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ABSTRACT 

The major structural elements are described for a new 
software system to be used in planning the switching capacity of the 
AT &T interexchange (A TTIX) network. The new system is needed 
to account for the impact of dynamic nonhierarchical routing 
(DNHR), which is to be implemented in the intercity network in 
1984. Principal features of the new planning system include the fore
casting of multiple hour switch attempt profiles, the use of traffic fore
casts consistent with those of trunk network planners, and the support 
of an interactive planning capability. To implement the system, new 
methods have been developed, chiefly needed by the interactive por
tion of the system. The interactive subsystem is based on decompos
ing into two parts the problem of finding a cost-effective relief stra
tegy for an exhausting switch: (j) determining the time and location 
at which a new switch should be added to the network and (ii) identi
fying the sequence of rehomings away from the exhausting switch to 
either new or existing capacity. Questions of timing and location of 
installation are left to the planner, while optimization methods are 
focused on determining the rehomings to be performed for a given 
proposed installation schedule. This frees the planner to examine 
many more relief alternatives than have ever been available with 
existing tools and so should substantially enhance the quality of the 
switch planning process. 

1. Introduction 

Changes in homing, routing, and call processing due to 
the implementation of dynamic nonhierarchical routing (DNHR)lll 
in the AT &T interexchange (A ITIX) network make obsolete 
many of the existing switch planning methods and tools. Thus, to 
plan properly for an orderly and economical evolution of the 
DNHR network, the Switch Planning System for DNHR 
(hereinafter referred to as ISPD· ) has been designed. 

ISPD represents a new stage of development of the 
traffic network planning process, better integrating the previously 
separate functions of switch engineering and traffic network plan
ning. Whereas switch utilization in the hierarchical network was 
previously analyzed switch-by-switch, the advent of DNHR 
requires that the interactions between switches be more carefully 
considered. ISPD therefore assembles both switch and traffic data, 
for multiple hours, in order to calculate relevant switch usage 
quantities. 

Conceptually, the switch planning problem for DNHR 
is simpler than for the hierarchical toll network. Hierarchical 
planners must be concerned not only with switch exhaust problems 
but also with replacing older-technology switches with newer
technology switches, with toll center consolidation possibilities, 

• The acronym is the same as is used internal to the Bell System. It stands for 
Interim Switch Planning system for DNHR. 
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with assigning correct hierarchical levels to new switches, and 
(perhaps) with reclassifying the levels of the existing switches. 
The DNHR planner, at least in the early years of DNHR, will be 
dealing with a network in which all switches are performing the 
same routing functions with the same technology. 

Computationally, however, the DNHR problem is more 
complicated. The need to gather switch and traffic data centrally 
increases the planning effort, but the planner's capabilities are 
increased by using these data. For example, ISPD incorporates the 
ability to monitor potential changes in switch busy hour that may 
result from network rearrangements. This particular capability will 
promote more efficient utilization of the switching capacity in the 
DNHR network. 

Functionally, two major subsystems make up ISPD: the 
Exhaust Prediction Module (EPM), used to forecast the usage and 
exhaust dates of the switches in the DNHR network, and the 
Relief Analysis Module (RAM), used interactively by the planner 
to generate a relief plan for exhausting switches. In this paper, the 
basic techniques used in the EPM and the RAM are described, 
respectively, in Sections 2 and 3. Particular attention is drawn to 
the data used in both the EPM and the RAM, since the methods 
have been developed with available data sources in mind to insure 
a smooth field implementation. Conclusions are summarized in 
Section 4. 

2. Exhaust Prediction Module 

New methods and data are required for the switch plan
ning of the DNHR network because, relative to hierarchical rout
ing, DNHR requires switches to perform several new functions, 
such as crankback on ·via routes." Via routing refers to the com
pletion of a call from Switch A to Switch B by way of an inter
mediate switch, or ·via node." The crankback feature for via

routed calls is made possible by No. 4 ESS and CCIS technology. 
When, for example, a call is blocked on the second link of a two
link path, a crank back message is sent from the intermediate, or 
·via,· switch to the originating DNHR switch, so that another path 
through the network can be sought to complete the call. When a 
crankback message is sent, however, additional real time (about 
1.2 milliseconds) is used at the via switch; when a crankback is 
received, an additional 2.1 milliseconds of real time are consumed 
at the originating switch. Since the distribution of crankbacks is a 
function of blocking in the trunk network, it cannot be expected to 
be uniform among all the switches in all hours in the network; one 
purpose of the EPM, then, is to forecast the number of crankbacks 
that will be sent and received at each switch to assess the impact of 
DNHR blocking on real-time switching capacity. 

Other DNHR influences on switch exhaust include a 
projected 4 percent increase (on the average) in the number of 
attempts for a given amount of DNHR traffic relative to the hierar-
chy (due to crankback and via routing) and a projected 6 percent 
decrease (network-wide) in the number of terminations due to 
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increased trunking efficiencies. 

In its first years of operation, prior to the 1984 cutover 
of DNHR, ISPD is required to forecast various quantities describ
ing the DNHR network, even though many of the base measure
ments do not yet reflect DNHR effects. Since the base data will, 
in time, reflect DNHR, the problem is one of transition, but in the 
interim, forecasts produced by ISPD must incorporate a priori esti
mates of the effects of DNHR. 

1.1 Exhaust Prediction Module Structure 

The EPM performs three main functions : 
1) calculation of DNHR-generated components of the switch load; 
2) forecasting of switch loads and capacities; and 
3) estimation of switch loads if DNHR via loads are removed. 
Figure 1 represents in a block diagram these functions and the 
chief categories of input and output data. Feeding the DNHR 
Switch Load Component Calculation are DNHR network routing, 
load, and link-blocking forecasts from the Interim Forecasting Sys
tem (IFS) which is run as a part of the Long Lines Trunk Fore
casting (TF) process: These DNHR data are produced for ten 
hours (Load Set Periods, in DNHR terminology) per forecast and 
are used to estimate the hourly switch-by-switch impact of both 
sent and received crankbacks and the overall quantity of DNHR 
traffic at a switch. In turn, the DNHR effects are combined with 
base-year switch attempt data (both hierarchical and DNHR 
attempts) and the trunk forecasts (both hierarchical and DNHR) at 
each switch to estimate and project hourly loads and capacities of 
the switches in the DNHR network. 
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Figure 1. The Exhaust Prediction Module. 
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Since, for the time being, only the No. 4 ESS is 
equipped to perform the necessary DNHR functions, the methods 
for load projection and capacity estimation are provided by the 
4ESS-specific Office Real Time Capacity Analysis Program 
(ORCAP) [21. Further, since short-term relief may sometimes be 
obtained through removal of DNHR via traffic, the EPM provides 
the user with estimates of the deferral of exhaust that could be 
achieved by via-load removal. 

1.1 Switch Real-Time Capacity Estimation and Forecasting 

In most applications, the DNHR switches are likely to 
be attempt limited, although some switches may prove to be termi
nation limited. ISPD is thus designed to forecast both the number 
of attempts and the number of terminations on the DNHR 

• The IFS forecast assumes, of course, that DNHR switches do not exhaust 
within the forecast horizon . . That assumption, among others, distinguishes 
trunk planning from network planning. 
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switches. 

Unlike the termination capacity, which is a fixed 
hardware constraint, the attempt capacity is defined relative to a 
particular mix of traffic characteristics and signaling types[21. The 
reason for this definition of capacity is that the resources used by 
the No. 4 ESS in processing calls vary in the same way that the 
resources used by a general purpose digital computer vary with 
each program processed. That is, depending on the demands of 
each call signaling type, a different amount of processor real time 
is required. Thus, one requirement of ISPD is to calculate the 
attempt capacity for each switch in each future period of interest 
according to the mix of calls (by signaling types) actually processed 
by a given switch. 

The basic approach for capacity forecasting is to (1) col
lect counts of call-processing functions for the given forecast 
period, (2) multiply each count by the number of microseconds of 
real-time required to perform the given function, (3) sum up the 
total real-time and divide by the total number of incoming trunk 
seizures to obtain an estimate, WORKX, of the real-time per aver
age incoming seizure for Switch X. We then determine the limit
ing number of incoming seizures for Switch X (LIMX) using the 
real-time per incoming seizure, WORKA, for a model office as fol
lows: 

LIMX WORKA 
WORKX X Nmalt> (1) 

where N max is the known attempt capacity of the model office. 

The above procedure is used in the base year with 
actual counts of incoming seizures by signaling type and a few 
other classes of work, as recorded by the No. 4 ESS. For future 
periods, the basic method of projection is to use the base-year 
attempt rate per trunk for the given call-type, and then, assuming 
that this rate remains constant into the future, find the future 
number of such attempts by mUltiplying by the forecast number 
of trunks of the given class: 

A TTEMPTS(FCST) = A TTEMPTS(BASE YR) X TRUNKS(FCST) 
TRUNKS(BASE YR) . 

(2) 

The assumption that the base year attempt per trunk rate remains 
constant is convenient, but it is known to be inaccurate. Of most 
importance to ISPD is the increase in attempts on DNHR trunks 
with the growth of the DNHR network in future years relative to 
the base year. Thus a stimulation factor for the CCIS attempt rate 
per trunk is applied when estimating future CCIS (which includes 
all DNHR) attempts. 

In addition to the attempt count for each signaling type, 
counts are kept of the projected number of no-outpulsing calls 
(e.g. operator assistance, information, or directory assistance), 
public announcement (PAS) ca11s, DNH-routed calls, and originat
ing and via crankbacks. Each of these separate attempt counts 
requires different processing functions that must be included in 
determining WORKX. 
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3. Relief Analysis Module 

Once the EPM has forecast a switch exhaust, the other 
ISPD subsystem, the Relief Analysis Module (RAM), is used to 
evaluate various strategies for relieving the exhausting switch. We 
introduce the switch relief problem in Section 3.1. Use of the 
RAM is illustrated in Section 3.2 with a sample planning problem. 
In Section 3.3, the rehoming selection problem is formulated; the 
rehoming cost calculation procedure is discussed in Section 3.4. 
Based on the structure of the cost calculation, Section 3.5 then 
describes the organization of the RAM. 

3.1 The Switch Relief Problem 

The Relief Analysis Module is designed as an aid to the 
planner in determining a relief strategy for a single exhausting 
DNHR switch. This strategy consists of some combination of (i) 
building a new switch to provide additional capacity, and (ii) defer
ring exhaust by rehoming traffic away from the exhausting switch 
to nearby DNHR switches with spare capacity. Thus, the RAM 
allows the planner to evaluate the economics of deferring the 
installation of new capacity by rehoming to existing capacity. 

What this model does not treat is the possibility that 
several DNHR switches located in the same vicinity may be fore
cast to exhaust in the same time frame. To use the RAM to solve 
this problem, we would have to partition the network into single
switch problems. Such partitioning is not entirely satisfactory, 
however, as it eliminates some relief alternatives. We thus leave 
the multi-switch exhaust problem as future work. 

Another simplification made in ISPD is the assumption 
that installation of a new DNHR-capable switch is either (i) on-site 
with the exhausting switch, or (ii) at the location of an hierarchical 
office subtending the exhausting switch. This hypothesis formally 
rules out the possibility of chasing capacity permanently, i.e., 
expanding eventually at a relief switch. In reality, such strategies 
arc never implemented. 

It is further noted that although the EPM provides the 
capability of studying via-traffic removal as a means of relieving 
switch exhaust, studies indicate that this will not prove to be a use
ful option for long term relief. On the other hand, via-traffic 
removal could be a short-term expedient when forecast error has 
caused an exhaust earlier than expected, and additional time is 
needed to schedule rehomings. 

Attempts have been made in the past to solve the 
switch planning problem as a large scale optimization program(3), 
but these attempts have been unsuccessful. For one thing, so 
many assumptions are required to reduce the optimization problem 
to a manageable size that the credibility of the solution is always in 
question. Moreover, it is difficult to formulate objective functions 
and constraints that properly capture all the relevant considera
tions. Plan A may be less costly than Plan B, for example, but 
may be undesirable because of unrealistic outlays of capital and/or 
labor. Or Plan B, even if somewhat more costly than Plan A, may 
be less sensitive than Plan A to key assumptions. 

The planners prefer analysis tools that allow them to 
price out alternative evolution schemes rather than synthesis tools 
that produce "optimal" designs. The risk is that a significantly 
superior but nonintuitive plan will be missed. This risk is accept
able to planners, however, because all experience with planning to 
date suggests that such a plan rarely, if ever, exists. Thus, the 
RAM allows planners to specify alternative designs and then to 
determine the costs and implementation requirements associated 
with each alternative. Optimization techniques are used, however, 
on parts of the DNHR switch planning problem, because a strategy 
of complete enumeration would lead to a serious combinatorial 
problem: the combination of deciding (i) the year to expand, and 
(ii) the rehomings required before and after expansion, generates a 
problem that has millions of solution possibilities. 
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The key to reducing the enumeration difficulties lies in 
recognizing that timing is the more important decision variable in 
the relief problem, whereas required rehomings are the main con
tributor to the combinatorial headache. By using optimization pro
cedures to determine the best year-by-year rehomings for a 
specified expansion alternative, the RAM allows the planner to 
concentrate on the timing questions. Even so, the number of 
alternatives involved is still too large to use the DNHR design 
algorithm!J) to determine the year-by-year DNHR trunk require
ments associated with each alternative. We are thus forced to look 
for approximate methods that simulate the trunking solutions that 

the DNHR design algorithm would produce for a given 
switch/homing design. These are discussed below, in Section 3.4, 
once the appropriate context has been established. 

3.1 Use of the Relief Analysis Module 

The RAM provides the planner with a mechanized aid 
for comparing different relief strategies at a terminal, without the 
need for a detailed description of alternative network 
configurations. This is done using a "planning vector", which asso
ciates with each year one of three options: (I) continue with the 
previous year's network configuration (planning vector entry P); 
(2) build a new switch (planning vector entry S); or (3) defer 
exhaust by rehoming some of the offices subtending the exhaust
ing switch to another (existing) DNHR switch with available capa
city (planning vector entry R). The rehoming option makes use of 
an integer programming heuristic to select the least cost set of 
rehomings for any year in which the planner specifies "SO or "R". 
In addition, it accepts specific user input, constraining the length 
of deferral of exhaust for example, or offices which can or cannot 
be rehomed. 

An example of the use of the RAM is illustrated in Fig
ures 2a through 2e. In Figure 2a, a sample planning vector is 
shown for the network depicted in Figure 2b. Switches A, Bit and 
B2 are DNHR switches. Offices ab a2, ... , as subtend Switch A. 
The view in 1982 is that Switch A will exhaust in 1986 and that 
Switches B) and B2 will not exhaust until the turn of the century. 
Due to their proximity to A, the planner is considering the use of 
B) and B2 as relief switches for A to defer its exhaust until a new 
switch, A', can be built on-site with A to relieve it in 1988. 

P P R R P S P P P P 

183 184 185 186 187 188 189 190 191 192 

Figure 2a. A sample planning vector. 

.............. 1998X ~ 

.~. 

............... 2000X / .<S>. 

Figure 2b. The 1982 view of DNHR Switches A, B It and B 2' 
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In Figure 2c, the planned network configuration for 
1985 is shown. As indicated by the planning vector entry for that 
year, the RAM is to select rehomings to be performed, using the 
rehoming selection algorithm. Sufficient traffic is to be rehomed in 
1985 to defer the exhaust of Switch A by one year, from 1986 to 
1987. When the algorithm is run, it selects Office as as the most 
cost effective choice for rehoming to Switch B2. Note that the 
rehoming of as to B2 advances its exhaust date by two years. 

1998X 

Figure 2c. The planned network configuration for 1985. 

The next planning year, 1986, also has rehomings 
scheduled, this time to defer the exhaust of Switch A to 1989. 
This is a year later than the installation of the new switch, to allow 
for error in A's projected exhaust date. The rehoming selection 
algorithm determines (see Figure 2d) that Offices a3 and a4 should 
be rehomed to Switch B1. This action advances the projected 
exhaust date of B1 by six years. In the 1988 planning year, when 
Switch A' is built (see Figure 2e), our model assumes the traffic 
previously rehomed from A to B1 and B2 is then brought back to 
A'. At that point, the exhaust dates of B1 and B2 revert to the 
values predicted in 1982. We note, though, that still more traffic 
must be removed from A if its exhaust date is to be advanced 
beyond 1989. Thus, the rehoming selection algorithm again is 
used, this time to select additional offices to be rehomed from A 
to A'. In this case, Office a2 is chosen, and the exhaust of A is 

deferred to 1995. 

1992X 

1989X Jt ~998X 
Figure 2d . The planned network configuration for 1986. 
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1998X 

2020X 1995X <S> 
2000X 

o 
Figure 2e. The planned network configuration for 1988. 

3.3 Tbe Reboming Selection Problem 

As described in the previous subsection, the rehoming 
selection algorithm is used for each plan year in which rehomings 
are scheduled: either to an existing DNHR switch (Planning Vec
tor entry P) or to a new switch (Planning Vector entry S). Con
tinuing with the terminology of the above example, then, the 
rehoming selection algorithm determines the least-cost set of 
offices to be rehomed from Switch A to a set of relief switches, 
such that the exhaust of A is deferred by a certain numb"er of 
years (as specified by the user in the process of inputting the plan
ning vector) provided that the exhausts of the relief switches are 
advanced by no more than a certain amount. Using forecasts of 
hourly switch attempts and terminations developed in the EPM, a 
given number of years of deferral can be translated into the 
number of attempts or trunks to be removed from a given switch 
in the year of the rehoming. In a similar fashion, an allowed inter
val for advance of exhaust can be translated into an upper bound 
on the number of attempts to be added to a switch in a given 
hour, or on the number of trunks to be added. 

We now provide the formulation of the Integer Linear 
Program (lLP) used to solve the rehoming selection problem. 

Notation: 

The set of offices subtending the exhausting switch . 

J The set of existing relief switches to be included in the 
study. 

K The set of switch busy hours to be monitored. 

cij The cost of rehoming Office i to Switch j, where i~I and j~ 
J. 

The 0-1 variable: Xij = (1,0) = (rehome, do not rehome) 
Office i to Switch j. 

The number of attempts removed in Hour k from the 
exhausting switch through rehoming of Office i. 

The number of attempts to be added to a relief switch in 
Hour k through rehoming of Office i. 

The lower bound on the number of attempts to be removed 
from the exhausting switch in Hour k. 

The upper bound on the number of attempts to be added to 
relief Switch j in Hour k. 

The number of terminations removed from the exhausting 
switch through the rehoming of Office i. 

The number of terminations added to the relief switch 
through the rehoming of Office i. 
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t 

iij 

The lower bound on the number of terminations to 
removed from Switch A. 

The upper bound on the number of terminations to 
added to Switch j. 

Thus, the problem may be stated mathematically as: 

minimize ~CijXij 
i~1 
j~J 

Subject to: 

~rikXij ~ rk 
i~1 
j~J 

for all i~1. 

for all k~K 

~aikXij ~ ajk for all j~J and all k~K 
i~1 

~tiXij ~ t 
i~1 
j~J 

~Uirij ~ iij for all j~J 
i~1 

and, Xij ~ (0,1). 

be 

be 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

Equation (4) ensures that each subtending office is 
rehomed to at most one relief switch . Equation (5) constrains the 
quantity of attempts removed from the exhausting switch in each 
hour to yield the desired deferral of exhaust. Likewise Equation 
(6) constrains the quantity of attempts added to the relieving 
switches in each hour to be less than the quantity needed to 
advance exhaust by a prespecified amount. Equations (7) and (8) 
correspond to (5) and (6), respectively, except that they refer to 
total terminations. (As noted earlier, the No. 4 ESS is attempt 
limited in its current configuration, but it is anticipated that Equa
tions (7) and (8) might be active constraints for future generics or 
for other types of DNHR switches.) 

The above formulation .assumes that a different number 
of attempts (trunks) may be removed from Switch A in a given 
hour than are added to a relief switch, i.e. rik may not equal aik' 
This occurs because each office homed on Switch A provides traffic 
of three types: (i) traffic destined for another DNHR switch, (ii) 
traffic that is switched back into the subtending hierarchy of Switch 
A, which we call intrahierarchical traffic, and (iii) traffic that is 
switched to a hierarchical office not subtending A, which we call 
interhierarchical traffic. (See Figure 3.) When an office is removed 
from A, we assume in our model that its intrahierarchical traffic 
will not be rehomed, so as to avoid double switching the 
intrahierarchical traffic through both the relief switch and A. To 
remove the intrahierarchical traffic from A, we thus assume that it 
is carried on direct groups from the rehomed office to other sub
tending offices, whenever such routing is justified. A is therefore 
relieved of both the DNHR traffic and the majority of the 

intrahierarchical traffic provided by the rehomed subtending office. 
The relief switch, therefore, receives only the DNHR traffic and 
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the residue of intrahierarchical traffic for which direct groups are 
not allowed or cannot be economically justified. The result of 
these assumptions is that the load removed from A and the load 
added to (relief switch) B are not quite equal. 

The ILP is solved using an heuristic developed by E. 
Rosenberg.(4) Using Lagrangian relaxation methods[S) and surrogate 
programming techniques, the heuristic solves a sequence of knap
sack approximations of the original ILP. The heuristic has handled 
three separate hours of attempt data, four relief switches, and 20 
to 30 subtending offices in a few seconds of computation time. 
For problems involving greater numbers of subtending offices, 
only the largest offices are pre-selected for consideration by the 
ILP. 

3.4 Rehoming Cost Calculation 

In the process of computing the matrix of rehoming 
costs (cij) , the other parameters of the ILP are determined. In 
Section 3.4.1, the assumptions are given that allow calculation of 
the rehoming costs. In Section 3.4.2, the structure of the calcula
tions is described. 

3.4.1 Network Cost Calculation Assumptions 

The matrix of costs (cij) is calculated based on the fol
lowing assumptions about the DNHR network and the facilities 
network: 

1) The existing trunk groups at the beginning of the planning 
period define the facility network. That is, each group between 
two switches is implemented on a facility link between the two 
switches. 

2) Newly defined trunk groups are routed on the existing facility 
links, with least cost routing assumed. 

3) Rehoming of subtending offices will change neither the optimal 
blocking on DNHR trunk groups nor the optimal routing patterns 
between DNHR switches. 

Although these assumptions do not necessarily antici
pate the exact decisions that will be made by the DNHR design 
algorithm, it is only necessary that they approximate the cost of 
the network changes that those decisions would produce. Testing 
is required to verify that the approximations are indeed adequate 
for switch planning decisions. These assumptions have the very 
important advantage, however, that they permit straightforward 
calculation of changes in the DNHR network cost without the 
DNHR network design tool. Moreover, given sufficient knowledge 
of the base-year network, costs of future network configurations 
may be computed. Thus, each Cjj represents the present worth of 
the year-by-year differences between the network after the rehom
ing of subtending office i to DNHR switch j, and the network that 
was planned without knowledge of switch capacities, i.e. the base 
network and its forecasts. We note that these assumptions can 
also be used to calculate the impact of rehomings on an hierarchi
cal network. 

3.4.2 Cost Calculation Structure 

Because of the dimensions of the network under con
sideration: about 130 DNHR nodes planned for 1990, up to four 
relief switches, and 20 to 30 offices subtending the exhausting 
switch, it is necessary to streamline the cost calculation procedure. 
The key to doing this is partitioning the problem into smaller, 
simpler pieces. The first of the partitions applies equally well to 
hierarchical and DNHR toll switches, and it is used in both con
texts. 

Given a DNHR switch, A, at which traffic is to be 
added or removed through rehoming of subtending hierarchical 
offices, the network can be viewed as two parts: (i) the collection 
of final trunk groups from A to subtending hierarchical offices, and 
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(ii) all the other trunk groups at A, that is, the "non-subtending" 
network. The non-subtending network includes DNHR trunk 
groups as well as high usage and full groups from Switch A to 
other non-DNHR switches. 

In computing the costs of the rehoming of Office i away 
from Switch A, there are changes in the trunk requirements in 
both the subtending and non-subtending networks. We begin by 
describing how the calculations may be structured for the non
subtending network. Although only the case of removing traffic 
from Switch A is discussed, an analogous procedure may be used 
when computing the impact of the addition of traffic to a switch. 

The Principle of Cost Apportionment 

When Office i, subtending Switch A, is rehomed to 
Switch B, where B does not subtend A, then for the purpose of 
calculating the cost of the rehoming, every trunk group that carries 
a parcel of traffic originating or terminating at Office i should be 
resized. If the routing and volume of every traffic item were 
known, then all changes in trunk sizes throughout the network 
could be calculated precisely. However, it is neither necessary nor 
desirable to develop the vast amounts of information such a calcu
lation would require. Other Bell Laboratories studies have shown 

that for the non-subtending portion of the network, the point-to
point load between Office i, subtending Switch A, and another 
switch, x, PTP(i,x), can be adequately approximated for planning 
purposes based on very limited data. These data are (1) the 
point-to-point load between Switch A and Switch x, PTP(A,x), 
and (2) the fraction, F(i), of the carried load on Switch A contri
buted by Office i. Hence: 

PTP(i,x) = PTP(A,x) X F(i). (10) 

(F should refer only to load not destined for offices that subtend 
A.) The factor F(i) can be estimated in a variety of ways, depend
ing on available data. For example, carried loads on subtending 
groups can be used to develop proportionality factors for each 
office. 

This method of estimating the point-to-point loads 
applies equally well to any A-to-x routing, whether it is in the 
DNHR network or the hierarchy. 

Since the i-to-x point-to-point loads are determined 
from the A-to-x loads, it follows that changes (in the non
subtending network) due to the rehoming of collections of offices 
subtending Switch A need not be calculated office by office. One 
can instead compute the changes from all of the rehomings collec
tively. For the network cost calculation, we thus compute the 
changes in the non-subtending network (A-to-x) using the total 
carried switch load to be removed from A. Once the total changes 
(A-to-x) have been determined, costs can be apportioned to each 
subtending office i in proportion to its contribution, as calculated 
in Equation (10). One must be careful in this apportionment pro
cess to scale the non-subtending network rearrangement cost by 
the ratio of the load contribution of the subtending network to the 
total load to be rehomed. 

Rather than partitioning the network into just the sub
tending and non-subtending portions, for the purposes of calculat
ing the matrix (cij), the non-subtending network is further divided 
into the DNHR subnetwork and the interhierarchical subnetwork. 
Together with the subtending network, then, there are three por
tions of the calculation, which are now discussed briefly. Each 
portion of the calculation requires its own data file describing the 
associated subnetwork due to the different data required for per
forming the necessary calculations. The three subnetworks are 
depicted in Figure 3. 
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Figure 3. Subdivision of the network into the three subnetworks. 

DNHR Subnetwork 

Since the DNHR network is part of the non-subtending 
network for any given DNHR switch, the cost apportionment prin
ciple applies. Thus, the impact on the DNHR network of the total 
rehomings required can be calculated at one time, and then, after 
the total cost is calculated, it can be reapportioned to the individual 

offices i. The DNHR network file is first used to reflect the 
decreases in loads caused by the deloading of Switch A, and then 
to show the increases in loads due to the loading of the relief 
switch. The DNHR network is affected somewhat differently 
depending on the identity of the relief switch. Thus, there are as 
many DNHR impact calculations performed as there are relief 
switches. A benefit of this procedure is that reuse of disconnected 
facilities (required by the least-cost routing assumption) can be 
more accurately modeled. 

I nterhierarchical Subnetwork 

The interhierarchical subnetwork (see Figure 3) is 
affected by rehomings in two distinct ways: (i) When the offered 
load to Switch A changes due to network rearrangements, the load 
on the interhierarchical trunk groups will also change. (ii) When 
an office, ai' is rehomed from Switch A to the switch on which the 
destination office (b l ) of the interhierarchical trunk group (A-b l ) 

is homed then the load on the final group bl-B increases due to the 
parcel from al that was previously routed through group A-b l (and 
the load on the group A-b l is similarly reduced.) 

Since the principle of cost apportionment applies to the 
interhierarchical subnetwork, the individual costs Cij can be found 
using the aggregate of the required rehomings. Again, as many 
interhierarchical subnetworks are considered as there are relief 
switches. 
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Tbe Intrabierarcbical Network 

In the first level of the hierarchy directly subtending 
the exhausting switch, it is no longer possible to use the principle 
of cost apportionment to streamline the calculation of the cij's. To 
do so would ignore the differences in cost of the various transmis
sion facilities on which the individual i-A trunk groups are 
routed. Thus, for the costs deriving from the intrahierarchical por
tion of the network, it is necessary to compute each coefficient as 
if each Office i were the only office being rehomed from Switch A 
to Switch j. 

This portion of the calculations determines the costs of 
installing direct groups from (rehomed) Office i to the other sub
tending hierarchical offices and routing these groups along the 
facility routes already in existence as in Cost Calculation Assump
tion 1. In the process of determining the loads on the direct 
groups, rik, aik, tit and Ui are determined. 

Also calculated is the portion of the intrahierarchical 
load not direct trunked. This portion of the intrahierarchical load 
must be added to the DNHR B-to-A node-to-node load, and so 
serves as an input to the DNHR network impact calculation. In 
Figure 4, we call this load parcel the "backhauled intraswitch load." 

The load aik determines the size of the final trunk group 
from Office i to Switch B. According to Cost Calculation Assump
tion 1, this final group is routed along existing facility routes. 
Thus, referring to Figure 3, the a, - B final group is routed along 
the a, - A and A - B facility routes. Since the A - B facility 
route is described in the DNHR network data file, this portion of 
the intrahierarchical network impact calculation must also serve as 
an input to the DNHR network data file. In Figure 4, we call 
these final trunks, "replacement final trunking". 

Structure of Cost Calculation Procedure 

In Figure 4, the relationships among the various com
ponents of the cost calculation procedure are illustrated. The three 
data files containing records on their respective su bnetworks are 
shown, along with the data feeds from the various portions of the 
calculation. 

DEFERRAL DESIRED 

FOR EXHAUSTING SWITCH 

Figure 4. Structure of the cost calculation procedure. 

3.5 Structure of tbe RAM 

In the context of the rehoming selection problem, we 
have noted that the period of desired deferral of exhaust may be 
translated into the number of attempts to be removed from a 
given switch. However, details of this transla~ion have been ~ur
posely neglected to better explain the rehommg cost calculatIon. 
In the context of the overall structure of the RAM, the method 
for determining the number of attempts to be removed from the 
exhausting switch is now described further. 
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In determining the attempts to be removed in a given 
year (to defer exhaust from one future year to another), various 
assumptions can be made about the growth rate of the traffic 
removed, relative to that of the remaining traffic. The simplest 
such assumption is that the traffic removed grows at the same rate 
as the entire switch load as originally projected. It is not clear that 
this assumption will be valid in every switch exhaust study under
taken. For example, if one neglects the effects of different 
transmission technology on the costs in the intrahierarchical sub
network, it could be argued that subtending offices with low 
growth rates result in lower costs cij. This would occur since, for a 
given amount of load removed, fewer additional rearrangements 
would be needed subsequent to the year of rehoming, relative to a 
rapidly growing office. 

The consequence of an incorrect choice of assumed 
growth rate for the rehomed traffic is that the wrong number of 
subtending offices would actually be assigned for rehoming. To 
guard against this, feedback must be provided to the cost calcula
tion process. 

In Figure 5, the overall structure of the RAM is dep
icted in block diagram form. In Block 1 an initial growth rate (the 
average for the switch, for example) is derived for the traffic to be 
rehomed. In Blocks 2 through 4, the rehoming costs are computed 
and the rehoming selection algorithm is run. 

Based on the RAM solution, the trunk forecasts by sig
naling type used in the EPM are revised to reflect the actual 
rehomings chosen by the RAM. This produces a revised attempt 
forecast by signaling type (recall Equation (2». Likewise, the 
number of DNHR trunks at the switch are recalculated, the 
number of sent and received crank backs are adjusted, and the 
ORCAP portion of the EPM is rerun, as shown in Block 6 of 

Figure 5. This produces a more precise estimate of the exhaust 
date, based on the suggested rehomings. If this exhaust date is 
sufficiently close to what was desired, then the user indicates 
acceptance of the solution. Otherwise, the user requests that the 
growth rate be recalculated (Block 8), and the rehoming selection 
algorithm is then rerun with recalculated costs. 

4. Summary and Conclusions 

In this paper the major structural elements and methods 
of ISPD have been described. ISPD consists of two separate sub
systems: the Exhaust Prediction Module and the Relief Analysis 
Module. The Exhaust Prediction Module provides the following 
important features to the switch planner: 

• An hourly profile of switch attempts and capacity is cal
culated, instead of just a peak day, peak hour value. 

• The DNHR impact on switch load and capacity is 
estimated based on the same traffic forecasts as are 
used for current planning of the intercity network. 

The data developed in the Exhaust Prediction Module 
allow identification of exhaust dates for the planner. When 
specific switch relief studies are undertaken, files prepared by the 
Exhaust Prediction Module are inputs to the Relief Analysis 
Module. 

The Relief Analysis Module brings the following inno
vations to switch planning: 

• The hourly effects of rehomings on the entire network 
are calculated. Thus, switch relief plans are obtained 
that account for possible changes in busy hour at both 
the relieved and relieving switches. 

• Optimization techniques are used for solving the details 
of a relief plan, leaving the major aspects, such as tim
ing and location of the relief switch, to the switch 
planner. 
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by: 
The use of optimization techniques was made possible 

• The formulation of the rehoming selection problem as 
an integer program . 

• The use of the "principle of cost apportionment" to cal
culate the cost coefficients needed by the integer pro
gram. 

The methods of ISPD will ultimately be incorporated in 
a new planning system being developed for the A TTIX Network 
Planning Department. When this new system becomes opera
tional, the capabilities of ISPD will have to be expanded. Switches 
other than the No. 4 ESS, for example may join the DNHR net
work. If there are differences in switching technology from the No. 
4 ESS, new capacity analysis procedures will be needed. It should 
also be noted that the techniques used in the EPM and the RAM 
do not recognize the true (stochastic) nature of the forecasting 
problem. Thus, ISPD should be viewed only as a first step in 
developing techniques for forecasting switch exhausts and planning 
relief strategies. 
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Q.l Bob Mizon 

What are the prospects of finding heuristics to help a planner 
find more network oriented approaches to switch relief and' 
network planning in general? 

A.l A.J. Davi'd, N. Farber 

The heuristics presented extend easily to multiple switch 
exhausts - however we see the present scheme to be usable 
for multiple exhausts through administrative methods, e.g~ 
allocating the spare capacity at potential relief switches 
to the va~ious exhausting switches. At this point we do 
not see a need for extension of" the tool to multiple exhausts . 


