public safety answering point (PSAP) 

Signals necessary for proper supervision of the call must 

be sent to the calling and called party instruments. Special 

features such as called-party hold; called-party disconnect, 

dial-tone fir st on pay phones, ring-back while calling party 
.... ' 

is holding , may be required 

Calling number must be obtained and stored for transmiSSion 

to the PSAP at the proper time. 
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The first three functions have, been implemented as}1l-art of many local 911 

systems in operation today. Therefore, our principle concern is with modi-

iications required to implement the last item. 

2. Description of modifications. The proposed modifications are 

designed to make maximum use of existing number identifiers, translators, 

register / sender s, and interoffice trunk circuits. Exact configurations will 

vary with the size of each office, type of equipment installed, and emergency 

traffic expected. 

a. Modifications to local automatic J:tlessage accounting (LAMA) 

offices. In order to provide ANI information to a 911 outgoing trunk, central 

offices equipped with LAMA mus t perform the following functions: 

• Examine the first three digits (911) of the called num-

ber, seize an idle outgoing trunk to the 911 office 

• . Identify the calling line and translate it, if necessary, 

to the calling partyl s directory number 

• Seize an idle outgoing sender circuit and transmit the 

,/ 

calling party number to it 

• Seize the line link frame associated with the calling 

line and connect the calling line to the selected out-

going trunk 

• Transmit the calling number to the 911 office via the 

selected outgoing trunk by means of multifrequency 

(MF) signaling 

The equipment required to perform these functions is shown 

in Figure 32; for a comparison with a No. 5 crossbar arrangement. Specific 
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configurations will vary between step-by- step offices which use identifier 

circuits to generate the calling party directory number, and crossbar offices 

which translate the equipment number to a directory number. 

The additional equipment required for 911 ANI includes 

91'1 trunk circuits, register sender circuits to obtain the calling number from 

the transverter, connector circuits to control and sequence transfer J and for 

some offices, multifrequency (MF) sending equipment similar to that used in 

typical ANI installations. Since older No. 1 crossbar and step-by-step 

offices do not use multifrequency (MF) senders for interoffice signaling, 

MF signaling equipment must be added. New trunk circuits will also be 

required for the older offices with trunks arranged for MF signaling. 

Since 911 calls will not require service f:f.'om common AMA 

equipment, it will be possible in most cases to arrange existing translators, 

transverters, and senders to service both 911 and toll calls on a non

interfering basis. 

The quantity of equipment required will vary from office to 

office and will depend principally on the number of 911 trunk circuits requir~d. 

For the purpose of cost estimating we have assumed a 15, 000 line step-by

step office with AMA which includes four office codes and requires four 911 

trunks. Modifications to this office would include: 

• Two register-senders 

• One MF signaling circuit 
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• Four trunk circuits 

• Mis cellaneous common control 

This equipment would require approximately 36 inches of 

.t'ack space. 

b. Modifications to ANI-equipped offices. The ANI functions 

described above are precisely those required to provide ANI information 

for a 91.1 system. Normally, these functions are only performed for 

incoming calls determined to be toll or extra-charge calls. Therefore, 

existing clements can service 911 calls without interference to toll calls. 

Common control equipment must be modified to intercept the 911 call. route 

it to tho proPer ANI trunk, initiate the identifier and outpulser functions, and 

connoct and disconnect the multifrequency (MF) transmitter and the ANI trunk. 

These modifications will require the addition of ANI trunk 

circuits as required to connect existing identifier, outpulser. and multi-

£l'cquetlCY (M]') signaling circuits to the ANI trunks, and to enable these cir-

cutts upon receipt of the 911 digits. Figure 33 illustrates these additions 

which are similar to those l'equired when h'affic service position system 

(TSPS) trunks are added to a local office. 

c. Modifications to electronic switching system (ESS) offices. 

l~::dsting It:SS designs include hardware and peripheral equipment for providing 

ANIon 91 i trunks. Software service routines will have to be developed for 

th~sc special 911 Sel'vices and these new routines must be integrated into 
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oxistlng oporating systems in each individual office. Thes e special features 

(!<l.n be installed at the factory for future ins tallations. 

Some additional memory, both call store and prog'l'am 

"Loro, must be allocated to the 911 routines. However, because of the 

rcluHvcly large amount o[ storage allocated to existing translation routines, 

the ~!(jsL of storage can he expected to be negligible. 

I! the cost of developing and documenting the 911 routines 

can be am()l:tizod over all exis ting electronic switching system (ESS) offices, 

them the principal cost factor [or 911/ ANI modifications to ESSs will be the 

lauol' l'cquired £01' local engineering, integration, and documentation. 

d. Modifications to offices without AMA or ANI. As indicated 

in Sootion. C a snUl.l1 percentage of existing lines terminate in central offices 

which ill'e not equi.pped with either AMA or ANI. Recent developments of com

pact nnd incxpcnsi.v(\ ANI equipment for small offices has made it practical to 

add ANI to existing small offices. It is expected that the telephone operating 

('omrHutics will continue to upgrade their smaller offices as part of the con

tinuing gl.'owth 01 the DDD network. 

'rhe major elements of an ANI tributary system were 

dNHl1'ibNl itt Secticm C. This equipment is available from several vendors in 

pnckng(\s which can accomm.odate offices with from 500 to 100,000 lines. 

AdclHicH'l.ul technical information is readily available on a specific product 

which is tYl)icnl of those available fl'om telephone equipment manufacturers. 

3. Cos t ()f modifications. Table 26 summarizes modification cos ts 

tor the VnriO\H:l types of offices considered. Cost elements include both 
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Table 26. Comparison of Modification Costs 

Automatic Number 
Office Local Automatic Identification/ 

Type Message Centralized Auto-
Electronic Accounting matic Message Switching Accounting 

System 

Item Step-By- Cross- Step-By- Cross-
Step bar Step bar 

Engineering $1500 $1500 $ 900 $ 900 $1000 
Trunks (4) 1200 1200 1200 1200 - -
MF Sender (1) 800 -- - - - - --
Register-Sender (2) 1200 1200 -- -- - -
COmlTIOn Control 1200 1000 600 600 - -

TOTAL $5900 $4900 $2700 $2700 $1000 I , 

engineering labor and material as summarized below. All estimates assume 

a nominal 15, 000 line office. Modification cos ts for a particular office will 

vary widely depending on size, equipment and traffic considerations. 

• 

• 

Engineering and documentation. This cost element includes 

design engineering which is distributed over many similar 

offices as well as the local installation engineering neces

sary to work out the detailed modifications for each office. 

Costs have been converted from engineering hours on the 

basis of $15 per hour. 

Trunk circuHs. Dedicated trunk circuits from each local 

office to the appropriate public safety answering point 

(PSAP) are required. A minimum of two circuits are 
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• 

required for redundancy. Four trunks have been costed to 

allow for traffic loading. Larger offices may require sub

stantially more trunks. 

MF signaling circuits. Additional multifrequency (MF) sig

naling circuits may be required depending on the number of 

trunks, traffic activity, and type of office. A single MF 

sender circuit can service up to 60 trunks in conventional 

ANI installations (see Appendix A). Existing senders in 

ANI equipped offices can be used as common equipment in 

many cases. 

~t register senders. In large offices with many trunks 

electronic shift registers may be required by traffic load

ing to hold line number s until common signaling equipment 

is available. Two shift register senders have been costed 

for a local automatic message accounting (LAtvIA) step-by

a tep office. 

Ccnnmon control circuits. These circuits are required for 

interconnection and control of other elements and include 

connections, markers, sequencers, check circuits, test 

panels, relay rack, and power supplies. 
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D. Interfacing ANI to 911 Systems 

A complete definition of the interface between telephone company 

provided equipments and 911 provided terminal or switching equipment must 

address: 

• Applicable voice connecting arrangements (VCA) as prescribed by 

the FCC and Bell System Technical References 

• 911 system configuration and data flow 

• Subscriber line and trunk signaling and supervision requirements 

• Defini Hon of the peculiar characteristics of all connecting central 

office trunks 

• Number of central office trunks, PSAP connections, expected 

traffic loading 

This section discusses these items in general terms with emphasis on the 

public safety answering point (PSAP) functions peculiar to proces sing incom-

ing ANI information. 

1. Telephone Company (Telco) voice connecting arrangements (VCA). 

Federal Communications Commission (FCC) tariffs and corresponding intra-

state tariffs filed by the Bell Sys tem provide for the electrical connection of 

customer-provided voice transmitting and receiving terminal equipment and 

communications systems to the Bell System telecommunications network by 

means of a voice connecting ct:rrangement (VCA). The connecting arrange-

ment includes circuit elements to provide network control signaling unit 

functions as well as certain other network protection functions and is 

furnished, installed, and maintained by the telephone company. In addi

tion, the tariffs require compliance by the customer-provided equipment 
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wi th certain network protection criteria specified in applicable Bell System 

technieal rcierences. 

Figure 34 illustrates the interface between Telco and non-Telco 

pN)vidcd equipment. The voice connecting arrangements (YCA) would be 

IH'ovided and installed by the Telephone Company at the public safety answer-

Lng poi.nt (PSAP) location. The specific YCA which applies will depend on the 

type of trunks (two wire or four wire), the type of supervision (E&M or Loop), 

a.ne! on the peculiar features of the equipment used for PSAP call switching 

and diatdbutiol'\. Table 27 lists several YCA interfaces, and their applica-

bility. The reader should l'efer to these documents for detailed electrical 

and. me,~hanical interface specifications. Figur e 35 illustrates a two-wire 

trunk interface with E&M signaling as specified in YCA CDQ2X. The 

NHl.dcl,' is l.'cferrecl to Bell Systems Technical Reference Pub. 42502 for 

[\11' the l' detail. 

2. 911 opel.'ations. The public s~fety answering point (PSAP) inter-
-.~---

fa~'es described in this section are based on a number of assumptions regard-

ing thc.' t:on£igu;ration and operation of the 911 system. Figure 36 illustrates 

a Nmfiguration in which dedicated trunks are used between central offices and 

PHAPs, J),,01' this configul'ation: 

• All central offices are connected to a central PSAP via 

dedicated 911 trunks 

• All incoming 911 calls are routed by local offices to the 

central PSAP where they are answered by 911 dispatchers 
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Table 27. Voice Connecting Arrang~ments for Private Lines 

Bell System 
Tech. Reference 

PUB42S01 
(August 1969) 

PUB42S02 
(June 1971) 

PUB42503 
(February 
1971) 

veA 
CDQ4W 

CDQ2\V / CDQ2X 

C234W 

Application 

Automatic voice connecting arrangernent arranged 
for two-way service, which provides a four-wire 
voice transrnis::;lon interface to customer-provided 
dial switching equipment - used with a Telephone 
Company-provided four-'\vire private line channel 
equipped with Telephone Company-provided channel 
signaling with a contact-type signaling interface. 

Voice Connecting Arrangement CDQ2W is arranged 
for two-way service and provides a two-wire inter
face to customer-provided dial switching equipment. 
Used with Telephone Company-provided private line 
channel and Telephone Company provided channel 
signaling with a contact-type signaling interface. 

Voice Connecting Arrangement CDQ2X is arranged 
for two-way service and provides a two-wire inter
face to customer-provided dial switching equipment. 
Used with Telephone Company-provided private line 
channel and Telephone Company-provided channel 
sigJlaling with an E- and lvi-type signaling interface. 

Voice connecting arrangement, arranged for two
way service, which provides a four-wire voice 
transmission interface to customer-provided dial 
switching equipment. Used with a Telephone 
Company-provided four-wire priviate line chan-
nel and customer-provided channel signaling. 

e --~""~.. ,-~,--

e e 

Table 27. Voice Connecting Arrangements for Private Lines (Continued) 

Bell System 
Tech. Reference 

PUB42504 
(September 
1971) 

PUB42505 
(October 
1971) 

VCA 

C232W 

CDQ4X 

Application 

Voice connecting arrangement arranged for two-way 
service, which provides a two-wire interface to 
customer-provided dial switching or station termi
nal equipment. Used with a Telephone Company
provided private line chaIlJlel and customer
provided channel signaling (inband signaling only). 

Automatic voice connecting arrangement, arranged 
for two-way service, which provides a four-wire -
interface to customer provided dial switching equip
ment. Used with a Telephone Company-provided 
four-wire private line channel equipped with Tele
phone Company-provided channel signaling with an 
E and M signaling interface . 
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'l'h~~ r!e1colCcntral PSAP inte:rf'ace will be implemented by 

means of a 'relco~provided voice connecti.on arrangement 

(VeA) lcwatcd at the central PSAP 

(;(1:4:1t.1.':).1 o!£ices forward ANI information over the 911 trunk 

(lu,t()fnati(;ally upon request of the PSAP which processes 

thi8 in£rjl-mn,ttoll [()1' display to the 911 dispatcher 

Tho ANI in£Ol"mation frortl. the central offices may be used 

hy the centl:'al public safety answering point (PSAP) data 

IH'Oce1Jsin,g facilities !o~ automatic location identification 

(Al~r) Or ()then,' 911 services, but it is not forwarded beyond 

the cantl'nl IJ SA!;) 

f.t 11 dispatcher at the central PSAP may connect the calling 

p.u:ty to the appropriate local PSAP or he may relay the 

l'lHluest tal.' service himself 

The ('entl,'al PSAP mayor may n.ot be required to transmit 

diHit'l.l cIrll:a to the local PSAPs 

In ;~.t.·t\afl where OIH! Ol." mOre cen~tl'alized a.utomatic message account-

n~\~~ It';U.1J\l t)Hh'l.'I(a) ("nllcC't AN! inforn-tation from a relatively large number .of 

lH4·~11"fnl..'N~ (ltt\li.pp(~d with ANI equipment, the cost of central office modifica

thmn "'1m he ni~nHh~ru\ny r<Hhtcad by lOl;'ward.ing all 911 calls through the 

{'l\Z\tA nffll,'chl} \\ltillJo: with the upprop:date ANI information. This approach 

wl;ul~lr{'qu\t'(" \l *'clatively srnall number of dedtcated 911 trunks since exist

);nSj h~"'oJ nrfi~{, CAMJ\ trullks would be used for both CAMA and 911 ANI. 

Unl)t t~;\~tA o£iicN,wcmld be connected to the central PSAP. This configuration 
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suggests the use of common channel interoffice signaling (CGIS) between 

centralized automatic message acceunting (CAMA) and public safety answer

ing point (PSAP) offices in lieu of conventional multihequency (MF) 

signaling. 

3. Central PSAP ANI interfaces. Consider a central PSAP which 

includes a small cressbar tandem s\vitching system with electronic contl.'ol 

and automatic call dish'ibutien to operateI' positions as shown in Figure 34. 

In order for this system to receive and process ANI data from l.'emote central 

offices it must perferm a number .of functiens. 

a. Reception of ANI digits. The outgoing trunk circ.ui ts in the 

calling office terminate on incoming trunk circuits in the central PSAP. 

These incoming trunks appear on both the trunk-link and incoming register 

link frames. The incoming register link frame provides acces s to It"lcoming 

registers which record the frame number of incoming trunk for subsequent 

use in cennecting the call to the next available operator. 

After the inceming register records the necessary connec

tion informatien, it causes the incoming trunk circuit to signal the .outgoing 

sender in the calling office to pulse out the calling number. The multifrequency 

(MF) pulses are received and stered by the inconii'ng register. As each digit 

is received and checked, the incoming register transfers it te common con-

trol storage. After receipt of the last digit the register is disconnected from 

the inceming trunk and is ready te service the next call. 

b. ANI digit analysis. When all ANI digits have been received, 

an ANI digit analysis program is called. The first digit must be a KP puls2 
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tf; etUHn'(~ that tlOl1C ot th(~ first digits have been missed. The nex.t digit 

rfHmvrtl w an ANI ;,nfnrmation digit (sec Section IV. B. 3.b). This digit may 

Hlflinltr< I.lwt tIl(' 1m til ()r!iC(~ is unable to identify the calling party due to equip

fHf!nt !nihart· HI' that the originating party has a multi-party line. In either of 

tliPt1(l nHIM), Ow opt'H'lll:or to whom the call is connected must be advised that 

uht· umfH ohUun lh(> raftllng nurnbcr verbally. 

The ST pulse is the last rnultifrequency (MF) pulse 

l'Nc~ivtlll .mvl ill ntH'maUy UfH'!d rts a traveling class mark for dial pulse trunks 

'11111 dt dti n.~t 'Ot·w~l.t'd an initi.al one (station .. t:o-station) or zero (operator-

atwiLJtt-d) rHstlt with tho {·"l.lled nun).ber. This digit is also used to distinguish 

lmtw,-«'H ,nin atHl nrm ... t~(Jin linea. After receipt of the ST digit, the ANI 

>Ulil1ynttf program d(~adiv~tto8 digit scanning at'l,d returns control to a connec-

Him IH·f)~.tl·.nn fur t'onncdion of the call to an opel'ator. 

I,', MF NH:civcrs. 'The functions descri.bed above are typical 

ut" 'llhll'U" p('r1ul"mNl in (\xisting tr.l.ndom crossbar or electronic switching sys-

t .. 'mtl whil 11 Uilt' multifl'equency (lvn') signaling on. interoffice trunks. 

Mttltifl'(,:qIHHlCY (M!") l'cceivers and senders whi.ch have the 

dilll',i,rh'J,'iHth u tHlmm.u·t:.r.ed in Tahles 2.H, 2.9, and 30 can be obtained as part 
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Table 28, Multifrequency Receiver Specif~cations 

Input Impedance 

Input Amplitude 

Frequency Tolerance 
(sender) 

Carrier Shift Tolerance 
(transmission channel) 

Level Difference 
Between Lines 

Minimmu PuIs e Length 
before KP 
after KP 

Minimum Interdigital Inter'Val 

Maximum. Pulsing Rate 

Maximum Input Noise 

Outputs 

'-.~ .... '------. 
10 kO dc blocked, 

is olated from ground 

o to -22 dBm (6000 )/tone 

:b 1. 5 percent 

± 10 Hz 

6. 5 dB rnaxinmm 

55 rns 
27 ms 

20 1'11.9 

10 dig its / s 

57 dBrn 3 kHz flat weighting 

50 ± 5 ms ground true, 
battery false 

~'------------------____ -L ______________________ ~ 

Table 29. Multifrequency Sender Specifications 

Output Amplitude -10 dbm ±O. 5 db 

Digit Pulse Duration 68 ± 7 ms 

Interdig ital Interval 68 ± 7 ms 

KP Pulse Duration 100 ± 15 ms 
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'rdhh~ ,f). }'requ(mcics [or Multi£requency Pulsing 

Uq!,it • Frequencies 
~:o:.;~"'''''~~'''''''''~--'''''--'-''''''';'''''''·-----f-------'''----------------1 

(~ nUl 

t:Hlh'~f 

t ;.:.-> u 
HdUl'tl 

Hlh,th\kl i, 

t;, ~.h' 1 

Fre(lu(~ncle8 

11(1) t 1700 

1 [100 l- I ~'O() 

!)OO I 17UO 

1 
IJOO t 1700 

?OO ! 1700 

';OU t 1100 

lWO + 17110 

'lOU i nOI) 

'((lU i 1 t'm) 

';HO i 17(1) 

1 1 Uil f 1 ;'(Hl 

'lIm ;. 17~) tl 

14h 

700 + 900 

700 + 1100 

900 + 1100 

700 + 1300 

YOO + 1300 

1100 + 1300 

700 + 1500 

(JOD + 1500 

1100 ;. 1500 

1300 + 1500 

Explanat ion 

Preparatory for digits 

Ene'! of puis ing sequence 

Traffic Service Position 
Systern 

Coin Control 

Coin Control 

Coin Control 

Imval'd Operator 

Dd"y Operator 

Terminal Call 

Trans it Call 

e e 

• 
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E. Smnmary and Conclusions of ANI Study 

Based on the above discussion, we may conclude that the inclusion of 

ANI in 911 systems, employing either the selective l'outing or selective 

answering concept, is technically feasible and economically practical. Princi· 

pal results are summarized below. 

• Prevalence of ANI. Approximately 80 percent of the subscriber 

• 

• 

• 

lines which r''ll'minate in cent:ral offices are equipped with ANI 

for automatic mes s age accounting (AMA) 

Services Without ANI. ANI is not available to certain classes of 

service even though the subscriber line terminates on a central 

office equipped with ANI. This exclusion applies to party lines 

with more than two parties 1 certain PABX ins tallations, and 

coin telephones. 

Types of Central Offices with ANI. ANI equipment is available for 

all major types of central office equipment in use today, L e. , 

step-by-step, crossbar, panel, and electronic switching sys terns 

(ESS). Stand-alone systems are available for adding ANI to older 

panel, step-by-step, and No. I crossbar systems. ANI is built 

into all modern No. 5 crossbar and electJ:onic switching systems. 

ANI for 911. ANI can be pr ovided with 911 calls usi.ng techniques 

and equipment identi.cal to that which is used to provide ANI f01' 

AMA. In offices already equipped wI.th ANI for AMA, existing 

elements can be used to provide both services. 

• AMA Versus 911 ~_NI Traffic Loading. The volume of ANI traffiG 

for 911 would be less than O. 1 percent of the current ANI traffic 

147 



.1 

• 

• 

• 

{or AMA. 1'herefolO o t the addition of this function to existing 

office equipment would have a negligible effect ,vith respect to 

Ll'alfic loading, 

:!:!~c>~~!~~;1E!~~~.£?i: 911 ANI. The costOl modifications to 

u!ntral of:ficct3 to provide ANI with outgoing 911 calls will range 

fl*OlU $l?(]O to $?900 per office depending on. the size and type of 

o[£i(;c. 

Coo t V ct· sus OI£i co Size. The cost of central office modifications 

will (h~prmd pl'indpally on the number of trunks required between 

thr; of£it~c and tho ccm,tl'al PSAP. Modern ANI systems are 

tlt,t~ignud to Ih1.ndle multiple (up to 10) prefixes per offiee, i. e. , 

nfficcs with up to 100,000 equipped lines. Separate trunks are 

not rcquh'cd [m.· each prefix. e 
Tekol P~AP Interlaces. A Telco provided voice connection 

al'l'rlth,~(:mcnt (VeA) is required at the PSAP. The PSAP voice 

IIwiL~'hini-l ilnd distribution system must be equipped with MF sig

thtlin!c~ and It'\mk supl'~n'ision drcuits eel-pable of interfacing with 

alllu~'al cenl.:lllll.f£it~es t!Jmnected to it, rrhese interfaces are 

HirnH.u.' tI. thns<.'. l'0'luh'cd in n Telco tnhdem office wi th central 

AMA, ,BU! \~an be lU'Iplcnncnted with equipment available from 

fH/'\I'('1"tl man\lra.dU.t'~"l·S. 

Trt·nds. 
~,::::-"""'-~ 

I<:h'l,:h'unh:: Bwitching Systems (ESS) are rapidly r'eplac-

tl\).t oldN' lI:t\ntr.ll ()f£h~(~ equipment. By the yeal' 2000 vi.rtually all 

~\~ntral ofii'l'~'s will l)(~ (~olwerted to ESBs. These sys terns can be 

arranged to provide 911 ANI with minol' program modifications. 

ALI could also be pl;ovided by these systems but with ~:Jome 

increase in l'nelnary. 

Table 3 i summarizes the types of central office equipu:ent, the ANI techniques 

used, the modifications required, and the estirnated costs per office for each 

type. 

1. Classification of central offices. For purposes of discussing ANI, 

central offices have been grouped into four major categories: 

2. 

• 

• 

• 

• 

Those offices which accomplish the ANI function as an 

integral part of the common control equipment which per

forms local automatic message accounting (LAMA offices) 

Those offices which are equipped to identify the calling num-

bel' and to transmit it over an outgoing trunk to a remote 

office with centralized automatic rnessage accounting 

(CAMA). These offices, sometimes called CAMA tribu-

taries, will be referred to as ANII CAMA offices. 

ESS offices which determine the calling number under 

stored program control 

Those offices which have no provisions for ANI and which 

must rely on operator number identification (ONI) for bill-

ing of toll calls 

Techniques for ANI. Western Electric and all of the major inde-

pende:lt telephone equipment manufacturers make a variety of ANI and C'enlral-

ized automatic message accounting (CAMA) equipment. The specific details of 
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these equipments vary among rn,anuiacturers with installation, size, and 

wHh equipment age; how'ever, one of two basic techniques are ,-\sed in these 

equipments: 

• Continuous Sleeve Identification. In olde,,' central office 

• 

equipment not originally designed fOl' ANI, the location of 

the line-finder cannot be determined dil·ectly. The con-

tinuous sleeve technique takes advantage l)f the exis tcnce of: 

a continuous electrical path from the sleeve of the selodcd 

outgoing trunk, back through the switching equipment to the 

sleeve of the incoming line on the master distribution fl'amc 

(MDF). A tone or other identifying signal is placed on the 

trunk sleeve aHer the trunk is seized and fed back to the 

MDF. Each MDF' sleeve terrnin1;).,tion is connected to an 

identifier 01' decoding matrix which detects the identifying 

signal to produce a number which is unique for each termi .. 

nating line. The identified number is held in a register, 

translated as required, and transferred to the local AMA 

01' sent over an ANI trunk to a remote CAMA. This ANI 

technique is found principally in panel, step-by-step and 

No. 1 crossbar equiprnents. 

~qui.~~:,_~ut?ber_ Idcntifi.catton. No. 5 C1'OS sbar and 

electronic switching systems (r~SSs) are designed in such a 

Wily that the line s('antling circuits automatically associate 

a unique equipment number with each incoming line in the 
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"off .. hoOK" condition. 'rhis number is stored, translated 

nod prot N.scd as required for either ANI or AMA operations. 

.t:',ill£:1·ll,~~~Lrcql!,ired for 911 ANI. To provide ANI to a central 911 

'HWWl'l'lKlg pout, NICh L(~l('p}wne central office must perform the same func

lwnt) Wi".'\? nmtplNetl hy ("xiuting ANI! CAMA equipment on incoming toll calls. 

ThNIO huwliomi art': 

4. 

• 

• 
• 

IntN'('C'pt the 911 call number 

Idt'ntify the int~orning line 

(:On.tl(>('t the incoming line to a 91 t trunk 

l'rmHHuit the directory number to the 911 PSAP 

Mwhfie.ltiwHJ l'equil'ed fOl' 91l ANI. Modifications of offices with " ... , ....... ~-~~-=------
(·~1Utll1l!\:l.;r ('ti~Hrmwnt fot' OIH.'lNltion with 911 PSAPs would require the addi

tlHH 111' \ tHUUllm I'Hnh'i'll t'e"~lstt'1'''6enders, signaling circuits, and trunk cir-

I III I !'} \1,:iwl'lW('t' t ,\panty for these common equipment functions is not already 

.i\'.dl.lhll'. ll(·t.ult·d nll).(lifh~ations wUl vary widely from one office to another. 

llu' ,u1f'<·liul<' 4 'Hlt fqr pl,mt engineering peculiar to each office is expected to 

lit, .1 m.qnl' i,ldtll' W Uu' IW('l'all l~nst. J.~lectr()nic switching system (ESS) 

j,jtih (·u \ ,Ul pr\lvidl' .tl! lWi. eSaitl'V ANI funl.~Uons under pl'ogram control and 

n'ljnn't' nuly .Hl~H~nmt'nt \If ')11 tt'unk circuits. a 911 control routine, and 

t 'Ilrl( vi! mlHhfk,ltinns. Bsthnates for the cost of modifications 

.U't' tlhll\\'U \Il L\hh' ~j nil ,l JW1~' uake and per line basis. The pel' office costs 

.U'\' h.HH'I! 'in .t ul'nnn,tl 1 'i. tlOt) line office with four 911 ANI trunks. The 
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registers required than by the number of lines served. However, the cost 

pel' line is a strong function of office size. The cost pel' line is probably tl. 

more meaningful parameter for comparing the cost of 911 ANI service with 

that of other special telephone services. The princi;;al C3USt' of the large 

range in line cos ts shown is the range of office sizes. Pel' line costs will be 

higher lor smaller offices since the average office size is b(~tween five and 

six thousand lines: however, ANI is not a pressing need in these .cases. 

6. Central office w PSAP interfaces. A Telco-}n'ovided voice, Ct'H'!.-

neeting arrangement (VCA) is required for each trunk Hne terminating on 

non-Telco equipment at the public safety answering point (PSAP). The type 

of YCA required for each h'unk will depend on the type of tnmk (two- or 

four -wire) I the supervisory signaling used hy the central office (E&M or D. C. 

Loop), and the signaling technique used for routing the call (di,al pulse 01' 

multifrequency(MF) signaling). In all cases, the PSAP terminal must be 

equipped with MF receivers and registers which are compatible with the 

remote central office signaling equipment. Sufficient l'eceivers and registers 

must be provided to handle the expected 911 b'affie. 

The use of common channel interoffice signalhtg (eGIS) is an 

atb'active alternate to MF signaling between large clectro11ic switching sys-

tems and a central PSAP. GeIS is used for transmission of multkhannel 

digital signaling data between certain types of electronic central offices. Its 

use would eliminate the need for special signaling and trunk circuits on each 

ANI trunk. The rapid growth of ESS installations would ['W01' this approach. 

1 ?3 
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'rilit) Aut()rnati(~ Number t.dentification (ANI) study has suggested a 

nu:r:nlJ(~r t)l i'tr(~a8 lor further cons ideration. 

• 

• 

SevGral dtitH) and counties are now studying implementation of 
- .. 

- local 9 j 1. syacents with ANI. The costs proposed by the ilnple

rn(mtel" should be carefully evalu.ated in light of the j~ost data 

developed in this docun-umt. 

Cot1vidtu'a.tion should be given by the Federal Communications 'Com-

rnlS8ion and Public Utilities Commission to establishing a spe-

<:ifk LarUf [01' voice with ANI connecting arrangement service 

nifc:ring (or public safety agencies. The first step in this ·direc

tic:>n would be t!"c prepar~l tion of a definitive Telco -Public Safety 

Anaw(!ring Poine (F'SAP) intc;rface specification and interconnect 

fI,)'l'Hngem.ent, and agreements relating to Telco supplying of 

updnl't\d telephone directory data. 

• Tlw possible adaptation of common channel interoffice signaling 

(eelS) in lieu of multifl'eq\1ency (MF) signaling Jar 911 ANI 

d('!H~l'veij fUl,'th<'r investigation. This signaling technique could 

oignifh'antly },'cdUCt~ the cost of Telco terminals and voice con

nf'<:ting al·1.·~ulg,~n1ents (VeA) at the PSAP but would require other 

umdifh~u,tit)nsn.t the central offices. 

• TIH~ ptHI8tbl('. \,UH'! 'of common cenCl'ali2;ed au~omatic message ac

l;~~Hmt£ng (GAM,A)/t) 11 ANI tl.'unks ahould be investigated for use in 

Ul'N\B wh\?·l'('> a srnnll ntll'l1bel' of. CAMA offices service a relatively 

1urfW mnnbCl~ of ANI tl'ib\ltary oific!as. This apPl'oach coul{~ sig

l'~Hh'n"~ly l'edu~Q the number and cost of. trunks tffxminfo'ting at the 

,,'t'nh"rll PSAP. 

...... , .. ~ .... " 
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with ALI, " General Telephone and Electronics Compa,ny (June 1972), 

c, E. Hill and R. W. Johnson, "911 Proves Itself in Seattle, II Bulletin 

(Novelnber 1973). 

Reference Data for Radio Engineers, I'i r; 5th Edition, 

Cohn, "Law Enforcement Technology, II 1. ( 1967). 
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APPENDIX A. MINICOMPUTER SYSTEM 

RELIABILITY ESTIMATES 

Table A-I provides some raw data regarding expected and actual 

performance of four leading minicomputers. A 12K word version is provided 

as a standard baseline fo!' the size of the minicomputer. 

Table A- 2 weighs this data in the favor of actual hard data obtained 

from computer users verSUfi manufacturer's reliability claims. A failure 

rate of 1. 62 failures /year is determined by this very simplistic' calculation. 

Table A-3 provides the equivalent of To.'..>le A-I for, in this case, disc 

memory failures. 

Table A-4 attempts to obtain a failure /year figure for dis c controller 

electronics, whereas Table A-5 computes an equivalent figure for disc spindle 

units. The IBM data is provided a lighter weighing factor because the 2314/ 

2319 disc series is not a current IBM line. These dis cs had hydraulic fea

tures that are not used 'iit\ the more modern DIVA and DIABLO discs. The 

latest line of IBM discs (the 3300 series) is said to have a reliability of from 

"2 to 3 times better than the 2314/2319 series," however, to the best of our 

knowledge has not yet been interfaced with a minicomputer. 

Table A- 6 takes the numbers for failures /year previously derived in 

Tables A- 2, A-4, and. A-5 and first totals them, and then provides a figure 

that could be said to represent a MTBF. If it is assumed that 358 days out of 

365 the computer system should provide 24 hours of uninterrupted operation-

the probability of this 24-hour provision being achieved is about 98 percent. 
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Table A-l. Minicomputer Failure Historya 

Computer Type 
Or Brand 

HP 2.100 

HP 2114 and 
HP 2116 

Computer 
Automation 

Data 
General 

DEC PDP-ll 

Source 

The Magnavox Company) 
Torrance, Calif. (W. C. Euler) 
Conversation of 1 /13/74 

Naval Weapons Systems Labo
ratory, Seal Beach, Calif. 
(P. D. Sutton) for 1.5 -year 
history 

Letter to USAF contractor 
written during summer of 1973 
based upon 113000 Ins tallations II 

Visit to Data General repre
s~ntatives on 12/20/73 

DEC estimate for 4K PDP 11/20 
given to Aerospace on 11/14/72 

alnc1udes CPU, N 12K Core, + I/O Electronics 

Mean Time Between 
Failures (MTBF) 

(Hours) 

8000 Hrs. @ 60% 
Duty Cycle = 
4800 Hrs. 

N 4320 @ 100% 
Duty Cycle 

8760 Unknown 
Duty Cycles 

8760 (CPU only 
at unknown duty 
cyc1e§) 

5700 

Failures 
Per Year 

1.8 

·2 

1 

1 

1.5 

• L-______________ --:...... ____ .. __________________________ _ 



Table A-Z. Computer Failure/Year Determination 

Failures/Year 
Computer Failures/Year Weight Factor x Weight Factor . 

HP 2100 1.8 3 5.2 

HP 2114/2116 Z 3 6.0 

Compu\:er Automation 1 1 1.0 

Data General 1 1 1.0 

DEC PCP-11/20 1.5 2 3.0 
-
10 16.2 

Total Failures / Year 16.2 1.62 Failures/Year = = Total Weight Factor 10 



Table A-3. Disc Failures 

... Failures/Year For -
Controllel' 

Disc Type Source Electronics Spindle Units --.-
IBM 2314/2319 IBM L.A. Mainte- 2 6 
30 M-byte disc nance Dept. (C. King) (Controller services 
pacs Telecon of l/17/74 8+ spindles) 

DIVA mini- DIVA (V. Malley) 0.23 2.3 
computer type 1/17/74 Calculated (Con-

troller services 4 
spindles) 

Diablo Series 30 DIABLO (B. Wicks) 1 2 (Specification) 
Telecon of 1/18/74 (Controller services 

4 spindles) 1 . 25 (Actual 
History) 

I 
Diablo Series 40 Diablo (B. W' , ) l.cxeS 1 2 (Specification) 

Telecon of 1/18/74 (Controller services 
4 spindles) 

• 



• • • 
Table A-4. Disc Controller Failure/Year Determ.ination 

a Failures/YeCl.r 
Disc Type Fa,ilures /Year Weight Factor x Weight Factor 

IBM 1 1 1 

Diva O.Z3 1 0.23 

Diablo 1 1 1 
Series 30 

Diablo 1 1 1 
Series 40 - --

Total 4 3.23 

Failures /Year Total 3.23 
0.81 Failures/Year Weight Factor Total 

: -;r : 

". 

aBased upon controller servicing up to foul' spindles 
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Table A-5. Disc Spindle Units Failure/Year Deterrrrlnation 

Failures/Year 
Disc Type Failures /Year Weight Factor x Weight Factor 

IBM 6 1 6 

Diva 2.3 3 6.9 . 

Diablo 2 2 4 
Series 30 
Spec. 

Diablo 1.25 3 3.75 
Series 30 
History 

Diablo 2 2 4 
Series 4Q 
Spec. ..' - --.-

Total 11 24.65 

FailureS/Year Total _ 24.65 
2.24 Weight Factor Total 11 = 

e .. e 



__ ..... _ ........ h __ .lIl.' ................... .. 

".' ..... , ...... - .......... ,~~, .. -



• 
Table A-6. System Reliability 

Quantity Item Failures/Year Source 

1 Comp'l;lter + ,..,12K 1.62 Table A-2 
Memory + I/O 

1 Disc Controller Electronics 0.81 Table A-~· 

2 Dis c Spindle s 4.48 Table A-5 --
Total 6.91 

MTBF 
8760 Hours /Year = 6. 91 Failures / Year = 1270 Hours 

Probability of walking into computer room and having system work 
without a failure for the next 24 hours: 

~ ~~~ X 100 = 98.1% 

• 

------------------
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Table A-7. Computer Downtime Caused by "Unscheduledll Corrective Maintenance 

(Based Upon 6.91 Failures/Year) 

Downtime (Hrs) Caused By 
Mean Time to Repair "Unscheduled" Corrective Downtime Availabilitya 

(MTTR) (Hrs) Maintenance Percent/Year (Percent) 

1 6.91 0.08 99.92 

4 27.64 0.32 99.68 

8 55.28 0.64 99.36 

12 82.92 0.96 99.04 

16 110.56 1.28 98.72 

20 138.20 1.60 98.40 

24 165.84 1. 92 98.08 

48 331.68 3.84 96.16 

72 4(':' .52 5.76 94.24 

" aCorrective maintenance only considered. This figure does not take into account factors 
which include preventative maintenance, hardware and software system change implemen
tation, power outages, system software failures, computer terminal failures (e. g. ASR-33) 
and hardware failures other than the CPU, the I/O interfaces, 12K words of core 
memory electronics, and a dual spindle disc. 
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APPENDIX B. OMAHA TRAFFIC DATA 

The data plotted in Figures 9 through i 2. is presented here in table 

form to provide additional detail. The iu-for::.nation was provided to us by 

Omaha Public Safety Department pet-sonnel during a briefing they presented 

in Oakland on November 5, 1973 and is hel'ein gratefully acknowledged. 
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Hours 

0000-0100 

0100-0200 

0200-0300 

0300-0400 

0400-0500 

0500-0600 

0600-0700 

0700-0800 

0800-0900 

0900-1000 

1000-1100 

1100-1200 

1200-1300 

1300-1400 

1400-1500 

1500-1600 

1600-1700 

Table B-l. Public Safety Department 911 Telephone Calls by Day 
from Saturday 28 July 1973 through 3 August 1973 

Sat. Sun. Mon. Tues. Wed. Thurs. Fri. 
July 28 July 29 July 30 JUly 31 August 1 August 2 August 3 

49 551 38 29 40 41 66 

60 54 22 25 49 33 48 

38 56 19 27 29 22 26 

38 22 9 18 19 15 21 

23 28 10 10 9 8 12 

13 13 5 8 8 16 9 

12 17 12 24 18 9 11 

15 10 15 24 30 33 20 

27 21 33 20 44 40 32 

35 20 23 20 29 32 37 

34 21 21 23 32 28 43 

29 23 27 29 40 29 34 

24 39 22 23 38 38 36 

32 34 33 36 34 43 44 

42 31 33 27 28 38 62 

30 34 31 28 37 50 33 

39 27 55 41 53 43 62 

Average 

45 

41 

31 

20 

14 

10 

14 

21 

31 

28 

29 

30 

31 

36 

37 

34 

46 



• 

Hours 

1700-1800 

1800-1900 

1900-2000 

2000-2100 

2100-2200 

2200-2300 

2300-2400 

Total 

Table B-l. Public Safety Department 911 Telephone Calls by Day 
from Saturday 28 July 1973 through 3 August 1973 
(Continued) 

Sat. Sun. Mon. Tues. Wed. Thurs. Fri. 
July 28 July 29 July 30 July 31 August 1 August 2 August 3 

49 43 29 50 48 69 48 

59 38 39 42 59 57 43 

43 41 60 65 79 48 45 

76 34 llO 63 59 24 48 

49 45 52 48 56 38 83 

65 62 48 54 50 53 80 

59 43 59 18 40 89 94 

940 810 73-5 755 918 896 1037 

Average 

49 

48 

54 

49 

53 

59 

69 
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