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E BOM CORPORATION

FOREWORD

The Operation Reaction System (ORS) described here is being used in

the Integrated Nuclear and Conventional

Theater Warfare Simulation

(INWARS), which is under development for the U.S. Army by The BOM Corpora-

tion, under Contract DAAG39-77-C-0174.

This document will supplement

previous descriptions of the ORS in the INWARS Level III Specifications,
where it was referred to as The Behavior Generation System (BGS).
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: CHAPTER 1

\ THE OPERATION REACTION SYSTEM CONCEPT

\Y

The emphasis in a player centered model is on the interactions of the

various elements, the total effect of which determine the outcome. Player
centered models reduce many modeling problems, since only component pro-
cesses must be modeled, although this is achieved at the cost of increased
software complexity. One of the most difficult component processes to
model is the decision making of maneuver entities and command control
elements. The Operation Reaction System (ORS) described here is one way of
representing these processes which is fast running, relatively simple, and
very flexible. It has been used in conjunction with the BDOM Corporation's
METRIC family of models, which use a hexagonal grid to describe position

and movement.
—

A.  BACKGROUND

The heirarchical nature of command relationships results from the prac-
tical command limitations of any particular element in the command struc-
ture. If large numbers of units are to be controlled, and the CZ process
is to be manageable, a model must similarly limit the number of subordi-
nates and the amount of direction required by the subordinate units. To
this end, a design goal has been to incorporate as much at the reaction and
operations processes as possible into the lower level units as a means of
simplifying the higher 1level Cz processing. This also allows a more
accurate representation of unit actions in the absence of command control
due to enemy action. The Operation Reaction System representation has been
designed to meet these goals.

The way in which a unit acts and reacts is dependent on its operation
orders. Each unit has an operation order or series of orders which each
describe an objective, a mission code for the unit, and an axis which
serves to orient the unit with respect ot the enemy. The orders may be
issued by superior units, or may be self generated in reponse to a unit's
situation.
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B. DERIVATION FROM AUTOMATA THEORY

The Operation Reaction System is derived from the theoretical Push
Down Transducer, which is itself an elaboration of the Finite State
Machine.

1. The Finite State Machine

The finite state machine consists of a set of states, rules for
transitions between the states for various input conditions, and output
definition for each state or transition. When an input is made to the
machine, it changes state in accordance with a table which describes the
machine. An example of a simple Operation Reaction System mechanism im-
plemented as a finite state machine, is shown in Figure I-1.

In this example, a unit given an initial order to defend with an
objective of its own hex would stay in a state, B, representing that mis-
sion unless its input indicated a "“danger" condition, (d). At that point
it would transition to a delay state, C, and would generate a new objective
to its rear. The unit would delay until its input condition was "od", in-
dicating not in danger, and at its objective, at which time it would return
to a "defend" state. A unit ordered to attack would do so until it either
was in danger or reached its objective.

The actual implementation would be as a state transition table as
shown, a method for generating the input components o and d, and an output
mechanism which, in this simple case, is merely the state and whether a new
objective is to be generated. The state is thus not only a "mission code,"
but also governs the parameters used in determining combat effects, situa-
tion evaluation, and movement effects. This type of simple implementation
is, in effect, a decision table.

2. Push Down Transducer

Note that in the simple Operation Reaction System a unit which is
attacking, then perceives danger, looses the initial attack mission when it
responds. It 'forgets' what mission it was actually ordered to perform,
even after the source of the danger is removed. This problem can be dealt
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with by using a "stack" to save the initial order while dealing with con-
tingencies. Afterwards, the initial order can be restored, and the unit
can continue its mission without the intervention of its superior. The
addition of a stack to a finite state machine creates a Push Down trans-
ducer. A stack can be "pushed" any number of times, with the last order
pushed the first to be returned when the stack is "popped". Figure I-2
illustrates a simple Operation Reaction System using this method.
3. Operation Reaction System Output

In both of the examples given, the behavior output is given by
the state. This output can be decoupled and made a separate table. This
allows the representation of temporary or transition behavior. Figure I-3
shows an example where this is useful, allowing units with'delay and attack
mission codes to use a "March" operation, or behavior, output while not in
contact if they are not at their objective. The full Operation Reaction
System is similar to that given in the example, but with modifications made
to improve the utilization of computer space by combining inputs in a pre-
liminary step to give a situation code, thus eliminating "don't care"
entries from the table.
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CHAPTER II
USE FOR GROUND COMBAT MODELING

The initial application of the Operation Reaction System was to the
lowest level ground maneuver entities in the Corps Level Electronics War-
fare (CLEW) simulation, in which battalions were the fundamental units,
with a 3.5 Km resolution in the hexagonal grid. The Integrated Nuclear and
Conventional Theater Warfare Simulation (INWARS) also is using this
mechanism, with brigade sized units and 9.5 Km hexes.

In a model, each entity is represented as an Operation Reaction System
(ORS), with its state representing an assigned mission, the input being its
situation, and the output its behavior.

This representation is advantageous since it allows all of the pecu-
liarities of various missions and modes of operation to be represented by
data, the various state and output tables, rather then by complex decision
code. This allows the software to be much simpler, faster, and more flex-
ible. Changes in the way missions are executed, situations are evaluated,
and actions are taken can be made without modifying the program in most
cases; only the data in the tables need be changed.

A.  OPERATION REACTION SYSTEM OPERATION

Figure II-1 illustrates the operation of the Operation Reaction
System. The cycle of computations shown is repeated separately for all
entities. In the two applications used so far, this has been at fixed in-
tervals, with additional cycles upon occurrence of certain events such as
movement to a different location.

As a preliminary step, the unit using the ORS must evaluate its situa-
tion based on the effects of combat and movement up to that time. This
results in a set of situation components, including separate indications of
contact with enemy units, danger of being flanked, own casualty or supply
status, meeting engagement conditions, nuclear or chemical status, etc.
Direct application of so many input variables would require unreasonably
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THE BDM CORPORATION

large tables, so a new table and/or functions are used to reduce the number
of possible input combinations. A1l input component combinations having
similar operational effects are given a single situation code, which then
becomes an input to the Operation Reaction System proper.

The Situation Code and Mission Code of the unit's current operation
order are used as inputs to three tables. The first is used to look up an
action code, which in turn indexes into a table giving the actions which
are to be initiated by the unit, including stack push operations, requests
for support, generation of new objectives, etc. The second table gives an
operation code which determines parameters affecting combat, movement, and
situation evaluation for the next cycle of the physical processes. A third
table yields a new mission code which will replace the previous code,
although in many cases it will be the same. If a stack push operation
occurs, the old mission code is saved, so that the new value does not
destroy the previous order.

When a stack push occurs, a new operation order is created for the
unit. The old order is linked to the new one, with a contingency code
indicating the conditions under which the stack is to be popped and the old
order restored. The "pop" operation occurs after the situation code is
computed, but before any table lookups. Thus if the contingency code
causes the stack to be popped, the new order's mission code is used in the
ORS cycle rather than that of the discarded order. The order to 'push' the
stack must also indicate whether the old objective is to be saved in abso-
lute or in relative form. In the latter case, an absolute objective is
computed for the same position relative to the unit as before the push was
executed. The Unit then continues to undergo combat and movement processes
until it again repeats the Operation Reaction System cycle.

I1-3
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THE BDM CORPORATION

B. DEFINITIONS

The Operation Reaction System state, input, and output are defined as

follows:

(1) State = Mission - The states in the ORS correspond to missions
that are to be performed by the unit, such as hasty attack,
delay, march etc. :

; (2) Input = Situation - The input to the ORS will be a code corres- .:
ponding to the unit's situation. The encoding will include such '
m factors as a unit's effectiveness status, combat status, the i
enemy threat, and nuclear/chemical environment. This is most ]
easily represented by a table which gives the input code as a ‘

function of all the various aspects of the situation.
(3) Output = Behavior and Actions - The outputs of the ORS will be in i
two categories:

1.  Behavior parameters - This will be an operation code which J
is used to look up a set of parameters governing combat and )
movement. These will include the operational inputs to the
attrition equation, criteria used in evaluating movement
options, effectiveness breakpoints, delay times, internal
disposition, and others.

2. Action Code - This code indexes into a table containing
flags which initiate actions such as pushing of the stack,
calls for artillery or close air support, initiation of mes-
sages, generation of new objectives, or any other single
actions appropriate for the unit.

A detailed example of an Operation Reaction System is given in Appendix A.
Examples of operation from CLEW are given in Appendix B.

C.  APPLICATION OF THE OPERATION REACTION SYSTEM TO COMMAND/CONTROL
PROCESSES

A hierarchical command structure can be implemented using the Opera-
tion Reaction System at each level, applying it to the players as well. It
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is also possible to use such a system for lower level players, while using _
other simulation methods or man in the loop to represent the higher command E*
levels. The Operation Reaction System can be applied to the operation of
the players, or C2 elements, as well as the maneuver entities by making the i‘
following adaptations:
(1) Inputs - The players must consider more factors than the smaller s
entities. In.addition, a composite measure of effectiveness is
needed. The size of the situation table can be reduced by com-

bining some elements before the table Took up step.

‘ (2) Actions - in addition to the simple actions performed by the
¢ basic entities, C2 elements must be capable of allocating artil-
: ' lery support, initiating reinforcement from reserves, and real-

locating forces. Most important, they must be capable of plan-
ning a position or objectives for their subordinate units, and
issuing the necessary orders.

(3) Input of Plans from Higher Echelons - when the higher echelon
command develops a plan it will pass a stack of operation orders
to its subordinates, which will attempt the execution of various
types of attacks, defense, etc. The actual planning at each com-
mand level is accomplished as each operation requiring planning
is popped from the stack as the sequence of objectives or phases
are reached.

1. Cz Player Operations
The following is a possible 1ist of operation codes: :
(1) Defense: This is the basic operation type for a defensive pos- ii
ture, it assumes the aggregate unit will maintain a cohesive ;q
position within a given region. Ti
(2) Delay: This is like the defense except that individual subord- ;ﬁ
inate entities will make tactical withdrawals if faced with large T
force ratios, and will attempt to trade time for space. ij
(3) Main Attack: This is the basic attacking posture; usually will ;5
employ available forces in two echelons in a fairly narrow sec- ;é
tor. ;;
51
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THE 8DM CORPORATION

(4) Secondary Attack: This form of attack will employ a smaller pro-
portion of the aggregated unit in reserve, and will normally use
a larger sector width. Subordinate entities use a corresponding
operation code to minimize losses

(5) Breakthrough: This attack operation is used to achieve maximum
concentration.

(6) Reserve: This is used for units which are uncommitted.

2. Actions
These actions would be initiated by the players:

(1) Generation of a New Objective: This generally corresponds to the
same action of the basic entities, except that objectives are
described in terms of regions rather than hexes. An objective
region could be a center hex, an axis of orientation, and a sec-
tor width. Generated objectives would usually adjoin or overlap
previous ones.

(2) Call for artillery support or attack helos: The unit could re-

' quest additional allocation of artillery or attack helicopters
from its superiors.

(3) Call for close air support: In addition to the requests from
individual entities, the C2 player could add weight to the

& priority requested.

i. (4) Call for reinforcement. This initiates a message to the player's

- superior requesting additional ground combat assets.

(5) Report initiation: This generates a situation report.

(6) Push operation: This directly corresponds to similar actions of
the basic entity ORS.

(7) Reserve Commitment: This action specifies the commitment of a
specified force from the player's reserves or second echelon.

(8) Force shift: This is the shifting of assets from a less threat-
ened area to a more threatened area.

(9) Change Axis: The player's axis of operations may be changed,
particularly in those cases where strong flanking forces exist.

(10) Plan: This flag initiates the planning process.

TRV - 1 R
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- 3. Planning

A At some stage in the planning process generally defined regions gF
! must be translated into particular hex objectives for particular units. ?j
% This is done in the planning process. The planning process would take ;4
i place in two steps: E;
i a. Position Defim’tion2 %%
- In this step the C™ player chooses a series of hexes of ob- -
E jectives within the region. For defensive operations they are chosen to : ;ﬁ

span the sector width with no gaps. For offensive operations they would be
chosen around the center of the region with an emphasis on key terrain. A
template type assignment for certain cases could also be used, such as for
assembly areas in preparation for an attack.
b. Unit Assignment

The units are assigned to particular objectives. Combina-
: tions which are feasable can be scored, and the units assigned to hex ob-
. jectives and given appropriate sector widths in accordance with the best
combination.
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CHAPTER II1
IMPLEMENTATION

A.  STEPS IN IMPLEMENTATION

The following steps are used to develop the data and code for imple-
mentation of this method: g
(1) Coding of the ORS mechanism - since this code is independent of ?@

the operation implementation, structures, and parameters, it can

) SO

either precede or parallel the following steps. 5
(2) Description of Actions - those actions which must be represented ﬁ{
must be described so that code to impleme~t them can be written. ;:
They need not be associated yet with the conditions that require ﬂ;
them. =

(3) Description of Situation - the inputs to the ORS must be describ-
ed so that code to recognize these conditions can be written.

(4) State Assignment - a set of mission codes which will describe the
various modes of operation of the entities must be described.
These will correspond to the states. The rules for state trans-
itions then must be described in terms of the situation descrip-
tion of 3 above. These rules must also include the pushing and D
popping of the stack. b

(5) Output Definition - the outputs associated with the various ]
states or tansitions must be described in terms of the output :
parameters and actions, and the required inputs to drive them.

N N e

. ,'..':'_

PR DY S-S T TN

(6) Input Table Construction - a table can then be constructed to Ei
translate the situation aspects into the codes necessary to de- 1;
fine all of the state transitions and outputs. =

(7) State and Output Table Construction - these tables can be defined
given the inputs and the results of steps 4 and 5 above. This
completes the ORS design.
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THE BDM CORPORATION -

B.  AUTOMATED AND LANGUAGE PROCESSING AIDS

The task of filling out the tables for an Qperation Reaction System
implementation can be difficult, particularly for applications requiring
many states. It is possible to use automated methods for doing this which
will both simplify the design of the tables and provide meaningful docu-
mentation. A body of software to accomplish this would essentially be a
simple compiler. Appendix C gives an example of an input language to Oper-
ation Reaction System specification.

cuk e o m o r v A K aats e

C. HAZARDS AND CYCLES

It is possible for the ORS implementation to include hazzards and
cycles which will result in inappropriate behavior. In the former case,
one input occurs before another, causing a different reaction than if both
occurred at the same time. While this is often desired, a hazzard can
occur if this is inadvertent. A cycle occurs if, for a particular input
condition, the state cycles among a number of states. Since the process of
designing the ORS tables is analogous to synchronous digital design tech-
niques, methods developed for ensuring hazzard and cycle free design for
the latter can be applied.
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D. ORDER IMPLEMENTATION 1

The orders appropriate for the units are attached to them. During the
scoring of unit assignments, estimates for time to perform the mission or
capability may be developed which could be passed to higher C2 elements.
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E.  CONCLUSION

T

The ORS can be applied to the modeling of the conduct of operations,
allowing significant savings in software development effort and enhancing
realistic treatment of a unit's actions. In addition, changes or additions
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to the set of operations or their transitions can be accomplished by chang-
ing the data in tables rather than by modification'of the code. This makes
the combat process more accessible to the user and reduces the cost of im-
plementing changes to represent new doctrine or tactics. Another aspect of
this structure is that the implementation of complex plans generated by
higher echelons can be implemented by passing a unit a new stack of oper-
ations to be executed. This allows significant simplification “of the
software. V
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CHAPTER IV
EXPANSION AND ENHANCEMENT POTENTIAL

The basic Operation Reaction System has potential for further develop-
ment which will enhance its capability to represent decisionmaking. The
features discussed here are particularly useful in the representation of
the player elements.

A.  MULTIPLE DOCTRINES

Different doctrines can be used without modifying the basic Operation
Reaction System by expanding the number of mission codes and the size of
the tables. Different nationalities, sides, or types of units could each
have a separate set of mission codes. The actual finite state machine
tables of the Operation Reaction System would constitute a set of sub-
machines, each consisting of a set of states from which there are no tran-
sitions to any state in another sub-machine. Under these conditions, there
is no software difference from the basic ORS described earlier, although
the tables would be defined differently.

B.  CONTiNGENCY ORDER STRUCTURE

This feature allows a structured set of orders to be passed which will
describe an operation to be executed, with alternative orders which cover
specific contingencies. This is an elaboration of the "stack" previously
discussed. This allows the ORS system to be overridden or modified to deal
with particular or unusual circumstances.

1. Operation Order

The basic operation order consists of a mission code, an objec-
tive, and an axis of operation which serves to orient the unit with respect
to the enemy. In addition, there are links to contingency orders. Each
link contains not only the pointer to the contingency order, but also a
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THE BDM CORPORATION

contingency code which indicates the conditions under which the contingency
is recognized, and a disposal code which indicates what is to be done with
the linked order if some other contingency is recognized instead. The
operation order structure thus takes the form of a tree, as illustrated in
Figure IV-1.
2. Contingency Recognition
The contingency code identifies the situation in which a partic-
ular contingency operation order is to be adopted. It defines a set of
situation codes or situation components which constitute that contingency,
in the form of a list.
3. Disposal Conditions
When a contingency is recognized, and the contingency operation
order is adopted, the old operation order is disposed of. It is also
necessary to dispose of unused contingencies. In the simplest case, these,
like the old operation order, are thrown away. But it can be useful to
define a different type of disposal code which indicates that the contin-
gency is to be passed to the new order. This allows a particular contin-
gency, which is to be considered regardless of the phase or state of the
operation execution, to be present in only one copy rather than as a
separate contingency attached to every other operation order in the struc-
ture. In addition, it is useful to define a disposal code which will keep
a contingency current when the stack is pushed. It would be linked to the
new order as well as the old one. This, in turn, requires an additional
'no disposal' code, so that when the new operation is returned the con-
tingency order will not be 1lost. Figure IV-2 illustrates a possible
resulting order structure.
4. Template Orders
A1l of the operation orders discussed to this point have been
detailed with an objective and axis which apply to a specific unit. In
order to simplify the construction of order structures and save space, a
template form of order can be used. This format gives an objective with
respect to the unit's current location and axis, and can thus be applied to
many different units. A template order could be linked into the operation

[v-2
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Figure IV-1. Operation Order Structure ”1
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CURRENT OPERATION ORDER

BASIC OPERATION
ORDER

CONTINGENCY,.DC =0 ¢
—r CONTINGENCY,DC =1

FORMER OPERATION ORDER CONTINGENCY
BEFORE ‘PUSH’ 1 ORDER
BASIC OPERATION BASIC OPERATION

oo QROER 1 | ORDER
CONTINGENCY, = ‘

r._T CONTINGENCY,DC = 3

CONTINGENCY ' '
ORDER

BASIC OPERATION
ORDER

KEY: DC DISPOSAL CODE:

DO NOT DESTROY

RETURN AND DISPOSE NORMALLY
PASS TO CURRENT ORDER ON A ‘PUSH’

PASS TO CURRENT ORDER ON A ‘POP’

WN-0

$613/78W

Figure IV-2. Use of Contingency Disposal Codes
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4 THE BDM CORPORATION

order structure. If its contingency arises, the order would then be de-
tailed for the particular unit, thus creating a "normal" operation order in
its place. Thus, many different units could have contingency pointers to
the same template order structures, saving space since separate orders
would be detailed only if needed, making significant computation and space
savings. Figure IV-3 illustrates.

C. DISAGGREGATION OF OPERATION PLANNING

If the Operation Reaction System is applied to the operation of the
command/control elements, there must be a method for implementing the aggre-
gated unit's order as a set of orders to subordinates. The use of Template
orders, described above, allows a simple representation of this.

The operation code of the C2 element would have associated with it an
implementation order structure, as illustrated in Figure IV-4. This con-
sists of a set o9f roles, each to be associated with a particular subordi-
nate .unit. Eai. role has an operation order chain of template format
orders. When the unit implements planning for its operation, as initiated
%y an OR3 sction, the operation order structures are passed to the subordi-
natec, with the initial order detailed for the particular location and axis
associated with each role. Other orders in the structure remain in tem-
plate form and are detailed if needed.

D.  CTHER APPLICATIONS

The Operation Reaction System can be applied to other types of models
also. In the INWARS model, it is also used for air units, with different
states used for missions such as close air support, interdiction, air
superiority, etc. It is also possible to use it in modeling the perfor-
mance of tasks, such as the performance of the operation of ESM equipment.
Different codes could represent modes of operation, including scanning for
signals, listening on a particular frequency, etc.
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CHAPTER V
CONCLUSIONS

A.  BENEFITS AND LIMITATIONS

The Operation Reaction System as described has the following benefits
and limitations:

(1)

(2)

3).

(4)

(5)

(6)

(7)

Allows Significant Savings in Software Development: The code to
implement the ORS is much simpler and more general than corres-
ponding if then type decisionmaking implemented in software.

Enhances Realistic Treatment of Unit Actions: The reaction and

adjustment processes inherent in the ORS implementation allow
realistic representation of the operation of maneuver entities.
This is particularly true when it is desired to show effects of
loss of command/control, where units must continued to operate
reasonably, if in uncoordinated fashion, despite lack of direc-
tion from above. '

Facilitates Changes to Operations: The representation of opera-
tions and doctrine can be changed with data by modifying the ORS
tables, rather than by changing compiled code.

Provides a Simple Mechanism to Play Alternative Doctrine: This
is implemented with table modification or additions.

Is User Oriented: The manipulation of the decisionmaking logic
is within the capability of the user, since no code changes are
involved.

Allows for Significant Enhancement Possibilities: These include

the application to hierarchical command structures and other
types of applications.
Table Construction Difficult Without Implementation Aids: The

construction of tables for the ORS is time consuming and diffi-
cult, particularly for large numbers of operation codes and situ-
ations. This problem could be eased by a processor for designing
the tables.

V-l

D SRS

.1. o ey .L. St e e e
R POTPT PRI WO o iy

v

v . l-'v,:._ (AR
A";L‘;‘lhl af g DR . -

[T ]

r P
: DI S S P




-------------------------

THE BDM CORPORATION

(8) Doctrinal Reaction, not Innovative: The reaction of units to a
particular situation is dictated by the tables, and does not -
allow for innovative or unusual reaction to the situation by
units.

(9) Lack of Resolution in Situation Components: The components which
make up the situation must be relatively few in number and
quantized roughly to reduce the number of table entries. This
results in an inability to distinguish fine points or unusual
circumstances. Part of this problem may be made up for by the
fact that effects should average out over large numbers of units.
But in following a particular unit, unusual or unrealistic reac-
tions can sometimes be observed. The practical use of more
detailed situation components, which would help solve this
problem, depends on the use of implementation aids and computer
space. 4

AT I WY

ANV 'L‘"c‘.

B. RESULTS FROM THE CORPS LEVEL ELECTRONICS WARFARE SIMULATION

A simpler Operation Reaction System than that detailed here was used
in the CLEW simulation. It had all of the features except the 'push' capa-
bility and contingency operations. The stack, inserted by the man in the
loop as a set of orders, was 'popped' upon arrival at an objecgive not
occupied by enemy units. The ORS was used for all maneuver entities, with
higher echelons played by a man-in-the-loop commander. Appendix B gives
examples from operation of the CLEW model.

The ORS allowed CLEW to run for longer lengths of time relative to the
resolution between man-in-the-loop interventions then had been possible in
a previous version of CLEW without the ORS. It was also possible to use
fewer orders, since unit behavior was less dependent on direct supervision,
*i of the units. It was found that the combat behavior of units was reason-
able, even with large numbers of units interacting. Some problems were
encountered in making units follow particular roads, since the entities
}' often exercised independent decisions to move off the desired road in order
—
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to avoid friendly units ahead. This was more of a problem with the march
operation parameters and perception process than with the ORS structure
itself, however.

C. SUGGESTIONS FOR FURTHER RESEARCH

(N

(2)

(3)

(4)

The Operation Reaction System has shown that it is a considerable aid
in realistically representing ground combat operations. The following
areas of research could significantly extend or improve its capabilities:

Automated ORS Table Generation: This would make the use of the
ORS much more responsive to the users, would allow the use of
much more complex tables, and would serve to generate documenta-
tion. The use of language processing techniques such as lexical
analysis and parsing should be applied to build a ORS compiler'
to realize this. The techniques used for automated digital de-
sign can also be applied.

Heirarchical Operation Planning: The use of the Operation Reac-

tion System in a hierarchical command structure has not been
fully developed, although elements of this application have been
discussed. The larger number of situation components and consi-
derations would make the use of automated table generation much
more necessary. The use of choice of operation to fit circum=
stances rather than just reaction is also an area to be explored.

Stochastic Operation: In the Operation Reaction System dis-

cussed, there has been a deterministic choice of action. The use
of a stochastic mechanism might be useful in more accurately re-
presenting the possible effects of command initiative or degrada-
tion.

Adaptive Input Processing: The Operation Reaction System
currently modifies threshholds used in the situation analysis to
account for the current operation code. An extension to an input
filtering concept would allow the perception process to be more

appropriate for particular operations. This would not only allow

V-3
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more detailed situation inputs, but could reduce processing time 3
since unnecessary elements of the situation would not be {
computed.
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APPENDIX A
OPERATION REACTION SYSTEM EXAMPLE

-y

Al

The following are the mission/operation codes and actions.
1. Mission and Operation Codes

(1) Prepared Defense: used when a unit has been in place in a hasty i

defense for a specified time ij

i

PP

(2) Hasty Defense: basic defensive posture

(3) Delay: used to trade space for time; decreases attrition rate -

(4) Withdraw: used by units to break contact, or initiated by the -
ORS due to loss of effectiveness 353

(5) Hasty Attack: Basic attack posture for Red, also used for meet- 4
ing engagement o

(6) Coordinated Attack: Basic attack posture for Blue .

(7) Breakthrough: This operation allows considerable massing and
high attrition rates at some cost in attacks vulnerability

(8) Reconnaissance: Used by advanced elements by Red.

TR L s
N § i}

(9) March: used for non combat movement

2. Action Codes 5

(1) Generation of a new objective: this causes a unit to consider ﬂ/f
changing its objective. The action gives a distance, either fﬁ
ahead or behind the unit, for the new objective. The hex at that !j
distance along the unit's axis of operation then may become the :f

new objective. If the distance is only one hex, however, the B
actual objective is chosen using the movement scoring mechanism. jﬂ
The objective of a unit is changed only if the unit is not b

already moving on a path within 60° of the direction to the »

desired direction. ;
(2) Call for artillery support: This action specifies a level of GS

artillery support desired from higher echelon assets. 5.
(3) Call for close air support or attack helos: similar to artil- :E

lery, but these requests are simply relayed to higher echelon
elements by the unit.

A-1
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(4) Call for reinforcement: This action influences the assessment of

the situation, and may cause planning, the release of resources, -
or the sifting of assets from one entity to another. 1
(5) Report of critical situaton: This action will initiate a message '1
to the unit's superior. ]
(6) Push stack: This flag will cause the previous situation to be =
saved on the stack, along with information on the conditions B
under which it should be restored.
(7) Pop Stack: If there are states saved on the stack, the top one .j
will be restored as the state, or operation, of the ORS. ’
3. Example: hl
Figures A-1 through A-5 illustrate a preliminary example of how
the Operation Reaction System might be implemented in INWARS for Brigades ‘
and Regiments. This example is for illustration only. The data and format :

of the tables will be revised and developed in accordance with the process
described in the text. Figure A-6 illustrates this example.

A unit initially is at its assigned objective, and is in a hasty E
defense mission. It has suffered no significant casualties, and has an ‘
effectiveness degradation state of 0, indicating no impairment. No further
operations are in the unit's operation stack awaiting execution.

(1) Time step 1: During the unit's perception process, enemy units

FI are found in adjacent hexes, but do not present a flanking
9 threat. The situation code tables (Figure A-1) is used to find
El the appropriate situation code, 16, for the situation of not

being danger of being flanked, adjacent to enemy units, not being
an immediate chemical or nuclear victim, at the unit's objective,
and having no degradation of effectiveness. The action table
(Figure A-2) is then entered for the situation code 16 and the
mission code of 2 for Hasty Defense; an action code of 12 is

&

o e’
Bttt
BN " R CRCIRCEN

E_ found. The action code table (Figure A-3) indicates a low
- priority request is made for air and artillery support to take
%: advantage of the targets presented. The pop operation stack flag
{
3




is ignored since no further orders are in the stack. The Opera-
tion Behavior Table (Figure A-4) is also entered with the mission
code of 2 for Hasty Defense and the situation code of 16. A
blank entry (zero in the software implementation) indicates the
unit will behave normally in a hasty defense. The Mission Transi-
tion Table (Figure A-5) entered for Hasty Defense and situation
code 16 indicates no change.

(2) Time step 2: Since the previous interval, an enemy unit has moved
into a position to threaten the unit's flank. The situation code
of 17 results. The action table yields a code of 1, which
indicates the operation stack is to be pushed, saving the hasty
defense mission. The unit will also generate an objective one
hex back, so that movement will not be toward that objective.
The hex will be cnosen on a basis of various threat, cover,
cohesiveness, etc. considerations. Requests are made for air and
artillery support. The operation behavior and mission transition
tables indicate a mission code of 3, indicating the unit is now
delaying back the one hex to the new objective.

(3) Time step 3: At this time one enemy unit has attacked into the
same hex. The unit has not yet withdrawn out of the hex back to
its new objective, and remains in danger, resulting in a situa-
tion code of 6. For the Delay mission, action code 10 is found
indicating artillery and air requests and the generation of a new
objective. The latter action is ignored since the unit is
already moving in an appropriate direction. Blanks in the Opera-
tion Operation and Mission Transition tables indicate continua-
tion of the Delay operation.

(4) Time step 4: The unit has now arrived at its objective hex, but
the flanking enemy unit has also moved into that same hex
resulting in a meeting engagement. The resulting attrition has
increased the unit's effectiveness degradation level to 1,
meaning it is now marginally effective. The situation code of 10
and mission code of 3 yield an action code of 3, which indicates
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high priority air support and artillery requests, and calls for
reinforcement. A special situation message to Corps is also
called for. A new objective one hex further to the rear is
generated. The operation behavior table gives a code of 5,
indicating a hasty attack posture for the meeting engagement
condition, although the mission transition table indicates a
continuation of the delay mission.

(5) Time step 5: The unit has withdrawn from the hex in which the
meeting engagement took place, and has now reached its objective.
No enemy units are in the hex or present a flanking threat.
Effectiveness degradation is still at level 1. Situation code 18 .
is found; action code 12 results from that and the delay opera- :
tion status. Artillery and air support are requested, and a N
stack pop is made, restoring the unit's original mission code of i
hasty defense. The operation output code is 2, or hasty defense,
and the operation transition result is ignored since the stack 1
supplied the next mission code.
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A-5

NUCLEAR AT EFFECTIVENESS NOT IN DANGER IN DANGER
VICTIM |OBJECTIVE|DEGRADATION | nc | adj | hex | mtg | ad] ] hemetg_
no no 0 1| 2 3] 4 |5 6 | 7 |
no no 1 1 8 9 110 11 g |10
- no 2 12 13 14 | 14 14 4 114
no yes 0 15 16 3 4 17 6 7
no yes 1 15 18 9 |10 19 9 |10
- yes 2 “ 20 13 14 | 14 4 14 | 14
yes no 0 21 22 g |10 23 9110
yes no 1 21 24 14 | 14 25 14 |14
yes yes 0 26 27 9110 28 9 |10
yes yes 1 u 26 29 14 | 14 20 14 | 14
Figure A-1. Situation Code Table
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) ACTIONS
MISSION SITUATION (3 rows for 0-9, 10-19, 20-29 respectively)

0 1 2 3 4 5 6 7 8 9

1. Prepared 0 17 5 8 8 9 9 8 9 2
Defense 2 0 17 2 3 4 | 12 9 | 12 9

4 | 14 |15 )16 | 16 | 16 j 14 | 16 | 16 | 16

2. Hasty 0o | 17 5 8 2 1 2 2 9 2
Defense 2 | v w7 o2 3| 412 112 2
a | 14| 15 ] 16 | 16 2 1 14 | 16 2 2

3. Delay * o | 17 5 | 10 2 | 10| 10 2 9 2
3 9 | 17 2 3 a4 | 12 1| 12 2

4 | 1415 | 16 | .2 2 | 14 | 16 2 2

4. Withdraw o | 17 5 9 | 1m 11w |10 | N 9 3
3 9 | 17 | N 3 4 1 1111 | n

_ 4 | 13 3 3 3 3113 |11 11 | 1

5. Hasty 0| 17 5 8 8 5 8 g8 | 11 | N
Attack min |z s 3 412 1zq12]

| 8 113 415 {15 |16 |16 } 13 )15 |15 | 16

6. Coordinated 0 17 5 8 8 5 8 8 11 11
Attack ntn b s 3| a1z ]12!2]n1n

4 |13 |15 35 |16 ] 16|13 |15 15 | 15

7. Break- 0| 17 8 8 8 8 8 g | 11 i 13
througn nlbu oy os o3 o412 {222

4 113 115 | 15 {16 ;16 ! 13 15 | 15 | 16

8. Recon olw/] 8] 8l 8! 8, 8] 8}inn
nolnlaz 5 3 4 112 (12 012 |12

4 | 13 | 15 {15 {16 ; 16 {13 [ 15 | 15 | 16

a. March 0 0 4118 18112 118 18 112 18
18 1 12 0 ;18 | 18 4 112 12 i 12 2

4 113 0 2 ;2 2 2 13 1 2 2 2

Figure A-2. Action Table
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gen gen

>ion obj obJ consider arty air relnf  send
yde push pop fwd back move req req req msg

X 1 1 1
! X 1 2 2 1 1

1 3 3 1

b X
i 1
; X 1 1
' 1
} 1 1
} 2 2 1
aQ 1 1 1
1 1 2 2 1 1
2 X ] 1
3 X 1
4 1
5 1 1 1
€ 2 2 1 1
7 b
8 L X 1 2 2 1

Figure A-3. Action Code Table
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MISSION SITUATION CODE (3 rows for 0-9, 10-19, 20-29)
0 1 2 3 4 5 6 7 8
1. Prepared 9 5 5
Defense 5 9 3 4
2. Hasty 9 5 3 5
Defense 5 9 3 4 3
3 3 3
3. Delay 9 5
9 4 2 2 2
4. Withdraw 9 5 2 2 5
5 9 2 2
2
S. Hasty
Attack a
2 2
6. Coordi-
nated 4
Attack
2 2
7. Break-
through 4
2 2
8. Recon
4
2 2
9. March 2 5 5 2 5 = 2
5 2 2 4 2 2 3 2
2 2 2 3 2 3 2 2 3
Figure A-4. Operation Behavior Table
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"1
P
MISSION SITUATION CODE (3 rows for 0-9, 10-19, 20-29) 4
0 1 2 3 4 5 6 7 8 9 4
1. Prepared 9 3 ?
Defense 3 | 9 3 4 ;
2. Hasty 9 3 3 3 b3 Ta
: Defense 3 9 3 .
3 | 3 3 .
3. Delay 9 '4
9 4 2 2 2 .
2
4. Withdraw 9 2 2 3
9 2 2
2
5. Hasty
Attack 4
2 2
6. Coordi-
nated 4
ttack
2 2
7. Break- .
through 4 L |
2 ) ? D
8. Recon : i ] .
4 ;1
2 2 -
9. March 2 2 2 3 3 a4 ‘f
4 2 |3 8
2 2 3 2 2 2 -
Figure A-5. Mission Transition Table iﬂ
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Situation = 16 . 4

Artillery req = ] ié

Air req = 1 "

stays in hasty defense e
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Situation = 17 B

Artillery req = 1 -

Air req = ] )

generates objective Ej

one hex to rear g

stack: saves -
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Figure A-6a. Example of Operation Reaction System )

Operation, Time Steps 1 and 2 bl
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new ‘
obj a

Figure A-6b.

.......

Situation = §
Artillery req = 1
Air req = |
moving to new objective

stack: Hasty Defense
Situation = 10
(meeting

engagement)
Artillery reg = 3
Air req = 3

Reinforcement requested

generates objective
one hex to rear
stack: Hasty Defense

Example of Operation Reaction System

Operation, Time Steps 3 and 4.
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Situation = 18
@ - Artillery req = 1
Air req = ]
@ Hasty Defense
E ! ¢ , popped from stack
s l
. | B
< obj

Figure IV-6c. Example of Operation Reaction System
Operation, Time Step 5
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APPENDIX B 3
IMPLEMENTATION EXAMPLE (CLEW) 4

Example of Operation Reaction System Implementation: The Corps Level
Electronic Warfare (CLEW) Model.
1. Background =4

The Corps Level Electronics Warfare model was designed to evalu-
ate the effectiveness of various electronic warfare (EW) sensors and their -
impact on Corps and Division level decisionmaking. The studies in which it o
has been used have compared the results of simulations with different mixes =
of sensor systems and, thus, different levels of intelligence and combat ]
information, to determine the value of a given mix of sensor systems in
terms of influencing the course of the battle. The discussion here will
concern only the small part of the CLEW model which implemented the Opera-
tion Reaction System, and the effects of its operation.

In the CLEW model, the basic maneuver units were battalions, and
the terrain resolution was 3.5Km. The scenario was a blue armored division
defending against an attempted RED breakthrough by four divisions. -The
simulation was run in two hour game time sessions, with orders being issued
to the units as necessary at each interval by man-in-the-loop commanders.
The combat method was a Lanchester Square Law mechanism, modified to ac-
count for unit disposition, terrain, operational status, and range. Ter-
rain effects impacted on weapons range and effectiveness as well as unit
movement. Rivers, three types of roads, degree of forestation, roughness

of terrain, and built up areas were represented. Figures B-1 through B-10 f?

show the CLEW ORS, terrain, and combat/ movement effects. ?'

3 2. The CLEW Operation Reaction System TF
§ The CLEW ORS used the Mission and Operation codes shown in ?1
E: figures B-4 to B-8. While most are self explanatory, the Flank Attack, ;{
Fi Close Combat, and Road Movement Operations require further discussion: a
a. Flank Attack: This operation was designed to represent as- jj

pects of a granular attack, in which units would attempt to avoid enemy
units and move around their flank.
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“HEX SCORE” = (5-F).cos(D-DY) + 5 1
. v o \.—.-*-—0 .a
DIRECTION CONSIDERATION SPSED .
VA
1 N
+ (1-Tr) Tve * M-Ug-1 X
*
COVER MASSING
1
- =53
+ E-Ug +. g+ -1
w | — Yy — o
ENEMY REACTION COHESIVENESS
F = FREEDOM OF DIRECTION
D,D1 = DIRECTION TO OBJECTIVE, HEX
Tr = TRAFFICABILITY Te/c = TERRAIN COVER & CONCEALMENT
M s MASSING Ug = # OF ERIENDLY UNITS .
= ENEMY “REACTION” FACTOR Ug = # OF ENEMY UNITS N
4
C = COHESIVENESS 'a. fty = RANGE TO NEAREST “FRIENDLY” (LEFT, RIGHT) .
5613/78W i
1
Figure B-3, CLEW Movement Direction Choice Scoring Algorithm 1
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Figure B-4, Situation Table
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AT OBJECTIVE NOT AT OBJECTIVE
CASUALTY[FLANK | NO FLANK | FLANK| NO FLANK
STATUS DANGER ANGE DANGER
HEX | A0J [HEX]| ADul N [HEX| ADY |HEX] ADY |  NO.
CONT CONT
- Tl 131907 (i lin13 1z /¢
NO . 13 [1a a1zl 1 |13 e la o s
uTG
ENG o laz l12f2 ]| s|1 |12 |12 {12 ]5s |s
see s |e|s|s|7 |6 |s |6 ]s |7
- s o 3ol lis {u b3z (s
POS-
SIBLE . 19 |1a | a1z 1 19 [18 |3 |10 |8
MTS e J1g |12 |16 | s |1 16 |12 |16 |5 |s
ENG ses s lels|e]7 losls s s |7
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M P

ACTION OUTPUT TA

h # | OPERATION 918 |76 |5|]4]3|]2]1]0
S 0 o Jo |er|sijafofjolfoleo
0 | PREP. DEF. ST |0 |0 |51 |41 |0 [0]| 51|00
o0 o Jo Jer|st]arjololfol]o
1| HASTY DEF. BT |0 [0 |51 |41 |0 [a1| 651 &[0
¢ lo Jo |&r|si|s1lar]o]ol]e
2| DELAY 51 |0 |0 | 61 | 51| 41 |a1| 51| 41| 0
0 o |o e |st]|stistfofol]o
3 | WITHORAW 51 |0 |0 | 51 |51 |81 [0 61]656]0
¢ lo 1o |erjar|0]0]o oo
4 | HASTY ATK. 70 |0 |70 4 [0 |0 [70] &[0 |0
0 o Jo |erjar|70]o]o oo
5 | FLANK ATK. 70 | 0 7014110 0 70| 1] 0 0
] (o Jo Jo Iefar]0folo |olo
6 | BREAKTHR'H [0 [70[4 [0 [0 |70 &1 )
0 Jo Jo |erJa|70 /0] o oo
g 7 | HOLDING ATK. 0|0 |[70| & [0 [0 |70| 1|0 |0
i 8 | CLOSE CMBT.
b 0 lo o |er|s1|7]0 o0 ola
9 | RECON 70 [0 | 70| 41 |G [0 [0 | 51| a1 | O
L 10 | ROAD MOVMT
'@
_F;j 5613/78W
L ; ;
H Figure B-5. Action Output Table
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BEHAVIOR OUTPUT TABLE

# | OPERATION 9181716|5[413|]2}|110
o | PReP. DEF. —Hi e
1| nasTy oe. L L B A B B B
2 | DELAY L L B B R T S T M
3 | WiTHDRAW AR AR EmEEEEE e
a | uasty avk. e
5 | FLANK ATK. e
8 | BREAKTHIH B o T R
7 | HoLDING ATK. B AR ;-
8 | CLOSE cMeT.

s |Recon T
10 | RCAD MOVMT

5613/78W

Figure B-7. Behavior Output Table
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CORPORATION
MISSION TRANSITION TABLE
# |OPERATION 91874161514 1321110
o |rer. oer. e
1 | HASTY DEF. :: ?f:::::
2 {oELAY AEEEEEEEEERERERERE:
3 |wiTHoRAW B R A I N IR A
¢ |HasTy AT R o
s | FLANK ATK. ;2;3222?}.2
¢ |sneakTHRH AR R R EEREEE R
7 | HOLDING ATK. ; ; ; 3 ‘; ;’ ; ; -11 ;
8 | CLOSE CMBT.
1 |necon R R RN E
16 | ROAD MOVMT
5613/78W
Figure B-8. Mission Transition Table

B-9

PR T G

PP YT S

.

-




- IAEAEEEA A RS ALRMASA AR HIL KSR P L0 MARr ¥
: Aoy dey M3IT) °6-8 d4nbL4 meL/eLes
. ewessssnsay n>h°_t°h
.= - AJEpUOIOS
—— :Asewg
— uyeqoiny

v

w T
T VT . Sl e, Rty
o et e -

THE BDM CORPORATION

*PBJJBUUOD 8JB SOXBY OM] YIIUM 0} JUBIXE 8}
e1eajpuy J81ei Ing ‘sAemyBbiy j[en1oe Yiim 8uo 0} 8U0 puodses100 sAem|e Jou Op Speoy

:speoy
%0L~€ %0L~E
%012 %0V=¢C
%Sl=~l %SL=~1
uoiesaiioy jueixe dn ijng

oAy

S9J91yoA 0} ejqessedw) xey Jo 3sow 10 | <BAe edojs uerse) = ¢
uje1e} pebBni A1eA 10 sjjiYy 9%,0p=10 ||818A0 g0'<BAe edojs ujersey = g
ujene) peBBni 10 Sy %,G1~40 |jeJeno go'<BAe adojs ulessey = |
ssouybnoy ujene |

.

AT O IaE ML A A

B-10

P

s

P R AP

1
1

AP r'..i. el M,..»mr..\.‘v.i_».ui,“ M.i.y w‘,»Ak



G PMOMRSRA O OAS! RTINS MRAKLSMADE A S Aurasier e nrs AR Mcud e ey L.,......q.-w: Y o N RO ACHEARC A u
. . - .. . . . ’ [ N R 19 - L . .. . - ‘ ‘. . . . . . . - . o

R R R Rt WY RN

uredudl M37) aldwes °QL-g 3uanbly4

b

-

]

p -

]

b - 4
§ MBL/ELOS
:

-

-

b

1

[l angi al aan o

N
[os]
‘, ,A
- 1
: m
4
Z ]
N (®] .
, - - 3
-«
. [+ o
| - O J
oc A
b o .
- O
a =
.- D -.
" (+4] )
P . ’ 4
% % o
, - } v
1 ¥ ¥ S L RIS IRV I U] | ) PN S UAP T ISR PR WORSRIIPURILE T X Tl




b. Close Combat: The various attack operations were designed %
to represent the phase of an attack during which the attacker approaches '
and attempts to close with the defender. During that time he is moving
frequently, and is relatively exposed, while the defender is less exposed,
and his firing positions have not all been detected. If the attacker suc- i
ceeds in closing, however, the situation changes. The defending weapons
would be more easily detected, and the weapons effectiveness of both sides !
would be increased. The Close Combat operation was designed to represent
this situation. After an attacking unit is in the same hex as the defender
for one ORS cycle, it will normally have an operation output of 'Close Com-
bat'.

c. Road Movement: This operation code is never assigned as a
mission. Units not at their objective and not in contact will normally
move in this mode.

The CLEW ORS cycle is normally executed after combat and situa-
tion evaluation every five minutes. In the case where a unit moves into a
new hex, the presence of an enemy unit in the hex is not considered until

- after a combat cycle has occurred. This allows correct usage of the ‘Close r
Combat' operation.

The inputs to the CLEW ORS are as follows:

a. At Objective: Whether the unit is at the hex given in his
operation order as an objective.

b. In Flank Danger: This indicates whether the unit perceives
a danger of enemy units moving behind its flanks. A weighted sum of enemy
mass, speed, direction and location considerations is compared with a ]
threshhold to determine whether a flank threat is present.

c. Enemy Adjacent: This indicates whether the unit is in con-
tact with enemy units in its own or adjacent hexes.

d. Same Hex: This indicates that an enemy unit is either in

h‘ the same hex or moving into the game hex, representing an attack during

- which intense combat is expected.

;f e. Meeting Engagement: This special condition indicates that

ﬁ} the situation is a meeting engagement if the unit is in a defensive

¢
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mission. This results when the unit moves either into a hex containing an
enemy unit or into which an enemy unit is moving.

f. Effectiveness Level: This condition indicates the casualty
status of the unit. A * indicates about 20% casualties, ** for 30% to 40%,
and *** indicates an ineffective unit with over 40% to 50% casualties. The
exact breakpoints depend on the operation code.

3. Examples ‘

The first examples will be test cases to illustrate the manner in
which the ORS works. Figures B-11 and B-12 illustrate a two hour sequence
of events which are discussed below:

0600-0700:

(1) Initial positions and orders are indicated on the map. Red units
131 and 132 are given orders to move to the hex containing Blue
113, but their 'Flank Attack' mission code causes them to choose
an indirect direction to avoid the Blue unit. The southern dir-
ection was chosen by 132 to avoid 131, and by 131 due to the bet-
ter road (units look ahead only one hex). Unit 113, at its ob-
jective, remains in place.

(2) Red unit 141, with a hasty attack order into the hex containing
Blue 121, does so. Shortiy after arriving in the objective hex,
141 suffers high attrition, and withdraws. 121 also suffers sig-
nificant casualties and, since the ORS does not consider that the
enemy unit in the hex has been defeated, delays back one hex.
Red units 212 and 213, which are not in contact, utilize road
movement to go in the direction of their objective. At 0644 unit
212 chooses to leave the road rather than risk collision with
withdrawing 141.

(3) Blue unit 122 was given a hasty defense order, and Red 211 was
ordered to make a flank attack with the objective of Blue 122's
starting hex. Rather than directly attack, Red 211 chose the
nearest direction not occupied by Blue. Blue 122 detected this
movement, and perceived it to threaten its flank, and, as a
result, began delaying back one hex. When Red arrived, Blue was
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in the process of moving. Rather than move into a hex into which
Blue was moving or was occupying, Red 211 chose the nearest
available direction toward its objective, which now lay to the
NE.

0700-0800:

(1) Red units 131 and 132 continued to flank Blue 113, resulting in
the Blue unit's withdrawal across the river.

(2) Blue 121, having marginal effectiveness, continued to withdraw.
At 0720, when it arrived at its first generated objective, it
perceived Red 132 behind its left flank, and so withdrew SW, then
West. Red units 213 continued to move using the road movement
operation, and did not become engaged. Red 212 arrived at its
objective too late to force a meeting engagement with Blue 121.

(3) After Blue 122 arrived at its new objective, Red 211 arrived back
at its starting position. At that time it was not in contact,
and so was able to use road movement to move directly to its ob-
jective, threatening Blue 121.

The second set of examples from CLEW were taken from runs using
actual scenario data. A number of adjustments had also been made to the
movement and direction algorithms, in particular causing the units to move
to an adjacent objective hex. Figures B-13 to B-15 illustrate a sequence
of events from a covering force action. Secondary and tertiary roads are
not shown.

4. (Observations

These examples illustrate the general manner in which units moved
during the CLEW data runs, although unit density was often much higher. In
most situations, combat proceeded as a series of short high intensity
battles as Red units made attacks, separated by periods of maneuver, oppor-
tunity five, or relative inactivity. There were, however, numerous occa-
sions in which units did not react as would be expected, showing the need
for further development and refinement of this first implementation of the
Operation Reaction System.
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APPENDIX C
INPUT LANGUAGE SPECIFICATION

This appendix outlines a method of describing inputs for automatic
Operation Reaction System (ORS) table definition and compilation. The gen-
eration sequence and the automatic table generation control statements are =
detailed below:

1. Input Definition

The Operation Reaction System input is the evaluation of a unit's
current situation. This is composed of a number of components, each
residing in some portion of a situation description word. It is necessary
to define those components which are used by the ORS. Situation components
can be of two types: X

(1) Basic Components: These are bit(s) taken directly from the ;J

unit's situation word.

(2) Intermediate Components: These components are functions of the

Basic components, and are used-to combine basic component in

order to reduce the final size of the tables. The applicable s

PRI CEE T W POy

el

o | SN

statements are as follows: »
INPUT (Comp ID) = (Expression) 1
wWhere (Expression) = I(Bit#, no.) where Bit# is the bit identifi- j
cation of the location of a basic component in the situation a
word, and no is the number of values it can assume. -]
or (Expression) = F(Comp ID, Comp IDZ' . . Comp IDn) where F is a E
function of input components which have been previously defined. i
-
EXAMPLES:
: INPUT C = 1(8,2) Define 'in contact' input
INPUT 08J = I(1,2) Define 'at objective' input
1 INPUT DNGFL = 1(2,2) Define 'danger, left flank' input
f- INPUT DNGFR = I(2,3) Define 'danger, right flank' input T
: INPUT ONGF = ONGFL.OR.DONGFR Define 'danger on flank' input
F¢ :
{ C-1 ]
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2. Operation Definition

This statement defines the operation outputs, each of which are 3
associated with movement, combat, etc. parameters. Since the parameters
are not actually part of the ORS and would vary from model to model, they

would be inputted separately.
OPERATION (Operation ID) = (Operation code)

1
EXAMPLES: f
OPERATION ATT =1 Attack operation, assigned code 1 ﬁ
OPERATION DEF = 2 Defend operation, assigned code 2 i
OPERATION DEL = 3 Delay operation, assigned code 3 1
OPERATION MCH = 4 March operation, assigned code 4 :

3. Mission Definition
This statement defines the various mission types to be included.
while they may correspond to operation types, they are separate since the
mission codes are associated with ORS states while the operation codes are p

outputs.
MISSION (Mission ID) = (Operation ID) ' ]
Operation ID gives a default operation output for this mission.

EXAMPLES:

MISSION ATT = ATT Attack Mission
MISSION DEF = DEF Defend Mission
MISSION DEL = DEL Delay Mission

4. Mission Class Definition
ol This optional statement allows different missions to be grouped
EO together in a class, so that a given response can be assigned to all mem-
bers of the class together. Each member in the class can be assigned an
index number(s) which can permit multiple transitions from one set of
classes to another set of classes to be defined at once. This is particu-
larly valuable in defining multiple doctrines.

CLASS (Class ID) = (Mission IDl, Ml)’ (Mission IDZ’ Mz). ..

Where Class ID identifies the class of mission

Ao an ok an 0s an A g
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EXAMPLE:
CLASS

Mission ID; identifies a particular mission code previously
defined in a MISSION statement. |

Mi gives an index number to the mission. This entry may be
omitted.

DEF = DEF, DEL Defines a defensive class which includes
the delay and defense missions, without
indexing.

5. Action Definition

can generate.

M 2 2 4
-

ACTION

YTy

e

(sl B4 sh platiathalt

LWL SRS SN PNT S SO G VNP TS

These statements are used to define action outputs which the ORS

Each possible action is indicated by a field of bits in an

action output word.

ACTION (Action ID) = (Bit#, value)

where (Action ID) identifies the particular action
2 Bit# identifies the location of the action identifier in the
g output word
- and value is a number in octal (B) or decimal giving the
ﬁ. value of the action output
- or ACTION (Action ID) = (Action IDZ)+(Action ID3)+. . . . (Action IDn)

This statement identifies the action ID1 as being equivalent to
the aggregate of the actions listed. If more than one contain

!. the same Bit#, the value for the last is used.

5 EXAMPLES:

( ACTION  PUSH = (0,1) Push stack

L‘ ACTION POP = (1,1) Pop stack

4 ACTION  GOBJ = (2,65B) Generate objective = 658
L.

(2 hexes in reverse direction
in BOM's hexagonal coordinate
system

PSHG = PUSH + GOBJ This action both pushes the stack
and generates a new objective.
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6. Situation Response Definition
This statement is the one which actually specifies the ORS
tables. It defines a set of conditions, and the response for those condi-
tions. The statements are processed in order, and immediately applied to
the tables. This allows later statements to redefine parts which were also

defined in previous statements, adding more detail. Thus, the tables
change from statement to statement as this portion of the input is proces-
sed. The initial tables contain no actions, and each mission code transi-
tions to itself and outputs a corresponding output operation code (if

specified).
IF (Situation Expression) THEN (Output and Transition Expression)
where
(Situation Expression) = (F(Conditionl, Conditionz, e e,
Conditionn))

F is a logical function of the various conditions
(Condition:) = (Comp ID = value)
or (MISSION = Mission ID) or (M=Mission ID)
or (CLASS = Class ID) or (CL = Class ID)
or (CLASSNDX = Class ID) or (CX = M)
This defines the conditions under which the
effects are to be implemented, and thus the loca-
tions in the ORS tables.
(Output and Transition Expression) = (Resu]tl, Resu]tz, .
Resu]tk)
(Resultk) = (MISSION = Mission ID) or (M=Mission ID)
or (ACTION = Action ID) or (A=Action ID)
or (OPERATION = Operation ID) or (OP=Qperation ID)
or (OPERATION = Operation code) or (0P = QOperation
code)
This specifies the table entries for the three
tables.

C-4

A ddo b d o

"

-

LT e
PPV A Y T W

R IR )

-




b .
o
h

L

ARt e e et T T e e e A 3 - T o ey A CalEC . sl CEhaliL il Sians - ey - TR

:—; THE BDM CORPORATION

Aod

EXAMPLES:

IF (C=@.AND.M=ATT) THEN (OP=MCH)

IF (C=@.AND.M=DEL) THEN (OP=MCH)

IF (0BJ=1) THEN (OP=DEF ,M=DEF)

IF (0BJ=1,M=DEF) THEN (A=POP) ]

IF (ONGF=1) THEN (OP=DEL ,M=DEL)

IF (DNGF=1, M=ATT) THEN (OP=DEF,M=DEF)

IF (DNGF=1, M=ATT,08J=@) THEN (OP=DEF ,M=DEF,A=PSHG)

IF (DNGF=1,M=DEF) THEN (A=G0BJ)

This set of situation response definitions defines the table shown in
the text as Figure I-3.
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APPENDIX D
OPERATIONAL INTELLIGENCE AND PERCEPTION

One function of the maneuver units is the acquisition of intelligence.
This information is used directly by them for resolution of combat and the
situation evaluation process. The same information is used by the C2 ele-
ments in their reaction and planning.

At each interval in the entity's combat/movement/reaction cycle each
entity searches its own and all adjacent hexes. 1t detects and subse-
quently may engage targets in all of these hexes, subject to weapons charac-
teristics. The units found can be put into the unit's data base.

After all of the subordinates of a C2 element, or player, have
completed their perceptions, the data base formed by them is evaluated.
Enemy units can be put in an intelligence list or information about them
passed to the unit's superior.

The information assembled during the perception process must be eval-
uated for its meaning to the unit. Specific conditions must be recognized
so that the unit can respond. This process is basically similar for enti-
ties and the players, but differs in specifics.

1. Entity Situation Evaluation

The maneuver units, or entities, evaluate the situation for the
following specifics:

(1) Combat Status - whether enemy units are in the same hex, adja-
cent, or not present.

(2) Force ratio - whether the 1local ratio of enemy to friendly
strength exceeds some operation dependent constant. Similar
information could be derived from the unit's own attrition rate
instead.

(3) Flanking Threat - whether or not enemy units pose a significant
flanking threat

(4) Meeting Engagement or Attack Condition - whether or not the unit
is moving into the same hex occupied by an enemy unit or is mov-
ing into the same hex into which an enemy unit is also moving,
and which is not occupied by friendly units.
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(5) Effectiveness - a unit is classified as being in one of three
effectiveness states, determined primarily by casualties and with -
consideration of supply status.

(6) Other - in addition, the presence of a chemical or nuclear attack

is noted.

Player Situation Evaluation

The C2 element must evaluate a larger number of conditions, as it

must be able to consider maneuver of its component subordinates as well as

movement as a whole.

(1) Combat Status, Flanking Threat, and Meeting Engagement/Attack
conditions are similar to those for the entities.

(2) Line Integrity - whether the unit's position is intact or not.

(3) Flank Security - whether the command's units are in contact with
friendly forces or a secure area (sea or possibly a neutral bor-
der or impassable terrain) on either flank.

(4) Angular Moment of Enemy Force - This indicates whether the enemy
threat is massed significantly more on either flank.

(5) Effectiveness - this will be an overall effectiveness rating at
the command based on those of its component entities.

(6) Nuclear/Chemical Environment - This indicates the nature of the
use of threat of use of these weapons.
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