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p FORWARD

I
The research reported herein covers the “design ” ph ase of the countermeasures

I model as a part of a computer based procedure for the evaluation of local

operating systems. This work is sponsored by the Defense C ivil Preparedness

Agency (DCPA) under Contract DAHC2O-73-C-0253, Work Unit 4125J.

[ The authors express their indebtedness to Mr. Donald Hudson of the DCPA for

his guidance during the study . The authors also express their appreciation to Mr.

Edward L. Hill and to others in the Research Triang le Institute who supported this

research.
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ABSTRACT

The Local Emergency Operating System (LEMOS) Is a multi—program model within

a system of models which are desi gned as a part of a computer based system to

evaluate local operating systems. The Defense Civil Preparedness Agency

Computat ion Center is a co-developer with RI! In the development of ADS/LEMOS.

Effort by RI! during the past year has centered around the development of the

control and transportation submodels and at the same time has continued to improve

the procedures within other submodels.

This report describes the essential features of the control and

transportation models. In addition , a brief discussion is included covering the

application of the ADS/LEMOS model to the local CD planning .
- 

The report concludes that emphasis should shift now from design to

development but with the specific objective of gaining support for continued

- evolution to an operational state.

Adequate developmental testing is recormnended before any demonstrations of

F the planning role are undertaken .
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I
I DETACHABLE SUMMARY

I The Local Emergency Operating System (LEMOS) is a series of interrelated
computer programs which operate as a part of a larger system of programs and manual

I procedures designed to Test and Evaluate Local Operating Systemsu (TELOS).
Simulation of local operations is practicable by the use of computer-based

models provided the user avoids too much detail which renders the simu lation
time-consuming , and , therefore, expensive . The authors believe that, while the

current TELOS design is seemingly complex , It has, In fact, avoided this pitfall
and achieved a suitable balance between too little and too much detail. The level
of detail adopted is thought to give enough realism or believability and , yet, not
require endless data processing . This report Is the latest in a series of reports
describing the evolut ion of LEMOS. The most recent effort, culminating in this
report, includes the control lnterf ace development and the transportation model
development described in Section II and III , respectively. While the interf ace
between ADS and LEMOS is believed to be sati sfactory, it has not been tested to

verify its performance.
Comand and control over local civi l defense operations would be achieved , in

the real world, through an Information system utilizing comunication networks
connecting coninand and control centers. In the LEMOS model command and contro l is
achieved through the definition of policies , priorities , and prohib itions in coded
form within the control file. The absence of a communication submodel as is theI present case is tantamount to the assumpt ion that communications are “perfect”.
Since the prototype LEMOS model does not include communications , the command and
control model Is defined as a control file (containing discrete values for selected
policies, priorities, and prohibitions) and the Generalized Executive Control
(GENEC) which activates the scenario.

The GENEC system enables a tape of executable modules (load and go modules of

4 the major sub-programs in the LEMOS system plus other modu les, as required) to be

executed repeatedly in any sequence desired and controlled by a second parameter

~~~. ~ 
tape. The system specifically iterates between the countermeasures and damage

I assessment models, continu i ng through a number of time periods under control of

GENEC. Thus, the basic scenario may be embodied In GENEC by the controls residing
in the Control File accessed through it. Manual evaluation of system outputs Is
contemplated at this time . A mechanized output data processor may be needed to( analyze the relatively large output from both models with respect to the particular

I vi



I
role of TELOS. On the basis of this evaluat i on, controls for further scenarios may
be determined and impl emented through the use of GENEC. Throughout the course of
the simulat i on, re por ts may be generated to meas ure the status of the system under
test as an aid in the evaluation of l ocal emergency operati ons.

The major effort dur i ng thi s contract period has been to develop the
transportati on submodel or, more accurately, the “shortest path al goritlin ” . This
submodel is described in considerabl e detai l and is viewed as a significant
addition to LEMOS .

I f LE MO S is to have a practica l role in l ocal CD pl anning, a pl an by which

thi s role can be attai ned Is essential at this time. It may be fai rly stated that
the Research phase of RDT and E is nearing compl eti on. The Development , Tes t, and
Evaluation phases should begin immediately. During these phases, selected Federal ,

State, and Local pl anners should be enlisted to partici pate in evolving and
conducting them. It is absolutely imperat i ve that they have an important impact on
the final conf iguration of the simul ati on system before it is used operati onally to
improve the l ocal CD planning function.

DCPA is strongly urged to develop appropriate multi-year progr am pl ans to
• conduct Development, Tes t, and Evaluation phases of the TELOS system with

participation by Federal , State, and Local pl anning personnel . Special emphasis
should be pl aced dur i ng DI and E phases on the use of Case Study Areas . These

pl ans should i ncl ude the additi on of the fol l~~ing elements during the Development
phase:

Local plans Pre—processor ,
In terac ti ve Con tro l Proce dures ,
Fire Spread Model (devel oped by not interfaced with ADS),
Special Resource Damage Submodel ,
Commun i cati ons Su bmodel ,
Utilities Network Submodel ,
Medical/Epidemiol ogy Submodel.

vi i

V
• .-•~~- -.—~ ? - S 

~~
.
~~~~

-S_ — .-. —— - - —



I
LOCAL EMERGENCY OPERATIONS SYTEM (LEMOS)

I. INTRODUCTION

A. General

The Local Emergency Operating System (LEM O S) is a series of interre l ated

computer programs wh ich operate as a part of a larger system of programs and

manual procedures designed to Test and Evaluate Local Operating Systems (TELOS).

Figure 1 portrays the general configurat ion of the larger system. It can be seen

that the executive control , d amage assessmen t, an d countermeasure segments of tha t

system have a particularly close relat ionship to each other. This report is the

latest in a series of reports describing the evolution of LEMOS. The most recent

effort, culminating in this report, includes the control interface development

described in Section II and the transportation model development described in

Section II and II! , respectively. While the interface between ADS an d LEM OS is

believed to be satisfactory, it has not been tested to verify its performance.

Future work shou ld concen tra te on obta in i ng success ful per formance tests between

the various segments identif led in Figure 1 and on performing case stud i es

employing TELOS as a planning tool.

Fi—st, In order to use TELOS as a planning tool, appropriate procedures must

be developed to translate existing planning documents into machine readable inputs

and to convert computer outputs into suitable planning documents. An approach to

this problem is described briefly In the subsection entitled “Local CD Planning .”

Second, assuming that local planning methodology can be made compatible with

the TELOS conce pt, the local planners must understand the simulation

characteristics of the model and know how to use it to produce probable outcomes

that they believe represent their real-world situation . This methodology Is

discussed under subsection C.

And third , the local planners need to learn to Interpret and evaluate

simulat ion outcomes In terms that allow them to make decisions regarding the

1 
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I
status of local Civil Defense represented by the simu l ation to achieve the most

effective use of available or anticipated resources. The last subsection in this

section is addressed to the evaluation function . However, it does not presume to

cover this area adequately as, the authors believe , this function must be

developed in close cooperation with local officials. For without their input and

sanction , TELOS wil l  not achieve success as a planning tool.

B. Local CD Planning

Planning is the primary responsibility of management. In fact, the local CD

Director must be considered to be the chief planner and must devote a very

significant part of his time to discharging this responsibility . Not only should

he have written plans which give qualitative evidence that he is fulfilling this

duty, but , they must be susceptable to quantitative evaluation to provide adequate

assurances th at they represent the best avai lable plans. In short , higher

authorities need objective methods for the evaluation of local CD planning.

In the era of detente and SALT agreements , the most cost-effective CD

activity that can be emp l oyed is planning. It is the least costly measure with

the highest possible payoff and should precede all other preparedness activities .

Cu rren t Fe deral guidance provides direct assistance to the local planner ;

however , it demands little from him to give the necessary assurances that local

planning will make the best use of available resources . Nor does it suggest

reasonable utilization of additional resources should they become available.

The TELOS system of computer programs offers a means for measuring, through

-~ s imula ti on , the ability of local plans to meet nuclear disaster scenarios deemed

probable for those areas to which they apply.

At present, TELOS has not been finalized or tested in the planning role.

Fur thermore , It should not be completed until local planners can participate in

finalizing the i nterface procedures and pass judgment on its merits as a planning

I
3
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I

tool. TELOS must not be employed to denegate the adequacy of the current level of

local planning . In general , most planners are painfully aware of the shortcomings

of their plans . It should be used to stimulate better planning by revealing

operatIonal inadequacies and reporting on resource needs. The basic method

adopted In TELOS is one of simulating local operations with finite resources.

C. Simulation of Local Operations

Simulation of local operations is practicable by the use of computer-based

models provided the user avoids too much detail which renders the simulation

time-consuming, and, therefore, expensive. The authors believe that, while the

current TELOS design is seemingly complex, It has, in fact, avoided this pitfal l

and achieved a suitable balance between too little and too much detail. The

transportation submodel described in Section III typifies this belief . The

network could have been more or less detailed . The level of detail adopted is

thought to give enough realism or believability and , yet, not requ ire endless data

processing.

The development of a believable simu lation will depend on the effective

Integration of the local planner ’s ideas into the simu l ation process. They are

the ones who must adopt the concept, if TELOS is to succeed as a planning tool ,

and they are less likely to be ad’,~ocates of the system, if they are not

participants in its final development . The TELOS submodels developed to date

represent the main frame of the potential structure. The elements yet to be

developed are the elements upon which the planner will have the highest impact.

These elements may be loosely characterized as the Input and output data

processors. Assuming that appropri ate Input and output interf aces are developed

with local planners and their acceptance of the system attained , planning through

simulation can proceed.

4
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Initially, a local area may be described by its physical resources, its

coun termeasu re p l ans , and the various probabilistic attack scenarios. Simulation

runs may be made to determine outcomes. Information gained during these runs may

suggest improvements in the countermeasure plans. Revised plans may be rerun to

verify the predictions. Quantitive measures gained during the process prov i de

means for opt imumizing local losses and resource allocations.

The models are sufficiently flexible to accomodate almost any local

configuration and may be run as may times as time and effort permit to achieve a

balanced set of plans uniquely applicable to that area.

0. Planning Evaluation

Since each local CD planner is responsible for his plans, TELOS ca nnot assume

the evaluative role for him. Therefore, the outcome interface must contain

several alternative means for evaluating simulation outcomes as they may be

inf l uenced by local plans. The planner should have not only the choice from among

these alternatives but should be able to “tune” the selected method to meet his

objectives wherever practicable. Measures for normalizing outcome measures is

especially important.

Previous reports have described readiness and benefit measures wh ich TELOS

may produce as a result of the simu l ation of local operations. Additional

measures may be generated if the local planner considers them essential to the

proper evaluation of his plans.

Two elements of local planning are considered In the next two sections of

this report. They are important considerat ions in any local pl anning simulat i on

and are descri bed as a part of the development of the ADS/LEMOS subsystem.

5
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I
I I .  COMMAND AN D CONTROL MO DEL

A. Introduction

Command and control over l ocal civi l defense operations would be achieved , in

the real world , through an informati on system utilizing commun i cati on networks

connect i ng command and control centers. In the LEMOS model wi th a commun i cation

(COM) submodel , command and control is achieved through the definition of

policies , pr i orities , and prohibitions in coded form within the control file. The

absence of a communication submodel is tantamount to the assumpt i on that

communications are “perfect” . In this view , the presence of a COM submodel

permits the evaluat i on of a delay between an event and the generati on of data

(informati on), between its generati on (transmission ) and reception , or between its

reception and decision-making. Loss of informat i on is equivalent to an infinite

del ay.

Since the prototype LEMOS model does not i nclude communications , the command

and contol model is defined as a control file (contai ni ng discrete values for

selected policies , pr i orities , and prohibitions ) and the General i zed Execut i ve

Control (GENEC) which activates the scenario.

B. Generalized Executive Control

The General i zed Executive Control (GENEC) system represented by Figure 2 was

developed by the Defense Civi l Preparedness Agency Computer Center (DCP ACC) and

was designed to run on the COC 3600 at DCPACC under the SCOP E1 operating system.

The COC 3600 and SCOPE system is a single progr am executi on computer system wi th

no inherent provisions for sequentially repe ati ng a set of programs. The ADS an d

LEMOS series of programs should be executed as a system and not as separate runs

due to the i nteractive and i terative nature of the process. The GENEC system

was specifically developed to accomplish this task. Its operation is shown

di agramma ti call y i n F igure 2 an d i n an alt erna te system conce pt, would be

1 software system operating on the CDC-3600.

6
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Figure 2. Conceptual Model of GENEC

• Interactive and capable of being dynamically modified as it executes successive

passes .

GENEC is initiated by control card input , which tells GENEC the number of

times that the job stream Is to be repeated , the number of jobs in the stream, the

position of the first job on the program tape and the position of the first set of

parameters on the parameters tape. In addition , GENEC will be able to pass

approximately five words of data from one routine to the next routine executed by

the memory mapping technique .

7
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I
C. ADS/LEMOS/GENEC Operation

The overall flow of the TELOS system is under the control of manual

i ntervention and GENEC as outlined in Fi gure 2.

The GENEC system enables a tape of executable modules (load and go modules of

the major sub-programs in the LEMOS system plus other modules , as required , from

ADS ) to be executed in any sequence and executed repeatedly, if desired , as

controlled by a second control or parameter tape.

The system specifically iterates between the countermeasures and damage

assessment mode l s, continuing through a number of time periods under control of

GENEC. Thus , the basic scenario may be embod i ed by GENEC and controls residing

in it and in the Control File accessed through it. Manual evaluation of system

outputs is contempl ated at this time . A mechanized output data processor may be

needed to analyze the relatively large output from both models with respect to the

input and the particular role of TELOS . On the basis of this evaluation , controls

for further iterations may be determined and implemented through the use of GENEC ,

and a new cycle begins. Throughout the course of the simulation , reports may be

generated to measure the status of the system under test as an aid in the

evaluation of incal emergency operations.

The main data linkage between all of the various LEMOS submodels , as shown in

Figure 3, is the Control File , although some 13 file types are used together or

• individually as transitions between programs. The Control File is , howeve r, only

• modified by the manual intervention exterbak to ADS/LEMOS .

0. GENEC /Con tro l F i le In terac ti on

As a part of each sub-program in the LEMOS system, there is a set of

parameters that determine the type of run, type of input , and type of output that

a module Is to provide .

The “essen ti al” parameters are used to contro l the functions of each of the

8
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I
programs in LEMOS . There are three “essen ti a l ” parameters which are input to each

program, called RUN-SWITCH , TST-SWITCH, and PRNT-SWITCH . The first of these,

RUN—SWITCH , is generall y used to select which major functions a program should

perform. The second parameter, TST-SWITCH, is generally used for aid in debugging

or testing a program . The last parameter, PRNT-SWITCH, is generally used to

select printout options within a program , e.g., which table(s) to list.

A GENEC modification prov ides a way to pass a few parameters from one module

to another (five 48 bit words) and , therefore, the execution of the full LEMOS

system can be previous history dependent as well as having its basic execution

being dependent on the p l anned scenar io.

The control file and procedures to access it are contained in a copy library

which is invoked at the time of program compilation. This procedure assures

uniformity in the application of policies , priorities , and prohibitions to all

procedures .

A l l pro grams i n the LEMOS model , including the transportation model described

in the next section , have access to these con trol proce dures.

S
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I I I .  T RANSPORTATIO N MODEL

A. Genera l

The major effort during this contract period has been to develop the

trans por tati on su bmode l or , more accurately, the “shortest path al gorithm ” . This

submodel is described in considerable detail in Appendix B and discussed in the

following sub-sections . It is viewed as a signi ficant addition to LEMOS and,

Indeed , to the entire ADS/LEMOS system.

8. Network Description

Freeways and major arteries are the basis of the current development of the

transportation network . Residential and feeder streets are not included as they

unnecessarily expand the network to unmanageable proportions. Intersections of

highways and arteries define nodes in the network . Additional nodes could be

added , if desired , at non—intersection points . The segment between two nodes is a

link in the network . Nodes are identified by unique numbers . Connectivity of

Unit Areas is determi ned by the occurrence of equal node numbers . Links are

identified by numbers and names . Link i dentification is not i nvolved

computationa lly In the current computerized transportation sub-model; it is used

only to aid in creati ng the links file data base. The transportation network is

described by the Links File. The data in this file is used to create the matrix

of distances between directly linked nodes in a unit area network . Each record of

this file defines a link , primarily, in terms of its two terminal nodes, the

distance in miles between the nodes, and the type of link (i.e., one-way or both

ways). The two nodes are identified as a backward node and a forward node. The

distinction Is not critical except in the case of one—way streets and when the

distance from one node to the other differs from the converse tn which two

different links records are prepared . The link type is used to distinguish

between one—way and two—way l inks. It could also be used to describe other

11



I
transportation networks , i.e., railroads or waterways. However , our present

effort is limited to highway networks. In earlier work , the forward node was

defined as follows : if the angle measured from due North taken about one of the

two nodes to the straight line connecting the nodes is greater than 180 degrees ,

that node is the forward node. From this it follows that the other node is the

bac kwar d node an d , if the ang le is less than 180 degrees , the converse holds.

The definition is illustrated in the following diagram for two nodes A and B and

~~~~~~~~~~~~~~~~~~~~~~~~~~

illustrates the definition of forward and backward nodes. The indicated angle , ci,

about node A is less than 180 degrees , therefore, A is the backward node and B is 
-

the forward node.

In the curren t vers ion , the definition is retained , but the emphasis is on

the distance and direction of travel between the two nodes and the associated link

codes. The table in Appendix B, Input—Output Description Section , summarizes the

codes used in the links file.

In the present version of the computerized Transportation Submodel , no test

is made on the first character of the link code. Thus, on ly major arteries (i.e.,

roadways) should be included in the Links File. If other types are included , it

should be borne in mind that a constant speed of 45 mph is used to convert

distances to travel time , as coded in the Links File and adjusted by the Basic

Operating Situation (BOS) in the Resource File.

The table in Appendix B , Input-Output Description , describes the content of

• the records in the Links File.

12
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In the previous work Ref 1 , four levels of networks coinciding with the

organizational structure were devised because the estimated number of links in the

anticipated networks exceeded computer capac ity when the standard procedure of

storing the distance matrix in computer core was used . The current computerized

vers ion , using out-of-core storage of the matrix , can deal with relativel y l arge

networks. The reasons for retaining the network-level and node-level codes in the

Links File data are to provide visual checks in data preparation and to provide

the means necessary to view the transportation problem as sector to sector instead

of unit area to unit area, if this should ever become desirable in the future.

Essentially, the only changes necessary would be to remove the ‘999’ divider cards

in the Links File between those unit areas to be agregated and to change the

coding in tests of the network identification number to test the value of the

variable corresponding to the appropriate level. Linkage between ~iigher level

networks would be determined by equality of node identification numbers hav i ng a

node-level code appropriate for the network level.

Node—level codes and their meanings are summrized as follows :

Node Leve l
Co de Mean in g

I Interior to unit area; not shared with other areas

2 Shared between unit areas

3 Share d between sec tors

4 Share d between grou ps

5 Share d between EOC ’s

6 On the boundary of zones.

A node with a level code of 4 is shared by (at least) two groups , i.e., it is

on the boundary between two groups. The node may occur as a boundary node

between some sectors , constituents of those groups , an d some un it areas ,

13 
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constituents of those sectors . The value assigned the node— level code should

correspond to the highest level occupied by the node. This , however , is not a

requirement for the correct execution of the current version of the computer

progr am.

C. Minimum Travel Time (Path) Between Unit Areas

The computerized Transportation Submodel computes the paths of minimum travel

time between all unit areas and creates the TVL-REC file. The problem is defined

and solved in terms of distances , and the conversion from distance to travel time

is made by assuming a speed of 45 miles per hour. The input data to the computer

mode l consist of two files , the Links File describing each unit area network in

its initial state, and a Contro l File , which identifies the numbers of the unit

area networks selected for processing. The computer program has been written to

accommodate unit area networks containing a maximum of 75 nodes each and a network

comprising a maximum of 400 unit areas. It has been tested on a network of 8

uni t areas containing from 6 to 26 nodes .

There are two major steps in the model. The first is a “one-for-all” step

that computes shortest paths between all nodes in a unit area network and the

distances between directly linked unit area networks. This step used the Link and

Contro l Files previously mentioned . The second step uses the Basic Operating

Situation of each unit area to alter these distances and , then , to compute the

shortest paths between all unit areas . The second step can be repeated as often

as necessary as BOS changes occur over time in a given scenario.

Both steps use Floyd ’s Algorithm to compute the shortest paths between all

nodes. The major difference between the two steps in the application of the

al gorithm Is that in the first step (distance between nodes In a unit area) the

entire distance matrix is stored in computer core memory while the second step

takes advantage of the fact that the al gorithm operates upon only two rows of the

distance matrix at a time . Thus, only two rows of the distance matrix need be in

14

• - • 5 _  - - 5 - - - - - 5 - -- - - - - -  - -



I

core at any time . The remainder of the matrix is stored on tape or disk .

Substitution of tape or disk for computer core memory permits the direct

processing of extremely l arge matrices , i.e., large numbers of unit areas, which ,

if stored in core, would exceed the capacity of the computer to be used. This

ability to compute directly the shortest paths between unit areas obviates

resorting to the previously described hierarchical scheme in which unit areas were

aggregated into sectors, sectors into groups , and so on , where shortest paths were

computed between the constituents of each hierarchical level.

Two unit area networks are directly — linked if they share one or more nodes in

common. Such nodes are called boundary nodes . The distance between two directly—

linked unit area networks from A to B is defined as the average distance taken

over shortest paths from all nodes in A to all nodes in B via the boundary nodes

between A and B. If A and B are not directly-linked , the distance between them is

set at a l arge number for computational purposes . The distance from A to B is not

necessarily equal to the distance from B to A because of, for example , the

possible occurrence of one—way streets . In application , two distance matrices are

maintained . In the first matrix , each element represents the average distance

(over shortest paths) from all nodes in a given unit area to the boundary nodes it

shares with some directly—linked unit area. The elements of the second matrix are

the average distances from the comon boundary nodes to all other nodes in the

other unit area. Each element of the final matrix of distances between directly -

linked unit areas is the sum of the corresponding elements of these two matrices

divided by the corresponding number of common boundary nodes.

In a time scenar i o, damage is Inflicted upon (or removed from) a unit area

resulting In a change in travel time within the area. The status of the unit area

is not determined to any finer resolution down to the l evel of individual blocks.

Thus , the damage is assumed to be distributed uniformly over the unit area. All

initial state shortest paths within a unit area, in effect, are increased by a
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I
factor greater than 1, if the state of the area has deteriorated , or decreased by

( a factor less than 1, if conditions have improved. This apparent change in

distance results in an observed change in travel time .

Values of BOS range from 1 to 9 and indicate the status of the environment in

a unit area. The value includes the effects of debris , fires , and radiation.

Somewhat arbitrarily, the increase in travel times assoc i ated with an increase in

BOS is functionally represented by

(BOS—1)
f = 2

Va lues of BOS , their meaning, and the associated increase in travel times are

summarized as follows :

Mean i ng*
BOS Radio—

Values Debris Fires activity Increase in Travel Time

1 N N N X l

2 N-M M N X 2

3 S M N X 4

4 N S M X 8

5 M S M X 1 6

6 S S M X32

7 N—S N S X 6 4

8 N—S M S X 128

9 N—S S S X 256

* N = Neg ligible M = Moderate S = Severe

- •  
The intent is to increase the travel time in an area with a BOS of 9 so that

the shortest paths al gorithm is unlikely to select that area as an intermed i ate

node. In other words, such areas are to be avoided . Alternative weighting

systems may be used If the results warrant changing the method adopted herein.

16
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I
While it is not necessary to recompute the shortest paths within a unit area,

since all distances are multip lied by the same factor , it is necessary to

recompute the shortest paths between unit areas . To illustrate , consider the case

where a sing le unit area, Q, has sustained damage , i.e. an increase in BOS , in a

network comprising a total of n unit areas. Basicall y, two situations can occur.
7

The first situation exists where Q is the ori gin or the destination in the

shortest path between two unit areas. These shortest paths , containing

intermediate unit areas which have not sustained a change in 805, are onl y changed

by an additive amount resulting from the increase sustained by Q, which is at the

end of the paths . Thus , it is not necessary to employ an al gorithm to resolve the

shortest paths problem in this situation.

The second situation involves Q as an intermediate area in the shortest path

between two other areas . In this situation , a shorter path may result by using

some area other than Q as an intermediate area. Thus , it is necessary to resolve

the shortest paths problem in this situation. A description of the various

techniques considered for application in this situation follows .

In addition to Floyd ’s algor i thm (which solves for all shortest paths from

all nodes in a network to either one or all other nodes), another efficient method

is Dijkstra ’s al gorithm , which solves for either the shortest path between two

specified nodes or the shortest paths from a specified orig in to all destinations.

• Identification of those shortest paths , where Q is an intermediate node , would

then provide a list of origin/destination -specific paths to be resolved using

Dijkstra ’s al gorithm . The disadvantage to this approach lies in the storage and

• retrieval by rows of not only the matrix of shortest paths but also the policy

matrix used initially by Floyd ’s algorithm to solve for all shortest paths between

all nodes. Essentially, the disadvantage Is that an excessive amount of computer

input/output time would be consumed in reading from storage various rows of these

two matrices in a random , non—predictable order . The basis for this conclusion

17
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I
will be discussed in greater detail. However , as a consequence of it , the problem

can be resolved by a re-application of Floyd ’s al gorithm in approximatel y the same

amount of computing time required for an application of Dijkstra ’s procedure with

the added benefit of reduced program coding, siz e, and maintenance.

Designate the matrix of distances between n nodes by

D = (d ) , (i ,j = 1,2 ,n)
i ,j

In particular the matrix o-f distances between directly -linked nodes is

designated
0 0

D =( d
1 ,J

0
where: d -

~ if nodes i and j are not directly -linked
i ,j

0
and d < if nodes i and j are directly-linked .

i ,j

The policy matrix is denoted by

— ‘
S P = (p ) , (i ,j = 1,2 ,n)

i ,j

and , in particular , the initial policy matrix is
5.. 0 0

~~
= (

~ 
)

i ,j
• 0

where: p = 0 if i and j are not directly—linked

- ‘ 5 ( i ,j

0
p and p = j if i and j are directly — linked .

l ,j

In Floyd ’s al gorithm each node k = 1 ,2,... ,n is utilized in turn as an

intermediate node in the path between all other nodes i ,j l,2 ,...n. This means

that the trial distance using node k is computed using

18
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i+k k k4 d = d
i ,j i ,k k ,j

k÷1
If the trial distance is less than the previous distance d , then the trial

I k
distance replaces d in the distance matrix D, i.e.,

i ,j
k k k

d + d  -~. di ,k k ,j i ,j

and , also

P -~. P
i ,k i ,j

after n interations (k = O,1,2,.~ .,n— 1) on the matrix 0, the final distance matrix

of shortest paths ,

n n
0 = Cd )

i ,j

and the final policy matrix ,

n n
P = (p )

= 
i ,j

S
are obtained .

Note that in the computation of the trial distances ,

k+1 k k
d = d  + d
i ,,j i ,j k,j

Ic
and the comparisons to d , onl y elements of two rows, the ith and the kth ,

i ,j

are involved . It is this feature which has been programed to permit the direct

solution of the shortest paths between all unit areas .

The interpretation of a solution policy matrix , P , (dropping the superscript

notation) is as follows . For illustrati on , it is true that the shortest path

between two nodes , I and j, involves the following intermediate nodes in order ,

19



I
i .e., the policy to go from i to m is i to 1 to m to q to r to j, and also assumes

that q is a unit area that will subsequently be damaged. An abbreviated listing

- 

of the policy matrix resulting from application of Floyd ’s al gorithm would be as

follows :

a b . . . i i . .  . z

a

b

—P -+ 1 -* .+- —~ -+. —
~ —4. .4. + -4- —p -4. 1 —~

.

4- • 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- • -4-

~~~~ 1 .
~~ -+ -+ -~~ ~~ 

_
~~ + ~~~ 

-~~ 
.
~~ 

.
~~
. rn4.

4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
+
4. m ~~ -~ -~ -+ -4. -4. + .4 4. + + q,.

+
4- • 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- • 4-

q .
~~
. + 4. 4. + 4- 4. -+ -~~

4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- .
4-~

’

r + 4. .4 .4 .4 .4 4. .4 .4 .4 + 3

z

I
I
I The partial listing above of a Policy Matrix is used to illustrate a

u 
hypothetical policy for the shortest path from node i to node j; I to 1 , 1 to rn,

m to q, q to r , and r to j.

I 20
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I
Examinati on of P to obtain the po licy, p , would yield in succession

1 ,j

I 1 ,J

p
1 ,j

p = q ,
rn,j

p = r ,
q ,j

and , finall y, p = j
r ,j

Therefore, the shortest path policy from node i to node j, as found by

examinat ion of p. is given by

= (i ,l ,m ,q,r,j)
I

This concludes the interpretation of the policy matrix , P = (p ) .
i ,j

The following discussions of the damage assessment problem will describe the

computational steps required to determine the occurrence of node q as an

intermediate node; Dijkstra ’s procedure for determining the shortest paths between

a specified origin and a specified destination; an evaluation of Dijkstra ’s

— procedure versus Floyd ’s procedure; and a feature of Floyd ’s al gorithm which could

be implemented with possible benefit.

0. The Damage Assessmen t Probl em

Assume that node q has sustained damage . From the Illustrative examp le ,

= (i ,1,m,q,r ,j) ,I
21
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I
it is true that in the solution policy matrix , P, that

I m ,r

and p
m ,j

That is , in application , upon reading the mth rows of the policy matrix the value

of q will be found to occur two times indicating that q is an intermediate node

in the shortest paths , m to r and m to j.

It is preferable to solve only the shortest path , rn to r, since the policy

= (m ,q,r)
m ,r

occurs in ~ = (m ,q,r,j)
m,j

This information is not available at this point; only p = q and p = q are
m ,r m ,j

known . To obtain the full policies , m to r and m to j, it is necessary to

examine the rth and the jth columns of p which is stored by rows. To examine p by

co lumns (or , equivalently, transpose rows and columns), m dual I/O operations

(read and rewind are performed on the complete n x n matrix P) are necessary .

Assume this is done and both policies , ~(m ,r) and ~(m ,j) are obtained. Recalling

that policies are stated in terms of directly -linked nodes, examination of the qth
• 0

row of the initial policy matrix , p , for those nodes directly — linked to q could

show that not only
0

p r ,
q,r

0
but also p j

q,j

22
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I
I That is , q is dir ect ly— linked to both r and j  and both shortest paths must be

solved . If insteadI 0
p = 0
q,j

were to occur , it would then be clear to solve onl y for the shortest path m to r.

Thus, transposing the solution policy matrix and reading the in itial policy matrix

are necessary to determ i ne whether a damaged node is an intermediate node and to

determine which shortest paths should be recomputed .

E. Application of Dijkstra ’s Procedure

In the discussion of the application of Dijkstra ’s al gorithm for the solution

of the hypothetical problem , shortest path from node m to node r, the notation

will be changed to solve for the shortest path from node 1 to node n. This is

done to emphasize that , as in Floyd ’s al gorithm , all 1,2,.. .,n nodes are used and

to facilitate the description .
0 0

In addition to the two initial matrices , D and P , as previously defined in

= 
the description of Floyd ’ s procedure, Dijkstra ’s procedure uses two vectors;

I k i  = indices of nodes removed from computation of trial distances

- and

L } = labels associated with each node i = 1,2 ,n .
I

Initially

d
1 ,1

I
d = If nodes I and j  are not directly—linked ,
i ,j

O < d if nodes I and j are directly -linked ,
i ,j

I I = 1 ,

I I k i

I 23
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0, j = 1
and IL =

j 
~~~, 

j = 2,3 .

The algorithm proceeds by setting I = 1 and comparing the labels 
~L I  with the sum

of the kth l abel and direct distance from node k to node j:

T min ( L , L + d ) L ,

j k  k j
i i ,j

for all j not in ~k }. Examining the resulting vector of labels IL } for mm IL II j j
the assoc i ated node index , k , is added to the array 1k ~

.. This step removes
1+1 1

that node from further consideration and places It in the shortest path from node

1 to node n. Then, i is i ncremented

i + i  -4.

and the step
- 1j = 1 ,2 ,n ,

min (L , L + d  ) -
~~ L

.J ~k k j
I l ,j i

is repeated; mm IL is found; the associated index added to 1k i~ 
and so on

j i
until , after, at most, n—i such iterations , mm IL } is found to be the node, n .

S j

F . Evaluation of Dijkestra’s Versus F loyd ’s Algorithm

In each of the I = 1,2 ,n , m 
~ 

n—i iterations the direct distance from

node k to all other nodes j 1,2 ,n (j = 1k } ) is needed . As a result , the— I  I
• distance matrix , (d ), which is stored as a sequential file of rows on disk or

l ,j
f tape, may have to be accessed (rewound and/or partially read to row k ) as many

i
as n times for the hypothetical example of a sing le damaged intermed i ate node.

These accessings of the file would be necessary for eac h unique occur rence of a

node as a damaged intermediate node and for all such nodes. The un—predictable

number of I/O operations plus the number required to transpose the policy matrix

are the factors which , in addition to considerations of computer programming

simplicity and maintenance , have lead to the decision of preferring Dljkstra ’s

24
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I procedure in favor of Floyd ’s.

G. Possible Benefit from Imp l ementation of Recomputation Procedure
k+1

In Floyd ’s al gorithm , n success i ve di~tance matrices , 0 (k0 ,1,l ,n-1)

are computed . The k+1 matrix represents the shortest paths between all node pairs

where each node izi ,2,. ..,k— 1 ,k has been used as an intermediate node. If node q

is a damaged intermed iate node, the shortest paths may be a recomputed beginning

with the matrix in which node q— 1 was evaluated as an intermed i ate node . In other

words , all shortest paths based on non—damaged intermediate nodes 1,2,.. .,q—1 are

still valid; the al gorithm does not need to be repeated for node indices < q.

The technique has not been imp l emented , but in principle at least , the

successive matrices are saved by writing them as a sequential file on disk or tape

storage. From a list of the identification numbers of unit areas that have

sustained a change in BOS since the last previous time step in the scenario , the

minimum (numerical value) is determined , e.g., the value of the minumum is q. The

file of saved distance matrices is advanced to the beg inning of the matrix

corresponding to q—i . That distance matrix , then , is read as the initial distance

matrix to begin the shortest paths al gorithm with q as the first tiral

intermed i ate node .

I There are several reasons for not imp l ementing the technique at this time .

One question pertains to the trade-off between increased computer I/O time and

simply recomputing the shortest paths beginning at node one. If imp lemented , the

1 technIque would require that the polIcy matrix be computed and saved on disk or

I 
tape In addition to the distance matrix at each iteration , and examined if it is

desired to beg in the algorithm at the distance matrix corresponding to the minimum

I damaged intermediate node. As an alternative , the question of the node being an

In termed i ate node could be Ignored; simply re-apply the al gorithm beginning with

I the matrix that corresponds to the minimum damaged node . This would obviate the

1 25
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I
I necessity of computing/saving the n policy matrices and transposing/examining the

final policy matrix.

Another question originates from the definition of distances between

$ directly — linked unit areas. If areas A and B are linked and A is damaged , the

— 
distance from A to the boundary between A and B is changed while the distance from

the boundary to B is not. These two distances are stored in two different files

and are added to obtain the distance from A to B. The unresolved questions are at

what stage of the iteration and with what additional complexity and increased I/O

time are the distance changes and additions to be performed and with what benefit

when there are l arge numbers of damaged areas .

To derive the maximum benefit from the technique , ideally, the area to be

damaged (say there is only one for illustration) should be the n—th; only one

iteration of the al gorithm would be necessary to resolve the shortest paths. If

the damaged area were the 1st, then the al gorithm must be completely re-iterated ,

and the technique has been of no benefit. These observations suggest that the

ordering of the unit area Identification or the structuring of the Links File

should have those areas most likely to be damaged and intermediate ordered last .

This criterion has impact on and interacts with other aspects of the total overall

• problem . Since it could not be evaluated it remains an unresolved question .

-. Finally, data for 8 unit area networks were available for checkout and

evaluation . This small amount of data would not permit answering questions of

z feasibility in the case of much l arger sets of unit areas.

I
I
I /
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IV .  DISCUSSION

I
The discussion of the Local Emergency Operating System (LEMOS) is undertaken

in the context of its interactions with ADS , the attack environment , and fire

spread models. Any simulation is impossible without them . Initial discussion

will focus on the need for a Development , Test and Evaluation (DT and E) plan and ,

then , suggest perceived needs for both ADS and LEMOS .

If LEMOS is to have a practical role in local CD planning, a plan by which

this role can be attained is essential at this time. It may be fairly stated that

the Research phase of ROT and E is nearing completion. The Development , Tes t, and

Evaluation phases should beg in immediately. During these phases , selected

Federal , State , and Local planners should be enlisted to participate in evolving

and conducting them . It is absolutel y imperative that they have art important

impact on the final configuration of the simulation system before it is used

operationally to improve the local CO planning function .

While the mainframe of ADS/LEMOS is nearly complete , several members are

conspicuously i ncomp lete. First , ADS is without a special resources submodel and

an ad~~uate fire spread - model. Second , LEMOS is without a comunications modu le

to approximate realistically the communications problems within a damaged area.

(T he cu rren t mode l assu mes no comm un ica ti on probl ems , i.e., not on the problem

file and that all needed coninunicatlon can be completed as needed.) Third , an

upgraded version of the DCPA Emergency Medical Model is needed with its resource

requirements incorporated into the LEMOS system. The resulting outputs from the

epidemiology model are needed inputs to the overall system. Last , but not least ,

the GE NEC system, as described earlier , does not allow “on line ” or “interactive ”

modifications to the run; however, with the current advances in operating systems,

this implementation could be incorporated during the DI and E phases , If plans are

evolve d to do so.

I
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I
I V. CONCLUSIONS AND RECOMMENDATIONS

DCPA is strong ly urged to develop appropriate multi—year program plans to

conduct Development , Test , and Evaluation phases of the TELOS system with

participation by Federal , State , and Local planning personnel . Special emphasis

should be placed during DI and E phases on the use of Case Study Areas . These

plans should includ e the addition of the following elements during the Development

phase:

Local plans Pre—processor ,

In terac ti ve Con tro l P rocedures ,

Fire Spread Model (developed by not interfaced with ADS),

Special Resource Damage Submodel ,

Communications Submodel ,

Utilities Network Submodel ,

Medical/Epid emiology Submodel .

1=
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A. USER’S Gt’IDE

1. Introduction

This section provides a general description of the procedures required

to use the Local Emergency Operating System . It is assumed that this usage

will occur as a segment of the TELOS model, under the control of GENEC .

2. Use of Master File

The Master Status File, described in detail in Reference 1, is the major

link between ADS and LENOS within TELOS. The Master Status File contains a

set of records for all resources except network resources (e.g., highways

and power lines) and their damage states in all the unit areas comprising

the zone being studied . (Unit areas are defined in reference 1.) These re-

sources include structures , shelter spaces, personnel (both civil defense

and general population), and civil defense assets (including teams , equip-

ment sets , and supplies). Thus, the Master Status File is best described

as a temporary data base for the zone being studied .

The Master Status File can be used in two different modes by TELOS:

a “static” mode and a “dynamic” mode. The former does not involve the use

of LEMOS which is indicated by the term “static” (with respect to civil

defense counter-measures). The “dynamic” mode is a multi—pass run of the

TELOS using civil defense countermeasures (see fig. 1).

The scenario defines an attack . The weapon sizes , times of burst, and

locations are specified for the area being studied. The Locate Submodel

produces attack environment data for each unit area. The damage assessment

submodel (ADS) calculates the effects of the weapons on the resources in

the Master Status File. A descriptive printout is then generated . The

“dynamic” mode of TELOS incorporates civil defense countermeasure through

LEMOS. Civil defense operations determine the damage response functions

and the resulting changes are expressed by improved states of resources

in the Master Status File. Reports are generated during this cycle to describe

these changes and the benefits derived from them.

A-i
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I
3. Executive Control

TELOS is controlled by an executive routine written for the CDC—3600

called the Generalized Executive Control (GENEC); it is operable under both

Disk and Drum SCOPE .~ ” The control routine assumes that two tapes are

available: the first tape contains all the individual programs and the

control records for the SORT utility that comprise TELOS , while the second

tape contains the parameters that may be needed by the various programs

on the first tape (see fig. 2~ . The use of GENEC is initiated by control

card input, which tells GENEC the number of times that the job stream is

to be repeated , the number of jobs in the stream, the position of the first

job on the program tape and the position of the first set of parameters on

the parameters tape . In addition, GENEC wi].]. be able to pass five or more

words of data from one routine to the next routine executed.

4. Running the Local Emergency Operating System

The first step in using TELOS with LEMOS is the selection of the

zone(s) to be studied and the definition of the scenario to be used in the

study (see fig. 2).

In step two, since TELOS will be controlled by GENEC, the programs

comprising TELOS (including those in LEMOS) should be stored on the pro—

grain tape , and the controls required by the system should be stored on

the parameters ~ape. The programs in LENOS require two different types

of parameters : “ common ” parameters and “specific” parameters . The former
are used by all the programs in LEMOS , and their values are generally depende nt
upon the scenario and the purpose of the study.  A list of these parameters
(or variab les) is given in Table I. The “specific” parameters are used
to control the functions of each of the programs in LEMOS. There are three

“specific” parameters which are input to each program, called RUN—SWITCH ,

TST—SWITCH , and PRNT—SWITCH . The first of these, RUN—SWITCH , is generally

used to select which major functions a program should perform. The second

parameter , TST—SWITCH, is generally used for aid in debugging or testing a

program. The last parameter , PRNT—SWITCH, is generally used to select
printout options within a program , e.g., which file(s) to list.

A/A software system operating on the CDC—3600.

A-2
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I

A special program , called the CONTROL submodel , is being prepared to

I run on the CDC—3600. This program will perform two functions : (1) accept

the ori ginal values of both “ common ” and “spe cific ” parameters and build the

relevan t portions of a LEMOS initial parameters tape and (ii) allow changes

to the values of the parameters during the execution of the TELOS svs tern.
The CONTROL program will accept the values of the parameters from the parameter

tape (batch mode) or from the computer console (interactive mode) .
In s tep three , a zone or local area description is prepared in a

specific format . The Master Status File, which contains the area ’s resources

except for  network data , is prepared on tape. A second tape is prepared con-
taining network data.

In the four th  s tep , a job card is prepared together with the control
card described in 3 above .

Finally, in the fifth step the cards . and tapes are submitted for a

run on the CDC—3600 .

If a run is to be interrupted at selected points in the scenario ,
the control cards reflect this decision and two or more runs are submitted.

I
I

S
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TABLE I : “COMMON” PARAMETERS IN LENOS

1. Hours from beginning of scenario.

2. Duration of current period , in hours .

3. Sequence number of current period .

4. Flag to indicate whether or not there was a previous period .

5. Code for tninimutn PP level for shelter spaces to be used.

6. Code for  maximum height for shelter spaces to be used .

7. Low radiation level ( RADS ) for defining the basic operating

situation (BOS ) .

8. High r adiation level (R ADS) f or de f ining BOS .

9. Low fire level (fraction of area aflame) for defining BOS.

10. High fire level (fraction of area aflame) for defining BOS .

11. Codes for defining five depths of debris .

12. Zone number of area being studied.

13. Level of PF provided by being in automobile.

14. Length of work shift , in hours .

15. Fraction of casualties who are ambulatory , for fifteen (15) injury

categories .

16. Maximum number of teams to be assigned to one problem.

17. Identification of sanctuary area for this zone.

18. Priority ranking of operations .

19. Code to indicate whether or not CD can appropriate resources from

residences .

20. Code to indicate whether or not population is warned .

21. Weights used to compute measure of effectiveness.

A-4
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Section I: Abstract and Run Description

Abstract

Inputs to the Transportation Submodel comprise the Links File and
Control File, both prepared manually by the user , and the Resource File which
is generated by the Problem Definition Submodel . The Links File describes
the network in each Unit Area in its initial state . The Control File is a
list of Unit Areas , possibly a subset of the total , selected for processing.
The Resource File indicates changes in state of each Unit Area via the data
variable called Basic Operating Status , BOS .

The program computes the shortest paths between all nodes in a Unit
Area network and between all Unit Areas .

The prima ry output is the TVL-REC file , a list of the minimum tra vel
time s between all Unit Areas defined in the resource file. Other outputs
are : print-outs of the distance and policy matrices before and after the
shortest paths are computed; various working or temporary files ; and files ,
either temporary or permanent , of the distance and policy matrices , accor-
ding to the user ’s desires and available computer installation options.

Run Description
V

History
In order to affect civil defense countermeasures , resources , equipment ,

and personnel must be dispatched to areas requiring remedial action in time
to be of benefit. The need for knowing the route of minimum travel time
between the origin of the resources and the destination in need of remedial
action is self-apparent. Also apparent is the need to choose between competing
demands and alternate available resources . The solution of this complex
allocati on problem requires knowledge of the relati ve minimum travel times to
dispatch resources to demands .

Specifications and Memoranda
The program is written in FORTRAN IV. It has been compiled in FORTRAN-H ,

link edited , and executed on an IBM 370/175 computer using OS/36O , Level 21.6.
While every attempt was made to avoid IBM-specific features of the language
in order to permit use of the program on other machines with FORTRAN compilers ,

S
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some changes may still be necessary especially in regard to I/O statements .

An estimate of available computer core memory at the ultimate user ’s
installation indicat~ that the progra:,i be written so that in execution it

would require not more than 250 x 2’~ bytes (1 byte = 8 bits) on the IBM 370.
This specification has been met exclus i ve of I/O buffers and out-of-core
(disk or tape) data storage requirements .

Procedure
See Section 5, Operating Instructions
Method
The program uses Floyd’ s method for determining the paths of shortest

distance between all nodes in a network . See “An Appraisal of Some Shortest-
Path Al gorithms ” by Stuart E. Dreyfus in URSA , Vol . 17 #3, 1969.

Formulae Used
Given the n x n initi al matrix of directly linked nodes in a network:

D° = (d9 . )
where d~~1 

=

d? . = if nodes i and j are not
directly linked ,

and d9 . if nodes i and j are
1 ,3 directly linked ,

Floyd ’s algorithm computes successively for k = O ,l ,2,-—-- ,n

mm ~~~~ d
~~k 

+ d~~~) >d~~~, i ,j 
= l ,2,---- ,n.

Restrictions
There are restrictions imposed by FORTRAN dimension statements :

75 = max. number of nodes in unit area network
- 

- 
400 = max. number of unit areas .
These limi tations may be changed by changing the dimension statements .
Options
Out of the total number of unit area networks represented in the L i n k s

F i le , only those specified in the Control File will be processed.
Device numbers for files read from IN and written on lOUT may be changed

i n the BLOCK DATA su bp rogram .

S
V -- - - .- - --- - - — - -
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The Control File is read from device IN. Print-out reports are written
to device lOUT . Other data fi l es use device numbers set in the program . A

complete description is in Section 3, Input-Output Description.
Accuracy
The distances between nodes are rounded to the nearest tenth of a mile.

Computed averages of these distances are rounded to the nearest tenth of a
mile.

Acknowledgements -

Floyd’ s algorithm is described by Stuart E. Dreyfus in “An Appraisal of

Some Shortest Path Algorithms ” , ORSA , Vol . 17 , #3, 1969. Program contributors ,

either formerly or currently with Research Triangle Institute , include

Robert N. Hendry , Russell 0. Lyday , Dora B. Wilkerson , Richard J. Copp ins
Lynn S. I r ish , and William J. King. The program author is J. W. Dunn , Research

Triangle Institute .
Anticipated Usage
The Transportation Submodel is one within the multi-program model Local

Emergency Operating System (LEMOS), wh ich is to be integrated into the Test
and Evaluation of Local Operating Systems (TELOS) model , which , in turn , is
to function under the control of an executive routine , GENEC .

The Transportation Submode l comprises two major steps . The first prepares

a data file of distances between unit areas for use by the second. It is
anticipated that the first will be used as a stand-alone program , even possi-

bly outside GENEC . The transportation network data base (Links File) is
developed by Unit Areas over a period of time for a geographical study area .
Each Unit Area network as it is developed can be processed by the firs t
program and the results analyzed off line for consistency by comparison with
the data source documents , topographic or highway maps . Subject to any
changes or corrections , the verified results may then be added to the data
file input for the second program . The second step computes shortest paths
between unit areas. It is anticipated that it will be used in a time-itera-
tive scenario under the control of GENEC .

Timi ng Factors
Execu tion time i n secon ds by CPU an d I /O for the case of 8 un it areas

containing a total of 120 nodes and from 6 to 26 nodes per unit area was :

~~~ 
- ~-
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Actual Time in Seconds

I
1st Step
(find all shortest
paths in all unit areas ) 10.2 28.5

2nd Step
(find all shortest
paths between all unit 0.6 9.5
areas)

To obtain timing estimates of a larger scale problem , say 400 un i t  areas ,

the above times multiplied by 50 (= 400/8) are interpreted subj ect to the
following considerations.

First of all the technique of simple one-point extrapolation is question-

able , but it is the only data available.
The I/O times include time required to buffer the print-out of all

distance and policy matrices before and after execution of the shortest paths
algorithm. Actual printer time is not included. These print-outs would
not occur in regular usage.

The CPU and I/O times above were obtained on an IBM 370 operated under
MVT (multiprogramming wi th a variable number of tasks.) The number of other
jobs and the job mix in the system has some effect on these times . In a
different environment or on a different computer dedicated to the task, differ-
ent results would occur.

The following time estimates for a 400 unit area problem are felt to be
overly pessimistic, except for the second step I/O time which is probably too
lo w .

Estimated Time in Seconds

1L~~

1st Step 510 1 ,425

2nd Step 30 475

0. - st. ~~ 
5
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Sec ti on II : Flow Charts
Narrative descri ptions in lieu of flow diagrams are provided for the

following utility type programs .
1. Subroutine RANK

Subroutine RANK is used to rank order the elements of a vector
array in ascendi ng order. In particular ,it is used in NETWRK to rank the
node identification numbers of a given unit area network. The purposes of
rank-ordering are to facilitate inspection of the results of data preparation
and shortest paths computations and to determine the method of finding equal
node i .d . ’s in two unit area networks . The vector of unranked values is
input to the subroutine ; the ranked values are returned in a second vector.
A thi rd vector associates the new index of a ranked value with its original
i ndex before ranking. Briefly, to illustrate , consider unranked values
(c ,b ,a)  re turne d as (a ,b ,c):

Original Order Value Ranked Order Va l ue
1 c 3 a
2 b 2 b
3 a 1 c

Thus,the elements of the th i rd array , II,are :

11(1) = 3, 11(2) = 2, 11(3) = 1.

2. Func ti ons COLSUM an d ROWS UM
These two functions operate on a given matrix , (d1~~)~ to compute

either n

COLSUM = ~~~ ~~~
or

ROWSUM =
3=

In particular , these functions are used in ALLNET to compute the total
distance from all origins , i , to a specified destination , j, or from a speci-
fled orig in , i , to all destinations , j, where (d1~~) is the matrix of shortest
distances between all i and j. In e i the r  case the specified node is a boun-
dary node between two unit areas.

—---- - --—— — - J-_ — S - - - -
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3. Function STORE and Function UNMASK.
Function STORE and its entry type function , UNMASK , are used

respectively to compress and extract the fi ve hierarchial identifications of
a unit area network in a single word as summarized in the following tab~e.

Bit-Fields Max
Sing e—word bit configuration Magnitude

Identification Vector 1 2 3 4 5
Zone HIARC H(l ) 111.1 2~-l
EOC HIARCH(2) ii” 26_l
Group HIARCH(3) ii” 2~-l
Sector HIARCH(4) a//i” 26_ l
Unit Area HIARCH(5) “I” 2~-l

Total bits 5 6 6 6 9 32
Inclus i ve Positions 32-28 27-22 21-16 25-10 9-1

To illustrate , the EOC identification of a unit area stored in the array
HIARCH(2) , is stored in bit positions 27-22 in the single word NETS (I) for a
specified Ith network. This is accomplished by multiplying HIARCH (2) by 221

(whi ch moves the value to the proper bit— field) and then computing the logical
sum of the result and NETS (I). To extract the EOC from NETS (I), the logical
product of NETS (I) and the 2nd. bit -field configuration above is computed and
then the resul t, in bit positions 27-22, is divided arithmetically by 221 to
move it to the l ower order bit positions , 1-6.

The masks (bit-field configurations ) and powers of 2 are computed by a
first call to STORE. For machines with less than 32-bit words , these values
must be re-coded. For machines with greater than 32-bit words , re-coding is
unnecessary but it may be desirable in order to increase the maximum permis-
sible magnitudes.

4. Subroutine MATCH
This subroutine compares arithmetically the elements of two integer

arrays for equality between any elements. It returns a code of either 0 or 1
indicating either “no” or “yes ’. If there is equality , the indices of the
equal elements are returned. The subroutine is used in subroutine SETUP to
create the vector of node i dentification numbers from the list of nodes con-
tained In the Links File.
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Simplified Flow Chart for NEThORK
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Simplified Flow Chart for DAMAGE

_______________ 

Compute damaoe
________________ factor based on

BOS
~~~~~~TART D
~~~~~~ rki.d3~~~

5.
~~~iie 

Resu1t~~~~~

Loop I on number networks
Loop ends at 20 

~~
‘ tEnd of 20 I 1oo~

Extract NETNO
fr o m packed Close Resource
network i .d .  Fi le
Call UNMASK

Loop I on networks
LUC , 805,

UNITID File 61 -

Resource I-th row of
file distance matri 

File

No 

Yes 

I~ th of 
Fiie

Loop 3 on networks
V Loop ends at 54 ~~~

‘

No 
for

1
~h~~~~~~work 7 

~~~~ Stan~~~I~~~~~~~~~~~~~ A

DAMAGE 1 of 2

- 

- 

- __________________



I
I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Comp ute BOS
adjusted
distance I to
J

_ _ _ _ _1

~

_ _ _ _ _ _

DAMA GE( I )*
A2BOUN(J) +
DAMAGE(J )*
BOUN2B(J)
—9DISTAN(J)

LEnd ofJ~~~~~j loop )

BOS-adjusted

\

~d is tances] 
~~~~~~e

Rewind files
91 , 92, 93

DAMAGE 2 of 2

- ~,‘. 
i-’-- .- - — - — —  

5
~_ _ __’S —



I
I
I

Si mp lified Flow Chart for FLOYD
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Simplified Flow Chart for TVLREC

_ _  

.

~Iti ~tract Zone, EOC , GroupI I Sector i.d. ’ s of origin
c~~~~

;ART jj~ from NETNUM(I)

Cal l UNMASKRead number of
network s and

Wri te TV LC OO 

File
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~~~~~~~~~~~~~~~~~~~~~~~~ omput~~t rave1
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indicating
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~~~~ 
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Read I-th row
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__________________matri x File
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Extract
destination

• from NETS(J) ~ f 49 J i000j

origin record ~
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~~~~~~~~ Section III: Input-Output Description

The general order of arrangement , creation , and utilization of the 18
files in the Transportation Submodel is shown in Section II , Flow Diagrams .
Details concerning the preparation and format of the two manually-prepared
files , Contro l and Links , are contained in the main report. This section
will primarily describe the requirements of the submodel—generated fi l es.

i All  files are sequential files. In the testing and evaluation of the
Transporta’tion Submodel , all files except lOUT (the printer) were maintained
on on-line disk packs. The REWIND instruction occurs numerous times for

$ closing files not in use to conserve computer core (used for I/O buffers )
- as well as to reposition files for repetitive processing. The file, IN , which

is normally the system i nput device , i.e. card reader , is also rewound ; this
could be prohibitive at certain computer installations if the device is not
indeed a disk or tape .

• 

- Generally , all files are unformatted , exceptions being the files used
for prepa red input (IN , the Links File , and the Resource File) and forma l
Output (on device lOUT and the TVL-REC File.) Samples of the formatted data
files are shown in Section IV , Test Data .

5,
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Logical No. records as fun :tion
Name Device Format Record Length Blocksize of no. unit areas , n

Control IN FB 80 1 2960 n/7
Links 51 FB 700 1 3000 n.a

53 VBS 1 3022 1 3026 n 2/
lOUT lOUT FBA 132 132 n.a

30 ‘lBS 1608 11260
70 VBS 1608 11260 n
71 VBS 1 608 11260 n
80 VBS 1 608 11260 n
81 VBS 1608 11260 n

TOBOUN 91 VBS 1608 11260 n
FRMBOU 92 VBS 1608 11260 fl 3/
Resource 61 FB 129 2580 n.aT

93 VBS 1608 11260 n
60 VBS 1 608 11260 n
70 VBS 1608 11260 n

- 80 VBS 1 608 11260 n
55 VBS 1608 11260 n

TVL-REC 94 FB 20 1 3020 n2

1/ 1 record per link for each unit area network + n ‘999’ separator
reco rds

2/ Will vary with the type prin t-out being produced
3/ Depends on number of Land Use Categories in each unit area .

Sumary of Data Files Used
in Transportation Submodel
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I
LINKS FILE Reco rd Format~-”

COBOL COBOL Fortran Fortran Card
Var iable Format Variable(s) Format Columns REMARKS

ZONE 9 HIARCH( i) Il 1 Zone i.d. number

EOC 9 HIARCH(2) Il 2 EOC i .d. number

GROUP 99 HIARCH(3) 12 3-4 Group i.d . number

SECTOR 99 HIARCH(4) 12 5-6 Sector i.d. number

NETWORK_NO ?i 999 HIARCH(5) 13 7-9 Un it Area i.d. number

FWD-NODE 999 IFORW 13 10-12 Forward node i.d. number

none x LVLFOR Il 13 Level of forward node

BWD-NODE 999 IBACK 13 14-16 Backward node i.d. n umber

none x LVLBAC Il 17 Level of backward node

LINK-NO 9999 LINK~lO 14 18-21 Link i. d . number

LINK-NAME x(ll) not used 22-32 Link name

tJA—NO—L 999 not used 33-35 Unit area , left of link

NTWK-NO-L 999 not used 23X 36-38 Network , l e f t  of l i nk
UA-NU-R 999 not used 39-41 Unit area , right of link

NTWK-NO-R 999 not used 42-44 Network , right of link

LENGTH 9V9 AMILES F3 .l 45-47 Length of link in miles

WIDTH 9 not used lX 48 Width of link

TYPE XX TYPE Al 49 Use- type of link

ITYPE Ii 50 Direc tion of link

none not used 5O-l0O~
” Roo m for fur ther  exp an-

s ion;  var ia b les for
queuin g model .

Notes :
1/ This file should be sorted by ZONE , EOC , GROUP , SECTO R , and

NETWORK-NO in ascending order.
2/ A record with NETWORK-NO 999 separates networks.
3/ For development , LRECL = 80 and columns 73-80 contained sequential

card identification numbers .

Description of
Links File Records
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Link Code Meaning

I
Sl Major artery , both ways
S2 Major artery , one-way , forward node to backward node
S3 Major artery , one-way , backward node to forward node
S4 Freeway , both ways
S5 Freeway , one-way , forward node to backward node
S6 Freeway , one-way , backward node to forward node
Fl Firelane
Rl Railroad , single
R2 Railroad , double
R3 Railroad yard
Wl Waterway , small
W2 Waterway , large
W3 Lake

Node Level
Code Meaning

Interior to unit area ; not shared with other areas

2 Shared between unit areas

3 Shared between sectors

4 Shared Between groups
5 Shared between EOC ’s
6 On the extreme boundary of zones

Codes Used in
Links File

L -- 
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Control Cards Format

Format Columns Variable name

13 1—3 NETNUM(I); i.d. of unit area to
be processed

Il 4 IFLAG - no longer used
13 5-7 IORIG - no longer used
13 8-10 IDEST - no longer used

The above format occurs 7 times per card .

A value of NETNUM(I) < 0 terminates the string of network numbers

This format is used in Subroutine CNTLRD .

Description of
Control File Records

I
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Section IV : Test Data

Test data were derived from maps of the Detroit area for 8 unit areas.
Roads of interest were manually transcribed from published maps to a working

sheet. Link names and identification numbers for nodes , links , and unit

areas were written on the working sheet. These data were transcribed to
coding forms in accordance with the Links File format described in the ma in
report with the exception of the inclusion of sequential card numbers in
columns 73-80. Listings of the Links File and the Control File follow .

For purposes of development and test , an exis ting Resource File was

~~~ mod ified by truncati ng the records to 80 col umns. To this modified file were

~~~~ added records for LUC = 5 and for other unit areas in the transportation
network but not in the Resource File. A listing of the modified Resource
File follows .

Printed results before and after the shortest paths computation using

the Control , Links , and Resource data files as input fallow . Comparison of
the distance and policy matrices with the network as drawn on the working
sheet is a manual/visual operation. Selecting key links , nodes at extreme
points and measuring some distances on the map helped uncover errors in the
Links File , aided in de-bugging the program and verified the accuracy of t he
final resu1ts .

There were few predeterm i ned results that could be used except for
shortest paths using oodward Avenue or the Chrysler Freeway .

5. -~~~~ . - 
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11122 1 21 51 ‘4~4 ‘4~.ou~~L ;~G A v E 21 21 21 210.9 SI )Qu00~~70
111 22 1 2 1 ol  SI  5 . 0~~I-.G AV E 21 21 21 211 .0 51 0 0 0 0 3 8 8 0
1112 2 1 2 1 75 a! a~s ’vUM t ’3 A~~( 21 2 1 21 2 1 1 . 0 S i  0 0 0 0 0 8 0 0
1 1 122 1  2! 1” 2 134 a L I V E O N O I S  21 21 21 2 1 1 . 0 51 u 0 0 0 0 9 0 0
1 1122 1  21 61 805 95E~ E” ~ M I 540 21 21 21 2 1 0 . 5  51 0 0 0 0 0 9 1 3
11 1 22 1 21 14 2 6 1 8~~ v~~s ~L ‘~U 21 21 21 210.5 51 30000920
1 11 221 21 5 1 305 !3 M Ct , LC M QL S ‘4 21 21 21 21 1 . 0 51  0 0 0 0 0 9 5 0
1 I 1 2 2 i  21 iS ~ St  1 2MC :vI C4 IULS ‘4 2 1 21 21 2 1 1 . 0  SI  0 0 0 0 0 9 4 3

999 . 00000050
1124 29 29 612 53.4 IM I~. 4 E 3 O T A  29 29 14 1 4 4 0 . 8  51 00000900
1I 2 ’ 52 Q 29 o32 a12 11. - 1 E I A O A  29 29 i~ 1~~u.5 Si 00000970
112 ss 29 29 oO 2 63 2 2E.  ~E iAD A  2~ 29 14 I” i . 0 SI  0 0 00 0 9 9 0
1124 29 29 135 o0 2 3E. “~~- 180 A 2~ 29 14 141.0 51 00000930
11 244 29 29 1~ 5 73 5 2 V A - ’v OY’cE 29 29 3 .5  51 00001)00
112~ 29 29 755 7i4 5 3(s.4 4 UY ’~E 29 29 1. 0 51 00001 ’)I0
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112429 29 755 715 1EI.. -1r “1 40 29 291.0 SI 00001020
1 1 2 4 2 9  29 715 oSS 2EIC.r~T ‘41 540 29 291. 0 51 0 0 0 0 1 0 3 0
I 1 2 ’ 4 2 9  29 o55 555 3~.1G-s T ~1 .40 29 20 1. 0 SI 00001000
t I 2 ’ 4 ~~Q 29 o24 555 bC UNA ~4 T A V E  29 29 3 3 1 . 1  S t  0 0 0 0 1 0 5 0
112 4 2 0  29 o2~ 5.4 ’4 ~4 S~~v E ~ 4 1 540 3 3 29 2~ 0.5 Si 00001000
11 24 29 29 Sou 53o ~uE~0u1,0’4E 3 3 29 2~ 0.1 SI 00001.370
1 12 4 2 0  29 012 o2~ SC J~ A ;~T A~ E 2’4 20 2~ 29u. o 51 0 0 0 0 t o ~~ut12429 29 04! 02-4 35E~~E ’ls Ml 4~ l) 2V 29 29 2 9 0 .5  S t  ooooiooo
112029 29 1.31 o441 2SEvt , 41 540 29 29 2~ 291.0 51 0000 1i00
1 1 2 4 4 29 29 145 7u t  I5EVE ~ 4 j  ‘40 29 29 29 29 1. 0 51 0 0 0 0 1 1 1 0
112429 29 o41 632 2 W Y 0 ~ ST ’ 4~~ET 29 29 29 2 90 .5  S t  0000 112 0
112429 29 655 o ’ . L  3.sYA4. ST54EET 29 29 29 201.0 51 0000113’)
112420 2~ 7 . 0 1  o9 2 a 400r,.0 54OAU 29 29 29 2’4o.5 Si 00001100
11 24 29 29 7 1 ’ , 7 3 1  5.~Uo ) .O 54UAO 29 29 29 291 . 0 5 1 0 0 0 0 1 1 5 0

9~ 9 0 0 0 0 1 1 6 0
1 1 2 3 3 1  31 855 885 i~ l L V E 5 4 S  ‘ 4OAD 3 1 3 1 0 . 5  SI  00001170
1123 31 3! 6’4 5 655 2 ’ 4 EY E54 S 54Q AD 31 311 .0  SI 0 0 0 0 1 1 6 0
11 2 331 31 8a5 3o5  3.~’~, o E ’ 4 S  ‘40A0 31 31 1. 0 SI 30001 19 0
11233 1 31 ~40  305 6COUZE NS ‘~‘.Y 21 21 31 311 .1 S~ 00001200
11 233 1  3 1 120 44  IPU 54I TAI’, 21 21 31 311 .4 St 00001210
11 2331 31 13’. 12” 5LIVE ’44.UIS 21 21 31 310.5 51 - 00001220
1 1 2 3 3 1  31 1 1 1  44  5J.L0DG~ F.~V 3 1 31 31 311. 0 544 00001230
112331 31 2o1 1 1 1 ‘4J.L’.ODGE F,~Y 31 31 31 3 11 .1 S~ 00 001244.)
112331 31 292 20 1 3J. LOCGE F.~Y 31 31 31 3 I 0 .o  S”. 0 0 0 0 1 250
11 23 31 31 265 292 2J, L~~0G E F ,~iY .1 “ . 31 3 1 0 . 3  50 0 0 0 0 1 2 5 0
112 331 31 285 2’s S tG L E ,~4 0A LE 31 31 0 .5 5 1 0 0 0 0 1 2 7 0
11 2 33 !  31 205 2 15 2 ” C - 4 T ~~54 E1 31 31 0.1 SI 0 0 0 0 I? 8 0
11 23 31 31 2 1’~ 17 5 1 ’uoT E’4~~Y 31 31 0. 44 51 000012 00
i t 2 3 3 1  31 17 5 185 1DE XT E ’ 4  31 31 O .S 51 0 0 0 0 1 3 0 0
1 1233 1 31 185 85 tuuE~\.A v I S T A  31 31 0.8 SI 0 0 0 0 1 3 1 3
11233!  31 85 15 IFULL&.5 4 I C -’4 31 31 1.0 SI 0 0 0 0 1 3 2 o
1 1 23 3 1  31 15 43 85 2FU LLE 54 T U . 31 31 0.5 51 0 0 0 0 1 3 3 r,
112 331 31 21 055 1SC~’C0LC ’4AFt 31 31 31 310.5 51 -)000I343
112331 31 ~1 21 l 3DAvI5C ,~ A,~ 31 31 3 1 3 1 1 . 2  SI 1 ) 0 0 0 1 3 5 0
11233 ! 31 191 91 12DAVI SUN A v E 31 3 1 31 310.5 51 00001380
1 1 2 3 3 1  3 1 221 19 1 110 A ’ 4 ISUe .  A~~E 3 ! 31 3 1 3 10 .4 51 0 0 ) 0 1 3 7 0
1 1 2 3 3 1  31 25!  22 1  I J U A V I S O I .  A V ~ 3 1 3 1 31 310.5 51 00001380
1 1 23 31  3 1 292 25! 9 Q 4 V I S O N  ~~~ 31 3 1 3 1 3 10 .3 SI 3 0 0 0 13 9 0
11 2331  31 3 1 645 ‘,F~ r-.~ ELL AV E 31 31 31 310 .5 51 00031400
11233 1 31 101 St 4FE.’.~ ELL A v E 31 31 31 3 1 1 . 0  51 0 0 0 0 t s s l O
1 1 2 3 3 1  31 20 1  10 1  3FE;,~c ELL A V E  31 31 3 1 3 1 0 . 3  S i  00001~~201 1 2 3 3 1  31 23 1 20 1  2FE~~~tLL A v ~ 31 31 31 310 .3 5 1 00001010
112 331 31 20 1 2 3 1  1~~E’ .. ELL A VE 31 31 31 3 1 0 . 5  51 0000104’)
1 l 2 3 3 1~ 31 2 1 15 L , -.YG~~1~.4 A~ k 31 3 1 3 1 3 1 0 . 5  SI 0000 IssSO-
1 12 331  3! 31 21 2~~YU-’4 1VG A V E  31 31 31 3 1 1 . 0  5 1 0000IssaO
112331  3 1 ‘44 3 1 3?, v (J:4L.~C, AVE 31 3 1 31 310 .1 51 00001o70
1 1233 1 31 91 8’, ILIVE ’fl.flIS 3! 3 1 3 1 3 l 0 . ~ 51 00001.460
112331 31 101 91 2LI4L 1~’lUIS 31 31 31 3 1 1 .1 51 00001u0 0
1 1 2 3 3 1  31 1 1 1  l v !  3L1iE ~~r.015 31 31 31 3 1 0 . 1  SI  0 0 0 0 1 5 0 0
1 1 2 3 3 !  3 1 i2 ’4 1 1 1  4 L 1 4 E ,~ .’J l5 3 1  3 1  31 3 1 0 . o S t  0 0 0 0 1 5 1 0
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1 12 3 3 1  31 105 1 9 1  20EX1 ’ E’ 4 31 31  3 1 3 1 0 . 2  SI  0 0 0 0 1 5 2 0
1 12331 31 101 201 3IThXTEP4 31 31 31 310 , 9 51 ;00015 30
I 1233 t 31 215 221 lLI ,v~ 000 31 31 31 310 .8 Si 30001 5440
112 331 SI 221 231 2LIN .~000 31 31 31 310 .7 SI 00001550
112331 31 245 251 1 1 2 1 ’  31 31 31 310 .6 51 - 0000tSoO
11 2331 31 25 L 2aI 2127 .-v 31 31 31 310 ,5 51 00001570

999 00Q~)l580
1 1 1 1 76 lb 383 153 7tlo#4 T MI PD 7o 70 3 30,8 SI 00001*0’)
1t11 7 0  76 783 383 6EI GM T ‘.1 540 7o 70 3 30.8 51 3000lotO
11117o 70 783 7~ 5 SFL.VELA ’4E 439 89 70 762.2 Fl 3000Io2 )
111176 76 70 5 775  ~T(~v 4I Lt 40 76 7*0 . 9 SI 0 0 0 0 1 o 3 0
11117* 7* 77 5 1*, 1F1 .4 ELA r .E lb 7o0. 9 F t 0000lo .40
1 1 1 1 10  70 105 153 S L I J E P V . O I S  Tb Tb lb T~ j.o S i 0000joSO
1 1 1 1 7 0  lb 383 loS S-~.jao.~4~4C- A.4 7* 76 76 761 .7 51  Q 0 0 0 I ~~~ 0

999 0000 1670
1 1 1 1 8 9  89 444 3 783 5E1 (~’4t v4 1 4o 89 89 3 .50. 8 5 1  0 O 0 0 1~~8O
11 1 189 89 555 443 461Gfr ’T ‘.1 540 89 99 3 30.o SI 0 000
i t l I 8 O  09 SoS 555 S0E~ u I~ 0WE 54 89 69 2 .0  51  00001700
1111 .3 9 89 SoS 37 5  I T E ’ 4  ~ LL E 541) 89 8 9 1 . 0  S 1  003 01710
1 1 1 1 5 9  89 ‘ .4 75 405 21E4 M I LE  54’) 430 890.o SI 00001120
111189 89 40 5 7~ 5 STE .’ “ILE 540 89 890.1 31 00001730
111189 89 u’4 3 45 1 IC M ’4 Y SL E’4 FY 89 89 89 391 •1 54 3 0 ) 0 1 7 4 0
111189 80 4 51 ‘405 25 TE 4 ~r’E~.’S04 89 89 434 841.3 3! 3000175 )
111 16 9 89 475 451 lJ0’4~4 54. 541) 39 89 80 43 91 .2 5 1 3 0 0 0 1 7 6 0

0u001 770

p
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Section V: Operating Instructions

Since the computer installation at which the Tr3nsportation Submodel

“: 
is to be used is different from the one at which it was develo ped , only

- 
~~~~ . genera l guidelines are offered on how to assemble and use the FORTRAN source

cards . Specific local operating ins tructions can be developed by the local

programming support staff.

The FORTRAN source cards for the Transportation Submodel comprise 5
distinct sets of main programs wi th associated subroutines. The program

names are NETWORK , ALLNET , DAMAGE , FLOYD , AND TVLREC . Three different
methods of assembling and using the complete package have been used. One
method is to create a separate load module for each of the 5 se ts an d to
execute them in succession as a series of steps in a job. The job contro l

language (JCL) for executing the load modules is shown in Fi gure 5-1. In
creating the loa d modules provision must be made to provide the m ul tiple-

use subrou tines , NETPRN , STORE , and UNMASK eit her as load modules in a job

41 l ibra ry or by creating dupl i cate source decks.

In the second manner of assembling the programs , ALLNET , DAMAGE , FLOYD ,

and TVLREC are compiled as subroutines called by NETWORK. In this case the

necessary statements CALL ALLNET , CALL DAMAGE , etc . are added after the state-

ment 30 CONTINUE in NETWORK. The statements SUBROUTINE ALLNET , SUBROUTINE
DAMAGE , etc. are added to the source decks and STOP’s are replaced by RETURN ’ s.

No pa rameter list is necessary in the calling or subroutine statements . The
JCL for a compile-link -edit-go in this situation is shown in Figure 5-2.

The third manner of assembling the programs is a variation on the second
described above. NETWORK is converted to a subroutine in the same manner as
the other programs . The whole package of subroutines is called by a simply-
written main program . The prima ry feature of the main program is that it

‘.. contains a loop to simulate time iterations where the Resource File is updated
with different values of BOS. This third technique of program assembly is
mentioned without an example just to suggest what might be done. In fact , it

was done wi th the programs in an earlier stage of program development where
the Master Status File was used instead of the Resource File.
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//PROCESS .208 ~TI,c43 .P0495o,J,.u,M:1, P4Tv:1,r :l,F03 .5 :,..-,I1E 1)0000010
II’ 54T1.C43.P~ 4Q5~~,J.’,0,PRaCE5S.C ’~T .. Ti E *ECUTL T2~~,SP0’4LATlu. 5Ud”Ou~ L 00000020
I/a AS A SEUL :.CE .~F LOA.) ~tJ0uLE5 I~ Jab STLPS. 00000030
//S i ExEC 54~~~~ ET~~J , 54EGIU~i:9v~ 300)0040
,/5T~ PL18 00 0I5P S~l4 ,1)S 5411.C43,P349S0.J1.1). 1.~UR,s .LJ~ D 30000050
//FT OIFOO I 00 1)1354:S ,0S-J :541I.C43.P-i495b,J~ 1).FT01~~0O t .CAI3 , 00000080
7/ 0C8 8uF~ u= t 000001)70
//FTO 3 FO U I Oi) SY5u,jT:A,D~ 9 43-JF\J :j 00000080
//FT 3OFOO 1 00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 0 0 . e 0 0 0 9 u
II ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I),PLSE ), 00000130
// OC0 (PtCF4 S,L54ECL :t008,.~L,~S1ZE:Ib12,ca.F ):t) 0000011 0
//FTS 3FOO 1 00 DISP :(- ,e,CA TLG),CS’.’:5471.C43.PU4950 .JaO .PATI-vS .OAT .’., )0000120
I I  uNIT :UI5~~,IJL:5E54:~~T I2 2 2 . 5 P A C E : ( T R ~~, ( 5 0 , 5 0 ) ,~4 L S E ) ,  00000130
// ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00000140
//FTSI F 0O 1 01) 31554: R ,05t,,:41L .C.43.PO49Sb .J~,’).LI5 S .OATu ,0Cd:4LF .3:1 00001)150
//S2 EXEC PG,M :ALL ’IE T. PEGIOti:252.c 00000150

DO UI :S1R ,DS~~:54T I.Cu3, P04 05o .J.’,D...LLvET .L~~AO 00 0001 1 )
,/FI0SFOQ1 1)0 5YSOJT :A ,0CS:eJF~ O:I 000U0I~~0
//FT 3OFU Q I DO ‘)IS~ :S ,0S.’:WtI,C33.l.’U4950,J’..0..~~TLISr .QAT.~.0C b:~ oF ~u:t 300001 9- ) -
/ ,FT53F0 01 00 DL5P :S ,OS~~~R TI .C43 .P 95o.J.v0. P~~T~~3 .o.10.vC5 :0 JF - J 1  3~)Qç~~~).)
//FT7OF0U 1 1)0 OS\:~ &A2bOlJ ..4Jt4LT :DIS~ ,0I3P (,3ELETE), 0000021 .)
// 554ACE~~(r54~~,(50,1),RLSE), 00000220
/7 0C5:(54~ CF ~:v bS,L54ECL:I,08,BL,~S1ZE :t12bO ) 00000230
//FT 7 1FOO1 00 0S~l 4.&b20OUv, .IT :-31S~ ,DIS54:(,0ELETE ), 00000230
// 5 P A C E : ( T . , , c , ( 5 1 ) , 1) , 5 4 L S E ) , O C b~~* ,F T T Q F 0 Q b  0000o250
//FT8~~~0Ol DO 1)5~ :&&5L- u~.2A .JNI T:DISIc ,1)15?~~(,0~ LLTE), 30000250.
// 5PAC~ :(T~~~,(5u, 1),~~L5c.).OCB=* .FT70F00 I 00000270
//F T 8IFQQ 1 JO OS~:~.&3LJur,2B,1J~i1r :)1 3I~.DI SP (,0ELETE), 0l)00028j
/7 5PACE :(TR.~.(50,1),54L5E),DCl3:a.FT70F0Ql 00000290
//FT 91FOU I ol) 0ISP :(,E.~,C A T L G ) , O S :PT1.C43 . PO4Q5s.J .,O . 32~~~L.~-’..’)ATA , 3 0 0 0 0 3 0 0
/ 1  5 P A C E : ( T 5 4~c , ( 5 0 , l ) , 4L 5 E ) , u ’, j t = 3 t 5 K , IUL :SER :54TI222.~~C~3 I ..-T70F00I 000003 1o
//FTO2FOOI Dl) D 1 S P : ( ~~~~,, C A t L G ) , u S ’ ,: 5 4 T I . C 4 4 3 . P O 4 9 S , . J , , D . ri C J , 2 b . U A T ~~, 2000 320
// ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3000C53.)
/753 EXEC pG .~:0A44;E, .vEGt j r~:dOK 30000300
/ / S T EPLIB 30 OISP Sr ,1)S’ PTI .C03,54)495b.J ).D At ’-A1)E .L030 10000350
/ / F T O 3 F O Q I  00 5y 3 - j J T : 4 ,OC,:,JF 40:1 0 0 0 0 0 3 8 )
// FT 3OFOOI DO DI :S. .JS’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j0 00t i ~
//F 1Q IF QO 1 01) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ JO0 )05~ 0
/ I’ 192F001 0) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 0 0 c j 3 0 0
//‘103F04)1 00 OISP (’4(~~. C A T L G ) . 0 S :RT I .C4 3 . PO4 95b .J . - ,: . D 1 5 t J L~..0~~T A , ) U ) 3 0 .~J 0
7/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3000)41,)
7 / F I O I F O Q I  Ui) D 15P= ,DS - ~:~~T I . L 4 3 . ’U4950 .J,-,0 ..~~5J-u~ C t . 0 4 T A 2g
/ /  OC8:80F ,u:1
1/54  (ZEC PG,’:FLJY3,~~E~~ O’.:10o~ 00030440
// 5 TEP LIu 00 OLSP:S ,~~~~~~T1 .~~43 .PDo95o .J.~0.FL 0YD,L ~~~) uO.JJoo SO
/ / F IO 3FO0b Ut) 5Y5QJT :A ,UC~~:~ UF 4G:I 300000,0
//FTS0 FOO I 1)0 J I : 4 ,0S~.:~~TI,C4S. Puo05o.J. .~ ETLI51.DAT4.C C :ou~ ” O 1  00-000w70
/ , F T O 3 F O O I  1)0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3 0 3 0 0 . . ’ ” )
//FT5 5F0OI 1)0 1) I5P:(’vE~~, C A T L G ) , 0 s , : ~~T I . C 4 3 . .3Qu 4 Sb.J . .C .F I \ 4.~L . OA r8 .
/1 SPACE:(154~c ,(53,t), 54L5~~),uNIT :3I5v (,viJL:5 ‘.FI222.oC’~:..l~ 703Fj01 00003501)

5-1 Lis~ Ing of JCI. to Execute TransporUt’c’n Subrnodel
as a Sequence of Load Modules 1.. Job Steps
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I //FT 6OFOG1 O” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 03)00514

/1 5PACE:(~~.~~, (1. l), I~LSE ), 00000520
7/ UC 8~~(R ~ :F4:v’.~o .L54~ cL :1oo9,8LKsIzE :1oI2) J003055u
/ / F T 7 u F O Q I  00 0S~,:&~~TE ~~ ,J4LT :OI Sc ,1)ISP:(,OELETE), 00000540

I /I 5?A C~~: (754K,(5o, 1 ),RL5E), 300’)OSSO
// OCB :(~~ECF -M:v85 , L~~~CL :1o1 )43 .t3L .c3jZt :1 12bO ) )00305~~’)// FT SOF 001 00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ )00005 70
I I  SPACE:(154K, (53,l) ,54L5E),UCS:a .FT 7 JFOO I 0000058)
//55 (‘.(C Pii:~= Tv L 54 L C ,

,4~~~L0r .’:1O0, 1000059’)
I / / ST ~ PLIB 00 ~ ISP:54l 54 , ) :~~f I .C u3 . P34q5 o .J~~O. T~ L9 EC .L04 O J 0 0 0 0 o 0 0

/ / F T O 3 F O G I  DO SYS,JJT :A , U C S = 4 3 0 F - ,O:1 0 0 3 0 0 o I J
I/FT 30F00 I DO OS’~:A& ~t E T I O ,O I S P ( O L D , U E L E T E 3  0 0 0 0 0 s 2 -
/ /F 7 30 F 001 DO ULSP :S~’54,OS’ts54TI.C .43.P)49Sb.J~.O .:.ETLI5T . tA ,CCb =o - J~~,.3:i 10000534)
//FTSSFOQ I 00 OISP :Sl44,O Sr,:541 1 ,C 4 3 . PtJU95 b.J.~O. fr I ‘.AL .DAT~~,JCb~~jLr 0:1 00000040
//FTO4 FOQ I 00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 30300oSO
// SPACE: (TR ~~, (5 0 , l ), 54L 5E),u~.IT:0ISA ,vUL :SER:k 1I222, 33000000
// OCB :(4ECFt4:F 43 , L~ ECL 20 ,43 L ’ c S 1ZE 13020)  0 0 0 0 0 o l )

5-1 Page 2 of 2

S



I

I
/ / EX E C U t E  .2.28 ~ T I .C4 3 . PO495o.J , .0.~~:i, 4 P T Y : 1 , t:2 0 0 0 0 0 0 10
/1. 54T L.Co.5.PCo 95s .J.-.-.2.E~~EC J T E . C , t~. T3 E x e 3 ~~t E  T93’.SP~.~~T~~t iu ~. S~~j4r )0~~L i000002’)
/ /~ A S 8 5E0UE~.CE 4F C~.LLS , . I T r v I~ ‘,ET.- -t pc Tu t .~ DT~ E’~ 549OG~ 8’) 85 -0000003-)
/ /~ SU8 5 4 U u t L - ’~ES 000000 00
//S I Ex~~C FT ~v C 0 0000350
//C .S Y S I .  ~ U ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1000)060
1/52 ExE C ~ T.-iC ~0O000l- )
//C .SY SL\ 30 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T ,)1):5.- W 00 0 4 0 0 8 0
//S 3 Ex EC FIlI C 00000090
//C,3v S I DL) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0000 0 100
//SO E XEC F T - v C 0 0 0 3 0 1 1 0
//C ,S Y SI 4  3D US-.:5471 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0000U0
//S5 Ex EC F CL~~,~~.G :3J0~ 0 0000 13 3
//C .SYS LM 00 0S~ :54TI.C43.P~)445o.J.’iO .1.L~ EC. F3IT ,)j5P:S,~4 000 00 140
/ /) .FTO1 F Q O 1  20 -)I5?:SliR ,DS .:54T1 .C43 .P0 5o.J,,O. T3~~r001 .1 ).~T0. 0’)0O 0I~~i
I I  0Cb :8JF~ 0z1 30000100
/ / F T O 3F U U 1  Ui) SY5JUt :A.UC~ :8UF iC:1 

_
)00001l0

//Ft3O ~~))1 Di) DS~ 54TI.CM 3.vJJ095b.J.~0,4E TL1ST ,1).LT~~,Ji Sl~:( ,E~~,CAt L D). 03300 180
I I  U~ 1T:OLSK ,4uL:~iER:? TI222.SPACE:(TPl( ,(1, 1),~~L5E), 0000)190
// OCS= (~~ECF vB S ,L CL :to08 ,8L IZE :lo12 ,~~W~~0:1) 10000200
/ /~~T53F00 l DiJ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0)00021)
/7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .1- 3 00022 0
i i 0Cb:(PLCF ’4:v8S,LRECL:1302 2 ,8L .(3iZE :l302b ,8U~~.0 :i ) 0003023 )
//FTSU OUI DO ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 000002’)
//FIT0FO .)1 00 0S~ :&&A2btJuN, u~~L 1:)LSK,0ISP:(,...ELr

_ 1E), 0000025o
I I  5544CE :t1 .’K,(50,1),.)LSE), 0)0002~~1
I I  0CO:(RtCF 1:v8S,Li~ECL :1b08,dLic5ILE:1l 20O ) 

- 00000270
/ /~~T7 IF 001 00 4S\:I&o24I)U~~,o:~I T :JISIv ,DISl’:C,.2EL~~TE ),
/1 5P8CE :(TL4~~.(5O,1 ),4L5E),L)Cb:..FT73~ 001 30000230
//FT 9OF 0OI 0~ DS.’~:&&bUUN2A ,IJ\IT:)IS~~,0ISP:(,OELETE), i )0u ’JSOO
1/ 5PACE~~(~ 54’~, (So, 1),~~L5E),DC 8:..FT70F0t)1 0000 )310

P // F IBIFOO1 1)0 0S~.’:~ &8QUN28, J~4L T :JISk ,U1SP:(,DEL~~TE) , 3000032-i
// SPACE:(t9~.,(50, l),)IL SE),t)C43 5 .F1701 )0i
//FT9 1FQ 0j 01) 0L5P:(’,€ ,,CA TLG),0S’ MTI.C43. P~i495,.J, .2 ~3j0~~.C A T 0 , J~ 30o 340
/ /  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0)0)035 0
//FT 92FOQ I 00 L)1SP:(’4E~~,CA TL.,),O3 54TI. C33 .P~,4958.J.U.thj .).2u.0Al3, 0300 03 80
/ /  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 0 0 0 3 7 3
/ /~~T93FO01 03 1)I5P:(’1E i ,C,8 TLG),35 4:l~1I.C43.P’J445,.J,-.1).t3I3T~ C~. .L ,8tA .  1 0 0 0 U 3 ~~0
/7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00000390
//FTO IFO )1 00 (413P:5 .’,)5 54Tj .C43 .PQ495b .J.vO. i9~ SJuQ LE. 08T82, 3 )u0u~~-- 0
/7 UCb 6UF~.L’ I )O0O0~~1)//FTS5F O O1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I I  SPAL( :(T ,(5I,,1),~~LSE),tJ~.’0T:0I5K,vQL :SE~l:RTI222 ,OC :a.FT93I~9)1 QQ0Q33 ~ ’)
// FTOOF OU1 04) Ds.:~ &-.ExuS (.u.1t :)ISK,O1554: (,0ELETE) . 30000030
// SPACt .:(t4~’ , (1. I),4LSE), 0000045)
7/ OCB :(,~~CFs) :v8S,L .lECL :ls08 s ~L’( SIZE :Io 12) 000000,1
// 5PACE :(T.1 .~,(54),1),.9LSE),3C8 :* .FT 7 0 F 0 o 1  00000o70
//F1 9.4F031 00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
// 3PACL : (TMK,(S0,1). 54 L 5E ) . u L L T :O i ,~~3L :SE.-~:.~TI222, 00300490
// DC O:(’IECF .‘F 6 L3ECL:20 8L’~5IZEz130dO) 000005)6

5-2 Li s t ing  of JCL to Execute Transportation Subi~~de1
Using NETW RK as a Driver Routine to Cal l  other Subroutines
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Section VI: Suggestions , Warn ings , and Changes

Several improvements could be added. At one stage of development the

user had to supp ly the list of nodes connecting unit areas. In an effort

to reduce the number of files and the amount of manual data preparation

required , it was decided to let the computer do the work of determining unit

area connec tivity , and this file was eliminated . As experience suggests and

familiarity with the program and files increases , it may become desirable to

reinstate this list to provide an override option to describe linkage between

unit~areaS.

Another improvement would be to permit changing, say, road type from

major freeway both ways to one-way for “movemen t to shelter ” procedures during

the course of the time iterative scenario. At present , the Links File ~h icn

describes the network its initial state is “outside ” the tim e iter at i-ie

loo p. Thus , the only way to effect a change in states , other than ia~.a~e , is

to so describe the network initially in the Links File.

A nother improvement would be to create a second version of the step

that computes the shortest paths between un it areas when the t~~~t~~~ l number o~
un it areas is less than approximately 150 . This second version .~cu1~ replace

FLOY D , wh i ch uses the d is tance ma tr ix  stored on di sk or ta pe , wi 3h s neth ing

similar to SPATH , which stores the entire matrix internally in core , at a

grea t savings in I/O time . Hand calculations suggest that 150 unit areas
~~~~~~ 

~ will generate distance matrices (150 x 150) just within core limitations.
This improvement would be justified if there were anticipated a large number

of study areas containing less than 150 unit areas. Another advantage to be

ga ined would be that Dijkstra ’ s algor ithm could then be added to resolve

for ori Q in ’destination -specif ic shortest paths after damage.

Some infrequents used programming techniques are :

(1) the use of 9999 to represent a distance of “infinity ” between nodes

(2) storing multiple va l ues in pre-def ined bit - fields of a sing le word

(see the description of STORE and UNMASK).

(3) storing the value of distance in the upper half of a word and

polic y in the l ower half for words in the distance matrix. The

value 216 is used arithmetically to shift an d extract  va lues , and
will be seen to occur frequently in the program.



A techni que for changing recurs i vely between two device numbers in

READ an d WRITE statements is used in FLOYD and ALLNET . In order to process
data written to an output device, (e.g., number J), the dev i ce num ber i n the
READ statement must be set to value J , and the new WRITE Output device

num ber is set to value I , the prior value of the input device. Thus , if we

are reading from I and writing to J , the recursion is:

I, 
_ _ _( I  + j ) - I .> I

( I  + j) - 3- ~~J

The most l ikely error to occur will be an inacessible node in a unit

area ne twork . This condition will be noted by the value 9999 apoearing some-

where in the shortest paths matrix. Examine the Links File for that unit

area for transposed digits in link and/or node identification numbers , an
incorrect node i.d., inclusion of a node from another network , or incorrect
specification of a one-way Street.



C 1 0 0 0 0 0 1 0
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00000)2)
C PRU GI~A~i ~~~~~~~~ I~ T94NSP0 ~~T - ~T L J 4  3U~~~ U~J~~L. 00004 ) 051 )
C 0 0 0 0 0 0 i u
C ODu000SO
C P EM OV E  C ’ I • SUb Pu u T t~~E ~E T .~~’ TO - JS ~ 85 ~. S~~4 t . C u T I ,~~. ALSO C * ~. .GE J 0 6 0 ’ J~~~3
c stoP 8~ O ~ETij~e, C~ POS 8EL~~~,
C fl000~~~’)
C SJ8 ROUTI ,C  4ET ,~~K 0 0 0 0 0 0 9 )

C u - ~,1u/ L~~,Ij uT - 10o 00 1) 0
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IT , N ’J 1 ’ , , . E T S ( 3 0 0 )  o ) 0 0 0 1 1 0

- ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 0 0 ’ i 2i
I4TEGE ~4 l 4 IA ~~Cr1 ( 5) ,  3 1 S T ~~ 0 0 0 0 0 1 5 0
I T ~ 01o 2~~~1b 0 )0001 4 0

= 3 0000 150
I~~F 1~ = iI ~~E 1 b  ) 0 0 0 0 1 , u

I’IFII*I T 010 306)0171
C 3003 0 1 3 0
C ‘9E80 I~ LIST ~F ~E1~’O~4~~5 T O b E P9 UC ESS EU . 0 0 0 0 i l ’
C 30000200

CALL C~~TL~4D(4 -JM ’LE T) 0000021 )
C .1000)220
C AT 1— I S  P O I N T ,  .iE ~4 V E  A LL ‘.~~CE 3S 8 ~~Y L ) 8 T A  To 3 E 3 1 .  T~~E S~ 0~~T E S T  pa r--  0 0 0 0 0 2 3 0
C P9OCEUU~ E5. T ’ E Y  MILL iE E~~B E D O E D  ~~~~~~~ 1 L3L P , ~0 )~- A T  E8C ~ ) 1 1 3 ) 2  4’I

C ‘,ET .10~~ .~ILL bE A~~A L~~ZE 0 I t  T~~k~~• 0 0 0 0 0 2 5 0
C 00O002~ 030 3,) I 1 , ~-iu’i’t E T 60000273
C -)-~30G2S0
-C CRE A T E  ‘~8T~~IX OF D I S T A’ JC ES b E t n E E ~l OI 9 E C T L V  t.I •~~ED ‘.~J3~~S I. NE j — T .  0 0 0 0 0 2 90
C ~iET ~ O9~~. - 0 0 0 00 330
C 0 0 0 0 0 3 1 0

CA LL SETuP(L,~~O0ES.~.30) o)0Q0~ 2)
C 00000330
C 5 4 9 1  ~t ~~~ L~~IT 1 A L  POL ICY 4 A T R L X  ~ET . . E E ~ - I O C E S  ~T 3 , ,  I — i . • i  ,ET - -,(~~~ i~. ~000D3u0
C OE~~ICE ‘::ur . 0 0 0 0 0 3 , J
C 30003~ 0

CALL P~~ OUT(I ?0LFL, .-JL)ES,1) 00010370
C . 1 0 0 0 0 3 3 0
C Pc~I’iT 1-s E 1~~I TIA L ~A t4 I1 OF DIST 8NCES BET .,EE : - .DDES R09 T-E -‘)00 0S9)
C L — T ”  E T ~~1)~~’ 0’t OE - IILE •I ~j u T •  ,000 0 4 - ~O
C ) 0 0 0 3 . 1 )

CALL ~‘~ , U U T ( D I S r . 8 l ~,~~,J0ES, I) J 0 0 ) 1~~d3
C 00000430

• C CD~ PLJ T E T rs E P A r - i s OF .lL~s I~~U~4 3 j 5tA ~,CE BE T.EE - ~ A LL ~u~ ES 1’ I— N ))
~) 0 i ~~3 4 U

C ~ET ~~Ul~K:
C

CA LL 5 P A T p $ C ~~u0E S) 0 0 0 0 0 . 7 0
C
C SA~~( T~’~ ~ES uL T 5  ~F t~~f S~ U~~T E i1  P A T ~~5 0u~- ’~.. T~~3~ u FILE ~ 3 F O b )3000~~~0C SO8S EJoEN T ‘~~UC~~S5 I-~G OF 5~ v~~rEsT PAT ~ 5 8ET~-,i~~. LJ~~I T  ~~ E8 5 .  1) 1 0 0 5 3 0

7-I List ing of Fortran Source Program NET’.4ORK
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C 30 000510

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 0 0 0 0 5 2 4

C 0 0 0 0 0 5 3 0
C P9I~~t 1~st FL48 L SoLuTiU ~. ‘4UL ICY .iO O1S T 1 ,C~ ‘..~T 9ICES J~. CE~~I C E
C ‘[Out’ . 000”)55)
C )000,)5~~)

CALL PR ajut LPOLFL, ~~UES, 1 ) 0000057)
CALL s’~~NOu 1(-3L ST 8~~, t LJ O E S , I )

30 C U7. T I  ~uE
9E?. t NO 53

C -) 0 0 0 5 1 0
C IAV E P9O C ESS ED N J — ~~Et  uN IT  A R E A  ‘, ET .J 9 ~~5. 51~~E T ’ E  PA C ~~Eu ~E T - s u R s ~ 0~~Q00s20C 1.0 . r L, -’ 8 E ~~S, I t  \ETs (j),I:1,2,...,r,u~’NET , u . FILE 30. O ’ i u O Q s S O
C

,.R IT E ( 3 , ) )  ~U~ NET, Nt. T3
~tEnI ’~.0 30 Q0 000~~a0

C 0 3 0 0 0 5 7 0
C ~E~ OvE C’  I~t CO LU~’N 1 TO EXECuI F  ~EST OF 1~~A~~5 P 3 P T A T I u ,  ~- 0D EL 00- 100ob0
C P i0C,~ AMS ~5 SU8ROUTI’iES. 30100b9)
C 00000 100
C CA LL AL L~ ET 0 0 000 71 0
C CA LL OA- ~A GE o0000720
C CALL FL~~Y 0 0 0 0 00 7 3 0
C CA LL T~ L E C  000007 40

S TOP 0 0 0 0 0 7 5 0
C 000007~~0
C tO Ex~ C~~tE ‘;,ET~ Ow ,~~ AS A S U BPOUTIN E ~E~ OVE ‘ ‘  I~ R E T O s N  C A ~4 O,  0 0 0 0 0 7 7 0
C ~E -~OVE ‘S TOP ’, $‘iO s~E~ 0vE ‘C L- ~ SjbROU TI.€ ,ET ,O ,’ ’c C 8~~0 A~~Lj ’iE. 00~~O O 7 8 O
c - 0 0 0 1 0 7~~0C l~ETJ lU i 00 0)0500

E~~O 0 0 ) 0 0 8 1 0
~L O C I~ O A T A  0000)520
COMMON/Ia/IN , IJUT 0 0 0 0 ) ~~3O
D A T A  IN/ ~~/,~~u j r / 3 /  0000 0o ’sO

1 0 ) 0 0 5 5 )
5~~~ uu T 1 ,E 5ET4P (I~ r4 ,~ O0ES,*) ~ovu ) ‘~~ U

C •a.sa*.a.saa.a......*.s...a.t*.,**...s......a,.....s..t*a,.............,)QQ; :17-
C T~~I 5  SLIU IEOUIL ’1E ~EA0S IME .ET.~U19 c ,)ATA F -J IV ~E1’ .u~ At .O C 4 ~E 8 T E 3  T - ’~ 10O0 ~~5~~,)
C INT IA L  ,“14 T s 1 1 .  OF DI STAN cE S ~ETi.E’ t 0IR E C T L Y  L I N K E D  -~o u tS .
C It A LS O PA C s~S T~ E zu~~, (OC , GRO uP , S E C T O ~~, INC u- -~L T 1.~EA 00 000 00 )
C I.D . -“u’~ E9S t~,t) ~E t S C 1 A M ) ,  ~,r’ ICi~s E~~1EI4S S E T J ~’ C o t . T o I  11.0 I r L y  0 h 1 0 3 9 1 0
C T is E NE T .sQs ~~ , (.0. u~~IT ARE A , 1.0. NQ’4bE s~ . 0000092i
C ~A R L A8 LE S: 000009 50
C NOTPAN ( I) : ACTUAL NODE NUMbER ( T n t  5-’ .2~~T E 5 T  PI T— 9 C U t I r . E S  .~ILL ~L0’~ 00030940
C sITH U U~4MY NU”dERS 1. 2, E TC.)
C DIS tA ~’~(I ,J): D I STA N CE FR OM ~GL )E I tO IJOE J . 000 009,)
C IPOLFL :s0Rl~INi STOR AGE FO~ SORT; dELu-~~S IPJL FL (1,J3 I.~ ‘S PA T -i ’, Jij~~ J J R ? U
C TitE QLI CV ~‘A T 9 1 * . -)0000Q’iO

C INOEXY s0R’~1NG STORAGE F3P S0~’1. 00 000990
C **a***..,**, .*...,a.,aaa..aI...*..*aa.a..**..... • * * . * . a a . . . . e* .* . . . * . . * 0 J O i 3 I U Q ,J
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C3
~~

’Us/ [U/L’4,IQu T 00001010
COMMuN / 13LuC,

~
1/
~~1N

t[b, In ,FI4 ,~~I\F1 ., IT.101b, E1S (uo0) 00001020
COM~ ON/bLUC~~2/ULStA N(75,75 ),ZPniLFL(75,75 ),IrOExT(75l,NDT~~A 4(75) 00001030
D IM E N S ION I tJU ES (75) ,~~IA ~ C~~(5) 000 0 1 14 0
Vt TEGE R FUu ,~Q E n [ - , Z C N E I , ) , E 3 C j D , u 9 U P I D , S E C T 1 0 , s-’ ( 4 ~~Cl , , ,) [ 5 T I .  - 1 0 . 1 4 ) 1 0 3 )

C
C 1 ,3 0 1 0 7 0

L ONE : 1
= r, ETS (IAM ) i 0 0 0 1 0 9 )

C 0 0 0 0 1 1 0 0
C IN I TI A LIZE TilE 015T .s .CE M A T 9 L ~~. 3 0 0 0 1 1 1 0
C 1 000 11 20

03 15 1:1,75 00001 130
[4 .j~~~,75 0000 114 0

IPCLFL (L,J ) = N I N E I S  0 0 0 0 1 1 5 0
14 DLST A Is( I ,J) :oI.E1o 00001)50

IPOLFL (I,I) 0 0 0 ) 0 1 1 7 0
15 OIs rA ~~(I,1) :0 0000113)

C 000011 90
C IN I T IA L I Z E  tNE ‘AATR I* 0~ NO OE I.O. ’S 0000 12 3 )

0 D b  L 1,75 3000121 3
I 00E5(L) : L 00001220
INDEXT (L ) = 0 0000 1230

lb 4OT ~ 84( L ) = 0 000012 40
0000 1250

oS FOur.,):,) 000012 50
= 0 100 01270

C 0000 1230
C 4E A L) Ti,( L L o ~ S FI LE — LOO K I IO lOP N~~T ,~G s~~ 1.0. ~u-~~-5E~ ,ETSC I~~) 00001290
C 000 0130 0

70 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00 )013) 0
ir yp E , h y PE 0 0 0 3 1 3 2 0

30 Fu~~-~A T (2Z[ ,2I2 ,j3 ,2(13 ,I1) ,I4 ,d3 *~~5 .L ,1 .~A l ,  01) 00001330
NET ~~O = s I 4 s ~C r4 ( 5 )  0 0 0 0 1 3 4 3
[F(\(TNO.E .,(TNU’-l)GiJ TO 3 1 000 0135- .
IF( ..EI--io .Ec~.9qq .AN0 .FJor.o .E.1. 1)00 10 lb 00001 35u
GO TO 70 3 000 1 31 0

71 ~E .~LNO 51 0000i3 ~ 0
D(~ OU lO .EQ .I)Gu T O l b  0 0 0 0 1 3 90
q( 5 INO : ~E .,LN0.1 00001400
LF (RE.t 1~~O .Lt .2)GO TO TO 00001 41 0
t,UT(( 100 I,3 8 ) N E T N , . ,-O ETNt J .4 4 0 ’ )~~ t4 2 ’ J

~E T u R u  1 0 0001 43u
33 F ,)PlA1 (/’ IN SUb~~. SETu P . 2.0 ~E nLNO ON LI.K ~1LE (0Ed LC ~ 5 1 )  u O i o 0 00N4)

1K IPs G FOR IETi JR K Nu~ 0ER ’,I0, ’. NOT FOu~.D ‘7’ ~ET UP 4Et, IL - A j
IHOuT CU1.IPUT I 4G SisOPT( 3T P A I n S  Fj - t  1(t,.u-~~’,j~~)

C 00001 47o
C 3 0 0 0 1~~50

81 FCuNO 1 00001420
CALL A A T C~l( IF O ,,1J IJ E ,NO T R A 4 ,N U 0 E 3 , I X , L , .A TC .1 1 ) 0)001500

7-1 Page 3 of 9
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I FC M A I C M I . E0 . U 0 3  TO d2 0 0 0 0 1 5 10
~.DI4 A N(t O O E S ) = IFO9W 30001520
I z NODES 0000 1550
NOOE S=NODE S ,1 00001 5 40

82 CALL M A TC il(Z8 AC K ,I ,)N t ,N D T R A N ,’IO 0ES,I1 ,J,~~ITC k 2) 0 0001 5 50
C 000015~ 0
C -0 000 151 0

LF(- MA TC ,42.E0 .b) GU TO 88 u0001580
‘~O TRAN(NOOt5) : [bACs~ 00001520
J:N0OES 0000lsOO
NUDE.S:NODES ,1 0 0 0 0 b o l O

88 IM ILES = AM IL ES .10 , ~ 0.5 00001b20
IF( (1TYPt .E0.3). Jil .(LTY l .’ E .E~3 .s )) GO 10 110 0 0 0 0 l b S O

90 OISIAN (I,J) = IM ILES 00001540
IF (ITYPE .~~cb .2.3R .ITrP E . E0 .3)GO 13 70 00001 550

1 1 0  O I S TAN (J ,I) = IM L L E S  0000 1003
GO TO 70 30 0 0 1 b 7 )

C 0000 1580
C 0 0 0 0 1 o9 0

b ib NOU~ 5 : NUDES—I 00001700
00 10 1:1,5 3 0 0 0 1 7 1 0

10 NE r SUA -s ) = S T O M E ( i l I A s~C n (1 ) , ,E T S ( 1 AM ) ,I J  00’b01 7~~)
CALL RA .K ([QNE, NOQ E5 ,.tQT~~A t , I N J E X T , 1 . u , ) E 5 )  0 0 0 0 1 7 3 0
03 40 I :1 ,NOOE S 00001740
N C . T P A N ( I )  = IN O E A T ( I )  0 O 3 0 1 7~~0
IL :ItUOES( I)  0 0 0 0 1 7 s 0
30 ‘40 J 1 . NUO tS 00001770
JL = I 400E3 (J) 0000 1780

‘40 IPU L PL (1,J) = O ) S T 4 N ( I L , J L )  00001790
DO~~4 1 I= 1, IODES -J1r ) 0b ~~Q0
00 41 J:b,N QOE5 0 0 0 0 l b l )

[POLFL (1,J) 0Jo ,~b o 2 0
IPOLFL (L,J) :0 040 0 1 5 3 0
I F ( D 1 5 T A N(I, J ). E.N I~~E1 O )IPOL FL (I,J ) :J 00001~~40

‘4 1 COrs T I u u E  03001850
0 ) 0 3 b ~~s3

EN ,) 3 0 0 0 1 3 7 3
S O B MO UT INE S PA Tsi (~ OOE5 ) J ) Q 1 b58 1)

c a a a. a a a * a a a a * a a a a a * a a * a * * a * a a a * a * a a a a a a * * a a a * a • a * a * * * a * * a a * a * a a * a a a a a,) 0 -) 3 1 -3
C T H I S  SLa8I~OU1I~~E JSES FLOYD’S A L 0 J P I T M~l Tu FI.3 I-I t ShO .~T E ST P 4 N 5  00.01400
C F ROM ALL NODES T1j ALL O1plEl~ Nu.E5 ( O W F,~tj~I A LL ~L 0 € 5  flJ A 000 01910
C SPECIFIC D E S T I N A T I O N  IF J C O N S T M 4 T .) 0O) 4)b °21
C SEE ‘A ,  AP P~~4 LSA L ,jF SOME S~5 OW T E S T~~’A T ’ % L O O 4 I N - S ’  i’ STu A ~k T E. 000 0193.
C O~ EYFUS.  O R S A — 1 9 D 9 , M 4Y — J , ) M E ,  ~ULU Mt. 17, .u’— ~~R 3, “0. 395—412 00001940
C V A ~~!A8 LLS
C U I S T A - s  : O L S T A ’ i C E  M A T R I X  FOR F L O Y D ’ S  ILGJi lIN’  0 0 0 O 1 0 ~~

_
C a a . a a a a a a a a . a . * a a a a a a a a a a . a a . a a a a a * a a a a a . a . a a a . a . . a a a . . a a * a a * a . * a n a . . . 3 , ) J Q j 3 7 -)

IM PLICIT IN TE GE ~ (0) oooo1 ~~Mo
CGMM U il / I0 / IN.IOU T 0O0 O 1~~~J
COMMON/B LUC Kt ,NI ~ € 1b,I r I N ,~~I~ F I M , i T - .ubb , ..ETS (u 0U) 00002000
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I

C: oN/aLoCK2/DIsr A NC7s,75.

~

,IMQ L FL 75,75. 00002010
L r,T EGER T E S T  0 0 0 0 2 u 2 0

C 00002030
C 00002040
C 00002050

~W I T E (iOO T , la3 )NUDE S 0000205 ,)
153 F L J M M A T ( ,’ SPAI n ~ NQl)E$:’,L b) 0 0002010

C 00-102080
C 1st D L S T A ~~CE ‘4 A T 4 I X  u L S T 8 N U ,J )  1145 8EEN LY4EA T E  I’ SJbR . SETuP . 1000209 0
C 300 021 00
C FLO YD ’S A L 0 L j W [ I l 4 4~ K [5 ThE ITER AT ION sUl.SLH . 00002110
C 00002120

00 50 K :1 , ’4(3,3E$ 00002130
DC SQ 1 1,-NODES 00002140
IF(I.EQ.K) (i3 10 50 00002150

DI ST IK = OISI A I4 (I,K) 00002160
I F ( 0 1 5 1 1 K .E U . 9 9 9 9 ) G O  I L )  50 30002170
00 ~~ J :1,’400ES 0000218 0
IF (I.LQ .J)GJ Ti) ‘~9 00002190
IF (Ic .Ea .JJGO TO “i 30002204)
D1 5T~ J = OISTAN (K,J) 00302210
IF (DIS TKJ .ED .INFI i )GO TO ‘49 00002220
TE ST = OtS T lic,OI ST ,cU 00002230

C 00002240
C 00 00225)

I F (DISTAa(I,J).LE . rEsr )Gu TO 49 000022s)
QL STA N( I,J ) : TEST 0 3002270
L POLFL(1,J) IPOL FLC I, K) 00002230

‘t9 C U .  t I r4ut  00002290
SO CON TI NuE 00002300

00002310
E sO 00002320
Su ó P O O T L N E  RA l ,c (N0 O ,N,R,~~,II ) 00002330

C P = ARilAf TO ~E ~ANKED . 1-3002 3u0
C ON LY 11141 P A P T  OF 2 F w U ~ R N GO)  TO 9 ( N )  I) ‘ 4 A - - a E O  -)0002351
C ~GJ = STAR t itO 3U85C9I~~T (1F A R R A Y  R 0000 23 5 0
~ N = C - ,01~~ SU b5C~~10T C’-F A i l S A Y  ~ 00002373
C 8 = i s A . s E , )  A S t R A Y , 00 0023 30
C A ’ 4 2 8 V  II KEEPS IR A C ~ 0~ T E  SU8S CWIPT5 u~ ‘4 00002323
C 11(I) 5Is 3uLD 3~. I’t [ T L A L I Z E O  [ 4  C A L L I NG P900,48” I T - i  11(13 :1 , 1 1,2,..J-)002~ 0u
C PR1~ W TO FIRST CALL ~F ~A NK • 000)241)
C PEa~O *E C I~ C ULJ4 N 1 OF S T A t E  ~E.~~TS R E R T A L Y J I aG T~) L I N OM CE .~ T~ [.IUK0 00-4242)
C II. 00002430

[I4 TEGER 4 ,3
DIM E NSION t (1),b (b) 0000245)

C OI .~EN3I O t 11 (1) 0’.0024s0
OIME~43ION 11(1) 0000247)

= s t,U4[ 000024b0
NM : N(.Lj — b  00002490
â(N GO) = R(N GQ )
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I
I
I

I1(’tGO) = ‘403 3 0)0251 0
K NGO 00002520
00 70 I , ’aG[,t 0 00o2530
IV (8(K )—il (L)) 10,10 ,30 00002540

10 e (I) = St (3 )  00002551)
C 11(1) = I 000025b0

11(1) = I 0000�S?u
20 ~ :L

GO TO 70 00002590
30 00 50 L ’IGO. K -3 ) O02~ 0O

J I — L~ NM 03O02~~t0IF (b (J)—~’(I)) ~0,oO, sO 00002620
‘40 3(Ji .[) = ~ (J) 00002530

C II(J” b) = 11( J) 0004)2540
II(Ja1) = 1 1( J )  )0OO2b ~~350 CONT IM.t E 0 0 0 0 2 o o 0

~ (J) A RU )  00002b ?u
C 11 (J) I 30002580

11(J ) = I 00002 540
&,O TO 20 00002700

60 8(J s1) = R U )  0)002 71 0
C OI(J. b) = 1 00002120

[lo st ) 1 00002130
30002740

70 C O N T I a u E  00002150
14 E1U9 4 3 0002 15 0
E ND 00002770
S ,ibR OUtI .E Cr4TLRO ( ILA S T )  00002780

Ca a a a a a a a a a a a * a a a * a a a a a a a a a * a  . a a a a a aa a a a * * *a a a a a a * a  a .a.a *a .aa. * .aa..*aaa )J0O ~~7 00
C IH[5 Su8900TL7 E REAUS 111E CONTROL FILE I ., OEIE9”j),E •~n1ICtl S h O RT E S T  O O ’ ) 0 2 8 0 0
C P A I n S  ShOULD SE F OU Nt) , 000 0 2 510
C v A R IA b L E S :  00002520
C r,ETNu$~( L ) I NU~’bE 9 OF 1—111 NET ,,3R l’. ) V 2 ~~30

• C IFLII,(I) = 0 F I N D  ~LL SnURT EST PA Th S  ~DW .ET ..G 4F I J0002’3~~Q
C : I : Fl-NO ALL 5441115 FRQ- -t ALL OT-iE 9 ‘ODES TO IOEST C I
C 2 2 FI N D A LL PA I n S  FRO M IO~~IG ( I)  13 A LL LInER NODES )000214b0
C : 3 F IN O  SM (JRIEST PA T11 F4G~ [09 10( 1) TO I OEST(1) 000028 10
C 1041 0(1) 1 ORIGI N OR SOURCE lODE , N E T A O 9 K  1 0 ) 0 0 25110
C IDES1 (1) D E S TI N A T I O N  NODE FOR 4E T .tCRK I
C ~a ET5 (L) : 49144Y TO STORE 4A LUE S OF ‘ i ~~~r. 00002900
C L C -~ ILS : VALUES U, IFL A G 0000291 0
C ISOIj RC : ~A LJ E5 OF 101410 00 0 0 2 92 3
C ISI’.~ : jALUES oF IOES T 00)3295 0
Ca * a . a a aa .a a a a a a , a a a a * a * a . a . a a a a a a a a a a a . a a a a a a a a a a a a a . a a * a . . a . . a a a . a . . a a0 0 0 0 2 9 ,)

COMMON/LU/It ,IUu T 00”0295 )
COMM ON/~ LOC ’~b /rt I ’,Lbb,l , Fl’ 4 ,KI~ FI-N , IT’ .uIb, NETS (M Q O) 013002950
OI’4EtSI0a NET -4 J SA (1) u0002970
ILA S T 2 o 00002930

30 READ (IY4 ,t4 O,E~lD 99q 9) (4 E TNU ~~(I) ,IFLAG,i , ..P L 0 , I O E S T , l 1 , 7)
— SPLTE (IUU T , 30)(’4ET-4 U 4( j ) , I FLA O ,10 R10,[OE0I ,I :1 ,7 ) ‘)0)0300u
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I
I
I
I

40 F J W M A T ( 7 ( 1 3 ,I b ,2 1 3 ) )  000 03 01 0
30 5 0  [=1,7 00003020
IF()a ET iNUM ( I ) .~.E. 3) GO T i) 9999 00 0 0 3 0 3 0
ILA ST ILA ST + 1 00003040

50 ‘~ET S (I L A St ) = N E T N L J ’i(I) 00003050
C 0 0 O 0 3 O ~~0

GO TO 30 0 0 0 0 3 0 7 0
9999 9E.~1Nt) I-i - 3 0 0 0 3 0 5 0

OQ 00 3) 90
E~40 0 ) 0 0 3 10 0
SJ~~R OUTI-41 P 14’IOU T (0131414,N O 0ES ,IA” ) 0 0 0 0 3 1 1 3
C O M M O N / b / IN , L O U T  00003 120
CO~~ ON /SLO C Ic1 /N1N E 15,INFIN,K1NFIN , I 1.~O1~~, NETS (400) O 0’)0 3b30
COMMON/bLOC K2 /LO TA~.(7S.75),FtLETO75,75),f~Ut .48,(7S).[N O1XT(75) 00)03140
INTEGErt QIST AN(1S,75), p i IAR Cp i (5 ) o0003150

C 00O031~~0
C P R I N T  OUT FUR FLOYD’S AL~~Q,4~~TbM 000 03 1 70
C j 1 0 0 3 1 3 0

0 0 1 I I , S  000031 90
1 ns 1AR C P 4 (I) :uN’ 4ASI~(NtT S( IAH),I) 00003200

= M L A R C n* (5) 0u00 3 210
4PIIE (IOU I , [0)1ILAR CH 00003220

10 F J R M A I ( / ’ .IAIP IX FOR 9ET~i-ORl ~ : ZONE :‘,I5/34X ’EO C = ‘,I500003230
1 ,3 04 ’G ,IUUP :‘,I5 /3 14 ’SECTOR :‘,I5/ 3 1Y ’uf4 L I 8PE~ :‘,I5/) 30003240

0o0  03 2 50
23 K, t IT :aG ,J+ I4  0 0 0 u 3 2 6 0

IF (K ,uIT .oT .iUDES)~~.,lT= NUOES 00003270
.4141 1E(IOUT,25) 00003230

~RITt(IOuT,26)(NOT 2AN (’~),K:icGO,K ’.lT) 00003290
O0 2t4 J :1,tOOES 0000353 )

24 CON TINUE 00003320
.tR1IE (I 0UT,db)(NOT9AN(K ),K:K GO, K~~L1) 3000333 )
V.0(3 = ~~~~~~~ 000033 40
IF(~~0O.LE .N3UES)G3 TO 23 00j03350

25 ~O RM A T (5 X ,b 5 j 8 )  0000 335 0
28 F Q~~a A T ( 2 x L . 1 , L 5 I 3 , I 4 )  0 0 0 0 3 3 7 0

C 00003330
RE TuM ~1 00)0 3390
ENU 0 0 0 0 5 4 0 0
SLI8ROUI INE ~4AT C P 4(A, M ,8,N .1I,JJ, I~~A tCH) 00003410

C 00003 ’i20
C SUUR . MA T C H  CO M PAR ES ELE~ E’~T 5 3F INIEGEW A R R A Y S A 8~ - u ~ F I R  0 0 0 0 3 ’ t 3 0
C E OU A L I T Y . E OUA L E L E M E 4T5 A R E A M A r C H . ~E IUp a ’iED V A LuES AR E: 0 0 0 0 3 4 4 0
C [M A TCH (2  0 = r iD ~A (Ch; : 1 A ~rAT C n) 0000545)
C II & JJ , THE I NOL C ES O~ T hE - l A T C h E D  ELE E .TS IN .1 A~~L) -, . l E 5 P E C T I y L ) ) 0 3 3 4 ~~

)
C 0 0 0 0 3 4 7 0

Ih~TEGER A ( M ) ,  5 ( n )  0 0 0 0 5 4 5 0
I 4 A TC H L O 0Q05 ~ 9)
DC 1 1 1 , ” 0)003503
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I
I
I

30003510
OU 1 ,J 1, N 0 0 0 0 3 5 2 0
JJ:J 00003550
I F (A ( 1)  .EQ .B(JflRET JRN 0 0 0 0 3 5 4 0

1 CON T INu E 0 000355o
I M A T C H  = 0 0000SSb )

t 
4E TO4N 00003570
END 0 0 0 0 5 5 8 0
F U N Ct ION S TURE(V ALU E,~.UR O ,[) 00003590
L” PL IC IT INTEG ER (8—L) 3’iuO3oOO
DIM EN SION A A S V . ( 5 ) ,  ~‘J.~E~~(5) 00003o1 )
LO G ICAL SI 91P (5) , P ,L~~ORO )0003s20
O A T A  F IR ST/ ui 3) 00353 0
IF (FIRST .E0 .1)GO Iii 10 0 04 ) 0304 0

C 00003s50
C C REATE 4AS~ S (A LL S I T S  ON) I t  5 OIFFER ENT SIT FIELI)S TO ~E o-SEO F J F 00003aoO
C STO R I NG OR E X T R A C T I N G  CURRESP3’IOLNG SIT F I ELL O I’, A ,.JRO . bEC.i~~~ING )0003570
C 4IT H Tit E Pt IG HES T UR 0E~ SITS thE 4U-”~3E9 OF SITS ~~

‘j ~ 4Cp i F L E L I  A R E: j’)0 -3 5~~~r)
C 5, b, 6, ~, 9. THESE FIELDS CORRESP U .t) TU V~ LJES IN THE .ts ~~A Y  . I A ~~C n 1 0 J 0 O 3 N 9 0
C ,isICH ARE ZU~ t 1.0 ., EOC 1.13,, GROUP 1.0., SECT O R 1.~~. AN D ~.ET~ OWV. 100037 30
C (O R, 0511 A R E A )  1.0. Tr’ESE 5 VALUES AR E STLp~ED/EA T ’4 A CTL. I~. -~U.~-I. 0 0 0 0 3 7 1 0
C 0000372’)

2 FIRST = 1 3) 037 3 0
2 ~ *a~~7 00003740

2*a21 00003750
RWtER(3) = 2* a lS
POnER (4 ) = 2a *b 00 0-3377 )
PO~.E~~(5)  = 1 0000 3 7s0
T~sU5 = 2 a a S — L  00003720

4A SV.(i) = 1.tU5 a? ’Jn tR(b) 0000380-’)
lAUD = d~~*b — 1 000 03 81
MA5V. (2) = T tOo aP O~ E R ( 2 )  0 0 0 0 3 8 2 0

= T..uoaPu v.E9(51 00003830

~IA 5V. (4 ) = T .tUb aP 0 .~ER (’t) 000038u0
00u 03850

Dci I J 1,5 30~~0 3 8 b 3
1 S T RI P(J) = ‘4A5,((J) o o o o s s ~~o

C 00 00 368 0
C STORE 4 A L u E  1 4  THE I~~~~ S IT FIc L O CF ~OW U . 000 03890
C 00 0039)0

10 L nU1 40 = 30 003 910
R ,NU T .STRI P (I) 0 0 0 3 5 1 2 0
L .t0RO = L~ OStt),AN U .P 00003 930
V.2vA L U E aM UnER(I ) 400039~40
P 1 V. 00003950
P = L A J R D .AN O ,P 000034b 0
STORE = P 00005 970

~E T J S t N  0 0 0 0 3 9 5 )
E~~rR~ uNMA5~~(.a CJRO , t )  0 0 o 0 3 9 9 0
Lfl 0903.,URI) ) 3 0 0 4 0 0 0
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I

I = L~ URD .A’4O .SIRIPU 0’)004~~1- )= 
00004020u N M A S K  = U N~~AS K /P Jri E R(I) 
00004030R E T U 4 N

END 
0 0 0 0 4 4 ) 50

- 
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I
I

C SUSROUTI ’tt A L~~uET 0 0 0 ) O i 1 0
C ‘4~~M3vE T~~E ASUV E ‘

~~~
‘ T~ uSE 800 .ET 85 4 S-JSStO JT I’- L  CA _ L E o  L V  ,E T - ~0Q~ . 3 0 0 0 0 12 0

C ALSO REPLAC E ST J P ~ ITh ‘ ,4E T 411i ’. 0 3 0 0 0 0 3 0
C - 00000’,40
C 3 0 0 0 ) 0 5 0
C ~ T I .C4 3 . i~U4 ’4 ’ b.J,9 D .A LL NE T .FURT ) 0 0 0 0 0 ’ 4 0
C 0 0 0 ) 0 0  70
C Th E O S 0 E C T  OF T H IS STEP IS IL) C R E A T E  ~‘E IN I T I A L  O I S T A , ’.CE ‘4 4 T918  ) Q i ) Q u ) ~~Q
C OF D 1 0 E C T L Y  L I N K E D  U N I T  A R E AS 85 2 - ‘ A T R I C E S  ST R E O  bY RO,. S J:, 0 u T P~~T 3 0 0 0 0 0 4 0
C OEvI C ES 91 4 .t) 92. T- .E ‘4A TS4ICES A RE 3 \ ~~j T  TO T ” E - . E X T  S T E L , 0 . ”A o E )000’JNO
C A S S ES S N E ’4T ,  .~ ‘IC-’ A UJoS TS Tnt )ISTANCES PEs ‘~~IS ’ CODE ~A L LJES .1- ) 0 0 0 - l O l l - )
C 4005 T-E CUnRt S~ L~ U ING ELE~ i E 4 T S  1 4  EACr i  9C.~. 0 0 0 0 0 1 2 0
C FILE 53 CLITAINS ESULTS IF 5-IuRTE 3T PATr ~5 Cf l -~~u ILO , ITH IN  NC- 3 0 0 4 0 1 3 0
C U N I T  A R E A , I.E. .ET ,~U PK , A N D  T-’E IOE- ’i T I FIL )T II OF Ts- E ‘COES I I  NC— f l j 3 0 1 4 3
C tET. ,ORK . 3000 0150
C TnO UNIT AR EA S A A N)  B A R E L IN K ED IF Th EY -l0~~E ON E OR “U’~E bOu’ .O~~~0 C 3 0 0 1 ~~0
C NODES 1-4 COMMON , 0000 017 o
C LI NKAG E OF A A N )  S IS 0ETE4 M I ’~E D  ~ Y C O M P A R I S O N  OF T~~€ L I 3 T  OF 330001 30
C NODES CF NC-i 4ET1~ORK . EQUA L NOOt I.0 .’S COLoR ~CR CI ’lL’N ~.LO E5 0 0 ) 0 0 1 90
C ON THE BU -N O A R Y  6ET?IE E 4 THE 1.t J ‘.ET~iORK5 . 00000200
C IF N €t . . L j r i KS  A A - U  S ARE C I R E C T L Y  L Io ~ ED, T - i E  O l S I A CE F .3 ’.i A T O 5 - 0 0 ) 0 0 2 1 0
C IS OEFI ’uEU A ) TH E A V E R A G E  OVER SnUNI EST P A T H S  FRO” A LL n,00 ES 1 4  4 TO 3 o 0 0 0 2 2 0
C THE C C”~ O i  b OUND AR Y -NOD ES PL- J S T - ’ ~ 0 4 t~ ,A 0 t  O V E R Sn,L , r T E S T  PA T r i 5 FRI 0 0 0 3 3 2 5 u )
C TiE C O4AC. N 8OU~i0ARY -N,30ES TO A LL  NODES IT . ~~. 000002 0-)
C J000 02~ 0

DI’ E SIO- ~ ,E T S ( t s O O ) , ’ O DI  . 4 (7 5 ) , QQI  , B ( 7 5 ) , S l ~~~~- A ( 7 S , 1 5 ) , S p 8 1 - i 0 ( 7 5 , i 0 0 3 0 2 b 0
1 75)  0 0 3 0 0 2 7 0

L N T E GE — 8 2 3 ) U - N ( 4 ) Q ) , r ~2b0u u ( 0 O 0 ) , .,UoN 2 A ( o u 0 ) , 3 O L 2~~( - ~c - 0 ) ,  00 0 0 0 2 8 0
1 T C B O U N/ 9 1/ ,  Y 4 ” S UU/ 92 / ,  S 5 4 4 T 1 8 ,S P A T h b  0 0 0 0 0 2 0 0

CO O ’ / 5 n $ I F T / I T . , U I o , b F I N ,A 2 Jo N ,i 211CL~~,O C J \ 2 .~ ,e ~O u - 4 2 b  0 0 0 0 0 3 0 0
C 0 0 0 0 0 3 1 0

s LT .i Olo = 2 . a 1~ 00000320
KI  . F ’ , = 9999 0000 -0 3 3 0

N F L - ,  : K I , F I N . IT . JO 1 b  3 0 0 0 0 3 0 0

~iE0 . ( 3 u ) . - ~~x - E l .  ET .3
E-. I it) 30 33000So )

= M A X ’ . E T  O u 3 0 0 3 l O
C 3 0 0 0 0 3 - u I
C I/O oE 4I C E S I 0003 )320

18 0 = 50 30000400
170 = 70 0 3 o 0 0 4 1 0

= 7 1 0- 030042 )
181 = 81

I 
_, C

1.0 10 N 1,400 00000- ~o O
00QQ0 4 ’4)

b O o N 2 S N )  = N F L .  0 0 0 0 3 4 1 0
0 0 0 ) 0 4 9 0

1-) S U U N 2 A (  i )  = I 4 F I N  Q Q O O 0 ~~
9_ )

C J0000530
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4 1
I
I

C IN I TIALIZE FLo ES 70 81.0 30; ASSU’~PT IO ’. l o Tn ’AT 80 0  )IRECTL Y LI aE))~~u0o 51 ’)
C D ISTAN CES IN ITIALL Y E3UA L IN F 1-4It Y (=9999)• 00003520
C 00000530

00 11 4 1 , 4 00  0 0 0 0 0 5 4 0
A PITE( 170 )4,( INFI4 ,I 1, 400) 00000550

[1 ARI T E (L 50)d ,(INFI - ,, [ 1, 400) 0 0 0 0 3 5 o 0
9E,iIND 170
R E - I - ND 180 00)00503

C 0 0 0 0 0 S R o
C I N I T I A L O Z E  LOOP I 4DEX TO COO-N T u - ill A R E A  A 0 0 0 0 0 o O O
C 30000o13

IA = 3 000 0u~~2-J
1 N = 14.1 ~ 0 O O U o30

IF (jA .GT .,4A~~NET ) GO TI) 200 00000b 4O
C
C IN IT IALIZ E T hE V E C T O R  OF D I R E C T L I  L I N K E J  O L S T A N C E S  P O P  N E T . -I..c A
C THE VECT O R 15 THE IA—I- .. RU,. ) F T h E I I ST A i . C E  V A T R I V
C

R E A 0 ( I 7 0 , E N O ; [ 0 0 ) i . O E X A , A 2 3-]~~-.
READ (1eu)) INCE~ 8,dijO\2B 000007j0

C
C READ FLo E 53 FJ 4  T H E R E S U L T S  OF T~~E Sr . U RT ESI  R 8 1 3 C O M~~O T , . T I I ,  ~~ - ) ) 3 0 - j ’2 -)
C U N L T  A R E A  , NE F .~~T ECC~~) CONT8[NS ,U. OF ~~~~~~~~~~ A N D . ET  1 ’ S 0 0 0 1 0 7 3
C O J C s u ’

~
R E 8 I(53) 1 ,oE ,.R .OC .~. .sJD L .SPAt ’~

A~~5j~ , ( j A )  S ~~~~ 108 3~~000~~13
eC .2~~( I~~ t S .~ . , A

• o o b  • 8 (  ‘ ‘iO 8 )

C ~ — N -. -.~~ • — • .~ . - , N— ._~~A , ( NOD I ‘ .~~ (L -. I • LM 1 . N~~ -L 08) Q3~3 3 , ‘0-0
1~~92 .‘- 8 ’ - 3 . ) . . .2~~~ . 15 3 : , ) )

C 3000 - -~2~
C .~~ - • - a~~~ ~~

• : —-- ~o ~‘1~~— .ET ~.ORK5 .j (q IA .1,I8.? 3))
C ..,.a -t ~~.. — ‘ s u

C
3030

2 ~~~~~~~~ 0 0 ) 3 2 0 7 .
~~ ( . S . .T . 4 . ,t ,. ~~— ~~~~~

7) ,c ,.J:l00 i  - F t1 ,J21J )~
• J E 4 ~ O , ~~~~O .  ~~~-.

C
C 8 -~S .’-E N I T  ~~L_ ~~ 

r — ~~ T A S A R E  ‘4(3 1 LI .~~EU AND T.- E 015 T4 ,CE A T O S T O O  I~~~~ a
C IS 1 N F i~l L T E .  3)0)0930
C 3 Q 0 0 j ~~4 O

= 1 F I N
C 30J00~~

,1
C ‘tA D r”E 5.~ VTt5T P A T H 5  R E S U L T S  F O R  ~. E T A U R ~ B 0 0 0 0 0 4 - u n
C 00000940

R LA I (53.EN-3 130) l iONS, RNUO5, NUOI~~~,5PA).-’tn 00001000
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I
I
I
I

-N tTNOB = U , AA SK(L N0EXPI,5) )N 3 J 1 - o l )
S2bOoN(iS) = N t T - U - ~ 30001 023

= V E T r ,J3 0 0 0 0 1 0 3 0
C P R I N T  1 492 , L S , \ E l . J r 4 .’I l~~LUS , ( . N UD L , 0 ( L ’ l ) , L - - : 1, ’.~~ .o ~,j )  3 0 0 0 1 4 . 0
C 4000 :)50
C L A ILL SE uSE) 10 C O u N T  T HE 4U~ lb E H  OF ~4TCr ’~~ u.3L~ES I’ A

C
L 0  3)00130)
8250U = 0. - 00001 2 4 0

= 0, 3000ll j O
= 0. 0 0 3 3 3 1 1 - )

8C u2A = 0. )000lldo
.000:1
4 4 X 3  = V U U L N I ( N R N I D 5 )  0 0 0 0 1  14u
UI) 4 1 :1 ,-iRNODA 00)01150
IT HNOD = ~O DL i4A (I ) )0- )O 11~~0

C PRI NT N 9d ,I,lT~~JOQ 0 0 0 0 117 - 0
IF(LTkNU0 .LT .NUO IN~~(J GUHGJ T a o  - 3 ) 0 0 1 1 0 - ;
00 3 J=000, V 4 ’ 4 005 - 3 0 0 3 1 ) 0 0
JTHT400 = --IUUINB (J) 3000120)
I F(I TH- .UO.GT .RA X S.JR .J T—N0: .OT .MAN)GUTQ 45 0 )001210

C PR I N T 1493,J,JIH’VOJ 00001220
1~~~3 

FUQ~ A T (5X2 l5 ,’ .0, JT~ NO) ) 0000 1230
IF (JT~ NUD .GT .LTHNO ClJG U J 000-0120)
I F ( J T H N O D . G T . I T H , 00) GO T O o  0 0 0 0 1 2 5 0
IF ( J T N , c O D . L T .IT H IIJ3)G O TI) 3 0 0 O O 1 2 ~~0

C -0 - 0 0 0 1 2 7 0
C A ‘ .A TCi -4  b E T ’ ~EE’ i I T i-s .uQE Ii A A - .)  ,j— r — ,CI1E 1- . 3
C 3 - 0 ) 0 1 2 4 3

O : 3 1 1 0 ) 3 3 3
C THE FOLL -JA l .); G Ii E 013T A T O S A 5 ( ~ ru o u D l o .  • olu.). T O  ‘0). 30331113

A2i00 82800+ CIOS (3PAT HA ,NR’ jOA ,I) 030) 132)

~Ou2b : bUu2B • RT JnSUM(SPAt~i~3,.R’.jQ5,J) 30 )0133 )
C THE F3LLU.~IiG G1.E 0151 8 TO 85 (5 Tj BULNO . • SO UND. TU A ) ~~

~28Ou u2t300 • C u L S u~’ ( S P A T - ~~ , .~~ OUuO , 4 )  3 0 1 3 1  ‘

= 8L’0 2 8  , ..-~~.)u ’(3,’At 1., :,4i ,)38,j) 3 0 0 ) 3

J1.u = 0)3
GO TO 4

3 CU~.T I ’~UE
~ C U N T I i o E  - -

C L = ‘3 = NO NODES I’. CU’.’MO N SET ..EE. N E t i u ~~~S 8 8 . 0  5 . -
45 IF (L.E .0.0)GO TU oo

142900 825-jJ/ (L.r ,.i NOD 4) • 0 . 3
A 2SOUN(IB ) = IA 2b U U*IT ,..0 1 6 • NE I. .B
Is0u28 = SUO2b/(L’ ’~ -.U0,) + )•5
5007426(18) = LAOU 23~~I TnOt ~ •

C
C 1 1 5  CO”PLLTES Tri E Lb—I- ,. - I 2 .  OF 4 4 2 8 f  ‘ T ~) iu.. ’ . ‘ ,- ‘ 

- 
‘— -

C EL. E ” t - 4 1:
C
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/ Ao—A036 265 RESEARCH TRIANGLE INST RESLARCH TRIANGLE PARK N C ODE—ETC Ft S t5/3
LOCAL EMERGENCY OPERATING SYSTEM — LEMOS.CU)
JUL 76 .1 W DUI*4. R N HENOtY. R 0 LYOAY DAHC2O—73—C—0253

UNCLASSIF IEO RTI—44U—$73

AL



I .0 2 5
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I
I
I
I

18280u z 8~u/cL.~~~ uDa~ • 0.5 00001510
8260UN (IA ) : I82800aITsQI6 + ~LT’iUA 00001S20

C 0000153o
C THIS COMPLETES THE 18—TP~. RO.~ OF ARRA Y ‘FROM d0u’~D. ’ u~ TO THE lAT H . 00O01~~~OC LEMENII oooo15~ oC 00001580

IB OU 2A S 8OU2A/(L*NR~UOA) + 0.~8 0 0 N 2 A ( I A )  S IBUU2A*IT~sOtb • ~.ETNuA 00001580
Rb IMO&X8 z NE P,U8*tTu~iOLb • 18 oooois;o

~iR 1 T E ( I 7 1 )  P ’IDEX8.828 UUN ooo o i~ oo
~RITE(I81) 1NOEX8,8Ou~12A 0000talO

C 00001820
C CONTINuE PMOCESSL~iG Ur~tT AREA A A GA L~45t THE ~E~~T U~ 1T AW E A 8. )0001o30
C 0000ta’~0GO TO 2 00001850
C 00001880
C 100 HAVE PNQCESSEU ALL 8 .ET~ OR~(S AG A INST t.ET,’,CRi~ ~~. 0000IalO
C wRITE THE RESULTS. A28U~~~(J) A~ D ~Ou ’i29(J),Ja1,2...,J ’lETAQR ~c5, 0001 880
C UN FILLS TOBOuN’ AND FRU8OU~ . 00001690
C 30001700

100 REwIND 53 0000*710
REwIND 70 00001720
REwINO 80 00001730
R(w I , NO 71 000017o0
RE~ 1NO SI 0000t7~ 0
INOE XA S NETN~ A *1TwQ1b • 14 00001780
wRITE(TOBUUN) tP.OEXA,A2~OU~ 30001770
wRITECF kM8QU I )EXA ,BUU M28 00001780

C 0000*190
C A DVANC E FILt 53 TO TP4E ~E*T U’~IT  AREA A ~.“LC~’ IS TO BE RHOCESSED 00001800
C AGA INST ALL OTHER 8 uNIT A R E A S  EX CEPT 8 A . 00001610

• C 00001820
DO 12 L2 1 , IA  00001830

12 REAO (53,Er.0a200 ooooie~ o
C 00301850
C PART OF THE NEXT VECTOR A HAS AL REA DY 8Et~ PP~ CES3LD A5 £ vECTUi. 30001860
C 8 uP TO THE IA— TM . ELE9E NT AND THE RESULTS ~ERE w~IITTE :~ U~4 FILES 1 71 )0001870
C AND 181 c1000IH~ 0
C S3 READ THOSE FILES FUR VECTOR A I.STEAD O# RtADL.~, 170 A~ D 180. 10u318 ~ 0
C TO 00 THIS. FLLP FLUP THE VALUES FUR 180 ANI) 170. 181 4:iU 171 .

170 * IRI—170 00001910
*71 $ 1441— lit 00001920
180 1b1 180 00v01930

• 161 z ~~~~~~~ 0000tM~ 0
GO TO I oooo i~~~o

• C 00001980
C 200 * ALL UNIT AREA ~l (TsURX5 HAVE ~€E 4 PROCESSED AS ~ET.~OPw A 00031970
C FOR ‘A • Is 2, .,. . IA—I . ‘10001980
C 0000*990
200 REwIND ~~
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REwIND 70 00002010
REwIND 80 000 02020
REwIND 71 00002030
REwIND 81 000020 44 0
R E w IND TO8(JW’l 00002 050
REHIMO FRM$Ou 00002080

C 00002070
C THE INITI AL DISTANCE MATR~ g Uf OIRECTLY LI’IALD NODES, E.G. UNIT 00002080
C AREAS, HOw EXISTS AS 2 FILES OF ROwS ON DEVICES 91 AND 92. THE F1Lt500002090
C ARE DISTANCES FRUH ALL NODES IN A IC) THE 8JUNDARY 8ET nEEN A AND 8 00002100
C AND T u E  DISTANCES FROM THE 800NOARY 8ETwtEN A AN D 8 TO ALL NODES IN 800002110
C 00002120
C 00002 130
C USING A R R A Y  BOUN2A FUR NORIcING STORAGE IN SU6R . NET PRN; 00002140
C 00002150

CALL NErPRN(MAXNET,8Our42A .TobOu~I.1) 00002180
CALL NLTPR 4 (MAXNET ,8QUN2A ,FRMBOU,t) 00002170
CALL NErPRRcMA*NET,800N2A .T0800,N,2 00002180
CALL NETPRPi(MAXNET,BOUN2 A ,FRM8OU,2) 00002190

I STOP 00002200
C 00002210
C ID USE ALL~1ET AS A SU6NOIJTINE , REMOVE ‘STOP’ , A N D RE MOV E ‘C’ 1~ 0000 2220
C ‘RETURN ’ CARU ; 00002230
C RETURN 00002240

I C 00002250
(NO 00002280
FUNCTION ROwSu~ (DISTAN ,NODES,ROwriuM) 00002270

C 00002280
C THESE 2 FUNCTIONS ARE APPLIED TO THE DISTANCE MATRICES COMPUTED FOR 00002290
C THE INDIVIDUAl. UNIT AREA N(TwORXS. 00002300
C 00002310

I C 00002320• I C CO~PuIE TuE SU 4 ~F DISTANCES FRU.R ~UUE RUwNUN TO ALL N~OtS. 00002330
C 001)02340

INTEGER OISTAI(75,75),ROaNU,4,CULNUM 00002350
ROwSUM S 0. 00002380

4 00 1 J$1.NUDE3 00002370
I 4UwSUM z Rt)wSUM • DISTAN (P4D&IUM ,J) 00002380

RETuRN 00002390
ENTRY COLSUM(UISTA~4,NOOE3.COLHuM) 00002400

C 000024410

I C CUMPuTE THE Sut4 OF DISTANCES FROM 41.1. NUDES TO NUDE COLNUI#. 000014420
C 00002430

COLSUM $ 0. 00002440
S 00 2 Is1.NOOE5 000024450

• I 2 COLSuM Z COLSUM • OISTAN (I,CQLNuMJ 300024480
I RETuRN 00002470

00002480
SJ8ROUTINE IETPRN(N,LLN(IN,fl3,!wHICM) 00002~ 90I C 00002500
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I
C I~ H1Cs $ I * PRINT OUT DISTANCE VALUES — UPPER uAL~ CF wORD u00o2~ t0

I
C IwNICH 2 ~ PRI NT OUT POLICY VALUES — LOwER HALF OF wORD 00002520
C 00002530

DIMENSION LXNEI:~(1),LI~uOUT (3I) 00002540
CUMMON/SrIIFT/ITwOlb, INFIN 0030255u

I
C 00002560
C OUTPUT DEVICE lOUT: 00002570

lOU T 2 3 00002580
JGO$1 0000259)

5 XR~T((~ LJ~j1,3) 000028u01 3 FCJRMAT (~ u~ ) 00002810
1 R(AO (IO,ENQ$1O0JIND(x,(LI~4(LM(L),1.s1,N) 00002820

J~ w I 1  S JGQ.30 0000263 0
IF ( J N w I T .GT .N ) J k w I T $ N  00002840
LL$0 00002650

I 00 4 L’JGU,.N 00002880
U. $ LL+t 00002610
LINOUTCLL )*LIVLIN (U/IT.1Ot8 00002880
IF(I~ H1CII.E0.2)LINOUTCLL)$LI’4E1~~C1.) — LINUUTCLL)~~LTwOtb 000026901~ u CONTINUE 000027001 INOEXI $ UNMASN (INO(x,5) 30002710
ARITE (IL.JajT,2)L NOEX1, (LINOUT(L),Lz1,LL) 00002720

2 FUNMAT (1X13,3*144) 00002730
GO 10 1 00002740

100 R~ wjNO 10 00002750
JGO $ J~ wIT+1 00002760
IF(JGU.GT~~i)RLTUWN 00002770
GO TO 5 00002780
END 00002790

: ~
r

I
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I C 00000010

C TO USE DAMAGE ’ AS A SU8POUIINE. REMOVE ‘C’ IN SU8ROUTI.~E CARD ArID 00000020
C CHANGE STOP 10 ‘RETURN ’. 00000030
C 000000440

I C SUBROUTINE DAIAGE 00000050
C RTI.Ca1.PQ495o.J~u.0*’44GE.FORT 00000080
C PERFO RMS DAMAGE ASSESSMENT OF UNIT AREAS. 00000070
C ASSIGN Nt~ O1~~1ANCLS USING 803 VALUE ON RESOURCE FILE 00000080

I
C THE RESOURCE FILE IS ON FIbIFOO1 . 0000u090
C 00000100

IMPLICIT INTEGER (A—Z) 30000110
DIMENSION NETS (400) ,DAMAGE (4400),A2800NC4400),80UN28(400), 00000120

I DLSTAN(400) 00000130

I CONMON/SHIFT/ITXOI8,INFIN 00000I’L0
ITwOI b $ 2~ ’1b 00000150
XINFIN$9999 00000180
INF IN * ~INFIN*ITwO1 b 00000170
READ (30)4AX ’~ET,NEr5 00000180

I REwIND 30 00000190
I NUMNET $ MAX NE I 00000200

03 10 131.NUM 4ET 00000210
NETNO S UHMASK(NETS(I),5) 00000220

1 LF(NITNO.L(.0)GO TU 20 00000230
8 REAO(b1,11,(ND*20) ZONEID,UNITID,LUC ,SUS 000002440

IL FQRM AC (2L3,12,3X11) 00000250
IF (LuC.NE.5)GO TO 8 00000280

• C 00000210
C FIND A MAT CH 8ETwEEN THE UNIT AREA ID, UNITID, AND SOM( NETwURX . 000002P4)
C NETHU, IN THE LINKS FILE. 0000024’)
C 00000300

LF(NETNU .LT.U’41T10)GU TO ~ 00000310
• C 00000320

C REDUNDANCY; AS5U~(D SORT ON NETNO AND UNITLO SHOULD PRECLUDE 00000330• C N(TVO ~UNITIO 00000340
C 00000350

IF (NET:~0.GT.U:4ITIO~ GO TO lv 00000380
DAM AGECI) 3 2’.(bQS—I) 00000370

10 CONTINUE 00000380
c 00000390
C READ AIBOUN A~40 8OUs~28 rILES A~4i) COMPUTE 000004400

I C o(I,JJsAlbuuNcJ .OAMA G ECi + 800N28(J)*DAMAG( (J) 00000410
C 00000420

20 REwIND 61 00000430
- ‘ 00 55 Ia1,I~uU’lNET 000004440

I R(AD(91)IND(XA ,A200UN 00000450
I R(AD (9flINuEXA ,8Ow~2B 00000480

00 Sw J.1.wuI4~uET 00000410
IAISOU I AZ$JUN (J)/ITwtJlb 000004480
O ZSTA N(J ) $ INFIN 00000 449 0

— J IF(IA2BUU,E0.XINFIN)r,Q TO 54 00U00’~00

7—3 LIsting of Fortran Sourc. Program DAMAGE
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I IBOU2B BOUN2b (J)/IT*O16 ooooosio

POLLJ I UNMASK (N(TS(J).5) 00000S20
0I5TA N(J~ a C IA 28O U* DA MA G E( I3 , 180U28.QAMAGE(J)).ITNUIo,POLIJ 00000530

I 54 CONTINuE 000005 44 0
55 XRI T [ (q3 ) IROEXA ,UISTAN 00000550

REwIND 91 00000560
RE0I’.0 92 00000570

I 
REwIND 93 00000580
CALL NETPIIH(M4A1 (T , A 2dQUN, 93,l) 00000540
CALL ‘$ CT PRN(MAA ’ IET,A2BOUN ,93,2) - 00000600
STOP 00000810

C 00000620
1 C RETURN 00000630

I C 00000 844 0
END 00000b50

I

1
F F
F

F
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C RTI.C43.P1J4956,JwO.FLO YO .FOWT 00000010
C 00000020

I
C TO USE ‘FLOYD’ AS A SUÔIIOUTINE, REMOVE C IN 5u8ROUTI~ L CARD AND 00000030
C CHANGE STOP TO ‘RETURN ’ 000000440
C 00000050
C SU8ROUTIP.C FLOYD 00000080
C 00000010

I C PROGRAM FLOYD. COMPUTES SHORTEST PATHS IN 0151(1,4) uSING 00000080
C FLOYD’S ALGORITHM ADAPTED TQ wORK wITH ONLY 2 ROwS OF 0 00000090
C IN CONE AT ONE TIME . D(I,J) IS STORED 6Y ROwS OP. DEvICE 93. 00000100
C THE SOLUTION MATR IX IS wRITTE~i TO DEVICE 55. 00000110
C 00000120

INTEGER USING(400) ,CHAPIGEC400), TL5T,0LSTII~,DISTIJ,DIST’~J 00000130
ITwOlo $ 2~~*Ib 000001440
KINFLN a 9999 00000150
INFIw a KINFINSITwOI8 00000160

1 110 a 10 00000170
I 160 a •Q ooooo iao

NEXUSE $ 60 00000190
00000200

READ (30) NUNN(T ,N(T3 00000 220
I REwIND 30 00000220

39 00 12 I.1,NUMNC T 00000230
RIAO (93)IND (XI,CHANG( 00000Iuo

12 wRITE(17U )jNOE*I,CuA .’~G( 00000250
REwIND 93 00000280

I REwIND 110 00000210

~~ C 00000280
C INITI ALIZE TIlE FIRST uSIPG’ ROw 00000290
C 00000300

p READ (!10)INO(XI,U5!PiG 00000310
I REwIMU 170 00003320

ARIT L (NIXUSE) INDEXI,U31P4G 00000330
REwIND NEZuSI 00000340

1 C 00000350
C BEGIN FLOYD’S ALGORITHM. 00000 360
C 00000370

- 00 40 w.NG0, NUMP,ET 00000380
• C 000003’0
I C EVALUATE ALL CURRENT SHORTEST PATHS 0(1.4) uSING (ALP. NODE w 00000ueuO

~ C ~N TORt, AS AN I~ T(RMEDL*T( P400( IN THE PATH . IF THE DISTA NC E USING 00000~ 10
C NO0E I IS LESS TI4AN TI4( DISTA NCE w ITHOUT. INUMT NUDE ~ INT O THE 00000420
C PATH. 0(1.4) 1$ STORED BY ROwS Oi. D E V I C E S  93 AND £7 0.  00000 44 30

T C 00000 440
c 00000450
C READ IN THE ‘USING—TQ.C IIANG( lOw , I.E. T uE K.TH lOp.: 00000 446 0
C 000034 7u

I 
A(ADCN(XU$UIF.I)(ZI1,U$ING 00000480
R~ wLNO NCZUSC 00000414 0
00 30 J a L , HU4N(T 00000500
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I /
I C 30000510

C READ IN THE TO.BE CPIANGED’ ROw, I.E. THE I—Ts . ~Ow 00000520
c 00000530

/ READ ( £ 7 0 )  INDEX I • CHANGE 100005440
IF(K .EQ ,I)GO TO 21 00000550

I c 00000580
C DISTANCE I TO H IS STOR ED *3 AN 1P;TEGER X~ oPPER HALF OF THE wOR D 00000570
C C~ ANG((w s 00000580
C 00000590

I 
DISTII( * CHANGE(K)/ITwIJlb 00000600

1P(DIST IK.I~ .KI.,Fth)GO TO 21 00000810
C 0000.1620
C UPDATE THE 4 a 1,2,...,Nu~~ ET ELEMENTS IN THE RQW , I, bEING 00000830
C CHANGED. 00000640

I C 00000650
00 20 Jal,P4U.4NET 00000000
£F (K .EG.J)G.3 TO 20 00000670
IF(l.E0.J)&O 10 20 00000680

I 
OISTKJ • US ING(J)/ ITwOtb 00000690
1F (O1STKJ.E0.l~INFIN )GO 10 20 00000700
TEST $ DISTIl • DISTKJ 00000710
IF(T(S1 .LT .CMAP,GICJ)/ITAOI6)CH*NGE(J)STEST*ITwQla+ (CH*NGE(i() 00000720

1 • OI STIK * ITwO1O)  00000730
I C 000007 4 0

• I C STORE THE MEw DISTANCE IN THE UPPER HALF OF I.OPO CHAP.liE(J) AND 00000750
C STOR E THE NEw POLICY IN THE LOWER HALF . 00000 760
C 00000 ,70

I 20 CONTINuE 000007 80
C 000007 90
C wRiTE THE CHANGED RU~ ON DEvICE 160: 00000800
C 00000820

21 w9IT((I6Q)t~IO(XI,CHAg,GE 30000820
p C 00000830

C SAVE THE SOLUTION MATR IX  ON FILE 55 00000840
c

1F(K.EU.hU’4NtT)wRITE(55 )~~,NDE*I,Cp,As~~ 00000860

I ZF( I.NE.M) GQ TO 2~ 00000870
00 28 III1,NUMP4T 00000 880

26 USINOCLII a CNAPdiE(tt) 00000890
29 IF(1.ilE.K.I)GO TO 30 00000900

wMtTE (HEXIJ$() INDEX I.CP4AP.GL 00000910

I REw I N D NL*USE 00000920
30 CQ NT Z~ uE 0000093’)

C 00000940
C FLIP.FLOP THE I/O DLVIC(S1 00000950

1 C 000009o0

‘ 
110 * 150 — 170 oooooq7~160 $ 150 — £60 00000450
RIw~NO 70 00000,90
MEwINO 60 000(11000
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I
1 40 CONTINUE 00001010

REw IND 55 0000 102 0
C 0 0 0 0 1 0 3 0

I C ND OF FLOYD’S A LGO RIT HM. 0000104 0
C 0000 1050

STOP 00001060
C 0000 1070

I
C TO USE AS A SuBROUTiNE, REMOVE ‘STOP’ AND ‘C’ IN RETuRN CARl). 000010b.)
C 000010 90
C RETURN 00001100
C 00001110

(P.O 00001120I.
I

F

I —
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I ‘ C RTI.C43,P0495o.J.l0.TVL REC.FORT 00000010

C 00000020
C TO USE TVLREC AS A SU8ROUTINE, REMOVE C’ 1~ SU8RUUTI~ E CARD AND 00000030
C REPL ACE ‘STO? w I T H ‘RETUR N’. 00000040

I C 00000050
C SU8RQUTIME TVLREC 00000060
C 00000070
C PROGR AM TVLHECS IRITES RECOROS FUR TVLREC FILE OP. DEVICE 9~~. 00000080

I
C 00000090

IMPLICIT INTEGER (A—fl 00000100
DIwENSION P4ETS (400),DISTAN (4800) 00000110
IT.~Oie • 2’~ lb 00000120

C 00000130
C ASSuMED VELOCITY UF TRAVEL, SPEED, IS ‘45 MILES/HOuR . 00000140
C 00000150

SPEED a 45 00000180
READ (30)NUMNEI,NET3 00000 170
REw IND 30 - 00000180

I C 0000014 0
C TRAV EL TIMES ARE TRAV EL TIMES RETnEEH UNIT AM(A5. 00000200
C THEREFORE THE LEVEL OF DATA’’ IS S CORRESPO~ UI NG IC L0~ EST LEVEL. 00000210
C 0Ud00220r LVLDAT 1 5 00000230

1 00 50 1at,NU’INET 00000240
NETNU M I UN’4A SH( I4ETS( I),5) 000002 50

30 REAO (55)INDEXI,OI$TA,~ 00000260
ORIGIN a uNRASK(140(XI,5) 00000270

1 IF(ORIGIN .NL.METNUM)GO TO 30 00000280
T VLCOO ~ 2 00000290
R(FZDN a UNMASK (-NETS (I),1) 00000300

C 00000310
f C EOC 1.0. 13 UN4*SH (NET$(I),2) • NUT REQUIRED I~I T~ LHEC RECORDS. 00001320

- • I C 00000330
((GROUP a UNMASK (NETSCI),3) 0000034..
RSECTK a u’,MAS.I(,NETS(i),4)  OuOOu$5 ()

ARIJ E (9ii.9)MEFZQN,RGRQUP,RSECTR,LVLDAT,REPZOr.,QRIGI,4. TVLCUO 00000380
I 9 FOR?4AT(312,11,4X,213,I1) 03000370
I. TVLCIJO a 3 00000380

00 49 J31,NUMNE T 0000u3440
IF(I.EQ.J)GO TO 49 00000400

I 0131 14 a 0ISTAt. (J)/1T~O1o 000004410
C 00000420
C DIST ANCES ARE IN 4~ILCSa1 0. I.E. DZSTIJ 

$ 28 : 2.8 MILES. FO R E~ A .~PLE .00OQ0430C 00000440
1- TVLTIM a (DISTIJa1O)/SP (ED 00000450
I C 000004460

C ZONE IS ZUwE OF THE UESTINAT IJN AREA . 00000aTO
S. C 00000480

ZONE a uNMASK (;iETS(J3,1) 00000490-‘ C 00000500

7.5 LIsting of Fortran Source Program TVLREC
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C DEST IS THE IDEiTIFIC ATION OF T-sE DESTINATI ON AREA . 00000510
• I C 00000520
• DEST a uNMASH(NETS (J),5) 00000530

NR IT((944,10)REFZUIN,RGROUP,RSE CT R ,LVLD AT, TVLT IM ,Z O NE , O E S T , TVLCOO 00000540
I 49 CONTINUE 00000550
I 10 F O R M A T ( 3 1 2 , I 1 , 14 1,2 I 3 , I 1)  00000 560

50 CONTINUE 0000057u
STOP 00000580

I C 30000 59 0
C TO USE AS A SuaRouTplE, REPLACE ‘STOP’ ~ITM ‘RETuRN ’ 00000800
C 00000820
C RETURN 00000820
C 00000630

END 0000 064 0

I
I -

I
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