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Chapter I

I N T R O D U C T I O N A ND SU MM A R Y

A.  INTRODUCTION

1. P u r p o s e

\~ The purpose of this paper is to provide a critical

description of four currently available computerized

simulations of combat. The paper is intended to be useful to

study agencies as an aid in their selection of a model for

the study of a specific problem. It should also be useful to

the reviewer of modeling efforts in that it makes explicit
model assumptions , strengths and weaknesses which may not

• otherwise be obvious . j

2.  Scope

This paper compares all aspects of ~4~e—’~fo~rr4 theater—level

conventional combat simulations ~~These models are
4the Campaign

Evaluat ion Model ( CEM IV),r the Institute for Defense Analyses

Ground Air Model (IDAGAM I),~ the LULEJIAN I Theater Level Model
(LULEJIAN I) , and ,the VECTOR Theater Battle Model (VECTOR I).
These models were considered to represent the current state—of

the—art by the analytical organizations within the Office of

the Secretary of Defense , the organization of the Joint Chiefs

of Staff, the Army and the Air Force .
3 ’

• 3. Approach

In examining several models one may organize the work ver-
tically, that is by model , or horizontally, that is by aspect .
This paper generally adopts the latter scheme and examines the

way each aspect , for instance air—to—air combat , is treated in

all models before proceeding to the next aspect. For descrip-

tive material organized by model the reader is referred to the

1
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user manuals or to the brief descriptions contained in Chapter

II.

4. Basic Descriptions

The functional areas examined in the study are :

• Geographical Theater Structure

• Organization and Missions

• Force Interactions
- Ground-to—Ground
— Air—to—Air
— Combat Air Support
— Interdiction
— Air Base Attack
— Aircraft  — Air Defense Artillery

• FEBA Movement

• Logistics

• Unit and Personne l Replac:ment

• Intelligence
The study also addresses software aspects.

In the appendix to this study , there are papers dealing
3 with the above topics. Each of these papers first describes

the manner in which the models treat the aspect being examined

to include a tabulation of the major inputs , out puts  an d
assumptions . Each paper concludes with a discussion of the

strengths and weaknesses of the various treatments. Consoli-

dated and abridged study results are given in Sections II and

III of this chapter .

5. L im i ta t i ons

There are several limitations :

(1) The study findings are based on the manuals which

document each model and not on an analysis of the computer

2
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codes per se or on computed results. It is assumed that the
codes match the documentation .

(2) The comparison does not address model improvements
which are being implemented. The VECTOR II model which is

nearing completion as this is written expands many aspects of

VECTOR I. Revised versions of the LULEJIAN model are curr ently
in use but have not been documented. The IDA TACWAR model ,
to a considerable extent der ived from IDAGAM , but with nuc lear
and chemical logic , is also near completion and should provide
improvement . The Combined Arms Simulation Model (CASM) which
is under development is expected to constitute a very signifi-
cant advance in the state of the art .

(3) The study does not evaluate the current data loadings
- of the models . Although in theory each user could develop an
entire data loading for a particular study effort, in fact each
model tends to have a standard basic data load which is passed

from user to user and in effect has become part of the model.

These basic loadings were not examined.

6. A C a u t i o n

This study does not have the objective of saying that this
model is “good” and that model “bad .” The models are tools .

In the same vein that a wrench is poor for driving in nails but
excellent for tightening bolts , some models may be ill suited
for one use but exc ellent for ano ther .  The only purpose of
this effort is to aid one in choosing and understanding the
appropriate tool.

L
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B. S U M M A R Y  D I S C U S S I O N S

1. Genera l
3 

Included in this section are brief discussions of the

treatment of functional areas by the four models. The discus—

sions include , for purposes of comparison , some characteristics

of the models . The lists of characteristics are not intended

to be comprehensive; the listed point s are those which were con-

sidered the rrost important to the evaluation results. For a

more complete analysis of the assumptions inherent in the treat-

ment of functional areas by each of the models , the reader is

referred to the appendix to this report .

2. Thea te r  S t r u c t u r e

a . D e s c r i p t i o n

All the models divide the theater into two clearly

distinguishable territories by a line called the t orward edge

of the battle area, or FEBA . Also , all of the models divide

each territo~’y into sectors generally following the expected

movement of main forces. In all the models except OEM , these

sectors are few in number , are fixed , and correspond to the

boundaries of some organization , typically a corps. In OEM ,
up to 1,000 sectors , here called “minisectors ,” are possible

and they can be used as unit boundaries from brigade up to

army . Combat operations can cause the organization boundaries

in CEM to change , subject to the restriction that they must
coincide with some geographical minisector boundary .

VECTOR differs somewhat from LULEJIAN and IDAGAM , in
that each battalion sized unit has its own area of operations.

Battalions are located geographically only to the sector level;

their position within a sector is undefined. This feature is

necessary in VECTOR because attrition calculations are made at
battalion ~level.
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In none of the models can combat occur across organi-

zation flanks. Each model attempts to account indirectl~i fu r

the problem of exposed flanks. The methods used are FEBA

“smoothing ,” using exposed flank lengths as decision criteria ,

and , in the case of CEM , the diversion of a portion of available

ground forces to the role of flank protection.

None of the models represent s the specific location of

forces and installations in rear areas. Conceptual distances

from the FEBA are reflected in weapons effectiveness values

and , to some degree , model sequencing. IDAGAM accounts for the

distances from air bases to the FEBA , and , in LULEJIAN the

lengths of lines of communications depend upon the FEBA posi—

tion. IDAGAM and LULEJIAN are also partitioned in depth into

three types of areas: combat sectors; regiuns , which are to

the rear of the combat sectors and extend across one or more

of them laterally ; and a COMMZ (or “base of operations ”) ‘3jhich

covers the entire theater width in the rear of the reghns .

Various types of terrain are represented in the models.

Terrain types may change laterally from sector to sector , and ,
in depth each sector can be divided into intervals with differ-

ing types of terrain. VECTOR can play the most types of ter-

rain , while OEM allow s the most terrain changes , both laterally

and front—to—rear . All except LULEJIAN explicitly represent at

least one type of militarily significant terrain feature .

b. C h a r a c t e r i s t i cs

(1) OEM:

• The specific locations of individual maneuver units
on line are represented down to the level of Blue
brigade and Red division .

• Precision in the locations of forces is made pos—
sible by the lateral division of the theater into
as many as 1,000 minisectors , which extend from
one end of the theater to the other.

5
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• Laterally , the theater may be divided into as many
as 100 terrain “bands ,” representing chanpes in t}€-
type of terrain. Each of the bands may be div iied
front—to—rear into as many as 50 terrain intervals
representing changes within the terrain l~~us1 .
(There are three general types of terraJn , with a
fourth type denoting a user—defined terrain fea-
ture.)

• The integrity of organization and the chain of com-
mand is maintained in the model.

• The boundaries of opposing units are not required
to line up across the FEBA , as is the case with
most sectorized models.

• Only a single type of major terrain feature , a
barrier , can be represented . If multiple barrier-
lines adjacent to each other are input by the user ,
major obstacles of varying depth can be repre-
sented. The effects of each barrier on firepower
scores and movement rates remain the same , however ,
for a giyen type of activity.

• A large number of unit boundaries are present ,
with no combat taking place across them. This is
a consequence of the overall model structure which
preserves organizational integrity and assesses
combat outcome for small units.

• The theater structure and the command and control
system in OEM cause difficulty in the representa-
tion of major shifts in Blue forces to respond to
Red penetrations. These cannot realistically be
handled through FEBA smoothing.

(2)  IDAGAM :

• The theater is partitioned in depth on each side
into three types of areas : combat sectors , re—
gions , and COMMZ. Specific functions and vulnera—
bilities are associated with each type of area.

• A location in depth is associated with air bases
in the regions and the COMMZ. This allows oper-
ating ranges of aircraft to be p layed , alon~ with
range—payload considerations.

• Tactical force boundaries are fixed at geographical
sector boundaries and cannot change in response to
the ongoing situation . On—line forces are located
to the sector leveJ only .

~ Boundaries of opposing ground forces must coincide;that is , they must line up across the FEBA .

6
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• The type of defensive position employed is a func—
tion of side and geography only. It does not
depend upon the ongoing situation.

( 3 )  LULEJIAN :

• On each side , the theater is partitioned in d’-pth

• into three types of areas: combat sec to rs , reg ions ,
and a base of operations (equivalent to a COMMZ).

• The lcr~g1h of the log ist ics lines of communications
varies accord iog to changes in the FEBA pos it ions .

• Major terrain features are not specif ical ly repre—
c-ented. They can be played only by using one of
the three general terrain types which are avail-
able.

• Tact ical  force boundaries are f ixed at geo~-raphical
sector boundaries.

• Lateral boundaries of ground forces (sector  h o u r i —
daries) must be the same for both sides.

• Region boundaries for both sides must be the same ,
i .e., on the same sector boundary .

• The locations of reserve and “fought —out ”  units
are not represented .

( 4) VECTOR :

• Terrain is classified in terms of both t raf f ica—
bility and intervisibility. There are f ive types
in each category , for a total of 2 5 terrain tyres.

• The theater is divided laterally into as many as
10 sectors .  Sectors  are conceptually subdivided
into areas for each on—line Blue battalion.

• Sector boundaries for both opponents au:’ t be the
same .

• Tact ical  boundaries at corps level coincide with
geographical sector  bcundaries , and therefore can—
not move as a result of the ongoing situation.• Forces can , however , be transferred among sectors

• by means of the tact ical decision rules.

• There are not specif ic locations within each sec-
tor for the battalion areas . They are known only
to be somewhere , on line , in a particular sector .
Therefore , there is no representation of adjacency
of battalions.

• Within a sector the conceptual widths of battalion
areas do not change as the number of battalions on
line changes.

7
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• The effects of the large number of “protected”
flanks for the battalions must be represented ir .di—
rectly , through the tactical decision rules.

3 . Organization and Mission

a. D e s c r i p t i o n

Of the four models , OEM and VECTOR are the most versa—

tile in simulating command and control to determine combat os—

ture. OEM permits a detailed hierarchy of mission selections

by each commander in the chain of command which will be used by

the next lower level of command . These decisions are based on

periodic estimates of the situation and input threshold values.

VECTOR has virtually an unlimited ability to simulate command

and control by means of user—devised tactical decision rules.

Th is is limited by thp resources available to the user to form-

ulate and program the rules. The model permits 17 force posture

combinations , more than any of the other models.

The logic in LULEJIAN defines combat posture for indi-

vidual sectors based on the degree of flank exposure , the criti-

calness of flank lengths and the success of prior attacks in

the sector in question and those adjacent to it. In IDAGAM ,

the logic permits the selection of theater and sector attackers

to be based on relative force ratios and their relationship

to input threshold values.

b .  C h a r a c t e r i s t i c s

( 1) OEM:

• Detailed assessments of daily engagement results
are used to evaluate alternative courses of action.

• Estimates of the situation are made for each unit
at each major level of command .

• Missions of each unit are based on detailed assess-
ment s and estimates of the situation .

• Utilization and activities of reserves , boundary
widths of subordinate units , and allocation of

8

~~~~~~ TI ~~~~~ 1~~~1~~ ~~~~~~~~~~~~~ j



---__ -~-‘ -~~~~ -~~~~ z~~~~~~~~ . -‘—- -- 
~~~~~~~~~~~~~~~~~ - —— - -

fire support are based on estimates of the situa-
tion.

• Each ground unit (to brigade level on the Blue
side) is accounted for individually.

• There is no representation of communications among
echelons of command .

(2) IDAGAM:

• The number of types of units (divisions) which are
represented is input by the user.

- 
- • Selections of theater and sector attackers are based

on the relationship between the actual force ratio
and input threshold values.

• Within a sector , all units of a given type are
assumed to be in the same condition.

• The type of response by the defender against an
attack is a function of geographic location only.
It is not dependent on the course of the battle.

• The logic for mission assignment is fixed with no
options available to the user.

• Communications and intelligence are not represented.

( 3 )  LULEJIAN :

• Commitment of units to combat is dynamic , based on
the course of the battle as it takes place.

• Un its  of the  same type  in a gi ven sector are
assumed to be in various states of combat effec-
tiveness. Ineffective units are removed from the
front lines.

• Units are identified according to nationality.

• The logic for mission selection and combat posture
in a sector considers flank exposure and past re—
sults in that sector and in the sectors adjacent
to it.

• • A number of massing options for the initial attack
can be evaluated automatically.

• Only three types of units can be represented for
each national participant .

• The logic for mission assignment is fixed with no
options available to the user.

• No attrition takes place in a sector when neither
side attacks .

• There is no representation of communications.

9
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(14 ) VECTOR :

• Theoretically, there is a good capability to simu-
late command and control by user—devised tactical
decision rules.

• A number of decisions can be made at various points
• during the execution of each day ’s activities.

• Estimates of the situation can be made on the basis
of actual strengths in the past , to account for
imperfect intelligence.

• Up to 17 force posture combinations are possible .

• The time and resources to formulate and program
detailed tactical decision rules for command and
control may exceed practical limitations .

• There is no representation of communications .

4. Maneuver Unit Interactions

a . D e s c r i p t i o n

The primary results of ground interactions in each of

the models are attrition of personnel and weapon systems and

the acquisition of territory by one of the combatants. This

discussion focuses on attrition; the acquisition of terri-

tory , or “FEBA movement ,” is covered in a separate section.

To some extent , all four models require as inputs to

their attrition mechanisms the results of lower—level , higher—

resolution models. Only one , VECTOR , makes any attempt to

represent internally the physical processes which occur on the

battlefield. VECTOR does so for only one of a number of pos—

sible combat activities: the assault on a hasty defensive

position . Even for that representation , VECTOR also needs in—

puts derived from high—resolution simulations . The data for the

other models must reflect more of the basic mechanics of combat

than the data for VECTOR , and none of the models other than

VECTOR is at all suitable for establishing basic attrition rates.

Theoretical justifications for the forms of the mathe-

matical equations used to compute attrition are available for

10

I

~ 

~~~~~~ ~ :i;:~.: . T’~~ 



— —

IDAGAM and VECTOR . Such justifications or derivations were not

found for OEM or LULEJIAN . Considering the inherent simplifi—

cations necessary in theater—level modeling , the absense of

rigorous mathematical derivations was not in itself considered

of primary importance , as long as the relationships were intui—

tively plausible . The equation forms were found , however , to

• imply certain assumptions which could be evaluated in other than

a mathematically rigorous way . These assumptions concern prim-

arily the degree of aggregation of the weapons systems and mili-

tary organizations represented in the models.

Each of the models accepts input data to describe the

performance of a representative number of types of weapons .

In this respect the differences among the models are minor. On

the other hand , the models are quite different in the way wea-

pons are aggregated internally during attrition calculations.

IDAGAM and VECTOR maintain the separate identity and effective-

ness values of each input type of weapon. IDAGAM weapons per-

formance characteristics are input in terms of daily kill rates

for shooter—target pairs. The VECTOR model internally calculates

near—instantaneous kill rates for an attack on a hasty defense.

Detailed weapons performance characteristics provided by the

user are used in the calculations. In LULEJIAN , weapons are

aggregated into various groups for attrition calculations , and

subsequently disaggregated for output model reports. OEM rep—

resents weapons effectiveness , for a given environment and pos—
ture , as a set of three firepower scores for each weapon , and

represents the total effectiveness of a force as a sum of the

scores. The identity of input weapons is thus lost , insofar

as their capability to kill opposing weapons is concerned.

A lower level of weapons aggregation allows the use of

a model for analyses which cannot be performed when individual

weapons identities are lost , e.g., weapons tradeoffs and eval—
uations of alternative force mixes. Additionally , more infor-
mation is available to the analyst for detailed evaluation of

11
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model results. For these reasons , the level of weapons aggre-

gation in VECTOR and IDAGAM is judged superior to that of the

other two models.

Two general levels of ground force aggregation are

represented in the models. Attrition in OEM and VECTOR is cal—

culated for opposing forces of a size no greater than a Blue
brigade. IDAGAM and LULEJIAN calculations are made at the see-

tor level , with opposing forces of approximately Blue corps

size. When attrition calculations are made for a relatively

large force such as a corps , the representations of combat

activities below that level must be reflected in the model input

data. Such aspects as maneuver and differing successes of lower

level units are necessarily a component of a number of input

• values , for example , kill rates of individual weapons. The

assumptions used to generate such data remain fixed throughout

the simulated conflict. Therefore , dat a for IDA GAM an d LULEJIAN
must in some way account for combat interactions within forces

of corps size. An obvious source of data is a lower—level ,

higher resolution model.

The VECTOR attrition calculations , on the other hand ,

are made at battalion task force level. The input data for

weapons performance is specifically structured to be suitable

for that level. Therefore , for the attack on the hasty defense ,

the model results reflect the ongoing situation at low levels

without the burden of a large number of fixed , input assump—

tions. Assumptions are necessary , however , to extrapolate the

combat results at low levels to obtain overall results at the

theater level. In the VECTOR model , these assumptions are

embodied in the user—specified tactical rules which control

decision processes and FEBA smoothing .

With respect to force aggregation , OEM calculates

attrition at the level of the Blue brigade , or lower. It
shares the advantages of VECTOR in this regard , except that

12
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firepower scores , with their own inherent assumptions , are used

8 in the attrition assessments. The extrapolation of results

• from lower to higher levels is accomplished through built—in

model logic and user-input parameters.

In a theater—level model , attrition can quite logically

he assessed at either high or low levels. The choice of models

in this respect depends on the preferences of the user , the

purposes of the analysis he is conducting, the nature of the

fixed assumptions he is willing to accept , and the availability

of data. Overall , computations at relatively lower levels are

judged to be more versatile , and therefore more likely to sat-

isfy a variety of analytical needs.

b .  C h a r a c t e r i s i t c s

(1) OEM :

• Engagements and attrition calculations take place
at the brigade (or its equivalent ) level , or lower.

• Attr i t ion of 12 types of tanks , 12 types of
armored personnel carriers , 5 types of helicopters ,
12 types of anti—tank/mortar weapons , 8 t ypes  of
artillery tubes , dismounted personnel and artil-
lery personnel is represented.

• Sums of directed firepower scores are used in
attrition calculations.

• An input k—factor , which cannot be derived from
measurable physical parameters , is used in the
exponential attrition equations to relate fire—
power scores , number of targets , and target attri-
tion.

• Losses cannot be attributed to the type of weapon
which inflicted them .

• Attrition of maneuver—unit weapons ~: stems other
than tanks , armored personnel carriers , helicop-
ters , artillery tubes , and dismounted infantrymen
is not c omputed directly . A t t r i tion  of such  sys-
tems , e.g.,  anti—tank weapons , is  ~sswned to he
directly proportional to the attr i t ion of dismoun—
ted infantrymen.

13
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( 2 ) IDA GAM :

• Attrition equations are applied to individual fir-
ing and target weapons , by type , to obtain
“potential” losses. Attrition can be attributed
to the system inflicting it.

• A variety of optional techniques are available to• scale “potential” attrition downward or upward
to obtain actual attrition. Overall “actual”
attrition can thus be made a function of force
ratio.

• Various optional methods of computing force ratios
are available.

• The Lanchester forms of the attrition equations
are well—known and transparent . Attrition coeffi—
cients (kill rates) are modified each day to
account for changes in allocations of fire .

• Attrition calculations are made at the sector
(corps) level. Therefore ,

— Forces are assumed to be homogeneous across an
F entire corps front .

— Maneuver and mobility of units below corps level
are not modeled. Their effects must be deter—
mined outside the model and reflected indirectly
in appropriate model inputs , e. g ., kill rates ,
scaling factors.

• 1 • Standard allocations of fires must be input. Only
linear variations f rom the standard are computed
internally , on the basis of target inventories.

(3)  LULEJIAN :

• A direct relationship exists between FEBA movements ,
the level of attrition , and the number of battalions
committed to combat . Attrition caused by air and
ground supporting fires is considered along with
attrition caused by meneuver unit weapons .

• The ability to locate opposing force elements is
modeled . As the locations of opposing elements
become more accurate , the effectiveness of weapons
increases.

• The effectiveness of maneuver unit weapons can
increase as the range to the target decreases.

I ~ • The overall results of ground interactions , reflect—
ing supporting CAS , are used as the criteria for
choosing aircraft allocations .

•
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• Weapons are aggregated for attrftion calculations.
For example , the total anti—tank killing potential
of ground weapons and aircraft is applied as a
single value against a single , average , generic
tank. Results are subsequently disaggregated , so
that the number of weapons of a specific type which
is destroyed is proportional to the number which is
vulnerable.

• Attrition calculations are made at the sector
(corps) level , with the general implications as
noted above for IDAGAM .

• Attrition of only three primary elements of man-
euver units is calculated directly: tanks , armored
personnel carriers , personnel. Losses of other
weapons (e.g., anti-tank weapons) are assumed to
be proportional to one of the three primary ele-
ment s.

• Allocations of fire to target weapons are implicit
in the input potential kill capabilities of firing
weapons .

(11 ) VECTOR :

• Combat is modeled dynamically using small (e.g.
140 second time steps).

• Interactions among weapons , by type , are modeled
in detail , us ing basic weapons performance data.
Such processes as movement , acquisition, target
selection , target engagement , and target destruc—
tion are represented explicitly .

• Allocations of fire are calculated internally, on
• the basis of input priorities and the availabili-

ties of targets.
F t  • Losses can be attributed to the weapon system which

inflicted them.

• Supporting fires (e.g., combat air support and
* artillery ) are dynamically represented , and inte—

grated into the ground combat model.

• The dynamic ground combat model is used to repre—
sent only one type of activity for each side: an
attack on a hasty defense. The results of other
ground combat activities are obtained from input
look—up tables.

- 
- • The relationship between the results of separate ,

battalion level engagements and results at the
theater level must be defined and programmed by

b the user. (From the standpoint of flexibility,
this is considered a positive feature.)

15
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• At the battalion level , a relatively small number
of fixed tactical scenarios is available .

• There is no representation of adjacency of on—line
battalions. Locations are in terms of sectors only.

5. A i r — t o - A i r  I n te rac t ions

a . D e s c r i p t i o n

The models vary in the richness of the types of aircraft

and the types of interactions which can be modeled. IDAGAM per-

mits the widest variety while OEM is very restricted in both

types and interactions treated .

Each of the models chooses equations to describe detec—
• tion and engagement . The particular equation contains implicit

command and control assumptions. The VECTOR equation presumes

efficient centralized control of defender aircraft. LULEJIAN

assumes the attacker controls the engagement . IDAGAM assumes

a random process , without centralized control.

With the exception of LULEJIAN , no geographic saturation

based on an attackers ability to overwhelm a defender in a given

place is modeled . All models except IDAGAM permit an attacked
penetrator to abort the mission.

b. C h a r a c t e r i s t i c s

(1) OEM : 
- —

• Basic simplicity and clarity, but with simplistic
3 attrition.

• No geography ; only two aircraft types , five
missions.

( 2) IDA GAM:

• Allows user choice of five attrition forms .

• Allows widest selection of aircraft types (ten)
and missions (seven) with any combination per—
mitted.

t • Interactions are on regional (ATAF) basis with pro—
• visions for fractional crossing of regional boun—

daries.
16

. —- ;~~~~~~~ _ ~~~~~~ ~~~~~~~~ . - - -— - - _  
.-. —~ — — V s •

—-•-- -- -~~~~ A~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~



p.— V — —
~~~~

-- — _ V — • --_•-- -_ ,-- -- - - - - V  
~~~~~~~~~~

• Allows two locations for air—to—air interactions.

• No mission abortion .

• Air allocations essentially independent of ground
battle.

• Hard to distinguish aircraft quantity from sortie
rate.

( 3) LULEJIAN :

• Aircraft missions are approximately optimized.

• Geographic saturation represented ; total detection
can be limited.

• Combat initiated by attacker escorts.

• No interregional variation.

• No crossing of regional boundaries.

• Input data difficult to isolate.

(4) VECTOR :

• Interactions based on groups , not individual ais—
craft .

• Decision rule structure can permit flexible a s s i p—
ment policies.

• All air combat is one—on—one , and occurs at a
single type of location.

6. Com bat Air Support (CASj

a. D e s c r i p t i o n

All models treat air delivered flrepower ~n a

consistent with ground delivered firepower. In -~~~~~, LULEJ I A N
and IDA GAM , the air contribution is treated i .Y- ally - 

~~

ground contribution in terms of attrition an t FEhA r~- v~-rr~-n ’

The VECTOR and LULEJIAN models diN~ r--si ’ ~a~~- t e ~ ~~-~ ri

missions to attack maneuver units in contact and o ~ —

port elements better than OEM and IDAGAM .

OEM and VECTOR contain reasonable ~r- i~~r8- •; ~~o a1 c-
cate CAS sorties. OEM apportions sort ies t hec igh a cc-r~nan-:

hierarchy which considers mission and intellIge~ - - * . 7ECTP’~
apportions based on variable decision rules an-~ ~~~ 

r -~ . s s e c t
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to call for support . The other model procedures are more

rigid.

No model treats the target acquisition process well.

Only in LULEJIAN is there interplay between ground and air

observation at all. IDAGAM lump s all discoordination , missed

acquisition , and error into a massive multiplicative factor

which reduces CAS effectiveness twenty—fold . Disruption is

not modeled .

b. C h a r a c t e r i s t i c s

(1) OEM:

• Detailed , multi—leveled allocation scheme is used
to allocate sorties.

• Only one CAS aircraft type.

• No coordination of the attack is considered.

( 2 )  IDAGAM :

• Aircraft may carry varied ordnance loads.

• Army reserve~s can be attacked.
• Requires the use of a discoordination factor.

( 3 )  LULEJIAN :

• Target acquisition is treated separately from tar—
get engagement .

• Allocation based on force density only , not on need .

• No attack of reserves.

( 1 4 )  VECTOR:

• CAS sorties can be preplanned or called in the
course of the battle.

• All elements can be attacked.

• Excess demand can occur .

• No target acquisition model ; acquisition rate
assumed fixed .

• It may be difficult to change tactical decision
rules.

18
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7.  I n te r d i c t i o n

a . D e s c r i p t i o n

Air interdiction appears to be the most difficult mis-
sion to model. Interdiction can include attrition and disrup-

tion of reserve forces , destruction of supplies and the lines

of communications , and impairment of c ommand and control. All
models treat at least one of these aspects , most treat two.
None treats all.

All models allow the flow of supplies to be reduced

or delayed ; however , no model contains reasonable lcaric on

how such supply reduction affects combat capability. VECTOR

allows the most- forms of supplies to be destroyed and has the

decision rule structure which could permit these shortfalls to

affect  decisions . The other models contain rudimentary assump-
tions, for example , a 50 percent tonnage shortfall represents
a 50 percent efficiency decrement .

IDAGAM and VECTOR allow the attack of reserve forces.
The lot-ic in IDAGAM mirrors the IDAGAM CAS logic except for the

absence of the “disccordination factor. ” The user should for
this reason be cautious in loading IDAGAM to assure a relative
balance between CAS and interdiction effectiveness. CEM and

LULEJIAN do not permit attack of reserves.

b. C h a r a c t e r i s t i c s

All models lack good logic to predict effect of logis-

tic shortfall.

(1) CEM :

• Interdiction logic is yes/no. Too simple for
analytic use.

(2) IDAGAM :

• Both supplies of one type and reserve units may be
interdicted.

19
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• Only weapon and supply attrition is modeled . No
network degradation.

• Inputs are difficult to calibrate to CAS inputs.

(3) LULEJIAN:

• Allows the attack of supplies and transportation
means , each of which may be defended separately.

• Apportionment of sorties to different interdiction
• missions weak . Sorties should be apportioned such
V that the marginal return per sortie approaches
• equality for all missions .

• No representation of choke points.
(14 ) VECTOR :

• Allows the attack of 245 target types.
Keeps account of quantities interdicted.

• No network degradation.

• Effectiveness of interdiction dependent only on
aircraft type .

• 8. A i r  Base  At t ack

a . D e s c r i p t i o n

In all models , attack of air bases is synonymous with
attack of aircraft on the ground . Other facilities are not

destroyed or suppressed .

All of the models aggregate the actual inventory of
airbases into fewer notional theater airbases. OEM treats only

two airbases , one forward and one rear per side . LULEJIAN is
almost as lim Ited , using only two equivalent airfields per
side. IDAGAM and VECTOR allow more variety, with at least five

airfields at varying ranges per side. VECTOR airfields are
not as flexible as those IDAGAM in that each sector has one and

• only one field .

All models permit sheltering; however , only VECTOR and

IDAGAM permit the play of realistic sheltering selection , with

valuable aircraft shelterad ahead of less valuable aircraft .

L
20
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The models all allow point and area fire attack of

aircraft on the ground using simple detect ion and at t r i tion
e luations. No models allow fur changes in attack1:r effective-

ness as a function of topography , delivery tactics , or defenses.

b. C h a r a c t e r i s t i c s

(1) OEM:

• Very l~ m ited in tru-mm ; of aircraft types , munitions ,
number of bases :rnd dynamics of sheltering .

(2)  IDAGAM :

• Al lows QRA play .

• Perrm~~ts complete play of sheltering .

• Allows range—payload t radeoff .
• At tacker  e f fect iveness independent of defenses.
• Allocation logic wh ich  assigns particular at tacke rs

to targets is difficult to discern.
(3) LULEJIAN :

• Airlift aircraft can be attacked .
• No consideratiOn of detect ion.
• Rigid sheltering logic.

• No variation in mission allocations between regions .
( 4 ) VECTOR :

• Sheltering can vary by aircraft type.
• Due to the sector (corps) r~ lated airbasing, th~ o—

ter air massing is discouraged.

* 9. Interaction Between Aircraft and Air Defense A r t i l l e r y

a. D e s c r i p t i o n

In all the models except OEM a deep penetratino air-
craft can encounter point and area deployed ADA of at least two
distinct types. The penetrator i~ engaged by each of these

independent ly . The e f fec ts  of differing penetration modes ,
e.g. , corridor burstino , and other t-eographica ily  related
phenomena are not adequately resolved by any of the models. 

V
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Two of the models , LULEJIAN and VECTOR , er-rn~ t ~ -

trators to attack ADA destructively or to provide temporary

supsiu ssion of ADA . The other two permit only les-truct iw-

at tack , thereby ruling out treatment of ECM .

b. C h a r a c t e r i s t i c s

(1) CEI-1 :

• i\- iodel is highly aggr egated and s impli st ic .
(2 )  IDAGAM :

- 
- 

• The user may choose among several attrition equa-
tion f- i-n : for each ADA weapon and for the sup —
nrcssor .

• kx r nditur~. c f  SAM may be limited to inventory .
. Fl- —b y e r - :  a t t a c k  attrition are differentiated.

- • A l t e r na t iv T -  ~ ent-ra~- h i c  deployments for ADA are
not pos:~~ le t. elow Army level.

( 3 )  LULEJIAk:
- • Some saturation e f fec ts  are modeled . Sector

width is considered in determining detect ion and
engagement probabilities.

• Defense suppression and destruction are modeled .

• A variety of defense weapons locations are consi-
dered.

• The inventory of point air defenses contains
invarient proportions of different ADA weapons .

• Alternative geographic deployment s for ADA are
- not possible.

* 
(LI ) VECTOR :

- • Air defenses can be differentiated by corps see —• tor .

• The degree c ’ saturation of air defenses is assumed
to he constant .

- 
10. FEBA Movement

V 
a.  D e s c r i p t i o n

Neither CEM , IDAGAM , nor VECTOR attempt to model move-
ment processes.  The daily amounts of FEBA movement in the three

- 
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models are based on user—input look—up tables. in general , the
rates can depend upon the side attackirig, the t ype  of ter rain,
the type of forces involved , and the outcome of the ergat-oment .

In IDAGAM , the force ratio is used directly as a representation

of the outcome . In VECTOR , the input rates can be mod ified

accurdin: to other desired criteria by means of the tactical

dec is ion rules.

The LULEJIAN model does not use input look-un tables

to -letermine FEBA movement . Instead , mathemat ical relaticr~sh ir - s

are assumed to exist among FEBA movement , numbe rs of ca sualt ie s ,

numrd c-r of battalions committed to the engagement , the abHit:/

of the attacking battalions to locate enemy elements , and the

max imum , unopposed movement rates of the attackers. The

assumed relationships are used to calculate iteratively the
amounts of FEBA movement , along with the values of the related

variables. The assumed mathematical relationships are intui-

tively plausible , but are supported by neither theoretical nor

V empirical analysis. (The same could well be said of the
assumed relationship between force ratio and movement rates. ,
which is used in OEM and IDAGAN.)

FEBA movement calculations are made at the same ccms .and

level as the attrition calculations. In IDAGAM and LULEJIAb ,
t hese  are at sector (approximately corps) level , and in C I-1-~ ant

VECTOR , at brigade level or lower. Calculations are made sepa-

rately for each unit , and the FEBA for each unit can move inde—

pendently . It is therefore possible that FEBA positions of
adjacent units will be such that long exposed flanks are created.

Since none of the models allows combat across flanks , the

effects of flank exposure are not directly represented .

All the models have method s available to limit the

degree of flank exposure . In OEM , IDAGAP , and VECTOR , lut not

LULEJIM1, FEBA positions can automatically be moved in accord —
ance with input criteria to bri  ri i.i a c . n t  FEBA pos 1 1 uri s cl oser
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to each other; that is , to make the overall theater FEBA more

nearly a sir i straight liii - . In all the models , includi ng

LULEJIA N , tht 1 - - -- t- -e of flank exposure can be a factor in dec i—

siun •— to a~ t empt to a l v i ru e or to defuri l a position. Because

a’ the artifi ci al t r eat ment of flank exposure , none of the

model : can roni-esunt i breakthrough or exploitation by a con—

centr-: ted f-cr- ce.

b. C h a r a c t e r i s t i c s

(1) OEM :

• FEBA movement is determined separately for each
Blue brigade and Red division. Depending on
opposing force alignments , FEBA movement may be
c omputed for e lements less than a Blue brigade
or Red division.

• Forces can be diverted to provide security for
exposed flanks. Wh ile diverted , forces do not
engage in combat on the FEBA . They also do not
inflict casualties on the enemy , hut they suffer
casualties as do front line forces.

* • FEBA movement is assumed to be a function of force
* 

ratio. This is unsupported , as is the methodology
used to compute force ratios to determine movement .

Y • Although intuitively plausible , the method for
relating the movement of small units to the status
of the overall theater force is inflexible , and
cannot conveniently be modified by the user.
Therefore , variations in tactics or degrees of
resolve cannot be played.

• (2 )  IDAGAM:

• The effects on FEBA movement of ground unit
mobility and of the capability to concentrate air
support are specifically represented .

• • In the computations of exposed flank lengths ,
• provisions are made to account for the protection

afforded by poor trafficability across the flanks.

• The degree of FEBA smoothing can readily be con-
trolled through the use of input parameters.

• The amount of FEBA movement is assumed to be directly
related to force ratio. The force retios computed by
the model are not necessarily compatible with the
ratios used in FEBA movement rate curves derived
from historical data.
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• A single straight—line FEBA is assumed to exist
across an entire corps sector.

(3 )  LULEJIAN:

• An intuitively plausible relationship is assumed
to exist among the amount of FEBA movement , the
fraction of forces committed , and the fraction of

• casualties sustained . An iterative procedure is
used to calculate those quantities.

• Since FEB13. movement is calculated within the model ,
detailed movement rate tables are not required as
inputs.

• Although intuitively plausible , the algorithm for
computing FEBA movement is unproven. Neither
empirical nor theoretical justification for it is
available.

• The FEBA is assumed to be a single straight line
across an entire corps sector .

• The decision processes which tend to maintain FEBA
positions of adjacent sectors in reasonably close
proximity also tend to prevent the development of
deep breakthroughs in sectors where the attacker
is concentrated . Breakthroughs as such cannot be
represented in the other models , but the fact of
their occurrence can be recognized .

(LI ) VECTOR : 
V

• FEBA movement is determined at battalion level , and
FEBA positions for each battalion are updated
daily.

• FEBA movement rates extracted from user input
look—up tables can be modified by means of the
tactical decision rules. Movement can thereby
be mad e a function of any desired variables.

• The built—in logic for deriving overall movement
of theater forces from the cQmputed movement at
battalion level consists of rules for adjustinc-
computed positions to make the theater FEBA
smoother. Input tactica1 decision rules may be
used to implement more L r us t i c a t e d  log ic  i f

• desired.

11 . Lo g i s t i c s

a. D e s c r i p t i o n

The loc-istics functi on is represented to vary~ r-
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degrees of aggregation in the four models. In all of the models ,
the items of equipment (and personnel) which are specifically

V accounted for can be received daily in the theater- of operations

from sources external to the theater.

Subsequent distribution of these items to forward areas

of operation are generally based on need . Allocation of consum—

able supplies is similarly based on need in OEM , IDAGAM , and

LULEJIAN . In VECTOR , the logic for allocat ion of supplies is
designed and programmed by the user as tactical decision rules.

The models differ in the number of types of supply wh ich
are separately represented. VECTOR account s for 27 type s of

V supplies. OEM can represent only four: POL , two type s of
ammunition , and all other supplies. Both IDAGAM and LULEJIAN

each represent one aggregated type of general supply and separ-

ately account for SAM consumption. In its unique modeling of

lines of communication , the LULEJIAN model accounts for bridge

and engineering supplies to represent road construction capa-

bilities.

Most of the supply consumption processes of the models

are similar in that supply consumption rates are input for each
type of unit , item of equipment , and/or personnel based on the

intensity of their activities. The consumption rates are used

as linear multipliers for each activity. VECTOR is an excep-

tion during an attack on a hasty defense. When this occurs ,
each type of ammunition expended by opposing maneuver units

is calculated directly . Supply shortages degrade force capa-

bility, except in the VECTOR model. Direct comparison of VECTOR

to the other models in this respect cannot be made since the
tactical decision rules affecting shortages have not been writ-
ten. However , the detailed supply data generated by the model
offers good potential to assess the effects of various types of
shortages if users are willing to develop the logic.

The maintenance and repair .function is represented in

26
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only two of the four models , this in a very cursory manner.
OEM permits a depot maintenance function for the repair of tanks ,
APOs , and helicopters based on input values for expected frac—

tions of total numbers of each system damaged which can be

repaired , depot repair capacity, and length of time to repair

each type of system. This can create queues and delays. IDAGAM

also permits repair and maintenance , but of ground weapons only.
The user inputs the percent of each type ground vehicle which

can be repaired per day . However , no queues or delays can be

created.

The construction function is represented in only two

V 

- 

models , OEM and LULEJIAN , and in a highly aggregated manner.

OEM allows construction of barriers and prepared defenses , if

the rate of FEBA movement is small. No consideration is given

to availability of supplies. The LULEJIAN model permits the
• construction function to improve the logistics ground transpor-

tation network , thereby increasing logistics capacity to the

FEBA . This is solely dependent upon the availability of con—

struction materials represented by bridges and not upon engi-
neer battalions to do the work.

b. C h a r a c t e r i s t i c s

(1) OEM :

• Outcome of engagements is related to the availa-
bility of supplies. As supplies decrease conser—

- I vation can occur to reduce firepower.

* 
• Hear echelon maintenance and repair of tanks ,

APO 5 and helicopters are represented.

• Construction of prepared defensive positions and
• barriers can be represented in an aggregated way .

Construction will take place only in subsectors
where the average movement rate does not exceed
an input value.

• Consumption of only four types of supply c an be
represented : POL , two kinds of ammunition, and
“all others. ”

b
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- - • Transportation Is represented as a time delay only .

• In the construction of defensive p ositio n s and
barr iers , no consump t ion of mater ial is repr esented .

-~~ (2) IDAGAM :

• Outcome of engagements is related to the availa-
bility of supplies. As supplies decrease , effec-
tiveness is reduced.

V • Supplies in sectors  are vulnerable to attack by
aircraft and ground weapons ; in regions they are
vulner-able to aircraft only.

• A constant daily percentage of damaged ground com-
b at ve hi cles can t e repa ired .

- 

• Consumption of only one type of supply c an be
- represented . That type is used by each person ,

ground weapon , and aircraft .

• Logist ics network is only generally represented.

• There is no withdrawal of supplies from pools due
to the repair function requirements.

• No construct ion functions are represented.
( 3 )  LULEJIAN:

• Outcome of engagements is re lated to the availa—
-~ bility of supplies. As supp lies decrease below a

I’ nominal level combat effectiveness decreases.

-
~~~ • A shortage of general supplies reduces the number

of maneuver forces and aircraft sort ies which can
I be committed to c omb at.

• A shortage of maj or equipment items reduces force
c apabilities directly.

• Three echelons of supply pools are represented.
I Supplies are moved along a single pipeline as

required with proration of supplies if shortages
occur .

: • There is an aggregated capability to represent the
construction of lines of communication by means of

• bridge construction in a single pipeline from port
to FEBA . Bridge sections and general supplies are
consumed in bridge building .

• Only a single , aggregated type of general supplies
can be consumed.

• Maintenance and repair of weapons systems are not
represented.

• Construction effort is not constrained by availa-
bility of general supplies or man—days of effort ,

28
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but only by the availability of bridge sections.
(11 ) VECTOR:

• Up to 27 types of consumable supplies can be
represented :

— Ammunition for maneuver units , nine ty pes
— Land m ines
— Ammunition for field art ill ery
— Air defense ordnance , long and short range
— Ordnance for air-craft and hel ico p ter s, 11 ty~~c- :
- POL , aviation and ground
— Other supplies

• The calculat ion of ammunition expenditures for each
maneuver unit wosg or is based on attrit I -~ n calco—
lations.

• Except for maneuver unit ammurrition , t oth th e pas—
s age of time and the type of activity are con:- i—
dered in consumpt ion calculat i ons.

• The tact ical decision rule structure provides
flexibility to the user in determir i - the alt ra—

V tion of supplies and na;~or items of equ inmsc rY among
sectors and elements w it oin sectors. They also
permit the user to dete r-i s 1 ne the effects of sur m Iv
on the outcome of enirac-ement :.

• The tactical decision rule structure re -i u ir- -:
skilled user effort in pregramninc- r- ~les for : cr —
ply allocations and for the eff -ct s of sur l ly
shortage:.

• The representation of the sunply ret:-:ur- k v r:;
aggregated.

• Repair , ma intenanc e , a n t  constru ct i- - ri act ivi es-
are not represent ed .

12. Unit /Personnel Repla cements

* a . D e s c r i p t i o n

Each of the models accounts for indivi tu al ner :onnel

• re p lacements , allocat ing those which arrive in the theater to

replacement pools at various levels. Differing schemes for
allocation of personnel replacements are used in the model :.
All are based on need due to attrition or undermanning. None

of them were found to be illogical.
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IDAGAM permits the maintenance of a balance between

personnel and weapons. Thus , a situation of new Iu-rsonnel with-

out weapons arriving at the FEBA is prevented . This imbalance

problem does not arise in LULEJIAN since the only individual

personnel replacements treated directly are riflemen. There are

no built—in procedures in OEM and VECTOR to prevent im balance.

The VECTOR model permits the greatest flexibility in

personnel replacement policies by use of the tactical decision

rules; LULEJIAN is the next most flexible with four replacement

policy options. OEM allows two replacement options for Red and

one for Blue. IDAGAM has only a single policy.

All the models have adequate aggregated representations

of the personnel replacement function. None is suitable for

detailed analysis of personnel requirements or polici -s .

b. Characteristics

( 1) OEM:
• Allocat ions of individual replacements to combat

units are based on threshold values input by the
- - user.

— • Unit (division) replacement s are based on user
threshold values. Replaced decimated divisions
are returned to parent army pool for later combat .

• There is a capability to portray medical processes,
I 

an evacuation policy for the wounded , and the
return to combat of personnel who have recovered
from wounds. Wounded personnel may be either
individual infantrymen or crews of weapon systems
damaged in combat .

• Under some circumstances , Blue units can be with—
drawn after sustaining given levels of combat
losses. Combat doctrine of Red units permits
depletion of on—line units and rebuilding of
exhausted units in the rear.

• A single individual replacement policy is permitted
for Blue , and two for Red .

• Replacements for combat units are not distinguish-
able according to skills or training.
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(2) IDAGAIVI :

• Individual combat personnel are allocated to units
only when sufficient weapons are available.

—S.
• Units can be withdrawn from combat for rest and

recuperation .

• Ne~ individual combat troop replacements are assim-
ilated into units over a period of time .

• No flexibility in individual personnel replacement
policies is provided , e.g., in a given sector ,
individual replacment s cannot be assigned to front
line units without corresponding assignment to the
same type of units in reserve.

• Unit replacement policy is not represented.

• All units of a given type in a particular sector
are assumed to be in the same condition with res-
pect to personnel and equipment . 

V

• No medical activities can be portrayed.

(3) LULEJIAN :

• Unit nd individual personnel replacement policies
are permitted .

• Four optional policies provide flexibility in the
allocation of individual replacements. Either
a unit replacement policy, an individual
replacement policy, or mixtures of both can be
chosen.

• The allocation of individual replac ements can he
restricted so that each replacement goes only to
a unit of his own nationality.

• Imbalances between individual personnel replace-
ments and weapon systems cannot be represent cJ
since riflemen are the only personnel rep1-~c€-mont :
considered explicitly .

• No medical processes can be portrayed .

• New individual troop replacement s are assimilated
immediately upon arrival in combat units.

(LI ) VECTOR :

• The tactical decision rules permit considerable
flexibility in individual personnel replacement
policies and in the allocation of replacement units.

• Allocation of individual combat personnel replace—
ment s to sectors is based on level of activity and
user inputs.
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• Units may be withdrawn from combat for rest and
recuper ation.

• Extensive use of tactical decision rules to oontro]
the replacement m r-noes : necessitate: skilled pro-
gramming effort  by the model user.

• Inadvertent imbalances between individual person—
nel replacement and weapons may occur. (Desio -n
of tactical decision rules could prevent this.)

• No med ical activities are represented.

• New individual troop replacements are assimilated
immediately upon arrival to combat units and
become fully effective without delay .

13. In t e l l i gence

a . D e s c r i p t i o n

Of the four models , only two , OEM and VECTOR , have any
capability to simulate directly the e f fec ts  of the intellig ence
process. This is accomplished in both models by using informa-

t ion about the actual enemy situations in previous periods

(rather than the current period) to make estimates and decisions

for the current period .

The VECTOR model is more flexible in simulat ing intelli-

gence since the process is controlled by user—specified tacti—

cal decisions rules. Any combination of specific items of

information or delays may be used depending on the user ’s des ire
to increase complexity by desic-ninc- more intricate rules.

The OEM model logic is fixed , and therefore provides

the user with somewhat less flexibility than VECTOR in repre—

sent iri .c- delayed information about the enemy . For the Red side ,

the user is permitted to vary only the relative weigt:ts to be

applied to the Blue force information from the two previous

cycles. For estimates by the Blue side , the model user has an

additional option of considering the weighted average nf the

current cycle and the one immediately preceeding it.
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b. Characteristics

(I) CEll :

• Current intelligence e s t i : t :  are bi s - on actual
enemy c-round force strength in recent r~~rio.:.. (ta
represent delay s in obtaining . i i t~~~~~~!

t
~~~~~~r )

• The degree to which more recent c less r . ccnt
periods are we ic-Uted in the intell -c oct cute :
Is determ ined b y user inputs. Th i s allow s a
repre~-e ntat i cn of the time requicr- - - i to collect -a n .s
process intelligence informat i on.

• The intell ic-ence process itself is not moriele L

• Enemy tact cal air power cannot be included in the
intelli nce est icu tes (only actual is used).

(2) liA IAM :

• ~s intelligence capability is possible (not even
delay :—).

(3) LULEJIAN:
• No intelligence capability is pos sible (not even
delays).

(L I )  VECTOR :
• Tactical decision rules can be used to simulate

delays in receivinc- information about the enemy .
Current dec isions can be based on t he delayed
informat ion.

• There is essentially no restriction on the irsfc—r —
mat ion which can be delayed , nor on the d ec is~~- -ns
wh ich can be based upon it.

• The intelligence process itself is not modeled .

• The tact ical decision rules pertaining to intelli—
gence must be programmed by the user.
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C.  SUMMARY OF RESULTS

The results of the comparative evaluation of the four

models are tabulated below . For each functional area , the

models are ranked on an arbitrary scale from 1 (the best

ranking) to 10 (the worst). The scale is completely arbitrary ,

and the numerical ratings have meaning only in relation to

each other. An effort was made to establish rankings both

horts r:tally and vertically, that is , to compare functional

areas with in a given model , as well as to compare each

individual area among the four models . However , because of

the difficulties associated with comparing quite unlike

functions , the rankings among different functional areas within

each model are not considered as accurate as the rankings among

the four models for the individual areas.

The comparative rankings are necessarily judgmental; no

claim is made that they are the result of a quantitative

analysis. For a given study application , other investigators

might arrive at different rankings . The reader is also reminded

that certain functional areas are more important than others , V

and that relative importance is to a great extent dependent on

specific study applications. It is meaningless to add or

otherwise manipulate algebraically the various rankings to

arrive at some single overall score for each of the models.

The table should be used only in conjunction with the more

detailed information in €his report .
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Cha p t e r  I I

B A S I C  D E S C R I P T I O N S

Descr ipt ions of the mo dels in this chapter are limited to
the more general aspects and features . Mathematical logic and

more detailed input requirements for each model are identified

in the appendix.

This chapter identifies the more general characteristics

and highlights of each model. Specifically, its scope and

ourpose and a brief description are presented. Uirsilarly, the

maximum mode l capabilities in terms of the number of combat

V 
sectors , aircra ft types , ground forces , and the like , are

listed for ea ch o~’ the models studied.

A.  CEM IV

The model is a non—nuclear simulation designed primarily

to evaluate the effects of changing force structures on force

performance in theater level warfare . The outcome of for-ce

interactions is determined in terms of FEBA movement , attrition

of personnel , and expenditure of resources .

The model is two—sided , determinist ic and capa b le of
simulating land and air forces at theater level. It can

cor-isidei- units as small as a brigade on the Blue side and a

div ision on the Red side in engagements taking place in

relatively small geographic subsectors . Exponential equations

containing systems ’ vulnerability constants and requiring

• f irepower scores are used to calculate the results of combat
involving units down to the size of Blue brigades and Red

divisions on a time step basis. Elaborate command and control

can be s imulated , with higher level decisions at theater and

army level affecting the subsequent lower level decisions at

corp s and divisions. Decisions regarding Blue force estimates ,
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missions , reserve commitments , fire support , sector assignment ,

aircraft allocation , an the like can be simulated. In addi-

tion , there is a simplified representation of combat intelli-

gence.

The capability of the model permits input of up to 59
Bl ie battalion types and 55 Red regiment types , for a total

number or 70 divisions (Blue ) or 210 brigades , and up to 125

Red divisions . The maximum number of maneuver battalions which

can be placed in a Blue brigade is essentially unlimited ;
however , no more than 15 battalions of given type can be
placed in any particular brigade . Identical limitations

apply to Red regiments. Each side may have up to eight

different types of cannon , which may be incorporated into

as many as 15 different artillery battalion types. The

V maximum number of artillery battalions that can be accommodated

is 200 Blue and 250 on the Red side . One direct support

artillery battalion , maximum , is allocated to each brigade ;

however , the type may vary among brigades . A Red division may

have up to 5 direct support battalions , of one type only , and

they may vary among Red divisions . With respect to geography ,

up to 1,000 minisectors can be used to organize the theater .

B . I D A G A M  I

The model is a non—nuclear warfare simulation of ground

and air combat at the theater level. Results of force

interactions are defined by FEBA movement , and attrition of

personnel , weapons arid other resources.

IDAGAM I is a two—sided , deterministic , non—optimizing

model of conventional theater—leve l combat using integrated

ground and air forces. For FEBA movement and ground combat

• attrition , including the contribution from close air support ,

the model permits the user a large number of options ranging

from firepower scores to modified Lanchester—square equations .

38
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Similarly , the attrition resulting from air combat , air b as e
attack , and air de fense can be calculated using binomial

attrition equations , exponential approximations to the

binomials , or either the Lanchester square or linear equations .

Attrition occurs in geographical sectors . The sectors are

divided front—to—rear into intervals , each having a particular

type of terrain and defensive posture associated with it.

The model is able to accept the following maximum
resources . Some of the quantities are fixed and cannot
readily be altered; others can be changed based on the

capacity of the computer core storage (below based on 40 K

storage).

(1) People — 3 types: combat , combat support , combat
service support .

( 2 ) Weap ons — 12 types , including SAMs and AAA .

(3) Divisions — 12 types.

(LI) Supplies (other than SAM missiles) — 1 type .

(5) Sect ors per side — 8.
( 6 )  Regions per side — 2 Blue , 3 Red.

( 7)  Terrain — 3 types.
(8) Aircraft — 10 ty p e s.

( 9 )  Air munitions — 9 types , for attacking targets on the
groun d .

(10) Air bases — 2 per regi on , one in communicat ions zone ,
permitting simulation of airbases at three different
distances from the FEBA .

- 1 

(11) Aircraft shel ters — 1 type in fixed locations .

-~~~ (12) Aircraft missions — 12 (7 primary , 5 secondary).

( 13) Individual number of people , weapons , divisions ,
aircraft, shelters , SAMs , or AAA of any given type
is virtually unlimited.

C. LULEJ IAN-I

The model is a non—nuclear warfare model designed to make
relative assessments of forces , force deployment options , and
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tradeoffs among weapon systems . Outcomes of force interactions
V 

are assessed in terms of FEBA movement and the attrition of

personnel and weapons .

The Lulejian model is a two—sided deterministic simulation
of integrated land and air combat at theater level. It can
also be used in evaluating the results of corps level
engagements . Ground force interactions are aggregated at the
corps level in each sector .  Exponential equations using
individual weapons performance potentials provided by the user

are used to compute FEBA movement and personnel and weapon
-
~~ attrition . In add i t ion, attrition is affected by the

separation distance between the opposing units. Survivability

is improved as separation distances are increased. Firepower

scores are not used as measures of effectiveness. The model

uses optimizing techniques to obtain “approximately optimal”

allocations of certain resources in the theater. The essential

feature of’ this process is that “enforceable bound ” outcomes

may be obtained , in that the search process identifies

“optimal ” policies for each side to guarantee that the outcome

will be no worse than some bound , even if a given side knows

be fo rehand  his opponent ’s planned move . An iterative ,

approximate technique is used.

The maximum number of various elements which can be

represented are as follows :

(1) National participants per side — 6

(2 ) Combat sectors per side — 10

( 3 )  Types of maneuver battalions per national participant —
-

. 3
(14) Weapon types per battalion — 13
(5) Artillery types per side — 6

t (6) Attack helicopter types per side — 2

(7) Aircraft types per side — 5
(8) Aircraft missions per side — 6

L$O
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(9) ADA weapon types per side — 2

A total of 245 different type of resources may enter the theater

on a schedule as specified by the user.

0. VECTOR- i

The model is a non—nuclear warfare simulation for use

estimating net assessments , examining force deployment c r t i ons ,

and analyzing tradeoffs among weapon systems . The ~~~~~~~~~~~~~~~

of force interactions is determined in terms of FEBA movomen

and the  attrition of personnel , weapon systems , and other
resources .

-
• 

The mode l is two—sided , deterministic with a capabH t-;

of simulating integrated land and air combat at theater 1ew~ 1

Its level oC detail permits simulation of engagement — - 
a4

maneuver battalion leve l or its equivalent . Modified -ii~~~ r~- -~. —
tial equations are used to calcu late dynamically the resu ts ~?

combat in small time steps . Tactical decision rules soecT~Y--
V by the user permit him to control the model decision proces s--s .

• The model permits the representation of up to ten types
of maneuver battalions (or equivalent ) for each side , and

allows employment of mine fields , artillery forces , attack

helicopters , and air defense artillery . Each side may employ

I 
up to seven types of tactical aircraft and they may be

sheltered or unsheltered at air bases . Up to 25 types of

terrain may be represented in terms of different intervisibility

(5) and trafficability (5).
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MODEL SOFTWARE

This chapter contains descriptions pertaining to the

software aspects of each model. Such things as the availability

of model documentation , the various users of the models , and

the hardware on which the models have been run are identified.

A lso , hardware storage requirements , typical running times ,

and model output are discussed. A comment on input data is also

provide d for the interested user.

A caveat is provided here regarding the model users

identified below . Although an organization is identified with

use of a particular mode l, that model’s characteristics and

capabilities may be somewhat different from those presented in

this study . Because of individual organizational or particular

study needs these four theater—level models have undergone V

vnri ing degrees of modification by individuals within those

organizations , or through contracted changes , or both . However ,
• the basic design and structure of each model has been main—

t-dned . As a result , although model designations may have

r~~~~~ned as ident ified in the documentation , there may be a
deg~~ e of difference between them.

A.  CEM

The available model documentation is identified in the

reference section of this report . It is considered generally

adequate for assisting the potential user to run the model.

The documentation is particularly detailed in describing the

way in which command and control aspects of theater combat are

modeled in CEM .

The sole user of the mode l is the U.S. Army Conceots

Analysis Agency (CAA). The model is operational on the UNIVAC

1108 comouter. The operating system is level 31. r1inimum

143
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storage required is 120K decimal words including overlays.

Computer r u n n i n g  time is 10 CPU seconds per twelve hour cycle .

Deta i led model outputs are provided the user. These include

the distribution of equipment types , missions decided upon -at

V various echelons , FEBA locations , sector boundaries , current
status of all forces and current amounts of personnel , major
weapons and supplies . In addition , a composite status file

report is oresented for each theater cycle presenting current

and authori zed totals of personnel , major weapons , and supplies ,

along with losses.

B . I D A G A M

Documentat ion for the model is readily available

(dee references). The potential user should find it adequate

in understanding and running the model.

Several organizations presently use the IDAGAM model.

One user is the Studies , Analysis , and Gaming Agency (SAGA),

Organ ization of the Joint Chiefs of Staff. The model has also

been run at the Air Force Studies and Analysis (AF/SA)

or-r:~niza tion  and at the U.S. Army Concepts Analysis Agency.

At SAGA , the model is operational on the Honeywell computer

HIS 6080, used as part of the World—Wide Military Command and
C-:ritrol System (WWMCC). The operating system is GCOS , Honeywell

Release 6.2. The AF/SA used the Air Force Honeywell Multics

a computer with the level 3.0 operating system . The CAA ran the

mode l on the UNIVAC 1108 computer (Exec. 8 operating system ).

C—linimum storage required is 55K decimal words including all

of the overlays . Computer running time is about 25 seconds

Per day of combat .

The nutput for IDA~ AM i~ in the form of computer prin~/euts

of summaries selected by the individual user . These inclu-~
a (Ieta~ ~ed report which is gent rally used for debuggi~ g purpose.

Also , a selected set of summary tables per day of combat is

14 14
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provided. Third , a selected summary report of one page length

is generated for the user .

• C. L UL E J T A N

- 

- 

The model documentation is adequate to permit the potential

user to understand and run the model. (See re ferences).  The
manuals provide users and programmers information on the various

algorithms used in the model.

The LULEJIAN model is used presently by two organizations .

One is the Office of the Assistant Secretary of Defense t Program

Analysis and Evaluation), OASD(PA& E) .  The other is the Air
- - Force Systems Command. The latter organization has the model

operational both at its Headquarters and at the Weapons

Laboratory (AFWL). The model is operational on the Honeywell

Multics computer in OASD(PA&E), on the Honeywell 6080 computer

at Hq AFSC , and on the CDC 66 0o and CDC 7600 computer at AFWL .

The operating system used on the Honeywell Multics is level

3~0, and on the CDC machines it is FTN FORTRAN 3 .3 .  The
minimum storage requirement is aporoximatelg, 50K decimal words .

Computer running time varies based on whether the allocations

are f i x e d  or approximately optimized. If allocations are fixed ,

the model require s about 1.5 seconds CPU time per combat day .
Running times can increase substantially when approximately

optimum allocations are being generated. Some typical games

have required from 20 to 240 seconds CPU time per combat day .

Model output is provided the user in the form of a tape

of the value s of all important variables which are used or

generated by the model. The Report Generator manipulates the

information on the tape to provide printed results desired by

the user. A wide variety of data can be obtained in available

: tables which may be selected for printing such as the detailed
summary and cumulative results.
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The model documentation for VECTOR is gener--illy ~~~~~~n u - t~~~

for potential users to run the model (see r-r- f~~r-~~n-: -s ). Tt r - ~

tains consIderably more technical information which ~s or1~~nt -d
to the orogrammer analyst than the others. Extensive f 1 w  -h: r—

ting of algorithms is typical , as well as c r c s s —r - ’ - r - -  V i r 5  (f

individual variables.

The VECTOR model has not yet been used operationally.
However , it has been successfully run on the IBM 370/168 , UNIVAC

110 8 , HIS 6 000 , and CDC 624 00 computers . The minimum storage
requirement is approximately 50K decimal words . For typical
games , the model require s approximately 11 seconds CPU time

per c ombat day .

VECTOR model output consists of daily and cumulative

casualties and weapon system losses , by type , and supply

consumption data by type of supply. Current inventories of

weapons , personnel and supplies are also listed. All of these
data are given for individual battalions (if applicable), and
are also presented as sector (corps) and theater totals.
Reserve forces are explicitly accounted for. Numbers of sorties

flown on each mission are given for each aircraft type. The
daily activity of each battalion is shown , along with its

daily FEBA position. Attributions of casualties and weapon

system losses to the enemy system type which inflicted the

attrition are presented.

E.  MODEL I N P U T  DATA

Required data inputs are defined fairly adequately in the
documentation for the four models . Suggested methods of

deriving the more complex data values are given . In each of
the models , individual data elements can be changed between

model runs without re—entering the entire data base. The

24 6
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documentation of CEM is particularly complete in its descr iption

of the mechanics of preparing and entering data.

The models differ in their level of aggregation, and thus

tn the aggregation of data entries. CEM , IDA GAM and LULEJIAN
ue gene ral ly similar in aggregation with comparable , though

dif ferent , data requirements. (CEM ’s use of f i repower  scores

as the measure of weapons performance reduces somewhat the
quantit :; of data it requires in this area).  VECTOR , on the

o t h e r  ~i~nid , is disaggregated in its treatment of ground combat ,
and requires detailed data pertaining to individual weapons
performance. Therefore a larger quantity of data must be input

to VECTOR than to the other three models . Depending upon the
degree of care and accuracy used in generating the aggregated
inputs for the other models , the effort required for VECTOR

V data preparation can be greater than for the others .

For the VECTOR mode l , the user is also required to formu—

late , -a ri d program in FORTRAN , the tactical rules which control

most. of the interna l i- -cisi on processes. The tact~’óal rules

provide VECTOR with more ‘lexibility than the ot,1’~~r models ,

but they in-rease th e- effnrt re-autred for data~ preparation .

This is p ir t i cu Lr r -l y t~’ue in complex dec ision processes are
-des t red.
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A P P E N D I X

D E T A I L E D  A N A L Y S E S  OF F U N C T I O N A L  A R E A S

G E N E R A L

This appendix consists of analyses of the treatment by the

models of functional areas of theater—level combat operations .

For each functional area , each model is discussed separately ,

and then an overall discussion of the functional area is given.

The separate discussion for each model is divided into five

parts: a description of the functional area; a list of user

V 
inputs to that functional area; a list of inputs to the func—

tional area which are generated by other functional areas in the

model ;’ a list of outputs; and a list of assumptions .

‘These “Inputs Generated by the Model ,” as they are entitled in
the ld stings , could as well have been called “Internal Variables
Generated by the Model. ” The title used in the report was
chosen to emphasize the fact that , with respect to the func—
tional area l-eing examined , the varia~ les are indeed inputs.
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A . T H E A T E R  S T R U C T U R E

1. CEM

The theater ~n; divided geogr arhicalJy in 4 o relatively
narrow “ rs ir i isec to r s ,” which extend the entire lenrth  of the
theater. The user may specify as many as 1,000 minisector-s .

These provide the basic structure upon which geograrhical infor-

mation and the location of ground forces are based. The m Ini—

sector s provide the link between physical geography and the

locat ions of ground forces.

Three types of terrain can be represented in CEM. A fourth

type is reserved to represent a single kind of terrain feature ,
for example , a river. In width , the terrain is descrIbed :in

terms of “te~ ~tr. b ands ,” wh i c h  extend across an Ins ut

number of mIni sectors . Fach terrcin tand is the same nurr~~er

of min isectors  w i  ~e an-I there may be no more than 100

terrain bands in the theater. The terrain bands are divided

front—to—rear into Tntervals , so that the terrain w i t h i n

each interval is of a single type. As many mc 50 intervals

may be represented for each terra in band , with the interva~
boundaries separat II fferent tynes of terrain . Interval

bound --tries for adjacent torrain bands need not lin

a-ith each other.

Ground forces are located in terms of the minisectors .

The locations of force elements from theater level down to ~ri— V

gade (or equivalent) level are represented. Boundaries- between

units must necessarily be on a minisector toun~ ary . (Of course ,
not all minisector boundaries will also be ‘L ounraries b~ t w e~-n
force elements at any given time.) The boundaries of oT’posing

force elements need not coincide; that Is , they nay l- e on dif-

ferent rrt Lnisector boundaries.

The initial locations of forces which are present in thea-
t e r  at t h e  in - nni ng of the camp - a ~ n are SnecI  f led  by e model
usei~. The front line locations of units which arrive later are
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determined by internal model logic , with parameters supplied

by the user. In addition , organization boundaries may be

changed by the internal model logic on the basis of the ongoing
batt le.

Since organization boundaries of opposin g forces need not

line up, attrition calculations cannot simply be based on the

relative capabilities of integral opposing units. For this

reason , the concepts of “sector ” and “subsector ” are used. A

sector is defined as that portior of the FEBA occupied by a

bas ic combat unit (for Blue , the origade; for Red , the division).

As not ed above , opp os ing sector boundar ies nee d not line up.
A sub sector is defined as the portion of the FEBA between suc—

:~ ce ssive sector boundaries , regardless of side . Therefore ,

within a subsector , elements of a single basic unit face elements

of only a single opposing unit. Where a sector is composed of

m a r e  than one subsector , the element s of the basic unit

occury I ng the sector are prorated among the subsectors in

m- r n - rtion to the number of minisectors in each of the sub—

sectors . Ground interactions are assessed at the subsector

level.

a. Ust~r I n p u t s

• Number of minisectors in the theater , and the locations
of their boundaries in relation to a common reference
line .

• Number of minisectors in each terrain band. There may
be a maximum of 100 terrain bands in the theater .

• Locations of terrain interval boundaries within each
terrain band , in relation to a common reference line .
(This reference line is perpendicular to the reference
line for minisector boundaries.) There may be as
many as 50 intervals in each terrain band .

• The initial FEBA location in each minisector.

• Initial locations of organization boundaries for Blue
and for Red . Each organization boundary must c ol nc i i e
with some minisector boundary .

A— 6
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• Minimum number of minisectors necessary to accommodate
a division .

b.  In p u t s  G e n e r a t e d  b y the  Mode l

• Updated FEBA position .

• Updated locations of organizational boundaries. Boun-
daries may change as a result of commitment or retire-
ment of units and as a result of combat interactions .

c. Out puts

• Compositions of opposing force elements in each sub—
sector , for use in assessing ground interactions.

• Data on the terrain type or terrain features at each
subsector where combat is to occur .

• Flank lengths and front-to-flank ratios.

• Number of minisectors in each subsector , for computa —
tion of personnel densities.

d. Assumptions

• Variations in terrain may adequately be represented by
three classifications.

• Jt is adequate for theater level analysis to represent
explicitly only a single type of terrain feature.

• Interactions which take place at locations other than
the FEBA can be represented by the allocation of forces
to protect organization flanks. Flank protection re-
quires some fraction of the combat force. This frac—
tion is not available for use along the FEBA and it
may not inflict any casualties , but it does suffer
casualties along with the rest of the subsector force .

2. IDAGAM

The theater Is laterally divided into a variable number of

geographic sectors , typically 10. Sector boundaries are per—

pendicular to the direction of FEBA movement. Sectors , which

are assumed to be approximately the width of a corp s, extend the

length of the theater. Sectors need not be the same width , and
the width of each sector may be varied as desired.

p 
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Each sector is divided front—to—r oar- into intervals. The

interval boundaries are perperrdicular to sector icu r 1 1a~~i s , and

the ir locations are input as distances fr-em a refer-once li m c - .

The intervals are used to play te~’rain—type v-aniat~ ons , V
~~~ic l t i n

of—sector varlat i mi s , defe ri~ ive barriers and other geogr- nj n i mal

characte rist ics; therefore , eac h interval is a rectangle w~ -~h

is homogeneous with respect to these charaiteris tics. Tin- d o f . : ’1—
der ’ s posture 1:~ also input for each geograpaical ir it- al; that

is , for each s ide , the de fen der ’s respcnse to an attack ii:

- letermined by the geographic b eat i on of the corrbat . The re—

sponse of Red to an attack in a given interval may be -differ-e at

f rom Blue ’s response to an attack.

V 

Geographic sectors represent specific areas on the geound ,

remaining constant during a run of the model. However , the

theater is also partitioned on a tactical basis. TinT- r ortinri:

of the geo -raphic sectors in the vicinity -af the FhLA are called

“combat sectors;” all elements capable of participatin g in grisad

combat on a given day are located in them . Combat sector boun-

daries divide the forces of both opponents. Cppo -ing ground

forces interact only within combat sectors; there are nc gronal
interactions across sector boundaries .

To the rear of the combat sectors , the theater is divi ded

into a variable number of re— ions. The regions may encomr r-acs

one or more sectors in width; they are usually at least two sec-

tors wide . Each re ;~ion boundary must coincide with a geograph—

ical sector boundary , but the nec-ion boundaries for Blue need

not be at the same sector boundaries as Red region boundaries.

Red and Blue need not have the same number of ret-- ions . Forces

V located in rec ions include combat units in reserve , air- baser ,

supply installations , air defense weapons and administrative

organizations . Appropriate elements in each region p r c v i d e

support for the forces located in the combat sectors in front

of that renion. Specific combat support and combat service

A-8

‘S~



-
~~~~~ 

—
~~~~ 5 5~ a V ~~~~~~~~~~~~

V
~~~~

V 
_ .

supuort activities are discussed under the applicable functional

area.

There is one communications zone (COMMZ) for each side ,

locate I to the rear of the regions and away from all ground

~attle activity. Air bases , air defense weapons , and combat

service support organizations are located here .

Except  for one application, the dep ths  of comb at s e c t o r s ,
ron ons and the CO~MZ are conceptual only . Specific distances

f rom the FEBA to front and rear boundaries are not represented.

The exo- -uT-tion pertains to the operating ranges of aircraft and

the distances from the FEBA of air bases in the regions and the

CCMMZ .

a . User Inputs

• Number of sectors in theater.

• Initial FEBA positions in each sector , in terms of
distances from a common reference line .

• Locations of interval boundaries in each sector , in
terms of distances from a common reference line .

• Data on terrain types , defensive barriers and other
geographical characteristics for each interval in each
sector .

• Sector w i d t h s , by interval .

• Blue and Red defensive postures when attacked; by
interva l .

• • humber of regions for each side , and a designation of
the geographical sectors which are in each region.
Geogra phi cal sectors  in the same region must be con—
t iguous .

• I n i t ial loc at i o n s  of f o r c e  elements , by combat sector
or region. When applicable , the conceptual distances
of force elements from the FEBA are also input.

b . In p u t s  G e n e r a t e d  b y the  Mo d el

• Updated FEBA posit ions .

• Updated locations of force elements.

A—9
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c . Out puts

• Force inventories , in geographical groupings required
by other functional areas of the model.

• Data on terrain type , defensive barriers and other geo—
graphical characteristics where combat is to occur.

• The posture of the defending force in each sector in
which an attack is to occur.

• Flank lengths and front-to—flank ratios.

d .  A s s u m pt i o n s

• Ground combat occurs only within combat sectors . There
are no ground interactions across sector boundaries.

• Ground combat may adequately be modeled at the theater
level with resolution of forces and their activities
at approximately corps level.

• Combat may adequately be represented without speci-
fically considering maneuver , breakthroughs or the
effects of a discontinuous FEBA .

• The interactions involving force elements not directly
in contact with the enemy may adequately be modeled
without representing the explicit locations of those
elements.

3. LULEJIAN

The theater is laterally divided into as many as 10 sectors .

Sector boundaries are perpendicular to the general direction of

~EBA movement . Sectors , which are assumed to be approximately

the w id th of a corps , extend the length of the theater. The

sectors need not be the same width , and the width of each sector

may be varied along its length as desired. Each sector is

divided front—to—rear into as many as 15 intervals . The inter—

val boundaries are perpen di cular to sector  b o u n d a r i e s, and t h e i r

locations are input as distances from a reference line . Within
each interval , the width of a sector remains constant , and there
is a single type of terrain. As many as three types of terrain

may be represented among the intervals .
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Sector boundaries are identical for both opponents and

divide the ground combat forces of both. Opposing ground

forces interact only within sectors ; there are no ground inter—

actions across sector boundaries.

V 
To the rear of the front—line forces , the theater may be

laterally divided for certain operational purposes into two

regions . The region boundary , which is the same for- both S1 (105 ,

is the boundary between the highest numbered sector in region

one and the lowest numbered sector in region two. The reF-ion s

are significant in air operations , including those JnL -ractircc-
• with ground forces (air—to—ground , ground—to—air) .  They are

also the conceptual locat ions of the supply depots which support

the combat sectors directly forward of the regions . The regions

have no significance with respect to the location or deployment

of reserve , “fought—out ,” or replacement forces.

At a greater distance from the FEBA is a base of operations

for each side . It is the width of the theater; its depth is

represented only conceptually . Part of the conceptual lines of

communication (represented as a single “stove— pipe ” s y s t e m )  is
located in this area, as is the single conceptual theater port

for each side. Except for air interdiction along the length

of the conceptual lines of communications , forces and installa-

t ions -:ithin the theater base of operations are invulnerable to

the enemy .

a .  U s e r  I n p u t s

• Number of sectors in the theater. As the model is cur—
rently programme d, this may vary from one to ten.

• Init ial FEBA positions in each sector , in terms of dis-
tances from a c ommon r e fe rence  l i~ne.

• Locations of interval boundaries in each sector , in
terms of distances from a common reference line . There
may be up to 15 intervals in each sector . Interval
boundar ies in a given sector- need not be the same dis—
tance from the reference line as those in other sectors .
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• Designation of which one of three allowable types of
terrain is in each interval.

• Sector widths , by interval. Each interval is of uni-
form width front—to—rear.

• The highest numbered sector encompassed by air (and
supply ) region one . This and lower numbered sectors
are in region one . Higher numbered sectors are in
region two .

• Initial locations of force elements , by sector or re-
gion as applicable . A conceptual depth is associated
with certain of the rear elem ents , but these are not
explicitly input to the model.

b. Inputs Genera ted  by the Model

• Updated FEBA positions .

• Updated locations of force elements.

C . O u t p u t s

• Force inventories , in geographical groupings required
by other functional areas of the model.

• Terrain types at locations where ground combat is to
occur during each model time period.

• Sector widths , flank lengths and front—to—flank ratios.

d. Assum ptions

• Classification of terrain in three notional types is
adequate for theater—level analysis.

• There is no requirement to represent specifically either
natural or man—made barriers or prominent terrain
features.

• Ground combat occurs only within sectors . There are no
ground interactions across sector boundaries .

• Ground combat may adequately be modeled at the thea ter
level with resolution of forces and their activite: at
approximately corps level.

• Combat may adequately be represented without specifi-
cally considering maneuver , breakthroughs , or t}:~ efrec t:-V of a flscontinuous FEBA .

• The interactions involving elements which support m s - a r —
~-uver battalions may adequately be modeled without
representing the explicit locations of those element :.
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4. V E C T O R

The theater of operations is laterally divided into as many

as 10 sectors. Sector boundaries are perpendicular to the

general direction of movement of the FEBA. Sectors , wh ich can
be the  width  of one or more corp s , extend from the rear of one

V force to the rear of its opponent . The sectors need not be of

the same width , an d the w id th  of any given sector  may be var ied
as desired. The sector boundaries are assumed to divide the

forces of both opponents. Under certain circumstances , the

• elements of a force may be transferred among sectors. Oppos ing

forces interact only within sectors; there is no interaction

between forces across sector boundaries .

- -
- Each sector is divided front—to—rear into intervals . Inter-

val boun dar ies , perpend icular to sector boundaries , occur where
the width of the sector or type of terrain changes. Therefore ,

each interval is a rectangle with homogeneous terrain.

The sectors are further subdivided into lateral segments

called battalion areas . The battalion areas are conceptual , in

that their specific locations within a sector are not accounted

for and they have no specific depth. They are considered to

have a conce ptual depth of about 3,000 meters on each side of

the FEBA . The model keeps track of the number of battalion

areas in a sec tor, and the forces of each opponent within them ,
but , since they do not have a location on the ground , such

relat ionships as adjacency between battalion areas are not

represented.

As the name implies, battalion areas are associated with
task force groupings of approximately battalion size . As a

convent ion , exactly one Blue battal ion task force is associated

with one battalion area. Fractional Red units may oppose Blue

battalion task forces in battalion areas . The basic Red unit is

typ ically a regiment . Battalion areas in a given sector which

are exactly alike with respect to forces and terrain are grouped

A—13
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for computational efficiency into battalion area classes.

In VECTOR— i, ground combat occurs in the battaion areas .

Because the outcomes of combat in various battalion areas may

differ , there is a specific FEBA position for each of the areas

in a sector. These may be “smoothed” by the model to form a

straight—line sector FEBA , but there is no requirement to do so.
Similarly, the FEBA positions in each of the sectors may be

smoothed to make the overall theater FEBA more nearly a straight

line .

There is no explicit division of the theater in depth for

either opponent . Conceptua l distances from the FEBA are asso—

ciated with certain force elements located in the rear , but those

elements do not have a specific location in depth. The prec ision

of the lateral location of all rear—area elements is to sector

level only .

a . User  In p u t s

• Number of sectors in theater.

• Initial FEBA positions in each sector in terms of dis--
tance from a common reference line .

• Sector widths , by interval.

• Locat ions of interval boundaries in each sector in terms
of distances from a common reference line .

• Force locat ions , by sector , and conce p tua l  dept h of
cer ta in forces , e .g . ,  air defense weapons .

• Initial number of battalion areas in each sector .

• Initial locations of maneuver forcer , by battalio n
area. (If desired by the user , tact ical decision

• ruler may be utilized to determine initial force di:-
positions.)

• Terrain classification with respect to trafficability
and intervisi bil it ’- for each interval in each sector.
There are five t-roff icabi lity classes and five i r d er—
visibility classes , for a total of 25 t ypes  of terrain.

I Location of obstacles and terr ain features , e.g., rivers
macu rite i us -and urban areas

A~ 1L4
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- b.  I np u t s  G e n e r a t e d  by t h e Mode l

• I pdated FEBA po sitiomi: .

-
- . Undated force location :, by sector.

• • Updated lo~ ations of maneuver forces , by battalionarea.

p~~p~~ s

• Force i nventor ies , in geographical groupings required
by other functional areas of the model.

• Terrain classification at the locat ions where ground
• combat I: to occur  dur ing each model t ime per iod.

• Indication as to whether combat is occuring at an

— 
obstacle or terrain feature .

H • Flank lengths and front—to—flank ratios .

• Inputs to this functional area are output to the user
for reference .

d.  A s s u m p t i o n s

- I Ground combat occurs only within sectors . There are
- no ground interactions across sector boundaries .

I Maneuver unit combat occurs only within battalion
areas , with no maneuver unit interactions across bat-
talion area boundaries.

- • Ground combat may adequately be represented without
specifically considering maneuver , breakthrough s, or
the effects of a discontinuous FEBA .

- • The interactions involving force elements not directly
• in contact with the enemy may adequately be modeled

without representing the explicit locations of those
e l emen t s .

5. Di s cussion

In many respects , three of the four models are al ike in
their treatment of theater geography and the geographical

organization of forces. Only CEM is significantly different

from the others .
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The geographical description of the theater is more detailed

In CEM than in the other models. The theater may be divided

into as many as 1,000 specifically identifiable minisectors .

— There may be as many as 100 different terrain bands laterally

across the theater. This allows a significantly more detailed

representation of the theater than is possible in the other

models , which typically allow the theater to be divided into

about 10 sectors. Although only three types of terrain can be

represented in OEM , the large number of terrain bands , along

with 50 possible changes of terrain within a band , allows a

much more disaggregated description of terrain variations than

is possible with the other models.

The divisions of the theater into a large number of mini—

sectors in Cbi- ~ permits great flexibility in representing the

physical location of ground forces. It is this ability to keep

track of the locations of forces , by unit , which is a primary
-t r-~-ngth of the model. The computation of the results of force

I m . r - a - -tion at the subsector leve l obviates the necessity for-
artif iciall y making the boundaries of opposing f o r ces  line up

across the FEBA . Also , the commi tment and retirement of forces

can be represented in detail.

There is little difference in the way IDAGAM , LULEJIAN ,
and VECTOR represent theater geography and deployment of forces.

All employ sectors whose boundaries must be the saiac f- r both
sides and there are no ground interactions across the sector

boundaries. VECTOR is somewhat more detailed , in order- that

there be adequate information available for usc in VECTOR in
particular ground attrition calculations . Each l-at - t~t iion— ri zed
unit conceptually has its own area of operations within a sector .
The u nit has no particular location within the sector , however ,

• and adjacency between units cannot be considered. VECTOR alLy:

terrain to be classified according to both inter ii:ibili ty an-i
trafficability . With five classifications for each of the two

A—l 6
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terrain attributes , 25 distinct types of terrain can be repre-
sented.

The treatment of ground •r r .~o r y  Is considered better in
CEM than in the o ther  model:, with -JF-fThP the next best. There
is little to choose between IDAGAM ond LULEJIAN.

The representation of ground geometry in each of the models
is essentially governed by the requirements of 1other functional
areas , e.g., ground combat interactions , and is internally con-
sistent . The capability in OEM to represent the specific loca—
tions of particular units is a worthwhile feature .
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B. COMMAND AND CONT ROL

1 . CEM

The model perm it s  the user to simulate the function of

command and control to a considerable level of detail. Period-

ically , at each echelon of command , an est imate of the  s itua t ion
is made , and based on th is est imate , a miss ion is se lected and
fire support is allocated to subordinate commands. For the Blue

side , this sequence of event s begins at the theater level , to

army , corps , division , and down to brigade level. For Red ,

the sequence is from theater , to army , to corps , to division .

Since the Red force is not resolved below division level , cues—

tions concerning mission for each regiment , and the commitment

or reconstitution of division reserves , do r~ot arise.

For each time cycle or period , based on user input and

model—generated data , the estimating and decision making of each

echelon command er is done by the model. At theater level (time

cycle L~ days), the commander makes three decisions each cycle

based on the status of his own forces , without the benefit of

est ilra t- Ts of enemy force strength. On the basis of the number

of divisions per army , the theater commander can assign rein-

forcement artillery battalions to each army , as well as assign

the number of CAS sorties to each army . In addition , he allo—

cates supnlies and personnel support to subordinate organizations .

Allocations of various resources are discussed in other sections

of this appendix , as are theater—level maintenance , transporta-

tion , and medical functions . rThese theater—level aspects of the

mo--b l are not covered in this sect ion.

At lower levels , below theater , the decisions made at the
next higher level have a direct effect on each of the

lower echelons. In addition , an estimate of the si t - not ion

regor (flnn enemy strength influences the commander ’s decision.

The time p- r-i od at each echelon is an i~~te~ ral mm u llaip le of

the period at the ne xt lower echelon. Currently, the periods

A— 19
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used are : theater , ~4 days; army , 2 days; corps , 1 day ; and

division , 12 hours . At the beginning of each period , an

estimate of the situation is made at the corresponding echelon

which leads to mission selection , allocation of fire support ,

and commitment or reconstitution cf r es - r- v -s. When the

beginnings of periods of more than one euhelon coincide , the

higher echelon decisions and allocations are treated first so

that the lower echelons may act within the constraints of

those ~ecisions .

Estimates of the situation are mod-a at levels below the

theater level. They are made at the army , corps , and division

levels , where a comparison is made of one ’s -~ -.-m . actual
• strength to that of an estimated enemy . The strength of each

side comprises the numbers of different types of maneuver- and

artillery battalions together with an assessment of the ir-

fighting capabilities. At army and corps levels , estimated

force ratios are formed using full strength meeting engagemen

IFP ’ s. These are used to determine estimated outcomes for

possible missions . Estimated force ratios are also com rsaed

for estimated outcome s at division (Blue brigade ) level , bst
in this case the IFP’s for the mission being considered and

the complementary mission of the opponent are used. The

general rule for mission consideration is to strive for the

most aggressive mission that is believe d attainable in terms

of the situation . Therefore , the order of mission

consideration is: (1) attack , (2) defend , and (3) delay . In

estimating the situation , each commander counts the actual

strength of his battalions which are considered capable of the

mission under consideration . When counting the opposing

strength , he counts the strength of those estimated units that he
considers capable of the mission which he estimates the opponent
will undertake . This count of enemy battalions is an approxi—
mation based on what was opposing his sector in the recent pas-t

and on his intelligence canabiiity (Section U, this appendix ,
-
V 

“Intelligence ”). An assessment of fighting capa b ili ty of the

co-1nt ed battalions is than made to ar-oive at a comparative
strc~ogth of the two sides . A-20
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A cycle of events takes place at each echelon once during

each appronriate time period . The cycle consists o f :  e s t i m a t e

of the situati on , decisions , emi --j --c r ae - r i t result:, m - -:o urc m o- allo-

cation , new es t ima te  of the situation , etc. The theater cIrcle

is uni rue in that it does not involve an estimate of the ~— it na—

t ion .  It i~s limited to the decisions described ;-ii ove. The corn—

aor~ ier: at lower levels make the following decision s constraine d

u:-’ each higher echelon ’s decisions:

(1) Army Cycle. Within constraints of the theater allsca—

tLns of new reinforcing divisions , and CAS , to field armies ,

the armies make mi ssion decisions and fire support allocations

to th— ir subordinate corps each army cycle. Thus , each field

• ni-my makes a mis: ion selection and decides whether to retain or

recon stitute a reserve by comparing an estimated friendll-T_ t - ;_

enemy force ratio to input threshold values. An army that has

selected a mission to defend or delay realigns its corns bran—

daries to frustrate the attacker ’s attempt to gain local superi-

o r i ty. Also , the army can shift corps  artillery from one corps

to another by comb in inn - artillery from all i ts suborn-hi n-ate corps
and reallocat i ng i t among the corps at the beginning of each
army cycle .

(2) Corps Cycle. The cc-i- s makes the same types of dec~ —

sions as t i e army essent iLl ly the same way . Like the army , the
corns makes a mi.— :ion select’on and dec i - I -s whether- to retain

or reconstitute a reserve by co rp ar irrg an estimated friendly—to—

enemy force ratio to corp s miss ion thresholds . A corps that

has decided to defend or delay reali gns its division boundaries

in an attempt to frustrate the attacker ’s attempt to ga - i n local
supe riorita’ .

(3) Divi sion Cycle. The d iv is ion cycle r-cpresents the

final lec iri on level in the model. At the beginning of each

d i vis io n cycle , each brigade is charact rized by its authorized

status , it: actual state , its present organization , and if

A-21
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o n — l i n c - - , it : rector h ou ti-I - - t r ie rm . The d ivision has rece i v - i

allocat i our of f i r e :uppoi-t t rns:c it: - o r r - ,r . The d ivi~-i onc esti-

mate of the situation is node , wh i P lead s to dec isions regar-h_

ins L i i  - lade miss ions , allocat io n  of f  Hj - ;  support to  r- I

and commitm ent and/or reconst itution of the d i v i m r ’un yes -roe.

The div ision estimate is r:ci e d c - t - a i li- -i than rihot of

higher echelons. For Blue , es t i ma t e s  ao l  d e c is i o n s  Icr - na-h e for
each subordinate brid -a:I . Force r a t io s  are for -n. 1 an t e s t e d
against threshold values to determine if tho estlic -ated outcome

is win , draw , or lose.  Th is is done for  each miss ion

can be undertaken by the bri - ade , startins w i t h  the most oggre:;—

n yc . If not constra ined by its own state , :-:Li~-h I- -- -fl eets the

• brigade ’: actual condition as compared to that authorized , the

fir-st miss-ion considered is attack. If the estimated result of

the attack mission is not a loss , t hat miss -ion ~s adopted.

Var rl - u s  levels of artillery support and the comriitment of thc-

reserve are tested by f o r m i ng  appropriate force ratio: and

corno - ;cr inc them to the thresholds which define the estimated

ou tcome r— . The best poss ib le est imate d ou tcome , either w i n  or

draw , which d: attainable with the various poss ible level:- of

combat power -is found . Then the lowest level of combat p -:er

which can still attain that outcome is employed in the engage-

ment .

If the est imated outcome of the attack mis sion unde r

all  poss ib le con di t ion s is a loss , the procedure described -0

i s  in turn -ni-plied for the defensive mission (wIth di fferent

thresho lds describing engagement outcomes). If the defensive
• mission also always results in an est im a t e d  loss , t h e n  the

delay rni r :ion is adopted.

At the user ’s opt i on , t hre shold values  of b r~ gade state
may be input to preclude the o-dopt i on of a mission wh ich is

considered too aggres sive for the condition (nersonnel , we a nons ,

and suppli es) of the brigade. If the state value were below

A — 22



— — ——--V- - -—— — -V - - - V - - ~- ——V - - VV V - - -V_~~~~~~ •_ ~ V

the thresho ld l ox- , say , an attack , then that mission would not

be adopted , regardless  of the  val uc-: of the relevant for-ce rat- in-

himilar est imates are made for the Red sid e , but at
the division ] vel . Red units lower than division -are not

explicitly played in CEM.

A f ter missions for each side are selected , and deci-

sions are m-ad~ regarding the level of combat power to be em-

ployed , the t:-.-’pe of engagement to take place is determined.
The dete r-mi  notion of engagement types and engagement assessments
are discussed in i i iect icn C of the Appendix , “Maneuver Unit
Interactions ,” and FEBA movement is discussed in Section K.

a.  I n p u t s  by t he U s e r

• Iu it ~ al 1uantit ies and c omposi t ions of f o r c e s  for each
s i  Ic. -or -  Blue , f o r c e s  are descr ibed exp l i c i t l y  down
to  ba t t a l i - m ,  lvel , and for Red , down to regiment . A:
many a~

- 50 types of battalions and 50 types of regi-
ment s  can b e r ep resen ted .

V 

‘ in i tial locations of forces , by minisector. Locations
are spec i f ied  for force: at each level of command do~-jnto Blue b r igade  and Red division.

• Threshold values of est imated force ratios which deter-
m ine the  est imated ou tcome s for  a t t ack , de fend , and
delay miss ions , respect ively. Possible estis; r d
comes are w in , draw and lose. Separate threshol d
values are input for  army , corps and div -i sion (Blue
brigade) levels.

• Threshold levels for Red division and Blue brisade
s ta te  value:, below which those units cannot encTo o- in
a t t a c k  miss ions resa rd less of est imated force  ra tios.
Similar thresholds are input to determine if Blue bri-
gades or Red divisions are capable of defending .

• Maximum number of minisectors which corps and division
boundar i-:  may be moved when boundary —rd~ u s tm e n t s  are
be ing made for non— - C tack missions .

b.  ~~ p yts Generated by the Model

• l~ngagement resul ts , ~i ricluding personnel casu alties ,
materiel losses , and FEBA movement .

A — 2 3
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• Updated strength and status of each friendly unit ,
cunsl icring losses , replacements , arid consumption
- cud receipt of supplies.

• Estimated number of enemy units available for combat
and their status (intelligence estimate).

• Undated FEBA location for each subsector .

• Total 1FF value: corresponding to the actual status of
friendly unit:- and values corresponding to the esti-
mated status of enemy units. (1FF values which are
input to this functional area are categorized as anti—
armor , anti—light armor , and anti—personnel. They are
combined within this functional area into a single ,
weighted 1FF for each unit no that force ratios can
be computed).

• Full strength IFP scores for each Blue brigade and Red
division.

• Informat ion as to whether a reserve is available for
each organization at army , corps arid (Blue only) -divi-
sion levels.

c. Outputs

- 
- • Designation of missions for eaca level of command down

to Blue brigade and Red division .

• Updated locations of units , in terms of min isectors ,
and designation of the units to oppose each other in
engagements.

d . A s s u m p t i o n s

• Estimates and decis ions are made at each level of corn —
mand on cycles of a fixed duration. The time length
of the cycle for any command level having subordinate
units is an intesral multiple of the length of the
subordinate ’s cycle.

• The theater commander makes decisions based only on
the status of i i: own forces at each theater cycle.

• An estimate of the situation is made by each level of
command below theater level. Each estimate , wh ich is
mad e once during the appropriate command cycle , is
based upon friendly strength and an intelligence esti-

• mate of the enemy strength.

• Three decisions are made by the theater commander at
the beginning of each theater cycle ; these are bared
on the status of the commander ’s own forces:

A— 2~4
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(1) Ass ign rein fvi-ci ng artillery battalions to armies
in proportion to the number of divisions in each
army .

(2) Assign CAB sorties to armies in proportion to the
number of divisions per- army .

(3) Allocate logistics resources down to corps level
including supplies and personne l support .

• Army commanders make these decisions:

(1) Assign reinforcing divi3ions .

(2) Mission selection , based on estimated force ratios.

(3) Reserve commitment or reconstitution.
(
~~) Realignment of corps frontages (if army not attack—

ing.)

(5) Allocation of fire support to corps.
V 

• Corps commanders make these decisions:

(1) Mission selection .

(2) Reserve commitment or reconstitution.

(3) Realignment of division frontages (if corps not
attacking.)

(~4 )  Al location of fire support to divisions.

• Division commanders make these decisions:

( 1 ) M iss ion select ion.
(2) Reserve  com mi t m ent or reconst itu t ion.
(3) Allocation of fire support to brigades.

• In considering mission: :, the most aggressive mission
• that is believed attainable in terms of the situation is

considered first , i . e . ,  attack , de fen d , delay , in that
order.

• A comparative ratio of actual friendly strength to
est imated opposing force strength determines force
rat ios used in estimates and mission selection. The
est imates of opposing strength are based on strength
observed in the recent past and on intelligence capa-
bility.

• All maneuver battalions are at- the same -~t--m te level as
the parent brigade.

• Brigade state value determines whether t he  brigade is
V capable of attacking , defend ing , or delay ing. If the
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value is high enough it can do any one of the three;
V i f less , it can defend or delay only ; if still le:ar ,

it can delay only .
V • The actual mission of each br ioc-i e (or Red division)

is selected by comparing est imri t -d force ratios with
input th reshold values .

2. IDAGAM

The in it ial de te rm inat ion of force posture , and who the

theater attacker will be , is provided by the user.  For each

succeed ing da y ,  the  model c omputes two force  rat ios: nrc- for
-
~~ enemy attack value vs friendly defend value , summed acro ss all

sectors; the other for friendly attack value vs enemy defend

value . ni he side with the higher attack—against—defense force

ratio is c (nI— ide red the theater attacker that day . The sectors

of main attnek for the theater attacker are defined next, either

by user input or through model computations . If computed by the
model , one sector  per reg ion is selected , which is the one with

either the attacker ’s max imum penetration , or his minimum pene-

trat ion , based on user input . For example , if the theater

attacker was originally the theater defender , he selects a mini-

mum penetrat ion sector to push the enemy out of his territory

before an attempt in made at deep penetration into enemy terri-

tory . Once the enemy is pushed beyond the original 1-EBA posi-

t ion in al l  sec to r s , the model will automatically begin to

compute the sectors of main attack as the ones with the nax imum

penetrat ion.

In -addition to an overall theater attacker , the model des-

ignates a rector attacker for each sector. Further , t he  se c to r
attackers need not all be on the s-one side as the theat er

a1atac~r€ rs. The decision to -itt ack in a given sector is made on

the b as i s  of comoarison of the existing force ratios in the see—

tor with iflpUt threshold value - ; . bifferent threshold values may

L be applied , depending upon : (1) whether or not the sector has

been he: I riated by the user -or :1 e nc-ouel a: the sector of ma in

A— 26
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a t t a c k , if the theater attacker is making the decision ; (2)

w lm-ther the sector in question is  adjacent to a rector ch is

ce in  constrained by a f ront— to—f lank ratio , and (3) t h -  :; :de

(Blue or Red ) making the d e c i s i o n .

The model logi c is such tha t  if one force  a t t a c k s , thon

th e oppos i ng forces must defend or delay . If the theater-

attacker does not attack in a given sector , then  the  thea te r
defender can choose to attack , or not attack based on a ‘-om-

parison of the existing, force ratio with the appropriate thresh-

old value. If neither side attacks , then a holding posture

exists in t h e sector.

a.  In p u t s  by U s e r

• Designation of the theater attacker on the first 
bat day .

• Designation , for  each side , of the sectors wh ere the
main attacks in the theater are to be mad e when the
side in question is the theater attacker. This i. nr-ut
is optional; if des ire d by the  user , the  mo del w il l
select sectors of main attack.

• Des i gnation of the criterion to be used by the model
if the  opt ion for  its  select ion of t he  sector  of roal n
attack is employed . The model will select one main
attack sector in each region. This input deterroinos
whether it will be t he  sec tor  with the at tacker ’ s max i—
mum pene t ra t ion or his minimum penetration. (If mini—

V 

mum penetration is selected it will apply only to a
side w hich  has lost territory since the start of combat .

• If all lost territory is rem - lam ed , the model w ill autc-—
matically choose the sector of maximum penetration for

a that si’Ie.)

• i-li n ir r ru r: i force ratio for each side to attack in any sec-
tor , whether it is a sector of main attack or not. It
is a function of wtjether the s-ide in question is the
t hea te r  a t t a cke r , and of the defensive posture which
would be encountered..

• ~-iinimur force ratio for each side to attack in a sec-
tor which I:-; neithc-r a sector of main attack nor o I ~~-a--cent to a sector constrained by front—to—flank ratio.
It is a function of whethn - r- the s-ide in question is- the
theater attacker- , the defensive nosture which would 10

encountered , and the i articular sector involved . Con

P

I

T  
V~~ ~~~~~V V V V ~~ V ~~~~~~



V V~~~~~~~~~~~~~~~ 
_

the sectors to which this minimum force ratio constraint
applies , it is in addition to the constraint for all
sectors , which is described immediately above .

V b . Inputs Generated by the Model

• Ground and air values for attack and for defense , per
sector and summed over all sectors , per side. These
are used to generate the necessary force ratios. (T he
values are computed using the same method as selected
for use in determining force values for the attrition
calculations , e.g., antipotential potential.)

• The position of the FEBA , per sector , in relation
to the original FEBA position . If the common
reference line used to de fine location in the theater

- 
- is different from the initial FEBA position , current

FEBA positions are also given in relation to that
line .

• For each side , the defensive posture associated with
the current FEBA posit ion in each sector .

• Designation of the sectors which are constrained by
front—to—flank ratios.

c. Outputs

• Designation of theater attacker.

• Designation of the sectors of a main attack.

• Designation of the attacker , if any , in each sector ,
and the defensive posture of his opponent .

• Designat ion of the sec tors , if any , where  ne it he r  side
is attacking.

d. A s s u m p t i o n s

• Each day the side with the greatest attack—against—
defense force ratio is the theater attacker , except
for the first day of combat . The theater attacker on
the first day is specified by the user.

• Uhen the opt ion is chosen to have the model compute the
sectors of main attack for the theater attacker , exactly
one sector  per region will be chosen. It will be the
sec to r  of maximum penetr at ion, excep t  for the cas e
where the user specified that the sector of minimum
penetration be chosen. If the sector of minimum pene—
trat ion is specified , the theater attacker i-n h  make

A— 28
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that cho ice until all sectors are at least as far for-
ward in the direction of movement of today ’s t h e a t er
attacker as the original FEBA position. Subsequently ,
the sector of max imum penetration will automatically be
selected by the model. The user may select the sectors
of main attack directly . In that case thi s assumpt:i°n
does not apply .

• The decision to attack in each sector is determined by
comparing with the input threshold values the attack—

V - against—defense force ratios for each side . These
t h resho ld values may differ depending upon the side ,
whether the side in question is the theater attacker ,
whether the sector is a sector of main attack for the
side in quest ion , and the spec ific sector involved.
There may be less stringent force ratio requirements

V to attack in a sector if it is a sector of main attack
or if it is adjacent to a sector which is being con—
strained by front—to—flank ratio. In the process of
de te rmin ing a sec tor  a t t acker , f irst  cho ice is given to
the theater attacker; only if he decides not to attack

- ‘ is the theater defender given the option of attacking.

3. LULEJ IAN

The model uses decision rules which are fixed in the com-

puter program to control the selection of offensive and defensive

postur-es in each of the sectors. This set of calculations is

made after results of each day ’s combat have been determined in

order to define postures for the following day ’s battle.

Three basic postures for each side are represented in the

model. These are: attack , hold (nominally a hasty defense),

and delay . Comb tning these postures results in the followins
act ivities which are possit-le in each sector : Blue (Red) attack

against Red (Blue) hold; Blue (Red) attack against Red (Blue)

delay ; and neither side attackinl - (i.e., both sides holdino ,
result ing in a static sector). The postures in each sector for

the initial day of combat may be input by the user , or approx i—

mately opt imized among a li m i te d set of user—specified choices.

On subsequent days the selection of postures is govern ed. by the

logic which follows.
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In let - i- min ing d i i  ly postures , the current : rtatus of each
sector is considered along with the effect:— of activity in a d —

n-out sectors. Di ffering sets  of rules are use d to  dete i- -r ;. t i e

postures f r -  a given day, b ased on w hether  an attack h a :—

in the sector  on the previous day , and on the situation in the

sector’ sith respect to flank exposure . The five cases con si—

dered in choosing the set of rules are:

(1) One side attacks (previous day):

— hefenrder has two exposed flanks .

— A t t a c k e r  has tw o ex posed flanks.
— Each side has -an exposed flank.

(2) Both sides defend (previous day):

— One side has two xposed flanks.

— Each side has an exposed flank.

A flank is considered to be exposed for a given side in a sec-

tor if the section of flank between the sector PEBA and the

FEBA iii the adjacent sector is shared with forces from the

oprosini s side . The flanks on the extreme left and right sides

of the theater are assumed to be of zero length and do not be-

com ° ex posed .

For each case , f ixe d dec isi on ru les  are use d to de te rm ine
the r:ostures -in each sector . The posture decisions are based

on : the relationship of the longest exposed flank to an input

critical flank length; the success of the attack in the sector

on t he  prev ious day , if applicable ; whether the exposed flank

lengths increased or decreased on the previous day ; and the

CEBA movement in adjacent sectors on the previous day . An
attack is considered successful if the resulting FEBA

movement in the sector is positive in the direction of the

a t t a c k , or zero .
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a.  I nppts by User

• Desic-nat-ion of the t h i e n t o - r -  attacker- on the first com—
V t a t  - l ay .

• Possible posture sets , by sector , to be evaluated t y
the model to deter-mi nic approx imnately opt imal posture
omid deployments in each se-tor for the theater attacker
on tue first com bat day.

• If opt imizat i on of the theater attacker ’s fi:-:t day
dep loyments  an d postures i s not de sired., specific pc:—
tures for each sector- are directly input by the us-er.

• Threshold flank lengths for’ each s-ide . If actual f I anik
length is equal to or gi-eater than the threshold value ,
the  f l ank  is con sid er ed cr i t ical ly  expose d .

b. Inputs Generated by the Model

• The force postures on the first combat day , if the
m odel’ s optim i :ati-ri techni -cre is utilized.

• FEBA pos itions lot each sector for each combat day and
the movement s of the FEBA during the r revious combat-
day . The FEBA pos itions ore given w i t h  respect to a
common reference line .

• The results of attacks in each sector on the ~ ccv i  ous
H hay as applicable .

c. Outputs

• Designation of theater attacker.

• Designation of the attacker , i f any , in each sec to r ,
an- I the defensive posture of Ir is opponent .

• Designation of the sectors , if airy , where n-T ither si-~t e
is attack ing.

d. Assumptions

• The postures of forces at sector (corps) level may ade-
quately be cate c-r-rized , for theater_leve l anal ysis , as
attack , hold (defend) , or delay .

• The fac tor-s controlhi;;- - the choice of postures are t hose
d iscussed in the general dess r’-iption: success of pre—
vious day ’s attack , number of flanks exposed , w he t h e r  —

rn exn -rarcd flank lens-tb is s great  -as some input cr i t—
col value , and. the orev ious day ’s FEBA movement ii;

w a- e r i t  sector~
A— 31
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• The degree of success of a side in a given sector tends
to influence the success of that side in the adjacent
sec to r s .  That is , forward FEBA movement tends to “pull
along ” adjacent sectors , and rearward movement or lack
of movement retards the forward movement of adjacent
sectors. This assumption is embedded in thc detailed
rules for posture selection .

4. V E C T O R

The model controls combat plans and activities through its

tactical decision rule pr8eess. The tactical decision rule

V structure allows the user to specify the basic logic to be used

by the model in making decisions , and to set the values and
parameters upon which the decisions are based. Essentially , any
variable or index in the model may be changed or set as a func-

t i on  of any other variable(s). The specific functional rela-

tionships are defined by the user.

Decisions may be made at several point s during each day of

the hypothetical campaign as mo deled by VECTOR to a l locate  forces
and supplies to sectors , move supplies, utilize reserves and

replacements , and choose plans and act ivities by maneuver units.
In particular , tactical decision rules 6 and 7 provide for the
determination of the battalion area activity , taking into con-

sideration the plans of opposing forces in the area. This rule is

used for each battalion area class.

In conjunction with these rules , other rules are used to
I 

simulate additional aspects of command and control. For example ,
with appropriate inputs the user can simulate the effects of
intelligence using rules 6 and 7. (See paragraph U of this

appendix , “Intelligence. ”) Rule 5 allows the user to set a see—
• tor intention before the day ’s battle. The intentions of oppos—

ing forces at the sector level may in turn be given consideration
when plans and activities are decided for battalion areas.

The model permits activities for the individual battalion
area classes to be chosen from among 17 possibilities. These
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are : Blue (Red) pursuit , Red (Blue) withdrawal ; Blue (Red )

advance , Red (Blue) delay ; Blue (Red) attack , Red (Blue) defense;

crossing or bypassing cities or a user—input terrain feature by

either side; river crossings by either silo ; or relative m ac—

tivity (neither side attempting to move forward).

a.  Input by User

• Tactical decision Rule 5 to determine a sector inten-
t ion be fore  the  day ’s battle (not currently programmed
in the sample decision rule packac-e).

• Tactical decision Rule 6 and 7, to obtain the status-
of each battalion area class.

• Tactical decision Rule 6 and 7,  to define the activity
of each battalion area class.

• The composition of forces in each battalion area class ,
by sector (modified by the model for subsequent attri-
tion and replacements).

b. Inputs Genera ted  by the Mode l

• Status of weapons strength , current  and pr ior day ’s, by
battalion area class , by sec to r .

— 
• Status of per - onnel strength , current  and pr ior day ’s ,

by battalion area class , by sector.

• Any other model variable which the user wants con—
sidered in the decision processes .

c. Outputs -

• i—Cssion selection of combat units by battalion class ,
f ncr sector.

d. Assumptions

• Tactical decision rules , as cu r r en t ly  programmed or as
written by the user , permit adequate simulation of com-
mand and control and establishment of postures.

• Resolution of decisions down to battalion level is
I 
~ appropriate in theater-level modeling .
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5. D i s c u s s i o n

Of the four  models , CEM and VDflTOR ar- s the most versa ti l e

-L in simulating command and control in the d~ t e r  mi - on of c r - . —

bat posture . CEM uses detailed assessment n i - - - - - e - b r i - ~-s , c n sis tent
with those used to determine engagement result:- , to --val uat e

alternat ive courses of action in making esth- :-res i~f to-~- sito-o—

t ic-n at various levels of command . In so doing , i t t akes  in to

consideration more of the elements which are used in actual

e s t i m a t e s  than any of the other models , with the poss Ible exceo-—

tion of VECTOR (discussed below).

The primary difference between a CEM estimate and an actual

est ima te of the situation is that , in t he  mode l , t he  m i s s i o n s  of

each command are selected by that command rather than by i ts
cur ior. This is largely a matter of technique , however , since

the higher command could use the same procedures if the estimate

were made at that level. Provisions are made to simulate intel—

l i ence time lags by basing each commander ’s est imate of the

current enemy situation on a weighted avera e of actual enemy

s ituations in the recent past. In addition to mission select n ,

decisions regarding reserve formation and utilisation , the l out : —

da r LT s  of subordinate units , and allocation of fire support are
based on the est imates of the s i tuat ion.

Theoretically , the VECTOR model f - as  virtually an unlimited
• potent i al canal ility to simulate command and control by m- -~ans

of user—devised tactical decision rules. The rractical him ita—

ti-on: are the time and resource: available for the model user to

f -emul ate and program the rules. The model i . - structured so

that decisions may be made at varieus points during the execu—
ti - .n of each day ’s act i v it ies , and some of t hem may he dynran—

ically dependent on the course of combat interactions a: they

occur. As with GEM , VECTOR p - i-emi ts enemy force estimates to be

made on the ha ir of actual strengths in the past , rather t hou

current actual strength:, to account for imperfect in te ll igence.
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VECTOR also t- cr - ri its 17 force posture combinations , more than any

of the other ucedels.

The f ix~- d program logic -in IDAGAM does not provide for a

deta i led  e s t i m at e  of the s i tuat ion as such , bu t  the se lecc i ons
of theater and sector -attackers are based on relative for-ce

rat ios ar i d .  the r-elati- t - -h u - s of the force ratios to imi1ut t I r e s —
hold values. Defen: b~~e postures for a s-iven side , however ,

depend solely on the geographic location of the FEBA in each

s e c t o r . Degranation of knowledge concerning t h e enemy because

of imper fec t  inte l l igence is not represented  i n t h e  m :-uel. All
- - force ratios are based on actual correspond irs- forces facing each

other.

V 
- 

LULEJIAN also has f ixed progr am l-o -:ic which nmak -s altera—

tion of the decision rules relatively difficult for the user.
- - The rules define the individual sector combat postures based on

the degree of flank exposure , the criticalness of flank lengths

and the success of prior attacks in the sector in aue :tion and

those adjacent to it. The intelligence function is indirectly

represented , in that some knowledge of the enemy i s  obta ined by
observing t h e  r e s u l t s  of past combat activities .
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C. MANEU VER UNIT INTERACT IC )NS

1. CEM

The model uses fir-epower scores (also called IFPs — indexes

of ~iI-e[n- w er potential) as the measure of the c 5ml at pow er of
each weapon . These scores are used in the model to do-ter-isinre the

resu lts of combat interactions, inc l - riimlg personnel and ~-:ea~ on
system attrition and FEBA movement .

Ihe 1in- erower scores  input to CFI-i represent directea fire-
power. Each a-s apon , as applicable , may have separate s -cores
indicating speci f ically its potential to a tt r- it e  or - s o t -  (t a n ks )

ii h t  armo r (APCs) and personnel. Implicit in the score s for
weapons capable of attriting more than one type of target are

stan-dash allocations of fire to these types.

The firepower values employed to detes:.ine combat outcome

are dependent upon the type of engagement , the type of terr ain ,
the surcoly status and the numbers and types of weapons .

Engagements of maneuver forces take place during the

division cycle at the subsector level. A subsector is a

segment of the FEBA on opposite sides of which are opposing

elements of only one basic Blu e or Re d unit. (For Blue the uasic

unit is the brigade ; for Red , the division.) The type of engage—
ment depends on the -: 15: ion: chosen by the opposing units- , aumO
the type of pos i t ion  emp loyed by the defender.  The f -~~lowing
tab le , e x t r a c t ed .  from the model documentation , show s the

possible types of e: e - -- : : . e :.t ~ ii—i the ci rcumstances in w hi ch

they take place.
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MISSIONS , TYPES OF P O S I T I O N , AND TYPES OF ENGAGEMENT

~~~~~~ ed_
M i s~;ion Attack 

- 

Defend Delay

NRed position
Blue ‘

~ type
mission —— Prepared Hasty ——

Bi t i c

~~~~~t ion 

___________ ____________ _____ ______ _______

— —  Mee t ing  Blue a t t a c k  Blue  at tack B lue
engageme n t  of p r t - i e i r ed of h a s t y  adv am --

p osition pOS i t i o r

Red attack
P ro- ~~i r e d  of p repared S t a t i c  S t a t i c  S t a t i c

position 
V

Defend - -_____ _____________ _____________ _____________

Red attack
Has ty o f has ty  S t a t i c  S t t t i c  S t a t i c

posi t ion

Delay — —  Red advance St ati c Static S t a u h

Separate firepower scores for each firing ureapon type

against each target weapon category are m t-ut for each type of

enga gement .

Because engagements are at subsector rather than sector

leve l , elements of a basic Blue or Red unit may be IT rrrt1ci~ ating

in more thor1 one type of engagement. The fractions of’ each
basic unit which are partici~~ati ng in par t i cular en gagem en ts
are t ronrortiorlal to the num ber of mi n isec tors  1:~ each engagement
subsector. For example , if a Blue unit is engageu in two sub—

sectors , w ith 2 minisec to r s  in the first  s ubsec tor and Li mini—

sectors ir: the second subsector , o ue—third of th e- Blue unit is

ens-aged in the f i rs t subsector  and ow -u—thi rds in the seconu .

Each indiviuual firepower score is modified b:, an iu~ ut

mult iplicative factor to account for different types of terr ain.
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The factor is applied for each of the four types of terrain

represented in the model; therefore , the user is not required

to select a given type of terrain as “standar-d” for firepower-

scores of all weapons .

Supply cons t raints  are represented by a reduc t ion i n c o n—

sumption if available supplies are less than an input require—

ment . This causes a degradation in firepower which is linear

between (1) the input supply requirement for full effectiveness ,

and (2) an input lower limi t of degradation which corresponds

to zero sups-ly consumption .

The firepower scores applicable against given types of

target we ~
j ens , e.g., anti—tank firepower scores (ATFP), are

V summe d we u - cs  s all weapons having that capability, includ ing
supni o r-ting artillery and helicopters and. GAS . The total score

for forces in a subsector is then used to compute the attrition

of opposing elements of the applicable target type. The total

directed firepowe r scores , mo di f ied for  ter rain and sup p ly
cons iderat ions , are used in exponential equations to determine
the attrition of each element of the u~ uosing force . For

example , t ank a t t r i tion is comp ute a a: f o l l ow s :

HT = T~ 

[ 

1 - e 
_K

n~ ATF~~

]

where :

HTn = the number of enemy tanks of type n that are damaged

in an engagement.

T~ = the number of enemy tanks of type n in the engagement

sue—sector.

AT FF = volume of friendly an tL — tw n k  firepower from all

sources having an anti—tank capability, musi fied as described

above .
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Kn = “damage coefficient ” of friendly anti—tank firepower

against a tank of type n.

Tm = total number of all enemy t anks  of all types  in the
-
~~ subsec to r  dur ing the current division cycle .

The number of tanks destroyed is an input fraction of those

damaged. Damaged tanks which are not destroyed may be el igible
for  retrieval and repair.

Attrition of light armor is analogous to that of tanks.

Per sonnel a t t rit ion , howeve r , is computed differently .

Two basic mechanisms are used to represent personnel attri-

tion . For personnel associated with armor and light armor

weapon systems , the user inputs the number of killed and. wounded
as a function of the type of vehicle damaged. Personne l, such
as non—me chanized infantrymen , not associated with armor or

light armor are accounted for in a “personnel pool .” Casualt ies

to the personnel pool are- assessed using the following relation-

ship:

Cp = M i — e 
—K~ ApFp ) 1

L
where :

Cp = number of casualties to the personnel pool.

N = number of enemy personnel in the sub—sector that are

not in vehicles.

APFP = volume of friendly anti—personnel firepower from all

sources , modified as described above .

K = “personnel vulnerability ” coefficient.

~m 
= the number of minisectors in the subsector. (ihi~

value is used to allow considerat ion of personnel density in

the calculations.) An input fraction of the personnel casualties

are k ille d , and the remainder wounded.
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Losses to ground—mounted anti—tank weapons and nor-tar- : are

not assessed directly. Ins tead , art input fraction of each t y r e
V of these u- - o - t p O f l i i  is des troyed for each percent  of r i i5m~~in~ ed

n € ’ r s o n t i t - l  in the subsector- which become casualties. ~Jur je of

these dats - iged weapons can be salvage d or repa ired .

The attrition mechanism in CEN relates -firepower scores

to attrition , but not in a fixed relationship. That is , greater

f r iendly f irepower score s cause greater  enemy a t t rit ion , but
the amount of attrition in a given situation is established by

the user—input “k—factors .” These fac to rs  are computed us ing
accepted outcomes to some specifi c interaction in which the

values of the GEM firepower parameters are known. This

“benchmark” is chosen by the user , and may be based on hist-ori—

cal dat a or on the results of more detailed simulations. A

single known result for each CEK target type is necessary to

establish the firepower vs. attrition curve applicable to It.

a .  Inpu ts  by User

• Number and types of weapons authorized for each man-
euver unit.

V 

- • FIrepower s c o r e s , by type of weapon , and type of
engagement. Separate scores are input for the anti-
t ank , anti—light armor , and anti—personnel firepower
of each weapon.

• “K—factors ” to relate the total quantit y- of directed
firepower to the attrition of the target types to
which it is directed. These are used in the exponen-
tial attrition equation : described above for maneuver
unit calculations . Factors are input for attrition of
personnel and of  each type of armor and. light armor.

• Factor:: to m h f :  -iIrected firepower scores on the
basis of terrain , by typ e of firing weapon .

• hunter 01 i - e r - -o n r e l  c asuolt ies per armored weapon
los t , e.g., t ank , APC.

• lI u mL-- r -  of non—armored weapons lost , e.g., anti—tank
w~- oj-cns , mortar’:- , for each percent of dismounted.

~ersoninel casual t ies.
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• Fraction of total personnel casualties w } i i r h s  are killed.
and the fraction which are wounded . The remainino
fr- action of casualties are coiisidereu captor-eu or
m s: ir i s - .

• - n-action of damaged armored weap ons which are ue:tr-oyed .

b . I n p u ts G e n e r a t e d  by the  Mo d el

S Updateu inventories of weapons and personnel in each
unit , for each division cycle .

• The number of target weapons , by type , present  in each
sub sec tor , for each division cycle .

• Unit missions for each division cycle . These are used
to determine the activities which take place in the
subsectors .

S The location of each un it at the FEBA , in te rms of the
minisectors occupied..

• The terrain classification for each subsector. Four
types of terrain are represented in the model.

• Factors to modify firepower scores to account for
supply conservation caused. by any existing osiortages.

c. O u t p u t s

• Number of personne l killed and number wounded.

• Number of weapons destroye d and damaged , by type .

d. Assumptions

• The basic capabilities of weapons may be expressed. as
three f ire power scores , denoted as anti—tank firepower ,
ant i—light armor firepower , and. anti—i:ersonnel fire—
power. The values of the firepower scores are depend-
ent upon which of seven types of engagement is taking
place. The scores can be modified for each of four
types of terrain represented. in the model , an d can be
reduced to account for supply shortages . The use of
f irepower scores implies 3 significant additional
assumptions :

(1) Against a given type of target , e.g., t anks , the
capability of a force is describea by the total
applicable firepower possessed. by the force , i.e.,
the sum of its individual weapon firepower scores.
The specific weap ons mi x and the consequent possible
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effects of mutual support on total force capability
are not considered.. (The dynamic operation of the
mode l can partially represent  tl1e e f f ec t s  of varying
mixes of general weapon type: , in that vulnerabil—
ities of weapon: to the opp osing force say differ.
There fore , some weapons mixes may be more effective
over time tharu others because of better survivo—
bility.)

(2) For weapons which are cap able of attacking different
general ty pes of targets , the allocat ion of f ire
among those targets is assumed t. be fixed. The
use of the exponential equations causes the number
of target weapons attrited to be dependent on toe
number available to be attacked. However, when
targets of one general type become relatively scarce ,
there is no reallocation of fires to more numerous
targets of another general type.

(3) The capability of a firing weapon averaged across
all target weapons of a general type may be used as
a measure of the specific capability of the firing
weapon against each included target weapon. For
example , the capability of a weapon against a
specifi c type of tank is the same as the average
capability of the weapon against all tank types.
Alternat ively stated , each general target type
consists of a fixed mixture of specifi c target types.

a There is an exponential relationship between (1) the
ratio of directed firepower scores to the relative
target dens ity ,  mult iplied by a constant for each target
type , and (2) the fraction of the targets attrited.
during each mode l time period.. (The exponential rela-
tionship apparently is to account for such phenomena as
overk ill and the change s in acquisition rates incident
to changes in the target population. It is not clear

V - that this methodology is consistent with the assutsp- —
tions used in generating firepower scores , e.g., a
fixed expected expenditure of ammunition ~EEA ) with suf’—
ficient targets to make such an expenditure wor -~ hwnil e.)

• Satisfactory values for the “k—factors ” used in the
• exponential attrition equations can be de t L - r - s i r e a  fr om

observed combat results or from lower—leve l si ::slat I ;r.s .
Further , the value s so obt ained ar-c applicable thr-
out the range of circumstance: represente- : it .  the :sod I
This assumption is required , sin ce there is no known
method for using more bas ic  measurable weapons data to
calculate the factors .

• The use of “k— factors ” and the aggregation of for-c-es at
brigaue or lower level (or the equivalent) is a sat is -
factory method to account for maneuver- of f o r c e s .
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• Combat takes place only across a linear FEBA perpendic-
ular to the direction of movement. There are no
interactions across unit flanks.

• ~-Jeapuns engaging in comb at are uniformly distributed
across the front of the unit to which they belong.

• Attrition of anti—tank/mortar weapons is directly
rolated to dismounted personnel attrition . An input
fraction of such weapons is destroyed. for each percent
of dismounted personnel casualties.

• Fixed fractions of personnel casualties are killed and
fixed. fractions of damaged weapons are destroyed.
beyond repair. The fractions may be different for the
two sides , and. in the case of weapons , may vary by r- ipe .

2. IDAGAM

Maneuver unit interactions are modeled at the sector

(typically corps ) level. Inputs to the model are typically at

division level, but force elements are summed. and interact

across an entire sector. Distribution of weapons is assumed. to

be uniform across a given sector. IDAGAM first calculates

potent ial weapons losses , then offers alternative techniques

to scale the total quantity of losses according to historical

or judgmental attrition rates.

Potential losses are calculated using modified hetero-

geneous Lanchester square equations with discrete time steps

of one mode l time period. (typically , one day). The potential

losses of personne l or a given weap on system during a single

day are the sum of the losses caused by each weapon which

• fires at it. The rate at which a given weapon type can kill

each opposing target type is input by the mode l user. For a

• given shooter—targe t combination during a single day , the

number of targets killed is the product of the number of

shooters , by type , time s the input rate at which that shooter

can kill the target in question . Allocations of the fraction

of the fire of a niven shooter type which will be directed

agair .st a :~ ecific target type are input . These allocations are

based on the composition of some “standard” opposing force ;
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they aI’u change d proportionately for force: with “non—st andard”
comp ositions. The input attr ition rates may be varied as a

f u n c t ion of the  posture s of the opposing forces , e .g., a t tack—
de ft-nd , attack—delay .

~-h e n  po tent ial a t t rit ions  by target  and f irer ty pe are

determined , the user has the option of accept ing the calculated
results , or scaling them in relation to historical or judp-rse r~—

tal data by one of several scheme s provided. in the model. The
most accepted me ans of scaling uses a concej-t of “ant ipotent ial
potent ial” . Values of each weapon are calculated. based. on the

value (identically calculated.) of all the opposing weapons

which the firing weapon is potentially capable of killing

• during a given time period.. The allocation scheme is specifi-
cally considere d, so that a firing weapon derives no value fr-crc

a c apability to kil l opposing weapons which are not present

on a given day . The total value for each side in a sector is

determ ine d , an d a “force ratio” is formed. This ratio is used

as an entry argument for input tables of historical or judg-
mental data which give actual fractional value lost and FEBA

movement . The potent ial attrit ion of weapons s y s t e m s , as

calculat ed from the modified Lanchester square equations , are
then mod ified according to the value of each weapon destroyed ,

so that the total value of weapons lost is the same as that

derived from the historical or j udgmental data.

Forces may be degra ded because of imbalance .  Certain
types of weapons may be required to have the protection of

other types. When the number of protecting weapons is inade-

quate , then the weapons requiring protection are withdrawn for
that time period. Withdrawn weapons can neither kill nor be

V 
killed. They are reintroduced into combat when they can be

protec ted .  When total attrit ion is determined for a sector ,
the losses are prorated among the divisions present in the
sector.

t 
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a. In puts by User

• Initial num ber of weapons present in each sector , by
side and type of weam on. (this is input by type of
unit and s u b s e - r u o r t l y  summe d. over - all the units in a
sector. )

• The num ber- of weapons , by ty pe , authorized for each
type of division .

• The ruurs L-er of u-~’capons in a “s tan dard force ” , by side
and type of weapon.

• The initial number of personnel present in each type of
division.

• The number of personnel authorized for each type of
-hlvision.

• The f ract ion of the fire of each weapon , by type and
V side , which would be allocated to each target weapon ,

by type , if the targets were part of a standard force.
These allocat ions may differ between attack and. defense.

• The potential number of each target weap on , by type ,
killed during a model time period by each firing weapon
if the firing weap on allocated. all its fire to that
type of target weapon . This depends upon the type of
firing weapon , the side to  which it belongs , and the
posture of the opposing force . It does not depend
upon the number of targets of each type which are
available .

• The number of casualties sustained when each type of
weapon is killed , by type of killing weapon and by side .
It may differ between attack and. de fense.

• The fr act ion of the weapons value lost per day , for each
postu re , as a piecewise linear function of the force
ratio.

• Supply consumption rates for personnel and each type
weapon.

• Initial supply inventories (only one type of supply is
V represente d).

• A factor for ef f ec t i veness degradation caused by supply
short age:. It is expressed.  as a p iecewise linear
f unction of the days of supply on hand..

• ihe e f f e c t veness  degradation of a division , by type ,
as a fur ct on of r-ersonnel shortage . The f rac t ional
effectiveness is input as a piecewise linear function
of the fraction of authorized personne l strength which
is present .

A—~46

V V — - - —

-- ~~~~~~~~ _~~~~~ 
‘S 

-



-V_V ~~~~~~~~~~~~~ —~~~ 
V 

~~~~~~~ 
-

• The rate at which reorganization can reduce the de-
gradation of effectiveness caused by per-sonnel losses.
Through reorganization , the fractional e f fec t iveness-
may in time become a: great as the :r-eu .ainirlg fraction
of authorized p-ers nnel.

• Lists of weap ons requiring protection -~sid of we apons
cap ab le of providing it. These inputs are used to
account for reduced effectiveness due to force its—
balance .

b. Inpu ts Generated by the Model

• Updated inventories of weapons , by type , and. of -

personnel.

• Potent ial ground weapon losses caused. by the available
sorties of GAS aircraft .

• The tot al u-ieapons value for the available sort ies of
CAS air c ra f t , cons istent  with the particular ground
value method being used.

• Updated supply inventories.

• Designation of a t t a c k e r .

• Designation of posture .

c. O u t p u t s
V 

• Weapons losses , by type . The firing weapori type
causing the loss is given.

• Personnel losses.

• Supplies consumed.

• FEBA movement (separately d iscussed) .

d. Assump ti ons

• Assumptions are listed separately for two of the P-asi c
metho ds availabre in IDAGAII to compute attrit ion.
Although other metho ds are poss ible , the two options

V covered are favored by the mode l developers and are
representative of the available cho~Vces .

(1) Assumptions for Antipotential Potential Scaling
Method

• Ground combat may be adequately modeled for
theater-—level analysis with forces aggregated.
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at the sec tor  level.

• The relative ability of a specifi c type of
weapon to kill a specific type of enem y weap on
may be represented by an Input attrition rate.
The rate is expressed as the p o t e n t i a l  number

• of target weapons k i lled per Ua~:, given thatthe firer allocates all fires to that tar-got.
It depends upon which side the fir-er’ is on ,
whether he is a t t ack ing or defend ing ,  an d the
posture of the de fending force . The rates are
used in the model in conjunction with alloca-
tions of fire wh ich may vary according to the
number of target weapons of a specific type
which are available. “Potential” attrition is
thus computed.. The average effects of suen
variables as maneuver , ter rain , visibility and
range—to—tar get are imp licit in the attrition
rates.

• The fractional value of a force which is
actual ly at t r i ted during a mode l time pericu is
a function of the force ratio. Total force
values and. force ratios are computed using the
antipotential potential method. The numbers
of potentia ) we apons losses are proportionately
adjusted so that  the  sum of their values is the
same as the value loss determined. by means of
the force ratio. The functional relationship
between value attrited and force ratio is input
by the model user; no particular relations-hip is
assumed within the model.

• The basic assumption underlying the use of a
V 

scaling technique is that , although relative
• attrition in a theater—leve l model may be

modeled. on a weap on—by—w eapon basis , total
attrition may not be. Some other , overall
relationship must be used to account for com-
p lex it ies in force  inte rac t ions which are not
modeled. In IDAGAM , this overall relationship
I:: based upon the force ratio.

• The effects of imbalances in force composition
may be represented by requiring that certain
types of weapons be protected. by other- types.
Unprote cted weapons do not participate in c~ nP-at.

• All -rn its IT! a given sector SUSi - UIn the same
fractional losses of weapons and personnel.

(2) suncption for the Non—Scaling Nethcd

• Iround combat may be adequately so le led for
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theater—l evel analysis aith lurces agg:-- gaL-
at the sector level.

~ The ability of a s pec ifi c t yj  e of -i-s u~ 0:. t o
kill a specific t y e  of enemy w -ap on say oe
i-epresenteu by an Input attrit ion, i-ate - L V  

-

• i-ate ueperic i s upon the si he of the fir-ins- -e ru - -n ,
unether it is attacking or defenu irg ,  an: t rio
posture of the de fend - . force . yho r a t e - . 

- - used in the mo del in conjunction with  alloca-
tions of fire wh Ich may vary ac-co r-u ing to the
num ber of target we ap ons of a : te-cif i -c t y r V e
wr ich are availab le . The average e f f e c t:  of
such variables as maneuver , terrain, 7Vi 5~~~~Li I it ~~~

and range—to—target  are ircplic: t in the attri—
tion rates.

— -• A t t r i t ion rates are not a f f ec te:  by sac-ply
shortages.

• Changes it : allocation of fires are proportional
to the d i f ferences b e t w e e n  the compo sition of the
targe t force and the composition of a user-—
speci f ied st andard force.

• A ll -units in a given sector sustain the sam e
fractional losses of weapons and personnel.

• The e f f e c t s  of imbalances i: force composition
tray be represented by requiring that certain
types of weapons be p ro tec ted  by other t ys - e s .
Unprotected weapons do not pa r t I ci pate in
combat.

• The reduction of overall wr it effectiveness
due to weapons losses is completely reflecteci
by the reduction in the numb-er of we a p ons
available for employment . Personnel cas ua l t Ies ,
as such , he not a f fec t  unit e f f e c t i v e n e s s.

3. LULEJ IA M

The maneuv er unit interactions sets iodology manages attri-
tion by trading space for survivability . For both sides , there
is a direct relationship between attrition and FEBA movement.

the rate of attrition is influenced by the separation distances

be tw een oppos ing force e lements , as is the capability of forces

to locate each other to the degree necessary for the employment

of maneuver unit weap ons . Also , the fract i on of available

t
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forces which is committed to the front lines during each combat

- ray he-p ends upon actual FEBA :: - c v c r : ,e r t .  Because of the-se inter-—
Uep efldetiCies , an iterative process is use-u to Ueter-m~ ne rI ar reuve r-
unit commitment , acquis i tion , attrition and FEBA movement.
App rop r i a t e  trial values for separation u is tances  and iFIBA
movemen t are input by t i re user and computations using s ue —
seq -uerrt ly modi fied valcies are continued until convergence is
ac h ieved .

Before forces become vulnerable to the  f ires of op~ - wre -r :ts ,

they must be “ localize:” by me ans of the mo:~- l’ s -acquisit ion
V 

processes .  Speci f ically , the locations of ir:diviuual infantry
formations , such as squads , must  be know n , at-id ir~diviuual

tanks and APCs must he located. When elements are localize: ,
actr i t ion is assessed using exponential equations r-rnioir co o—
sider the number of firers , the num ber of targets , ann weap ons

e f fec t i veness  potentials.

Three types of maneuver units are represented.; with
notional weapons , they are :

type —~e4  on

Inf antry r-iflenten , 3 t ypes of mortars ,
and 3 types of anti—tank weap on:

i-Iechanized hlflemen , 3 t ypes  of APCs ,
Infantry 3 t ypes of anti—tank weapons ,

an d 3 types  of mortars

• Tank Three types of t anks an tI 3 t ypes
of mortars

- . 
W i thin each bat talhr .  type , attrition is assesse d

V di rectly only for certain elements . In ir faritry bat ta l ions
these are riflemen; in tank battalions , tanks; and. in ruecr an—
Ised~~ n f a n t r y  ba t t a l ions , riflemen and A P C s .  Losses of other
we ap ons are calculated proportionately to those whose lossn- :

are directly computed. Omitting the e f f e c t s  of mortars , wh -~h
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are considered fire support weapons , the possible firer—target

combinations are as follows :

FIRER TARGETS
Tanks Riflemen , Tanks, APCs

• Riflemen Riflemen

Anti—tank Weapons Tanks , APCs

APCs Riflemen , Tanks, APCs

Although force compositions are input to the model and

accounted for at the battalion level, weapons interaction

equations are applied at the sector (corps) level. Also , the

• effectiveness values of the various types of generic weapon

systems , such as tanks, are input separately , but these values

are subsequently averaged across all the types. The attrition

equations then treat these averages as the effectiveness values

of a single average generic system , e.g., tanks.

Interactions occur in the following force posture combin-

ations :

• Attack — Defend

Attack — Delay

Hold — Hold (Inaction)

Only the values of the acceptable attrition thresholds

distinguish the defend posture from that of delay ; there can be

more willingness to relinquish territory and less willingness

to incur casualties for the delay posture than for defend.

When neither side attacks (hold-hold) no FEBA movement occurs

and there is no attrition to either side .

a. In puts by the User

. Nominal anti—personnel (rifleman), anti-tank and anti-
APC potentials for maneuver unit weapons , by type , at
apecified ranges.
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• Coefficients for the function which transforms
nominal weapons effectiveness potentials into poten-
tials at specific ranges.

• Trial average separation distances between opposing
elements for the initial step in the iterative process
to determine attrition and FEBA movement . (Subsequent
separation distances are computed within the model .)

b. Input s Generated by the Mod el

• Numbers of riflemen , tanks, and APCs which have been
located to the accuracy necessary to be vulnerab le to
opposing maneuver unit weapons .

• Maximum acceptable (threshold) attrition rates , by
posture and element being attrited , as modified because
of unit histories.

• Maximum (unopposed) FEBA movement rates.

• Average separation distances , for other than the
initial iterative step .

• Personnel and weapons losses caused by supporting
fires and CAS .

c. Outputs

• Separation distances (used to test for convergence of
iterative computation).

• Attrition of personnel and weapons .

• FEBA movement.

d. Assumptions

• Each side has the capability to manage attrition rates
of tanks, personnel and APCs by making decisions re-
garding the amount of territory controlled.

• The fraction of the mortars and anti-tank weapons
• at t r i ted in infant ry  and mechanized infantry battalions

Is equal to the computed f ract ion of infantrymen which
are attrited. In tank ba t ta l ions , the f rac t ion  of
anti—tank weapons lost is equal to the fraction of
tanks lost.

• Infantrymen are vulnerable to opposing maneuver unit
* weapons , other than mortars , only af ter  Individual  in.-( fan t ry  formations , e . g . ,  squads , have been located.
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• Tanks~ and APCs are vulnerable when individually located.

• The effectiveness of maneuver unit weapons can be ex-
pressed as a function of range in the following form :

EFFE CTIVENE SS POTENTIAL = C0 + C1
/RANGE ,

whe re C0 and C1 are constants input by the user.
• The attrition of specifi c force elements in a given
sector (corps area) can be computed using equations
of the following form :

TOTAL ENEMY POTENTIAL TO
FRACTI ON OF ELEMENT S ATTEITED = 1 - e - 

~~~~~~~~~~~~~~~~
ELEMENTS

• For each primary force element (tanks, APCs , infantry—
men) there are direct relationships between attrition
and FEBA movement , in the following forms :

• For the attacker,

ACTUAL FEBA MOVEMENT = 1 - ACTUAL ATTRITI ON
MAXIMUM (UNOPPOSEDYFEBA MAXIMUM ACCEPTABLE
MOVEMENT ATTRITI ON

and for the defender ,

ACTUAL FEBA MOVEMENT = ACTUAL ATTRITI ON — 1
MAXIMUM (UNOPPOSED) ~EBA MAXI MUM ACCEPTABLE
MOVEMENT ATTRITION

4 . VE CTOR

Maneuver unit interactions are mode led at the battalion

task force or equivalent level. Two basic techniques are used

for these interactions . When an individual battalion task force

of either side Is engaged in an attack upon a defensive position

of his opponent (“assault activity tt ) a detailed dynami c sub—

model is used to determine results . For any other activity,

e.g., attack versus delay or neither side attacking, the results

are obtained by the mode l from user—supplied tables. Therefore ,

once the decision is made to engage in other than the assault

activity, the resulting attrition of weapons and personne l and

the movement of the FEBA do not depend upon the specif ic
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s i tuat ion which exists  nor the strengths of the forces involved.
Tactical  decision rules are used to determine act ivi t ies, and
any aspect of the ex is t ing  s i tua t ion  In a bat ta l ion area can be
considered in making the determinat ion . Only in this way do
force s trengths and capabil i t ies inf luence the results of non—
assault ac t iv i t ies .  The non—assaul t  act ivi t ies  represented
in VE CTOR— i for both Blue and Red forces are as follows :

Advance versus delay

Pursuit  versus withdrawal
Relative inaction (neither side attempts to advance )

V 

Passage through an urban area

Bypass of an urban area

River crossing operations

Passage through a user—de fined terrain feature

Bypassing a user—defined terrain feature

The tactics and relative strengths of the opponents must be

considered by the user in preparing the input tables of results

of the non—assault activities.

When the tactical decision rules determine that an assault

activity is to take place in a battalion area, a detailed model

of maneuver unit interactions , a “dynami c submodel” , is used to

assess a t t r i t ion. The a t t r i t i on  process is based upon the
following basic differential equation of combat :

4
dri1 = ~~~ ~~~~~

which is approximated in the dynamic submode l by

= 
A~~N~ ~t

where ~n1 = the change in the number of target weapons of type I
during small time increment tat,

= number of type J firing weapons present at the
beginning of the increment
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A~ 1 = the a t t r i tion coeff ic ient  describing the capabil i ty
of weapons of type j  to kill  weapons of type I

The attrition coefficients , A~1~ do not remain constant through-

out an engagement. They are recomputed for each discreet time
interval, ~t. The number of target weapons of type I is used

for each computation of A~1~ therefore , the equation used in

the model is an approximation of neither the Lanchester Square
V 

Law nor the Lanchester Linear Law , as those laws are usually
presente d .

Nine notional weapons along with personnel are represented

in the dynamic submode l of the assault activity . These may be
organized In up to 10 notional types of battalion task forces
for the Blue side . Ten types of organizations of similar size,
for example , regimental task forces, are possible on the Red

side . Each maneuver unit interaction involves exactly one

Blue battalion task force ; it may be opposed by a fraction of

a Red task force . The fraction of a Red task force opposing a

Blue task force may be les than or greater than 1.

Combat is represented by the advance of the attacking

force toward a fixed position of the defending force . Eight

scenarios may be input by the user to describe the advance .

Elements of the input scenario are : distance from the objective

to each a t tacking weapon at the s tart  of the attack ; the rela-
tionship of the nominal speed of attacking weapons types to

their velocity component in the direction of the defender;

the fraction of the time that an attacking weapon type is

moving ; the weapon types which are mounted on APCs , and the

distance from the objective at which each attacking weapon

stops and remains stationary , when applicable. In addition ,

the overall speed of the attack can be varied according to the

trafficability of the terrain.

At each time/range step during the assault , the numbers

of weapons involved in the combat are updated , and the attrition
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coeff icients, A~1~ are recompute d . At t r ition is assessed, and
the tactical rules are used to determine the actions the forces

take based on the results of the combat up to that time .
Tactical air, artillery or helicopter support may be requested.

V The effects of such support are calculated , and the resulting

change in the status of the forces is reflected for subsequent

time/range steps . Tactical decision rules are also used at

each step to determine if either force withdraws from the engage—

ment . If the defender withdraws , the FEBA is moved a distance

specified by the user input . If the attacker breaks off the

attack , the defender retains his position and there is no FEBA

movement. If the attacker overruns the defender, then the

defender is prt~~umed to withdraw . After either side breaks off

the engagement , no fu rther attrition is assessed.

Data describing the environment and the weapon systems

characteristic.., are used at each time step to compute the

attrition ec~. fficients . The two major factors which are con-

sidered for each firer—target combination are (1) selection

and acquisItio. of targets and (2) the rate at which the firer

can kill targets which have been engaged. The nature of the

data which are used in ~he calculations is given below in the

inputs section .

a. Inputs by the User
4

~ Tables of a t t r i t ion  and FEBA movement resul t ing from
ncq—assault activities. (These input tables fully
describe the outcome of non—assault activities ; the
remaining user inputs are for use by the dynamic sub—
model in computing results of assault activities.)

• Scenario data.

• Terrain trafficability and intervisibility indexes.
There may be 5 categories of’ each for a total of 25

• terrain classes.

• Range step size used in storing range—dependent data.
It may be different for each weapon type.
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• Pinpoint and non—pinpoint target acquisition rates.V 

The pinpoint acquisition rates are input as a function
of  the observed weapon type, but may be modified to
account for observer type and range . The non—pinpoint
acquisition rates are indexed according to range , the

* obse±’ving weapon type , and whether the target is moving
or stationary ; they may be adjusted to account for the

• type of weapon being observed . Both rates may be
corrected to account for observer motion .

• Priori t ies of t arget selection for  each f i re r .
•Kill rates , indexed according to range, the firer—
target combination , and whether either the firer or
target is moving. It is defined as the inverse of the
mean time to kill. (Given that the firer—target pair
is isolated from the rest of the engagement , the kill
rate is the reciprocal of the mean time required for
the firer to kill a target , given that the firer and
target survive until a kill is achieved. Under the
described circumstance , the target can be regarded
as passive.) Kill rates are calculated using basic
weapons data such as probabilities of hit and kill ,
mean times to fire, and mean projectile flight times.

•The effects of an artillery round against targets in
the battalion area, indexed according to target type
and activity . The data are for an “average” round;
therefore , considerations of allocation of fires V

among targets, impact point dispersions and target
geometry must be made outside the model and reflected
in the input data.

•The number of artillery rounds to be fired , regardless
of the number of tubes present , for specified missions ,
e.g., preparatIon or calls for fire at a breakpoint .

• The number of personnel lost for each type of weap on
destroyed. V

b. Inputs Generated by the Model

• Designation of the activity for each battalion area.

• Force deployments , organizations , and strengths.

• Decisions to call for artillery fire and close air
support .

• Decision by the attacker or defender to break off the
engagement.

• Number and effectiveness of CAS sorties to attack in
each battalion area.
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c. Outputs

• The identification of the winner and loser in each
engagement .

• Losses of weapons and personnel .  The weapon which in-
flicted each loss is identified.

• Expendi ture s and combat losses of ammunition , by type ,
and of general supplies.

d. Assumptions

• The differential equation of combat and its approxima-
tion (given above) as used in the dynamic submodel are
accurate representations of battalion—level attrition
processes.

• The assumptions and derivations used in transforming
basic environmental and weapon performance data into
the attrition coefficient s, A .~ 

are valid. (These
assumptions and deriviations ~re available in the modeldocumentation ; they are not included in this report V

because of their length and comp lexity.)

• The employment of battalion level forces in an attack
may adequately be described by the scenario elements
listed above in the general discussion .

• The outcome of non—assault activities at battalion
level is unaffected by the specifi c condition of the
opposing forces , once the decision to engage in the
activity has been made . The condition of the opposing
forces may be considered in arriving at the decision.

• There is a fixed , average allocation of artillery fires
which is not affected by the specifi c situation at
the time the fires are delivered. Average target V

distributions and densities are similarly fixed.

• Rates of fire of maneuver unit weapons are unaffected
by ammunition supply levels.

• Within the model , the volume of artillery fire is not
dependent upon the number of tubes available . Consider-
ations of tube availability may be reflected in input
data for volumes of fire .

5. Discussi on

a. Forms of Ground Attrition Equations

Each of the models uses a different mechanism to compute
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attrition of maneuver unit elements. These mechanisms are ex-

plained above in the sections describing the individual models.

The basic mathematical formulations used are to varying degrees
• traceable to assumptions regarding the nature of combat inter-

actions . Some of them are supported by rigorous derivations ,

set forth mostly in papers separate from the model documentation.

For others , no rigorous derivations could be found. Even when

derivations have been made , however , they have usually been after—

the-fact attempts to gain understanding of forms , e.g., Lanchester

linear and square laws, which have been in use over a period of

time . Further , the forms accept the validity of using expected

values of random variables which are extremely difficult to

measure, if in fact they are measurable at all. Because all

four of the models are deterministic , none of them can account

for the particular probability distributions of required input

values and their effect on outcomes. Also , all of the attrition

forms used in the models are simplified approximations of

reality, in that there is currently no way to quantify scien-

tifically or to use in a computer simulation all the variables

V 
which are important to the outcome of theater combat . Because

of these considerations regarding the current state of the art ,

rigorous derivations for basic attrition relationships were not

given overriding importance in this study . Intuitively plausi-

ble attrition forms were considered satisfactory , whether or
not rigorous mathematical derivations existed for them . (This

is not to state that further research into basic mathematical

representation of combat processes is not of extreme importance

in the modeling field.)

b . Weapons Aggregation

The capability of a theater—level model to represent the

performance and attrition of maneuver unit weapons in a relative—

ly disaggregated way is considered of major importance. Dis—
aggregation assists the analyst in interpreting the overall
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results of model simulations used for any purpose , and is 
V

necessary for evaluation of the effects at the theater level of
weapon systems tradeoffs . VECTOR and IDAGAM employ significantly

less aggregation of maneuver unit weapons than do LULEJIAN and

particularly , CEM.

In the VECTOR dynamic suh:nodel of an attack on a hasty de-

fense , all attrition calculations are made on the basis of

specific shooter—target pairs . For each type of weapon represen-

ted , information pertaining to the capability of the weapon to

acquire and destroy each type of target is input by the user and

is not further aggregated during attrition calculations . The

inputs are in the form of basic weapons performance data, as a

function of posture and environmental conditions. The allocation

of fires of each type of weapon to specific types of targets is

dynamically calculated , based on acquisition capabilities and

input priorities. Up to nine types of maneuver unit weapons

can be represented for each side .

The IDAGAM mode l also performs attrition calculations using

input capabil i t ies  of each type of weapon against each type of
opposing weapon . The input capabilities are more aggregated

than in the VECTOR model , in that they describe the potential V

number of each type of target weapon destroyed by each firing
weapon during a model time period (typically , one day). That

Is, the inputs are coefficients for heterogeneous Lanchester

square equations . Also , the allocation of fires of each type
of’ firer to each type of target in some standard force is input

by the user. The allocations are modified by the model in
proportion to the difference between the composition of the

actual target force and the standard force. No aggregation of
weapon types takes place during attrition calculations .

Because the IDAGAM mode l can be redimensioned relatively easily
by the user, there is no fixed maximum number of types of

weapons which can be represented. Typical limits are 10 to 12
t ypes .  V
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Attrition calculations in IDAGAM and VECTOR are made for each

shooter—target pair. Therefore, it is possible to attribute each

weapon loss to the type of oppos~ng weapon which attrlted it.

Shooter—target “scoreboards ” are available in the output of

both models.

The maximum number of types of maneuver unit weapons , in-

cluding riflemen , which can be represented in the LULEJIAN model

is 13, comparable to VECTOR and IDAGAM . Although capabilities

are input for each weapon type , the model aggregates weapons

into groups when computing attrition . For example , the three

types of tanks are aggregated into a single average tank type.

The number of each specific weapon type within a group which

is considered attrlted is proportional to the number of that

type in the group . Similar linear disaggregations are made to

V 
determine the type of weapon which inflicts attrition . The

LULEJIAN model also differs from IDAGAM and VECTOR in that

attrition is directly computed for only three generic types of

maneuver unit weapons : tanks, APCs , and personnel. The other

weapons , such as anti—tank weapons , are attrited in proportion

to the losses in one of the three generic types.
L

The CEM model uses sums of anti—tank , anti—light armor ,

and an t i—personnel  f irepower scores to determine a t t r i t i o n .
Therefore , the identity of the firing weapon is lost when its

particular firepower score is added to the scores of the other

weapons . In contrast , the identity of each type of weapon is

retained with respect to vulnerability. For example , the total
opposing anti—tank firepower score is used to compute the

attrition of each type of tank , but a different “k—factor ,”

• vulnerability coefficient may be associated with each type .
For a given opposing score , the loss rates for different types

of weapons need not be the same . CEM represents 12 types of
tanks , 12 types of APCs , 5 types of helicopter , 12 types of
anti—tank and mortar weapons , one type of personnel dismounted
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from tanks and APCs , 8 types of artillery tubes , and one type
• of artillery battalion personnel. Other maneuver unit weapons ,

such as individual small arms are not discreetly represented.

Maneuver unit firepowe r contributed by individual weapons is

attributed in the model on a per—capita basis to the non—armor

personnel in each type of maneuver unit. Attrition of individ-

ual weapons is directly proportional to the personnel losses ,

and the firepower contributed by them is reduced accordingly .

The VECTOR model is considered superior to the other

models in its ability to represent maneuver unit weapon systems

discreetly . The other models , in order , are IDA GAM , LULEJIAN

and CEM.

V 
c. Force Aggregation

The attrition calculations in IDAGAM and LULEJIAN are made

at the sector level, with opposing forces of approximately

• corps size. Computations in OEM and VECTOR are made at a much

• lower level , with opposing units of brigade size or smaller.

For IDA GAM and LULEJIAN , the assumption of force homogen-

eity across an entire corps sector is obviously only an approx-

imate representation of reality. This approximation can be

made more accurat e, however , by the use of input parameters

that account for activities within the corps which are not

explicitly represented in the theater—level models. Lower

level , higher resolution models can be used to generate theater—

model inputs which reflect activities of units below corps level.

The VECTOR model computes attrition at the battalion level

or its equivalent. This allows a more explicit representation

V 
of lower level interactions than is possible with IDAGAM or

LtJLEJIAN . In VECTOR , however, the relationships between combat

results computed at battalion level and the consequent results

at theater—level must be defined in the model. This is accom—

pu shed by the model user through the tactical decision rules.
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OEM is similar to VECTOR in that engagement results are com-

puted at brigade (or the equivalent ) level or lower. However ,

in CEM , the extrapolation of results to theater—level is accom-

plished through fixed internal model logic. Fixed extrapolation

logic makes CEM easier to use than VECTOR , but allows less

V 
flexibility. The use of aggregated firepower scores in CEM

limits the capability of the model to represent explicit combat

processes , even though assessments are made at a low level.

Results of theater—level analysis may be valid whether the

interactions are modeled at relatively high or low levels . For

higher levels , such as corps , care must be taken to insure that

the inputs properly consider the effects of lower level inter—

• actions which are not specifically modeled. For lower levels ,

similar care must be taken that the assumptions implicit in the

extrapolation of results from low level to theater level are

consistent with the overall assumptions for the analysis being
conducted.

Because the processes are more explicit within the model ,
and important assumptions are less fixed and “hidden” in input

data , lower level interactions are judged preferable . Therefore,
from the standpoint of force aggregation , VECTOR is considered

• 
superior , with CEM next , and IDAGAM and LULEJIAN about the same .
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D. ORGANIZATION OF THEATER AIR FORCES

1 . Topic

This section discusses the organization of the theater air

forces into various aggregated aircraft groupings and the bas—

• ing of these groups. The type of missions modeled and the

• manner of allocating aircraft to missions is discussed.

2. CEM

• Aircraft are of only two types , attack and fighter. Once

each day OEM apportions all attack aircraft to one of three

roles based on input allocation goals. Depending on input

thresholds of success , allocations between the missions are

• varied each day . Aircraft on the ground may be in sanctuary

(rear air base) or non-sanctuary (forward air base). There is

no subdivision of air space.

a. Inputs By User

• Number of aircraft by type (attack and fighter) by
base (two bases per side).

• Effective sortie rate , by aircraft type .

• Percentage allocation of attack aircraft to Combat• Air Support (CAS), Counter—Air (CA), and Interdiction
( I N T ) .

• A percentage allocation of Counter—Air and Interdiction
missions to escort missions .

• Attrition thresholds for Counter—Air missions , Inter-
diction missions and Air Base ground losses.

• Maximum and minimum CA , CAS and INT allocations .

• Theater arrivals by time , type and location.

b. Inputs Generated by the Model

• Previous aircraft losses.

• Breakdown of CAS missions to divisions .
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V c . Outputs

• Number of missions flown by mission type per day .

d. Assumptions

• One aircraft with a sortie rate of two ~r equivalent
to two a i rc raf t  wi th  sort ie  rates of one .

V 

• Aircraft interact on a single , theater—wide basis.
Identical air support is available to all parts of
the theater.

• Aircraft are completely notionalized into two types
(fighter and attack) and six missions (close air cup—
port , interdiction , air base attack , escort , suppres—
sion, and intercept).

S Logistics do not constrain the air effort .

3. IDAGAM

Once each day , IDAGAM performs a calculation to determine

the aircraft missions which are flown . Except for the logica~
procedures for the assignment of CAS strikes to particular sec-

tors and for determining the number of suppression aircraft ,

the procedure is of an accounting nature and is independent of

what is occurring in the remainder of the model. The model
V 

contains logic to reassign aircraft which are assigned to impos-

sible missions by input . The external inputs , the data drawn
• from the mode l and the outputs are listed below .

3

a. Inputs by User

• Number of regions (currently two for Blue , three for
Red).

• Distances from FEBA to one forward a:~d one rear base
in each region.

• Distance from FEBA to COMMZ air base .
• Aircraft by type at each air base (currently 10 types).

• Range restrictions by aircraft type.

• Payload degradation factors by aircraft type by location .

. Sortie rates by aircraft type , by type misson .
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• • Allocation percentage to seven basic missions by air—
cr a f t  type .

• Percentage suballocation to four suppression missions
and supp ly interdiction .

• Aircraft arrivals by time , type , and location .

b . Inputs Generated by the Model

• Previous aircraft losses.

• Infeasible assignments.

• Sector priorities to receive CAS.

c. Outputs

• Number of sorties , by aircraft type , by mission , by
base , f lown each day .

• Number of a i rc raf t  by tyn e  at each air base each day .

d. Assumptions

• Two a i rc raf t  wi th  a sort ie  rate of one each are equiv-
alent to one a i rcraf t  with a sortie rate of two .

• Aircraft interact on a regional basis. Aircraft fly
across regional lateral boundaries on the basis of
input percentages.

• Aircraft are launched at uniform intervals.

• • Initial daily launches for Red and Blue are simultan .-
eous.

• Except for the allocation to suppression , all aircraft
mission allocations are fixed based on user input and
therefore are independent of the course of the battle.

• A linear degradation of sorties occurs when supply
shortages ex ist .

4 . L U L E J I A N

The LULEJIAN model employ s a game theoretic technique to

generate a spec i f i c  a l loca t ion  of a i r c ra f t  to miss ions . The user
specifies one of four preference levels for the assignment of

a i rc ra f t  types among missions . The model then uses these

A — 6 7
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preferences in conj unct ion with a model—selected ordering of
missions so as to develop the speci f ic , theoret ical ly “ go od”
assignments , “good” being defined as the assignment which pro-

vides an approximately enforceable outcome for either side

based currently on area gained or lost on the ground . The cal—

culated allocations are identically applied to the aircraft

inventories in each of two regions per side . Suballocations to

provide escort and suppression support and to intercept aircraft

on particular mission are made linearly , based on the numbers

of sorties flown on the principal mission. Suballocation of

CAS to sorties is linearly apportioned based on total maneuver

units in sector. Linear degradation of effectiveness due to

shortage of general aviation supply is possible .

a. Inputs by User

• • Initial aircraft inventories , by type , by region .
V • Aircraft assignment preference , by aircraft type , by

mission .

• Sortie rates, by aircraft type , by mission.

• Mission priority options (currently 18 possibilities).

• Supply requirement , by aircraft sortie type .

• Aircraft arrivals.

• Effectiveness of interdiction strikes .’

b. Inputs Generated by the Model

• Previous a ircraf t  losses.

• Mission pr iori ty select ion.

• Al locat ions .

• Total bat ta l ions  current ly in sectors .

‘Suballocation of in te rd ic t ion  sorties to spec i f i c  types of
in te rd ic t ion  appears to use a s impl i f ied  logic which  is rea—
sonable only if in terdic t ion is des t roying a large C> 50 per—
cen t )  proport ion of all ta rge ts .  At low levels (< 20 percent )( the procedure generates a poor a l locat ion.
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c. Ou tp uts

• • Number of sorties by aircraft type , by mission .

d. Assumptions

• One aircraft with a sortie rate of two is equivalent
to two aircraft with cortie rates of one .

• • That the approximate optimization technique finds a
“good” allocation .

• • A linear degradation of sorties occurs when supply
shortages exist.

• CAS missions are required in proportion to total
population of ground forces in each sector .

5. VECTOR

The VECTOR air model is organized on a sector (corps)

basis. Seven aircraft types are assigned daily to the intercept

mission , seven attack missions , and escort missions correspond-

ing to each attack mission . Attackers with their escorts fly in

groups sized by input. Differences in range , loading and bas—
ing are input by means of varying the types of aircraft in a

given sector . Air forces in one sector are essentially inde-

pendent , on a daily basIs, of air forces in other sectors . The

logic for allocations is input as a tactical decision rule rou-

tine . (The model , per se, does not make allocation decisions.)

a. Inputs by User

• Number of aircraft , by type .
• • Aircraft allocation tactical decision rules.

• Group size , by aircraft type , by mission.

• Sortie rates , by aircraft type , by mission .

• CAS missions flown per battalion request.

b. Inputs Generated by the Model

• Previous aircraft attrition.

A — 6 9

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _________



• Battalion area requests for CAS .

c. Outputs

• Number of shallow CAS missions flown , by type , by day ,
by ba t ta l ion  area.

• Number of all other missions , by type , by day , by
sector .

• • The numbers of aircraft flying together, by type , by
mission , by sector .

d. Assumptions

• One a i rcraf t  wi th  a sort ie  rate of two is equivalent  to
two aircraft with sortie rates of one .

• The air war is conducted on a sector (corps) basis.
Higher level cross assignment may be performed by the
tactical decision rules on a daily basis.

• The fraction of interceptors engaging a given type of
attacking aircraft is the same as the fraction of the
total attacking force consisting of that type.

• Initial launches are simultaneous .

• Subsequent aircraft are launched at uniform intervals.

• Insofar as possible , requests for close CAS will be
• 4 filled at the expense of deeper CAS .

• In the basic model , air POL consumption and air ord-
nance expenditure are bookkeeping entries. Any re—
sulting operational constraints must be programmed by
the user into the tactical rules.

4
6. Discussion

a. Basic St ructure

Three of the models , OEM , IDAGAM and VECTOR, are basically

accounting in nature . The allocation decision between the prin-

cipal micsions — air defense , airbase attack , close air support

and interdiction are based on strategy input by the user . (In

the case of VECTOR , the logic itself is input by decision rules ,
allowing the allocations to be based on any desired measures of

the course of the battle.) LULEJIAN in contrast develops these
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al locat ions w i th in  the model based on a game theore t ic  a lgor i thm .
All of the models incorporate one or more built—in procedures

for developing allocations to associated missions cuch as escort

and suppression , and for making suballocation deci:ions such as

the decision to escort airbase attack aircraft of type A rather

than to escort close air support aircraft of type B. Currently

VECTOR contains the fewest  logical suballocation routines; how-
ever, the tactical decision rule structure allows the number to

be set by a user. In VECTOR the attackers suballocations are

input by decision rule while the defenders suballocations are

linearly determined within the model. OEM alone contains a

procedure to allocate air away from CAS to CA if air attrition

• exceeds a threshold level. IDAGAN contains procedures to sub—

allocate aircraft to the antiaircraft suppression mission based

on the density of antiaircraft guns and SAMs . IDAGAM also con—

tains procedures to suballocate CAS strikes to specific corps

sectors and to suballocate airbase attackers to strike particu—

lar airbases. LULEJIAN alone examines some measure of the

overall outcome of the war and using a structured search endeav-
• ors to find the best allocation strategy from the eighteen

candidates for each side . The resulting strategies are adopted

theater wide .

b. Geo~ raphic Representation of Air

The models differ in the numbers of discrete locations in

which air interactions can occur. In GEM , the interaction are

theater wide .. OEM play s two airbases per side , one deep and one

shallow . LTVJLEJIAN is nearly as aggregated as OEM . Although

• the LULEJIAN theater can be divided into two air regions per

side , each with its own inventory of aircraft , the percentage

aircraft allocations to missions must be the same in both

regions . Interdiction is played theaterwide . IDAGAM plays air

at the region (field army ) level. Each side may have individual

inventories at about seven airbases. An input percent of the

A-7 1

V 
__________ ______ _V V~VV _ •~~~• V•• *_• ~~ ~~~ V •  •~~ V~~ V ~~~~~~~~~~~~~~~~ • V • V •~~~~~~~~~~~~V



— — — - -- • - -~~~~ ~~~~~~~~~~~~~~~~~~~ • V • ~~~~ VV -~~~~••. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a i rcraf t  in each region interact  with the a i rcraf t  in each
opposing region . IDA GAM gives the most extensive play to con—
sideration of aircraft range . VECTOR treats air interactions

at the sector (corps) level. Each corps is assumed to have one

notional airbase. Air combat interactions in each corps area

are independent of interactions in adjacent areas . Model logic

to mass air support geographically is present in all four models.

In VECTOR massing occurs within sectors , and in IDAGAM massing

occurs within regions. OEM can mass theater CAS sorties across

original region boundaries as a consequence of the sector adjust-

ment procedures , and as a result , the apportionment of CAS in

OEM is probably the most similar to the actual physical proce-

dure . LULEJIAN linearly apportions regional CAS to sectors

based on total sector ground maneuver force densities.

c. Force Resolution

IDAGAM and VECTOR offer the user more capability to depict

differences in aircraft types than do OEM and LULEJIAN . IDAGAM

currently treats ten aircraft types , ten air—to—ground munitions

loads plus six range/payload degradation factors . These cate—

• gories totals can be increased , at the expense of computation

time without alteration of model logic. VECTOR treats up to

seven aircraft types , with a similar munition structure to

IDAGAM . LULEJIAN treats five aircraft types. OEM treats two
V 

aircraf t  types .  The general missions accomplished by aircraft
3

are similar in the models — close air support , airbase attack ,
air defense or air intercept and interdiction along with sup-

pression and escort . Each model allows some further breakdown

of missions . VECTOR in particular allows the user to structure

up to five specialized missions using the tactical decision

rules procedure . IDAGAM gives relatively more extensive play

to intercept and suppression missions than do the other models .

VECTOR and LULEJIAN contain more diversified interdiction mis—
sions.
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d . Logistic Factors

VECTOR keeps account of munitions and POL consumption for

a i rc ra f t . LULEJIAN and IDAGAM keep account of a generalized

air supply and , based on short fa l l, linearly degrade air poten-
tial . OEM does not consider logistic limitations .

e . Common Assum ptions

It is generally assumed that one aircraft with a sortie
rate of two is, on a daily basis , equivalent to two aircraft
each with a sortie rate of one . In the case of reactive inter-

actions such as defending against an attacker, this assumption
fails.

Weat her , visibility arid terrain are not significant to the

allocation of aircraft.

Initial transients such as surprise attacks are not being

modeled. Both sides begin simultaneously and proceed at a uni-
form rate.
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• E. AIR-TO-AIR INTERACTIONS

1 . Topic

This section discusses the air—to—air combat between defen-

sive aircraft and the opposing strike aircraft and escorts.

2. CEM

In OEM , the detection and intercept process is aggregated
in to  one parameter , PDIP. The fraction of all attack and

eccor t  aircraft , exclusive of CAS aircraft , which is detected
is 1_~ 1_pfl1p )I~’A where I/A is the ratio of interceptors to all

attackers (attack aircraft and escort aircraft on armed recon-

naissance/interdiction and counter—air). The numbers of attack

aircraft and escorts killed is the above fraction , multiplied

by the numbers of penetrating attack aircraft or escort air-

craft . The attack aircraft and escort aircraft which were

unsuccessfully attacked by interceptors then engage the inter-

ceptors . The interceptor losses are calculated by multiplying

the number of attackers by a kill probability. GAS aircraft
V do not engage in air-to—air combat.

In OEM , all penetrating tactical fighters (attack air—

craft) which are engaged but not destroyed by defending

fighters are assumed to jettison their loads and , after endeav-

oring to destroy their opponent s, return to base , thereby

aborting the principal mission . Engagement by ADA does not

cause mission abor t ion.

a. Inputs by User

• The detect ion and intercept  parameter PDIP.

• Four probabilities of kill: interceptors versus
attack aircraft and escort aircraft , and attack air-
craft and escort aircraft versus interceptors.
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b. Inputs Generated by the Model

• The numbers of attack aircraft , escort a i rcraf t , and
interceptors which are flying their respective mis-
sions .

c . Outputs

• Numbers of attack aircraft , escort aircraft , and
interceptors engaged.

• Nui~bers of attack aircraft , escort aircraft , and
interceptors destroyed .

d. Assumptions

• Interceptors engage all penetrators , both attack and
escort , simultaneously and in proportion to the rela-
tive numbers present .

• The probability of detection and engagement of a pene—
trator is independent of penetrat or type (notional
type aircraft employed).

• OAS aircraft are not subject to air interception.

• Interceptors are well coordinated.

3. IDAGAM

IDA 1A~1 treats in detail two aspects of air—to—air combat .

The first of’ these i~ the sequence of interactions ; the second

is the form of the attrition equation between individual corn—

Lotants. (sequence is hard wired into the model.)’ The

attrition equation form may be varied among five alternates ,2

which ~errnit examination of one—on—one or many—on—one binomial

form and the two Lanchester forms . Detection probability is

assumed to t~e independent of target and shooter type but may

depend on engagement type and location. It is input as the

probability that the specific shooter will detect the specific

‘For the sequence of interactions see IDA Report R—l99 Ground
Air Model , Volume III, page ~4l—3. Note m=l and 2 are inter-
changed .

2For the equation options see Report R—199, Volume I, page 3~ —’42.
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target , region wide. Attrition is calculated in detail dur~ n~”
ingress. Egress attrition is calculated as an input p~~rc e r ! t a V e

of’ ingress attrition. All calculations are made daily. There
• is no logic for mission abortion.

a. Inputs by User

• Probability of detection , by type missIon (attacker ,
escort , defender , suppressor), by location and L~fly—by versus attack status.

• Probability of kill given detection , by target type ,
by shooter type , by attack , defend or escort status
of shooter.

• Attrition equation selection , by engagement type
( 8 t y p e s ) .

• Attrition ratio , egress/ingress.

b. Inputs Generated by the Model

• Daily sorties , by aircraft type , by mission type , by
area.

c . Outputs

• Aircraft kills , by mission, by type , by source of kill.

d. Assumptions

• The sequence of interactions described above is valid
or, alternatively , attrition is sufficiently small as
to make sequence unimportant .

• Interactions are region wide.

• The following assumptions are grouped by attrition
equat ii on:

(1) Multiple engagement binomial:

- Redundant kills can occur.
— The likelihood of detection is dependent on t~~

number of targets.

(2) Single engagement binomial:
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- As in the multiple engagement binomial with the
added assumption that although shooters may detect
several targets the shooter can engage only one .

• ( 3 )  Exponential forms of the binomial:

— All of the assumptions in the binomial forms and ,
in addition , the assumption that attrition is
relatively low.

(~ ) Lanchester linear form :

- Only live targets are engaged.
— The probability that an individual target is
engaged is proportional to the number of shooters
only .

(5) Lanchester square form :

— Only live targets are engaged.
— The probability that an individual target is
engaged is proportional the ratio of shooters/
targets.

4. LULEJIAN

In LULEJIAN the user input s a maximum capability of the
defense to detect attacking aircraft . The fraction of attack-

ing aircraft actually detected is the lesser of D/T or
V 

(l—exp (.20 D/T) wherein D/T is the ratio of an input maximum

• number of penetrators which can be detected to the actual num-

ber of penetrators present . This fraction determines the frac-

tion of attacking aircraft which can become involved in air—to—

air combat . The fraction of these which do become engaged is

then calculated using a similar form , (l-exp(~~~~)). The term

TPT/D is the ratio of the total potential for engagement of

the escorts to the number of defenders available for engagement .

Given engagement , both defender and escort simultaneously try

to destroy one another . The fractions killed are determined by

multiplying the number of aircraft engaged by an exponential

of the form (1 — exp (—RPk)) where R is the ratio of the engage—

ment potential of the shooter divided by the engagement poten—
I

tial of the target and Pk is the probability of kill given

engagement . A—78
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After the escort—defender interaction , defenders endeavor

to engage the attack aircraft . P.11 defenders which were her e-
tofore unengaged and an input fraction of the defenders which

were engaged but were not dasVtroyed are available. The fraction

of defenders which engage is determined as before except the

exponent now contains the ratio of the potential for engagement

of the defenders divided by the number of attackers. The losses

to attacker and defender are calculated as were the losses

between escort and defender.

In LULEJIAN , the defense interceptors which have not been

engaged by the escort aircraft and an input fraction of those

that have survived combat with the escorts attempt to engage

the attack aircraft . All attack aircraft which are engaged are

either destroyed or abort the mission and return to base. En-

gagement by ADA or SAM does not cause mission abortion .

a. Inputs by User

• The maximum number of penetrators the system can
detect.

• The engagement potential of each defender type against
each escort and attacker type on each attack mission.

• • The engagement potential of each attacker type on each
mission type against each defender type.

• The engagement potential of’ each escort type againstV 
each defender type.

• The kill potential or probability of kill of each
V defender type against each attacker or escort type

and vice versa.

• The percentage of defenders which , having survived the
duel with escort s, can subsequently engage attackers .

b. Inputs Generated by the Model

• The number of attacker , escort and interceptor sorties
by region , by aircraft type and by attacker target.
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c . Assumptions

• The capability of the defense has an ab~ olute satura-tion point .

• All shooters obtain information on the whereabouts o?
all detected targets but the shooters do not coordinate
their attacks.

• An attacker can shoot at a defender only oIfc~~~.
V 

• An input percentage of defenders surviving an engage-
ment with escort s can subsequently engage attackers;
otherwise , defenders can only engage once.

• Engaged attackers abort their primary missions.

• Escort—defender engagement s occur simultaneou~ 1y andprecede defender—attacker engagements.

• The conditions for using the Poisson distril ution of
kills (simultaneous target selection and attack).

• 
: 5. VECTOR

V In the VECTOR model , aircraft penetrate in escorted groups ,
initial group size being an input . Interceptors make contact

• V
~V ; ;~~th  the group with an input probabability PD. Each escort

attacks an interceptor in contact with probability of success

PC , input by shooter and target type. Simultaneously inter-

ceptors attack escorts with an input probability of success.

~o eGcort or Interceptor is attacked more than once. Excess

escorts are idle. Interceptors which do not attack escorts can

attack the penetrating attack aircraft . Attack aircraft jetti—
son their ordnance and engage the interceptors . Attacker ~~~
defender engare cimuitaneous ly in a one—on—one duel. Attack and

• escort aircraft are assigned to specifi’c missions by input de-
cision rules. In contrast interceptors are linearly apportioned
against attackers . This structure permits offensive , but not
defensive , gaming in the selection of assignments.

a. Inputs by User

• Attack group size , by type , by n~ ssion.

• Escorts by type , by attack group they are escorting .
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• The probability that a group of attack aircraft is
V 

detected and engaged , by attacker t yp e, by mission .
• The probability that an escort kills a defender In

the duel , by escort and defender type.

• The probabilit y that the defender kills the escort ,
by escort and defender type .

• Comparable probabilities of kill between defender and
attacker types.

b . I n p u t s  Generated by the Model

• At tack , escort , and defense sorties , by aircraft type ,
by missi :, by sector .

‘4
V 

c. Out puts

• Airc ra f t  kil led , by type , by mission , by sector , by
shooter .

• I Ai rc ra f t  abor t ing , by type , by mission , by sector .

d . Assum p tions

• All air combat is strictly one—on—one .

• Aircraft can engage only once per sortie.
• • Air combat Is restricted to forces in sectors .

• Coordination among all attackers and among all defen—
• ders is perfect.

• No defenders engage attackers unless all escorts have
been engnged .

• Excess escorts or defenders are useless.
• I All air c ombat occurs as a single set of events , with

no distinctions regarding location .

• Acqu i s i t i on  percentage Is constant  In all sectors .

6. Discussion
tV

One obvious way in which the models vary Is in the variety

- of types of aircraft interacting. As was discussed In the see—
t ion on organization of the theater air forces , IDAGAM permits

i the largest number of types of aircraft , followed by VECTOR
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and LULEJIAN , with CEM ifl particular , allowing less variety.

In IDA GAM and VECTOR , the numbers of aircraft types can be
further Increased by redimensloning and recompiling , albeit at

the expense of computer storage and time . The ability to vary

the numbers of types to suit a particular study application ~s

desirable .

a. Se quence

There is variation of sequence among models. IDAGAM

contains the most detailed , explicit sequence of’ at tacker—
defender—escort interactions. In IDAGAM also , the penetration

aircraft encounter defenders In two locations (battlefield and
• at air bases) whereas other models play air—to—air encounters

in one place. Each model has its own sequence of engagements

or plays simultaneous engagement . Unless attrition is abnor-
mally high , sequence is of little importance. No real case can

be made for any model sequence over any other sequence.

b . Information F l o w  
V

• An area of poorly documented difference between models
is in the degree of assumed information flow and coordination
among defenders or among attackers. These assumption: deal
with the capability of the command and control systems for ~ach
side . In OEM , the C&C system postulates the following: A cen—
tral system detects and directs the engagement of some fraction
of penetrators (l_ (l_PDIP)~~

A). Each attacker detected/engaged
Is then efficiently attacked by an interceptor and destroyed

• according to a stated probability of kill , (P kA ). Attackers (A)
killed by interceptors (I) equal [A (l— (l—PDIP)1’~~) PkA ] . Sur-
vivors of the attackers (SA) destroy interceptors at a given
Pk1. Interceptors killed equal [(SA) (Pk1) ] . All surv ivor s
of the engagement return to base including interceptors not en—
gaged . Attackers not detected/engaged continue on their m ’ssions
without further interference from interceptors. VECTOR also
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assume s that  a central  sys tem detects  all penetrators  and pro-
vides this information to each interceptor. VECTOR then

assumes that the O&O system efficiently directs each intercep—

tor to an individual penetrator escort until one interceptor

is paired wi th  each escort . Remaining In terceptors  then pair
with attack aircraft . This pairing sequence is logical based

V on the missions of the defenders .  IDAGAM assumes no cent ra lized
detec t ion . The coordination of the engagement may be perfect

if a Lanchester  a t t r i t ion  option is selected.  If a binomial
form is selected no coordination of the attack is assumed.

LULEJIAN assumes that the escorts , not the defenders , engage in
V an uncoordinated search for defenders. Each escort has a user

input “potential” to locate a certain number of defenders , the

number of defenders contacted being normally related to this

capability. It is then assumed that the locations of all con-

tacted defenders are provided to each escort and vice versa.

Escorts  and defenders then randomly pick an opponent and a t tack
once.

c. Saturation

Saturation is also related to command and control. The

treatment of saturation varies among models. Saturation effects

can appear in two aspects of the a i r—to—ai r  engagement . The
acquisition system can be saturated , which limits the ability

of the defense system to acquire additional targets. Secondly,

the engagement capability of the defense system can be saturated.

• In OEM , acquisition is dependent only on the ratio of intercep—

tors to attackers , which implies a physical situation in which

the absolute numbers of attackers and defenders are irrelevant

• to the chance that an individual aircraft will be engaged.

I ~ This means no geographic saturation occurs. The only saturation

is a function of multiple , hence wasted , acquisitions. The

engaged a i rcraf t  can be f i red on , at most , once.  LULEJ IAN does
allow an input upper limit on the number of penetrators which
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can be acquired , thus providing an upper bound on acquisition

• capabilities. An exponential approximation to the shig~u

engagement binomial equation ’ is used to scale the number of

penetrators available for acquisition below this input limit .

Other than this , saturation is a binomial effect , as In OEM.
In VECTOR , saturation during acquisition is not modeled; hence ,
it is assumed constant . Once acquisition has occurred inter-

ceptors and penetrators are assumed to pair off in an effi-

cient , coordinated manner for pure one—on—one duels; hence , even

the binomial or random target selection saturation effect is

not modeled . IDAGAM allows varied assumptions on the degree
• of random versus efficient target selection . The form com—

monly used , the single engagement binomial , assumes that tar-

get selection is random ; hence , a saturation phenomenon occurs

due to wasted , redundant acquisition . This form differs from

the OEM and VECTOR forms in that , although a shooter may only
shoot once , a target may be shot at several times. IDAGAM

does not play geographic saturation.

d. Abortion

All models except IDAGAM consider that engaged attack air-
craft abort . IDAGAM needs this addition.

e. Group Size
3

The concept of a group engagement in VECTOR is a real—
istic alternative to the individual actions postulated in the
other three models. It avoids the difficulty in defining m di.—
vidual detection probabilities as in IDAGAM and reflects perhaps
a reasonable level of command and control.

‘It may be possible to state assumptions which lead directly to
the  Poisson distribution. Such assumptions have not been
explored.
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• f . General

• LULEJIAN probably considers all factors of air-to—air combat
V

V

, in the most reasonable overall way . The idea of geographic
saturation and escort—initiated combat are good for LULEJIAN.

• However , since it is most difficult to associate model para—
- meters with collectable data , analysis using LULEJIAN will be

difficult .

F

4

A— 85

a ; 

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

V V
VV ~~~~~~~~



— _— •-~~ — —V 
•-

~~

•—

• F. COMBAT AIR SUPPORT

1 . Topic

• This section discusses modeling of combat air support

(CAS) provided to ground forces in contact.

2. CEM

The CAS sorties available to the command echelons

(Theater, Army , Corps , Division) are allocated to subordinate

• echelons in response to estimated need. The logic for this

is the same as the logic for the allocation of artillery .

Each CAS sortie has three input firepower values , one each

against tanks , light armored vehicles , and personnel. The

effective firepower value contributed in each subsector is
• the product of the number of sorties times these firepower

values degraded by a terrain factor. This value of CAS and
• the value of ground weapons are then summed to determine

three total firepower values as applied to the three

target types. Target casualties in each of the three

categories are determined by an exponential equation of the

form T(l — exp(— K(ATFP)/T)) wherein K is an input calibration

coefficient and , in this example , ATFP is the total anti—tan k

fi repower.  T is the popula t ion  p re sen t .

FEBA movement is a user—input function of firepower

ratio , terrain and posture . OAS contributes to the firepower

values. Firepowe r value s are modified to account for the

number of each type target which is present. The contribution

of CAS firepower is treated in a manner equivalent to the

contributions of other shooters .

a. Inputs by User

IFirepower value per CAS sortie against tanks , light
armored vehicles and personnel.

IA calibration coefficient , K.
• I Fractions of weapons totally killed and killed

repai rable .
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• FEBA movement as a function of firepower ratio ,
terrain and posture .

b. I n p u t s  Generated by the Model

• Number of sort ies  assigned to each subsector each
V 

pe riod.

• Firepower contributions of other shooters in the
subsector against each target type .

• Target inventories.

• Firepower ratio.

c . Outputs

• Numbers of tanks , light armored vehicles and personnel
lost.

• FEBA movement .

V 
d. Assumptions

• OAS sorties are uncoordinated with one another or
with ground shooters .

• Redundan t kills occur.

• The percentage of targets present which are acquired
and killed by air is dependent only on the total
number of shooters of all types and the total number
of targets in a class , such as tanks .

• The type of target kill , repairable or unrepairable ,
is independent of the mix of shooters .

V 
3. IDAGAM

On combat air support and interdiction missions , each
aircraft type has an input nominal munitions load. Each of

these munitions has an input potential kill probability

u~ uinst each type of ground weapon . An allocation of munitions

against each ground weapon type in a standard target force is

also input. This allocation is linearly varied in the model

to Vi:nount for variation in the relative sector population of

each target type . The number of sorties supporting each sector
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is multiplied by the munitions load per sortie times the

allocation per munit ion to obtain an air potential target kill
capability. This, in conjunction with a ground potential ,
determines a total potential kill , and a value to this kill.

The meaning of value depends on the force ratio methodology .

Using a user—selected method , a force ratio is computed and

a scale of attrition is determined by table look up. This

scaling of attrition is then applied to all elements in the

potential kill list yielding a list of actual kills by both air

and ground weapons . The proportions of weapons types on the

potential kill list and those actually killed is unchanged.

Only the overall level of kills are scaled.

CAS contributes to FEBA movement , which is an input

function of force ratio. The attrition capability of air ,
multiplied by a weighting factor , is added to the attrition

capability of ground when the force ratio is calculated. The

weighting factor , which increases the ability of air to

influence FEBA movement within the sector , reflects the

ability of air to mass within the sector and cause adjacent

sectors to withdraw so as to avoid encirclement. Air is

assumed to mass in a portion of the sector.

All CAS sorties available in a region are assigned to one

or more sectors so as to achieve an input force ratio , remove
4 a front to flank constraint or minimi ze the maximum

penetration .

a. Inputs by User

• Munition load by aircraft type .

• Standard a l locat ion of each muni t ion  type against
each ground target type.

• Potent ia l  k i l l s  per munution against  s tandard force
by munition type .

• Percentage force attrition by force ratio by posture .

• FEBA movement by force ratio.
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b. Inp ut Generated by the Model

• Adjus ted  a l locat ion due to nonstandard mix .

• Sector to receive CAS .

• Subsector factor for air concentration .

• Force ratio.

c . Out pu ts

• Target kills , by shooter , by target , by sector . 
V

• FEBA movement .

d . Assumptions

• Munitions performance is independent of delivery
aircraft type or terrain .

• Target acquisition can be treated as one sector—wide
probability which can be scaled among shooters and
targets in accordance with the input kill probability .

I The potential engagement is perfectly coordinated.
One scaling models all lack of coordination and all
acquisition .

4. LULE JI AN

In LULEJ IAN , combat air support sorties may have both

target acquisition and target attack capabilities and may

be directed against forces in contact or against forces

providing supporting fire .

In order to destroy armored and light armored targets ,
the target must be in contact and located , with location a
subset of contact. The “armor locational potential ” of the
sortie , an input , is added to an equivalent locational
potential for other support elements , and an expression of
the following form is computed.

T1 = Tc (1 — exp (—RF)), wherein Tc is the total armor

contacted. R is a constant to apportion fire between tanks
and light armor and F is the locating potential. The outcome ,
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Tl, is the number of tanks which may suffer attrition . A simi-

lar expression is computed for light armor. CAS sorties do not

locate contacted infantry but instead directly attrite the con-

tacted force. The expression used to calculate infantry losses

to support fires is an exponential form , as above, with the
exponent , (—Fd/x) wherein F is a casualty potential in terms of

area, d is a target density in terms of personnel per area and
x is the number of contactud infantry .

Attrition to armor and light armor is calculated using the

same form as for locating armor and ligh t armor , above , except
that targets located are substituted for targets contacted and

F is a kill potential rather than a locating potential.

At the user ’s op t ion , sorties may be directed against
artillery and armor in support . Sorties can both suppress and

kill these elements. No exchange of information pertaining to

these targets is assumed between ground and air ; hence , the

aircraft must find their own targets . Once found , targets can

be attacked. Acquisition is modeled as an uncoordinated area

search process. Attrition is modeled as a point attack process

with target information exchange among shooters . Users input

acquis i t ion and a t t r i t ion  potent ia l s  per sor t ie .

The e f f ec t s  of CAS sorties are treated identically to the
effects of ground actions in trading area for survivability to

determine overall attrition and FEBA movement .

a. Inputs by Us er

• Locating and attriting potential of each sortie against
armor and light armor in contact; attriting potential
against infantry in contact; locating and suppressing
potential against armor and artillery in support ; frac—
tion of suppressed targets destroyed , by target class ,
by aircraft type.

• Allocation of OAS sorties against forces in contact
and in support .
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b. Inputs Generated by the Model

• Numbers of contacted and located targets.

• Numbers of sorties against contacted and support forces
in each sector.

• Locating and attriting potentials of other contributory
systems .

c. Outputs

• Numbers of armored , light armored , infantry and artil-
lery killed or suppressed.

d. Assumptions

• Information exchange between all shooters about tar-
gets in contact is perfect.

V • Information exchange is perfect between shooters of
each type against targets in support .

• All shooters are uncoordinated in target selection .

• Acquisition and kill capabilities against any one tar-
get type are independent of the situation for other
target types.

• Aircraft loads for a given type aircraft on a given
mission are f i x e d .

5. VECTOR

Each day a certain number of sorties are available for CAS 
V

to each sector . All sorties are assigned against deep CAS tar— V

gets (sector reserves and artillery ) unless a call for shallow

CAS support is receive d from a battalion area. Such calls may

be preplanned or may be generated in accordance with the course

of the battle. Sorties are assigned to shallow OAS in battalion

areas in response to these calls in pre ference to deep OAS .

More sorties can be called to shallow OAS than are physically V

available and , in such cases , the sortie is provided but an

accounting deficit message is reported. The excess sorties

are sub t r ac t ed  from the number available the following day .
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Calls and preplanned support are determined by a user—input

tact iol l decision rule.

To r ’~ et damage from shallow CAS strikes is calculated in tw~
ways . The total damage cnused by point attack weapons i: the

product of some input expected lethality t i m e s  tn e  number V f

strikes. Percentage damage caused by area fire weapons is

where S is the number of sorties and C is the area

ratio of munition coverage area to total area . C is an input

which is invariant across sectors but varies by attacker and

target type and by the type of combat (infantry or armor heavy ,
V red or blue).

Deep CAS effects are calculated in the same manner as

shallow OAS point attack damage , above . The target damage

V caused is independent of the target force composition .

a. Inputs by User

• Tactical decision rules to control requests for shal—
V low CAS . These must be programmed in FORTRAN by the

user .

• Preplanned calls for shollow CAS through user
V programmed tactical deci:ion rules.

V 
V • Tai gets killed per shallow OAS sortie by point

attack munitions , by target type , by aircraft type ,
by combat type .

• Percentage of targets killed by area attack munitions
per sortie , by target type , by aircraft type , by
combat type .

• Targets killed per deep CAS sortie by target type , by
aircraft type , by combat type .

b. Inputs Generated by the Model

• Targets by type in the battalion areas .

• Calls for shallow OAS , by time interval by battalion
area.

• Sorties available foi shallow and deep CAS , by sector.
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c. Out puts

• Number of shallow CAS sorties .

• Number of deep CAS sorties.

• Targets killed by type , by location .

• d. Assumptions

• OAS capability is limited to sector assets.

• The OAS munition load of each aircraft type is fixed.

6. Discussion

V Two of the four models , VECTOR an d LULEJIAN , treat
V separately OAS sorties against maneuver units in contact and

CAS sorties against support forces such as artillery . IDAGAM

also allows attacks of on—line maneuver forces and support

forces but does it by input fractional allocation of each

sortie , not by treating them as separate missions. VECTOR

allows attack of close—in reserves . IDAGAM allows attack of

region (army ) reserves. LULEJIAN does not allow attack of

reserves. OEM does not allow attack of reserves or support

forces . Since the Air Force expresses great interest in the

miss ion  of attacking reserves near the front line , this mission

should be addressed in the model in a way which differentiates

it from the mission of attacking forces in contact . The VECTOR

treatment of this aspect appears best.

a. Requirements for CAS

The models differ in the method of determining the

local requirement for CAS . VECTOR assumes that each corps

has a fixed allocation of sorties which are internally divided

V between deep and shallow strikes based on the number of

• preplanned and combat—generated requests for shallow CAS .

IDAGAM apportions sorties on an army (region) basis to

particular corps in order to minimize penetration and flank
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• constraints , or to achieve force balance. CEM contains a complex ,
• multi—leve l logic for the allocation of reserves , fire support
• and air to subordinate levels. CEM does not develop requests

• for support ; rather , support is apportioned from above based

on perceived requirement. The LULEJIAN allocation system is

the most simple . Sorties are simply allocated to sectors in

proportion to the total , Red and Blue , maneuver units in the

sector .  The VECTOR allocation can be substantially altered

by rewriting a tactical decision rule . IDAGAM can be somewhat

altered based on the option selected. For analysis it is

probably most useful if the al locat ion is either based on a
very simple rule , su ch as LULEJIAN , or on a changeable basis

such as VECTOR. In any event it is importan t that the output

show where the mode l logic is allocating the CAS . IDAGAM needs

this improvement .

• b. Command and Control

In CAS as in air—to—air combat , different assumptions

• tire made as to command and control or coordination . One model ,

LULEJ IAN , assumes that some target information is shared by

ground and air forces , and among individual aircraft . LULEJIAN

V then assumes that aircraft select from among these targets

in an uncoordinated way . OEM assumes all shooters , air and

ground , are uncoordinated. IDAGAM in contrast assumes perfect

(Lanchester Square) coordination of all air and ground fire

and , as cur ren t ly  used , perfect  air acquisition of ground
targets. Then IDAGAM inserts a massive , generally applied

“discoordination factor ”, currently of the order of 1/20, to

correct for the assumed p e r f e c t i o n .  This factor is input as

the casualty function. VECTOR assumed that a constant ,

unchanging amount of target information is provided to each

• ‘point—attack CAS aircraft . It, for instance , assumes that the

FAC has told the pilot that a tank is there . The probability

of hitting the tank is hence assumed fixed. This VECTOR
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assumption may be good for close air support. It is tenuou s

for pilot— acquired targets attacked during deep (‘AS. In all
models , the treatment of c omm and and control , whic~ also Th: çlies
the treatment of ~round target acquisition , is a weak area.

c . Munitions

IDAGAM contains a useful feature absent in the other

models. Rather than using a single input parameter to represent

a capability for an aircraft against a ground target , I~ AGA N

uses two input parameters: the capability of an air sunition
ah a in ot  a ground target; and the capability of an aircraft to
carry the munition. Although equivalent mathematically , t IV l S

method is more logically appealing than the alternative. If a
weapon varies in capability dependin~ on aircraft delivery
accuracy, two weapons can be input in lieu of one .

d. Firepower Equival ence

Three models always treat air delivered firepower as
equivalent to ground delivered firepower in determin ing FEBA
movement , and the fourth , IDAGAM , can do so if desired by the

V user. IDAGAM alone contains a rather artificial scheme which

V may be used to make air—delivered firepower more influential
than ground—delivered firepower in moving the FEBA . In the
author ’s judgement , the rationale for this preference is tenuous.

e. Effects

Three models make the assumption that the contribution

• of CAS is purely attrition. LULEJIAN assumes target information
is also generated.

f. Disr uption

Each model tacitly assumes that the delay and d V~ :rup—
V tien caused by air is in the same proportion to the lethality
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caused by air that the delay and disruption caused by rroun’i
V is to the lethality caused by ground systems.
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G. AIR INTERDICTION

1. Topic

In this section air interdiction of ground targets well

behind the FEBA , for example , in the army rather than corps area,

is treated. Close interdiction is treated as part of close air
V support .

2. CEM

In OEM , interdiction is treated as a “yes/no” phenomenon.

If the number of successfu l, that is surviving, interdiction

sorties flown by one side exceeds a user—input threshold level ,
V the opponent is assumed to experience an unfriendly air environ-

ment and all replacement and supply flows experience an additional
delay . If the threshold is not exceeded , no additional delay

is imposed.

a. In puts by User

• rilhreshold levels.

• Delays.

b. Inputs Generated by the Model

• Successful interdiction sorties.

c. Out puts

• Delay , if any , in resupply and replacement operations .

d . Assumptions
V 

• T h a t  the value of interdiction lies in the delay it
generates rather than the casualties it produces.

3. IDAGAM
b

IDAGAM treats interdiction as two phenomena , namely the

air attack of personnel and weapons in the regions , and the air
A— 99
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attack of supplies in regions . The OOMMZ Is not attacked. The

number of personne l and weapons in the region which are des-

troyed by interdiction is the product of the number of aircraft

sorties multiplied by the number of munitions per aircraft per

scot-tie multiplied by some kill capability per munition multi—

rl~ ed by a linear factor. The linear factor adjusts the

relative kill rates based on the actual proportions of the tar-

ge t s  in the region if these proportions differ from the equiva-
lent proportions in a standard force. Interdiction of supplies

occurs as a result of a user—input factor which diverts a per-

centage of sorties from attack of divisions in reserve (IDR)

to attack of supplies. Damage to supplies is calculated by

multiplying the number of successful sorties by the munition

load per aircraft by the quantity of supplies destroyed per

munition . The attack of supplies in sectors Is not treated

here . It is caused by CAS and the ground—to—ground interdiction.

a. Inputs by User

• Munitions load per aircraft .

• Munition capability to destroy each target type , per
munition.

• Munition capability to destroy supplies , tons destroyed
per munition.

• Percent of IDR sorites diverted to supply interdiction .

• The compos~ tion of a standard force.
4

b. Inputs Generated by the Model

• IDR sorties flown .

• Reduction in sorties due to aircraft loss or diversion.

• Actual forces in regions .

c . Outputs

• Personnel casualties and weapons destroyed by type ,
by region.
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• Supplies destroyed per region.

V 

d. Assumptions

• The ~robability of an aircraft acqu ir-~ riv any gr-neralized
target is dependent on aircraft and munition type onl y .

• The probability of an aircraft acquiring a particular V

target type is dependent only on the relative propor—
tions of that particular target to all targets on the
battlefield.

• Redundant kills do not occur .

• Interdiction occurs at the region (field army) level
only.

• The capability of the logistic network is not degraded
by air interdiction .

4. LULEJ IAN 
V

The LULEJIAN model represent s five forms of inter i~ ct~ ve

attack: attack of supply depots; attack of airfield depots ;

attack of SAM depots ; attack of logistics vehicles ; and attack
of the network capacity. Missions are allocated against each

element in linear proportion to the productivity of a m~ssion
of each type . In four of the five cases , the pro i V ability of
acquiring Nacq targets to a t t a c k  is a function of a or sortie
coverage factor , F , the number of sorties , a, and the num~er of
targets present , N.  The form of the acquisition e~uatLn is

acq 
= N (1 — exp (—Pa)). Only the excess of t h e  n e t w o rk  :sasa_

city over a spec if ied (input ) proportion of the initial capac ity
is assumed to be at risk. Attrition to acquired elements ~s

calculated using a similar exponential form , with P redefined

V as a ~V :ill potential and N replaced by Nacq~

a. Inputs by User

• Acquisition factor per sortie , by aircraft and m i s s i o n
type.

• Kill capab~ lity per sortie , by aircraft and mis sion
ty rV e .
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• Percentage  of initial network capacity which exists as
bridges and is therefore at risk. V

• Initial logistic network capabilities , tonnages and
bridges.

V 

b. Inputs Generated by the Model

V • Sorties flown , by mission , by aircraft type.

• Current logistic network capabilities , tonnages and
bridges.

c. Outputs

IJ • Reduction in logistics network capabilities , tonnages
and bridges.

d. Assumptions

• That the network is constructed in parallel (as opposed
to series), and no choke points exist.

• That the number of detections and engagements is~ di— V
rectly dependent on the number of shooters and the num-
ber of targets (except for bridges).

• That all shooters sele~ t among all acquired targets
I

V V simultaneously and independently , thus leading to Un—
coordinated attacks which in turn cause overkill when
the number of shooters approaches or exceeds the num—
ber of targets.

P 5. V E C T O R

The VECTOR model does not distinguish interdiction per se.

Instead , in addition to shallow and deep combat air support

mi ssions , VECTOR allows the user to specify individually five V

V 
air attack mission types , each of which can destroy input

quant it~~ s cf  forty— five target categorIes. Examples of these

categories are ground POL in reserve or aircraft ordnance at

airbases. The total quantities destroyed are these input fac-

tors rult~ r lied by t h e  number of successful sorties. Strikes

are ca r r i ed  out on a sector la sis . V
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a. Input s by User

• Quantity of target category destroyed , per aircraft
type , per mission type , per target category type .

• Aircraft allocation rules.

b. Inputs Generated by the Model

• Target populations.

• Sorties flown per sector , by aircraft and mission type.

c . Output

• Target kills , by target type , by sector .

d. Assumptions

• The number of targets acquired and killed is indepen-
dent of the target population as long as the popula-
tion is non—zero. 

V

• There are no redundant kills.

6. D iscussion

In the same way that acquisition appears to be the most

difficult physical process to model , interdiction appears to

be the most difficult mission to model.

a. Effects of Interdiction

V Broadly speaking interdiction can have two effects on

an opponent — attrition and disruption . Attrition occurs when

off—line combat forces such as divisions in reserve are attacked

and s u f f e r  casualties. Disruption is generated when the supplies

necessary for the conduct of the war are destroyed or when the V

means to distribute these logistics are destroyed . All models

treat one of these two aspects ;  LULEJIAN treat s bo th .

Another form of disruption can occur , namely when t?~~
capability of a side to exercise command and control over combat
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forces in term •; (t communication , movement and intelligence V

operations 1:; di nimil shed . None of the models treats the use of V

air resources to achieve this form of interdictive disruption. V

It is not clear that by limiting the treatment of interdiction

to basica ll ; logistic denial that the most important of the

foregoing effects has been treated.

A second general problem with logistic denial type

models is that the payoff in actual operations is probably not

linear. It seems to be generally agreed based on experience
V i n  WW II and RVN , that a, say , twenty percent reduction in

logistic capability due to interdiction does not cause a com-

parable reduction in combat capability. This phenomenon is

particularly true when reduction is imposed over long rather

than short periods of time . In contrast , disruption can be

effective if one element of supp ly, say , POL is essentially

totally denied and this denial Is effected in a short period

of time . The upshot of this nonlinearity is that the coupling

of the effects of logistic destruction in terms of tons lost ,

~~riV11ges destroyed or delay s imposed with their actual effect

on the combat capability of the forces is unknown . This pro-

blem area appears to be caused by the lack of a theory , not of

modeling . Each model makes its own simplified assumption as to V

thTh linkage.

C~-Ti contains a simple logic. If the number of sorties

exceeds a threshold , the opponent experiences a fixed delay in

replacement and supply flow . If the threshold is not exceeded , V

no delay occurs . Although it has intuitive appeal , this
approach is so simplified that it appears to be of little use
for analysis.

LULEJIAN uses exponential equations , similar to those
throa -hout the model , to calculate the capability of interdic—
t

~~~

n aircraft to destroy supplies , and consequently , the amount
of supplies destroyed. Also , the amount of supplies which can
be mnv~~d throu~’h a transportation system of a given capacity
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is computed using exponential relationships. Once the amount

of supplies surviving interdiction is determined , the degrada-

t i on  of individual unit effectiveness caused by inadequate sup—

nlies is proportional to the fraction of required supplies

which is unavailable.

The IDAGAM assumption regarding the effects of supply

shortages is the same as that in LULEJIAN except that supplies

are assumed to flow efficiently; hence , degradation due to inter-

diction is purely proportional to shortfall.

VECTOR contains no internal logic to degrade effec-

tiveness due to supply deficiency. The capability does exist

to input some degradation based on tactical decision rules.

Substantial alterations to the attrition equations as a result 
V

of supply shortfall would be difficult to accomplish.

b. Interdiction of Reserves

As was mentioned , IDAGAM permits the attack of re— V

serves which are located to rear of the sectors . The attrition V

caused by these sorties against reserves is calculated in a V

manner similar to the calculation of attrition to ground forces

by OAS sorties except for the absence of the “discoordination

function. ” This function , called in the model the casualty

function , reduces the effectiveness of OAS by an order of mag-

nitude to account for imperfect acquisition , discoordination

of attack and so forth. The user must exercise caution to

assure that the effectiveness values input to the model for

interdiction reflect this difference in methodology . If this

is not done , interdiction will be overstated vis—a—vis the

effectiveness of OAS . None of the other models classifier any

attack of reserves as interdiction.
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• K . AIR BASE ATTACK

p 1 . Topic

This section discusses the air attack of opposing air bases

and aircraft on the ground .

2. CENt

Input fractions of the two aircraft types on the forward

airbase are at risk. These aircraft are sheltered up to an

input number of shelters and the remainder are considered to be

• in the onen. Successfully penetrating attackers are divided in

proportion to these numbers of sheltered and unsheltered tar—

V 
gets. Given N attackers and T targets , each target is attacked

by N/T attackers; hence perfect divisibility of the attackers

is assumed. Kills are calculated using a binomial attrition

equation. ’ Only the content s of a shelter may be destroyed ,

not the shelter itself.

a. Inputs by User

• Shelter inventory
V • Probabilities of kill of sheltered and unsheltered

aircraft . The probabi-lities of detection are incor— V

porated in the kill probabilities.

b. Input s Generated by the Model

• Current aircraft inventory by type.

c . Outputs

• Number of aircraft destroyed on the ground , by type ,
by sheltering status.

1 The term (—PAP) in the equation in Part I, page 85, of the  CNN
IV manual should read (1—PAP).

A—l 07

Vii iV~~~~~~ 

— ~~~~~~~~~~~~ ~~~~ — - -* V •V 
~~~ V V • V ~~

V ~~~~~~~~



V - VV ~~~ -V V V ~~~~~V -V -V V VV -~~~~~~~~~~~~~ ~~~~ V V V ~~~~~~ V V~~~~~~~~~~~~~~~~~~~

d. Ass u m p t i o n s

• Detection of targets is perfect.

• The coordination , or point fire distribution of the
attackers , is perfect. Tnis assumption allows an V

attacker to kill more targets than the numerical value
of Pk , i.e., one attacker with a Pk of .5 engaging ten
targets kills .67 targets.

• All shelters which are attacked are assumed to contain
aircraft .

• Shelters are not destroyed.

3. I D A G A M

IDAGAM contains built—in logic to decide which specific

target at which specific opposing air base will be attacked by

aircraft stationed on a particular friendly base. The logic

computes a weighted sum of the sheltered and unsheltered air-

craft at each base within range and apportions sorties in pro—

portion to these weights. In the event no bases are within

range of a p~ rticuiar attacker type , the model will reassign

the attack mission to aircraft of the same type which are at a

base within range . A threshold target density below which

strikes will not be launched is input . When ABA missions are

infeasible , aircraft which would otherwise be assigned to then

are assigned to CAS .

Attrition to aircraft parked in the open , to aircraft

parked In shelters and to the shelters themselves is calculated 
V

using a single engagement binomial form of attrition equation. 1 
V

This attrition equation specifies a user input detection probab-

ility which is physically interpreted as the probabil ity that

an individual shooter detects an individual target . The value
is independent of target type. Insofar as shelters are availa~ le

‘The model contains five other optional formulations , three being
exponential and two Lanchester. The assumptions inbedded in
these alternate formulations d-ffer somewhat from those ~r c .
See section on IDAGAM air—to—a ir combat . . V
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o i L - c r - a r t on t h e  ground are assumed to  be s h e l ter e d .  A i r c r a f t
are r r i V n t t i o ed  by type , and all a i r c r a f t  of the  h i r h e r  r n i o r _

V i ty  are she l te r ed  f i r s t .  User input shelter locations are fixed

while the number of usable shelters is determined by FEBA loca—

t 1 ~T~!l - 
V

V A fixed quantity of aircraft , by type , by base may be held

on the ground in a W~V thh Old status. Attrition to those aircraft

V~V allowed.

a. Inputs by User

• Probability of detection , by aircraft type , by loca-
tion , sheltered and unsheltered.

• Probability of kill given detection , by shooter and
target type , sheltered and unsheltered.

• Minimum target density for attack.

• Aircraft shelter , by location.

• Sheltering priority, by aircraft type.

• Percent of time an aircraft is on the grou~ d , by air-
craft type.

• Quantity of aircraft to be withheld , by type , by  base.

b. Inputs Generated by the Model

• A irbase attack sorties , by aircraft type , by target
airbase.

• Sheltered and unsheltered aircraft , by aircraft type ,
• by base.

c. Outputs

• Aircraft killed on the ground , by type.

• Shelters destroyed.

d. Assumptions

• That the attack of aircraft on the ground is a single
er lE agement point  fire phenomenon .
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• That d e t e c t i o n  is depcVnd Vnt on t he  overall n u m b e r  C f
• a t t a c k e r s  and taTi~~~V t O  tV U L  L V ; n i  V c ~ r~~~~ n t  of t a r V e t  ty p e .

• That  a ir c r a f t  i n n I V d iutely f~ 11 any empty sI elt rV r s .

I • That r e d u n d a n t  k i l l s  o c c u r .

• 4.  LULEJ IA N

Both tactical and airlift aircraft can ic destru’,’ed on the

ground in the  LULEJIAN model. Airlift aircraft are asr -ucc - d to

V 
be in re o ions in proport ion to the  reg iona l  dern ~~r-1d for s a r o t V l y

V tonnage . An i nput fraction of aircraft stationed on an ~~~~~~ O V
V V

~~~ V

V - 

is assumed to be at risk. Tactical aircraft fill avV laiVle

shelters in proportion to the number at risk of each aircraft

V 
type. Airlift aircraft are unsheltered .

A t t a ck  ins  aircraft by t y p e  have a kill c a p a bi l i t y  a g a i n s t

a i rc raf t in the open or aircraft in shelters. /ircroft ~n the

open are attacked as point targets , w ith conch attacker ha~~~ng

an input Pk a’-ainst each target type. Cheltered a~rcraft ar~c

attacked as area targets w i t h  each a t t a c k e r  hav V~ To a leti a 1 area

for hiS munition load . The size of the area containing t h e
shelter,~V is input . Attr it~ cn to unsheltered a i r c r ~~

V
V~~f t  ~~ s

put -ui uV V V~~~ng an exponen t i a l  e q u a t i o n  of t he  form T k i l l ed  =

-ks/T VT ( l—e ) ,  where T is  defined as the number of targets, k ~s 
V

t~~
V
OV V rer sort ie potent i al and s is the  number  of p e net r a t i nr

V 
s o r ti e ; .  For sheltered aircraft the equation is T V:~~lled =

• —ks/t V . . -T ( t_ e ) m ere t is defined as an area , k is defTh nod ~u

terms ~I f  an area rotentiVal per sort~~e , and T and s ar e , rn si
VV C _

tively , the number of t ar - get s  ar id  t h e  n u m b e r  of pene t r a t
- sort ie s. D et e c t~~on N V p e r f e cs .

Shelters which are struck , whether occupied or emr~~~y ,  are
V i e s  t roy~~~i and cannot  be r e p l a ced .

H
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a. Inputs by User

• Kill potential afain ot unshe1~ ered a i r cr a f t , tV V~~~ attacker
aircraft type.

• Lethal area against sheltered aircraft , by attacker-
aircraft type.

• Number of shelters at start .
V • Size of area is which shelters are located .
V • Sortie times and availability used to detc V rni ne at

r isk f rac t ions , by air c r a f t  type.

b. Inputs Generated by the Model

V • Aircraft inventory by type , by region , to include air-
lift aircraft .

• Current shelter inventory .

V V c. A s s u m p t i o n s

• Target detection is perfect .

• The a t t a c k  of t a rge t s  is u n c o o r d i n a t e d ;  r e d u r i d o o l. k i l l s
occur .

• An attacker is predestined to attack only sheltered or
V unsheltered aircraft , not bo th .

• When a sheltered aircraft is destroyed , 
V
~ts shelter is

also destroyed.

• The probability of destroying an aircraft on the grow
is independent of the a i rc ra f t  t y p e .

5. V E C T O R

V 
The treatment of aiV rbase attack in VECTOR j~ s~~~; Vi la r  t o

the treot;: nt of interdiction and T O  one of the five user—

sp V c if ie d  missions . Among the forty—five possihie t O r
V V

~~e t V  el e-

ment s , unsheltered aircraft and shelters each aprear twice ,
V once in an area attack formulation using Nk N (l_P

k
)S an d once

as a p o i n t  t a r g e t  using N
k 

= SP k .

For each aircraft type there is an associated shelter type ,
thereby permitting selective sheltering. Attackers do not

A-. iii
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discriminate among shelter types or types of aircraft during the

attack. All types are attacked in proportion to the number

present and all shelters and aircraft are equally vulnerable to

attack by a particular attacker type.

An input percentage of shelters which have had their con—

tents destroyed are destroyed themselves. New shelters can
V become available during the war .

a. In puts by User

• Shelters , by aircraft type , by sector .

• Unsheltered aircraft destroyed per sortie , by aircraft
type.

• Sheltered aircraft destroyed per sortie , by aircraft
t y p e .

• Fraction of unsheltered aircraft in an area destroyed
per sor t ie , by aircraft type.

• Fraction of time an aircraft is not on the oround .

b. Inputs Generated by the Model

• Number of aircraft sheltered and/or unsheltered on
the ground , by type , by sector .

• Number of successful attack sorties , by attacker type ,
by mission , by sector .

c . O u t p u t s

• Aircraft killed on the ground , by type.

• Shelters destroyed.

d. Assum ptions

• Area fire weapons attack first.

• The number of aircraft killed by area fire weapons is
independent of hardstand dimensions .

• Point fire weapons kill no dead targets.

• Each attacker has a given p r o b a b i l i t y  of detecting a
V V target , and that probability is independent of the

number of targets present .

4
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• Point and area fire attacks are independent of one
an o t h e r .

6. D i s c u s s i on

In all models the tenefits of airbase attack are expressed

in terms of aircraft and shelters destroyed. (The airhoses stay

always intact.) No model allows airbases to be suppressed for

a period of time .

a .  S h e l t e r i n g

All models treat sheltering but the degree of sophis~
t i c a t i o n  v a r i e s .  At one extreme , CEM plays shelters which are

unde-troyahie and are apportioned equally amon~ the  not ional
V a i r c r a f t  on a b a s e .  A t t a c k e r s  a lso  a p p o r t i o n  f i r e  linearly

aga ins t  sheltered and unsheltered aircraft . IDAGAM , in contrast ,

alo y s  s h e l t e r s  w e l l .  Shel te rs  can be d e s t r o y e d .  A i r c r a f t  can
be p r i o r i tI z e d  so tha t  va luable  a i r c r a f t  are e n t i r e l y  she l t e r ed
in pr e fe r~ nce to less valuable aircraft . Shelter availability

is c o n ti ng e n t  upon FEBA loca t ion . Both point and area f ir e
attack modes may be modeled for the attack of sheltered ar V

i

V unsheltered aircraft . As in all IDAGAM air model engagements ,
op t ions  are avai lable to model differing degrees of shooter
coord ination. VECTOR achieves a similar degree of detail by a

somewhat different route. In VECTOR , there is a shelter level

for  each air c r a f t  t ype , thereby allowing priority sheltering .

Both po in t  and area a t t a c k  are p e r m i t t e d .  The c a p a b i l i t y  of
acquirinr targets is assumed in VECTOR to be independent of the

number  of t a r g e t s  available , a tenuous assumption, LULEJIAN

does not termit priority sheltering. Shelters are apportioned

linearly to all types of aircraft on the  ground , based on the
numbers  of each t y p e  of aircraft . Attack ing aircraft engage

V shelters UOV L T V
H V V area f i r e , w i t h  t he  she l t e r  area an input .
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b. A l l o c a t i o n  of Fire

IDAGAM contains internal decision logic which directs
V the attacker in the allocation of strikes against sheltered

versus unsheltered aircraft . The objective is to maximize the

number  of a i r c r a f t  de s t royed  on t he  ground . An improvement
might be to input a quality factor for opposing aircraft and

V then allocate so as to maximize the quality destroyed. In

other models , aircra f t  are allocated to attack sheltered and
unsheltered aircraft according to input proportions . The input

is independent of the status of the opponent .

c.~~~~~
IDAGAM has been mod i f i ed  to  al low for  a vu lne rab le,

n o n — f l y i n o  QRA a i r c r a f t  level .  The other models , except CEM ,
should be able to  play QRA , but t h i s  c a p a b i l i t y  is not docu-

mented.

d .  A i r l i f t A i r c r a f t

LNLEVT IAN alone allows the attack of non—tactical air-

craft on the ground

e. General

A l l  in all , the  t r e a t m e n t  of a i rhase  a t t a c k  in ID AG AM
i. p robab ly  the  most reasonable .
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I .  A I R  D E F E N S E  A R T I L L E R Y

1 . To~ i c

Th i s  s e c t i o n  examines  the  model ing  of A ir D e f e n s e  A r t i l l e r y

V 
( A D A )  engagement of opposing penetrating aircraft . Both short
range weapons , generally anti-aircraft gun (AAG), and lonu range

surface—to—air missile systems (SAM) are treated.

2.  CEM

Non—CAS ground—to—air attrition in CEM is the linear pro-
duct of the number of penetrator sorties (2 types) multiplied

V by the number of notional anti—aircraft sites (1 typo) multi—

V plied by a probability that each site detects and kills a pene—

trator (2 penetrator types).

A t t r i t ion of CAS air c ra f t  by ground f ire is ca lcu la ted
similarly excep t  the linear f a c t o r  (ADA units per enemy unit
x number  of enemy u n i t s  x a i rc ra f t  lost per squadron per enemy
ADA un i t  x number  of f r i e n d l y  squadrons  in support ) is d iv ided
by the width of the supported friendly unit (Blue Brigade , Red
Division). The width is measured in nun kV~~r s of m i n i s e c t o r s .

a. rnputs b y User

V 
• ADA un i t s  in division.

V 
• ADA units in rear areas.

• Kills per ADA usJt by penetrator type or squadron.

V • Nectar width.

b. Inputs Generated by the Mode l

• Squadron.; in support of each sector .

• P e n e t r a t i o n  O I V
d ~V V

V V
.

• Ni visio n s in s e c t o r s .
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c. Outputs

• Pene t i- itors iest roy ( 1 , by tyne.

d. Assumptions

• No saturation efi~ects occur.

• Regional air hV fense  is independent of sector geometry .

• No redundant kills occur.

• There is no limit on the firing capability of ADA .

3. I D A G A M

IDA GAM is capable of playing two ADA systems . One system

can be long range in that it can engage aircraft which are
p 

flying over its general location in route to target areas fur-

ther  to the  rear . For th is sys tem , an account of inventory and

expenditure of missiles is maintained. The second system is

short range and can only engage aircraft on attack , escort or

suppre s s ion  m i s s i o n s  in i t s  general area. Systems can be

located in sectors , regions or at any airbase. The same attri-
tion equation options are available as are available in airbase

attac k or air—to—air combat . As in air—to—air combat , de tec t ion
probability is independent of target aircraft type but is depen-

dent on mV i :V sion and location. Kill probability is dependent on

tarset typo and target mission but not on the location of the

irit. Enact  i on .

a. Inputs by User

• Pr )i a~ i l i ty of target detection , by shooter t y P e , by
~;iooter locat i ri , i~~ tar-get status (fl~V V _ t y or a t t a c k ) .

• Pret ;ri V Vility of kill by s h o o t e r  t y p e , by t a r g e t  t y p e ,
l V  m i s s i on .

* • A t . t,ri - ion equat ion 0 1 5 ) 1  cc , by interaction t~~VV p e  -

• In al dA N I n J rI t ,o P
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b. I nputs Generated by the Model

• Nut rll V eI ’ of aircraft avai lab le to f e  engaged by SAM and
AAG at each  l o c a t i o n .

• Current SAM inventory .

c. PV U tPUt

• Aircraft losses to dAM and AAG by location , by type.

• SAM inventory status .

d. Assumptions

I Only the long range systems can engage targets flying
by.

V I All SAM or AAG in the sector , region or at the attached
V - 

airi ase can ens 1)e all airc ra f t  which attack the par-
ticular sector , region or airbase.

• Nepending on the attrition equation chosen the shooters
are coordinated or uncoordinated on target selection
and may engage one or several targets.

V 
4.  L U L E J I A N

Penetrating aircraft can encounter both area and point—

deploye .i d A i V V~ and AAG. The area—deployed systems engage all
penietrato; n. other than CAS sorties as they fly by. Area SANs

enoase r r i o r  to area AAGs . Both SANs and AAG are assumed to

1 e P O t L V 1 O T L I i~~ ,
V V j ~~p ] oy e d  in the  s e c t o r s .  Thei r  t h e o r e t i c a l  coverase

is calcolated by m u l t ip ly i n g  coverage width per site times num—

icr fV sites and ii vi cl in g by sector width. This number is then

m u l t i p l i e d  by t he  aver-roe number of SAN s f i r ed  and t h e  of ’ 
V

t h e  SAM to  o f V t r i n  TSKP , the total SAM kill potential a~~~~a 1ns t

penetrators. The actual penetrator losses ar e equal to 
V

T (l—exp (—T SKP/T)) where T is the number of penetrators. V

Dnutli nn - the assumed number of corridors doubles TSKP . Attri—
tion ir e to area—deployed AAG ii; calculated using a similar

formulat i on.
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At the penet-~otor objective , SAM and AAG coverage Is assumed
V 

to be net-fea t; that is , all  SAM an d AAG are ca pab le of e n g a gin g

a l l  a i r - r a f t  s u ppr e s si ng  or a t t a c k i n g  in t h e  area.  r F i i c  TSKPs

or kill potential s of each system are calculated by m u l t i t V l y  in s -

the number of launchers by the average number of mis siles fired

by a tracking and a hit probability. The potential may be

des-raded by suppression and by supply shortages. Penetrator-

~:tlls are calculated for kills by SAM then AAG using t I V V ;V;ame

exponential form as above.
V 

CAS attackers in sectors encounter SAM and AA G coverage

calculated analogously to the single crrridor coverage of fly—
V by penetrators by area—deployed SAM and AA G , except that the

width used in calculating TSKP is the sector rather than the

‘~eg Vlon width.

a. Inputs by User

• Number of ADA battalions , each with a fixed number of
V V SAM and AAG sites area—deployed in each sector and V

each region , and point—deployed at each target area.

L • SAN search width.

F I SAM tracking probability. V

• SANs f i re d  per site.

• AA i searc h ¶ V r i d t h

• AA i kill probabilit y .

• Region I-f i lth.

• Sector V ; i 5 t b ~

• ~kV1Pb er of p - V: net r a t o r  c e r n  ors -

b. Inputs  Genera ted  by the Model

• N u m b e r  of SAM and AAi s i t e s  n ei t h e r  Vu p p r e s s e d  nor
V destroyed.

* S Si te  deorcV r iV a t on lu ? to i-app ly shorta -~.

• ~ iu m i er of p e n e t r af V o r  a ir c r a f t  e n c o u n t e r e d  b y  c a b
ite. 
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c . Outputs

• Number of penetrators destroyed by t y p e , by location.

d. Assumptions

• SAM and AAG deployment is random ; however , target
engagement is perfectly coordinated.

• Target detection is perfect for point defenses. Detec-
tion by regional area defenses is based on their cover—
age area and the total area of the region.

• That a doubling of the number of axes of penetration
V doubles the number of air defenses encountered.

5. V E C T O R

The penetrating group and its escorts are subject to attri-

tion during ingress by three classes of air defense fire ; short

range f ire s near the  FEBA , short range f ires in th e rear , and V

long ra nge f ir es rand omly located t hrou ghout the  sec to r .  A
probability of kill of each target aircraft type by mission

type is associated with each site type. All sites are assumed

to engage in an uncoordinated attack on the penetrators. Sat-
V uration is not modeled. Attrition of penetrators at the target

area by long and short range anti—aircraft fire is calculated

using a multiple shot binomial equation of the t orm
V 

AT = T(l_ (_P
k)
5). Detection is included within Attrition

of suppressor aircraft by long range anti—aircraft fire is an

input table look—up . S is the number of sites protecting the
V point target or bat ta lion area. The equat ion for  B

~~~ km at the V

top of page 183, Volu me I , “A User’s Guide ,” is an error . The

terms ~~~~~~~~~ and ~~~~~ should be exchanged. -

Egress attrition due to randomly deployed ADA is calculated

* 

in the same manner as ingress attrition. Except for the effects

of previous suppression , the same percentage of available air—

craft is destroyed during egress as during ingress.
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a. Inputs by User

• Probability of kill during ingress or egress by site
type , by target aircraft type , by mission. V

• Number of sites defending point targets , by site type.

• Probability an attack or escort aircraft is killed by
an individual site , by site ty pe , by target aircraft
ty pe , by mission.

• The number of suppressor aircraft destroyed in the
duel with a SAM site.

b . Inputs Generated by the Model

• Number and size of penetrator groups , by air c r a f t  t ype ,
by mission.

c. Outputs

• Number of penetrator aircraft killed by type , by mis-
sion.

d. Assumptions

• Ground—to—air defense is a sector phenomenon.

• Area sites in a sector and sites at a point can fire
at a fixed fraction of penetrators. Saturation causes
no variation in the ability to fire .

• Sites are uncoordinated so redundant kills occur.

6. Discussion

In all models exce pt CEM , a deep—penetrating aircraft can 
V

encounter area—deployed and point—deployed ADA of at least two
distinct types. The CEM treatment in contrast allows the pose—
trator to encounter only one type notional defense at only one V

location. In all models , CAS sorties encounter ADA only once ,
not twice , but as before , CEM t reat s one ADA t ype wh ile the
others  t reat  two or more .
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a. Coor di na t i o n

As in all the attrition encounters , IDA G A M a l low s the
V user to select among several attrition equation forms for both

AAG and SAM f i r e .  ~V ;ith this selection one makes assumptions as

to acquisition and fire coordination. VECTOR an~ L U L E J I A N  do

not allow this option in attrition forms. VECT~IR assum es a
multiple engagement binomial form implying a o

Vo n s t ant  s a t u r a t i o n
level. LULEJIAN uses an area coverage model with single engage-

ment allowed for area—deployed ADA . All point—deployed ADA

engage penetrators. SAM sites may fire more than one missile ,

but the number fired is a user input and therefore predeter-

mined.

b. Cor r idor  Pene r ta t i on

VECTOR and IDA GAM do not m odel corr idor pen et r a t i on .
LULEJIAN treats it superficially by assuming that a doubling of

the nur d V er- of cor ridors doubles the capability of the ADA , an
V assumption which is only true at saturated levels.

c.  A b o r t i o n

None of the models treat the likelihood that a pene—
trator wh i ch i ~

V
r I )~~~I~~~e(I by SANs will abort the mis sion. In

seneral , no model treats the ability of ADA to influence the
VV ~~fec t iveness of air munitions delivery .

d. F l igh t  P ro f i l e

None of the models varies the capability of ADA depend—

I I  on t he f l J V s-ht profile. Since , however , ea ch model acce p ts
ir V p ut Vs describi ns- the capabilit y of ADA b y shoo ter t y p e , by

tar-ct type , and by mission ) it would be possible to adjust input

‘A c t u a l ly , a set number is assumed fired for calculating air—
craft kills. Then after the fact , the number actually fired
is calculated using : Nurl er of kills -

N V
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V capabilities so as to approximate different profiles . ihis

V nrucedure would also require adjustment of perletr V -Itor car a—

bilities in terms of range , payload and munition eff : c t V i v V n u s s

parameters. The procedure might be ponderous.

e. ECCM

ECCM is not modeled .

f .  M i s d i r e c t e d F i r e

In none of the models are friendly aircraft iriod ver— V

tently subjest to friendly ADA fire.
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J . A I R  D E F E N SE A R T I L L E R Y  S U P P R E S S ION

V 1. Topic

V In this section , the manner in which attacking ai rcr a ft

V 
suppress the ~p~~ s-j~ g air defense artillery (ADA), conniV ;ting V

V of b oth surface—to—ai r missiles (SAM) and anti—aircraft ouns

( A A O ) , will be discussed. Any capability to model ECM is

represented in this section.

2. CEM

The CEM model allows the destructive attack of SAl-i sites

by an input fraction of counter air (CA) sorties. The effect

of this attrition to SAMs is felt in subsequent periods rather

than the current period . The numb er of SAM sites destroyed Vi.:

V calculated by multiplying the per—sortie capability of the air—

V craft by the number of sort i V V s .

a. Inputs by User

• ~raction of CA sorties allocated to attack of SAN sites.
V 

• Number of SAM fire units destroyed per attacking air—
V craft sortie.

b. Inputs Generated by the Model

• Number  of CA so r t i es

• Number of SAM fire units.

V c. Outputs

• Nir r sf er of SAN fire units destroyed .

- S

d. Assumptions

* • S u I r r e s s io n  is a delaye l attrition phenomenon.

• D e t e c t i o n  of SANs by suppr e s s o r s  is p e r f e c t .

• A ttack coordination i: perfect.
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• k o  d e s t r u c t i o n  or s u p p r e s s i o n  of divisional a i r  defenses
is possible.

3. IDAGAM

In IDAGAM . suppression is modeled as an a t t r i t i o n  pl en cr e—
non . As in other interactions , the form of the attrit i on equa-

tion may be selected by user option. Suppression can be
directed against the one type of SAM and the one type of ant i-

aircraft gun (AAG) in the forward sectors and at each airbase.

V 
An input  percen tage  of the primary mission aircraft is desig-

nated for suppression; however , this percentage will he

linearly reduced if the number of SAM or AAG sites is below an
lo ut level. Below a threshold input level of SAN and AA G

V 

sites , no aircraft are designated for suppression .

a. Inputs by User

• Probabilities of detection and kill of SANs and AAG ,
b y a i r c r a f t  t y p e .

• P e r c e n t a g e  a l l o c a t i o n s  to  SAN and AAG suppression.

• Number of SAM and AAG sites below which no suppression
is to  occur .

b. Inputs Generated by the Model 
V

• Number of suppressor  mis s ions , by a i r c r a f t  t ype , by V

t a rget  a i rbase  or s ec to r .  V

• Current SAM and AA G inventories.

c. Outputs

• i~Jumber of SANs and AAGs destroyed .

d. A s s u m p t i o n s

• Su p p r e s s i o n  is an a t t r i t i o n  m e c h an i s m .  S u p p r e s si m
* permanent .

• The degree of suppression is related in a linear or
binomial form to the number of aircraft assis-ned to
suppression missions.
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4 . L U L E J I A N
V V Suppression aircraft are assigned to missions in the same

V proport ions as the strike aircraft which they are assisting.

These surpressors interact with two classes of air defenses , the

V a r e a — d e p l o y e d  and the point—deployed defenses. The attack of

are r — iep l oy e d  s y s t e m s  by fly— by suppressor aircraft is te r rp c r_

ary 2~ hour  s u p p r e s s i o n, as opposed  t o  an a t t r i t i o n  phenorV r r V n .

Each a i r c r a f t  is given a capability to suppress an area of SAlts

a r i .~ an area of A A G .  Pe rcen tage  s u p p r e s s i o n  is c a l c u l a t e d  by
an e x p o nen t i a l  expression of the form l—exp (—T/R ) where T is

the summed area suppres s ion  potent ial an d R is the area of SAl -i

or AA i denloyment . Point—deployed SAM and AAG in the interdic-

t i o n  tars-ct areas are attacked with both suppressive and des-

tructive weapons. Area sites are attacked by suppressors

V 
accompanying interdiction aircraft targeted against vehicles in

t h e  LOCs .  In f l y — b y  suppres s ion , the  r e l a t i v e  c a p a b i l i t y
a~~a i n st  SAM and AAG could vary . In target area suppress ion ,

the relative capability as-ainst each is fixed. The limitat i on

perta in ing to tar get area su ppress ion assures t h a t  SAM and AAG V

are attr ited in fixed proportions to one another. The frac—

t~~OflV V of point—deployed sites suppressed and destroyed are cal-

culated usinp an exponential of the form l-exp (—T/US) where T

is a summed potential to destroy sites , U is the number of

battalions at the point and S is the number of sites per bcttal~
• ion.

V 
a. In puts by User

1 - • Capabilities of f l y — b y  a i r c r a f t  to  suppress  SAN s and
V AA Cs by a i r c r a f t  t y p e .

• V~al ar V i l i t i e s  of p o i n t — a t t a c k  a i r c r a f t  to  suppress  and
fract ionally destroy ADA sites by aircraft type. ADA
sites are composed of fixed fractions of SAMs and AA Gs .

• Number of sites per ADA battalion.

t • Preference levels for use in a s s iV g nin i -  particular types
V of aircraft to suppression missions . V
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b. In puts Generated tiy the Model

V 
• Number of suppression sorties , by point—attack mission.

• Number of ADA sites at each tarset.

• Area assoc iated with deployed SAN and AA (VI sites.

c. Out out s

• Number of area— deployed SAM and AAG s u p p r e s s e d .

• um ber  of point—deployed ADA battalions oppressed and
dep loyed.

d. A s s u m p t i o n s

• Specific suppression aircraft assignments are indepen—
den t  of the density of ADA sites in the particular
tar get areas .

V I ADA s i t e s  have a f i x e d  mix  of AA G and S AN s .

V I An area—effects mode is used in fly—by suppression of
randomly deployed sites.

• Point attack with perfect acquisition is used in the
a t t a c k  of ADA sites at interdiction targets.

V • Pe du n d ant suppres si on and k ills occur .

5. V E C T O R

Ii In the VECTOR model , suppression is a principal miss ion

rather than being a percentage of another mission . Based on

i nr u t , such missions can either make a suppressed site unavail-

able for a number of days or can destroy the s i t e .

• The n u m b e r  of long and s h o r t — ran g e  s i t es  suppressed  is
d e t :r s  m ed by m u l t i p l y i n g  the  number  of s u p p r e s s o r  g roups  by

the  s u r v i v i n g  group s i z e  by the  k i l l  or s u p p r e s s i o n  c ap a t i l i t y
of each V ) ~V~~~r V n f t

The surv iv ing g r o u t  size i s the  or V i s - irla l input—specif ied

sire reduced by the percentage of aVi r c r a f ~ engaged (not nece s—

sarily destroyed) by interce Ptors. In addition , the percentas-e

of aircraft destroyed by short and long range ADA weapons dur—

V ins- t I V ?  p e n e t r a t i o n  and the s u pn r e s s i v e  attack reduces the -reap
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size. Detection of ADA/sItes uy suppressor aircraft is assumed

to be perfect.

a. In puts by User

• The probability of kill or suppression and the period

V 
of suppress ion , 5cr aircraft type , per mission tyte ,
per supnr-ession tar, V )t ~~

• The i n i t i a l  aircraft group size , per a ir c ra f t  type ,
per mission type.

b . Inputs Generated by the Model

• S u r v i v ing  s u p p r e s s o r  sort ie s .

• Short and long range ADA inventory , by s ec to r .

c. Outputs
V 

• Short and long range ADA sites suppressed and destroyed ,
by sector .

d. Assumptions

‘V 
• Suppression is a point—to—point phenomenon and is

V linearly proportional to the ratio of suppressors to
sit e s .

• Suppress ion attacks are perfectly coordinated.

• S u p p r e s s o r s  will detect targets if targets are presers- .

6. Discussion

a . Suppression vs Destruction

A major difference between models is in the differen-

tiation between suppressive attacks and destructive attacks.

In two models , CEM and IDAGAM , the attack of ADA is purely de—
V structive rather than suppressive and destructive . IDAGAM

assumes that the site attacked is destroyed immediately ; SN!!

assume s that the site is effective for this period and destroyed

in subsequent periods. VECTOR and LULEJIAN assume that both
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temporary suppression and fractional destruction can occur.

Since electronic counter—measures can make ADA ineffective but

do not d e s tr oy  the sites , the VECTOR/LULEJIAN assumption appears

bet t er .

b. R e s o l u t i on

All r odels except CEM treat suppression of SAM and AA G

separately. In LULEJIAN however , SANs and AAG must be destro :VJed

in fixed proportions to one another. This is not the ca~V;e in

LULEJIAN fly—by suppression .

V c. C o m m a n d  and  C o n t r o l

As was the case ~n air—to—air combat and ~~~~~~1V
V

attack , each model makes slightly different assumptions con-

cern ing target acquisition and attack coordination . These

assumpt ions have been listed in the particular model paragraphs.

In IDAGAM the mathematical form of the engagement s may vary
V depending on user option. In VECTOR , CEM and LULEJIAN the

attrition form , hence the basic coordination structure , is

fixed.

d. Requirement

Only IDAGAM contains internal logic to determine a

need for suppression missions . The number of suppression sor-

t ies , as a percent  of the  e sco r t ed mission sorties , w ill vary
V b e tw e e n  a user  max imum an d zero , depen ding upon the  num ber of

sites to be suppressed. In VECTOR , logic for allocating air-

craft to the suppress ion mission is input as tactical decision

rules. The number of sites to be suppressed can be a part of

the decision criteria. In the other models , the amount of effort

V the model allocates to suppress ion is independent of the number

of sites to be suppressed.

[ 
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K. FEBA MOVEMENT

1. C E M

In CEM , FEBA movement  is d e t e r m i n e d  by compar ing  the  exist-
ing fo rce  ra t io  w i t h  inpu t  t h re sho ld  va lues .  For a g iven  type
of act ivity and terrain , a FEBA movement rate is associated

with each force ratio threshold value .

As with attrition , FEBA movement computations are made at

the subsector level; that is , at a level where elements of no

more than one basic unit are present on each side of the FEBA .
V The force ratios formed at subsector level to determine FEBA

movement are computed expressly for that purpose and are dif-

f e ren t  f rom the rat ios used to assess a t t r it ion.  That is , a
modified set of firepower scores is used in forming each ratio.

For attr ition calculations , bas ic d irec ted  f irepower scores
are modified to account for supply status and terrain. For

FEBA movement calculations , these mod ified firepower scores are

again modified to account in a simple way for the composit iomo

of the opposing force. For example , the total anti—tank fire-

power of the Blue force is multiplied by the fraction of the

total Red ground firepower which is attributable to tanks. The
V : Blue anti-light armor and anti—personnel firepower scores are

similarly modified , as are all three types of Red firepower

scores. After these modifications , total scores for Blue and

Red are us~ d to form the force ratio for FEBA movement .

Sin ce no com bat inte rac t ions occur on f l anks , metho d s are
prov ided in the model to prevent unrealistically long exposed

flanks at each subsector . A defending Blue brigade (or Red

division ) will withdraw a subsector so that , at the most , only
one flank of that subsector is exposed . If a Blue brigade (or
Ped diolsion) has two exposed flanks , it must  meet s t rI c t e r
criterIa to be able to attack than does a similar unit without
the exposed flankr - Also , the unit with the exposed flanks
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is restricted f r om  advancing even if the attaci: is successful.

SI c il a r l y ,  within an attacking brigade (or Ned d~ vir~ on ) any
su b s e c t f l r V  ~V~~i ch has no flank length less than the s u b s e c to r

:V :Ifth is prevented from advancing . N in all y ,  after all the other
crY er~ a rertalnin g to FEBA smoothing have been met , the FF31.
rV n :V

~~ t ! ~n of each s u b s e c t o r  i s  a r b i t r a r i l y  moved , in either
:~~~rV ec~t orI , so t hat it is no more t han  an input distance , L, fror.

the FEBA position of t h e  adjacent subsector . The northernmost

su b s e c t o r , in a t5 pater where the FEBA moves east—west , is used
as the S~~V

~~V t I g  reference point in this final smoothing .

a. Inputs by U s e r

• FEBA ::~o-iement rates (per division cycle——typically 12
hours). There are 80 rates for each side , to accoun t
fo r  v a r i a t i o n s  in activities , t e r ra in , and engagement

V r e ou l t s .  There  are 4 types of activities: a t t a c k —
delay ; attac k—prepa red defense; attack—hasty defense;
me et in o e n g a g em e n t .  Terra in is class if ied into 3
general types , with a fourth type representing a major
obs tacle. Possible engagement outcomes are: over—

V whelming loss , loss , draw , win , and overwhelnino win.
Nominal movement rates are reduced when Blue is able
to prepare a barrier and employ it in a delaying
a c t i o n ; Red does not have this capability.

Threshold force ratio values to determine which of 5
engagement outcomes takes place. (Possible outcomes
are listed immediately above.)

• b. Inputs Generated by the Model

• Current anti—tank , a n t i — l i g h t  armor , ar-V S  anti—personnel
firepower scores for each side at each subseotor .
These scores are modified to account for suprly status
and t e r r a i n .

• The type of terrain in t he  v i c i n i t y  or  t h e  FEPA loca-
tion in each subsector .

• D e s i g n a t i o n  o f t i V e a c t i v i t y  taking p lace  i r  each
subsector .
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c. Outputs

• The FEBA position at each subsector .

• Lengths of exposed flanks at each subsector .

d. Assumptions

• The variables which influence FEBA movement rates are
adequately described by the different activities ,
terra in types , and possible engagement outcomes which
are l is ted in paragraph a. above .

• FEBA movement rates are independent of the type of
un its involved , and in particular are independent of

V the relative mobility of units.

• The decision rules and FEBA smoothing techniques
V described above are an adequate substitute for explicit

representat ion of maneuver and of combat interactions
across flanks .

2. IDAGAM

In IDA GAM , FEBA movement is a function of force ratio ,

type of defensive posture , type of terrain , mobility of the

attacker t s divisions , and use of air forces. Mo ve m ent  rates

are input by the user as piecewise linear functions of fo rce
ratio. Separate functions are input for each combination of

terrain and posture. The mobility of attacking units is

accounted for by multiplicat ive mobility factors which are user

inputs. Nobility factors less than one cause a reduction in

the movement rates obtained from the input functions; factors

greater than one increase the movement rates. V

FEBA m o v e m e n t  in IDAGAM is computed at sector leveL Since
V more t h a n  one t y p e  of d iv i s i o n  is l i k e l y  to be present in a

V sector , methods  are provided for determining the overall mobility
V factor for the sector force. The user may select one of four

methods:
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(1) Set the sector  m o b i l i t y  f ac to r  to be one , thereb y u s ing
without modification the input FEBA movement rates.

(2) Set  the  sector  m o b i l i t y  equa l  to the f a c t o r  for  the
sector division with the least mobility .

V
. ( 3 )  ~‘et the sector mobility factor equal to the factor for

t he  sector division with the greatest mobility.

V (~ ) Use a weighted average of the mobility factors for allthe divisions in the sector , taking into account the
relative sizes of the divisions .

At the model user ’s option , the FEBA movement rates which

have been m o d i f I e d  to account for the  a t t a c k e r ’ s ground m o b i l i t y
can be further modified to account for the vastly greater mobil—

Ity of tactical air forces. When the attacker has both a ground

and a i r  advantage over the defender , the abil ity to concentrate

combat air support in particular locations in the sector tends

to cause the  FEBA movement rate to increase. The detailed con—
V putations are too complex and lengthy for inclusion in this

report; the interested reader is referred to the model documen-

tation (pages 75f , Volume 1, IDA Report R—199). In no case will

the computations which are made to account for the mobility of

air forces cause the FEBA movement rate to be less t h a n  it would

be without the calculations .

A°ter FEBA movement has been determined for each sector ,

smooth ing is accomplished according to input f r o n t — t o — f l O r V k

criteria. If both flanks of the attacker are exposed , t h e  to t a l

length of exposed flanks on both sides is divided by 2 to obtain

the average length. !~1hen the ratio of sector width to average

flank length is less than an input value , the FEBA in that sector

is pulled back u n t i l  the input criterion is satisfied . If o n l y
one flank is exposed , the attacker is not pulled back.

After exposed flanks for the attacker are examined , and
necessary adjustments are made , the exposed flanks of the defender

are checked . In t h i s  case , the length of each exposed flank is

checked individually, and then the sum of the two lengths. If

in either of the three tests the input front—to—flank criterIa
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are not met , the defender will be pulled back. Flanks at the

extreme left and right of the theater are not considered exposed
for either side .

For both the attacker and defender , the exposed flank lengths
V 

may be modified prior to the above tests by means of an “edge

factor. ” The actual length of exposed flank is multiplied by 
V

the edge factor to account for terrain features and other restric-

tions to mobility. It is asswried that these restrictions would

tend to limit the effects of the flank exposure. With edge

V 
factors less than one , the restricted mobility is represented
by using less than the actual length of exposed flanks to

calculate the front—to—flank ratio. V

V The values of opposing forces which are used to form force

ratios for FEBA movement are computed in the same way as the V

values used in attrition calculations . The optional method of 
V

computation chosen for attrition calculations , e.g., antipoten—

tial potential , will also be used for FEBA movement . 
V

a. Inputs by the User V

FEBA movement rates as a function of force ratio. 
V

Separate piecewise linear functions are input for each
side , for each combaination of terrain and defensive
posture . Typically, 4 different defensive postures
and 3 terrain types are represented.

• Nobility fac tors  for each type of division , for each
side . Movement rates input by the user are multiplied
by the mobility factors to obtain actual rates. A
mobility factor of one is standard . 

V

• The designation of the method to be used to derive
sector mobility factors from the mobility factors of
individual diviisions in the sector. The four methods

V available are given in the description above .

• The relative size of each type of division in the
sector , for computing the weighted average mobility 

V

factor. The relative sizes are input as fractions ,
with one as standard. V

• The minimum width of the area within a sector in which
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each side can effectively concentrate his air forces
V to help the ground forces create and hold a salient .

• The m i n i m u m  average ratio of front width to average
exposed flank length which can be maintained in a
sector by the attacker with both flanks exposed , for
each side. If the average front—to—flank ratio in a
sector is less than this input value , the sector will
be pulled back so that the criterion is met.

• The minimum ratio of front width to the length of
either exposed flank which can be sustained by the
defender , for each side. When the ratio is lower than
th is  input , the defender pulls back.

• The minimum ratio of front width to the average length
V of both exposed flanks of the defender . If the average

f r o n t — t o — f l a n k  ratio is less than this input value , the
defender  w ill pull  back , even though criteria pertaining

V to each exposed flank separately may have been satis—
f ied .

• Edge f a c t o r s , to accoun t  for  decreased m o b il i l y across
exposed flanks. The flank lengths used in calculating V

front—to—flank ratios are decreased by multiplying
actual lengths by the edge factors. The edge factors
are input by terrain interval within each sector .

b. In p u t s  G e n e r a t e d  b y t he M o d e l

• Force rat io in each sector .

• Designation of the attacker in each sector , and the
pos ture of the defender .

• The sector w i d t h  and type of terrain in each sector at
the locat ion where ground combat occurs.

• Designation of the terrain Interval in each sector
where exposed flanks are located . This is to ascertain

V which input edge factor should be used for front—to—
flank calculat ions.

• Inventory of divisions in each sector , by side and t y p e .

c . O u t p u t s

V • The FEBA position in each sector .

• Front—to—flank ratios in each sector .
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d. Assumptions

• The FEBA movement rate is a function of force ratio ,
terrain type , defensive posture , and the relatIve
mobility of the attacker .

The effects of combat across sector (corps) flanks ,
or the threat of such combat , are dependent on front—
to—flank ratios and can be accounted for by FEBA

V smoothing .
V 

• 
When the  a t t a cke r  has a ground advantage , h i s  a b i l i t y
to concentrate air attacks in specific locations
affects FEBA movement . The movement can be greater
when air attacks are concentrated than when they are
allocated evenly across a sector front .

3. L U L E J I A N

FEBA movement  in the  LULEJIAN model is computed  d y n a m i c a l l y ,

as a function of the attrition of major e lemen t s  of both  s i de s .
A fundamenta l  assumpt ion incorpora ted  in the  model is that  each

side has the ability to manage attrition by trading ground area

for survivability. For each sector , an iterative procedure is

used to calculate the fractional attrition of committed forces

and the FEBA movement , so that the  ratio of actual attrition to

acceptable attrition is directly proportional to the ra t io  of
actual FEBA movement to max imum FEBA movement . The equations

V used , which apply to a single model time per iod , are in the
V following forms.

For the attacker:
3

t
~
Sa = 1 — t~Xa

Smax CaXa V

where :

• ~
Sa = actual  FEBA m o v e m e n t .

• 5max = r:iaximum FEBA movement of the attacker .

• t~Xa 
= actual attrition of the attacking element .

V • Ca = the fractional attrition of the attacking element

below whic h the element w i ll cont inue to advance .

I 
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• Xa = the number of attacking elements which participate

in the attack.

For the defender:

~Sd AXd — 1

V 5max CxX5

where :

• ~
5d = actual FEBA movement .

• ~ 
= maximum FEBA movement of the attacker , per tIne

max
period .

V • ~~~ = actual attrition of the defending element .

• 
C~ = the fractional attrition of the defending element

above which the element will retreat .

• Xd = the number of defending elements which participate

The equations are applied to 3 elements on each side :

Infantry , tanks , and APC5. They are solved simultaneously, with
the constraint that the FEBA movement i~ the same for every

element on both s ides.  (In the equations , FEBA movement in the

direction of the attacker ’s objective is considered positive.)

The maximum FEBA movement s used in the equations are derived

from maximum movement rates input by the user. The modifications

to the input rates are based on the width of the sector and the

total “search widths ” of the sector attacker. The rate of forward

m o v e m e n t  by the a t tacker  is limited by his ability to search for
• defending elements throughout the entire area which he is

acquiring. Basic threshold attrition rates , Ca and Cd, are input ,
and are modi f ied  according to the average casualty history of
the un i t .  The actual attrition rates are computLi using the

maneuver unit interactions equations .

There are no provisions , as such , for FEBA smoothing , that

is , to adjust sector FEBA positions to bring them closer to a V

mean theater FEBA position. The model accounts for the absence

of interactions across exposed flanks at sector boundaries by 
V
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means of its determination of the daily activities of the forces

in each sector. User—input critical flank lengths are considered

in the decisions to attack , defend or delay .

a. User Inputs

• Max imum , unop posed movement r a te  by side , ty pe of unit ,
and type of t e r r a i n .

• The f r a c t i o n a l  a t t r i t i o n  below which an attacking unit
will continue to advance , by side and type of uioit .

The fractional attrition above which a defending unit
• wi l l  give up i ts  pos i t ion , by s ide and type  of u n i t .

b .  I n p u t s  G e n e r a t e d by the M o d e l
V 

The internal inputs to this functional area are used in
V iterative calculations relating FEBA movement , a t t rit ion , the

capability of units to find opposing units , and the commi tment

of un its to combat . Thus , although they are inputs to the

functional area of FEBA movement , their values are in turn
V derived from the calculations in this area.

• Number of units committed to combat , by side and type.
V 

• Maximum movement rate of attacking units , considering
the ir ab ility  to  search the area of operat ions for
oppos ing forces , by type  of un it .

• Threshold attrition rates , which take into account
casualty history , by side and type of unit.

A c t u a l  a t t r i t i o n  exper ienced , by side and t y p e  of u n i t .

c . Outp u t s

I 

,
• FEBA pos i t i on  in  each sec tor .

• Total area gained or lost by the theater attacker. Total
area gained is the payoff value used in generating

V “optimized” allocat ions of certain resources.

d. Assumptions

• There is a d irect , linear relationship between attrition
levels and FEBA movement , both for  the a t t acker  and
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and defender. The equat ion for this re l V +  u~ hip is
V given in the description above .

• W! th in a sec tor , ‘V i~~± units for a given side advance or
fall back a~ the same rate , regardless  of un it t y p e .

For a given side the number of units corrimitted to combat
ten ds to increase as the side becomes less successful ,

V up to  some input limit. The equation which describes V
this relationship is as follows for defending infantry :

_ V~D/ Smax
BXde 

= f F 0 +(F max — F0) 1.582 (1 — e ) }  B
70

wh -re

Bxd = the number of d e f e n d i n g  i n f a n t r y  b a t ta l i o n s
c omM i t t e d to  the battle.

= the total number of defending infantry battalions
in the  s e c t o r .

V 

F0 = the fraction of the defending infantry battalions
comm it ted  when there is no FEBA movement .

Fmax = the fraction of the defendino infantry battalions
on line at maximum FEBA movement.

AS = the actual FEBA movement . V

5max = the maximum FEBA movement for the given situation.

Equations of similar form are used for defending mechanized

and tank battalions and for each type of attacking battalion. 
V

• For purposes of comput ing FEBA movement , the e f f e c t s  of
important terrain features such as rivers may be
accounted for indirectly . For example , one of the
three classes of terrain in the model might be assumed
to enc ompass the f ea tu re . V

• • The effects upon FEBA movement of combat interactions
across sector boundaries (corps flanks) can be ii~~ir, ct1y
represented through the use of appropriate logic to V

d e t e r m i n e  combat  a c ti vi t i e s . Flank l engths  are cons ide red
V. when decisions to attack , defend , or de lay  are made ia

each sector .

4. V E C T O R

NEBA rsovement in VECTOR— l occurs at each battalion area. V

Tact i cal decision rules are used to decide whether the forces of
e i t h e r  or b o t h  s ides in the oattalicn area desire to advance , 

V

and then to decide which of them actually makes an attack. They
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are also used to determine  the defender ’s response to an attack.

V If the a t t a c k  is against a hasty defense , the groun d combat sub—

model is used to determine the winner. If the attacker wins ,

FEBi~ movement  occurs  in the  d i r e c t i o n  of the  a t t a c k .  If the V

defender wins , no FEBA movement will take place. For other
V activities , i.e., advance/delay , pursuit/withdrawal , or an

attack against a barrier or terrain f ea tu re , the FEBA will move V

in the direction of the attack. If neither side attempts to

advance , then no FEBA movement occurs .

The amount of FEBA movement is determined from input lookup V

tables. This amount may be modified on the basis of any state

variable(s) by means of the tactical decision rules.

The FEBA positions of the individual battalion areas may be

modified , or “smoothed” to make the FEBA of an entire sector a

stra ight line , or more nearly a straight line . This smoothing

is to account for the unrealism introduced by the lack of int ~~~~ r—
actions on battalion flanks . Similarly, the positions , or

average positions , of the FEBA in the various sectors may be

sm oothed to make the FEBA of the theater more nearly a straight
line . This is to account for the absence of force interactions

across sector boundaries. One method for smoothing the FEBA V

is incorporated into the model program . It will restrict the

total deviation of battalion area FEBA positions from the

sector mean position and the deviation of the sector mean
positions from the theater—wide mean position in accord with
limits set by tactical decision rules or directly by the

user. If the user does not desire to use this smoothing

scheme , any logic considered appropriate may be adopted
through the use of the tactical decision rules.
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a. User Inputs

• The FEBA movement rates for forces in a battalion areawhich are not involved in a terrain feature activity .
The rates are indexed as follows :

(1) Type of activity

• Blue (Red) pursuit , Red (Blue) withdrawal

• Blue (Red) advance , Red (Blue) delay

Blue (Red) defense , Red (Blue) assault

• Relative inaction (movement is normally considered
zero)

(2) Minefield considerations

• No minefield

• Minef ield , cross without clearing

• Minef ield , cross wi th  clearing

• Minefield , bypass

(3) Terrain classification — There are 5 classes of
terrain trafficability.

• The FEBA movement distance per simulated time period
for an activity at a terrain feature . Terrain feature
activities are :
— Blue (Red) bypassing an urban area
— Blue (Red) bypassing a user—defined terrain feature
— Blue (Red) crossing an urban area
— Blue (Red) crossing a user—defined terrain feature
— Blue (Red) crossing a river

A factor to determine the difference in distance
between the mean sector FEBA and a battalion area
FEBA that must be exceeded in order to pull stalled
forces across a terrain feature. This required
difference is obtained by multiplying the factor by
the input distance which can be traversed across the

V feature in a model time period . This facto’ may be
set at a very large value if the pulling forward

V effect is not desired.

• The maximum distance a battalion area may be from
the mean FEBA position in its sector , and the maximum

V distance a sector mean FEBA position may be from the
theater mean FEBA . These distances are used if the

V 
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programmed method of FEBA smoothing is employed by
the user. Other smoothing methods may be designed

V by the user and implemented through the tactical
decision rules .

b. In p uts Generated by the Model

• Designation of the activity taking place in each
battalion area.

• Information as to the terrain classification and the
V 

existence of minefields and terrain features at each
bat ta l ion  area.

• The outcome (winner and loser ) of each battalion—
level attack/defense activity.

c. Ou tputs

V • The amount of adjustment to battalion area FEBA
positions and mean sector FEBA positions necessary
to achieve the desired degree of FEBA smoothing .

• For each t ime per iod , the FEBA position of each
b a t t a lion area , mean sec tor  FEBA pos it ions , and the

V mean thea te r  FEBA pos it ions . All  pos it ions are
given in terms of distances from a common reference
line.

d . Assum p t i ons

• • The descriptors used to index the input FEBA movement
rates are adequate to differentiate among the fac to r s
affecting movement . (This assumption holds if the
basic model structure is used. Other factors may be
cons idered through the use of tactical decision
rules.)

• The lack of explicit combat interactions between
adjacent battalion areas and adjacent sectors may be
overcome through the use of FEBA s m o o t h i n g  t e c h n i q u e s .

FEBA movement  rate s at ba t ta lion level may adequately
V be ex t r a polated to determine overall sector and

theater FEBA movement through the use of appropriate
smooth ing techn iques .

A_ l41

V 
V~; V —_ -- — V V V~~~

V ~~V - P.

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



V V V V_V_~~~V _V V __V~~~~~~~_ V _V V _ V _ V _ V _ V V _ V _ VV V V _ V
VV _V __V _V V _V _V~~_V*_V~~~~V~~~~~~~~~~~~~

5. DISCUSSION
V p; VIe~.e are s igni f icant  d i f fe rences  among the m L i V .1s i n
V a s p e c t s  of the  FEBA m o v e m e n t .  These are (1 )  the  (

V , V ~~r-~rN V i P 1  l-~Vel

at which FEBA locations are accounted for and r ’ved , and (2)

the way in which basic input movement rates are converted to

da i ly  FEBA movements  in the m o de l .

Each of the models keeps track of FEBA locations and
V movements at the command level , or force size , it uses in

a t t r it ion ca lcula t ions . In th is res pect , CEM and VECTOR , which

determine attrition and FEBA movement at the brigade or lower

leve l, liffer markedly from IDAGAM and LULEJIAN , which make

these determinations at sector , i.e., corp s, level. In CEM and

VECTOR it is necessary to relate in some way the individual FEBA

positions to the overall situation in the corps , and then the

theater. None of the models allows ~ombat across basic unit

f l anks , whether those units are large or small. Therefore ,

other methods are necessary to “smooth” the FEBA and prevent

u~~_ V e V _ Vi i st ic di f f e r ences  among individual FEBA pos it ions . The
smoothing logic is built into CEM , with numerical criteria

V input by the user . Built—in logic is also available in VECTOR ,

but  it can be over r idden  by inpu t  logic provided  by the user  as
tactical decision rules. In neither model is there an attempt

to represent the physical processes which relate individual

u n i t  locations to the status of the entire theater force.

Similar problems in relating the FEBA positions of individ-

ual force elements to each other arise in IDAGAM and LULEJIAN ,

but they are explicit in the model only a~. a higher lovel.

Since FEBA locations are determined in terms of corps—sized
V 

organizations occupying an entire sector , there is no need for

model logic to adjust positions below that level. Logic is

present in IDAGAM to make adjustments to sector FEBA positions

so that they are sensible in relation to each other. LULEJIAN

has no -log ic for direct adjustment of sector FEBA positions ,

A — l L 4 2
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but the rules for  selection of sector  a c t i v i t i e s  tend to prevent
unreal istically long exposed , but invulnerable , flanks.

The representation by IDAGAM and LULEJIAN of the FEBA of

ar1 entire sector as a straight line does not , of course , reflect

the conditions which are expected on a real battlefield. Within

a corps , it is certain that some divisions or smaller units will
at times occupy positions behind or ahead of their neighbors.

A single sector FEBA must , therefore , be regarded as a kind of

average position for the corps. All of the relationships of

smaller units , and even individual weapons , to the overall corps

must of necessity be imbedded within the performance capabili~
V ties input to the model.

V 

The requirement to relate properly the FEBA positions of

smaller units to the corps as a whole is explicit in CEM and
V 

- VECTOR , since it is addressed within those models. In IDAGAM

and LULEJIAN , the relationships must be addressed outside the

model , using assumptions which are consistent with the model

and with the analysis being performed.

Three of the models , CEM , IDAGAM , and VECTOR , derive the

amount of FEBA movement from input lookup tables. In all
V three , input rates can vary according to terrain , force activity,

and either force  ratio or the outcome of engagements. In
V 

IDAGAM and VECTOR the type of attacking unit and its inherent

mobility are also considered. Also , IDAGAM allows the modifica-

tion of rates to account for concentrated air support . Except

for CEM ’s inability to differentiate among types of units , the

important differences among the three are related to their basic

V interaction mechanisms . Each of them allows for adequate

variations in the parameters which control FEBA movement , and
V 

none of them attempts to model the movement process itself.

Any desired source of basic movement rates may be input  by the
user;  rates may be based on military judgment , historical data ,
or higher—resolution modeling . The relation between input
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rates and the FEBA movement output by the models can easily be

seen by the using analyst.

The LULEJIAN model is unique in its computation of the

amount of FEBA movement . Movement rates , as such , are input

as a function of terrain type only, and are taken to be

maximum rates , not averages. The rates are modified in the

model computations according to the ability of attacking units ,

by type , to search out the area of operations for enemy forces.
Units with greater “search potentials ” can attain higher maximum

movement rates than those with lesser search potentials. Also ,
V as the number of units available to search out a sector increases ,

the maximum attainable movement rates tend to increase. In no

case , for a given type of terrain , does the maximum attainable

rate exceed the absolute maximum rate which was input . The

actual movement rate is some fraction , between —0.5 and 1.0 , of
the maximum attainable rate , and is a direct function of the

level of attrition being experienced.

All  the  fac to rs  which are considered in de te rmin ing  FEBA
movement in the other three models are also considered by

LULEJIAN. In addition , it is the only one which attempts to

model the movement process , albeit in an aggregated way . The

assumptions associated with the LULEJIAN method are plausible ,
given the level of aggregation , but are certainly unproven.

The advantage w i th  LULEJIAN is tha t  many of the a s s u m p t i o n s
necessary to calculate FEBA movement are an explicit part of

V the model and not an implicit , possibly invisible part of a
set of lookup tables. Conversely , it is more difficult to use

detailed historical movement data in the LULEJIAN model than

in the other three. It is also more difficult to analyze the
V reasons for the movement rates which are being observed.
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L. L O G I S T I C S :  STRUCTURE , CONSUMPTION AND A V A I L A B I L I T Y

1 . CEM

The model represents theater stockage levels and resupp 1 , ,

on an aggregated basis. It categorizes supplies as POL , ammu—
V 

nition , and “all other” supplies for combat units . Associated

with this are the expenditure and replacement of major weapor~
sys t ems : t anks , APCs , hel icopt ers , anti—tank weapons , and
mortars . Personnel replacements , sim ilar ly assoc iated , are
treated elsewhere . For each maneuver unit , a record is kept of

the amount ( i n  tons ) of each type of supplies on hand , the
numbers of each type of weapon system , and personnel strength .

As new quantities arrive the unit record is up—dated. This

record is kept for Blue brigades and Red divisions for each

time period represented by theater and division cycles.

Supplies for combat units are introduced at the theater

level and separated into theater pools for each type of supply.

From the theater pools the resources are delivered to the

gades and cava l ry  u n i t s  (Blue) and divisions (Bed) durino the

e ns u i ~~~ - d i v i s i o n  cyc les  on the  bas is  of need.  Q u a n t i t i e s  of
sunrlies available may vary each theater cycle as desired by
tV he model user. Supplies are consume d based on intensity of
combat ,V V

rI V1 f o r ce  capability. A comparison is made at the

division cycle of the levels of expected supply consumption ,
by ‘ype , for the planned engagement and the amount of supplies ,
~V

, V • ‘
:V -pe , on hand . Base d on user input  for  the  number of day s

surV nly  level desired (which is input  on the basis of division

cycles), t he supp ly  module  w ill c ompare ac tua l  supp lies on
V ~

V . Vm 5 vs. expected usage of supplies for the particular engage-

ment. If’ The amount of a given t y p e  of supply to be expended
would V ase  the level remaining to go below an input safe ty

P. 

level , conserv-it i o n  of s V nO V ,lies occurs . This can , at the
op t i on of the user , degrade fir -power d u r i n g  the  engagement .

A—l 45

V ~~ 
V V — V V ~~~~~~ ._ V 

• — V • V — ~ _V~~~~~~ P.~~~~ V V

p 
‘—P.

V V V _ V V  
VV V~~ 

- ~~~~~~~~~~~ — V ~~~~~~~~~~~~~~~~~~~~ V V V V ~~~~~~~~~~~~~~~~_V~~~~~~~~~~V 
_ V_ V _ V _V_V_VV~~•~~ ~~~~~~~~~~~ — ~~~~~~~~~



V V VV ~~~V _V V~~~~~~~~~~V _ V _V~~~~~~~~ _ V V _ V~~~~~~~ _ V V V  V _ V V V V~~~ ~~ _V~~~_ _V_V_V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The degree of degradation Is input by the user. Separate

expr essions are used to relate conservation to firepower

~~~~~~
_V

~~~V O V V
~~~~~~t ~on f L V I’ POL and othe r supplies , and by type  weapon .

a. inp~~~ by User V

• TOE e ’4u ipmen t  a u t h o r i z a t i o n s  fo r  combat  u n i t s , by type
of un it and ty pe of eq u i p m ent .

• Initial a m o u n t s  of s u p p l i e s  and equipment , by t ype , on
hand for each combat unit.

• Sun~~ly consump t ion ra tes , by t y p e  of supp ly , type  of
e nc-a g em e n t  and type  of unit. For some weapons , the
rates are input by w e a p o n  t ype , not un i t  t y p e .  The
ra te s are in tons per d iv ision c y c l e .

• ~~~~~~~~~~ of arrival of supplies and equipment into the
V theater pools , for each theater cycle .

• Factors to be used in computing the degradation of
firepower due to supply shortages.

• Factors to determine s a f e t y  levels for each type of
supp ly .

b. Inputs Generated by the Model

• D e s i g n a t i o n  of ih e  e s t i m a t e d  and the a c t u a l  t y p e  of
engagement for each combat unit during each division
cyc le .

• Q u a n t i t y  of equipment , by type , lost in combat by
each un i t  d u r i n g  each d iv i s ion  c y c l e .

• Q u a n t i t i es  of su ppli es an d equ ipment , b y type ,
allocated and available for issue to each combat unit ,

• per theater cycle .

c. Output

• Quantities of supplies and equipment , by t y p e , i s s u e d
to each combat un it , by division cycle.

• Updated quantities of supplies and equipment on hand
in each unit.

• The amount of f i r e p o w e r  degradation attributable to
supply shortages , f ny V each combat  u n i t .
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d. Assumptions
V 

• For theater—level combat analysis , supplies may be
aggregated into the following three categories: POL ,
ammunition , and all other supplies.

V 

• Suppl ies  and equ ipment  are a l loca ted  d i r e c t l y  from
theater pools to combat units , based on need.

• The effect , if any , of supply shortages is to degrade
the firepower of combat units.

V 
2. I DAGAM

The model play s only one aggregated type of supplies. It

can include food , ammunition , and fuel for both ground and

V air forces. The unit of measure for supplies is tons . The con-

sumption rates of supplies are input as tons used by each person

(by type), each ground weapon (by type), an d each air c r a f t
(by type) per time period. (For personnel and ground weapons ,
th is consump t ion rate is also a func t ion of posture.) The model

similarly plays the resupply of the weapons which it represents.

The attrition of weapons during combat determines the require-

ments for replacements. Since the allocation of replacement

weapons is closely coordinated with the allocation of replace-

ment personnel , the details of the replacement weapons alloca—
tion scheme are covered in section 0 of this appendix , “Person-
nel Replacements. ”

• The model permits location of supplies in sectors , reg ions ,
and the communications zone . Supplies in sectors are used by
the divisions in these sectors. Supplies in regions are in
pools used to provide supplies to the divisions not in combat
wh ich are located there , and in pools which provide supplies to

- V the divisions in sectors . Similarly , supplies in the com-

munications zone form the supply pool which feeds supplies into

regions and the pool which provides supplies to the divisions

located in the communications zone .

W i t h i n  reg ions  and wi th in th e COMMZ , supplies are moved
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between pools supporting forward areas and pools supporting
U r i ~i ts in the regions and COMMZ , if either of the pools has
more sup p lies than neede d .

Supplies are allocated from COMMZ to region s, from regions

to sectors , ami d from sectors to divisions in sectors based upon

need. If the amount of supplies available at any level is in—
V adequate to meet the demands at lower levels , the available

supplies are prorated according to demand . (“Demand” is the

difference between the supply level authorized and that on

hand.)

When the level of supplies is less than the input minimum

level in any combat unit , the effectiveness of that unit is
V 

degraded. The degree of degradation is input as an effective-

ness factor , less than one , which is a function of the day s of

V sup p ly on hand . In general, the normal effectiveness of each
weapon is multiplied by this factor to determine its effective—

ness when there are inadequate supplies.

The results of shor sages of weapons in ground combat

units are reflected directly in the a t t r i t i o n  calculations . The
attrition which can be inflicted by a force is a function of

the number and type of weapons which can actually be employed

each day . Similarly, SAMs are considered to be separate weapons

instead of ammunition , and shortages of SANs are also reflected

V directly in the attrition equations .

Aircraft supplies , in tons , are obtained by air forces

from COMM Z supply poois , and if necessary from region pools.

Input  consumption rates , by aircraft and mission type , are used
to calculate daily demand . If there are inadequate supplies to

V 

support all planned sorties , the number of sorties is reduced

in proportibn to the shortage of supplies.

Supplies in regional pools can be destroyed by aircraft ,

and supplies in sector  pools can be des t royed  by both  aircraft
and ground weapons.

V 
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a. Inp uts by User

• Desired levels of supply in sectors , regions and the
COMMZ , in terms of days of supply.

• Initial amounts of supplies on hand in each sector ,
region and COMM Z , in tons .

• Supply  consumpt ion  ra tes  for  ground fo rces  and air c r a f t .
• E f f e c t i v e n e s s  degradat ion f ac to r s  for  combat u n i t s , as
a funct ion of the days of supply on hand .

• Combat un it TOE equ ipment and personne l authorizations ,
by type of unit.

• Initial ~quipment inventories and personnel strength
for each type of com bat unit , by sector , region and
COM M Z .

• Initi_V al number of SANs on hand , by location .

b. Inputs  Genera te d by the Mo del

a The amount of supplies delivered each day to supply
pools at sec tor , reo ion and COMMZ.

V 
a Daily updated inventories of combat unit equipment and
personnel , by type of unit and by location , i.e., sector ,
region , COMMZ. (Th i s  input is generated within t hi s
supply  func t iona l  area , and later  used by i t . )

• Number of planned daily aircraft sorties , by locat ion .
• Number of SAMs del ivered each day , by locat ion .

• Number of replaceme~1t items of equipment delivered each
day to each type of combat unit , by location .

• The amounts  of supp l i e s  in supp ly  pools which  are
destroyed by aircraft and ground weapons , by poo1
location.

c. Ou tputs V

• Number  of days of supp ly  on hand in supply pools at
sector , region and COMMZ levels. This and other dail~,
updates reflect consumption , attrition and resupply
which have occurred since the previous day .

• Updated inventories of equipment in each type of unit ,
V Li location.

• Updated SAM i n v e n t o r i ea , V b y  l oc at i o n .
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• Effectiveness degradation of combat units , by type and
location , if the leve l of supplies on han d is inade-
quate.

• Fractional degradation of the numbers of planned air—
V craft sorties which can be flown , by locat ion , if

adequate amounts of supplies are unavailable.

d . Assum p t ions

• The supply aspects of combat m ay be adequately repre-
sented for theater—level analysis by considering a
single aggregated category of supplies , wh ich is use d
by both ground and air forces.

• The same average effects of supply shortages apply to
all ground combat units of a given type in a particular
location. That is , all units of the same type in the
same sector , reg ion or COMMZ are assumed to be in
exactly the same , average condition .

• Supply consumption in ground units is a function of the
number of personnel and the numbers and types  of
eV d V lipm e n t  on hand .

• Supply consumption of air forces is a function of the
number of sorties flown .

• Supplies located in the COMMZ or in ports are not
sub j ect  to  air  a t t a c k .

V a Only those suppl ies located in sector pools are subject
to attack by ground weapons .

• As the amount of available supplies falls below some
cr it ical level , the ability of a ground force to inflict
a t t r i t i o n  on its opponent is degraded. The degree of
de gra dati on is a direct user input .

• A shortage of suppl ies for air operations is reflected
by a proportional reduction in the sorties which may

V be fln;-m’r~. Only the number of sorties which can be
supported by the available supplies will be flown .
There in- no degradation of the effectiveness of those
aircraft which are able to operate.
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3 . LULEJ IAN

A r r i v a l  and Transport of Resources

The LULE JIAN logistics system consists of a theater depot

or port with a designated input capacity, a transportat ion net-

work (includ ing both a ground netwo V a and airlift), and stock-

piles of resources within the theater. The following types of

V resources may enter the theater through the port : infantry ,

mechanized infantry and tank battalions for each national

participant ; SAM battalions ; artillery battalions; individual

in f a n t r y , APC , tank and SAM replacements; individual tactical
V 

air c r a f t , hel icopters and artillery pieces; empty transportation

vehicles ; bridges (representing the capability to improve the

transportation network) and a single , aggregated type of general
V 

supplies.

The ability to receive resources into the theater may be

V 
constra ined by a user—designated port input capacity . A game—

theoret ic technique may be used to allocate port input capacity

~~ong some of the arrivinu resources. Delivery of resources to

the  forward areas may also be constrained by the capacities of

the ground lines of communication and/or airlift aircraft .

These aspects of the model are discussed in the section on

“ L C O i V V;t i c s:  Resource  Flow and Transpor ta t ion. ”

A l l o c a t i o n  of R e s o u r c e s

V • After general supplies emerge from the transportation syttem

they  are a l loca ted  to the two r eg i o n a l  depots fo r  ground u n i t s
and to the  two regional  a ir  base depots  in p ropor t i on  to the
current day ’s nominal supply requirements. Supplies from the

V 

ground depots are further allocated to units based on t h e i r
requirements. If there are sufficient supplies in the r e g i on ~~.
depot , all the supported ground unit requirements will he 5 -

- If there is a shortage of supplies in the depot , the ava ~ V

supplies are allocated to combat units based on the ir V 5
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day ’s1 requirements. The supplies required by the ground forces

in a region include the requirements of: the maneuver units on
line in the sectors of the region ; the reserve units and elements

• that may be used in the sectors of the region; the battalions

• in the pool of “fought—out ” battalions that fought In the

sectors of the region; the air defense artillery battalions In

• the sectors of the region ; and the artillery tubes and heli-

copters used in support of the forces in the region . The amount

of supplies required by the maneuver units Is the sum of the

requirements for each of the three types of battalions and is

multiplied by two factors . These factors account for differ-

ences In terrain and In the postures (activities) of the units.

The amount of supplies that the air base depot allocates

for use today is dependent on the level of depot supplies and

the amount of supplies required by the air forces . If the

amount in the depot is greater than the amount required , all
• requirements will be met . If the amount in the depot is less

than required, all supplies in the depot will be allocated.

Requirements per sortie are input by the user on the basis of
aircraft and mission type . When supply shortages exist , the

available supplies are allocated proportionately to each

aircraft and mission type .

Replacement SAMs are allocated to SAM depots , which are

not given a specific location In the model. Replacements of

Individual infantrymen, tanks, and APCs are allocated to combat

units based upon the model user ’s choice of four possible

replacement policy options : pure unit replacement policy ;
modified unit replacement policy; modified individual replace—

ment policy ; and pure individual replacement policy. These

options are discussed in detail in the section on personnel

replacements.

Additional aircraft arriving In the theater are given a

destination by the model user and assigned directly to regIons .
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E ff ec t s o f Resource Shor ta ges

A shortage of general supplies in a region reduces the

number of ground maneuver forces which may be committed to corn—

bat in sectors of the region . The fraction of units which are

employed is equal to the fraction of required supplies which are

available. Supply requirements of each unit are based on unit

type , the terrain, and the posture , or act ivity, of the unit.
For artillery units, a shortage of supplies causes a proportional

reduction in the number of artillery rounds which may be fired.

The supply requirements of air forces are based upon the

number of p lanned sort ies , the type of aircraft, and the type of
mission. Shortages of supplies cause a proportional reduction

in the number of sorties which can be flown . The fractional

reduction is equal across all types of aircraft and missions .

Calculations regarding supply availability are made on a

regional basis.

A shortage of SAMs for ADA units causes a proportional

reduction in the number of SANs which are fired. General

supplies are not specifically considered for SAM units.

The numbers of infantrymen , tanks, APCs , helicopters ,
artillery pieces and tactical aircraft on hand are directly

considered in the attrition calculations . Therefore, no
modifications to basic calculations are necessary to reflect

shortages of these resources.
4

a. In p u ts by User

• On—line maneuver unit requirements for supplies by
types of unit , posture and terrain.

• Supply requirements for maneuver units in reserve and
in “fought—out ” pools , by type .

• Choice of four possible policy options for allocation
of infantry , APC and tank replacements.

• Initial stockpiles of supplies in regional ground and

t air depots , and in units.
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• Supply requirements by aircraft and mission types , per
sortie .

• Number of SAMs necessary in each ADA battalion for
nominal operation.

• Supply requirements for field artillery , per tube , for
nominal operations , per day .

• Supply requirements for each helicopter , per sortie.

• Ground unit TOE authorizations of personnel and equip—
men t, by type and national participant .

• Initial personnel and equipment strengths of ground
units , by type of unit.

b. Inputs Generate d by the Model

• The amount of general supplies , in tons, emerging each
• day from the transportation network .

• The number of SANs emerging each day from the trans-
portation network .

• • The daily numbers of replacement personnel , by
national participant , and equipment items , by type ,
emerging from the network .

• Daily updated equipment and personnel strengths in
ground units, by type , national participant , and status
(on line in sectors, in reserve , etc.).

o The postures of ground forces in the sectors .
• The planned number of tactical aircraft and helicopter

sorties, by type , by mission , daily .

• The planned number of artillery rounds to be fired ,
• daily .

• The number of SANs fired , daily .

c. Outputs

• Amount of supplies consumed daily , by element which
consumes them.

• Amount of supplies on hand in regional ground and air
depots.

• Fraction of ground forces which may be committed da~1y,
c-onsidering supp l~r constraints. 

-

• Fraction of planned tactical air and helicopter sorties
which may be flown, considering supply constraints ,
daily.
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• Daily fraction of nominal number of SAMs and field
• artillery rounds which may be expended , considering

supply shortages.

• Daily number of replacement items of equipment (and
personnel) received by each unit , by unit type , loca-
tion, and sta tus.

d. Assumptions

• All consumable supplies (e.g., ammunition , POL, food)
may be aggregated into a single class of general
supplies for theater—level combat analysis.

• A shortage of general supplies causes a directly pro-
portiona l reduct ion in the number of groun d maneuver
units which may be committed to combat , the number of
tac tical aircraft and helicopter sort ies flown , and
the number of field artillery rounds expended.

• The number of SAMs which may be fired is directly pro-
portional to the fraction of nominally required SAMs on
hand .

• Once general supplies have been received at regional
depots , there is no time lag in deliverIng them to
units.

• for units of a given type and status, allocations of
replacement equlpmen .t are proportional to the n~tmber
needed to attain TOE authorization . (A1loca ’ic~ns among
units of differing status are governed by Input equip-
ment and personnel replacement policy options.)

4.  V E C T O R

4 Supplies of the following types (27 types) can be represen—

ted In the model: ammunition for maneuver unit weapon systems ,

9 types; land mines; field artillery ammunition; long and short
range air defense ordnance , one type each; 10 types of ordnance

for tactical aircraft, one type for helicopters ; aviation POL;

ground POL ; one type of other supplies. Each type of supply

can be stored at the local level, the sector level, and In the

rear area. Ammunition and ordnance are assigned to Individual

Blue maneuver battalions (or Red regiments) and other using

units in sectors , to sector stores , and to theater stores.

Mines are ass igned to individual maneuver battalions , sector
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stores and theater stores . POL is assigned to Individual

battalions, sector air forces , sector stores , and theater stores .

Consumption of supplies is the result of combat activity and

the passage of time . Except for expenditures of ammunition for

maneuver unit weapons and expenditure s of land mines , supply
consumption for eac h consuming element is compute d using input
linear consumption rates. The rates may vary according to the

type of activity engaged in by the consuming element . Consump-

tion of the various types of supplies may be based on the total

number of personne l and/or the numbers of consuming weapons ,
by type .

• Specific consumption processes vary by type of supply .
• Aviation POL is consumed based on the input consumption yates

times the numbers of sorties flown by each aircraft type , for

each mission . Ground POL is computed based on numbers of

battalion maneuver units, field artillery pieces and air

defen se weapons as we ll as the number of men in reserv e, the
number of personnel—kilometers of FEBA movement , and the total

number of pers3nnel per sector , per day . Consumption of avia—

tion ordnance may be simulated for each aircraft—mission com-

bination (5 aIrcraft types, 7 mission types). It is calculated

by multiplying a user input of the ordnance expended by type

for each aircraft—mission combination times the number of

sorties of that type flown per day for each sector. Consumption
4 of attack helicopter ordnance and the ammunition consumption of

fixed ground weapons in returning fire on tne helicopters is a

function of the number of helicopters (up to 12) per flight .

These quantities must be es timate d by the user from the ordnance
load of the helicopters and the dynamics of combat in such an

engagement .

Consum ption of ammun ition for maneuver unit weapons Is
proportional to the firing activity represented in the firepower

process models. That is, consumption by maneuver battalions at
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the FEBA during an assault is computed at each range step in the

differential models of combat . It is the expected number of

rounds fired to achieve the expected attrition calculated in the

model. For non—assault activities such as withdrawal , delay ,

inactivity, advance against delay , and pursuit , ammunition
consumption is not explicitly modeled. Instead , avera ge
ammunition consumption of each of the nine ground type weapons

for each of these types of activity is specified by the user.

Field artillery ammunition expenditure is based on tactical

decision rules specifying the total artillery rounds to be fired

that day , in that sector , and the number which are allocated

against front—line units (using the artillery fire process

module). Artillery rounds to be fired which are not allocated

against front—line units are used against reserves and rear area

targets. Consumption of air defense ammunition is computed

using the average quantity of ammunition fired by each randomly

located weapon against each penetrating aircraft . The total

ammunition expenditure is obtained by taking the product of the

individual weapon consumption rate , the number of unsuppressed

air defense weapons , and the average number of penetrating air-

craft for each aircraft/mission combination . The daily consump-

tion of other supplies is computed by multiplying input consump-

tion rates per man , per day by the total number of personnel

present . Land mines are consumed in proportion to the number of

minefields which are employed. The number employed Is determined

by the tactical decision rules.

The logic for the allocation of resources among sectors

and among elements within sectors is input by the user as

tactical decision rules. Similarly, methods for determining thej effects of supply shortages are specified as tactical decision
rules , and are not included in the built—in model logic.

a. Inputs by User

• Consumption rate of supplies , by type of supplies and
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by type of weapon systems . (Consumption of each type
of ammunition Is mathematically calculated at each
range step for maneuver units.)

• Initial supply inventory , by type , at local unit level,
sector , and theater.

• Tactical decision rules regarding allocation of supplies ,
• by type.

• Tactical decision rules regarding the effects of supply
shortages.

b. Inputs Generated by the Model

• The amount of supplies by type arriving daily at combat
units , sector depots and theater stores.

• The current number of personnel on hand , by type and
location .

• Equipment inventories , by type and location .

• The daily amount of FEBA movement for each battalion
area.

• Expenditure s of maneuver unit ammunition , by type and
by battalion area class. These quantities are computed
by the detailed firepower process models for attacks
against hasty defenses . They are extracted from user—

• input lookup tables for other ground activities.

• Unit activities , for maneuver units.
• S Degree and type of activity for non-maneuver elements ,

e.g., sortie rates and types of missions for tactical
aircraft .

• Number of supplies destroyed , by type , in combat
activities , e.g., air interdiction.

3 • Other existing model variables used in logistics
decision processes , as specified by the tactical
decision rules.

c. Outputs

• Supply totals remaining and totals used , by type of
supply and by location.

•Effects on combat capabilities of supply shortages.
These effects are determined in accordance with tactical
decision rules programmed by the model user.

L
A— l58

______ ““ ~~ *



~~~~~~~~~~

‘

d. Assumptions

• Specific representation of the twenty—seven types of
supply described above is adequate for theater—level
combat analysis.

• For supplies other than maneuver unit ammunition ,
consumption can be determined by use of linear con-
sumption rates. These rates may be multiplied by
numbers of personnel and/or items of equipment or they
may be multiplied by the number of activities , such
as aircraft sorties , depending upon the type of
supplies involved. Different rates may be applied ,
based on the type of activity which occurs.

• The assumptions pertaining to the attrition processes
in an attack on a hasty defense apply to ammunition
consumption for that activity.

• For a given type of maneuver unit, the amount of ammuni-
tion expended during any particular type of activity
except an attack on a hasty defense is fixed by user
input . It is unaffected by other aspects of the
existing situation .

• After the decision is made to engage in an attack on a
hasty defense , ammunition expenditure rates are un-
affected by ammunition shortages . However , the availa-
bility of ammunition may be considered by means of
tactical rules in making the decision to begin with.
(It is theoretically possible to use tactical rules to
modify firing rates and ammunition expenditure rates
on the basis of ammunition availability, but the pro-
cedure is considered too cumbersome to have practical
value.)

• Other assumptions will necessarily be employed by the
user in designing the tactical decision rules which
control resource allocation and the rules which determine
the effects of supply shortages.

5. Discussion

Logistics activities are represented in the four models

with varying degrees of aggregation . In all the models , the

items of equipment (and personnel) which are specifically

accounted for can be replaced on a daily basis from sources

external to the theater of operations . Subsequent distribution

of these items is, in general , based on need. The tactical
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decision rules In VECTOR provide more flexibility in allocations

than the other models , while in LULEJIAN the user can choose

among four allocation policy options . CEM and IDAGAM each have

a single built—in system for allocating replacement items. Both

are based on need. The allocation of consumable supplies to

using units is similarly based on need In three of the four

models. In VECTOR , the logic for supply allocation is designed
by the model user and programmed as tactical decision rules.

The models differ in the number of types of supply which are

separately represented. VECTOR accounts for 27 types of supplies :

9 types of ammunition for maneuver unit weapons ; 10 types of
aircraft ordnance; helicopter ordnance; land mines; field

artillery ammunition ; long and short range air defense artillery

ammunition (which may include missiles); ground POL; aviation

POL; and a single additional “other supplies ” category . In

contrast , CEM, the model which accounts for the next largest

number of types of supplies , represents only four : all POL ,
maneuver unit ammunition, artillery ammunition , and a single
“all others” category . The IDAGAM and LULEJIAN models each

represent one aggregated type of general supply and separately

account for SAM consumption . In its unique modeling of the

lines of communication , the LULEJIAN model uses and accounts
for bridge and engineering supplies to represent road con-

struction capabilities. The LULEJIAN model is also unique

in its representation of vehicles (a single type) to transport
supplies.

Given the differences in the resolution of the different

types of supplies , most of the supply consumption process of

the models are similar . Again , the clear exception is VECTOR ,
where each type of ammunition expended by opposing maneuver

units during an attack on a hasty defense is calculated directly .

Also , expU cit counts are made of field artillery rounds expended
and land mines employed. For the remainder of the VECTOR

supplies , the consumption mechanisms are similar to those of
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the other models.

In each of the models, consumption rates are input for

various units , items of equipment , and/or personnel , based on

the activity or the intensity of activity of the consuming

element . The input rates are used as linear multipliers in the

models. LULEJIAN is slightly more aggregated than the others ,

in that consumption rates are applied to units without regard

to their actual daily equipment and personnel strengths .

Unit consumption rates in the LULEJIAN model are modified

according to force posture and type of terrain.

Each of the models , except VECTOR (discussed separately

in the following paragraph), contains logic to assess the

effects of supply shortages on the force capabilities . The

means used in all three models are consistent with their

overall structure . In CEM , shortages of each type of supply

cause a degradation of total firepower values. Effects of

shortages of more than one type of supply are multiplicative .

Supply shortages in IDAGAM cause a reduction in the destruction

of potential enemy weapons value , or alternatively , the number

of potential enemy casualties , inflicted by each firing weapon.

The degree of reduction for a given shortage is input by the
user. In LULEJIAN , the number of maneuver units available for

employment is reduced if supplies are below the required amount .

This reduction of available units is proportional to the supply

shortages. In both IDAGAM and LULEJIAN , shortages of supplies

for aircraft cause a proportional reduction in the number of

sorties which can be flown .

In the VECTOR model , all effects of supply shortages must

be modeled by the user and input as tactical decision rules.

It, therefore , has a good potential capability to assess those

effects. Almost any internal model decision can take the supply

~tatus into consideration . Among the decisions which can be

affected are those which select combat activities for maneuver
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units . However , once an activity is taking place , its out-

come cannot for practical purposes be made to reflect varying

levels of supply.

VECTOR is considered better than the other models in

representing supply consumption. More types of supply are

explicitly represented , and ammunition expenditure processes

are integrated into the attrition processes . There is little

difference among the consumption processes in the other models ,

except for specific features, e.g., LOC construction In LULEJIAN .

Apart from VECTOR , the models are considered equally capable

of representing the effects of supply shortages. The processes

employed are consistent in each case with the overall structures

of the models . VECTOR cannot be directly compared with the

others since it contains no built—in logic to assess the effects

of shortages. The amount of detailed data generated in the

model gives it a good potential capability if users are willing

to develop the appropriate logic as part of the tactical

decision rule process.
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M. L O G I S T I C S :  R E S O U R C E  FLOW AND T R A N S P O R T A T I O N

1. CEM

Supplies and replacement weapons are received into the

theater according to a schedule which is input by the user.

The scheduled quantities are intended to repr~esent receipts

from both theater stockages and sources out sii~ the theater.

Three major categories of consumable .~upplies ~~~ arrive in the

theater: FOL , ammunition , and “all other ” t1p J .  ~ ich major

weapon system , by type , can arrive . Immediately • ifter resources

are received , they are sent to depots somewhere near the front—

line units. Repaired weapons which became available are sent

along with them . The transportation system is implicitly re—

presented by delays which are incurred in the movement of

resources to the front. The amount of the delay for each
• resource being transported is a function of the tactical air

“environment. ” When the enemy has air superiority, the results

of air interdiction are implicitly represented as longer trans—

portat~.on times. No supplies are destroyed by interdiction in

route , or for that matter at any other time or location . The

• time delay s for friendly and unfriendly air environments are

input by the user , but in no case can resources arrive in

forward depots during the same theater cycle that they arrive

in theater.

Supplies are allocated to using organizations from depots

at the front according to need. Delivery is made during the

next division cycle after the need is generated. No transpor—

tation delays are simulated for these deliveries.

The representations of depots and transportation are

conceptual only . Only aggregated simulations of their effects

are explicit within the model.



r

a. Inputs by the User

• Schedule of arrivals of consumable supplies and major
weapons systems into the theater, by type , by theater
cycle.

• T1.~e amount of time required to move supplies from the

~;neater point of entry to the forward supply depots ,
• ~‘j type of supply , for friendly and unfriendly air

onvironments.

b. Inputs Generated by the Model

• Status of the tactical air environment , friendly or
unfriendly .

• Number of weapons , by type , vihich have been repaired
and sent to forward depots along with new replacement
weapons .

c. Outputs

• The quantity of supplies and replacement weapons
received at forward depots during each theater cycle.

• Updated total quantity of supplies and replacement
weapons on hand at forward depots.

d. Assumptions

• Allocations of supplies from theater to geographic
areas are perfect. Supplies are always sent to the
proper forward depots for subsequent allocations to
combat units on the basis of need. The needed supplies
are assumed to be in depots close enough to the units
having the need so that delay s in delivery are avoided.

• Air interdiction affects only the time required to
• transport supplies. No supplies are destroyed , either
• in transit or in depots.

• The capability to transport supplies is affected only
by the status of the air environment . Changes in other

• aspects of the ongoing combat situation have no effect.
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2. IDAGAM

Consumable supplies of a single notional type enter the

theater according to a schedule which is input by the model

user. They are distributed by means of a supply system which

stores and accounts for them at three echelons: COMMZ , regions ,

and se~ tors . The supplies intended for use by organizations

physically located in the COMMZ and in regions are accounted

for in depots separate from the depots which provide supplies

to lower echelons . Supplies are allocated from COMMZ to region

to sectors on the basis of need. They are also allocated to

organizations within the COMMZ and regions on the same basis.

Supplies in the combat sectors are immediately available to the

* 
divisions in those sectors without further explicit allocation .

Transportation of supplies is represented implicitly . No
lines of communications nor transportation resources are por-

trayed in the model. Movements of available allocated supplies

from COMMZ to regions take place without restrictions , and are

not subject to air interdiction. Each such transfer of supplies
• is completed during a single model time period , e.g., one day .

Supply transfers from regions to sectors are also accomplished

in one day , but here the movement is subject to air interdiction.

Attack by aircraft can cause destruction of supplies , or can

block their movement . Blocked supplies are returned to region
• depots. (See section G of this appendix , “Air Interdiction ,”

for details on how the quantities of affected supplies are
calculated.) Supplies which arrive in sectors are assumed to

be immediately available to the divisions there, and no movement
of supplies is represented.

Supplies may be transferred back and forth between the
supply depot which supports the theater. Similar transfers may
be made between the two analogous storage locations in each
region . Supplies are not subject to air interdiction while
being transferred in this way . No supplies can be automatically
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• moved rearward , that is, from sectors to regions , or from

regions to the COMMZ. However, all resources , including

supplies can be administratively moved as desired by means of

specific user inputs.

Supplies stored in the COMMZ are not subject to attacks of

any kind . These stored in regions are subject to destruction

by aircraft , and those in sectors can be destroyed by both air-

craft and ground weapons.

• (Other resources which enter the theater, i.e. replacement

weapons and personnel , are not a part of the supply system which

is described In this section . For a discussion of the IDAGAM

treatment of the flow of these resources in the theater , see

section P of this appendix , “Personnel Replacements. ”)

a. Inputs by the User

• Schedule of arrival of supplies into the theater. A
single notional type of consumable supplies is rep—

• resented.

• Desired supply stockage levels in sectors and regions .

b. Inputs Generated by the Model

• Supply consumption by each organization in the theater ,
by location.

• Amounts of supplies destroyed by ground and air attack
3 in each sector.

• • Amounts of supplies destroyed by air attack in sectors
• and regions , and in route from regions to sectors .

• The amount of supplies blocked by air interdiction and
consequently not transported from region depots to

* sectors . (Blocked supplies are returned to the region
depot from which they were shipped.)

c. Outputs

• The amount of supplies needed at each location to meett desired stockage levels (the demand).
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• The amounts of supplies shipped from COMJVIZ to regions,
and from regions to sectors .

• The amounts of supplies shipped between the two loca—
• tions accounted for in the COMMZ and between the two

• 
- analogous locations in each region . (See descriptive

paragraph above for an explanation of the two locations.)

• • Updated supply inventor ies by loca tion.

d. Assumptions

• Supplies are invulnerable to attack while in the COMNZ
or in route from the COMMZ to regions.

• Supplies in regions and in route from regions to sec tors
are vulnerable to attack by aircraft only .

• Supplies located in combat sectors are vulnerable to
* • attack by aircraft and ground weapons .

• The effect of air interdiction of lines of communica-
tions Is to block the delivery of some portion of the
supplies which are being transported.

• In addition to the destruction of supplies , air in-
terdiction can cause the movement of some portion of
them to be blocked , forcing their return to the point
of orgin.

4 • Supplies can be transported from the COMNZ to regions
in a single model time period , typically one day .

3. LULEJ IAN

The theater logistics system is represented by a point of

entry into the theater (the port), forward supply depots in each

region, and a ground transportation system from the port to the

forward areas . The following resources can be introduced Into

the theater through the port : infantry battalions , mechanized

infantry battalions and tank battalions , by national partici-.

• pant ; ADA battalions ; replacement infantry personne l, by

national participant ; replacement tanks and APCs , by type;
• replacement SAMs ; general consumable supplies; empty transpor—

tation vehicles; and bridge sections as a surrogate for materials

to improve the ground lines of communications (LOC). The portj

~ 
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has a maximum daily capacity , in tons , to accept resources.

Priority for use• of this capacity is given to replacement units,

equipment, and personnel; their arrivals are scheduled by the

• model user. Remaining capacity of the port to accept resources

is devoted to general supplies, transportation vehicles , and

bridges. The fraction of the remaining capacity which is

devoted to each of these latter three resources can be deter-

mined by the “optimization” algorithm , or can be fixed by user

input . In either case , the absolute amounts of the three non—

priority resources are dependent on the port capacity remaining

after acceptance of priority resources, and on the fraction of

that capacity allocated to each of the three . Sufficient

quantities of the three resources are assumed to be available

for acceptance by the port so that all capacity is utilized.

As mentioned above , the fraction of the remaining port

capacity to be allocated to each of the three non—priority

resources can be determined by the “optimization” algorithm .

The algorithm uses an approximate solution technique for a

two—sided , multi—stage , zero— sum game. Each side allocates

port acceptance capacity so as to maximize the results of the

game to its own advantage. That is, each side attempts to
obtain the maximum amount of FEBA movement in its own direction

of forward progress. Simultaneous decisions are not made by

both sides. At each decision point , one side must decide on an

allocation , and the other side must then respond with its own

allocation decision . Decisions are in the form of a selection

from a set of discreet “strategies” input by the user. Each

strategy is a fractional allocation of available capacity to each

of the three non—priority resources. For example a single strat—

egy might be expresse d as: “Allocate 50 percent of available

port capacity to general supplies , 30 percent to transportation

vehicles , and 20 percent to bridges.” The algorithm does not

solve for a mixed—strategy solution and does not in fact
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obtain a rigorous solution to either a maxinin or minmax problem .

Further , there is no capability to determine bounds between
• which the correct solution !nust fall. The algorithm does pro—
• vide a method of analyzing the effects which variations in

capacity allocations have upon the outcome of the combat

simulation . It automatically generates sequential allocations
* which are relatively good for the side making them even if they

are not necessarily the correct solutions . (To the authors ’

knowledge , the state of the art does not allow for rigorously

correct solutions to problems of this nature, unless the basic

combat simulation is purposely made very simple.) If operation

of the algorithm is not desired , all the allocation strategies

for each decision point may be fixed In advance by the model

user.

Resources which have entered the port are eligible for

shipment to forward areas . All resources in the port except

supplies are assumed to be needed or “demanded ,” by forward
• elements. Demands for supplies are computed on the basis of

quantities authorized and on hand in the forward areas . If the

quantity demanded is the same as or greater than the quantity

available in the port , then all available supplies are designa-

ted for shipment . If the quantity in the port exceeds the

demand , the following equation is used to determine the quantity

designated for forward shipment :

Let Sp = quantity of supplies available in the port

Sd = quantity demanded by forward elements

Ss = quantity designated for shipment
(Sp — Sd)

Ss = Sd + 0.5 Sd (1 — e — 0.5Sd )

This equation limits the quantity of supplies designated for

shipment to no more than 1.5 times the quantity demanded.

Since all resources in the port except supplies are

assumed to be needed by forward elements , all are designated

for shIpment.
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Some means of transportation is required for all resources

once they have been designated for shipment. All types of

replacement battalions are assumed to possess adequate organic

transportation capability for movement to forward areas . The

other resources must be moved either by airlift aircraft or by

ground transportation vehicles. Airlift capacity is first

• alloca~ed to individual infantry personnel replacements; if any

capacity is left over, it is used for general supplies. No

other resources can be transported forward by aircraft .

All bridges and replacement equipment are moved forward by

ground transportation vehicle (a single notional type of truck).

Replacement personnel and supplies not transported by airlift

are also carried by trucks . Less than perfect efficiency in

loading vehicles is assumed; the following equation is used to

compute the number of vehicles which are loaded daily.

-m t

Vin = Vp (l—e tv Vp )

Where
m t = total tonnage at port to be placed on transport

4 vehicles.

tv = capacity of each vehicle , in tons .
= number of empty vehicles in the port .

Vin = number of vehicles which are loaded and enter the
transportation network.

If there is not enough total vehicle capacity to carry all

the resources which have been designated for shipment , some of

each type of resource will remain in the port . The same

fraction of the demand for each resource is shipped; for

example , if only 60 percent of needed transportation capacity is

available , then 60 percent of the amount of each resource

demanded will be shipped. The entire quantity of all resources

in the port except consumable supplies is assumed to be

“dem~mnded .”
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The time necessar y for vehicles to move from the port to

forward areas through the supply network depends on the capacity

of the network and the distance which must be traveled. The

number of vehicles emerging from the ne twork eac h day is com-

puted with the following equations :

-Vn
tCn

Vout = C~ (1.— e )

Where
V = the number of vehicles that emerge from theOU network today .

C~ = the network capacity (vehicles/day).

Vn = total number of vehicles in the network today .

t = the average miminum time required for vehicles to
flow through the network .

t is computed using the following :

:~3 
t = Dp~ +

- 2 S v
where

= the average distance from the Region 1 FEBA to the
port .

= the average distance from the Region 2 FEBA to the
port .

= the speed of the vehicles.

When the network capacity Is small in relation to the number

of vehicles in the network , the vehicle through—put is limited

to that capacity (a bottleneck). When the capacity is large

in relation to the number of vehicles , the number emerging

from the network is the total number in the network divided

by the transit time required. The number of emerging vehicles

carrying a given resource is proportional to the total number
of vehicles in the network which are carrying that resource.

For example , if half of all the vehicles in the network today
are carrying general supplies , half of today ’s emerging vehicles

are assumed to be carrying general supplies.
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The capacity of the network is influenced by the number of

bridges available, as follows :

Bvc)
Cn = Bern (

~prc
where Cn = increas e in network capac ity due to added river

crossings .

Bern = number of bridge sections emerging from the
network .

Bvc = capacity increase (vehicles/day ) per river
crossing constru cted.

Bprc = bridge sections required per river crossing.

Resources and transportation vehicles are susceptible to

air Interdiction after they have left the port . Bridges may

also be destroye d, reducing the network capacity , and possibly
causing delays in movement . (See section G, this appendix ,

“Air Interdiction .”)

In addition to bridge sections, an input quantity of general

supplies is consumed in the construction of each river crossing .

Supplies required for this purpose are a part of the total

demand placed upon the port .

After supplies for the forward area have emerged from the

transportation network , they are placed in region depots.

There is a supply depot for ground forces and a separate supply

depot for the air base in each region . Supplies emerging from

the network are allocated among these depots in proportion to

demand . Once supplies are in the depots, they are assumed to

be immediately available to the users . No further transportation

or delays are simulated. Similarly , SAMs emerging from the

network are placed in SAM depots and are allocated out of them

• based on demand . Movement of SAMs from forward depots to firing

units is not simulated.

Replacement personnel and equipment emerging from the
transportation network are allocated to units in accordance wIth~~
user—selected options . This is discussed in sections L, .•-~~
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“Logistics: Structure , Consumption and Availability ,” and F,
“Personnel Replacements ,” of this appendix.

Tactical aircraft , airlift aircraft , and helicopters can

be scheduled into the theater by the mode l user. They are

assumed to go directly to their appropriate operating areas

without reference to the port or other elements of the logistics

system .

a. Inputs by the User

• Arrival schedule for the following resources , which
have priority for use of port capacity :

(1) Infantry , mechanized infantry, and tank battalions , -•

by national participant .

(2) ADA battalions .

(3 )  Replacement infantry personnel , by national
participant .

(L i ) Replacement tanks and APCs , by type.

(5) Replacement SAMs .
• Port input capacity, in tons per day .

• Unit weights , in tons, for all incoming resources
except general supplies.

• Inventory of all resources in the theater at the
beginning of the combat , and their locations.

• Number of airlift aircraft initially in theater , and
schedule for future arrivals.

• Carrying capacity of the single notional type of air-
lift aircraft.

• Number of transportation vehicles (a single notional
type ) initially on hand , and their locations .

• Carrying capacity of the transportation vehicle .

• Average speed of the transportation vehicle , in
kilometers per day .

• Initial capacity of the ground transportation network ,
in vehicles çer day .

• Initial FEBA iocations in each sector , in relation to
the location oi’ the ports for each side .

• Initial number of river crossings in the network .
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• The increase in ground network capacity (vehicles per
day ) derived from the ~onstruction of each river cross-
ing.

• Number of bridge sections needed to construct a single
river crossing.

• The quantity of general supplies needed for construction
of a single river crossing .

• The quantity of general supplies necessary for mainten-
ance of a unit length (km) of the ground transportation
network for one day .

• Selection of the method by which the capacity of the
port to accept incoming resources is allocated among
general supplies , bridge sections , and transportation
vehicles. The allocations may be determined by the
“optimization ” algorithm , or they may be fixed in
advance by the model user.

• A set of allocation strategies for port input capacity.
Each strategy enumerates the fraction of available
capacity to be allocated to general supplies , bridge
sections , and transportation vehicles.

• The number and lengths of the periods during which no
changes in port allocations will be made . Decision
points occur ~t the beginning of each period ,

• Initial trial allocation strategies for each side for
each decision point. These are used as a starting
point by the optimization algorithm .

• Selection of the type of approximate optimization to
be performed , if fixed strategies are not selected.
The type of optimization can be selected for each
move individually . The choices are :

(1) Minmax

( 2 ) Maxmin
(3) Mm (one side holds fixed strategies)

(Li ) Max (the other side holds fixed strategies)

b. Inputs Generated by the Model

• Amounts of the general supplies needed (demanded) by
forward area depots.

• Amounts of resources other than general supplies which =
are needed by combat elements in the forward areas .

• Updated FEBA positions in each sector .
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• Quantity of resources , ty type , destroyed by air
interdiction of the ground transportation network and
forward depots. Resources in the port and those being
moved by airlift aircraft are not subject to attack.

• Number of river crossings destroyed by air interdiction.

c . Outputs

• Quantities of general supplies , bridge sections , and
transportation vehicles arriving into the theater port
each day.

• The amount of port capacity available for the accept—
tance of incoming general supplies , bridge sections ,
and transportation vehicles each day, and the fraction
of that capacity which is allocated to each of the three
resources.

• The quantity of each type of resource shipped forward
from the port each day by means of airlift aircraft ,
organic vehicles , and the notional ground transportation
vehicles.

• The quantities of resources by type , emerging from the
ground transportation network each day . The number of
emerging transportation vehicles which are carrying
these resources is also given .

• The numbers of ground transportation vehicles in the
theater , daily, by status :

(1) Ready for loading at the port .

(2) Moving resources forward from the port .

(3) Returning empty back through the supply network to
* the port .

4 • The number of river crossings constructed each day ,
and an updated total number in the transportation
network .

• The quantities of general supplies which are consumed
in the transport ation network , daily .

d. Assumptions

• There is an inherent maximum quantity of resources ,
• in terms of tonnage , which can be accepted into the

theater each day (represented as the maximum acceptance
capacity of the notional port). There is no comparable
inherent limitation on the storage capacity of the port ,
nor on the daily quantity of resources which can be
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shipped forward from it. The quantity which can be
shipped forward is constrained , but only by the
theater transportation system .

• In the utilization of the constrained capacity to accept
resources into the theater , all replacement units ,
personnel and equipment are accommodated before any
capacity is allocated to general supplies , bridge
sections , or transportation vehicles.

• The only limitaticn on the availability of general
supplies , bridge sections , and/or transportation
vehicles for shipment into the theater is the capacity
of the notional port to accept them .

• The levels of aggregation of resources and the logistics
network as previously described in this section are
adequate for theater—level combat analysis.

• The exponential equations , described above , which ~re
used to calculate the number of vehicles loaded at
the port and the number which emerge from the network
are adequate , average representations of the processes
involved.

• The use of game theoretic techniques is appropriate
for making unbiased allocations of limited port
capacity to general supplies , bridge sections (LOC
construction material) and transportation vehicles.
The algorithm used is assumed adequate for finding
“good” allocations , even though the relationship of
the solution it generates to the correct solution
cannot be verified. (This assumption is applicable only
if the user employs the optimization algorithm ; it is
not applicable if fixed , predetermined allocations are
used).

• Although replacement crews are an integral component
of replacement tanks and APCs , these vehicles must be

4 
carried forward from the port by transportation
vehicles.

• The ground LOC consists of a sufficient number of
parallel roads so that air interdiction can reduce its
capacity but not shut off movement entirely , even
temporarily. That is , no critical “choke—points ”
exist. Destruction or construction of a river crossing
changes the nominal capacity of the transportation
network by a fixed , input amount .
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4. VECTOR

Any resource which is represented in the model can be

scheduled to enter the theater during the conduct of the cam-

paign . This includes all types of maneuver units , personnel ,

weapons , ammunition , POL , land mines , aircraft , aircraft ordnance ,

aircraft shelters , and “other ” supplies. Resources may arrive

at specifically designated sectors or they may arrive at the

theater level. All resource allocations must be ~r~a~1e by tact inal

decision rules devised and programmed by the model user , e.r.,

from theater level to sectors , or from sectors to maneuver units.

No transportation system or lines of communications are

represented in the model. Most resources may be located at

theater level , sector level , and using—unit level , but the

process of movement between these levels is not modeled. Some

effects of movement , such as delays , may be programmed into the

tactical decision rules. The degree to which this is done is

left to the discretion of the model user. Allocation and use

of resources is of course reflected in updated inventories for

each storage location or using unit .~

a. Inputs by the User

• Schedule of resource arrivals. Resources of all types
may arrive on any or all days that combat is simulated.
(And , as a technique for deploying resources , some may
arrive and be allocated on the “day ” before combat
begins.)

• • Quantities of resources authorized or required , by
location or unit.

• Tactical decision rules to allocate resources.

• Tactical decision rules to simulate in some degree the
transportation of resources.

b. Inputs Generated by the Model

• Quantities of resources consumed or destroyed , by
loca~,ion or unit , daily .
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• Updated quantities of resources on hand at each
location or unit.

• Any other state variables which the tactical decis i-n
rules have been programmed to use.

c. Outputs

• Quantity of resources , by type , arriving at each
location or unit , daily .

d. Assumptions

• Resources can be stored at three levels in the theater:
theater stores , sector stores , and at the using organi-
zation .

• Resources can be sent directly to a designated sector
from outside the theater , or they can be sent to the
theater as a whole for subsequent allocation .

(In his formulation of tactical decision rules , the

model user will probably make numerous additional assumptions.)

5. DISCUSSION

All the models except VECTOR represent in some way the

movement of resources to the forward areas from the point of

4 entry into the theater . (The allocation of resources after

they arrive at the forward areas , and the effects of these re—

sources , particularly supplies , on the combat units are discussed

in section L, this appendix.) The representation of the point of

entry (the port) and the transportation system to the front is

far more detailed in LULEJIAN than in the other models.

Capacities and capabilities are expressly represented , and

computations are made using assumptions and equations which are

reasonable , r~ven the level of aggregation . Transportation in

the other models is essentially a simple transfer of resources

from storage locations in the rear to depots further forward.

Movement time is simulated in CEM by delay times input by the

user. In IDAGAM , each forward movement , e.g., from COMMZ to
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regions , requires a single model time period (a single day).

= VECTOR has no built—in transportation system , but delays can

be programmed in the tactical decision rules.

In general , each model portrays a rear area wnere resources

are invulnerable to attack. As resources are moved to more for-

ward areas, they first become vulnerable to air attack , and

then to other types of attack as well. In CEM , resources are

delayed by air interdiction , but are not destroyed. Since

VECTOR does not represent movement as such , resources in transit

are not attacked.

All of the models accept resupply of the non—consumable

resources which they represent . All also accept consumable

supplies , but at differing levels of aggregation . VECTOR is

the most disaggregated , while IDAGAM and LULEJIAN aggregate

consumables into a single category of “general supplies. ”

LULEJIAN is clearly more thorough than the other models

in its representation of the transportation system , but it is

highly aggregated. Since the other models do not treat inter-

nally the possibility of a finite port capacity, the function

of the LULEJIAN allocation algorithm is unique . Although the

• validity of the algorithm cannot be proven , the algorithm cannot

be considered a weakness of LULEJIAN in comparison with the

other models. It can be overridden and the port capacity can

be made large enough so that no practical constraints exist.

Care should be taken with the user input , however , since there

• are assumed to be enough general supplies , bridge sections ,

and/or transportation vehicles available for entry to the port

* to utilize all the capacity remaining after higher priority

items have entered .

All the models except VECTOR assume that allocation and

distribution of resources from theater level down to lower
echelons is perfect , based on need . The user must desi gn and

program the allocation scheme for VECTOR.
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None of the models except LIJLEJIAN is considered suitable

for study of questions pertaining to theater logistics. In CEM ,

IDAGAM , and VECTOR , the value of this functional area is in

• Its acceptance of units , supplies, and replacement res ources
into the theater, thereby allowing some assessment of their

• effects on the course of the campaign . LULEJIAN can be used

* to examine theater logistics , but its usefulness for this pur-

pose is limited by its high level of aggregation.

.•
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N. LOGISTICS: MAINTENANCE AND REPAIR

1. CEM

Theater level depot maintenance support for all tanks , APCs ,

and helicopters which are assigned to combat units is provided.

This represents all maintenance and repair of combat damage above

division level. It requires that the user provide inputs for

the proportion repaired , repair capacity, and repair time for

each generic weapon system (e.g., all 12 tank types have the

same values for each of the three inputs). Excessive require-

ments for maintenance and repair result in a queue and its

attendant delays. Repaired weapons are assigned to the approp—

n ate theater distribution pool on a time—phased basis which

reflects the capacity of the depot maintenance facilities.

a. Inputs by User

• Proportion of total numbers of a given generic weapon
system (e.g., all tank types) which can be repaired.

• Repair capacity for each weapon system .

• Repair time for each weapon system.

b. Inputs Generated by the Model

• Combat unit weapon systems losses by type system (tank ,
APC , helicopter) by theater cycle.

4

c. Outputs

• Weapon systems (tank , APC , helicopter) in repair , by
theater cycle.

• • Weapon systems , by type , as gains to appropr .~atetheater distribution pools .

d. Assumptions

* 
S User has knowledge of the proportion of each damaged
weapon system which can be repaired during a battle.
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• User has knowledge of theater level maintenance repair
capacity for each weapon system type , and the time
expected to complete repairs .

2. IDAGAM

Ground combat weapons engaged in battle each day may become

damaged in the process. Some may be repairable. However , air—

• craft damaged in combat cannot be repaired.

a. In p u ts by User

• Percentage of ground combat weapons , by type , damaged
each day which are repairable .

b. Inputs (enerated by the Model

• Number of ground weapons , by type , engaged in battle
that become damaged , per day .

c. Outputs

•Number of damaged ground weapons , by type , which have
been repaired and are added to the weapon replacement
pool in the communications zone .

d. Assumptions

• A constant daily percentage of all damaged ground
weapons , by type , can be repaired regardless of battle
intensity, or peculiarities in individual sectors .

• Supplies and spare parts of all types needed , by weapon
• type , are available to repair the percentage of combat

disabled weapons per day and return them to a weapon
replacement pool.

• •The repair function causes no supplies to be withdrawn
from any supply pools , and there is no consequent
reduction in the amount of consumable supplies
available.
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3. LULEJIA N

The maintenance and repair function for ground systems and

aircraft are not considered explicitly in the model.

4. VECTOR

The effects of maintenance and repair of ground and air
* weapon systems are not simulated in the mcdel.

5. DISCUSSION

The maintenance and repair function is represented in only

two of the four models , and in those it is simulated in a very

cursory manner. CEM contains a theater—level depot maintenance

support function to repair tanks , APCs , and helicopters . How-

ever , the user must input for each type of weapon system such

parameters as the expected fraction of the total number damaged

which can be repaired , depot repair capacity, and length of

time to repair each type of weapon system. Excessive require-

ments and/or limited depot maintenance can create queues , and

delays in the return of weapons to combat . IDAGAM also permits

limited repair and maintenance , However , only ground weapons
are repairable . Aircraft damaged in combat are not recycled ,

and again, the user inputs the percentage of each type ground

combat weapon which can be repaired per day . No queues or

delays are created within the model. Neither the LULEJIAN nor

the VECTOR models explicitly considers the maintenance and repair

functions.

I
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• 0. CONSTRUCTION

1 . CEM

The model simulates in an aggregated sense the construction

of defensive positions (prepared defenses or barriers). There

is a presumption made within the model that , when the FEBA within

any subscctor is stationary or moving very slowly , both sides

will construct defensi’re positions. Either a prepared defense

or barrier will be constructed , depending on the force capability-
• specified by the user. ~ time—average rate of FEBA movement is

maintained for every minis~ ctor along tha FEBA . When the average

* movement r .te over the minisectors in a given subsector is below

an input threshold value , a defensive position is constructed.

It is possible to differentiate between construction capabilities

of the various Blue units (divisions) by inputting different

threshold rates for the units. All Red units are assumed to

have the same construction capability , and a single threshold

value is input for that side . Requirements for construction

materials are not considered in the model.

The presence of defensive positions causes modifications

of firepower scores and modifications of input FEBA movement

rates. The modifications are to the advantage of the defender.

4 a. Inputs by the User

• Threshold FEBA movement rates, below which construction
of defensive positions may occur . For Blue , these are
input by unit; a single threshold value applicable to
all units is input for Red.

• The time average weighting coefficient , by side , used
to compute average FEB~ movement over time in each
minisector.

b. I~ py ts Gene rated by the Model

• Actual FEBA movement for each time period (division
cycle) for each minisector.
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• The identification of each Blue unit at each subsector ,
for determination of construction capability .

C . Out puts

• • The location of each barrier and prepared defensive

-- 
position , for each division cycle .

d . Assumptions

• The ability and decision of particular units to con—
struct defensive positions are based solely on the
time available to complete the construction .

• The availability of construction materials for parti—
cular Blue units and for all Red units is the same
each time a defensive position is constructed through-
out a given conflict , i.e., during a given model run .

• All Red units have the same capability to construct
defensive positions.

2. IDAGAM

No construction activities are represented in the model.

Prepared defensive positions may be used , but the locations are

input and do not depend on the course of the battle.

3. LULEJ IAN

Construction of lines of communication (LOC) is modeled in

an aggregated manner. The ground LOC is represented as a single
4

“pipeline” from the point of entry into the theater (the port )

to the supply depots which support combat elements. Construction

effort increases the through—put capacity of the LOC . All con—

struction is represented in terms of bridges . The amount of

I’ construction is determined by the number of bridge sections

available and is not constrained by the capabilities of the

forces to perform the construction. The degree of utilization

of the port through—put capacity for bridge sections may be

determined by the LULEJIAN “optimization ” algorithm . Bridge
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sect ions , general supplies , and transport vehicles compete for
the limited port capacity. Bridges can be destroyed by enemy

air interdiction , causing a reduction in the capacity of the
LOC unless the bridges are replaced. General supplies are also
consumed in the construction of bridges. These are computed on
the basis of the estimated man—days necessary to accomplish the
construction . The construction effort, however , is constrained
by the availability of neither general supplies nor man—day s of

effort .

a. Inputs by the User

• Initial number of bridges In place In the LOC.

• Number of bridge sections available to each side for
* input to its theater port , by day .

• Average number of bridge sections necessary to construct
a bridge .

b. Inputs Generated by the Model

• The daily number of bridge sections leaving the port
and becoming available for LOC construction .

• The daily number of bridges destroyed by interdiction

4 
aircraft.

c. Outputs

• The number of bridges in place , by day . This is used
in determining LOC through-put capacity.

3

d. Assumptions

• Since they are not explicitly considered , terrain vari-
ations do not affect construction requirements or LOC
capacity .

• All LOC improvements or damage can be represented in
terms of numbers of bridges.

• The ability to construct bridges depends only on the
availability of material , and not on the construction
capabilities of the forces involved.
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4. VECTOR

• Construction activities are not represented in the model.

Any desired considerations of the average effects of construction

must be reflected in such input values as the FEBA movement rates

corresponding to various force activities.

5. DISCUSSION

Two of the models explicitly treat some aspect of con-

struction , but in a highly aggregated manner. CEM allows for

construction of barriers and prepared defenses , providing that

the rate of FEBA movement is sufficiently small. If there is

adequate time available, construction will take place with no

consideration of the availability of construction materials.

When CEM defensive positions are in place , the FEBA movement
rates and firepower scores are modified in favor of the defender.

The LULEJIAN mode l represents construction undertaken to

improve the logistics ground transportation network. In con-

trast to CEM, the ability to perform construction depends

entirely upon the availability of construction materials , repre-
sented by bridges. It does not depend on the capability of the

forces to do the work. The effect of bridge construction is to

increase the capacity of the logistics network ; destruction of

bridges by interdiction aircraft decreases the capacity .

IDAGAM and VECTOR do not explicitly represent construction.

Some implicit representation of the average effects of construc-

tion or the lack of it may be reflected in other input values ,
e.g., FEBA movement rates under specified conditions.

None of the models is adequate for analyzing detailed

construction activities and capabilities or for analyzing the

effects of construction on the outcome of theater combat .
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P. PERSONNEL REPLACEMENTS

1. CEM

Personnel are made available during each theater cycle

from theater ports and theater hospitals to personnel distribu-

tion pools , with appropriate time delays for transportation and

enemy air interdiction . From the theater pools the personnel

are transported to the hri~ ades (Blue) and divisions (fled) durir•c

the ensuing division cycles on the basis of need.

Each combat unit has an authorized personnel strength ,

equipment list , and initial load , and also has a current status

of these resources as reported in its status file . The person—

nel replacements in the theater pools are distributed to the

units as a function of unit need to replace personnel losses

during each division cycle . If replacement personnel in theater

distribution pools exceed requirements of the combat units ,

the excess personnel remain in the theater pools for the next

division cycle . If the total number of available replacements

is less than that required , then allocations are based on need.

For example , if one unit requires twice as many replacements as
another unit to attain full strength , it will be given twice as

many from the number available. Of course , since a shortage

exists , no unit will be brought to full strength.

The number and availability of personnel replacements is

based on theater policy input to the model. Such input:- as TOE

of each unit , the numbers of replacement personnel sent to

theater ports , and delay s in transport from ports to theater

pools affect the number of replacements. At the beg inr iin i~ of

each theater cycle , available personnel replacements are

apportioned equally to the number of division cycles within the
theater cycle , to become available to the units in need during
each rf l  v i s i on  period . New personnel replacements received by

units are not immediately available for combat , but must be
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assimilated into the unit over a period of time , (see section
R of this appendix , ~‘Ineffective New Troops ”).

For Re~ division personnel replacement , this procedure may

be altered 4 n order to play a Red doctrine of echelonment and
depletion of on—line divisions while previously exhausted
divisions are being rebuilt. This permits Red units on line to
be decimated while receiving no personnel replacements.

Replacements are allocated instead to previously decimated

d1v~sions which are being held in rear—area pools to be rebuilt.

At the beginning of the corps cycle , the state of each on—line

and reserve Red division is compared against a threshold value ,

which has one value if the corps mission is to attack and

another value if its mission is to defend or delay . If the

division state is below this threshold and there are currently

more than two divisions belonging to the parent Red Army (CEM

corps), the decimated division is transferred from the front

to a decimation pool , and the frontage of an adjacent on—line

division is expanded to occupy the gap . The decimated division

is tagged for return to the same parent army after rebuilding

and after a minimum duration in the decimation pool. The

division is considered rebuilt with replacement personnel when

its state exceeds a given threshold and the minimum time has
elapsed. It is then transferred to the reinforcing pool for the

appropriate army to be returned to the front in the next army

cycle in which reinforcements are required.

a. Inputs by User

• The numbers of personnel replacements made available
to each side during each theater cycle , including the
initial cycle . These may vary from cycle to cycle.

• Designation of whether on—linc Red divisions will be
provided with replacements or be allowed to become
decimated and subsequently rebuilt in the rear .

• The authorized (TOE) number of combat personnel for
each type of unit.
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• The initial numbers of personnel assigned to each unit .

• The amount of time required for replacement personnel
to move from their point of entry into the theater

• (port) to the theater distribution pool.

• Threshold state values to denote decimation of Red
divisions . With certain restrictions , if the state of
a Red division falls below the threshold value , the
division is considered decimated and is transferred
to the rear . The threshold may be different when the
parent corps is attacking than when it is de fending or
delaying.

b. In p uts Generate d by the Model

* 
• Current nersonnel status of combat units.

C. Outputs

• The numbers of replacement personnel available to be
allocated during each division cycle to each combat
unit on each side .

• The fraction of authorized personnel present in each
combat unit on each side , at the start of each
division cycle .

• The number and status of Rea divisions , by type , bein~
rebuilt in the decimated division pool , at the start
of each division cycle .

d. Assum ptions

• Personnel replacements are sent to indivio~ ul combat =
units from theater pools based on the fr ction of
authorized personnel on hand per division cycle , i.e., - •

replacements are made on the basis of need.

• At the beginning of each theater cycle , the available
personnel replacements are apportioned equally to the
division cycles encompassed by the theater cycle .
They become available to user units during each
division period.

• Personnel replacements will not be made so as to
cause units to have more than TOE authorized strength.

• Personnel replacements sent to the personnel pool are
not immediately available for assignment , but must be
assimilated into the theater over a period of time .
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• Red on—line divisions can be decimated without per-
sonnel replacements being iaade .

• Decimated Red divisions can be rebuilt with nersonnel
replacements from theater personnel distribution pools.

• Red on—line divisions retire to decimation pools based
on an input threshold value of the leve l of decimation .

• Replacements for combat units are not distinguishable
• according to skills , training or country of origin.

These distinctions are not accounted for in the model.

• Shortages and replacements cf non—combat personnel
have no direct influence on the outcomes of theater
combat. Such personne l are not represented Ln the
model.

• For replacem ent personnel , transportation delays are
incurred only for movement from theater ports to the

• theater distribution pools.

2. IDAGAM

When personnel and weapon replacements arrive in the theater ,

they are sent to theater replacement pools for subsequent allo-

cation to divisions . In making the allocations , the model

relates personnel replacements with weapon replacements. The

two are related in that personnel replacements sent to a

division without weapons provide no increased effectiveness to

the unit. Similarly , replacement weapons do not contribute to

• the effectiveness of units which do not have sufficient personnel

to man them.

A trial number of personnel replacements is first calculated.
• It is the minimum of the following three quantities: The number

of people ~n the replacement pool , the number of people needed

by all divisions in all sectors and all regions , and the number

of people currently in the divisions times an input “pipeline ”
factor. (The “pipeline ” factor represents an inability of units

to absorb large numbers of replacements in relation to the

number of personne l currently assigned to the units.) The trial

number of personnel replacement s is then prorated to the

livisions according to need.
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H A “weapon replacement rate ” is next calculated by typa

• weapon , by division . It Is the nus•ser of weapons needed by

each division divided by the number of personnel replacements

needed by the divisi on.

A trial number of replacement weapons which are required ,
by type , by division , is computed. It is the minimum value

of (1) the weapon replacement rate times the trial number of

personnel replacements and (2) the number of weapons of a

given type neE~’1ed by the division .

The actual number of replacement weapons , by type , sent

to each division is obtained by comparing the sum over all

divisions of the trial number of replacement weapons nr’eded
- ‘  with the number of weapons , by type , in the weapon replacement

pool. If the weapon replacement pool inventory of weapons is

less than the sum of the trial number of division weapon

replacements , then t~ie trial number of replacement weapons of

that type is reduced proportionally for each division until

the sum equals the nu nber in the pool.

If the trial number of replacement weapons of a given type

sent to divisions is reduced due to inventory shortage s, then

trial numbers of weapon replacements of other weapon types

are proportionally increased (proportionality based on the
• value of weapons by tyne). The trial numbers of replacements

for the other types of weapons are increased until: (1) I. ivi—

sions do not need any more weapons of that type , ~r (2) Weapon

re;lacement pool runs out of that type weapon , oi’ (3) Divisions
receive enough other weapons of other types to equal the value

of th~ weapons it originally required but did not get due to

shortage of that type weapon in the replacement pool.

The number of replacem ent weapons , by type , ccns~ dering

these calculations , is the actua~ number of rei Lacemet ~
weapons of that type sent to the divisions.
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The actual number of personnel replacements by division ,
is based on the preceding calculation of the actual number of

replacement weapons . The calculation which is used prevents

the actual number of personnel replacements from ~ausir!g the
percent personnel strength to exceed a “maximum ” weapons
strength—-where this “max imum ” weapons strength is the sum ,
over all types , of the :alues of each type of weapon actually
in the division divided by the total value of all weapons in
full TOE strength divisions.

The p-ersom- nel replacement calculation permits the percent

oTf’ personnel strength to be no greater than the percent

weapon strength (which is dependent on the composition of

• enemy forces), and the number of personne l replacements goes

to zero as the total number of weapon replacements roes to zero .

The allocation logic described may be overriden by specific

day—by—day allocations and force movements input by the user.

This would be necessary if, for example , a unit replacement

policy or some combination of unit and individual replacement

policies were desired.

• a. User In puts

• “Pipeline ” factor , which is multiplied in the model
by the current personnel strength in all divisions
to establish a maximum number of replacements which
can be accepted per day .

• Initial number of ground weapons , by type , in each type
of division , by sector .

• TOE authorized number of ground weapons , by type , in
each type of division .

• Initial number of personnel in each type of division ,
by sector.

• TOE authorized personnel in each type of division.

• Number of divisions , by type , in each sector. This
input is not adjusted for actual strength of divisions ,
e.g., if there are 2 divisions in sector with 75 per—
cent strength , then the number of divisions present
is 2, not 1.5.

~ 



• The number of replacement weapons , by type , enterin,:
the theater each day .

• The number of replacement personnel entering he
theater each day .

• The number of units , by type , entering the theaaer
each day .

b. Inputs Generated by the Model

• Number of personnel in each type of division in e a c h
sector and region. This value is input for the first
day and subsequently updated daily by the model.

• Number of weapons , by type , in each type of division
in each sector and region; updated daily after first
day .

• • Number of weapon and personnel replacements necessary
to bring each division up to authorized strength , daily .

• Number of weapons by type , in the weapon replacement
pool , daily.

• Number of personnel in the personnel replacement pool ,
• daily .

• Minimum value of each ground weapon . This is the daily
kill potential of the weapon , given that all its fires

• are directed to the enemy target weapon against which
- = it is least effective .

* • Maximum value of each ground weapon . This is the
daily kill potential of the weapon , given that all its
fires are directed to the enemy target weapon against
which it is most effective .

c. Output

• Number of personnel replacements sent to divisions , by
type division , by sector or region.

• Number of replacement weapons , by type sent to divisions ,
by type division , by sector or region.

d . Assumptions

• Available personnel and weapon replacements are allo—
cated according to need , with the following exceptions
based on their relationship with each other: Personnel
replacements should not be sent to a division if they
would , in effect , have no weapons ; and weapon replace-
ments should not be sent to a divi si- n if there would
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be insufficient per sonne l to man them.

• There is no distinction ~~~~~~~~ i iv ~ ions of a given
type , in a given sector or r eg ion , in t h a t  t h .  ir status
is maintained as a s i n - b  aver g~’ status . Therefore , it
is not possible to : s s i - t  differing replacement priori—

F- . ties to divisions on th e ~~t nt lines and those in
reserve

• If built—in model logic is u~ ed , it is not possible to
represent a “unit replacement ” r ’- - licy . This logic may
be overriden and detailed inputs regarding the movement
of forces may be used to represent that policy in a
limited way .

3. LULEJIAN

The model treats the movement and allocation of both unit

and individual replacements. Three types of battalions——infan-

try , mechanized infantry and tank——belonging to as many as six

national participants per side may enter the theater. Individ-

ual personnel (riflemen) belonging to each national participant

may also enter the theater , along with individual replacement

items of equipment.

Upon arrival at the point of entry into the theater (port),

the model permits the entry of resources to be constrained by a

port input capacity. Since unit and individual replacements

are given priority, it is not the intent in the model to apply

constraints to the entry of these resources. However , the

movement of these resources from the port to the front lines

can be constrained by the capacity of the theater transportation

system .

In the model , combat units use their own vehicles for move—

ment from the theater port to the combat sectors . Therefore ,

the only movement delay s they encounter are caused by limita-

tions in the capacity of the road network .

When combat units emerge from the road network , they are

assigned to the single theater pool of reserve units for later

allocation to combat sectors . Units in the reserve pool ,

including those arriving into the theater , are allocated
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daily to the sectors on the basis of the offensive/defensive

postures to be used the following day , the FEBA movement In the

sectors , the initial deployment of forces in the sectors , arid

the type and nationality of the unit in question.

The movement and allocation of individual personnel and

• equipment replacements is different from that of incoming

combat units. The individual replacements are dependent upon

airlift aircraft and the general transportation vehicles in the

logistics system for movement forward from the port . Priority

for airlift aircraft is given to individual replacements; if
additional capacity is available , general supplies are air—

lifted. Requirements for ground transportation vehicles are

• generated by the numbers of individual replacement resources

available for movement and by the demands for supplies. If

the required number of vehicles is greater than the available

number , equal fractions of the resources competing for them will

be transported. After their exit from the transportation

system the individual equipment replacements are allocated

according to relative needs .

Ground force allocation calculations are performed last

in the model , at the end of each day of combat . The order of

calculation is:

(1) The number of battalions in each combat sector that
are to enter the pool of “fought out” units is calcula-
t ed .  The calculat ion is based on the cumula t ive
probability of survival of the original members of the
combat units. The probability of survival is computed
as in the following example. If the loss rate on day
1 is 7 percent and on day 2, 5 percent the probabilit y
of survival (P.S.) after the 2 days would be computed:

P. S. = (1 — 0.07) (1 — 0.05) = 0.8835

The compu ted da i l y  average p robab i l i t y  of survival  is
compared to input threshold values to determine the
number of fought—out battalions. The input threshold
values may d i f f e r  by side , na t iona l  p a r t i c i p a n t  an d
type of battalion. The threshold value used on a given
day depends on the P.S. and whether the battalion is
attackIng or defending.
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(2) Allocation of individual infantry replacements to
battalions on—line in the sectors , to reserves , and to
fought—out battalions from the logistics network is
made on the basis of need and nationality . Four user
options are permitted:

(a) Pure unit replacement policy——where replacements
are first sent to reserve battalions to build them
to TOE level. Any excess replacements remain in the
replacement pool , and are never used to replace

H losses in on—line battalions.

(b) Modified unit replacements polic y——where replace-
ments are first sent to reserve battalions to build
them to TOE level; any excess replacements are sent
to fought—out battalions . If any excess replace-
ments still exist they are sent to on—line combat
units.

(c) Modified individual replacement policy——where
replacements are first sent to on—line battalions
in the combat sectors to reach TOE levels.
Excess replacements are sent next to reserve units ,
and then to fought—out battalions .

(d) Pure individual replacement policy——where replace-
ments are sent to on—line battalions in combat
sectors to TOE levels; any excess replacements are
retained in the replacement pool.

(3) After a period of rest and recuperation , fought—out
battalions are permitted to exit that pool and enter
the reserve pool for subsequent allocation to combat
sectors as new battalions.

(~ ) Reserve battalions are then allocated to sectors .

a. Inputs by U ser
-8

• Number of individual infantry replacements , by nation—
• ality, received at the ports of each side .

• Replacement policy option——choice of allocation of
individual replacements , by type and nationality, to:

(a) Reserves only

(b) Reserves , fought—out battalions , on—line battalions
(in order).

(c) On— line battalions , reserves , fought—out battalions
(in order).

(d) On—line battalions only.
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• Critical value of cumulative probability of survival
at and below which a battalion , by type and nationality,
is considered totally combat ineffective . C u sh
battalions are required to spend an input number of
days in a pool of fought—out battalions in order to
recover full combat strength.

• Number of days required for fought—out battalion to
recover.

b . Inputs Generated by the Model

• Number of casualties per battalion , per type arid
nationality, per sector , per day ; amid also their net
strength.

• Daily value of the average cumulative probability of
survival by type of battalion .

c . Output

• Number of battalions in each sector , by nationality,
entering the pool of “fought—out” units per day .

• Number of replacements allocated to each battalion ,
by type and nationality, per day .

d . Assum p t ions

• Individual personnel replacements have priority over
general suoplies when being airlifted only . Nc similar
priority exists in the utilization of empty ground
logistics vehicles .

• Replacement s, unit and individual , are allocated on
the basis of need , as units sustain casualties and
lose combat effectiveness.

• • At sufficiently high levels of exposure to combat ,
expressed as a threshold value of the cumulative

• probability of survival of the original unit members ,
units become totally combat ineffective .

• Four options in allocation of replacements are possible:

(a) Replacements for reserve units only to the TOE
level.

(b) Replacements (in order of priority) for reserves ,
fought—out units , and on—line units.
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(c) Replacements (in order of priority) for on—line ,
reserve , and fought—out units.

(d) Replacements for on—line units only, to the TOE
level.

• Individual infantry replacements are split between
infantry and mechanized infantry battalions according
to needs.

• Individual infantry replacements are associated with
a particular national participant and are aJ located to
on—line , reserve , or fought—out battalions of that
national participant only.

• Daily need for replacements in specific battalion types
and nationality is proportional to the difference

• 
- between their TOE strengths and actual end-of-day

strengths.

• Allocation of reserve battalions , by type and nation-
ality, to combat , can be accomplished in one of several
ways:

(a) Fraction of reserve battalions which may be deployed
• each day input by the user.

(b) Allocated in proportion to the deployment on the
initial day of combat .

h (c) Allocated in proportion to today ’s FEBA movement in
each sector.

(d) Allocated on the basis of posture for the following
day . (No allocations are made to sectors where
neither side is attacking, or to sectors where the
allocating side is in a delay posture.)

ii
4. VE C TOR

Replacement personne l and units may be allocated to

sectors upon their arrival in the theater. The allocations are

controlled by user—specified tactical decision rules. Units

may be sent directly to the FEBA in some sector , or they may

be allocated to sector replacement pools . Except for the case

of units sent directly to the FEBA , all replacement personnel ,

whether they arrived in a sector as individuals or as part of

L a unit , are accounted for in a single pool. The same is true

for each type of maneuver unit weapon . The battalion— level
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(for Red , regimental—level) organizational headquarters , as
- • opposed to their component elements , are accoun ted for , by

type , in a separate pool in each sector . Allocations of per—

sonnel replacements are made by the tactical decision rules

directly from the sector personnel pools to the battalion areas .

P The user may design tactical decision rules to reflect

any individual replacement scheme desired , or he may choose

one of five options made available in the model. In each

of the five available options , the rules must first determine

the total available replacement personnel to be assigned to
each type of battalion at the FEBA , for the period . Then , the

rules may set a variable (IRPOP) to (1) assign these replacements
-
. 

to individual battalion areas on a completely rule—determined

basis , (2) average the number of personnel among all forces of

the same type in the same sector , (3) ass ign replacement s in
proportion to the difference between the present force level

and its TOE level, (4) assign replacements In proportion to

another rule—determined measure of replacements required (e.g.,

• 85 percent of TOE), or , (5) assign replacement personnel at a

* 
rate to make battalion combat units approach a constant strength ,

regardless of daily attrition.

The allocation of units from the sector pools to the FEBA

is also controlled by the user—input tactical decision rules.

When the decision to commit a given type of unit is made , the

headquarters organization of that type is removed from its

• pool. The unit being committed is then provided its personnel

8 and materiel components from the individual sector pools . The

• makeup of units being committed is controlled by tactical

decision rules . It may be based on such considerations as the

TOE of the unit and the relative priorities chosen for assign—

ment of resources to units be ing  committed and those already

at the FEBA.
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In VECTOR , the replacement pools are also the reserve
pools . Therefore , the rules of allocating newly arrived

units in those pools are the same as those for committing

reserve units in general. Also , the individual and unit head-

quarters pools may receive resources other than new arrivals

in the theater. These resources may come from units or indi-

viduals transferred among sectors , or, after some time delay ,

units which have been withdrawn fram the FEBA . No personnel

are represented as returning for duty after recovery from

wounds. These movements are controlled by the tactical

decision rules.

• If desired by the user , some or all newly arriving unit

headquarters and component elements may be allocated to

theater pools for subsequent reallocation to sectors . As with
the other personnel and unit management functions , this process

ts controlled by input tactical decision rules.

a. Inputs by User

• TOE s t rength  of each type  of u n i t .  The u n i t s  are approx-
imate ly  the sise of ba t t a l i on  task forces  for  Blue , and
are approximately regimental size for Red.

• Initial strength of units , by type.

• Initial numbers of units and their component elements in
sector and theater replacement/reserve pools.

• Schedules of individual and unit arrivals in t h e  t h e a t e r .

• Tactical decision rules regarding arrival , assignment ,
and replacement of personnel. (Tactical ru le  e nt r i e :
#17, 3, and 19 respectively.)

• Method of assignment of personnel replacements to
battalion areas (IRPOP = 1—5).

• Other input data selected by the user as part of the
criteria to be used by the tactical decision rules.

b. Input s Generated by the Model

• r e l at ed  s t r eng ths  in each b a t t a l i o n  area and in the
sector and t hea te r  rep lacement/ reserve  pools , da i ly .
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• Other  da ta  ge nera ted  by model sLi ch is selec ted  by the
user as nort of the  c r i t - rd -

~ to be u : -:- ! by the t a c t i c a l
decision rules.

c. Outpu ts

• The num ber of replacement personnel and replacement/
reserve units allocated to the  t h e a t e r  pool , each
sector pool , and to the battalion areas (F EBA ) , daily .

d . As sump t i ons

• Personnel are completely interchangeable with each
other. No differentiation with respect to skills ,
training or experience is made.

• 1nit.s may be efficiently formed from pools of unIt
headquarters elements and pools of each of their
significant comonnent elements , inclu ding personnel .
Such units may then be c -;- or ;~ tted to combat with nointervening delay . (An alternative assumption is
that units can retain their efficiency regardless of
the numbers of personnel and equipment replacements
they are required to absorb r nlor to be J:~ -’ c carr :iitted
to combat.)

• Personnel replacements are at full efficiency ire cdl—
ately after assignmen t to units in combat . That ~c ,
the presence of a large percentage of r:ewiy assigned
personnel causes no degradat:on of un it effectiveness.

• No casualt ies recover sufficiently for return to dat:,- .

5 . DISCUSSION

Each of the model: ; a:: -unt.: for individual n— ox : om~r~el

p l a cem e n t s , allocat ir~o those which arrive in t h e a t e r  to replace-
ment pools at vorLeu s levels. Except for IEAGAH , th e models  d o
ni ’x~ consider non—combat personnel. The treatment of non—combat

per so nnel  IDAGA M is not e x t e n s i v e , in that they  do little but

co nsume sara ies and become casualt Lee . Further , none of the
models makes any distinct ion as to the types of combat personnel ,

e.s. , tank crewmen , r ifHcman , or the ir skill levels , e.g., N C O ’ s
and private sol d in r o . Only the LULEJIAN model permits the

l i ;-;Ltation of J S S i o H e g  replacements only to a Lt : of tFaH r ocr
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nationality. Six nationalities can be represented for each

side . Differing schemes for allocations of replacements are

available for use in the different models. None of them was

found to be illogical. The technique used to maintain a

balance between personnel and weapons strengths in IDAGAM has

merit; even though at a relatively high level of abstractior~,

it mitigates against serious Imbalances between the numbers of

weapons on hand and the personnel to operate them. The problem

of imbalance does not arise in the LULEJIAN mode l, because the

only individual personnel replacements it treats directly are

riflemen. Personnel associated with major ground weapons

systems are present (and vulnerable) in the LULEJIAN model , but

they are treated only as adjuncts to the equipment itself.

There are no b u i l t — i n  procedures in CEM and VECTOR to prevent
imbalance .  If desired , the user could design such a system for
VECTOR and program it into the tactical decision rules.

The tactical decision rule technique in VECTOR permits

more flexibility in personnel replacement policies than is

possible in the other models. The next most flexible is

LIJLEJIAN , which provides four replacement policy options. CEM

allows a choice from two replacement options on the Red side ,

but the single Blue replacement policy is fixed in the model.

IDA GAM al lows essent ia l ly  no var ia t ions  from the single policy
built into the model. IDAGAM personnel policy can be changed

only by overriding the model logic and describing replacement

ac t iv i t i e s  by detailed inputs for each day .

All the models have adequate aggregated representations of

the personnel replacement function , considering the purposes

for which the models should be used. None of them is suitable

for detailed analysis of personnel requirements or policies.
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Q. UNIT INEFFECTIVENESS
- • 1. CEM

The effectiveness of an on—l ine unit is considered a

function of its “state .” The state of a unit at any given time

is defined as the ratio of the current firepower score to the

score wh ich the unit would have if it possessed all authorized
* 

equipment and personnel , and if supply levels were completely

adequate. (This ratio , less than or equal to 1, is multiplied

by 100 within the model for convenience , so s t a te  values ran ge
from 0 to 100.) The criteria and procedures pertaining to in-

effectiveness of Red and Blue units are different.

For Red divis ions , the model a t t empts  to por t ray  a doct r ine
of echelonment and depletion of on—line divisions while pre—

viously exhausted divisions are being rebuilt. At the beginning

of the corps (Red Army ) cycle , the state of each on—l ine and —

reserve division is compared with an input threshold value .

If the state of a Red division is below this threshold , and if
at least 2 divisions will remain available to the parent Red

Army , the division is considered decimated and is withdrawn for

rebuilding. The frontage of the stronger on—line diviison which

• was adjacent to the withdrawn division is then expanded to fill

the gap . The decimated division is tagged for return to the

same parent army after being rebuilt . Rebuilding is considered

• adequate when replacement weapons •~nd personnel  cause the
division state to reach or exceed an input threshold value , arid

after an input Lininom time has elasped. The threshold state

value used to determine the adequacy of rebuilding differs fron;

the threshold for initial decima tion. Rebuilt divisions can be

used as needed to reinforce the appropriate army during the

next  army c y c l e .

The pro:e !rm I-e s F-err -e irdr:g to ineffective Red units are for

the most part fixe d and cannot conver:Lmitiy be changed by the

model user. In one respect , however , an opt ion is available .
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A “switch” is provided to al i w the user to control assignment

priorities for - replac ‘r-;emit weapons and personnel. ~hey may

either be allocated with equal priority to all divisions ,

decimated oc not , or they may be allocated only to decimated

division:. If the user elects to have them assigned only to

decimated divisions , the stronger (in terms c-f state value) get

priority.

For the Blue side , the units which can become relatively

ineffective are brigades , rather than divisions. The state of

each on—l ine brigade is compared to an input minimum value .

Brisades whose state values are less than the threshold are

considered excessively weak . A weak brigade cannot be withdrawn

from c omb at , however , unless  a s t ronger  reserve brigade in the
same division is available to replace it. If it can be with-

drawn , the weaker withdrawn brigade then becomes the reserve

for its parent  division.

a. Inputs by the User

• Threshold state values below which on—line Red dlvi—
sions are considered decimated. Two values , applying
to all type divisions , are input : One for  when th e
parent  cor ps is on the a t t ack , an d one for  de fense .

• Tirrirnur n time which must elapse before a decimated Red
division can be considered rebuilt.

• TT i r-1 inm xni state value which a decimated Red division
must have before it can be considered rcbuilt . This
is separate from the threshold values In paragraph a,
above .

• ~hoice of 2 allocation options for Red replacement
weapons and personnel:

(1) Allocate to all divisions , decimated or not , with
equal priority, or ,

( 2 )  A l loca te only to d e c i r r i a t e d  di T i s i o n s , w i t h  these
• h- nv’~n~ higher state values gettin’~ priority .

S Thrcshold state value below which a Blue bri gade is
consLdered excessively weak. Such a brigade will be
replaced on line by a stronger reserve brig -ide if one
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is available. If there is no reserve br irade in Ln e
same division , or if t in - reserve brigaic is not
-rt ro rir er , time weak b r i  gri de remains  on 1.i a - .

b.  I n p u t s  G e n e r a t e d  by t h e  M o d e l

• Current state of each Red -Lvision and Blue bri gade .

• Number of Red divisions in each of the Red ;xr’rr i es.

• Status of each Red division: On—ilr u , reserve , em ’
dec: i rrsxted and bo ing rebuilt.

• Status of each Blue br Lc~ade : (ri— line or rer-xcr’re .

• The number of replacement weapons and gersonne L avail-
able for assignment to units of each side.

c. Outputs

• Des ignat ion of Red ~m l v isl:cis which have become de l—
mated hA l i n g  each d Lc - an cycle.

• Des ignation of the previ ously decimated Red divisions
which have been rebuii~ am:i are available for rein-
fo rcemen t  of or~— line f rees .

• A l is t  of Red d i v isi o ns  n t h e  dcc  T h a u  i on  p oo l , and
the amount of t ime each  of  t n e m n  L-~: : r e r : ~ t h e r e .

• Designa t i o n  of the  excess i ’ ;e :y  :-; - ak  U lu e  b r i g a d e s
which  have been re-~rnove d fr -~ n: t h e  f o r t  lines , pl aced
in reserve s t a tu s , and r - e m - l -t:~’ -:  by a st ronger br igade
which was p r o v i r s l v  nm r e s er ve .

d. A s s u m p t i o n s

• A Red doc t r ine  of echelonment  and s i t  replacement can
• be represented by the following:
-
‘ (1) Allow ing on—line divisions to become decimateci

through combat attrition while receivino no re—
p 1-a~ ement c a nons or personnel.

(2) Allocat ing all available replacement weapons and
personnel to rebuild divisions which h: ve been
dec imated and removed from the front lines.

• The necess ity of withdrawing a unit from - : ‘ mnbat Lx a
f u n c t ion of the “s ta te ’ of the un it. Unit state is
defined na the ratio of the current total unit fire—
power score to the unit firepower when all personnel
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and equipment authorized by its TOE are on hand .
(Loss rates and/or the amount of time a unit has been
in combat do not as such have a direct bearing on
unit effectiveness.)

• No Blue units larger than brigades become sufficiently
ineffective to be withdrawn from combat . The larger
units are withdrawn only in order to reconstitute
reserves.

• A severely weakened Blue brigade is withdrawn from
combat only if a stronger reserve brigade is immedi-
ately available to replace it.

-
‘ 

2. IDAGA M

?Ime model simulates the withdrawal of units from combat

when they become ineffective because of attrition . Unit effec—

* tiveness is assumed to be dependent on personnel strength and

weapons strength. A threshold effectiveness value below which

a division is considered ineffective is input by the user. The

threshold is in terms of percent of full, or TOE, effectiveness.

• The actual effectiveness value which is compared to the single

threshold value is the smaller of two values: The effectiveness

based on weapons strength , and the effectiveness based on per-

sonnel strength. For weapons , the actual percent effectiveness

is the same as the percent of TOE authorized weapons on hand .

For personnel , a use r—input  table is used to determine  the per —
cent effectiveness as a function of the percent of authorized

personnel on hand . This allows the percent reduction of

effectiveness due tn personnel losses to be greater than the
actual percent losses of personnel.

The effectiveness of divisions which have been withdrawn
to the rear can subsequently be improved by the assignment of
replacement weapons and personnel. Additionally , the degradation
of effectiveness due to personne l losses may partially be
obviated by reorganization. In the model , reorganization , and
hence the improvement in effectiveness , is a function of time .
In no case , however , can reorganization cause the overall
percent  effectiveness of a unit to be greater than either the
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p -~rcent personnel strength or the percent weapons strength on

hand.

When the overall percent effectiveness of a withdrawn

division exceeds an input threshold value , the division can

again be used in combat .

Since no distinction is possible among divisions of a

given type in a given sector , all such divisions are considered

to have the same , average effectiveness. Therefore , all units

of a given type in each sector become ineffective simultaneously,

and they regain effectiveness at the same time .

At the option of the model user , the automated withdrawal

of units described above may be overridden. All division

movements may then be preplanned outside the model , and directed

to occur on specific days. (All forces in the model can be

moved in this manner.) Since these preplanned movements do not

depend upon internal model logic , the remainder of this section

is applicable only to the automated movements.

a .  I n p u t s  by t h e  User

• Numbers of weapons and personnel authorized for each
division , by type.

• Threshold percent effectiveness below which divisions
• will be withdrawn from combat .

• Percent effectiveness as a function of percent of
authorized personnel on hand . This value reflects

* only the effectiveness degradation caused by a shortage
• of personnel , and does not consider shortages of
* weapons or the possible enhancement of effectiveness

due to reorganization.

• The reorganization rate for Ineffective divisions .
This is the rate at which lost effectiveness caused
by personnel shortages can be regained through the
passage of time . Percent effectiveness cannot become
greater than the percent of authorized personnel (or
weapons) on hand .

• Threshold percent eff-~ctiveness value above which apreviously withdrawn unit is again considered effective
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ruth eligible for  r -rcom~ itment to combat.

b. Inputs Genera ted  by t h e Model

• Ac tual numbers of personnel and w c a I ons on h- an d , by
division type , by sector.

c.  Outpu ts

• Number of ineffective divisions withdrawn from combat
d u r i n g  each t i m e  cx aO by division t ype , by sec tor .

• Number and effectiveness status of units which have
been withdrawn and are not yet effective e n i c u i Th to be
rec nrx iitted to combat .

• ~birnbc r of previously withdrawn units which become
• effective enough  for  recommitment to combat durln:

each time pe riod.

d. Assump t ions

• The effectiveness of a combat unit is a function of the
percent of authorized weapons and personnel on hand .

• Reorg-xr:i zation , re p r e s e n t e d  by the  passase  of t ime ,
• can increase the effectiveness value associated a ~th

personnel shortages. It has no effect on the value
• assoc iated with weapons shortages.

• Within each sector , all ‘cr its of a given notional tyne
have the same number of weapons and personnel on bar: 1
at all t imes .  There fore , when one such un i t beco me s
in e f f e c t ive , t hey  all do.

3. LULEJ IAN

Un it in e f f e c t ivene ss in the LULEJIAN model is dependent  on
combat losses over a period of time . It is- not determined

merely b:’ comp aring- the f r a c t i o n  of authorized weapons and/or
personnel on hand at speci~~~c points in t ime to  some threshold
value . The te hr i q ue used is- intended to account for f a t i r u e
and psychol orical factors w h i ch  are not necessarily reflected

in a unit’ s current strength. P-cr example , reiclaceme nt- c r  be

ade iu : te to maintain the strength of a unit at or near it :;
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authorised level , regardless of the intensity of combat it has

exp cr i cm m ced. LULEJIAN postulates t h at  combat losses ov~ o a

p e r i o d  of L i m e  can ca use a U rmi t to become ineffective event

though it receives a sufficient number of replacement wear otis

and personnel to maintain it at an adequate strength.

The effectiveness- of a unit is assumed to be a function

of the  p r o b a b i l i ty  of survival (P5) of the original members of

the un it , that  is , those which were in the unit when it was
comm itted to combat . is calculated as in the following

example from the model documentation:

If the attrition rate per day is a constant 5 percent , the
average  probability of survival at the en d of n l ay s  of

battle (1
~sn ) would be

P51 = 0 .95

Ps2 = (0.9 5)~

(0 95) n

For each type of maneuver battalion , a thresholi value of

is input. There may be different P5 values for attack and

defense. Units with a P5 for original members at or below aimi s

threshold are considered ineffective . The “tactical resolve ”

or : , a x i m u m c  acceptable attrition rate used in attrition rind FEBA

• movement calculat ions is degraded linearly with reduced P5, and
becomes zero at the threshold P5 value . Each day , units w i r e

- : ~~ 
is at or below the threshold are removed from combat and

placed in a “fought—out ” pool for rest. Units in the fought—out

pool may also receive replacement personnel and equipment ,

depend irr e- on the replacement policy option chosen. In any event ,

battal ions must rest in the pool for an input number of days.

They then l come eligible for combat as if they were newly

A— 211

- .~r~ -’~~~w’ .-~~
.
~

----- — - 
~~

- -  .
~~~~ 

- - — — ‘--i - . •- - 
• - j 

— .-••----— -



- ---~~ - ~~~--~~~ --- - - •  - - - - - -~~~~~~~~~ - • -~~ ---~~~~‘ - --- -

assigned to the theater and the probability of survival of

battalion members again takes on an initial value of 1.

The LULEJIAN model does not account for individual battal-

ions of a given type in a given sector . Only average values

for P
~ 

and strength are maintained. To determine the number

of individual battalions which are Ineffective during each time

period , a uniform distribution of P5 around the average is

assumed. That is, as many battalions have a P5 above the

average as below ; the difference between the minimum 
~s 

and

the average P5 is the same as the difference between the average
and unity; and the values for all battalions are uniformly

distributed between unity and the minimum P5. With this

assumption , the number , if any , of battalions with P5 values

below the threshold for ineffectiveness is determined. If any

battalions are withdrawn , the average P5 of those remaining is

simply the sum of 1 plus the ineffectiveness threshold value ,
divided by 2.

The average strengths of the fought—out battalions and the

battalions remaining on line are determined through a similar

assumption : That the strength of the battalions varies linearly

with the probability of survival of the battalions . Thus, when

the weaker battalions are withdrawn , an immediate effect is to

increase the average on—line strength , as well as the average

4

The developers of the LULEJIAN model have provided an

analysis of certain historical data from World War II and the

Korean War to support the use of cumulative probability of

• survival in determining unit ineffectiveness . The analysis is

set forth in a LULEJIAN and Associates report by R.D. Daniels
entitled , “Factors that MItigate the Intensity Level of Ground

Combat ,” dated December 1972.

a~
- ~~~~~ ~~~~~~~~~ ~

‘
• 
il’l



- — — - -  i- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ • -- -~ --,- — --------- -

~~

• a. In puts by the User

• Threshold values of probability of survival below which
a unit is considered ineffective , by unit type , for
attack and for defense.

• Number of model time periods (days) which an ineffective
unit must spend in the “fought—out ” pool before It is
capable of again engaging in combat .

• Authorized weapons and personnel strengths of units ,
by type and nationality.

b. In p uts Generated by the Model

• Daily average attrition of weapons and personnel by
type and nationality of unit , by sector .

• Updated average strengths of units , by type and
nationality, by sector.

• Updated numbers of units , by type and nationality ,
in each sector.

c.  Out p uts

• Number of battalions withdrawn each day to the fought—
out pools , by type and nationality, by sector.

• Updated number of battalions , by type and nationality,
in the fought—out pool , and the number of days each
has been there .

• Number of battalions which have completed their rest
period in the fought—out pool and are thus eligible
for recommitment to combat , by type and nationality.

d. Assumptions

• • Combat ineffectiveness of a maneuver battalion is a
function of the cumulative probability of survival
(defined above ) of the personnel who were in the unit
at the time it entered combat . The receipt of replace—
ment personnel has no effect except to dilute the
attrition of the original members of the unit.

• The cumulative probabilities of survival of battalions
of a given type and nationality in a given sector are
uniformly distributed around the mean cumulative proba—

-
• 

bility of surviva l of such units.
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• The s t r e n g t h s  i f  b att alions of a niven type and
na t i r i a l i t y  in a r i v e n  sector are u n i f a r r r i :  distributed
arounmd the mean strem mn -t- h of all such battalions . A
linear relati i - I L h~ r ween cumulxh ive r rob-xbi lity of
survival ;cni personnel st een - lb is also assumed.

• Fought—out units a -gain t heir- abi lit~,’ to engage in
• combat by resting in a iear area. Althougr r ep lac ement

weapons arid pe rsonnel  m r :  be r e c e i v e d , t hey are not
necessary  to the  reiuver ’:t i c m process.

4. VECTOR

‘li -me r e  is no b u i l t — i t :  i c - - c In ‘ h -  ‘ - to con tro l  the  with-

drawal from combat of units w h i c h  are no longer effective.

Tactical decision rules can be designed by the user to accomplish

this , incorporatina any desired criteria to d e t e r m i n e  inme f f :ct—

iveness. Lo:~ic is provided in the model to delay the possible

recommitment of units for up to 5 model time periods a f t e r ’

the iL’ withdrawal. This feature can also be modified by means

of the tactical decision rules.

5. D i s c u s s i o n

Three of the four models , - ll i U , IDAGAd , and LULEJIAN , contain

logic for temporarily withdrawing co lts from front line combat

when some measure of their cond ition becomes lower than an input

threshold value . The fourth , VECThP , rel ies on the t ac t ical
dec ision rule structure and on 1 - - ic formxlated by t-lic user to

accomplish rem ovals of units . As w ith many other aspects of the

• V EC T O P  model , the techn iques- csmrloyed may be as sophisticated as

the capabi: :ties and resources of the user per mi t. For this

re -co on , the VPCTUR mode l will not be further discussed in this

sec tion.

Par the other three models , i t  IS ~rnportant to remember

tha t  “—‘ ffectiveness ” as used i t t  this context does not refer

simply to the relative inability of a military organization to

perform the funct ions for which it was -les igmied . Rather , i t

refer : to a condition which renders a unit so incapable of
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performing its functions that it must be temporarily removed

from c o m ba t .  That is , the unit has reached some “breakpoint ”

• and car -i no longer continue to employ that portion of its

auth r ic ed weapons and personnel which miS - C still available.

Itt CEM and I D A - i A I ~i , complete unit ineffectiveness is

ass c::ed to be directly related to the fraction of cert aim

authori m:ed resources which are on hand during each spec ific

time period. (As stated in paragraph 1 above , the CEI-i model

assumes that only Red units become so decimated as to require

their temporary removal from combat for rest and rebuilding.)

Except for the “reorganization” feature in IDAGAN , neither model

r directly considers casuality rates , total time in combat , nor

the intensity of combat . For example , units whose losses during 
-

each time period are immediately replaced will remain at full

effectiveness , regardless of the rate or magnitude of those

losses .

In contrast to CEM and IDAGAM , the LULEJIAN model assume s

that a unit reaches an ineffectiveness breakpoint because of

the cumulative effects of prolonged combat . Specifically , a

unit becomes ineffective when the cumulative probability of

survival of the original members of the unit falls below an

input threshold value . (“Original” members are those who were

in the unit when it began its current period of combat.) As

such , the receipt of replacements doe s not improve the status

of the unit with respect to the breakpoint , although the

arrival of new personnel may subsequently tend to dilute the

attrition of the original members.

• It seems intuitively obvious that fatigue and psychological

factors have a great effect on the ability of a unit to continue

to engage in combat. Therefore , the measurable aspects of a

t unit’ s condition which are used to assess the ability to con—

tinue in combat are to a considerable degree surrogates for

those factors . (If a depleted unit retains the ;mli li l : ; to

A—2l5 

- .- ,~ — - ~~-. - ., . ... • 

-- -L~~~ . - ~~~~~~~~~~~~~~~ •



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --

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

employ each of its remaining weapons about as effectively as

stronger units , It makes little sense to require that it be

withdrawn from the front lines while it is being rebuilt.)

N o theoretical justification is presented for the methodol—

or- i- - of either CEM , IDAGAM or LULEJ IAN. The LULEJIAN deve lopers
do , : wever , present an analysis based on selected historical

data which tends to support the formulation used in the model.

For this reason, and because it more explicitly considers the

effects of’ prolonged combat , the LULEJIAN model is perferred

in this respect to either CEM or IDAGAM .

In general , the methods used in each model to determine

when withdrawn units are sufficiently rehabilitated to allow

their recommitment are consistent with the determinations of

ineffectiveness. In LULEJIAN , rehabilitation is a function of

time only . Therefore , it is possible for seriously under—

strength units to be made fully ready for combat albeit with

less than full combat capability . CEM and IDAGAM require that

units have specified fractions of authorized resources on hand .

In addition , CEM can require that unit spend a specified time

recuperating. Given the basic assumptions of each model

regarding criteria for ineffectivenss , their representations

of rehabilitation are considered to be about equally good .

The degree to which individual units are identIfied in

3 determinations of ineffectiveness varies considerably among the

3 models. CEM accounts for each unit individually. Unit

effectiveness is determined directly with no averaging necessary .

IDAGAM categorizes units according to notional type , while

LULEJIAN categorizes them according to notional type and

nationall y . Both IDAGAM and LULEJIAN actually store a single
average effectiveness value for all the units in a given

• category . Th- LULEJIAN model then assumes a uniform distribution
of ~he effectiveness values of the individual units of a given’

( type - i r i  n i t i o n - l i t y  around the average value . Therefore , it is
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normal for no more than a portion of the units of a given

category in a given sector to become ineffective during a single

time period . In contrast , all IDAGAM units of a given type in

a sector are assumed to be identical In all respects. There—

fore , no units of a type will be withdrawn until their average

effectiveness falls below the threshold. When it does , then all

units of that type are withdrawn at once. This unrealism in

IDAGAM can be overcome by an extremely large increase in the

number of notional unit types. Computer storage requirements

would be increased accordingly .

CEM is considered superior to the other models in the

ability to represent the effectiveness of individual units ,

with LULEJIAN next , and IDAGAM the poorest.

Overall , LULEJIAN is considered best in this functional

area , with CEM and IDAGAM about the same . An option to allow

Blue units to be withdrawn for ineffectiveness is needed in CEi-i ,

and IDAGAM needs greater resolution of units.

a

t
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R. IN E F F E C T IV E  NEW TROOPS

1 . CEM

Per sonne l rep lacemen t s  r e a c h in g  on—l ine  d ivis ion s need
not be iram’mediately available for combat. A delay to allow

them to be assimilated into their assigned units can be

represented through the use of assimilation pools. As each

group of replacement personnel arrive s at division leve l an

input fraction of the group is placed in one of ten available

pools . (The input fraction for any particular pool or pools

can be zero.) They are then made capable of performing in

combat maccording to the following scheme : Personnel in

pool number one are immediately ready for combat , that is ,

in the division cycle during which they arrived. Those in

the second pool become ready during the next division cycle

after arrival ; those in the third pool in the third division

cycle , and so on. Combat—ready personnel who are not needed

are retained for subsequent assignment. They can then be

assigned immediately when there is a need for them . Since the

fraction of new arrivals which is placed into each pool is

controlled by the user , the average assimilation time may be

any amount from 0 to 9 division cycles.

a. Inputs by User

• The number of replacement pers onnel arriving in the
theater during each division cycle .

• The fraction of replacement personnel arriving at
division leve l which is placed in each of 10 possible
assimilation pools. As desired by the user , the
fractions for some of the pools may be zero .

• The authorized personnel strength for each division .

b .  Inputs Generated by the Model

• J ej o t e d  personnel strength of each division , by
d L ~~~~ i o t m  cycle.
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• The rmuam b er of personnel replacements a l located to
each r J L -  a l  ni by h igher  headquar ters  during each
d iv l : l c  - ‘cle .

c . Outputs

• The number of personnel replacements who become
ready for combat In each division during each
division cycle .

• The number of personnel replacements being held in
each of the assimilation pools for each division
during each division cycle .

d. Assumptions

• The inability of newly assigned personnel to
participate effectively in combat can be represented
as a delay in their assignment to the front lines .

• The time necessary for the assimilation of newly
assigned replacement personnel remains the same
throughout the course of a campaign (i.e., a single
model run). It is unaffected by the ongoing combat
situation .

2. IDAGAM

A delay in the a t ta inment  of ful l  e f f ec t i venes s  by newly
assigned replacement personnel can be represented in IDAGAM .

The effectiveness of replacement personnel is expressed as

a fraction of full effectiveness. In the model the fractional

effectiveness is multiplied by the number of personnel with

that effectiveness to obtain an equivalent number of fully

effective personnel. That equivalent number is considered

available for subsequent computations in the model , e.g.,

attrition calculations.

a. User Inp uts

• The number of days after arrival in a division t h a t
• is require d for newly assigned personnel to become

fully effective . This is input as a model
dimension ; the values of 2 and 5 have been u ,u d in ~ as~mode l runs.

A — 2 2 0
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• The fractional effectiveness of new replacement
personnel , as a function of the number of days they
have been assigned to a unit.

b. Inputs Genera ted  by the Model

• The number of replacement personnel arriving at each
division , by type and geographic location , by day .

C .  ~Qtputs

• Equivalent number o~ fully effective personnel
represented by the partially effective personnel
replacements on hand , by type of division , by
location , by day .

• Inventory of the partially effective new personnel
on hand , and their fractional effectiveness.

d . Assumptions

• Two soldiers at “50% effectiveness ” are equivalent
to one soldier at “100% effectiveness ” . This
assumption defines “fractional effectiveness ’ as
used in the model.

• The time necessary for newly assigned personnel
replacements to attain full effectiveness rem-mains
the same throughout the course of a omarr~aign(i.e., a single model run). It is unaffectod by the
ongoing combat situation.

3. LULE J I AN

in c a pab i l i t y  e x i s t s  1 m m  the  model to s i mu l a t e  he
• ineffectiveness of new troops assigned to combat unit-: . To

a derr-ee , the user may reores ’nt it indi rectly by m - i ’ us~ i m a ~
the schedule for replacement arrivals which is inmr u t to the

mmnh- l.

4. VECTOR

As in LULEJIAN , there is no c a r o l - f l i t : - .’ in tb - ThCTOF

mo— lel o - i n-cr ] ate ineffective new personnel. Again , this

may be accounted for to an extent by ad~ ust in~-- the im m ut rca-- --

dule for arrivals.
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5. D i s c u s s i o n

Two of the four  m o d e l s , CEM an d IDAGAN , h ave p rov i s ions
for i n t e r n a l l y  repre sen~ I n g  t h~- e f fe c t i ven e s s  of n e w l y  r t s s i g r m e d
aer sonnel  rep lacemem t-s as less than  or rm n le te . A l t h o u g h  tw o
different t e ch n i au es are use d , reluc ’~d effectiveness in both
CI~i’-i and ID AGAM is represen ted  by a delco,’ in the c c r n r l e t e
ass isrila t ion of r e p l a c er n ’ar i t s .

Neither LULEJ L- N nor VECTOR can L ternally represent

del ays in the m -r t t a inmen t  of f u l l  e f f e c t i v e n e s s  by
replacemonts . Nuch the same effect can be realized , h oover ,

by adjusting the replacement arrival schedules. In the case

of these two models , delays would t hen  occu r- before the

replacements arrive in the theater , rather than after their

assimm -nsment to combat n--its . The basic difference in the

tw o  approaches is in the vulnerability of the replacements.

In CEM and IDA GA -’i , they can become cas r ities before

a t ta i nin g  full effectiveness; in LULEJIAN and VECTOR they

cannot.
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S . MEDICAL

1. CEM

Of the total number of combat casualties assessed by

means of the attrition equations , an i n p u t  f r a c t i o n  is
killed , another in p u t  f r a c t i o n  is w ooded , and the r-er:tmai m :irt g

casualties are considered missini~ or c-cutureh . The irm~ ut

fractions may be different for different types of erigagerm~orm ts.

The wou nded then receive medical  t r ea tmen t  in on e of thea-c

ways. A user—input fraction of the wounded goes to local

aid s t a t ion s for  t rea tment  of minor  wounds ; another  f r a c t i o n
is evacuated to hospitals iii the theater; and the rennainr ing

f r ac t ion  is evacuated  out of the t h e a t e r .

The wounded who are treated at the local ma id stations

are sent back to their units during the next division cycle .

They are then ready for combat. Those who are evacuated out of

the theater are Permanently lost. The wounu-a d who are sent to

t h o s pI t a l s  in the  thea te r  mare given mcdi cal treat ma ’cr . t  for
H an input amount of tine , and are then cons ide red  r ecove rel .

A f t e r  the i r  recovery ,  they are ass igned to thea te r
reclacement pools . They are then eligible for subsequ a
reassignment to combat units -bm r ir m g the next theater cycle.

When personnel who have recovered are transferre d to the

replacement pool , they become equivalent to newly assigim”d

• replacements. No effort is made to reassign them to their

former units.

Personnel in CEM may also become killed or injured from

non—combat causes , and they may contract disease. Input

f r a ct i o ns of all personnel  in the thea te r , on e ach s i d e ,
a re so a f f l i c t e d  dur ing  each t ime p e i l o ] .  The sys tem for the
racdical treatment of the diseased and those w i t h  non—battle
injuries is analogous to that for combat casualties. Di fferent

t fractions than those for combat casualties are used to

determine the numbers who are treated locally, evacuated to

theater hospi aal s , and evacuated Fra n: the theater.

A— 223 

- 
‘ ‘ “ - - ~ -

~~~~~~~~~——--- —~--~~ .-—-~~~ rn———--~~ ---~~~ — ---—~~~~~ - _~~~~~ — -- —- - - —~~~~~~ - —~~ -——~~~~~ __ ,_~~~
__ j_ —-~~~~~ —----  --- ~~~~-— - - -



-- ~~~ ---- - -- -~~~~~~~~~- - - - -  - - - —~~~~~~~-- - -~~~~~~~~~~ - - - - - -  —~~~~~~~~ - - --

However , their recovery time In the theater is the same as

the recovery time for those who wer- wounded in combat.

a. Inputs by the User

• Fraction of combat casualties during each time period
which are killed and the fraction wounded , by type

• of engagement .

• Fractions of the wounded during each time period
which receive medical treatment in each of the
following ways :

- 

- 
• Treated locally at battalion aid stations .

• Evacuated to theater hospitals for treatment .

• Evacuated out of the theater for treatment .

• Fraction of the total personnel in the theater , by
-
• side , who contract disease or suffer non—battle

— injuries (DNBI) during each time period.

• Fractions of DNBI personnel during each time period
who are :

• Treated at battalion aid stations .

• Evacuated to theater hospitals .

• Evacuated from the theater.

• Average recovery time for personnel in theater
hospitals for all causes.

b. Inputs Generated by the Model

• Number of casualties , by side and time period.

• Total number of personnel in the theater , for each
• side and time period.

c . Outputs

• Number of personnel treated locally and subsequently
returned to duty in the next division cycle.

• Number of personnel evacuated from the theater during
each time period , and the reasons for evacuation.

• Number of personnel evacuated to hospitals in the
theater during each time period , and the reason for
evacuation .
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• Number of personnel who have completed recovery and
are transferred to theater replacement pools durinn
each time period.

d . Assumptions

• The simplified representation of the medical process
described above , characterized by fixed ir ut fractions
and average recovery times , is adequate for theater-
level combat analyses.

2. IDAGAM , L U L E J I A N ,  AND VECTOR

In all three of these models , all personnel who become

casualties are permanently lost. No distinction is made between

killed , wounded , capture d and missing persnnnel. There is no

representation of medical processes. (Each of the models
permits units , as opposed to individuals , to be withdrawn

from combat under certain conditions . Withdrawn units may

then be rehalibitated and returned to action . Details of

these processes are covered in the section on “Unit

Ineffectiveness ” .)

3 . Discuss ion

Only CEM has any representation of medical processes.

It is essentially accounting in nature , and highly aggregated.

All basic issues pertaining to medical policies , activities ,

and capabilities must be resolved outside the model. CEM
then allows the analyst to gain some appreciation of the

effects of medical systems on the overall outcome of a theater

conflict. In itself , the CEM model is not considered suitable

for the comparison and evaluation of alternative medical

policies or organizations , nor was it designed for that purpose.

It does allow an examination of an aggregated medical system

in the context of theater combat. The representation of

medical activities in CEM is considered- a useful feature of

the model.
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1. T R A I N I N G

No ne c-f the models  r epresent s  n -r son ne l  tr ; l ni ng .  CEtI
an I IDA i .-iM can simulate a delay in the a f t - m i  oment  of full

- 
effectiveness of newly assiorme l replacements. For some

-~ vem’y l imi ted  an~~1i - a ’ i o n s , th i s  might  serve as a su rr ogat e
for in—t ii L - - iter training. Any other consider ations of
training time or readiness must be reflected in such user
i :mnc mt s as the arri val schedules for units and individual
replacements.

r~~~
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U .  I N T E L L I G E N C E

1. C E M

Some e f f e c ts of the  i n t e l l i gence  process ar~o r e p r e s e nted
in an a -t’-regated way in fiN -I . The informat n on concer ni no the

enemy s i t ua t ion , wh ich is used by commanders ~n tb -ic- er -t imoat e s

is , in general , not the actual , current information. Instead ,

it c o n si st s  of we igh ted  averages  of’ (Io ta descrf l ing th e  enemy
s tuat ions during certain periods in the inr-ediate past . At

• the beginning of each appropriate time period , t h e army , corps

and division commanders on each side make estin:iates of the

situation upon which they make certain decisions. These est —

mater involve a comparison of the capabilities of the comman-

der ’s own forces with the capabilities of the enemy for ces fac-

ing him . The procedures used in the model to e s ti s at - enemy
capabilities are the same for army and corps levels. However ,

they differ at the division level. Both procedures are de-
scrIbed below .

At army and corps levels , the estimates of enemy carab ili—

ties are based on the following: the estimated number of oppc:s—

ing battalions; the full—strength meeting engagement fir- em - - c-c - r

scores of each estimated battalion; and the estimated state of

each battalion . The “state ” is a measure of an ormmnization ’s

combat effectiveness , and is the rati : of its on-hand to auth—

or~ ze:I firepower. The number of battalions estimated to h e

car - i  le of undertaking the mission beino considered at the

be~--~ nnini-
~ of a cycle (army or corps) is the wei ghted aver-ace

of the numb cm - .-- of battalions present at the start of the 1mm-:-

A lately previous cycle , and of the cycle before that . The

wi ts ass n - - i to the data for the two previ ous cycle: are

input li;,’ the user accord ] ii to his est i mat .e of t-be a. erm co

delay in obt mai i i i  mm evaluated intelligence. These weights

trol the a’m cr- --goted tntelligrnce aspects of the m- ’del. Tact —

cal air forces are not included in the estimate s , and
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consequently are not subject to the effects of the intelligence

process which are represented in the model.

Enemy capabilities are estimated in the same general way

by the division commanders as by the higher—leve l commanders.

A major difference from the procedures at corps and army levels

is that the full strength meeting engagement firepower scores

are further modified by posture factors to provide estimated
— firepower values as a function of the tactical mission being

considered. Also , the states of opposing battalions at divi-

sion level are explicitly estimated by use of separate coeffi-

cients. The states of enemy units at corps and army level are

estimated using the same coefficients as are used for estima-

tion of their firepowers.

On the Blue side only, there is the capability to select

an option which causes more recent information to be used in

estimating enemy force capabilities. If the user desires , the

number of estimated enemy battalions may be the weighted aver-

age of those actually present at the start of the previous

cycle , and those present at the time the decision is made.

Similarly , at division level , the states of the opposing bat—

talions are based on the actual states during the current cycle

— and the immediately preceding cycle. This option allows the

representation of more varied intelligence processing capab l—
lities for the Blue side. The option is not available for t he
Red side .

4

a. Inputs by User

• Coefficient s for weighting the actual data pertaining
to the numbers of enemy bat i alions , and at division
level , to their states. For estimates of the situa—
tion , these coefficients establish the relative impor-
tance of the enemy situation at the start of the
immediately previous cycle and the situation at the
start of the cycle before that . They, therefore ,

— 
express the time lag in obtaining intelligence. For
each side , the coefficients may be different for each
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level of command and , at the division level , the coef-
ficients for unit quantities and unit states need not
be the same . Separate coefficient s are input for em- ti —
mating the quantities of each type of enemy maneuver
battalion.

• Indication of the option chosen for the Blue side as
to what time periods all the estimates are to be based
upon. If the user so chooses , Blue ’s estimates may be
based upon the actual enemy situation at the start of
the current cycle and the one immediately preceding it.

b .  Inputs Generated by the Model

• The number and states of the battalions which are
capable of opposing the commanders at army , corps ann
division levels. This is given for the current cycle
and the two cycles immediately preceding it.

c. Outputs

• Estimate of the numbers of opposing forces and their
st a t u s .

d .  Assumptions

• The effects of the intelligence process may be approx-
imately modeled by using weighted averages of past
actual data to determine estimated current data.

2. VECTOR

Some of the effects of intelligence can be represented in

the VECTOR model by using the tactical decision rules. The
rules may be programmed to select and store information con-
cerning the status of forces on each side at battalion level.
The stored information may then be retrieved and used by the

• opposin - side as a basis for making decisions at a later period.
The particular information stored and the types of decisions
which are to be based on it are specified by the user. The

leneth of time which the information is stored , and the con—
sequent delay in obtaining useful intelligence is also con-
trolled by the user . Storage for more than one time period is
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possible. Longer retent i on time s require more computer c - re
space mmim involve the nro -: i nnnm i cc of relati vely c - i n d ex tact —

cal rules by the user. Tactical rule entries ( and 7 have be -ri

u s e d  in the simulation of intelli gence on some test runs of the

m odel. A o n- —day t i n:: delay for  i n t el l i  g nee avail at- i .lity was

s im u l a ted.

a. Inputs by the User

• Tactical decisi on rules to select information on the
s ta t u s of forces  for  st ora ge.

• Tact ical decision rules to or- - i:~ize and store the
selected information.

• Tactical decision rules to retrieve the information at
a later time for use in decision making.

b. Inputs Generated by the Model

• Selected i n f o r m a t i o n  on the daily status of forces ,
down to battalion level , for each side , e.g., p~ rson—
nd strengths , weapons i nventories , daily losses of
r-ersonnel and wearons.

c. Outputs

• For the current t in- p e r i o d , in f o r m a ti o n  c o n c e r n i n g
the  ac tua l  fo rces  which  were oppos cm - each side during
some previous tin e - period(s). This i m-m the currant
simul ated ~n te l1h i -once est o m a t e .

d .~~~~~~~~~~~~on s

• The e f f e c t s of the  l : m t e l i i - - - -nce  process  may be ade—
cu a te ly  r e n i — e s e n t e d  by makin g mc i  ly e s ti ma t e s  tnd  do —
cisionr on the basis of actual information about
oepomn i rig forces -inc i im- ~ some tm - - vi ous ti nrc: o n  -

~~ od ( 5 )

3. Discussions

Of t b e  f : mr iae 1 ’ - :-ls , only  two , i~~~ -] and V i - o ? h R , h ave any
capab i I tg’ to s inn -ite d re -et ly  t i m e  effect:: of thin in~ eli - - -ma - c

r r ocess .  Th is - acc on :p l i . -hed in  b oth  F Ei- and VECTOR thocuch
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use of ’ in f c n - s i . i t  ton ab :n t  tbi e ac t u a l  on e-my itu a~ ~ons in
p - n -  :~~:~s p er - i  rib : to  m a ke -  - s t i m at c: :uid - i - - s i . ;io ris - ‘ 0  th ~ cor n - -n t

n~~- r l o  I .  b ecause  t i m e  p rocess  i n :  c r ~~i i r o l led  l v  u ser— u - -c i f ~~ - i

t -~ i~~~~~ ~a m l  it -c i r i on r u le s , t h e  V h F i O R  mode l  i S  I F . ’ - : : :-ar -o- f l e x i bl e .

An’. scn ::ljnat on of spec  ‘ i c  i t~-~r m - - ‘f t n f o r c s i t i c ’r i  an-I  ielav:: in:

the -  r ova i lab 1 ~t y  may be m is - el . A : t h e  r id ‘- : : mtl  e m a d e  more-

Coi : :n iex , i i w -’Vc i , t b -  an c ’un ~t of el f o r t  r- -qu i r e -  n f  t i m e  - n -  t o
de n i m -~n a m m i  p ro m -ram t i -  r :m :-dso ncr- e-a::es 5 - ~n i  f i m n a n t l y .

~ 1 i c o n t r - r m s l  , the 1cm ~ ic for r e ç - n - e : e n t i n g ,  d e lay s  i n  oh i ci:—
in - -- i m ite lii gence is fixe l in CEM . TI c- u se r ma- : vary  on ly

n - lot  ye weights to be ni H-lied to  t i m e  two p r e v i ou s  cy c le s -  for

t - s t i m a t - ’ . - b y t he  i~~~I s i d e .  l-’or the  Blue  s i d ~- , thei -c i s  an
cm - Id it i onal oh - t i  on of cons  Icr- in k -- th e  we ’ g h te d  averace  of t i m e
cor n em cy c l e  and t he  one i coned i a t e l y  p r a - c e d i  mm - it . Be :a-u:-:e

t h e  l o gi - is f i x e d , t i e  r e p r e s e n t a ti on  of in t el li c en c e  in the

ClIP model requires less user  e f f o r t  t h a n  VECTO F .

The r-eJ n’r-sentation of less t h a n  p e r f e c t  i:a:ellicenc e , whY -h

i-s present i n CEM and VECTO R , is d i s t i n c t l y  L e t t e r  t h a n  t F e
assumption of perfect knowledge of t i ;  current ‘--nancy tuat on.

The re presentat i ons in both mo dels~ ac- r: s i m p l i s t i c , howev er , a n - .
C T  not p e r m i t  any sort of e x a n : m i n a t L o n  of t he  i n t e l l ig en c e  i - r e-
cess i t s e l f .
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