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1. GENERAL 

1.1 This section is intended to provide REA. borrowers, consulting 
engineers, contractors, and other interested parties with 
technical in!'onnation for use in the design and construction 
of REA borrower's telephone systems. It describes in 
particular the equipuent arrangements and methods for 
detel'lllining the number of switches and trunks required for 
handling incoming toll traffic at a toll center on a dial basis. 

1. 2 Tile te:nn "toll center" as used in this section is an office 
where operators record L"ld complete toll ca.lls to all points 
in the country and where facill ties are provided for completing 
incom1ng toll calls including arrangements for operator assistance 
where required on incoming calls. 'lbese facilities consist or 
manual switchboard posi tiona in all cases and toll dialing 
equipaent mere incaaing toll calls are canpleted by dialing. 
Most toll centers handle the toll traffic for a DUilber of nearby 
COIIIIlunities, called tributaries, as well as the toll calls 
originating and te:nllinating in the toll center coDDuni ty itself. 

1.3 Incc:aing toll calls at a toll center •Y be for local numbers 
in the toll center itself, for local llUilbe'.l"S at any tributary, 
for operators, or for testing facilities at the toll center.­
'I'll-. toll dial equipnent aust be designed to handle incOIIing 
calla to each or these. 
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1.4 Calls tar operators include connections to "Information" where 
the telephone number of the called party is not known, reports 
ot "Reacv-to-talk" on person-to-person calls that were delayed 
and on which wrd •s left to call back and requests for 
••eiatance fJ'Oil an inwrd opera t..or men difficulty is encountered 
ln r.tach1 ng a particular telephone. Calls tor testing facilities 
also are completed in response to dial pulses to :tacilitate 
testing intertoll trunks without the assistance of a maintenance 
man at the toll center. 

1.5 The toll dial equipment is required to receive the office codes 
for the local offices at the toll center and for the tributaries 
it serves and to complete calls to these local offices in 
accordance wi. th the dial pulses received. Calls to operators 
and to test facilities are completed on receipt of standardized 
.3-digi t codes. 

1.6 In this section it is assumed that the reader is familiar with 
other material that has been issued on dial equipaent, on manual 
toll boards and on toll operation. This includes the following 
secti.ons of the REA-TE & CM and REA Fo:n. 542a, b and c covering 
manual toll boards: 

Section 156, Nationwide Toll Dialing 
Section 157, Customer Toll Dialing Within Lim1 ted Netwrks 
Section 208, Numbering Plans 
Section 325, Application Guide for the Preparation of 

Dial Central Office Equ1J1118nt Requirements 
Section SOl, Telephone Traffic - Qualitative Discussion 
Section 510, Telephone Traffic - Dial Central Office 

Equipnent 

2. OPERATOR AND PlANT TEST CODES 

2.1 Standard codes have been e~ptablished for reaching operators 
and for plant testing purposes, some of which are needed at 
all toll centers 'While others are provided only lllere locally 
required. Foll~ng are the operator codes and ta'leir purpose. 

2.11 Inward - 121. Used bjr operators in distant cities when 
assistance is required such as v.erifying a continued line 
busy or trunk overflow condition. During transition 
period to Nationwide Dialing some calls may nave to ·be 
referred to an Inward operator because the calling operator 
is unable to dial into the end office. Trunks terminate 
on manual toll board~ Required at every toll center. 

2.12 In1·ol'lll8,tion - 1)1. Used by operators in distant cities 
to obtain telephone numbers at the toll center and at its 
dial tributaries. Trunks terminate on Information desk 
where provided, otherwise on •nual toll board• Required 
at all toll centers. · 
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2.13 Route - 141. Used by operators at decentralized outward 
switchboards to obtain route or rate information from a 
route and rate desk. Generally applicable only in larger 
metropolitan c~nters. 

2.14 Toll Station - 181. Used by opera'OOrs in distant cities 
to reach a special position on the manual toll switchboard 
where connections are made to toll stations. Required only 
where there are toll stations. ' 

?.15 Universal TX - 1150. Used by operators in distant cities 
when connection is required with an outward operator such 
as on collect calls to coin station and "Ready-to-talk" 
reports on delayed person-to-person calls on which word 
has been left to call back but the party does not know the 
operator number. In the smaller toll centers where only 
one delayed call (TX) position is needed it is customary 
to use "50" as the operator number on all delayed calls • 
Trunks terminate on manual toll board. Required at every 
toll center. 

2.16 Delayed Call (TX) - llXX or llXXX. (X refers to any 
numeral between 0 and 9). Used in larger offices where 
delayed calls are assigned to two or more TX groups • 

2.2 Plant Test Codes - 100, 101, 102, 103 and 104. Used for testing 
intertoll trunks. Provided only 'When locally required. 

2.3 The toll centers in REA borrower's systems generally are small 
with no specialized inward and outward positions. Under these 
circumstances the codes 121 and 1150 may be tied together and 
only one trunk· group provided to the manual toll board. This 
reduces the number of trunks required. 

3. ARRANGW.ENT ow EQUJA1ENT 

3.1 Figure 1, illustrates a typical trunking diagram for a toll 
center 'With three outlets ·and serving four tributary offices. 
Three of the tributaries are CD0 1 s and one is a manual office. 
The illustration shows the assigned office codes and the rank 
of.each office in the General Toll Switching Plan •. 

3.2 \~th the offices and trunks illustrated in Figure 1, the toll 
center A is required to complete dial incoming toll calls to 
local numbers at A and at the 3-CD0 1s. On receipt of the code 
"564" connection must be made to an idle trunk to the manual 
tributary F and a two-second ring transmitted over the trunk, 
if it is ringdown, or a D-C seizure signal, if it is common 
battery. 
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3.3 Figure 2, illustrates a S1d.tching schematic that will meet the 
require.nta for Toll Center A in Figure 1. Step-bT-step equip­
•nt ia assumed tor .simplicity but the same plan is applicable 
to any direct-control type systeJn. A common-control installation 
888111 unlikely for REA borrower's toll sw.i tching systems and if 
considered, will require special study. 

3.b In this illustraU on it is assumed that the toll dial equipment 
at the toll center is required to complete connections to operators 
and to the test facilities only in response to codes 121, 131, 
ll$0, 101, 102, 103, lOb and 100. 

3.5 Intertoll first selectors and auxiliary first selectors usually 
are equipped for digit absorption and others may be so arranged 
where desirable. Where working levels on intertoll first selectors 
are reached after dialing an unlocking digit, it is desirable to 
return a busy signal if an unlocking digit is not dialed first. 
This will prevent the completion of some wrong-number calls. 

3.6 Figure 2, shows a trunk group fron: level 3 of the intertoll first 
selector a to the local office in the toll center. These tenninate 
on incoming toll selectors which are considered part of the local 
office. A similar group from the toll board to the local office 
is prorlded for the completion of calls from the tributaries to 
the toll center, for handling delayed calls and for completing 
some incoming calls received over 121 trunks. These are called 
"Toll Switching Trunks." 

3. 7 The arrangement iJ 1 ustrated in Figure 2 prov:i rles a high degree 
. of nexibili ty in· making use of the office codes assigned and it 
leaves room for adding a number of new tributaries with no change 
in the aw1 tching plan. Other plans, requiring fewer selectors, · 
but with less flexibility and less capacity for growth are 
described in Paragraph b.b. 

b. SWITCHING LEVF.L ASSIGNMFNTS 

4.1 The office codes for the toll center and for the tributaries 
are assigned by the Bell Associated Company serving the area. 
Wherever feasible, a pattern is followed of using the same 
first two letters for several tributaries but different letters 
for the toll center 1 tself. This facilitates extended area 
service where direct trunks are provided and usually is well 
adapted £or toll trunking. However, the codes assigned can not 
be developed £or each individual toll center and one or two 
changes may permit a more economical switching system as described 
later. 
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4.2 Since the nlBber of intertoll first selectors is tixed by the 
n\BIIber of tnmka the first objective is to bandle as much traffic 
as possible directl7 on these first selectors in order to reduce 
the number of intertoll second selectors req1Jired. '!be toll center 
i t.aelf usually has mon toll traffic than any of its tribut.ari.es 
and lihere this is the case, it is desirable to serve Ule local 
office direct17 on the first selector. This has been done in the 
eDIIlple illustrated by Figure 2 by assigning :the toll center and 
t110 tributaries to levels 2, 3 and 4 of the intertoll. first 
selector and the tw remaining tributaries to levels 3 and 4 of 
the . intertoll _.cond selectors. This plan leaves a DUilber of 
levels aval.lable for additional tributaries and does not require 
digit absorptiOD on the incani.ng toll eel.ectors at •IV' of the 
local offices. 

4.3 In the event that there is more traffic to tributaries E and F 
than to toll center A and tributaries G and H, it would be more 
economical to reverse the assignments to first and second selectors 

as illustrated in Scheaatic A of Figure 3· This can be done with 
no code change. 

4.b Sc~tics B, C arid D an Figures 3 and 4 illustrate what can 
be done by one or tw code cha.es. ScbeiBtic B, Figure 3 
shows how all offices can be reached directly from the first 
selector by obtainj.ng two code changes, thereby eliminating 
the intertoll second selectors. Schematic C, Figure b shows 
how one code change permits combining the intertoll second and 
auxiliary first selectors td.th a resulting gain in efficiency. 
Schematic D, Figure b also eliminates the intertoll second 
selectors llith a different code change but with the penalty 
that digit absorbing selectors must be installed at tributary E 

ini tiall7 and at F when it is converted to dial. All of these 
arrangements, of course, liDd t the capacity of the switching 
system in tbe number of tributaries that can be served,.and are 
dependent on obtaining sui table code assignments. 

4.5 For very small toll centers ldth few tributaries it mill' be 
feasible to assign local number groups at the toll center 
directly to levels of the intertoll first selectors. This 
110uld avoid installing a separate gi'Oup of incoming toll 
selectors in the local office. Some gain in efficiency may 
also be obtainable by assigning local nuaber groups to available 
levels of the auxiliar.y first selector,. Such arrangements, ot 
course, depend on obt.aining acceptable office codes and suitable 
number series for local numbers. 

'4•6 'lhe above examplss illustrate the wide variety o! Sld.tching 
arrauements available in dial toll centers. 'lhe ecoaomiea 
ob~ble by •king the beat possible use of the assigned 
codes or by obtaining a few code changes warran·t. ·a careful 
stucQ' of tbe std. tching plan for every toll center bet are· reach­

ing a final decision on the plan to be followed. 
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4. 7 Man\Bl tribut&r7 offices are treated in the same Enner as dial 

tributaries as far as level assignments are concerned. 

b.8 Greater nexibili ty in the assignment of codes to selector levels 

and greater capacity for tributaries .may be obtained by using 

a third rank of selectors but this ahould rarely be necessary in 

REA borrower • s systems. 

4. 9 The arrangement of auxiliary selectors to reach operators and plant 

test facilities illustrated in Figure 2, should be applicable in 

most toll centers in REA borrower's syst•s• In the larger offices 

where two or more groups of delayed operators are required, TX 

numbers .may be assigned to levels 6, 7 and 1, and on three 

additional levels where codes 141, 181 and 191 are not required. 

In a small office, such as the one illustrated, trunks to 

opera tors can be reached w1 thout use of the last digit. With 

this aiTangement the trunk lamp normally lights when an idle 

trunk is selected and if an operator asnwers before the last 

digit is received a "stop-dial" dignal is returned llhich JDIO" 

prevent the cCIIlpletion of the connection. Where the type of 

equipnent is such that this condition can be avoided at negligible 

cost, it should be so arranged, otherwise, no special provision 

need be aade for this contingency. 

S. EmiNEmlNG BASIS Fm SELECTORS AND TRUNKS 

S.l The toll dial facilities at a toll center represent a very small 

part .of the total plant used on an incoming toll call, especially 

where tbe call originates in a distant city and is routed through 

several switching centers. 'lberefore, it is suggested that all 

dial switches and operator trunks involved in the completion of 

incoming toll calls at the toll·center be engineered on a basis 

that will result in about one delay in a hundred calls. (Table 

P • .01, REA-TE"& CM-Sl.O). This is for the average busy hour in 

the bus;y season. 

$.2 The estimated volUIIS of traffic incoming to a toll center from 

intertoll trunks can be obtai~d from the connecting company 

responsible for providing the trunks, (generally one of the 

Bell Associated Coapanies). If no breakdown is available between 

incoming and outgoing traffic, it may be assUJDed that SS% of the 

total is incOII:ing for the purpose of engineering the toll diSl 

equipaent in order to make some allowance for deviation frca the 

usual 50-SO division. This volWIIIP. usually. is eJq>ressed in "Busy 

Hour Minutes" which can be converted to Unit Calla b7 multiplying 

by .6. (Unit Calls • 601. Minutes t 100). 

S.3 The in("ondng traffic f'I'OIIl intertoll trunks is received on intertoll 

first selectors and then divides between. the toll center and .the 

various tributaries in accordance wdth the level assignaents 

described in Paragraph b and illustrated in Figure 2. On initial. 
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installations of toll dialing selectors in REA borrower's systans, 
especially '\lbere new tributaries and new trunld..ng arrangements 
are to be set up, little or no infomation mq be available on 
how the incoaing traffic will divide. It is suggested, therefore, 
that the incc:.d.ng unit calls be prorated between the toll center 
and the tributaries in the same proportion as the esti.Jnated total 
originating messages at the toll center and at the tributaries. 
These originating message figures are estima~ed in any case in 
the preparation of the Area Coverage Design (ACD). This procedure 
is illustrated in the example shown under Paragraph 6. 

5.4 When additions are needed in the toll dial equipnent, usage data 
on all second and auxiliary selectors and operator tranks should 
be obtained by switch counts or usage meters. These data can 
be projected to future periods and switch quanti ties determined 
on a sound basis of past performance. 

5.5 The required number of auxiliary selectors is based on the percentage 
of incoming traffic that is routed to operators. Under current 
operating practices this percentage figure should be fairly uniform 
as between toll centers and reasonably stable even dur.lng periods 
of some overload or circuit congestion. For engineering purposes 
it J11B.Y be asSUliBd that 15 percent of the incoming unit calls will 
be routed to the auxiliary selectors unless there is reason to 
believe local conditions indicate a different .figure should be 
used. 

5.6 A .miniml.Dil of tw auxiliary second selectors is suggested for 
gaining acces~ to the toll test circuits. This should be adequate 
for toll centers up to perhaps 50 intertoll trunks. It is sug­
gested that this require•nt be discussed with the connecting 
CCIIIlJl&DY lihich 11Lll be Eking the most use of the toll testing 
facilities. 

5. 7 Most toll centers in REA borrower's systems have too few switch­
board positions to warrant specialized Imvard and Delayed (TX) 
operators. Where this is the case it is recODnended that the 
codes 121 and 1150 be tied together and one trunk group be pro­
vided to the toll board. The nWilber of trunks in such a combined 
group •Y be estimated on the basis· that 90 percent of the traffic 
on the auxiliary selectors will be for these two codes.· The small 
volume of t.raffic for the plant test codes may be disregarded. 
This leaves 10 percent of the traffic !or information but a 
Jd.nimum of tw trunks is recaamended. 

6. CALCUIA TION CF SELECTORS AND TRUNKS 

6.1 To illustrate the calculation of the number of selectors, 
trunks to operators and the test trunks required at a small toll 
center the following example has been prepared baaed on the 
trunking and swi. tching arrangements of F:t.eure 1 and ll'igure 2. 
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6.2 Bae1c Info!'IBtion 

Group 

A - B 
A-D 
A- C 

Intertoll Trunks - Figure 1 

MUIIIb~ .. ~s J?~~! 

15 

Buey Hour Minutes* 

5 
3 

Originating Toll Messages 

Per Dayl/ 

650 
224 
118 

Toll Trunks 

Toll Center A 
Tributary E 

F 
G 
H 

300 
100 
lJJl 
60 

100 

4 
6 
2 ,,. 

* Froa c0111pan7 providing trunks. 
II Froa ACD. 

6.3 The nuaber or intertoll .f'irst selectors required is the same 
as the nuaber or intertoll trunks, 15 + 5 + 3 • 23 in this 
example as all are two-way. If there are any one-way trunks 
they, of course, do not require selectors at the outgoing end. 

6.4 Second and auxiliary selector requirements are developed as 
follows: · 

6.41 Busy Hour Minutes. UsaP,e on intertoll trunk groups is 
converted to unit calls by multiplying by .6. 

Total Busy Hour Minutes (650 + 224 + J~8) 992 
Incoming - Assume 55% or the total load 

is inca:aing (992 x .55) 545 
Incol!'.ing· Unit Calls .(545 x .6) 326 

This voluae or incOIIling traf.f'ic is distributed over the 
various levels or the intertoll .f'irst selectors to. second 

·selectors, to auxiliary first selectors, to inco:adng toll 
selectors at A and to tw tributary groups, as shown on 
Figure 2. . 

:::.4~ Fifteen percent of the incoming traffic is to operators 
and plant test circuits reached over the auxiliary firet 
selectors. 

Un1 t Calls on Auxiliary First Selectors 
~-x~6· ~ 

Auxlliary First Selectors (Table P • .01) • 6 

(a.fer to REA-TE It CM-Sl.O ror probability tables.) 
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6.L3 The remaining incoming traffic is asSUDed to divide in 
proportion to the originating messages at the toll center 
and at the tributaries. The vol\DIIe of this traffic is 
th9 total Jldnus the 15 percent to operators and plant tests. 

tlr·: ~ Calls rema.ining (328 - L9) 

These unit calls are divided as follows: 

'T'oll Center A 
Tributary E 

F 
G 
H 

Originating 
Messages 

TOTAL 

300 
100 
1.40 
60 

100 

700 

Percent 
Total --
L2.8 
1L.3 
20.0 
8.6 

lL.3 

100.0 

279 

Unit 
Calls 

ll9 
hO 
56 
2h 
~ 

279 

6.44 Incoming toll selectors at toll center A are required 
to handle 119 un:1 t calls. Humber required (Table 
p •• 01) • 9. 

6.45 'l'he intertoll second selectors handle traffic as follows: 
(Figure 2): 

Unit Calla 

Tributa1"7 F 56 
E J!Q_ 

TOTAL 96 

Humber required (Table P • .01) • 8 

6.h6 Two a~liary second selectors are provided for reaching 
plant test codes on . the basis that two is the minimlDil 
for any selector group. 

6.5 Trunks to operators are developed as follows: 

Unit Calls on Auxiliary First Selectors (par. 6.42) 49 
Unit Calls for Inward and TX ( 90%) · · 44 
Trunks Required ( P • .01)· 5 
tlni t Calls for Inf omati on (10% of 49) L. 9 
Trunk8 Required (P • .01) 2 
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6.6 It 11111 be found helpful to prepare a c0111pl.ete avitehiDg seheatie 
tor. all offices in the toll center area shoving avitch quantities 
and cOYm'ing all aelectora on which level assignments have been 
•de such aa illustrated :i.h Figm"ft S. 

1. StMMARY 

7.1 The conversion of the local telephone s.ystaa at a toll center 
from 118nual to dial operation makes it desirable to convert 
the tel'llinating ri~down intertoll trunks to toll dialing merever 
the distant toll center is equipped for toll dialing. This 
requires intertoll and auxiliary selectors, trunks to operators 
and usual]3' trunks to toll test facilities. These should be 
adequate for handling the incoming dialed calls v.l th a low probabil­
ity of delay, such as one call in a hundred. (Table P • .01) 

7.2 The intertoll selectors are arranged to complete calls to the 
local equi:paent at the toll center and to each tributary in 
accordance with the assigned office codes. The two letters 
and single nUEral of the office codes gener·al]3' are used up 
in the toll selectors leaving four nuaerals of the custaaer 's 
nlnber to be transmitted to the local office. Good judgment 
is needed in level assign~~~ents and in the use of the digit 
absorption feature to keep the number of second selectors 
at a ld.nbnua. 

7 .) In the initial installation, the number of second and auxili&l7 
selecto~ is based on the estimated volume of incoming dialed 
toll traffic and on a theoretical division between local offices. 
When additional eqUipnent is needed, aw:l.tch counts or other 11e1111s 
should be used to determine actual. usage on tbe facili tl.es 
installed and the addition engineered on the basis of this 
informa ti. on. 

7 .h The arrangement and amount of toll dial equipnent at a toll 
center affect pri•rlly the outward operating at distant toll 
offices &aid t.~ af'fici&&t use of t."le lilole toll network. It 
therefore, is suggested tbat plans for toll centers in REA 
borrower's system.s be reviewed wl th representatives of the 
associated Bell C0111pany serving the territor.y to •ke sure tbat 
all requirements for Nationwide Toll Dialing have been met •. 
{Refer to REA Bulletin hl0-1, "Scheduling Connection of lev 
Dial Offices with Toll letvork.") 
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