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7753, Vol. IV
FOREWORD

The State Criminal Justice Telecommunications (STACOM) Project
consists of two major study tasks. The first entails a study of criminal
Jjustice telecommunication system user requirements and system traffic
requirements through the year 1985. The second investigates the least
cost network alternatives to meet these specified traffic requirements,

Major documentation of the STACOM Project is organized in four
volumes zs follows:

State Criminal Justice Telecommunications 77-53
(STACOM) Final Report - Volume I: vol. I
Executive Summary

State Criminal Justice Telecommunications T7-53
(STACOM) Final Report = Volume II: Vol. II

Requirements Analysis and Design of Ohio
Criminal Justice Telecommunications Network

State Criminal Justice Telecommunications T7-53
(STACOM) Final Report - Volume III: Vol. III
Re¢* irements Analysis and Design of Texas

Criminal Justice Telecommunications Network

State Criminal Justice Telecommunications ‘77-53
(STACCM) Final Report - Volume IV: Vol. IV
Network Design Software Users' Guide

The dbove material is also organized in an additional foub
volumes which provide a slightly diff'erent reader orientation as follows:

Title 8 Document No.
State Criminal Justice Telecommunications 5030-43%

(STACOM) Functional Requirements -
State of Ohio

State Criminal Justice Telecommunicatiouns 5030—61*
(STACOM) Functional Requirements -~ .
State of Texas '

State Criminal Justice Telecommunications 5030-80% |
(STACOM) User Requirements Analysis - v

State Criminal Justice Telecommunications 5030-99*
(STACOM) Network Design and Performance :
Analysis Techniques

*Jet Propulsgion Laboratory'internal document .
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This document, No. 77-53, Volume IV, entitled, "Network Design
Software Users' Guide," describes techniques that are implemented in the
STACOM program. I%t then illustrates the application of this program by
providing a run example with detailed input/output listing.

It presents the results of one phase of research carried out
Jjointly by the Jet Propulsion Laboratory, California Institute of
Technology, and the States of Texas and Chio. The project is sponsored by
the Law Enforcement Assistance Administration, Department of Justice,
thrgugh the National Aeronautics and Space Administration (Contract NAST-
100).
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ABSTRACT

A users' guide is provided in this volume for the network design
software developed during the State Criminal Justice Telecommunications
(STACOM) project sponsored by the Law Enforcement Assistance Administra-
tion (LEAA).

The network design program is written in FORTRAN V and implemented
on a-UNIVAC 1108 computer under the EXEC-8 operating system which enables
the user to construct least-cost network topologies for criminal justice
digital telecommunications networks. A complete description of program
features, inputs, processing logic, and outputs is presented. 4Also
included is a sample run and a program listing.
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SECTION 1

INTRODUCTION

1.1 PURPOSE AND SCOPE

The STACOM (STAte Criminal Justice COMmunication) network
topology program i3 a software tool which has been developed. and utilized
during the STACOM project. This Software Users' Guide provides:‘

(1" A detailed description of the program i,e., what it
does and how it does it.

(2) Details of the STACOM storage structure and of its
program: structure so that a user can easily comprehend
its capabilities and llmltathHS.

(3) Details of the options available, a functional block
diagram, and a program listing with comment statements
so that a user can expand/improve the program
capabilities by either changing parameter values or
modifying the program itself.

(4) Details of a sample run stream used as a reference run
for correct operation, and an input/output example, S0
that a user can easily operate the program as a tool
for network design.

The  STACOM program was developed and implemented with the
FORTRAN-V programming language, which is one of several high-level . -
languages available in the UNIVAC 1108 computer systems at the Jet
Propulsion Laborateory. EXEC-8 is the operating system used in these
systems. With this in mind, usage of this program in a similar UNIVAC
system may require some degree of conversion effort. For a facility w1th
computers other than the UNIVAC type, a considerable effort would be
required in ccnverting this program into one compatlble with ‘the operatlng
system of that fagility.

The balance of this document consists essentially of two
parts. The first deals with the functional design portion of the STACOM
topology program (Section 2); the other 13 concerned with the operatlonal .
aspect (Section 3). '

1.2 SUMMARY
1.2.1 The STACOM Program
~~ The development of the STACOM (STAte Criminal Justice
LCOMm unlcatlon) network topology program was performed to support the ﬁPl-

mary STACOM objective of providing the tools needed for designing and eval~
uvating intrastate communication networks. The,STAGOM progect goals are to:

1=-1
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(1)  Develop and document techniques for intrastate traffic
measurement, analysis of measured data, and prediction
of traffic growth.

(2) Develop and document techniques for intrastate network
design, performance analysis, modeling, and simulation.

(3) Illustrate applications of network design and analysis
techniques to typical existing network configurations
and new or improved configurations.

(%) Develop and illustrate a methodology ifor establishing
priorities for cost-effective expenditures to improve
capabilities in deficient areas.

A task involving the development of a software package for the ‘
synthesis and analysis of alternate network topologies was undertaken.

In the'following subsections, we describe a typical law
enforcement communication network, what the STACOM program does, how it
does it, and a general operating procedure for using the program.

1.2.2 State Criminal Justice Communication Network and its Optimization .

A State law enforcement communication network is defined as a
network which contains a set of system terminations connected by a set of
links. Each system termination consists of one or more physical terminals
or computers located at the same city, called a terminal city. The main
purpose of the communication network is to provide to the terminal users

rapid access to and response from the data base system, and rapid response
time for intra-agency communication.

Various ways of connecting a given set of terminals may be
used, depending on different requirements. Because the operating costs
for a given communication network depend very much on its layout, scme
cost reduction is possible through an initial investment in a

~econfiguration analysis.

The activity of designing a network with the lowest costs
which satisfy loading requirements, called network optimization, uses
various existing techniques which provide means for such purposes.

1.2.3 Functions Performed by the STACOM Program

The STACOM program is a software tool which has been developed
to design optimal networks that will achieve lower operating costs. It
utilizes a modified Esau~Williams technique to searc¢h for those direct
links between system terminations and a regional switching center (RSC)
which may be eliminated in order to reduce operating costs without
impairing system performanice. The RSC provides either a switching
capability, a data base center, or both.

12
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Inputs for the STACOM program contain data -sush as traffic,
terminal locations, and functional requirements. The network may be ‘
divided into any number of desired regions in any given program run. . Each
region has a Regional Switching Center (RSC) which serves terminals in its
region. RSCs are, finally, interconnected to form the complefe network.
Upon receipt of a complete set of input data, the STACOM program first =
performs the formation of regions and, if needed, the seleztion of RSEs.
The program then builds a regional network in whlch only system
terminations in the region are connected. The program subsequently

. optimizes the regional network for each region requested by the user.

The formation of regions is performed by the program on the
basis of attempting to arrive at near-equal amounts of traffic for all
regions. After finding the farthest unassigned system termination from
the system centroid (a geographical center), the program starts formation
of the first region by selecting unassigned system terminations close to.
this system termination until the total amount of traffic for that region
is greater than a certain percentage (90% in this implementation) of tke'
average regional traffic. The average regional traffic is simply the -
total network traffic divided by the number of desired regions. The same
process is repeated by the program in forming the rest of the regions.

The selection of an RSC is based on the minimal traffic-
distance product sum. In the selection process, each system termination
is chosen as a trial RSC, and the sum of traffic-distance products is then
calculated. The locatlon of the system termination which providés the
minimal sum is then selected as the RSC, although the location of the RSC
for a given region may also be specified by the user.  The optimization
procezss consists of two basic steps, i.e., searching for lines whose
elimination yields the best cost saving; and updating the network. The
two steps are repeated until no further saving is possible.

Before performing network optimization, the STACOM program
constructs an initial star network in which each system termination is
directly connected to the regional center. It then starts the
optimization process. At the termination of this process, a multidrop:
network is generally developed. 1In a multidrop network, some lines have
more than one system termination; these are called multidrop lines.

When' heeded the STACOM program will continue to form an-
optimized interregional network which cons;sts of 1nter-connect10ns
between regional centers.

- The process for 1nterreg10nal network optlmlzatlon involves -
the same two steps: - searching and updating.  However, the searﬂhlng step
is primarily to find the alternate route, for diverting trafflc between two
regional switching centers, that provides the best sav1ng. S

" Based on the data provided a succpssful run of the STACOM
program generates a regular printer output and, if requested a CalComp
plot. The printer output contains data such.as initial realonal ‘hetwork
and optimized network costs, assignments of system termlnatlons, ete. The
CalComb plot shows the geographlcal connectlons of the optlmlzed network
detalllng multidrop line connections to all’ of the system termlnatlons.“

=3
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1.2.4 OperationalvProcedur@
1.2.4.1 Initialization and Setup. When the STACOM program is executed

from an 80-character/line demand terminal, an alternate file, 100, to be

- used as a printer output file, must be defined.  Otherwise, all printout

data will be directed to the terminal which will produce interleaving
output. The file is defined by the statement €ASG,UP 100,

In addition to the redirection of output file destination, the
user must direct the punch card file to a proper unit for a CalComp
plotter. As an example, the statement 6SYM,P PUNCH$,,GIPLTF will direct
the punch card images to a CalComp plotter designated with G9PLTF.

1.2.4.2.1 Batch Mode. Following is a list of control statements
required when running the STACCM program as a batech run:

@RUN run-ID, account-no., project-ID, SUP-time, pages/cards
@ASG,UP 100
@SYM,P PUNCH$,,plotter-ID
@XQT file.STACOM
(INPUT DATA)
@BRKPT 100
@FREE 100
8sSYM 100, ,printer-ID
@FIN

The RUN card gives the following information: designated run
ID, user's account number, project-ID, expected SUP-time usage (sum of CPU
time, 1/0 time, and control/execute request time), limited number of
printer pages, and number of cards which may be generated from the run.
Plotter~ID gives the logical ID of the CalComp pen plotter and file is the
file which contains the absolute element of the STACOM program. Printer-
ID gives the logical ID of the 'line printer. INPUT DATA as shown is the
input data required. - When all of these data items are in order and ready,
the deck can be submitted to the operator for processing.

1.2.4.2.2 Demand Mode. If program execution is to be performed via a
demand terminal, the user can converse interactively with the program.
The user may also run the program as a batch job by having all input data
prepared and added after the 8XQT statement.

Under the conversational mode, the user acts as a respondent
who answers the requests for data made by the program. This mode of

;operatioh'provides the user with an understanding of how the program is

progressing. A user can very often terminate a run before a complete set
of input data is given if he has some knowledge of the progress being
made. This capability can prevent the user from an unnecessary waste of
time. For example, if a run encounters a system which has more oversized
distance data than allowed, a message from the program will be printed out
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on the terminal. This will force the user to modify the program in drdér
to handle the large number of oversized distance data. ‘

1.2.4.3 Normal Termination. When a STACOM program run proceeds
successfully and terminates normally, the normal file unit 6 will contain
messages for each successful regional network optimization. ' After a
normal termination, the user can direct the output file 100 to.a printer
device, and the CalComp plot will be generated by the designated CalComp
pen plotter. , N

1.2.5 Aborting and Recovering a Run

When a run encounters trouble resulting from incorrect input
data, the user can use the normal aborting procedure to terminate its
execution if it is a demand job. A statement of 88X after interrupting
the line communication by pressing the BREEK key, will terminate a progranm
execution at any time. On the other hand, the EXEC-8 may abort a run wnen
certain serious violations occur during its execution.

If a program run has been interrupted ‘because of a system
outage, no recovery of the run is possible.

s
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SECTION 2

THE STACOM PROGRAM G .

2.1 INTRODUCTION

Two types of analysis are involved in designing a communi= :
cation network. The first is concerned with arriving at acceptable LA
line loadings; the second involves the achievement of optimal line o
configurations. The STACOM program was developed to accomplish both
of these types of analysis, '

Before describing the STACOM program itself, a State criminal
Jjustice information system with its communication network is examined
as a typical existing communication network The goal of the STACOM
program is then discussed. ’

2.1.1 State Criminal Justice Information System

An information system is usually developed to prcvide a system-
atic exchange of information between a group of organizations. The infor--
mation system is used to accept (as inputs), store (in files or a data base),
and display (as outputs) strings of symbols that are grouped in various -
ways. While an information system may exist without a digital computer, we
will consider only systems which contain digital computers as integral parts.

Information systems can be classified in various ways for
various purposes. - If classification is by the type of service rendered, g
the type of information system which serves a criminal justice community
within a State can be considered as an information storage and retrieval
system, This type of information system is the subject of our interest.
For example, the State of Ohio has an information system with a data ’
base located at Columbus, The data base contains records on wanted per-
sons, stolen vehicles, and stolen license plates. ~Also included in the
same computer are files of the Bureau of Motor Vehicles (BMV) which
contain records on all licensed drivers and motor vehicles in that State.

[

2.1.2 State Dlgltal Communlcatlon Network

FOP a given State information system, the storage and retrleval
of data to/from the data base can be accompllshed in various ways for .
dlffenent user requirements. In general, the users of a State criminal
justice information system are geographically distant from the central data
base compUter. Because a fast turn-around time is a necessity for this
particular user community, direct in-line access to the central data base
by each criminal justice agency constitutes the most important of the user's
requirements. In addition, it is required to move message data qulckly o
from one agency to another at a different location. These goals require
the establishment of a ‘data communication network. Because the computer
deals only with digital data, only digltal data communication- network8~,
are considered here.

2-1
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A digital communication network consists mainly of a set of
nodes connected by a set of links. The nodes may be computers, terminals,
or other types of communication control units that are placed in various
locations, and the links are the communication channels providing data
paths between the nodes. These channels are usually private or switched
lines that are leased from a common carrier. A simple exXxample of a
network is given in Figure 2-1, where the links between modems are
communication lines leased from a common carrier. The communication
control unit in city E is used to multiplex or concentrate several low-
speed terminals onto a high-speed line. The line which connects cities C,
D; and others is called a multidrop line, and this line connects several
terminals to the data base computer. ‘

2.1.3 A STACOM Communication Network
| For the purposes of the STACOM study, a communication network
was defined as a set of system terminations connected by a set of links.

Each system termination conzists of one or more physical terminals or
computers located at the same city.

CITY A

CITY F 4
DIAL
L jup
ClY € Vol NET- - CIIYC CHiyYbpD
L | work

DATE BASE COMPUTER

MODEM

TERMINAL

@ COMMUNICATION CONTROL UNIT

Figure 2-1.. Example of a Digital Communication Network
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2.1.4 Communication MNetwork Configurations

The communication network for an information system with a
central data base computer is one of three basic network configurations:
the star, the multidrop, or distributed connection. These three types .are
shown in Figure 2-2.

As shown in Figure 2-2, the star network consists of four
direct connections, one for each system termination. Each conneétion is
called a central link. The multidrop network has one line with two system
terminations and two central links. 1In the distributed network shown,
more than one path exists between each individual system termination and
the central data base. ‘ ‘

2.1.5 Network Optimization

Given a communication network, the operating costs for the
various types of lines or common carrier facilities required are governed
by tariffs based upon location, circuit length, and type of line.
Experience suggests that the operating cost of a network can often be
substantially reduced by an initial investment in a configuratic
analysis. In other words, some efforts in network optimization generally
provide cost-~saving.

STAR NETWORK MULTIDROP NETWORK

DISTRIBUTED NETWORK
3 . ) kY

Figure 2-2. Basic‘CommUniéatiOn Nébwork‘Configuraticns

Y

o
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There are two ways of constructing a communication network
in a gecmetrical sense. One can divide a communication system info
several regions, construct an optimal regional communicition network
for each region, and then build an inter-regional network connecting
all of the regional centers to the central data base center. Each
regional center is responsible for switching messages issued from and
returned to each system termination in the region. Alternatively,
one can consider the whole system as a region which is entirely made
up of system terminations, and perform the optimization for that region.

2.1.6 The STACOM Program and its Purposes

One of the objectives in the STACOM study is to design optimal
and effective communication networks which will satisfy predicted future
traffic loads for both selected model states, Ohio and Texas. In order to
achieve this objective, the STACOM program was developed and utilized for
the analysis and synthesis of alternative network topologies. It is also
the project's goal that the final product be a portable software package
which can be used as a network design tool by any user.

In network design, two major problems are the selection of a
cost-effective line configuration for given traffic, and the design of an
optimal network to arrive at lower operating costs.

The goal of the STACOM program is to provide a user with a
systematic method for solving both problems. In other words, the main
purpose of the STACOM program is to provide the network designer with a
tool which he can use for line selection and for obtaining optimal line
connections. ‘

2.1.7 Functions Performed by the STACOM Program

The STACOM program can be used to generate an optimal network
configuration for a communication system if traffic to/from each system
termination is provided. In addition to performing the normal
input/output functions, the program will:

(1) Define regions, based on equal traffic distribution.

(2) Select regional centers, based on minimal traffic-
distance product sum.

(3) Form a regional star network with the selected regional
center as the regional switching center (R3C).

%) Perform regional network optimization.
(5) Form an optimized inter-regional network if required.
In performing initial network formation and subsequent

optimization, line selection is done by the STACOM program to satisfy the
following conditions:

2-4
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(1)  The line utilization factor does not exceed a speclfic
number

(2) The average termlnal-response time is less than a
preselected unit of time

(3) The number of terminals on a multidrop line is legss than

a preselected number.

In the process of regional network optimization, the STACOM
program utilizes a modified Esau-Williams method (Reference 1). Starting
with a star network, in which each system termination has a central link
to the regional center, the optimization process searches for a central

link, the elimination of which will provide the best savings in cost; the

program then provides an alternate route for the traffic that would have
been carried by the link eliminated. The process is repeated until no

further cost saving is possible. The result of this process is a multi-
drop network. : ' g

When a communication system has more than two regions, the
STACOM program can also be used to generaté an optimal inter-regional
network. It first constructs an initial inter-regional network in which
every Regional Switching Center (RSC) has a direct link to every other

RSC, it then performs line elimination by diverting traffic through other

routes.

Figure 2-3 gives examples of regional star networks and an
initial inter-regional network; Figure 2-4 gives examples of optimized
regional networks and inter-regional network obtained from Figure 2-3.

2.2 MAIN FEATURES

As described in Paragraph 2.1, the STACOM program has been
developed for the purpose of performing analysis and synthesis of

alternative network topologizs. The following is a list of features which

characterize the STACOM program:

(1)  The Esau-Williams routine has been mpdified, tested
and utilized for determining near opfimal network
topology. : :

(2) A tree type structure is used as the;storage structure
in the program. :

~(3) The program execution has been made flexible; for
example, ‘constraint on response time for a multidPOp ’
line is now an input parameter. !

(&) A response~{ime algorithm has been iMplemented in the
program,

(5) A CalComp plotting routine has been included for drawing

resulting multidropped networks.
{
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In the rest of this subsection, these main features are
discussed in detail.

2.2.1 Structure
2.2.1.1 Storage. Since a multidrop network can be viewed as a tree

composed of sub-trees, it was determined that a tree-type data structure
would be appropriate and convenient for representing a multidrop network,

(O REGIONAL SWITCHING CENTER
(O SYSTEM TERMINATION
—— LINE CONMECTION BETWEEN SYSTEM TERMINATIONS
~—— LINE CONNECTION BETWEEN RSCs
~+=:n REGIONAL BOUNDARY LINE

Figure 2-3.  Example of Initial Regional Networks and
an Initial Interregicnal Network

2-b
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A tree-type storage structure is therefore needed in. the
program. This tree-type storage structure is implemented by defining
a set of storage cells.

Each system termination (data) is represented internally by a
storge cell in the program. Fach cell consists of five fields and each
field occupies one word (i.e., a 36-bit word for UNIVAC 1108 computers).

Q REGIONAL SWITCHING CENTER
(O SYSTEM TERMINATION

———- LINE CONNECTION BETWEEN SYSTEM TERMINATIONS
e LINE CONNECTION BETWEEN RSCs
—.— - REGIONAL BOUNDARY LINE

Figure 2-4, Example of Optimized Regional Networks and
an Optimized Interregional Network

)
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Defining that system termination X is a successor of Y
and Y a predecessor of X if X branches out from Y, and X is the root
of a tree if it has no predecessor before it, then. the basic storage
cell for system termination A can be described as follows:

A

I
£1. | f2 | f3 |fy | f5

Let e(f3) = content of i-th field in a storage cell I, where IA is an
internal index for a system termination A (g4=ta), then

¢(fq) = the number of system terminations under A

C(fg) = a pointer which points to the first successor of A
¢(f3) = a pointer which points to the next system
termination whose predecessor is the same as A's
e(fy) = a pointer which points back to the previous system
termination whose predecessor is the same as A's
c(f5) = a poiuter which points to A's predecessor

When there is a 'zero' in a field, this indicates there is no
one relating to A under that specific relationship.” Given a tree as
Figure 2-5, A is root of the tree; it has ¥4 successors, i.e., B, C, D, and
E. Figure 2-6 is the internal representation of that relationship among
indices I, Ip, Ig, Ip, and Ig which are internal cardinal numbers for
system terminations A, B, C, D, and E.

The first field of storage cell I, indicates that there are
four system terminations under Ip; the pointer to Ip says that Ig is its
first successor. Since I, is the root of the tree, the other three fields
are left with zeros.

Figure 2-5. A Tree with A as its Root

2-8
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IA= INDEX FOR A

Figure 2-6. Internal Representation of the Tree
in Figure 2-5 '

In the case of I, Ip is the next successor of I and the
previous successor of I, is Ig. 1Its third field has a pointer pointing to
Ip, and its fourth field a pointer pointing to Ip-.

2.2.1.2 Program. The STACOM program consists of twelve functionally
independent routines. Figure 2-7 shows the basic structure of the B
program., The functional interrelationship is indicated by arrows.

An arrow froir routine A to routine B indicates that routine B
will be called upon by routine A during its execution. All of these
routines communicate to each other through the COMMON block in addition to
the normal subroutine arguments. g ~ ' R

- Major functions of eleven of these routines are given below.
RSPNSE Routine is described in the following paragraph. :

(1)  MAIN Routine

. This is the master routine of the STACOM program. In T
“its execution, it reads in all the data required from an S en
input device (card reader or demand terminal) and '

performs calculations of distances between, any two
system terminations. It asslgns system termlnatlons to -
regions, and, if necessary, selects the reglonal
switehing center by .finding the system termination in
the region with the minimal tvafflo-dlstancefﬁroduct
sum. It calls upon routine RGNNET to build & star .
~ network and then ‘performs network optlmlzatlon, 1f , . il
required, for each of these regions. R BRI a

KX
. 3
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RECOVR {ICOSTJ
e LINK DIST
PACK }
LINNUM
TRAFFIC : -
. GNNET
VH, ETC, MAIN R RHOFUN
, ~ PRINTS, PLOTS PLOTPT
————a ; CALLS UPON ‘ i i
g IRNOP RSPNSE

(2)

Figure 2-7. STACOM Program Structure

It also performs the construction of an inter-regional
network and its optimization by calling subroutine
IRNOP.

In addition to these processings, the MAIN routine also
prints out distance matrix, traffic matrix, and lists
of system terminations by region.

RGNNET Routine

This routine is called upon only by the MAIN routine.
Its main functions are the formation and optimization of
regional star networks. During the formation of a
regional star network, each system termination is:linked
directly to the designated or selected Regional
Switching Center (RSC) by assigning the RSC index to the
last field of each associated storage cell, ' Tree
relationships are built among system terminations by
assigning "pointers to the third and fourth fields of
each -storage cell. The ‘resulting star network is then
printed on the printer.

2-10
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The optimization process utilizes the EsaueWilliams

~algorithm (Reference 1) with some modifications. It

consists of two steps: searching for a central link (a
direct link from a system teprmination to RSC) with best
cost savings under constraints (such as response-time
requirement), and subsequent network updating. This
network optimization process is executed only upon
request. - When no further cost improvement is possible,
this routine prints a resulting network with data such
as number of system terminations and the response time,
traffic, cost, etc., associated with each multidrop
line. Routine PLOTPT is then called upon to plot

the resulting network layout. '

IRNOP Routine

This routine is called upon to act by routine MAIN. It
forms an interregional network and then performs its
optimization. The interregional lines are assumed to be
full-duplex lines, During the optlmlzatlon process, no
line between two RSCs can be eliminated if traffic
between them cannot be handled through only- one
intermediate RSC. Also, each RSC r'equlr-e° at least ‘two.
lines to other RSCs.

" LINNUM Routine

This routine provides an estimated line configuration
required to satisfy a given traffic load and is mainly
called upon %y routine RGNNET. During its execution,

utilizaticn of selected lines are calculated agalnst the

s

given traffic load by calling RHOFUN so that effective
line utilization is less than the pre-detuwmlned number.,

RHOFUN Routine

This routine calculates the line effective utilization
for a given traffic and line configuration.

ICOSTJ Routine

Given the line'configuratioh.and indices for any two
system terminations, this routine caleulates the

~installation costs andvannual recurrlng costs for

the line and other thargeable 1tems requlred In
caleulating line costs, it calls upon routlne DIST

“for distance” data between two given system termlna-

tionf.  Resulting cost data are arrangeGWby chargeable

g ’}
T

, ' L e ” PORTIE
| DIST Routinek R - Q{‘ N U

“This routlne retrleves dlstance data between any two

system termlnatlons by calllng routlne PACK. When the‘

= Do : .
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distance is greater than 510 miles, it retrieves
distance data by calling routire RECOVR.

(8) PACK Routine

This routine stores or retrieves distance data between
any two system terminations. It is called upon by
routine MAIN fer distance data depositing, and called
upon by routine DIST for its retrieval. For the purpose
of saving storage, distance data has been compressed,
and each 36~bit word has been divided into four sub-
words of 9 bits. Therefore; any distance datum with
value equal to or greater than 511 is stored in another
specified area; its retrieval calls upon routine RECOVR.

(9)  RECOVR Routine

During distance data retrieval in the execution of the
DIST routine, if the return value from routine PACK is
511, this routine will be called upon to provide the
actual distance data, which is equal to or greater than
511.

(10) LINK Routine

Since the distance between any two system terminations

I and J is independent of how I and J are referred to,
the routine LINK provides a mechanism for preserving
such an independency by mapping I and J into an absolute
‘index.

(11) PLOTPT Routine

This routine provides instructions for plotting a given
point on a CalComp plotter. Location of a point is
calculated by its associated Vertical-Horizontal (V-H)
coordinates (def'ined under Paragraph 2.4.2).

2.2.2 Response Time Algorithm ~- RSPNSE Routine

_ There is a limit on the number of terminals which can be
linked together by a multidrop line due to constraints on reliability and
response time. However, it would be an oversimplification to just use a
particular number as the main constraint in determining how many terminals

. a multidrop line can have. 1In reality, the response time 'of a given

multidrop line depends on the amount. of traffic, the number of terminals
on the line, and very heavily, on the number of transactions to be
processed in the data base computer system :

In the STACOM program a response time algorlthm is imple=-

' mented in such a way that during the network optimization process it is
used to accept or reject the’ addition of a given terminal to. a multidrop

line.' This response time routine calculates the average response time

2=12
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on the given multidrop line, given the number of terminals and amotnt

of peak traffic on the line. This average response time accounts for

the following types of delays; the wait-for-line time and line service

time for the inquiry message from a terminal to the central switcher

(i.e., a switcher which either contains data bases or communicates

directly with the data base computer), the computer turnaround time S ,
at the switcher, and the wait~for line time and line service time for - SR
the returned message to the terminal. When there is an RSC between , 5 . '
a terminal and the central switcher, the turnaround time at the RSC .. Y

and the line service time between the RSC and the central switcher :
are counted as part of the average response time. Before its inclusion . - " *
in the STACOM program, the fidelity of this algorithm was evaluated #

by simulation and found to be acceptable.

2.2.3 Flexibility

At the outset of the STACOM project it was anticipated that .
the STACOM program would be used r'or states with varying traffic o
requirements; it was decided that the resulting program should be as - SRR
flexible and general as possible. With this in mind, the STACOM program -
has been implemented with the following features whlch make it flex1ble
and thereby enhance its capabllltles.

(1) Rate Structures, Line Types, and Chargeable Items

Becduse a State can have more than one rate structure.
(tariff) applicable at any one time, the STACOM program
has been designed to accommodate this. ,

Under a specific rate structuré; any combination of line
types with their names; line capacities, and basic cost
figures can be prescribed to the program. 'In addition
to the line cost, any number of chargeable items e
associated with each line type can be prescribed to.the
program, For example, any combination ¢f cost items b
such as service terminals, drops, modem and others can
be used. Furthermore, under the Multischedule Private
Line (MPL) tariffs given by AT&T for interstate Tk
communication lines, the monthly. line charge between any
two terminals is now a function of both ‘the inter-city
distance and the traffic densities of ‘both terminal
cities. The STACOM program has been implemented in
such a way that it can take line-cost flgures ‘based
on MPL tarlffs or other tarlffs.

(2) Region Formatlon, SW1tcher Selectlon and Network :‘ o o
, Optlmlzatlon. o : , [ R

leen a set of system termlnatlons d1v1d1ng them 1nto
reglons can: de: performed in ‘either of the follow1ng
ways* the user can: pre-ass1gn some or all of the .
terminations.into preselected regions, alternatively, v
“" the user can let the program perform the region»f’ ;

2-13

ole]
2%




Ty
T

R :2 /[‘V

Q";

77-53, Vol. IV

formation by simply providing the system centroid.
Following the formation process, the STACOM program will
start selecting regional switching centers for regions
without a preassigned switching center. The process of
regional network formation and its optimization will
then follow.

(3)  Number of Terminals per Multidrop Line.

It may be desirable to set a limit on the number of
terminals on a multidrop line. In its implementation,
the STACOM program takes this number from the user's
input data as a constraint during its optimization
process,

(4) Average Terminal Response Time.

Besides the limit on the number of terminals allowed on
a multidrop line, a good network design also requires a
eonstraint on the average terminal response time on a
multidrop lire. The STACOM program allows a user to
specify the limit on a run basis.

2.2.4 Programming Language

The STACOM program is implemented with the FORTRAN V language
of UNIVAC systems, compiled with the EXEC-8 FORTRAN processor, and
mapped by its MAP processor.

Detailed features of FORTRAN V programming langnage are
described in Reference 2.

2.2.5 Operating System Requirements

Because the EXEC-8 operating system of the UNIVAC 1108
computer was used in the development of the STACOM program, the current
edition of the STACOM program c¢an only be executed under the EXEC-8
system. Furthermore, since a CalComp routine is linked with the program, .
the plotter -must be part of the operating system. If such a hardware unit

. 1s not included in the system, the STACOM program must be updated to

reflect this environment.

, In addition; the current STACOM program was désigned with the
feature that all the desired output be put into a FORTRAN file designated
as 100. Before executing this program, a file with the name 100 must be

~_assigned. Otherwise, regular WRITE unit 6 will be the destination output
~ file, e.g., the print output will go. the user's demand terminal when it is

run as a demand job.
As an example, the following is a complete list of EXEC-8

control statements which need to be prepared or typed in after the run
card for properlywexecutlng the STACOM program,

’ﬁf . ‘ ‘ (2—14
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@ASG,UP 100
@SYM,P PUNCH$,,G9PLTF
6XQT File.STACOM

(déta)

8BRKPT 100
@FREE 100
8sYM 100,,T4

The @5YM,P command directs the resulting plot card images to

a CalComp plotter designated GYPLTF. The last @SYM command directs prlnt
output to a slow hardcopy printer d851gnated T4,

2.2.6 Functional Limitations

While the STACOM program was designéd and implemented ﬁith'the;'

intention that it be applicable as widely as possible, it does have
certain limitations. These are due mainly to the limit of the program
gize (sum of I and D bank) allowed under the EXEC-8 system for simplistic
programs. The maximum program size allowed is 65k words per' program.,
Although it is more convenient for later use to assign all parameters with

maximum values (as long as the overall program size is within the 65K-word °

limit) this results in greater expense in use of the program due to the
higher core-~-time product.- Therefore, it is recommended that all :
parameters be set at values just high enough for anticipated use.

After setting parameter values, the STACOM program
capabilities are then limited to these assigned values. If a run requires
that a certain parameter value be exceeded, the STACOM program must be
recompiled and remapped.

2.3 , INPUT

2.3.1 : Data Requirements

A setup of input data is needed before startlng a ' STACOM

.program run. The list of data items -which need to be prOV1ded by the user

are given here in temporal order and explained brlefly.r Detailed FORTRAN
V. formats for these are descrlbed in Table 3—1 of Sectlon 3.

2.3.1.1 Number of Regions. The flrst datum needed by the STACOM
~ program is the exdct number of regions. under con51derat10n. “This numb r"
(designated internally as NR1) . instruets the program to d1v1de all of the
system termlnatlons 1nto NR1 reglons.~ , S o e mT

£
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2.3.1.2 mb m mination m

Number of Terminal Cities. The number of system terminations is the actual
number of system terminations to be operated on by the STACOM program, and
is designated internally as N1. In anticipation of possible multiple data
bases at different locations, the number of data bases (designated
internally as N7) informs the program that each system termination has N7
pairs of data (one pair per data base).

The number of terminal cities (NCITY) informs the program that
NCITY V-H coordinates are to be provided later.

2.3.1.3 dentifi i o d V- rdj . N7 identi-
fications provides the exact locations of data bases under consideration.
All of the V-H coordinates for NCITY terminal cities are needed for
calculating distances between any two cities.

2.3.1.4 Descriptions of System Terminatjons. For each of the system

terminations under consideration, the set of data, i.e., identification,

name, city location index, and traffic to all of N7 data bases are needed
in order to properly execute the STACOM program.

2.3.1.5 Rate Structure and its Application Rule. There may exist one
or more line tariffs applicable to different portions of any given state.
The STACOM program has been designed with a capability to handle this
situation. The number of applicable rate structures (line tariffs) and
the rule governing their applications have to be input to the program by
the user.

2.3.1.6 Traffic Density and Applicable Rate Structure for each System
Termipnation. In order to accommodate the fact that costs for lines

between high traffic density cities are much lower than for others, (e.g.,
TELPAK lines), the traffic density index and applicable rate structure for
each system termination informs and directs the program to properly
perform costing on lines connected to this termination. '

2.3.1.7 Descriptions of Applicable Lines. The user dictates to the
STACOM program the types of applicable communication lines by providing
number of lines, their names and capacities, their desired maximum
utilizations and their uses, '

2.3.1.8 ripti ‘ ab ms. In addition to costs for

- lines, there are several other chabgeable items such as modems, service
‘terminals and drop charges. The user must provide the number of

chargeable items and their names. Furthermore, the user has to provide
the STACOM program with installation and monthly recurring costs for each
chargeable item as a function of rate structure, line type, traffic
density, and duplexing mode. This costing information is required to
estimate overall cost of the to-be-designed communication network.

2-16



77-53, Vol, IV

2.3.1.9 Line Cost Data. Installation and monthly recurring costs for
lines for each applicable line type as a function of rate structure
traffic density, and duplexing mode are also required.

2.3.1.10 in matio 2] + - The user can preload any
number of system terminations to preselected regions if so desired by
assigning them to their specific destinations (regions). He can also put
constraints on preselected regions by not allowing any insertion of system
terminations to these regions.

2.3.1.11 ions o ional Netyor jmi jon. The user can direct
the STACOM program to perform regional network optimizatlon on regions if
required. This is done by simply specifying such requests to the program.

2.3.1.12 rotocol Characteristic 1tidr ines. The user must
provide characteristics of line protocol to the program. For example,
characteristics such as numoer of polling characters, NAK response
characters, and message overhead characters are required.  These data, ‘
along with the other line traffic characteristics data, enable the STACOM
program to estimate the average terminal response time for a given
multidrop line.

2.3.1.13 Characteristics of Future Traffic. - Characteristics for future
line traffic are also required. Data such as number of message types,
their ratios, and average lengths allow the program to compute line
service time and line utilization, which, in turn, are used to estimate
the average terminal response time.

2.3.1.14  Preloading §z§§§ Ierm;naglgng to Preselected Regions and
Pre-fAssigning Regional Switching Centers, If the user wishes to. a351gn

certain system terminations to preselected regions and to pre-assigned
regional switching centers, he can now proceed to do so. Otherwise, the
program will perform these functions avtomatically. ~

2.3.1.15 Assignin em Centroid. - If the STACOM program is required
to divide system terminations into regions and to- Select regional
switching centers, the system centroid is required so that the program can
d1v1de them properly (in a geographical sense).

2.3.1.16 eseription e Central Switcher, Data describing the
central switcher are needed to compute switcher turn-around time for a ‘“
given transaction. These data include the estimated message rate .at the
switecher, number of transactions entering the switcher for completing a
message; average serV1ce tlme per fransactlon, and number of processors
aVallable.

2a17
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2.3.1.17 rai on ltidropped Lines and Av m

Time. The user can impose a constraint on the number of terminals allowed
on a multidrop line either by limiting the number of terminals on a
multidrop line, or by setting up a maximum average response time limit to
the multidrop line or both.

2.3.1.18 CalComp Plot. The user can request a CalComp plot of the
final multidrop communication network if so desired. Of course,; some
installations may not have such a device and the STACOM needs to be
recompiled without plotting routine.

2.4 : PROCESSING LOGIC

The previous section described the type of input data needed -
by the STACOM program. This subsection will be devoted to the processing B
logic implemented in the program.

2.4.1 Traffic Calculation

2.4.1.1 r ic Convergion. In the STACOM program, each system
termination is provided with a set of traffic figures which represent
outgoing traffic to and incoming traffic from each data base in the
system. The unit of traffic is specified as characters per minute.

The traffic data for all system terminations are read into the
matrix TRAFD(N1, 2, N7) during the data input phase, where N1 is the
number of system terminations and N7 is the number of data bases. While
the input traffic data are given in characters per minute, the STACOM
program is designed to deal with traffic in terms of bits per second
(BPS). Thus, at the time of program execution, all traffic data are
converted into units of bits per second by multiplying them by & factor of
8/60. Here, we assume that synchronous communication is to be used.

S 2.4.1.2 Origir. and Destination Traffic by System Terminations.

Summations across the last‘subscript of the TRAFD matrix are perforded to
give total traffic originating from and destined for each system

‘termination. The resulting data are stored in TRAFIT (N1) and TRAFDN

(N1), respectively. More specifically, originating and destination
traffic totals are given by

NT

2. TRAFD (i, 2, j)
J=1

TRAFIT(i)

and

N7
3. TRAFD (i, 1, j)
3=1

TRAFDN(i)
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2.4.2 Distance Calculation
2.4.2.1 V- _Coordinates. The length of the line plays a major role in

determining line costs on communication networks. While the common
carrier is free to route the line over any desired path, and may switch
the line to different paths to circumnavigate breakdowns or overloads, the
line charges are normally independent of actual line layout and are based
on the straight line distance between the points connected.

The AT&T has a system in which they have divided the United
States by horizontal and vertical grid lines. By means of these lines,
they give almost every, city/location a vertical (V) and horizontal (H)
coordinate, these coordinates provide the layout-free way of distance
calculation.

2.4.2.2 Distances between System Terminations. With V-H coordinates
as defined by the AT&T, the distance between any two 1ocatlons is
calculated as follows (Referenee 3):

(1) Obtain the V and H coordinates for these two locations.

(2) Obtain the difference between the V coordinates and the
difference between the H coordinates of these two
locations. ‘

(3) Square each difference obtained in 2 and take a
sumuation of both squares.

(4) Divide the sum obtained in 3 above by 10. Round to next
integer number if any fraction is obtained.

(5) Obtain the square root of the result obtained in }
above. This is the distance between the given locations.
‘in miles. (fractional miles being considered as full
miles.) '

For example, to calculate the distance between Austin
and Dallas, Texas, we proceed as follows:

X Y
Austin 9005 3996
Dallas 8436 4034
Difference 569 38

£

Distance ;\/Q569)2 + (38)2 3M/323761.+ 144

10 10

=,/32521 = 181 miles
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When a specific location in the United States is not designated
with specific V and H coordinates, it is normally assigned with the
same V and H coordinates as the closest location.

Following the procedures as given above, the distance between
any given two system terminations is calculated and stored in arrays
DSTNCE or IVRD.

2.4.2.3 Distance Data Cpmpression and Qverflow Table. Given N system
terminations, there are N(N-1)/2 combinations in choosing two system
terminations from them. Furthermore in any given state, there exist only
a few large inter-terminal distances. These two facts indicate that some
reduction in resulting STACOM program size c¢=n be made by performing
compression of distance data. Two efforts have been undertaken for that
purpose.

Under the UNIVAC system, each computer word is 36 bits long.
We divide each word into four 9-bit segments. Each segment is used to
store one distance datum with values ranging from 0 to 511. To compensate
for the fact that some distances data may be greater than 511, an overflow
table IVRD is provided to collect oversized distance data. In other
words, given two system terminations with indices I and J, its distance is
recorded into DSTNCE as follows:

(1) Find corresponding V-H coordinates of locations for both
system terminations. '

(2) Calculate distance D according to the procedure given in
Paragraph 2.4.2.2.

(3) Find a unique and absolute location L in DSTNCE, by
using the following equation:

L = I®NPC+J - A(I)

where

I
AI) = Y4,
i=1
and
I<J

- NPC = number of distinctive locations in the
system

This mapping function is performed by subroutine LINK,
(4) Define

L1
31

[(L=1)/74] + 1
(L=1) Modulo 4 + 1
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where  [x]

the integer part of X aund

D1 D if D < 511

511 if D > 511

H

(5) Store D1 in segment S1 of entry L1 of table DSTNCE,

(6) If D 2> 511, store L and D in next available spage of
table IVRD.

On the other hand, given two system terminations with indices
1 and J, the retrieval of distance is performed as follows:

(1) Calculate L, L1 and S1 as described above.

(2) Retrieve the content D1 in segment S1 of entry L1 of
table DSTNCE. If D1 < 511, it is the distance.

(3) If D1 = 511, retrieve the second element of the row of
table IVRD, whose first element contains value L. The
retrieval value is the distance.

2.4.3 Formation of Regions

After traffic summations and distance table formation are
completed, the STACOM program starts to form regions., It assigns all of
the non-preloaded system terminations to regions which can accommodate
them. Figure 2-8 illustrates the process of such a function.

The process begins with an estimation of the traffic per
region, called TPR, which is obtained by averaging the total non-binding
traffic, i.e.,

TPR = TPR1/ANR1
with ,
TPR1 = Z [TRAFIT(i) + TRAFDN(i)]
i¢I
1£1 4N
where
I = the set of system terminations ih preloaded
© regions which do not allow other system termina-
tious to be inserted to. them
ANRI = NR1 - [number of preloaded regions which do not

allow any insertions]

!
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When the number of regions is 1, all of the system terminations
are assigned to the region and no other region formation process is
performed. Otherwise, the program starts assigning system terminations
to regions (in a cardinal order) which allow their entries.

The followihg two subsections describe the detailed processes
for assigning system terminations to a region either with preloadlng or
without preloading.

2.4.3.1 Assigning System Terminations to a Region without Preloading.
When a region NREG is not preloaded with any system termination,
processing continues with the finding of the farthest unassigned system
termination (NS1) from the system centroid (NSCC1). This system
termination is then assigned to the region NREG; its incoming ‘and outgoing
traffic is added to the partial sum traffic, called TRFS. The resulting
TRFS is then tested. If it is greater than TPRL, (lower bound), which is
equal to 0.9 x TPR, assignment processing for region NREG ends with re-
estimating TPR and TPRL which are obtained as follows:

TPR1 = TPR1 - TPFS
TPR = TPR1/(ANRT - 1.)
TPRL = 0.9 ¥ TPR

On the other hand, if TPRS is less than or equal to TPRL,
additional system terminations can be assigned to this region. The next
system termination for addition to this region is selected by finding the
nearest unassigned system termination, called NS2, from NS1. NS2 is then
assigned to region NREG and its traffic added to TRFS, The value of TRF
is again tested against TPRL to determine if other additions are possible.

This process is repeated until partial regional traffic
sum TRFS is greater than TPRL. At this point, the region is considered
full and addition of system terminations to this region stops. However,
if the region being filled is the last one, all remaining system termina-
tions are placed into this last region. Otherwise, the program continues
to work on the next region. Before leaving region NREG, it re-~estimates
TPR and TPRL as shown before.

2.4.3.2 Assigning System Terminations to a Region with Preloading. If
the region NREG is a preloaded region, i.e., it/ has been preloaded with
system terminations, the program continues with a test. The test is ‘
needed to determine whether region NREG will accept any additional system ‘
terminations. If other insertions to the region are not allowed, the
processing on this region stops and continues to the next region

Otherwise, the program starts adding traffic to all prelog ded

" system terminations to TRFS and finding the farthest unassigned system

termination NS1 from. the system centroid. It then tests whether TRFS 1s
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greater than TPRL. If it is greater, the program stops here and continues
to process. the next region.

When TRFS is less than TPRL, the program checks whether there
is a preselected RSC for the region NREG. If there is, the program uses
the HSC as the NS1. Then it follows the same procedure as described in
paragraph 2.4.3.1 to add more system terminations to the region,

It should be noted that STACOM has been implemented in such a
way that when it is desired to preload some or all regions, the last one
need not be specified. The program will assign the rest of the unassigned
system terminations to the last region. :

2.4.3.3 Example for Formation of Regions. Figure 2-9 jillustrates the

results of applying the formation of region logic to a Texas communication
system with 265 system terminations. In this example run, neither
preloading of system terminations nor preselection of regional switching
centers are requested. In other words, the program is asked to perform
automatic regional formations and to select the regional switching
centers. System termination Austin is chosen as the system centroid.

The total amount of traffic, TPR1 is at a rate of 1585.02/bps,
and the number of regions is 2. Therefore, at the beginning, TPR is given
as 1585.02/2=792.51 bps, and TPRL = 713.26 bps. In the process of
assigning system terminations to region 1, El Paso is found to be the
farchest location from Austin, i.e., NS1 = the internal index for system
termination El1 Paso. With NS1 available, the program starts the procedure
of searching for NS2, adding its traffic to partial sum TRFS and testing
whether TRFS is greater than TPRL. It repeats the same procedure 123
times until TRFS has reached the value of 750.08 bps which is greater than

" TPRL.

2.4.4 Selection of Regional Switchers

, Selection of regional switching centers follows formation of
regions as described in Paragraph 2.4.3. For a given region, its regional
switching center (RSC) can be either preselected by the user or be chosen
by the program. ~In the latter case, the program selects the system
termination within the region such that total intra-region traffic-
distance products are minimized.

The functional flow chart of RSC selection is depicted in
Figure 2-10. - Processing begins with assigning 1012 to WCASE (as base for
traffic-distance product sum). It then calculates the estimated sum of
all traffic-distance products with each system termination in the region
as an RSC site, The sum, called SUMT, is obtained as follows:

NMBR

SUMT = ., [TRAFDN(i) + TRAFIT(i)] * DIST(i,K)
i1

o2-2h
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where

NMBR

consideration

=
1]

trial RSC site

number of system terminations in the region under

the index of the system termination considered as ﬁhe

DIST(i,K) = the distance between system termlnation i and the

RSC trial site K

The resulting SUMT is then compared with WCASE.

If SUMT

is found to be less than WCASE, the value for WCASE is replaced by
the value of SUMT and the corresponding index for the RSC trial site

is the updated RSC, called NRSC.

REGION 2

- -e'\-‘g'\‘TOMBALL

TEXAS
‘ \
\
\
\
A
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R C o
REGION 1| ) \\ .
. L e - ] .
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Figure 2-9. Example of Reglon=ﬁetwork Formation and
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Figure 2‘-10. Flow Chart for RSC Selection
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After the above proctessing has been repeated NMBR timés,
the resultlng NRSC is the index for the selected RSC and WCASE the
reglon s minimal traffic-distance product sum.

When a regional switching center is preselected by the user,
the program skips the process as described hére.

Following the selection of a regional switching center for g
given regicn, the program continues to perform regional network formation
and network optimization before it repeats the selection of regional
switching centers for remalnlng regions.

The process of regional network formation and optimization is . ‘e
discussed in Paragraphs 2.4.5 and 2.4.6.

2.4.4.1 Example for Selecting a Regional Switching Center. Following

the formation of regions in the example given in Paragraph 2.4.3.3, the

program has chosen Brownwood of Brown county as the switcher location for »
Region 1 and Tomball of Harris county as the switcher location for Region 2. E
Both locations have been found to provide the minimal traffic-distance pro-

duct sums for respective regions. These two cities are shown in Figure 2-9.

2.4.5 Formation of Regional Star Networks

Formation of a regional network starts with a star network and
then continues with an optimization process which, most of the time, results
in a cost-saving multidrop network. This subsection describes the process
of forming a star network, which is depicted in Figure 2-11. The initial
regional network is formed by directly connecting each system termination

to the regional switching center. Selection of these intra-region lines . o

is constrained by the rule that eaech selected line should maintain the line
utilization factor, called RHO, at a value less or equal to a preselected
number, say, 0.7.

For each system termination in the region, the program finds
incoming and outgoing traffic, TRFOUT and TRFIN, and also its distance,
DSTN, from the RSC for each system termination in the region. The program
calls subroutine LINNUM, which constructs a line configuration LDUMMY and
calculates its line utlllzatlon, based on the values of TRFIN and TRFOUT
provided. The processing continues to calculate both the cost, COST, for
the derived line configuration LDUMMY and its response time RSPTIM
Finally, all these data are stored for later printout and comparisons.

The derivation of line configuration LDUMMY by subroutine -
LINNUM and the associlated cost:, COST, deserves more explanation. Thé
program assumes that the duplexing mode for 'all line types under
consideration to be half-duplexed. Therefoﬁe, subroutine LINNUM will sum
up TRFIN and TRFOUT and find an appilcable %ine with the least capacity *
which assures -Zess than 0.7 of utilization % When the highest.capacity
line cannot handle the traffic, the routlnebwill try to add one additional’
line with least capacity until the constraint of 0.7 utilization factor is = . ©
satisfied.  With line configuration LDUMMY obtained, calculation:of cost,

)
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COST, for the direct link between system termination K and the RSC is
performed by ICOSTJ. The routine ICOSTJ calculates all of the related
installation and annual recurring costs for lines and other chargeable
items. All of these itemized nosts are then summarized as COST. Cost
calculations are performed on the basis of the rate structures appllcable
to system terminations at both ends.

2.4.5.1 Examples of Line Selections. Table 2-1 lists some examples of
line configurations results obtained by LINNUM, and illustrates how the:
LINNUM subroutine selects lines for given traffic. The first column-.of
the table represents total traffic (sum of TRFIN and TRFOUT). In this
example, it is assumed that only line types with capacities of 300 bps,
1200 bps and 4800 bps are -under consideration. Line utilization factor
has been constrained to not greater than 0.7.

2.4.6 Optimization of Regional Networks

fter completing the formation of a regional star network, the
program proceeds to the optimization process, if requested. The optimi-
zation process basically utilizes a technique developed by L. R. Esau
and K. C. Williams (Reference 1) and is used to minimize line operating
costs. The actual implementation of the technique has been made with
several additional constraints for practical reasons.

Before going into detail, here is a brief explanation of the
goal and process of network optimization of a regional star network.
Figure 2-12 depicts a typical star network in which each system termination
has a direct link, called central link, to the central regional center.
The goal of optimization is to reduce line costs by eliminating as many
central links by connecting the associated system terminations to their
nearby system terminations as possible, until it is no longer cost-
effective to do so. Figure 2-13 shows a typical multidrop network

Table 2-1. Examples of Line Configurations Obtainéd by
' Subroutine LINNUM

Traffic (bps) Line Type
| 300 bps 1200 bps 2400 bps 4800 bps

200 1 0 0. 0

500 0 1 0 0

850 0 0 1 0
1300 0 0 1 0
2000 0 0 0 1

1 0 0 1

3500
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RSC: REGIONAL SWITCHING CENTER

Figure 2-12. Typical Star Network

Figure 2-13. Typical Multidrop Network of Optimization

after this goal is mnet, QSSuming that the line cost is only a function

of distance. While this example as given depicts the main concept

- of network optimization, it does not illustrate the process of sizing

each newly formed multidrop line to reflect the increase of traffic
resulting from the addition of new system terminations.

The following section describes the logic implemented in this
program. '

2.4.6.1 ngnk_gmmmw_&ﬁauim“s_mqm Before
- .explaining the logic for network optimization implemented in the STACOM
. program, a brief explanation of the Esau-Williams network optimization

process is appropriate. With a given star network, the basic process of
the Esau-William technique is tc repeat two basic steps until it is no
longer possible to derive any cost saving.

2-30
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For the convenience of the following discussion we define
a sub-network (subnet) as a tree-type multidrop line consisting of
one or more system terminations and having a central link connected
to the regional center. Each central link of a given star type network
is a simple sub~network by definition.

The first step involves searching for the best central link of
a system termination, K, so that its elimination and the subsequent
reconnection of the rest of the sub-network to a nearby sub-network L
provides the best cost saving. In other words, for each system termi-
nation, i, with a central link to the regional center, this routine
estimates the best .saving, Sj, resulting from eliminating the given
central link and reconnecting the rest of the subnetwork to a nearby
subnetwork beginning with L;j. If we express it as a formula, then

K = i such that Sj = Max {Sj}
JjeC
L; = J for which the integration of K and L sub-networks
provides Sg which is the best saving
where
C = the set of system terminations with central 1links
to regional center
. j = the first system termination of sub-network L

The other step involves network updates after it has been
determined that the central link from system termination K is to be
eliminated; this step will integrate remaining subnet K with subnet L
utilizing an alternate route.

it should be noted that although this network optimization
process will generate the best network most of the time, it does not

always provide the best one. In other words, this technique generates the-.j

local optimal solution rather than the global solution.. This is because
the first selection of a central link for elimination dictates the final
network to be created by repeating the ‘process as deseribed above.
However, as shown in Reference 4, the process does pr :ide a solution
which is always close to, if not, the best.

2.4.6.2 Network Ogtlmlzatlon Logic in STACOM Program. The

optimization logic as implemented in the STACOM prcgram basically utlllzes “

the Esau~Williams technique. However, constraints have been incorporated
into it in order to satisfy project reguirements and to eliminate - e
unnecessary searching. Figure 2-14 shows the functional flow chart for
the overall logic. ' o N RN
The optimization process starts with the test to see whether
there is only one sub-network left. . If this is true, it stops.
Otherwise, the program, utilizing four variables K, L, M and KI, starts
evaluating p0531b1e cost sav1ng by ellmlnatlng central link X and

~
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reconnecting the rest of sub-network K to sub-network L through system
terminations M of L and KI of K as shown in Figure 2-15.

Selections of values for variables K, L, M, and KI are in the
following way. For each processing cycle, searching and updating, K is
assigned the index values from the first sub-network to the last one of
the existing network. For each K, L is assigned index values from the
first sub-network to the last one except K # L. With values for K and L
chosen, M is assigned the index values of all the system terminations on
sub-network L and KI the index values of all the system terminations on
the sub-~network K.

For each given set of K and L, the program tests whether the
sum, NT, of numbers of system terminations for both sub-=networks exceeds
the value of NTERMS which constrains the number of system terminations on
a multidrop line. If this is true, it skips the process of calling on
subroutine TRYLNK, because it is not possible to integrate both sub-
networks without violating the said constraint. Otherwise, it continues
to the distance test.

K = THE SUBNETWORK BEGINNING WITH SYSTEM TERMINATION K
L = THE SUBNETWORK BEGINNING WITH SYSTEM TERMINATION L,
M

= THE SYSTEM TERMINATION ON SUBNET L TO WHICH KI IS TO
BE CONNECTED

KI -~ =THE SYSTEM TERMINATION ON SUBNET K FROM WHICH SUBNET
K IS CONNECTED TO M OF SUBNET L

DREF = THE DISTANCE BETWEEN SYSTEM TERMINATIONS K AND THE RSC
DTRY = (THE DISTANCE BETWEEN SYSTEM TERMINATIONS KI AND M)/2

SUBNET L - i

Figure 2-15. Helationship among K, L, KI, and M Parameters
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The program first calculates the distance DREF between system
termination K and the region switching center for each K, and then the
DTRY which is half of the distance between system terminations KI and M
for each combination.

If DTRY is greater than DREF, the program skips the process of
calling on subroutine TRYLNK. Otherwise, it calls on subroutine TRYLNK.
The purpose of subroutine TRYLNK is to estimate the possible cost saving
resulting from eliminating central link K, and integrating sub-networks K
and L by connecting system terminations KI of K and M of L. If the saving
is better than the maximum saving obtained so far, it is used as the up-
to-date best cost saving under the set of values for K, L, KI, and M. A
detailed description of functions performed by subroutine TRYLNK is given
in Paragraph 2.4.6.3. After all possible combinations for K, L, KI, and M
have been tested and it has been found that the up-to-date best cost
saving is positive, the program performs the second function of network
optimization, i.e., updating the network. It then repeats the whole

process on the newly updated network which happens to have one less
central link.

If the up~to-date maximum cost saving is non-positive, the
optimization process stops here.

2.4.6.3 Function Ferformed by Subroutine TRYLNK for a Given Set of
Values K, KI, L, and M. The processing, as shown in Figure 2-16, starts
with estimz%ing the total amount of traffiec that a single multidrop line
(sub-network) of integrating subnetworks K and L needs to handle. It then
estimates the required line configuration, LDUMMY, by calling subroutine
LINNUM which has been described in Paragraph 2.4.5.1. Based on LDUMMY,
the program estimates the average response time and tests it against the
user-provided response time limit by calling subroutine RSPNSE. If the
estimated response time is not satisfied, the program updates the line
configuration LDUMMY to the next higher line type and repeats the process
of estimai’ing its average response time and testing it against the given
constraint. This process ends when either there is a satisfied line
configuration or it is not possible to upgrade any further.

When a satisfied line configuration is obtained, the program
continues to estimate its cost saving, based on the assumed integrated
sub-network. If the resulting cost gaving is better than the up-to-date
best cost saving, it replaces all of the maximum saving parameters, which
are used to keep tracking the up<to-date best network changes; it then
returns to its calling routine. 1f there is no line configuration
satisfying the response time constraint, the process stops and the program
returns to its calling routine,
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2.4,6.4 Functions Performed by Subroutine RSPNSE. Figure 2-17 shows
the flow chart of the subroutine RSPNSE. This subroutine calculates six
items of delays: polling, message trarismission time from a terminal to
the central switches, input buffer queue time, service time, output buffer
queue time, and returned message transmission time from the central
switcher to the same terminal.

After summing up these delays as RSPTIM, this subroutine
compares its value with the upper bound response time as set up by the

user. It assigns 1 to IOK as an indication of satisfying response time
requirement and returns.

START

10K=0

!

CALCULATE LINE
UTILIZATION

CALCULATE ALL TYPE OF DELAYS
SIX DELAYS 1, POLLING WAIT
2. MESSAGE-IN SERVICE TIME
3, INPUT QUEUE
‘ 4, CPU SERVICE
5. OUTPUT QUEUE
6. RESPONSE MESSAGE SERVICE
FIND THE SUM TIME
RSPTIM

IS RSPTIM
SATISFIED?

10K = 1

< TERMINATE >

Figure 2-17. Flow Chart for Subrouftine RSPNSE
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2.4.6.5 Netwo d v _Subroutine UP . If there is a positive
cost saving after trying all possible combinations for parameters K, KI,
L, and M, subroutine UPNETW is called upon to perform the other function
for each cycle of the network optimization process as described in
Paragrapn 2.4.6.1.

In the STACOM program, subroutine UPNETW performs the
following main functions: (1) updating of network descriptions, (2)
revision of relevant accounting data (such as the number of terminals on
the new L sub-network, its average response time, and total traffic).

2.4.7 Formation of an Interregional Network

The 1nterreglonal network is formed by erecting communication
llnes between the regional switching centers (RSCs). The initial network
has a direct line between any two RSCs. '

As shown in Figure 2-18, for each combination of two RSCs I
and J, the maximum traffic in either direction is considered as the design
traffic between these two RSCs. This is different from intraregional line
selection because it is assumed that full duplex lines are to be used. The
“traffic matrix TRM contains traffic data between RSCs, With this ’
information, line configuration LINEQU between RSCs I and J is obtained by
calling subroutine LINNUM.

Cost of line configuration LINEQU is then estimated and added
to the total cost.

2.4.8 Optimization of an Interregional Network

After the initial interregional network is completed, the
program stirts a line elimination process in order to obtain a cost=~
ef'fective network.

Figure 2-19 shows the basic topological consideration involved
in line elimination. In considering whether line I~J can be eliminated,
the algorithm tries to divert I-J traffic to other lines with excess
capacity, for example, over route -1-4-3. If there is no alternate route
with enough excessive capacity to handle I-=J traffic, the program begins
adding capacity to alternate routes in order to accommodate the required

traffic. It then estimates the cost saving Under the proposed modlfications.

The algorithm iterates the above descrlbed progess for all
combinations and records the best cost - sav1ng and the best llne eliminatlon
It then updates the network.

This cycle of searchlng for the best cost savvng and updating

the network: repeats contlnuously until cost: savings can no longer- be realized

7
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Figure 2-18, Flow Chart for Intrarégional Line Selection
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Figure 2-19. Basic Topology of Line Elimination

2.4.8,1 Interregion Network Optimization Logic Implemented. Figure
2-20 depicts the functional flow chart for the interregional: network
optimization as implemented in the STACOM program.

; A parameter, I, is used to select one of the RSC nodes
to be considered for line elimination. A test is then made on RSC
I to insure that at least three links to other RSCs exist. If I has
at least three links, another parameter, J, is used to select any other
RSC node for trying to eliminate its link to I. J is tested to insure
that it has three links to other RSCs and J is diffenent from I. Another
test is made to insure that I and J are connected to each other. -If
any of these conditions are not met, RSC nede J + 1 is selected and
these three tests are repeated

If these conditions are met, a test is carried out to see if

sufficient network connectivity will still be maintained if connection I= -

J is removed. Due to the consideration of availability, the program is
designed in such a way that each RSC node will have at least two .
communication links to other RSCs and each RSC node will be connected to
every other RSC node through no more than oné intermediate node.

If the network connectivity requirement can be maintained with
the removal of link I-J, the program searches for adlternate routes. with
excess capacity in an effort to re-route the I-J traffic load without
increasing network capacities. ' If all I-J traffic can be sugecessfully - ;
diverted in this manner, the I-J link is eliminated and the network e
traffic matrlx and costs are re~calculated the process then beqins anew. P
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If all I-J traffic cannot be diverted through existing network
routes with excess capacities, the capacity of the first available
alternate route is increased to handle the remaining traffic. The cost
saving is determined as equal to the original cost of the line removed
-minus the cost for the capacity increase. If the cost saving is an
improvement over previous trialg, "ine and traffic data are saved to
reflect the up-=to~date best modification of the network.

At the conclusion ¢f each cyecle, if the cost saving is
positive, the line and traffic data associated with the best saving are
used to eliminate the line, update the network, and t'ecost the network.

The process is continually iterated for each updated network
configuration until cost savings are ne longer positive.

2.5 QUTPUT

The STACOM program generates a regular printer output and a
CalComp plotter output. In addition, when the program is run as a demand
job, run-status output will show up on the interactive terminal. This
part of the printout provides information on the progress of the run.

Details of data contained in the regular printer output‘are '
given in Paragraph 2.5.1; Paragraph 2.5.2 describes the CalComp plot.

2.5.1 Printer

The printer output contains all the data resulting from the
running of the STACOM program. .The amount of printout data depends updn_
the number of system terminations operated and also upon' the number of
functions executed in each specific run.

Following is a list, in temporal order, of the data items
which a run may produce.

2.5.1.1 Line Type and Transmission Line Characteristics. The first
set of data are the line type and transm1531on line charaeteristlcs as
used in the run. for each line type, the polling protocol data and modem
turn-arcund time data, ete., 4dre provided.

2.5.1.2 Message Characperi§tic§,g Message charactéristics are‘the next

set of data output from the program, :They include average input message’
length, average output message length and overall average message length.
. , ‘ , ' * T ‘

et

2.5.1.3 ‘ : i L
witcher L iong. 1f there are any. preloadings of system terminations B
and/or pre-selections of switcher locations, this information will be
provided in the printout. Otherwmse, no data w111 be shown in this
regard. :

e w %
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2.5.1.4 Traffic and Distance Tables. These are tables which show both
traffic from/to all system terminations and distances between system
terminations. .

The first table gives the traffic data from each system
termination to/from each data base; the next one gives the traffic data
destined to ard originating from each system termination. The last table
shows the distance data between any two system terminations.

2.5.1.5 System Centroid and the Utilization Factor of the Central
Swi r. The system centrcid as designated by the user is printed next
as-a reminder. After this, the CPU utilization factor of the central
switcher as calculated by the program is printed to indicate the load.

2.5.1.6 System Terminations in a Region and its Regional Switching
Center. For each region, the program prints out the identification and
name of each system termination in the region. These system terminations

" may have been pre-loaded or assigned to the region by the program. The

program also prints out the location of the RSC for the region, which is
either pre-assigned by the user or selected by the prcgram.

2.5.1.7 Star Network and its Costs. After showing what sy.tem
terminations are in the region, the program prints out the regional star
networks and costs associated with each central link. It also provides
summarized costs. Detailed descriptions for each central link are given
below.

2.5.1.7.1 Line Configuration and Effective Utilization. The line
configuration for each central link is printed as a column vector, which
has the same number of line types used in the run. The effective line
utilization is also printed to show the traffic load from the system
termination.

2,.5.1.7.2 Distance. The distance from the system termination to the
regional switching center is printed.

2.5:1:7.3 Line Traffic and Effective Response Time. The amount of
traffic from/to the system termination is printed before the effective

line response time as calculated by the pirogram is printed. The calcula-
tion is based on the line configuration and traffic as shown and should be

- . better than the response time requirement.

)

2,5.1.7.4 ~ Installation and Annual Recurring Costs. The installation and

annual recurring costs for providing the central link are given in terms
of chargeable items such as service terminal, modem, line and. drop.
Partial sums for the line are also printed. Finally, total installation
and annual -recurring costs for each chargeable item and for the overall
‘star ‘network are printed. ‘

2=42
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2.5.1.8 Final imi ork and its Costs. After performing

optimizations on the star network, the program prints out deseriptions for

each multidrop line in the final optimized network. The following list
shows the data items which may be printed.

2.5.1.8.1 Multidrop Line Configuration. Each multidrop line has an
index, the beginning terminal and number of terminals on the line.  The
exact line configuration is printed as a column vector, with only one
non-zero element. The content of that non-zero element must be one, due
to the fact that multidropped terminals can only perform on one line.

2.5.1.8.2 Li ilizati Milea Traffi d Re T +. - The -
line utilization, total mileage and incoming/outgoing traffic on each
multidrop line are printed. The program next prints the average response
time, which should be better than that required by design, to be expected
by each user terminal on the line.

2.5.1.8.3 Installation and Annual Recurring Costs. The amount of
installation and recurring costs are then listed in terms of chargeable
items as explained in Section 2.5.1.7.4.

Finally, total installation and annual recurring costs for’
each chargeable item and for the overall network are printed.

2.5.1.9 Network Drawing. A network diagram in terms of tree—tﬁbe/
relationship is last printed. It uses the system termination ok
identification as nodal notation. :

2.5.1.10 Initial Interregional Network. If formation and optipmization
of the interregion network is required, the program will perform ‘‘hese
functions and print its initial and optimized network. For each pair of
RSCs, the program prints out line names, configuration, utilization, and
installation and recurring costs. Total network cost is also provided.

2.5.1.11 imized Interregional Network. The program prints out
simiiar data for the final optlmlzed interregional network after
completing the network optlmlzatlon

R (T

Toa

A CalComp plot subroutlne has been 1ncorporated 1nto the

~STACOM program for. the purpose of prov1d1ng a visual plot of each

optimized regional network obtained by the optimization process. The'“,‘
subroutine converts each final optimized regional network into a two .
dimensional piot, utilizing the -CalComp plotter. It should be noted that

~ the CalComp plot is an optional product. If des1red the usek can command

the STACOM program not to generate the plot “ ' i “

iR
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2.6 SYSTEM CONFIGURATION

In this section, we will describe the basic computer,s}stem
required to run the STACOM program.

2.6.1 Hardware

The following list describes the hardware units that should be
part of the computer system on which the STACOM program is run.

2.6.1.1 Central Processing Unit. Due to the fact that the STACOM
program is coded with the FORTRAN V language and compiled and mapped under
the EXEC-8 operating system of the UNIVAC 1108 systems, a UNIVAC 1108 CPU
or one equivalent to it is a prerequisite of the use of the STACOM
program. When this type of CPU is not available, some conversion efforts
on the STACOM program may be required.

2.6.1.2 in Cor orage. Although the core size required by the
- STACOM program varies by parameter values assigned, it is generally true
that 65K words would be a minimal requirement.

2.6.1.3 CalComp Pep Plotter. A CalComp pen plotter is required for
the use of the STACOM program. If other types of CalComp plotters, e.g.,
CalComp Model 1675 are to be used, the plotting subroutine of the STACOM
program needs to be revised

2.6.1.4 Ling Printer. A regular printer to receive FORTKAN output
files is needed. It will print out all run results collected by file 100.

2.6.1.5  Demand Terminal. A demand terminal provides the user with an
alternaté way of running the STACOM program, although the program can be
run as a batch job., With the demand terminal, a user can interactively
perform the program execution.
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SECTION 3

[
N

PROGRAM OPERATIONS

3.1 INTRODUCTION

This section is intended for use as a reference manual for thefj
user, both to prepare input data and to operate the STACOM proeram. With
this in mind, this section is devoted to an explanation of how input data

are prepared, how the program is executed, and what the input/output of
the program is te be.

3.2 ENVIRONMENT
3.2.1 Hardware

The following list describes the hardware units that should be
part of the computer system on which the STACOM program is run.

3.2.1.1 Central Processineg Unit (CPU). Because the STACOM program is
coded with the FORTRAN language and compiled and mapped under the EXEC-8
operating system of the UNIVAC 1108 systems (see Paragraph 1.1), a UNIVAC
1108 CPU or one equivalent to it is a prerequisite for using the STACOM
program. When this type of CPU is not available, some  conversion effort
on the STACOM program may be required. ,

)

3.2.1.2 i Storage. Although the core size required by the
STACOM program varies with the parameter values assigned, it is generally
true that 65k words would be g minimal requ1rement

3.2.1.3 C Pen Plof . A CalComp pen plotter is vequifed for
the use of the STACOM program. - If other types of CalComp plotters, e.g.,
CalComp Model 1675, are to be used the plotting subroutine of the ‘STACOM

program has to be revised. : ~ , 'WQM
3.2.1.4 Line Printer. A regular line printer to receive FORTRAN

output files is needed It is to print out 211 run results collected by : R
file 100, - v R e e
3 2.1.5 ngang_Ignminal.’ A demand terminal provides the user with an

alternate way of running the STACOM program, -although the program can be:
run as a batch job. With the demaﬂd terminal, a user can interactively Lo e
perform the program executlon ", . - S s e

=

[



77-53, Vol, IV

3.2.2 Software
3.2.2.1 Programming Language. The STACOM Program is implemented with

the FORTRAN V language of the UNIVAC system, compiled by the EXEC~8
FORTRAN Processor FOR; and mapped by the mapping processor MAP. Because
of the inclusion of a plotting subroutine, the system library file
LIB*PLOT$ is required during mapping.

An understanding of the FORTRAN V features is available in
Reference 2.

3.2.2.2 Operating System. The EXEC-8 operating system of the UNIVAC
1108 computer system is used in the development of the STACOM program. As
this operating system has been used for exe¢uting regular FORTRAN V
programs this same operating system must be used for executing the current
edition of the STACOM program.

The STACOM program has been designed so that all of the
de31red printer output will be dumped to file 100. Therefore, before
executing the STACOM program, an alternate file 100 must be assigned.
Otherwise, regular WRITE unit & will be the destination device; this will
make it awkward when runs are performed via a  demand terminal since most

of the output from the program uses 132 characters per line.

Furthermore, an execution of the program will generate a
punch-card image file. It is, therefore, recommended that a file be
assigned to store the punch-card file, and that this later be directed to
a CalComp plotter. An alternative is to have a command statement which
requests the operating system to €SYM the output punch-card file to a
CalComp pen plotter.

3.2.3 Functional Limitations

While the STACOM program has been designed and implemented
with the intent that it be as widely applicable as possible, it does have
certain limitations. Following is a list of functional limitations that
exist in the program.

3.2.3.1. m Sizz. Under the EXEC-8 operating system, the size for
regular programs is limited to 65k words per program. Because of this,
assignments of parameter values during the compilation stage are
conditioned to this limit of the overall program size when mapped.
Although it will be more convenient for later uses of the STACOM program
if all of the parameters are assigned with maximum values within the limit
of 65k words, this will increase the run cost. This is because of the
core-time product charge.

3.2:3.2 Parameter Variables. - The PARAMETER statement of the FORTRAN
‘language is one of those commands which ‘make the language a powerful tool
in problem solving.

\
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To accomplish the goal of making the STACOM program a widely
usable tool for network design, it has been implemented with several
parameter variables. For each compilation of the program, a set of
values 1s assigned to the parameter variables., Therefore, ary subsequent
use of the STACOM program will be limited to cases where the actual
values assigned to the variables are within the parameter values defined
during compilaticn. Any run whose input data violates this rule will
need modification of the parameter values of the program, recompilation,
and remapping. For example, NPl is a parameter variable which is used
to make the number of system terminations allowed in a system a variable.
A cheice of NP1l as 105, for example, dictates that the STACOM program
can only be used in systems where 105 or less system terminations are
under consideration. Any run which has a number of system terminations
greater than 105 will result in either an abnormal run termination
or a normal run termination with unwanted output.

3.2.3.3 Response Time. The response time algorithm implemented in the
program is based on the model (Reference 5). In applying this program to,
a given system, some consideration of the applicability of the ‘response
time algorithm is reguired. If the central switcher does not behave
similar to this model the response time subroutine RSPNSE has to be
revised and recompiled and the STACOM program has to be re-mapped.

3.2.3.4 CalComp Plot. The graphic output portion of the STACOM
program has been implemented with the plotting routines designed for the -
CalComp pen plotter. If other types of CalComp plotters, e.g., CalComp
Model 1675, are to be used, the plotting subroutine of this program needs
to be revised and recompiled and the STACOM program has to be re-mapped.

3.3 RUN DESCRIPTION
3.3.1 Initialization ard Setup

When the STACOM program is executed from an &0-character/liné
demand terminal, an alternate file, 100, to be used as a printer output
file, must be defined. Otherwise, all printout data will be directed to
the terminal which will produce interleaving output, The statement
@ASG,UP 100 defines the alternate file, :

In addition to the redirection of output file destination@ the
user has to direet the punch-card file to a proper unit for a CalCcmp .
~ plotter. As an example, the statement @SYM,P PUNCH$,,G9PLTF<y111 direct
‘the punch-card images to a CalComp plotter designated with G9PLTF .

The preparation of input daba ean be best described by
referring to Table 3-1 which shows all of" the data items with their

required formats, The table is self-explanatory, but some of the data f C
1%ems deserve addltlonal descrlption.

i (ARG
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Because the exact number of data bases varies from State to
State, the format for item 5 allows a maximum of 5 data bases wherein the
last three pairs of entries must be given on a separate card.

The notation [X] for item 8 indicates that the exact value is
equal to the next integer which is greater than or equal to X. The format
for line recurring costs has been designed with the assumption that
both linear and nonlinear functions will be used in tariffs for line
services. Because of this, the STACOM program provides options for
either scheme. When a cost function is nonlinear, it is assumed to
be stepwise and only eight steps are allowed. If eight are not enough,
the program has to be updated.

The amount of input data for item 15 varies from one run to
another. The program has default values of zeros for all entries in IACTN
(NR1,2). A zero for the first element indicates the acceptance of
additional system terminations into a region when it is a preloaded
region; & zero for the second element indicates that the optimization
process for the region is not needed.

i When a user decides either to exclude the addition of other
system terminations into a preloaded region, or to request an optimization
process performed upon a specific region he must so inform the STACOM
program by adding data cards with two integer numbers. The first number
gives the region index; the second number indicates the action: 1
indicates insertion exclusion, and 2 indicates optimization. When all
requests for actions have been made, a card with two zzroes is required

to indicate that fact.

Finally, item 20 provides the tool for a user to preload
system terminations to certain regions, and/or preselect the regional
switching center. Thrée numbers are needed for each action. The first
number, called NCODE, directs the specified action: 1 assigns a system
termination to a specific region; 2 assigns a system termination as the
RSC for a specific region. The second number, called NSTATE, gives the
identification number for a system termination to be assigned to & resion
or to be selected as an RSC. The third number, called NREGQ, designates
the region to be acted upon. When the first number has a value of three,
the asszignment selection activity terminates.

3.3.2 Run Options

As indicated in Table 3-1, there are several independent
variables provided only at the time of execution. This provides
additional capabilities to the STACOM program.

3-4
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Table 3-1. Formats for Input Data
Item Names of Internal Number of Cards
No. Item Description Variables/Arrays Needed Formats
1. No. of regions under NR1 1 (13)
consideration
2.  No. of system terminations, N1, N7, NCITY 1 . (315)
no. of data bases, and no. of
~ distinetive cities under
consideration.
3. IDs for data bases NBASE(NT) 1 (3(1X%,44))
4, V-H Coordinates for cities IVERT(NCITY), IHORZN(NCITY) NCITY (33%,15,2%,15)
5. ID, name, city index, addi- - INDXPT(N1),NAMEST(H,N1),IADD(N1) a. N1 if NTL2 (A“,lX,3A6,AU,
tional no. of terminals and MAPADR(N1),TRAFD(N1,2,NT7) . b. 2Nt irf N7>2 = I2,I4,4F10.2/
traffic to/from each data base : . 6F10.2
: for each system termination. '
6. No..of rate structures N2 1 (13)
7.  Rate application matrix " IRATEJ(N2,N2) N2 (1012)
8. Traffic density index and : v ° £
_applicable rate structure for IRAND(NCITY,?2) [NcITY/40] (8011)
. each city - : , : ‘ : .
9. 1 {13)°

No. of applicable line types

N3

v

o

AT *TOA ‘€S-L[,
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Table 3=1.
(Continuation 1)

Formats for Input Data

Item Names of Internal Number of Cards
No. Item Descripticn Variables/Arrays Needed Formats
10. Name, capac¢ity, utilization LINAME(N3), LINCAP(N3), N3 (A6,1X,16,1X, =
limit, usage and duplexing LINMIX(N3), IDUPLX(N3) F3.2,2(1X,11))
mode for each line ’ -
11. No. of chargeable items Ny 1 (13) ‘
12.  Names of chargeable items NAMEHW (N ) 1 (10(45,1%)) e
, ; : bl
13. Installation and recurring AINSTC(N2,N3,N4,3,2,2), 2xN2xN3xN4x3x2 « «
costs for chargeable items ~ RECRC (N2,N3,N4,3,2,2) , (2F9.2) o
WRT rate structure, traffic '
density and duplexing mode g‘
for each line type
14.  Linear installation and IFLAG(N2,N3) ,ANSTLN a. N2x(2+N3x3x2) a. (4F9.2/11/10F8.3)
recurring costs for lines (N2,N3,3,2,2), RECRLN b. 2xN2(2+N3x b. (4F9.2/I1/10F8.3/
WRT rate structure type, (N2,N3,3,2,16) " 3x2) if non - J0F8.3) ‘
density, and duplex mode e : linear '
15. Aétion indices for regions - NREG, NCODE for IACTN Variéble S g

(NR1, 2)

(212) Sihe
212 . (/%ffi

g
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Table 3-1.  Formats for Input Data
(Continuation 2)
Item Names of Internal Number of Cards
No. Item Description Variables/Arrays Needed Formats
16.  No. of polling characters no. NPL(N3), NAK(N3), NPLOH
of NAK characters, no. of pol-  (N3) NAKOH(N3), MOE (N3) N3 (514,2F7.5)
ling overhead characters, no TAMDM(N3), TAPD (N3)
of NAK overhead characters,
message overhead cliaracters,
Modem turnaround time, and
other delay for each line type
17.  No. of message types NTYP 1 (1y)
18.  Message name, input message MSGNAM (NTYP), MSLIN NTYP (46,2(214,2F6.3))
length, output message length, (NTYP) MSGOVT(NTYP),
input percentage and output RATIOI(NTYP,2)
percentage with priority 1 RATIO(NTYP,2)
and 2 »
19.  Average CPU service time per " CPUAVG 1 C(FT7.4)°
transaction ‘ : . . 4
20. Preloading system terminations  NCODE, NSTATE, NREGQ Variable (I1,1X,A4,45)
‘ and/or preselecting regional : S i ' .
centers
System Centroid NSCC1 T (A4) -

AT FTOA “gS-LL
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Table 3-1. Formats for Input Data
(Continuation 3)

Item Names of Internal Number of Cards
No. Item Deseription Variables/Arrays Needed Formats
22. Total no. of messages per ¥XSAC, NREQSW 1 (F8.5,13)

23.

24.

second and no. of requests
made at the central switcher

Limit on no. of terminals on
a multi-dropped line, response
time requirement and no. of
CPU processors for computer

Plot request

NTERMS, TIMREQ, MPROC

MPLOT

(I3,F5.2,12)‘

(13)

wd
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Following is a list of run options for the STACOM program.

(1 The user can preload system terminations to reglons
and/or preselect’ reglonal switching centers.{

(2) The user can select certain regions for which the
optimization process will be performedi

(3) Type of lines and chargeable 1tems gan be selectlvely
chosen.

(4) The user can put a limit on the number of terminals
on a multidrop line as described and can limit the
average terminal response time.

(5) The number of central processor units in the central
computer system can be 1, 2, or 4. :

(6) The CalComp plot can be skipped.

3.3.3 Control Instruction and Sequences
3.3.3.1 Starting 2 Run. .

3.3.3.1.1 Batch Mode. Following is a list of control statements
required when running the STACOM program as a batch run:

@RUN run-ID, account-no., project-ID, SUP- tlme, pages/cards
@ASG,UP 100
@SYM, P PUNCH$, ;plotter-ID
8XQT file.STACOM
: (DATA)
@BRKPT 100
@FREE 100
@SIM 100, ,printer-ID
@FIN.

“ 8

N P R v

The RUN card gives the following information: - designated rup=—"
1D, user’'s account number, project- ~ID, expected SUP-time usage and limited’
number of printer pages, and number of cards which may be generated from .
the run.  Plotter-ID gives the logical ID of the CalComp pen plotter and
- file is the file which contains the absolute element of the STACOM -«
program. Printer-ID glves/the logical ID of the regular prlnter. DATA as
shown 1is the input data descrlbed in Paragraph 3.2.1; the user should
arrange the data in the same order.\ When-all of these data items are in
order and ready, the deck can be submltted to the operator at the computer -
'site for processing.

N

3/3 3.1.2 Demand Mode. If program &xecution is to be performed via a
demand termlnal “the user can converse:interactively with the program.-
 The user may also run the program as a bateh job by hav1ng all 1nput data
,prepared and added after the @XQT statement

i

’J%’

E‘/J
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Under the conversation mode, the user acts as a respondent
who answers the requests for data made by the program. This mode of

operation provides the user with some understanding of program progress

A user can very often terminate a run before a complete set of input -
data is given.  This is possible because the user has some knowledge

of the progress being made. This capability can prevent the user from
an unnecessary waste of time. For example, if a run encounters a system
which has more oversized distance data than allowed, a message from

the program will be printed out on the terminal. The user will be
alarmed by this fact and may decide to terminate the program run.

3.3.3.2 Run _Progression. After receiving all of the required dats,

“..the program will perform all functions as designed and requested by the

user whether a batch or a demand job has been executed. The program will
perform formation of regions, selection of regional switching centers,
formation of a regional star network and its optimization if requested,

. and finally, formation and optimization of an interreginnal network. All

of the desired output data will go to the alternate file, 100.

"3.3.3.3 Normal Termination. When a STACOM program run procesds

successfully and terminates normally, the normal file unit 6 will contain
two lines of messages for each successful regional network optimization.
These two lines are:

(1)  TRYLNK has been accessed for xxxxx times.
(2)  UPNETW has been accessed for xxxxx times.

The first message indicates the number of subroutine calls to
TRYLNK  that have.been made during the process of searching for a better
network. The second message indicates the number of optimization cycles
which the run has goné through before the optimization process stops.
After a normal termination, the user can direct the output file 100 to'a
printer device and the punch card file to a CalComp pen plotter if file
PUNCH$ has been directed to an alternate file.

3.3.3.4 Aborting and Recovering a Run. When a run encounters trouble

‘resultlng from incorrect input data, the user can use the normal aborting

procedure to terminate its execution if it is a demand job. A statement
of €€x after interrupting the line communication by pressing the BREAK key
will terminate a program execution at any time. .On the other hand, the
EXEC-8 may abort a program execution when certain serious violations occur

during its executlon, e.g., number of punch cards exceeding the limit on
the run card.

if a program run has been 1nterrupted due to system outage, no
recovery of the run is possible.

3-10
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3.3.4 Program Listing

A listing of the STACOM program elements is given in Appendix 3.

3.4 SAMPLE RUN

To illustrate how STACOM can be run, a sample run is prov1ded
in the following subsections along with detalled explanations.

3 4.1 Run Stream &
The following list of control statements shows the typical .
batch mode run stream used to execute the STACOM program.

@RUN JJL,J6G3YL,51928,20,90/1000
€ASG,UP 100

@SYM,P PUNCH$,,G9PLTF

€XQT LEE.STACOM

@ADD LEE.DATA

@BRKPT 100

@FREE 100

€SYM,U 100, ,T4

€FIN

The first control statement is a run request whlch speclfles
its run ID as JJL, identifies its account number as J6G3YL, assigns
project ID as 51928, requests a maximum of 20 minutes of SUP time and -
finally asks for a limit of 90 printer pages and 1,000 ‘bunch cards. ,The .
limits on SUP-time, number of printer pages and number of punch cards.
deserve some attention wher making a run. If there is an underestimate in
any of these three limits, the run may abort due to insuffieient resource .

assignment. _ ; - ] %§§$

The second statement is used to assign an alternateaFORTRAN , ~
output file as required by the program. It is intended to be a one-day ' ‘ =
file. ~ , s

/;:I“

]

Statement 3 reonests the system to direct the punch card image

file to the CalComp pen plotter with the name G9PLTF

Statement 4 is a command for executing the STACOM program BN
which dis designated with.the element name STACOM in flle LEE

The next statement asks the operatlng system to use the
content of element DATA as its input data.

Statements 6 and 7 are used to close flle 100 and catalog it SRR
for later use.

Gl
‘1./ :

Statement 8 asks the operating system»tqmsend the printer file o
100 to an on-site .low speed printer with ID T4. The U option retains the »Vg,jmu
FORTRAN print file after a copy is prlnted L R ' :

3-11
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The last statement terminates the run with a request for
a detailed description of run charges and run history. The number
of pages in the print file and the number of punch-tard images are
part of the data given by the accounting subsystem when a run terminates.

When the same program is to be executed via a demand terminal,
the content of element LEE.DATA can be divided into several individual
elements plus certain key-in control statements. Essentially, however,

“the same amount of input data must be provided to succeed in running the

program.

3.4.2 Input

As a specific example, Table 3-2 gives the list of data which
have been used in analyzing the South Plains portion of Texas under the
Council-of-Governments structure.

Encircled numbers have been written on the left hand side so
that Table 3-2 and Table 3-1 are made compatible. Data associated with
each encircled number in Table 3-2 corresponds to the data item with the
same- index in Table 3~1. Items 1 and 2 indicate that the run 1s concerned
with 1 region case, a total of 25 system terminations, 4 data bases, and

a total of 358 distinetive cities. Items 3 gives the IDs for locations of

those four data bases, and item 4 lists the names of all 358 cities which
have distinctive V-H coordinates (four digit integers). Since the number
of data bases is greater than 2, two input cards are needed for each
system termination; therefore a total of 50 cards are needed as listed
under item 5. Since there is only one rate structure, one card is needed
for rate application matrix (see items 6 and 7).

Item 8 shows the traffic density and rate application table
for which 9 cards are required. Items 9 and 10 indicate that only 3 type
of lines (with rates 1200 bps, 2400 bps, and 4800 bps) are considered; 0.7
is the line utilization limit for all of them. Three chargeable items are

_applicable as shown in items 11 and 12. Item 13 is somewhat complicated,

the following explanation should enable the reader to understand it.
These 108 data cards are divided into 3 groups with the first group given

to'the first line type, i.e., 1200 bps, and so on.

3-12



Table 3-2.

51928*STACOMI0) , INPUT/0777

1 (ND)—1
2 “(@—>25 4 358
3 (3)=—>AAAA DDND S$SSS HHHH
4 “(O—>PALESTINE
5 ANDREWS
6 LUFKIN
7 ROCKPORT
8 ARCHER CITY
9 JOURDANTON
10 BELLVILLE
11 MUL ESHOE
12 SEYMOUR
13 BEEVILLE
14 BELTON
15 FORT HQOD
16 HARKER HEIGHTS
17 KILLEEN
18 NOLANVILLE
19 TEMPLE
20 ALAMO HEIGHTS
21 FT SAM HOUSTON
22 LEON VALLEY
23 SAH ANTONTD
24 UNIVERSAL CITY
25 CLIFTOM
26 MERTDIAM
27 TEXARKANA
28 CALYIN
29 ANGLETON
30 CLUTE
3 FREEPORT
32 LAKE JACKSON
33 PEARLAND
34 BRYAN
35 COLLEGE. STATION
36 ALPINE
37 FALFURRIAS
38 BROWNWOOD
39 CALDWELL
40 PORT LAVACA
41 BROWNSVILLE
42 HARL INGEN
43 PORT TSABEL
44 SAN BENITO
45 LINDEN
46 DIMMIT
47 ANAHUAC :
Y JACKSONVILLE
49 CHTLDRESS
50 MORTON
51 ROHERT LEE
52 COLIEMAN
53 FRI5CO
54 MEKTANEY
55  PLANO
56

WELLINGTON

77-53, Vol. 1V

Input Data for the Example Run

ANDERSON 8558 3750
ANDREWS 8897 4993
ANGELINA 8575 3561
ARANSAS ayQs 3694
ARCHER 8396 4nio
ATASCOSA 9332  4n32
AUSTIN 89al 3710
BATLEY 8518 5157
BAYLOR 8437 . 4518
BEE | 9378 3850
BELL 8827 4a10
BFLL 8832 un70
BFLL BB32 4063
BELL 8832 HAaR
BELL 8832 4038
BELL sai2 3992
BEXAR 9225 4062
BEXAR Q9225  4NR2
BEXAR G223 4no2
BEXAR 9225 yne2
BEXAR 9187 agxy
BOSQUF 8690 4089
BOSQUE 8668 4112
BOWIE 8111 3626
BRAZORIA 8996 34RA8
BRAZORIA 90%93 3yeq
BRAZORIA anel 3uny
BRAZORIA 9096 IL66
BRAZORIA = -~ 9081 34A7
BRAZORIA 8970 a5N6
BRAZOS 8827 I7RA
BRAZOS 8827 2788
BREWSTER 9364 ~ S5NR7
BROOKS 9645 3827
BROWN 8797 4307
BURLESON 8880 3R3Y
CALHOUN 9258 3665
CAMERON ‘9861 3606
CAMERON 9820 3663
CAMERON 9817 - 3IRAS
CAMERON 9826 3648
CASS 8217 - 3643
CASTRO B42T. - K109
CHAMBFRS 8gal  3ki1a
CHEROKEE 8492 2709
CHILDRESS 8328 ~ 6743
CQCHRAN -BB22 5129
COKE L BB8KT . LADX
CNLEMAN A80Y Buyy
COLLIN 8Z4 . . 4#0AQ
COLLIM 8340 unza
coLLIe | 83583 anz7y
COLLNGSWH - 8230 4776

]

a

b}

s



Q5

57
58
59
60
61
62
63
64
65
86
67
58
69
70
71
72
73
74
75
76
77
78
79
80
Bl

83
a4
85
86
87
88
89
90
91
a2
93
94
95
96
a7
98
99
100
101
102
103
104
105
106
107
108
109
110°
11

itz

113

Table 3-2.

COLUMBUS

NEVW BRAUNFELS
COMANCHE '
GAIMESVILLE
COPPERAS COVE

GATESVILLE

CRANE

O0ZONA

DALHART
ADDISON

CEDAR HILL
DALLAS

DESOTO
DUNCANVILLE
FARMERS BRANCH
GARLAND

GRAND PRAIRIE
HIGHLAND PARK
IRVING
LANCASTER
MESAQUITE
RICHARDSOM
SEAGOVILLE
UNIVERSITY PARK
LAVESA
HEREFORD
DENTON.
LEWISVILLE
CUERD

SPUR

SAN DIEGO
EASTLAMD
ODESSA

ENMIS
WAXAHACHIE

El. PASO
STEPHENVILLE
MARLIN
BOWHAM

RORY

FLDOYDADA
FAIRFIELD
PEARSALL
RIcHMOND
ROSENBER®
SEMINGLE
FRIENDSWOOD
GA[_VESTON
HITCHCOCK -
LA MARGUE
LEAGUE CITY
TEXAS CITY
POST -
FREDERICKSBURG
GO YAD

* GOMZALES

PAMPA
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Input Data for the Exampi.e Run
(Continuation 1)

COLORADO
COMAL
COMANCHE
COOKE
CORYELL
CORYELL
CRANE
CROCKETT
DALLAM
DALLAS
DALLAS
DALLAS
DALLAS
DALLAS
DALLAS
DALLAS
DALLAS
DALLAS
DALLAS
DALLAS
DALLAS
DALLAS
DALLAS

. DALLAS

DAWSOM
DEAF SMTH
DENTON
DFNTON
DEWLTT
DICKENS
DUVAL
EASTLAND
ECTOR
ELLIS
FLLIS

EL PASO
ERATH
FALLS
FANNIN
FISHER
FLOYD
FREESTONE
FRIO

FT BEND
FT BEND
GAINES
GALVESTON
GALVESTON
GALVESTON
GALVESTOM

GALVESTOM

GALVESYOM
GARZA
GILLESPIE
GOLIAN
GOMZALES
GRAY

9n32
9145
8735
82589
8844
8771
3073
9iyy
8129
auny
8435
8436
8478
8469
8414
8400
ausa
8h36
8440
8470
8426
8399
8447
8436
8779
837§
8372
8398
9209
8560
9552
8649
89a2
851~
8517
9231
8645
8739
8234
s679
8486
8602
9374
800%
9009
8822
8969
8985
8992
8975
8967
8975
8650
N7
9301
9137
8ius

37U0
4018
427s
4162
4092
4089
4ATE
4642
5249
4nug
4ou7
4034
uoag
souL
4062
4018
5066
403y
4064
40173
4000
4035
3980
4030
4919
5143
4127
4089
3823
478y
3588
4352
uo3g
397n
4011

- 8658

4232
Jo3t
3996
4646
4902
2820
4129
3508
3508
504n
34R9
3397
3u4t
g2y
3468
3uzy

UASy

4196
3807
3aay
4952



114
115
116
117
118
S 118
120
i21
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

154

15%
156
157
158
159
150
161

162 |

163
164

165

166
167
168
169
170

Table 3-2.

DEMISON
SHERMAN
GLANEWATER
K11.GORE
LOMGVIEW
NAVASOTA
SEGUIN
PLATINVIEW
HAMILTON
SPEARMAN
QUANAH
KOUNTZE
SILSBTE
BAYTOWN
BELLAIRE
DEER PARK
GALENA PARK
HOUSTON

- HUMBLE

JACINTO CITY
JERSEY VILLAGE
KATY

LA PORTE
PASADENA
SEABROCK

SOUTH ‘HOUSTON
SOUTHSIDE PLACE
SPRING VALLFY

.. TOMRALL

VILLAGE
WERSTER
WEST UNIV PL
MansHALL
HASKELL
SAN MARCOS
CANADIAN
ATHENS
DONNA
EDINBURG
HINALGU
MCaLLEN
MERCEDES
MISSION
PHARR
WESLACNH
HILLSBORO
LEVELLAND
SULPHUR SPRINGS
Big SPRING
COMMERCE,
GREFNVILLE"
BORGER
JACKSBORO
EDMA T C
BEAUMONT

"~ NEPERLAND

POPT ARTHUR
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Input Datéa for the Example Run

(Continuation 2)

GRAYSON
GRAYSON
GREGH
GREGG
GREGG
GRIMES
GUADALUPE
HALE
HAMILTON
HAMSFORD
HARDEMAN
HARDIM

" HARDIN

HARRIS
HARRIS
HARRIS
HARRIS
HARRIS
HARRIS
HARRIS
HARRIS
HARRIS
HARRIS
HARR1S
HARRIS
HARRIS
HARRIS
HARRIS
HARRIS
HARRIS
HARR1S

_ HARRIS

HARRSM
HASKELL
HAYS
HEMPHTLL
HENDERSON
HIDALGO

HIDALGO

HIDALEO
HIDALGO
HIDALGO

HIDALGO

HIDALGO
HIDALGO
HILL
HOCKLEY
HOPK INS

. HOWARD™
 HUNT .

HUNT

" HUTCHNSON

JACK

S JACKSON

JEFFERSON

WJEFFERSON <

JEFFERSON

A22%

8253 "

835u
a37rq
8348
a88g5
alel
BU&S
8744
8N26
8324
8735
8730
8916
8938
8929
8938
898
88a1
8938
8925
8865
8829
8938
8945
8938
8938
8938

88R9

8938
8967
8938

8311
8585

90a6
8036
a4al

‘9849

9830
9856

. 9856.

aB4S
9861

9854 -

9847
8612
8629
azgl
8847

. 82a0

8317
8146
8ty2 .
9186

8777

8789

8A06

~4o60

yn7rs
2s08
2674

3660

3715
3981
oy
4177
5n%7

4654

3405
33a0

2u66

I53B
3491
3536
3536
3540

- AR3E

3561
3618
2470
3536
3462

3536

3536
3536
3A09
2536

3468

3536
3602
4567
4001
uanp
3826
3728
3758

"3764
3764

3701
3781

3716
ug26

5053

3861
4800
3921
3049
5033

~4303

3698
3x44
3316

3293

37584 -

e g
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Table 3~2. Input Data for the Example Run

o

171 ALICE JIM WELLS. o533 3R55
172 BURLESON JOHNSON 8522 . 4103
173 CLEAURNE JOHNSON 8563  uinp
174 ANSON JONES - 8647 4563
175 STAMFORD ~ JONES 8603 . 4562
176 KARNES CITY KARNES © 9294 3918
177 KAUFMAN KAUFMAN s4u2 3936
178 TERRELL KALUFMAN puIn 3ou3
179 BOFRNE KEMDALL 9168 - 4133
180 JAYTON KENT 85889  47is
181 KERRVILLE KERR 9143 4226
182 JUNCTION KIMBLE ong7 = 4373
183 KIMNGSVILLE KLEBERG 9%66 = 3R01
184 BEMJAMIN KNOX au72 Hdeh9g
185 PARIS LAMAR 8173 . 3897
. i86 LITTLEFIELD LAMB 8558 Snéa
187 OLTON LAMB 8490 K054
188 LAMPASAS LAMPASAS 8875 4137
189 HALLETTSVILLE LAavaca 911l 37Re
190 YOAKUM LAVACA 9157 3314
191 CENTERVILLE LEON 8682 3768
192 CLEVELAND LIBERTY A801 3540
193 " LIRERTY LIBERTY 8Aa35  3u63
194 MEYTA LIMESTONE 8635 3889
195 GEORGE WEST LIVE 0AK o419 - 391N
196 LUBROCK LuBROCK gSQ8 4962
197 SLATON LURBOCK 8616 U916
198 TAHOKA LYNN - 8680 4924
199 MADISONVILLE MADISON 8740 3733
200 JEFFERSON MARION 8267 3618
201 BAY GITY MATAGORDA © 9135 3578
202 EARLE PASS MAVERICK 9505 = 4370
203 BRADY MCCULLOCH 8938 4344
204 BELLMEAD MCLENMNAN 87n6 3993
215 BEVERLY HILLS MCLENNAN 8706 3993
206 WACO MCLENNAN a7né - 3993
207 WOODWAY MCLENNAN 8706 = 3993
2n8 HOMDO MEDINA 9285 4174
209 MENARD MENARD B-TiE R Lyn7
210 MIDLAND MIDLAND B934 - 4AAR
211 CAMFRON MILAM as8zs5  Tain
212 . ROCKDALE MILAM aR77 ~ 38a8
213 COLORADO CITY MITCHELL 87R4 4706
214 BOWIE MONTAGUE 8351 4274
215 MONTAGIIF MONTAGUE 8323 426y
216 CONROE MONTGOMRY 8832 6NN
217 DUMAS MOORE 8141  Rigy
218 DAINGERFIELD MORRIS 8240 arna
219 NACOGDOCHES NACOGDCHS - 851% . 3569
220 CORSICANA NAVARRKRO. 8553 3921
221 SWEETWATER | NOLAN a73. 4632
222 CORPUS CHRISTI NUEFCES oy7s . 3739
223 ROASTOWN NUECES Qu96 = 3786
‘ 224 PERRYTON OCHILTREE - 7962 - H9R7
“o 225 VEGA OLDHAM 8292 8177
e 226 ORANGE _ ORANGF 874h 3281
227 MINERAL WELLS PARKEP - = 8520 ~ u2A1
3«16

/)

(Continuation 3)

[




228
229
230
231
232
233
234
235
236
237
238
239
2u0
241
242
243
2u4
245

246

247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265

266

267
268
269
270
271
272
273
274
275

276
277

278
279
280
281
2682
283
284

Table 3-2.

CARTHAGE
WEATHERFORD
FARWELL
FRIONA

FOPT STOCKTON
AMARILLO
CANYON
CLARKSVILLE
PECDS

BIc LAKE
HEARNE
ROCKWALL
BALL INGER
HENDERSON
ARANSAS PASS
GREGORY
INGLESIDE
PORTLAND
SINTON
ELNORADO
SNYDER
STRATFORD
TYLER
BRECKENRIDGE
STERLING CITY
ASPERMONT
TULIA

AR INGTON
BEDFORD
COLLEYVILLE
CROWLEY
EULESS
FORREST HILL
FORT WORTH
GRAPEVINE
HALTOM CITY
HURST

LAKE WORTH

NO RICHLAND HLS

RICHLAMD HILLS
SOUTHLAKE
WHITE SETTLMNT
ABILENE
SANDERSON
BROWNFIELD

MT PLEASANT
SAN ANGELO
AUSTIN

GILMER

RANKIN

UVALDE

- DEL RIO

CANTON
VICTORIA
HUNTSVILLE
HEVPSTEAD
MONAHANS
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Input Data for the Example Run
(Continuation 4)

PANOLA
PARKER
PARMER
PARMEP
PECOS
POTTER
RANDALL
RFD RTVER
REEVES
REGAN
ROBERTSON
ROCKWALL
RUNNELS
RUSK

SAN PTRCO

-SAN PTRCO

SAN PTRCO.
SAN PTRCO
SAN PTRCO
SCHLETCHR
SCURRY
SHERMAN
SMITH
STEPHENS
STERLING
STONEWALL
SWISHER
TARRAMT
TARRANT
TARRANT
TARRAMT
TARRAMT
TAPRANT
TARRANT
TARRANT
TARRANT
TARRANT
TARRANT
TARRANT
TARRANT
TARRAMT
TARRAMT
TAYLOR
TERRELL
TERRY °
TITUS

TOM -GREEN
TRAVIS
UPSHUR

UPTON

UVALDE
VAL VERDE
VAN ZANDT
VICTORIA
WALKER

" WALLER

WARD

8385
8508
8503
8432
Q207

.B266

8317
8147
9136
3062
8802
834

8885

auzn
9437

G455 -

ouy7
yss
Su16
9076
8718
8019
8417
8582
8900
8589

- B397
8472

8uy?7
8447

8518 -

aty7
8479
8479

BU28

8479
ALY7
B47L
auy7

8479

8425
8485
8698
9333
§7~5
8z34
894l
9005
8317
CLif L
9387
9399
8414

92y5 -
8758

8923
9066

3564
4206
5221
5185
4o5Y
5176
5075

3809

5101
4723
3846
3989
yyog
3640
3700
3731
3711
3731
3777
4547
4737
5y9y
3744
439y

.BBR6

4650
5016
4085
4oo2
b117
4118
Lpap

4122

4122
4oy
122
4117
%158
4117
gy22
409y
4153
4513
4a16
5007
2788
1563

< 3904

3716
4ait

. 4279

4yan
IRBA
3748
3652
3691
5008

Q&

9

)

A



285
286
287
288
289
290
291
292
293
294
295
296
297
288
299
300
301
3oz
303
304
305
306
307
308
309
310
311
312
313
3tk
315
316
317
318
" 119
320
321
322
‘323
324
325
326
327
328
329
330

33t

332
323
334
335
336
337
338
339
340
3441

Table 3-2.

BRENHAM
LAREDO
PIERCE
WHARTON
SHAMROCK
BURKBURNETT

“WICHITA FALLS

VERNON
RAYMONDVILLE
FLORESVILLE
KERMIT
DECATUR
WINNSBORO
DENVER- CITY
GRAHAM

OLNEY
CRYSTAL CITY
ARANSAS PASS
PLEASANTON
BANDERA
BASTROP
MARBLE FALLS
LOCKHART
LULING
BAIRD
PITTSBURG
PAMHANDLE
ATLANTA

RUsK
HENRIETTA
CROSBYTON
CARROLLTON
COOPER
CARRIZO SPRS,
CIsCO

LA GRANGE

MT VERNON
ANDERSON
MEMPHIS
ALam0

~ GRANBURY

CROCKETT
STINNETT
JASPER
GRQVES

PORT NECHES
CoTuLLA
GIDDINGS
GROFSBECK
LLANO
NEWTON
BRINGE CITY
VIpnR

PALO PINTO
LIVIMGSTON
REFUGIO
FRANKLIN
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Input Data for the Example Run
(Continuation 5)

WASHINGTN
WEBR
WHARTON
WHARTON
WHEELER
WICHITA
WICKITA
WILBARGER
WILLacyY
WILSONM
WINKLFR
WISE
Woop
YOAKUM
YOUNG
YOUNG
ZAVALA
ARANSAS
ATASCOSA
BANDERA
BASTROP
BURNET
CALDWFLL
CALDWELL
CALLAHAN
CAMP
CARSON
£ASS
CHEROKEE
CLAY

‘CROSBY

DALLAS

- DELTA

DIMMIT
EASTLAND
FAYETTE

"FRANKLIN

GRIMES
HALL
HINALGO
HooD
HOUSTON
HUTCHNSON
JASPER
JEFFERSON
JEFFERSOM
LASALLE
LEF
LIMESTONE
LLANO
NEWYONM
ORANGF
ORANGF
PLO PINTO
POLK
REFUGIO

}ROBERTSON

8932
9641

9118

9078
8170
8290
8326
8326
9768
9261
9024
8399
8295
8781
8492
8450
9466
aLx7
9320
a2n5
9007
8980
9077
9117
86ahn
8264
8210
8in2
8515
8323
8548
8410
8241
95n0
8662
9016
8245
88136
8287
2854
8572
8634
8117
A6N3
8789
a789
9476
8968
8671
8970
a6n0

8774

8761
8541
8716
93A5
8766

3752
4099
3649
3630
4808
4yuo
4413
4567
3703
3979
5060
4205
3794
5088
4365
LUS TS
4246
3700
4n27
kiaon
3009
4115
3954

3033

4450
3742
50ne
3618
3672
235y
apn62
4066
3R96
4aun
4377
3813
3801
370R
4a21
3754

4178

36R%

5054

3390
3316
3316
Y120
3348
3886
4199
3353
3295
3334
4291
3543
3787
3839



77-53, Vol. IV

Table 3-2. Input Data for the Example Run
' (Continuation 6)
Ju2 HEMPHILL SARINE 8511 3413
3u3 SAN AUGUSTINE SN AUGUST atol. 3u7y
3uy COLNSPRING SN JACINT 8754 3567
3us SAN SABA SAN. S3BA 8886 4aup
346 MATHIS SAN PTRCO LYY 38un
3u7 CENTER SHELBY aly3 350%
348 RIo GRANDE CTY STARR 9861 3887
3ye BENRROOK TARRANT 8499~ 4149
350 EVERMAN TARRANT asns %110
351 RIVEROAKS TARRANT 8479 4122
352 GROVETON TRINITY B661 - 3605
353 WooDVILLE TYLER 8664 3458
154 EL CAMPO HWHARTON 9115 549
155 WHEELER WHEELER 8126 4829 .
356 I0wA PARK WICHITA 8337 44Ls
357 GEORGETOWN WILLIAMSO 8927 . 4nily
358 TAYLOR WILLIAMSO 8922 3962
359 QUTTMAN woop 8340 3806
360 PLAINES YOAKUM. 8735 5105
361 ZAPATA ZAPATA 9786 4009
362 ()——aAZLI MULESHOE PO . a T 735 19.23 N0
363 »00 .'\‘0 00 . «00
364 AZKK MORTON S0 : 47 4.38 10,58 - +00
365 «00 +00 .00 «00
366 AZKw SPUR PD 8% 6.¢2R8 17.80 +00
367 .00 «00 200 +00 ,
366 A2X7 FLOYDADA 80 oy 5«60 11.9% +00
369 +0C +00 00 + 00
370 AZLe POST SO 106 2.86 g:46 00
371 ) -00 IDO .00 !00 ’
572 AZLa PLAINVIEW PD 118 25.27 55.61 0N
373 «00 +00 .00 «00
374 AZLp PLAINVIEW SO - .118 767 14.67 «00
375 ~ .00 <00 00 00 S
376 AZLH LEVELLAND PD 157 1045 27.R0 08
377 +00 <00 .00 «00
378 AZtc LITTLEFIELD PD 183 8.37 21.94 W00
379 000 100 300 Oon .
380 AZKa LITTLEFYELD SO 183 4.57 11.08 00
38L ) 09 +00 .QO,‘\ +00 )
382 " AZTY OLTON PD : 184 5¢36 16.0% - 00
383 ' «00 e 00 . 00 + 00 : . ’
384 A26GL. LURBOCK DP% . 193 21.12 9B K5 «00
385 +00 B +00 +00 ',00 . ’
386 AZLk LURBOCK PO 193 242,28 340468 00
387 «00 000 000 OQU’, ) . .
388 ~AZLL LURBOCK SO 193 39461 . 59413 +00 -
389 . .00 .00 +00 00 . » B .
390 AZLr SLATON PD ) 194 10-01 23,71 00
391 .00 500 <00 +00.° ; '
392 AZLy TAHOKA PD - 195 5.72 17.2%: « 00
393 v ) »00 +00 +00 o «00 : % : :
394 AZKS TAHOKA SO ; 195 403 .« 9s34 " 000
395 . -~ 00 . + 00 + 00 ‘l + 00 . B :
396 AZLF BROWNFIELD PD 269 174002 4 RO 000
397 00 0 00 e .
398 AZLr BROWNFIFLD S0 - 269 403 8436 w00
[}
i)
2

.
2
(=)
153

Bty

4

N

AR

%
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Input Data for the Example Run .
(Continuation T)

.00
295
«00

o0

00
7:39
«00
1.66
«0N
166
00
2468
«00
1.53
«00
o0
o0

20,87 + 00
5.26 «00
5.26 +00
8.48 <00
4486 +00

o0 .0

0

N0

«00

© (®>101010101010101010101110101110111010101110101011101710101010111n1130711010111310
1010101010111010101010101010101010101010101010191110101010101n101010701n10101011
1010101010121010111010103010101011101010111010101110101011101p112051134n1131101n

10101010102010111010101010101010101040401010101p101010112121011301011111n10001111

11101010111011101010101n10101110101010121011101010102110101010101110111nr10101010
101011102010111610111010111n101112114110101010110101010111111101020501n10101010
10101010101011101030101116101011101110101010101010201330101111113010101010111110
1011131011101011113010101010101016101010301010191010101n11111901A1010101n10101010

1010101010101010101010101110101010101010101010101080101010101ni0101010L0101.0
WN3=3» T.Es» 150,1200,2400

Table 3-2.

400 AZLN DENVER CITY PD

401 .00 «00
402 NAAE MULESHOE S%0.
403 : .00 .00

4ok NABG CROSBYTON S.0.

405 .00 00

406 NACG LEVELLAND S.0.

47 .00 ‘s 00

408 NAFA PLAINES S+0.
409 .00 +00
410 AAA, ‘USTIM SWITCHER

411 o0 «0

412 O—

413 O—>1

414

413

416

417

4ie

419

429

U3

422

423 (O—>3

424 (©—>1.2¢8 1200 .7 11
425 3-4KB 2400 .7 {1
426 +BKB 4800 .7 11
427 _({D—>3

428 (D—>SER,T. MODEM DROP
429 10, 10.
430 10, 10.

431 15, i5.

432 15, 15+

433 10. 10,

434 10, 10.

435 15 15%

436 15, 15.

437 10, 10.

438 10 10,
439 1S, 15.

440 154 15,

uiyg 50. 504

By2 50 50,

443 22, 22,

nuy 22, 22,

445 504 50,

hso 50, S0.

w47 22, 22,

) 224 22,

449 50, 50.

450 50, 50,

451 22, - 22

452 224 22,

453 0o D

“5“' 00 00

455 10 10.

RNAMES

3f20
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456
457
458
459
460
461
462
463
464
65
466
467
468

469-

470
471
472
473
474
475
476
477
478
479
480
481%
482
483
484
485
[¥:153
487
488
489
4390
491
492
493
494
495

496

497
498
499
500
501
502
503
504
$05
506
507
508
509
510
511
512

10.
Do

10
104
(¢
e
10.
104
10.
10,
15,
15,
10
10,
15,
15,
10,
10.
1S5.
15,
100,
100.
54.
54
100.

300,

54
Sl
100,
100
54y
54,

O .

10.
10,

O

Q.
10
10

O

O
10«
10«
10
104
154
15.
10.
10,
1S,
1S,
10.
10.

156

15,

Table 3=2,

10.
04
De

10,

10.
0.

10.
10.
10.
io.
15.
15,
10.
1o0.
15,
154
10,
10,
15,
15,
100,
100,
54,
54,
100.
1004
G4 .
54.
100,
100.
S,
Si s
O
O
10.
10.
O«
0.
10,
10
O
Os
10
10.
105
10,
15,
<15
104 -
10
15:!
15,
10.
10.
15,
15.
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Input Data for the Examplé Run
(Continuation 8)
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Table 3-2. Input Data for the Example Run

(Continuation 9)

513 100 100,

514 100. 100,

515 135, 135,

516 135, 135,

517 100, 100,

518 100, 100,

519 135 135,

520 135, 135,

521 100, 100,

522 100 100.

523 135, 135,

524 135, 135,

525 O 0.

526 O C.

527 10- 10.

528 10. 10.

529 0. 0.

530 Oe O«

531 10, 10%

532 10, 104

533 [ O

534 0. 0%

535 10 i0.

536 10, 10, .
537 ()—>1 MLINEAR FOR 1200 BAUD LINF
538 900' 00 90ﬂ| '0
539 1s 3. 1, . 3
sS40 900, 0 900, «0
541 1. 3. 1, 3
542 900, 0 900, «0
543 1. o6 1, 0
544 1 _RLINEAR FOR 2400 BAUD LINE
545 900, “0 900, .0
546 s 3. 1. 3,
547 900. ) 900, .0
548 1. 3 1. X,
549 ap0. o0 G500, o0
850 1. o6 1, o0
551 L ~ ALINEAR FOR 4800 BAUD LINE
552 anl. «0 900, «0
553 14 3, 1. 3,
554 Q00 o0 900, «0
555 1e 3% t, 3.
556 Q00. .0 900, 0
557 e 6 1. .0
558 (5—>1 2 :

559 00

560 @—>3 2 0 0 B ,008 0

561 3 2 0 .0 8,008 .0

562 3 2 0 0 8,080 .0

563 11 .

564 .—-—>LIDR 35 300 4426 3.94 0 0
565 © TCIC 60 B8615.25 14447 0. 0
566 ADM. 500 500 3.62 3.62 0 0
8567 G=CODE 350 300 13 B8.43 0 o
568 CCH 426 459 5,78 5.78 0. 0
569 MVD 50 175 9.34 934 0 0

3-22
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Table 3-2. Input Data for the Example Run
Continuation 10)

570 ING/NL 50 200 .45 45 0 0 0 W0

571 ADM/NL 300 300 .45 <0 0 0 .0 o0

572 NCIC 50 90 .0 921 0 0 .0 V0

573 DB/DLS 90 50 3.49 1.1 6 0 .0 .0

574 DB/ANT 90 50 .45 4% 6 0 40 .0 ’
575 _ (@— .110

576 .—->2 AAAA 1 RSWITCHER ASSINGMENT WITH I1s1XsAts1S

577 PTERMINATE SWITCHER ASSTGNMENT

578 @—»AAA QSTATE CENTER v ‘
579 6.43 2 PTOTAL XSAC & REG. AT THF AUSTIN SWYTCHER WITH F8.5 &13
580 @——>ao 7.0 1 RTERM./LINEsRESP. TIME: MPROC WITH I3+FS.2+12

581 @——>1 @1 FOR PLOTTING AND 0 FOR SKIPPING IT WITH I3

CPUs . 787 CcTP:, 001

ABRKPT PRINTS

SUPS 17.904

3-23
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Each group is then divided into three subgroups of 12 cards,
one for each chargeable item. Each subgroup is then divided into 3 units,
4 cards per unit, according to the three types of traffic density combina-
tions: high-high, high-low and low-low. Each specific unit is then
divided into two subunits of 2 cards. The first subunit is for instal-
lation costs, and the second for recurring costs. The first eard of
gach subunit is for costs under half duplexing mode,; and the second
for costs under full duplexing mode. The first number of each card
is the cost for the initial unit; the second for each additional. unit
at the same location.

Item 14 indicates that, in Texas, a linear costing function is
used for all of the line service charges. The first card gives the
installation charge as a function of distance, and the second the monthly
recurring charge as a function of distance. Under each line type, the
"line cost is also given as a function of traffic density mix between two
terminals.

Item 15 indicates that an optimization process is requested
after a star network is formed.

Item 16 shows the line protocol characteristics for those
three line types under consideration by providing data such as no. of
polling characters, modem turn-around time, while item 17 and 18 give the
message statistics. Item 19 indicates that a 110 milli-second is used as
the average transaction service time needed in the central switcher of the
system being studied.

Item 20 pre-selects system termination AAAA as the RSC, and
item 21 designates AAAA as the system centroid.

The three remaining cards define the total traffic load at the
central switcher, the multidrop line constraints, and a request for a
CalComp plot at the end of each regional network optimization.

3.4.3 Output

After a normal termination from a STACOM program run, cutputs
from the printer and the CalComp plotter should contain all data desired.
This subsection describes the contents of these cutputs obtained from the
example run.

3.4.3.1 Printer Qutput. Data showing results from a normal program
execution of the STACOM program are printed on a regular printer. Table
3-3 shows the exact output obtained from running the STACOM program
utilizing the set of input data as given in Paragraph 3.4.2.

To facilitate the following discussions, the contents of Table
3-3 are itemized as shown.

Item 1 reminds the user that only one region has been con-
sidered in this specific run. Item 2 shows the line protocol for each

3-24
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Table

C}-.., THERE ARE 1 REGIOMS

@ 1200
2400

48060

(}}—>AVGI
AVG,
AVG,
AVG,

@———> 2 AMAA 1
3

G2-¢

POLL CHAR.= 3 NAK CHAR.=
NAK O/H= 0 MSG O/H= L.}
MPSEM= «00R” PPSEM= «00
POLL CHAR.= 3 NAK CHAR.=
NAK O/H= 0 MSG O/H= 8
MPSEM= «00A PPSEM= «N0
POLL CHAR.= 3 NAK CHAR«=
NAK O/H= 0 MSG O/H= 8
MPSEM= «050 PPSEM= «00
INPUT MSG WITH PRIO 1= 147.0
INPUT MSG 147.0
OUTPUT MSG W/4 PRIO 1= 212.2
OQUTPUT MSG WITH PRIO2= «0
OVERALL AVG. MSG = 184.0

0

®
. © o TERM.

TRAFIN
TRFOUT
TRAFIN
TRFOUT
TRAFIM
TRFOUT
TRAFIN

TRFOUT

AZLI AZKK AZKW

1,0 .6 8
2,6 1.4 2.4
.0 0 «0
.0 0 v0
.0 o0 «0
.0 W0 +0
.0 <0 .0
.0 oo <0

3-3.

2 POLL O/H=

n
2 POLL O/H=

0
2 POLL O/H=

0

CHARS
CHARS
CHARS .
CHARS
CHARS

ALXZ AZLO

of oly
1.6 Lot
0 oft
] oh
o0 o0
0 0
.0 o0
W0 o0

AZLA

3.4
T4
ofi
o0
o0
o0

+0

o0

TRAFFIC MATRIX(BPS)

AZLB

1.0

240

o0
o0
o0
o0
o0

«0

AZLD

1.4
3.7
«0
<0
o0
<0
.0

0

AZLC

k.2
2.9
o0
N
o0
o0
o0

o0

AZK&

6
1,5
N
o0
o0
o0
o

o0

Printer Qutput from the Example Run

AZTY

o7
2,1
.0
.0
o0
0

o0

o0

AZGL

He1
13.1

o0

o

«0

-0

Ly

o0

AZLK

32.5

45.4
o
0
0
o
o
.0

AZLL

5.3
7.9
.0
.0
.0

0

o0

o0

AZLR

Y}
Je2
1
o0
o0
o0

o0

N

AT °TOA ‘€6-L/
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Table 3-3.
(Continuation 1)

TERMM,

AZXZ
A21.C
A7 L
AZLF

MAFA

AZY7
azL%
AZILL

AZLF

NAFA

{RITC/SECH
LY
1.183

Se2R1

® TOTAL TRAFFTC OHIGINATED FROM SYS.

AZLY <980 AZKK «HRY AZKY «P37
AZLA 34269 AZLR 5..02% 8L 1.393
A7TI 715 A76L @140 peLK 32,7304
AZLY 163 AZKS 537 AZLF 2.270
NAAE 221 MARG 221 NACH 357

TOTAL TRAFFICE  Al.00

TOTAL TRAFFIC NFSTINATEN TO SYS, TFoMM. (RITS/SFC)

AZLI 24560 AZKK Loyt AZKW 2,373 ‘
AZLA 7.415 £ZLB 1.95A aZLD 3.707
AZTI 2.135 r76L 134100 AZLK €5.424
2Ly 2.295 AZKS 1.525 A7LE S.u52
NAAE 701 NANG 701 NACR 1.131

TOTAL TRAFFICZ  114.3a

TOTAL SYSTEM TRAFFICZ 17539

Printer Qutput from the Example Run

AZLAo
AZKA
AZLR
AZLN

AAAA

AZL0
AZKA
AZLR
A2LN

TYY.YY

1

« ORR

1.47%

3

s 161

2,782

i

«N0Nn

AT *TOA- “€6-11

"

NG

e,

R



Table 3-3. Printer Output from the Example Run
(Continuation 2)
@ POINT To POINT DTISTAMCF MATRUX
TERM. A7LR AZLL AZLK A7GL AZTI AZKA A7LC AZLR AZLH A7LA a7LA A7XZ AZKW AZMK AZLY
AZLY 83, 61, 67. 67. 34, 3. 1. 49, =q, ®q, 105, A2, 119, %5,
AZKK Hse 54, L1 94, yua, 2R, 2R, ?5. A9, A9, Ra, R4, 111,
AZKW 4b. bH, 58, SR, Au, al, al. AR, Tn. . 37, 45,
AZXZ uz2. 41, 41, 41, 49, SR 58 A, 26, 26 5%,
AZLG 23 8. 3A. 3R. Rt, T4, T4 A, T1. Tie
AZLA §2. 435, 43, 43, 25 §)e ule S7. [1 %
AZLB 52 43, 4%, uax, 24, ul. ul, 57,
AZLD q4. 3. 31. 31. 44, 24. 24 .
azic 524 Al a7. 37, 25, o,
AZKA 52 31 37. 37. 7?3
AZT: 61, U 45, ubh,
AZGL 16. M n,
AZLK 16, U,
AZLL 16, ~
AZLR n. }4
P @ nccs v
'{) NCC= AAAA s
B X -
-3 (D—>CcPU UTILIZATIOM PER PROCESSOR 1S 4707
<
O
}_J
°
=]
<
(—> REGZ 1 + 1S, TERMN.=
AZLY MULESHOE pn AZKK MORTON S0 AZKW SPUR PN AZXZ FLOYDADA SO
AZLS POST SO AZLA PLAINVIEW PD . AZLB PLATNVIFW SO AZLN LEVELLAMD PD
AZLC LITTLEFIELD PD AZKA LITTLEFIELD SO AZTY OLTON PN A2GL LURKROCK DPS
AZLK LUBBOCK Pp AZLL LUABNCK SO AZLR SLATOM- PD AZLJ TAHOKA PN
AZKS TAHOKA S0 . AZLE PBROWNFIEL" PD AZLF RROWNFYIFLN S0 AZLN DEWVER CITY PD
NAAE MULESHOE S.0 NABG CROSRYTON S.0, NACG LEVFLLAND S.0e NAFA PLAINFS S,0.
AAAS AUSTIN SWITCHER
INDICES FOR SYS. TERM.= :
1 2 3 4. 5 6 -7 A& 9 1p 11 12 % 18 15 16 1T 1p 19 20 27 27 23 2425
()— RSC=  AAAA FOR PEGION 1



Table 3-3. Printer Output from the Example Run
(Continuation 3)

@— REGTONAL STPR NETWARK AMD TTS COSTS~ 1
SYSTEM TERMN. AZLI AZKK AZKW A7PXZ AZLR AZLA AZLK A7LD AZLC AZKA
NO« OF LINES Rr@Q.
142KR 1 1 1 1 1 1 1 1 1 1
2¢4KR il ] 0 0 ] o n v ) n
4,8KR o 0 v 0 n o 0 4 n 0
LINE UTILIZATION .Uy «003 onng N03 “on2 010 oNN3 U5 “0na snN%
DSTNCE FROM RS¢ 399 379 2R7 %31 204 356 356 38% 368 36A
TRAFFIC
LINE 7O Cpt +380 +SRY +RAT L7487 » 3R 3.369 1.023 1a3Y3 14183 600
CPU.TO LIME ?eSby 1.411 2,373 1.5R8 1.0HR 74415 1.9%% 3,707 24925 12472
LINE RESPONSE TIME 3e270 3.276 3.078 3,277 3275 3.29A 3.278 3,283 3,281 3.276
SURTOTAL
INST. COSTS
LINES U 0 fl 0 n 0 0 u 0 ) n )
SER. T4 uRQ 20 20 2n 20 20 20 -1 20 20 20
MODEM 2unp 100 100 100 100 100 100 inn 1oy 1on 100
DRORP 1 n 0 0 ] 0 il ] n n ~
ANNUAL RECUKR. COST ) - ~
LINES 229750 14364 13644 10332 11916 1n5Rn 2563 2564 12780 13248 13240 én
%U SERWTs 8640 36l 360 36N 260 360 360 341 260 360 360 Pt
N MONEM 12612 524 52R 528 =28 528 528 b2H 528 K2R SpR -
oo DRoOP 5%a0 249 240 2u0 k0 240 240 240 240 240 24n .
TOTAL COST 5
INST. COST 2an9 120 120 120 120 120 120 120 120 120 12n fﬂ
RECUR: COST 256R22 15492 14772 11460 13044 . 13712 *3RAY 3693 13908 14376 16376 A
REGINNAL STAR NETWORK AND ITS CNSTS= 2 :3
SYSTEM TERMMs AZY1 AZGL AZLK AZLL © - AZLR AZLY AZKS AZLE AZLF AZLM
NOs» OF LINES RFA.
142KR 1 1 } 1 1 1 1 1 1 1
2,4K8 0 0 o n n ® u 0 n
4,8KB 0 0 0 0 n n 0 u o n
LINF UTILIZATION 003 «016 069 .012 005 «N0Y NO3 L0u8 Sonp qnu
DSTNCE FROM RS¢ 3785, 332 332 332 316 311 311 334 334 3sy
TRAFFIC Do
LINE TO Cpl «715 , H4elda. 32,308 5.281 1.335 «763 537 2:219 +537 «aRs
CPU T0 LINE 2e135 184180 45,424 7,884 34161 24095 14325 5,252 13115 24783 : »
LINE RESPUNSE TIMt 3.278 3e311 3.461 3,501 3,281 3.27R 3.275 3,280 3,278 3.2R0
: . SURTOTAL - i
) INST. COSTS
o ‘ LINES u 0 0 0 n i n 0 ) 0 n
SERTs 20 20 20 20 20 20 20 au 20 20
MODEM 100 100 100 100 100 100 100 100 w6 - 1an
DROP u 0 0 o n 0 a n n n
ANNUAL RECUKR. €oST ' ' : ) .
LINES T13428 2390 2390 2390 11376 2230 . 2239 12n24 12024 12708
SERs T 36U 360 360, 360 360 360 360 360 .. 36N ~ 3ah

MODEM 528 528 52R 528 5260 524 528 a24 528 : S2n _ ‘ i -




62-¢

Table 3-3. Printer Output from the Example Run
(Continuation 4)

DROP 240 2480 240 240 244 240 2un 240 2un
TOTAL COST

INST, COST 120 120 170 120 129 120 12n 120 1an

RECUR. CUST 14556 3518 3514 3518 12508 A3AT 3367 13152 15152

REGYONAL STAR NETWORK AMD TTS COSTS= 3

SYSTEM TERMNs NAAE NABG NACH NaFA AAAR
NO. OF LINES REG.
1.2K8 1 1 1 1 o
2.4KR u 0 1 0 0
4,8KB v 0 ] o 0
LINE UTILIZATION 002 «002 .on2 .002 0nn
DSTNCE FROM RSC 399 310 355 361 0
TRAFFIC
LINE TO Cpul 221 +221 357 208 oun
CPY TO LINE «701 701 1.132 648 +060
LINE RESPONSF TIME 3.273 3.273 3,275 3.273 +00n
SURTOTAL
INSTs COSTS )
LINES . )} 0 n 0 ]
SER.T. 20 20 20 - 20 0
MODEM 100 100 100 100 0
DOROP u 1} B 0 -0 n
ANNUAL RECUMR.. COST
LINES 14364 11160 12780 12996 0
SER T+ 360 360 360 - 360 o
MODEM 528 528 52K 528 0
DROP 24y 240 240 240 a
TOTAL COST . ,
INST, COST 120 126 120 120 0
RECUR, COST 15492 12288 13908 19124 0

TOTAL COSI= 2859702

AT °ToA ‘€G~L/
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Table 3-3.
® .
SUBNET NO. b3
BEGINNNING NODE AZLL
NO« OF TERM, 18
NOs« OF LINES
1+2K8 1
244KB [}
448K8 1]
LINE UTILIZATION +138
TOTAL MILEAGE 617
TRAFFIC
LINE TO CpU §5.691
CPU TO LINE 100,777
LINE RESPONSE TIME 4,038
SURTOTAL
INST. COSTS
LINES 0
SER.T% 260 190
MODEM 1300 950
DROP 0
ANNUAL. RECURR. COST
LINES 16422 11412
SER TS 4680 3420
MODEM 6864 5016
DROP 3120 2280
TOTAL COST
INSTe COST 1560 1140
RECUR, COST " 31086 22127
TOTAL COST=

Printer Output from the Example Run
(Continuation 5)

FINAL MULTIDROP NETWORK AND ITS COSTS- 1
2

AZKS
6

1
0

0
017
388

54305
13.617
3.416

1]
70
350
0

6011
1260

18u8
840

420
#8959

32646

AT *TOA “€S~LL

ey
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Table 3-3.

(@-—> REGIONAL CENTFR= AAAA

SUBNETWORY
BEGINS AT

AZLL
) AZLPR
ALLA

AZX2Z

AZTI

AZLR

NAFA
AZLE

NARG

AZKA

AZLQ

Printer Output from the Example Run
(Continuation 6)

AZKw

MACG

NAAE
AzZLe

AZKK
AZLD

AZLT

N

AT *TOA ‘g€6-7/
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individual line type under consideration. For example, a modem turn-
around time of 50 milli-seconds has been used in the run.

Item 3 shows the traffic characteristic as calculated by the
STACOM program and item 4 prints out the pre-assignment activities. In
this example run, the system termination AAAA is preselected as. the
regional switching center; since only one region is under consideration,
all of the remaining system terminations are assigned to region 1.

Item 5 shows a small portion of a traffic matrix from each
system termination to four data bases calculated by the program. Item 6
prints the total incoming/outgoing traffic in bps to/from each individual
system termination. Also included is total incoming/ocutgoing traffic
to/from the system.

Item 7 gives a short list of point-to-point distances between
system terminations as c¢alculated by the program.

Item 8 gives the system centroid as designated from the input.
Item 9 shows the CPU utilization at the central switcher of the system
being studied.

Item 10 gives the IDs and names of all system terminations in
the region and their internal indices. Item 11 prints the regional
switching center for the region which has been preselected. In this run,
the RSC turns out to be the central switcher.

Item 12 provides the details of the star network developed by
the program. For example, the system termination AZLI is linked to the
regional switching center AAAA by a 1200 bps line. With the traffic as
shown, its line utilizaticn is only .00Y4 and response time 3.279 seconds.
It is 399 miles away from AAAA. Based on the tariff applicable for Texas,
its installation costs are $20 for service terminal and $100 for modems.
Annual recurring costs are $892 for lines, $360 for service terminals,
$528 for modems and $240 for the drop charges. After the printout for the
star network, the multidrop network (as generated by the STACOM program)
is printed as given by item 13. In this example run, two distinctive
subnetworks have been generated. Both subnetworks require only the 1200
bps lines. In addition to data similar to item 12, it also includes the
total number of terminals on each multidrop line and the total connection
milage. Summarized costs are alco. provided.

Finally, the actual structure of the final multidrop network

~is printed as item 14. It is printed in a tree-type form, relating each

individual termination to others.

The above described printer output is a copy of the FORTRAN

output alternate file, 100. In addition to this, a regular FORTRAN output

file, 6, is generated by the program. For this example run, Table 3-8 is

the copy of output file, 6. It indicates all of the request messages go

by the .program during its input phase. The last two lines are an

indication that the program has been successfully executed.

3-32
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Table 3~4. Unit 6 Printer Gutput from the Example an‘

CASSUME - NUMPER OF REGIOMS ~

ENTER NR AMD STRIKE RETURN KEY

TYPE IN NO. OF SYSe TERMNSrs DATA HASES AMﬂ rITrrs WETHL FRRMAT %19

THERE ARE 2EGYSe TENMNS 4 DATA HASFS 3%& chIrq Lt B
TYPE IM DATA BASE LOCATIONS WITH FORMAT 6(1¥sAH) v S e

4 DATA PRASES. ARE AT AAAA DODD - SSSS - HHHIH ' L

TYPE IN CITY VeH WITH FORMAT. (33X915¢2¥015)

TYPE IN PIN NN,» NAME: MAPPING ADR. AMND TRAFFIC

WITH FORMAT I4,1Xr8AGITUIE6FB2

TYPE IN NO. OF RATE STRICTURES UNDFR : &
COMSIDERATION wITH FORYAT 13

TYPE IN RATE APPLICATIOM TO FACH anau,,

WHT EACH SYS. TERM. WITH FORMAT 10712

REAND IN TRAFFIC DEMSITY TYPF ARD RATE cTRurTURE

FOR EACH CIIY wITH FORMAT ADI1

TYPF IN NO. OF { INF TYPES APPICABLF WITH FORMAT I3

TYPE IN NAMFr CAPACLITY, UTTL. FACTOR AVAILs FOR

EACIU LIME TYPF WITH FOPMAT AGe1XeT&» 1Y FE3.2¢201X0T1) : . .
" TYPF IM NO« OF NEVICES AND MAMES FOR FACH UINF TYPF o
WITH FORMAT 13/10(Abs1Y) . . : 7
CTYPE IM INSTe AND RECURK. COSTS WRT R

RATE STRUCTURE, LINE TYPEs DEVICE+ TRAFFIC NFMSTIY
AND DUPLEXING MODE WITH FORMAT 2F9.P/2FY.?

TYPE IN INSTs ¢0STS FOP LIMES WRT : SRR
RATEr LINF+ OFMSITY: AMIE DUPLEXIMG MODF - . o
WITH FORMAT 4Fa,2 ‘ L . g
TYPE IN IMDEX FOR LIMEAYITY NF LIME RTCUR. COST ~ C
FUNCTION WITH 3= INEAR AND MOHLIMEAR OTHERWISE

WITH FORMAT I1 FOR EACH LINE TYPE

TYPF IM RECUR. COSTS WITH FORMAT 4FQ.2 IF. LTMEAR

WITH FORMAT LOFR.3/10FA.F IF MONLINFAR =

1IF NOHLIMNEARY 1SE - 10F8 ¢ Lo
TYPF It ACTIOM INDICES FOR EACH REGION

15T ELFMEMTS 1z INSERTION TO THIS PRELOADFD REGION S ok

20D ELFMENTS 1= oPTIMIZATION IS NERDFED

TYPE IN REGION INDEX Att) ACTION NUMRER NFFNFD

WITH FORMAT 212 At ENN IT WITH A .0 Q

TYPE LM NPLe MAKe MPLOM HAKOM MOI{y

TAMDM: TAD IN FORMAT (RT442F7,5)

TYPE It MO. OF MSG TYPFS» AND TRARFTC STATISTICS

SUCH AS MSGMNAM, MSLIN» MSLOUT, RATIO Wl

FORMAT  14/(Nbsd(2T1%e2FA.3)) :

TYPF IN PRELOANFD SYSTEM TFRMM. AMD RS# WITH

FORMAT 11s1XrAueAd K

3283 nISYANCE 1TFMS ARF ovrn317rn

ASSUME A SYSTE» ' CEMTRNAID

ENTFR . CODF FOR pSCC ANN STRTKE RETURM VEY

INPUT TOTAL MO, OF TRAYNSACTIONS AMD MNO. OF ACCFSS AT THE swulteher

ENTER WITH FB.5 AMD 13 UNMDER. X5AC/SFC T ‘

READY IM LYMLTIS oN MO 0F SYS. TERMS, OF A LTHE o -

9]

2 RESLOMRE " TIME, REQD AN NO. OF PROCEFSSORS WITH Fonuur ' s o
R DI & 13:4-38-T5 ¢-X : . : v L
¥ ‘ 1 PLOTTING IS PEGUIREnr TYPE L WITYH FONMAT 13
i , TRYLNK HAS BFFM ACCESSED FNR: 1052 TIMFC

UPHMETW HAS HFrt ACCESSED FOR P2 TIMFS

QARRKPT “PRINTS -

22

3;33’ l1‘> ~  ;“’ ‘_ ;?  ;‘;v,f“'; . 10 & .

o
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Figure 3-1 is the actual network graph as

- 3.4.3.2 CalComp Plot. ;
It reflects the network as printed in the

plotted by the CalComp plotter.

last part of printer output. It should be noted that because of the
existence of identical V-H coordinates associated with system terminations
;in the example run, fewer distinctive nodes are shown in the plot. The
root node is for the system termination, AAAA, which is the location of

the Austin central switcher as used in the example run.

Figure 3-1._ CalComp Plot from the Example Run

3~34
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APPENDIX A

S STACOM PROGRAM LISTING

51928*STACOM(1) MAIN/QT7T77 .
Chkp b reXddkbktglokkbdddskks *t*w*t*ﬁ*#*****¢***t***v*w*tt**«t**itt***wa*c C

Cx *C
L C* STACOM TOPOLOGY PRNGRAM “ *
4! c# JET PROPULSTON LARORATORY *C
3 Cx 4800 0AK GROVE DRIVF : ' *C
; g* PASADENA, CALIFORNIA a1103 ; ‘ﬁ
i * M

C****t*****#**t***************t**#**g*******#***#ﬁ#***##******tt**k*******c‘

THIS PROGRAM IS DESIGNED TO PERFORM FORMATTONS OF REGYONSe ‘F!ECTIGNS
OF REGIONAL SWITCHING CENTERS: FORMATTIONS OF INITIAL REGIOMAL NETWORKS:
ORTIMIZATION OF REGIONAL NETWORKS USING THF FQAU=WTILLTAMS METHOD IF
REQUESTED» AND FINALLY FORMATION OF AN INTERRFGIOM NETWORK ANR ITS
OPTIMIZATION

3y T i i TR I Pt e e NS T ST AT PP 2

THIS TOPCLOGY PROGRAM CONTAINS ONE MAIN PROGRAM ANMD ELEVEM SIRPROGRAME,
THEY .ARE AS FOLLOWS:

b s et ot b Jh ot et B
WO~NCNEIFUN= SODNONEOND -

ODOOOOOOOD0OONNOONOOONNN

20 MATN PROGRAM 1 MAIN (RFGION ASSIGNMINTS OF SYSTFM TERMINATTONS)
21 SURPROGRAM=1 ¢ RGNNET (REGIONAL NETWORK FOBMATTINON AND TTS NAPTIMIZATIOMN)
’ 22 SURPROGRAM=2 ¢ IRNOP (TNTER~REGION METWORK OPTIMIZATION)
23 SURPROGRAM=3 : ICOSTJ (COSTING FUNCTTYON)
24 SURPROGRAM=4 3 RHOFUN (LINE UTILIZATION FUMCTION)
25 SURPROGRAM=S : LINNUM (LINE CONFM. DEFIMITTOM RASEN OM TnptFTC)
26 SURPROGRAM=6 : PACK (STORIMG OR RETRIFVING DISTANCE NATAY
27 SUBPROGRAM=7 : DIST (FTHNDING DISTANCE RETWEEN TWO GIVEN TERMINALS)
28 SURPROGRAM=8 : LINK (FINDIMG COMPRESSED THDEX FOR NIST)
29 SURPRQGRAM=9 : RECOVR (RECOVFRING COMPRESSED DYSTAMCE DATAY
30 SURPROGRAM=103: PLOTPT (PLOTTING EACH DROP OM A MULTIOROP NFETWORK)
31 SURPROGRAM=11: RSPNSE {ESTIMATIMG RESPONSE TIMF)
32
’ 33 A3 o o R B o ok K kK o ok K e K RO S KR R R ol kR
34 PARAMETER MwWz4 /s IWT=190 ' NLYMITZ2NPCE360,MPOZ1AR -
35 PARAMETER NP1=130% NP2=1s NP3=U4» NP4ss
36 PARAMETER NP6z (NPCHNPC/2=NPC+11/441
37 PARAMETER NPT7=4+NPOZ1N*NPC :
38 COMMON /EIN/ SVRINPLYNRSCIMW) s NUMPR (MW) » TRAFDNINPL ) »
39 * TRAFIT(NP1}
40 *  /VH/ IVERT(NPC)s IHORZNINPC)
: 41 * /CONST/ NLeN2/NZ Ny rN7oNCITY
A 42 *  /INF/ IRATEJ(NP? ¢NP2) s IRAND(NPC2) 2 TELAG (NP2 /NP3)
43 *  /BCOST/ AINSTCINP2/NP3I«MPUs312:P) 1 RFECRCINPPINPI+MPH L3¢ 202) 0
4y * ANSTLN (NP2 /NP3 93¢ 2¢2) ¢ RECRLN(MP2 NP3, 392016) o INUPLY (NPT
45 % /LINCHR/ LINMIX{NP3)r LINCAPINP3}+ UTILI?(MP3) ‘
46 * /REF/ IREF (NPC) » TRAFD(NP1+2yNPT7)¢» NSTMCE (NP6) 2 MAFANR (NP1 )
47 *  /OVFR/ TYRD(NPO¢2) s IOVERY
48 % /NAME/ NAMEST(NPL4)¢LINAME (NP3 s NAMEHY (NPL)
49 ®  /SUM/ ASUM(4) »BSUM
50 * . /XMTZ TIMXMY(7:NP3Yr WATT(6)
51 * /MSLA/Z AMSL(7)
52 * . /ROUND/ NTERMS»TIMREQ,MPROC,MPLOT
53 * - /ADD/ TADDENP1) +KCHGoKAND RKCHEZFTRST DROF Knnn'quT FOR LINE
54 INTEGER DSTNCF
55 DIMENSTON TACTN(MW,2) ¢ INDYPT(MP1)

56  DIMENSTON NUMRR(NP1),TTRAFC(2) /NBASE (NPT)

A=1-




57
58
5a
60
Bl
é2

64
65
66
67
58
69
70
71
72
73
T4
78
76
77
78
79
80
81
a2
83
84
85
86
87
88
89
90
91
92
93
L
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
1
112
113

o0 nN

oNaNeNel 000N OO0 OGN0

s Xe Xel OO0 OO0

OO0

a5
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DATA ITRAFC/*TRAFINTRFOUT'/

DIMENSTON TRM(MWeMW)» DRM(MW,My), MUMR(MNPE)» MUMRINPLG)
INTEGER SVR

DIMENSIOM OUTPRT (NP1}

NMAX=NPO PMAXIMUM STIZE FOR OVFRFLOW DISTANCF DATA TABLF
CPUAVG=0,

SELECT NUMBER OF REGIONS

225 WRITE(6:,220)
READ(5»735). NR1Y
WRITE(IWTr1011) MR1
ANR1=NR1

RFAD IN TRAFFIC PDENSITY IMDEX AND RATF STRUCTINE FOR FACH SYSTFM
TERMINATION IN THE SYSTEM

CALL CREADA(N1)
READ IN RATE APPLTCATION MATRIY
CALL CREADB(N2}

READ IN NAMESe CAPACITIES, UTTLIZATION FACTORS -AND AVAILARILITYIES
FOR LINES APPLICARLE IN THE SYSTEM

CALL CREADC(N3)

RFAD IN IMSTALLATION AND RECURRING COSTS FOR CHARGFABLE ITE“S
RFQUIRED FOR COMMUNICATION LINFS

CALL CREADD(NG)
RFEAD IN INSTALLATION AND PECURPING COSTS FOR LIMES
CALL CREADF
READ IM ACTIONS TO BE PERFORMED ON FACH RFGIOMAL NFETWORK
1sT ELEMENT : 1=INSERTIONS TO PRELNADEDN RFGIONS APE ALLOWED
0= SUCH AN ACTION TS NOT ALLOWEN
2MD ELEMENT ¢ 1=NETWORK OPTIMIZATINN IS TO RE PERFORMFN
0=NO OPTIMIZATIOM 1S NEEDPED
CALL CREADK
READ IN LINE AND LINE PROTOCOL CHARACTFRISTICS
CalL CREADR
CONVERT TRAFFIC FROM CHARACTERS/MIN Tn RITS/SFC
DO 85 Kz1e2
Do 85 T=1¢N1
Do 85 L=1+N7
TRAFD(I W KeL)=TRAFN(I 1K IL) ¥R, /AN,

CONTINUE
ISUM=0



o

114
1158
114
117
118
1io
120
121
122
123
124
125
126
127
128
129
1390
131
132
133
134
135
136
137
138
139
140
14
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
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DO 25 T=1sNCITY
ISUMZTSUME T
IREF(T)mISUM

25 COMTINUE g

DO 701 I=1/NRL p
NUMPR(I) = 0 BNO. OF SYSTEM TERMINATINNG AT FACH RFAIAN -

701 CONTIMIE
WRITF(&6,888)

BOS  READ(5:800) NGODE!NSTATE 'NRFGQ ' .
WRITE(IWT »804) NCODEs NSTATEr MRESH
NSTATFSLOCAL (NSTATE) RFIND CARDINAL TMOFX
GO TO(ROLrB0O2,240) , NCODE ‘

BG2 COMTINUE
SVR(NGTATE) = NREGO

- NUMPR(NREGQR) = NUMPR{MREGO) + 1

801 CONTINUE
NRSC{MREGO) = NSTATE
G0 TO RO5

240  CONTIMUE
DO 70 L=1,N1

TRAFON(L)=0. ;
70 CONTINUE R -
TOVER1I=1 (RCOUNTER FOR OVERSIZED TRAFFIC NATA
¢
g CALCULATE NISTANCF DATA BFTWEEN SYSTEM TERMINATIONS

DO 26 J=1¢NCITY
DO 3N K=1)NCITY
IF(U=KY §1:30¢30
51 CONTINUE
ISRI=(IVERTII =IVFRT (K} ) ¥%> ‘ ,
1S61=16Q1+ (THORZN(JI=THORZM(K Y 1%2 D
IF(1501 .EQ. N)GOTO 22 .
SQI=1501/10,
NSRLTINT{SGR1)
DIFF=S01=-NSAt
IF‘DIFF .GT. 05) SQI=NSQI+1.
BNIST= SQRTI(SG1)
KDIST=INT(RDIST)
DIFFZBNIST=KDIST
IF(DIFF ,6T. 04) KDISTKDIGT+]
GOTO 23
22 COMTIMUE
KOIST=0
23 CONTINUE
JKLELINK (J2K)
IF(KDIST «LE. 510) GOTO §
CALL OVERFL (WJKLsKNIST)

: 60TO 3n T
5 COMTINUE ‘ T
CALL PACK (JKLeKDISTr1¢NSTNCE) :
30 COMT INUF

20 CONTINUE . :
1OVERI=IOVER]~1 o
N WRITF(6+3) TOVER!
c
C ToTAL INPUT TRAFFIC BY EACH SYS. TERMN.



3

‘\\

171
172
173
174
175
176
177
178
179
180
181
182
183
184
2185
186
187
188
189
190
i91
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
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TRFALL=0.0
TALLIT=0.,
TALLDN=0.
Do 41 L=1,M1
TRAFITI(L)= 0.0
TRAFDN(L)= 0.,0.
DO 42 JZ1NT7
TRAFIT(L)Y = TRAFITIL) + TRAFD(L:2e )
TRAFDN(L) = TRAFDNI(L) + TRAFD(Lr1ed)
42 CONTINUE
TALLDN=TALLON+TRAFDMAL)
TALLIT=TALLIT+TRAFIT(L)
41 CONTINUE
TRFALL=TALLDN+TALLIT
C
C PPINT OUT TRAFFIC DATA BETWEEN SYSTFM TERMTMATINNS
c
NTURN=N1/15 +' 1
NREM=MOD (N1¢15)
IF(NREM ,FR. 0} NTURNSNTURM=}
WRITE(TWTs111)
DO 1100 KK=1,1 AFOR-TEST ONLY
KK1=(KK~1)*15 + 1
KK2=KK*15
IF(KK2 +6GT, N1I) KK2=Ni
WRITEC(IWTr113) (INDXPT(J) s J=KK1eKK2)
DO 99 J=1.N7
NQ 97 KT=1.2
No 28 KRZKK1:KK2
OUTPRT(KR)ZTRAFN (KR KT ¢J)

28 - CONTINUF

WRITE(IWT»110) TTRAFC(KT)» (OUTPRT{K) s KZKK1sKK?)
97 CONTINUE
Q9 CONTINUE

1100 CONTINUE
~

AN
C PRINT OUT TRAFFIC ORIGINATED FROM EACH STSTFM TERMTNATION
C
WRITE(IWT»1013)
WRITEC(IWT1001) C(INDXPTINJ) o TRAFDNINJY »MJ=1eMT)
WRITE(TWT»74) TALLDN
C
C PPINT OUT TRAFFIC DESTIMATED TO EACH SYSTFM TERMINATION
c
WRITE(IWT»1014) .
WRITE(IWT»1001) CINDXPT(MI) » TRAFITI(NI) yMJI=1+NT)
WRITECIWT»74) TALLIT
WRITE{IWT»75) TRFALL
C
C PRINT OUT NISTANCE DATA RFTWEFM SYSTEM TFPMTMATIONS
C

NTURN=N1/15+1

NRFEM=MOD (N1 +15)

IF(NREM'EQ.0) NTURN=NTURN=1
NTURN=1 BFOR SHORT oUTPUT
DO 101 KK=1s MTURN



228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

26% -

266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
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KK1=(KK=1)%15 + 1
KK2=KK*15
IF(KK2 46T, N1) KK2=N1
WRITF(IWT»100) (TMDXPT(J) o JEKK24KKr =1}
No 98 Jz=1,KK2

TIF (UL GE WKKL) KK1=J+1

DO 27 KR=ZKK2¢rKK1,=1

OUTPRT(KRIZDIST (JoKF}

27 CONTINUE
WRITEC(IWT»112) INDXPT(J) r (OUTPRTIK) pK=KK2sKK 1, =1}
98 CONTINUE .
101 CONTINUE : )
WRITE(6+210) :

4005 CONTINUE
READ (S 734%) NSCCI
WRITE(IWT»1015) NSCC1
NSCC1=LOCAL(NSCCH)
IF (NSCCL1(NE.Q) GOTC 4003
WRITE(H,4013)
GoTo 4008

4003 CONTINIE
TPR1 = YRFALL

WRITF(6,2101)
READ(592102) XSAC» NREQSW QNRFOSW‘NO. OF REQUESTS/TRANS AT SWITHER
WRITF(6:2103)
READ(5¢2104) NTERMS/»TIMRE®»MPRAC
WRITE(&r2105%
RFAD(5+2104) MPLOT  @MPLOT=1 IF PLOT IS NFEnFn
C
C PRE-CALCULATE CRU TURNAROUND TIME
c ; ;
CalL CWAITC
(o

C Sum UP TOTAL TRAFFIC FOR PRELOADED SYSTEM TERWMIMATIONG IN RFGIONS
C WHICH DO NOT ALLOW ANY INSERTIONS nF OTHFR SYGTFM TERMIMATIQME

Cc

. TPR2=0

DO 77 N=z1.N1
NK=SVR{N)

IF(NK JEQe 0) GOTO 77 RNOT PRELOAPEN

IF(TACTNINK?1) +FQs 0) GOTO 77 RINSERTIOMS ARE ALLNAWED

TPR2ZTRAFDNIN) + TRAFIT(M) + TPR2
77 CONTINUE
DO 76 L=1eNRY
TF(IACTNILY1)EQG. D ORMUMPR(L) ,FO4N) GOTO 76
ANRITANRI=1+
76 CONTINUE
TPR1=TPR1=~TPR2
IFINRL +EQ. 1) GOTO 726 RONE RFGION CASF

(e}

C DFYERMINE LOWER LIMIT FOR AVERAGE REGINONAL TRAFFIC

o

IF(ANRILEQ.8,) GOTO 340
TPR=TPR1/AMR]
GoTo 350

A40  CONTINUE

Pt



285
286
287
288
2R9
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
=19
320
321
322
323
324
325
326
327
328
329
330
331

- 332

333
334
335
336
337
338
339
340
341
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TPR=TPR1

350 CONTINUE
TPRL=TPR=*(1,=ZETA)
DO 909 NREGZ1+NR1

TRFS=0.,
AMAXD=0"%
I1=0

IF (NUMPR(NREG) «NE.0) GOTOD 5000 QMREG IS A PRFELOADFD RFGTON
C
C AGSIGN SYSTEM TERMINATIONS TO A RFEGION WiTHOUT ANY PRFLOANING
c

NO 400 NI=1e.N1
IF(SVRINI) «NF., 0)Y GOTO 400 RNI IS PRELOADFD
ADIST=PISTINSCC1sNT)
IF(ADIST oLE« AMAXD)Y GNTO 400
AMAXDZADIST ®UPDATE LONGEST DIST. FROM NGAC
1I=NI  RUPDATE FARTHEST SYS. TFRMN,
400 CONTINUE
NSI1=IT  RTHF FARTIL ST SYSTFM TERMINATTON
TRFS=TRFS + TRAFDN(NS1) + TRAFIY(NSI)
SYR{NS1)=NRFG
NUMPR (NREG ) =NUMPR (NREG) +1
IF(TRFS .67« TPRL) »OTO 707
GOTO 7021
S00n CONTTNUE
c IF(TIACTNINRFGr1) +ENe 1) GOTO 902 RINSERTIOMS ARE NNAT ALLOWFD
g Stiv UP TRAFFIC IN THIS REGION

DO 702 T=1,N1
IF(SVR(T) NE« NRFG} GOTO 7N2
TRESZTRFS+TRAFNNA(T)+TRAFIT(T)
ADTST=DISTINSCC1, 1)
IF(ADIST «GTe AMAXD) IT=T
702 CONTINUE .
IF(TRFS +GT« TPRL) GOTO 707 RENNUGH TRAFFIC INM THIS REGTOM
NS1=I1 RQTHE FAPTHFST SYS. TFRMNes IM THe REGTON
TF{NRSC(NREG)Y +NF»0) NSI=NRSC(NRFG)
7021 CONTINUE
CALL FINDD{MS1#NS2)
IF{NS2 «FQ. 07 GOTO 909
SVR(MS2)=NREG
NUMPR (NRF G )=t UMPR(NPEG) +1
TRFS=TRFS+TRAFDN(NS2)+TRAFIT (NSD)
IF(NREG +EQ+ NR1) 60TO 7n21
IF(TRFS .GT. TPRL) GOTO 707
GOTO 7021
707 CONTINUE
TPR1= TPR1=-TRFS  RUPDATF REMAIMING TRAFFIC
ANRIZANR1= 1,
TPR=TPR1/ANR1 RUPDATE AVERAGE TRAFFIC PFP RFGIOM
TPRL=TPR*(1. =ZFTA) RUPDATE LOWFR LIMTIT

1909 CONTINUE

GOTO 703
726 CONTINUE
c

C OMF REGION CASE

A-6
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342 c

343 DO 727 NN=1,N1

3Ly SVR(NN) = 1

345 727 COMTINUE

346 NUMPR (1) = NI

347 703 CONTINUE

348 c

349 C SFLECT REGTONAL SWITCHING CENTFR

350 C

351 DO 500 J=1e¢NR1

352 WCASE = 1.0F12

353 MMRR = 0

354 No 505 K=1,N1 ,

355 IF(SVR(K) +NE. J) GO Th 508

356 NMRR = NMBR + 1

357 MUMR (NMBR) = K

358 NUMRR (NMRR) ZINDYPT (K)

359 DO 490 I=1.4

360 NUMB (NMBR» 1) =NAMEST (K, 1)

361 490 CONTIMUE

362 505 CONTIMNUE

163 C

364 C PRINT OUT PID AND MNAMES FOR SYSTEM TERMINATIOMS IM THF RFGIaM J
365 c

366 WRITECINT»1018) Jr (NUMRROT) ¢ (MUMR(T»T1),T1S194) 5121 pNMRP)
367 C

368 C PRINT OUT TINDICES OF SYSTFM TERMINATIOMS IN THE RFAIOM J
369 c

370 WRITE(IWT»1028) (NUMR(I)»I=1,NMRP)

371 c

372 IF(NRSC{(J) LME+ 0) GO TO 501 RPPE=SFLECTEN
373 DO 570 K=1,NMBR

374 NM1 = NUMR(K) NASSUMED RSC

375 SUMT = 0.0

376 DO 530 L=1,NMRR

377 NN2 = MUMRIL) :

378 SUMT=SUMT+{TRAFNNINMNPY+TRPARTTINMN2) ) #*DTST (NN2 s N 1Y
379 83n CONTINUE .

380 IF(SUMT G6T. WCASF) GO TO S20

381 WCASE = SUMT

382 MRSC(J) = NNI

383 520 CONTINUE

384 501 CONTINUE

385 HNG=NRSC (J)

386 WRITE(TWT»1003) TNDXOT(NNG) s

287 TGO=TACTM(J,»2) BIF 1¢ OPTTMIZATION IS REAUIRFD
388 CALL RGNMET(J»NMRR»MUMR» TGO? MUIMRR)

389 500 CONTINUE

390 C

391 C GEMERATE INTER=REGION ORIGIN=NFSTIMATIOM MATRTX
392 C

.393 C INITIALIZATION

394 ¢

395 " IF(NRISLE.?) GOTO 551

396 DO 902 KI=1+N7

397 KKK=NBASE (K1)

398 KKK=LOCAL (KKK}

o



399
400
401
402
403
4ou
405
466
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
43y
435
436
437
438
439
440
441
442
443
4uy
445
R 1T
§y7
(LY
uy9
450
451
452
453
454
455

902

699

91%
Q05

920
a0n

1022

535

102n
545
C

T4
75
220

735

888

800
804
3

210

73y
40173
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IF (KKK «FQ. 0) WRITF(6:7777) KI
NBASF (K1 Y=SVR(KKK)
CONTINUE
DO 699 K1Z1sNRI
DO 699 K2=31rNR1
TRM(K1,K2)=0,
TRMIK2sK1) =0,
CONTINUE
DO 900 J=1,NR1
NMRR = O
NO 90S K=1,N1
IF(SVR(K) «NE, J) GO TO 905
DO 915 KK=1,N7
NN2=NBASE(KK) AREGINNAL THNNFX FOR KK'S DATA RAGF
TRMIJNN2)STRAFD (Ke 20 KKY+TRM(JeNND) - RONTGOING TRAFFIC
TRMUNZ +J) STRAFN{K » 1 1 KK) +TRMINND . )  RINMCOMING TRAEFIC
CONTINUE .
CONTINUE
NO 920 J1=1/NR1
NM2 = NRSC(J1)
DRM(JsJ1) = DIST(NN1sNH2)
CONTINUE
COMNTINUE
NTURNZNR1/10+1
DO 535 L=1+NTURN
LL=({L=1)%1p+1
Ly=L*10
IF(LIeGT.NR1) LU=NRI1
WRITEC(IWT 10307 NRI+NRI» (KoK=lL,tU)
DO 1022 T=1+NR1 '
WRITE(TWT»1021) I»(TRMUIsJdYed=iLoLlt)
CONTINUF
CONTINUE
DO 545 L=L+NTURN
LL=(L=1)Y#1p + 1
Lu=t.*10
IF(LU «GTs MR1) LU=MR1
WRITE(IWT»1031) NRIPNRIvI(KsK=LL L)
NO 1N24 T=1+NR1
WRITE(IWT»1021) T (DRM{I»J)eJ=LL eL!})
CONTINUE
CONTINUE
CALL IRNOP(NR1eNLIMIT»TRM)
FORMAT(//+»40X»? TOTAL TRAFFIC='rF0Q,.2)
FORMAT(//+ 35X+ "TOTAL SYSTFM TRAFFICZ'sF0o,2)
FORMAT (F1AGSYME NUMBER OF REGINNG?»

*x /7t ENTER NR AND STRIKE RETURM KFY?)

FORMAT(I3)

FORMAT (1X» *TYPE IN PRELOANFD SYSTEM TFRMN, ANN RSC WTTH?,

1 /eIXe"FORMAT I11e1XeAlY,ARY)

FORMAT(TI1v1XsALIS)

FORMAT(10X e T102X2 AL, 1I5) )

FORMAT(1X+rI8»"' DISTAMCE ITEMS ARF OVERSIZED')

FORMAT(® ASSUME A SYSTEM CEMTROIN'¢

*® o /v ENTER CON¥F FOR NSCC ANMD STRIKF RFTUPM KEY?)

FORMAT CAL)

FORMAT (' THE GIVEN SYSTEM ComM, CFMTROID 1S MOT OKe RETYPF ITe)



2

456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
403
Hnoy
495
496
497
498
499
500
501
502
503

504

505
506
507
508
509
510
511
512

S

2101

2102

2103

2104
2108
1io
111
113
109

112
1001
1003
1011
101

1014

1015
1018
7777
1021
1028
103n

103
851

OO0

708

C

C RFAD IN ACTIONS REGARDING INSFRTIONS nF <Y§TFM TEnMINATrnN§
c Tn PRELOADED REGINNS AMD REGTONAL NETWORK NPTIMIZATIONS

oy
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i

FORMAT{1X» *INPUT TOTAL MO« OF TRANSACTIONS AND NO. OF AGCESS ve
1 YAT THE SWETCHERY»/+1Xs*FNTER WITH FA,5 ANN T3 HNH’P XGAC/G5C)

FORMAT(FB.5»13)

FORMAT(1X» *READ IN LIMITS ON NNn. OF SYS, TERM&. 0OM A |Iurv./p

1 * ¢RESPONSE. TIME REGN AND NO. -F PRNCESSORS WITH FORMAT

2 /eov 1I3iFB.2:12")
FORMAT (I39F5,2,12)

FORMAT (1XstIF PLOTTING IS REGUIREDY: TYPF 1 WITH FORMAT T3)

FORMAT((/r1XA612Xs15FB41))

FORMAT (1H1,50¥» 'TRAFFTC MATRIX(PPS)

1)

FORMAT( //siXe'TERM, Yo4XelS(UXsAY)r 7/ )

FORMAT{1H1,40X /s 'POINT TO POINT DISTAMCF MATRIX '

* 770 1Xe 'TERM ¢ 15(UX) ALYy /)
FORMAT( (2X Al 15FR,0))

FORMATU(IX»S{BXsA% 12X rF10e%)2/))

FORMAT(//¢1X) *RSCZ 52X Al et FOR REGION',I5)
FORMAT(/+10Xe ! THERE ARE'+I155' REGTONS!» /)

FORMAT(1H1+35%Xs* TOTAL TRAFFIC ORIGINATED FROM SYQ- TERMN. 'e

* *{BITS/SEC) 9 /)

FORMAT{/+35X, ! TOTAL TRAFFTC DFESTIMATEN To SYS,. TFRVN- tr

* *(BITS/SEC)Y+/)
FORMAT(/010X et NCC= ve2XrAlis/)
FORMAT(1H1¢ " REGS"»13,°¢

* 'MILFSY e/ //:21X030(5X915))
CONTINUE
sTop
SUBROUTINE FIMNDD (fleM}
Aok Rk R kKRR

L3222 22222 ST 2L
AMIN=200900,
M=0
DO 708 K=LeN1
IF(SVR(K) (NE. 0) 60TO 703
ADIST=DIST(MsK)
IF(ADIST +GFe« AMIN) GOTO 708
AMIN= ADIST
M=K

. CONTINUE

“RETURN ‘
QURROUTINE CREADK
******t********#*#**t

FF RN AOR R Rk KK Rk
WRITE (6 94)

FORMAT(* TYPE IN ACTION INnchq FOR FACH nEGInM ty oo
= 'INGSFRTION  TO THIS PRFLOA"FN PEGY“H I? OK

* /20 IST FELEMFNT:

'o(/eSﬂI“)‘

FIND THE NEXT SYSTEM TERMINATION M WHICH TS CLOSEST Ta N
WHERE M HAS NOT BEEN ASSIGNED TO AMY RFGIOM YFT

+ SYSe TER”N.="//v(1Y04(A4!1Y'4A6))7
FORMATUIXs " THE s I3 tTH DATSA BASE IS MOT GYN AS A €YS, TERM, ')
FORMAT(//5 (15X {5185Xs10F10.32/))
FORMATU//v? INDICES FOR SYS. TERM,.=
FORMAT(¢17, /30X *INITIAL TNTERRFGTION TRAFFIC CMATRIX (T

*x I250 XVa1290)%//7/7,21X010(5Xe15))

FORMAT{ Y27, /,30X+ " INTFRREGTION NISTANGF MATRIX ('yY2s* X'tTZl')"

N

o

O

A



Y
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513 ; % /v0 2ND FLEMFNT: 1= OPTIMTZAYTON IS MFFDFED®)

L : 514 Do 200 NN1=1,NR1
L 818 ’ DD 200 NN2=1y2
' 516 S TACTM{NNL+NN2)=0
517 200  COMTIMUE
518 WRITE(6,206)
519 206 - FORMAT(Y TYPE IN PEGION INDEX aMD ACTTOM MUMBFR NFEDFAT,
520 * /ot WITH FORMAT 212 AND END TT WITH A 0 av)
' 521 250 CONTINUE
oy ' 8522 ' READ(S50201) MREGr NCORE
523 201 FORMAT(212)
524 ‘ IFINREG LEQ. 0) 6OTO 265
525 IFINRFG.GT+NR1 +OR, NCODE +GTe P) COTO 260
e ' 526 TACTN(NREG»NCODE) =1
e - S 527 GOTo 250
U 528 - 260 CONTTNUE
o 529 WRITE(6.202)
. 530 202 FORMAT (v PLEASE RFTYPE THF pruTv)
531 GoOTO 250
532 265  CONTINWUE  @ANO MORF INPUT
533 RETURN
534 SUBRQUTINE  CRFADA (ML)
535 c ERRERAFERE R kT Rk
536 ¢
537 € FUNCTIOMNS OF THIS SUAROUTINE ARE Ton
538 ¢ 1, RECEIVE TOTAL NO. OF SYSTEM TERMIMATIONS» NATA BASFS AMD CITIFS
539 c 2. RECEIVE CITY LOCATIONS (Vv & H)
540 ¢ 3, RECFIVE PID NO.» SYS. TFRMe MAMFS: ANDR. MAPPIMG AMD TRAFFYCS
541 c i
542 [ AR o AR O o ok K KK Ak
543 - e OWRITE(6r81)
Sy 81 FORMAT(* TYPE IN NO. OF SYS, TERMNS+ DATA RAGFS ApD CITrFS ¢
5485 ¥ "WITH FORMAT 3154v)
546 READ (5»10)° N1oN7»NCITY R NUMRFR OF SYSTeEM TERMIMATIONS
s547 WRITE(H6eT7R) NI#NTPNCITY
548 78 FORMAT (! THERE ARE '+ T5¢75YS. TERMMS.r toTlhe?t NATA RAGEGY,T5,
549 *' CITIFS's/st TYPF IN DATA BASE LOCATIONS WITH FORMAT 6(1¥sALYY)
550 REAND(S»1S) (NBASE{TI)»T=1,M7T)
551 15 FORMAT(6(1XrAl)) f
6§52 » WRITE(6r16) N7 (MRASFLINeTz1eNT?
553 16, FORMAT(ISe ' DATA AASES ARE AT's&(2YrA4))
554 WRITE(60161)
555 161 FORMAT(® TYPF IN CITY V=H WITH FORMAT (33y¢15:2Xs75)°)
556 READ(5¢17){IVERT(T) s THORZN(T)» T=1,MCTTY)
- 857 17 FORMAT{ (33X ¢ 1592X15))
558 WRITE(£176) ,
559 76 FORMAT(' TYPE IN PID NOei- NAME, MAPPTMG AnR. ¥»
560 * tAND TRAFFICY /¢t WITH FORMAT T4eT1XolARITYrHFRLDY)
561 DO 79 TI=1+N%
562 READ(Svao)IX.(NAMF%T(:»J)pJ-l»u)'tAnn(V)'MAPAnP(I) (tTaarnir»K.Lv.
563 * K=1e2) v L=1eN7)
. 564 ‘ INDXPT(I)=T1
L . . '56S S 79 CONTINUE
R 566 *80““qaFORMAT((A“o1X0346nhuvY?lluquln.alﬂFlﬂ 2))
b S UBRT T 10T FORMAT (315)
568 - RETURN ’
569 : SUBROUTINE CRFADﬁlna)
EROA S
y
: G : /,{/
,\;,
o " «) A=10
i S :
= ) O; ‘ ¢ S N !

o L Foo
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S ‘ RO
5
570 c AR AR ok kKRR S A R
571 c . : S ‘
5;2 g CREATE A RATE APPLICATION MATRIX IRATEJ(N?N2j : : 4
573 s : g : - <
574 c LR R AR P e PP 2L , : ST e :
575 WRITE(6+83) ‘ : o T R
576 83 FORMAT(®t TYPE IN MO. OF RATE STRUNTURFS UNDFR%». : : . )
577 * /» ' CONSIDERATION WITH FORMAT I3°) , i
578 READ (S,50) N2 T i
579 WRITE(6,84)
580 a4 FORMAT(' TYPE IN RATE APPLTCATION TO FACH COMBNs ?p
581 * /r ' WRT EACH SYS. TERM, WITH FORMAT xnx?'! L :
582 Do 11 TRATF”10N2 , 3 B
583 ~ READ (50180) (IRATEL (JiTRATE) pU=1sti2). : L S
564 11 CONTINUE -
585 WRITE(6+T33
586 71 FORMAT(* READ IN TRAFFIC NENSITY TYPF ANMD PATF STRUCTHRr'o
587 * /o' FOR EACH CITY WITH FORMAT 8nI1tY) .
588 READ(S+72) ({IRANDAT )2 dz1s2), 121 P NCITY) o
589 T2 FORMAT((80T1)) -
590 50 FORMAT (13}
591 100  FORMAT (1012) ' . ' R
592 RETURM :
593 SUBROQUTINE CREANC(N3)
: 594 c AR Rk KA K o Kk K
i 596 - C READ ‘IN NAMES» UTILIZATION FACTORS AND CAPACITY FIGURFS
- 597 C ForR LINES TO BF USED IN THE SYSTEM
! 598
599 c FHE KA F AR R A KA KR , ‘ R
600 WRITE (£ .BS) ‘ : ‘
601 as FORMAT(' TYPF IN No. OF LINE TYPES ApprrApLF erH FORMAT 13" = ‘
602 RFAD (5,50) N3 _ : .
603 WRITE(6+86) - u . W
604 B6 FORMAT(Y TYPE IN NAMEs CAPACITYs  UTIL.. FACTOR AVAIL. FOR: :
605 % /0¥ FACH LINE TYPE WITH FORMAT AGPIXe TRy 4 XsFR, ?.;(3x,11)')
606 DO 12 I=1+N3
607 READ(Syloo)LINAMF(I)vLINCAP(T).nTIL17(T)fLIMMIX(t)aTBuPLw(II
608 12 COMTINUE
609 50 FORMAT (13) '
610 100 - FORMAT (A6 1Xs TG 1XiF3, 2»2<1x:11))
611 RETURN : ' 5
812 SURROUTINE CREADD (N&) - o Ly
613 c L e s E TP PP Y s o
614 C : R o
615 C cnrATF A MATRIX OF BAqxc TNSTAILATION AMD chnpnrme cnefq U ‘ RN
616 C FOR CHARGEABLE ITEMS+ ASSUMING -COST IS A LTMFAP FLINCTION e o ‘
RS & A ol o ' s . , L Ty
P 618 C ' FERRROH R R R ' ' S Co g
S 619  WRITE(6487) S
TR ' 620 a7 FORMAT (* TYPE:- IN NO« OF NFVICFS  AMD NAMFc FOP EACH L TNE TYPE®e ..
621 . & /o0 WITH/ FORMAT I3/104R671X)") L «
622 READ (\\.501 NG s (mepuwn\).z 2ALY
- 623 WPITE(6+88) ‘
[ , 624 88 - FORMAT(* TYPE IN INST, AND . RFCURR. cos wPT vy ,
: . 625 * /ut RATE STRUCTURES. LINF TYPE, DEVICFv TnAFFrr 0¢NSTfY L
2 26 " * /v AND nuPer1nc MODE NYTH FoRMAT 2F9,2/2Fg,54)
: R
i o
e :
- A=11 0 o e TR
: . s FITTR L e e KA
.




627
628
629
630
631
632
633
634
6335
636
637
638
- 639
640
641
642

642

644
645
646
647
648
6Ly
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
£
571
672
673
674
875
676
T 677
: 678
o : 679
E ; 680
681
6R2
683
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DO 13 IRATF=1.N2
DO 13 TLINEZ1¢N3
DO 13 TDVICE=1.NH
DO 13 IDNSTY=1,3
READ(Se100) ((AINSTC{IRATE 2 ILINF» INVICF e TNNSTY rJeK) e K=102) o J=1:2)
READ (50100)((RECPC(IRATEvTLzPFvIDVICFwTDNQTY JIKY e K=102) pd=1,2)
13 COMTINUE
100 FORMAT (2FQ,2/2F9.2)
50 FORMAT(13/910(A671X))
RETURM
SUBROUTINE CREADE
[of A 3Ok & o Ol oK KOk o ok K ok kK
o

€ CREATE A MATRIX OF BASTC INSTALLATION AND RFCURRIMG COSTS FAR
C LINES. COST MAY OR MAYNOT BE A LINEAR FUNCTION OF DISTAMCF
c
C o8 2 K oo o ok ok K Rk o ok KOk Rk Kok
WRITE (6+89)
A9 FORMAT (Y TYPZ IN INST. COSTS FOR LINES WRT '
1 /¢' RATES LINEs DENSTTY, AND NUPLEXING MADE
2 /+¢ WITH FORMAT 4F0,2')
WRITE(6990)
90 FORMAT (¢ TYPE IN TNDEY FOR LINEARITY OF L INF RFCUR, CAST?,
1 /+* FUNCTION WITH 1=LINEAR AMD NONLIMFAR OTHFRWISE®s
2 /+v WITH FORMAT 11 FOR EACH LINE TYPF')
WRITE(6¢91)
91 FORMAT(* TYPE IN'RECURs COSTS WITH FORMAT 4FQ,2 IF LTMEAR %9
1 /+* WITH FORMAT 10FR.3/10F8.3 TF MONLTMEAR?
2 /v% IF NOMLINEARe USF 10FR.2'}
DO 14 IRATE=1+N2
DO 14 TLIMEF1+N3
READ(5,200) INDEX
CIFLAG(IRATE»ILINE)=INDEX BLINF €OST LINFAPITY INDICATOR
DO 14 TDNSTY=1,3
READ (55100) ((ANSTUN(IRATE»ILINF s IDMSTY e T0d) s d=102)97=192)
IF (INDEX.NF.1) GO TO 3

C LINEAR COST FUMCTION
i READ (S5+100) ((RFCRIN(IRATEDILINF'YnN<TYvIrJ)vd'le?)v1 1+2)
: GO0 YO 14

3 CONTINUE @ NONLINEAR COST FUMCTIOM

“READ (5¢401) ((RECRLN(IRATF,ILTME»TRMNSTYrTrJd) »J=1516)0121,2)
14 CONT INUE
100 FORMAT { (4F9,2))
200 FORMAT -(11)

401 FORMAT ((10F8.3/10F8.%))

RFTURN
FUNCTTON LOCAL (NL)
AR AAAOR ARk KKK

FTND LOCAL INDFX FOR SYSTFM TEPMINATION WiTH *D NL

AOOHOO

TRk E KRR ¥ kRN
LoCAL=0
IF(NL#FQ:0) RETURM
DO 4001 NN=1,N1
IFCINDXPT{NNY «FQ¢NL) GOTO 4002
4001  CONTINUE

A-12-
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684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729

730

738
732
733
734
735

736

737
738
739
740
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RETURN
4002 LOCAL=NN
RETURN
SUBRROUTINE OVERFL{J»K)
c i SR IR S g Pl L
c
S STORE OVERFLOW ELEMENT (JsK) AT LORATINN TOYFD OF TABLE
C Lpa ANN PUT A MARK 511 AT LOCATTON U OF TARLF MA (PSTNCE)
c .
o Kok ok ko kR Kbk ok k Rk F
JF(IOVER1 +GE. NMAX) GOTO €000
CALL PACK (Js511¢1,DSTNCE)
IVRD(INVERY+1)=Y
IVRD(INVER1+2) =K
IOVERIZIOVERL1+1
RETURN
8000 CONTINUE .
WRITE(6/8001) :

B0NY FORMATI(2Xe' THE OVFRFILOW TARLE HAS BEFN FuLLY lOAnFD"-
* /92X%e ' PLEASE TNECREASF ITS SI72F*)
STOP
SUBROUTINE CREADR
Ho ok Kook kR Rk ok k¥ Nk

RECEIVF DATA FOR RESPONSE TIME CALCULATTON

MQLIN(MP9r2)= INPUT MSG LFNGTH AS A FUNCTTON OF TYPE AND PRINARTTY
MSLOUTINPS»2)=0UTPUT MGG LENGTH AS A FIINCTTION OF TYPE AND PRYNRITY 5
AMSL (7)== AVERAGE MSG LFNTH FOR -
1=POLLING 2=NAK RFSPONSE 3zINPUT MGG wITH PRIORITY ¢
4=INPUT MSGS S=OUTPUT MSG WITH PRIO 1
6=0UTPUT MSGS WITH PRTO 2 7=ALL MSGS
TIMXMT(74NP3) ZAVERAGE - TRAMSMISSIOM TIMF FOR AROVE TITEMS
RATPRI(NPG»2:2)=04TPUT MSG DISTRRUTN AMD NIT~GOING MSa RATIO RY PRTO
Nelel = PERCENT OF QUTPUT MS5G GENT'D WITH PRTO 1. 1F ITS TYPF IS N
Nel92 = PERECNT OF QUTPUT MS5G wHOSF DESTINATION: 1€ OUTSTNRE OF
RATIOTINPQ2)SINPUT TRAFFTC DISTRI, AS A FUNCTION OF TYPF AMN PRINRYTY
RATIO(NPGr2) ZOUTPUT TRAFFIC NTSTRT. AS A FUNCTION OF TYPF AND PRIGR!TY

[s¥sNeloNoNe e XeRe e Ne R NeNe N ks Ka Xal

Aok Kok Rk R Kk ek okok
DIMENSION MSLIN(NPGQ,2) rRATIO(NPO»2) rRATTOY (NPO2), .
1 MSLOUT (NP 2) yMSGMAM (MPO Y
2 NPLANPI) s NAK (NP3) ¢ MPLNH (IIPR) o+ MAKOHINP3)
3 ”OH(NP3)'TAMDM(NP3)cTADnth!)
WRITE(6e771)
771 FORMAT (* TYPE 'IN MPLs NAKs NPUOH» MAKOHS MoHr'o
* /¢t TAMDMe TAD IN FORMAT (S5T422FT745)0)
READ(S¢77) (NPL(I)pNAK(T) o NPLOHIT )Y e NAKOHIT) ¢
* MOH(I) o TAMDMIT) +TAPD(T)»I=19N3)
wRITF(TwTv7%)(LINCAP(I).NPL(!).NAK(I):MDLOH(I)-MAKOH(V)'
 MOHITY  TAMDMUIY s TAPNUI) 0 T=1e03) .
73 FORMAT((2Xy 153X 0 'POLL CHARWZ! p Tl ! an‘cnnpc:vvru.' P”LL 0/H=',
1 T4 /7+10% s tNAK OZHZU»THyY . MSE O/HE e Th, o , :
2 /910Xy tMPSEMSYFR, 3" PPSEMSrFR.3)) ‘
77 FORMATU(514,2F7:5))
WRITE(6:772)
772 . FORMAT(Y TYPE IN NOo OF MSG TYPESs AMD TRAFFIr §TAT!STICS'!

2 . s

313
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T41 1 /s SUCH AS MSGNAM, MSLTMs MGLOUTe RATIO WITH?,
42 2 o/et FORMAT T4/ (AGe2(2T412F64%Y) 1)
743 READIS+77) NTYP . .
7u4 READ(52179) (MSGMAM(T)» (MSLIM(TrJ) ¢eMSLOUT(T2J) »
745 * RATIOI(IeJ)RATIO(InJ)»J=192)9r1z19NTYP)
746 179  FORMAT({A6+2(R2I4r2F6.3)))
747 READ(5+81) CPUAVG
748 - 81 FORMAT(F7.4)
749 C
750 C CALCULATF AVEPAGE MSG LENGTH
751 c
- 752 DO 61 1=3,7
753 AMSL (1) =0,
754 61 CONTINUE
755 v DO 58 I=1.4
756 ASUMITI) =0,
757 58 CONTINUE
758 DO 62 I=1eNTYP
.. 159 DO 66 J=142
760 J1=J+2
761 J2=Jty
762 AMSL (U1 IZAMSL (J1Y+MSLIN(T 1 JY:RATTIOT (T )
763 AMSL (J2)=AMSL (J2)+MSLOUT (T s JY*RATIO(T o J}
T6U ASUMCJ) =ASUMIS) +RATTOT (T v )
765 ACUM (1) SASUM(JIY+RATIOY v )
766 66 CONTTNUE
767 62 CONTINUE
768 BSUM=0.
769 Nno 67 T=1eu
770 JIZI+2
771 CAMSL (7)ZAMSL (7)4AMSEL (JL)
772 BSUM=RSUM+ASUM(T)
773 67 CONTIN!E
774 AMSL (7)=AMSL(7)/8SUM = ROVFRALL AVG. MSG | FNGTH
775 IFLASIM(L) JEQe 0.) GOTO &R
776 AMSL (6)=AMSL (6) ZASUM(4)
777 68 CONTYNUE
778 AMSL (5) =AMSL (5) /ASUM(3) PAVG, MGG LFNTH FOR PRION=1
779 COAMSL (4) = (AMSL(3)+AMSL (4) ) Z(ASUM (1) 4AGIM{2Y) RAVG TNPHT MGa LFN,
7680 AMSL (3)=AMSL (3) ZASUM(1)
781 \ WRITECIWT»105) C(AMSL{T) ri=%7) ;
782 105  FORMAT(/+5X» *AVG. INPUT MSH WITH PRIO 1=%,F6,1¢' CHARS!,
783 1 Z95Xe YAVG. INPUT MSH ",F6e10' CHARSY,
784 e ZeBXtAVG . QUTPUT MSG W/H PRIN 1=¢,FR.1+* CHARG,. 1,
785 3 /+SX e vAVG. OUTPUT MSG WITH PRIN2=',FH, 19! CHARGY,
786 4 15X 0 OVERALL AvVG. MSG =tyF6s1r!' CHARGY)
787 DO 65 K=1¢N3
788 AMSL (1) =NPL (K)
789 ; AMSL (2)=NAK (K) :
790 TIMXMT (1K) = (AMSL (1) +NPLOH(K )Y ) %8+ ZLTNCAP (¥ } +TAMNMIK)
791 TIMXMT(2oK)=(AMSL (2) +NAKOH(K) ) *& o /LINCAP (K )4+ TAPP (K)
792 DO AR J=3,7
793 TIMXMT (Je KIS {AMEL (J)+MOH(K) Y %R ZLTNCAR (K ) +TAMPMIK)
794 63 CONTINUF
795 65 .COMTINUE
796 BSUM=ASUM(3) +ASUM(4)
797 . RETURN

A-14
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798
799
800
ao1
802
803
804
805
806
807
808
809
810
811
8i2
813
814
81%
816
817
A18
19
820
821
822
823
824
825

e XeEaXeKg)

850

855

851

700
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SUBROUTINE CWwATITC
HRARRR KRR R AERA

PPF=CALCULATE CPy WAIT TIME

LA 22 IS I 222 TS L

RHOCPU=XSAC*CPUAVG/MPROC

WRITE(100:,850) RHNCPU

FORMATSY CPU UTILIZATION PFR PRNOCFSSOR 16 + :5.3)
IF(RHOCPU +LE« «8) 6OTO 851

WRITE (6¢855)

FOPMAT(* THE CPU 1S OVERLOADED, THFRFFORE 1T Yq N6 UISF. v0 '
* GO0 FURTHFR, ')

STOP

CONTINUE

BETA=RHOCPU

IF( MPROC +EQs 1) GOTO 700

RHO2=RHOCPU*%2

BFTA=2 «*RHN2/ ( 1 4+RHOCPI})

IF{ MPROC +EQ« 2) GOTO 700

RHO4=RHOCPIj**4
BETA=256%RHO4/ {24472 %xRHOCPUI+96%RHN?

* +6u*RH02*RH0CPU—2u0*RH04)
CONTINUE
WAIT(Q)-CPUAVG*(BETA/(MPROP*(l.-RHnCP”))+1)
WAIT(Y4)ZWAIT(4)*NREQSY

RETURN

EMD

WPRT STACOMRGNMET/D777

ET O

A-15



519284STACOM(1) ,RGNNET/0777
SURRQOUTINE RGMNET(JREGN: MOREGH: MUMPe TGO NUMRR)
IR s T

VRN E OGN -

47

OO OND
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DFVELOP A REGIONAL MULTIDROP NFTWORKe STARTING WITH A STAR
NETWORK AND THEN OPTIMIZE IT RY ESAU=WILLIAMS MFTHODs GIVFN
THE FOLLOWING AUGUMENTS:

JREGH= THF INNEX FOR THE REGION UNDFR COMSINFRATYON

NORPEGNZ THF NUMBER OF SYSTEM TFRMIMATIONS TN REGION JREGM

NUMRS= AN ARRAY THAT CONTAINS INDICES FOR ALL SYSTEM
TERMINATIONS IN RFGION JPFAM
1G0= 1 ‘IF METWORK OPTIMIZATION TS TC RF PERPFORMED

NOTF ¢ NODE

AND SYSTEM TERMINATIOM APE FYCHANGEARLF

(2T E2 LIRS 222222

PARAMETER
PARAMETER
.PARAMETER
PARAMETER

NP1=130s NP2Z1, NPI=g4e MPY=3
tP7=4

IWT=100s MW=He NOC=3AN
NPE={NPCANPC/2-~NPC+1)/4+1

COMMOM/CONST/ N1vM2oMNEeNYaMT7 NCITY

/MSLA/

LR AR IR O IS 2R IR 2R B

/RESP/
DIMENSION
DIMENSICN
DIMENSTON
DIMENSTON
DIMENSION
DIMENMSION
DIMENSTON
DIMENSTON
DIMENSION

/REF/IREF (NPCY» TRAFDINPL»2+MP7) 1 DSTNCF (NP6 1 MAPANR (NP1)
ZILINCHR/ LINMIX(NPZ) s LYMCAPINP3)» UTILIZINP3I)

JINF/ IRATEJINP2 )NP2) » IRANDINPC2) + IFLAGINP24NPT)

ZEIN/ SVR(MP1L) 1 MRSC (MW) s NUMPR(MV) » TRAFNN (NP1} ¢ TRAFTT (NPL)
/NAMEZNMAMEST (NP Lo 4) rLINAME (NP3) o NAMFHW (NPU)

/SUM/ ASUMY) 1 RGUM

AMSL{7)

/ROUND/ NTERMS: TIMREQ+MPROCIMPLNT
/ADD/ TADD. (NP3)»KCHGrKADD

RHOLIM{4) »RSPTIM
COSTEW(MP1,4) s TAPRAY (NP1 ¢ S) v ARRAY (NPT #2)
TIMRSPINPL) s TRESUMINPLe2) » TTMAUT (NP )

MLINES (MP1eNP3) s LOUMMY (NPX)y MIMR(1)
TOSTINPL) »LNKCHW INPA#HIPU»2) o LMK ALN (NP, 2)
ICSTHWINPLYNPY,2) yICSTLN(NP1»2) yITCOST(NPL22)
1.SUR (NP 1) »MSUB (NP1 ) s MSUR{MNPY )
IBLANK (NP1} » JCHAR(2)

NUMRR (1)

RHOF (NP1}

EQUIVALENCE (JCHAR /¢ ICHAR)
DATA JBLANK /'t v/

RSPTIM=0,
IPOINT=0

INTEGFR TCOST1,TCOST2:COSTCOSTFY

¢ ,
C INITIALIZE COST ARRAY» INDEPENDENT OF LINF TYPE
c

399

L0

DO 399 K1=
Do 399 K3=

1+N1
192

ICSTLN(KI K3)=0

Do 399 Ku4=

1eNG

ICSTHWIK1 K4 K3) =0

CONTINUE

MM1ZNRSC (JREGN) RGLORAL INPEX FOR RSC
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57
58
59
60
61
62
63
64
65

67
68
69
70
71
72
73
74
75
76
77
78
79
80
a1
82
83
a4
85

- B6

87
88
89
90
91
92
93
94
95
%6
a7
98
99

100

101

102

103

104

105

106

‘107

108
109
110
11t
112
113
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C FIND THE LOCAL RSC INDEX IN THF REGION ARPAY
DO 98 YND—I:NOREGN
IF(NNL +EQ. NUMRUINN)) GOTO 1R9
98 CONTINUE =~
189 CONTINIE
IRSC=IND
C RUILD A STAR KETWORK
c
CALL STAREW

PRINT OUT STAR NETWORK

2N e Xp]

CALL SUMPRT(NOREGN»1)
IF( IGO0 .£0. 0) GOTO Q79

DFVELOP A MULTIDROP NETWORPK UTILIZING THF
ESAU-WILLISMS ALGORITHM -

OoO0o00n

MAXSAV=0

MAXM=D

MAXL=0

MAXK=0

MAXKI=0

MAXLIN=0

MAXNOL=0

LINNEW=0

RSPMAX=0,

RHOMAX=0,

ICHAR=Y ¢

ITALLY=0

JTALLY=0

KCHG=1"

KADD=1

I0K=0

INTRY=0

Catl. ESSWIL

WRITE(6r933) TTALLYsJTALLY
933 FORMAT(2X¢'TRYLNK HAS BEEM ACCFGSEN FOR 1,10, TIMEq'v

1 Z¢2Xr 'UPNETW HAS BEFN ACCESSFN FOR. 119, TIMESY)
979 CONTIfIE

RETURN

SUBROHYINE STAREW
c R KT R R ARk
¢ ,
C FoRM THE IMITYIAL REGIONAL STAR NETWORK® JTARDAYs AMD FIND. ITZ
C COSTy COSTEW
(o MOREGNENUMRER OF SYSTEM TFRMINATIONS byl THF RFGION
c

[ kAR R R b kKRR F
INTEGFR COST
DO 100 K3=1, NOREGN
DO 110 Kyz=2»4
TARRAY{(K3+Ku} =0
110 CONTINUE -
KK=N'MR (K.3)

P

e

7

AU
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s

hY
,Q\

Ny

114
11s
116 .
17z
118

119
7120

123
122
123
i2y
125
126

127
128"

129
130
131
132
133
134

135 -

136
137
138

139

140
141
142
143

144

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

162

163
164
165
166
167
168

- 169

170
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TARRAY (K3 1)=IAND (KK)
TARRAY (K3¢5)=IRSC . 1 LOCAL TNDEY FOR RSC
ARRAY(K3¢1)=TRAFNDN(KK)
ARRAY (K3»2)=TRAFIT(KK)
TIMRSP(K3)=0.
160 . CONTINUE
IARRAY({IRSC»1)=NOREGN = 1 RBNO, OF NONES NDER RSC
NM=1 . RASSUMING THE 1ST S!ICCESSOR WITH: INDFYX 1
IFCIRSC +E0¢ 1) NM=2 RIST SUCCFSSOR IS WYTH TMDEX 2
TARRAY L IRSCs2)=NM
c IARRAY (IRSC»5)=0
g RELATE ALL OF RSC'S SUCCESSORS
DO 200 KS=1:» NORESGM
IF(KS +EQ. IRSC) GOTO 200
NM=NM + 1
IF(NM ,EQs IRSC) NM=NM + 1
IF(NM +GT+ NOREGN) GOTO 200 REND OF SUCCFSSNRSY LIMK
TARRAY (K5 3).=NM
TARRAY (NMs 4 )=KS
200  CONTINUE
(o
g OETERMINE LINE TYPE FOR CFNTRAL LINKS TO RSC
DO.550 NONF=1r. NOREGM
IF (NODE . +EQ+ IRSC) 6OTO 555
TRFIN=ARRAY(NODE¢1)+0.5
TRFOUT=ARRAY {NODE+2)+.5
NN2=NUMR {NODE )
DSTN=DIST(NN1 »NN2)
IDST (NODE) =nSTN

COSTEW(NODE »4)=DSTN
C
C TAKE A FIRST GUESS FOR LINE COMFIGURATION
c .

COsST=0

RHN=0,

MDROPZ=TARRAY (NODF s 1) +1

CALL LINNUMITRFIN,TRFOUTLDUMMY ,LINOLN,n¢RHA)
781 CONTINUE
c

C COMPUTE INITIAL REPONSE TIME

C

IKONT=0
DO 783 I=1,N3
IF (LDUMMY(T) oME, 0) ITKOMT=IKONT+1
783 CONTINUE
AIHTRF=TRF IN
OUTTRF=TRFOUT
; TF(IKONT +EO. 1 LANDe LDUMMY(LINOLD) .E@. 1) GOTO 772
g RFSPONSE TIME CALCULATION MEENS MOPIFICATION
ACAP=0, |
DO 771 NL=1/N3
ACAP= ACAP&LINCAP(NL)*LDUMMY(NL’

A-18
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171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206

207

208
209

210

211
212
213

214

215
216

217
218

219
220
221
222
223
224
225
226
227
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L.OUMMY (NLY =0
771 CONT TNUE
LpuMMY (L TINOLDY =1
AINTRF=TRFIN*LINCAP(LIMNOLD)ZACAP nPFanuT TRAFFT(
OUTTRF=TRFQUT*LINCAP (L INOILD) ZACAP
172 CONYINUF
CALL RSPNSE(AINTRF»OUTTRF S LINOLDYMDROPSTOK) -
IF(I0K +EQ.. 1) 6GOTH 773
IF(LINOLD «FQs MN3) GOTO 774
LOUMMY (LINOLD)=0
LINOLD=LINOLD+1
LDUMMY (LTMNOLD) =g
GOT0 775
T74 CONTINUE
NLL=D
N33zMN3~1
NO 776 1=1,N33
IF(LDUMMYLT) FQ.N )} GNTO 776
NLL=T
- GOTO 780
776 CONTTHNUE
LDUMMY (1) =)
GOTO 775
780 CONTINUE
LDUMMY (NI_L)=0
LDUMMY (NLL+1) = LnuMwY(NLL+1)*1
775 CONMTINUE .
CALL. RHOFUN(TRF TN, TPFOUT »LOLIMMY, l!NOLnuanLrN-RHO)
GoTO 781
773 COMTINUF.
TIMRSP (NODE)ZRSPTIM
KCHG=2
CALL ISUMUP(IRSC:NODF: 0rCOST)
RHOF {NODF } =RHD
COSTEW(NODE»1)= COST"
OSTFW(MODE»2)=LINOLD
DO 499 NL=1eN3
NLTNES (NODE » NL)‘LDUMMY(NL) .
NO 499 NMz=1.2 '
ICSTLN(MODE NM) = ICSTLN(NODEvMM)+|NKCLM(uLoNM)
DO 499 MNKZ1rN4
ICSTHW(NODb'NKrN”)‘LNKCHW(NL'NK MM)+rCSTuw(NnDFvMKvNM’
499 CONTINUE
JTRAF=TRF IN+TRFOUT
JTRAFSJTRAFZUTILIZ (L.INOLD)
‘ CosTFw(NODEoB)‘JTRAF/LINPAPQIINOID)+1
_GOTO 550
5595 COMTINUE
C

"C ASSUMING TRAFFIC AT IRSC TS TAKEN CARF OF AUTOMATTICALLY

C
No 498 NL=1+N3
MLINES (NODEFNLI =0
494 CONTINUE
COSTEW (MODE*1)=0
COSTEW(MODE+21=0
COSTREW(NODE»3) =0

¢

@

5
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O
Ay}

228
229
230
231
232
233
234
235
236

237
238 -

239
240
2641
242
243
244
245
246
247
248
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250
251
252
253
254
255
256
257
258
259
260
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262
263
264
265
266
267

268

269
270
271
272

273

274
275
276
277
278
279
2R0
281
282
283
284
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COSTEW(NODE »44) =0
RHOF (NODEY=0.
550 CONTINUE
RETURN
SUBROUTINE ISUMUP(LlrLZoLTvIC)
EETIIITEICTII 23T L T2

CALCULATE COST BETWEEN NONDES L1 ANN L2 AMD ADN IT TO
TOTAL COSY IC WHERE LT=LINE TYPE

AOOOAOOO

3 3 2k 3 o ok e e o ROk o ook Kok ok K
LLI=NUMR(L)Y)
LL2=NUMR(L2)
CALL TICOSTJ(LDUMMY »LLY PLL2 ' LNKCHW U NKCLM)
KK=N3 ’
IF(LT.MNE.D) KK=1
DO 211 LINTYP=]1/KK
LTYPSLINYYP
IF(KK«EQel) LTYPELT
No 221 11=1+2
TCSICHLNKCLN(LTYP,»T1)
no 222 I2z=1.N4
TC=ICHLNKCHWILTYP»12971)
222 CONTIMUE
221 TONTINUF
211 COMTINHE
RETURN
SIIBROUTINF ESSWIL
L2 Y I A AR TR 22 ]

Ty AGAIN TO OPTIMIZE THE NETWORK

sk o o ok oK 3K e o KOk b K
00n  CoNTINUE
K=IARRAY(IRSC+2) . RFIRST SURNFTWnRK LINNFD -RSE
KNEXT=TARRAY(K¢3} BNFXT SUBNETWORY. IINDFR RSC
IF(KMEXT +EQ, 0) GOTO 599 AONLY ONF SURMFTWORK
560 CONTINUE '
T0K=D
L=TARRAY(IRSC+2) RK-SIBNET 1S TO RF LINKEN TO L=SHANFT
870 CONTINUE
IF(L «NE. K) GOTO 875
L=IARRAY (L ,3)
IF(L.FQ0) GOTO 66N
575 CONTINUE
K1=NUMR(K)
DREF=DIST(NN1 K1)

OO0

c
C TFrsY TOTAL NO. OF TERMINALS IF K AND L ARF COMBTMED
¢ .

INTRY=0 RINDICATION OF FMTRY TO TRYINK

LINE=COSTFW(K» 2}

IF(LINCAP(LINE) +FQ. 9600) GO TN KR5S ANO MULTIDROPPING .nM 9600
NODET=YARRAY(K» 1) +TARRAY (L1142

IFINONET +6T,. NTERMS) GOTO RRS RTA0 MANY TFRMNTALS

M=l

K1=K

y - A-20

]
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285 580  COMTINUE
286 MISNUMR (M) .
287 DTRY=DISTI(KI.M1)/2, R
288 IF{DTRY 46T« DREF) GOTO 14n a ' ST
28Y CALL TRYLNK(K¢KI¢L)M) R M 15 THE INSEPTTON NONE T
290 IF(IOK +EQ. 0) GOTO 585 N
291 140  CONTINUE
292 M=NXTNOD(LsM) RNEXT NODE UNDER M ON L=SURNFT : ' :
293 IFIM JNE, 0) 60OTO 580 - WNO MORE NOPFS UNMDFR M ON L «<SURNET P ¢
294 KIZNXTNOD(K+»KY) RSTAPT WITH NEXT MODF AN K~SURNET B
253 IF{KI «E@+ D) GOTO 585 ‘
296 K1SNUMR(KT) R , : o
297 M=L : ‘ SRUE
208 GoTO 580 i S )
299 585  CONTINUE . ,
300 L=IARRAY(L»3) RNEXT SUCCESSOR ‘
301 IF{L «NE. 0) GOTO 570
302 660  CONTINUE
303 K=IARRAY(K#r3) . o ~
304 . IF{K «NE. 0) GOTO 560 BNOT AN FNN YFTs REPEAT THF SFARCH ‘ S e
305 ‘ T T
303 g Al L. POSSIBLE COMBINATIONS HAVE REEN TRIEN
> 30
‘ 308 c IF(MAXSAV JLE. 0) GOTO 599 RNn NEFN To GO FURTHER
309
310 C UPDATE NETWORK RASED NN UP=TO=NPATE ‘MAXTMIM c0GT SAVING
311 C PARAMETERS
312 c ‘
313 JTALLYSJTALLY*1 ;
314 CALL UPNETW ' _
315 C ‘
316 . C RFINITIALIZATION ! ‘ : o
317 C : L e
318 RSPMAX=0, \ " '
319 MAXSAV=0 . EU -
120 MAXK=0 b
321 MAXL=0
322 . MAXMz0
323 MAXKT=N
324 MAXLINZ0 , L ; .
325 LINNEW=0 . ; : “ ’ Loy
326 MAXNOL=0 s , :
327 , RHOMAX=Z0 . ,
328 60T0 5000 ~ , S e
329 59Q . CONTINUE : o :
330 C L .
131 C PRINT OUT COSTS FOR THF OPTIMIZED MULTTINROP NETWOPK , . N
332 T E o E N ,
333 CALL MUTDRP : ’ . . f ’ N
134 c , , ' o
335 “C PRINT OUT THE OPTIMIZEN MuLTxonoP NFTWORK
336 c y
337 CCALL NFYPRT ' - ‘
338 : IF( MPLOT HNE. 1) GOTO 50 ° o
339 - CALL CALPLY ‘ :
: 340 50 CONTINUE
: 341 RETURN

g e

[
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342 SURROUTINE TRYLNK{KL KIL#LL /ML)
343 c I 1231 22T ITTS
3uy o
34s C TRY TO ELIMINATE CENTRAL LINK KL AND L.TNK 1T TO THF snBNFTWnnK
346 € LL THROUGH SYSTEM TERMINATIONS KIL AND M.
347 C
348 < KRR Rk KRk
3 309 INTEGER = COSTKM#COST
a : 350 ITALLYSITALLY#L
: ‘351 TIFLINTRY FQ. 1) 6NTO 719
& 352 TRFINZARRAY (KL » 1) +ARRAY (LLF1)#0.5
L 353 TRFOUT=ARRAY (KL 2) 4+ RRAY(LLs2) 40,5
E 354 C
L 355 C FIND THF LINE WITH THE ENOUGH CAPAGITY TO HANNLF
i 356 C THF TOTAL TRAFFIC ON THE PROPOSED SURNETWORK LL
: 357 c . :
358 CALL LINNUMUTRFINS TREOUT s LOUMMY 1 LIMNEY , 1o RHN)
S 359 IF(LINCAP(LINNEW) «FQe 9600) GnTo 132
' 360 CLINUPSLINNEW=1 -
361 IF(LINUP «EQ, 0) GOTO 712
362 DA 711 NL=1s/LINUP
363 CIF(LDUMMY (NL) +FQs 0) GOTO 711
364 GOTO 13?7
365 711 CONTIMIE
366 712  CONTINUE
B 367 NLNEWZLDOUMMY (L INNFW)
B 368 IE(NLMNEW «GT, 1) GOTO 132 QMORF THAN 1 LTME NOT ALLOWFD
a i 369 ; COST=COSTEWILL1)
! : 370 LINOLDZCOSTEW (L 2)
. 3N NLOLD=COSTEW(LL+»3)
: are MCOSTL=COST
373 . . 300n CONTINUE
.} L SR ,
3;2 g TFST RESPONSE TIME» IF NOT SATISFIFN; INCREASF LIME CAPACTTY
3
377 Call RSPYIST(KLsLLoLINNEW,IOK)
378 IF{I0K +EQs 1) GOTO 3001
379 c
3eg g IF LINE TYPE IS THE HIGHESTs NN NFEM 70 GO FURTHEPR
38
382 IF(LINNEW +EG. N3) GOTO 132
383 LnUMY (LINNEW) =0
- 384 LINNEW=LIMNEW+1 .
385 IFILINCAP{LINNEW) +EQ. 960N) GNTO 132
N 386 LDUMMY (LINMEW) =1
.o - 3AF NLNEW=1
£ 11 CALL RHOFUN{TRFIN) TREQUT » LOUMMY » LLTNNF W RHOL IN»RHO)
- 389 60T0 3000
390 - 3001 CONTINUE
391 IF (LINNEW.EG. LINOLD.AND NLOLD.EO.1) GOTO 13)
392 CALL LCOSTK(IRSCrLLe1+MCOSTL) — ANFW COST FOR SURKFT UNNES® LL
393 131 . CONTINUE : .
394 ‘ LINOLD=COSTEW(KL2)
395 MCOSTK=COSTEW(KL 1)
396 NLOLD =COSTEW(KL*3)
397 : IFC LINNEW oEG. LINOLP JANN, NLOLD +Ef, 1) GOTO 133
398 » CALL LCOSTK(IRSC KL+ 0sMCOSTK) RNEW COST FOR SURNFT LIMDER KL




399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418

419

420
421
422
423
424
425
426
427
428

429

430
431
432
433
u3y
435
436
437
438
439
440

. 441
442

443
444
445
446
w7
448

449
450

451

452

453

454

485

DO

R A *
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- /,/ :",’
»"/v’ e o -
- o
oA 4 "J ) = ] B
60TO 134 R , i Ry : o

133 - CONTIMUE ot : - - -

ITEMP=0 g . ; )
KAOD:Q ’ Lo Co Lo -"o?
KCHG=2 . IR
CALL ISUMHpQIR chL.LxﬂNEw'ITEMD) . : _ “ G
MCOSTK-MCOSTK-ITEMP L ; e o o @,

134 CONTINUE : .
INTRY=1, RFLAGS THAT INDICﬁTrS AM FMVRY,Tn TP?LNK
JSAVE COSTFH(LL-1/*C0§TFW(KL;1)~(McnSYL+nco§Tn) 5

719 CONTINUE = -~ - e B : . o
COSTKM=0 e 7 Lo
KADD’ n < 4 T ’::Z
CALL TSUMUP (ML +KIL s LINNEW #£0STK kM) s
ISAV=JSAV=COSTKM : e .
IF (TSAV . LE, MAXSAV) £0 .TO 3 o
RSPMAX=REPTIM - 5 .

MAXSAVSISAV . o - . . kﬁ .
MAXK =KL T B i - 5
MAXE =L i ya :
MAXMz=ML . ~ 2,
 MAXKI=KIL et T . Sae
S MAXLINT LINNEW i ; e
'¢NhXNOL HNLNEW : P ; D
" RHOMAX=RHO - . : iy [ o
132 | CONTINUE - o v
‘ "L D TRETURN i L
© SUBRAUTINE Lco TK(I:NA'NB'TCOGY) - 7 B

c o ***~w***$rtr:**«**ﬁﬁ . c g ‘ e

¢ v ,

c. “IND COST"FOR A Suemtnwoax. NAZ REGTNNIMG MODE rnRHTHF QHBMFT :

C - T0 BE FVALUATED., - 7~ ! s,

€ ' NR=1 WHEN COST FOP cerRAL LINK NA IS ToO- RF’!MCLUHE - :

€ .. Np¥0, WHEN COST Fon CENTRAL LIMK MR IS yOT Tou HE BMCLHnFn

c. 4 . .

c **t***vr***fvtt*‘***** - o R R
INTEGER TcosT : S KRR i , ‘ <
TCO5T=0. Y s ‘ = ' : S
KCHG=2 - o B : -

CALL KQUMUP (IcNAcLINMEWvTCOST) ‘ o , “ _‘/; s

: . o
START compuvxne >umﬁ T COST U . { =
dﬁON‘IARRAY(Mﬁa R FIRGT SHCCchag :

S TELJSONGE@L 0SS Govr Loo - . i

800, CONTINUE ~ " ° ”1: g R

o SIASTARREYIUGONSEY:  fe /e SRR o ,
CALL Iﬁt.UP§JPB¢¢50N¢LIN[‘vaLOQT) S Lo
. JSONZNXTNOD (NA? JSOM) i L e e
' &l a CALL TT AN, an

40g ﬁNﬁgNug s o ,h_,; ) R ’

a -xr}ua Q. 1):RETUPN BT A : C Wy
AYEMPD : SN v';gww‘ S T S L
’ADD 0. e L D N AL AN SR RSP %

&
N 9 i ) ;
o < v &
. D
fsl L
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RETURN ,
FUNCTION NXTNOD(L1+#M1)
oA ok AR R R R

FIND THE NEXT NODF IN. THE SUBNET.Li WHICH M1 RELOMGS TO,
IN THE PROCESS: IF THF NEXT NORF IS Ll1s.0 IS RPETURNFD
OTHERWISE THE NEXT NOPE IS RETURNEDR.

oo K oo K o X SR K o o kK

NXTNOD=0

MM=M]

KSON=TARRAY (MM 2)

IF(KSON +EQs 0 <AND, MM ,EQs L1) RETURN QA SINGLF MNODE
IF (KSON +EQes 0) GO TO 1 R NG SUCCESSNR
NXTNOD=KSON .

RETURN

CONTINUE

~LOOK FOR HIS NEXT RROTHER

KBRO=TARRAY (MM, 3)
IF _(KBRO “EQ. 0) 60 TnD 2 MANO MORF SUCCFSSORS WITH SAME PREDECFSSOR

"~ NXTNOD=KBRO

RETURN
CONTINUE

GO TO HIS FATHER

MM=IARRAY(MM,5)
IF (MM o NE, L1) GO TO 1
RETURN
SURROUTINE UPNETW
KRR R K Fhokokok R kKR

P RACK TN THE REGTYNMTMNG

UPDATE TARRAY AND COSTEW RASED ON MAXIMUM=SAVING
PARAMETERS OBTAINED

UPDATE TRAFFIC AND NO. OF TERMINALS FOR L=SURNET

ok K s o o K e e o ok
NOK=IARRAT(MAXKs1)+1 MNO« OF NODES BFELOW MAXK
IARRAY {MAXL s 1) =TARRAY(MAXL s 1 ) +NOK
ARRAY (MAXL s 1 )=ARRAY (MAXL » 1) +ARRAY (MAYK ¢ 1)
ARRALY (MAXL »2) =ARRAY (MAXL » 2) +ARRAY (MAXK +2)

UPDATE THE COSTEW

COQTEW(MAXLvl)'COSTEW(MAXLv1)+COQTFW(“AXK01)-MAXSAV
COSTEW (MAXL»2)=MAXLIN

COSTEW (MAXL » 3) =MAXNOL

COSTEW (MAXK s 1) =0

COSTEW(MAXK2)=0

COSTEW(MAXK 0.3) =0

MAXKD=NUMR (MAXK)

" MAXMD=MUMR (MAXM)

MAXK IDSNUMR (MAXKT)
LOSTEW(MAXLlu)‘COQTEW(MAXLoQ)4r0§TFW("AXK@u)#D’ST(MAXKInvMAX”h)

A-24
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531
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541
542
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544
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560
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* ~DIST (MAXKN »NNT)
RHOF (MAXL ) SRHOMAX .
COSTEW (MAXKr4)=0

c

g UPDATE MULTIDROPPED=~LINE RESPOMSE TIME

TIMRSP (MAXL ) =RSPMAX
91 CONTINUE
KIPAZIARRAY(MAXKI+S) RREMEMBER KI1'S PQFnFCquon
MSON=TARRAY(MAXM22) [M'S IST SUCCFSSONR
CALL LNKOFF(MAXKI) ®DELETF KI AS A SUCCESRSAR OF KIPA
TARRAY {MAXM)2) =MAXK T
IARRAY {MAXKI»5)=MAXM
IARRAY {MAXKT»3)=MSON
IF(MSON (NE. 0) JARRAY(MSONsy4)=MAXKT
IARRAY (MAXKT 4} =0
MAXM=MAXKI
MAXKIZKIPA
IF(MAXM ,NE, MAXK) GOTO 91
RETURN
FUMCTION JCOSTA(N(KREF)
30 o oo ek o KK kK ko ok K

FIND PARTIAL SUM FOR ICSTIN

OO0

1o 3ok o K ok ok oK K b ok ok ok ¥
JCOSTA=O
DO 777 Ki=1+KREF

JCOSTASJCOSTA+ICSTLMIKI M)

777 CONTINUE
RETURM ‘
FUNCTION JCOSTRINI/MsKREF)

L 22332 238 3322 FET 2

FIND PARTIAL SUM FOR ICSTHW

L2 TR PR I T RO
“JCOSTBR=0
DO 778 KK=1KREF ‘
JCOSTR-JCOSTB*ICG HW KK s NyM)
778 CONTINUE .
RETURN -
SUBROUTINE NETPRT : ' :

ft T e s

PRINT. OUT CONFIGURATION OF THE MULTINROF METWNRK

s Ne e Re Ny

222 23T PR LT ETY S
DO 196 KK=1sNP1 ’
‘ . IBLANK (KK ) =JBLANK . ' .
196  CONTIRNUE i
HMP=NUMRR (TRSC) S
C WRITECIWT»197) NN2
197  FORMAT(1H1,»* PEGIANAL CENTFR= '.Aq//vsx.vsunM:Twonx'./,gx.
. % 'BEGINS AT?,7/)
Kp=1
ISON'IARRAY(!Rscva)

R~ T

R
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IPOINT=ISON

TSONR=NUMRR ( TSON)

WRITE(IWT2192) (IBLANK(I)»T=1eKP)sTSONR
¢
C LOONK FOR ITS FIRST SUCCESSOR
¢

190 CONTINUE
ISON=TARRAY(IPOINT:2) RACURREMT NODAL TINDEX
IF{ISON EQ. 0) GOTO 191 RANO MORE SON
KP=Kp + 1 A LEVEL DEFPER
ISONR=MUMRR (1SOM) ‘
WRITE(IWT»192)( IRLANK(I)»I=1+KP),»ISONR

192 FORMAT(1Xr24(AB))

: IPOINT=ISON

G0T0 190

191 COMTINUF

o

C LooK FOR MFXT SUCCESSOR WITH THE SaME PREDFECESSOR

c
IRRO=IARRAY (IPOINT:3)
IF(IRRD EQe 0) GOTO 193
IBROR=NUMRR ( I1BRO}
WRITE(TWT»192) (IBLANK(TI)}»I=1,KP)» IRROR
IPOINT=ISRO
G0TO 190

193 - CONTINUE

¢

C NFXT LEVEL UP

(o

KP=KpP=1
IPOINT=IARRAY(IPOINT»S) ’
IF(KP +EQ. 0) GOTO 194 RNO NFEN TO 60 FURTHEP
60 To 191

194 CONTINUE

RETURN -

SUBROUTINE CONVRT(ICOST)
o o ok KRk Ok ok ok Rk

CHNVERT A NUMBER INTO ITS FIELD FQUIVALENT

OO0

e 22T 2T L 2T L 22
JCHAR (1) =JRLANK
JCHAR {2) =URLANK
IF(ICOST +EG. 0) 6OTO 916
ENCONE {198+JUCHAR) TCOST
198 = FORMAT(18)

916  CONTINUE

RETURN

SUBROUTINE SUMPRT (NREFNN)
ER R gk kK okkokkkkkkk

UP COSTS AND PRINTS

OOODOO
1%
C
K4

YT TI I TSI LTI
TcOST1=0
TCOST2=0
DO 77N K=1»NREF

A-26
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627 ITCOST(Ks1)=ICSTLN(K 1) : : ' 7

628 : ITCOST(K»2)SICSTLNIK?2)
629 DO 7791 KK=1.NY4 : v ' S
630 ITCOST(K»1IZITCOSTIK» 114 1CSTHW (KKK 1) : ' e
631 ITCOST(K22)=ITCOST(Ke2) +ICSTHWIK 1KK+2Y
632 7791 CONTINUE , ,
633 TCOSTI=TCOSTI+ITCOST(K,1)
634 TCO§T2~TCOST2+ITCOST(Kvz)
635 779 . CONTINUE
636 KCOST'TCOST1+TCOST2
637 c
638 C PRINT OUT COST
639 c
640 NTURN=NREF/10+1
6uL IREM=MOD {NREF » 10}
642 IF(IREM ,£Q. 0) NTURN=NTURN=1
643 LPAGE=1
644 DO 919 KW=1sNTURN C ,
645 KWL=10%(KW=1)+1 ‘ e
646 KWU=10%Kw. ‘ : o
647 IF (KWU.GT+NREF) KWU=NREF =
648 IF(NN LEQ. 0) GOTO A79 , "
649 , IF(LPAGENE+1) GOTO 9033 ‘ ‘ ' i J
650 WRITE(IWT»9031) Kw ' :
651 9031 FORMATU®1t,40Xs *REGIONAL STAR NETWORK AN ITS COSTS=%,12Y .
652 ‘GOTO 9038 _ o
653 9033 CONTINUE »
654 WRITE(IWT»9034)KW v ' , B
655 903y FORMAT(/+40X*"REGTONAL STAR NETWORK AND IYS COSTS=t9Y2) . - - " i
656 9035 CONTINUE ' : S
657 WRITE(IWT29032) (NUMRR(IV»I=KWL,KWU) =
658 9032 FORMAT (/91X 'SYSTEM TERMN. ' r13%x0108UXrAU1X)) -
659 WRITE{IWNT»903) s SR o
660 903 . FORMAT(/+1Xr»*NO. OF LINES REQ.?) 3 s
661 DO 1903 NJ=1,N3 , : :
62 IF(LINMIX(NJ) ,EQ, 0} H0OTQ 1903
663 WRITE(IWT»S04) LINAME (NJ) ¢ (NLINES(KoNJ) rKZKWL s KWII)
664 904 | FORMATI7X+A6,14X010(1821X))
665 1903 CONTINUE -
666 WRITE(IWT,9036) «RHoF(NJ)»NJ—KvaKWU! :
667 9036 FORMAT(/#1Xv e "LINE UTILIZATIONI»11%X¢)0(FB, 3-1v))
668 WRITE(IWT+906) (IDST(N) +NSKWL /KWL
669 906  FORMAT(//s1X¢"DSTNCF FROM ch-.11x.10(xa.1x)a
670 GO TO 806
671 879 - CONTINUE
672 : IF (LPAGE.NE.1) GOTO 8033
673 : WRITE(IWT»8031) Kw
674 8031 FORMAT(e17,40X,"FINAL MULTTDROP NFTVORK AMD xrs COSTS="y12)
675 . ‘GOTO 8035
676 T 8033 CONTINUE
677 i WRITE(IWT 8034) KW
678 8036  FORMAT(/+00X%s *FINAL MULTIDROP NETWORK AND ITs COSTS=1112)
879 8035 CONTINUE
680 WRITE(IWT¢803) (T, I=KWLIKWU) SRR L R .
681 B03 . FORMAT./¢1X+ YSURNET No.'olax.ln(tn-1x1) _» §om
682 - DO 1803 NZKWL KW ' - Lo
683 ID=NSUR IN) ; : ' : CL » ,5 o
',/" 104
S5 ,
A-2T7




684
685
- 686
687
€88
689
690
691
692
693
694
695
696
697
698

699 -

700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
116
717
718
‘719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
741

1803
1806
1807
811

1808

803¢

808
806

i101
1102
1103
1104
907

908

909
1909

9140
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MSUB(N) =NUMRR(1ID)
- LSUB(N)=TARRAY (IDs1)+1
CONTINUE ,
WRITE (IWT»1R06) (MSUB(IN) #NZKwWL rKWU)
FORMAT (/91X "BEGINNNING NONE®» 11Xs20(4XeA4s1X))
WRITEC(IWT+1807) (LSUB(N) »N=KWL K WU)
FORMAT(3Xr*NO. OF TERMe'o19xplo(Ia91X))
WRITE(IWTeB11)
FORMAT (3X ¢ *NO« OF LINFS*)
DO. 1808 NJ=1.N3
T OIF(LINMIX{NS) (EQ.0) GOTO 1808
WRITEC(IWT»904) LINAME (NJ) » INLINES (K rNJ) +K=KWL +KW!J)
CONTINUE
WRITE(TWToBOSS)(RHOF(NJ)de‘KWLoKwU)
FORMAT(IX» *LINE UTILIZATION®»9X¢10(FRS91x))
WRITEeth.eoe) (IDSTIN) o NZKWL o KWU)
"FORMAT(3X¢*'TOTAL MILAGE'ol?X:lO(IBle))
CONTINUE
DO 1101 N=KWLsKWU
ID=N
IF(NN.FQ,N) IN=NSUB( )
TRESUM(N+ 1) =ARRAY(IDs 1)
TRFSUM(N,2)=ARRAY (ID?2)
TIMOUT (N)=TIMRSP (IN)
CONTINUE
WRITE(IWT»1102) (TRESUM(N»1) ¢ N=KWL e KWL
FORMAT (3X» *TRAFFIC*»/+3X»? LIME TO CPUIY,11Xe10(FBe3r1¥))
WRITE(IWT+1103) (TRFSUMINS2) s NS WL »KWU)
FORMAT(3Xs* -~ CPU TO LINE *910X+10(F8:3,1x))
WRITE(IWTs1104) (TIMOUTINY o NSKWL oKWU)
FORMAT 3K e *LINE "RESPONSE TIME'» 7X+JO(F8,%;1X))
WRITE(IWT»907)
FORMAT (21X *SUBTOTAL"»/21Xs YINST, COSTSY)
COST=JCOSTA (1 +NREF)
IF(KW.NE.1) COST=0
CALL CONVRT(COST)
WRITE(IWT»908) (JCHAR(L) »L=1+2)+ (ICSTLNINODE » 1) ¢ NODE=K WL s K WL})
- FORMAT(SX» *LINES' +8XsA62A201X010 (TR IX) )
DO 1909 K=1#NY
COST=JCOSTB (K ¢ 1 s NREF)
IF{KW.MNE,1) COST=0
CALL CONVRT(COST)
WRITE(TWT+909) NAMEHW(K) » (JCHAR(L) +L.=102) 4 LICSTHWINODf s 1) e
* NODESKWL ¢ KWU)
FORMAT(5X0A607X'A60A2vle10(18!1X))
CONTINUE
WRITE(IWT»910)
FORMAT (1X» *ANNUAL RECURR. COST')
COSTSUCOSTA(2/NREF)
IF(KWeNE.1) COST=0
CALL CONVRT(COST)
WRITE(INT?908) (JCHAR(L)-L‘ .2).(rtSTLN(MonFo?)-NoDF'KwL.wa)
DO 1911 K=1/N4
COST=UCOSTB (K2 NREF) -
IF(KWeNEs1) COST=0
CALL CONVRT(COST)
WRITE(IWT2909) NAMEHW(K) ¢ (UCHAR(L) vL=192), {ICSTHWINONE 1K 2) 9
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T2
743
Tay
s
T8
747
748
T49
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
72
773
774
775
776
777
778
779
780
781
782
783
784
785
786

787

788
T89
790
791
792
793
794
795
796
797
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* NODEZKWLsKWU)
1911 CONTINUE
WRITE(IWT»912)
912 FORMATU1X» *TOTAL COSTY")
IF(KW.NE.1) TCOST1=0
CALL CONVRT(TCOST1)
WRITE{IWT»913) (JCHAR(L) L= 1-2)'(ITCOST(K-1)rK‘KHlvKWU)
IF(KW.NE.1) TCOST2=0
CALL CONVRTITCOST2)
WRITE(IWT»914) (JCHARIL) pL.=1+2) o (ITCOSTIK2) rKEKWL o KWUY
913 FORMAT(4X» *INST. COST Y rUXrAGeA2rI1Xr10(19,1X)). ,
914  FORMAT(4Xvr *RECUR COST'.sx.AeoA?.gxo10(1n 1))
LPAGE=LPAGE+1
LPAGESMOD (I_PAGE»2)
919 CONT INUE
WRITE(IWT»695) KCOST
695  FORMAT(/»25%,*TOTAL cosr-'.xe)
RETURN
SUBROUTINE MUTDRP
22222 3SR T2 EL TS

PRINT OUT FINAL MULTIDROP NETWORK WITH 175 €0STS

[eEaNe¥aNel

: MRk gk Rk Ak KRRk
DO 590 NL=1+N3
LDUMMY (NL ) =0
590 CONTINUE
IBRO=TARRAY(IRSC»2) ~MFIRST SUCCESSOR
Kl.:1 .
699 . CONTINUE
IF(IBRN LEQ. 0) GOTO 698
NK2=NUME{IBRO)
NK1=NN1 : .
NSUB(K1I=IRRO .
LTIME=COSTEW(IRRO/2)
LDUMMY (L INE)=COSTFW(IRR0O,»3)
JSONZIARRAY (1RRO12)
IF(JSONLEQ,.B)Y GOTO 694
DO 592 NM=1+¢2
ICSTLN(KL NM)=0
DO, 592 NK=1+N4
ICSTHW (X1 /NKeNMI =0
592 CONTINUE g
DO 596 NL=1¢N3
NLINES (KL MUY =LOUMMY {NLY
596 - CONT]INUE
KCHG=2
312 CONTINUE
CALL ICOSTUILNUMMY oNK1sNK29 LNKCHW, lNKCLN)
DO 595 NL=1+N3
DO 595 NM=te2
, ICSTLN(K!:NM)‘ICQTLnikl'NM)*LHKCLN(NL'NM)
DO /595 NK=1sN4

JCSTHWIKLsNKeNM) = XCSTHW(KIoNK!NM)QLNK ( ;NK‘NﬂfijTﬁ 

595  CONTINUE
IF4JSON.EQ.0) GOTO 311 _ '
NK2NUMR (JSONY RGLOBAL INDFX FOR NFXT NODF -

A=29
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798 NK1=TARRAY (JSON»5) RPREDECFSSOR

799 NK1=NUMR{NK1) RGLOBAL INDEX FOR PRFDECFSSOR
-800 JSON=NXTNOD { IRRO» JSON)
801 60To 312
802 311 CONTINUE
803 LDUMMY (LINE) =0
804 GoT0 S91
805 694 CONTINUE
806 C .
807 C Usg PREVIOUS DATA
808 - C
809 . DO 597 NLZIN3
810 ) » NLINES (K1 NLYSNLINESUIBRN.NL)
a1l 597 CONTINUE
‘al2 DO 598 NM=ir2
813 v ICSTLNIKL /NM)ZICSTLNCIBRNINM)
814 “-DO 598 NK=1.N4 :
815 ICSTHW (KL +NKoNM)=TCSTHW{ TRROtIK » NM)
816 594 CONTINUE :
817 C . LDUMMY (LINE) =0
818 591 CONTINUE
819 IDST(K1)Y=COSTEW(IRRQ4)
820 RHOF (K1) =RHOF (IBRO) RSHUFFLING RHO'S DUF TO RF=INNEXTING
821 IRRO=TARRAY (1RRO*3)
822 K1=Ki+1 :
823 . GOTO 699
824 698 CONTINUE
a2s5 o NOSUB=Ki-~1
826 . - CALL SUMPRT(NOSUB:Q)
‘827 RETURN
828 SUBROUTINE CALPLT
829 c o g ko e o o 0K K ko Kk ok
830 [+
831 C PLOT A MULTIDROP NETWOEK
832 C :
833 C E AR R K TR kK
a3y Kp=1 )
835 IPOINT=IRSC
836 CALL TRSFRM(2)
837 ISON=TARRAY(IRSC+2) MFIRST SHCCESSOR
838 - IPOINT=ISON
839 CALL TRSFRM(1)
|40 C
841 C LoOK FOR ITS FIRST SUCCESSOR
842 o )
843 190 - 'CONTINUE
auy o CISON=IARRAY(IPOINTs2) RFIRST SUCCFSSNR
845 IF(ISON +“EQ, 0) GOTO 191
au6 KP=KP+1
U7 S IPOINT=ISON
8u8 . CALL TRSFRM(1)}
. 8us 60T0 190
-850 191 CONTINUE
851 e N :
a%2 C LoOK FOR TTS NEXT SUCCFSSNR
. a%3 C

. B5% : IRRO=TARRAY{IPOINT3)
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a56
857
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860
86%
B62
863
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86%
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871
872
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874
875
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8717
878
879
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a8l
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884
88s
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e87
888
889
890
891
892
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894
895

896
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898
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°04
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909 -
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IPOINTSIARRAY (IPOTMT5)  QNOW 1TS PREDECESSOR
CALL TRSFRM(2)"

IFLIBRO .FQ.N) GOTO 193

IPOINT=IBRO -

CALL TRSFRM(1)

6oTo 190
193 CONTINUE
c ~ :
€ 60 BACK TO ITS PREDECESSOR .
c

KP=KP-1

IF(KP +EGs 0) GOTO 194

60TO 191

194 CONTINUE
CALL TRSFRM(3)
RETURN
SUBROUTINE TRSFRM(LK)
L P T LI TS e

OAOON

AR R AR

DATA 1P/0/
IF(LK +EQ. 3) GOTO 666
LKISNUMR(IPOINT) RGLOBAL INDEX
IDD=MAPADR (LK) PMAPADR ~INDEX. FOR LK1Q
IFLIDD. +EQ4 -1P) RETURN
IP=1IDD
666 CONTINUE.
caLy PLOTPT(IDD:LK)
RETURN
SUBROUTINE LNKOFF {(Mp)

AR o o o T o o KK

DELETE MP AS A SUCCESSOR OF NODE PA

[aXs Ra¥aNe

Aok o ok e Ko OK o ok o ok kK
IFRONT=IARRAY (MP#4) ~@THE SUCCESSOR REFORE MP
IRACK =IARPAY(MP¢3) WTHE SUCCESSOR AFTER WP
IF(IFRONT «NE« 0) GOTH 92
MPA=JARRAY (MP+5)
IARRAY (MPA#2)= IBACK M1ST succsssoa UNNER, NER)”PA
© 60To 99
92 CONTINUE - y
TARRAYC IFRONT?3) SIRACK
99  COMTINUE .
CIFUIBACK «EQ. 0) RETURN
TARRAY (1BACK ¢ 4)=IFRONT
RETURN-
SUBROYTINE RSPTST(KKKoLLLvLINMAXoIOK)
***#*#*t*t*#t*i***** :

TEQT RSPONSE TIME' SATISF!ED NHEN YnK‘

: ‘t**wt**tttttt**wtttt ‘ R
: MDROP‘!ARRA$4LLL'1)*!ARRA (KKK.I)#? 2 E
TRFIN'ARRAY(LLLel)+ARRAY(KKKo1) i :
TRFOUT'ARRAY(LLL'?)+ARRAY(KKKv?) S
CALL RSP“SE(TRFINOTRFOUT.LINMAX!MGPD&K!DKl
“RETURN , B 5
END . ’ ' st &

@PRT STACOM.IRNOP/07T7 ‘ FA ; AR

FIND GLOBAL MADADR INDEX FOR V=H COORDINATES AND PID NOY

- g

O

N L
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51928%«STACOM{1) ,IRNOP/Q777

Ao

SUBROUTINF IRNOP (NRyLTMIT» TRM)
R T T I eL It LTI

SURPROGRAM FOR THE INTER=REGION NETWORK OPYIMIZATTIOM
LIMITSMINIMAL NUMRER OF PATHS Nernfh PER REGIONAL
SWITCHING : CENTER

ISP T 222 2P 3 328 278

PARAMETER MP1=130/NP2=1+NP3=4rNPY=3

PARAMETER NPC=360+ NP6=(NPCHNPL/2=NPC+1)/4+1

PARAMETER MP7=4¢ -IWT=100+ Myz4
COMMOM/CONST/NL N2 s NZyNG s HTINCITY
COMMON/LINCHR/LINMIX (MP3) sLINCAPINP3) o UTILTZ (NP3}
®. /BCOST/AINSTC(NP2:NPIyMPU,39212) +RECRCINP2sNPIsNPU» X0 5,2)
*  ANSTLNINP2/NP3+3+2+2) yRFECRLNINP?*NP3» %92+ 16) ¢ INUPLY (\PR)
% /NAMEZINDXPY(NPL1)» NAMEST(NP1)»LINAME (ND3) s MAMEHW.(NOY)
* JEIN/SVRINP1) ¢ NRSCIMW) o+ NUMPR (MW) e TRAFNN (NP LY s TRAFIT(NDY)
% /REF/IREF (NPC) ¢ TRAFD(NP1+2sMPT) +DSTNCEINPG) s MAPADR (NPY)
DIMENSION NETSUMINP3,2) sORINET IMW MW NP3)

DIMENSION NLINK (NP3) ¢ LNKCHW (NP3 /NPl ¢ 2) s LNKCLN(NP3»2)
INTEGER SUMCST

INTEGER -ORINET

DIMENSION  TRRM(MWeMW) » TR (MW, MW)

INTEGER -ORICSTrORICS1s0RICS2

INTEGER DIVTRI(MW) +DIVTRJ (MW)

DIMENSION TRR{MWsMW) o NETCNF (MW MW MP3) o LINEQU(NP3)»
% LINADI(NP3) »LINADJINP3I) » ILTNAD (NP3) o JLLTNAD (NP3)

* - LIMEG(NP3) LINEQA(MP3) s LINEAR(NPI)

DIMENSION RHOF2 (MW +MW)

DIMENSION TRM{MW rMW)
c EQUIVALENCE (LINEQ+LINEQA)» (LYINEQULINFAB)
E RFSEY UTILIZATION FACTOR YO .5

DO 70 NN1=1,N3
UTILIZINNLY=,S
70 CONTINUE
¢ ,
C COMPUTE ORINET(MWeMWsN3) FOR INITIAL TOPOLOGY WHERF NX 1S
g THE: NUMBER OF CHARGEABLE ITEMS
ORICST=D
ORICS1=0
ORICS2=0
NR1=nNR=-1
DO 203 NN1=1,N3
DO 203 NN2= 1,2
NETSUMINNL»NN2) =0 RCOST SUM
203 CONTINUE
c

-C MODIFY DUPLEXING MODE FROM HALF TO FULL DUPLEY
c ,

DO 667 K1Z1:N3

IDUPLX(K1)=2
667 CONTINUE

DO 101 I=1/NR1
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Y

NLINK (1) =NRY
I11=1+41
DO 102 J=T1»NR
1I=NRSCHY)
JUENRSC L) . ,
ATRMAXZAMAXL(YRLI+J)y TRIJ¥ 1)) BASSUMMING FULL. DUPLEY
CALL LINNUM (ATRMAXe0.sLINFOsLINURIO?RHO) ~ o
RHOF2(1+J) =RHO
RHOF2(Js» 1) =RHO
CALL ICOSTJ(LINEG,IIrJdr LNKCHW»LNKCLN)
DO 104 NNZ1/,N3
ORINET(TrJeNNI= LINEQ(NN)
. DRINET{JeToNNIT LINEG(NN)
00 105 NM=1s2 @ LINE COST
NETSUMINNeNMIZ NETSUM{NNSNM)+ LNKCLN (MN ¢ Nu)
DO 106  NKZ1+N& @ HARDWARE COSTS
NETSUM (NNsNM) = NETSUM (NN NM) + LMKCHW (M e NK o MM ) e
106 = CONTINUE ; - -
105 CONTINUE v . '
104  COMTINUE
102  CONTINUE
101 CONTINUE
DO 107 K1=1+NR
D0 107 NN=1,N3
ORINET(KL1/K1sNNIZO
107 CONTINUE -
CALL OUTPRTI(1)
ITALLY=0
999  CONTINUE
MAXSAV=0
DO 777  131eNRE
IF (NLINK(I) LLE« LIMITY 60 TO 777
11=5T+)
00 788 J=I1,NR
IF INLINK(J) JLE. LIMIT) GO TO 78A
INSNTEST(ORINET»I¢d)
IF (IN «E6+ 0) GO TO 788 RNO LINK TO BF NELETED

BNRY LINKS AT THE REGINMING

ol
i

DFTERMINE WHETHER THERE 1S A LINK CORNECTEN RY AT MOST OMF INNIRFCT
ROUTE. BETWEEN ANY TWO REGIONS IN THE NFTWORK WHEN THE DIPFCT (. INK-
BETWEEN T AND J IS ELIMINATED- THE INNIRECT: Lynx ONLY® GOES | THROUCH
ONE INTERMEDIATE RSCo»

aaaann

Do 139 L= *NR1

Lisi+l

DO 138 M=L:1»NR .

IYSITEST(T v JsL o M) \

IF 1Y "eEQ+71) GO YO aln

T INSNTEST(ORINET 1LoM) ;

IF (IN VEGe 1) GO TO 138 R o
810  CONTINUE , g

DO 137 N=1+NR : ;

IF (L «EQ. N) GO TO 137

IYSITEST(LeJel o)

IF(IY VEQ. 1) GOTO 137

IMSENTEST{ORINETrL o N)

IF (IN +EQ. 0) 60 TO 137

RNEXT STEP NOT TO RE TFSTEN

A3 0 e

RS-y
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114 CIYSITEST(IedoNeM)

115 IF(IY +EBW 1) GOTO 137
116 INENTEST(ORINET»MeN)
117 IF (IN LEOG. 1) GO TO 138
118 137 CONTINUE
119 GO TO 788
120 138 CONTINUE
121 139 - CONTINUE
= 122 SPIVTI=O
123 SpIVTJ=0
124 . CALL TRFDIVUIFLOP)
125 IF (IFLOP +E@+ 1) 6O TO 201
126 CALL MINAD(ITADYMINCST)
PN 127 GO TO 202
, : 128 201  CONTINUE .
129 , CALL NETWKC(MINCST)
v 130 202  CONTINUE
‘ 131 ISAV=ORICST=MINCST
132 IF (MAXSAV +GE. ISAV) GO TO 788
133 MAXSAVZISAV
134 IFLIPZIFLOP RIFLIP=GLOBAL INDTCATOR
135 , . Ir (JFLOP EQ« L) GO TO 204
136 IIMAX=IIAD '
137 IMAX=1
138 JMAX=J
139 DO 666 NN=1/N3
140 ILINAD(NNI= LINADI(NNY RCHANGE OF LINE RFQ.,
141 JLINADINN)= LINADJ(NN)Y -
142 666  CONTINUE
143 204  CONTINUE
144 DO 331 KI1Z1sNR
145" DO 331 K2=1»NR
146 TRRM(K1+K2)=TRR(K1sK2)
147 331 CONTINUE
148 788 . CONTINUE
149 777  CONTINUE
150 IF (MAXSAV +LE. 0) GO TO 9999
151 CALL NETUPTIFLIP»TIMAX? IMAX e JMAYX )
152 ITALLYSITALLY+]
153 GO0 TO 999
154 9990 CONTINUE .
155 109 . FORMAT(1Xs* THIS NETWORK HAS BEEM UPPATED FOR 216t TIMES's//)
156 WRITE(6,109) ITALLY
157 Do 81 I=1/N3
158 Do 8% J=1+2
e 159 NETSUM(T»J)=0
f 160 81 CONTINUE
w 161 DO 91 I=1sNRY
T T162 K=I+1
163 DO 92 J=K*NR
164 Do 93 K1=1,N3
165 LINEG(KYI=ORINET(T»JsK1)
166 93 CONT INUE
167 I1=NRSC(Y)
168 JUSMRSC (J)
169 CALL TCOSTUILINE®eTIsJJsLNKCHW s LNKCLA)
170 DO 94 KK=1sN3

A\

o o ‘; 2 : ’ et

Y



171
172
173
174
175
176
177
178
179
180
181
182

183
184
185
186
187
188
189
190
191
192
193
194
1985
196
197
198
99
200
201
202
203
204
205
206
207
208

209 .

210
211
212
213
214
1215

216

217
218
219
220
221
222
223
224
225
226
227

95
9y .
92
91

s NeNeNaNel

1190

2002

2100
2102
2101
2004
2108
2008
2204
2003
2001
2006

2007

200%
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I

NETSUMIKK#1)2NETSUM(KK ¢ 1) +LNKCLN(KK21) i
NETSUMIKK ¢ 2)SNETSUM (KK 2V +LNKCLNIRK #2) L : i
DO 95 KL=1,N4 S
NETSUMAKK » 1) SNETSUM{KK P 1) -+ LNKCHH‘KK!KLO&)
NETSUMCKK » 2) =NETSUMIKK?2) + LNKCHW (KKeKL )

CONTINUE

CONTINUE

CONTINUE

CONTINUE

ORICS1=0

OR1CS2=0

CALL OUTPRT(2)

RETURN : : ¥

SUBROUTINE OUTPRTI(N)
A r T AT T LT P

PRINT OUT INTERREGIONAL NFTHORK CONFIGURATTON AND ITS COSTS

****tt*****t*#t#*t**

DO 110 IZ1sN3

ORICS1=ORICSI+NETSUM(T 1)

ORICS2=0RICS2+NETSUMIT2)

CONTINUE

NTURN=NR/10+1

DO 2001 L=1+NTURN ; , , ;
LL=(MTURN=1)%10 + ‘ . : , <
LUSNTURN#*10 . -

IFCLY «6Ts NR) LU=NR

IF(N FQ. 2) GOTO 2100

WRITE(IWT2002) (Jad=LLeLUY -
FORMAT{"1%y//¢10Xs *INTTIAL INTERREGIOMAL METWORK cONFVURATIONov,«
® ///7¢20%i10(5X213¢2X%)) K

GOTo 2101: ¢

CONTINUE v

WRITE(TWT»2102) (JeJd=LLeL)

FORMAT( 117, 10Xs *FINAL OPTIMAL INTERRFrtoNAL NFTWORK: coszuGRATtnNO.
* ///7420%X910(S5Xr1302X))

CONTINUE ~

DO 2003 I=1sNR

WRITE(IWT,2004) T

FORMAT{?® REGION'+/rT4)

DO 210R M=1,N3 : ; ~ o
NRITE(IWT»?GOB)LINAME(M)v(ORIKFT(I:K My.k-LL.Lu) S

CONTINUE : , ‘ '
WRITE(INT»2201) (RHOF2(ToJYed=L bl

FORMAT(4X s *LINE UTILI7ATon-.1n(ux.ru.1.21)).

CONTINUE -

CONTINUE

WRITE(IWT»2006)

FORMAT(//s17X¢ Y INST. COST*s7Xs *RECUR, COST'.QY:'SUBTDTAL' ,

DO 2005 K=1sN3 = e
ISUM=NETSUM (K » 1) +NETSUMIK » 2) o o o
WRITECTWT»2007) KeLINAME (K7 s (NrTSUv(x,yy.gzx.?). ;suv . o )
FORMAT(//OYS-3XvA6v5X'I6111X'16'lOYv}B) T R E .
CONTINUE L ‘ : '
OPICST‘ORICSI*ORICSZ o

e

A-35

-0

':L,

g}.

FORMAT ( (4X A6 LOXY 10(SXe13¢2X))) S ,,“‘ :  ’;‘~*f~#f*ﬁa~*~
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228 WRITE(IWT+2009) ORICS1*ORICS200PICST
229 2000 FORMAT(//+9Xs *TOTALY p4XiI72030XsT7p 10X TR)
230 RETURN
231 FUNCTION ITEST(IsJrK,L)
232 (o A A e K ok oK Ak ok kK Rk ok
233 (o v
234 C TFST EQUIVALENCE BETWEEN SUBSET(I+J) »oD SURSET(KNL)
235 c
236 c (I 2T P TR LS SR TR S L2 2
237 ITEST=0
238 . IF (I «EQs K +AND. J EQ., L) ITEST=)
239 . IF (1 «EQ% L «AND. J JEG. X) ITEST=!
240 RETURN
241 FUNCTION NTEST(NET+I,J)
242 c AN Kok KR g kR K K K
243 c . ~
244 C TFST NIRECT LINE CONNFCTIVITY RETWFEFM T AMD U,
245 C
246 c kA Ko Rk kR kKK
247 - DIMENSION NET (MWiMWNP3)
248 DO 103 I1=1,M3
249 IF (NET(I+JrI1) «GT, 6} GO TO 1NR
250 103 CONTINUE
251 NTEST=N @ NO CONMECTION
252 RETURN
253 103 NTEST=1
254 RETURN- 6 YESs THERE IS A CONNECTTON
255 SUBROUTINE TRFDIV(IFLOP)
256 C e I I P S T L 2T
257 - c ' _ A
258 © € DIVERT TRAFFIC BETWEEN. I AND J THRAUGH OTHFR RSCS,
259 c : ‘
260 c ok KKk K ko KR kK
261 (o '
262 C IT RETURNS WITH IFLNOP=1 WHEN SUCCESSFUlL} OTHFRWTISE TFLOP=N,
263 C IT ALSO CREATES TFMPORARY MATRYCES TRm AMN METCNF.
264 C . .
265 SDIVTI=0. RTOTAL TRAFFIC DIVERTFD (Y TH )
266 SNIVTJ=0, RTNTAL TRAFFIC NTIVERTEN (J TO 1)
267 DO 205 K=1sNR
268 " DIVIRI(K)=0. R TRAFFIC DIVERTEN THRI} REGTON X (I TO J)
269 DIVTRJ(K)I=0, M@ TRAFFTC DIVERTFD THRI RFGTON K (U TO I)
270 205 CONTIMUE '
271 DO 220 II=1iNR
272 IF (II.EQ+T+ORIT.FR.J)} GO TO 250
273 ICI=SNTEST(ORINET»I»I1)
274 , IC2=NTEST(ORINET  TIyJ)
275 IF(IC1vFQe0 WORa TC2.EQ.N) GOTN 220
276 (o
277 c DIVERT ¥ TG J TRAFFIC THRU 1Y
278 C :
279 : CDIVIRI(IT)=0,
280 DIVTRJ{TII)=0, :
281 : CALL LINTRF(IeIIeA) .
282 ; DELTR= A=TP(I+¢11)
263 IF (DELTRWLE.0,0) GO TO 16N
284 C ‘

A--36



285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
3065
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328

xABOD

(=g

330
331
332
333
334
335

336

337

338

339
340

341

'DIVTR‘DELTR G e SR -

[of YRIH LTNTRF(IIeJaRb ; - .

OFLTR= -TR(II-J) ) A
CIF(DELTRWLE.0.0) GO Y0 460 .

DIVIRT{ITI= BMINLIDELYRGGIVIRY .
CIE CINTVIRILIIVE SDIVTLY (IWTR(va’)FO TO/I“ﬂ -
SOIVTES SDIWTI+ DIVIRT{IT)

140 DIVTRI(II)= TR(I+J)= SDIVTL:
sova1~ TR, )

C. £ %
g , DIVERT U To Y TRAFP?g THRU 11 »’, '
166 CONTINYE ’ ' A
CALL LINTRF (4210 A) ~ !
DEL?PmuhﬁTR(J'II) ! R
IF L u
c : o ]
DIVTR-ﬁtLTR ‘,, . N
CALL, LxNTRFi?IoI'B) o "y
DELTRZ H#TRUFLTT) S
IF TOELTRHLE o.u) GO TO:220 N
DIVTIRJ(T 28 i
1F ((DI%TRJ(}I)! SDIVTY) 16T." >
SNIVTJZ SBIYTJI+ DIVTRJ(II) e
60 70 2007, - T R
C 5 N \J s
180 . DIVTRJ(I;)“TR\J:I)« SDIVYY
c SDIVTJ= rth.I) R
200 CONTINUE :

o TE L (SDIVERY. JFGe TR(I-J)) ANna,ﬁs,
220" cQNTINHE ’
v SIFLOfS
.60 T0 460
340 1FLoP=Y
asmw, COWT§MUF

c oo

c CPFATE A NEW TRAF {
C NGHES T AND & ANP A‘TFMPonARY ns#
¢ or COSY ﬁVALUATION 5 ,
¢ -y,

-NETCWF(FlvKaokﬁ)WORENFTQKIVK?'KéJ
NJINDE

191

£0°TO 160 , ;4‘ : y - R

e



- ‘_ 368

342
343
344
345
346

347

348
349
350
351

. 382
= 353
354
355
- 356

357

358
359
360
361
362
363
364

ST 1
366

367

369
370
371
ar2
373
374

375 ¢

376
377

378 .

379
‘ 380

3818,

382
383
384
385
386
387
388
389
390
391
392
- 393
394
395

396

397

398

430

380

noOaOn

100

c

150
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DO 380 IK=1+NR

IF (I «EG" IK +OR« J EQG. IK) 6O TN 38n
TRR{T+IK}= TR(TI+IK)+ DIVIRT(IK)

TRRUIK» D= TRIIKeJY+ PIVTRI (1K)

TRREJeIK)= TR{J2IK)}+ DIVTRU(IK)
TRR{IKrI)= TREIKe I+ NIVTRJ(IK)
ATRMAXZAMAXL(TRR(T+IK) »TRROIK?T))
BTYRMAY=AMAXL(TRR(J? IK)Y P THR(IK P J) )
INRI=NRSC(I)
IDR2=NRSC (1K) '
CALL LINNUMCATRMAXY 1 0o LINFQLLINUP,NsRHNO)
RHOF2 (1.0 IK )=RHO
RHOF2(IK» I)=RHO
INRI=NRSC(J)
caLL LINNUM(BTRMAXoO.vL!NFﬂU'lINUPoOoPHO)
RHOF2 (Js IK) =RHO
RHOF2{(IK»J)=RHO
DO 430 NN=1+N3
NETCNF (T, IKrNN)'LINEG(NN)
NETCNF (IK» T+ NNISLINEQ (NN)
NETCNF (1K e Je NNISLINEOU (NN
NETCNF (U2 IK» NM) =L TMEQLHCNND
CONTINUE
CONTINUE
RETURN: :
SUBROUTINE LINTRF(TsJsA)

ok koo ok kR Kok X KKk

CONVERT LIMES INTC TRAFFIf CAPACITIES RRETWEEN NODFS 1 AMD J,

ok o SRk Aok ok kK

A=0

DO 100 IR=1,N3
A:A*lORINETTIvdvIR)*LTNCAP(IR)*UTYLI7(IQ)
CONTINUE -

RETURN

SUBROUTINE NETWKC (SUMCST)

R kR L Rk K

- C FIND TOTAL INTFRREGIONAL NETWORK COST,SUMCSTypASED ON SPFElIrIn
g CONFIGURATTION NETCNF

K A o o oK e o ol RO S
INTEGER SUMCST .
SUMCST=0 ‘
DO 420 IR=1.,NR1
IR1=TIR+1
DO 400 T"=IR1/NR
ICENTESTINETCNF IR, IK)
IF CIC+EQ.N) GO TO 400
ITENRSC(IR)
JUSKNRSC(IK)
DO-180  YIY=19N3
LINEQUITII)= NETCNF(IP'IK 11y

. CONTINVIE

caLL YCOSfJ(LINEOU'I!rddoLNK(Hw'LNKCLN)
DN 501 J1=1.N3
DO 510 J2=1.2

'fDn 5?0 J3ET VNG

y SR : . L I =



39
400
401
402

403

40y
405
406
407
#08
409
‘410
411
412
413
414
415
416
417
418
419
420
421
422
423
42y
425
426
427

428 -
429,

430

431

432
433
434

435

436
437
438
439

440

Ty
443
4uy

445.

yu6

S : un7
‘ : 448

449

450

451

452 -

453
"o B5Y

" 5 o W

N0

GO -

;:“55\

520

510

501

400
420

OO ON

11

207

CAPACITY INCREASE IS REQUTRED WHEN TFLOP=0. AnD THE CAPAGTTY AT
MAXIMUM COST SAVINGS. :

_ BJII=TRR {4119 #RTRFU
L BMS AMAX1(RITIBJTT)

o
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SUMCSTESUMCSTHLNKCHW (J1 9039 g2

CONTINUE L
SUMCSTTSUMESTHLNKCLN (10 J2) .
CONTIHUE

CONTINUE

CONTINUE

CONTIMUE

- RETURN

SURROQUTINE MINAD(ITADMINCST)
b KK ko kR Rk

**#*tt*t#t***t***t** R

DIMENSTON LINDr(NP%)'lINDJ(NP%) ‘
MINCST=0 -
RTRF{=TR(I»J)=SNIVTT AREMAINING TerFIr Fpou T 70 J
RTYRFU=TR{J» I)—JDXVTJ nREMA!MINn TRAFFIC FROM U To' Y
DO 500 II=1¢NR

IFLIT.EQeT4ORCTT FO.J) 6o To Snn
IFOTRRIIAITY wEQe0. «ORa TRRIITrJ) +EQeD) Go T0 ®ON

DETERMINE DELTA COST FOR IMCRFASEN CAPACITY N ALTEPNATF ROUTES - : e

“LINK (Tr1D)

ATII=TRR(I.I7) + PTRFT ~ ' ' Sl
AJITI= TRR(IT»1) +RTRFJ e ‘ - : - s
AMZ AMAXT(ATITFAJTI) L ' , -
INDR1=MRSC(T) : : ) o
IDR2=MRSC(IL) -
ALl LINNUM(AM;O-yLINF@AoLTNUP: »RHO)
DO 151 NN=1¥N3
LINDI(HNY= LINEQA (MN)= NETCNF(I II!NN)-
NETCNF (T IToNNM)I= LINEOA(NM)
NETCNFAIT 2 TeNN)= LINERA (M) i ; v : ) e
CONTIN“E , S . : : ; o

LINK(IIsd)

BITI=TRR(IT+J)+RTEFI ‘ o ' ‘ AR 0

INR1=NRSC (J) S : T SRe
CALL LINNUM(BMsO«rLIMEOR oL INUP, q.nuO)‘ ‘ A , ‘ . B

DO- 111 'NNS1,N3 : o , e
LIMDJINN)= LINEGB(NN) = NFTFNF(Joxr.NN) g , v : By
NETCNF (JeTToNN)= LINEOBINMY . S R
NETCMF (1T JoNNY= LINEOB(MN) o ' : S
CONTINUE . TR : 4 " 5
CALL NETWKC(SUMCST) '~ L - RN G
IF &qUMCST.GT.MzNCST) 60 T0. 120 ‘ N R e e

‘DO 207 NNZLeN3 . 7 : " , - S L

LINADTONNY= LINDT (MY - 0 7 o s
LINADJINMI = LINDJ(NN) TR R = L e @ S
CONTINUE o R AR RS SRR

CIIAD =TT ' T LR S R T

Joor i e

%)

‘~ﬁ 

k)
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456 MINCST =sSUMCST
457 120 CONTINUE
458 c )
459 C RESET TO INITIAL NETWORK CONFIGRUATION FOR MEXT TRY
460 [
461 DO 250 NN= 1,N3
y6z NETCNF(ToTTsNNIZ NFTCNF(ToTI NN = LINDY (NN
463 NETCNF(IT#ToNNYZ NETCNFLITr»IotMYa LINDPY (NN)
[T NETCNF{(JeTIoNMIZ NETCHMF (JeTIeNN)= LINDJINN)
465 NETCHF (IT v JeNNYZ NETCMF(TT o JdoMN) = LIMDJINM)
466 250 CONTINUE
467 500 CONTINUE
468 TRR(1+ TIADY=TRR(I+ITAN) +RTRFI
469 TRR{IIAD»JISTRR(ITADJ) +RTRFI
470 TRR(Jr ITADI=TRR(JrYTAN)+RTRFJ
471 TRROITADVII=TRR(ITAD»I)+RTRFJ
472 RETURN - ,
473 SURROUTINE NETUP(TFLIPSITAN, Tr.S)
47y c ‘ KR KRR Rk Kok ¥
475 c :
S YTe C UPNATF THE INTERRFEGIOMAL NETWORK WHEN THERPF. 15 SOMF SAVINGS
- 477 C :
;478 C TNk o o s ek ok o ook ok ok
479 IF (IFLLIP.FG.1) GO TO 700
480 C :
48l c UPDATE THE NETWORK TRAFFIC MATRIX AND
482 (o UPDATE THE. QPTIMAL INTERRFGIOMAL MFTWNRK
483 C
484 DO 99 NN=1/N3
485 ORINET (IrIIADsNNIZORTNET(T»ITAD»NMY+ TILIMADN (NN
486 ORINET (ITADIsNNI=ORTNET(TIAD »IonM)+ TLYINAD(NN)
487 ORINET (JeXTADANNIZORITIET{Jr TTAD NI+ JLTNAD (NM)
488 ORINET (1IADyJeNNI=ORINET(TIAD,JrNN)+ UL YHAN(NN)
489 99 CONTINUE . g
490 700 CONT:INUE
- 491 DO 701 NN=1,N3
402 ORINET(I s+ JsNNI=O0
493 - ' ORINET(JrIoNN)=0
Y494 : 701 CONTIMUE
. 4985 C
496 C RESET TRAFFIC MATRIX TR(NRsNR)
%97 c i
498 . DO 900 IR= 1+NR
499 DO 910 IK= 1,NR
500 TROIR IK)Z TREM{IRIK)
501 ° 910 CONTINUE
502 900 CONTINUE -
503 c '
S04 C UPDATE .TOTAL COST FOR OVERALL METWARK
505 [
506 ORJCST=ORICST=MAXSAV
s07 - C
508 C UPDATE NLINK MATRIX
509 c
510 NLINKCT)SNLINK(T) =1
511 NLINK (J)=NLINK(J) =)
512 RETURN
513 EMD

APRT STAQOM.ICORTJI/0777

o
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51928%STACOM{1) . 1COSTU/07T77

1 SUBROUTINE ICOSTJUILIMEOU» T ¢ JpLMKCHY 2 LMKCLM)
2 C LA 2SR 2 L T L L] .
3 Cc ) . :
4 C CALCULATE INSTALLATION ANMUAL RECURRING COSTS NFENED FOR- N
S C COMMUMICATION LINK BETWEEM NODFS T ANN Je LNKCHWZ OTHER®S | . ;
6 C LNKCLM= LINESE I AND. J AR® GLORAL TNDICF FOR QYSTFM TFRMINATIAONS ST
7 C UMDER CONSTDERATION» LINEQUS LTINE CONFTGURATION RFTWFFN Y AND O : ‘
8 c
9 C FRR AR F A RFREF Rk k Kk ) - @
10 PARAMETER MPI=130/NP2=1 NP3z o NPY=3 ) NPC=340 ) . . ; o
11 PARAMETER NP6 (NPCHNPC/2=-MPCH1) /841
12 PARAMETER NP7=4 ‘ ‘ :
13 DIMENSION LINFQUIMP3)» LNKCHW (NP3, MPUZY LNK(LN(MP*'?’ s ) P
14 coMMON/LINCHR/LINMIx(Nps)plINCAP(nna).uTIlIZ(Npa)
15 *  /COMST/NML1oN2sN2 oy sNTINCITY
16 * /RCOST/ARINSTCIMNP2 s MP3eNPY 20 2) vRFCPl"(NPZ'NP"'NPQ—v3'?v?)
17 * ANSTLN(NP2,NP3p3+2,2)r RECRLN(MP2oNP®: Xy2¢16) 2 INUPLY (NP3), 5
18 * ZINF/ZIRATEJINP2 o P2 ) s IRAND INPC2) s TFLAGINP2 2 MP2Y) ‘ 5
19 * ZANN/ TANDINPL) sKCHG e KADD RTERMINALS WITH SAME Vv~H ‘ :
20 *  /REF/IREF{NPC) +TRAFDINPI»2oNPT)+DSTNCE INPGY ¢+ MABANR(NDY)
21 C : :
22 C IMITIALIZATION
23 C
24 1I=MAPADR(T)
25 JUSMAPADR ()
26 IADDTN=TADDAY)
27 DO 100 NL=1,N3
28 DO 100 NM=1.2
29 LNKCLN (NLoMM)Y =0
30 : DO 100 NK=1¢NG
31 LINKCHW(NL » NK o NM) =0
32 100 CONTINUE ‘ . )
33 KRATEI= IRAND(II1) 3 RATE STRUCTURE TYPE FNR. NODE ¥
34 KRATEJ=_IRAND{JII ) W RATE STYPUCTUPF TYPE FOR NODF -
35 KNENSI= IRAND(IXr2) R TPAFFIC DEMSTITY TYPF FOR NONF T -
36 KNENSJ= IRAND(JJ»2) @ TRAFFIC DFMSTITY TYPE.FOR NOPE J e o
37 ' KDNSTY= KDENSI+KDRNSJ R ACTUAL ﬂFNQITY(?:H~H;!—H-l AND pE(-L) SR
38 :  KKZKDNSTY+1 Q3=H=H, 2=HelL AND 1=y L ~ i L
39 DST = DIST(I¢d) R DISTANCF BFTwEvamgnEs 1 AND 'V -
49 INST=DST ) :
41 ITIP=1 RPRIME COST FOR H/W UNTIT : !
42 IF(DST «LE. 0.5) ITIP=2" ANTSCOUMT - CasT For ADDYITIONAL UNIT
43 Kp = IRATEJ(KRATEI'KRATEY) A ACTUAL PATE: STRUCTURE Ta RE tigrn »
4y Do 1 IL= 14N3 T S
45 InPX= IDUPLX (IL) @ DUPLEXTMG MODF 1= AND 22F - ~ S
46 NPV = LINEQU(IL) A NUMRER OF LTNES REQUIRFN @
47 NOV1=NDVHTADDTN*KADD : ‘ . R
48 ¢ _ ‘ e
49 c CALCULATE CQSTQ FOR MON=LINE TYPE CHARGES
50 .
51 IF (NDV.EG+0) 60 TO 1 R NO LINFS APE RENITRFD s s “
52 DA 2 TVS1eN4 - RHIGH DENSITY RATF . e O
53 c : . 3 .
sS4y c INQTALLATX“N COSTS FOR NOM=LINE TYPF cHAPGrq ; : o
55 c . g
56 LNKCHV.(IL-IVyl)' AchTC(KR-IL.IV K¥ o Inpx IT!D)*KFHG*NDV g
UG .
. o o
: s o :
& y e :
. W PP B

Ao




)
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57 1 + ATMSTC(KReTL» TVeKK e IOPX2) *NOVY

58 c

59 C ANNUAL RECURRING COSTS FOP NON=LINE TYPE CHARGES
60 c

61 LNKCHW  (1L»IVs2)=( RECRC(IKRrIL s IVoKKs TOPX,ITIP) XKCHG¥NDY
62 1 + RECRC(KRrILsIVFKKrIDPXs2)&NDVI )12,
63 2 CONTINUE

64 c

65 c CALCULATE LINF COSTS

66 c ,

67 LIN= IFLAG(KReIL) P LIMEAR IF 1 ANN MANLINFAR OHTFRWISE
68 c

69 C ANNUAL LINE INSTALLATION COSY

70 c

71 AN=1,

72 LNKCENCTL 3= ANSTLN(KReTLeKK e TOPY ¢ 2 ) %ANKNDY
73 IF (LINJNE.1) GO TO 4t

Ty c

75 c LINEAR LINE RECURRIMG COST FUMATIOM

76 c

77 PNEDST/RECRLM (KR TL e KK » IDPX 1)

78 LNKCLN{IL22)Y= RECRLN(KRI)ILIKKyTDPX e 2 ) ¥RNaNDV12,
79 GO TO 32

80 41 CONTINUE

81 c

82 c NONLINEAR LINE RECURRTMG FUNCTION

83 c :

a4 DO 10 NON=1s8

RS NON2=24+NON

86 NOMIZNON2~1

a7 COSTERECRLMIKR» IL o KK » IDPYX ¢ NON2)

88 DT=RFCRLN(KP» IL+ KK+ TDPXsNOM1 )

89 IF (DST.GT.NT) 6O TO 51

90 LNKCLN(IL»2)= COSTRNSTHNNY* 12+ NKCLMN(IL ,2)
91 GO TO 32

92 51 CONTINUE

93 LNKCLN (TL»2)= COSTADTHNNV#1 2+ NYCLN(TL ,2)
9y DSYINST=NT

as 10 CONTINUE

26 32 CONTINUE

97 1 . CONTINUE -

98 KCHG=1

99 KAND=1

100 RETURN

101 : END

CRAPRT STACOM«RHOFUN/OTT?

A-42



77—53, Volo IV

*

51928*STACOM(1) RHOFUN/0T777

1 SUBROUTINE RHOFUN(T1,T2¢LINEGU Ln[MT.anLvaRHO)
2 c ¥k oo o kR TR R e K i
3 C
4 C CALCULATE LINE UTILIZAT 0y
5 ¢ Ti= LINT TO SWIYE{nLY TRAFFIC : » ‘ L
6 o T2= SWITCHER . T L. ”NF TRAFFIC g N e
7 c LNLMT= HIGHEST LINE FYPE , ‘ S T
8 g LINEQU= LINE CONF{&uRATTON ‘ - 5
9 : . ‘ ; o
10 < I T AR e TR R L
11 PARAMETER NP3=4 A ; » T
12 COMMON/LINCHR/ LINMIX(NPB)'LINcAP(NP31vUTILTZ(NP1) ' R
13 *  /CONST/ N1+N2sN3eNUsN7oNCITY : :
14 * /SUM/ZASIME4) s BSUM
15 * ZXMTZ TIMYXMTIT7+NP3Y eWATT(E)
16 * /MSLAZ AMSL(7)
17 DIMENSTON LINEQUE1) yRHOLINTYL)
18 RHOZ0. ‘ : , o
19 CAP’-OQ : . :
20 DO 8 N=1¢N3
21 CAP=CAP+LINEQU(N) L INGAP (N) g i
22 8 CONTINUE ‘ ‘ : o
23 ; CMSLINCAP(LNLMT) /7CAP mNORMAL!7AT10N FACTOR Lo T &
24 XSAC1=CN*T24ASUMIZ) / (RSUM#AMSL (5) %P ) ANUTPUT WITH PRYO 1 S “
25 XSAC2=0,
26 IF(AMSL(6) +EG. 0:) GOTO 1201 , e ~
27 XGAC2TZCNRT2XASUM (L) 7 (RSUMSAMSL (6 ) 84 nourpur WITH PRYOQ 2 . PR
28 1201 CONTINUE ‘
29 XSACI=CN*T1/ (AMSL (8} %R« RINPUT TRFFIC ™ TRAmq
30 RHOLIN{1)=XSACI*TIMXMT (5, LN MT) -
3 RHOLIN(2) =XSAC2*xTIMXMT (60 LNLMT) .
32 RHOLIN(3)=XSACI*TIMXMT (4o LNLMT).
33 RHO-RHOLIN(l)*RHOLIN(2)+RHOLIN(1)
34 - RETURN
35 END

APRT STACOM.LINMUM/OT777

‘(‘\,\ ) v ‘A . ! . : »:V L-;

S

it A4 e e e
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51928%#STACOM(1) ,LINNUM/NTT7

VENPAFUNEFOO®DION &GN -

N
-0

NN N
A FEw

26

N NN
Celie-B -]

O (d Gt 0
GO O

L 34

A AL R R HY]
OV NOWUM

EEEEEE
NOTEGN

&£
O @©

o
o

52

UYL
e

DO IO

W OO

10

70

73

22

FI%
APP

SFT

SUBROUTINE LINNUMI{TL T2 LINEQULNLMTiJSFLAGPRHN)
Kok E Rk KRR TR ok S

D LINE CONFIGURATION BASED ON THF GTVEN TRAFFIC AND
LICABLE LINE TYPE
JFLAG= 1 FOR MULTIDROP LINE CASE
Ti= LINE TO SWITCHER TRAFFIC
T2= SWITCHER TO LINE TRAFFTC

**t**t**##**#t#t#*##

PARAMETER NP3=4 )
COMMON/ILINCHR/ LINMIX{NP3) LINCAP(NP3)»UTILTZ (NP3)
* /CONST/ NIoN2sNIsNUINTeNCITY
* /MSLA/ AMSL (7)

INTEGER TRAF

DIMENSTON LINEQU(l)-RHOLIN(s)

TRAFSTI4T2

DO 1 I=1+N3

LINEQU (1)=0

CONTINUE

LNLMT=0

CALL REFER

LNLMTUSLNLMT

UP IMITIAL LINE CONFIGURATION

IF(JFLAG .EQ, 1) GOTO 10
CONTINUE
LINEQUILNLMT)ZLINEQU(LNLMT)+1
LCAP=LINCAP (LNLMT Y #UTTLIZ (LNLMT)
IF(TRAF.LT.LCAP} GOTO 7
TRAF=TRAF=LCAP
CALL RFEFER
60TO 3
CONTINE
LTNEQU(LNLMT)‘TRAF/(LTNCAP(LNLMT)*UTILT?(lNlMT))+1
CONTINUE
CONTINUE
CALL RHOFUNI(TY »T2sLINFEQULNLMTt P RHOLIMIRHN)
IF(RHO «LT. UTILIZ(LNIMT)) 63To 18N
IF(LNLMYU.NE.N3) 60OTO 72
IF(UFLAG.NE«1) GOTO 73
LINEQUINI)=LINEGUIN3)41 R NEENFD TO RF MADIFTFD
6070 70
CONTINYE
DO -2 N=1,N3

TF(LINEQUAN) WNE. 0) GOTN 20
COMTINUE
CONTINUE
NL=N )
IF(NL+EQ.N3) GOTO 74
LINEGUINL) =0

- CONTINUE

NL=NL +1
IF(LINMIX(NL)«EQ:sN) 6ATO 27
LINEQUINLI=LINEQUINL}+1

%Q*" . - A-44

t

R



NS

87
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

74

75
76
77
78
79
a0
81
a2

T4

72

150

c
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G070 70

CONTINUE

LINEQU(1) =1

60TO 70

CONT INUE

LINEQU(LNLMTUI=D
LNLMTUSLNLMTU+1
IFCLINMIXILNLMTUY.FG.D) GOTO T2
LINEQUILNLMTU) =1

. G0oTo 7N

CONTINHE

"LNLMT=LNLMTU

RETURN
SUBROUTINE REFER

C FIND THE UPPER LIMIT OF LINF TYPE ALLOVWED
c , . .

14
15

DO 14 NN=1,N3 )
LYRAFSTRAF/ZUTILIZ(NMI40.S
IF(LINMIX{NN) «ER.D0) GOTO 14
LNLMT=NN
IF(LINCAP{NN) .67 LTRAF) GOTO 15

COMTINVIE )

COMTINUVE

RETURN

END

QPRT STACOM.PACK/0777

R

<

= W
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51928#STACOM(1) ,PACK/0777

1 COMPILER (FLD=ARS)
2 SURROUTINE PACK(IsKetoeTA)
3 c LIPS TS PP a s ST
4 c :
5 C RFTRIFVE/STORE DATA FROM/TNTO ARRAY 1A
6 C L=1 FOR STORING AND L=2 FOR RFTRIEVAL
§ 7 g K= DISTANCF DATA CONCFRMED
8 .
9 c - . HREERH GRS RN RK
10 DIMENSION TA(1)
11 “I10=(I=1)/4 QTHE WORD LOCATION
12 : IR=I-10%4 RTHE QUARTER CONCERNER
13 IR=IQ+1
14 o IS=(IR~1)*a
15 IF(L.EQ.1) GOTO 10
16 C ) .
17 C RETRIFVE IT(9 RITS) BEGINMING AT IS=TH RIT OF THE IQ=TH WORp
18 c : .
19 : KSFLD(T1Se9,TALIQ))
20 RETURM
21 c
2% g STORE IT(Q BITS) REGINMING AT 7S=TH BIT OF THF 1Q~TH WORD
2 .
24 i0 CONTINUE
25 FLD(ISr9»TA(IG))=
26 . RETURN .
27 END

QPRT STACOM.OISTZ0777

SRy
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] [ Iy
51928+STACOM(0) ,NIST/0777 , o . o
1 FUNCTION DIST(I+J) , ' ‘ S
2. (o8 oK R s K o o Ak o Rk
3 (o8 .
& C FIND DISTANCE BETWEEN I AND J-
5 c ; ; L
6 c P TS ST T I L : - e
7 PARAMETER NP1=130sNPC=360 S
8 PARAMETER NP6=(NPCNPC/2<NPC+1) /441
9 PARAMETER NP7=4%
10 COMMON /REF/IREF(NDC)ITRAFP(NPIvZ'NP7)o~ K
11 * DSTNCE(NP6) »MARADR (NP1T) ‘
12 INTEGER DSTNCE
13 DIST=0.
14 IF(I.EQ+J) RETURN
15 IISMAPADR(I)  RACTUAL CITY INDFX
16 JUZMAPADR ()
17 IF(11.EQ.JJ) RETURN
18 TULSLINK(IT v dJ)
19 caLL PACK(IJL'IDIGToZoDSTNCF)
20 DIST=1Dss5T
21 IF(IDL.T «NE. 511) RETURN ; o , R
22 DIST=RECOVR(TJL) b L
23 RETURN ‘ ' : o , o
24 END
APRT L+LINK/0777
3y
, .
. e
R od i
% gL
s k U v'\ o
) (e A
‘J: o 2 o L #
T

W

o
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51928*STACOM(0’.LINK/0777

1%

FUNCTION LINK(JrK)
ERRRERE KRR KA

FIND THE RELATIVE LOCATIOM FOR (Jrx) COMRINATTION
WHICH IS THEN USED FOP FINDING DISTAMCE RETWEEN SYSTEM
TERMINATIONS J AND K

OO0

223 TTTIISI 2223322 2

PARAMETER  NP1=130,NPL=360
PARAMETER NP6'(NPC#NPC/Z-NDC+1)/Q+!
PARAMETER NPT7=4NP3=y
COMMON /COKNSTZ NIrN2eNIsNGIMTINCITY
1 /REF/IRFF(NPC)'TRAFD(NPll?vNP?)on<TNCF(MPﬁ)oMAPAnR(NP1)
INTEGER DSTYNCE
LINK=0

1IF(J. 6T NCITYsORKosGTNCITY ., ORK.FAeJ) RETUPN
JJ=J

KK=K

IF(J.LTK) GOTO &
JJ=K

KKk=J
1 CONTINUE
LINK=(JJ=1)#NCITY + KK = IREF(JJ)
RETURN
END

APRT L+RECOVR/(777

A-48

oy
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5192825TACOM(0) ,RECOVR/0777

1 FUNCTION RECOVR(I)
2 C Aok ok RO kg kK ok
3 C :
; 4 C RETRIEVE OVERFLOW DISTANCF DATA FROM IVRD
5 o
6 (o (23T ER LI 2T S LY
7 PARAMETER NPC=360¢NPO=10%NPC
8 COMMON /OVER/ IVRD(NPQ¢2)+» I0VERL
9 0o 10 M=1+.I0VERY
10 IF(L +EG. IVRD(Nr1)) GOTO 20
11 10 CONTINUE
12 WRITE(6/,99) I
13 S99 FORMATU1Xe* NO OVFRFLOW DATA HAS BEEM FAUMD Y.
14 * *FOR LOCAL IMDEX':216) .
15 sTOP
16 20 CONYINUE
17 RECOVR=IVRD{N"2)
156 RETURM
19 END

@PRT L.PLOTPT/0777

AT

e




sl

Mo

o
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$19284STACOMI{0) ,PLOTPT/0777

1 SURROUTINE PLOTPT(L1,L3)
2 C ok O KooK ook o ook KKk
3 C
4 C SUBROUTINE FOR MOVING CALCOMP PEN WITH 'OR WITHOUT PEN NOWN ;
5 C L3=1 FOR MOVING WITH PEN DO¥N ¥
6 C =2 FOR MOVING WITH PEN UP
7 C =2 FOR CLOSING THE PLOTTING
-8 C i
9 ., C AR K e MK o gk Rk
10 PARAMETER NPC=360
11 COMMON/VH/IVERT(NPC) ¢ THORZM(NPC)
12 DIMENSION IBUF(1000)
13 DATA IP/0/  QFLAG FOR PLOTS CALL
14 DATA X/1.2566/
15 IF(IP «NE« 0) GOTO 50
i6 caLL PLOTS
17 50 CONTINUE
18 IF(L3 «EQ. 3) GOTO 100 RAPLOTTING IS TO mE Cl OSEN
19 AV=IVERT(L1)
20 AH=IHORZN(L1)
21 : BVSAV*COS{X) +AHRSIN(X)
22 BH=AVXSIN(XJ=AH*COS (X)
23 BH=(8300.-RI4) /7301,
24 BV={BV~5500) /301,
25 IF(L3 «E5. 2) GOTO 820
26 CALL SYMBOL(BH'BVr0,02SeleN,p=2) MPEM 1S DOWN
27 RO CONTINUE
28 CALL PLOT(RH,BV»3) RPEN 1S UP
29 1p=1 BPLOTS CALL IS NOT NEENDED ANY MORF
30 RETURN .
31 - 100 CONTINUE
32 CALL PLOT(10,¢0.,9999) R
33 RETURN =
34 END

APRY L.RSPNSE/0777

A-50 | R
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i >/y ,l A
51928%STACOM{D) Rspn<flo“l7 “ ol f‘} ;'x“i P
1 ‘ SUBROUT INE RSPNQE(Tifr&vLIMTYP»M;ﬂ‘R) RSP ARE A A
e - C vr*nw#uuuum R - o ,},Y Sk : i
3 c - : v ©
4 ¢ CALClJLATE, “EAN REC«F’N}I"'F "CIME‘ Fon THE:
5 c oo :
6 c wAn’(e) ’iTFMI?EF‘ DELAYS DUF T0 R i B
7 c 1=WALT FOR POLLING - 2zWATT Fop 17 3~;wpur xuT T&MP R,
8 ¢ 4=Lpy YURNARQ\NU e J-OUTPUT OUETIF! ATT 6"‘OUTPUT xm TIME, ‘ ‘
9 c R f k N
10 3 : 1\. / -
11 coMMON/Re P/’RHOLIN(MV!R\PTT% e ; sl o T
12 1 XM/ szxmrtrywps>',warr(ﬂ) Codd e e Ty T
13 2 /BOUND/ NT&RMSruI* : o
14 a3 .
15 . D'NENSION/T
16 DO 19 NZ1eR3 , =
17 A7 LDUMMYIN) S s ; g
18 18 7 CONTINUE 7 ey .
19 LDUMMY(LINTYP ’ :
20 : 10Ksg - _ .
21 ¢ ' Loy L
22 C el RWOFUN(*loTu3LnUMMY varvpo ! i
23 : RHOLINT4)=1 . oFHT R , : "
24 IP(RHOLIN (4, 4LE. 04) RETl' ; :
25 WAzr(1?*(?IMXMT(10LlNTVP LL”TW?)‘*(M-l)/ g
26 x-RHOLm/ 0 L e .
27 4 "
28
29 LT 1 o
30 WQ!T‘67“TH
31 RSPTIM=0D G
32 00 131 J=1s6:
33 RSP IV TN -
34 11 CONT INVE ’
35 - IF (RS 11M ; ‘ i
36 R ¢ , R,
37 RETURN - 5 - ¢
38 L LEWD i -5 o
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ATE&T

@]UN, ete.

BPS
CalConp

Central Link

Centroid

Communication Network
Communication Protocol
CPU

Data Base

D Bank

Drop

EXEC~8

FORTRAN

FORTRAN V _

-1 Bank “ -

D

~» Line Utilization -

The geographlcal center of a set of system
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APPENDIX B.

GLOSSARY

American Telephione and Telegraph ngpany

Control statements.under EXEC 8 system (of
the UNIVAC computer system)

& :

1§

Bits per second
CALifornia COMputer Products

The direct link between a computer and a
remote termlnal :

R

terminations S , ' vt

LR
N

A network w1th several termlnals connected by
a:set of communlcatlon channels

‘The system used for performlng‘lnterfacing

(hand= shaklng) between a computer and a
remote terminal

Central Processing Unit -

A collectlon of cross-referenced set of files

which allows systematic data Iiling and . e ;S
retrieval by a dlglta] computer ‘,Qt : ' :
. Storage area for data under EXEC 8 sjstem of _'_ '; i

the UNIVAC Computer System. o L , V Al 5

A chargeable 1tem assOclated«withfeach

8}

i termlnal on a multldrop llne

UNIVAC 1100 serles executlve system

.

‘FORmula TRANS’ator ‘ ‘: i O,: v
. A FORTRAN. type of hlghfievel language which -
.lls only applleable 1n thVAC computers ‘
;Storage area for program 1nstruct10ns unden B *“;;}ﬁ» 3
EXEC 8 system Qf the UNIVAC Computer System“‘ o *v"ifefef
o IDenulflcatlon “;g ;" : ;‘é ‘ ,f_‘r ;?fc‘;vf' ;ej1i]f
' The ratio of traffxc on a llne to the line s
fcapacltyq - g, ‘ i SR P




R

N

MPL .

Multidrop Line

Multidrop Network

PUNCH$, ete.
Regional Network

Regional Switching Center

~"(RSC)

STACOM

;Stér Network

SUP-Time

System Termination

TELPAK

Terminal

Terminal Response Time

Tree

&
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Multischedule Private Line, one of the
interstate tariffs used by AT&T

A commuriication line which has more than one

terminal and is connected to a data
processing system ‘

A communication network where one or more
lines are multidrop lines

System designated file name for punch card

output, ete.

A network which connects all termlnals in a
given reglon

A regional data processing center which
is used to provide the message switching
capability for all terminals in the region

STAte Criminal Justice COMmunication Project

A communication network where each system
termination is directly connected to the
central data processing system

A run time estimate by the EXEC-8 accounting
subsystem which accounts for the amount of
time spent by a run on usage of CPU, I1/0
processing and execution of system control
statements and executive requests

A logical node in the communication system
under the STACOM program;, which consists  of
one or more physical terminals

A specific tariff for a telacommunicatlon
network

A device that allows users:of‘a‘data
processing system to gain dccess to that
system in a more convenienf manner than the

~input/ output devices local to that system

The duration from the tim¢ a user initiates '
a request for network service at the terminal
to the time he receives ai. complete responsge

‘A graph which has a robt?node without any

predecessors and other nbdee have unlque
predecessors

i
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UNIVAC

Vertical Herizontal (V-H)

Coordinates

[ R

LEAA-JPL:Comt,, L. A,, Calif.
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UNIVersal Automatic Cowmputer, a computer
trade name by Sperry Rand Corporation

A pair of numbers which are designated by
AT&T for cities and used for the purpose of
calculating distance between any two cities
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