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SWITCH QU.ANTI'l'IES 
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Fi&ure lA. Intra-office trunk Capacity Tables (10 Terminal Access) 
· In Unit Calls or CCS. 

Figure lB. Intra-office Trunk Capacity Tables (1.5 Terminal Access) 
In Unit Calls or CCS. 

Figure 2A. Trunk Capacity Tables in CCS or Unit Calls (Graded 
Multiple Above 10 Trunks). 

Figure 2B. Trunk Capacity Tables in CCS or Unit Calls (Graded 
Multiple Above 1.5 Trunks). 

Figure ,3. The Probability Curve {Full Availability Assumed). 
Method ot Grading the Same LeTel of Two Shelves Before 

Eleven Trunks. 
Figure 4. 

Figure ,5. Comparison of Multipling Arrangemnts With and Without 
Grading. . 

Figure 6. Traffic Diagram - Example 4. 
Traffic Diagram - Exanpl.e .5. 
Traffic Diagram - Example 6. 

Figure 7. 
Figure 8. 

G!DRAL 

l.l 

1.2 

This section is intended to provide REA borrowers~ ccnsulting 
engineers, contractors and other interested parties with technical 
information tor use in the design and construction ot REA-financed 
telephone systems. It· 41scusses 1n particular cata:l.deration8 1n 
the caleulation ot switch quantities for dial cmtral offices and 
replaces Section .510, Issue .3, August 1954. 

The purpose of this section is to provide means of determining 
the proper t)'P8s, quantities and grouping arrangements ot equip­
ment that should be fUrnished in a dial central office on the 
basis ot trattic considerations. It is intended that this 
material also serve u a guide to the borrower's ecgineer in 
nritying that the equipment schedule turniahes the correct 
number ot switches or switching circuits in accordance with 
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1.3 

originating traffic estimates and the number of intel"-office 
tl'WJks stated in the central oftice equipment. cCiltract. In any 
case, however, the provisions of the central office contract 
gove:m an7 situation on an individual project. 

Although the functions of these equipment.s are discussed briefl7 
in this section, it is assumed that the reader has familiarized 
himself vith Section 325 ot this manual; REA Form 525 (herein­
after called the c. o. Specitications), am other sections in 
the 500 series of this manual. In this section an att•pt has 
been made to keep the examples as simple as possible so that the 
basic principles of traffic engineering tor Eall dial offices 
will be understood. Detailed arrangements required ~ these 
offices tor operation on a 2-letter 5-digf.t numbering basis baTe 
been emitted, as this subject is cov~ed in Section 208. 

1.4 Svitching equipments llhich generall.y appl7 oal7 to offices ot 
capacity greater than 800 lines are be,ond the scope of this 
section and should be giTen special st\dy by the engineer. 

1.5 In the examples llhich follow, line terminals and connector 
teminals required tor test and alarm purposes as well as those 
to be provided as spare are not specificall7 covered in each 
example. The llUJlber of these required must be added to the 
number required tor subscriber lines to detemine the total 
line and teminal requirements tor an office being cgf.neered. 

1.6 Certain refinements are also emitted in the illuatratin examples. 
For instance, there is nonual.l7 acme holding of linef'inders b7 
customers and permanents vithout digits being dialed. 'lhese 
attempts are generall.y referred to as "false starts". However, 
in this section it is assumed that all traffic on linetinders 
vill be routed over trunks from the first selectors. 

2. SWI1UHING S'l'AGFS 

2.1 The intra-office subscriber line to subscriber line svitching 
arrangements emplo-red in dial central offices lohich find appli­
cation in most :REA-financed s7stems are ot three basic types: 

Humber of Switching Equip- Ultimate No. 
Styes .nt Reauired oi Lines 

l LiDetin der-Connector 100 ar 
(Links) 200 ( 11Broadsparl') 

2 Linetindel"-Selectol"- *800 
COilDtctor 

3 Linef1nd81"- ttOver 800 
lat Selectol"-
2nd Selector-
Connector 

*ktmded area service or terminal per station operation ma.7 cause 
the introduction ot second selectors vith less than 800 lines. 
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2.2 Each of the selector S18tems above my require the use of second 
and so•times third selectors tor in~mt conditions where 
trunks JllUSt be prov.t.ded tor such serv.l.ces as 1d.re chief 1 informa­
tion, business office and revertive calls. 

3. GRADES OF SERVICE 

3.1 · Intra-office trunks. 

3.ll The central office dial Sld.tching equipmeut. should be pro­
v.l.ded on a basis Which ld..ll reallt in approxlnately three 
calls in each 100 cco'imtering m all trunk hlsy condition 
during the busy hour ot the last busy season before an 
addition to the office is expected. This three percent 
lost calls applies to the sw:l. tching equipment used after 
dial tone is received. A call attempted when all line­
finders are busy is dela78d and can be completed it the 
calling party continues to hold his line until a linefinder 
becomes available. Copies of "Intra-office TrwUc Capacity 
Tables", found in the C. o. Specifications, are included 
in this section as Fi8ures lA and lB. As or this date onl.7 
the Leich Company uses Figure lB for determining switch 
quanti ties. 

3.12 The C. 0. Specification requires that if the traffic to be 
carried by an iut.ra-office trunk grcup exceeds the traffic 
careying capacity of a given number of trunks as indicated 
in Figures lA and lB by one unit call or more, the next 
higher number of intra-office trunks shculd be provided. 

3.2 Inter-office trunks. 

3.21 Inter-office trunks will usual.l7 be engineered on the as­
sumption that the dial switching equipuent will have access 
to only ten trunks on a. level. Figure 2A should therefore 
be used. When it is known that the C. 0. equipment will have 
fifteen terminal per level access, Figure 2B shculd be used 
to determine inter-office trunk quantities. In addition to 
detemining the number of inter-office.trunks, Figure 2A or 
2B should also be used to determine tbe nuui>er of revertive 
call sld.tcbes. Figure 3 is .fUmisbed principally to show 
grades of service outside the range of Figures 2A or 2B. 
Bote that it assumes all of the trunks in the trunk group 
are available (full access) so that for large groups of 
trunks it is not useable. 

In this sectiCIIl the convention is followed that, it the ,' 
traffic to be carried by an inter-office trunk group exceeds 
the traffic-carrying capacity of a gi'YSl number of trunks 
(as indicated in Figure 2A or 2B) by nore than 10 percEnt 
of the difference between the number of unit calls corres­
ponding to that number of ti'unks and the number of unit 
calls corresponding to the next higher trunk group, the 
next higher number of trunks should be pro'rided. This ld.ll 
be illustrated in examples which follow •. _,_ 
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3.23 The grade of service tor inter-office tl'Unks will in general 
'Val'Y' from P = .03 t.o P = .10, depencHng on economic factors 
and the class or classes of traffic to be routed over the 
group. It ie an observed tact that f'or all types of inter­
office trunks the subscriber umd.ttingl7 ecnsiders that the 
grade of' service rendered sha1ld be excellent it the distance 
to the called office is small; on the other hand, a somewhat 
poorer grade of service will be tolerated when the called 
office is some distance alfa7. The subscriber will become 
impatient more quickly' with inability- to get an operator, 
particularly- on an emergency- call, than with inability- to 
get another subscriber. These and other considerations enter 
into detemining an appropriate grade of' service tor inter­
office trunks. 

3.24 'lbe grades of service tor toll connecting {tormerlT toll 
triwtar;r) trunks will in general 'Val'Y' f'rom. P • .03 to 
P = .o;, and those f'or non-toll connect:ing {formerly- EAS 
and short haul toll) from. .o; to .10, depending on the 
length and twe of trunks, classes of traffic to be ra1t.ed 
over the group and on the t::vpe of cODIIIBlnit7 served b7 the 
trunk group, For average conditions it is suggested that 
the following table be used to determine the number of' trunks 
to provide: 

Groups up to 8 miles in length 

Groups onr 8 m:Ues in length 

Toll 
Connacting 
l. 2, 3 

p = .03 

P = .o; 

Hon-'l'oll 
COnn.ecting 

l, 3 

.o; 

.10 

(l) EICEPl'IONS: Some less liberal provision of' tronks ma7 
be justified tor unusual situations where the communit7 
·served by- the group is such that the peak traffic each 
Jear is of' short duration. A resort or a tl'Uck taming 
area where the mrketing season ·is short l«>Uld be 
examples. Also, less liberal provision of trunks ll:>uld 
be justified where the coat or trunk facilities is 
excessive, UDder extraae cmdit.ions a grade of service 
as low as 0.10 ma7 be justi11ed tor toll connecting 
trunks. On the other band more geaerous provision of' 
trunks would be desirable (1) tor large tl'Unk gro11ps 

(note that Figures 2A and 2B make no provision tor grades 
of' senice poorer than .o; tor grcups of over 10 trunks), 
(2) where the distance between tll:> larger offices is 
verr short (a m:Ue or so), (3) or tor Bll'T cases where 
no significant economic penalties are auttered. 

(2) Oal7 toll comecting (see paragraph 4 tor definition) 
trunks are included in this cat.e&D1'7. 

-4-

-~o···.·. 
'~ 

0 

I 



... c·.·· ~ ~ 

. . . /' 

" 
I 

BEA-D 1: CJl-510 

(3) A eingle intel'-Oftice trunk group which carries a combina­
tion of toll destined tor the nationwide toll s;yetem and 
extended area service traffic l!lbou.ld be engineered to the 
same grade of service as if all calling were toll. On the 
other hand, a toll trunk group which carries onl.7 termina­
ting traffic, that traffic which is never carried b;r the 
nationwide toll switching s;rstem, should be engineered on 
the same basis as non-toll connecting tmnk group. 

4• DmR-QFFICE TRUNKS 

4.1 Intel'-Office traffic is herein considered as divided into two broad 
classifications: toll comecting and non-toll connecting. A toll 
connecting trunk is one which provides a means of corJDecting the 
local exchange to the natiomd.de toll systan at a toll center; such 
a group usuall;r includes operator office traffic. A non-toll con­
necting trunk group carries toll traffic llbich is never included 
in the nationwide toll switching plan or nothing bat. non-toll (EAS) 
calls. Groups carrying a combination of these types of traffic are 
possible. 

4.2 Int.el'-oftice trunks ma;r be arranged tor traffic in one direction 
onl.7, or in t'WO directions, the former being called one-way trunks 
and the latter two-va;r. Incoming one-wa.;r trunks require an in­
coming selector or connector at one end onl;r; mereas all t'WO-wa;r 
dial trunks require an incoming selector or connector at each end. 

4.3 It there is to be traffic in both directions, it is necessar;r that 
one-wa;r trunks be in two groups, ·one for each direction. One group 
ot two-way trunks may be used for operation in both directions. It 
is always true that 'llllere there is calling in both directions 
between two points, the trunk group efficiency of tw-wa;r tmnks is 
greater than that of one-wa.;r trunks. Therefore, more one-way trunks 
are necessary tor a given amount of traffic and grade of service 
than two-way trunks. 

4.4 The choice between one-way and two-way trunks resolves itself into 
balancing the saTing in central office equipment against the in­
creased cost of outside plant or carrier channels to provide for 
the greater number of paths tor one-way tzunld.Dg. Two-wa;r trunks 
should be provided it from 1 to 10 tzunks are required initially. 
It from 11 to 30 t:mnks are required initially, it llill generally 
be economical to provide sane one-way and sane two-wa;r trunks. 
This plan of providing sane individual one-way trunks from each 
office with a group ot two-way tmnks as last choice at ~ offices 
will compensate tor errors in the estimate of the traffic in each 
direction. Trunldng in this manner becomes a tom ot graded multiple 
with one or more legs of the grade in each office so it will be 
.satisfactory to assume that combination trunk groups are as effi­
cient as a regular graded group. Grading is explained in more 
detail in paragraph 7. 

- 5-



., 
4.5 El'ap1e 1. This usm.p1e illustrates a •thod ot determining the 

number ot inter-ottice trunks, based on traffic 
estimates. 

4.51 In Sketch 1 trunk groups A-D, ·B-D and C-D are toll connecting 
trunke. Trunk groups A-B and B-C are EAS. EAS shall exist 
between A-B and B-C. 

4.52 Calls betwen A and C shall be ticketed at the toll cmter, D. 

A 
100 Subscribers 

(End COO) 

SKETCH 1 

-6-

c 
500 Subscribers 

D 

(End COO) 

9 Miles 
Toll 

Toll Center 

' 
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, 4.53 Cal.llng rates are aa tol.l.ows: 

Direction Average No. ot Originating Average 

and Messages Originatins 

!ezminating Subscribers ( Bus;y Hour) Unit 
Points of Calls** 
Traffic ( Bus;y Hour) 

Office No. Per Subscriber 

Total 

EAS Toll 

A-B A 100 .02 - 2.00 ).00 

J.-C A 100 - .0025 .25 ·75 

A-D A lOO - .015 * 1.5() 4·50 

B-.A. B 1500 .0012 - 1.00 2.70 

B-C B 1500 .CX)6 - 9.00 1).5() 

B-D B 1500 - .024 * )6.00 108.00 

C•A c 500 - .00)45 .23 .69 
~ 

c-B c soo .019 - 9·50 14.25 

c-D c 500 - .022 * u.oo ,,.oo 
• C&l.1a to D include calls beyond t-he toll oeRtler, except, tor 

calla tram A to C and C t.o .A. 

H Jfold1ns t!JEs: EAS - 150 aecands. !all.- 300 MCOnc.ta.l 

1 These values may va;ry over a wide range among specitic caMs 

depending upon calling habits and operating practices at the 

toll ~ter. 

-7-
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4.54 How many trunks are required in each of the five groups A-B. 
A-D• B-C• C-D. and D-B• assuming that toll traffic to the 
toll cmter and to exchanges outside the qste.m is equal in 
either direction for toll groups? 

4.55 Solution 

4.551 It is to be noted that each item in the tabulation 
above considers traffic in one direction only. Where 
toll traffic to the toll center or to exchanges out­
side the system 1s considered, the number of unit calls 
is doubled to acccunt for the total traffic in the 
group. 

4.552 Group A-B will carry all trattic originating or 
terminating at A. 

Direction 
of Traffic 

A-B 
B-.l 

Unit 
£!Y.! 
).0 

~ 

s.?· 
4.55.3 Similarly, for ot.her trunk grcups 

4• 5 x : f. .~5 7 .6.9 : 10.44 or 10.4 unit calls. 

1,3.~ f t,.25 = 27.75 or 27.8 unit calla • 

• 75 f •6~ 7 ~ x )).O = 67.44 or 67.4 unit calls. 

· B - D : 216 unit calls. 
2 X lOS 

4.554 The grades of service, in accordance with paragr~h 
3.24 aret 

llo. of Grade of 
Group ~ I2!! Miles Service 

.l-B lt ll .10 
A-D z 16 .os 
B-C X 10 .10 
B-D lt s .0) 
C-D X 9 .os 
D-B lt s .0) 

-8-
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4-555 Consider group A-B. 'l'he number ot unit calls to be 

carried is S. 7 and P • .10. From Figure 2A tor this 
grade ot service: 

No. ot 
Trunks 

1 

2 

No. ot 
Unit Calls 

3.8 

19.1 

Frca paragraph 3 .1, 

~ X 15.3 : 1.53 

Unit Calls 
Difference 

It one tiUnk is to be prov.ided, the maxipnDD trattic 
which the group my carr,y is: 

3.8 .;. 1.; = 5.3 

Since the number ot unit calls to be prov.l.ded tor 
exceeds 5 .3, the next higher trunk group is provided 
a.m, 

N = 2. ANS. The grade ot serv.ice is then 
p = .02. -. 

4.556 In a similar manner, the number ot tl'Wlks tor each 
ot the other groups is determined: 

Objective Unit Calls No. ot Actual 
Group p ~Bug: Hourl Trunb p 

A-D .os 10.4 2 .04 
B-C .10 27.8 3 .o; 
C-D .o; 67.4 5 .05 
B-D .()3 216 *12 .02 

LINEFINDD- CONNECTOR 

. 5.1 A linetinder in a linetinder - connector qstem connects "back-to­

back" with a local connector; the number ot local connectors is 

therefore equal to the number ot llnetinders. The D&Ximum number 

ot lines and tJ'Wlks in such a qstem is either 100 or 200, the 

so-called "broadepan" system being representative of the latter. 

;.2 The number of linetinders is determined by: the number of line!'; 

the number ot linea per linet.lnder group; and the traffic. This 

criteria tor the number ot linefinders applies to all qstems 
considered hereinafter. 

* It this vas the initial requirement 1 it might be advisable to have 

eight last choice 2-way trunks plus tlO groups ot two 1-way tnmks 

rather than twlve 2-wa.y trunks. See paragraph 4.4. 

-9-
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A linetinder group is a number ot linet.inders which serve a definite (or specific) group ot Sibscri.ber lines having access to acy one ot the linetinders in the group. In offices large enough to re­
quire more than one line tinder group only part of. the subscriber 
lines will be served by each linefinder group .• 

The usual number of lines having access to a linei'inder group is 100 or 200, depending upon the type of equipment used. The advantage ot using 200 line capacity line finders is that, with the larger 
size, greater trunk efficiency is obtained and therefore fewer 
total linefinders will be required tor an office; against this the 
supplier weighs the additional cost per linetinder and associated equipment where a linefinder having access to a larger number of 
lines is considered. 

5.5 It is pertinent to mention that the grade of service rendered by a 
llnetinder group is intimately associated with the percentage of line circuits equipped for lockout. A line which is smrted and 
is not equipped tor lockout 'Will hold a linetinder and conpector 
out of service and thus effectively reduce the trunld.ng efficiency of the group until cleared. This accounts for the difference in 
Columns G and H of Figure lA. 

!).6 Example 2. A central office proposal calls for 40 lines equipped 
initially and 60 lines equipped in ten years. The average origina­
ting busy hour unit calls per line is 2.4 initially and estimated 
to increase to 2.5 in ten years. All lines are equipped for lock­
out. Three bids are received. 

5.61 The first provides six linefinder-connectors, the maximum 
number of links with which the switchboard may be equipped. 

5.62 The second bid provides 6 links equipped and a marlmnm 
capacity of 10. 

5 .6.3 The third bid provides 7 links equipped and a maxi Dft'm 
capacity ot 10. 

5.64 Which bidder has met the minimum requirements of the pro­
posal from a traffic point of view? 

5.65 Solution: 

5.651 There are to be 40 lines equipped initially and 60 
lines ultimately. The total number of originating 
unit calls which the equipment must handle is 

2.4 x 40 = 96 unit calls 

initially and, 

2.5 x 6o = 150 unit calls 

ultimately. 

- 10 -
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5.6.52 Referring to Figure lA, Column H, it is seen that 
seven linetinders must be provided initially and 
ten ultimately. Therefore, only the third bidder 
has met the specification. .ANS. 

6. LlNEFlNDER - SEIEC'l'OR - CONNEC'l'OR 

6.1 In the linetinde:r-aelector-connector system the number of local 
first selectors is equal to the number of linetinders. 'l'he number 
of connector groups is determined by the nUDi:>er of lines it 
terminal-per-line operation is required or the number of main 
stations it each main station is assigned a connector terminal. 
The number of connectors is then determined for each group from 
the estimated traffic 1 both that from the office itself and that 
incoming from other offices. 

6.2 In a linetinder-connector s;yatan, revertive calling (calling from 
one subscriber to another on the same line) is usually accomplished 
by dialing the listed directory number and no special level or 
temdnal assignments are necessa17. In s;yatems in'VOlving selectors 1 

revertive calling is often accomplished by dialing a special number. 
A level on the first selector or subsequent selector is reserved 
for revertive calling. This level comects to a group of revertive 
call switches. 

6.3 Where an office is equipped for 100 percent lockout, the time that 
the revertive call switch is in use is only until the called station 
answers; where some of the lines in the office are not equipped for 
line lockout, it is necess&17 that the revertive call switch be 
held during the entire conversation time. The holding time associ­
ated with the revertive call switch group, therefore, depends upon 
whether all line circuits are equipped tor lockout. It is generally 
assumed that approximately 5 percent of the unit calls originating 
on party lines are attributable to revertive traffic. This is the 
traffic load that should ordinarily be assumed where all lines are 
equipped tor lockout. Five percent may be too low tor some cases 
where the community of interest among subscribers on each rural 
line is high. As a general guide, however, tliO revertive call 
switches will usually be adequate for REA offices up to 300 lines. 
For offices larger than 300 lines, the estimate of revertive traffic 
should be made after analysis or local condi ti.ons. Where the 
office is equipped for 100 percent lockout 1 the unit calls tor 
revertive traffic should be multiplied by 15 percent to obtain the 

. load on the revertive call sld.tch group. 

6.4 Emnple 3. A switchboard is to be equipped with 160 lines and . 
all lines are to be equipped with the line lockout feature. The 
average originating busy hour unit calls per line is 2.0. 

6.41 (a) How many linetinders are required it the mximum number 
·of lines per linef'inder group is 100 azxl 100 lines are 
in one group and 60 lines are in the other? 

-11-
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6.42 (b) How man;y it the maximum number of lines per linefinder 
ia 200? 

6.43 (c) How man;y it the maximum number ot lines per linetlnder 
is 100 and 80 lines are in each group? 

6.44 Solution 

6.441 (a) The number of unit calls to be carried b;y each 
linetinder group is, 

100 X 2.0: 200 unit calls 
60 x 2.0 = ·120 unit calls 

Referring to Figure lA, Column H, it is seen 
that ll trunks will carr;y 192 unit calls and 12 
trunks will carr;y 218 unit calls. Therefore, 
12 trunks are required for the 100 line group. 
From the table, the 13> unit calls for the 
partial llnefinder group will require the pro­
'Yision ot 8 linetlnders. The total IWDlber of 
linetinder'S is 20. ANS. 

6.442 (b) I.f all lines ma;y be included in .one group, 

160 x 2.0 = 320 unit calls 

are carried b;y that group. Referring to 
Figure U, Column H, it is seen that 15 trunks 
will carr;y 296 unit calls and 16 trunks 324 unit 
calls. The number o.f linetinders required is 
therefore !2· AHS. 

6.443 (c) It the linea are in tw equal groups, 

80 x 2 .o • 160 unit calls 

are carried in each group. Referring to Figure 
U, Column H, it is seen that 10 trunks will 
carry 168 unit calls. The number of line finders 
required is 2 x 10 • 20. ANS. 

6.5 Example 4. This example illustrates an office having a low calling 
T&te per line. In Eumple 5, a high calling rate per line tor the 
same office 1a 1llustrated. 

-12-
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6.51 .A step-b;y-step switchboard specification reads as follows: 

Individual Lines 

Party Lines 

'!'No-way Operator 
Office Trunks 

Humber 

60 

240 

8 

Or.lgi.nating 
Busy-Hour 
Unit Calls 
Per Line 

1.2 

6.52 Five percent of all traffic originating on party lines is 
revertive and no lines are equipped for lockout. Traffic on 
inter-office trunks is equal in either direction. 

6.53 Calculate the number of groups and switches per group· for 
the following equipment: 

(a) Linefinders (100 lines per group)* 

(b) Local first selectors 

(c) Incoming selectors 

(d) Connectors (terminal per line) 

(e) Revertive call switches 

6. 54 Solution (Refer to Figure 6) 

6.5401 (a) Since there are 300 lines in the central office 
and 100 lines per gronp, l linetinder groups 
are required. ANS. 

6.5402 Twenty imividual lines and eighty party lines 
are assigned to each group. Therefore, the unit 
calls per linefinder group are: 

20 x 1.2 a 24 

·sox 1.5 = ~ 
Unit Calla= 144 

*Two groups of 200 line linetinders mq pron economical in 
an office of this size in some cases. 

-13-
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Referring to Figure lA, CollBl G, it ia seen 
that 9 trunks will carry 126 unit calla and 10 
trunks 149 unit calls. Ten llnetinders per 
group are therefore required • 

.3 x 10 • .30 linetinders. AilS. 

6.540.3 (b) The number ot local first selectors is the same 
as that tor the linetinders. AHS. 

6.;404 (c) Each t1t0-way trunk requires an incoming selector; 
! will~ therefore, be required. ANS. 

6.5405 (d) One hundred lines shall be served mm each ot 
three selector levels. There are, therefore, l 
connector groups. 

6.5406 In Figure 6, it is assu.•d that tirat selector 
'levels 2, .3 and 4 are to be used tor connector 
groups serving subscriber lines. '!'be number ot 
trunks from selector level 2 to the "200" group 
ot connectors depends on the number of unit calls 
which are incoming to the conDectors. In this 
case there are t1110 classes ot calls which ori­
ginate in the exchange and which are not incCIIIing 
to the local connectors: calls to the operator 
office and revertive calla. 

6.54CTI It is stated that in this office traffic on 
inter-office trunks is equal in either direction. 
Therefore, there is as much traffic mm the 
operator office which ld.ll be inccming to local 
connectors as there is traffic originating in 
local first selectors which will not go to 
connectors. The net effect or the operator 
office trunk group on traffic to local connectors 
is therefore zero. 

6.;408 A different selector level, sq 5, 1d.ll be 
assiSPed to revertive call sld.tches and, since 
S percent ot all calls orig'..natLn.g 9D part7 line= 
are revertive calls, 

.os x 1.5 • .ens 
unit calls per line are revertiTe calling. This 
aeans that 

80 X efYT5 : 6 

unit calls for this group of 100 lines 1d.ll not 
so to the 200 line connector group. Tbe total 
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number or unit calls to the connector group, 
adjusted tor revertive calla is, 

144- 6 = 138 unit calls. 

Referring to Figure JA, Column J 1 it is seen 
that 9 cormectora are required in the 200 line 
group. Similarl;y, 9 ld.ll be required in both 
the 300 and 400 line group or a total or ?:J... 
AHS. 

6.5410 (c) Tbe total number or unit calla to be handled 
tor the part;y lines by revertive call sld.tches 
is 240 x .075 = 18 unit calls. Referring to 
Figure 2A, P = .01, it is seen that A revertive 
call switches are required. Since access to 
these will all' be trom first selsctor level 5, 
the;y will be in . .2!1!. group. ANS. 

7. GRADED MULTIPLE 

7.1 Grading is normall;y done by the switchboard supplier but an under­
standing or it is required tor satisfactor;y C.O.E. acceptance test­
ing and it can result in the design or a lower cost qstem with 
improved traffic handling capabilities. It will also be valuable 
when rearrangements are necessary because or unanticipated traffic. 
It is important that trunks from selsctor levels be arranged in 
such a manner that the;y will operate at the maximun possible 
efficiency as far as call car17ing capacit;y is concerned, and at 
the same time furnish the required grade or service. Most selec­
tors have access to not more than tm trunks on each 9! its ten 
levels. The bank multiple for a shelf or ten selectors is common 
and therefore all ten selectors use the outgoing trunks tor each 
or the ten levels in common. Should mre than ten trunks be 
required from a level or selectors, the trunks are usuall;y 
arran~d in ;.-bat is called a &-'"'aded multiple group &"'ld the ten or 
less selectors mounted on each shelt will have access to onl.;y ten 
ot the trunks. 

Arrr one or the ten levels tor a group or two or more shelves or 
selectors can be arranged before a graded multiple group or 
trunks. This is accomplished by associating with the first thoice 
terminals or one or more shelves or selectors a group or trunks, 
one to five, usually. The total selectors in the group will have 
two or more s1 mi lar first choice trunk groups which are callsd 
individual trunks. The remaining selector terminals tor the level 
not used tor the aboTe groups of individual trunks are provided 
vi th trunks which are common to all the selectors. These c0111110n 
trunks will, therefore, be hunted over b7 an;y selector when it 
finds all the trunks in ita indi T.idu.al first choice group busy. 

-15-
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Tbe following formula can be used to determine the number of indi­
.rldual trunks in each leg of the grade: 

Bum.ber ot Individual _ Humber of' Trunks - Trunks Per Level 
T1'UDks for each Leg - Number ot Legs - .1 

The greater the number of legs in the grade the greater the efficiency­
up to about six or seven legs. Due to the physical limitations it 
1dll not alway-s be possible to have the most efficient grade. With 
the usual ten trunk access per level swi.tch the preferred number of 
common trunks is five or more. 

7 • .3 '!'he simplest graded multiple arrangen1ent of trunks from a lsvel of 
selectors would be the case of twenty selectors, arranged on two 
shelves (two legs) of ten selectors each, before eleven trunks. This 

11- 10 . is represented b;y Figure 4, 2 _ 1 = 1. The tirst shelf of ten 
selectors would be given access to ten trunks, but the last nine of 
these trunks would be multipled to the corresponding nine terminals 
or the second shelf of ten selectors. The second ten selectors 
would be provided with a trunk assigned to the first terminal for 
their exclusive use (shown as trunk 11 in Figure 4) as the first 
choice trunk. When one of these ten selectors has a call and finds 
ita first choice trunk busy it hunts over the remaining nine trtmks 
shared in common with the other ten selectors. Each leg of the grade, 
therefore, has one first choice indiv.i.~al trunk and nine common 
trunks. Due to an REA requirement most manufacturers provide rotation 
over the first three trunks on each level which tends to reduce the 
efficiency- if' thq are ex>111110n to other legs of the grade. 

7.4 In actual practice the number of selectors to be multipled before 
a graded group or trunks for a level will vary and so will the number 
of trunks in the grade depending on the size of the office and the 
wlum.e of traffic to be routed from a selector level. Some ad­
ditional cases are shown in Figure 5 and in . Eumplea S and. 6. 

?.5 As a comparison of the trunldng efficiency with three arrangements 
or trunks the following is of interest: 

From Figure .3, tor P • .02 it will be noted that one group of 18 
trunks having tull access will carry 10 erlangs (.360 unit calls). 
In Figure 2A, tor P = .02 a graded group of 18 trunks will carr;y 
J!i! unit calls llith ten point access switches. Again referring 
to Figure 2A, tor P = .02, 18 trunks arranged in two subgroups 
ot 9 trunks each will carry 

2 x 142 • 284 unit calls. 
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'l'bis comparison indicates that where there is a choice of trunld.ng 
arrangements they should in general be selected, first for 1\lll 
access, then for graded Dll.lltiple, and last subgrouping, to take 
advantage of the relatively greater trunking effici111c7. 

7.6 Consider a situation where 288 unit calls ( 8 erlanga ) are to be 
carried from one level of a group of second selectors to connectors 
with P: .01. 

7.61 Assume that an7 number of trunks ma:y be bls7-tested on a 
le'ftl of a group of selectors ( 1\lll access). From Figure 3 
(P = .01), it is seen that lZ trunks to one connector group 
will be required. 

7.62 If a maximun of ten trunks ma.:y be bus:y-tested on a level of 
a selector where no grading is employed, from Figure 2A1 
P = .01, it is seen that 10 trunks will carry 149 unit· calls. 
T1IIO subgroups of 10 trunks each carrying a total of 298 unit 
calls are necessar,y. 

7.63 If grading is employed with the t1J)e of selectors in paragraph 
7 .62, then from Figure 2A, P = .01, it is seen that 1! trunks 
in a graded group vill carey 310 unit calls. 

7.64 A qualitati'ft representation of connections in the arrange­
ment of paragraph 7.62 is shown in Figure SA. The arrange­
ment for paragraph 7.63 is shown in Figure 5]3. It should be 
borne in mind that all terminals shown in each figure appear 
on the same le'ftl among all the selectors in each group. 

7.65 In Figure SA, halt the second selectors han the terminals 
of this lenl multipled and going to one subgroup of con­
nectors as trunks 1 to 10 in su.bgn)up l, and the other second 
selectors have the terminals of the same lenl multipled and 
going to another subgroup of connectors as trunks 11 to 20 
in subgroup 2. Theor,r, borne out b:y actual tests, indicates 
that when trunks are alwqs tested in order, beginning with 
No. 1, the last few ld.ll carr:y very little traffic. Experience 
has shown that their load can be raised b7 giving both sub­
groups access to these laat-choiee·trunks without materially 
increasing the calls lost. This, of course, increases the 
efficiency of the group as a vhole. 

7.66 In Figure SB, those selectors which haft connection to trunks 
1 to 4 do not have access to trunks 11 to 181 'but~ 
selectors have access to trunks 5 to 10. It is tbis 1\lll 
a'YBilabilit:y of the last blq-tested trunks on the level 
which makes it possible to car17 the same traffic ld.th 18 
trunks using grading as 'With 20 not using grad.ins. It is 
the fact that there is 1\lll availability of onl7 6 trunks 
which makes it necessar,y that there be 18 tru.nks using grading 
instead of 16 it grading were unneces s&!7. 
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7. 7 Example 5. This example is the same as Example 4, except for the 
higher originating calling rate which requires the use of graded 
multiple for trunks from first selectors to connectors. 

The traffic specification tor a swi. tchboard is as follows: 

Individual Lines 
(including paystations) 

Party Lines 

Two-Way Operator 
Office Trunks 

Number 

60 

240 

8 

Or.iginating 
Busy-Hour 
Unit Calls 
Per Line 

1.6 

2.5 

7.71 Five percent of all calls originating on party lines is 
revertive traffic and no lines are equipped for lockout. 
Traffic on inter-office trunks is 142 unit calls with equal 
traffic in both directions. Each first selector may search 
oyer a myimnm ot ten trunks per level ani selector shelves 
have a capacity of 10 selectors. 

7.72 Calculate the number of groups and the switches per group 
tor the following: 

(a) Li.netinders ( 100 lines per group)* 

(b) Local first selectors 

(c) Incoming selectors 

(d) Connectors (terminal per line) 

(e) Revertive call switches 

7. 73 Solution (Refer to Figure 7). 

7.731 (a) Since there are 300 lines in the central office 
and 100 lines per group, J.linefinder groups are 
required. ANS. 

*200 line linetinders may prove economical in an off'ice of this 
size. 
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Twenty individual lines and eighty party lines 
are assigned in each of the three groups. There­
fore, the unit calls per line.finder group are: 

20 X 1.6: 32 

80 X 2.5: ~ 

Unit Calls 232 

Figure lA, Column G, is used since all lines are 
not equipped for lockout • It is seen that 14 
linefinders per group are required or 

3 x 14 = 42 line.finders. ANS. 

7. 733 (b) The number of first selectors is the same as the 
number of line.finders there will probably be. 
Three shelves of 8, snd 2 shelves of 9. ANS. 

7.734 (c) Each tllO-way trunk requires an incaning selector; 
one group of l! will therefore be required. ANS. 

7.735 (d) A maximum of 100 lines, one comector group, 
shall be served from each of three selector 
levels. There are therefore three connector 
groups. ANS. 

Assume that each of the first selector levels 2, 
3 and 4 is assigned to a group of connectors. 
The number or trunks from selector level 2 to 
the "200" group or connectors depends on the 
number of unit calls which are incoming to the 
connectors as in Example 4. 

Assume that level 5 goes to revertive call 
switches. Sine e 5 percent of the unit calls on 
party lines are revertive calls, 

.05 X 2.5 : .125 unit calls 

per line are reverti. ve calling. 

The total number or unit call.s to the n 200" 
connector group, adjusted for revertive calls, 
and the fact that incoming trunk traff'ic equals 
outgoing, is, 

232- (80 x .125) = 222 unit calls. 
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Referring to Figure U, Column J, it is seen that 
13 connectors are required tor the 222 unit calls. 
Similarly, 13 connectors will be required in 
each or the ".300" and "400" groups or a total ot 

.3 x 1.3 = .39 connectors. ANS. 

One-third of the incoming toll traffic, ( 1/.3 X 71) : 
27 unit calls, terminates in each connector group. 
Each or the five groups or local first selectors 
otter approximately 1/5 (2.32 - 10 - 27) = .39 unit 
calls to each connector group. There are six 
(5 local and 1 toll} shelves or selectors. This 
should be divided into as many groups as it takes 
to give approximately 5 commons. The number or 
legs can conveniently be 6 or one shelf each, .3 
of two shelves each, or 2 or three ~helves each. 

The number ot individual trunks tor each·· arrange­
ment is as follows: 

~- 10 = o.6J 
-1 

13-10:,; 
2-1 

l3 - 10 = 1 S· .3-1 ~, 

A desirable pattem for grading each group of 13 
connectors before the six shelves of selectors is 
as follows: 

* 

8 ~~-~~lector1 
1 2 l 4 s 6 7 8 9 10 
t l ' l ' 1 1 1 1 

9 i~-$;iectoro~l05 I I I I I I I .39 u.c. u.c. 
9 1st Selectors 

.39 u.c. 111213 
8 lst Selectors 

l l l l l l l .39 u.c. 
117 8 lst Selectors 

.39 u.c. u.c • 
8 1st Selectors 

.39 u.c. 

* Trunks 1, 2 and 3 are picked in rotation as are 11, 12 and 
13, even though the first choice trunks BJJr¥ actually be idle. 
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7. 736 (e) The total number of unit calls to be carried 
b:y revertive call sld.tches is: 

240 lines x .125 unit calla = '20 unit calls llne ~ 

From Figure 2A, P = .01, it is seen that ! 
revertive call Sld.tChes are required. AHS. 

8. LINEFmDER - let SElECTOR • 2nd SEIEC'IOR - CONNECTOR 

8.1 When the total number of trunk groups from first selectors exceeds 
ten, second selectors and infrequently third selectors may be re­
quired as there are but ten levels available tor trunk grrups from 
first selectors. 

8.2 The fiexi.bility made possible by such an arrangement sanetimes makes 
the use of terminal per station (TPS) and tel'Dtinal per line (TPL) 
connectors in the same office desirable. It is generall)" advisable 
to include in a traffic specification not only originating but 
terminating busy-hour traffic in order that the proper amount and 
arrangement ot each type of equipment may be determined. 
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8.3 Exampl.e 6. !he tra!"tic data in a central office speci­
fication contains the following into:naation: 

Class 
ot 
Serrlce 
One 
Party 

'Excl.PBI) 
Two 
Party 

Four 
Party 

Eight 
Party 

Pay-
station 

PBX 

Otticial 
Lines 

Wire 
Chief 

Estimated Initial Originating Tra!"fic (B-H) 
Te-in.a· _Per J:4Jle · Te ~ r Station 

a b axb e r exr 
UDit Tota..l \h:1t. TfttA.I 

Calle u.c. bT Calls u.c. by 
Per No. of Class No. Per No. ot Class No. 
Main Main of ot Main. Main ot ot 
Station Stations Service Lines station stati.ons Service Lines 

B • 1.5 40 60 40 ' 

R 1.0 50 50 50 

B 1.2 60 72 33 
R 0.8 100 80 56 
B -
R 0.6 220 132 61 

0.4 1000 400 139 

1 .. 5 4 6 4 

.... -4·0 6 24 6 

2.0 2 4 2 

2.0 1 2 1 

Total 1000 400 1J9 Total 483 430 ~53 
(c) (d) (k) {h) {j) 

* 'l'h1s figure 1a the calling rete per PBX (PABX) trunk. 

** Th1a figure is the number ot PBX (PABX) trunks. 
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Outgoing Inter-Office Traffic (B-H) 

Inter-office TWo-way- Two-way-
Trunk Group to operator to EAS 

Office "X" Office "'" 

Service 'l'oll &: EAS· 
Assistance 

Distance to 
other office {mi.) 6 7 

thit Calls/main stationl .08 .u 

Total Main stations .1483 1483 

Total thit Calls ll9 163 

1 
These should be derived fran data on the existing 
system. 

- 2.3-
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8 • .301 Five percent of all originating traffic on party lines is 
reverting, and revertive call switches shall be used. All 
lines are equipped tor lockout. Fifteen percent of revertive 
call traffic is carried by revertive call switches (from 
receiver ott until the called party answers) • 

8.,302 Due to the initial percentage of 2 am 4 party stations 
and the anticipated growth, it is determined that 1, 2 and 
4-party and paystation service shall be provided by terminal 
per station ( TPS) connectors and 8-party servi. ce by terminal 
per line (TPL) connectors. 

8 • .30.3 The distance to offices X and Y indicate that a grade of 
service of P = .0.3 is to be rendered on operator office 
trunks and P = .05 on EAS trunks. Line tinder groups shall 
be arranged for a maximum of 200 lines. All switches shall 
be the 10 point access per level type and selector shelves 
shall have a capacity or 10 selectors. 

8 • .304 The first selector level assignments shall be as follows: 

Level To 

0 Operator office trunks to office X 

9 Paystation (mult. to level 2) 

8 EAS trunks to office Y 

7 Revertive call switches 

6 Unassigned 

5 Unassigned 

4 TPL connectors 

.3 TPL connectors 

2 2nd selectors tor TPS 

1 Unassigned 

8 • .305 Levels 1 through 5 of the second selectors shall be 
assigned to TPS connectors and levels 6 to 0 shall be 
unassigned. 

8.,306 Verification shall be obtained from a special group of 
switches off level 0 ot the incoming operator office tnmk 
first selectors. 

-24-
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8.307 

8.3()8 

8.309 

8.310 

REA-TE 1: Cll-.510 

Incoming and outgoing trattic in inter-ottice trunk groups 
are approximatel7 equal.* 

Determine the quantities and grouping arrangements ot the 
following equipment: 

(a) Linetindera 

(b) Local tirat selectors 

(c) Incoming first selectors tor operator otf'ice trunks 

(d) Incoming tirst selectors tor EAS trunks 

(e) Revertive call indtches 

(t) 'rPL connectors 

(g) SecODd selectors 

{h) 'fPS connectors 

Indicate b7 notes the llUltipling, grading, and tl'UDking 
arrangements to be provided and show the now ot trattic 
to and from the various switching stages b7 means ot a 
trattic diagraa. 

Solution {Refer to Figure 8) 

8.3101 (a) From itans d and j of the trat11c apecitica-
tion tor this ot.f'.l.ce a total ot 

139 1- 2.53 = 392 lines 

are required in this central ottice. Since 
each liDetinder group has a capacit7 ot 200 

.lines, ! groups are required. The tirst llhall 
have **200 working lines and the second 192 
workiDg lines. ANS. 

From items c and h, the average ori&inating 
traffic per line is, 

ltOQ f 430 : 2.12 unit Calle 
392 line 

*It llhould not be interred trom thia u.ample that this is 
Mcessaril7 true in all cases, howevv. 

H It aJ' be !mponible tor saae nppl.1ere to han 200 
mrk:ing lines in the group because ot test requir._.t •• 
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Tbe'traffic to linefinder Group I is, 

200 x 2.12 = 424 unit calls. 

'l'hat to Group n ia, 

192 x 2.12 = 407 unit calls. 

From Figure lA, Column H, it is seen that Group I 
should be equipped with 20 linetinders ani 
Group II with 19 linefinders or a total of 39. ABS. 

8.3102 (b) The number of local first selectors is the same 
as the number of linetinders. They vlll be 
arranged in three groops of 10 and one group of 
9. 

8.3103* (c) LeTel 0. The total traffic to be carried by the 
trunks between this office and office X 1s twice 
the originating traffic since it is equal in 
both directions: 

2 x ll9 = 238 unit calla. 

The grade ot service being .03, a need of more 
than 10 trunks (the maximum lilich can be full7 
accessed from one level of a selector) is indica­
ted in Figure 2A. From this figure, N = 13, 
arranged in a graded group. If me leg of the 
grade is in each office, seTen 2-way and six 
l-way trunks will be the most econanic&l.. 

8.3104* (d) Level 8. In a similar liiUlner, the traffic to be 
carried by EAS trunks to office Y 18, 

2 x 163 • 326 unit calls. 

P • .05, and trom fi8ure 3, 

JJ = 16. .ANS. 

It one leg of the grade is in each ottice, four 
2-way and twel TEl 1-way trunks will be the most 
economical. If two shelTes are aT&ilable in each 
office for these selectors, eight 2-way and eight 
1-way trunks (tour legs in the grade) 'MOUld be 
more efficient from a traffic stanipoint. 

* These are examplas ot how understaDiing grading can help 
reduce costs. One and possibly t'NO selector shelns are saved 
by specir,ing 2-way and 1-way trunks rather than all 2-way 
trunks. 
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8 • .3105 (e) Level 7. The total amount or originating traffic 
on party lines is: 

Class of Unit 
Service Calls 

2P Business 72 
2P Residence 80 
4P 1.32 
8P !QQ 

Total 684 

The C. 0. specifications define originating traffic 
as that which is offered to linefi.D:ler equipment. 

Since 5 percent of party line traffic is revertive, 
and with 100 percent lockout revertive call switches 
are held for 15 percent or that time, the percentage 
of originating traffic holding revertive call 
switches is: 

.05 x .15 = .0075 or 0.75% 

The traffic carried by revertive call switches is: 

.0075 x 684 = 5.1.3 or 5 unit calls. 

From Figure 2A, P = .01, l revertive call slii.tches 
are required. ANS. 

8 • .3106 (f) Level 2. The total traffic to seccnd selectors for 
the five groups of terminal per station connectors 
will be the same as the originating traffic as 
shown in item (h), except that the 4.30 originating 
ur~ t calls j_"lcludes traffic to revertive call 
switches. 

The traffic to TPS second selectors, adjusted for 
revertive calls, is, 

4.30 - (284 X .0075) : 428 unit calls • 

From Figure lA, Column L, 

N = ~ ANS. 

Approximtely one-half~ of the incoming toll and 

EAS traffic is offered to these TPS second selectors. 
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10 Toll Selectors 
(3 1-way, 7 2-way) 

10 EAS Selectors 
(6 1-way, 4 2-way) 

9 Local 1st Selectors 

10 Local 1st Selectors 

REA-m & CM-510 

Toll ~g x ll9 : 61.5 unit calls 

EAS a;g x 163 = 84.5 unit calla 

The average local TPS traffic handled by each local 
first selector is 1/39 (428 - 61.5 - 84.5} = 72.3 
unit calls. 

There are six (4 local, 1 EAS and 1 toll) shelves 
of selectors. Because the traffic from each shelf 
is about equal, six, three and two legs should be 
checked in arriving at a desirable grading pattern. 

The number or individual trunks for each arrange­
ment is: 

22 - 10 = 2 4• 6- 1 • , 

22- 10 = 12 
2-1 

22 - 10 = 6· 
3 - 1 , 

Six legs will give the most desirable grade. 

61.5 u.c} 
146.0 

84.5 u.c. 
65.1 u.c:'t 

} 137.4 
72.3 ) 

~ ~ i 
12 17 21 

!3 is 1 
10 Local 1st Selectors 72.3 

} 144.6 

14 19 22 

is ~ J 10 Local 1st Selectors 72.3 

10 

Hom: TPS selectors 1, 2 and 3 are picked in rotation 
as are 11, 16 and 3; 12, 17 and 21; 1.3, 18 and 
21; 14, 19 and 22; and 15, 20 and 22. 
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8.3107 (g) The number or groups of TPS connectors is (from 
item K of the traffic epecification} 

~ = 4.83 or 5 groups. ANS. 

There will be 4 groups or 100* working terminals 
each and one group of 83 working teminals. All 
the traffic to second selectors will terminate in 
one ot these five groups. The average traffic per 
main station is, 

~ _ unit calls 
483 - 0.89 main station 

Groups I to IV each will carry 

0.89 x 100 = 89 unit calls. 

From Figure lA,, Column K1 N = 8 for each group. 

Group V will carry 

0.89 x 83 = 74 unit calls.·· 

For this group 1 N = 7. The total number of terminal 
per station connectors is therefore 

4 X 8 .} 7 : 39. ANS. 

8.3108 (h) Levels 3 and 4. Column "d" of the traffic specifica­
tion for this oftice smws a total of 139 lines 
terminated on TPL connectors. Therefore 2 groups 
will be required. ANS. -

GlVIlp I st-.all termL-.ate 100** lines and Group II 
39 lines. 

The average originating traffic per line is found 
from items (c) and (d) to be, 

JiQ _ 
2 

~~ unit calls 
139 - .oo line 

* It may be impossible 1br suppliers to have 100 
working terminals because of test requirement. 

** It may be impossible for suppliers to have 100 

, 

working lines in the group because of test requirements. 
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·--- :-- ··- -·-··-----_-,.-.,_ .. _. ~--···-~·o; ... ,..,_,----



-· 

. , 
. ~ 

·.;-- .. 

REA-TE & CM-510 

Of this traffic 0.75%, or .02 unit calls per line 
goes to revertive call switches. The remainder 

is equal to the amount of traffic teminating on the 
TPL connectors. 

Group I will therefore carry 

2.86 x 100 = 286 unit calls 

From Figure lA, Column J, N = 16 • 

l6 - 10 = l 2• 6 - l • ' 

16- 10 = 6 
2-1 

16 - 10 = 3· 
3 - l ' 

In a manner similar to that shown for the TPS 
selectors this grade would have three legs with 
seven connectors common and three connectors 
individual to each leg. 

Grrup II will carey 

2.86 x 39 : 112 unit calls 

and N • s. The total number ot terminal per line 
connectors is therefore ~· ANS. 

-30-
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REA-TE & CM-510 

!RtJB CAPACI'n 'UBIES li'CR Il'l'lU-«FFICB '1'll1JliD 
(10 Terminal .Aooea•) 

lllit Call• ... ~CIIUlecRora rr• 

t.•• !haD Line• !rUDb 
100Pv- 100 JIV- Pinder to Seo-
oat Line oent Line COJm- 1st 2nd oa.d Se1-
Lookout LookO\lt eotora Sel•• Sela. ector• 

-G- -H- -H- -J- -K- -L-

18 20 20 
IT IT 

24 16 20 
42 ao IT 

" 66 65 82 -68 68 

M 7T TT 81 64 T8 

" 88 88 105 8& 9T 

106 112 122 129 106 119 
126 1'" 1'" 151 126 142 

14.9 188 188 1T8 149 166 
1T2 192 192 1t9 188 196 

196 218, 218 220 187 218 
220 242 242 H2 205 216 

I'" ITO 270 262 221 26T 
269 298 296 28& 241 2T8 

19& 124 124 105 159 299 
120 162 162 12'1 278 119 

$18 180 180 MT 294 141 
ITI .08 -608 HT 112 181 

191 .ftl8 416 187 129 185 
4.26 462 462 .OS MT -608 

.&51 49& 494 426 18-i oi29 
.oi_DI\ 6!0 620 --- 4-M 182 .&61 

BOT 680 660 .sa 199 "" 616 580 580 •as -ilT .&95 

662 810 610 601 .&35 618 
590 640_ 640 621 .&5I SIT 

618 870 6TO 642 .&TO 558 
e.&T '100 TOO 562 488 579 

8TS TIO TIO 582 606 600 
Gl'Sded 

FIGURE lA 
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lfumberl 
Trunka 
Per 

Group 

3 
4 
6 

6 
7 

8 
9 

10 
11 

12 
13 

14 
16. 

16 
17 

18 
19 

20 
21 

22 
23 

24 
25 

REA-TE & CM-.510 

!RUN'K CAPACM TABLES Fill DTRA•OFFICE !!lORIS 
(15 Teradnal Aooeaa) 

Unit Calls 
L1Def'1n4 era comeotora l''rom 

Leas Than Line- frunb 
100 Per- 100 Per- Finder to seo-
cent Line oent Line Conn- lat 2nd CDd 8e1-
Lookout Lookout eotora Se1a. Sela. eotors 

-G- -H- -H- -J- -K- -L-
16 20 .20 .24 16 .20 so 87 87 42 80 87 
46 66 65 62 46 66 

64 77 77 83 64 16 
84 98 98 105 84 9'1 

105 122 122 129 106 119 
126 144 144 163 126 142 

149 168 168 178 149 166 
173 192 192 204 172 198 

195 218 218 280 195 226 
220 242 242 256 220 253 

244 270 270 283 244 281 
269 296 296 310 269 810 

294 824 324 835 290 335 
320 362 352 360 312 S61 

346 380 380 386 334 386 
373 408 406 408 356 411 

399 436 436 480 376 436 
426 462 462 •&a 397 461 

.53 494 .94 476 417 485 
480 520 520 .98 437 611 

507 650 650 621 .57 636 
635 680 680 544 477 663 

Graded 

FIDURE lB 
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Humber 
inmb 
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Group 

3 
4 
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6 
7 

8 
9 

10 
11 
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13 
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19 

20 
21 

22 
23 

24 
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N • Number 
ot 

'l'runb 

1 
2 
s 
4 
6 

.13 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
21 
25 

Additional 
cos for 
Each Trwk- . 
over 25 

.ox 
.4 

5.4 
15.7 
29.8 
46.1 
84.4 
83.9 

105 
126 
149 
175 
194 
214 
233 
252 
271 
291 
310 
331 
351 
372 
391 
411 
431 
451 

20 

. .,-.~ 
"I 
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'!'RtlNX CAPACITY TABLE IN CCS OR tNIT CALLS 
(For UBe With 10 Terminal A.ooess ~itching Equipment) 

p. 
Grade ot Servioe 

.oz .os .04 .o6 .0! .o'1 .oR .0§ .to 

.7 1.1 1.5 1.9 2.2 2.6 3.0 3.4 s.e 
7.9 9.7 u.s 12.9 14.2 15.6 16.8 18.0 19.1 

20.4 24.0 28.9 29.4 Sl.7 33.9 35.9 37.8 S9.6 
38.7 41.8 45.7 49.1 52 55 58 60 63 

55.8 61.6 86.6 70.9 75 78 81 85 88 ! . 

76.0 82.8 89.3 94.1 99 103 107 110 113 
96.8 105 112 118 123 128 132 138 140 

119 129 137 148 14:9 154 159 163 168 
142 153 182 169 175 181 186 191 195 
166 178 188 195 202 208 214 219 224 

194 208 217 224 
216 230 238 248 
236 252 260 289 
257 274 284 293 
278 296 308 318 
299 318 332 343 
319 340 358 368 
341 362 380 392 Graded Multiple 
363 385 403 416 
385 408 427 441 
408 431 450 465 
429 452 473 489 
451 478 498 514 
473 500 521 538 
496 522 546 66S -

22 22 24 26 -
FIGURE 2A. 
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TRUNK CAPACITY TABLES m CCS CR UN IT CALLS 
(For use With lS Terminal Access SWitching Equipment) 

N' : Number p: 
ot Grade of Servioe 

Trunks .Dt .D! .D! .D~ .D! .m .0'1' .os .0§ .to 
1 .4 .7 1.1 1.5 1.9 2.2 2.8 3.0 3.4 3.8 2 5.4 7.9 9.7 11.3 12.9 14.2 15.6 16.8 18.0 19.1 3 15.7 20.4 24.0 26.9 29.4 31.7 33.9 35.9 37.8 39.6 4 29.6 36.7 41.6 45.7 49.1 52 55 58 GO 63 5 46.1 55.8 61.6 66.6 70.9 75 78 81 85 88 
6 64.4 76.0 82.8 89.3 94.1 99 103 107 110 113 7 83.9 '96.8 105 112 118 123 128 132 136 140 8 105 119 129 137 143 149 154 159 163 168 9 126 142 163 162 169 175 181 186 191 195 10 149 166 178 188 195 202 208 214 219 224 

11 172 191 204 214 222 
12 196 216 230 240 249 
13 220 241 256 267 277 ~ . 

14 244 267 283 295 305 
15 269 293 310 322 333 
16 310 335 352 364 375 
17 334 361 379 391 403 '· 1;. 

' 18 357 386 404 420 430 Graded MUltiple Above 15 Trunks r 
19 382 411 431 444 457 
20 405 436 466 471 483 
21 429 461 483 497 510 
22 451 485 507 523 537 
23 475 511 534 560 564 
24 498 536 660 576 591 
25 525 663 587 604 620 

Additional 
ccs tor 
Each Trunk 
OVer 26 27 27 27 27 29 

FIGURE 2B 

-
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COPYRIGHT 1926, 
AMERICAN TELEPHONE ANO 

TELEGRAPH COMPANY 
AND REPRODUCED WITH 

THEIR PERMISSION. 
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METHOD OF GRADING THE SAME LEVEL OF TWO 
SHELVES BEFORE ELEVEN TRUNKS 

(Subgroup or 11 trunks, two legs or the grade) 

• 

She If 
No. 

Trunk 
No. 

1 

2 ~iiiiiiiii 

Due to an REA requirement that during light trattic 
the equipment will use three different paths on 
three successive calls, trunks 1 ( ~r 11), 2 and 3 
will be picked in rotation. 

Figure 4 

•. 

' 
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REA-TE&CM-510 

COMPARISON OF MULTIPLING ARRANGEMENTS 
WITH AND WITHOUT GRADING 

A. NO GRADING (2 Subgroups 10 tnmks each) 

Subgroup Trunk 

1 

2 

8. GRADING 

Leg 

A 

B 

c 

No. 

1 2 3· 4 5 6 7 8 9 10 __ __, ______ _ 
II 12 13 14 15 16 17 18 19 20 ----------

( 1 Subgroup ot 18 trunks, three. legs of the grade) 

Trunk 
No. 

1: :: ~:7 1:
4 fll±±I 

A subgroup (or a leg of the grade) mq consist · 
of one or more shelves of selectors. Trunks 1, 
2 and 3 are picked in rotation as are ll, 12 
and 13, sild 15, 16 and 17. 

, 

Figure 5 
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REA-TE a CM-510 

Roms -· 
1. Levels 2,.3, and ~ IIIUltipled 

among all 1DCCII1J11 and local 
first selectors. 

2. UDi t calls in patha (D equal 
unit calla in paths ®· 

.3. Lf!Yel S and 0 IIIUltipled 
among local !irst selectors 
on:J¥. 

4. "T" denotes trunk circuit 
(trunk 1..,u1ee repeater). 

@SEE NOTE l 
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Figure 6 
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(!)SEE NOTE I 
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4-
1-
2--
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REA- TEa CM-510 

l. lavele 2,3, and 4 graded 
aaong all incoming and local 
tint selectors. 

2. Un1 t calla 1D pat.ha (D equal 
unit calla in paths ®. 

3. laval 5 ad 0 JN.lt.ipled aJIOftl 
local first selectors OlllT. 

4. "!'" denotes ti'Uak circuit 
(trunk Ulpal.M repeater). 

<!)SEE NOTE 2 

0 : . ~ 
I ~ 

T ~ ·- ~ sou.c. .;.J 

5 ------~----------------------------.. ~ 
4 ----~~--------------------------~ -
I > 
2 ~ 

222 
u.c. 

II 

o--• ---­.----
1----·---5 ----4----
1--
2----
1 

222 
u.c. 

IS 

o-­
s--·--7---·--5--
4--
1--
2--
1 

Figure 7· 

• 222 0 
u.c. ~ 

o­
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e-
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2 -------
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TRAFFIC DIAGRAM-EXAMPLE 5 
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OFFICE "'I'" 236 U.C. 
6 OUTGOING TRUNKS 

4-2 W/I.Y. TRUNKS 

6 INCOMING TRUNKS 

3 INCOMING TRUNKS 

(o--•--

81!1-20 
IP.Il-19 

~ 8P.l ·--., __ 
o 200 LINES\ 
... 424 u .. 

p 
181! LINES, 
407 u.c. 

·--5--
4--
s--
1--
1--

1 ST SELECTORS 

o-­•--·---., __ _ ·--. 

2 NO SELECTORS CONNECTORS REA•TE 81 CM-510 

~ 
ile J'1Nt, ..,...., .l.e'tll1a 2 tie 4 ... 9 ----lt1pled 

..... all. f1nt, •' ...... a. J'1Nt, ..., •or ldrl 7 ill .,,up, .. -. 1ooa1 
tint .u.-.....:q. 

'3• ftrllt. ..,...., leftla ... 0 .. ..:a.tipled .... 
looal tint ... .... 

4· •J.WII ............ c-. .,. ... ,_ .,. traak 
s.pu.. npeat.er. 

5--- .-------- TO VERIFICATION SWITCH TRAIN 5• Die 22rPS 2Dr1 M1eatol' ad 16TPL IDOl" an 
4---
3--­
a---
1=---· 

o---'1'-.,._. ·--­·---., __ _ 
·---5---
4---
3-
1---·---

o----' 

l== r I 111 

·---

....-.-.aU~.u.--.. 

5 u.c TO I REV. CALL SWITCHES 

II 

o-­•--·-­., __ 
·--

GP X-IIIU.C. 

GP.I-216U. C. 

~-
o--·--·-­., __ ·--5--
4 
3 
I 
I 

o--­•--­·---., __ _ ·-·---4---
3---
1·---·---

i ::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::ll-------l 
~u.c. esu.G. 

~ :::::::::::::::::~~~e.~~~-----~l GRU 

~~ CONN I 

o-­
•--·--7--
6--
5--
4--
s--
2--
1--

o--­•---·---., __ _ 
6---
5---
4--­
s--
2---·---

a em 
atu,c. 

o--­
s---·---., __ _ ·--­s ---
4--­
s---
2---·---

llt!W 
atu.c. 

o--­•--­·---7---·---5---
4--­
s---
2---·---

IP.Y 
74u.G. 

o--. ·--·--., __ ·-­·--4--s---
1---·--TRAFFIC DIAGRAM-EXAMPLE 6 

Fivure 8 · 


