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DETERMINATION OF SERVICE BASES FOR 
DESIGN OF INTERTOLL PLANT 

GERAL 

The following is quoted from Trarne Engineering Prac- 

tices, Division G. Section 2-a, (3): 

"The provision of facilities in the network of trunks 

interconnecting toll centers throughout the country sub- 

stantially influences the speed and cost of toll service. 
Tile aim of intertoll trunk engineering, therefore, is to 

insure that the number and arrangement of trunks in the 

netvb'ork at all times is such that the speed of service 

possibilities inherent in the toll operating method can be 

exploited to the fullest practicable extent consistent with 

economic considerations. 

"From time to time the intertoll trunk engineers will 

be required to present for consideration practicable ser- 

vice and economic options in order to secure aeement to 

bases for the engineering of trunk facilities. The service 

objectives are primarily described in terms of the overall 

speed and the number of calls not completed within some 

specified length of time, factors which strongly influence 

customer attitudes toward the service. For engineering 

purposes, however, it is important to realize that these 

factors are affected not only by the provision of trunks 

but also to a large degree by operating force conditions, 



the operating method and by party delays. Therefore, in 

deciding upon a basis of engineering, the relative effect 

on the overall service of all elements should be appraised 

as accuratoly as possible by relating the overall speed of 

service to the 'trunk speed of service'. The trunk speed 

of service, as shown in the intertoll trunk capacity 
tables, is the approximate length of time the average call 

will wait for an idle trunk after the operator is in a 

position to advance the call." 

This trunk speed concept, or length of time an opera- 

tor waits for a cicuit, is a relatively now approach to 
toll line engineering. The previous method, which dealt 

with engineering tables based on the proportion of calls 
encountering NC (Table A, i delay In 3 and Table B, i delay 

in 7) could result in quite a different speed of service 

between calls, depending on the size of circuit group 

(Chart 1). Nevertheless, this was used for many years and, 

with suitable adjustments, resulted in a satisfactory toll 
network. 

In 1930, TC 309, Division 3, Section B, gave a guide 

(2) for the application of Tables A and B (Chart 2). The 

service resulting, obviously, was dependent upon the size 
of group and the construction of the toll plant. From that 
time until the present, no similar detailed recommendation 

has been offered. The advent of the new "T" Tables, (6) or 

toll tables, recognizing trunk speed has opened new 
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CHART 2 

APPLICATION OF CAPACITY SCHEDULES 

TC 309 Div 3 Sec. B 

OCTOBER, 1930 

Schedule A 

(a) One circuit groups. 

(b) Open wire groups 25 miles or more in length. 

(e) Cable groups 40 miles or more in length. 

Schedule B (Applicable only to groups of 2 or more cets) 

(a) Open wire groups 2 or more ccts less than 
25 miles in length. 

(b) Cable groups of 2 or more cots less than 
40 miles in length. 

(e) Certain groups carrying high percentages of 
built up traffic. 
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possibilities in evaluation of the service basis for toll 
line engineering. 

The toll line engineer today is in a period of rapidly 

changing conditions ultimately evolving into now engineer- 

ing methods with the achievement of national toll line 

dialing within the next ten to fifteen years. The econom- 

ics of toll line engineering also is changing in that, for 
example, the annual carrying ¿harges per circuit mile in 
Oregon have gone from 44.42 in 1935 to 19.39 in 1950, at 

the same time operating wages per switchboard hour went 

from 0.70 in 1935 to 2.00 in 1950. 

Along with those factors must be considered the posi- 

tion of the business as regards availability of capital, 
customer demands for service, speed of the intortoll dial 

method of operation, and expected reductions in cost of 
toll plant with the development of cheaper toll facilities 
such as N carrier and microwave relay systems. It is 

apparent that a study to determine engineering service 

bases is timely. 



TRUNK SPEED AND SPEED OF SERVICE 

As an introduction to the effect of toll circuit pro- 

vision on speed of service, Chart 3 shows a picture of the 

time intervals involved in the speed of service items for a 

typical call. The detail of this is shown in Appendix A. 

It is to be noted the apparently small effect of the trunk 

speed on the over-all speed. One might assume that increas- 

ing the trunk speed by, say, 10 seconds would merely in- 

crease the over-all speed from 77 seconds to 87 seconds. 

To determine this relationship, a number of toll circuit 

groups were studied, and the relationship of trunk speed to 

over-all speed for various grades of service was plotted, 

as shown on Charts 4, 5, and 6. Those charts were devel- 

oped from speed of service observations and toll circuit 

usage records as outlined in the Traffic Engineering Prac- 

tices, (4) and are covered in detail in Appendix B. 

It must be recognized that many items influence the 

factors plotted on these curves and that only a generaliza- 

tion can be made of the relationship plotted, some of 

these items and their probable effect will illustrate this 

point. 

Trunk Speed 

This item is obtained from circuit usage read into the 

engineering tables. gince the tables aro designed to cover 

bands of holding time and aro correct only at the 
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mid-points of these holding time bands, the indicated trunk 

speeds for circuit group holding times either side of this 

mid-point will vary accordingly. 

witched Traffic 

;;hile the points plotted represent averages of the 

terminal calls handled on the group, the delaying effect of 

switched traffic reflects in the over-all operating and may 

cause delays on the terminal items. 

Hourly Distribution 

The hourly distribution of traffic on one circuit 

group may vary appreciably from that on another. If, for 

example, one group encounters a high level of traffic for 

just one hour during the day, the total day speed of ser- 

vice will be much better than that on a group which hì.s 

three hours of nearly equal high traffic level. This later 

case tends to occur with higher proportions of switched 

traffic due to combining of the various components of the 

switched traffic to broaden the period of peak traffic. 

Operating Factors 

Slow or fast inward handling at either end of a cir- 

cuit group obviously would effect the over-all speed. At 

the higher trunk speeds the interval of transfer to point- 

to-point operators would be included. Customer 



availability, PBX operating methods, type of communities 

served, and similar items can all account for differing 

over-all speed performance on different groups. 

; broad generalization has boon made of all these fac- 
tors and plotted as the average In an attempt to evaluate 

the relationship. This average shows that increases in 
trunk speed cannot be added directly to determine the of- 

fect on over-all speed of service. It might be possible to 

evaluate all these factors or eliminate thorn from the con- 

sideration but that would seem to serve no useful purpose 

in this study. It is sufficient for the purpose here to 

recognize those factors and that the curvos represent the 
results obtained at various degrees of circuit loading. 

It is to be noted that the curvos wore based on data 

tahon prior to the introduction of intertoll dialing, and 

for the sake of simplicity all data and material preented 
are based on ringdown oporaton. The effects of toll dial- 

ing and its bearing on over-all speed of service are dis- 

cussed later. 

TIle levi slopes of the Eugene-Rosoburg curvo (Chart 5) 

and the Salem-seattle curvo (Chart 6) are attributed to the 
use of alternato routes. The over-all speeds shown are the 

result of calls handled on the groups shown plus the alter- 

nato routes. Since the trunk speeds are for only the 

direct group, the over-all speed and trunk speed relation- 

ships are not representativo. 
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The determination o what the speed of service, or 

what the design trunk speed, should be hinges on the re- 

lationship of service and cost. The following material 

will develop, first, the service aspects of the trunk 

speed and, secondly, the cost picture. 
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EFFECTS OF TRUNK PROVISION ON TOLL SVICE 

Supplementary toll peg counts and service observations 

were reviowod for a po$ib1e rolationship between trunk 

speed and resulting service. Data for the Portland and 

Eugene toll offico3, as shown on Charts 7 and 8, show an 

interesting relationship between toll speed of service and 

subsequent attempts per call. The close relationship of 

subsequent attenpts and speed of service month to month is 

brought out by the Portland curvo. It is to be recognized 

that the supplementary peg counts represent the subsequent 

attempts for a three-day period, whereas the toll speed of 

service observations represent the entire month. This dis- 

tortion is apparent in Chart 7, where the subsequent at- 

tempts for December, 1949, decreased while the speed of 

service increased. In this case, the supplementary peg 

count was taken in the early part of December, and the 

Christmas peak traffic followed later in the month. Again 

it will be noted that in August, 1950, the subsequent at- 

tnpts por call decreased, while the speed of service in- 

creased. Here the supplementary peg count was taken late 

in the month, and toll circuits were being added in con- 

siderable quantities throughout the month. The Eugene 

curve illustrates this same relationship going from a per- 

iod of shortage of toll facilities to a period of normal 

provision of toll facilitios. From these two curves, it 



CHART 7 
PORTLAND SPEED OF SERVICE VS TOLL SUBSEQUENT ATTEMPTS 
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CHART 6 
EUGENE TOLL SPEED AND SUBSEQUENT ATTEMPTS 
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can be coricludod that her subsequont attempts can be ex- 
pected with higher toll speed of service. 

The second item, which is rather difficult to evalu- 

ate, is the customer reaction to relatively speedy service 

on operatOr dialed toll calls (60 seconds) compared to a 

slower service on ringdown calls (90 seconds). 7ith the 

Oregon Area about 50% operator toll dialing, this differ- 

ence (30 seconds) would be quite noticeable. Vthile the ex- 

planation of this difference is quite apparent and readily 

explainable to a customer, it can give rise to impatience 

and customer service criticism that would not have been 

realized without operator toll dialing. 

Another item which must be reconizod in the design 

objective from a service standpoint is the practical sharp- 

floss which the trunk provision permits in attaining the 

design objective. As an illustration of this, take the 

case of a relatively small trunk group. More than 60% of 

the toll circuit groups in Oregon are groups with less than 

10 trunks. A toll circuit group requirement may be for, 

say, 5?:; trunks, but G trunks must be provided. It is to be 

noted that adding one trunk to a five-trunk group will 

change the busy hour trunk speed from 120 seconds to 30 

seconds. Utilization of alternate routes eases this prob- 

lem somewhat, t tiio fact still remains that providing 

circuits to attain a trunk speed objective many times 

results in over-shooting the requirement. 



Chart 9 shows a comparison of toll speed of service 

with the Toll Servico Index, % customer 'eleased account of 

NC, und % calls completed. V/hue other factors, such as 

personnel, operating methods, and party and station delays, 

also influence the various items shown, there is no ques- 

tian that toll trunk provision has a bearing on each of 

these service items. 

Of the above service items, completion, or the pro- 

portion of calls offered resulting in messages, offers a 

good measure of the final service resulting. Chart 10 

shows what happens when the offered business exceeds the 

capacity of the toll facilities; that is, when the toll 

circuits are not provided as needed. The speed of service 

during this period ranged from an average of 197 seconds ïn 

August to 155 seconds in October. Aside from the service 

aspects, it is interesting to note the bending of this 

curve reflecting diminishing returns a further brought out 

in Appendix C. 

Other Considerations 

Tributary circuit groups have not been included in 

this study for the reason that they are better treated as 

toll connecting trunks. Traffic Engineei'ing Practices, 

Div. G, Sec. 3 (5) suggests "Selection of a service basis 

(for tributary trunk provision) should taIe into account 

the relative proportions of long and short haul toll 
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traffic and the nature of such traffic handled over the 

group. With due regard to costs of facilities, incoing 

long haul toll calls should not encounter frequent 'no cir- 

cuit' conditions on tributary trunk groups. Similarly, 

consideration should be given to possible adverse customer 

reaction to frequent delays on calls between nearby towns 

between which there is a highly developed community of 

interest." 

Once service bases aro selected for toll center 

groups, it is possible to relate those to tributary service 

bases, giving consideration to the amount of switched traf- 

fie on the tributary group and cost of the tributary facil- 

ities. In general, the tributary circuit groups should be 

engineered no loss liberally than the toll center groups 

and, depending on cost, amount of switched traffic, and 

customer reaction to service, nay be engineered from one to 

two schedules moro liberal than the toll center groups. 

The effect of tributary truk provision on these 

studies ws investigated. Since the tributary trunks dur- 

ing the period studies heroin were provided on about the 

same basis as the toll center trunks, they had but slight 

effect on the over-all result and have been disregarded. 
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ECONOMIC FACTORS INFLUENCING TRUNK PROVISION 

In the foregoing material, emphasis has been on the 

service aspects of trunk provision. Coincident to the ser- 

vice improvement, there are accompanying economies which 

aro readily apparent. The improvement in the relationship 

of revenue to operating expense por call has just been men- 

tioned. The reduction in subsequent attempts per call ro- 

suiting from reduction in trunk speed through trunk pro- 

vision, in itself, represents operator work savings. 

To evaluate this effect, the over-all speed of service 

in the foreing data was used as a common denominator to 

relate trunk speed and subsequent attempts. The data from 

Chart 8 was replotted in Chart 8A, showing the variation in 

subsequent attempts with over-all speed of service. Trunk 

speeds for particular over-all speeds of service from Chart 

5 were then related to subsequent attempts for this same 

speed of service and plotted as shown on Chart 813. 

If the offered traffic, operator load, and team size 

romain constant, it can be expected that a change in trunk 

provision to effect a change in busy hour trunk speed from 

60 seconds to 15 seconds would result in reduction in sub- 

sequent attempts fron 1.0 per call to 0.5 per call (Chart 

813). In general, one subsequent attempt represents nino 

operator work units per call, with a total unit per call 

figure of 1.0 units. Thon - 
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CHART SB 
SUBSEQUENT ATTEMPTS VS TRUNÇ SPEED 
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Subsequent attempts saved - 1.0 - 0.5 

0.5 attempts 

Units per call saved 0.5 x 9.0 

4.5 units 
Relative operator work tine saved ifl 

reduction of subsequent attempts by 

improving busy hour trunk speed from 

60 to 15 seconds = 4.5 2.1% 
16.0 

savings in operator wage cost. 
In addition to the operators' wages are the switch- 

board savings, for a reduction in operator work tinie would 

mean less switchboard positions required during the busy 

hour. 

Further thinking along this line and the recognition 
of the decreased toll circuIt costs and increased oporator 
wage cost developed the following premise. If, for any 

given circuit group, the cost in annual carrying charges 
for an additional circuit is equaled or exceeded by a ro- 
d.uction in annual operating cost and carrying charges on 

associated equipment, it would appear to be economically 
sound to provide the additional circuit. 

With this premise in mind, an effort has been made to 

determine that point there carrying charges for one more 

circuit are greater than the reduction in operating and 

associated expense. 
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Economies of Sohethie Improvement 

To show the effect of schedule improvement, let us 

consider two different service bases of trunk provision. 

design trunk speed of 60 seconds will be co::parod to one 

of 30 seconds in engineering a circuit group to handle this 

traffic. 

Oregon Area Averages 

1. Average circuit group size 15 circuits 

2. Average holding time 'tC" (7.3 to 8.9 min.) 

3. busy hour 12.5% 

4. Average completion 88% 

5. Average poleline miles per circuit 200 miles 

6. Average carrying charge per circuit mile l9.39 

7. Average operating expense per hour = 2.00 

8. Average carrying charge per switchboard 
position s 1,400.00 

For purposes of analysis, wo have selected 704 BHM to 

represent the load on our average group. 

704 BHM 
:: 704 messages por day s min.(avg.HT) x .125( BU) 

704 msgs. per day 800 calls per day .88 (average completion) 

704 BlIM on Schethle T6OC 13.3 cots. returning 60 sec BH 

Trk Sp & 16 sec Total Day Trk Sp. 

704 BUM on Schedule T3OC 14.1 cots. returning 30 sec 13H 

Trk Sp & 8 soc Total Day Trk Sp. 
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To go from Schedule T6OC with 13.3 ccts. to Schedule 

T3OC with 14.1 cots. would improve the Total Day Speed of 

Service by 8 sec. and the Busy Hour Speed of Service by 

30 seconds. 

8 sec. X 800 calls - 8540 sec. or 142 min. saved per day 
.75 (% occupied time) busy season 

The average operating cost per switchboard hour for 

the Oregon ;rea is about ;2.00 arid, due to the fact that 

there Is a relatively constant increase in traffic building 

up to the busy month of the busy season, coupled with the 

additions of new circuits as the traffic increases, it 

appears reasonable to assume that the saving of 142 minutes 

per day could be expected for about 6 months or 140 days 

(excluding Sundays and counting Saturday as one-half day). 

The reasonableness of thIs is further conf irnied by the fact 

that the observed area over-all speed of service is prac- 

tically constant for six months each year, including the 

busy season. 

The annual operating savings are then: 

2.00 (opr.exp. ter hour) x 142 (min.saved) x 140 (days) a 

662. 67 

In addition to the operating savings would be the sav- 

ings in switchboard positions duo to a reduction in operat- 

ing time. 



Swbd. Position Savings 

800 calls x .11 ( EH) 88 calls Busy Hour 

88 DII calls x 30 sec.(saving EH Trk Sp) 2640 sec. or 

44 min. saved 

44 (EH min. saved) - 58.7 min. or 0.98 hi's. or positions 
.75 ( occupied time) 

0.98 pos. x l400 carrying charge - l372 

Total Savings - Operating 663 

- Positions $1372 

$2035 

In the above analysis, the savings indicated assume 

10O terminal traffic. This assumption was nado in order 

to more clearly show the savings involved and to confine 

the analyses to one circuit group. However, we should roc- 

ognize that a certain percentage of the traffic load on an 

average group would be switched traffic and that improve- 

monts in other group trunk speeds would directly affect the 

speod in handling switched traffic which, in turn, would 

tend to increase over-all savings. 

The following analysis has been nade to show the say- 

ings effected when considering switched traffic. The 

analysis assumes the existence of five average groups con- 

necting five offices and that no other circuit groups are 

involved. Each group is to be improved from a T3OC 

schedule to a T15C schedule. 



29 

Circuit Provision vs. Carrying Charge Economies 

Switch 

Basis: Five Average Groups 800 Calls Per Day, Per Group 

"Ca Holding Time - l2.5, Busy Hour & 45 Switched 

Traffic on Group A-B 

Office A Terminal Traffic to B 220 Calls 
" A Switched Traffic to C 90 " 

" B Terminal Traffic to A = 220 " 

B Switched Traffic to E = 90 " 

" C Switched Traffic to A = 90 ' 

" E Switched Traffic to B = 90 " 

800 Calls 
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Traffic on Group B-C 

Office B Terminal Traffic to C - 220 Calls 

" B Switched Traffic to D = 90 " 

" C Terminal Traffic to B 220 

" 
C Switched Traffic to A 90 " 

" D Switched Traffic to B = 90 " 

A Switched Traffic to C 

000 " 

Traf f i 

Office C Terminal 

" C Switched 
! D Terminal 

I) Switched 

" E Switched 

B Switched 

on Gro 

Traffic 

Traff5. c 

Traffic 

Traffic 

Traffic 

Traffic 

Lip C-D 

to D - 220 Calls 

toE 90 " 

toC 22O !t 

toB= 90 " 

toC 90 " 

toD 90 " 

800 Calls 

Traffic on Group D-E 

Office D Terminal Traffic to E = 220 Calls 

t, D Switched Traffic to A = 90 U 

n E Terminal Traffic to D = 220 " 

n E Switched Traffic to C = 90 " 

t' A Switched Traffic to D 90 " 

U 
C Switched Traffic to ' 90 " 

800 Calls 



TraiT 

Office A Terminai 

" A Switched 

E Terminal 

! E switched 

" B Switched 

" D switched 

Le on Gr 

Traffic 

Traffic 

Traffic 

Traffic 

Traffic 

Traffic 

up A-E 

to E 220 Calls 

toD 90 " 

toA22O " 

toE= 90 " 

toE= 90 

toÀ=90 U 

800 Calls 
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In determining HT of a group, the allowance for other 

group trunk speed is determined from the table in TE? Div. 

G, Sec. 2-D-(3) fig. 1. The allowances indicated are mul- 

tiplied by the switched traffic to determine the actual 

allowance to be included in the holding time. 

In our example, the other group trunk speed is assumed 

to be 30 sec. for the busy hour (schedule T3OC). The TEP 

indicates that for other groupe on T30 the allowance would 

be .8 of a min. (30" x 1.6 attempts por message) or 48" x 

45 which equals 21.6 sac. Included in our present holding 

time of 8 min. per message, 21.6 soc. is allowed for other 

group trunk speed. If the trunk speed on the other group 

is improved to a Tl5 schedule, the improvement will be re- 

flocted in the lIT of the first group under consideration. 

The other group trunk speed allowance for a group on 

T15 is .4 of a min. or 24 sec. x 45 switched equals 10.8 

soc. Consequently, the original HT of B min. would be 
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shortened by 10.8 sec. or .18 inins. The new holding time 

would then by 7.8 min. 

7.8 min. x .125 (% DII) x 704 msg. - 686 1311M 

704 1311M on schedule T3OC 14.1 ccts returning 30 sec 13H 

Trk Sp & 8 sec Total Day Trk Sp 

686 1311M on schedule T15C * 14.7 ccts returning 15 sec EH 

Trk Sp & 5 sec Total Day Trk Sp 

Operating Savings 

Office "A" Traffic Offered Group A-B (A to B and A to C) 

310 calls x 3 sec. 12 sec. saved 
.75 (% occupied time) 

1240 x 2.00 x 140 days . 96. 
3600 (sec. per hr.) 

Office "B" Traffic Offered Group A-B (B to A and B to E) 

310 calls x 3 sec. 1240 sec. saved 
.75 (% occupied time) 

1240 
3600 (sec. per hr.)X 

2.O0 x 140 days 96. 

Office "B" Traffic Offered Group 13-C (B to C and B to D) 

310 calls X 3 sec. 1240 soc. saved 
.75 (% occupied time) 

1240 
3600 (sec. per hr.)X .2.00 x 140 days 

Same savings for each similar item can be expected. 

Switched Traffic Operating Savings 

Additional operating savings can be expected from the 
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reduction of the other group trunk speed encountered at the 

switching point on both initial an subsequent attempts on 

the switched business. ince a through operator at the 

intermediate office encounters the same delays in complet- 

ing the call to the second toll circuit, identical savings 

are made at the through office as at the outward office. 

For this illustration, only one switch business is 

considered. 

Office "A" Switched Traffic onGroup A-B(A toC) 

90 calls x 2 (outward and through boards) 180 calls 

180 calls x 1.5 (attempts per call) x 

3 sec. = 1080 seconds 
.75 (occupied time) 

1080 soc. x Ç;2.00 x 140 ;84. per year 
3600 (seconds per hour) 

Office "B" Switched Traffic on Group A-B (B to E) 

90 calls x 2 (outward and through boards) 180 calls 

180 calls x 1.5 (attempts per call) x 

3 sec. 1080 seconds 
.75 (occupied time) 

1080 sec. x Ç2.O0 x 140 = 84. per year 
3600 (seconds per hour) 
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Office "B" Switched Traffic on Group B-C (B to D) 

90 calls x 2 (outward and through boards) = 180 calls 

180 calls x 1.5 (attempts per call) x 

3 sec. 1080 seconds 
.75 (occupied time) 

1080 sec. x 2.00 x 140 84. per year 
3600 (seconds per hour) 

Same savings for each similar item can be expected. 

Switchboard Position Savings 

Office "A" Traffic Offered Group A-B (A to B and A to C) 

310 calls x .11 ( Bit) = 34 calls busy hour 

34 x 15 = 680 seconds or 11.3 min. 
3 (% occupied time) 

11.3 hours or positions 
60 

.189 x l40O (Position Annual Charges) 265 per year 

Office "B" Traffic Offered Group A-B (B to A and B to E) 

310 calls x .11 ( Dli) 34 calls busy hour 

34 x 15 5 680 seconds or 11.3 min. 
;-;7 occupied time) 

11.3 * .189 hours or positions 
60 

.189 X $1400 (Position Annual Charges) 265 per year 
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Office "B" Traffic Offered Group B-C (B to C and B to D) 

310 calls x .11 (% Bit) = 34 calls busy hour 

34 x 15 680 seconds or 11.3 min. 
.75 (% occupied time) 

11.3 .189 hours or positions 
60 

.189 x $1400 (Position Annual Charges) $265 per year 

Same savings for each similar iteni can be expected. 

As in the case of operating savings, additional 
switchboard savings can be expected from a reduction of 

trunk speed on the switched business. 

Switchboard Savings on Switched Traffic 

Office "A" Switched Traffic on Groi4p A-B (A to C) 

90 calls x 2 (outward and through boards) 180 calls 

180 calls x 1.5 (attempts per call) x .11 (% 3H) 

30 attempts BH 

30 x l5sec. 600 sec. 
.75 ( occupied time) 

600 .167 hi's. or positions 
3600 

.167 X $1400 (Position Annual Charges) $234 per year 



Office UBH Switched Traffic on Group A-B (B to E) 

90 calls x 2 (outward and through boards) 180 calls 

180 calls x 1.5 (attempts per call) x .11 ( EH) 

30 attempts EH 

30 x 15 sec. 600 sec. 
V (% occupied time) 

600 .167 hrs. or positions 
3600 

.167 x 4?:1400 (Position Annual Charges) 234 per year 

Office "E" Switched Traffic on Group B-C (B to D) 

90 calls x 2 (outward and through boards) 180 calls 

180 calls x 1.5 (attempts per call) x .11 ( EH) - 

30 attempts BH 

30 x 15 sec. 600 sec. 
.75 ( occupied time) 

600 .167 hrs. or positions 
3600 

.167 x 140O (Position Annual Charges) $234 per year 

Same savings Cor each 3imilar item can be expected. 

The savings per group would then consist of the fol- 

lowing items using office "B" and groups "B-C" and "C-D" 

for an example: 

Operating Savings 

Office "B" traffic offered group "BC" (B to C 

and 13 to D) 96. 

Office "B" switched traffic on group "B-C" (B to D) $84. 

$180. 
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Switchboard Savirg s 

Office "B" traffic offered group "B-C" 

(B to C and B to D) 265. 

Office "B" switched traffic on group "B-C" (B to D) 234. 

Grand Total Office "B" Savings on Traffic Offered 

Group B-C - 

499. 

679. 

Obviously, an identical savings at Office "B" would 

result for the similar traCCio offered group "A-B" as would 

be the case for each office and group. The grand total of 

ail operating and switchboard savings is then equal to the 

savings per office per group times the number of offices 

times the number of groups or - 

$679. X 5 X 2 $6790. per year 

A further savings in operating expense and switchboard 

positions duo to a reduction of subsequent attempts can 

also be applied to these savings. 

Referring to Chart SB, the change from T-30 to T-15 

would reduce the subsequent attempts per call from .67 to 

.50 or .17 subsequent attempt per call saved. 

.17 x 9 units per call = 1.53 units per cali saved. 

At 16.0 units per call this represents 

1.53 _ savings 
16.0 
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As pointed out in the section dealIng with trunk speed 
and speod of service, there are many factors inf1uencin 

the measured rosults plotted on the charts and only broad 

generalizations can be made of the relationships. To In- 
dude the full 9.5 savings indicated above is subject to 

questIon in view of those facts. Nevertheless, appreciable 

savings are indicated and an allowance of 5 savings for 

this item seems reasonable. 

Switchboard Position ßavings 

704 msgs. x .11 88 calls busy hour 

88 x 16.0 units per call 1410 units 

1410 = 5.8 hours 
24& load 

.05 x 5.8 = .2.) hours saved 

.29 x $1400 (Carrying Chgs.) - 4O6. per office 

Operator Vage Savings 

704 msgs. = 800 calls per day 

800 x 16.0 units per call 12,800 units per day 

.05 x 12,800 = o40 units per day saved 

640 units x 2.O0 (Avg. cost swbd. hrJ x140 days 
230 load 

$779. per office 
Switchboard plus Operator Savings $1185. per office 

or 5 x 11.85. - $5925. por year for five offices 
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Total Carryir Chargez Added Toll Circuits 
Incremental circuits required per group 14.7 - 14.1 

.6 circuit 

5 groups x .6 = 3 circuits 

3 x 200 miles x l9.39 annual charges ll,634.00 

The net savings in favor of a 15-second busy hour 

trunk speed as a design objective are: 
Operating and Switchboard Savings 

acet. outward operating .............. 6790. 

Operating and Switchboard Savings 

aect. subsequent attempts .. .......... 5925. 

Total Savings .............. $12715. 

Total Carrying Charges Added Toll Circuits 1l634. 

Net Savings (Five average circuit groups) 1081. por 
year 

Net Savings (One average circuit roup) ... 216. por 
year 

This would mean about l4,O00 per year in the State of 

Oregon in favor of a 15-second trunk speed over a 30-second 

truni speed. 

It is felt that further refinement to carry the anal- 

ysis below the 15-second busy hour trunk speed point would 

be dealing in precision greater than that of the fundanion- 

tal factors. 



OPERATOR TOLL DIALING 

The speed of the toll dialing method is well recog- 

nized. The operating savings and equipment costs of inter- 

toll dialing have not boon introduced into this study for 

the reason that they have no direct bearing on the trunk 

speed or the economics of attaining a particular trunk 

speed. 

The savings of operator toll dialing are in operator 

work time after a toll circuit has been secured. hile 

this reduces the over-all speed of service, makes for toll 

switchboard savings, toll circuit savings (through a reduc- 

tion in holding time) and reduces operating expense, it is 

felt that these savings are directly attributable to the 

dial method and in a cost analysis properly chargeable 

against the intertoll dial equipment expense. 

Since operator toll dialing has a marked offect on the 

over-all speed of service, a relationship has been worked 

out by which the over-all ringdown speed of service can be 

converted to speed of service with various amounts of oper- 

ator toll dialing. In general, and within a reasonable 

rango of present percentage of operator toll dialing, it 

can be said that a three per cent increase in operator toll 

dialing can be expected to reduce the over-all speed of 

service one second. An over-all ringdown speed of service 

of 90 seconds would be reduced to about 75 seconds at 45 
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operator toll dialing with other factors, including trunk 
speed, reniaining constant. 
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APPLICATIOTI OF CAPACITY TABLES TO 
INDIVIDUAL CIRCUIT GROUPS 

Once the over-all design objective of area trunk speed 

has been determined, a method is needed for the application 

of an appropriate DT" table for each circuit group so the 

total network will reflect the design objective and main- 

tain the economics of service and cost factors for the 

various items of traffic and available plant facilities. 

There are two major items which govern the selection of the 

proper table and these pull in opposite directions0 It is 

generally recognized that, as the volume of switching on an 

intertoll trunk group increases, the provision of trunks 

becomes relatively more liberal. On the other hand, as the 

mileage and cost of a circuit increase, there is a tendency 

to be less liberal in circuit provision. Chart 11, which 

accompanied the notes to the General Traffic gineers Con- 

ference in 1950 (1), suggested a way of evaluating these 

two opposite forces. 

As the first step in trying to apply this chart, we 

determined the number of circuits that would fall in the 

per cent switched ranges shown in the first column, then 

applying the trunk speeds under the columns "A", "B", etc. 

It was determined that, if all Oregon Area toll center cir- 

cuits were provided on the basis of the various schedules 

shown under each column, the following busy season trunk 

speeds would result: 
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CHART 11 

ENGINEERING OF INTERTOLL TRUNK GROUPS 

SUGGESTED APPLICATION OF 'T' TABLES 

% OF 

TOT. LOAD 

SWITCHED 

MIL6E AND COST CONSIDERATIONS 

A B C D E 

o- 5 T-15 T-30 T-60 T-120 T-120 

6-15 T-8 T-15 T-30 T-60 T-120 

16-30 P.10 T-8 T-15 T-30 T-60 

31-50 P.03 P.10 T-8 T-15 T-30 

OVER 50 P.03 P.03 P.10 T-8 T-15 

FACTORS INFLUENCING CHOICE OF TABLES TOWARD: 

FEWER DELAYS 

SHORT HAUL 

BETWEEN IMPORTANT CITIES 

LARGE GROUP 

CABLE FACILITIES 

HIGH PERCENTAGE OF SWITCHED 

TRAFFIC IS DIAL 

MORE DELAYS 

LONG HAUL 

BETWEEN SMALL CITIES 

OPEN WIRE 

SEASONAL BUSINESS 
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(A) 2.9 oconds 

(B) 6.6 seconds 

(C) 14.8 seconds 

(D) 30.6 seconds 

(E) 50.2 seconds. 

This computation is shown in Chart 12. 

To evaluate the mileage and cost consideiations, the 

annual carrying charges for the average of all toll plants 

in Oregon, as well as carrying charges per circuit mile of 

particular typos of toll facilities, were determined as 

shown in Chart 13. From this information, arbitrary carry- 

ing charges were assigned to the various letter classifica- 
tions corresponding to the lettered columns in Chart li. 

This is shown in Chart 14. It is to be noted that the 

average annual carryinr charges per circuit mile of 19.39 

were assigned a letter classification of '1C". This was 

done to correspond to the column resulting in the average 

design trunk speed desired. 

To determine the appropriate capacity table to be used 

in engineering a particular trunk group, the type of toll 

facility and mileage would be referred to Chart 14 and the 

applicable letter classification selected. Reference to 

this lettered column on Chart 11 for the percentage 

switched traffic would then give the suggested capacity 

table to use for engineering the group. 



CHART 12 

% OF TOTAL LOAD 
SWITCIIID MILEAGE & COST CONSIDFRATION 

- - - TK RANGE # CIRCUITS SP A SP B SP C SP D SF F 

O-5 113 15 1695 :o 3390 60 6780 120 13560 120 13560 

- -1% 115 e 920 15 1725 30 3+50 60 6900 120 13800 

16-30 299 1 299 b 2392 15 '+85 30 8970 EO 179+0 

31-50 +'+8 i 8 1 +8 8 358+ 15 6720 

Over O 277 1 277 1 277 1 277 P 2216 1 '+155 

TOTAL 1252 3639 8232 18576 38366 ( .' 

2.9 c.6 1'+.8 30.6 

c-fl 



CHART 13 

MILFAGE & COST CONSIDERATIONS 

ALL OREGUN TOLL PLANT (ist QUARTER 1950) $19.39 ANNUAL CHARGF PER CCT. MILE 

ANNUAL CHARGES PER CIRCUIT MILE FOR VARIOUS 

TYPES OF CIRCUITS AT SELECTED MILEAGE INTIRVALS 

TYPE OF 
FACILITY 

_____________ _____________ MILEAGE 

25 MILES 50 MILES 100 MILES OVER 100 MILES 

F $1+.25 $16.80 $17.20 $17.20 
OFEN tIRE & H cxr $29.00 $21.00 $19.0 
C CARRIFR $3Ö.50 $25.00 $25.00 
J CARhIFR $19.00 
K CARRIER $10.00 
L CARRIER $775 MICRO AVF $7.75 N CARRIER $16.25 $10.25 $7.25 $7.25 

ANNUAL CHARGES - MILEAGE & COSTS -FR FIVE CLASSIFICATIONS 
A7.25 C:19.39 E30.50 
B = 13.32 D 21+.95 

o3 



CHART 1k 

MILEAGE 
N 

CARRIER 
L 

CARRIER 
K 

CARRIER 
J 

CARRIER 
C 

CARRIER 
OPENWIRE 

& H CARRIFL 
VF 

CAELE 

D-25 C - - - - E E 

26-50 E - - - E D C 

51-100 A A B - D C C 

1o1-10 A A E C D - C 

151-200 A A E C D - C 

Over200 A A E C D - C 
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Results cf such a process should be concidered as in- 

dications of capacity tables to be used. The various other 

factors influencing choice of tables, Chart 11, might sug- 

gest increasing or decreasing the liberality with which 

toll circuits are provided. 

Another factor which must be considered in the appli- 

cation of capacity tables is the resu.lting trunk speod of 

all groups terminating at a particular toll center. It is 

likely that a direct application of the table would result 

In one toll center having a high trunk spoed and another 

toll center a relatively low trunk speed. In some cases, 

this would be of no consequence but, where necessary, fur- 

ther adjustments should be made. 

It is to be noted that mileage, other than determining 

the carrying charges per circuit mile, does not enter 

directly into the above process. This was omitted for the 

following reasons: 

1. Toll rate structures aro designed to produce the 

over-all revenue desired with the rates in 

reasonable relation to the services fur- 

nished. On this basis, a call to a distant 

city costs more than one to a nearby town, 

but not directly in the ratio of mileage. 

The greator revenue on longer circuit croups 

can be considered as partially offsetting the 

increased facility costs attributable to 



mileage. 

2. Just as the over-all revenue requirements of the 

business are considered in relation to the 

over-all telephone service of the customer, 

the over-all service must be considered in 

the li:ht of over-all cost. The objective 

of 15 seconds busy hour trunk speed was de- 

termined for the average condition and was 

based on a 200 mile circuit group. The ap- 

plication of capacity tables to circuit 

groups within a reasonable range of this 

figure should result in the most economical 

service-cost relationship. The selection of 

a capacity table for a group many times as 

long, say 1000 miles, must entail careful 

consideration of all the factors of service, 

cost and revenue. 
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CONCLUSIONS 

1. The adequacy of toll trunk provision plays a major part 

in the speed of service a customer receives on 

toll calls. It has been shown that increases in 

trunk speed effect increases in over-all speed of 

service to a greater degree than trunk speed alone 

indicating that other delaying factors are 

aggravated by a toll circuit shortage. 

2. The added annual operating expense and increased carry- 

ing charges on associated equipment due to short- 

ages of toll facilities can well exceed the annual 

carrying charges of the required toll facilities. 

3. It is only through careful and continuing analysis that 

the proper service bases of toll trunk provision 

can be determined. 

4. In the Oregon Area, considering the type of toll plant 

in use, the toll circuit layout, amount of 

switched traffic, amount of intertoll dialing, and 

cost of operating labor, an over-all design trunk 

speed of about 15 seconds is economically sound. 
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APPENDIX A 

INTERVALS COMPRISING OVER-ALL SPEED OF SVICE 

Appear - 
ance of 

C LR 
Signal 

3.5 19.4 5.4 48.7 
A B C D 

77 Sec. (See Note Below) 

Note: The 77 seconds shown above 
represent the total exchange Speed of 
Service for the first five months of 
1950. This is an arithmetical average 
taken from the "Sunimary of Toll Ser- 
vice Observations". 

r o 
'I 

.tart of Con- 
versation or 
definito re- 
port to call- 
ing customer 

In an effort to break the total Speed of Service down 

into its component parts, i.e., "A" Answer - "B" Recording 

- UH Trunk Speed and "D" Operating Time, 

average intervals were developed: 

A - Average answer for first 5 months of 1950 equals 

approximately 3.5 seconds. Thìs was deter- 

mined by reading the monthly answer over 

10 seconds as shown on the Summary of Toll 

Service Observations into tuo service observ- 

ing "Conversion Graph" which is so drawn to 

enable an average interval to be determined 

when the % over a given interval is 1own. 

B - Average Recording interval equals apri roximately 

19.4 seconds. This is the difference between 

the 77 second over-all Speed of Service and 

the sum of the other computed component parts. 
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C - Average Trunk speed for the first 5 months of 1950 

equals approximately 5.4 seconds. This in- 

terval was determined by reading the minutes 

used for each month and for each toll center 

group in the exchange into the "Intertoll 

Trunk Capacity Tables". Tables were sel- 

ected on the basis of Group holding time and 

number of circuits. The resulting trunk 

speeds were averaged arithmetically to give 

an exchange average. 

D - Average operating time on the toll circuit for the 

first 5 months of 1950 equals approximately 

43.7 seconds. This was the result of deter- 

mn1ng a 5-month average for the items 'tToll 

line rung to conversation S ringdown" and 

"Toll line rung to conversation or release PP 

ringdown" as shown on the Summary of Toll 

Service Observations. These 5-month averages 

were then weighted with the average % station 

to station and % person to person as deter- 

mined by Supplemental Peg Counts and then 

averaged to give the average time interval 

per call spent in operating on the toll line. 
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APPINDIX B 

TRUNK SPEED VSUS OVER-ALL SPEED OF SERVICE 

Traffic Engineering Practice, Division G, Section 

2-b-(6) suggests the intertoil trunk networks be classified 

into groups or categories in accordance with holding time, 

size of groups, and other traffic characteristics. After 

making such classifications, one or two groups in each 

classification should be analyzed and the trunk speed and 

over-all speed of service plotted on charts. These groups 

would thon be sod to represent all groups in the classi- 

fication. It Is also siggested that the groups so analyzed 

should equal from lO to 15% of the groups in the network. 

Service observing definitions were used to determine 

the over-all speed of service from toll ticket entries coy- 

ering terminal items of traffic. The trunk speed was do- 

termined from toll circuit usage records taken during the 

same period as the speed of service. 

In analyzing the groups in the Oregon network, it 

developed that, in order to keep from analyzing each indi- 

vidual grou.p, very broad classifications had to be used. 

Consequently, it was decided to break the Oregon network 

down into five groups based upon total holding time. The 

same holding time intervals were selected as those used on 

tie 'tlntertoll Trunk Capacity Tablestt. Each of the result- 

ing five classifications was again divided into two 
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groups - (1) Thos groups comprised of 10 or less circuits, 

and (2) Those groups comprised of over 10 circuits. 

After c1assifyin the Oregon network into the 10 

groups indicated above, each total grouping was averaged to 

determine a hypothetical average group. Following this, 

the actual groups most closely approaching the average were 

selected as groups for analysis and to represent the cii'- 

cuit groups in that classification. 
It can be expected that groups with characteristics 

either side of this average would display varying charac- 

teristics. For example, a group with a holding time of 7.4 

minutes could be expected to return better speed than a 

group with 8.1 minutes holding time or the middle of the 

"C" holding time range. 
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APPENDIX C 

EFFECT OF INCREASED CALLS ON MESSAGE LEVEL 
ASSUMING RELATIVELY NO CHANGE IN CIRCUITS 
(See Charts for Aug. 1 to Nov. 1, 1946) 

1. At 32,000 call level, the corip1etion was approxi- 

mately 78Ç with very little difference between 

the days of the week, but at higher levels it 

dropped off materially on all days. It is of 

interest that the change differs between the days 

of the week, indicating that some other factor 

typical to the day of the week is having a con- 

sderable effect on completion. This could be 

either (1) the relative distribution of the 

volume of calls offered, or (2) a change in the 

distribution between circuit groups. 

Per cent ComDietion 

Call 
Level Mon. Tues. sed. Thurs. Fi. 

32,000 (78.5) 77.9 77.9 (77.9) (77.5) 
33,000 78.0 77.8 77.6 77.4 77.3 
34,000 77.9 77.6 77.3 76.9 77.2 
35,000 77.6 76.7 76.8 76.2 7G.9 
36,000 77.2 (74.9) 75.8 75.4 76.2 
37,000 76.0 (72.5) (74.1) (74.1) 74.8 

Indicates points taken from extension of curve. 

Message change as indicated by curve when calls 

change from 36,000 to 37.000. 



Mon. Tues. Wed. 

+340 -80 *120 

Thurs. Fri. Tot. 

+260 .260 Net = 900 

Avg. Day +180 
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Revenue Por Message .60 

Revenue Per Day 118 

624 Cost for 1000 Calls at 145 Load, ;7.50 Per Day i22 

Profit per day excluding training, vacation, 

accounting and commercial expenso -4 

Data as of December, 1946. 


