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Multihour Engineering in Alternate-Route 
Networks 
Martin Eisenberg 
Bell Telephone Laboratories, Holmdel, New Jersey, U.S.A . 

ABSTRACT 

This paper describes a procedure, called "multihour engi
neering," which is used to engineer traffic networks for 
more than one hour of point-to-point load data. We 
describe the results of a study of multihour engineering 
in a large-scale local network, as well as an experiment 
which was undertaken to determine whether predicted multi
hour savings could be realized in an actual network. Some 
of the practical aspects of implementing multihour engi
neering are discussed. 

1. INTROnUCTION 

In this paper we describe a procedure that is used to 
engineer alternate-route networks for more than one hour 
of point-to-point traffic data. Specifically, for a given 
routing structure, set of switching and transmission costs, 
and point-to-point offered load between each pair of of
fices for each of several hours, this method produces a 
(nearly) least-cost network which satisfies the constraint 
that the blocking probabilities on all final routes be be
low a predetermined value (the "grade of service") for all 
hours. We refer to this method as "multihour engineering". 
In cases where peak traffic hours among various end-office 
pairs do not coincide, multihour engineering takes advan
tage of this noncoincidence to reduce trunk-network costs 
and also to reduce the need for demand trunk servicing. 

The underlying theoretical basis for multihour engineering 
was developed by Y. A. Rapp [1,2). Rather than attempting 
to construct an optimal solution, however, Rapp proposed 
an approximate technique. Our aim is to get an exact solu
tion. Although we do not fully achieve this aim, we obtain 
significant improvement in network performance relative to 
a single-hour approach. 

The multihour engineering procedure has been programmed 
and used for analysis of a number of networks, both large 
and small. We describe the results of one of the large
scale studies in thi s paper. In an attempt to discover 
whether the savings predicted by the studies could be 
realized in an actual network, an experiment was carried 
out, and is briefly described in this paper. In the exper
iment, trunk groups in two local offices were resized to 
conform to a multihour pattern. The results of the studies 
and of the experiment show that capital savings, service 
improvement, and/or reductions in administrative effort can 
be achieved under realistic conditions. The multihour 
method is presently planned for incorporation in future 
versions of Bell System mechanized trunk engineering 
systems. 

2. SINGLE BUSY-HOUR ENGINEERING 

Before discussing the multihour technique, let us first 
review the considerations involved in engineering for a 
single hour. Figure 1 depicts a single high-usage group, 
the direct route, overflowing to an alternate route. (For 
now we make the simplifying assumption that the alternate 
route consists only of a single trunk group. We later con
sider more realistic alternate-route configurations.) The 
cost per trunk of the direct route is Cn, and the cost per 
trunk of the alternate route is CA (which is assumed to 
include the cost of tandem switching). The offered load in 
the hour being considered is a. The problem is to deter
mine the value of n, the number of trunks in the high-usage 
group, so that the total cost is minimized, subject to the 
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FIGURE 1 
constraint that the blocking probability on the alternate 
route be below a predetermined value. 

The total cost is equal to the cost of trunks on the di
rect route plus the cost of trunks on the alternate route. 
To simplify matters, it can be assumed that the alternate
route cost is composed of a fixed component (the cost of 
carrying the "background" alternate-route load) plus a 
variable component (the cost of carrying the overflow) 
whose magnitude is proportional to the amount of overflow 
traffic.* Since the cost required to carry the background 
alternate-route load is independent of n, we may neglect 
this component and write the cost to be minimized as 

CA 
COST = )( aB(n,a) + Cnn . (1) 

Here, y is the "marginal capacity" of the alternate route, 
and B(n,a) is the Erlang-B blocking probability. The mar
ginal capacity y is the amount of additional traffic which 
it i s assumed can be offered to the alternate route, at 
fixed blocking, for the addition of one trunk. Thus, 1 
aB(n ,a) is the load overflowing to the alternate route, y 
aB(n,a) is the assumed number of additional alternate
rout e trunks required to carry this overflow, and 
CA 
)( aB(n,a) is the cost of these additional trunks. Cnn is, 

of course, the cost of trunks on the direct route. These 
two components of cost and their sum are shown as a func
tion of n in Figure 2. The total cost is seen to be a 
U-shaped curve having a minimum at the point indicated. 
This point is determined by the condition that the rate of 
change of COST with respect to n be equal to zero: 

! COST = 0 . (2) 

From Equation (1) this implies 

d - dzi' [aB(n,a)] 

CA 
where CR = C is the "cost ratio" as discussed in 

n 
Reference 3. The quantity on the left-hand side of 
Equation (3), the change in overflow for a change of one 
trunk on the high-usage group, is known as the "load on 
the last trunk." The quantity on the right-hand side of 

* This assumption is not quite true, especially when the 
peakedness of the overflow traffic is taken into account. 
Nevertheless, in most cases of interest, the assumption 
yields a configuration whose cost differs negligibly 
from that of the optimal plan. 
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ECluation (3) is the "economic" load on the last trunk, or 
"ECCS". Thus the minimum cost is achieved by sizing the 
high-usage group so that its load on the last trunk is 
eClual to its "economic" value, t- . 

R 

In this discussion, it has been assumed that the network 
was to be designed to carry only a single hour's loads. 
In practice, of course, the load on the high-usage group, 
as well as the background load on the alternate route, 
varies from hour to hour. The Cluestion arises as to 
which of the hours of loads should be used to engineer the 
group. 

It is clear that it would be uneconomical to engineer a 
high-usage group for its individual group busy hour if 
this hour does not coincide with the busy hour of the 
alternate route; the alternate route has "spare capacity" 
in side hours. A moment's reflection reveals that the 
appropriate hour for which to size the group is the 
alternate-route's busy hour. Only in this hour does the 
cost of carrying the overflow traffic from the high-usage 
group need to be considered. 

This fact has long been recognized by traffic engineers 
[3]. The method of choosing the engineering hour which 
was adopted for simple local networks, conseCluently, 
involved the concept of the "cluster busy hour." A clus
ter is defined as the set of high-usage trunk groups 
originating at the same office and overflowing to a common 
alternate-route leg. The cluster busy hour is defined as 
that time-consistent hour for which the total load offered 
to the cluster (i.e., the sum of the loads o~ all trunk 
groups in the cluster, including the alternate-route leg) 
is maximum. It was assumed that the alternate-route busy 
hour would be the same as the cluster busy hour, and thus 
the adopted engineering practice was to size every high
usage group for its cluster-busy-hour load. 

The difficulties that can arise with this method, however, 
are illustrated by the example of Figure 3. In the figure 
we show a simple network cluster consisting of two I-way 
outgoing high-usage groups, A and B, overflowing to a com
mon alternate route, F. The cost ratio is assumed to be 2 
(i .e., the alternate route costs, say, $2 per circuit, 
including switching, and each high-usage trunk costs $1), 
and the marginal capacity of the alternate route is as
sumed to be 28 CCS. The load offered to each group in 
each of two hours is shown in the figure. Since a total 
of 1100 CCS is offered to the cluster in Hour 1 and 1000 
CCS is offered in Hour 2, the cluster busy hour is Hour 1. 
Thus, using the loads of 300 CCS and 800 CCS, the ECCS 
method yields a network consisting of 10 and 26 trunks on 
HO groups A and B, respectively. It is seen, however, 
that this network has a high overflow from group A during 
Hour 2. This high overflow occurs because the group is 
engineered for only 300 CCS, while in Hour 2 the offered 
load is 600 CCS. As a consequence, the total load on the 
alternate route is greater during Hour 2, contradicting 
the original assumption that the alternate route was 
busier in Hour 1, the cluster busy hour. In order to 
guarantee a given grade of service in both hours, it is 
necessary to "service up" (Le., add trunks to) the alter
nate route for its load in Hour 2.* Under the assumption 
that the number of extra alternate-route trunks required 
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to carry this load is ~ = ~ = 9.8, we find the total 

cost of the network to be $55.60.t 

Figure 3 also shows the network derived on the basis of 
the Hour-2 loads. For this network, ~ue to high overflow 
from group B during Hour 1, the alternate-route busy-hour 
is Hour 1, again contradicting the initial assumption. 
The total cost of this network is $59.40. 

The third network in Figure 3 was derived using the multi
hour techniClue to be described. As can be seen, this net
work balances the load on the alternate route in the two 
hours. (The multihour techniClue in general tends to 
balance hourly loads on the alternate route{s).) The cost 
of this network is $48.60, substantially less than either 
single-hour network. 

This example illustrates some of the problems inherent in 
single-hour engineering methods and the potential improve
ment obtainable with the multihour techniClue. We now 
describe this techniClue in detail. 

3. MULTIHOUR ENGINEERING 

Figure 4 again shows a single high-usage group overflowing 
to an alternate route, where the trunk costs CD and CA are 
defined as before. The loads al and a2 are offered to the 
high-usage group in Hours 1 and 2, respectively. Also 
shown in the figure are the background loads in Hours 1 
and 2, Al and A2 , offered to the alternate route. The 
background loads are the total loads offered to the alter
nate route not including the overflow from the high-usage 
group under consideration. 

In sizing the high-usage group, we attempt to minimize 
total cost. We must recognize, however, that since the 
grade of service must be guaranteed for both hours, the 
cost of the alternate route depends upon the greater of 
its total offered loads in Hours 1 and 2. The cost is 
given by the formula+ 

* The servicing up of the alternate route would likely take 
place after the engineered network was in operation, when 
the service degradation in the side hour was actually 
observed. 

t The use of an assumed marginal capacity for the alternate 
rout e, while reasonable for the purpose of sizing high
usage groups, is actually inappropriate for determining 
trunk reCluirements on the alternate route. Our aim here, 
however, is merely to obtain a rough indication of 
alternate-route cost for comparative purposes. 

+This formula, in the more general form of Equation (5), 
was first given by Y. A. Rapp. See References 1 and 2. 
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The total load on the alternate route during Hour 1 is 
equal to the background load, Al' plus the overflow from 
the high-usage group, alB(n,al)' The total load during 
Hour 2, similarly, is A2 + a2B(n,a2)' The controlling 
load for the alternate route is the greater of these. The 
total cost equals the maximum alternate route load times 

CA 
~ plus the cost of the high-usage group, CDn.* 

The term "multihour engineering" denotes the process of 
searching along the cost curve of Equation (4) (or actual
ly, the more general cost curve of Equation (5), to be 
discussed) to determine the minimum-cost point. The opti
mal number of high-usage trunks in each group determined 
by this technique varies depending upon the loads and 
costs. Figure 5 shows t~o different case~ which can arise 
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FIGURE 5 
In Case I, the plot of cost curves shows that the Hour-l 
load on the alternate route dominates the Hour-2 load for 
all n. In this case, therefore, the maximization operator 
of Equation (4) always selects Hour 1, as suggested by the 
shading of this cost curve in the figure. The total cost 
is the sum of the Hour-l alternate-route cost and the 
direct-route cost. The total cost curve is U-shaped and 
has a minimum at the point where the load on the last 
trunk in Hour 1 is equal to y divided by the cost ratio. 
Thus in Case I the multihour method reduces exactly to the 
single-hour method. This example illustrates the case 
discussed above, where the use of the cluster-busy-hour 
concept yields the correct solution. Note that the con
firmation of a correct solution is that the actual 

* This equation again is not strictly correct since the 
cost of the alternate route is not proportional to its 
offered load. However, we shall not use Equation (4) for 
evaluating the absolute cost. but only for determining 
its relative minimum with respect to n. For this purpose, 
the equation yields accurate results. 

fTes 

alternate-route busy hour, determined by examining the 
load offered ~ engineering, is the same as that which 
was originally assumed. 

Case 11 in the figure illustrates a different type of 
behavior. In this example, the background load on the 
alternate route is greater in Hour 2, and the offered load 
on the high-usage group is greater in Hour 1. Thus, for n 
small there is heavy overflow during Hour 1, and this 
causes the total alternate-route load to be greater in 
Hour 1. For n large, however, the overflow is small, so 
that the alternate-route load is greater in Hour 2 due to 
the background component. The costs of carrying the 
alternate-route loads in Hours 1 and 2 are drawn in the 
figure and are seen to intersect. To the left of the 
intersection point the cost of the alternate route is 
determined by the Hour-l load, and to the right the cost is 
determined by the Hour-2 load. The maximization operator 
selects these portions of the curves; this is suggested by 
the shading in the diagram. The total cost is the sum of 
the alternate-route cost and the straight-line direct-route 
cost; it is shown as a solid-line curve on the top of the 
diagram. It can be seen that this curve has a minimum at 
the point n = no, and that the curve has a discontinuous 
derivative at this point. The calculation of n for this 
example, then, differs radically from the calcufation in 
our previous examples. Whereas before, no was determined 
by requiring the load on the last trunk to be equal to a 
prescribed value, here no is determined to be that value 
of n which egualizes the loads on the alternate route in 
the two hours. 

It is instructive to observe what would happen if a single
hour method were used in this example. If Hour 1 were 
chosen as the engineering base hour, the resulting high
usage group size would be nl' shown in the diagram. This 
point is the minimum of the Hour-l total cost curve (con
tinued to the right by a dashed line). Note that if nl 
trunks were installed, the alternate route would actually 
be busier in Hour 2 than in Hour 1, contrary to what was 
assumed. Since extra trunks would then be required on the 
alternate route to handle the Hour-2 load, the total cost 
of the network after servicing up the alternate route would 
be higher than at the optimum point no' Similarly, if 
Hour 2 were the selected engineering base hour the result
ing group size would be n2' The alternate route would 
actually be busier in Hour 1, and again the total cost 
would be higher than optimum. 

Up to this point we have, for simplification, been treating ' 
the case where the alternate route has consisted simply of 
a single trunk group. Actually, of course, the alternate
route configuration is more complicated. Figure 6 shows 
one possible arrangement where the alternate route consists 
of a final group, a tandem switch and a tandem-completing 
group. The background loads for the two hours are Fl and 
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FIGURE 6 

F2 for the final, 81 and 82 for the tandem switch, and Tl 
and T2 for the tandem-completing group. The cost per 
trunk of the final group is CF and the cost per trunk of 
the tandem-completing group is CT. It is assumed that the 
switching cost is proportional to the load and is equal to 
Cs per CCS switched_ The cost of each component of the 
alternate route is again determined by the maximum traffic 
offered to it. Thus, the engineering of the high-usage 
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group requires three separate busy-hour comparisons. The 
total cost is given by the formula 

COST 

which is explained exactly like Equation (4). 

Figure 7 shows one possible example of the behavior of 
the cost curves as a function of n. In this example the 
cost curves of the final group during Hours 1 and 2 inter
sect at a certain point. The switch cost curves also 
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intersect, but at a different point. The tandem
completing cost is completely dominated by the Hour-l load 
in this example. The sum of these three costs, plus the 
straight-line direct-route cost, yields the total cost 
curve shown at the bottom of the figure. In this example, 
the optimum design requires equalization of the switch 
loads in Hours 1 and 2. Of course, depending on the loads 
and costs, the minimum-cost point could instead have re
quired equalizing of the final loads or of the tandem
completing loads. Alternatively, the minimum-cost network 
might not correspond to any of these "breakpoints" of the 
curve, but could lie on a smooth portion as in the single
hour case discussed previously.* 

It is important to observe that even in the case where the 
optimum solution does not correspond to a breakpoint, the 
engineering does not necessarily reduce to the single-hour 
ECCS method. To use the single-hour ECCS method one first 
computes the "effective alternate-route cost per trunk" as 
CA = CF + yCs + CT' Then, using a single hour's load, one 
determines n so that the load on the last trunk durin~ 
that hour is equal to y divided by the cost ratio, CA/Cn' 

*Rather than attempting an exact minimization of Equation 
(5) in the manner we have described, Y. A. Rapp adopted 
an approximate approach. He introduced the fictitious 
load, a, as a function of the parameters al' a2' Al ,.A2 , 
and then used it in the single-hour formula of Equat10n 

(3) to produce a trunk-group size [1,2]. 
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To see how the multihour method differs from this, let us 
assume that the final group is dominated by its Hour-i 
load, the switch is dominated by its Hour-j load, and the 
tandem-completing group is dominated by its Hour-k load. 
(We make this assumption to avoid having to worry about 
breakpoints in the cost curve.) Then, it follows from the 
differentiation of Equation (5) that the optimum value of 
n satisfies the equation 

(6) 

where Im(m 
high-usage 
components 
time, then 
quantity. 

i,j,k) is the load on the last trunk of the 
group during Hour m. If i = j = k, so that all 
of the alternate route are busy at the same 
Li = Lj = ~ = L, and we can factor out this 
The equation becomes, in this case, 

L ~ (CA/Cn ) , 

where CA = CF + ycs + CT' This is precisely the ECCS 
formula. (See Equation (3).) 

Thus we see that the single-hour ECCS method is optimum 
only when all components of the alternate route have the 
~ busy hour (or when the high-usage load is the same in 
all hOurs). If this is not the case, then it is invalid 
to lump the various components into one "alternate-route 
cost." In that case, it is also incorrect to choose only 
a single hour's load for engineering the high-usage group. 
Equation (6) shows that, in general, the optimal sizing of 
the group involves the load on the last trunk in each of 
the three hours which are significant on the alternate 
route. 

The use of Equation (6) is quite similar to ordinary ECCS 
engineering except that it allows recognition of the dif
ferent busy hours on the different legs of the alternate 
route. It must be kept in mind, however, that just as in 
the simpler case discussed earlier, the busy hours of the 
alternate route depend (perhaps strongly) upon the high
usage groups' sizing. Thus the trunk quantity obtained 
from the use of Equation (6) is optimal only if the 
alternate-route busy hours which result, after the engi
neering, agree with those which were originally assumed.* 

4. MULTIHOUR ENGINEERING OF A NETWORK 

In the discussion of the theory of multihour engineering 
surrounding Equations (4) and (5), we considered only the 
sizing of a single high-usage trunk group in isolation . 
The background loads on the alternate route were given and 
assumed fixed. In a network, however, these background 
loads consist partly of overflows from other high-usage 
groups - groups which themselves have to be sized during 
the engineering process. For a network consisting of more 
than one group, therefore, the use of Equation (5) alone is 
insufficient, since it does not account for the interde
pendence between the high-usage groups which arises through 
their mutual effect on the background loads. 

It can be shown that the optimal sizing of a network con
sisting of N high-usage trunk groups requires the minimiza
tion of a cost function of N dimensions, instead of the 
one-dimensional cost function of Equation (5). An analysis 
of this optimal approach has been carried out by 
W. B. Elsner of Bell Laboratories, and will be published 
soon [5]. In the remainder of the present paper, we dis
cuss the results of a simplified, approximate approach , 
based upon the repeated application of Equation (5). 

To begin the process, we choose arbitrary initial sizes for 
every trunk group in the network. This allows us to com
pute overflows from each group and thus to determine the 
total background loads which are offered to all finals. We 
then size each high-usage group in turn by minimizing its 
one-dimensional cost ~unction. The background loads used 
in each case consist of the overflow from all other high-
usage groups, i.e., excluding the overflow from the group 

* We note that in Reference 4 the authors did not take this 
fact into account. 
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being sized. After s~z~ng every group once, the background 
loads which appear on the alternate routes differ from 
what they were at the beginning, and hence the engineering 
procedure is iterated, each pass consisting of the resiz
ing of every high-usage group. This process continues 
until the iteration converges. 

An essential aspect of this procedure is the fact t hat the 
background loads are updated immediately after the sizing 
of each group and before the sizing of the next group in 
sequence. The background loads play a very important part 
in the process of multihour engineering, and it is neces
sary that the computed background loads be accurate if the 
proper sizing is to take place. If the updating is not 
done promptly, the background loads used in sizing will 
differ from their true values, and misengineering of the 
network will result. If the updating were delayed to the 
end of each complete pass, for example, the iteration 
could even fail to converge. 

When the iteration does converge, the resulting network is 
locally optimum. That is, at convergence, the network has 
the property that, if all other groups areheld fixed, each 
group is sized to minimize cost. There is no guarantee of 
obtaining the globallY optimal network with our iterative 
procedure, however; a change in the sizes of two or more 
trunk groups could result in a lower-cost network design. 
This iterative approach also has the property that the 
solution to which it converges is not unique. Depending 
upon the initial trunk values assumed, and the order in 
which the groups are sized, the solution network may vary. 
Both of these undesirable properties of the iterative 
method are overcome with the approach devised by Elsner 
[5] . 

5. THE 34T NETWORK STUDY 

A computer program was written to carry out the iterative 
multihour procedure on a large-scale local network 
located in Los Angeles, California, consisting of 86 end
offices, all of which homed on a single tandem switch (the 
"34T" tandem). One-way high-usage trunk groups originated 
at each end-office, and terminated at other end-offices, 
both within and outside of the. set of offices we consid
ered. The traffic overflowing a high-usage group was 
carried on a final group to the tandem, where it was 
switched and then offered to a tandem-completing group to 
the terminating office. The total number of trunk groups 
in the network was approximately 2000. 

Twelve hours of data were used in the study. These con
sisted of a morning, afternoon, and evening hour (10-11 
a.m., 4-5 p.m., 7-8 p .m.) in each of four months 
(September, November, March, April).* The background 
loads on the final groups, which were computed and moni
tored during the iterative process, as described above, 
consisted entirely of overflows from high-usage groups 
from within our study network. On the tandem-completing 
groups, the background loads consisted partially of over
flows from within our study network, and partially of 
traffic originating outside this network. The latter 
portion of the tandem-completing background load was 
assumed fixed for the purpose of the study. 

Realistic trunk cost data were obtained for every trunk 
group in the network, and an appropriate value of the 
switching cost was used. 

For comparative purposes, the high-usage groups were 
engineered using two different methods - multihour.engi
neering and originating cluster-busy-hour ECCS eng~neer
ing " In each case, after the high-usage groups were 
sized, the final and tandem-completing groups were engi
neered to yield a blocking probability of .01 in their 
busiest hours. Thus the two networks offered equivalent 
grades of service and their costs could.be comp~red . 
legitimately. The total cost savings w~th mult~hour eng~
neering amounted to 2.3 percent. 

*Each "nour" of data was derived by averaging the hourly 
loads measured during 20 consecutive business days in 
each month. 
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Upon examination of the networks, it was observed that, in 
virtually every case, the loads of the tandem-completing 
groups were completely dominated by the portion originat
ing outside of our study network. As a consequence, the 
busy hours on these groups were not affected at all by 
changes in the engineering of the high-usage groups. This 
meant that the multihour engineering of each originating 
cluster was in fact independent of all of the other 
clusters in the network: the identical engineering of 
these offices could have been accomplished by considering 
each office cluster separately, using the known busy hours 
of the tandem-completing groups in the high-usage calcula
tions. 

Another implication of the invariance of the tandem
completing busy hours was the fact that this made it pos
sible to evaluate an individual network cost for each 
office. The cost of each tandem-completing group could be 
divided up and assigned to originating offices in propor
tion to the amount of busy-hour overflow received from the 
offices. By comparing the office costs in the multihour 
network to the corresponding office costs in the ECCS 
network, we could evaluate how much of a contribution each 
office made to the total 2.3 percent multihour savings. 
A list of the 25 No. 5 Crossbar offices and their per
centages of capital-cost savings is shown in Table I. 
(The remaining offices were very small step-by-step offices 
and were omitted from the list for brevity.) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
:n 
22 
23 
24 
25 

Total 

Percent Hult i hour Savings 

TABLE I 

0.9 
2.5 

11.2 
1.6 
2.5 
1.7 
1.1 
2 . 9 
3.2 

-1. 8 
1.1 
3 . 4 
C.2 
1.8 
1.6 

-1.3 
1.5 
4.2 
3.1 
2.9 
2.1 
1.3 
1.1 
1.2 
1.7 

2 . 3 

No. 5 Crossbar Savings in 34T Study 

It can be seen from the table that the savings obtained 
from multihour engineering were not uniformly distributed 
over the offices. In a few offices, noncoincidence was 
great, and a significant multihour benefit was obtained. 
In the remaining offices the improvement achieved with 
multihour engineering was minor. (The negative savings 
in two cases is explained by the effect of quantization 
errors in two small offices.) 

By far the largest multihour benefit was obtained in 
Office #3 (the "Melrose" office). This office has an 
evening cluster busy hour, but a very heavy load occurs on 
the final group during the morning if ECCS engineering is 
employed. The load on the final of the Melrose office is 
shown in Figure 8 for each of the 12 hours in the engi
neering base. The cluster busy hour for this office is 
7-8 p.m. in November; all high-usage groups of the ECCS 
network were engineered for this hour. As can be seen 
however, the busy hour that results from the engineering 
occurs in March at 10-11 a.m. The multihour method tends 
to equalize the -load over time, as well as reduce its 
maximum intensity. 

It is significant that a previous analysis of this partic
ular office, using data collected approximately three 
years earlier, showed the same type of multihour improve
ment [6]. Thus the noncoincidence we observed is appar
entl y a long-lived characteristic of this office. 
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6. MVLTIHOUR EXPERIMENT 

In an attempt to take advantage of the predicted cost 
benefits of multihour engineering, and in order to gain 
experience with the practicability of the process in an 
actual network, an experiment was carried out in which 

' trunk changes in the network were made. The changes were 
performed in two end-offices (one of which was the Melrose 
office discussed above) and were based upon the results of 
the 34T network study. 

Several perturbing factors arose which tended to make the 
interpretation of the results difficult. These included a 
major routing change during the course of the experiment 
and large load-forecasting errors due to the effects of a 
general economic slow-down. A number of techniques were 
employed, however, to distinguish the effects of multihour 
engineering from those of other factors. We were able to 
show that a cost saving of about five percent was realized 
in the Melrose office which could directly be attributed 
to the use of multihour engineering. In the second office 
a multihour saving of about two percent was realized, 
which was about what was predicted for this office. The 
average multihour savings realized by multihour engineering 
in the experimental offices tended to confirm the estimate 
obtained from the 34T study of an overall 2.3 percent 
capital cost saving relative to the ECCS technique. 

Our calculations of cost savings were done under the 
assumption that the finals were sized to insure that 
grades of service of the networks being compared were the 
same. As a practical matter, finals will not be sized to 
yield the proper grade of service for a high load in an 
hour not considered in the engineering. Thus, an alter
native way of viewing the benefit of multihour engineering 
is to compare the highest blocking levels experienced on 
final groups. In the Melrose office, a network sized with 
standard ECCS techniques would have experienced a worst
hour blocking of more than 16 percent as compared to no 
greater than 1.7 percent for our multihour design.* 

7. PRACTICAL CONSIDERATIONS 

The problems of making multihour engineering practical for 
routine use in the Bell System have received continued 

*If the pattern of loads is repeated from year to year, 
the responsible traffic engineer may have learned to • 
"overprovide" (by existing rules) the final group in 
question. In the year prior to the experiment, for 
example, the Melrose office did indeed experience a heavy 
side-hour final group load. Engineers handled the situa
tion by inserting additional trunks in certain of the 
high-usage groups as well as in the final. In a case 
such as this, the advantage of multihour is to systema-
tize and codify the solution to the "side-hour blocking 
problem" and to avoid surprises that have to be corrected 
(expensively) thr?ugh network administration. 
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attention at Bell Laboratories. One of these problems, 
together with the method selected for its solution, is the 
following. 

The multihour procedure is a complex one relative to pre
sent methods, and it obviously can only be done practical
ly with the use of a computer. Even so, the iterative 
process described earlier would probably be impossible for 
very large-scale networks. It would require the constant 
monitoring of the background loads on every alternate
route group and switch in the network, and the tracking of 
overflows all the way through the network as each high
usage group is sized . 

The approach we have adopted is to assume busy hours for 
all switches and tandem-completing g;oup;. The monitoring 
of the alternate-route background loads will thus be re
quired only for the first leg of each alternate route. 
Note that this proce~could result in nonoptimal sizing 
if the tandem-completing groups' or switches' busy hours 
change from the assumed values as a result of the engineer
ing. Evidence obtained in the 34T study, however, indi
cates that this situation may not occur frequently and 
thus our procedure will produce optimal results in many 
cases. The fact that our multihour method is able to 
account for different busy hours on the various legs of 
the alternate route, as well as to monitor the true busy 
hour on the first leg (instead of assuming the busy hours 
on all legs to be the same), implies that, even if not 
optimum, it will be a significant improvement over single
hour methods. A program using this approach has been 
written for a 3-level hierarchical network. Studies 
performed using this program are currently in progress. 

A number of other issues associated with the practical 
aspects of multihour engineering have been resolved and 
will be described in future papers. These include a 
method for trunk servicing and administration, and a 
method of choosing the number and identity of the base 
loads to be employed in the engineering procedure. 

At t he present time, practical methods have been devised 
for i ncorporating multihour algorithms in all facets of 
the t raffic engineering and administration process. A 
large program which will perform all the functions of 
traff ic routing, forecasting, engineering, and administra
tion is being planned for the use of operating companies 
in the Bell System. This program will incorporate the 
multihour concept. 

8. CONCLUSIONS 

Multihour engineering is a technique which will provide 
significant cost and service benefits in the design of 
alternate-route traffic networks. In a computerized engi
neering environment, especially as automated data-collec
tion methods make it possible to collect larger (and more 
accurate) amounts of traffic data, it is likely that this 
technique will prove to be a realistic and preferable 
alternative to the older single-hour procedures. 
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