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FOREWORD 

The state Criminal Justice Teleoommunications (STACOM) Project 
consists of two major study tasks. The first entails a study of criminal 
justice 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 as follows: 

state Criminal Justice Telecommunications 
(STACOM) Final Report - Volume I: 
Executive Summary 

state Criminal Justice Telecommunications 
(STACOM) Final Report - Volume II: 
Requirements Analysis and Design of Ohio 
Criminal Justice Telecommunications Network 

state Criminal Justice Telecommunications 
(STACOM) Final Report - Volume III: 
Reel' irements Analysis and Design of Texas 
Criminal Justice Telecommunications Network 

state Criminal Justice Telecommunications 
(STACOM) Final Report - Volume IV: 
Network Design Software Users' Guide 

77-53 
Vol. I 

77-53 
Vol. II 

77-53 
Vol. III 

77-53 
Vol. IV 

The above material is also organized in an additional four 
volumes which provide a slightly different reader orientation as follows: 

Title 

state Criminal Justice Telecommunications 
(STACOM) Functional Requirements -
State of Ohio 

state Criminal Justice Telecommunications 
(STACOM) Functional Requirements -
State of Texas 

state Cr'iminal Justice Telecommunications 
(STACOM) Use!." Requirements Analysis 

State Criminal Justice Telecommunications 
(STACOM) Network Design and Performance 
Ana,lysis Technigues 

*Jet Propulsion Laboratqry internal document. 

iii 

Document No. 

5030-61* 

5030-80* 

* 5030-99 

(( 
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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. It then illustrates 1!he 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 
jointly by the Jet Propulsion Laboratory, California Institute of 
Technology, and the States of Texas and Ohio. The project is sponsored by 
the Law Enforcement Assistance Administration, Department of Justice, 
through the National Aeronautics and Space Administration (Contract NAS7-
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 T~lecommunications 
(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. Also 
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 i -) a software tool which has been developed and utilized 
during the STACOM project. This Software Users' Guide provides: 

(1) 

(2) 

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

Details of the STACOM storage structure and of its 
program structure so that a user can easily comprehend. 
its capabilities and limitations •. 

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

(4) Detail s of a sample run stream used as a r,eference run 
for correct operation, and an input/output eXanfple, so 
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 LaboratC'ry. EXEC-8 is the oper'ating; system used in these 
systems. With this in mind, usage of this program in a similar UNIVAC 
system may require some degree of conversion e'ffort. For a facility with 
computers other than the UNIVAC type, a considerable effort would be 
required in converting this program into one compatible with ,the op.erating 
syst~m of that fa~i1l.ty. 

The balance of this document consists essentially of two 
parts. The fiN;t deals with the functional design portion of the S,!,ACOM 
topolo/:S program (Section 2); the other is'concerned with the operational 
aspect (Section 3). 

1.2 SUMMARY 

1.2. 1 The STACOM Pro~ram 

o 

The development of the STACOM (§IAte Criminal Justiqe 
COMmunica,.tion) network topology program was performed to support the pr-i
mary STACOM objective of providing the tools needed for designing and e"ilal;' 
uating Jntrastate communication networks. The STACOM project goals are to: 
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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 intlr'astate network 
design, performance analysis, modeling, and simulation. 

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

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

A task involving the development of a softlr1are package for the 
synthesis and analysis of altet'nate 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 genel-al operating procedure for using the progr'am. 

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. Themain 
purpose of the communication network is to provide to the terminal users 
rapid acce$S to and response from the data base system, and rapid response 
tiruu 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, some 
cost reduction is possible through an initial investment in a 
configuration 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 soft~!are tool which has been developed 
to design optimal networ)-!C~ that will achieve lower operating costs. It 
utilizes a modified Esau-Williams technique to search for those direct 
links between system terminations and a regional switching center (RSC) 
whiCh may be eliminated in order to reduce operat~ng costs without 
impairing system performance. The RSC provides either a switching 
capability, a data base center, or both. 
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Inputs for the STACOM program contain data ·such as tra,~fic, 
terminal locations, and functional requirements. The network may be 
divided into any number of desired regions in any given program r'un. Each 
region has a Regional Switchin~ Center (RSC) which serves terminals in its 
region. RSCs are, finally, interconnected to form the complete network. 
Upon receipt of a complete set of input data, the STACOM program first 
performs the formation of regions and, if needed, the sele~tion of HSCs. 
The program then builds a regional network. in which 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 t~ 
this system termination until the total amount of traffic for that reg~on 
is greater than a certain percentage (90% in this implementation) of tt~e' 
average regional traffic. The average regional traffic is simply the 
total network traffic divided by the number of desired regions. 'I'he same 
process is repeated by the program in forming the rest of the regions. 

The selection of an RSC is based on the minimal traff~c
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 location of the system terlJlination which provides 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 
proc'J)Ss consists of two basic st.eps, i. e. f searchinlS for lines who.se 
elimination yields the best cost saving, and updating the network. The 
two steps are repeat,ed ufltil 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. In a multidrop network, some lines have 
more than one system termination; these are called mUltidrop lines. 

When needed, the STACOM program will continue to form an
optimized interregional network, which consists of inter-connections 
between regional centers. 

The proces.s for interregional network optimization involves 
the same two steps: searching and updating. However, thesea~phing step 
is primarily to find the .al ternate route J for diverting traffid between two 
regional switching centers, that provid~s the best. saving. 

Based on the data provided, a successfu~ run of;t:he S'tACOM 
program generates a regular printer output and, if requestec;f, a CalComp 
plot. The printer output contains data such,as initial reg/ional" network 
and optimized network costs, assignments of system terminations, etc. The 
CalCom'l> plot shows the geographical, connections of the optimj,zed network 
detailing multidrop line connections to aU:1 of the system terminatiQhs. 
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1.2.4 Operational Procedurf,i 

1.2.4.1 Initiali;liatiQn and Setup. When the STAC0l-1 prQgram is executed 
frQm an 80-character/line demand terminal, an alternate file, 100, to be 
used as a printer Qutput file, must be defined. Otherwise, all printQut 
data will be directed tQ the terminal which will prQduce interleaving 
Qutput. The file is deflned by the statement @ASG,UP 100. 

user must 
plQtter. 
the punch 

1.2.4.2 

In additiQn tQ the redirection Qf output file destinatiQn, the 
direct the punch card file tQ a prQper unit fQr a OalCQmp 
As an example, the statement @SYM,P PUNCH$"G9PLTF will direct 
card images to a CalCQmp plotter designated with G9PLTF. 

Starting a Run. 

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

@RUN run-ID, accQunt-no., prQject-ID, SUp-time, pages/cards 
@ASG,UP 100 
@SYM,P PUNCH$"pIQtter-ID 
@XQT file.STACOM 

. (INPUT DATA) 
@BRKPT 100 
@FREE 100 
@SYM 100"printer-ID 
@FIN 

The RUN card gives the fQllowing informatiQn: designated run 
ID, user's account number, project-ID, expected SUP-time usage (sum of CPU 
time, I/O 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 prQgram. Printer
ID giv.es the IQgical ID Qf the "line printer. INPUT DATA as shQwn is the 
input data required. When all of these data items are in Qrder and ready, 
the deck can be submitted tQ the QperatQr for processing. 

1.2.4.2.2 Demand~. If prQgram execution is to be perfQr'med via a 
demand terminal, the user can CQnverse interactively with the prQgram. 
The user may alsQ run the prQgram as a batch job by having all input data 
prepared and added after the @XQT statement. 

Under the cQnversational mQde, the user acts as a respondent 
whQ answers the requests fQr data made by the program. This mode of 
Qperat~Qn provides the user with an understanding of hQW the prQgram is 
progressing. A user can very often terminate a run befQre a complete set 
Qf input data is given if he has some knQwledge Qf the progress being 
made. This capability can prevent the user frQm an unnecessary waste Qf 
time. For example, if a run encounters a system which has mQre Qversized 
distance data than allQwed, 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 order 
to handle the large number of oversized distance data. 

1.2.4.3 Normal Termination. When a STAqOM 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. 

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 @@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 run waen 
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. 
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SECTION 2 

THE STACOM PROGRAM 

2.1 INTRODUCTION 

Two types of analysis are involved. in designing a communi
cation network. The first is concerned with arriving at acceptable 
line loadings; the second invol VE~S the achievement of optimal line 
configurations. The STACOM program was developed to accomplisp. both 
of these types of analysis. 

Before describing the STACOM program itself, a State criminal 
justice 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 provide a system
atic exchange of information between a group of orgarrizations. 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, 
the type of information system which serves a criminal justice community 
within a State can oe considered as an information storage and retriev~:tl 
system. This type of information system is the subject of our interest. 
For example, the State of Ohio has an inform~tion 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 Stat~. 

2.1.2 State Digital Communication Network 

F/Jr a given State information system, the storage, and retrieval 
of· data to/from the data ba,.se can be accomplished in various ways for 
different user requirements. In general, the users of a State criminal 
justice information system are geographically distant from the central data 
base computer. BEicaus€1 a fast turn-around time is a necessity for this 
particular user commun;l.ty, direct in-line access to the central data base 
by each criminal just!ce agency constitutes the most important of the user's 
requirements. In addition, it is required to move message data~~ickly""" 
from one agency to anot,per at a different location. These goals require 
the establishment of a 'data communication network. Because the computer 
deals only with digital. data, only digital dat'a cOIllIllunication networ'ks 
are considered here. 
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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 example of a 
network is given in Figure 2-1, where the links between modems are 
communication lines leased from a common carrier. The comm.unication 
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 connists of one or more physical terminals or 
computers located at. the same city. 

CJ-o--- $ 
CtTY A 

0-0-$ 
CtTY F 

CITY E I UP ~
OIAL 

I NET
I WORK 

e DATE BASE COMPUTER 

@ COMMUNICATION CONTROL UNIT 

o MODEM 

U TERMINAL 

Figure 2-1. Example of a Digital Communication Network 

2-2 



77-53, Vola IV 

2.1.4 Communi.cation Network Configurations 

The communication network for an information systeI!). with a 
central data base computer is one of three basic network configuratipns: 
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 co~sists of four 
direct con.nections, one for eaph system termination. Each connection is 
called a central link. The multidrop network has one line with two system 
terminations and two central links. In t.he 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 gover-ned 
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 configuration 
analysis. In other words, some efforts in network optimization generally 
provide cost-saving. 

STAR NETWORK MULTIDROP NETWORK 

DISTRIBUTED NETWOR1< 
.. II 

'\\ 

Figure 2-2. Easic Communication Network Configurations 
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There are two ways of constructing a communication network 
in a geometrical sense. One can divide a communication system into 
several regions, construct an optimal regional communic"tion netwol'k 
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 STACOH Program 

The STACOM pro~ram 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 (RSC). 

(4) 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 cDnditions: 

2-4 
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(1) The lin0 utilization factor does not exceed a specific 
number 

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

(3) The number of terminals on a multidrop line is less 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 cen,tral 
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. . 

~hen a communication system has more than two regions, the 
STACOM program can also be used to generate an optimal inter-regional 
network. It first constructs an ini.tial 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 
r-egional networks and inter-regional network obtained from Figure 2-3. 

2.2 MAIN FEATURES 

As desc~ibed in Paragraph 2.1, th& STACOM program has been 
developed for the purpose of performing analysis and synthesis of 
alternative network topologies. The following is a liElt of features whioh 
characterize the STACOM program: 

(1) The Esau-Williams routine has been m9dified, tested 
and u~il~::;ed for determining near opj:.imal network 
topology. 

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 multidrop 
.J,.ine is now an input parameter. 

(4) A response-time algorithm has been i~~p1.emented in the 
program. 

(5) A CalComp plotting rou.tine 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 wultidrop network. 

-. 
• .............. 

• 

o REGIONAL SWITCHING CENTER 

o SYSTEM TERMINATION 

_ LINE CONNECTION BETWEEN SYSTEM TERMINATIONS 

___ LINE CONNECTIONBETWEfN RSCs 

_._._ REGIONAL BOUNDARY LINE 

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

''-.. 
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A tree-type storage structure is therefore ne,eded 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. Each cell consists of five fields and each 
field occupies one word (i.e., a 36-bit word for UNIVAC 1108 computers). 

, 
• 

A 
• • 

/ 

c 

o REGIONAL SWITCHING CENTeR 

o sYSTEM TERMINATION 

__ LINE CONNECTION BETWEEN SYSTEM TERMINATIONS 

___ tINE 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 

Let c(fi) :: content of i-th field in a storage cell lA' where IA is an 
internal index for a system termination A (~r:>.ta), then 

c(f1) :: 

c( f 2 ) :: 

C(f3) :: 

the number of system terminations under A 

a pOinter which points to the first successor of A 

a pointer which points to the next system 
termination whose predecessor is the same as A's 

a pointer which points back to the previous system 
termination whose predecessor is the same as A's 

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 
Figur'e 2-5, A is root of the tree i it has 4 successors, i. e., B, e, D, and 
E. Figure 2-6 is the internal representation of that relationRhip among 
indices lA, lB. Ie, ID, and IE which are internal cardinal numbers for 
system terminations A, B, e, D, and E. 

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

A 

B D 

Figure 2-5. A Tree with A as its Root 
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IA = INDEX FOR A 

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

In the case of ICI ID is the next successor of IA and the 
previous successor of IA is lB' Its third field has a pointer pointing to 
ID, and its fourth field a pointer' pointing to lB' 

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

An arrow froIll rou;;.ine 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. .p 

Major functions of eleven of these 'routines are given below. 
RSPNSE Routine is describeq in the following paragraph. 

f:vlAIN Routine 

This is the master routine of the STACOM program. In 
its execution, it reads in all the data required from an 
input device (card reader or demand terminal) and 
perfq.rms calculations of distances betwsEm, any two 
system terminations. It as~igns system terminations to 
regions, and, if necessary,'selects the regional 
switching center by finding thesy~tem termination in 
the region with the minimal traffic-distancer~foduct 
sum. It calls upon routine RGNNET'to build a star 
n~twork and then 'performs network opUmizi:ition, if 
required I for each of these regions. " 

I.) 
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RECOVR ICOSTJ 

r---- LINK DIST ,-
PACK 

LlNNUM 

-\ ·1 RHmUN I TRAFFIC -
MAIN RGNNET 

VH, ETC. I -

U 
PRINTS, PLOTS PLOTPT 

.. : CALLS UPON 0 
~ IRNOP RSPNSE 

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. 

(2) 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. 
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The optimization procesis utilizes the Esau ... Williams 
algorithm (Reference 1) with some modifications. It 
consists of two steps: searching for a central l~nk (a 
direct link from a system termination to RSC) witb 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. 

(3) IRNOP Routine 

This routine is called upon to act by routine ~4IN. It 
forms an interregional network and then performs its 
optimization. The interregion:a.l lines are assumed, to be 
full-duplex lines. DurJ;ng the optimizati<:>n process, no 
line between two RSCs can be eliminated if traffic 
between them cannot be handled through only one 
intermediate RSC. Also, each RSC requiree:. at least 'two 
lines to other RSCs. 

(4) LINNUM Routine 

This routine provides an estimated line configuration 
required to satisfy a given traffic load and is mainly 
called upon i;>.y routine RGNNET. During its execution, 
utilization of selected lines are calculated against tli'i9 
given traffic load by calling RHOFUN so \\hat effEicti ve" 
line utilization is less than the pre-det'el".mined number. 

(5) RHOFUN Routine 

(6) 

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

ICOSTJ Routine 

Given the line configuration and indices for any two 
system terminations, this routine 'calculates the 
installation cbsts and::!annual recurring costs for 
the line and other chargeable item:{~ reqJlired .In 
calculating line costs, it calls upon routipe DIS! 
for distance 'data between two given system );,ermina'
tions. Resulting cost d·~ta a:rearrange(ty~y;;"dhargeable 

;;_r '\ ~ 

;item type.' 

DIST Routine 

This routine l"$trieves dist.ance data petw~e,n any two 
systern terminations by calling r.outine PACK. When th~ 

2-11 

_tt 

o 

i? 

c. 0 

b 

Q 



77-53, Vol. IV 

distance is greater than 510 miles, it retrieves 
distance data by calling routine RECOVR. 

(8) PACK Routine 

This routine stores or reirieves distance data between 
any two system terminations. It is called upon by 
routine MAIN for 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 be.en 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 PACX 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 
leI 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. 

2.2.2 

(11) PLOTPT Routine 

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

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 reliabiJ,ity 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. In reality, the response time of a given 
mul tidrop 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. algorithm 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 
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on the given multidrop line, given the number of terminals and amount 
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 
at the switcher, and the wait-for line time and litfe service timeofor
the returned message to the terminal. When there is an RSC between 
a terminal and the central switcher, the turnaround time at the RSC 
{ind the line service time between the RSG 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 founn to be acceptable. 

2.2.3 Flexibility 

At the 'outset of the STACOM project it was anticipated that" 
the STACOM program would be used for states with varying traffic 
requirements; it was decided that the resulting program shoul~be as J 

flexible and general as possible. With this in mind, the STACOM program 
has been implemented with the following features which make it flexible 
and thereby enhance its capabilities: 

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

(2) 

Because a state can have more than one rate structure 
(tariff) applicable at anyone time, th~ STACOM program 
has been designed to accommodate this. 

Under a specific rate structure, 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 
associated with each line type can be prescribed to ,the 
program. For example, any combination Of costitems! , 
such as service terminals, drops, modem and others car.\ 
be used. Furthermore, under the Multischedule Private 
Line (MPL) tariffs given by AT&T for interstate~, 
co~unication lines,the monthly line charge between any 
two terminals is now a function of bpth the inter-city . 
distance and the traffic densities of both terminal 
cities. The STACOM program has been impleJIlerited in 
such a way that it can take line-cost figures based 
on MPL tariffs or other tariffs. 

Region Formation, Switcher selection, apd Network' 
Optimization. 

Given a set of system ter.m:i,.nations dividing them into 
regions ca~ be performed in 'either of toe fOllowing 
ways : th~ user can pre;-.assign some or aU ~of the' , 
terminatj,ons'9intopreselec~ed r,egions, alternatively, 
the user .,can Jet the program perform ,the region" ' 

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

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 
constraint on the average terminal response time on a 
multidrop lj,ne. The STACOM program allows a user to 
specify the limit on a run basis. 

Programming Language 

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

Detailed features of FORTRAN V programming language 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 can only be executed under the EXEC-B 
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 
is not included in the system, the STACOM program must be updated to 
reflect tnisr:'mvironment. 

In addition, the current STACOM program was designed with the 
feature that all the desired output be put into a FORTRAN file designated 
as 100. Before executing this program, a fUe with the name 100 Inust be 
assigned. Otherwise, regular WRITE unit 6 will be the destination output 
file, e. g., the print output will go the user I s demand terminal when it is 
run as a demand job. 

As ah example, the followihg is a complete list ,of EXEC-B 
control statements which need to be prepared or typed in after the run 
card for properly-:-:;,~xecuting the STACOM program . 
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@ASG,UP 100 
@SYM,P PUNCH$, ,G9PLTF 
@XQT File.STACOM 

(data) 

@BRKPT 100 
@FREE 100 
@SYM 100, ,T4 

The @SYM,P command directs the resulting plot card images to 
a CalComp plotte!' designated G9PLTF. The last @SYM command directs print 
output to a slow hardcopy printer designated T4. 

2.2.6 Functional Limitations 
j 

While the STACOM program was designed and implemented with 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 
size (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 cors-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 pal'ameter value be exceeded, the STACOM program must be 
recompiled and ~emapped. 

2.3 INPUT 

2.3.1 Data Requirements 

A setup of input data is needed before starting a STAGOM 
pI'ogram run. The li9jt of data items which, need to be provided by the us~r 
are given here in temporal order and explained briefly. " Detailed FORTRAN 
V formats for these are described in Table J .. 1 of Section 3. 

2.3.1 . 1 Number of Regions. The first datum needed by the STACOM';;j . ..... ,:,~,'~'.': 

program is the exact number of regions under consideration. Thisnumber 
(designated internally as NR1) instructs the program to divide all ot' the 
system terminations into NR1 regioIls, 

2-15 

.f.' 

0-,) 



77-53, Vol. IV 

2.3.1.2 Number of System Terminations, Number of Data Bases, and 
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 Identification of Data Bases and V-H Coordinates. N7 identi
fications provides the exact locations of data bases under consideration. 
All of the V-H coordinates for NClTY terminal cities are needed for 
calculating distances between any two cities. 

2.3.1.4 Descriptions of System Terminations. 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 (li;ne 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 
Termination. 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 De~criptions of Chargeable Items. In addition to costs for 
lines, there are several other chargeable items such as modems, service 
terminals and drop charges. The user must provide the number of 
chargeabJ.~ 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. 
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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 Constraints on Formation of Regions. 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 Options on Regional Network Optimization. Tme user can direct 
the STACOM pr'ogram to perform regional network optimization on regions if 
required. This is done by simply specifying such requests to the program. 

2.3.1.12 Protocol Characteristics for Multidrop Lines. The user must 
provide characteristics of line protocol to the program. For e){ample, 
characteristics such as nUilloer 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 l 

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 System Terminations to Preselected ~egions and 
Pre-Assigning Regional Switching Centers. If the user wishes to assigq 
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 au.tomatically. 

2.3.1.15 Assigning System 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 
divide them properly (in a geographical sense). 

2.3.1.16 De!,2criptions of the Central' Switcher. Data describing the 
central switcher are needed to compute switch-er .turn-around time for a . 
given transaction. These data include the estimated l!)~ssage rate at the.', ij 

switcher, number of transactions entering the switpher for completing a 
message, average service. time per transactioo,and. number of processors 
a'ITailable. \ . ~ 
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2.3.1.17 Constraints on Multidropped Lines and Average System Response 
~. 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 ~omp Plot. The user can request a C~lComp 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 
logic implemented in the program. 

2.4.1 Traffic Calculation 

2.4.1.1 Traffic Conversion. 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 w~th 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 a factor of 
8/60. Here, we assume that synchronous communication is to be used. 

2.4.1 .2 Origi'. and ·Destination Traffic by System Termj,nations. . 
Summations across the last subscript of the TRAFD matrix are performed 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 

N7 
'TRAFIT(i) = 1: TRAFD(i, 2, j) 

j=1 
and 

N7 
TRAFDN(i) = 1: TRAFD (i 9 1 , j) 

j=1 
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2.4.2 Distance Calculation 

2.4.2.1 V-ij 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 borizontal (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 locations is 
calculated as follows (Reference 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 
summation 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 4 
above. This "is the distance between the given locCl/dons. 
in miles. (fractional miles being considered as full 
miles. ) 

For example, 
and Dallas, 

Austin 
Dallas 

Difference 

Distance 

to calculate the 
Texas, we proceed 

...L- JL.... 

9005 3996 
8436 4034 

569 38 

distance between Austin 
as follows: 

;)323761 + m. 
10 

= /32521 = 181 miles 
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When a specific location in the United Stat~s is not designated 
with specific V and H coordinates, it is normally assigned ~ith 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 ott IVRD. 

2.4.2.3 Distance Data C;;;m9ress;i.on and Overflow Table. Given N system 
terminations, there are ~(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 b 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 

and 

A(I) = E i, 
i=1 

I < J 

NPC = number of distinctive locations in the 
system 

This mapping function is performed by subroutine LINK, 

(4) Define 

L1 = L(L-1 )/4J + 1 
81 - (L-1) Modulo 4 + 1 
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LxJ = the integer part of X arid 

D1 = D if D < 511 
511ifD2.511. 

(5) store D1 in segment S1 of entry L1 of table DSTNCE. 

(6) If D L_ 511, store Land D in next available space of 
table IVRD. 

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

2.4.3 

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

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

(3) If D1 = 511, retrieve tbe second element of the row of 
table IVRD, wbose fir'st element contains value L. The 
r'etrieval valUe is the distance. 

Formation of Regions 

After traffic summations 8,nd distance table formation are 
completed, tbe STACOM program starts to form regions. It assigns all of 
tbe non-preloaded system terminations to regions whioh 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 . , 

with 

where 

TPR = TPR 1/ANR 1 

TPR1 = I: [TRAFIT(i) + TRAFDN(i)] 
i41 

.5. i .5. N1 

I = the set of system terminat:i,.ons in .preloaded 
regions which do not allow other system termina
tiOtJS to be inserted to, them 

ANRI = NR1 - [number of preloaded regions which dp 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 following two subsect:i.ons describe the detailed processes 
for assigning system terminations to a region either ldth preloading or 
without preloading. 

2.4.3.1 Assigning Syste~ 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 3ystem 
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, assi3nment processing for region NREG ends with re
estimating TPR and TPRLwhich are obtained as follows: 

TPR1 = TPRl - TPFS 

TPR = TPR1/(ANR1 - 1.) 

TPRL = 0.9 v 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 NS 1. 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 ., i (r 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. lf other insertions to the region are not allowed, the 
processing on this region stops and continues to the next region. 

r 

.Oth~r'wise, the pl"o-gra~ s~arts adding traffic t~ all prelo~ded 
system term~nahons to TRFS and f~nd~ng the farthest unass~gned systetll 
termination NS 1 from the system centroid. It then tests whether TRFS llis -
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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.lf there is, the program uses 
the RSC 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 illustrates 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 
a8signing system terminations to region 1, El Paso is found to be the 
farc~est location from Austin, i.e., NS1 = the internal index for system 
termination EI Paso. with NS1 available, the program starts the procedure 
of searching for NS2, adding its traffic to pa7'tial sum TRFS and testing 
whether TFtFS is greater than TPRL. It repeats the same procedure 123 
times until T&FS has reached the value of '(50.08 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 10 12 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 = L: [TRAFDN(i) + TRAFIT(i)] * DIST(i,K) 

1=1 
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NMBR = number of system terminations in the region under 
consideration 

K = the index of the system termination considered as the 
trial RSC site 

DIST(i,K) = the distance between system termination 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 forWCASE is replaced by 
the value of SUMT and the corresponding index for the RSC trial site 
is the updated RSC! called NRSC. 

REGION 1 

o REGIONAL CENTER 

Figure 2-9. 
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NRSC = INDEX FOR REGIONAL SWITCHING 
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SUMT = N~B?TRAFDN!iI + TRAFIT(i)) 'DISTIi, K) ,-I 
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THE REGION 

1)IST!i, K) = DISTANCE BETWEEN SYSTEM 
TERMINATIONS i AND K 
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WCASE =SUMT 
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Figure 2-10. Flow Chart for RSC Selection 
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After the above processing has been repeated NMBR times, 
the resulting NRSC is the index for the selected RSC and WCASE the 
region's minimal traffic-distance product sum. 

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

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

The process of regional network formation and optimization is 
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 cotmty as the switcher location for Region 2. 
Both locations have been found to provide the minimal traffic-distance pro
duct sums for respective regions. These two cities are shown in Figure ~-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, r'esults 
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 iJ ' 
is constrained by the rule that each seiected line should maintain the line 
utilization factor, called RHO, at a value less or equal to a preselected 
number, say, 0.7. 

F'or 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 aHne configuration LDUMHY and 
calculates its line utilization,based on the V?lues of TRFIN and TRFOUT 
provided. The processing continues to calculate both th.e cost, COST, for 
the derived line configuration LDUMMY and its response time RSPTIM. 
Finally, all these data are stored for later printout and comparisons. 

i;' 

The derivation of line configur~~tion LDUMMYby subroutine " 
LIl-JNUM and the assQo!lated cost, COST, deser~i;es more explanation; . The 
program assumes that the duplexing mode forlall line types under 
consideration to be half-duplexed. Therefoiti:e, subroutine LINNUM will sum 
up TRFIN and TRF'OUT and find an aPf>:Licable Tiine with the le;9.st capacity 
which assures:'ess than 0.7 of utilization /:l:i When the highest .. capacity 
line cannot handle the traffic, the routine jl;will try to add one additional 
line with least capacity until the constraint of 0.7 uMlization factor is 
satisfied. With line configuration LDUMl-iY obtained./ cC!,lculation of cost, 

0" 
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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 re+sted 
installation and annual recurring costs for lines and other chargeable 
items. All of these itemized oosts are then summarized as COST. Cost 
calculations are performed on the basis of the rate structures applicable 
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 

After 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 net.work in which each system termination 
has a direct link, called central link, to the central regional cent~r. 
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 pos~ible, 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 Obtained by 
Subroutine LINNUM 

Traffic (bps) Line Type 

300 bps 1200 bps 2400 bps 4800 

200 1 0 0 
500 0 1 0 
850 0 0 1 

1300 0 0 1 
2000 0 0 0 
3500 1 0 0 
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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 met , assuming that tbe line cost is only a f-tlnction 
of distance. While this example as given depicts the main concept 
of network optimi~ation, 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 
progra!ll. 

2.4.6.1 Network Optimizationby_Esau-Williams Tecb~. Before 
explaik'ling 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 to repeat two basic steps until it is no 
longer possible to derive any cost saving. 
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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 $ubsequent 
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, Si, resulting from eliminating the given 
central link and reconnecting the rest of the subnetwork to a nearby 
subnetwork beginning with Li . If we express it as a formula, then 

where 

K = i such that Si = Max {S·} 
jeG J 

Li = j for which the integration of K and L sub-networks 
provides SK which is the best saving 

C = the set of system terminations with central links 
to regional center 

.j = the first system termination of sub-network L 

l'he 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·-. 
local optimal solution rather than the global solution. This'is pecause 
the first selection of a central link for elimination dictates the final ~ 
network to be created by repeating the process as d~c:;n"'.ibed above. 
However, as shown in Reference 4, the process does ~l lide a solution 
which is always close to, if not, the best. 

2.4.6.2 Network Optimization Logic, in: STACOM Program. The 
optimization logic as implemented in the STACOM prcgram basically utilizes 
the Esau-Williams technique. However, constraints have been incorporated 
into it in order to satisfy project requirements and to eliminate 
unnecessary searching. Figure 2-14 shows the functional flow chart for 
the overall logic. ' 

The optimization Iirocess starts with the test to see whether 
there is only one sub-network left. If thiE:\ is true,. ,it stops_. 
Otherwise, the program, utilizing four variables K, L's M andKI, starts 
evaluating possible cost saving by eliminating central link K and 

, \' 
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Figure 2-14. Flow Chart for Subroutine ESSWIL 
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reconnecting the rest or sub-network K to sUb-network L through system 
terminations M of Land KI of K as shown in Figure 2-15. 

G 

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 netw'ork. 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 Land 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 SYSTfM 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 

Figure 2-15. Relationship among K, L, KI, and M Parameters 

2-33 

{-; 

o 



77-53, Vol. IV 

The program first calculates the distance DREF between system 
tek'mina tion K and the region swi tching center for each K, and then the 
DT~Y 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 de~cription 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 proces~ stops here. 

2.4.6.3 Fu'nction Performed by Subroutine TRYLNK for a Given Set of 
values K, KI, L, and M. The processing, as shown in Figure 2-16, starts 
with estim~~ing the total amount of traffic 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 
LINNUN which has been described in Paragraph 2.1\.5. 1 . Based o,n 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 update~ the line 
configuration LDUMMY to the next higher line type and repeats the process 
of estima\',ing its average response tinle and testing it agairi;st 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 saving 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. If there is no line configur'ation 
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 transmission time from a terminal to 
the central switches, input buffer queue time, service time, output buffer 
queue time, and re'burned message transmission time from the central 
switcher to the same terminal. 

After summing up these delays as RSPTIM, this subroutine 
compa~es Us value \-lUh the upper bound response time as set up by the 
user. It assigns 1 to 10K as an indication of satisfying response time 
requirement and returns. 

IOK= 0 

CALCULATE LINE 
UTI LlZATION 

CALCULATE ALL 
SIX DELAYS 

l FIND THE SUM 
RSPTIM 

10K=' 1 

Y 

TYPE OF DELAYS 
1, POLLING WAIT 
2. MESSAGE·IN SERVICE TIME 
3. INPUT QUEUE 
4. CPU SERVICE 
5, OUTPUT QUEUE 
6. RESPONSE MESSAGE SERVICE 

TIME 

Figure 2-17. Flow Chart for Subroutine RSPNSE 
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2.4.6.5 Network Updates by SUbroutine UPNETW. 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 interregional. network is formed by erecting communicat.ion 
lines 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 lioe 
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 strrts a line elimination process in order to obtain a cost
ef'fec.tive 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 w:ith excess 
capacity, for example, ov.er route 1-4-3. If there is n.o alter-nate 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 modifications. 

The algorithm iterates the above described prOt:3ess for all 
combinations and records the best cost saving f3,nd the best line elimination; 
It then updates the network. 

This cycle of searching for the best cost savi,ng and updating 
the network,repeats continuously until cost savings can no longer bE;! realiZed. 
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1=1 

J = 1 

FIND MAXIMUM IN 
EITHER DIRECTION 
BETWEEN I AND J 

FIND LINE 
CONFIGURATION 

FIND COST AND 
ADD IT TO TOTAL 
COST 

N 

y 

1=1+1 

Figure 2-18. Fl'ow Chart for Intraregional 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 li~ks 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 1. Jis tested to insure 
that it has three links to other RSCs and J is diffel~ent from!. Another 
test is m~de to insure that I and J are connected to each other. If 
any of these conditions are not met, RSC node J + 1 is selected and 
these three tests are repeated. 

If these, conditions are met, a test is carried out to cSee if 
sufficient network connectivity will still be maintained if connection 1-
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 nodi~ will be connect'e'd to 
every other RSC node through no mOre than on'e intermediate node. 

If the network connectivity requirement can be .maintained with 
the removal of link I-J, the program searches for al terna te 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 suqpessfully 
diverted in this manner, the I-J link is eliminated and the network. 
traffic matrix and costs are re-cal,cul,ated; the process then begins anew. 
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N 

J '=.J 1 1 

CALL MINAD .--__ ....L. __ ---, 

~ 
ESTIMATE COST 
SAVING 

INCREASE LINE 
CAPACITY ON 
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WITH MIN COST 

ESTIMATE COST 
SAViNG 

UPDATE PARA
METERS FOR 
MAXIMUM SAVING 

----.---------

I = I t I 

UPDATE 
NETWORK 

Figure 2-20. Flow Chart for Interregion Network Optimization 
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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 in~rease. If the cost saving is an 
improvement over previous triab ~ '~ine and traffic data are saved to 
reflect the up-to-date best rooctifj(!ation of the network. 

At the conclusion ()f each cycle, 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 l'ecost the network. 

The process is continually iterated for each updated network 
configuration until cost savings are no longer positive. 

2.5 OUTPUT 

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 re~ulting from the 
running of the STACOM program. The amount of printout da.-ta depends upqn 
the number of system terminations operated and also upon the num'Qer 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 tr,ansmission line characteristics as 
used in the run. for,each line type, the polling protocol data and modem 
turn-around time data, etc.) are provided. 

2.5.1.2 Message Characteristics. 
set of data output from the program. 
length, average output message length 

Message characterls.ticsare the next 
They include average inp1..!.t message 
and overall avera~e message length. 

. \~ T 

2.5.1.3 Preloading of System Terminations and Preselection of Region§l 
Switcher Locations. If there are any Preloadings of system terminations 
and/or pre-selections of switcher locations, this. information will be 
provided in the printout. Otherwise, no data will be sh9wn in this 
regard. 
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2.5.1.lJ Traffic and Distapce Tables. These are tables which show Doth 
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 and 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 
Switcher. The system centroid 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 Switchtng 
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 
ppogram also prints out the location of the RSC for the region, which is 
either pre-assigned by the user or s,elected by the program. 

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 pl'ovides 
summarized costs. Detailed descriptions for each central link are given 
beloH. 

2.5.1.7.1 Lin~ Configuration and Effectiye 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 Distange. The distance from the system termination to the 
regional switching center is printed. 

2.5.1.7.3 Line Traffic and Effectiye Response Time. The amount of 
traffic from/to the system termination is printed before the effective 
line response time as calculated by the p~ogram is printed. The calcula
tion is based on the line configuration and traffic as ShO\ffi 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 charge~ble items such as service terminal, modem, line and drop. 
Partial s~ms 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. 
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2.5.1.8 Final Optimized Network and its Costs. After performing 
optimizations on the star network, the program prints out descriptions 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 multi~ropped terminals can only perform on one line. 

2.5.1.8.2 Line Utilization. Mileage. Traffic. and Response Time~ 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 expe,cted 
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 o·f tree-ty/pe 
relationship is last printed. It uses the system termination ,II· 

identification as nodal notation. 

2.5.1.10 Initial Interregional Network. If formation and opti~ization 
of the int-erregion network is required, the program will perform 'these 
functions arid print its initi~l and optimized network. For each pair of 
rlSCs, the program prints out line names, configuration, util,ization, and 
installation and recurring costs. Total network cost is also provided. 

~.5.1.11 Optimized Interregional Network. The program prints out 
similar data for the final optimized interregional petwork after 
completing the network optimization. 

2.5.2 CalComp Plot 

A CalCompplot subroutine. has been incorporated into the 
STACON program for the purpose of· providing a visual piotofeach 
optimized regional network obt'ained by the optimization process. The. 
subroutine converts each final optimized regional network into a t.wo 
dimensional p\1:ot, utilizing the 'qalComp plotter. It should be noted that 
the CalComp plot is an optional product. If desired the use~ can command 
the STACOM program not to generate. the plot. " 

\~' ',. ,I 
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2.6 SYSTEM CONFIGURATION 

In this section, w~\ will describe the basic computer system 
required to run the STACOM program. 

2.6.1 Hardware 

The following list describes the hardware unite that should be 
part 0: 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 Main Core Storage. 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 ~9lComp Pen Plotter. A CalComp pen plotte~ is required for 
thc use of the STACOM program. If other types of CalComp plotters, e.g., 
CalComp Model 1675 are to be used s the plotting subroutine of the STACOM 
program needs to be revised. 

2.6.1.4 Line Printer. A regular printer to receive FORTRAN 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 
alternate 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 

PROGRAM OPERATIONS 

3. 1 INTRODUCTION 

This section is intended for use as a referehce manual for the 
user, both to prepare input data and to operate the STACOM program. With 
this in mind, this section is devoted to an explanation of how inpu,t data 
are prepared, how the program is executed, and what the input/output of 
the program is to be. 

3.2 ENVIRONMENT 

3.2.1 Hardware 

The following list describes t.he hardware units that should be 
part of the computer system on which the STACOM pro~ramis run. 

3.2.1.1 Central Processing Unit (CPU), Because the STACOM prop:raro 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 usin~.the STACOM 
program. When this type of CPU is not a.va.ilable ,some conversion effort 
on the STACOM program may be required. 

3.2.1.2 Main Core Stqrage. Although the core size required by the 
STACOM program varies with the parameter values assigned, it is p:enerally 
true that 65k words would be a minimal requirement. 

3.2.1.3 CalComp Pen Plotter. A CalComp pen plotter is reqUired for 
the use of theSTACOM program. If other types of CalComp plotters, e.p:., 
Ca-1Qomp Model 1675, are to be used, the plotting subroutine of theSTACOM 
program has to be revised. 

3.2.1.4 1.iJle Printer. A regular line printer to receive FORTRAN 
output files is' needed. It is to print out 811 run results collected ,by 
file 100. 

3.2.1.5 Demand Terminal.' A demand terminal provides the ufler with an 
alternate way of running the $TAC9}1program ,although the program can be
run as a ba.tch job.. With the demema terminal ,a user canlnteracUvely 

'I : . . ~ • .y ',~ 

perform the programexectition .,' 
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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 executing 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 
desired printer output will be dumped to file 100. Therefore, before 
executing the STACOM program, an altel"nate file 100 must be assigned. 
Otherwise, r,'egular wRITE unit 6 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. 

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 Program Siz"',c'. Under the EXEC-8 operating system, the size for 
regular programs is limited to 65k words per program. Because of this, 
a~signments.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 implementlad with several 
parameter variables. For each compilation of the program, a set of 
values is assigned to the parameter variables. Therefore, any 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 compilation. Any run whose input data v1.01ates thts 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 choice of NPI 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 Tiwe. 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 required. If the central switcher does not ~ehave 
similar to this model the response time subroutine RSPNSE has to be 
revised and recompiled and the ST~COM 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 GalComp 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 a~d setup 

When the STACOM program is executed from an 80-character/linEf' 
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 ~lternate file. 

In adc;iition to the redirection of output file destinatioru,the 
\-

user has to dir6bt the punch-card file to a proper unit for a GalComp 
plotter. As an example, the statement @SYM,P PUNCH$, ,G9PLTF Jlill direct 
the punch-card images to a CalComp plotter designat~d with G9PLTF. 

The preparation of input data can be best d~~cribed by 
referring to Table 3-1 which shows all or tne data items with their 
requirea formats. The table is self -explanatory, but. l:)o~.e of the data" n 

items de~erve additional description. 
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Because the exact number of data bases varies from state to 
State, the forma.t 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 rxl 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 re~ion when it is a preloaded 
region; a zero for the second element indicates that the optimization 
process for the region is not needed. 

When a user decides either to exclude the addition of other 
system terminations into a preloaded region, or to request an optimiz.ation 
process performed upon a specific region he must so inform the STACOM 
program by adding data cards with two inteQ,:er 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 1s required 
to indicate that fact. 

Finally, item 20 provides the tool for a user to preload 
system terminations to certc;l.in rellions, and/or preselect the regional 
switching center. Three numbers are needed for each action. The first 
number, called NCODE, directs the specified action: 1 assigns a system 
termination toa 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 assi~ned to a rellion 
or to be selected as an RSC. The third number, called NREGQ, desi(~nates 
the reg~Qn to be acted upon. When the first number has a value of three, 
the asSignment 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 pro~ram. 
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Item 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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Table 3-1. Formats for Input Data 

Item Description 

No. of regions under 
consideration 

No. of system terminations, 
no. of data bases, and no. of 
distinctive cities under 
consideration. 

IDs for data bases 

V-H Coordinates for cities 

ID, name, city ~ndex, addi
tional no. of terminals and 
traffic to/from each data base 
for each system termination. 

No. ,of rate structures 

Rate application matrix 

Traffic density index and 
applicable rate structure for 
each city 

No. of applicabl~ line types 

Names of Internal 
Variables/Arrays 

NR1 

N1, N7, NCITY 

NBASE(N7) 

IVERT(NCITY), IHORZN(NCITY) 

INDXPT(N1),NAMEST(H,N1),1ADD(N1) 
MAPADR(N1),TRAFD(N1,2,N7) 

N2 

1RATEJ(N2,N2) 

1RAND(NC1TY,2) 

N3 

// 

Number of Cards 
Needed 

NCITY 

a. N1 if N7.s.2 
b • 2N 1 {If N1.> 2 

N2 

r NClTY/401 

1 

Formats 

(315) 

(33X,15,2X,I5) 

(A4,lX,3A6,A4, 
I2,14,4F10.2/ 
6F1Q.2 

( 13) 

(1012) 

(8011) 

(13) . 

.... ,f 

..... 
I 

U1 
W .. 

H 
< 

o 

\ 

( 
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Item 
No. 

10. 

11. 

12. 

13. 

14. 

15. 

Item Description 

Name, capacity, utilization 
limit, usage and dupJ.exing 
mode for each ~ine 

No. of chargeable items 

Names of chargeable items 

Installation and recurring 
costs for chargeable items 
WRT rate structure, traffic 
density and duplexing mode 
for each line type 

Linear installation and 
recurring costs for lines 
WRT rate structure type, 
density, and duplex mode 

Action indices for regions 

Table 3-1. Formats for Inout Data 
(Continuation 1) 

Names of Internal 
Variables/Arrays 

LINAME(N3), LINCAP(N3), 
L1NMiX (N.~), IDUPLX ( N3 ) 

N4 

NAMEHW(N4) 

A1NSTC(N2,N3,N4,~/2,2), 
RECHC (N2,N3,N4,3,2,2) 

1FLAG(N2,N3),ANSTLN 
(N2,N3,3,2,2), RECRLN 
(N2,N3,3,2,16) 

NRFoG,NCODE for 1ACTN 
(fIj'R 1 ,2) 

".~ Q 

Number of Cards 
Needed 

N3 

Formats 

(A6, 1X,16, 1X, 
F3.2,2(1X,11» 

(13) 

/) 

{) 

-...J 
-...J 

( 1 0 ( A6 ; lX» :;;·:;~:::7':='7 ';'::~~~.-;:;;: 

2xN2xN3xN4x3x2 
(2F9.2) 

a. N2x(2+N3x3x2) a. 
b. 2xN2(2+N3x b. 

3x2) if non 
linear 

(4F9.2/11/10F8.3) 
(4F9 .. 2/11 /tOF8. 3/ 
,10F8.3) 

Variable (212) 

lJ1 
W .. 

H 
<: 

.~ ( .. 
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Item 
No. 

16. 

17. 

18. 

19. 

20. 

21. 

Table 3-1. Formats for Input Data 
(Continuation 2) 

Item Description 

No. of polling characters no. 
of NAK characters, no. of pol
ling overhead characters, no 
of NAK overhead characters, 
message overhead cli3.racters, 
t10dem turnaround time, and 
other delay for each line type 

No. of message types 

Message name, input message 
length, output message length, 
input percentage and output 
percentage with priority 1 
and 2 

Average CPU service time per 
transaction 

Preloading system terminations 
and/or preselecting regiohal 
centers 

System Centroid 

Names of Intprnal 
Variables/Arrays 

NPL(N3), NAK(N3), NPLOH 
(N3) NAKOH(N3), MOH (N3) 
TAMDM(N3). TAPD (N3) 

NTYP 

MSGNAt1 (NTYP), MSLIN 
(NTYP) MSGOVT(NTYP), 
RATIOI(NTYP,2) 
RATIO(NTYP,2) 

CPUAVG 

NCO DE , NSTATE, NREGQ 

NSCC1 

Number of Cards 
Needed 

N3 

NTYP 

Variable 

Formats 

(514,2F7.5) 

(r4) 

(A6,2(214,2F6.3)) 

(F7.4) 

(I1,1X,A4,A5) 

(A4)' 

) 
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Item 
No. 

22. 

23. 

24. 

Table 3-1. Formats for Input Data 
(Continuation 3) 

Item Description 

Total no. of messages per 
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 

Names of Internal 
Variables/Arrays 

XSAC, NREQSW 

NTERMS, TIMREQ, MPROC 

Plot request MPLOT 

., ,0 

Number of Cards 
Needed 

1 

Formats 

(F8.5,I3) 

(I3 f F5.2,I2) 

(j 

r 
II 
I 
I 

II 

I 

l 
/ 

II 
II 
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Following is a list of run options for the STACOM pro~,ram. 

(1) The user can preload system terminations to regions 
and/or preselect regio'l1al. switching centers. 

(2) The user can select certain regions for which the 
optimi:za tion process will be performed. 

(3) Type of lines and chargeable items can be selectively 
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. 

Control Instruction and Sequences 

Starting a Run. 

3.3.3.1.1 Ba~ch 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-time, pages/cards 
@ASG,UP 100 
@SYM,P PUNCH$,;plotter-ID 
@XQT file.STACOM 

(DATA) 
@BRKPT 100 
@F'REE 100 
@SYM 100"printer-ID 
@fIN. 

T.he ,RUN card giv.es the' foll,o.wi"ng .in,forma't-icn~:- ·des·;i-g-na~t-ed~ ·(·un--·...: 
ID, userts 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-·IDgives the logical ID of the CalComp pen plotter' and 
file is the file which contains the absoJ,uteelement of the STACOM· 
program. Printer-ID give~j the logical ID of the regular printer. DATA as 
shown is the input datia described in Paragraph 3.2.1; the user sh,ould 
arrange the data in the same order ~' When all of these d,ata items are in 
order and ready, the deck can be submitted to the operator at the compute~ 
site for processing. 0 • 

" ,0· 

Jd.3. 1 .2 ,', Demand Mode. If programexecutioo is to be performed via a 
dem~nd te;minal, the use!' can converse interactively with the program. 
The user may also run the program as a batch job by having all input data 

. prepareq. and adde'p after the@XQT statement. 

,'I 
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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 prOllram prol1:ress 
A user can very often terminate a run before a complete set of input 
data is given. This is possible because the user ha.s some knowledlle 
of the progress being made. This capability can prevent the user from 
a~ 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 data, 
the program will perform all functions as designed and requested by the 
user whether a batoh or a demand job has been executed. The program will 
perform formation of regions, selection of' regional switching centers, 
fO!"'mation of a regional star network and its optimization if requested, 
and finally, formation and optimization of an interregional network. All 
of the desired output da.ta will go to the alternate file, 100. 

3.3.3.3 Normal Termination. When a STACOM program run proceeds 
successfully and terminates normally, the norma.l 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 optimiz~tion cycles 
which the run has gone 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 RecQyering a Run, When a run encounters trouble 
resul Hng from incorrect input data, the user can use the normal abortin,1Z 
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-B may abort a program execution when certain serious violations occur 
during its execution, e.g., number of punch cards exceeding the limit on 
the run card. 

(\, 

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

3-10 
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Program Listing 

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

SAMPLE RUN 

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

3.4.1 Hun 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 PUNCB$"G9PLTF 
@XQT LEE.STACOM 
@ADD LEE. DATA 
@BRKPT 100 
@FREE 100 
@SHJ,U 100"T4 
@FIN 

The first control statement is a run request which specifies 
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 punch cards. tThe 
limits on SUP-time, number of printer pages and number of punch cards. 
deserve some attention when makinll a run. If there is an underestimate in . ~ 

any of these three limits, the run may abort due to insufficient resource 
assignment. 

The second statement is used to assign an alternate FORTRAN 
output file as required by the program. It is intended to be a one-day 
file. 

,_,__ O"_--.!'".'--;":-;' 

Statemetlt 3 reOllests 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 
which is designated with the element nRme STACOM in file LEE. 

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

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

Statement 8 asks the operating systemt~.flend the printer file 
100 to an on-site low speed printer with ID T4. The U option retains the 
FORTRAN print file after a copy i~ prihted. 

3-1.1 
\\\~) 
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The last statement terminates the run with a request for 
a detailed qescription of run charges and run history. The number 
of pages in the print file and the number of punch-card 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 distinctive 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 {nee 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. 
Thes~ 108 data cards are dfvided into 3 groups with the first group given 
to'tbe first line type, i. e., 1200 bps, and so on. 

3-12 
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Table 3-2. Input Data fot' the EXample Run 

5192A*STACO~rO).INPUT/0777 

1~1 
2 ~2') 4 358 
:3 ~AAAA 0000 SSSS HHHH 
4 ~PALfS1rNE ANDER<;ON 8558 :'57<>0 
5 ANDREWS AN[lREWS 88q7 4993 
6 LUFKIN ANGELINA 8575 .3")61. 
7 ROCKPORT ARANSAS 9405 36C}4 
8 ARCHER CITY ARCHER 8396 4410 
<] JOURDANTON ATASCOSA 9332 403:? 

10 BELLVILLE I\lJSTIN 8964 31tO 
11 MULESHOE BAYLEY 8518 51'17 
12 SEYIWUR BAYLOR 8437 4<;1A 
13 BEEVILLE BF.E , 9378 3850 
14 BELTON BELL 8827 4010 
15 FORT HOOD BFLL 8832 4070 
16 HARKER HEIGHTS BFLL 8832. 406"1 
17 KILLEEt-.l ElELL 883? 401'-" '~ 
18 NOLANVILLE BELL 883? 4038 

(.1 
19 TEMPLE BELL 88t2 399" 
20 ALAMO HEIGHTS BEXAR C)2?'5 4062 
21 FT SAM HOUSTON BF.XAR 92~5 4flf',? 
22 LEON VALLEY BEXAR 9223 4092 
23 SMJ ANTONIO BEXAR 9225 4n62 
24 UNIVERSAL CITY BF.:)(AR 9187 40~7 

25 CLIFTON BOSQUF 8690 4089 
26 MERIDIAN BOSQUE 8668 4112 
27 TEXARKANA BOWIE 8111 362(' 
28 ALVIN BPII,ZORIA P,9Q6 31~AA " I> ,,? , 

29 ANGLEToN BRAZORIA 90159 349Cl 
30 CLUTE BRAZORIA 90Pl 31.11'17 
31 FR~EPORT ARAZOPIA g096 3466 
32 LAKE JACKSON BRAZORIA 90At 34F\7 
33 PEARLAND BnAZOPIA A91.0 ~'506 
34 BRYAN BPAZOS SA:>7 ~78~ 

3S COLLEGE. STATION BRAZOS .8827 37AP. 
36 ALpINE BREWSTER 9364 !'iO!)7 
37 FALFURRIAS BROOKS 9645 :'IH?7 
38 BRoWNWOOD BROWN 8797 4"5?7 
39 CALOWELL BURLESON 881\0 31134 
40 PORT LAVACfI CALHouN 92<>8 3('M 
41 BROWNsvILLE CAI-AERON 9861 360r, 
42 HARLINGEN CAMERON 98?-O 3663 
43 PORT ISABEL CA~ERON 9807 :?I"if',"i 
44 SAN BENITO CAMERON 9826 3648 
45 LItlDEN CASS 8217 3f,43 
46 DIMMIT CASTRO 84?7 !'lHIQ " ---~---~-: 

47 ANAHUAC CHt\"'IJF"R~. 8&i'.4 3~1A 
48 JACKSpNVILLI'; CHEROKEE 8492 3709 
49 CHJ.LPRESS CHILDREsS 8328 474~ 

50 MORTOt:-l COCHRI\N a6?2 51?9 
si ROPJfRT LEE COKE 8857 41Sn~ 
52 COl.IEMAN C0LEMAN 8804 441:'\ 
53 FP.tsCO COLLIN 8~'S4 IHIF'q (-; " 
54 t.)CK\i,tNNEY COLLIN A340 40~F\ 

55 ,tiLANO cnLLIt! 83A3 40;:0:7 Ci " 
56 ;WELLINGTON COLl.N(;SWH S240 1~776 

6 
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Table 3-2. Input Data fot' the Examp,;'.c Run 
(Continuation 1) 

57 COLUMBUS COLORADO 9032 37.4 f) 
58 NEvI BRAUNFELS COMAL 9145 4018 
59 COMANCf-lE COMANCHE 87~!,; 4270; 
60 GAHIESVILLF.: COOKE R289 4162 
61 COPPERAS COVE CORYELL 8844 40Q? 
62 GATESVILLE CORYELL 8771 401'19 
63 CRr.,NE CRANE ';:'073 4R96 
64 OZONA CROCKETT 9144 4642 
65 DALHART DALLA~ 8129 ';249 

,() 66 ADDISON DALLAS 8404 4f'!4E1 
67 CEDAR HILL DALLAS 8485 4047 
68 DALLAS DALLAS 84:56 4034 
69 DESOTO DALLAS 8478 1l0~O 

70 DUNCANVILLE DALLAS 8469 4044 
11 FAPMERS BRANCH DALLAS 841. 4 4062 
7~ GARLAND DALLAS 8 l tOO 4018 
73 GRAND pRAIRIE DALLAS 84C;B 40M 
74 Hlc;HLAND PARK DALLAc:: 8 1}36 4034 
75 IRVING DALLAS 8440 4064 
'76 LANCASTER DALLAS 8470 4013 
77 MES~UITE DALLAS 8426 4000 
78 RICHARDSON DALLAS 83Q9 41)35 
79 SEIlGOVILLE DALLAS 844"7 39E10 
flO UNIVERSITY Pl\RK DALLAS 84~6 4034 
En LA'l.ESA DAWSON R77CJ 4919 
82 HEREFORD DEAF Si-4TH 8378 514:3 
83 DE,,'TO!'/, DENTON 83,72 4127 
84 LEWlSV!LLE DF.NTON H398 40El9 
85 CUF,RO DEWITT 920Cl 3823 
86 SPUR DICKENS 8560 4"E\4 
87 SAN DIEGO DUVAL 9542 MAR 
88 EASTLANO (t\STL/lND 8649 43~2 
89 ODESSA ECTOR 8982 4 C130 
90 ENNIS ELLIS 851~ 397n 
91 WAXAHACHIE E'LLIS 8St 7 401t 
92 EL PASO EL PASO 9231 5655 
9.3 STE"PHENVILLE ERATH 8645 4232 
q4 MAPUN FALLS 8739 :'.lQ:31 
95 'BOt\'HAM FANNIN 82:.'\4 39Cl,6 
96 RORY FISHER A679 4f'.46 
97 FLpYDADA FLOYD 8486 4<)02 
98 FAIRFIELD FREESTONE 8602 ~A~Q 

99 PE.ARSALL FRIO 9374 4\2q 
100 RICHMOND FT BEND 9000 3')QB 
101 R6sENBER~ FT BEND 900Q 3!';°8 
102 SEf.4TNOLE GAINE~ 8822 51)40 
103 FRIENDSWOOD GALVESTON 89(.9 34A9 
104 GALVESTON GALVESTON 8985 33q7 
105 HITCHCOCK GALVEC;TON R99~ 31~4t 

106 LA t.'AROUE GALVEST0N 8975 :3424 
107 LEJIGUE CITY GALVESTON 8967 34n8 
1013 TEXAS CIn' GALVE~rON 8'nS 3424 
109 POST GARZA 8650 4A54 
110' FRE'DERTCKSBURG GILLESPIE 9079 41'16 
HI GOLTAD GOLIAI') q:501 3M7 
112 GONlALI:S GOI\IZALES 9n7 ~l:\fl4 
113 PAl>IPA GRAY 811j.8 4t?!i::! 

.~.' 
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Table 3-2. Input Data for the Example Run 
(Cont,inuation 2) 

114 DEI-!ISON GRAYSON B2:?t; 406<;1 
115 SHfRMAN GRAYSON A253 4(1"12 
116 GLAOEWATER GREGG 8354 36qA 
117 K!LGORE GREGG 8379 :!\674 
118 LO~JGVIEW GRF.GG 8348 3MIl 
119 NAVASOTA GRIMES 8865 ~?15 
120 SEGUIN GUAOAl.UPE 9161 :'\98] 
121 PLJ\tNVIEW HALE 846'5 "981 
122 HM'ILTON HAMILTON 8744 4177 
123 SPF.ARMAt\I HMISFORD an26 5n~7 
124 QUANAH HARDEMAN 83?4 ·4654 
125 KOUNTZE HARnnJ 8735 3405 
126 SILSB""E HARDI"! 87:'\0 :!>'!>AO 
127 BAYTOWN HARRIS 8916 :0466 
128 BELLAIRE HARRIS 89~8 ~5:56 
129 DEER PARK HARRIS 8929 3491 
130 GALENA PARK HARRIS 8938 :!I53/i 
131 HOUSTON HARRI~ B9~B 3!'i36 
132 . HU~BLE HARRIS 8881 3")40 
133 JACINTO CITY HARRIS 8~38 ~~;;6 ~ tJ 

~l":; ~ 

134 JERSEY VILLAGE HARRIS 89.,5 35fll 
135 KATY HARRIS 8965 361A 0' 

136 LA PORTE HARRIS 8829 3470 
137 PASADENA HARRIS 8938 3<)36 
138 SEABROOK HARRIC; 8945 34('~ 
139 SOUTH HOUSTON HARRIS 8938 ·:5'536 
140 SOUTHSIDE P~ACE HARRIS 89;'18 35:.'16 
141 SPRING I/ALL"'Y HARRIS 8938 3536 0 
142 TOMAALL HARRIS 88A9 3h09 
143 VILLAGE HARRIS 89M 3'5M 

~ 144 WEE\STER HARRIS 8967 34M 
145 WEST UNIV PL HARRIS 893R 35~6 
146 MARSHALL HARRSN 8311 ~602 
147 HASKELL HASKELL 85!'.') 4567 
148 SAN MARCOS HAYS 90q6 4001 
149 CANADIAN HE'MPHl'LL 80~6 4~~? 
150 ATHENS HENDERSON e4M 3F\:?6 
151 DONNA HIDALGO '9849 :372A ". 
152 EDINBURG HIOALM 98M 375A 

/, 

153 HinALGO HIOAL~(O 96!'i6 3764 j 

154 MCALLEN HIDAL~;o 913<)6 ~764 
155 MERCEDES HIOALC''':O 9645 :.'1701 
1!i.6 MISSION .HIDALGO 9861 3781 
157 PHARR HIDALGO' Q8r;,4 3754 

,158 WE5LAcn HIDALM q847 37,1 fi 
159 HILLSBORo HILL 8612 4026 
loG LE\/fLLANo HOCKLEY 86~9 50')'3 
161 SULPHUR SPRINGS HOPKINS 8~Bl 3861 
162 BiG SPRING HOWARO 8647 4F\(\O '" 

163 CO~~~ERCE: AUNT 82AO 392.1 
164 GRf'FNV I LLE' HUNT 83P 3949 
165 BORGER HUTCHNSON 8146 5033 
166 JACKSRORO JACK 8442 430" i{ 

167 ED~lj\ , JACKSON 9186 3698. 
168 BEAUMONT ;JEFFERSON ·8777, 3~44 

D 
169 NEDERLAND J~FFERSON ,. 8789 3.:51.6 
170 POPT ARTHUR JF::FFERSON BR06 :3298 G- o " 

0 

1\ , . 
t • ~l .. 

{? 

-''s:'' 
o· 

p t} 0" 

.' 
.'-:-- 3-,15· 

,., 
cO 
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0 co 
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Table 3-2. Input Data for the Example Run 
(Continuation 3) 

171 ALYCE ~,[M WF.'LLS 9533 3AS,) 
172 BURLEsoN JOHNsoN 8522 4103 
173 CLfRUR/liE ~OHNSON 8563 4102 
17 If ANSON JONES 861f7 4'163 
175 STAMFORD JONES 8603 4562 
176 KARNES CITY KARNES 9294 3Q1" 
177 KAUFMAN KAUFMAN 8442 3936 
178 TERRELL KAUFMAN 8410 394 3 
179 BOr;RNE KENDALL 9168 4133 
180 JAYTON KENT 8589 471R 
181 KERRVILLE KERR 9143 4226 
182 JlJNCTION KIMBLE 9097 437:'1 
183 KUIGSVILLE KLEBERG 9566 MOt 
184 BE~fJAMIN KNOX 8472 lj:609 
185 PARtS LAMAR 817,3 3A97 
186 LITTLEFIELD LAMB 8558 506Q 
187 OLTON LAMS 8490 "i0"i4 
188 I.A~PASAS LAr.4PASAS 887" 4137 
189 HALI.ETTSVILLE LAVACA 9114 :'I7f1.Cl 
190 YOAKUM LAVACA 9157 3>\14 
191 CE~'TERVILLE LEON 8682 37M 
1.92 CLrVELAND LtFlERTY R801 3<;40 
193 LIRERTY LmERTY 8F135 ~46:'\ 

194 MEYTA Llt-'ESTONE 8635 3P.89 
19.5 GEORGE WEST LIVE OAK 9419 39tl) 

co 196 LUBBOCK LUAROCK 85qR 496? 
197 SL"TON LURBOCK 8616 4cH6 
198 TAf-IOKA LYNN 86RG 4924 
199 MADISONVILLE: MADIsoN 8740 37~3 

200 JEFFERSON M.lIRION 8267 361 A 

0 201 BAY CITY MATAGORDA 91:'15 3578 
202 EMLE pASS MAVERICK 950~ 4370 

D 203 BRA['IY .MCCULLOCH 89:'\8 4344 
204 BELLMEAD MCLENNAN 8706 39Q3 
2'15 BEVrRLY HILLS MCLENNAN 870'; :.'\90 3 
206 WAro MClENNAr-! R7n6 3Q93 
207 WOO("lWAY MCLENNAN 8706 390 :,\ 

208 HO~IDO ~lEDINA 9285 4.174 
209 MENARD MENAR("l 9011 4407 
210 MI{)LAND MIDLAND 89:.'14 4AP,A 
211 CA~FRON MILAM M:'\5 ~q10 

212 ROCKDALE MILAM 8877 3P,98 
213 COLORADO CITY MITCHELL 87Al 4706 
214 BOWIE MONTAr,UE MI!'il 4P7<; 

2'5 MONTAGlfF MONTAGUE: 8:'1;>3 42('t 
216 CONROE MONTGOMRY 8832 :'1600 
217 DU/Io',,5 MOORE 8141 !'i]44 
~18 DAINGERFIELD MORRIS 8240 :'\70u 
219 NAcOGDOCHES NACOG{)CH5 851'5 :'\,,)69 
220 CO('lSICANA NAVARRO 85,,3 30a 
22:1 SWEF.'TWATER NOLAN 873'; 4632 
?22 CORPUS CHRISTl NlJFCES 9475 373c) 
223 ROf1STOWN NUECES 94Q6 37M; 

c 224 PERRYTON OCHILTRE'E' 796:> 4gf\7 
225 VEGA .oLDHAM R2q2 5177 
226 ORANGE ORANGF 8746 32P.1 
227 MINr:RAL WELLS PARKEP 8520 4;>"'1 

3-16 
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Table 3-2. Input Data for the Example Run 
(Continuation 4) 

,!228 CApTHAGE PANOLA 8~€l5 3%4 
229 Wf.HHERFORO PARKER B5nB 4?06. 
2:30 FARWELL PARMER 8503 5~"1 
231 FRIONA PARI.1EP 84~2 5!.1~5 
232 FOPT STOCKTON PF:COS 9207 4q54 
233 AMARILLO POTTER 8266 5070 
234 CANYON RANDALL 8317 5075 
235 CLARKSVILLE RFD RrVER 8147 ~flD9 
236 PECOS RFEVE'; 9136 5101 
237 BIG LAKE RE"GAN 906? 47~~ 
238 HEJIPNE RORERTSON 8802 M46 
2:39 ROCKWALL ROCKWALl 83~4 ~9f\q 
240 BALLINGER RUNNELS 88~5· 44Q8 
241 HE f\!D ER SON RUSK 84?O 3n40 
242 ARANSAS PASS SAN PTRCO 9437 ~70n 
243 GREGORY SIIN prRCo 9455 3731 '-'.1 

244 INGLESIDE SAN PTRCO 9447 3711 
245 PORTLANI1 SAN PTRCO 9455 3731 
246 SINTON SAN PTRCO 9~~6 3777 
247 ELnoRADO SCHLEYCHR 9t"i76 4"i47 
248 SNYOER SCURRY 8718 47;37 
249 STRATFORD SHF.RMAN 8049 !Hq4 
250 TYLfR SMITH 841;7 3744 C:::; , 
251 BRFCKENRIDGE STEPHENS 85,:\2 4M4 
252 STERLING CITY STF'RLtNG 89(10 ,46~6 
253 ASPERMONT STONEWALL 8'5p'9 4650 
254 TULIA 5WISHFR 8:597 5016 
255 ARLINGTON TARRMIT 8412- 40!!5 
256 BEDFORD TARRANT 84tH 4092 
257 COLLEYVIllE TARRANT 8447 14111 
258 CROWLEY TAPRANT A51B 411/\ 
259 EULESS TARRANT 8447 4092 
260 FORREST HILL TAPRANT 8'479 41::'2 
261 FOPT WORTH TARRANT 8479 412? 
262 GR,aPEVINE TARRAN'r 84?~ 40Cl4 
263 HALTOM CITY TARRANT 8471:1 4122 
264 HURST TARRAI\lT A447 4117 
265 LAKE WClRTH TARRANT 8471 4158 
266 NO RICHLAND HLS TAPRANT S447 41.17 
267 R!CHLM!O HILLS TARRANT fl479 1i1?2 
268 SOUTHLAKE TARRA~'i 8Lf25 4094 q, 

269 WHITE SETTL "INT TARRANT 8485 415:3 
270 ABILENE TAYLOR 869B 451:.'1 
271 SANnER SON TER'RELL 93:'1~ 4A16 
272 BROWNFIELD TE'RRY 87""·5 5007 
273 MT PLEASANT nTUS SZ34 ;'>755 
274 SAN ANGELO TOM GREEN 8944 456~ 
275 AUSTIN TRAVIS 9005 . ~gQF,. 

2.76 GILMER UPSHUR 8~t7 3116 
277 R.ANKIN UPTON 9084 4AH 
278 UVALDE UVALDE 9::557 4:'.79 
~79 DEL RIO VAL VEROE' 9~99 44QO 
280 CANTON VAN ZANDT 81f14 3R!=.P. 
281 VICTORI/I VICTOP!A 9245 ~74~ 0\ 

2112 HUNTSVILLE" WALKER 875f1 ~('''i? "4 
283 HEP'PST.£ AD WALLER 8923 ~6q1 .' 
284 MONAHANS WARD 9066 5005 ' ::= 

c:-'-
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Table 3-2. Input Data for the Example Run 
(Continuation 5) 

285 BRe-NHAM WASHINGTN 89;12 375:> 
286 L.AREDO WEBB 9Ml 4099 
287 PIERCE WHARTON .9115 3649 
2M WHARTON WHARTON 9078 36:'\0 
289 SHAMROCK WHEELER 8170 4AO~ 

290 BURKBURNETT WICHITA 82QO 4440 
291 WII':HITII FALLS WIChITA 8326 441:3 
292 VEPNON WILBApGER 8326 4~67 

2CJ3 RAYMONDVILLE WYLLACY 9768 3703 
294 FLORESVILLE WYLSOl'-' 92('1 3979 
295 KERMIT WINKLE"R 9024 5060 
296 DECATUR W!!>E 8399 4205 
297 WINNSBORO WOOD 829S :'1794 
2,98, DENVER CITY YOAKUM 8781 sOfia 
299 GRAHAM YOUNG 8492 4365 
300 OLNEY YOUNG 8450 44111-
301 CRYSTAL CITY ZAVALA 94f;6 4246 
302 ARANSAS PAS!> ARANSAS 94:'57 3700 
303 PLEASANTON ATASCOSA 9320 4027 
304 BAN[)ERA BANDERA 9205 IH90 
305 BASTROP BASTROP 9007 3C10Q 
:506 MARFlL.E FALLS eURNET 8QAO 411'5 
307 LOCKHART CALDWFLL 9077 3954 
308 L.ULING CALDWELL 9117 M3:3 
309 BAIRD. CALLA~AN 86M 4450 
310 PITTSBURG tAMP 8264 ~742 
311 PA~'HANDLE CARSON 8210 song 
312 ATl.ANTA CASS 8182 3618 
313 RUSK CHEROKEE 8515 3672 
314 HENRIETTA CLAY 8323 4'354 
315 CROSBYTON CROSBY 854R 4R62 
316 C,ApROL.LTON DALLAS 8410 40"6 
317 COoPER OELTA 8241 3AQf, 
318 CARRIZO SPRS. DIMMIT 9500 4240 
'U9 CISCO EASTLANO 8662 4377 
;!l20 LA GRANGE FAYETTE' 9016 :'I~l:'1 
321 MT VERNON FRANKLIN 8246 3A01 
322 ANnf.RSON GRIMES 88'6 370A 
323 ME~PHIS HALL 8287 4A21 
324 ALAMO HInALGO 9Sr:54 3754 
325 GRANBURY HOOD 8572 4178 
326 CRoCKETT HOUSTON 8M4 3685 
327 STINNETT HUTCHNSON 8117 50';4 
328 .JASPER JASPER Af'ln3 339q 
329 GROVES JEFFEPSON 87R9 3:'116 
330 PORT NECHES JEFFEP50~1 A789 3316 
331 COruLLA LI\SALLE 9476 'H2O 
332 GInDINGS LEF A968 3~4A 
333 GROE'SBECK LIMESTONE 8671 3F\86 
334 LLANO LLANO 8Q70 4~99 
335 NEWTON NfWTON Al>nO 33!'i:'l 
336 BRrnGE CITY ORANGF 8774 329~ 
337 VInoR ORANG!" 87f;1 3~34 
338 PALO PINTO PLO pyNTO 8541 4:>ql 
339 LIVINGSTON POLK 87 \6 3!'i43 
340 REFUGIO RFFUGIO 93",5 :'171'7 
341 FRANKLIN ROAERTSON A766 M:.'!9 
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Table 3-2. Input Data for' the Example Run 
(Continuation 6) dl 

!~ 

342 HEMPHILL SARINE 8511 3413 
343 SAN AUGUSTINE SN AUGUST 84q1 347t 
344 COLOSPRING SN JACIN"r 8754 3567 
345 SAN SABA SAN StJBA 8886 4242 
346 MATHIS SAN PTRCO 9448 ~R40 
347 CENTER SHELBY 8443 ~50!5 
348 RIO GRANDE CTY STARR 9861 :!JAf.\7 
349 BENRROOK TARRANT 8499 4140 
350 EVERMAN TARRANT 851)5 14110 
351 RIVEROAKS TARRANT 8479 412? 
352 GROVETON TRINITY 8661 3605 
'553 WOOOVILLE TYLER 8664 :;458 
554 EL CAMPO WHARTON 9115 3M9 
155 WHEELER WHEELER 8126 /l·8?CI 
356 IOWA PARK WICHrTA 8327 4445 
357 GEORGETOWN WILLIAM50 8927 4014 
358 TAYLOR WILLIAMSc> 8922 M62 
359 GUITMAN WOOD 8340 3806 
360 PLAINES YOAKUM 87~5 5105 
361 ZAPATA ZAPATA 9786 4009 
362 G)--3o I\ZL I MULE.SHOe: PO A 7.35 19.23 .00 .00 
363 .00 .1,',0 .00 .00 
364 AZKt< MORTON SO 47 4.38 10.SS .00 .1'(1 ., 
365 .00 .00 .00 .00 \~:;7 
366 AZKW SPUR PO 8:'1 6.2A 17.M tiOO .00 
367 .00 .00 .00 .00 ,':;~ 

36B AZX7 FLOYDADA SO 94 5.60 11.ql .no .)))6 
369 .oe .00 .00 .00 
310 AZL(;I POST SO 106 2.86 S~1.6 .00 .00 
371 .00 .00 .00 .00 
312 AZL/l PLAINVIEW PO 116 25.27 55.61 ·00 .00 
373 .00 .00 .00 .00 
374 AZLE\ PLAINVIEW SO 118 7.6;' H.67 .00 • O~· 
375 .00 .00 .00 .00 
376 AZLO LEVELLAND PO 157 10.45 27.M .00 .IlO 
377 .00 .00 .00 .00 
378 AZLC LITTLEFIELD PO 18;3 8.37 21. 0 4 ·00 .on 
379 .00 .00 .00 .00 
380 AZKA LITTLEF1.E:'O SO 183 4.57 11.05 .00 .,'" 
:581 .00 .00 .00, .00 \-,: 
382 AZTr OLTON PO 184 5.36 16.01 .00 :~ho 
383 .00 .00 .1l0 .00 
384 AZGL LURI'lOCK DPS 19:5 31.12 9~.~1j .00 .00 
385 .00 .00 .00 .00 
386 AlL\< LUP-BOCK PO 193 242.28 ~40.6e .00 .no 
3A7 .00 .00 .00 .on-, 
388 AZLL LUBBOCK SO 193 ~9.61. 59.13 .00 o .. on 

<) 
389 .00 .00 .00 .00 
390 AZLp SLATON PO 1CJ4 10.01 23.71 ·00 ·on 
391 .00 .00 .00 .00 . 
392 AZLJ TAHOKA PO 195 5.72 17.2.1 • 0.0 • nj'), 
393 .00 .00 .00 .00 
394 AZK5 T~HOKA SO 19'5 4.03 '. q.q!+ .00 .(10 
395 ,.00 .00 .0,0 .00 
396 AZLf BROWNFJI;LD F?.Q 2()q 17.09 40.~q .00 ~no 
397 .00 .00 .00 .00. IY 
398 AZLF BROWNFIFLO SO 2M 4.03 8.:"6 ·00 .00 

\l ,; 

D 

0" 
(! f;) 

"!' 

() . 

, 
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399 
400 
401 
402 
403 
404 
40.5 
406 
4"1:17 
408 
409 
410 
411 

AZt.N 

NAAE 

NAB!; 

NACG 

NAFA 

AAA. 

412 <D--+l 
&J13 ~1 
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Table 3-2. Input Data for the Example Run. 
(Continuation 7) 

.00 .00 
DENVER C lTY PO 

.00 .00 
MULESHOE 5'.0. 

.00 .00 
CROSBYTON 5.0. 

.00 .00 
LEVELLAND 5.0. 

.00 .00 
PLAINES 5.0. 

.00 .00 
'USTIN SWITCHER 

.0 .0 

.00 
29'3 

.00 
8 

.00 
312 

.00 
1.157 

.00 
357 

,00 
272 

.0 

.00 
7.3Q' 

.00 
1.66 

.00 
1.66 

.00 
2.68 

.00 
1.53 

.00 
.0 

.0 

5.26 

8.48 

.0 
.0 

·00 .00 

·00 .00 

·00 .00 

·00 .no 

·0 .0 

414 ~1010tOl0l010101010101110101110111010101110101011101110101010111nl110111010111110 
41~ 101010101011101010101010101010101010101010101010111010101010101ntol0iOlnl0101011 
416 10101010101110101110101010101010111010101110101011101010111010111011111011111010 
417 1010101010101011101DI010101010101010101010101010101010I111tOl11~1011111nl0!0111' 
418 11101010111011101010101 nl0101 11010101011101110101010111010tolnlnl110111nlOl0jOIn 
419 1010111010tOl11010!1101011101011111111101010101~10101010111111101010fOlnl0101010 
420 101nt010l010111010101011101010111011101n1010101010101110101111111010101010111110 
4~1 101111101110101111101010101010101010101010101010101010101111101nl010101"10101010 
~22 101010101010101010101010111010102010t01010101010101010lo1ntnlnl010101~1"lnlO 
ij23 ~3 filN3=:5. I.E., 150'1200.2~00 
424 ~!.2KB 1200.7 1 1 . , 
425 2.4KB 2400.7 1 1 
~26 4.8KA 4800.7 1 1 
427~QD _ ~3 QN~=3 AS NO. OF H/W UNITS ASSOCIATE WITH EACH SYS. T~MN. 
428 &---.. SE~ • T. MODEM DROP r.lNAMES 
429 ® ~10. 10. 
~:50 10. \0. 

·431 15. 15. 
432 15. 15. 
433 10. 10. 
434 10. 10. 
435 15. 15'. 
436 15. 15. 
~37 10. 10. 
4:58 10. 10. 
439 15. 15. 
440 15. 1'5. 
~41 50. 50. 
442 50~ 50. 
443 22. 22. 
444 22. 22. 
445 50. 50. 
446 50. 50. 
447 22. 22. 
448 22. 22. 
449 50. 50. 
450 50. 50. 
451 22. 22. 
4.52 22. 22. 
453 O. O. 
454 0, O. 
455 10. . 10. 
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Table 3-2. Input Data for the Example Run 
(Continuation 8) 

456 10. 10. 
457 O. O. 
458 O. O. 
459 10. 10. 
460 10/ 10. 
461 O. O. 
462 0. o· 
463 lOt 10. 
464 10. 10. 1 
'~65 10. 10. 
\466 10. 10. 
(.67 15. 15. 
468 15. 15. 
469' 10. 10. 
470 10. 10. 
471 15. 15. 
472 15. 15. 
47:5 10. 10. 
474 10. 10. 
475 15. 15. 
476 15. 15. 
477 100. 100. 
478 100. 100. 
479 54. 54. 
480 54. 54. 
481 100. 100. 
482 100. 100. 
483 54. 54. 
484 54. 54. 
485 100. 100. 
486 100. 100. 
487 54. 54. 
488 54. 54. 
489 O. O. 
490 O. O. 
491 10. 10. 
492 10. 10. 
493 O. O. 
494 O. O. 
495 10. 10. 
496 10. 10. 
497 O. O. 
498 O. O. 
499 10. 10. 
SOD 10. 10. 
501 10. 10~ 
502 10. 10. 
503 15. 15. 
504 15. 15. 
505 10. 10. 
506 10. 10. 
507 15. 15 .• 
508 15. 15~ 
509 10. 10. 
510 10. 1.0. 
511 t5. 15. 
512 15. 15. " 

[~ CI 

o 
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Ta.ble 3-2. Input Data for the Example Run 
(Continuation 9) 

513 100. 100. 
5114- 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. o. 
526 o. o. 
527 10. 10. 
528 10. 10. 
529 O. o. 
530 O. o. 
531 10. 10'. 
532 10. 10. 
533 O. O. 
534 O. 0'. 
535 10. 10. 
536 10. 10. 
537 ~1 iOlLINEAR FOR 1200 BAUD LINF 
538 900. ~o gOO. .0 
539 1. 3. 1. 3. 
540 900. .0 900. .0 
541 1. 3. 1. ~. 
542 900. .0 900. .0 
543 1. • 6 1 • .0 
544 1 IilLINEAR FOR 2400 BAUD LINE 
545 ClOO. ~o 900. .0 
546 i. 3. 1. 3. 
547 ClOO. .0 900. .0 
548 1. 3', 1. :'I. 
549 ClOO. .0 900. .0 
550 1. .6 1. .0 
551 ! r.JLINEAR FOR 4800 BAUD LINE 
552 goO. .0 900. .0 
553 1. 3. 1. ~. 
554 QOO. .0 900. .0 
555 1. 3~ 1. 3. 
556 ClOO. .0 900. .0 
557 1. .6 1. .0 
558~1 2 
559 0 0 
56Q ~3 2 0 0 8 .008 .0 
561 3 2 0 0 8 .008 .0 
562 3 2 0 0 8 .050 .0 
563~ll 
564 ~LIDR 35 300 4.26 3.94 0 0 .0 •. 0 
5651 Tele 60 8615.25 14.47 0 0 .0 .0 
566 ADM 500 500 3.62 3.62 0 0 .0 .0 
567 G-CODE 300 300 .13 8.43 0 0 ,0 .0 

P 568 CCH 426 459 5.78 5,78 0 0 .0 .0 
569 MVn 50 175 9.34 9,34 0 0 ,0 .0 

C) 
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510 INQ/NL 
511 ADM/NL 
512 NCIC 
513 DB/OLS 
514 DB/ANT 
515 ~ .110 
516~2 AAAA 
517 3 
578 ~AAAA 
519~6.43 
580 @@--207.0 
581 24· >1 

77-53, VQl. IV 

Table 3-2. Input Data for the Example Ruh 

50 
300 

50 
90 
90 

(Continuation 10 ) 

200 .45 .45 0 0 .0 .t! 
300 .45 .0 0 0 ,0 .0 

go .0 9.21 0 0 .• 0 .0 
50 :5.49 1.1 0 0 .0 .0 
50 .45 .45 0 0 .0 .e 

1 QSWITCHER A5SINGMENt WITH U,lX,A4,I5 
~TERMINATE SWITCHER ASSrGN~ENT 

IOISTATE CENTER 
2 ~TOTAL XSAC a REQ. AT THF' AUSTIN SWITCH2'R WtTH ¢S.S 813 

1 QTERM./LINE,RESP, TI~E' ~PROC WITH 13,FS.2,12 
Ql FOR PLOTTING AND 0 FoR SKIPPING IT wtTH 13 

CPU:.787 CTP:.091 SUPS:17.904 

QBRl(PT PRINTS 
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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
~ation costs, and the second for recurring costs. The first card of 
each 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 
terlllinais. 

Item 15 indicates that an optimiza.tion 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 8.S 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. 

Output 

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

3.!1.3.1 Printer Output. 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 
utilizi~g 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 I'egion has been con
sidered in this specific run. Item 2 shows the line protocol for each 
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Table 3-3. Printer Output from the Example Run 

(D----. THERE ARE 1 REGIONS 

0- 1200 POLL CHAR.: j NAK CHAR.= ;> POLL O/H= U 

NAK O/H: a r~SG O/H= 'I 
MP!;;EM= .00q PP5EM= .oon 

2400 POLL CHAR.: j NAK CHAR.= 2 POLL O/H= U 

NAK O/H= 0 MSG O/H= 8 
MPSEt.1= .00'1 PPSEM= .000 

4800 POLL CHAR.: ~ NAK CHAR.= ;> POLL O/H= U 
NAK O/H= a MSG O/H= 1\ 
MP!;;EM= .050 PPSFM= .000 

G)--.AVG. INPUT ,",SG WITH PRIO 1= 147.0 CHARS 
AVG. INPUT MSG 147.0 C:HARS 
AVG. OUTPUT MSG WIH PRIO 1= 212.2 CHARS. 
AVG. OUTPUT MSG WITH PHI02= .0 CHARS 

OVERALL AVG. MSG = 1114.0 CHARS 
@ ~ 2- AAIIA 1 

;3 0 -...J 
-...J 
I 

w I,J1 
I UJ 
f\) 
VI <: 

0 
l-' 

0 .. T"AFFIC MATRJ)((8PSJ 
H 
<: 

TERM. /lZL! AlKK IIZKW Al.XZ AZLQ AZlA 1\7LFI AZLD AZLC A7K~ IIZT! AZGL A7LK AZLL .7.L~ 

TRAFlN 1.0 .0 .8 .l .4 3.1!- 1.0 l r 4 r.2 .6 .7 4.1 32.;; 5.3 1.:01 

TRFOUT 2.6 1.4 2.4 1. b 1.1 7.4 2.0 3.7 2.9 1,b 2.1 13.r 45.4 T.9 3.2 

TRAFIN .0 .0 .0 .0 .n .n .0 .0 .0 .n .0 .n .(1 .0 ,n 

TRFOUT .0 .0 .0 ~O .(1 .n .n .n. .n .0 .0 .n .0 .0 ,n 

TRAFIN .0 .0 .0 .0 .0 .0 .n .0 .0 .0 .0 .0 .(1 .0 ,n 

TRFOUT .0 .0 .0 .0 .0 .0 .0 .0 .0 .(1 .0 .0 .r) .0 .n 

TR,\FIN .0 .0 .0 .0 .0 .0 .0 .0 .0 .11 .n ,0 .n .0 .n 

TRFOUT .0 .0 .0 .0 .0 .0 .0 .a .0 .Q .0- .0 .0 .r) .0 

o 

D " (,) 



0 
/lllI • YBn 

JlllA 3 • .,69 

h7TI • '1~ 

Jlll.J • '(':1 

NME .~2\ 

w 
I 

I\) 

'" 
/lllI 2.~64 

AZllI 7.~1!J 

JlZTI 2.1.35 

\Zl.J 2.295 

NAAE • '01 

Table 3-3. Printer Output from the Example Run 
(Continuation 1) 

TOTAL T'~AFFTC n"l<;lNIIT<"O F"O"l <;ye; • lJ:"RuM. IATTe;/<;U'/ 

1\7.~K .')A.'. n/~~' .P:57 Ill'll • '4" AlLO 

117LR l..0? \ Ul<1 1.~9:'\ 117.I.C 1.1'1.3 IIZKA 

/l7<;l tS..14'..l ~LL~ :52.'104 ~71 L <;.21'1 /l7LP 

'IlKS • '.'>'1" AZL"" ?:?7Cl JlZlF .~.3" AILN 

~IA"G .27.1 MAC'; .:157 "111"11 .204 JlAA~ 

T()T~L T"AFFIC= ';1.0 n 

TOUL TQ~FFIC nF<;TTNATF.n T(1 C;Ye;, TFoM". IFlITC;/C;"'CI 

AlKK l.4) 1 ALK"' 2.373 AlY7 1o~1I11 ~lLQ 

t.Zll3 1.9<;'; UllJ 3.7111 ~ZI.!: 2.~2!"1 JllKA 

r.7GL 1j.14J1 /lILt< ·'5.424 Jl71.L 7.1:\'14 ~lll~ 

A7KS 1.052'> A7l" 5.452 ~l'-F 1.11~ AZl", 

NI\ff(; .701 "rI'C(; 1.131 "'AFA .b4A IIAI\" 

TOTnl TPAFF1C= 114.;'Q 

TOT III SY<;TEfo' T'~AFFIC= \7h.:I<> 

,. 

/ 

.:'1111 

.60<> 

~.33t; 

.QA'i 

.Ol)n -..J 
-..J 
I 

VI 
W 

<l 
0 

1,('IRR f-' • 
1.47'1 H 

<l 
~. tn1 

2.711:'\ 

.noo , 
<. 

I / 
"-............... : 

.... (~ . ! 



W 
I 

'" .....:j 

" .- . 

Table 3-3. Printer Output from the Example Run 
(Continuation 2) 

0 PCl I "'T TO P01~IT OTSTA"CF "'ATRtJ 

TERM. A7.lH AilL A7LK A7r.L A7TI A7KA /l7LC /l7Lfl l\7LH ~7LA l\71~ /I 7'/. 7, A7KW 

AZL! !\~. I> r. 67. 67. :3'1. 3t. ''11. 'Iq. "<l. ",q. t~5. ft2. llq. 
/lZKK MI. 5". ~,~ . 'ill. 'I". ;>1'. -Oft. ;>5. "'I. ",q. A/\. ftll. tt 1. 
AZKW 'lb. !Jt:I. 50. 5A. ACI. at. "1. MI. 7 n • 7n. 37. 'I~. 

AZXl '12.. '11. lit. "1. 11'1. 'if'. 'il'. "'6. :>". :>fo. 5!>. 
AZLG 2~. j~. 31\. 31\. ft1. 7". 711. foil. 71. 71. 
AZLA 52.. 4:). '1:3. 43. 2!>. "I. Ul. "7. O. 
AZLB 52.. II.)" 11'1. U3. :> .... "I. ul. ..7. 
AZUl 'Ill. . H. :31. 31 • 'III. 2<1· "'I. 
AZLC 52. ,'a, I. 37. :37. 2.~. (I. 

AlKA 52. Jr. 37. 37. ,.1. 
AZT! 611. 4~. " ... 4~. 

AZGL lh. 11. 11. 
AZLK lb. n. 
AZLL lb. 
AZloR 'I. 

(!) lI' NCC= AAAA: 

(!)--CPU UTI Ll Z/I 1 10M oEH PROCESSOR 15 .707 

@--RE17= 1 • ~YS. TEI\MN.= 

AZLY MULESHOE PO /llKK "ORTON So ~ZKW SPUR P/'l A7.XZ FLOYOAnp, SO 
AZLQ POST SO I\ZLA PL/IHIVIEW PO ULR PLATNVTF'W <;(\ A7Ln LEIIELLAPI/'l PO 
AZLC LITTLEf-IELO PO A7.KA L ITTU:.FIF.LO So ftZTI OllNI 1''1 II ZGL LlIRH(lC~ OPS 
AZlK LUBBOCK Po Aill LUAAnCK SO ftZLR SlI\TO~1 PO A7.L'" rAHOKlt PJ'I 
AlKS TAHOKA SO Al.LE AROWMf-IELO PO ftZLF ARO\olNFlFln <;0 AZL~! ",,'IVEP (tTY PO 
NAA!: MUl.ESHOE 5.0. NAAG (POSRYTON 5.0. NACG LEVF'LLANU S.O. NAFA ~LAINFC; S.D. 
AAAA AliSTIN SWyTCHf.K 

INl1ICES FOR SY<;. TEKM.!!: 
1 2 :3 " 5 f, 7 /\ q 10' II 12 t:'l 14 Ie; lfo I; tIl 1 0 <'0 21 ?;> 23 1''1 ?'i 

@-RSC= AAM I'OR PEG 11m 

~7KK ~7LI 

'I';. 

-.....I 
-.....I 
I 

U:I 
W 

<: 
0 .... . 
H 
<: 

() 



If 

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

@ -- REGTONAL snl> NE"TWnRK ANO n~ rO<;TC;~ 1 

SYSTEM TERMN. f,ZLI ilZKK AZKW l<7XZ AZI.~ ~ZLA IIlLi'I 1I7LO AZLC IIZKA 

NO. OF LINES RF~. 
t.2K~ 1 1 1 , 
2.4KI1 II 0 '.I 0 IJ 0 n 0 0 n 
4.8KR 0 0 11 0 11 0 I) " 1'1 (I 

LINE UTILIZATION .OU4 .01'13 ",..(14 .00:5 .on;~ .011" .nn3 .n1l5 .. ona ·on'l 

DSTNCE FROM R<;C .399 37Q 2"'/ '131 2°" 356 "5" '1!>~ 361' 3511 
TRAFF'lC 

LINE TO Cpl' .9t1n .5'1" .1'.,\7 .747 ,;)"t ,1036Q 1.023 1.3~:'I 1.111:,\ .6(10 

CPU TO LIr'E ?5b4 1.411 ".373 1.5116 I.CHI' 7.'115 l.o!'>6 3.7U7 2',920; 1,'I7~ 

LINE RESPONSF TIME 3.2',0 .3.27h 3.:>18 'E.277 :'1.27'5 3.?QfI 3,,,71l 3.2113 3.2111 3.27f, 
SU'IrOTAL 

INST. COST!'; 
LIIJES U 0 1.1 0 n 0 ') IJ I) n 
SER. )'~ 4>10 2U 2U 2" 20 211 20 2\1 2U 20 2/l 
MODEM 24110 IOU Ion Inn 100 ton 1(10 Inn tOU Ion Inn 
URO'" 0 n II 0 0 0 II 0 0 fl ...... 

ANNUAL RECUHR. COST ...... 
LINES 2297~0 1436'1 1"6'1'1 111 3:'1" 11016 In51''' ?!>63 2':>6;~ 127liU 132'11l 11'>24" ~ W SER,T. 1lF."0 360 3611 3611 "60 360 3M ",,1) :'IflO :'160 360 

I W 
N MOOEM 12612 5211 521' 5:>fl <;213 5211 50'1'. !>21l <;211 !'i211 5"" 
CD DROP 5V~')O 2'10 2'10 2411 240 2411 2'10 24(1 2411 240 24n 

TOTAL COST < 
ItlST. Co!>T 2">10 lZU l"n 1;>11 120 1211 120 121J 120 12n lZ0 0 

RECUR, COST 2561\<12 l'i'l9<! 14772 11'1",0 .\3044 ·1 PI? ' 31',Ql 36<11 13QUII 14376 IU37f1 I-' 
0 

I-tEGI Of'JAL 5T~" NET\oIORK AND ITS CnSTS- 2 H 
< 

SYSTEM TERMN. A.lJl AlGI_ AZLK A7lL /lZLR IIZlJ AlKS A7.LE. AZll= AZUl 

NO. OF L.INE'S Rf(,)· 
1.2Kfl 1 1 ~ I 1 t 1 I 1 t 
2.'IK8 0 0 0 0 II n " II 0 n 
'I.8K8 0 0 II 0 n 0 0 u 0 11 

LINF. UTILIZATION .0\13 .016 .01>9 .012 .n05 .n04 .(103 .IlU~ ~Oll:> .(loa 

DSTNCE I'RO'" RSc 37~, 33;> 33<' 332 3Ih ~11 ~1l ~3" :'13'1 35'1 
TRAFFIC 

LItlE TO CPU .715 ' .. 14Q 32.:''Il''' 5.2111 1.3;')0; .7f,'5 '.537 2.:>(<1 .5:'17 .Ql\o; 
CPU TO LIMF. 2.1"~ 1".140 '1'>.4<''1 7.8A4 :"l.161 ?2QS:; 1.32'5 5. U!:>2 tnt" 2.7R:\ 

LINE RESPONSE' TI Mt 3.2'(R ~.31t 3.'161 3.301 :\,211\ '102711 3.275 3.2M9 3.270; 3.""n 
SUQ10TAL 

INST. COSTS 
lINES U 0 II 0 n 0 II \I 0 n 
SER.T. 2U 20 ?ll 20 20 20 211 2U 20 20 
MOOEf~ lOll ~OO 10l' 100 Ion 100 10n IOU Ion Inn 
DROP U 0 Cl 0 n 0 (I II n 0 

ANNur,L RECUKR. COST 
LINES 13421$ <!390 239(1 2390 11376 :>:>:'10 223q 12n2'1 12024 127 0" 
SER.T. 36U 360 36(1 ~60 3"U 360 3(,11 3f>1l 360 1!f,O 
MODEM 521) 52A 52" 0;28 52'" 52A !:>21l 52f1 528 521\ 



W 
I 
I\) 
\0 

DHOP 
TOTAL COST 

INST. COST 
RECUR. COST 

SYSTEM TER~'N. 

NO. OF LINF.$ RFQ. 
1.2KB 
2.4KA 
".aKS 

LINF. UTILIZATIoN 

DSTNCE FROM RSC 
TRAFFIC 

LINE TO CPU 
CPU TO LINE 

LINE RESPONSF TI~E 

INST. COSTS 
LINES 
SER.T. 
MODEM 
DROP 

ANNUAL PEClI~R. COST 
LINES 
SER.T. 
MODEM 
DRap 

TOTAL COST 
INST. COST 
RECUll. CO$T 

Table 3-3. 

SUBTOTAL 

12(). 
1'155b 

NAAE 

1 
0 
u 

.002 

399 

.221 

.7Ul 
3.213 

U 
2U 

lUU 
U 

1"36'1 
.300 
52!! 
.,.0 

12U 
15492 

TOTALcosr= 

, I 

Printer Output from the Example Run 
(Continuation 4) 

2/10 

12n 
.151'" 

?4f' 

REGIONAl STAR 

NAElG NAC" 

1 1 
0 f) 

0 0 

.002 .002 

310 3~!:> 

.221 .:'I!:t7 

.701 1.131 
3.273 3.21!> 

0 n 
20 2(1 

100 100 
n (I 

11160 127/1U 
360 360 
521l 5?1I 
2"0 240 

120- 120 
122"R 139011 

25':1702-

?40 

120 
3~IR 

NETWoRK 

N~FA 

1 
0 
0 

.002 

;'161 

.204 

.6"8 
3.273 

0 
20 

tOO 
0 

12996 
.~60 
!i28 
2'40 

120 
I1t12" 

ANn 

241) 

121, 

1250" 

240 

120 
:.'1367 

TTS C05T<;- <I 

A All II 

0 
0 
n 

.(1110 

0 

.0110 

.000 

.000 

0 
n 
(I 

n 

n 
n 
U 
n 

n 
0 

2411 

1?0 
3367 

?'Ill 

1;>0 
13152 

240 

1211 
1:'1152 

'j 

(I 

240 

120 
13R3f\ 

" " ~ 
W 

<l 
0 
I-' 
• 
H 
<l 



@ 

lJJ 
I 

lJJ 
0 

Table 3-3. Printer Output from the Example Run 
(Continuation 5) 

~ FINAL MULTIDROP NETWORK AN!'I IT':; eO~TS- 1 

SUBNET NO~ 1 2 

BEGINNNING NODE AZLL AZKS 
NO. 01' TERM. 18 6 
NO. OF LINES 

1.2KB 1 1 
2.4KB 0 0 
4,8KB 0 0 

LINE UTILIZATION .138 .017 
TOTAL MILEAGE 617 388 
TRAFFIC 

LINE TO CPU 55.691 5.305 
CPU TO LINE 100.717 13.617 

LINE ~ESPONSE TIME 4.038 .3.416 
SUA TOTAL 

INST. COSTS 
LINES 0 0 
SER.T~ 2&0 190 70 
MODEM 1300 950 350 
DROP 0 0 

ANNUAL ~ECURR. COST 
LINES 16422 11411 5011 
SER,TO 4680 3420 1260 
MODEM 6A64 SOH, 184R 
DROP 3120 2280 840 

TOTAL COST 
INST, COST 1560 1140 420 
RECU~, COST 31086 22127 11959 

ToTAL COST= 32646 

-...J 
-...J 

6, 
W .. 
<l 
0 
i-' • 
H 
<l 

o 



-' ......... - .. a .. ""'"' _'$ - ~t~·-

~ REGIONAL cENTFR= A~AA 

SIJBNETWOR", 
BEGINS AT 

AZLL 
AllP 

/llLA 

W 
I 

W ..... 

AZLK 
IIlGL 

AZKS 
AZl.J 

AlLF 

-~..",.. >---- -~-~~-~----....... _er-...... ---·--'~ ..... _ ... --r-.,.--· ~--~-"""""'~-'-, - --~--

Table 3-3. Printer Output from the Example Run 
(Continuation 6) 

AZXl 
NAI3G 

AZt<W. 
lilT! 

A7.KA 
NAC!; 

AlKK 
IIlLO 

NAIl!:: 
AlU 

Alll:.. 

AZLR 
IIZLQ 

NAFA 
AZLN 

AZLE 

"? 

....... 

....... 
I 

V1 
W 

< 
0 
l-' 
• 
H 
<l 
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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 tl"affic characteristic as calculated by the 
STACOM program and item 4 prints out the pre-assigl~~ent 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 ira/'fic matrix from each 
system termination to four data bases calculated by the program. Item 6 
prints the total incoming/outgoing traffic in bps to/fr~m each individual 
system termination. Also included is total incoming/outgoing traffic 
to/from the system. 

Item 7 gives a short list of point-to-point distances between 
system terminations as calculated 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 eystem 
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 utilization is only .004 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 STAGOM 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 Clre aleo 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 3-4 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 
indic1;ltion that the program has been successfully executed. 

3-32 
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Table 3-4. Unit 6 Printer Output from the Example Run 

A ~SIJ1"E NUf.IPE.R OF HE610l'S 
EIHER NR ANI) STP IKt:: RETlJnN KEY 
TYPE IN NO. OF SYS. TEr.~~NS' OI\TI\ 1I/1C;F-5 fiNn f:nlf"S Wllir !=r)RMI\T "'II~ 
THERE. ft.f7E 2<;<;'15. TEnrWS.. 4 nATA HA9F"C; 3~H. CTTIF<; 
TYPE HI DI\TII !-l/lSE LOCATfONS WJ.TH FORM/IT 6",1('114) 

4 DATA P,I\SF.<:. tiRE. AT ,,1\11 A nooo SS<;!;) HHIIH 
TYPF IN CITY V-H WITH F0RMAT (j3XtJ5,2Y'I5) 
TYPE IN PIO NO •• ~II\"'E. MAPPTNG AOK. lUll) T'R!lJ:'FIC 
WITH FORMAT IlhlX,4A6'J'I.6FR.? 
TYPF ItJ NO. OF PI\Tf. STPl'CTlJRES UI~l1FR 
CONSIDERATION ~IITH FOR'AI\T I3 
TYPE IN RAT~ APPLICATro~ TO EA~H COMAN. 
WHT EACH SYS. TERM. WITH FnRM~T lU12 
REAn HI TRAf-FIr Ilf.NSITY TYPF AHIl HIITE c;,tRltCTtI[{E" 
FOFl EACH CJ lY "IITH f-OlUIAT nOIl 
TYPF: IN NO. OF I Hlf TYpES IIPPICAflLF WI"i'H FOfiMIlT n 
TYPE IN Nllr-'F' CIIPIICl TV, IITTL. FI\CTOR IIVAJL. FOP. 
EACH LTNE Tli-'r: wITH FOPMAT 1\6,1)(.11',,1)(.1'3.2,2(1'(.11) 
TYrF HI NO. OF nF.VICES liND ~IANES FOR FilCH I JNF." TYPF 
WITtl FOPt.1AT 13/1 ntAbll y) 

T'fPE IN INS'I. MJI1 JI~ CUlll{. COSTS WHT 
HATF STRUCTIJHE, LIN~ TYPE, nF.VICF.' TRAF'I'IC nnlSTI'f 
ANn OUPLEXING ~onE WITH FORMAT 2F9.?12FY.? 
TYPE IN INST. ~OSTS FOn LIN[S WRT 
HATf, LTNF. onl<;tTY. A/III {)lIPLf.Y.IHG ~lonF 
WITH FORM/\T 4FO.2 
TYrE IN INDEX FOR LIt-IOIJITY r)1= LItlE RfCIIR. COST 
FUt,leTIOf\l WI TH 1 =LINE,AR ANIl ~IOtILHIEI\R OTHf.Rlo/TSF. 
W 11H FOflMII TIl FOR I:.I'.CII L HIE' TYPE 
TTPF Itt Rf.r.t.1R. C05T~ WT Tit FI'lRMAT 4F'Q.? IF LHIF.:IIR 
WITH FORMAT 10FR.~/IOFn.3 IF NnNLINFAFl 
IF NOtlLlNEIIP. IISf. lnF8.~ 
TYPF' HI ACTlmJ tNDICES FOR I':A(II RE13ION 
1ST ELFMErn: 1= IN'jERTTnN TO TItIS PRELOl\orn I1E'GlnN IS oj( 
21m ELFYEtH: 1= ot'r HlI 7 J\ TION rs Nf.F.I1F.n 
TTPF' IN Rf.r.IOtJ INDEX Mill ACTION NII~mF.R NFFnFf) 
WITH FORHAT 21::> I\tlll ENn IT l,o(lTH 11[1 Q 
TYPF." HI NPL' ~lfII<' .'lPL01H IJIIKOH' W)i", 
TA"IO"" TAD IN FN~"'AI ('){4,2F7.,1 
TTrF' HI NO. OF 115G rvr.-". I\NIl TRill-FTC <;rIlTT<;TIC"S 
SlJCH liS MS[.t.lAM, ~SLlN' 'JISLOtlT, HA flO W!1H 
FORMAT r4/(~b'~(?Iq'2F~.JII 

TYpr INPHELO!lnFn SYSTP~ TFRI";I,I. M'!1 RSf' WTTH 
FORMAT tl,tX'AU.A~ 

j2B3 nlSrlNCE ITFu~ IIRF OVFRSI7Fn 
nS9~E A SYS1E» CENTRnrn 
ENTFR (.ODF !-OR NSCC MJn STRiKE' HnjIR~! vt'.Y 
INplJT TOTAl. ~J(). Of- TRA·I~ACT.ImJS ANIl ~J(l. OF IICCFC;~ liT THF; C;i.lltC\I.r:r? 
ENTf..R \>'ITH f-U." MID 13 IJ~IOFH X;!lC/src 
REAr: UJ L PH T S ON t-IO. of- SYS. TF::HM<;. m' A L Tt!F." 
.HESHlll<:E TIMf.. !<FGO Min ~IO. OF PROcr<;S(lHS VITTH FORrHIT 
,-r~,F~.?, 12 
II: PLOTTING IS PEGIJIREn, T,YPf. 1 WITII F(lHMfiT 13 

TRYLNK HA~ HFFN ACC~5~EI1 FOR ln0~' TJur~ 
UP~IETW till" IIF.FtI ACCESC;F.D FOH ?", Tl r'~<; 

r.JBHKP r'I'R INT'J. 
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3.4.3.2 CalComp Plot. Figure 3-1 is the actual network graph as 
Plotted by the CalComp plotter. It reflects the network as printed in the 
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 c,entral switcher as used in the example run. 

Figure 3-1. CalComp Plot from the Example Run 

3-34 
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APPENDIX A 

STACOM PROGRAM LISTING 

~192ft*STACO~(1).M~IN/0777 
1 
2 
:3 
4 
S 
6 
7 
8 
9 

Ii) 

11 
12 
1:3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
:35 
36 
37 
38 
:39 
40 
41 
42 
4:3 
44 
45 
1>6 
47 
48 
49 
50 
51 
52 
53 
54 
S5 
56 

c*** •••• **_*·.****.****** •• **_ •• ****.*.****************.***** •• * ••••• *.~**c 
c* *r. 
C* C;TACOM TOPI)LQGY PR'lGRAM .. r 
C* JE"T PROPUL5l0N L/lPOPP,TOPY*C 
C* 46(10 O~l< GROVE ['IRTVI" *c 
c* PASADENA, CALIFOPNT/\ 01103 .C 
c* *C 
C* •••• **.*_**.**.*****.**.**********.* •• **.***** •• *********.*** •• *~***.***C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

T~IS PROGRAM IS DESIGNED TO PFRFOR~ FOqMATTONc; OF REGTONC;, ~EtEdTrON5 
OF REGION~l SWITCHING CENTERS' FORMATYON~ OF INITIAL ptGlnMAL NFT~OnKC;. 
OPTIMI7~TTON OF RF.(;IONAL NETWO~I<S IISIN(!:THF" fc;~ll-WTLLT~,W5 MF:"~OO If': 
REQUESTED' AND FINALLY FORMATION OF AN INT~RRFGIO~ NETwnqK ANn ITS' 
OPTIMI ZATJON 

********************************.*************** 
THIS TOPOLOGY PROGRAM CONTAINS ONE I~AIN PRo('RAM ANn ELEVE~I '5IIRPROGRAM~. 
THFY.~RE AS FOLLOWS: 

MAIN PROGRAM MAIN (RFGION AssrBN~rNT5 OF SYSTFM T~PMrN~TrnNS) 
SUf3PROGRAM-l RGNNET (REGIONAL NET\oI(lPK FO~MAT1nN J\Nf') TT5 npTtMl7.~TYN1) 
SU~PROGRAM-2 IRNOP (TNTER-REGION ~FTWOPK OPTIMIZATrO~) 
5URPROGRAM-3 ICOSTJ (COSTING FUNCTYOf\) 
SU~PROGRAM-4 RHO FUN (LINE UTILI7ATION FU~~TIONI 
SUAPROGRAM-5 LINNI~ (LINE CONF~. nEFINITTON ~ASfn ON TRA~FTr, 
SUf\PROGRAM-f, PACK (STORHlf. OR RETPIFVYNG OTSTANC~ OATA) 
SUBPROGRAM-7 DIST CFTNOING DI~TANCE AFTW~~N TWO GIVFN T~~~INALS) 
SU~PROGRAM-A LINK (FTNDIN~ COMPRE~SFO TNDEX FOR nIsT' 
SUAPRo5PAM-Q RECOVR (REcnufRING COMPRESSED OT5T~~cr nATA) 
5U13PROGRAM-IO: PLOTPT C PLOTT ING ".:ACI-l DROP Nl A "'ULTIO~OP Nj:'TwnRIO 
SURPROGRAM-l1: RSPNSE {ESTI'~ATHlr; RF.snONSE n",n . 

*************************"1:*******************"'** 
PARAM~TER MW=4'lWT=lOO'NLtMIT=~'NPC=360,Np9=lA 
PARAMETER NPl=130. NP2=1, NP3=4, NP4=~ 
PAR~METER NP6=(NPC*NPcI2-NPC+l1/4+1 
PARAMrTER NP7=4,NPO=ln*NPC 
CoMMON IEINI SVR(NP1} ,NRSC (t,,'\'I) ,NUMrIH~~W) ,TRAFON'NP1)' 

* TRAFITCNP1) 
* IVHI IVERT(NPC), IHORZNCNPC) 
* ICONSTI Nl,N2'N~'N4'N7,NCITY 
* IINFI IRATF.:.JCNP?,NP2), YRANOCNPC';»' yt=LI\GCNP·2.NP3) 
* IRCOSTI AINSTC(NP2,NP3~~IPlh3'2.l'), RF"C~C(NP?'NP3'tlPlh3.f!,:n f 

* I\N"TLNCNP2,NP3,3,?,2), RE"C'RLNH'P?'NP3,3,2., If,), IO""L)(MP:U 
* ILlNCHRI LlNtJlIXCNP1), L1NCAP(NP~;' IITIU7H1P3) 
* IRE'F/ IREFCNPC),TRIIFD(NPl,?,NP7), r"~TNCE(NP6)~MAF;\f"PCNP1) 
* /OVFRI TVRD(NPO'21,IOVE~1 
* INAI.1E/ N{l.MEST(NPl,41'LINAME(~JP!' ,NAMFHw(NP4) 
* ISUMI ASUM(4),ASUM 
* IXMTI TIMXMT(7,NP31, WATT(6) 
* IMSlAI AMSL(71 
* IROUNDI NTERMS'TIM~EQ,MPROC,HPL(lT. 
* /ADnl IADO(NPll ,KCHG,KAr'lD t;;lI(CHt-=FJR~r DROF" KlIl)n=JU~T FOR UN~ 

INTEGER D5TNCF 
DI~ENSION IACTN(MW,21.INDYPT(NP11 
DIMENSION NUMRR(NPll'TTR~FC(2),NA~~FCNP7) 

A-1 



!::' .) 

57 
5~ 
59 
60 

.(,1 

f/2 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
fl4 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
q9 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

c 
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DATA ITRAFCI'TRAFINTR~OUT'I 
DIME"!SION TRM(MW,MW), DRM(MW,M\oI), ~IU'~R(~JP1)' ~IUMftrNPl ,4) 
INTEGER SVR 
DIMENSION OUTPRT(NP1) 
NMAX=NPO ~MAXIMUM SIZE FOP OVFRFlOW DYSTANC~ DATA T~RLF 
CPIJAVG=O. 

C SELECT NUM8ER OF REGIONS 
C 

C 

2;?!'i WRITF.:(6,220) 
Rf:AD(5,735) NRI 
WRITF.:(IWT,1011) NR1 
ANR1=NPl 

C RFAD IN TRAFFIC DENSITY I~DEX AND RATF STRUCnWF ~OR FACH SYSTFM 
C TfRMINATION IN TH~ SYSTEM 
C 

C,\LL CREADA (Nl) 
C 
C READ IN RATE APPLICATION MATRIX 
C 

CALL CREADB(N21 
c 
C RF~D IN NAMESp CAPACITIES, UTTLIZATION F~CTOR5 AN~ AVAILARILITJE5 
C FOR LINES APPLICABLE IN THE SYSTEM 
C 

CALL CREADC(N:.'I) 
C 
C RFAD IN INSTALLATION AND RECURPING COSTS FOR CHARGFAAlE ITEuS 
C RFQUIRED FOR COMMUNICATION LINES 
C 

CALL CREADD(N41 
C 
C RrAD IN INSTALLATION AND PECURPING COST~ FO~ LYNES 
C 

CALL CREADF 
C 
C nFAO IN ACTIONS TO BE PERFORMEn ON FArH R~GID~AL N~TW~R~ 
C 1ST fLEMENT t=rNSERTIONS TO PRELoAnE~ RFGIONS APE" ALLOW~n 
C 0= SUCH AN ACTIO"! IS NOT ALLOWF~ 
C ?ND ELEMENT : 1=NETWORK OPTIMI7ATI~N I~ TO qE PERFORMFn 
C O=NO OPTIMI7ATION IS NEE~En 
C 

CALL CREADK 
C 
C RE~O IN LINE AND LINE PROTOCOL CHARACTFRI~TIC~ 
C 

CALL CREAOR 
C 
C CONVERT TRAFFIC FROM CHARACTER~/~IN TO RIT~/SFC 
C 

DO 85 K=1.2 
DO 85 t=l,Nl 
DO 85 L=1.N7 
TRAFD(I'K.L)=TRAFn(I'K'L)*A./fi~. 

£\5 CONTINtlE 
ISUM=O 

A-2 



() 

114 
115 
11~ 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
1:'11 
132 
133 
134 
1:55 
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 
].70 

?5 

701 

805 

802 

,q01 

240 

C 
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DO 25 T::l,NCITY 
ISU~=JSUM+J 
rREF(II~tS\JM 

CONTINUE 
DO 701 I=I.NR1 

NUMPR(I) = n QNO. OF SYSTEM TERM1NhTlnN~ AT FACH RFATnN 
CoNTlN"E 
WRlTFC6,888) 
~EAD(~'80n) NCODE,NSTATF.,NRFG0 
WRITE(IWT,S04' NeOCE, NSTATE, hlqEAO 
NSTATf=LOCAl(NSTATE") IOlFIND CAADt',IAL H1DrX 
GO To(R01,AOP,2401,NCOOE 
CO~!TIN\)E 
SVR(NSTATEI = NREGO 
NIJ""PR(NREGOI :: 1\jlJ/~PR(tIREGOI + 1 
CoNTJNllE 
NRSCtNREGGI :: NSTATE 
Gn TO ROS 
CoNTI~IUE 
DO 70 L=1,N1 

TRAFON(L'=O. 
-70 CoNTINUE 

lOVERl=l GlCOlJNTER FOR OVF.RSI7.ED T~AFnc nATA 

C CALCULATE nISTANCF DATA BFTWEEN SY~TEM TFRMTNAT!ON~ 
C 

DO ZO J::l,NCITY 
DO 311 K=1,NeITY 

IF(J-KI 5t,30,30 
51 CONTINUE 

IS01::(IVERT(J)-IVFRT(K»**~ 
ISQ1=ISQ1+(IHORZN(JI-IHORZN(K)i**2 
IF(ISGI .EQ. O)GOTO 2? 
s<H=!SGl!10. 
N<;~l=INT(SQl) 
(\IFF=S01-NSQ1 
I~(OIF~ .GT. 0.1 <;Q1=~~Ql+t. 
BI'JIST= SQRT(5~1l 
KDIST=INT(RDIST) 
(\!FF=BnIsT-KDlST 
IF(DIFF .GT. n.) KDI5T=KDIsT+J 
GO TO 23 

22 CO~ITIt-lUE 
t<DIST=O 

23 CONTINUE 
JKL=LlNK (J, K) 
IF(KOI<;T .LE. 510l GOTO 5 
CALL OVER~L(~KL'KnIST) 
GOTO 31) 

5 CONTINUE 
CALL PACK(JKL'KDI<;T'l,nSTNc~1 

30 CO~TTNUE 
20 CONTI NilE 

IoVER1=IOVF.Rl-l 
WR!Tf'Cfl,3) roVERl 

c 
C TOTAL INPUT TRAFFIC RY EACH SYS~ T~RMN. 
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\ 
\ 

171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
lA6 
187 
188 
189 
lC10 
191 
192 
193 
194 
195 
196 
197 
lc;lB 
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 

C 
TP.F'ALL=O.O 
TALLIT=O. 
TALLDN=O. 
DO 41 L= 1 , ~J1 

TRAI='ITCU= 0.0 
TRAFONCU= 1'.0 
DO 42 J=1'N7 
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TRAFITCL) = TRAFITCL) + TR~FD(l,~.J) 
TRAFDNCL) = TRAFDN(LI + TRAFDCL,l,J) 

42 CONTINUE 
TALLON=TALLnN+TRAFn~lL) 
TALLIT=TALLIT+TRAFITCL) 

41 CONTINUE 
TRFALL=TALLDN+T.ALL I T 

C 
C PPINT OUT TRAFFIC DATA AETWEEN SYST~M TER~TNATInN~ 
C 

NTURN=N 111 c; + 1 
NRE'M::MOQCNl.15) 
IFCNREM .EQ. 0) NTURN=NTURN-l 
WRITE C TWT, 111) 
no 1100 KK=I.1 QFOR TEST ONLY 

KK1=CKK-l)*15 + 1 
KK2=KK~15 
IFCKK2 .GT. Nl) KK2=Nl 
WRITFCIWT,113) CINOXPTCJ), J=KKl'KK~) 
no 99 J=t.N7 

no 97 KT=1,2 
00 28 KR=~Kl.KK2 
OUTPRTCKR)=TRAFnCKR.KT,J) 

28 CONTtNUF 
WRITECIWT,llO) TTRAFrCKT). COUTPRTr~), K=KK1,KK~) 

97 CONTINUE 
99 CONTINUF. 
1101' CONTINIJE 

C pnlNT OUT TRAFFIC ORIAINATED FROM EACH STST~~ TFRMTNATtn~1 
C 

C 

WRlTEC IWT.I013) 
WR ITE C IWT, Ion 1) C INDXPT (NJ) , TPAFQ~I HJJ) • ~IJ=l , N1 ) 
WRITECTWT,74) TALLON 

C PrINT OUT TRAFFIC DESTINATED TO EAC~ sYSTFv TFRMIN~TI~III 
C 

C 

WRITECIWT.I014) 
WRITE C IWT, 10011 CTNDXPTCNJ) ,TRAFIT(NJ) ,~IJ=1r~ll) 
wnITEC!WT,74) TALLIT 
WRITEIIWT.75) TRFALL 

C PPINT OUT nISTANC~ DATA AFTWE~N SY~TEM TFPMTNATTONS 
C 

NTURN="ll/l"5+1 
NRF.M=MODCNl,15) 
IFCNREM.EG.O) NTURN=NTURN-] 
NTlIRN= 1 f,lFOR SHORT OUTP\JT 
no 101 KK=l. NTURN 
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228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
2.40 
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 
2A4 
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KK1=(KK-ll.15 + 1 
KK2=KK*15 
JFIKK2 .GT. NIl KK2=Nl 
WRITFCIWT,lOQ) CINDXPTCJ',J=KK2,~Kl'-1) 
no 9f1 J::I,KK2 

IF(J.~E.KKl) KK1=J+l 
DO 27 KR=KK2,KKl,-1 

OUTPRT(KR)=OIST{J'KP) 
27 CONTINUE 

wRITE(IWT,lI2) INDXPTCJ).COUTPRTIK1,K::KK2,KKl,-1' 
98 CONTINUE 
lOt CONTINIJE 

WRITE(6.2101 
400" CONTINlJE 

RfAD(~·7341 NSCCI 
WRITECIWT,10151 NSCCI 
NSCC1=LOCALCNSCCll 
IFINSCC1.NE.Ol GO TO 4003 
WRITEC6,4013) 
GOTO 4005 

4003 CONTINIJE 
TPRI :: TRFALL 
WRITf 16,2101) 
READCS,210?,) XSAC, NRF.QSW gNRFQSW::N~. OF RF-QIIF.ST~/TRAN~ ~T swrTH~R 
WPITF. C6,210.3) 

C 

RrADIS.2I04) NTERMS,TTMRE0,MPRnC 
WRITE(6'210S~ 
RFADC5,21(4) MPLOT Q~PLOT=l IF PLnT TS NFEnF~ 

C PRr-CALcuLAtE C~U TURNAROUND TIME 
C 

CALL CWAITC 
C 
C slm UP TOTAL TRAFFIC FOR pRELOADED ~YSTF~' T':"Pp.4INATION~ Y'" RFGION5 
C W~ICH DO NOT ALLOW ANY INSERTIONS nF OT~FR SYSTFM TF.PMINATt~~~ 
C 

TpR2::0 
DO 77 N=I,Nl 

NK=SVR(N) 
IF(NK .EQ. 0) GOTO 77 gN~T PRELn~PFn 
I~(rftCTN(NK,l) .FG. 0) GnTO 77 PINS~RTTON5 ~Rf ALl~WE" 
TPn2::TRAFDN(N) + TRAFITCN) + TPR2 

77 CONTINlIE 
Dn 76 L=1tNRl 

rFCIi\CTNCLr1).EQ.O.(')R.~Jlf'·PRCL).FO.(1) C'iOTC\ 7f. 
ANR1=ANRl-l. 

76 CoNTINUE 
TPR1=TPRI-TPR2 
IF(NRt .EQ. 1) GOTO 726 gONE RfGtON C~~F. 

C 
C DFTER~INE LOWFR LIMIT FOR AVERftGE REAIONAl TR~FFlr 
C 

ZF,TA=.1 
IF(ANRl.EO.O.) GOTO 340 
TpR=TPPI/MfRl 
GOTO ~C;O 

.~40 CONTINlIE 
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285 
2A6 
287 
288 
21'19 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
3H 
315 
316 
317 
318 
:':;,19 
~20 
321 
322 
3"3 
324 
325 
326 
327 
328 
329 
330 
3~1 
332 
333 
334 
335 
336 
337 
338 
339 
3'.0 
341 
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TpR=TPRI 
350 CONTINUE 

TPRL=TPR*Cl.-ZE7A) 
DO 909 NR~G=l~NRl 

TRFS=O. 
AMA xr=o', 
II=O 
IF(NUMPRCNREG).NE.O) GOTO 5000 Q~~FG IS A PRELOAOFn R~ATON 

C 
C ASSIGN SYSTEM TER~INATIONS TO ~ REGION W1YHOUT ANY PR~LnAnI~A 
C 

DO 400 NI=1,Nl 
tF(SVR(Nt) .NF.. 0) GOTO 400 QNI IS PRF.L0ArFO 
AotsT=rIST(NSrCl,NI) 
TF(AnIST .LE. AMAXOI GnTO 400 
AMflXO=ADIST l;:\lJPOtlTE LnN\;EST OI5T. FROM NC:r.C 
lI=NI filUPOATE FARTHEST SYs. TFR~N. 

400 CONTINUE 
NSl=II filTHF FIlnTI:LST SYC;Tf~ TFR~INIITTO", 
TRFS=TRFCj + TRAFDNINSl1 + TRAFIyC~Sl) 
S'JR(NSl)=NRfG 
NUMPRCNREGI=NUMPRCNPEG)+l 
IFITRFS .GT. TPRL) AOTO 707 
GOTO 7021 

5000 CONTINUE 
IF(lACTN(NRFG,l) .EO. 11 GO To qoq r,;ITNSF.pTTO~IS AI?F. N(lT IILLt)WF!"l 

c 
C Stir.' UP TRAFFIC IN THIS REGION 
C 

no 702 I=l,Nl 
IF(SVRCJI .NE. NRFG} G010 7"2 
TRFS=TRFCj+TRAFnN(TI+TRIIFIT(!1 
AOJST=QIsT(NSrCl,T) 
IF(ADIST .GT. AMAxD) 11=1 

702 CONTINU~ 
IFCTRFS .GT. TPRL) GOTO 707 QEN"UGH TRAFFrr IN THJC; RfATn~ 
NSl=II QTHE FAPTHF.C:T SYC;. TFR~~N. Y~I THF' RE"AJO"I 
TF(NRSCCNREGI .MF.O) NSl=NRC;CCNPFG) 

7021 CONTINUE 
CALL FINDDHISl,""S2) 
IF{NS2 .FG. Ot GOTO 909 
SVR(NS21=NREG 
NUMPR (NRFG) =1 j\jMPR (NPEG) +' 
TRFS=TRFS+TRAFON(NSPI+TRftFITCNSP) 
IFCNREG .EG. NRl) G0TO 7021 
IF(TRFS .GT. TPRL) AOTO 707 
GO'ro 7021 

707 CONTINUE 
TPRl= TPRI-TRFS QUPOATF RF~AINING TRA~FTC 
ANR1=ANRl- 1. 
TPR=TPRI/ANRI QUPDftTE AVFRARE TPAFFle P~P PFGTON 
TPRL=TPR*(l. -ZFTA) QUP!"lATF LOW~R LIMIT 

90Q CM'TINUE 
G0TO 703. 

726 CONTINUE 
r. 
C O~F RERION CASE 
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342 
343 
3~4 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359' 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
:'\78 
379 
JAO 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
:'\92 

·393 
394 
3q 5 
396 
397 
398 

C 

727 

703 
C 

DO 727 NN=1,Nl 
SVR(NN) = 1 

CONTINUE 
NlJ"1PR(l) = Nt 
CONTINtlE 
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C SFIECT REGIONAL SWTTCHING CENT~R 
C 

490 
505 
C 

DO 500 J=l'~JRl 
WCA5F. = 1.01::12 
NMRR = 0 
no 505 K=l,N1 

rF(SVR(K) .NE. J) GO Tn 50C; 
N'-1RR = NMflR + 1 
~IU"'R (NMBR) = K 
NUMRR(NMRR)=INnXPT(K) 
DO 490 1=1,4 

NUMH(NMBR,I)=NAMEST(K,r) 
CONTH'IJE 

CONTINUE 

C PRINT OUT pro AND NAMES F~R SYSTEM TER"'TNATIO'~ 1M TH~ RFGJnN ..1 
C 

WRITE(IWT,1018) J,(NUMRR(I)'(~U"'~(r'Jl),Il=1,4)'I=1,NMRPI 
C 
C PRINT OUT TNOrCES OF SYSTFM TFR/-IrNATrO,IS IN THE RF~IO~I ..1 
C 

C 

530 

520 
501 

500 
C 

WRITE(IWT,1028) (NUMR(I),I=l,NMRP) 

IF(NRSC(J) .NE. 0) GO TO 501 QPPf-SFLFrT~n 
DO 5::'0 K=l,NMBR 

NNI = NUMR(K) 
51)'-1T = 0.0 
DO 530 L=l,NMRR 

NN2 = NUMR(L) 
SUMT=SIIMT+ (TRAFnN (Ntl?) +TPI\FyT <tm:?) ) *OT5T (NN::>,NN1 ) 

CONTINUE" 
I~(SUMT .~T. WCASF) GO TO <;2.0 
WCASE = SlIMT 
NRSCCJ) = NNI 

CONTINUE" 
CONTINUE 

t JN4=NRSC (J) 
WRITE(JWT,1003) HJOXP T(NN4) ,..1 
!C:iO=IACTtICJ,2) rolIF 1, OPTTMI7f1rrON Ie; RE~UJRFn 

CALL RGN"ET (..1, NMRR. ~IUMR' 1 GO, .rll!>1RQ) 
CoNTINUE 

C GENERA TE J NTER-REG I ON OR I G IN-n~STt "A TI O~! 1-1 A TP T X 
C 
C INITIALIZATION 
C 

IFCNRl.LE.?) GOTO 551 
DO 902 Kl=1,N7 

KKK=t,jBASE(Kl) 
KKK=LOCI\LC KKK) 
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3C)9 
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 
434 
435 
436 
437 
438 
4~9 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 

699 

915 
905 

920 
900 

l02? 
535 

102u. 
~45 

C 
74 
75 
220 

735 
ABR 

80n 
804 
:3 
210 

734 
401~ 
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IFCKKK ~F.Q. 0) WR1TFC6,7777) Kl 
NSASFCKll=5VRCKKK) 

CONTINUE 
DO 699 Kl=l,NRl 
DO 69q K2=',NRl 

Tlu"CK1,K2)::O. 
TRMCI(2,Kl)::0. 

CONTINUE 
[I() 900 ..1=1, t~FH 

NMAR = 0 
no gn5 K=l,Nl 

IFCSVRCK) .NE • ..1) GO TO 900; 
DO 915 KK=1,N7 

NN2=NBASECKK) ~REGInNAL TNnfX FOR ~K'S nATP ~ASF 
TRM C ..1, NN2) =TRAFrlCK, 2, KK) +TPM (J,NN?) QOIITGOY"IG TRI\Fj:"IC 
TRMCNN2,J)=TRAFn(K,1'KK)+TR~(NN?,J) ~r~COMrN~ TRAFFTC 

CONTINUE 
CoNTINUE: 

no 920 Jl=l,NRl 
NN<' = NRSC (..1U 
ORMC..1iJl) = DISTCNNl,NN2) 

CONTINUE 
CNITINIfE 
NTURN=NRl/10+1 
DO 5~5 L=l,tITURN 

LL=(L-1)*10+1 
LtJ=L*lO 
IF CUl.GT .NRl) Ll)::NRl 
WRITF.{JWT,1 030) NRl,NR1, CK,I(=LL,lll) 
no 1022 I=l,NRl 

""RITE C IWT r1 02 t) I, CTRM c:r, ..1) , J=l L ,LII) 
CONTINUF 

CONTINUE 
00 545 L=1,NTURN 

LL=CL-ll*10 "" 1 
LU=L*10 
IFILl) .GT. NRll LU=~IRI 
WRITFCIWT,1031) NRl,NRl'(K,K=LL,LU) 
no 1024 r=1,NR1 
WRITf( IWT, 10<' II t, CnRM{ I, ..1) , J=U. ,1I1) 
CONTINUE 

CO~JT1NIIE 

CALL lRNOPCNR1,NLIMIT,TRMl 
FORMAT(//,40X,l TOTAL TRAFFIC=',FQ.2) 
FORMAT(/I'~5X"TOTAL ~YSTF.M TR~FFIC=t'Fo.?) 
FORMAT( 'lA~Sl)""F: NUMREP OF FlEGlflNS" 

* I' F.NTER NH ANI') STRIKE RF.TURN ICFY') 
FORMAT (13) 
FORMATCIX,'TYPE IN PRFLOADFD SYSTE~ TfRMN. ANn RSC WrTH', 

1 1,1X,'FORMAT Il,1X,A4,Ao;.) 
FORM~T(11'lX,A4,15) 
FnRMAT(10X,Il,2X,A4,Io;) 
FoRMATC1X,Y8,' DISTANCE ITF,MS ARF OVE~C;I7En') 
FORMAT(' A~SUME A SYSTEM CfNTROln" 

'" /' ENTER COr)F FflR Nsrr "Mn C;TRlK!=" RFTlI?~1 KF.Y'} 
FORMAT(A4l 
FORM~ TC t THE G IVEN SYC;TE~ rflMM. CF~ITRO J('l T5 NOT 01<, FI!="TyP!=" IT t) 
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456 
4'57 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
471< 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
1+85 
486 
487 
4A8 
489 
490 
491 
492 
493 
494 
495 
496 
't97 
498 
499 
SOO 
501 
502 
503 
504 
505 
50.6 
507 
508 
509 
510 
511 
512. 

2101 

2102 
2103 

2104 
2105 
110 
111 
113 
109 

112 
1001 
1003 
1011 
101"; 

1 DIll 

1015 
10lFl 
7777 
1021 
102&1. 
103(1 

1031 

551 

C 
C 
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FORMAT!lX.' lNrUT TOTAL NO. OF TRANSI\<:TToN<; ANI) NO. OJ::' Ar.(':r;5S '. 
1 'AT THE SW\rTCHE':R,.101X,'FNTF.:q WITH FFl.5'ANn 13 IINnf:p l(Sii'C/S'F.Ct) 

FORMATCF8.5013) 
FORMATnX, 'READ IN LIMITS ON "11'). OF <;'YC;. TERM«=;. O~' A U~F" .I, 

1 • ,RESI'ON!=;E TIME REG!') AND NO."F PRf)r:EC;snR!=; WITH FOR~~T " 
2 /~. 13,'FS .• 2,I2·) 

FORMATCI3,F5.2,I2) 
FORMATCIX,tIF PLOTTINr. IS RFGUIREn'. TYPF t WITH FOR"'AT T:I" 
FORMATCC/,lX,A6,2X,lsr8.1» 
FORMATCIH1.50r,·TRAFFTC MATRIXCPPSl '1 
FORMATC /lflX"TERM. ',4X,15C4X.A4), I ) 
FORMATC1H1,40X"POrNT TO P~INT nIST~~CF MATRtX 'f 

* //,lX.'TERM.'.lSC4K,A4), I ) 
FORMATC(2X,A4.15FFl.b» 
FORMAT«lX,5(6X,A4,2X,FI0.'"i),/» 
FORMATCI/,IX.'RSC:'.2X,A4.· Fon RE~ION',I5) 
FORMATCI,10X.' TH~RE ARE'.I5,' REGTON~·./) 
FORMATCIHl,35XJ' TOTAL TRAFFIC ORIGINATFn FROM SY~. TFR~~. " 

* '(~ITC;/SEr)',/) 
FORMAT(/,35X,' TOTAL TRAFFTC n~!=;TrNATF!') Tn SYC;. TF'R~N. ,~ 

* 'CAITS/SEC)',/) 
FQRMAT(/,lOX,' Nce: t,2X,A4,/) 
FORMATCIH1.' REG=',I3,¥ , ~YS. TER~N.=',II,CIY,4(A4'tY'4A~») 
FORMAT(lX.'THF.,.I3,fTH DATA AAc;E I~ ~lnT r.WN A~ A ~Y5. TERM." 
FORMAT(II~(15X'I5'~X"OFI0.3,/)1 
FORMAT(II,~ INOICF~ FOR SYs. TF.nM.=r,CI.3n!4» 
FORMATC t l',1,30X"INITIAL TNTFPRFBTON TRAFFIC MATRIX (', 

* I2~' X',I2,')',I/I,21X,10C5X,Y,)1 
FORMATt'1'.1,30X"INTFRREGION nISTANCF MATRIX ("T2.' X',T2,')" 

* 'MILFS',1I1,21XrlO(5)(,I511 
CONTINUE 
STOP 
SUBROUTINF FI~mD(fl.M) 

****.**************** 
C FIND THE NFXT SYSTEM TFRMTNATION M WHICH Tc:; CLOSE"C:T TO N 
C WHERE M HAC; NOT AEEN ASSIBNED TO A~IY RF"GTNI Y~T 
C 
C 

70R 

********************* 
A~IN=20000. 
M=O 
l"lO 70.'\ K=1, N1 

IFCSVRCKI .NE. 0) GOTO 70S 
AOIST=OISTCN,K) 
TFCAnIST .GF.. AMYN) GOTO 708 
AMHJ= ADIST 
M=K 

CONTINUE 
RETURN 
SlmRbUTIN~ CR~AOK 

C *******.**********.** 
C RFAD INACTIONS RF.GARnING INSF,!JTJO~\S f)r:C:;YC;TFM TE"~HNJlTTnNS 
C To PRELO-AOED RFGIO~S ANn PEGJONAL NfrWORI< oPTyMrl"'fto~15 
c ******************* 

Wq T Tf ( 6 • 94:) 
FORMATC' TYPE IN ACTION IN['IICFC; FOP fl\r,H nE'GI~M " 

* 1,- 1ST ~LEMFNT~ 1= TNSfRTJON TO THI~ PRF"LOAnFn PEA,n~1 
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-;. 

513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
53~ 
535 
536 
531 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
55J· 
554 
555 
556 
,557 
558 
559 
560 
561 
5(,)2 
563 

, .s~:ct 
"565 
,~b6 
567 
568 
!i~9 
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• I" 2ND ~LfMFNT: 1= OpnPi'TZAYTON J5 NFFn,:-[), ) 
DO 200 NNl=l,NRl 
DO 200 NN2=1,2 

J ACnl (NNt 'NN2) =0 
200 CONTINUE 

WHITf{n,206) 
206 FORMAT(' TYPE IN PEGI0N INOEX HID IICTTOt,1 ~'UMI3FR N':-F.OF'"I'. 

* I" WITH FORMAT 212 liND ENn JT WITH to. n nf) 

250 CONTINlIE 
REAO(~'201) NqFG, NconE 

201 FORMAT(212) 
IF(NREG .EG. 0) GOTO 265 
IFINRFG.GT.NRI .OR. NrODE .GT. p) ~OTn 2nn 
IACTN{NREG.NCODE)=l 
GO TO 250 

260 CONTJ~IUE 
WRITE(6.20?,) 

202 FOR~~flT(' PLEASE RFTYPE T~"= 1.NPtlyr) 
GOTO 2!'10 

265 CONTINIJE f<lNO MORf INPUT 
RF'TURN 

C 
C 

SUBROUTI NF. CRF ADA CNl> 
***~**************** 

C FUNCTIONS OF THIS SUt~ROLJTJNE )\R~ To 
C 1. RECEIVF TOTAL NO. OF SYC;TEM TFF?MINflTYNJS, nnA BA<;F5 At-In CYTlF.C; 
C 2. RECEIVE CITY LnCATrONS IV 8 H) 
C 3. RECF."IVF. PIn NO., SYS. TF"RM. ~IJ\MFS, Ann!'). MJlPPH!/; 1\~ln TQAFFTCC; 
c 
C 

81 

78 

15 

1'6 ,,'''' 

161 

17 

76 

******************** 
WRlTE(n.81) 
FOR~1AT{' TYPE' HI NO. of SYC;. TF.PMN~' r"lAT/I 8IlS!"C: MIn CTTTFC; , 

* 'WITH FORM~T 3ISt) 
ROD (S,lO)' Nl,N7,NCITY Q NIJMAf:R OF" ~Y~T~'.1 T""~~nIAT1nNS 
WRITEC6,7R) Nl,N7,NCIT' 
FORMAT(' THER!;: fiRE t.y5,·SYS. Tf.RM~IS.' ',T4,I I"IATII RAC;F.c;"yr;. 

*' CITIFS',I,' TYPF IN DATA 8ASE LnfATTOMC; WTT~ FOPM~T 6C1V,A4)') 
Rf.AOIS, IS) (N~ASE( 1), Y=1 ,N"7) 
FORMATI611X.A4" 
WnITE{6,16) N7, INAI\5F(I).T=1'N7~ 
FoRMATII5,' DATA RASES ARE AT';fJ!~~y,/l4)' 
WRITEC6,161) 
FoRMATI' TYPF IN ~JTY V-H WITH FOR~/IT (~~Y,I5,2X,T5)') 
REIlOI5,17){IVERTIT),IHORZNCI),r=1,NCyTY) 
FORMAT( (33X, 1'5.7-)( t IS) ) 
WRlTF,16,76) 
FORMATC, TYPE IN pro NO., NAM!;,MAPPTNG AnR. " 

* 'ANti TRAFFIC',I,' WITH FORMAT 14,1X.UII~,Y4'6~A.~,) 
DO 7q J=l.Nl 
READ(5'80'TI,(NA~~STCT'J',J=1'4J,tAnn(T"MArAnp(ll,1(TRAFnCI,K.Lli 

* K=1,2),L=I,N7) 
INf)XPTCI'=II 

79 CONT I NUE" 
f,u-"", FORMAT C (M, IX' 3~6'!14, T2, 7·4, 4Ft n. 2/4F1 (\.?-) ) 
10 FOR~AT (~I~J 

RnURN 
Sl)AR01)TINF CRI" AD~ (N2) 
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570 
571 
572 
573 
574 
575 
576 
577 
578 
519 
580 
SAl 
582 
583 
584 
565 
586 
!'iB7 
588 
589 
590 
591 
592 
SQ3 
594 
595 
596 
5 en 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
6lc$' 
619 
620 
621 
622 
623 
624 
6?5 
626 

c 
c 

- -------;; --- - -;~} 
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******************** 
C CPEATE A RATE APPLICATION ~ATRJX IRATEJ(NP,N?) 
C 
C 

83 

84 

11 

71 

7Z. 
!i0 
100 

c 
C. 

******.************* 
WRITE!6,83) 
F'ORMAT(' TYPE IN NO. OF' RATE' STRUr.TUPF5 UNOF.R', 

* " • CONSIDERATION WITH FORMAT 13' 1 
RFJlD ("i,50) N2 
WRITF:(6,84) 
FORMAT!' TYPE IN RATE APPLTCATY0N TO FACH COMAN. ~, 

* /t • WRT EACH SYS. T~RM. WITH F6R~AT 1nI2" 
DO 11 IRATF=1,N2 

READ (5,100) (l~ATEJ IJjtRATF,) ,J=l ,H?~. 
CONTIN"E 
W~ITE(6,7n 
FORMATC' ~EAD IN TRAFFIC n""NstTY TYPr- ANO RlIT~ STRlJCT"R~', 

* I,' FOR E'ACH CITY WITH FORMAT SoU') 
REAb(S,72' ((IRAN"(I,J).J=1,21,I=t,MCITY) 
FORMAT! (8011» 
FORMAT (13) 

FOR"'AT (1012) 
RETURN 
SUP-ROUTINE CREADC (M3) 

******************* 
C READ IN NA~ES, UTILIZATION FACTORS ANn CAPACITY FIGURFS 
C FOR LINES TO AE USED HI THE" SYC;TE"i 
C 
C 

85 

86 

12 
50 
100 

C 
C 

******************* 
WRJTEC~J85) 
FORMATC' TYPF IN NO. OF LJNE TYPE!> APPTCAI'lLF" \o'tTH I='ORMAT 13') 
RfAO (5,50) N3 
WRITE C 6,86) 
FORMAT!f TYPE IN NAME, CAPACITY, IITIL. FACTO"" AVIIIL. I='OR " 

* /., EACH LINE TYPE WTT~ Fn~MAT A~'1X.T6'lX.F~~~.?C!X.J1)') 
DO 12 r=1,N3 

REAMS .100) LINA~F( l' 'LINf .liP (T) ,l.ITIL T 7. (1) c.LPIMIX It) , 70\JPL'i.'( J) 
C{'It,ITINUE 
FoRMAT (13) 
FORMATCA6,lX,I6,lX,F3.2,2(lX,It)) 
RF,'TURN '. 
SURROJTINf CRfADOCN4) 

******************** 
C CRF:ATF A MIITRIX OF AAC;IC rNSTALLATTON liNn RFCI,IPPJNG CflSTC; 
C FOR CH~RGEABLE ITF.MS' ASSIIMINGtOST IS A l PIFIIP F'IINCTJON 
C 
C 

87 

fI.a 

****#*************** 
WrHTE(f,~B7) 
FoRMAT!' TYPE IN NO. "F D~VICFC; J\~D Nft~F~ FOP EACH LTN~ TYPf" 

t; /" wTn~'FORMAT t:3/101M,. lX)') 
RfAD C~,,!30) N4, (NMI:EI-IW(t) ,J=1,M4) 
WP!TE(6·isRl ,,~ :! 

FORMAT(' T'YrE IN INST. AND REC:I.JRR~ r:nSTS WPiT '.' , * I~(~ RtlTE CiTRIJCTIJPF, UNF TYPE, [lEVIeF, TpAFFTr. QPNSTTv " 
* I.' AND f)UPLF'XINt- "lonE WTT~I FoRMAT ?'1='9.?'/;:?1='9.?') 
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;) 

"". 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
6t~9 
650 
6!H 
652 
653 
654 
655 
656 
657 
6<;8 
659 
660 
661 
662 
663 
6(.4 
665 
666 
6"7 
668 
669 
~'lt0 
671 
672 
673 
674 
675 
676 
677 
678 

~~6 
6~1 
6R2 
6R3 

13 
100 
50 

C 
C 
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DO 13 IRATF=1,N2 
DO 13 ILINE=1,N3 
D0 13 TDVICE=1,N4 
DO 13 IDNSTY=I,3 
READ(!'i'100)«AINSTC(JRATF'ILrNF'tnVIr~"nNSTY,J'K),K=1'~),J=l,') 
READ (5,100)«RECRC(IRATE,TLINE'InVIC[,T~N5TY,J'K),K=t'2),J=1,?) 
CONTINUE 
FORMAT (2Fo.2/2F9.2) 
F0RMAT(I3/,10(A6,tX» 
RE"TURN 
SUBROUTINE CREADE 

**************.****** 
C CPEATE A ~ATRIX OF AASIC INSTALLAT!()~I liNn RFCIIPP'[~IC; C('IST'5 F('R 
C LYNES. CoST MAY OR MAYNOT AE A LINEAR FIINCTTOrJ 0F DISTANCF 
C 
C 

A9 

90 

91 

C 

3 

14 
100 
200 
401 

C 
C 

********************* 
WRlTE(6,89) 
FORMAT(' TYP2 IN 

1 /., RATE~ LINE, 
2 I.' WITH FORMAT 

WRITF (6.90) 

INST. COSTS FOR LT~ES WRT " 
OENSTTY, liND nUPLFXHIG M,I')DF " 
41=9.2') 

FORMAT!' TYPE IN TNDFY FOR LINEARITY nF LIN~ ~FCUP. cnST', 
1 I" FUNCTION wITH l=LlNEAR MJI) NOr--ILHIF/lR OTHF"RWI~E" 
2 I" WITH FOR~AT II FOR EACH LyNF TYPF') 

WRITE(6,91 ) 
FORMAT!' TYPE: IN" RECUP. COSTS WITH FORM"T 4FQ.2 II=' LT~ltI\P " 

1 I" WITH FORMAT 10FA.3/10F/3.:'I JF t!O"ll.PJEAR', 
2 I" IF NO~ILINEAR. USF 10FA.2') 

DO 14 IRATE=1,N2 
DO 14 ILINEF1,N3 

READ(5,200) INDEX 
IFLAGIIRATE,ILlNF.")=JNDF.X r.aLIMF COST L!NFAPITY H'DYCATOR 

DO 1~ YDNSTY=1,3 
READ (5,100) «ANSTLN(IRATE'ILINF'IDNSTY'I,J).J=1'2)'T=1'~) 
IF (INDEX.NE.l) GO TO 3 

LINEAR CO~T FUNCTION 
READ (5,ldo) «RECRLN(IRftTE'TLIN~'T~N~TY,I'J),J=1'2),t=1,2) 
GO TO' 14 

CONTINUE r.J NONLINEAR COST FUNCTiON 
READ (5,401) «RECRLN (IRATF, IL T~IE' rr')~ISTY, t ,J) ,.1=1,16) ,1=1 ,?) 
CONTINlIE 
FORMAT «4F9.2» 
FORMAT (11) 
FORMAT «10F8.3/10F8.~») 
RFTURN 
FUNCTJON LOCAL(NL) 

******************** 
C FTND LOCAL INDFX FOR SYST~~l TFnMINI\TIO~' ~lnH TO NL 
C 
C 

4001 

*******.****.******* 
LoCAL=O 
II='(NL.~Q.O) RETURN 
DO 4001. NN=l,Nl 

IF(INDXPT(NN).FQ.NL) GOTO 40~? 
CONTINUE 
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c. 

6A4 
685 
686 
687 
688 
6A9 
690 
691 
692 
693 
('94 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
118 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
7~1 
732 
733 
7~4 
735 
736 
737 
7:'\8 
739 
740 
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RFTURN 
400;> LOCAL=NN 

RtTlIRN 
SURROllTINE OVf.RFLC J, K) 

C ******************** 
C 
r. STOP.E OVERFLOW ELEMENT (,.ltK) AT LO,:ATJON TrW':"~ OF TARLE 
C LA ANn PUT A MARK 511 AT LOCATTON J OF TABL~ Mil (~~TNCE) 
C 
C ******************** 

JF(IOVfRl .GE. NMAX) ~OTO POOO 
CALL DACK IJ,511,1,DSTNCE) 
IVRD(!':'VER!,I)=J 
IVRO(IflVERl,2)=K 
IOVERl=rOVERl+1 
RETURN 

ACOO CONTINUE 

C 
C 

WRITE«(,,80:l1l 
FORMAT(2X,' THE OVFRFLOW T~ALE HA~ AfFN ~~LY LOAnFn,', 

* /,2X,' PLEASE JNECREASE ITS 517F') 
STOP 
SI~RnUTINE CREADR 

C RfCEIV~ nATA FOR RESPONSE TIME CALClaATJnN 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

MC;LIN(NP9'~)= INPUT MC;G LFNGTH AS A FIINCTTON OF T'YPF,: AN!"\ P~I"RTTY 
MSLOUT(NPQ,2'=OUTPUT MSG LENGTH AS A I='/iNCTlf)~ OF TYPE AN" PllH'\~rTY 
AMC;Ll7) = AVfRAGE MSG LFNTH FOR 

I=POLLING 2=NAK RfSPONSF 3=INPIIT MSA wITH PRIO~ITV , 
4=INPUT f>1S~S 5=OUTPUT MSG WTTH PRIC'I 1 
6=nUTPlIT MSGS WITH PRTO 2 7=ALL Po'SGc; 

TIMX~T(7,NP3)=AVERAGE TRANSMISSION TIMF F0R AROVE rTE~5 
RATPRI (NP9'2,2'=OUTPUT f<1SG DI<;TRAUTN 1\~lfl flt.lT-~O!N~ MSr. FlIITIO ~v PRTO 

N,l,} = PERCENT O~ OUTPUT ~SG ~FNT'n WITH pPtn 1 TF IT5 TVPF IS N 
N,1,2 = PERECtlT OF OUTPUT MSG wHO';!=' f'F:C;TIN/lTtON Ie:" OIJT5TI)F: OF 

RIITIOt (Npa,2)=INPUT TRAFFTC DI~TRI. I\!=i II Fl1t,ICTI0N OF TYPF A~JnpFlln~TTv 
RflTIO(NP9.;?) =OllTPUT TRAFFIC I)TSTRT. A5 A J:"IJNrTION OF TYPF ANn PRrnRITY 

******************** 
DIMENSION MSLIN(NPq,2)'RATJO(NPQ,~)'R/lTTOr(NPQ,2), 

1 MSLOUT (NP9.?) , Msr;~IA~ HIP9 " 
2 NPLI NP3) , NA" (NP~) , ~·IPLnH (riP:'!) , ~.JAI<:OH( MP3) , 
:3 ~OH(NP3) 'TA~mMIl'JP3' 'TAPOfNP:,\1 

WRITE!",77!> 
771 FORMAT(' TYPE IN NPl, NAKt NPLnH, HAK(\~h uOH," 

* I" TAMDM, TAD IN FoRMAT (5I4'2F7.~)') 

73 

77 

772 

RE AD (5'77) (NPLI I ) , NAI( ( Il , NPLOH II) , NII.I< OH <T ) , 
* Po'OH(I),TA~Df<1{I)'TAPD(I),J=1,N3) 

WR ITF< TWT, 73) (LHICIIP (r , , NPLI Il, ~IIII( CI' , NDLoH (:n , NAI<OH iT) , 
*' tAOHIJ) .TM~DM(n ,TAPn(ll ,T=lH/3) ,. . 

FORMAT(2X.Y"j.3X.'polL CHAP..=',T4,· ~iA" CH/lP.::',JI1,' pflLL O/H:', 
1 14,/fl0X"Nt\K O/H=u.I4,', MSr:: O/P::"TI~, 
2 1'10X,'MPSE~="FR.3,' pp'irM="FA.~» 

FORMAT«514.2F7.5» 
WRlTE(6.772) 
FORI.1ATI' TYPE IN NO. of f.1Sr, TYP!:"C;, ':MII"' TRAFFIr STATJ5TIcs', 
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(!'/ 

741 
742 
743 
744 
74!i 
746 
747 
748 
749 
750 
751 
752 
753 
754 
755 
756 
757 
75A 
759 
760 
761 
762 
763 
764 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
778 
779 
7AD 
7Ell 
782 
7A3 
784 
785 
7f?6 
787 
788 
789 
790 
7eH 
792 
793 
794 
795 
796 
797 

179 

81 
C 

~~~~~--~~~~~~~~~~~~-,---~~~--: ----- ~-
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1 ,1,' SUCH AS MSGNJlM, MSLHI, MC;LOUT, RI\TJO WITH', 
2 ,I,' ~ORMJlT T4/("6'212I4'?F6.~}),) 

RFAD(5,77) NTYP 
RfAO (5 ,·17Q) (MSGNI\M Ill' IMSLnH T , J) , "1C;LnllT (J, J) , 

* RATIOI(I,J)'RATIOII,J),J=1,2)'I=1,NTYP} 
F0RMATI(A6'2(2I4'~F6.3») 
RfAOI5,81) CPUAVG 
FORMAT<F7.4) 

C CflLCllLI\Tf IIVF.PI\GE "1SC; LEN(.;TH 
C 

DO 61 1=3,7 
AMSL (J) =0. 

61 CONTINUE 
OCl Sf! 1=1,4 

ASll"l(II=O. 
58 CONTINlJE 

DO 62 l=l,NTYP 
on 66 J=l,? 

Jl=J+2 
J2=,J+4 
AMSL(J1)=AMSLIJ1)+MC;LIN(1,J}*RATTOJ(T,J) 
II.MSL (J2) =AMSLC J2) +"1c;LOllTf I, J) *RA Tl () (T , J) 
II.SUMIJ)=ASUMIJ)+RATTOIII,J) 
ASUM IJ1) =ASIIM IJI ) +RATIO I r ,J) 

66 CONTTNUF. 
62 CONTINUE 

BSllM=O. 
DO 67 T=1,4 
Jl=I+? 
AMSL(7)=AMSL(7)+AMSLIJl) 
nSUM=RSUM+ASUMII) 

67 CONTINI IE 
AMSLI7l=AMSL(7)/8C;UM gOVFRALL AV~. M5G LFNGTH 
IFIASUM(4) .fG. 0.) GO TO ~R 
AMSL(6):AMSLI6)/A5UM(4) 

68 CONTINUE 
AMSLI5l=AMC;L(~)/A<;UMI3) RAVG. M<;R LF~TH FOR PRIn=! 
AMSL (4)= (A"'SL (3) +I\MSL (4» II ASUM( 1. }+ASIIM(2» r;)I\Vr, IN''''T "'1Sr, LFI\!. 
AM5L(3)=A~C;L(~)/AC;UM(1) 
WRITE(IWT,105) (AMSL(Jl'I=~,7) 

105 FoRMATClr5X, 'AVG. INPuT MSr, WITI-l PRYO 1=' ,F6.t,' CHAR~', 
1 1~5X"AVG. INPuT MS~ ',F6.,,' rHAR<;', 
2 1,5)(, 'AVt.~. OUTPUT MC;G W/H pQln 1=1 ,F6.1,' t:HAPC;." 
3 1,5X"AVG. OUTPUT M<;G WITH PRyn?=',F6.1,' r.HAR~', 
4 I,SX,' OVERALL ~VG. ~SC; =·,F6.1,' rHAR~') 

DO 65 K=1.N3 
A~SL(l)=NPL(K) 
MISL ( <' ) =NAK I K ) 

TIMXMT(l,K)=IAMC;L(l)+NPLOHIK»*R./LTNCAP(¥)+TAMnM(~) 
TH~X.~T (2, K) = (AI-'SU 2) +NflKOH (K) ) *1<. ILHJCAP (If) +TAPI"' (In 
00 f>~ J=3,7 

TI~XMT(J,K)=(~~SL(J)+MOH(~»*A./LTNr.~P(¥)+TAMnM(~) 
63 CONTYNUF 
65 CONTINtlE 

BSllM=ASUM(3)+I\SU",14) 
RnURN 
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798 
799 
800 
BOl 
802 
B03 
804 
805 
806 
807 
808 
809 
810 
811 
812 
813 
814 
A15 
816 
817 
1>18 
t:19 
820 
821 
8:?2. 
823 
824 
825 

C 
C 

SIIAROllTINr CWAIlC 
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C PPf-CALCULATE CPU WAIT Tt~E 
C 
C 

BSO 

A55 

851 

700 

****************** 
RHQCrU:::XSAC*CPUAVG/MPROC 
WpITr(1001f\SQ) RHncPU 
FClRMAT(' CPU UTILI7ATTON Pr.'R PPt)CF<)St)n TS t, 1=5.:3) 
IF(RHOCPU .LE •• 8) GOTO 85\ 
WRITE (6. 855) 
FoPMAT(' THE CPU J5 OVERLOADF.:n, THF."RF.FORE IT T!' Nn 1151=: TO " 

* 'GO FURTHFR.') 
STOP 
CONTINUE 
BrTA:::RHOCPtJ 
IF( MPROC .Eo. 1) GOTO 700 
RH02:::RHOCPU**2 
BrTA=2. *RII021 (1 +RHOCPII) 
IF( MPROC .EQ~ 2) ~OTO 700 
RH04:::RHOCPU**4 
Bf.T A=2'56*RH041 ( 24+ 72 *RHOCPII+96*RHO? 

* +64*RHo2*RHnCPU-~40*RH(4) 
CONTINliE 
WAIT(4)=CPUAVG*{AETA/(MPRO~*(1.-RHnCPU)'+I' 
WAIT(4l=WAIT(4)*NREQSw 
RETURN 
END 

GPRT STleOM.RGN~ET/0777 
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~1928*STACOMll).RGNNET/0777 
1 SURR0UTINE' RGNNF.TIJREr.N, NOPEt;M, NlIMP. TGO- NllMRRl 
2 C ****.*************** 
3 C 
4 C 
5 C 
6 C 
7 C 
8 C 
9 C 

10 C 
11 C 
12 C 
13 C 
14 C 
15 C 
16 C 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
~2 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42. 
43 
44 

C 

DrVELOP A RE'GJONAL MULTIDROP NrTWOR~' ~T~PTtNG WITH A 5TAQ 
Nr.TWO~K ANn THF.'N OPT7MTZE IT RY E5AIJ-W1LLIIV~5 METHOD, GIVFN 
THF. FOLLOWTNG AUGU!IIENTC;: 

JPEG~I= 
N('PEGN= 

NUfoIR= 

IGO= 

THI': INOEX f:'OR THE I~EGION UI\,nFR CONO;YI)~PATTON 
TH~ NUMBER OF SYSTE~ T~RM!NATI"NC; TN RfGI~N JRE~~I 
AN ARRAY THAT CONTAINS INDtCES FOR ~LL C;YSTE~ 
TERMINATIONS IN RFGION JPrAM 
1 IF ~IETWORK OPTI~IZATtO'" JS Tr. Rf PF:pFOR~ED 

NOTf: NODE AND SYSTEM TER~TNATJON aPE' FXCHANGE'ARLF 

******************** 
PAPA~ETER NP1=130, NP?=l, NP3=4' NP4=~ 
PARAMETER I'IP1=4 
PARAMETER IWT=100. MW=4, N~C=360 
PARAMETER NP6=(NPC*NPr/2-NPC+l)/4+1 
CO~M"N/CO~5TI Nl'N2'N~'N4,N7,NCITY 

* IPEF/IRE'FINPC) ,TRAFOCNPt '2'~IP7) ,OSTNCFCNP6) 'MAPM,)PCN~t) 
* ILINCHRI LINMIXINP~)' LHICApINP~)' lITILI7(NP:3) 
• IINFI I~ATfJ(NP~'NP2),IRANn(NPC'2)'!FLAGINP2'NP3) 
* IEPI! SVR UIPl) , ~!RSC I MW) , NUt-1PP IM\'J) , TRAFI"IN (NP1) ,TRM'TT (NP1) 
* INAME/N"MEST(NP1.4)'LINA~EI~P3)'NA~FHW(NP4) 
* ISUMI ASUM(q),RSUM 
* IM5LAI AMSL(1) 
* IROUNOI NTERMS'TIMPEQ,~PROc,MPLnT 
* IADDI IADO (NP'),KCHG,KAnD 
* IRE5PI RHOLIN(q"R~PTI~ 

DItilENSION COSTEW(NP1,4), JAPRAYPIPI ,5) ,1If1P/\Y(f\lP1,2) 
DIMENSION TIMRSP {NPll • TRF<;II~~ (NP 1,2) , TTMI)IIT (NP1 ) 
DIMENSION ~ILINE'SINPl ,MP3), LDUM"1YINP:,\), "IlJMP (1) 
DIMENSION JOSTINPt) 'L~IKCHW(NP:.'I,tIP4'2) 'Ull<rLN("lp~,2) 
DIMENSION ICSTHWINPl,NP4,2 1,IC5TLNINP1,21,JTCOSTINP1,?) 
DJME~ISION LSUAINP1) ,Mc::UBINPU '~IC;lIRHJPl) 
DIMENSTON 1 BU\NK (NPl) ,JCHA~(2) 
DIMENSION NUMRR(11 
DIMENSION RHOF(NP1) 
EQUIVALENC!: IJCHAR,ICHAR) 
DATA JRLAN~/' '1 
RSPTIM=O. 
IpOINT=O 
INTEGF~ TcnST1,TC05T2,COST'COST~W 45 

46 
47 
48 
49 
50 

C II\!lTIALI2E COST ARRAY, INnEPENnF'NT OF I. HIF' TYPE 
C 

51 
52 
53 
54 
55 
56 c 

DO :399 Kl=l,Nl 
Do 399 K3=1,2 

ICSTLN(K"K:'})=O 
00 399 K4=t'N4 

ICSTHWIK1'K4,K!)=0 
CoNTINI IE 
NN1=NRSCIJPEGN) QGLORAL 
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57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
61 
68 
69 
70 
71 
72 
73 
74 
75 
76 
11 
78 
79 
80 
81 
82 
83 
84 
85 
86 
(>,7 
88 
89 
90 
91 
92 
93 
94 
95 
96 
07 
96 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
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C FINO THE LOCAL RSC INDFX TN TH~ Rf.GION ARPAY 
C 

DO 98 TNn=l,NOREGN 
IF(NNI .EG. NU~R(INn» GO TO IRq 

98 CONTINUE 
189 CONTINI IE 

IRSC::IND 
c 
C RIJtLD A STAR NF.TWORK 
C 

CJlLL STAREW 
C 
C PRINT nUT STAR NETWORK 
C 

C 

CALL SUMPRT (NOREG""ll 
IF( IGO .EO. 0) GOTO Q79 

C DFVELOP A MUL TtDROP NUWOPK UTJLIZyNC; THF' 
C E~AU-WILLIAMS ALGORITHM 
C 

MAXS,IIV=O 
MAXM::O 
MAXL=O 
MA)(K=O 
MAXKI=O 
MAXLIN=O 
MAXNOL=O 
LINNEW=O 
RSPMAX=O. 
RHOMAX=O. 
ICHAR=' ., 
ITALLY=O 
JTALLY=O 
KCHG=J 
KI\DD=l 
IOK::O 
INTRY::O 
C/ILL ESSWIL 
W~ITE{~,93~1 ITALlY,JTALLY 

933 FO~MATl2X"TRYLNK HAS BEEN ACC~SS~h FOR ',1 0 ,1 T!ME~I. 
1 1,2X,'UPNEfW HA~ Af~N ACCESSF~ FnR "To,' T'~F~') 

979 CO~iTII:;IIE 

C 
C 

RETURN 
SURROll'riNf. STIIREW 

******************** 
C f"l')RM THE INITIAL REGIONAL STAR NETWORK' TIIRnAV' A~in FlNO TT~ 
c COST' COSTF.W 
C NOREGN=NUMAER OF SYSTEM TFRMINA.TJOMS II'" Tl-!F' Rf'GION 
C 
C 

110 

******************** 
INTEGFR COST 
DO 100 K3=1, NOREr,N 

no 110 KIf=2,4 
I ARRAY( K3 ,K4)::0 

CONTl/IiUE 
KK::NIII.1R (K3) 

() 
.J' 

v ~,. 

,{ 1\-

() 

o 



114 
i15 
116 
11~/ 
1H5, 
119 

''120 
121 
122 
123 
12q 
125 
126 
127 
128 . 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
lq4 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
1.69 
170 

77-53, Vola IV 

TARP~Y(K3'l'=IAnD(KK' 
TARRAY(K3,5'=IRSC ~ LO~AL tNQ[V FOR p~C 
ARRAY(K3,1)=TRAFON(KK' 
ARRAY(K3,2)=TRAFTT(KK) 
TIMRSP (K3) =0. 

100 CONTINUE 

C 

I ARRA Y q RSC, 1 ) =NOREGN - 1 IOlNO. OF NonF" I./N(lE~ Rsr 
NM=1 QASSUMING THE 1ST ~~CE"SO~ WITH TNDFX ~ 
IF(IRSC .Ec:>. U NM=2 QIST SIJCr.FS!=;OR 15 WTTH TNDEX 2 
IARRAY(IRSC,2)=NM 
IARRAY(IRSC,5)=0 

C RFLATE ALL OF RSC'S SUCCESSORS 
C 

200 
C 

DO 200 K5=1, NOREGN 
IF(K5 .EQ. TRSC, GOTO 200 
NM=NM + 1 
IF(NM .EQ. IRSC} NM=NM + 1 
IF(NM .GT. NOREGN) GOTO 200 
IARRAY(K5,3'=NM 
IARRAY(NM,q)=K5 

CONTINUE 

C OFTERMINE LINE TYPE FOR CFNTRAL LINKS TO PSC 
C 

C 

DO 550 NonF=1. NOREGN 
IF(NODE .EQ. IPSC) AOTO ~55 
TRFIN=ARRAY(NODE,I)+0.5 
TRFOtJT=ARRhY(NOOE,2)+.5 
NN2=NUMR(NODE) 
DSTN=DIST(NN1.NN2) 
IOST(NODE)=nSTN 
COSTEW(NODE·4'~OSTN 

C TAKE A FIq~T GUESS FOP LINE CO'WIGl~ATJON 
C 

C05T=0 
RHO=O. 
MDROP=IARRAY(NOnr,I'+l 
CALL LINNUM ITRFIN. TPFotJT .LDlJMMY. LINOLn. n .RWI) 

781 CONTINUE 
C 
C COMPUTE INITIAL RfPONSE TIME 
C 

IKONT=O 
DO 7A3 r=1,N3 
TF(LnUMMY(I) .NE. 0) IKONT=IKONT+l 

783 CONTINUE 

C 

A IrJTRF=TRFIN 
OlJTTRF=TRFOUT 
IF(IKONT .EO. 1 .AN!). Ln',IMMY(LINOLn) .f~. 1) GOTO 772 

C Rr~PONSE TIME CALCULATION NEEDS MOnIFrrATJn~ 
C 

ACAP=O. 
DO 771 NL=I,N3 
ACAP=/lCAP+LINCAPHJU *LDlJ~"'Y (NL) 
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171 
172 
173 
114 
175 
176 
171 
178 
179 
180 
1/31 
182 
183 
184 
185 
186 
181 
188 
1139 
190 
lC!1 
192 
193 
194 
195 
196 
197 
1C!8 
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 
221 

111 

772 

714 

71(-' 

180 

775 

713 

LOllMMY(NL)=O 
CONT'fNUF. 
LOUM\lY t L T NOl.O) = 1 
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A INTRF=TRFIN*LINCAP CL INOLO) / /leAP IiilPFnt:'F.'~.IT TPAFFTC 
0lJTTRF=TRFOlJT*L TNCAP (LHlOLn) IACM' 
CONTINUF 
CALL RSPIIISE(AINTRF,OlJTTR~'LJNOLO''''nRor'IOK) 
IF(T.OK .EG. 1) nOTO 773 
JF(LTNOLO .FQ. N3) ~OTO 774 
LDlJW~Y (L I NOLO) = 0 
L1NO'-0=LINOLO+1 
LDIIMMY C L I NOL!) ) = 1 
C;OTO 175 
CO~JTINUE 
NLL=O 
N33=~J3-1 
no 776 I=1,N33 

IF (LOIIMf..'Y!I I .FQ.n ) G('ITO 776 
NLL=I 
·GOTO 7PoO 

CONTINUE 
LDUMMY(!)=l 
GOTO 175 
CONTINUE 
LOUMMY tNLU =0 
LDt fM1.1Y C NLL + 1) =LnUMMv (NLL +1)" 1 
CONT1NUE 
CALL RH()FUN C TRFTlJ, TPFOlfT, LI')UMMY, t J ~IOL.n, PHOL Til" ~f-It) 
GOTO 781 
COf.lTINlJF: 
TIMRSP(NODE1=RSDTIM 
KCr'G=2 
CALL ISlJMUPCIRSC,NonF.,o,rOST) 
RHOF(NonF):RHO 
COSTEWCIIIODE,l)= COST 
COSTFW(NODE,2)=LJNOLO 
DO 499 "IL=1.N3 

NLTNES(NonE,NL1=LnlJMMYCNL) 
no 499 NM=1,2 
I CSTl.N (NODE.' NM,) :TCSTLN (NODE' NM) +I.NKCL~J{~JL' N"') 
Do 4Qcj f-.!1<=1,N4 

499 
ICSTHW (NODE' NK, No.1) =LNKCHW (NL,"'I<, ~IM) +TCST~iWCt-JnOF'~IK ,r-r ... ' 

CONTINUE 

555 
C 

JTRAF=TRFIN+TRFOUT 
JTRAF=JTRAF/UTILIZCLINOLn) 
COSTF.W (NODE,:5) =JTRAF ILlN/'" AP t LlNOI.nl +t 
GOTO 550 
CO~JTINUE 

C ASSUMJNG TRAFFIC liT [FISC YS TWFN CARr: OF AIITOMATTCALLY 
C 

flO 498 NL=1.N3 
NLlNES(NOQE,NLl=O 

49R CONTTNOE 
COST~W(NODE'l)=n 
COSTF.W(NODE·21=n 
COST~W(NODE,3)=r 
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228 
229 
230 
231 
232 
233 
;;>34 
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 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
2RO 
281 
282 
2R3 
284 

550 

C 
C 

COSTF.W(NODE,4)=n 
RtlOF(NODEl"=O. 

CONTINUE 
RETURN 
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SUAROUTINf ISUMUP{Ll,L2,LT,IC) 
******************** 

C CALCULATE COST BETWEEN NonES L1 ANn LP A~n ftDn TT TO 
C TOTAL COST IC WHERE LT=LINE TYPE 
C 
C 

22;;> 
221 
:?11. 

C 
C 

******************** 
LL1=NIJPJR (U.l 
LL2=NU~R (L:?) 
CALL T~OSTJ(LnUMMY'LL1'LL?'LNKCHW,lNKrL~1 
KK=N3 
IF(LT.NE,Ol l<K=t 
DO 211 LINTYP=i,KK 

LTYP:::LINTYP 
IF(l{K.EG.11 LTYp=LT 
no 221 11=1,2 

TC=IC+LNKCLN(LTYP,Il1 
no 222 I2=1,N4 

TC=IC+LNKCHW{LTYP'I2,Jl1 
CONTHHIE 

CONTlNUf 
CONTlNIIE 
RETURN 
SU8ROUTINF ESSWIL 

******************** 
C Tqy AGAIN TO OPTIMIZE THE NETWORK 
C 
C 
500n 

560 

570 

C 

******************** 
CONTINlIE 
K=IARRAY(IR5C,21 f;;JFTRST C;UANF'n"l')pl( IINnFn q<;r. 
KNEXT=T ARRI\ Y (1(, 3 ~ f;;JNF;XT SUBNF:TWOR~ ""InF'R RSC 
IFIKNEXT .EQ. 0) GOTO 599 r,tONLY ONF !=;l'RNFTWORIt 
CONTINUE 
IOK::O 
L=IARRI\V(IRSC,21 GlK-SIIBNF.T IS TO pF LINKEn TO L-C:;IIA"Ir:r 
CoNTINUE 
IF(L .NE. Kl GOTO 575 
L=IARRIIY(L,31 
IF(L.FQ.O) GOTO 660 
CONTINUE 
Kl::NUMQ(Kl 
DPEF::DIST(NNt,Kl) 

C TrST TOTAL NO. OF TER"'JNAI.S IF K "Nr) L I\RF rOMATNF"n 
C 

INTRY=O QINnrCATJON OF fNTRY TO TRYL~K 
LrNE=COSTFW(K,2) 
IF(LINCAP(LINF.) .FQ. q6QOl GO TO ~~r; liil"IO M1ILTTOROPPYNt:; "N qF,QQ 
NonET=IARPAY(K,1 1+JARQAY(L,11+? 
IF(Non~T .GT, NTERMS) OOTO ~Ar; IiilTaO rftNY TFRMNTAL~ 
M::L 
Kl=K 



'(,\ 

2R5 
2.66 
287 
2R8 
28<) 
2QO 
291 
292 
293 
294 
2r;~ 
296 
297 
2Q8 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
:.'115 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
'~'30 
:.'\31 
332 
333 
334 
335 
336 
337 
338 
339 
340 
34,.1 
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580 CONTINUE 
~l:NlIMlHM) 

DrRY:DISTIK1,~1)/2. 
IF(DTRY .GT. OREF) GOTO 140 
CALL TllYLNK (K 'K1 ,L,M) Q ~ 1S THf nlSE:PTTO~1 "10m:.: 
IF(loK .EG. 0) GOTO 585 

140 CONTINUE 
M:NXTNOD(L,M) QNF.XT NODE IlNDER M ON L-5U"lNFT 
IF(M .NE. 0) t;f)TO 580 r.JNO ~ORF.: NO"F:C; UND~R "" ON l-~\JRNE'T 
K I=NXTNOD (K, K 1> r.l5TAPT WITH N~XT Non"" (IN K-SlJRNET 
1FIK1 .EG. 0) GOTO 58~ 
Kl=NUMR{KI) 
M=L 
GOTO 'iRO 

585 CONTINUE 
L=IARRAY!L,3) (,)NF:XT C;lJCCF.C;SOR 
IF(L .~E. 0) GOTO 570 

660 CONTINUE 
K=IARRAY(K,3) 
IF(K .NE. 0> GOTO %0 GlNOT AN FNn VrT, RFPF-A'!' THF SF.aRCt-1 

c 
C AIL POSSIBLE COHaINATION~ HAVE AEEN TRTEn 
C 

IF(MAxsav .LE. 0) GO TO 599 GlNn NEFn T~ GO ~URTHEP 
C 
C lJp[')ATE NETWORK RASED ON UP-TO-f'lATEMIIXTftll)V ("O~T SAvrNr, 
C PARAMETERS 
C 

c 
JTALLY=JTAlLY+l 
Cl\LL lJPNETW 

C RF!N!TIAL!7ATI0N 
C 

RSPMAX=O. 
MAXSAV=O 
MAXK=n 
MAXL=O 
MAXM=O 
MAXKI:O 
MAXLIN=O 
LtNNEW=O 
MAXNOL=O 
RHOMAX=O. 
GOTO 5000 

59q CONTINUE 
C 
C PR Hff OUT COSTS FOR THf OPTI~I7EO ~IUL TTI')ROP NFnIOP!<' 
C 

C a,LL ~llJTDRP 
c 
C PRJNT OUT THE OPTtMIlF.:O M\lLTID~OP N~nIORI( 
c 

C/ILL NFTPRT 
IF( MPLOT .NE. 11 GOTn 50 
CALL CII,LPLT 

50 CONTINUE 
RFTURN 

.~ 

Ii 

il, 

II .~ 

\1 



o 

342 
343 
344 
345 
346 
347 
34~ 
3'1-9 
350 
351 
352 
353 
354 
355 
356 
3')7 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
3'70 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
381+ 
385 
~86 
3f\\1 
lRB, 
3A9 
390 
391 
392 
393 
394 
395 
396 
397 
398 

C 
C 
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SUARollTINf. TRYLNK (KL ,KIL,U ,ML) 
******************** 

C TRY TO ELIMINATE CENTRAL LINK KL ANn L TN\( IT TO T~F' SllF3NnW"R\( 
C LL THROUGH SYS"rEM TE"RMINATIONS 1<1L ANI) ML. 
C 
C 

C 

******************** 
INTEGER CDSTKM,COST 
:.TALLY=ITALLY+1 
IF(INTRY .FG. 1) GOTO 119 
TRFIN=ARRAY(KL'l)+ARRAY(LL'I)+~.~ 
TRFOUT=ARRAYIKL,2)+~RRAY(LL'2)+0.C; 

C FI"'O THf L TNE WITH THE ENOUGH CAI"Ar.lTY TO HIINr)Lf 
C THF TOTAL TRAFFIC ON THE pROPDSfD Sl~NFTW0RI< LL 
C 

CALL LINNUVI'RFIN'TRFOUT,LnUM~Y'Ll~Nf~"'R~n) 
IF(LINCAPILINNEW) .~G. 9600) GnTO t3? 
LyNup=LINNEW-l 
IF(LINIlP .EG. 0) GOTO 712 
00 711 NL=I,LINUP 

IF{LnUMMY(NL) .[0. 0) GOTO 7t1 
GOTO 13? 

711 CONTINIJE 
712 CONTINUE 

NLNEW=LOUMMY(LINNrW) 
IF(NLNFW .rH. 1) GOTO 132 t;;iMORF: THAN 1 LH,E N!'T AlLOWF'!) 
COST=COSTF.W(LL,I) 
LINOLO=COSTEWILL'?) 
NLOLO=COSTEWILL,3) 
MCOSTL=COST 

3000 CONTINUE 
C 
C TFS'T RESPONSE TIME', IF NOT SATTSFIF("'I. WCRFASF LI~IF: CAPAC':TTy 
C 

C 

CALL R~PTSTIKL'LL'LINNEW,rnK) 
IFlloK .EG. 1) GOTO 3001 

C IF LINE TYPE Ie; THE HTGHEST, NO NF!'"r) TO GO f"IJRTHE'P 
C 

IFILINNEW .EG. N3) GOTO 13? 
LIWt·WY I L.tNNEW) =0 
L INNEW=LH'NEW+l 
IF(LINr.AP(LINNEW) .EQ. 960n) "OTO t~~ 
LOU~r~Y (LINNEW) =1 
NLNEW=l 
CALL RHOFUN(TRFIN,TRFOUT,Lr)U~MY'LTNNFW,qHnLtN,RHO) 
GOTO 31)00 

3001 CONTINlIE 
IFILINNEW.EG.LINOLO.AND.NLOLD.EO.t) ~nTO 131 
CALL LCOSTI<IIRSC'LL,l,MCOSTLl f.ilNrW CO~T FOR SUB~!FT UNnFD LL 

131 CONTINUE 
LINOLO=COSTEW(KL'?) 
MCOSTK=COSTEWIKL,l) 
NLOLO =COSTEWIKL,3J 
IFI Lr~NEW .EQ. LINOLn .ANr). NlOLn .f~. 1) GO TO 1~3 
CALL LCOSTKIIRSC,KL,O,MCOSTK) ~NfW COST ~OP ~URN~T U~DFR KL 
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399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
416 

,1419 
420 
421 
422 
423 
424 
425 
426 
421 
428 
429 
430 
431 
43l 
433 
434 
435 
436 
431 
4'38 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
4S:S 

133 

134 

719 

c 
c 
C 
c 
C 
c 
c 
C 

GOTO 134 
CONTINUE 
ITEMP=O 
KADD::O 
KCHG=2 '. 

<

": I 

-' 

CALL ISUMIIP IIR'SC:,KL"L r>'~NEW, I TE\lP) 
MCOSTK=MCOSTK~rrEMP' , 
CONTINUE ,~ ..... ' " I 

lNTRY.=l r.1Fr..:At;THAT- INDICATFS A~I ".~ITRY ... TO TP,'flIllIC 
JSAV=CQSJEW (LL,l L+tOBTEW CKL, 1) -{MCOS"l.+)I.COSTKJ ., 
CONTP;:II£ ~ .".' ! t; 
COS·Ttr.M=O ..,../ - . 
KADO::O ,;.. I.' 

CALL ISUMUP (ML,K IL'LlNNEW.~OS.n(~) 
ISAV=JSAV-COSTKM· ,P 
IF <lSAV "LE. ~AXSIl.V) 150 Ttl J.~~~ 
RSPMAX=R5PTIM 
M,l\XSAV=lS1W 
MAXK::::KL • 
MAXL=LL 
MAXM:::ML 
MAXKy=KIL <.r 
'M~XLIN:: LINNE'" ; 
pM/,XNOL=rILNEW c' 

RJ~OMA X=RHO ' 
, .coNTINUE 
",RETURN ",' 

S\JRRd(J1J1IJE; J,-CO!ifTK( J ' ~i\:! ~~'TCOST) 
·4i",*~***>Ol,.*K*.*****~¥ " 

~-, ' 

• 
" 

') 
I 

F:lfl/D COSJ"FOR A StJf3NEJ:rWOR'f~. ,NA::8EGni"'I~Ir, NODE ;~R.;THf ':;nAMFT 
TO:"'BE r=;VA1~UATEO. ,>'/", A .' \ i! \ .;« :,1' 

,~,I.'\=l "!!4EN C95T FOP CE:Nr'RAL '4INK NA IS TO- AF';).· n:1cLuhEt'I 
NS=O "WHEN COST FOR <;:i::NTR,f\L LI~I~ NA 'i'Si~{lJOT. JO' ,~F.I;~!ClllnFn 

." .~.. ' f J', 

•.•• ***,****>1!;;**\t"7***>t -, I 
INTEGER iCOST ":~'" 
TC05T=0 
KCI'IG=2 . 
C'Al .. i..-iSUMUP (t, NA, LINNEW, T,COSTl 

o 

D 

~. 

o 

o 

--0 
<, 



J 
7' 

,{' 

456 
457 
458 
459 
460 
461 
462 
46~ 
4~4. 
461) 
46b 
4~7 
468 
469 
470 
471 

Co 472 
473 
474 
475 
476 
477 
478 
479 
460 
481 
482 
4A3 
4A4 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494. 
495 
496 
4«;::;: 
498 
499 
500 
501 
502 
503 
504 
5.05 
506 
507 
508 
509 
510 
511 
512 

77-53, Vol. IV 

RETURN 
FUNCTION NlCTNOD(Ll,M!) 

~ *************.****** 
C 
C FIND THE NEXT NOD!'" IN THE C;UBNF.T L1 WI-'ICH ",1 RF.lONGS TO. 
C IN THE PROCESS, IF THF NEXT NOnF I~ Lt, 0 15 PETURNFrJ 
C OTHERWISE THE NEXT NonE IS RETlJRNEn. 
C 
C ******************** 

NlCTNOD=O 
MM=Ml 
KSON=IARRAY(MM.2) 
IF(KSON .EG. 0 .AND. MM .EG. Lt) RE"TIIPN r.JA S!NGLI"' f.lOr:'lE 
IF (KSON .EG. 0) GO TO 1 r.l NO SI.ICCESSr:lR 
NXTNOD=KSON 
RETURN 

1 CONTINUE 
C 
C LOOK FOR HIS NEXT RROTHER 
C 

~BRO=IARRAY(MM,3) 
IF (KBRO '.EG. 0) GO TO 2 r.lNO roIORF" StlCr'F"c;SOR5 WITH C;AM~ PPF.I'JEI"FSC:;OR 
NXTNOO=KARO 
Rf:TURN 

2 CONTINllE 
C 
C GO TO HIS FATHER 
C 

c 
C 

MM=IARRAY(p.1M,5) 
IF CM'" .NE. Ltl GO TO 1 
RE·rURN 
Sl,JRROUTINE !)PNETW 

******************** 

r.l RAC"I( Tn THE ~EGT"'~JnJG 

C UPDATE lARRAY AND COSTEW RASED ON MAXI~tJP-'-SI\VrNG 
C PARAMfTERS OBTAINED 
C 
C 
C 
C 

c 

lJPOATF: T~I\FFJC AND NO. OF TERMINAls FOP L-SlJRNET 

.******************* 
NOK=IARRAY(MAlCK,ll+l r.lNO. OF NODES R~LOW ~I\X~ 
IARRAY(MAXL,l):IAPRAy(MAXL,ll+NOK 
ARRAY(MAXL,t)=ARRAY(MAXL,1)+ARQAY(~AYK,11 
MRt4Y (MAXl, 2) =MRAY (MA)(L ~.2) +ARRJI. Y (f'JIAXK,:> I 

C UPOATE THE COSTEW 
C 

COSTEW(MAXL'1)=COSTEW(MAXL.l)+CO~TFW(MAXK,1)-MAX5AV 
COSTEWCMAXL,2):MAXLIN . 
CQSTEW(MAXL'31=~A~NOL 
COSTEWCMAXK,ll:Q 
COSTEWCMAXK,21:0 
COSTEW(MAXK,3)=0 
MAXKO=NUMRC",,,XK) 
MAXMO=NUMR(MAXM) 
MAXKIO=NUMP(MAXKI) 
COSTEW(MAXL'4)=COSTEW(~AXL'4)+COSTFWC~~XK.4)+"T5T(M.X~In,MAxMnt 
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513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
5~4 
525 
526 
527 
5?B 
529 
5:50 
531 
532 
533 
534 
535 
536 
537 
538 
5:39 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
5~7 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 

c 
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* -nIST(MAXKD,NN!) 
~HOF(~AXL)~RHDMAX 
COSTEW(MAXK,4)=O 

C UPDATE MlJL TIOROPPF.:D-LJNE RESPO~ISE TIMF. 
C 

91 

C 
C 

TI~RSP(MAXL)=RSPMAX 
CONTINUE 
KIPA=lARRAY(MAXKI,5) QREM~~nER KI'S P~F.OF.Cf.S~OR 
MSON=IARRAY(MAXM,2) ~M'S 1ST SUCCFSsnR 
CALt. L"lKOFF(MAXK!) r.JOELETF K1 1I~ A SUCeE~S/')R OF KIPIl 
IAR~AY(MAXM'2J=MAXKI 
IARRAYCMAXKI,51=MAXM 
IARRAY{MAXKI.3)=MSON 
IF(MSON .NE. 0) IARRAY(MSON.4)=~AXKJ 
IARRAY(MAXKI.41=O 
MAXM=MAXKI 
MAXKI=l<IPA 
IF(MAX~ .Nr.. ~AXK) GOTO 91 
RETURN 
FUNCTION JrOSTA(N,KREFI 

****************** 
C FTNO PARTIAL SliM FOR I.CSTLN 
C 
C 

777 

C 
C 

****************** 
JCOSTA=O 
DO 777 K1=1.KREF 

JCOSTA=JCOSTA+ICSTLN(K1,N) 
CONTINlJE 
RF.TURN 
RJNCTION JtOSTB(N,M,KREF) 

****************** 
C FIND pARTIAL SUM FOR ICSTHW 
C 
C 

776 

c 
c 

*********~**.****. 
JCOSTS=O 
00 778 KK=1'KRtF 

~COSTR=JCOSTBtICSTHW(KK.N.M) 
CONTI.NUE 
RETURN 
SUBROUTINE NETPRT 

C PnJNT OUT CONFIGURATION OF THE'" "'ULTnlROP ~'r::TW/')f{K 
C 
C 

196 

197 

.*****~**.********** 
DO lq6 KK=1.NP1 

IBLANK(KK)=~ALAN~ 
CONTINUE 
Nt-J?=NlJ"ARR <IRSC) 
WRITE(YWT.197} N~~ 
FORMAT (1tt!,' PEGI~)'NAL CENTFR= " A~'" 6J(, 'SlIANFTWQRK', ,.(,)(, 

* 'BEGINSAT~,") 
Kr=l 
ISON=IARRAY(IRSC,2) 
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570 
571 
572 
573 
574 
5:'15 
576 
577 
~78 

, 579 
5AO 
SAl 
582 
583 
584 
5A5 
5A6 
587 
5R8 
5139 
590 
51H 
592 
593 
59'+ 
595 
596 
597 

" 598 . ~ 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
61.3 
6.14 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
6il5 
626 

C 

IPOINT=ISON 
lSONR=NUMRR(ISON) 
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wpITE(IWT.192) (IBLANK(I).T=1'KP),J50~R 

C LO~K FOR ITS FIRST SUCCESSOR 
C 
190 

192 

191 
C 

CONTINUE 
ISON=I ARRAY (rpOINT. 2) ge' IRRENT N~[lAL 
IF(ISON .EQ. 0) GOTO 191 IOlNO MORE ~nN 
KP=KP + 1 QA LEVEL OEFPER 
ISONR=~IlJMRR (ISOW 
WpJTE(IWT,192)( I~LANK(I)'J=l'KP),rSONP 
FORMAT(IX.24(A6» 
IPOINT=ISOfIJ 
GOTO lQO 
CONTINIJf 

TNn.E'lC 

C L00K FOR rlFXT SUCCFSSOR wTTH THE 5A. ... E PREOF.CF.'C;SOR 
C 

IRRO=IARRAY(IPOINT,3) 
IF(IARO .E~. 0) GO TO ]93 
IB~OR=NUMRR(IBRO) 
WpJTE(TWT,192)(IBLANK(I),r=I.KP),r RROR 
IPOINT=.l:,\RO 
GOTO 190 

193 CONTINUE 
C 
C NFXT LEVEL UP 
C 

KP=KP-l 
IPOINT=IARRAY(IPOJNT.~) 
IF(KP .EG. 0) GOTe) 194 gNO NFF.:I" T~ 1;0 FI)qTHEP 
GO TO 191 

194 CONTINlIE 

C 
C 

RFTlJRN 
SU~ROUTINE CONVRT(ICOST) 

******************** 
C C()NVEpT A ~IUMF3ER INTO ITS FIELn FQIJIV~LErJT 
C 
C 

C 
C 

*****************.*~ 
uCHAR(I)=JF3LANK 
.JCHAR(2)=u~LANK 
IF(iCOSi .EG. ijir:;OTO 916 
ENConE(19A.uCHAR) ICOST 
FORMATII8) 
CONTINUE 
RF.TURN 
SUBROUTINE SUMPRT(NREF'NN) 

******************** 
C SUM UP COSTS ANO PRINTS 
C 
C ******************** 

TCOST1:!O 
TCOST2=0 
DO 77') K=l.NREF 
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627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
617 
678 
679 
680 
681 
682 
683 
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ITCOSTCK,I)=ICSTLNCK,I) 
ITCOST(K,2)=ICSTLN(K,2) 
DO 7791 KK=I,N4 

~TCOST(K.ll=ITCOST(K.l)+IC5THW(K~KK.l) 
ITCOSTCK~2)=ITCOSTCK,2)+IC5THWlK,K~'2) 

7791 CONTINUE 
TC05Tl=TCOST1+ITCOSTCK,I) 
TCOST2=TCOST2+ITCOSTCK,2) 

779 CONTINUE 
KCOS~=TCOSTl+TCOST2 

C 
C PRINT OUT COST 
C 

NTURN=NREF/I0+1 
IREM=MOO(NREF,10) 
IFIIREM .F.Q. 0) NTURN=NTlJRN-l 
LPAGF.=l 
DO 919 KW=I'NTURN 

KWL=l 0* IKW-1) +1 
I(\!/U=10*KW 
IFIKWU.GT.NREF) KWU=NREF 
IFCNN ,EQ. 0) GOTO A79 
IFCLPAGE,NE,I) GOTO 9033 
WRITECIWT,9031) KW 

9031 FORMAT('1',40X,'REGIONAL STAR NETWORK ANb ITS C05TS-t,I~) 
GOTO 9035 

C}03:5 CONTINIJE 
WRITE(IWT,9034)KW 

9034 FORMATC/,40X,'REGIONAL STAR NETWORK AN~ ITS CO~TS-"I~) 
9035 CONTINIJE 

WRITE(IWT,9032) JNUMRRCrl,I=KWL,KWU) 
9032 FORMATC/,lX,'SYSTE~ TF.RMN"'13X'10(4X'~4"X» 

WRITE( IWT,903) 
903 FORMATI/,IX,tNO, OF LyNES REG,') 

DO l Q03 NJ=t.N3 
IF(LINMIXCNJ) .EG. 0) ~OTO 190~ 
WRITEC IWT,90~) LINAME"(NJ), (NLINE"SCK ,NJ) ,K=KWL;KWI" 

Q04 FORMAT(7X.A6,14X'!OCI8,lX» , 
1903 CONTINUE 

WRITE(IWT,9036) (RHOFCNJ),NJ=KWL,KWUJ 
9036 FORMATC/,IX,.'LINE UTILIi~TION"IIX'lO(~R.3'IYl) 

WRITE(IWT,906) (IDSTCN),N=KWL,KWU) 
906 FORMAT{/,IX,'DSTNCE FROM R~C,.'lX.l0(IB'lX) 

GO TO 806 
879 CONTINUE 

rFCLPAGE.N~,l) GOTO 8033 
WRITECIWT,8031) KW 

8031 FORMATI'I',40X,'FtNAL MULTIDROP NETWORK AND ITS COSTS.',r~) 
GOTO 8035 

8033 CONTINUE 
WRtT~CIWT'8034) KW 

A034 FORMAT (/140)(, ' FINAL MULTIDROP NETWORIC AM') ITS COSTS-', I~) 
8035 CONTINUE 

WRITECIWT,S03)(T.I=KWL~~WU) 
A03 FO~MAT(/'1X"SU~NET NO."16X,10(T~,tX» 

DO 1803 N=KWL,KWU 
IO=NSUR(N) 
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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 
731 
732 
733 
734 
735 
736 
737 
738 
739 
71f" 

180~ 

1806 

1807 

811 

1808 

S036 

R08 
S06 

1101 

1102 

1103 

1104 

907 

90S 

909 
190q 

910 
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MSUA (N)::NIJ101RR I 10) 
LSllB(N)=IARRAY(ID,l)+1 

CONTINUE 
WRITE(IWT,tA06) (MSUB(N)'N=~WL'KWU) 

FORMAT(/,lX,'~EGINNNING Non~"11X,JO(4X,A4,lX» 
WRITE(JWT,lS07) (LSUB(N),N=KWL,KWU) 
FORMAT(3X"NO. OF TERM.',l~X,lO(IA,tX» 
WRITE (lWT,Sll) 
FORMAT(3X,'NO. OF LINF.S') 

00 lA08 NJ=1,N3 
IFILINMIX(NJ).~~.O) GO TO 1808 
WRITE(IWT,904) LINAMEINJ)' (NLI"IESIK,NJ) ,K=KWL,KWIJ) 

CONTINUE 
WR I TE C TWT' 8036) CRHOF (NJ) , NJ=KWL' KWII) 
FORMAT(tX"LINE ~TILI7ATION"qX'10(FB.3'lv» 
WRITErIWT,80A) (IOSTCN)~N=~WL'KWU) 
FORMAT(3X,'TOTAL MILAGE',12X,lO(I8,lX» 
CONTINUE 

00 1101 N=KWL ,KWtJ 
IO=N 
IFINN.FQ.O) In=NSUI3C J) 
TRFSUM(N,l)=ARRAYCID,l) 
TRFSUM(N,2'=ARRAYCIO,2) 
TI~OUT(N)=TIMPSP(IO) 

CONTINUE 
WRITE(lWT,110P) (TRFSUMINr.1.) ,N=KWL'KWl) 
FORMATl3X. 'TRAFFIC' ./,3X,' LtNE TO 'CPII', llX, 1 0 (F8.~rllf)' 
WRITE(IWT'1103'(TRF5UM(N,2)'N=~WL,~WU) 
FORMAT(3X,' CPU TO LINE ',10X,10CF8.3.1X» 
WRITE(IWT,1104) (TIMOUT(N)'N~KWL'KWU) 
FORMAT(3X~iLINE'R£SPONSE TIME'~7X,JOIF8.!,lX» 
WRITE (JWT, 907) 
FORMAT(21X"SUBTOTAL',I.IX,'INST. COST~" 

C05T=JC05TA(I,NREF) 
IF(~W.NE.l) C05T=0 
CALL CONVRT(COST) 

WRITE( IWT,908) (JCHARIL) ,L=1,2), (ICSTlNCNODE, U 'N(,DE~I(WL'ICWtJ) 
FORMATI5X"LINES"8X,A6'A2'IX'tO(I~'JX') 

DO 1909 K=I,N4 
COST=JCOSTB(K,I,NPEF) 
IF(KW~NE.l) COST=O 
CALL CONVRT(C05TI 

WRITEI!WT,909) NAMEHW(K).IJCH~q(LI'L=J'?),(ICSTHW(N~Or.,r,l" 
• NODE=KWL,KWUI 
FOR~AT(5X'A6,7X,A6'A2,IX,10(I8,lX') 
CONTINUE 
WRITE( IWT,910) 
FORMATIIX,'ANNUAL RECURR. COST') 

COST=JCOSTA(2,NREFI 
IF(KW.NE.l1 COST=O 
CALL CONVRT(C05T) 

WRITECIWT,908) (~CHAR(L),L=1,21'(TCSTlN(~~Of'~)'N~O~=KWL'~WU) 
DO 1911 K=I,N4 
COST=~COSTBIK,P.NRE~) 
IF(KW.NE.l) C05T=0 
CALL CONVRT(COSTl 

WRITE(!WT,909) NAMEHWIK),(JCHARIL)'L=1'2',1rCSTHW(NO~~'K'2)' 
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741 * NODE=KWL.KWU) 
748 1911 CONTINUE 
743 WRITECYWT,912) 
744 912 FORMAT{1X,'TOTAL COST') 
745 IFCKW.NE.l) rCOST1=0 
74t/ CALL CONVRT C 'rCOSTl) 
-N7 WRYTr(IWT,913) CJCHARCl) ,L=I.2), CITCOC5TCK,ll ,f(=KWI. ,KWIJ} 
748 IF(KW.Nf.l1 TCOST2=0 
749 CALL CONVRT(TCOST2) 
750 WRITECrWT,914)CJCHARCL)'L=',2),CITCOSTrK,~)'K~KWL.KWU) 
751 913 FORMATC4X,'IN5T. COST"4X,A6'~2'lX'10Cr9'1X» 
752 914 FORMATC4X,'RECUR. C05T"3X'A6'~2'lX,10Ct~,lX» 
753 LPAGE=LPAGr+1 
754 LPAGE=MOD(LPAGE,2) 
755 919 CONTINUE 
756 WRITE(IWT,695) KeOST 
757 695 FOAMAT(/,25X,'TOTAL c05T=',I8) 
758 RETURN 
759 SUARouTINE MUTORP 
760 C ***********.*****.*. 
761 C 
762 C PRINT OUT FINAL MULTIDROP NETWORK WYTH nc; COST~ 
763 C 
764 C ******************** 
765 DO 590 NL=I,N3 
766 LDUMMYCNL)=O 
767 590 CONTINUE 
768 ISRO=IARRAY(IRSC,2) GFIRST SUCCESSOR 
769 Kl=1 
770 699 CONTINUE 
771 IF(IBRO .EG. 0) GO TO 698 
772 NK2=NUMk(IARO) 
773 NK1=NNl 
774 N511BCKll=I~RO 
775 L H1E=COSTEW C IRRO,?) 
776 LOUMMYCLINE'=COSTFW(IRRO,3) 
777 JSON=IARRAY(IPRO,21 
776 IF(J50N.EG.O) GOTO 694 
779 DO 592 NM=1'2 
780 ICS)'t .. NCK1,NMI=O 
781 00.592 NK=1,N4 
782 ICSTHW(~I'NK'NMI=O 
783 592 CONTINUE 
784 DO 596 NL=l,N:5 
785 NL lNES {K b ~IU =LnUMMY (NU 
786 596 CONTINUE 
787 KCHG~2 
7aS 312 CO~lINUE 
789 CALL ICOST J (LnUMMY ,NKI ,NK2 ,LNI(CHW .• l.NKCLNl 
790 DO 595 NL=I'N3 
7ql 00 59~ NM=1'2 
792 ICSTLN (Kl, Nlql=lCSTLN(Kl ,Nt.\) +U·IKCLNI NL,N'.O 
793 DO~595 NK=1,N4 
79~ ltC5TH'I/(Kl, NK ,NM1=ICsTHW (K 1, "110 NM1:+l.NKCI-lW(~L.,NK'NMJ", 
795 595 CONTINIJE 
796 IF~J5QN.EQ.OI GOTO 311 
797 N~'2=NU"'1R C JSON) QGL08AL INOF"X FOR "I""XT NO!)F" 

Ii 
!; 
JI_ 

I'. 

IJ 

(). 



(.I 

798 
799 
BOO 
801 
802 
803 
804 
805 
806 
807 
B08 
809 
AI0 
811 
lH2 
813 
814 
815 
816 
817 
818 
819 
820 
821 
622 
823 
824 
825' 
826 
827 
828 
829 
830 
8:51 
832 
833 
8:'14 
835 
836 
8:n 
838 
839 
840 
841 
842 
843 
844 
845 
81+6 
847 
848 
849 
850 
85.l 
852 
853 
a!i4 

311 

694 
C 
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NKl=IARRAY(~S~N,51 QPREDEC~SSO~ 
NKl=NU"lRCNKll r.JGLOBAL INDEX FO.~ PR~OECF.'C:;SOR 
JSON=NXTNOD(I~RO'JSON) 
GOTO :'112 
CONTINUE 
LDUMMY(LINEI=O 
GOTOS9·1 
CONTINUE 

C USE PREVIOliS OUA 
C 

DO 597 NL=1,N3 
NLIN~S(K1'NLI=NLINEsCIBRn,NL) 

597 CONTINUE 
DO 598 NM=t,2 

ICSTLN(Kl.NM)=ItSTLNCIBR",NMI 
DO 598 NK=1,N4 

ICSTHW (Kl, NK, NM) =rcc;THW C TARO. FlK. ~IM I 
598 CONTlIIJIIE 

LDUMMY(LINI:I=O 
591 CoNTINUE 

IDSTCK1)=COSTEW(I~RO'41 
RHOF(K1)=RHOFCISRO) gC:;HUFFLING RHO'S OIJF TO qF-rNnEXT~G 
IRRO=IARRAYCIRRO,3) 
Kl=K1+1 
GOTO 699 

698 CONTINI IE 
NOSUi3=Ki-l 
Ct<;l.L SlJMPRT (NOSUS, 0) 
RETURN 
SUBROUTINE CALPLT 

C ******************** 
C 
C PLOT A MULTIDROP NETWOEK 
C 
C ******************** 

C 

Kr=l 
IPOINT=IR'5C 
C/ILL TRSFRM(2) 
ISON=IARRAYCIRSC,2) 
IPOINT=ISON 
CALL TPSFRM(1) 

r.JFIRC;T SIICCEC:;SOR 

C LOOK FOR ITS FIRST SUCCESSOR 
C 
190 

19.1 
C 

CONTINUE 
ISON=IARRAYCIPOINT,21 

IFCISON ~EQ. 0) GOTO 
KP=KP+l 
IPOINT=ISON 
CALL TRSFRM C 11 
GOTO lC)O 
CONTINUE 

IilFIRST SUCCE:SSnR 
191 

C LOOK FOR rTs N~XT 5UCCFSSnR 
C 

IA~O=!ARRAY(IPOINT'3) 
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855 
856 
857 
858 
859 
8M 
861 
862 
863 
864 
865 
866 
861 
868 
869 
870 
871 
872 
873 
814 
875 
876 
877 
878 
879 
8AO 
881 
882 
883 
684 
885 
886 
GA7 
888 
889 
890 
891 
892 
893 
894 
895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
90a 
909 
910 
911 
912 
913 
914 
915 

,,' lID 
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IPDINT=lARRAy(IPDTNT.S) IilNOW IrS PRF.Or('EC;~O~ 
CALL TRSFPp,I(2)' 
IF(IBRO .rQ~~) GOTO lq3 
IPOINT=IBRO ' 
CALL THSFRM(I) 
GDTD lClO 

t 93 CONTINUE 
C 
C GO BACK TO ITS PREDEC~5S0R 
C 

194 

C 
C 

KP=KP-! 
IF(K~.EQ~ 0) GOTO 194 
GOTe I<U 
CONTINUE 
CALL TRSFRM (:5) 
RETURN 
SUBROUTINE TRSFRMCLK) 

••••••••••••••••••• 
C FIND GLOBAL MADADR tNDF.X FOR V-H,COOROtNATES AN!) PID NO·, 
C 
C 

666 

C 
C 

.**** •• * •• *** •••••• 
DATA IP/OI 
IFiLl< .EG. 3) GOTD 666 
LK1=NUMR(IPDINTl IilGLOBAL INDEX 
IDD=MAPADRCLKl) ~MAPADR INDEX FOR 
IFtIoo .EG. IP) RF.TURN 
IP=IOD 
CONTINUE 
CALL PLOTPTlIDD,LKl 
RETURN 
SUBROUTINE LNKDFF(~P) 

LKI 

C DELETE MP AS A SUCCESSOR OF NonE PA 
C 
C 

99 

C 
C 

•••••••••••••••• **** 
IFRONT=IARRAY{MP,4) 'QTHE SUCCESSD~ ~F.FOR~ ~p 
IRACI< =IARPAY(MP,3) /ilTHESUCCF.SsnPAF'TF.'R ,,"P 
I'FCIFRONT.NE. 0) GOTf') 92 
MPA=JARRAYCMP'S) , 
IARRAY{fo4PA.2)= IBACK IillST 5UCCFSSClR llNnEp. Ne:~!J'!P. 
GOTO 99 

. CONTINUE . 
·iilRRA'HIFRoNr·'3i=IRACK 
CONTINUE, 
IF(IR~CK.EQ. 0) ~~TURN 
IARRAY(IBACK,4':IFRONT 
RETURN ' 
SUBROUTINE RSPTST(KKK.LLL.LIN~AX.tOK) 

.,***** ••• ******.* •• 
C TEST RSPON5E TIME' SATISFIED WHEN'tOK:l 
C 
c * ... (~.**".*** •• ** •• *.* . 

MDRDP:lARflI.YrJLLL~r 1 HIARRA'NKKK t t ... :? 
TRFIN=ARRAY(LLL,l'+ARRAY(KI<!(,l, 
TRFOuT=ARRAY (LLL,:!, .. 'ARRAY (KKK, ,) 
CALL RSPNSE(TRFINfTRF()UT'LINMA~'MDPtl!*~~nKi 
RETURN ., .. 
END 

,r;JPRT STACOM.IRNOP/0777 
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5192A.STACOM(I'.IRNOP/0777 

\\ 
l' 

I) 
\, 
I! 
\, 

, '\ 

\ 

1 SUBROUTINF IRNOP(NR,LyMIT,TRM) 
2 C •••••• * •••••••••••••• 
3 C 
4 C SUFlPROGRAM FOR' THE INTER-REGION Ne:TWOPK o"tI~TZATTO"! 

LIMIT=MlINIMAl NUMAI';R OF PATHS NEEOrf'l PFR REGIONAL 
SWITCHING CENTER 

5 C 
6 C 
7 C 
8 C ••••••••••••••••••••• 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
4.9 
50 
51 
52 
53 
54 
55 
56 

C 

PARAMETER NP1=130;NP2=I'NP3=4'NP4=~ 
PARAMETER NPC=36G, NP6=(NPC.NPCI2-NPC+!)/4+1 
PARAMETER NP7=4, TWT=tOO, MW=4 
COMMON/CONST IN1'(N2 ,N3,N4,t17 ,NetTY 
COMMON/LINCHR/LINMIX(NP3',LINCAP(NP3', UTtLTZeNP3) 

• IBCOST/AINSTC(NP2'NP3'NP4,3'~'2)'RECRCrNP~'NP3'NP4'~'P.", 
• ANSTLN(NP2'NP3'3.2,2)'R~CRLN(NP"NP~,~,2'16"InUPLV(~P~' 
• INAMEIINtlXPTCNPll, NAMEST(NP!) ,UNAMF.:(NP3) ,NIIMEHW(ND4) 
• /EIN/SVR (NP1) ,NRSCCMW) ,NIIMPR C ..... W) , TRAFnN (NP1) ,TRIIFYT (NDl) 

• IRf.F/IREF(NPC)'TRAFD(NP1'2,NP7).nSTNCE(NP6"MAPIIDPf~Pt' 
DIMENSION NET<;UMtI-lP3,2) ,ORtNET(MW,MW,NP:~\l 
DIMEN<;ION NLINK(NP3"LNKCHW(NP3'NP4'2"LN~CLN(NP~.2' 
INTEGER SUMCST 
INT.EGER ORINET 
DIMENSION TRRM(MW,MW).TR(MW.MW) 
INTEGER ORICST.ORICS1.0RICS2 
INTEGER DIVTRI(MW).nIVTRJ(MW) 
DIMENS10N TRR{MW.MW) .NETCNF(MW.MW,~IP3' .LINEGU(NP3). 

* LINADI(NP3)'LINADJCNP3'.ILJ~AD(NP3).JLTNAD(NP3)' 
• LINEQ(NP3) .LINF.GAHIP3) .LINF.:OR(NP~) . 

DIMENSION RHOF2(MW.MW} 
DIMENSION TRM(MW.~W' 
EQUIVALENCF.: CLINEQ.LINEQA),(UNEOI).LINF'OB) 

C RFSET UTILIZATION FACTOR TO .5 
C 

DO 70 NN1=I'N3 
UTILIZ(NN1'=.5 

70 CONTINUE 
t. 
C COMPUTE ORINET(MW,MW.N3) FOR INITIAL TOPOLOGY WHERF. N3 I~ 
C THE NUMBER OF CHARGEABLE ITEMS 
C 

203 
C 

ORICST=O 
ORICS1=O 
,,"'.""_ .... _1'10 
V"I.\,.!jC':-U 

NR1:NR-l 
DO 20:'1 NNI =1 ,N3 
DO 203 N~12=1,2 
NETSUM(NNI.NN2':0 
C(lNTINUE 

Ii1COST SUM 

C MODIFY DllPLEXING "ODE FROM HALF' TO FULL nupL.f:'>' 
C 

DO 667 Kl=I'N:'I 
IDUPL)«K1'=2 

667 CONTINUE' 
DO lll1 I=1.NRl 
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57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
AO 
81 
82 
8:5 
B4 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 

'110 
111 
112:, 
113 

77~.s3, Vol. IV 

NUNK ll) =NRI QNRI LINKS AT THE' RF.(;1N~JtNG 
I1=I+l 
DO 102 J=Il,NR 
n=NRSclI ) 
.J.J=NRSC(.J' 
ATRMAX=AMAX1frIHI,J" TR(J,I)) QJ.5SUM"1ING FUll, Ol'PU:)( 
CALL LINNU~ (ATRMAX,O"bINFQ,LYNUP,O,PHO) 
RHOF2(I,J'=RHO 
RHOF2 (..I, I) =RHO 
CALL ICOSTJ(LINEG,II,JJ, LNKCHW,LNKCLN) 
DO 104 NN=lIN3 
ORINEffi,J.NN)= LINEQ(NN) 
ORINET(J,I,NN)= LtNEQ(NN) 
DO 105 N~=1.2 ~ LINE cnST 
NETSUM(NN'NM1: NETSUM(NN,N~O+ LNICCI.NnW.NM) 
DO 106 NK=1fN4 III HARDWARE COSTe:; 
NETSUMiNN,NM1= NETSUMINN,NM)+ LNKCHWHIN,NK,NMI 

106 CONTINUE 
105 CONTI NllE 
104 CO~'TINUE 
102 CONTINUE 
101 CONTINUE 

DO 107 Kl=l,NR 
00 107 NN=1,N3 
ORINET(Kl,KI.NNI=O 

107 CONTINUE 
CALL OUTPRTCl) 
ITALLV=O 

999 CONTINUE 
MAXSAV=O 
DO 777 I=l,NRI 
IF (NLINK(I) .LE. LIMJTJ Gn TO 777 
1]=1+1 
DO 788 J=U,NR 
IF (NLINK(J) .LE. LIMyT) GO TO 78A 
IN=NTEST(ORINfT,I'JI 
IF (IN .EG. 0) GO TO 78S ~NO L1NK TO BF nELETFO 

c 
C DFTERMINE' WHETHEP THERE IS A L!tJK CONNFCTFI1 BY AT MOST O~lF tNI"'IPF"CT 
C ROUTE BETWF.fN ANY TWO REGIONS IN THE NFTWORK wHEN THE DIPFCr LYNK 
C BETWEEN I AND J IS ELYMINJITEO. THE INnIRECT LH;jK ONLY GOEC:; TH~O\JGH 
C ONE INTERMEDIATE RSC. 
C 

DO 139 L=I,NRl 
Ll=L+l 
DO 138 M='I21, NR 
IV=ITESTJI,J,L,M) 
IF <IY.EG.ll GO TO ~to IiINF.XT STEP NOT TO RF.: TF"STEt"I 
IN=NTEST10RINET.L.MI 
IF (IN ~EQ.l) GO TO 13~ 

810 CONTINUEh 
DO 137 N=1tNR 
IF (L .EQ. N) GO TO 1:.-.7 
ty= IJEST( I • J. L. N) 
IF (!',,' .EG'. 1) G010 137 
IN=NTFSTIORINET,L,N) 
IF (IN .EG. 0) GO TO 137 
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123 
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138 
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142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
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155 
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157 
158 
15.9 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
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IY=ITE5T(I,J,N,MJ 
IF(IY .EQ~ II GOTe 137 
IN=NTEST(ORINFT,M'NI 
IF tIN ~EQ. 1) GO TO 138 

137 CONTINtJE 
GO TO 788 

138 CONTINUE 
139 CONTINUE 

SrtIVTI=O 
SOIVTJ=O 
CALL TRFDIV!IFLOP) 
IF (IFLOP .EQ. II GO TO 201 
CALL MINAO(IIAD,MINCST) 
GO TO ::!02 

201 CONTIN1JE 
CALL NF.TW~CCMINCSTI 

202 CONTINUE 
ISAV~ORICST-MI"ICST 
IF CMAXSAV .GE. I$AV) GO TO 78R 
MAX5AV=I5AV 
IFLIP=IFLOP QIFLTP=GLOBAL INOJCATOR 
IF (YFLOP cEQ. 11 GO TO 204 
IIMAX=YIAD 
IMAX=I 
JMAX=J 
DO 666 NN=I'N3 
IUNAD(NN)= LYNADJ(NN) IilCHANG~ OF LINF.: RF"G. 
JLINAD(NN)= LINADJ(NN) 

666 CONTINUE 
204 CONTINUE 

DO 331 Kl=I,NR 
DO 331 K2=I.NR 
TRRM(Kl,K2)=TRRCKl,K2) 

331 CONTINUE 
788 CONTINUE 
777 CONTINUE 

IF (~AXSAV .LE. 0) GO TO 9q99 
CALL NETUpIIFLIP'JIMAX'lMAX'J~AX) 
ITALL Y=I'TALLY+l 
GO TO 999 

99ql? CONTINUE 
109 FoRMAT<1X,' THIS N£"TWORK HAS AF.:E~I tlPf'ATr:-D FOR "111;,' TJMF.~',II) 

WPITE(6.109) ITALlY 
DO 82. I::l,N3 
0081 J::l.2 
NETSUM(I,J)=O 

81 CONTINUE 
DO 91 I=l,NQl 
K=I+l 
00 92 J=K.NR 
DO 93 Kl=1,N3 
LINE0(1(1)=ORINET(I.J.Kl) 

93 CONTtNlIE 
II=NRSCII) 
JJ=fjRSCIJ) 
CALL ICOSTJ(LINEQ,II,JJ,LNKCHW,LNKrLN) 
00 94 K,(=l,N3 
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191 
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193 
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200 
201 
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203 
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205 
206 
207 
208 
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212 
213 
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219 
220 
2~1 
222 
223 
224 
225 
226 
227 
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NETSUM(KK'I):NETSUM(KK'l)+LNKCLN(KK,l) 
NETSUM(KK'2)=NET5U~(KK'2)+LNKCLNtKK'2) . 
DO 95 KL=1tN4 
NETSUM(KK.1)=NETSUM(KK'11 • LNKCHW~KK'KL,\l 
NETSUM(KK,2>=NETSIlM(KK'2) + LNKCHW(~K'KL,?) 

95 CONTINUE 
94 CONTINUE 
92 CONTINUE 
91 CONTINUE 

c 
c 

ORICS1=O 
ORICS2=O 
CALL QUTPRT(2) 
RETURN 
SUBROUTINE OUTPRT(N) 

C PRINT OUT INTERREGIONAL NfTWORK CONFIGlIRArynN AND ITS C()~TS 
C 
C 

110 

2002 

******************** 
DO 110 1=I,N3 
ORICS1=ORICS1+N5:rSUM(I'1) 
ORICS2=ORICS2+NETSUM(I'2) 
CONTINUE 
NTURN=NR/10+1 
DO 2001 L=l'NTURN 
LL= (NTlJRN-ll *1 0 + 1 
LU=NTURN*10. 
IF(tU .GT~ NR) LU=NR 
I~(~ .EQ. 2) GOTO 210~ 
WR lTE (1 WT ,2002) (J, J=LL ,LU) 
FORMAT('1',//,10X"INJTIAL INTERREGIONAL METwnRK CONFTURATI~N" 

* ///,20X,10(5X,I3'2X» 
GOTO 2101 

CONTINUE 
WRITE(JltT,2102) (J,J=LL,LUl 

2100 

2102 

2101 

FORM'T('I'.10X,~FINAL OPTIMAL INTE'RRE~TON~L N~TWORK CONFI'~RATtON" 

2004 

2108 
20GA 

2201 
2003 
2001 

200f. 

2007 
200~ 

* ///,20X,10(5X.I3,2X» 
CONTINUE 
00 2003 I=I.NR 
WRITE(tWT,2004) I 
FORMAT!' REGION"/,I4) 
DO 210fl M=1.N3 
WRITE (IWT t 2008 1 LINAME (M, • (ORINFT (t, K. P.li ,1t=LL,l.U) 
CONTINUE 
FORMAT«4X,A.6,1,0X,10('5X,I3.2Xl» 
WR IrE (JWT, 220 11 (RHOF2 (I, J) ,J=LL, LII) 
FoRMAT (4X, 'LINE UTILI7AUO~I'. 10 (4X,F4 d, 2'() 
CONTINUE 
CONTINUE 
WRITE(JWT ,?006) 
FORMAT(//,17X"INST. ~OST',7X"RECI~. CnST"9"'~~TnTAL') 
00 2.005 K=l,N::! 
ISIIM=NF."T5U~1 (1<,1) +NFTSIJ"1 (K,?') 
WRTTE(YWT,?007) K'LINAME(K1.(N~TSU~(K~1)'I=1'~" t5U~ 
FORMAT C! /r i5. 3X. AD, 5X. 16, 11 X t r6" OYHFI) ,~ 
CONTINliE . 
OPICST=ORICS1+ORICS2 
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228 
229 
230 
231 
23~ 
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 
265 
266 
267 
268 
269 
270 
271 

- 0272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
263 
284 

,,) 

200q 

C 
C 
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WRITE(IWT,200Q) ORIcst'ORJrS2'Oolc~T 
FORMAT(//'9X"TOTAL',4X.I7'lOX,J1,10X'1~) 
RETURN 
FUNCTION ITEST(I,J,K,L) 

******************** 
C TFST EGUIV"LENCE RETWF.EN sUBSET( I' J) "";D SlJ~C;I""T (t(, U 
C 
C 

c 
C 

******************** 
ITEST:O 
IF (I .EQ~ K .AND. J .EG. L) 
IF (I lEG'. L .AND. J .EQ. K) 
RETURN 
FUNCTION NTEST(NET,!,J) 

******************** 

ITr.ST=l 
1TF.ST::1 

C TFST nIRECT LINE" CONNFCTIVITY ~ETWFFt.J T ,.~rt' J. 
C 
C 

103 

108 

******************** 
DIMENSION NET(MW'~W'ND3) 
DO 103 11=1,N3 
IF (NETCI,J,UI .GT. nl !:in TO 101'1 
CONTINllE 
NTE'ST::I) 
RfTURN 
NTEST=l 

r.t NO r.ON~!ECTJOt-.' 

RETURN r.,' ft$. THERE IS A CONt-.'I:(,TT(\N 
SUBROLITINE" TRFDIV(IFLOP) 

C ******************** 
C 
C DIVERT TRAFFIC BETWEE~ I AND J THROUGH OTHFR RSC5. 
C 

C ******************** 
C 

-,,-,-

C IT RETURNS WITH IFLOP=l WI-lEN SUCCESSFUl' (\THFR\lJSF TFLop::n. 
C IT ALSO CREATES TF"1PORMY MATRTCES TRR Mil" NE"TCNF. 
C 

snIVTI::O~ ~TOTAL TRAFFIC DIVERTFn (I T~ J) 
S~JVTJ=O. QTOTAL TRAFFIC nTVEPTFD (J Tn I) 
DO 20!' K=l,NR 
DtVTRI(K)=O. g TRAFFIC DIVERTr:~ THRU RI'"GTON I( (I TO J) 
DtVTRJ(I()=O. til TRAFFTe DIVE"F~TFn THRIJ RFGTON K (J TO n 

205 CONTH/UF. 

C 

DO 220 II=l,NR 
IF irI.EG.I.OR.II.F.Q.J) GO TO ~?,O 
ICl=NTEST(ORINET,r,II) 
IC2=NTEST(ORINET'YI,J) 
IF(ICl.FQ.O .OR. JC2.I:G.n) r,OTn 2~n 

C DIVERT I TO J TRAFFIC THRt/ II 
C 

C 

DJVTRI(II)=O. 
DtVTRJ(II)::O. 
CALL LINTRF(I,II,A) 
DE"LTR= A-TR(I,YY) 
IF (nF.LTR-'I.F..O.O) GO TO 160 
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285 
2A6 
2a7 
288 
289 
2QO 
2Q.l 
292 
2Q3 
2Q4 
295 
296 
2'H 
2C)a 
21;19 
3M 
301 
302 
303 
30~ 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
33~ 
335 
336 
337 
338 
339 
340 
341 

C 
140 

C. 
C 
C 
1M 

c 

,I ?' 

/' 

OiVTR=OELTR "-', 
CALL LtNTRF(II,J'R) ",,<> 

Or.'LTR= B':'TH(U.J) ), ... ..s,'.-. 1"/ 
JF':('Of.LTR.U:'oO.O) r.O'·'r,p'-HIr) , .' .. 
OtVT.Ri't II):::,,~~I:NlIDf:l"l'b)'/IVTRJ : 'c 
;!P, ,( IntvTRTJl n·t 5fHVTl r'~r.~l'R ({,J» C;:O 
'SnIVTI= SDT'V"!'I+ DJVTRT (Ill' 
~o TO 160' ' 

DtVTRI(IIJ= TR(I.J)- SOIVTt~ 
SaIVTI::l TRct ,..1) 

, 
OIVE'RT J TO I TRAFP7Cl.I;iRU !I'~''',;.'<''/ 

CONT'l',JIIE 
ell LL 1. iNi"RF ( ~l' I I , III 
D~Lf~~A-TR(J~II) 
IF {1''j!f.L,TR.!.'t:'i.o.O)Go.:r.~ 2,;'0 

," \... ,. -< 1" 

OlVTR=r;ELT~ 
CALL LiNTRFrii~I'BJ 
DEL J~7- ,nfTR tci.p'I ) . 
IF ·(DF.L1R.,~E.:.O';O~··C;O TO)~~,O ,,' C 

';1 

OIVTR~Jq'i)'=AM.U~UOELTR'O~II,JI1j ", 
IF (WrVT\:?J(l'I)!l' sr:>rVTJ) !"t~T. •. ','fR!.J,'·nJr.,r,l',To', !!PO 
sn~vr.J::; S&'r"/T.J+ OYVTRJ{ln ',' " ,('/ ", 

C 
180 

GO TO?OO/' '!j > . ,/.:',1 , 
'., .:- I' /,~ r:" 

OrVTRJIU)= TR{J!J)-o:.oI\~'rJ re, I '; 

SDIVTJ= lR(J,I> /,i :·.I·tJ. 
C 
201) 

, ",' :;.' 
CONTI~UE ,> ,,-. iti " " ,"" 
IF.' .«smYlIt .HI. tRcr.J)I.II~!}?,L,t$~~VC1J ·.,E'~.~4<b~'),; ))~()T0340 
CQNT~,NU£ / . ' ::~ .. 1 ' '." '. \ 

·IFLOI1';:;O,' " ~ • 
220 

'GO TO 360' I i' 
:'140 rp"~CiP::f !;' :-, 
:36.(, .~, C ol,.~t./tt-}\ fr: ,.''! , J ~ ~'" "'... ""/#~ --
c' '" .~~' ;': 'I ',' /..... I ,I 

C CPF~ATE A NEW. 'IRAFr;f;Z' rX''I.1RTX WHYi~kJ~~:IIlJTNi!f~tf.l~"i~~F'F,,5.{f RF.TWr.F'N 
C N(lrJES"1 I\NQ ,J' ANfl A" TFMPonARY NE.ttl'iO'~K "'F(19l~rF='OR '~T~,n:,tPHPP(lSJ;: 
t 0" COST E:Vf!,\~UATIOJ-.1 !. '>- /""!II',' .. 
C "', ! . ',\ " " 

DO 19,,,:>K,I,;:i,1.N,R "'.~ " f. t/ 
pO 1 :;'1'-' ~·:(2~.1:-I~N,~:---, ',~ ;';' -- '''~' 
tRlh,\< 1, K2) =T.({~fK;l.' K2) \' 
DO 1!~t K3=1,'N3'. 

, NETc:JjFO< 1, K,2 .K~) ::::OR lSW"T (K l\FK2' If;::~·) 
19,. ,;~9Nr'1.\.t'ME,Y", i' .' )'y, 

:,p,!O,.)iqQ,'l<P':~·'~~~\', '>' ' 
. " lHE::Tf..Nf III • J. r.~!J ) =0 

"'N' ';c' l~/ iJ I "t )-n 
,:,' ~"~ •. J~'f\'.' .J< -'-}. ti 

'N~rt4r, if (I\\' ~ '1<1 I =.f! ;, 
'>N,I\=T' " (.J, J,~ K I ) =rl'r.~, , 

f90 " !, f{ (IE I"l! 
'i'R,i;(~(:i:'.J) =n ;..,~ 
, T~'R.f':I. t 1 =Q ,,/' " 

. "'~ .. ' \ .). .... 'i.. ': 

, " 

;,. , 

, , , 

,. 

o 

-t;;" 

G 
@ 

0 
50 

"" 



.:D 

o 

<0 

" 0 o 
o 

o 

o 

342 
343 
344 
345 
346 
347 
348 
.349 
350 
351 
352 

c-:' 353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 ' 
,366 
367 
368 
369 
370 
371 
372 
373 
314 
315 
376 
377 
·378 
379 
3M 
381, 
382 
383 
3A4 
3A5 
386 
387 
3 AS. 
389 
3QO 
391 
392 
393 
394 
395 

'396 
397 
598 

430 
380 

c 
C 
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DO .380 IK=l,NR 
IF ci .EQ~ IK .OR. J .EG. YKI r,0 Tn ~en 
TRRCI,!Kl= TRCI,IKI+ nIVTRT(IKI 
TRR(IK'J)= TRCIK,JI+ nlVTRT(IKI 
TRR(J,YKI= TR(J,IK'+ DIVTPJ(IKI 
TRR(IK'I)= TR!IK,Yl. nIVTRJCIKI 
ATRM~X=AMAXl(TRR(I'IKltTRP(IK'Tl) 
ATRMAY=AMAX1(TRR(J,IKI,TnR(IK'JII 
Ir>R1=NRSCCI) 
I(IR2=NRSC C tKI 
CALL L INNUM (ATRMAX, o. , LINFQ,LJ~IUP, n ,RHfll 
RHOF2(!,I!<I:;:RHO 
RHOF2 (IK, II=RHO 
InR1=N'?SC(J) 
CALL LINNUM(BTRMAX,0.,LINF~U,LI~UP,O,P401 
RHOF2CJ,IKI=RHO . 
RHOF2 UK, J I =RHO 
DO ~30 NN=t,N.3 
NE'TCNF( I, IK,NNI'=LTNEG(NN} 
NF.TCNFCIK,Y,NN1=LTNEGCNN} 
NETCNF C IK ,J, NN) =LINE0l1 (NN) 
NETCNF(J,IK,NNI=lINEQU(NNI 
CONTINIJE 
CONTINtiE 
RETURN 
SUAROI)TINF. lINTRF(T,J,AI 

******************** 
C Cf'NVEIlT LINES TNTO TRI\FFIr. CAPACITIE'S PFTWE'FN N(')oJ:'~ I A~"') J. 
C 
C 

A=O 
DO 100 IR=1,N3 
A=A+ ORINE'T(I,J,IR)*LTNCAPCIR)*UTTLI7(IQ) 

100 CONTINUE' 
RF;TUP,N 
SIJAROUTiNF NETWKC(SUMCSTI 

C ******************** 
C FiND TOTAL IN:rF.RREGIONAL NF.JWOr?K COST,c;ur.o\{'C:;T'RASEI') ON C;F'J:'rIC"Ir. 
C CONFIGURATION NETCNF 

': C****"'*************$* 
INTEGF.R SUMCsr 
SUMCsr=O 
DO 420 IR=t,NRl 
IR1=IR+l 
on 400 1~=JR1,NR 
IC=NTFSTINETC~F,IR,IKl 
IF (lC.EQ.O) GO TO 400 
I T=NR5C (If?) 
JJ=NP~CCIK) 
DO l~O IIJ=1,N3 
lINE0l1C TII}= NETCNF( In, IK, TIl I 

150 CONTINUE 
CALL rcostJ(LJNEQU'Ir,JJ'LNKrHW'LN~CLN) 
DO 501 Jl=1,N3 
DO 510 J2=1..2 

-bdS?,O -J3=1,f,/4 
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400 
401 
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403 
404 
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406 
'+07 
1~08 
409 

, 410 
1+11 
1+12 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
4~1 
432 
4.33 
4:'J4, 
435 
436 
437 
438 
439 
440 

,·:~~f-

442 
443 
444 
445 
446 

\~ 447 
448 
449 
450 
451 
452 
453 

" 45'4 
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SUMCST=SUMC5T+LNKCHWCJl,J3'J2) 
520 CONTIN1JO:' 

SlJMCS T=SUMCST+LNKCLN C ,.11, J2) 
510 CONT ItJUf, 
501 COt-!TINIJE 
400 CONTINUE 
420 CONTINI IE 

RETlIRN 

c 
C 

SlJAROIJTINE M'INAO (y JAD, MINe'>T) 

(.\ 

C CI\PACITY INCREASE' IS RF.QUTREO "'HF.N TFLflP:(l. "nD .THr:: C<~PAr.:rTY AT 
C MAXIMUM CO'>T SAVINGS. 
C 
C 

c 

******************** 
DIMfll5TON LINOYCNP3),LINDJfNP3) 
MINCsT=O • 
RTRFt=TRCI,J)-SnIVTI QRfMATNING TR~FFlr FpO~ T TO J 
RTRFJ=TR(JJI)-SOlVTJ QREMATN1NG T~ftF~IC FpO~ J TO"l 
DO 500 II=l,NR ~. 

IF(II~EQ.I.OR.II.fn.Jl GO TO 50n 
IF(TRRII,!t) .EQ.n •• nR. T~RCJT,J) .f0.0.) 1;0 TO !>on 

C DETERfATNE nELTA COST FOR INCRFA.C;En CI\PACITY i~1 ALTEPNAT", IlOl1Tr::C; , 
CLINK (1'11) 
C 

AJII=TRRCI,Il) + PTRFT 
AJII: TRRCir,I) +RTRFJ 
AM= A~AXICAIIJ'AJII) 
I ')R I =Nf!SCC I ) 
I I)R2=NRSC< J I) 

,CALL L YNNUM (AfA, O. , L INF.QA, L TNIJP, (1, RHO) 
00 151 NN=t'N'3 
LINDI CtJN)= LINEQA CtIN)- NE'TCNF'( y,IJ !NN) 
NETCNF (I, J J, NN) =. _L INE.I:lA (NNl 
NF;TCNFCIrtl ,NN): LINEc!lA CNtll 

151 CONTINUE 
C 
C LINK.<Il,J) 
c 

11.1 

207 

RIII:TRRClr,J)+RTPFI 
BJII=TRR(J{II)+RTPFJ 

\BM= AM_Xl(RIIl,RJJII 
IOR1=NRSCCJ) 
CALL UNNUM(RM, O. ,LINF.QB ,.l)NlJP,/) ,Q~O) 
PO III NN=l,N! . 
L.r~IDJ C NN) = LJ.NEQ8 (~IN) - NnrNF (,h I.T ,NNl 
NETCNFCJ,II,NN)= LINEOOCNM) 
NE'TCtJFUr ,J,NNl= Ll'NE(.)B(NN) 
C()NTINljt, . 
C/ILL Nf.TWKC (SUMCST> " 
IF ISlIMCST .GT.MINCST) GO TO, 1.?1'l 
DO 207 NN=l'N~ ~ 
LINA[1I (NN):: LINDI (~IN) 
LINAnJ(WII= LINDJ(NNI 
CONTINIJE' 
lIAD =TI 

·a-39 

,:;.'1 

,0 

.', 
,.' 

f! 

o 

Q 
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(} 

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 
4~2 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
5.01 
S02 
S03 
S04 
5.05 
5.06 
507 
5(18 
5.09 
51.0 
~11 
512 
513 
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MINCST =SUMCST 
12.0 CONTINUE 
C 
C RrSET TO JNITIAL NET~ORK CONFIGRUATION FO~ N~XT TRY 
C 

25.0 
5.0.0 

C 
C 

00 25.0 NN= 1."13 
NETCNFII.IY'NN'= 
NfTCNF I II .1 nJN) = 
NF.TCNFIJ.n'NN)= 
NETCtlF I II ... Jf NN) = 
CONTINUE 

NFTCNF( I' rr .N~r) - lH'OJ INN) 
NETCNF II I, I ,~IN) - UNI" CNN) 
NF.TOIF CJ, TJ ,NN)- LYMOJCNN) 
NETC.~CTI'J,NN)- lI~nJCNN) 

CONTINUE 
TRRIy.JIAD)=TRRII.IIAnl+RTPFI 
TRPCIIAD.J'=TRRCIIAD.Jl+RTRFI 
rnRCJ.IIAD)=TRRCJ.IIA~)+RTPFJ 
TRRIIJAD.I)=TRP(IIAD.JI+RTRFJ 
RETURN 
SUf'RoUTINE "lETUP ( JFLII" nAn. I .,1) 

******************** 
C UpnATF, THE INTERRF.GIO~'AL NETWORK WHFN THE'PF I!; C;O~F-" S.aVYNt'lS 
C 
c 

C 

******************** 
IF (IFlIP.FG.l) GO TO 70.0 

C UpnATE TH~ NETWOR~ TRAFFIC MATpIX .aNn 
C UPDATE THE OPTII-IAL INTERRF,GJOPfAL NFTW('\RK 
C 

DO 99 NN=1'N3 
ORINET CI'IIAD'NN1=ORTNET(T'IIAn'N~I)+ TLTMAnCNN) 
ORINET (II AD, I, NN) =ORT"lET (JI At), I .M~!l + TLJNADCNN) 
OR INET (J, I !AO,NN) =OR!'IETfJ. nAn ,N") + JLINAD nmJ 
OpINET CI UD,J .NN) =ORINET (TIAO,J,NN) + JLy.,AnlNN) 

9Y CONTINUE 
700 CONHNUE 

DO 7.01 NN=1'N:.'I 
ORINF.T(I,J,NN)=O 
ORINETIJ,I.NN)=G 

7.01 CONTINUE 
C 
C RESET TRAFFIC MATRIX TR(NR'NR) 
C 

91.0 
900 
C 

DO 90.0 IR= 
00 91.0 IK= 
TR(IR,I!<)= 
CONTH/lJE 
CoNTINtJE . 

1,NR 
1,NR 
TR~M ( I R , I K ) 

C UPDATE TOTAL cnST FOR OVEPALL ~~TWnRK 
C 

ORJCST=ORICST-MAX5AV 
c 
C urnATF NLINK MATRIX 
C 

NLINK'( T) =NLINI( (1)-1 
NLINK(J)=NLINKCJ)-1 
RETURN 
E~tn 

QPRT STAtOM.ICO~TJ/n777 

\" 
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51q2~.5TACO~(1).ICOSTJ/0777 
1 SURROllTINE ICOSTJtL INFQU, 1 ,J,U·tKCH"I'L"!I(CL~l; 
2 C •• ~.**.*******.*** •• 
3 C 
4 C 
5 C 
6 C 
7 C 
8 C 
9 C 

10 
U 
12 
13 
14 
15 
16 
17 
18 
19 

C 

CALCULIITE INSTALLATION ANNUAL ~ECURnINr.: CO<;T~ t-!F.Ef'lF.D· FOR 
COMMU~IICATION LINK BETWEEN NOn"'Sr /IN!) Jc l Nl(CHW= OTHERr.: 
LNKCLN= Ll"'ES'. I AND J "R~ GLORAL TNoyrF FOP. C;YSTF'f.4 TrRMn.tATI(\N~ 
UNnER CONSIDERATION, LTNEQU=LTNE rONFTmm~TTON A~TW&FN T ANn J 

******************** 
PARAMfTER "~1=130'Mr2=1'NP3=4'N~4=~'NPC=!5n 
PARAMETER NP6=<NPC*NPr./2-NP('+ll/4+1 
PARAMETEH NP7=4 
DJMENSIO~~ LINFGUH1P3), LNI<CHW(NP3,t-'P4,?l. LNKCLN(~JP:'..?l 
COMMON/LHICHR/LIN"~I)( (NP3),1. U!C~P(NP3) '"TIUZ(~IP~) 

* ICONST/Nl,N2,N~'N4.N7,NCITY * InCOST/AINSTC(NP2,NP3,NP4,!,2,?),PfCP~(NP2~NP!'NP4,3,p,p), 
* ANSTLN(NP?,NP3,3,?,2), RE'('RLNHIP2.NP/I,:'\,Pr16) ,In"PU(Np~1. 
* 11~F/IRATEJ{NP2'NP')'IRI\ND(NPC,2),TFLAR(NPP'NP~t 
* IAnni IAnD(NP1)'KC~G'KA~D gTfRMfNAL~ wrTH ~~ME V~H 
* IR~F/IREF(NPC)'TRAFO(NP1'2'MP7)'D~TMCEfNP&',MADAnR(Nnl) 20 

21 
22 
23 
24 

C INITIALIZATION 
C 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
:n 
3.8 
39 
40 
41 

100 

II=MAPIlDR (I) 
..J;J=MAP"DR(J) 
IAIJDTN=IAOD(J) 
DO 100 NL=1,N3 
DO 100 NM=1,2 
LNKCLN(NL,NM)=O 
00 10('1 NK=1,N4 
LNKCHW (N.I., NK, NM) =0 
CONTI NilE 
KRATEr= IRANOfII,l) ~ RATE STRUCT'm~ TY~F FOP NOOF T 
KRATfJ= IR~NCl(JJ") fil RATE' STPUCTlJPF TYPE FOP NOOF' 'iJ 
KOENSI= IRAND(II,2) fil TRAFFIC OE~IC;JTY TYPF' FOR t-IO!'lF J 
KOENSJ= IPANOCJJ.?) g TPI\FF"IC nF~IS1TY TYPF: F'OR NON: J 
KONSTY= KDFNSI+KDF.NSJ fil ACTUAL DF.NSITY(?=H~\I:I.l::H-l .~n O=L-L) 
KK=KDN<;TY+l r.l3=H-H. ::>=H-L ANn 1=L-L .' 
OST = DIST(!,J) r,;l O!STANCf RFTWE~N NQnF.~ I liND J 
In5T=05T . '. 
ITIP=l filPRIMf COST FO~ H/w UNfT 

42 IF(DST .LE. 0.5) ITIP=2 r.ml5coll~'T C(iST FOR AontTIOt-!IlL IINtT 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

KP = IRATfJ(KRATEI,KRATEJ) r.l ACTUAL pATE"S:rRllCTlJPF, Tn AF: IIC;F'n 
Do 1 IL= 1,N3 
InPX= IClUPL)«!L) 
NnV = LINEQU(IL) 
NnVl=NnV*IAOOTN*KAory 

fil OUPLEXyHG ~OOF !~H ANn 2:1" 
hi NlJM~ER oF=" L1NE'S PE~lJJRr:'n 

c 
e CALCULATE COST~ F'bR NON-LINE TYPE CHARt5fC:; 
C 

c 

IF (NoV.EQ.O) GO TO 1 fil NO LINFS APE PT:t:lI)TRFO 
DO 2 IV=1'N4 filHIGH nENSITY RATF 

C INSTALLATION COSTS FOR NON-LIN!: TYPF:'CHAPG"'~ 
C 

",' 

(j 

p 
() 0' 

i,! 
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57 
58 
59 
60 
61 
62 
63 
6~ 
65 
66. 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
AS 
80 
87 
88 
89 
90 
91 
92 
q3 
94 
95 
q6 
q7 
98 
99 

100 
101 
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1 + AtNSTCCKR.IL.IV,KK,IDPX.2l*NOVl 
C 
C ANNUAL REClIRRING COSTS FOP NON-LINE TyF'F CHAPr::E5 
C 

LNKCHW (IL,IV,2'=C RECRCCKR'IL,Iv,~K,JnpX,ITI~)*KCHG*~DV 
1 + RECPC(KR,IL,IV'KK,YDPX,21*NDVJ)*12. 

2 CONTINlIE 
C 
C CALCIJLATE LINF COSTS 
C 

LIN= IFLAGCKR,lL) 
C 
C A~NUAL LINE INSTALLATION COST 
C 

C 

AN=l. 
LNKCLNCIL,l'= ANSTLN(~R'IL'KK'TDPX'2)*AN*~nV 
IF (LIN.NE.1) GO TO 41 

C LINEAR LINE RF.CURRING COST FU~Ir::TIO~! 
C 

6N=OST/RECRLNCKR,YL,KK,IDPX,11 
LNKCLN(IL,2)= RECRLN(KR'IL'KK,rDPX")*~N*NnV*12. 
GO TO 32 

41 CONTINUE 
C 
C NONLINF.:AR LINe: RECURRTNG FUNCTION 
C 

DO 10 NON=1-,8 
NON2=2*NON 
NONl=NON2-1 
COST=RECRLN{~R'IL'KK'IDP"NON2) 
DT=RFCRLN(KP,IL,KK,TDPX.NONll 
IF (OST.GT.OT) GO TO 51 
LNKCLN(IL'2'= COST*nST*N"V*12+LNVCL~(IL,2) 
GO TO 32 

51 CONTINUE 
LNKCLN (rL,21= COST*OT*N"V*12+LN~CL~(TL,2) 
nST=nST-OT 

10 CONTINUE 
32 CONTINUE 
1 CONTINUE 

KCHG=1 
KAnO=1 
RF.TURN 
EIIID 

QPRT STACOM.RHOrUN/0777 

A-42 
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~lq2A.STACOM(1).RHOFUN/0777 
1 SUBROUTINE RHOFUN ITI. T2 .LPIEQU.UILMT.J?HnLrN,RHCI) 
2 C ******.**********.*. 
:3 C 
4 C CALCULATE LINE UTILIU': ir'l{ 
5 C Tl= LIN'r TO SWI'f{:: .. U TRAFFIC 
6 C T2= SWITCHER TO i_.~NF' TRAFFIC 
7 C LNLMT= HIGHF.5TLX'~f :rYPE 
8 C lINEQLJ= LINE CONFl0~IP.ATTON 
9 C 

10 C .******************* 
11 PARAMFTER NP3=4 
12 COMMON/LINCHRI LHI~I)(INP3) 'LINCAPlf-IP3) .IJT'tLTZINP~) 
13 * ICONSTI Nl.N2tN3.N4.N7,NCITY 
14 * ISUM/ASI.rM(4) ,R5UM 
15 * IXMTI TJMXMT(7,Np3)'WAJT~6) 
16 • IMSLAI AMSL(7) 
17 DIMENSTON LlNEQI)(l).RHOLINtl) 
18 RHO=O. n 
19 CAP=O. 
20 00 8 N=1.N3 
21 CAP=CAP+LINEOIH N) *LINCAP (Nl 

22 8 CONTINUE 
23 CN=LINCAP(LNL"1T)/CAP r.JNORMIILI7ATION F'I\("TOR 
24 XSAC1=CN*T?*ASUMI:tI)/CRSUM*AMSL(5"~.) r;,tOUTPUT \lfIlH I!"HO 1 
25 XSAC2=0. 
26 IFIAMSL(6) .EQ. 0.) GOTO 1"01 
27 XS"C2::CN*T2*11.SIJM(4)/(PSUM*/l.MSLC6H<~.) (.)OUTPUT WITH PRTO ::' 
28 120, CONTINUE 
29 Xt;AC:3=CN*T11 {AtolSL! 4} *A.) QJNPUT T~rFI(" TN TRANt; 
30 RHOLIN t 1) =)(SAC1*n~,XMT (5 .LNLMTl 
31 RHOLIN(2)=XSA~2*TIMXMT(6.LNLMT). 
32 RHOLIN(3)=XSAC3*TYM){MT{Q,LNLMT) 
:53 RIIO:RHOLIN I 1) +RHOLIN I 2) +RHI'LIN I ~) 
34 RETURN 
35 END 

r;)pRT STACOM.LIN~llIM/0777 

(l 

A-43 a 
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5192S*STACOM(1).LINNUM/n777 
1 StJBROUTINE LINNUM "1 ,T2 pUt-IEGII, LNL "'T ;JI='LAG"RHr'l) 
2 C ******************** 
3 C 
4 C 
.5 C 
6 t 
7 C 
8 C 
9 C 

10 C 
11 
12 
13 
1.4 
15 
16 
17 
18 
19 
20 
21 
22 

1 

C 

FIND LINE CONFIGURATION BASED (IN THE GYVF.N 
A~PLICABLE LINE TYPE . 

JFLAG= J FOR MULTID~OP LtNE CASE 
Tl= LINE TO SWITCHER TPAFFIC 
T?= SWITCHER TO LINE TRAFI="TC 

*********.********** 
PARAMETER NP3=4 

TR~FFIC ANn 

COMMON/ILINCHR/ LINMIX(NP3) 'LINI"APnIP:3) ,IITILTZ(NP3) 
* /CO~ST/ Nl.N2.N3,N4,N7,NCITY 
• IMSLAI AMSL(7) 

INTEGER TRIIF 
OI~ENSION LINEQU(I),RHOLIN(3) 
TRAF:Tl+T2 
00 1 I=1.N3 
L INEQU (I) =0 
CONTINUE 
LNLMT=O 
CIILL RF.FER 
lNlMTU=lNl"'T 23 

24 
25 
26 
27 
28 

C sn UP INITIAL lINE CONFJ~URATJON 
C 

29 
3D 
31 
32 
33 
34 
35 
36 
37 
3B 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
S3 
1)4 
55 
56 

10 

7 
70 

73 

2 
20 

22 

IFCJFlAG .~Q. 1) GO TO 10 
CONTINUE 
lIN~GU(lNlMT)=lINf~U(LNLMT)+1 
lCAP=lINCAP(lNlMT)*UTTlIZ(LNLMT) 
IF(TRAF.LT.LCAP) GO TO 7 
TRAF=T~AF-LCAP 
CALL RF."FER 
GOTO 3 
CONTINUE 
LTNEQU (LNV~T) =TRAI="/ (L TNCAP (LNL~T) ."TTLT7 II NLMT) >+1 
COt-ITINUE 
CONTINUE 
CALL RHOFUN(Tl,T2.LINF."GU.LNLMTtJ.RHOLIN.RHr'l) 
IFIRHO .LT. lJTILI7.(LNIMT)) 60To 15" 
IF(LNLMTU.NE.N3) GO TO 72 
IF(JFLAG.NF-.l) GO TO 7~ 
LINEGI.ICN3)=LINEGU(N3)+1 Q NEF."'~O TO ~"" f.4r'lOTF":rFD 
GOTO 70 
CONTINIJE 
00 2 N=I,N3 

JF(LrNE~U(N) .NE. 0) GOT" 20 
Cot-ITI"lllE 
CONTINIJE 
NL=N 
IFCNL.EQ.N~) GOTO 74 
LtNEQlJ(NU=O 
CONTINUE 
NL=NL+t 
IF(LINMIXCNLI.EQ.O) an TO 2:> 
LINEGU(NL)=LINEQUINL)+l 

I A-44 
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[) 

51 GOTO 10 
!'i8 74 CONTI NilE 
59 LINEQU I1>=t 
60 GOTO 70 
61 72 CONTJ~IUE 
62 LINEQUILNL~TU)=n 
63 LNLMTU=LNL\\1TU+l 
64 IFILINMIX(LNL~TU).F.Q.n) GOTO 7:> 
65 L tNE0UILNLP.lJTlJ)=1 
6& GOTO 70 

.' 67 150 C /)NTI NilE' 
68 -LNLMT=lNLMTU 
69 RETURN 
70 SIJAROIJTINE REFE~ 
71 C 
72 C F'YND THE UPPER LIMIT OF LJNf TYPE' A.LLOWFO 
73 C 
74 00 14 NN=l,N:'i 
75 LTRA~=TRAF/UTILt7(N~)+O.~ 
76 JFIUNt-1IXCNN) .E~.O) GOTO 14 
77 LNLMT=NN 
78 tFCLTNCAPINN) .GT. l.TRAF) GOTO t5 
79 14 CO~ITINflE 
SO 15 CONTINUE 
81 RETlJRf-J 
82 END 

OPRT STAeO"'.PAC~/0777 

A-45 
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5192R*STACOMCl) .PACK{P717 
1 COMPILF.R (FLD=A8S1 
2 SllflROUTINE f'ACK(I,K,L,IAl 
3 C •••••••••••••••••••• 
1+ C 
5 C 
6 C 
1 C 
8 C 
9 C 

10 
t1 
12 
13 
14 

C 

RfTRI~VE/STORE DATA FQOM/TNTO ARRAY IA 
L:l FOR STORING AND L=? FOR RFTRIEVAL 
K= DISTANCF D~TA CONCFRNED 

•••••••••••••••••••• 
Dlt.4ENSION IA(ll 
IO=(I-l1/Q QTHE WORD LOCATION 
IR=I-I~.4 gTHE QUARTER CONCfRNEr 
I~=IQ+l 
IS=(IR-ll.~ 
IF(L.EQ.1) GO TO 10 15 

16 
17 
18 
19 
20 
21 
22 
?3 
24 
25 
26 

C RFTRIfVE IT(9 AITS) BEGINNING AT I~-TH ~rT OF T~E IG-TH WORn 
C 

27 

C 

K=FL~(TS,q'IA(IO» 
RETURN 

C STORE IT(9 BITS) RfGINNINA AT TS-TH BIT OF THF IG-TH WORO 
C 
10 CONTINUE 

FLO(IS,9,JA(In»=K 
RETURN 
END 

gPRT STACOM.DI5T/0777 

A-46 
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51928*STACOM(O).nIST/0777 
1 FUNCTION OISTCI,J) 
2 C ******************** 
3 C 
~ C FIND DISTANCE RETWEEN I AND J 
5 C 
6 C 
7 
8 
9 

.******************* 
PARAMETER NP1=130,NPC=360 
P~RAMETE"R NP6= (NPC*NPC/2·"NPC+ 1) 14+1 
PARAMETER NP7=4 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

CO~MON IREF/IREF(NPC),TRIIFNNP1,2,NP7), 

~PRT L.LINK/0777 

v 

* OSTNCE(NP~l'MAPIIDRCNPl) 
INTEGER OSTNCE' 
015T=0. 
IFCI.EQ.J) RETURN 
II=MAPAORCI) QACTUAL CITY INOFX 
JJ=MAPIlDRC') 
IF(II.EG.J.) RETURN 
I.)L=LINKCII,JJ) 
CALL pAC~(rJL'IDIST,2,DSTNCf) 
DIST=1I'l!:)T 
IF(IOl~r .NE. 511) RETURN 
OIST=P,ECOVR (IJL) 
RETURN 
END 

A.:·47 
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51928*5TACOMCO).LIN~/0777 
1 FUNCTION LINK(~,K) 
2 C ••••••••••••••••••• * 
:5 C 
4 C 
5 C 
6 C 
7 C 
8 C 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

1 

FIND THE RELATIVE LOCATIO~ FOR C~'K) CO~~INATTON 
WHICH IS THEN 115ED FOP FINDING DISTANCE' RI:T~IF.~N SYC;TEM 
lERMINATIONS ~ AND K 

•••••••••• * ••••••••• 
PARAMET~R NPt~130'NPC=360 
PARAMET~R NP6:(NPC*NPC/2-NPC+l'/4+1 
PARAMETER NP7=4,NP3=4 
COMMON Ico~lsTI Nl,N2,N3,N4,t-'7'NCnY 

1 IREF/IRF.FCNPC) 'TRAF'nCNPl'~'NP7) ,nC;n'CFCIIJPF.) ,MAPanR(NPt} 
INTEGEIl DSTNCF.: 
LItlK=O 
IF(~.GT.NCITY.OR.K.GT.NCITY.OR,K.F~.~) PETUPN 
JJ=J 
KI<=K 
IFC~.LT,K) GOTO 1 
~~=K 
KK=~ 
CONTINUE' 
LINK=CJ~-l).NCITY + KK - IREFC~J) 
RETURN 
ENI') 

QPRT L,RECOVR/0777 
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5192A*STACOM(O).RECOVP,/0777 
1 FUt-ICTION RECOVR (I) 
2 C ******************** 
:5 C 
~ C RETRIEVE OVERFLOW DISTANCf' DATA FPOM IVR1) 
5 C 
6 C 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 

10 

99 

20 

********~*********** 
PARAMETER NPC=360,NPO=!O*NPC 
COMMON lOVER I rVRr.(NPO'2).IOVF~1 
00 10 ~1=1' IOVF:Rl 
IF(I .EG. IVRD(N,!» GOTO 20 
CONTINUE 
~RITE(6'99) I 
FORMAT(lX,' NO OVFRFLnW DATA HAS AEE~ FnUND I. 

* 'FOR LOCAL INOEX',216) 
STOP 
CoNTINllE 
RECOW=IVROfN'/2) 
RETURN 
ENO 

gpRT L.PLOTPT/0777 

Q 

'0 

II,.: 
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51928.ST~COM(0).PLOTPT/0777 
1 SURROlJTINF.' PLOTPT(Ll ,L31 
2 C *.**.*.** •• ****.**** 
3 C 
4 C 
5 C 
6 C 
7 C 
8 C 
9 C 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

50 

80 

SUBROUTINE' 
U=l FOR 

=2 FOR 
=~ FOR 

FOR MOVING CALCO~P PEN 
MOVING WITH PEN DO~!N 
MOVING WITH PEN UP 
CLOSING THE PL~TTINr. 

WJTH'OP. WTTIiOtJTPE'N MW~J 

****** •• **.********* 
PARAMETER NPC=360 
COMMON/VH/IVERT(NPC) , IHORZ~I (NPC) 
D1MEN5!ON IBUF(10001 
DATA IP/OI Q~LAG FOR PLOTS CALL 
DATA X/l.25661 
IF(IP .NE. 0) GOTO 50 
CALL PLOTS 
CONTINUE 
IF(L3 .EG. 3) GOTO 100 ~PLOTTINr, I~ TO ~E CI ~S~n 
AV=IVERTlL1 ) 
AH=IHORZN(Lll 
BV=AV.tOS(X)+AH.SIN(X) 
BH=AV.SIN(XJ-AH*COS(Xl 
BH= (8:'100. -RI~) /301. 
BV=(OV-550D)/301. 
IF(L3 .~O. 2) GOTO 80 
CALL SYMBOL(BH,BV,n.6?5,4,n.,-2) ~PFN 15 DOWN 
CONTINUE 
CALL PLOT(RH,BV,3) ~PEN IS UP 
IP=1 gPLOTS CALL IS NOT NEEnEO hNY MORF. 
RETURN 30 

:'11 
32 
33 

100 CONTINUE 

34 

QPRT L.R~PNSE/0777 

, J) 

C~LL PLOT(JO.,O.,g99) 
RETURN 
END 
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5192"STACOM' 0) •• Sp~s"'.i'n ~ .. .", . i'/ J' " 
1 SUBMUT I ME . RsrN5E (T 1 it 2,~a~TYp"~'~;, 1\1~~') r - /.~. 
2 c '~'~**.*,,,,**.1I'*.*1k**~?';:t-'''''; 1,/'.,' ... ' 

'~ g C"L.ClJLf\T~~ ~E:AN Re:~~~jSF\Tlr:;/Fnr,t ;~*fp~1p(,i;F~ MIJL TTnF~ryP LYNr:-
5 C 1"£/' 
(; c WAIT(6)=H!"f~I7.~J1 DF.L;~WS ·OUE TO /c\~. r. .,yC< , • ,i 

7 C I:WA1'r .. FOR'POL.q,Nf, :>Jt::WATT'.FOP.' i/O 3~J\I!PtJT X~T 1'1"4;:: "" 
8 C ~=t'(.~lJ J'!)RNARO)'NP 5:0UTl1t)T OllE-llj:'-,,~,~T:r 6::t)lIT PlJT )(~~,f .TI~F ;t 
9 C ,,;. r· 

10 PARAMETERNP~~S~lf ! 'I .;", .,' ;"",;, 

! lcO'fft10Nl_RE$pi<tmoLIN(I.n;~R5PT7M;. /' J~k 
12 1 j'xfw1T" "rIMXMT(11NP3)'~ WATT'(~) :~". <i " 
13 2 IBot't-,lD/ NT·tRMS.r 'l114?:trQ, 'lPROC ,MPLOT 
14 ,3 ICONS:rlNl,~jj2,N~"NIJ",N7,Nt·!TY" 
15 ,D!MENS10N/~:'OllMMyl{NP3-L' I, 

16 ' " DO M r..[::1 ,'N3' ,>.. ,7':~--'-,' /1' I 
11 . LDur~M~(Nlii.\o /, . -- {r{( 

, ~ ,.--c. '~"'I!I \ {I I,,.,, / ' 
16 11} ,tI)NHi'lut .f ,,'" '(' "\ f;< .1' , •. 
19 LDUMMY(LINTYP·}.:::~/'~ ,1,,1'. i P\",b, 

, " \ ~~ 
20 IOK:O..· 'r I' ",:'? 
21 C ," ,/~:'. ~ ( ( .:-!- ;':':~"':', '-' ~.(/\f-,~, FF---' 'J 

22 CAtt 'RI:fOF'trri1( t'~' re:'LnU~MY ,Ut;rr~p.f{~{jJ..Yi~'~~11M I' " \' 

23 RHOLIN'{4)::1.-~H;j ... ' r <''c,... ,', 

24 tF(RHO!-,:tFJ(4).,r~\iE. 0.) Rq~f£)IJ" \ .. , .•. " .. ;"::., " \, , 
25 WAt,)f( 1 '::(!TI,~Xf:1T(hLtNTJP}rfUM,~~TN~,Ll"IT:"'P»)* (~-1 Vg\. 
26 WAI:H2rrrn'~i;;"RHOLHH4) ri~TIMlt'¥~T ("f"G.{f·~trIl1 <;~/1";'RHOLlNJJ~)-.. \, 
27 1, t, <,RW~LIN(2) )*RHOLIN(4U ' . 'V", 
28 . WAI·f,q)#T~~1~~T(3''''I/'ft,y'J»). ,i ".. • ", ..,,r 

29 WAi!.T.f, 5 ) ;;,( 1 i~"~RHOLI N «("1:'1 J*TI p"IXt-IT (1';' L rN-TYP) I't t~RH~lH'1 t J;J) , 
30 WAY'r~,&H~!TIJ~XMT('5'LINTYP<} . '/ \Y'~';r: ., . .... , . 
31 RSPTIM=O.. .\ ., ':-'" /1 \, 
:'12 00 11 J~l' 6 r 'e,,~ . , 

33 RSPTIW1=WAI'~:hn+RSPTJM' 
34 1l CQNTINJ,.1E· J; ,~./.. .01, , 

35 IF (Rsert.M ; ···.)~t~P~RF-Ql "t~ET-' JRN ,'f 'f \ ' 
36 I?,1K=('" . f!lp ONS.F ~:ll~!Mr::i c,~I'frERTON j~:It'~~IA\ti'!''1t:IEn 
31 RE'iUm~ .; . ;'-', I, ,',' "' I', "" 
38 . E~D I" ~').". ". "", 

... ;- 1 .. ( 
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. ; 

QPRT L.INPUT/0777 
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AT&T 

@'1UN, etc. 

BPS 

CalComp 

Central Link 

Centroid 

Communication Network 

Communication Protocol 

CPU 

Data Base 

D Bank 

Drop 

£XEC-8 

FORTRAN 

FORTRAN V, 

'\:;1 

I Bank 

(I ID "'; 

3 Line Utilization (; 
/'1 q 

77··53, Vol. IV 

APPENDIX B 

GLOSSARY 

American Telephone and Telegraph <1-0Iupany 

Control statements under EXEC 8 system. (of 
the UNIVAC computer system) 

Bits per second 

CALifornia COMputer Product.s 

The direct link between a computer and a 
remote terminal 

The geographical center of a set of system 
terminations 

A network with several terminals connected by 
a" set of co{llmunication channels 

The system used for performing interfacing 
(band-shaking) between a computer and a 
remote terminal 

Central Processin~ Unit, 

A collection or cross-referencbd set of files 
which allows systematic data ~ILiing apd 
retrieval by a digita,l computer ,'; 

Storage area for data under EXEC-8 system of 
the UNIVAC Computer System. 

A chargeable i1::E"m associatedcW.ith '~,ach 
terminal on a multidrop line 

UNIVAC 1100 SE;)r:i,~s executive system 

FORmula TRANslator 

A FORTRAN type of high(\~vel\ lang<u~ge which 
is only applicable in t:rrJrVAC domput~rs 

(\ 

Storage area' for prograIp instrti'ctions' unQell;1 
EXEC 8 system 0'1 the UNIVAC .computer System o 

~ G> 

IDentification " 

The ratio of~traffic on a line to the line c\ 

capacity", 

o 
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"'~ 

0 

0 

" 

", 

MPL 

Multidrop Line 

Multidrop Network 

PUNCH$, etc. 

Regional Network 

Regional Switching Center 
(RSC) 

STACOM 

,Star Network 

SUP-Time 

System Termination 

TELPAK 

Terminal 

Terminal Response Time 

Tree 

'i! /j 

G, 

t.::J \) 
0 

77.,..53, VoL IV 

Multischedule Private Line, one of the 
interstate tariffs used by AT&T 

A communication line which has more than one 
terminal and 1s 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, etc. 

A network which connec~s all terminals in a 
given region 

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 eal.;h 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, I/O 
processing and execution of sy~tem control 
statements and executive requf~,':')ts 

A log:ical node in the cOI!lInunircation system 
under the STACOH, program, whj,ch consists of 
one or more physical terminals 

A specific tariff for a telelcommunication 
network 

A device that allows user~ ,of a data 
processing system to gain ~ccess to th&t 
system in'a more convenient manner than the 
input/ 011tput devices loca!il to that system 

The duration from the tim~j a user initiates 
a request for network ser'.V'ice at the termi~al 
to the time he receives atl complete respol)se 

A graph WhiQh has a root ,jnodewithout &ny 
predecessors and other n~jde~ have unique 
predeQessors 
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UNIVAC 

Vertical H~~izontal (V-H) 
Coordinates 

LEP.P.-JPL-Coml., L. A., Calif. 

77-53, Vol. IV 

UNIVersal Automatic Computer, a computer 
trade name by Sperry Rand Corporation 

A pair of numbers which are deSignated by 
AT&T for cHies and used for the purpose of 
calculating distance between any two cit1:es 
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