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The research reported herein covers the "design" phase of the countermeasures
model as a part of a computer based procedure for the evaluation of local
operating systems. This work is sponsored by the Defense Civil Preparedness
Agency (DCPA) under Contract DAHC20-73-C-0253, Work Unit 4125.].

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

The Local Emergency Operating System (LEMOS) is a multi-program model within
a system of models which are designed as a part of a computer based system to
evaluate local operating systems. The Defense Civil Preparedness Agency
Computation Center is a co-developer with RTI in the development of ADS/LEMOS.
Effort by RTI 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 recommended before any demonstrations of

the planning role are undertaken.
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DETACHABLE SUMMARY

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

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, expénsive. 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 evolution of LEMOS. The most recent effort, culminating in this
report, includes the control interface development and the transportation model
development described in Section Il and III, respectively. While the interface
between ADS and LEMOS is believed to be satisfactory, it has not been tested to
verify its performance.

Command and control aover local civil defense operations would be achieved, in
the real world, through an information system utilizing communication networks
connecting command and control centers. In the LEMOS model command and control is
achieved through the definition of policies, priorities, and prohibitions in coded
form within the control file. The absence of a communication submodel as is the
present case is tantamount to the assumption 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
the major sub-programs in the LEMOS system plus other modules, 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
assessment models, continuing 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
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role of TELOS. On the basis of this evaluation, controls for further scenarios may
be determined and implemented through the use of GENEC. 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 local emergency operations.

The major effort during this contract period has been to develop the
transportation submodel or, more accurately, the "shortest path algorithm". This
submodel is described in considerable detail and is viewed as a significant
addition to 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 RDT and E is nearing completion. The Development, Test, and
Evaluation phases should begin immediately. During these phases, selected Federal,
State, and Local planners should be enlisted to participate in evolving and
conducting them. It is absolutely imperative that they have an important impact on
the final configuration of the simulation system before it is used operationally to
improve the local CD planning function.

DCPA is strongly 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 DT and E phases on the use of Case Study Areas. These
plans should include the addition of the following elements during the Development
phase:

Local plans Pre-processor,

Interactive Control Procedures,

Fire Spread Model (developed by not interfaced with ADS),
Special Resource Damage Submodel,

Communications Submodel,

Utilities Network Submodel,

Medical/Epidemiology Submodel.




LOCAL EMERGENCY OPERATIONS SYTEM (LEMOS)
I. INTRODUCTION

A. General

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 procedures designed to Test and Evaluate Local Operating Systems (TELOS).
Figure 1 portrays the general configuration of the larger system. It can be seen
that the executive control, damage assessment, and countermeasure segments of that
system have a particularly close relationship 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 III, respectively. While the interface between ADS and LEMOS is
believed to be satisfactory, it has not been tested to verify its performance.
Future work should concentrate on obtaining successful performance tests between
the various segments identified in Figure 1 and on performing case studies
employing TELOS as a planning tool.

First, 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 concept, 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

simulation outcomes in terms that allow them to make decisions regarding the
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status of local Civil Defense represented by the simulation 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 will 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 that they represent the best available 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 employed is planning. It is the least costly measure with
the highest possible payoff and should precede all other preparedness activities.

Current Federal 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
simulation, 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.
Furthermore, it should not be completed until local planners can participate in

finalizing the interface procedures and pass judgment on its merits as a planning
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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 pitfall
and achieved a suitable balance between too l1ittle 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 require endless data
processing.

The development of a believable simulation will depend on the effective
integration of the local planner's ideas into the simulation 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 advocates 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 appropriate input and output interfaces are developed
with local planners and their acceptance of the system attained, planning through

simulation can proceed.
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Initially, a local area may be described by its physical resources, its
countermeasure plans, 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 provide
means for optimumizing local losses and resource allocations.

The models are sufficiently flexible to accommodate 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.

D. Planning Evaluation

Since each local CD planner is responsible for his plans, TELOS cannot assume
the evaluative role for him. Therefore, the outcome interface must contain
several alternative means for evaluating simulation outcomes as they may be
influenced 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 which TELOS
may produce as a result of the simulation 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 considerations in any local planning simulation

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




IT. COMMAND AND CONTROL MODEL
A. Introduction

Command and control over local civil defense operations would be achieved, in
the real world, through an information system utilizing communication networks
connecting command and control centers. In the LEMOS model with a communication
(COM) submodel, command and control is achieved through the definition of
policies, priorities, and prohibitions in coded form within the control file. The
absence of a communication submodel is tantamount to the assumption that
communications are "perfect". In this view, the presence of a COM submodel
permits the evaluation of a delay between an event and the generation of data
(information), between its generation (transmission) and reception, or between its
reception and decision-making. Loss of information is equivalent to an infinite
delay.

Since the prototype LEMOS model does not include communications, the command
and contol 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.

B. Generalized Executive Control

The Generalized Executive Control (GENEC) system represented by Figure 2 was
developed by the Defense Civil Preparedness Agency Computer Center (DCPACC) and
was designed to run on the COC 3600 at DCPACC under the scopel operating system.
The CDC 3600 and SCOPE system is a single program execution computer system with
no inherent provisions for sequentially repeating a set of programs. The ADS and
LEMOS series of programs should be executed as a system and not as separate runs
due to the interactive and iterative nature of the process. The GENEC system
was specifically developed to accomplish this task. Its operation is shown
diagrammatically in Figure 2 and in an alternate system concept, would be

- - -

1 software system operating on the CDC-3600.
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Sort 1 20F
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Pgm 3
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CONTROL VARIOUS
CARDS PROGRAM
OUTPUTS
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Number of Times
Number of Jobs (Program)

Position of First Job to be Run on LGO Tape
Position of First Parameter Set on PAR Tape

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.
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C. ADS/LEMOS/GENEC Operation

The overall flow of the TELOS system is under the control of manual
intervention and GENEC as outlined in Figure 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 models, continuing through a number of time periods under control of
GENEC. Thus, the basic scenario may be embodied by GENEC and controls residing
in it and 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
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 local 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, however, only

modified by the manual intervention exterbak to ADS/LEMOS.

D. GENEC/Control File Interaction

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 "essential" parameters are used to control the functions of each of the
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programs in LEMOS. There are three "essential" 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 table(s) to Tlist.

A GENEC modification provides 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 planned scenario.

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.

A11 programs in the LEMOS model, including the transportation model described

in the next section, have access to these control procedures.




[TI. TRANSPORTATION MODEL

A. General

The major effort during this contract period has been to develop the
transportation submodel or, more accurately, the "shortest path algorithm". This
submodel is described in considerable detail in Appendix B and discussed in the
following sub-sections. It is viewed as a significant addition to LEMOS and,

indeed, to the entire ADS/LEMOS system.

B. 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 determined by the occurrence of equal node numbers. Links are
identified by numbers and names. Link identification is not involved
computationally in the current computerized transportation sub-model; it is used
only to aid in creating 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 aﬁd when the
distance from one node to the other differs from the converse in which two
different links records are prepared. The link type is used to distinguish

between one-way and two-way links. It could also be used to describe other
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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
backward node and, if the angle 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 indicateq angle, o,
about node A is less than 180 degrees, therefore, A is the backward node and B is
the forward node.

In the current version, the definition is retained, but the emphasis is on
the distance and direction of travel between the two nodes and the associated 1link
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, only 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 Fi1e.A

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

the records in the Links File.
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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 capacity when the standard procedure of
storing the distance matrix in computer core was used. The current computerized
version, using out-of-core storage of the matrix, can deal with relatively large
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 higher level
networks would be determined by equality of node identification numbers having a
node-level code appropriate for the network level.

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

Node Level

Code Meaning

1 Interior to unit area; not shared with other areas
2 Shared between unit areas

3 Shared between sectors

4 Shared between aroups

5 Shared 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 thosec groups, and some unit areas,
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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
program.

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
model consist of two files, the Links File describing each unit area network in
its initial state, and a Control 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 un%t areas. It has been tested on a network of 8
unit 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
Control 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
algorifhm 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 algorithm operates upon only two rows of the

distance matrix at a time. Thus, only two rows of the distance matrix need be in
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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 large 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 ail 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 iarge number for computational purposes. The distance from A to B is not
necessarily equal to the diétance 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 common 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 scenario, 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 level 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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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 associated with an increase in

BOS is functionally represented by

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

summarized as follows:

Meaning*

BOS Radio-

Values Debris Fires activity Increase in Travel Time
| N N N X1
2 N-M M N X 2
3 S M N X 4
4 N S M X 8
5 M S M X 16
6 S S M X 32
7 N-S N S X 64
8 N-S M S X 128
9 N-S S S X 256

* N = Negligible 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 algorithm is unlikely to select that area as an intermediate
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.
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While it is not necessary to recompute the shortest paths within a unit area,
since all distances are multiplied by the same factor, it is necessary to
recompute the shortest paths between unit areas. To illustrate, consider the case
where a single unit area, Q, has sustained damage, i.e. an increase in BOS, in a
network comprising a total of n unit areas. Basically, two situations can occur.

The first situation exists where Q is the origin 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 BOS, are only 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 algorithm 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 algorithm (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 algorithm, which solves for either the shortest path between two
specified nodes or the shortest paths from a specified origin 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 algorithm. 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
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will be discussed in greater detail. However, as a consequence of it, the problem
can be resolved by a re-application of Floyd's algorithm in approximately the same
amount of computing time required for an application of Dijkstra's procedure with
the added benefit of reduced program coding, size, and maintenance.

Designate the matrix of distances between n nodes by

In particular the matrix of distances between directly-linked nodes is

designated
0 0
B =id }
1,3
0
where: d + o if nodes i and j are not directly-linked
1,3
0
and d < o if nodes i and j are directly-linked.
1,]

and, in particular, the initial policy matrix is

0 0
po= {9 ]
f,d
0
where: p =0 if i and j are not directly-linked
1,J
0
and p = j if i and j are directly-linked.
1,3

In Floyd's algorithm each node k = 1,2,...,n is utilized in turn as an
intermediate node in the path between all other nodes i,j = 1,2,...n. This means

that the trial distance using node k is computed using

18
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i+k k k
d = d -
1, i,k KsJ
k+1
If the trial distance is less than the previous distance d , then the trial
i,J
k
distance replaces d in the distance matrix D, i.e.,
1,J
k k k
d + + d
i,k KsJ ,d
and, also
P by
ik 1

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

of shortest paths,

are obtained.

Note that in the computation of the trial distances,

k+1 k k
d = d + d -
i,] i,J kyJ
k
and the comparisons to d , only elements of two rows, the ith and the kth,
1,d

are involved. It is this feature which has been programmed 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 illustration, it is true that the shortest path

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

19




i.e., the policy to go from i tom is i to 1l tom to g to r to j, and also assumes
that g is a unit area that will subsequently be damaged. An abbreviated listing
of the policy matrix resulting from application of Floyd's algorithm would be as

follows:

<
—_

S G G G T e |

A
> > > > >> > >+ > 0>

« <

e e o SR SEE SR S B N

<
54

The partial listing above of a Policy Matrix is used to illustrate a
hypothetical policy for the shortest path from node i to node j; i to 1, 1 tom,

mtoq,qtor, and r to j.
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Examination of P to obtain the policy, p , would yield in succession

1,]

p =
i,J

P =m,
1,3

p i
m, J

Py,
a,J

and, finally, p =3 .
r,J

Therefore, the shortest path policy from node i to node j, as found by
examination of p, is given by
p o (1,1.m,09,r.5) .

153
This concludes the interpretation of the policy matrix, P = (p. .).
1,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 algorithm which could

be implemented with possible benefit.

D. The Damage Assessment Problem

Assume that node q has sustained damage. From the illustrative example,

P =i, ma.r.d) ,
1sd
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it is true that in the solution policy matrix, P, that

[+
3
Q.
o
u
Fol

That is, in application, upon reading the mth rows of the policy matrix the value
of g 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, m to r, since the policy

P = (maq,r)
m,r
occurs in p = (m,q,r,j) .
m,J
This information is not available at this point; only p =g and p = q are

m,r m,Jj
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
columns (or, equivalently, transpose rows and columns), m dual I/0 operations
(read and rewind are performed on the complete n x n matrix P) are necessary.
Assume this is done and both policies, p(m,r) and p(m,j) are obtained. Recalling
that policies are stated in terms o; directly-linked nodes, examination of the qth

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

show that not only

0
p ATy
q,r
0

but also p g (R
q,J
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That is, q is directly-linked to both r and j and both shortest paths must be

solved. If instead

were to occur, it would then be clear to solve only for the shortest path m to r.
Thus, transposing the solution policy matrix and reading the initial policy matrix
are necessary to determine 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 algorithm 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 algorithm, all 1,2,....,n nodes are used and
to facilitate the description.

In addition to the two initial matrices, DO and PO, as previously defined in

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

I |

indices of nodes removed from computation of trial distances

and
{L } = labels associated with each node i = 1,2,....,n.
Initial%y
d = Uy
Tol
d = o 1if nodes i and j are not directly-linked,
1yJ
0 < d1 p < o 1if nodes i and j are directly-linked,
B

{1},

—

=

——
"
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0, j=1
and ;L;={
J

The algorithm proceeds by setting i = 1 and comparing the labels {L } with the sum
i

i R B

of the kth label and direct distance from node k. to node j:

for all j not in {ki}. Examining the resulting vector of labels {L.} for min {Lj}
the associated node index, k , is added to the array {k_}. This step removes
that node from further consi;;lation and places it in the1shortest path from node
1 to node n. Then, i is incremented

L S

and the step
S e AR,

PO SO e )'»L,{
e % 5 ekl
1

j fiad
is repeated; min {L } is found; the associated index added to {k }; and so on
j i

until, after, at most, n-1 such iterations, min {L } is found to be the node, n.
J

F. Evaluation of Dijkestra's Versus Floyd's Algorithm

In each of the i = 1,2,....,n, m < n-1 iterations the direct distance from
node k to all other nodes j =1,2,....,n (j = {k.}) is needed. As a result, the
distanée matrix, (d ), which is stored as a sequ;ntia] file of rows on disk or
tape, may have to be’accessed (rewound and/or partially read to row k.) as many
as n times for the hypothetical example of a single damaged 1ntermedi;te node.
These accessings of the file would he necessary for each unique occurrence of a
node as a damaged intermediate node and for all such nodes. The un-predictable
number of I/0 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 Dijkstra's
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procedure in favor of Floyd's.

G. Possible Benefit from Implementation of Recomputation Procedure
k+1
In Floyd's algorithm, n successive distance matrices, D (k=0.1.1.....,n=1)

are computed. The k+1 matrix represents the shortest paths between all node pairs
where each node i=1,2,...,k-1,k has been used as an intermediate node. If node q
is a damaged intermediate node, the shortest paths may be a recomputed beginning
with the matrix in which node g-1 was evaluated as an intermediate node. In other
words, all shortest paths based on non-damaged intermediate nodes 1,2,...,q9-1 are
still valid; the algorithm does not need to be repeated for node indices < q.

The technique has not been implemented, 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
minimﬁm (numerical value) is determined, e.g., the value of the minumum is q. The
file of saved distance matrices is advanced to the beginning of the matrix
corresponding to g-1. That distance matrix, then, is read as the initial distance
matrix to begin the shortest paths algorithm with q as the first tiral
intermediate node.

There are several reasons for not implementing the technique at this time.
One question pertains to the trade-off between increased computer I/0 time and
simply recomputing the shortest paths beginning at node one. If implemented, the
technique would require that the policy matrix be computed and saved on disk or
tape in addition to the distance matrix at each iteration, and examined if it is
desired to begin the algorithm at the distance matrix corresponding to the minimum
damaged intermediate node. As an alternative, the question of the node being an
intermediate node could be ignored; simply re-apply the algorithm beginning with

the matrix that corresponds to the minimum damaged node. This would obviate the
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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. [f 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/0
time are the distance changes and additions to be performed and with what benefit
when there are large 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 algorithm would be necessary to resolve the shortest paths. If
the damaged area were the lst, then the algorithm 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

feasibility in the case of much larger sets of unit areas.
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IV. DISCUSSION

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 RDT and E is nearing completion. The Development, Test, and
Evaluation phases should begin immediately. During these phases, selected
Federal, State, and Local planners should be enlisted to participate in evolving
and conducting them. It is absolutely imperative that they have an important
impact on the final configuration of the simulation system before it is used
operationally to improve the local CD planning function.

While the mainframe of ADS/LEMOS is nearly complete, several members are
conspicuously incomplete. First, ADS is without a special resources submodel and
an ad?ﬁuate fire spreadémodel. Second, LEMOS is without a communications module
to apéroximate realistically the communications problems within a damaged area.
(The current model assumes no communication problems, i.e., not on the problem
file and that all needed communication 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 GENEC 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 DT and E phases, if plans are

evolved to do so.
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V. CONCLUSIONS AND RECOMMENDATIONS

DCPA is strongly 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 DT and E phases on the use of Case Study Areas. These
plans should include the addition of the following elements during the Development
phase:

Local plans Pre-processor,

Interactive Control Procedures,

Fire Spread Model (developed by not interfaced with ADS),
Special Resource Damage Submodel,

Communications Submodel,

Utilities Network Submadel,

Medical/Epidemiology Submodel.
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A. USER'S GUIDE
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 LEMOS 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 1l.) 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 countermeasures). 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.




s 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;A/ 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 will 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-
gram tape, and the controls required by the system should be stored on
the parameters tape. The programs in LEMOS 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 dependent
upon the scenario and the purpose of the study. A list of these parameters
(or variables) 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.

1/

="A software system operating on the CDC-3600.
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A special program, called the CONTROL submodel, is being prepared to
run on the CDC-3600. This program will perform two functions: (i) accept
the original values of both '"common'" and '"specific' parameters and build the
relevant portions of a LEMOS initial parameters tape and (ii) allow changes

to the values of the parameters during the execution of the TELOS system.

The CONTROL program will accept the values of the parameters from the parameter

tape (batch mode) or from the computer console (interactive mode).

In step 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 fourth step, 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.
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10.
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123
13.
14.
15

16.
17.
18.
19.

20.
1.

TABLE I: ''COMMON'" PARAMETERS IN LEMOS

Hours from beginning of scenario.

Duration of current period, in hours.

Sequence number of current period.

Flag to indicate whether or not there was a previous period.
Code for minimum PF level for shelter spaces to be used.
Code for maximum height for shelter spaces to be used.

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

High radiation level (RADS) for defining BOS.

Low fire level (fraction of area aflame) for defining BOS.
High fire level (fraction of area aflame) for defining BOS.
Codes for defining five depths of debris.

Zone number of area being studied.

Level of PF provided by being in automobile.

Length of work shift, in hours.

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

categories.
Maximum number of teams to be assigned to one problem.
Identification of sanctuary area for this zone.

Priority ranking of operatioms.

Code to indicate whether or not CD can appropriate resources from

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

Weights used to compute measure of effectiveness.
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TRANSPORTATION SUBMODEL

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 primary output is the TVL-REC file, a 1list of the minimum travel
times between all Unit Areas defined in the resource file. Other outputs
are: p}int—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

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
allocation problem requires knowledge of the relative 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 0S/360, 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,




some changes may still be necessary especially in regard to I/0 statements.

An estimate of available computer core memory at the ultimate user's
installation indicated that the prograa be written so that in execution it
would require not more than 250 x 2!0 bytes (1 byte = 8 bits) on the IBM 370.
This specification has been met exclusive of I/0 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 Algorithms" by Stuart E. Dreyfus in ORSA, Vol. 17 #3, 1969.

Formulae Used

Given the n x n initial matrix of directly linked nodes in a network:

po = (d? .)
where 4 . =0 1sd
1,1 3
d? . = o if nodes i and j are not
- directly linked,
— d? . <o if nodes i and j are
»J directly linked,
Floyd's algorithm computes successively for k = 0,1,2,----,n
- k k k [alasienie s
= (di,j’ d]‘,k * dk’j)_%di,j! ilsd = ]92a----9n.

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 limitations may be changed by changing the dimension statements.
Options

OQut of the total number of unit area networks represented in the Links
File, only those specified in the Control File will be processed.

Device numbers for files read from IN and written on IOUT may be changed
in the BLOCK DATA subprogram.




The Control File is read from device IN. Print-out reports are written
to device I0UT. Other data files 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,
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Robert N. Hendry, Russell 0. Lyday, Dora B. Wilkerson, Richard J. Coppins
Lynn S. Irish, 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), which 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 Submodel 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 first
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.

Timing Factors

Execution time in seconds by CPU and I/0 for the case of 8 unit 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

cPU 1/0
1st Step
(find all shortest
paths in all unit areas) 10.2 28.5
2nd Step
(find all shortest
naths between all unit 0.6 9.5
areas)

To obtain timing estimates of a larger scale problem, say 400 unit areas,
the above times multiplied by 50 (= 400/8) are interpreted subject 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/0 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/0 times above were obtained on an IBM 370 operated under
MVT (multiprogramming with 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/0 time which is probably too

Tow.
Estimated Time in Seconds

cPy 1/0
1st Step 510 1,425
2nd Step 30 475




Section II: Flow Charts

Narrative descriptions 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 ascending 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 third vector associates the new index of a ranked value with its original
index before ranking. Briefly, to illustrate, consider unranked values
(c,b,a) returned as (a,b,c):

Original Order Value Ranked Order Value
1 ¢ 3 a
2 b 2 b
5 a 1 ¢

Thus,the elements of the third array, IIl,are:

2. Functions COLSUM and ROWSUM

These two functions operate on a given matrix, (d j),to compute

i,
either n
COLSUM = Z 4.3
or i
ROWSUM = Xdi’j
J:

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-
i,j) is the matrix of shortest
distances between all i and j. In either case the specified node is a boun-

fied origin, i, to all destinations, j, where (d

dary node between two unit areas.




3. Function STORE and Function UNMASK.
Function STORE and its entry type function, UNMASK, are used
respectively to compress and extract the five hierarchial identifications of
a unit area network in a single word as summarized in the following table.

Bit-Fields i
Single-word bit configuration Magnitude

Identification Vector 1 2 3 4 5

Zone HIARCH(1) | M. 25-1
EOC HIARCH(2) Hi 26-1
Group HIARCH(3) i 26-1
Sector HIARCH(4) i 26.1
Unit Area HIARCH(5) M1t 2°2-1
Total bits 5 6 6 6 9 32
Inclusive Positions 32-28127-22121-16125-10 | 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 22!
(which 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 result, in bit positions 27-22, is divided arithmetically by 22! to
move it to the lower 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 identification numbers from the 1ist of nodes con-
tained in the Links File.




SUBROUTINE AND FILE POSITIONS IN TRANSPORTATION SUBMODEL
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SUBROUTINE AND FILE POSITIONS IN TRANSPORTATION SUBMODEL (Continued)
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Simplified Flow Chart for NETWORK
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S"’Hﬂed Flow Chart for ALLNET
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Simplified Flow Chart for DAMAGE
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Simplified Flow Chart for FLOYD
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