UNCLASSIFIED

AD NUMBER

ADB006761

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
only; Proprietary Information; 01 OCT 1975.

O her requests shall be referred to Arny
Command and General Staff College, Fort
Leavenworth, KS 66027.

AUTHORITY
ODDR&E I'tr 20 Jan 1976

THISPAGE ISUNCLASSIFIED




THIS REPOPT ;i/S BEEN DELIMITED
AND CLEARED FOR PUBLIC RELEASE
UNDER DOD DIRECTIVE 5200.20 AND
NO RESTRICTIONS ARE IMPOSED UPON
ITS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED,



The Feasibility of Estimating the Contribution of Artificial Gbstacles

to Force Performance

1

Howard E. Boone, MAJ, USA

Fort Leavenworth, Kansas

AB00676

Final reprrt 6 June 1975

U.S. Army Command and Gereral Staff Collegs

D C

r\
r:?".‘{'.:m'll
g e
‘ I‘A.\\
TR e

Y\ - C"\". it Uﬁ‘
Ozl
W

+ 10CT 1975

Distribution limited to U.S. Government agencies only; proprietary information.
Other requests for this document must be referred to U.S. Army Command and

General staff College, ATTN:

ATSW-ID, Fort Leavenworth, Kansas 66027,

A thesis presented to the faculty of the U.S. Army Command and General staff

College, Fort leavenworth, Xansas 66027



- .
: ADOR 10. PROGRAM ELEMENT. PROJECT, TASK
9. PERFORMING ORGANIZATION NAME AND ADDRESS ‘n‘ g T R T

' Student. at the U.S. Armmy Command and General Staff

KEPOKD DOCUMEN A IO PAGE L LR Ll e S 1

REPORT NUMIE R 2. GOVY ACCESHION NOJ 3 HECIILNT'S CATALOG NUUMKE K
4. VITLE (and Subtitie) $. TYPE OF REPORT & PERIOD COVERED
The Feasibility of Estimating the Contribution of
Artificial Obstacles to Force Performance Final report 6 Jun 75

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACY ON GRANT NUMBER(e)
Boone, Howard E.,, MAJ, USA

College, Fort Leavenworth, Kansas 66027

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Command and General Staff College 6 Jun 75
ATTN: ATSW=DD 13. NUMBSER OF PAGES

Fort ?avgn&;%h Kml.! ﬁﬁnzz lﬂﬂ
. MONITORIN NCY NAME & ADORESS(I! diitorent irem Ceonirelliing Olfice) 15. SECURITY CLASS. (of this repert)
Unclassified
*rr..—ge;.—u—e%—v—wra—'m ATION/ GOWNGRADIN
HEOUVLE

6. DISTRIBUTION STATEMENT (ol $hie Report) oL 379

Distribution limited to U.S. Goveriment agencies only: Proprietary Information.
Other requests for this document must be referred to U.S. Amy Co-nnd .J}d-
General Staff College, Fort Leavenworth, Kansas 66027,

17. DISTRIBUTION STATEMENT (of the absirect antored i Bleck 30, I{ different from Report) A w

19. SUPPLEMENTARY NOTES _—

Master of Military Art and Science (MMAS) Thesis prepared at OGSC in partial

fulfillment of the Masters Program requirements, U.S5. Army Command and General
Staff College, Fort Leavenworth, Kansas 66027

19. XKRY WOROS (Cenltinve en olde i y and idontify by bloesk number)

20. ABSTRACT (Cantine an roverss obdh ¥ nosvocary and identily by *lock numbes)
See reverse.

DD uun T3 coimion OF 1 oV 6813 OBROLETE Unclassified

SECUMTY CLASRIFICATION OF THIS PAGE (Phen Dafa Entered)




M'———-— e

Vi b cbd bl

LI L-ml DO L O R L R A T L MLl raie huioteds

This thesis focuses on the study of the contribution which artificial
barriers make to the combat process. This problem area has been of particular
concern in force structure analyses at the Department of the Army level. The
U.S. Army has acknowledged its commitment to barrier operations by stated doc-
trine, significant stockpiles of barrier materials and war plans which allocate
significant portions of deployed forces to the execution of barrier plans.

In the environment created by reduced force levels and inflationary budgets
the high level decision maker faces the continual dilemma of deciding where
to accept force reductions and how to adjust mission requirements. To be
competitive in that environment the barrier mission must be assessed on the
basis of its contribution to the force mission. An acceptable analytic
method has not been developed which will provide that assessment.

The intent of this thesis was to prove the feasibility of a technique
for studying the barrier problem. The conclusion that the particular technique
recommended by this thesis is feasible, does not appear to be invalidated by
the difficulties encountered in structuring the model. Recommendations for
a second generation model with a more flexible representation of possible Red
strategies and a concentrated effort to develop Blue decisions which accurately
reflect the impact of the simulated time period continue to be sppropriate.
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ABSTRACT

This thesis foouses on the study of the contribution which
artificial barriers make to the oombat process, This problem area
has been of partiocular ooncern in foroe structure analyses at the
Department of the Army level, The U.S, Ammy has acimowledged its
comnitment to barrier operations by stated dootrine, signifioant
stockpiles of barrier materials and war plans whioh allocate
signifiocant portions of deployed foroces to the execution of barrier
plans, In the environment created by reduced force levels and
inflationary btudgets the high level decision maker faces the continual
dilemma of deciding where to acoept foroce reductions and how to
ad just mission requirements. To be competitive in that environment
the barrier mission must be assessed on the basis of its contribution
to the foroe mission. An acoeptable analytio method has not boon
developed which will provide that assessment.

The military commmnity has generally acocepted three qualitative
desoriptors as representative of the barrier oontribution—direct
attrition, target enhancement and delay. Direct attritiomn refers to
opponent losses inflicted by landmines. Target enhancement is defined
as any improvement which acorues to the defender's weapons as a result
of the employment of artifiocial obstacles. The supporting research for
this thesis indicates that improved methods for assessing these two
impacts either exist or are umder development. The impaot of delay is

then the appropriate target for additional analytic effort,
i
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Existing historical data and analyses were assessed in an
attempt to define qualitatively the impact of barrier delay. That
researoch indicates that the use uf artificisl obstacles contributed
to several important ocombat capabilities. Among these were the
ocapability to exercise economy of foroe, break or maintain contact,
prepare subsequent positions and develop intelligence. Unfortunately
the employment of a barrier did not guarantee these capabilities. Thus
delay is significant only if the commander has the freedom to employ
other force assets in a manner which makee the delay useful. The
resulting oonolusion is that any attempt to assess the barrier impact
by explicitly measuring delay would not provide adequate representation
of the barrier function.

To provide a useful method for assessment, the analytioc effort
was then directed to the development of a model whioh could portray
freedom of action, Freedom of actiom in this case is being defined as
the capability to select alternative oourses of aotion, one of which
is the artificial barrier, for acoomplishing the foroe mission., The
oreation of that environment required a modeling technique dissimilar
to those currently used in production modes to support force structure
analysis.

The technique selected to support this thes's was a computer
simlation war game developed on an experimental basis at the Research
Analysis Corporation. The war game uses a basic dynamic programming
algorithm to represent defensive combat in an environment where the
defender is permitted to select oourses of action from an admissable
decision list in an attempt to maximise his Forward Edge of the Battle
Area (FEBA) position. This technique was adapted for the barrier
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problem in a prototype model oalled the Barrier Effectivencss Analysis
Revision (BEAR).

The initial construotion of the BEAR model was subsequently
invalidated by the disoovery of a coding error in the oomputer program.
The correction of that error led to a major revision of the model, The
results presented in Chapter IV cannot, therefore, be considered valid,
That disousnion does provide key insights for structuring an snalysis
using this model.,

The appendix to this thesis inoludes sample coding and output
for both the original model and the revised version. A discussion of
the salient differences and their 'mpact is also inoluded. Generally,
the barrier option appears less attraotive when compared to other
firepower options than indicated by the o;-igixu.l results. The
capability of the modeling technique to represent the barrier in a
freedom of action environment is, however, maintained.

The intent of this thesis was to prove the feasibility of a
technique for studying the barrier problem. The conolusion that the
particular technique recommended by this thesis is feasible, does not
appear to be invalidated by the difficulties encountered in siruoturing
the model. Recommendations for a secand generation model with a more
flexible representation of possible Red strategies and a concentrated
effort to develop Blue decisions which acourately refleot the impact

of the simulated time period oomtinue to be appropriats.
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CHAPTER I :

- —— -

THE PROBLEM

i In U.,S. Ammy dootrine a fundamental consideration for

u defensive operations is defense in depth, "The defender achieves
' depth to the defense by proper deployment; maneuver of foroesj use
of blocking positions, field fortifications, and barriers; and proper
employment of fires and ronrvn."1 Thus the barrier is one of the
tools used by the tactical commander to achieve an adequate posture
for defense, The U.S. Amy's commitment to this dootrine in Europe
is demonstrated by stockpiles containing several hundred thousand
mines and tens of thousands of tons of other barrier materials. In
addition, U.S. Army Europe plans for the use of a signifiocant portion
of the deployed force to execute extensive barrier plans in the event
of a Warsaw Pact attack on NATO forces in Central mropo.z

With such a significant resource commitment to bdarrier
operatione it would appear obvious that high level military decision
makers should have some definite insight into the contribution of
] barriers to force effectivenese—a simple answer to the question,

"How much barrier is enough?" The answer to that question beoomes

more oritical when considering the future prospeots of Mutual Balanced
Force Reduction or U.S. Army Burops unilateral force withdrawals for
economic reasons. In this environment total foroe resources are
further constrained forcing the decision maker to accept trade-offs of
various foroce elements which contribtute to the acoomplishment of the

1
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foroe mission. In the area of barrier operations the staff officer or
military analyst cannot provide meaningful data to aid the decision
maker in effectively weighing the barrier contridution as a basis for
comparison with other combat components,

®There exists practically no open literature on the minefield
enplacement problem, what a minefield accomplishes, and the cost
effectiveness of a minefield or other types of barrier mtun."" This
statement by Mr, Sidney Sobelman, Scientific Advisor to the Deputy
Chief of Staff for Military Operations, demonstrates the void faced by
the analyst or staff officer when he attempts to support any force
recommendation tied to barrier operations. The discussion of obstacles
often ocenters on minefields. The minefield, however, is only one of a
possible series of artificial obstruotions that includes demolished
bridges or culverts, road oraters, and abdbatis. In U.S. Army doctrine,
"Nines are used as an odstacle, or as a supporting obstacle in a
systen.”! Thus by intent, minefields are mo different than other
obstacle types. The minefield is different, however, in that its
components are active mmitions. The minefield can directly and
independently inflict casualties on an opponent. Sinoce the minefield
is the only obstruction which can provide a direct casualty producing
effect, thy intent of obstacle and barrier operations must go beyond
that influénoe.

"A barrier acocording to the definition in AR 310-25, is 'a
ooordinated series of obstacles designed or employed to canalige,
direct, restrioct, delay or stop the movement of an opposing force, and
to impose additional losses in personnel, time, and equipment on the
opposing foroe.,! In the same publication an obstacle is defined as



‘any obstruction that stops, delays, or diverts movement.' Obstacles
are, and barriers may be, components of a defensive position, whioh is,
broadly speaking, 'any area oocupied and more or less organised for
dofonu."‘s The definition of an obstacle is general enough to inolude
both natural and artificial obstructions to movement. It is logical
to site artificial obstructions to insure that maximum advantage is
accrued from the natural obstructions of terrain., A oritical aspect
of U,S, Ammy dooctrine for employing obstacles is the requirement to
cover the obstacle by fin.6 Without covering fire the value of the
obstacle is limited decause modern technologioal developments such as
vehicle launched bridges and mine plows will permit rapid breaching.

A discussion of the dootrinal intent of obstacles leads to
defining three functional impacts that the obstacle will have on the
coabat process, Firat the minefield will directly infliot casualties.
The magnitude of those casualties will naturally be a function of the
type of action the opposing foroe chooses to either breach or bypass
the minefield, Second the combination of odstructing the opponent's
movement and using covering fires should tend to increase the
effectiveness of those covering fires. This increase is logically
derived from the target being exposed to the defender at the obstacle,
and the fact that the attacker cannot close to the defender in order
to gain an advantage from weapon systems that have inoreased
capability as rangc to target decreases, For the sake of simnlicity
this particular impact of the obstacle will be referred to 29 "target
ennancemert.®™ The third impact may be simply referred to as "delay."
The obstruction forces tha attacker to use n'oro time to move from one

point to another, This delay is a funotion of the attacker choosing




to breach the obstacle or moving to an alternate route. In summary,
the three obstacle impaots are direct target kills, target enhancement
and doln,y.-’
The barrier by definition is a coordinated series of obotacles.
The barrier is then a set of obstruotions accomplishing the purposes of
inflioting casualties, enhancing targets, and delaying the opponent.
The term “coordinated® refleots the planning intent of the defender
and there is some question as to the importance of the term when
atteapting to gauge the impact of the barrier on the oombat proocess,
In its study, Historical Rvaluaticn of Marxier Rffectiveness, the
Historiocal Evaluation and Research Organization of Dunn Loring,
Virginia, indicates that "In the one example in which a planned
barrier system did not exist, there is evidence that a series of
obstacles, not actually related in any conceptual sense, tended to
g&row into barriers in terms of offootl."e Thus the key to defining
the impact of the barrier on the oombat process would appear to be
the effect on the attacker rather than the intent of the defender. The
logioal question at this point is whether the three effects established
for the obstacle directly oarry over to a disoussion of barriers. In
the definition of a barrier the terms canalisze, direot, restrioct and
stop are used, Stop is obviously the extreme valus of delay. The
terms canalisze, direct, and restriot are rather tenuous, but appear to
imply at a minimum, foroing the opponent to take some action he might
otherwise not consider. Since he is altering his action delay may be
implicit. Additionally it is unrealistioc to consider an impenetrsble
barrier. Any feasible barrier system can be breached given the
attacker's willingness to spend suffioient resources and time,
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Therefore, canalization, direotion and restriction cannot be guaranteed.
Since some additional physiocal aotion is required to overoome the
barrier either by breaching or altered route, delay appears to be the
most appropriate measure for the impact of the barrier with respect to
the attacker's movement. The other portion of the definition of a
darrier which refers to additional losses in personnel and equipment
can be adequately acocunted for by the obstacle impsots of inflioting
casualties and enhanoing the target. It would then appear that
although some difficulty exists in defining when a barrier exists, the
impact of the barrier on the combat process is much the same as that
of the individual obstacle but larger in scale,

The inadequacy of barrier assessmsent using existing staff-
orieated tools was further demonstrated in a December 1973 letter from
the Assistant Chief of Staff for Force Development (ACSFOR) to the
Chief of Mgineers.’ This letter admitted the failure of the Comoept
Design for the Ammy in the Field (CONAP) study in representing darrier
effectiveness and requested any possible aid in improving the CONAP
methodology in this functional area., The CONAF study is key to
understanding the partioular problem of how much barrier is enough.
That study provides the state~of=the-art tools for supporting the high
level decision maker in foroe design and resource allocation. The
stated purpose of the study was to "develop a oonceptual design for the
Amay in the field whioch will provide the bent Axmy oapabilities
attainable within projected levels of rescurces availadle during the
mid-range period, Through development of a method for formmlating
type foroes and analyses of the costs and dapabilities of alternative
mixes of organisations and attainadle materiel systeams, a preferred




type foroe will be designed and related goals and priorities
identified to guide the foroe development and ocombat development
processes.'” The Study Direotive further stated, "CONAF is the initial
effort in a oontinuous requirement for USACDC (U.S. Army Combat
Developments Command) to support the amnual plamning activitiee of the

DA stagfon’’

CONAF was subsequently transferred to the U.S. Army
Conoepts Analysis Agency (USACAA) when USACIC was dissolved in an
Arwy reorganization. As indicated by the stated purpose, CONAF was
designed to provide a method for allocating resources to provide
foroes with the Dest possidle capabilities. The ACSFOR, in essence,
admitted that method failed when appropriate decisions were required
oonoerning the barrier mission.

A oritique of the barrier play in CONAP provides the basis for
properly defining the problem areas in modeling bdarriers. Key to the
CONAP study was the system used to assess the effectivensss of various
foroe mixes. "The heart of the system is the CONAP Evaluation Model
(cmt), a fully automated combat simulation that can sirulate months of
theater land and air combat activity in just hours on a computer. The
CEM is capable of finer distinotions among foroe units down to battalion
sise than any other existing model of ocomparable scope and speed. A
unique feature of the CIX is the simulation and sutomation of the
ocommander's decision processes and allocation of rescurces at all
levels from division through thester.'Z This desoription of CHM has
been generally used to justify the position that CONAF does provide the
state—of=the-art tools for foroe analysis. The outputs from the model
are fnotions of the results of brigade-level engagements. "The

sssessment of each brigade—~level engagement results in supply




expenditure, ocasualties, major weapon loswes, and FEBA (Forward Edge
of the Battle Area) displacement....Casualties, major weapon losses and
FEBA displacement are heavily dependent omn the amount and type of
firepowsr generated by the two sides.”’'> GIN can be gemerally termed
a firepower model, To provide some signifioant influence on the battle
outcome the impact of a given element of the nombat proocess must, in
some fashion, alter relative firepowers,

Two other descoriptive tems for CIEN are deterministic and mean
expectation. The model is deterministic in the sense that outputs are
oonstant for a given set of inputs. This oconstancy is a funotion of the
fact that each time the model assesses a variable such as casualties
it assigns a single value which would be the average result that oould
be expected under the particular ciroumstances of that moment. It is
these average assessments which support the term mean expectation,
Altering the results from the model requires a change in mean rather
than influencing the varianoce of a partioular variabdble.

The effects of adding a darrier in the brigade-level engagement
are "1) modification of firepower with the resultant change in losses
and 2) the lessened advanoce made by the attaoker across the 'barrior."“
The barrier effects previously established were direct casuslties and
target enhancement both of which would change the attacker and defender
engagement losses; and delay whioch would lessen advance, It would then
appear that CEM can, in fact, adequately aocount for the barrier impaot.
Since subsequent output proved otherwise, it is necessary tc isolate
some of the detailed aspects of the CIN methodology in order to define
the problems inherent in assessing barrier impact.

For each CEN engagement a firepower array is constructed, The



array is completed by swmming the firepower of shooters available to
engage the three target types., Hard, medium, and soft shooters
directly correspond to tanks, light armor, and persomnel (includes all
ground mounted weapons) respectively. Before the results from the
firepower array are applied to an engagement certain modifications are
required to provide for more realistic engagement outcomes, A sample
modification is to insure that a sufficient proportion of target types
oxist for a given type of firepower. The key modification influencing
barrier portrayal is the effects of different types of terrain.

TABLE 1.1
FIREPOWER ARRAY
Shooter

Close Air
—000_Nedive Soft Helicopter Artillery Support .
Tanks

Jarget Light Ammor

Personnel

Four types of terrain are portrayed in CIN. Each type is
considered to have a different impact on the mobility of ground
foroes, "The first three types refleot the general nature of the
terraine They ares

Type A - This terrain is flat to gently rolling with a
minimgm of timber, It is excellent tank
oountry.

Type B = This terrain is marginal for tanks and wheeled
vehioles because of topography, soil conditions,
or vegetation,

Type C = On this terrain tanks and wheeled vehicles must
remain on the roads because of steep slopes
and/or dense forestation or swamps,.

The fourth type of terrain, Type D, is intended to represent some
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major obstacle that would nommally require extra or special effort for
the foroces to negotiate or pass thrau‘a."‘s The barrier which is a
ooordination of artifioial obatacles and naturally diffiocult tor:uu
is represented by Type D terrain in CEM, As a class of terrain the
barrier is an input to the model at fixed loocations,

The firepower array values are modified for terrain by
multiplying by a factor "en (L672021),76 e valus of "% selected
is a funotion of the terrain type and the category of shooter., For
the three normal terrain types the value of ""f" for hard and medium
shooters decreases as the terrain becomes more diffioult. This
decrease is supported logiocally by the fact that mansuver diffioulty
would increase and line of sight for these longer rangs weapons would
ococur less often, For soft shooters the value of "f* inoreases as
terrain becomes more dimmt sinoce ground foroces would tend to gain
advantage as modility md’/;.uo of sight decrease. The value of "{*
is the same under these circumstances for both attacker and defender.
“The introduction of a barrier would appear to have the effect of
reducing the attacker's capability vis-a~vis the defender., Therefore
the terrain factors for the defender on Type D terrain (natural
barriers) were taken to be average terrain (Category B)esoFor the
attacker the terrain factors were taken to be 0.8 of these valuu."ﬂ

The difficulty in modifying firepower in this fashion to
represent a barrier is the lack of Justification for the modifier
value chosen. It is a judgmental guess unsupported by any analytic
base, but chosen based on the generally accepted notion that the
defender must gain some advantage. Logically if the defender oould
improve his posture he would oreate the most unfavorable terrain for
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the attacker—Type D in this case., Since firepower ic modified, an
improved posture implies inflicting greater casualties. If maximizing
casualties is the objective, the analyst is faced with two key issues.
First, is there an alternative to obstacle and barrier employment which
will permit the defender to infliot greater casualtius an the attacker
at less cost? If no alternative exists then the analyst may attempt
to establish an aoceptable and supportable methodology for altering
the firepower representation in CIN to reflect the gains acorued by
barrier employment,

" The delay which resulte from a barrier is simply represented
in COM by a 12 hour delay before crossing designated Type D terrain'S
This delay corresponds to one division period in the model. "Once
each period an estimate of the situation is made at the corresponding
echelon, leading to mission selection, allocation of fire support, and
commitment or reconstitution of u-om-."19 Thus by employing the
barrier the defender gains the supporting sotions of an additional 12
hours before mission selection and snbsequent evaluation. In CEM
that 12 hours ir of no partioular significance. FEBA displacement is
a deterministic function of firepower. Delay could influence the
outoome only if +he defender was adle to add significant firepower and
the attacker either remained unchanged or was decremented. The model
does not permit that ococurrence. This phenomenon ocan te demonstrated
by a simplified example. At time "T* immediately following a conflict
assessment a Blue force with combat power "B™ and a Red force with
oombat power "R" exist, "R" has been greater than "B" so the FEBA has
been steadily moving to Red's advantage. The olock is advanoed 12
hours to permit the next assessment at T+12 hours. During that period
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Blue adds combat power "dB" and Red adds "dR." If Red does not
encounter the barrier the FEBA will be moved to looation "L1" for the
next assessment. If Red is delayed the next engagement will ooour
at location "L," which would be at & lessex distance from the initial
engagenent, Whether the engagement ocours at 'L1" or "L2" the outcome
will be based on a comparison of B+dB with Re«dR. Thus the model has
added delay but that delay is not significant in terms of the
subsequent outcome, except that the battle is fought at L2 ingtead of
L1.

This brief survey of some aspeots of current doctrine and the
difficulties encountered in the CONAF study has highlighted several
problem areas in assessing barrier contribution to foroe performance.
First, there ies the prodblem of determining when a set of obstacles is
coordinated—the defined requirement for a darrier, A better statement
of the problem is how many obstacles of what type must bde employed to
yield the effect of a barrier? The answer to that question would
enable the planner to determine what resources are required to perform
the function. A review of the CONAF study exposes some of the other
problems inherent in attempting to postulate the effeot of the barrier,
One problem was determining the increase in casualties sustained by
the attacker when the defender employs a barrier. The attempt in CEM
to alter the firepower scores when a barrier was present is a
recognition of the importance of this factor. The method used was
judgmental and not considered partioularly valid, The CEX methodology
did not attempt to assess casualties directly caused by mines, another
key problem, PFinally, CEN attempted to represent the delay imposed by
a barrier., In application that delay did not significantly alter the
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outoomen in the model which leads to the problem of determining what
impact delay should have,

Based on these problem areas it would appear that an analyst
seeking to improve the capability to assess barrier effectiveness in
CEM or any other force planning method would attempt to answer three
basic questions. They are:

1) When does a barrier exist?

2) What relative improvement to inflict casualties acorues
to the defender?

3) What value acorues to the defender from delaying the
attacker?

Initially the first question is least important. As previsusly
indicated the answer would be the basis for determining the resource
cott of a barrier, Obviously the second two questions indicate some
question on the valus of the barrier. If those questions cannot de
satisfactorily answered there is no partioular need for computing the
cost for something whose value is not known. The second and third
questions may be somew’at interrelated. One valus of delay may be a
relative improvement in the capability to infliot casualties. On the
other hand the attacker may choose to ignore tha existence of a
minefield. There would then be no delay tut a logical expesctation of
higher casualties. Third, it is important to remember that the
attacker can choose delay at any point., With the exoeption of U.S. ex-
perience in Vietnam, historical evidence indicates that personnel
ocasualtiés from mines have been proportionally low.zo As an example
data from North Africa between November 1942 and Nay 1943 indicate only
two percent of U.S. ocasualties were ocaused by mines despite extensive

adasliuiae RIS bk Goad.
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K *An explanation for the

German employment of mined odatacles.
phenomenon of low casualties from mines is not readily apparent
especially in view of the reduction of modility and vehioular damage
from mines noted in studies of the Tunisian campaign....The hypothesis
that emerges is that mines are effective barriers to movement, but
relatively less effective as casualty=-produoing agents especially under

Be Since mines are the only artifiocial

oonditione of conventional war."
obstacle which direotly inflicts casualties, this hypothesis becomes
even more meaningful. It would then appear that the third question—
what is the value of delay~—would be the most significant, The answer
to that question is the objeotive of this thesis.

This thesis will be structured as a test of the hypothesis:
It is feasible to estimate the value of barrier delay at engagesent
levela appropriate to theater modeling using simulation modeling
techniques. This test will be accomplished’by reviewing availsble
literature, selecting an appropriate framewcrk for the model, designing
and testing the model, and reporting the results. It is important to
note the concentration of the study on the feasibility of estimation
rather than providing a mathematical value., This study is
unclassified, hence all data inputs are either unolassified or estimates

which enable a test of the model,
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FOOTNOTES

Dwu'tmf of the Arwy, JN 61-100, The Divigion,
(November 1968), p. 7-2.

2Spooifio numerical references are not supplied because of
seourity classification, Information is based on author's experience
working with USAREUR Barrier aad War Plans,

3Dopu'tmnt of the Army, O0ffioe of the Deputy Chief of Staff
for Operations, t eld t ectiveness
of Barriers, by Mr, Sidney Sobelman (Washington, D.C., Undated), p. 1.
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and_Operstions, (July 1971), p. 4-4.
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Sonoepts of Antipmmor Warfare, (August 1972), p. 15.

Tone three indicated functional impacts of the barrier and
obstacle are cited based on general acoeptance within the appropriate
military community. They were presented to the Chief of Engineers,

U.Se. Army Concepts Analysis Agency (USACAA), and Mobility, Equipment
Research and Development Center (MERDC) in late 1973-early 1974 by the
author. They were accepted as being generally descriptive of the
barrier and obstacle contribution to combat.
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CONAF, It was obtained by the author in direct contact with analysts
at USACAA,

"mhester Force Perforwance in CONAF II, op. oite, pe 15,

Zpata presented to students enrolled in U.S. Army Comsand and
General Staff College Course 3651=—Nine/Countermine Warfare—in
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210.5. Ay Aberdeen Research and Development Center, Ballistic

Research Laboratories, mmzsmmn_mmmmm
s by Russel H, Stolfi (Aberdeen Proving Ground, Narylamd,

191421970
April 1972), p. 48,
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CHAPTER 11
THE LITERATURE SEARCH

The literature search to support this thesis concentrated on
satisfying two objeotives: developing a qualitative assessment of the
impact of the barrier on the combat prooess; and, reviewing existing
analytiocal assessments of obstacle funotions in combat. The first
objective could be viewed as determining vhether or not a definition of
“delay" can be developed. That definition is important because "delay"
is the barrier effect which has been imjected into current force
analyses. The necond objective is oritical in addressing the
relationship between delay and the barrier functions of inflicting
casualties and enhancing targets.

The logioal bases for beginning an investigation of the
impaot of the barrier on combat are the historical experiences from
World War II to the present, World War II provided the first wide-
soale application of barriers in temms of the types of hardware and
dootrine that are familiar today. If sufficient experience exists to
indicate the imp-2t, then some foundation for defining the factors of
delay should exist. Three principal sources have been used in this
investigation. In 1972 Dr. Russel Stolfi of the Naval Postgraduate
School provided the Ballistics Research Laboratory a report entitled:
Nine snd Countermine Narfare in Becsnt Bistorv, 1914=1970. The purpose
of the report was to provide "a pragmatic approach towards the
understanding of this problem [mine and countermine combat

16
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offectiveness] from a historical point of viw."‘ The report oites
specific campaigne and battles az a basis for disoussing the importance
of mines and minewarfare, The second principal source was the 15
volune work, Landaine and Couptermine Narfars, prepared by the
Engineer Agency for Resources Inventory (EART) and pudblished in 1972,
"These eight textual volumes and seven appendix volumes dring together
a broad scope of information ocontained in archival referenoces and
technical literature, These include military histories; unit records
and monthly action reports of infantry, amor, and engineer units;
field manuals, and operational plans.* This EART publication is &
very detailed compilation of data without significant analysis. Only
three volumes will be oited in this thesis. Those volumes provide the
textual information on mine warfare operations in North Africa, Italy
and Xorea. The 1974 Historical Evalustion Research Organisation (HERO)
study on obstacle employment in World War II which was cited in
Chapter I is the third principal source, The purpose of this study was
to provide "data to permit tentative development of quantitative inputs
for combat models with respect to efforts to create or improve
obstacles and bmim...."3 The HERO study oconoentrates on examples
which include use of all types of artifioial obstacles. Four case
studies from World Wai II were used as the inputs for the studys: the
Battle of Kursk (Russia=1943); Nikopol Bridgehead (Russia=1944); Il
Ciogo Pass (Italy~1944), and the Battle of the Bulge. "With only four
case studies, this exploration could not ponsidbly produce definitive
values for any of the effects sought.” This statement indicates that
the study did not achieve its stated objective. The primary cause for

this failure was the faot that hypothesized quantitative assessments

TR IS e O e, -




18
were useful only in the context of HERO's mathematical representation
of oombat which has not received wide acoeptance in the analytic
commmnity. That failure does not, however, diminish the qualitative
valus of the case studies which were developed from excellent primary
source material.

Unfortunately the report by Dr, Stolfi and the HERO study do
not: agree on the principal impact of the barrier on the combat process.
The HERO study concludes "it is clear that the principal military
value of obstacles and of bdarrier systems is to permit Economy of
Foroe (and, of course, indirectly to permit mass olsewhere as a result
of suoh ocmnony)."5 In contrast, Dr. Stolfi states: "“Analysis of the
use of mines in North Africa shows that the crucial effects of mines
were to reduce the mobility of the forces against which they were
omployod."6 Although this statement is restricted to actions in
North Africa, the general conclusion is appropriate to Dr. Stolfi's
entire assessment. It appears that these two sources present two
distinct contradictory arguments neither one addressing delay. The
requirement then exists to examine sach argument in some detail.

In each of the four case studies the HERO study provides some
oconvinoing logio to suprort the ocase for soonomy of force. For
example, at the Nikopol :lridahud, "The obstacles and field
fortifications of the 335th Division [German] permitted the detachment
of at least one=fourth of the division to reinforce hard-pressed units
to the nirth, while still retaining a substantial combat power
superiority over the opposing Soviet units."! In the Battle of the
Bulge, "The hasty defeuses, blocks, and minefields installed along
the entire front of the 4th Division [U.S.] beginning on 17 December
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facilitated the use of Economy of Foroe along the southern four-fifths
of the Division seotor, and the massing of about half the division in
about one=fifth of the sector, opposite the only serious Gerwan
thrnt."e In both examples there was no intent on the part of the
defender to delay. The barrier was designed as an aid in defeating
the attacker and was used to inorease the combdat power of the defender,
In all of these cases certain aspects of delay were impliocit., It was
necessary to delay German elements in some sectors of the 4th Division
t0 enable the massing of most of the division's combat power opposite
the primary threat. In other areas of the Bulge road blocks and dlown
bridges extensively delayed key German arwmor thru-tl.9 In faot some
engineer reports can be used as a basis for declaring that certain
German armor elemenis ran out of fuel because the barriers oxintod.w
The delay implicit in these examples would not have been signifioant
had forces not been preparing positions in the rear or moving to
counterattacks, It would then appear that the key factor is the
capability of the defender to allocate his forces to meet a
developing situation at the oritical points, To support that
allocation other areas must be defended by reduced elements (economy
of force) or the attacker must be significantly delayed.

In the cited examples the barrier did appear to increase the
combat power of the defender and as a result the attacker was delayed,
This result appears to be the outcome regardless of the intent of the
defender. At the Nikopol Bridgehead the (erman mission was to hold
that particular terrain against superior Russian forces to enable
control of the lower Imieper river. The bridgehead was abandoned

because of a threat of envelopment but the Soviets were delayed and
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' 1t would appear that it ic

Cerman foroes were able to withdraw.
ultimately the freedom of action that the barrier buys which ia key to
the significance of the barrier in the combat process.

How then does Dr. Stolfi's view that the crucial effect of the
barrier is the reduction of attacker's mobility contrast with the HERO
study? In the introduction to the report it is stated that "the
effectiveness of mines as barriers to ground movement will be
considered in terms of .thoir impact on the mobility of the foroes

M This statement indicates a predilection for

enoountering them."
this specific factor, and it would be natural to find the report
expressed in those terms. This possidble bias does not, however,
discount the fact that Dr, Stolfi may be correct in his assessment,
One of the primary examples used for the report is the World
War II oconflicts in North Africa where the use of mines reached such
an extent that barrier operations became one of the primary concerns
of omandora.13 Principal conoentration is directed to two battles:
Cazala—~—MNay and June 1942=—and Second El Alamein—October and
Noveaber 1942, Of Gazala Stolfi summariges:
o o o the German mobile force was almost immobiligzed due

to lack of fuel and ammunition after the first 15 hours of

oombat. + ¢ +» The British, in effect, had fixed the Germans

against and among the deep minefields and were in a position

for several days to reduce the German bridgehead. The British

minefields had reduced German mobility below that of the

British and gllowed the Eighth Army to regain the initiative

temporarily.
Although in trouble, Rommel did finally force the Gazala line and
subsequently captured the port of Tobruk. It has been argued that the
British were ultimately defeated by failing to mass resources to react

%0 the battle as it developed.'” The barrier preparations for the
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battle were sffective, but the British failed to apply the eoonomy
of force the barrier operations might have permitied., Summarizing the
barrier impaot at Second Alamein the report states:

The Oerman mines near Alamein almost balanced for the
Italo~Cerman Panzergrmee the immense British superiority in
tanks, artillery, and aircraft. German mines turned what
could have been a swift penetration and collapse of the
Italo~German positions into a grinding 12 day battle of
a.ttr“ion which Nontgomery came startlingly close to ocalling
off.

In gaining this conclusion Stolfi argues that Rommel's employment
of half a million mines reduced British mobility to the extent that
the attrition battle was necessary sinoce the terrain prevented the
mass flanking movement prevalent in other major battles in North

L are examined an

Africa. If the German dispositions for the defense
argument can be made for Rommel attempting to use the barrier as an
economy of force measure., Dr. Stolfi alludes to this in discussing
Rommel's flair for arrangement of limited firopower.18 He does not,
however, set the barrier in the concrete iterms of Economy of Force.
The Germans were defeated at Alamein., Rommel did not direct the
defense in the first two days and muoh of the German diffioulties were
attributed to lack of suppl:los.19

The Stolfi report does provide evidence that barriers have in
fact reduced the mobility of participants to the extent of signifi-
cantly influencing the conduct of combat. In oontrast the HERO study
provides positive evidence to support the case for economy of foroe.
There is a possibility of a logiocal link beiween the two arguments.
Implicit in the argument for economy of force is the necessity for the

barrier to increase the defender's combat power. If the barrier does

increase the oombat power and that inorease can be related to reduced

21



22
mobility then a bridge will exist between the two positions. To purnue
I this particular logic it is useful to examine the historiocal evidence
in terms of the previously defined barrier functions of direct
casualties and target enhancement, T
The historical summaries provide many specifio examples of the
target emhancement effect. In discussing the June 1941 British
offensive in North Africa, Operation Battleaxe, Dr. Stolfi comments:
YAt several important jfunctures in the summer battle, the powsrful
British Infantry tanks were immobilised in the frontier minefields
with relatively minor damage and then 'shot to pieces' by the German
Antiaircraft gunl."zo Similar experiences were enoountered in

Operation. Crusader in November of 1941 where one unit lost 35 of 42
21

tenks in similar oirocumstances. In U.S. experience in Italy in
l attacking the GUSTAV line in December 1943, an Armor element of
16 tanks lost 12 in a single day at onme loocation to the combined

: effects of mines and fire uupport.22

These three samples certainly
indicate that artificial obstacles improve the defender's capability
to employ other weapons because of reduced mobility. This point is
driven home by an example of a small action in Tunisia in early 1943.
Pour German tanks stopped at the wire marking a iummy minefield and

i all four were destroyed, "They had taken the wire at its face value
3

and had becoms sitting shots for anti=tank guns waiting for thﬂ."z
] The point was made in Chapter I that experience generally
indiocated personnel casualties from mines were proportionally low.
The Stolfi report was further quoted to indioate that if the vehicular
damage was considered for the same period one would not have expected

the minimal persomnel casualties. This statement would indicate that
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direot kills of vehicles by mines might be a significant faotor, Data
samples from Okinawa, Burope and Korea indioate that from 25 to 40
percent of U,S. tank losses resulted from mines during periods when
combat conditions diotated use of obstascles.24 During the pursuit
of North Korean forces in October of 1950, mines acoounted for
70 percent of UN tank omltiu.zs Obviously the mine uppears to
be much more effective in terms of casualty production to vehicles
than personnel. This phenometion is one characteristio which Irs Stolfi
usan to support the oantention of reduced mobility. In contrast,
cignificant materiel destruotion also supports the idea that mines
improve combat power.

The historical experience that has been discussed does support
the ugmn;nt that there is a relationship between reducing the enemy's
mobility with obstacles and economy of force., That relationship is
generally confirmed by evidence that obstacle employment does provide
a positive target enhancement and create signifioant vehioular
casualties, Despite this evidence, economy of force may be an
inappropriate term to describe the barrier impact. Economy of force
implies an intent for reduced commitment at one point to enable mass
at another, Historical experience indicates that the barrier can be
an aid in achieving these conditions. In contrast the historical
evidence is not sufficient to indicate that the barrier guarantees
economy of force. The barrier may exist, reduce the attacker's
mobility, and inorease the defender's combat power without the
defender being in a position to apply economy of force. In the Cazala
and El Alamein examples the defenders did employ effective barrier

systess and lost. In the first case it was ostablished that the
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British did not attempt to apply economy of forece. In the second,
Rommel wan severely limited by logistioal shortagen. The logical
definition of the barrier effect to this point would then be reduced
attacker mobility and increased defender combat power.

The concept of delay has not made a significant impact on the
disocussion to this point. The reason is simple. With one exoeption,
the historical examples that have been presented in detail have dealt
with defenders who did not intend to delay. The exoeption was a
portion of the obstacle employment in the Battle of the Bulge. In that
case the obstacles were not a portion of a planned barrier, but were

26 gince the objective of the search

executed on a decentralized basis.
is to define the factors of delay it can be argued at this point that
reduced mobility is delay. If attacker’s mobility is reduced, it will
require more time to move a given amount of combat power; hence dela\v‘.
Also historical experience indicates that this delay promotes higher
attacker casualties so the increased defender combat power should be
considered a factor of this barrier delay. That argument cannot be
oonclusive without considering some of the other demonstrated impacts
of the barrier on the combat process.

One key aspect to be considered is the effect of barrier
operations when the intent is delay. A faoctor which gave impetus to
U.Se concentration on minewarfare early in 1940 was evidence that
"mines gave real protection to troops in rotrut."n That protection
would appear to be a function of being able to break contact with main
foroe units. The aftermath of the El Alamein battle provides an
exocellent example of such an action. At the end of the battle in

8

three plus German divisions Rowwel was left with 11 tanks.2° Onoe the
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German forces began tnhe retreat all remaining elements were withdrawn
virtually intact. There is oonsiderable argument as to whether or not
Nontgomery conducted a pursuit=—a quite logical discourss oonsidering
it was a failure, In the pursuit that did take place thare was
considerable difficulty in organizing and moving British units out of
the Alamein position because of extensive minefields, As they began
to move, elements of two divisions were sigiificantly delayed by dusmy
minefields, and heavy rains further rntrioéod vehioular traffioc,
Montgomery's apparent excuse for the failure of the pursuit was the
rain.29 Whatever the historical verdict on Montgomery's pursuit,
two factors were much in evidence., PFirst the rain had equal effect on
both sides. Second the minefields worked only against the British
after the Germans abandoned the Alamein position, For the remainder
of the retreat of several hundred miles to El Agheila mining was so
extensive a British Engineer Company was able to clear only 12 miles
of road per dv.so German elements were never decisively engaged in
that withdrawal, In this circumstance the impaot of delay was the
ability to break oontact,

In the Italian theater a planned delay for an entire oaljpo.im
was demonstrated, "In the overall concept of military strategy, the
GCermans were masters in defensive tactics of delay based upon minesg
and demolitions which were integrated along the routes of withdrawal
and into the successive lines and points of defense—Salernoc Beachhead,
Volturno River, Barbara Line, Bernhard Line and Gustav Line,">'

Gen. Kesselring's purpose in the defense was to preclude the fall of
Rome as long as possidle, apparently hoping to stalemate the 'nr.32
It took the Allies approximately nine months to seise Rome after
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landing at Salerno. This "delay® included keeping six allied divisions
bottled up in the Anzio Beachhead for approximately five months, The
stalemate did not result; however, there is a definite sense of delay
in the German actions. The extensive use of barriers boosted the
oombat power of the Germans and permitted them to break contact in order
to oocupy subsequent positionse In a larger sense the dslay bought
more extensive preparations of subsequent positions because more time
permitted more construction,

In these two examples the intent of delay enabled two very
important functions of combat: ~ meaking ocontact and preparing
subsequent positions. These are the completely defensive oriented
aspect of barrier operations, The study establishes an offensive
corollary for delay. In this instance instead of the defender
intending to break contact, he plans to use barriers to insure that the
attacker maintains continual contaoct. The result of that contact is
"exhausting the attacker's capacity for sustained combat before he can
reach objoctivn."”

The HERO study uses the Battle of Kursk to demonstrate this
barrie~ function. "The Soviet barrier plan at Kursk was conoceived as
part of the major defense to be offered to a German attempt to reduce
the large salient which the Russians had established around Kursk in
their winter offensive of 1942-43s It was thought that a strong
position, with great dgpth, would wear ocut the Germans, destroy their
tanks and then make it possible for Sovio‘t foroes to introduce fresh
troops in a general offensive and to infliot a major defeat on the
nain German 1"<:x'cu.”34 The report details the many frustrations,
delays, and altered at_tuk plans of German elements in response to the
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barriers and fortified positions. The progressive reduction in rate
of advance for German units on a daily basis is also detailed, The
battle was ultimately won, howsver, by the delivery of the massive
Russian counterattack.

Logically considered, the possible "wearing down" influence
of the barrier’in some depth cannot be ignored. Regardless of how
efficient units are supported, they are not oompletely reconstituted
in contact; hence, they sacrifice some of their combat potential in
each engagement. Maintaining constant contact is an intelligent way
to maximize that phenomenon. There is a considerable similarity of
the initial barrier influence on operations in the eight days of Kursk
and the 12 days of Alamein., The difference in outcome was that the
Soviets could deliver the counterstroke—Rommel could not.

There are two aspects of the impact of barriers in combat
whioh are not specifically addressed in the available historical
analyses but should be considered as significant in this discussion.
Firet, the more extensive the barrier the morse resources that must be
dedicated to negating the effeot. This effect may oontinue its
influence after the barrier or obstacle has been dreached and is no
longer a direct factor in the combat outoome. For example, in Italy,
*ag the fighting continued northward, allied mobility continued to be
restrioted in the rear zone of operations due to uncleared minefields
around Salerno and Naples."” Units which could have performed other
functions or been used in other loocations were tied down Ly requirements
for clearing the extensive obstacle systems. Obviously this effsct
can be a two—edged sword, but it demonstrates the necessity for the

attacker to plan and alloocate resources to overoome the barrier. It
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also highlights the faot that combat service support operations may
prove more diffioult when the obstacles oontinue to have an influence
in the attacker's rear.

The second important aspesot is the fact that the barrier delay
provides a positive intelligence enhancement. As the attacker's
mobility is restricted, the defender can better identify the location
and sige of attacking elements, Delay is an enhancement in the sense
that the defender has more time to react to a particular threat.
Although the existence of this aspect of barrier influence cannot be
specifically supported from the historiocal analyses, it is certainly
implied by the successful applications of eoconomy of force which were
previously disoussed.

The historical summaries have provided suffioient evidence of
several factors which can be identified as impacts of the use of
obstacles and barriers in combat, Evidenoe exists to support the
contention that expeocted armored vehicle kills by minefields are
significant and that obstacles do tend to provide a target enhancement
effect for the defender. On a larger scale evidence exists to support
barrier influences of economy of foroe, and permitting the defender
t0 successfully break or maintain ocontact and prepare subsequent
positions. In sddition extensive obstacles tend to ocomstrict the
attackerts combat servioce support capability and permit the defender
to gain intelligence in an environment where his capability to react
to that intelligence may be inoreased., It appears obvious that an
attempt to include all of these factors under an umbrella called
Pdelay" may prove fruitless. Before such an attempt is exhausted,
however, it is logioal ¢0 reviev any additional analytical work whioch
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may impact on the results of the historical analyses.

The historical assessments of the influenoe of obstacles and
barriers on combat have not deen supported to any significant extent
by other analytic work. The one major exception has been attempts to
describe the ocapability of minefields to cause armored vehicle
casuslties. That work is obviously of some importance, since the
historical assessaents have indicated that significant vehicular losses
can be attributed to minefields.

Four principal sources provide the basis for discussion of
antiarmor minefields in this thesis. In 1972 the Research Analysis

Corporation published a study entitled: Qperatjional Effectiveness of
Scatterable Land Mines which was performed under contract to the
Advanced Research Projects Agency (ARPA). This study was performed to
analyze the many factors important to defining the cost, employment
methods, and combat impact of socatterable mines. One of the faotors
included was the capability of the aminefield to inflict direct armor
lospses. The second source is the Mobility Equipment Rescarch and
Development Center (MERIC) study: tit o o U
Army Standard Minefield Patterm. This study ooncentrated on predicting
tank and armored personnel carrier losses asing the M-15 mine and
standard U.S, Army minefield dootrine., YTests were performed using

both a miniature physical enviroamental simulstion and field tests
using existing hardware, The final two sources actually provide the
same data. JFM 20-32, Landmine Warfare inocludes casualty prediction
curves for mechanized vehicles which have been adopted by the U.S, Army
Engineer School in its Nine—Countermine Qperations Manuscript of
January 1973.
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Data drawn from thess sources are portrayed in Pigure 2-1,3
The vertical axis is labeled "Effeutiveness" whioch is defined as the
probability that a vehicle will encounter a mine. The horizontal axis
represents mine density. "Density is defined as the average number of
mines of a specific type per meter of minefield ﬁ-<mt."37 The concept
of deneity is key to the analysis of minefield effects because it
permits examination with respect to only one dimension—the frontage
of ths minefield. Thus, a minefield of 100 meters frontage which is
40 meters deep with a density of one mine per meter is equivalent for
analytioc purposes to a minefield of 100 meters frontage by 20 meters
deep with the same density. The density measure has apparently been
used for some time. Its applicability is generally substantiated by
the MERIC tests which concluded that "minefield pattern has no
notioceable effect on antitank offoc:tiv.aon."38

The obvious question is why do the three prediction curves in
the figure differ? Answering that question is complicated by the fact
that the data presented in MM 20-32 is not cubctmtiatod.” Suffioient
evidence exists, however, to permit the discussion of a general theory
for this method of representing minefield performance. The
effectiveness curves can be basically fit to the form Es1 .-okd where

E = effectiveness

d = density

k = £it parameter
The value of k" is a function of the area of the tank which will
cause detonation of the mine. I the mine im fused for pressure
aotivation then oontact with one of the tracks is required for

detonation. In contrast, a tilt rod fusing will have a much groater
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possibility of activation since the entire frontage of the tank is, in
effect, a target area. In the latter case "k" would be greater and
the effectiveness ourve would be pushed to the left. Realistically a
family of curves exists, each a function of the type target, mine, and
fuzing system. The test and simulation results are availadble to
support the MERDC predictor so its use as a base case can be supported
with some degree of confidence.

To use this data without correotion two assumptions must be
made. Pirst 1008 reliability of mine detonation must be assumed, If
the mines do not fulfill that requirement sowe reduction in density
should be computed., Second it must be assumed that the detonation
guarantees an appropriate level of damege, Since some mines only
disable the movement capability of a tank, that vehiocle can continue
to perform the funotion of delivering fire. The definition of
effectiveness, therefore, must be matched with the effeot that is
desired,

Even if those tvo assumptions are accepted, there are two
other major factors which will influenoce the casualty producing -
capability of the minefield. Those two factors are the attacker
ohoice of a taotical formatiom to oross the minefield and the
oountermine technique employed to neutralise the field. In oonsidering
the impact of the tactioal formation, the NERDC test provides a
oonclusion which somewhat simplifies the possidle approuh.‘o The
test indicated that if tanks are in ocolum in a minefield of
eoffectiveness "P"’ and the first tank detonates a mine, the effective-
ness of the field is not reduced for the second tanke This example can
be carried ouv to ™" tanks. The probability of the first tank
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enoountering a mine is PI:' the probabdility of the second tank
encountering a mine is Pl: given that the first tank encountered a mine
(Pg)i and the probability for the n'® tank 1s Py given that n~1 tanks
had encountered mines (P,n'1). The expeoted number of tank casualties

is then the sum: Pi. The other extreme for tactical formation

im9
would be all tanks in a row or simply each tank entering the field
independently, In this case the destruotion of the tanks would be
distributed binomially with the expected number of tank casualtius
to be nPt. A formation could be some combination of the two extremes

and the expected number of tank casualties oould be caloulated by
i i1£-1'1'1”::

where: T, = number of tanks in a row (colums)

L = auwmber of rows

Pl= = probability of an encounter
Although this logic may be useful in computing minefield effeots, it
has neglected the significant impact of countermine actions. The
difficulty which surfaces in attempting to structure an analysis which
includes countermine actions is the possible range of methods that may
be chosen to neutralize the effect of the minefield. The best
represgentation found in this research effort was the countermine
adaptation used in the Division Wargame (DIVWAG) analysis which
supported the fourth phase of the Family of Scatterable Mines (PASCAN)
study conducted by the War Games Division of the Combined Arms Combat
Development Agency (OACDA).“ The disoussion of this technique will
be general bec-use of the classification level of the report. The
technique used to determine countermine actions is based on the logic

that the attacker chooses a oountermine method based on the
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effeoctiveness level of the oovering fire imposed by defender, Various
levels of effectiveness for both direoct and indirect fires can dbe
ocongidered., For each level, combining both direct and indirect fire,
the logical ocorresponding breach activity is chosen. For example, if
the direct fire is considered "devastating" combined with effective
indirect fire the attacker would choose to bdypass the minefield, In
contrast, if the direct fire is only moderately effective and indirect
fire is ineffective, then the attacker logically chooses to breach with
mine plows mounted on armored vehicles. These examples arse not
necessarily the realistic expectations for the given ciroumstances, but
were chosen to demonstrate the technique employed. The major difficulty
with this method is determining the oonditions which will yield the
threshold values for the variocus levels of fire effectiveness.

Obviously this teohnique for oonsidering countermine
significance is not immediately oompatidle with the technique for
prediocting mine casualties. A simplified alternative is to assume
various proportional levels of attacker neutralisation capadbility.
Por example, assume the attacker has a 60 peroent countermine
capability, The impact of such an assumption is to reduce proportion-
ally the expected casualty production of the minefields In the
caloulation sense B0 would now be equal to 1-o¥_ JT,Pg where C is equal
t0 the assumed .6 ocountermine capability., A range of values for C
from 0 to 1 would produce a family of ourves for each assumed tactical
formation and probability of enocounter.

In discussing the impact of obstacles, particularly minefields,
it is impossible to escape the universally acoepted, previously
disocussed notion that the obstacle has no value without covering fire.
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Obviously without covering fire the attacker can always choose the
values of C to be 1 and the expected casualties from 2 minefield are
then O. The aspects of covering fire inolude not only the desire to
maximize the direct casualty producing effeot of a minefield, but
also to maximize the target enhancement value gained from the obstacle.
The available research necessary to define the dynamics of the obstacle
influence in the target engagement process is extremely limited. Only
recently has work begun at MERDC and the ugineer Studies Group (ESG)
[formerly the Engineer Strategio Studies Uroup (ES8SG)], Washington,
DeCe, which is specifically aimed at determining the predicted
increase in defender weapon effectiveness when the obstacle is added
to the combat proocess. Complete results of these analyses are not yet
available; however, the author of this thesis initiated a study at ESG
in January 1974 which addressed this particular problem, That study
was based on the design of a ™m > n" computerised war game, the
Fortification Obstacle Effects Simulator (FOES). An interim report was
prepared in June 1974 and the results presented in that report willvbo
the basis for discussion of the dynamios of obstacle target enhancement
in this thesis,

"The FOES development conocentrated on simplified representations
of important aspects of the oombat process while attempting to maintain
pufficient variability in the process to permit an adequate study of
obstaole and fortification effects.”’’ Three primary events were
chosen to represent the combat process at the lowest level: movement,
detection, and firing, The moveament event was represented by assigning
the attacker a random speed within each simulation cycle, Detection
for the defender was based on the pudlished results of field

SN T
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experiments oconduoted in Burope and at Pt. Ord.4> The specifio intent
of these experiments was to define the dynamics of representing terrain
and resulting line~of-sight dependencies to provide a basis for
studying antiarsor weapon effectiveness. Two key phencmena were
indicated by these experiments. First, deteotion appears to be a
function of range. The closer the target moves to the defender the
more likely a deteotion by the defender. Onoe detected, however, the
length of time that the target is exposed appears to be independent of
range. Thus the visible "windows" in terrain whioh faver the defender
appear to bde randomly distributed. The attacker detection event was
based on information provided in RAC's QOperational Effectiveness of
Scatterable Ninag study. The original ooncept was developed from
field experiments conduoted at Camp Stewart, Georgia, in 1955.%4 The
signifiocant observation provided by that study was that the attacker's
capability to detect the defender is solely a function of the number of
rounds fired by the defender independent of range and the time between
firings. S8imply stated this phenomenon is detection by weapon
signature. The final event of the combat prooess in FUES was the
firing event.’> Range dependent distritutions of kill probabilities
were used to represent this event., In the case of newer anti~tank
weapons these distributions were sanitised in order to maintain the
unclassified character of the study. The obstacle was represented in
this process by two distinot alteratioms in aotivity. When the obstacle
was Teached the attacker movement terminated for a speoific period of
time (delay). The defender then gained a limited increase in
probability of kill which ocorresponded to firing at a stationary
target. Defender was assigned the stationary target kill probability
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for every other round fired in the delay period to acocount for possible
attacker movement to hypass the obstacle,

Figure 2=2 demonstrates a sample result for the P(Pseudo)=Dragon
and P-T55 tank.46 The measure of effectivensss (MOE) represented by the
vertical axis is an equal weighting of the proportion of kills and
survivals for the antitank weapon. The proportion of kills is the
number of kills divided by the total number of attackers that oould
have been killed in the number of oconfliots simulated, The survival
proportion was one minus the number of attacker kills of the defender
divided by the number that could have been killed in the total
conflicts simulated, Defender survival in this case is not equal to
the defender kill proportion since a draw was a feasible outoome for
a given simulation cyole, Anytime this defined MOE has a value
greater than .5 the defender possesses a kill exchange ratio that is
greater than the opponent's mass ratio, FNor example, in Figure 2-2,
the base run for one P=Dragon versus two P~T55 tanks has an NOE value
of about .65, Since this MOE value is greater than .5 more than two
P=T55 tanke are being killed for each R-Dragon which is lost. The
logical extrapolation is that in a battle to annihilation under these
circumstances the supply of P=T55 tanks would be exhausted before the
osupply of P=Dragons, If the MOE were exaotly equal to .5, the opponents
would theorot,z;oally exhaust each other simultaneously—a true draw,

Figure 2=2 provides a sample of the impaot of the obstacle in
texrms of inoreasing weapon effeoctiveness, In this particular case the
impaot is dramatio in that by using the obstacle the P-Iragon can
maintain a MOE level of .5 even when opposed by five P-T5% tanks,

Unfortunately there is a considerable varience in the impact of the
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obotacle for antitank weapons of different characteristios., Omly four
AT weapons were portrayed initially in FOES: P-90mm AT Oun, P=106am RR,
P=Dragon, and P~TOW. The first two weapons possess range dependent
kill probadbility distributions, so they are sensitive to the range
from the weapon to the obastacle. As a result there is not only
variance between weapons but in these ocases variance within weapons.
Table 2.1 shows some results for all four weapons expressed in terms
of the number of P~T55 tanks required to ashieve an NOE value of .5
in the no-obstacle and obstacle cases.

TABLE 2.1

P-TSS5's NECESSARY TO ACHIEVE MOE .5%7

NoO
HEAPON ORITACLY OBSTACLE BEANCRONT
A B BaExA
P"’” 1.4 108 1.28
P'1°h 103 304 2061
P-M 3.0 5.0 1067
P=-TOM 4.5 5¢3 1.18

The no-obstacle values give some indication of the relative
effectiveness of the various weapons. Although the P=90mm and P-106mm
appear equal in the no-obstaole case, the obstacle provides greater
enhancement for the latter because of the significantly longer range
at which the P=106 can engage. At different ranges the result for the
P=106 would be less. The P~TOW is such an et"toctivo weapon at a
range before the P=T55 can effectively engage that the obstacle has
leas impact on the P~-TOW case than on the P-Dragon case. .

The FOES work is admittedly orude and preliminary and as a

result has some significant shortcomings. One major failing was the
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inability to gauge the impact of indireot fire weapons. This aspect
was neglected because of the inherent complexities of simulating
indirect fires. A significant unresolved problem surfaced in
attempting to represent AT weapons in a firepower concentration, MOE
values for two AT weapons versus four tanks tended to be somewhat lower
than the ane on two case. This anomaly appears to be a funotion of the
method used to represent the attacker detection event whioh may have
given the attacker more than a realistio expectation of deteotion.

In spite of its rather obvious shortoomings the preliminary
FOES work indicates some logical general insights on the dynamics of
obstacle impact in the combat process. The only source willing to
this point to even guess at the quantitative aspeot of obstacles on the
oombat proocess is the HERO study which would postulate that use of
mines, demolitions, and constructed obstacles would provide a combat
powsr enhanoement of 1.3, assuming the HERO definition of combat
)'.u:»m'.a8 In Table 2=1 the enhancement factors varied from 1,18 to 1,67
if the value for the P-106mm is discounted. It is logical to discount
that particular value since the obstacle was sited at a near optimal
range and the resulting enhancement is greater than could be expected
under most circumstances. Preliminary results would indicate, however,
that an expectation of increased combat power of 30 to 50 percent when
the obetacle is employed is not unreasonable, especially considering
the effectiveness of newer AT weapons.

One surprise in the FOES work was the lack of significance of
delay, Pigure 2=3 provides an example of ocutcomes when the intent was
to determine the sensitivity of results to the length of delay time,
The vertical axis represents the peroent improvement in the NOE value
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when oompared to the no obstacle or dase case. The general tendenocy
for additional effectiveness to rapidly peak and additional delay time
lose meaning was true throughout the course of the analysis,
Comparative weapon capabilities are apparently quickly maximiged and
increased delay times do not significantly inorease the defender's
additional combat power enhancement.

The preliminary conclusion that is derived from the analytic
work is that vehioular destruction by mines and enhanced combat power
is generally independent of delay time, In oontrast, both the
histarical evidenoe and the anslytic work indicate that the two
phenomena of casualties and target enhancement may be eignificant
add~ons to defender's combat power, .

The logic structure formed by reviewing both the historiocal
assessments and the available analytiocal results support the position
thst attempting to study the influence of the barrier on combat by
defining a parameter called "delay" is infeasible, The effects of
significant armored vehicle damage Dy mines and positive target
enhanoement when obstacles are covered by fire might be classed as
the guaranteed influences when a barrier is employed. These effeots,
for the most part, are independent of delay time. The other influences
that the barrier has had on combat such as economy of foroce, aiding in
breaking and maintaining oontact, permitting the defender to prepare
subsequent positions, constrioting ocombat servioe support, and
developing intelligence are not guaranteed outoomes. Delaying the
attacker ocertainly aids the defender in achieving these functions;
however, the combat environment must bave characteristics other than
barriers which permit the defender to accomplish these actions. Delay
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is only one faotor whioh might be useful in defining the defender's
capability to exercise freedom of action.

On the basis of the literature search .t appears that the
hypothesis should be restruotured to state: It is feamidble 4o
estimate the value of a barrier at engagement levels appropriate to
theater modeling using simulation modeling techniques. To test this
hypothesis a modeling technique must be chosen which will permit
suffioient freedom of action to study the broader effects such as
eoonomy of foroe and breaking contact., If these effeots cannot be
studied the choice of employing a barrier ocollapses to ocomparing the
resource cost of implementing a dbarrier witﬁ the ocost of adding 30 to

50 percent more combat power,
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CHAPTER III
~THE NODEL~

The logical comoclusions which resulted from the literature
search suggest the environment that must be oreated to provide a
conclusive study of the impaot of the barrier on the combat process.
The oritiocal requirement is to represent "freedom of action.” "Preedom
of action” implies a process where alternatives may be chosen for .
accomplishing the intended purpose. It would appear that four key
factors define the capability to choose alternatives: the requirement
or mission; the existing situation; resource constraints; and projected
outcomes. The logical process of combining these four factors should
produce a list of admissable decisions or alternative choices,

The requirement or mission is a simple statement of what must
be acoomplished, The existing situation is the decision maker's
visualization of the important aspects of the environment in which he
must accomplish the requirement, This enviromment is influenced by
two distinct kinds of impacts: those the deoision maker can control
and those he cannot. In the military environment examples of the
latter are terrain, weather, enemy size, and enemy dispositions.
Examples of the former are al‘looation of fire support, location of
reserves, and requirements assigned to subordinate elements. The
decision maker's control is constrained by the available resources and
the appropriate "cost" of a partiocular action in terms of those
resources, PFinally, the decision maker must estimate the result or
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outcome; logioally choosing that course whioh provides the best chance
for sucoess within the resouroce limitations.

A concept for decision making was included in the CONAF
Evaluation Model (CEN). 1In CEM, "at the beginning of each period,
several tactical decisions are made at division level, based on the
division estimate of the situation, These decisions include allocation
of fire support to bri.pdn, assignment of brigade mission, and
commitment or reconstitution of a division x-uu'\n."1 Obviously
inocluding any kind of a decision algorithm in combat modeling is a
forward step. There are, however, some distinct disadvantages in
the CIM system. "Best™ outocomes are chosen, but the decisions are
oontrolled by threshold of comparative firepower. EKach is actually
a "go no-go® action and some may ocour concurrently. They are *no
cost® decisions since the simulated deocision maker is not required to
spend resources. Thus this system only provides for a logical sequence
for changing activity based on the ourrent situation. The short fall
is the faot that there is no comparison of alternative choices for
acoomplishing the same objeotive. As in other phases of CIM, the
outocome is deterministic with this decision algorithm simply providing
some additional flexidility.

An objective of this thesis is to estadlish a modeling technique
capable of evaluating the influgnce of barriers. It is logical, there-
fore, to oonsider alternatives to the deterministic type model
represented by CEM. One alternative is the Nomte Carlo or probabilistic
technique which “oonsists of determining a sample ocutoome which ia
dependent upon other variables, by randoaly sampling from the
distribution of these variables."’ The Fortification Cbetacle Effects
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Simulation (POES) discussed in Chapter II is an example of such a model.
Conflict has long existed in the military-oriented operations researoch
community over the choice of a “deterministio™ or "prodabilistio”
formulation of coll'wt.'3 This thesis will not attempt to detail the
various aspsots of the arguments, but some bdrief discussion is
necessary to support the subsequent selection of a modeling technique,.

One itoy factor in the argument is whether or not the "added
diffioculty of solution of the probabilistio model leads to improved
ruli-."4 One significant analysis supports the position that the
choice, in a real sense, is irrelevant because "there exists very
little difference between probadilistic flow of the solution and
deterministic results for foroes involving more than a few dosen un."5
Although this conolusion may be valid, it is tempered by omne very
significant factor. DBoth the deterministic and probabilistic techniques
considered within the limits of the argument are oriented toward an
almost complete dependency on relative mass, usually in the form of
firepower scores or force ratio, to determine outoome, Any technique
that olaims to improve the representation of freedom of action must,
therefore, consider how freedom of action should be balanoced against
the influence of mass. That requirement will be discussed at some
length throughout this chapter; however, the initial problem remains
the general choice of t'oohniquo. If tbe solutions from deterministic
and probabilistic representations of combat dc;, in fact, converge and
the decision making process in CEN inadequately portrays freedom of
action then some other representation of combat should be considered.

At this point it is helpful to forget the analyst and his

concern for deterministio versus probabilistic and return to the
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decision maker and the four factors that influence his capability to
choose alternatives. The decision maker's requirement and resources
are deterministic, as are those aspeots of the current situation which
he can control such as the size, composition, and loocation of his
reverve, Those aspeots of the ocurrent situation which he cannot
control such as weather and enemy dispositions may be classed as
probabilistice The existence of uncertainty in these areas supports
1nt0111moo.u a funotion of combat with the purpose of reducing that
unoertainty. The fourth faotor, projected outcome, is significantly
probabilistic. The nature of combat is such that the best plan may
fail and the worst succeed; thus, the decision maker faces considerable
unocertainty in this area. To reduce that uncertainty he exercises
dynamic control of his resources. For example, he moves units to
support, chooses to defend on the best terrain, or reallocates fire
support at any time. In the perspective of the analyst a modeling
technique for this process should provide the characteristics of
unoertainty in outcome, alternative choices, and a dynamic control of
TesOUTrces,

The second major problem is to provide thore characteristios
for the model and maintain a useful perspective on the influence of
mass on oombat outcomes. Again the military-oriented operations
research oommunity provides two distinot opposing positions. On one
hand an argument to support mass having the dominant influence on
combat cutoome is the oonclusion that "'Sinoce the ysar 1600 the sige
of the winning army has, on the average, been larger than the lour.'"6
In ocontrast, another analysis of a similar period states that
“Generally, initisl force ratio, » o o, had little effect on the
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outoome of the battles ltu.diod."7 The first position supports the
widely acoepted Lanchester theory of combat which portrays individual
force elements as maintaining constant effeotiveness with the exchange
rate then favoring the larger foroe. The altemative position is
supported by the faot that "historioal data for infantry, ammor, and
air show consistently the more outnumbered a foroe is the better its
exchange rate will ln."8 These two extreme positions provide ample
space for compromise.

Using thess arguments to gain an aococeptadle perspeotive on the
influence of mass on combat outocome, it is useful to consider the
various faoets of the two extremes in a qualitative sense, Pirst, if
mass is not oritical, in a pure senss, it would be logiocal to ehoose to
fight all battles with smaller forces. That position is obviously
counter~intuitive, A military tactician advoocating a smaller army
beocause it had a higher likelihood of winning would soon be seeking
other employment. It would, therefors, be unreasonable not to desire
a preponderance of foroe in the long run. At the same time it is
reasonable to assume that the outnumbered opponent realiges his
disadvantage and takes appropriate action to minimige its effect. This
phenomenon probably acoounts for the higher exchange ratios for ireater
disparities in force size. A combination of the historical data..and
logical argument would then prescribe that mass is dominant over time
but must be viewed in a different perspective at a specific point in
time,

The modeling conocept selected to meet the various character-
istice disoussed in the preceding paragraphs wsas first developed in 1970
by Mr, Cerald E, Cooper then a senior analyst with the Foroe Struoture
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Department of the Researoh Anglysis Corporation of Molean, Virginia.
His proposal was termed experimental and there is no indication that
the technique has been applied in any formal study in support of
Department of the Ammy. As a result, information used to support this
thesis was drawn from an unpublished report dated January 1971 and a
sanple oomputer test run, The short title of the report is "The VOATES
(Visible Graded Approach to Theater Effectiveness) Notebook.™ The
following comment establishes the general character of VOATES:

VOATES is a prototype computer program that represents

defensive ocombat in the abstraot and in aggregate. A single
™n produces tabular and graphic summaries of combat over a
renge of available and committed resouroces.

Combat is assumed to consist of a succession of single
period trials. Before sach trial, the defending commander
reviews a list of admissable choices of what to do next,
Subject to limitation on resources, the commander (algorithm)
selects a single action' from the list to maximige his forward
(expeoted) FEBA position for the current pericd. The commander
is permitted second thoughts about previous periods and can
make a ocurrent choice as though many (but not all) preceding
choices oan be remade. The commander's decision process is
repeated §or each time period and each quantity of resource
oconsumed «

Briefly, this process may be described as theater oconfliot represented
by & dynamic programming algoritim where the defending commander
optimizes nis strategy at a partiocular time and resource level.

VOATES visualises the battle field as a series of intersections
of sectors and defense lines. Sectors are widths of terrain generally
parallel to the expected movement of the opponents. Lcgically, sectors
are chosen to correspond to a speocific unit type of frontage such as
division seotors or brigade sectors., Defense lines are perpendicular
to the expected movement of opponents and must be the same in each
seotor. The intersection of a sector and defense line provides a

point at which an engagement may be assessed.
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The algorithm whioch represents the defending oommander uses the

following objeotive funoction at period "t"s'o

OBI($) = poxx 1" g, Q(1,1) x DIST(4,L)

where NXT is the decision index

L is the sector index

Q is the holding probability

DIST is the distance of a specified defense line

in a specified seoctor

i is the defense line index

N4 is the number of defense lines
The holding probability "Q" is the probability that the defender will
retain a specifio defense line in a specific seoctor under the
oonditions that exist in period "t.," "DIST® may be simply viewed as a
weighting factor which defines the relative importance of a specifio
defense line. "DIST" im normalized based on a reference line so the
range of possible values is M. Given three defense lines,
sample values for “DIST" might be (1., o5, +33). Thus the defender
is completely successful if he holds the first line. The territory
gained by the attacker in moving to the third line is defined in this
partioular example to be of such oriticality that the value of
retaining defense line three is worth only ome~third that of retaining
defense line one. "The oombat objeotive may be to retain a region. 1If
holding any defense line in the region is a complete sucoess, it is
appropriate to regard all defense lines as having the same 'dis~
tance = 1.0.""1

Qualitatively, the objeotive funotion is the choioce of that
admissable decision which maximige= the lowest seoter holding
probability considering all defense lines within the sector, Simply
stated this "max-min® oriterion is an attempt to strengthen to the

maximum extent possible the weakest defender sector. A sample




admissable decision list for a problem where the defending force
consists of a inglo force type which may be either committed to

oombat in one of two sectors or added to the combat reserve might be:12

1 = Add no foroe
2 = Add one unit of foree from OONUS to theater
ocombat reserve
3 = Transfer one unit of foroe from combat reserve to
sector 1
4 <~ Transfer one unit of force from combat reserve to
seotor 2
5 « Transfer one unit of foroe from sector 1 to
oombat reserve
6 -~ Tranafer one unit of force from sector 2 to
combat reserve
VOATES operates best im an environment where deocisions ocost either
nothing or a unit cost. An exaaple of a "™no-cost™ decision might be
add no force, or if committed forces are considered to be completely
oontrolled by the commander shifting a foroe from ome seotor to
another., For other decisions the deoision list is structured to
reflect the unit cost oquin.linoy. For example, assume the requirement
to oompare reinforoing with artillery versus committing tank unit
reserves. Rather than seleoting the unit sises and then attempting
to cost the altermatives, the unit sises are selected in a manmer which
defines the alternatives to be about equal in oost.

The semi-probabilistic nature of VOATES is reflected in the
transition probability ("T) oonoept. This devioce is a reflection of
the faot that the commander is faced with an unocertain outcome, The
transition probability is asmumed a funotion of strength or force ratio
(QUOT). Pigure 3.1 displays the geometry of this method.'3 The
vertical axis is the transition probability and the horisontal axis the
foroe ratio. Por a value QUOTED the defender is assumed to retain

the engagement point with probadility 1.. At the other extreme, for
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QUOTEC the defender is ocertain not to retain the point of engagement,

FIGURE 3.1

TRANSITION PROBABILITIES
IN VOATES
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When the force ratio (QUOT) is in the interval B to A the transition
probability is defined by a linear function determined by the two given
pairs >f transition probability and force ratio values (1.0, B) and
(py A)s Likewise the values in the interval A to C will be defined by
a linear function determined by the pairs (p, A) and (0.0, C)s For
any given force ratio the function then provides a corresponding
probability for defender Bucc::eu."3

VCATES is not necessarily the ultimate in combat modeling, nor
is it in a state of development, as introduced in the previous
paragraphs, appropriate to direct application for the particular
problem of analyzing barrier effectiveness. One significant attraction
is the concept of a decision process which is significantly uncon-

strained in comparing alternatives. The formulation of an admissable

decision list is limited only by the analyst's ingenuity and the
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necesgity for maintaining a reasonable computer run time., An
additional attraction is the aspect of uncertainty in the combat
outcome, There is a price to pay for this particular advantage.
VCATES was designed "to provide a means to relax some but hardly all of
the GO and NO~GO conditions and data applied in some forms of combat
simulation to partial GO and partial NO=GO rules. Partiality or
distribution of results is realistic and, in a sense, should present

14 The cost of uncertainty

more oredible though nun-unique conolusions."”
would appear to be the smacrifioce of a unique quantitative answer for
the sake of better qualitative solutions. It could be argued that the
uncertainty aspects of VOATES do not truly escape the dominance of
relative mass, since the transition probabilities are a funotion of
relative force ratio. That argument will be considered in detail as
the technique is modified to address the partioular problem of bdbarrier
eoffectiveness,

Internal and external modifications of VCATES were required to
structure the technique for the barrier problem, The prototype model
which resulted from those modifications will be referred to as the
Barrier Effectiveness Analysis Revision (BEAR). The first modification
addresses the general perspective of the type problem to be addressed.
VGATES was designed in an environment where foroe structure decisions
are ooncerned with theater and multi-theater strategy. In that
environment factors such as basing deoisions, inter-theater lift, and
multi-service oonfiguration (new aircraft carrier versus new main battle
tank) sust be oonsidered, The obstacle system or barrier impacts at a
lower echelon=—appropriately that echelon where the commander makes the
deoision to employ the barrier as one of the alternative tools for




57
accomplishing his mission. For BEAR the Division was chosen as the
level for analysis. This choice was influenced by the fact that CEM
resolves combat at the Brigade level. The barrier is bdasically a
combat multiplier and should impact at the level where combat is played.
Finally, the Division directs and controls those resources which support
the Brigade. This altered perspective does not evoke massive changes
in technique, but sets the stage for a different set of problems,

The basic logic sequence for the BEAR algorithm is displayed
in the flow chart shown in Figure 3.2, After appropriate inputs are
cataloged and the time counter is initialized, the process is controlled
by three basio logic loops. The mitialiu:tion sequence seis the
beginning force levels in each sector, and sets the first combat
engagement on the first defense line. Next, a Red strategy is chosen
for that time period and the available Blue resource level is set to
zero. The algorithm then executes the inner-most loop whioh
corresponds to the selection of the best decision that Blue can make
within the established resource level. This selection 1_- based on Red
and Blue attrition and the resulting transition and holding
probabilities. Given that the decision currently being considered is
equivalent to a previously selected decision, the current deoision will
be selected. It will be subsequently established in the discussion of
the Blue decision list that this procod,uro for treating indifference
will gain some analytic significance by the selection of sequence for
the Blue docisions. When a Blue decision is selected as better,
appropriate output values are saved,

The inner-most loop is exhausted by comsidering all feasible

Blue decisions. The algorithm then checks to determine if all feasible
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resource levels have been oconsidered. If not, the rescurce value is
inoremented; the first Blue decisjon is selected; and the proocess of
selecting the best Blue decision is repeated, After all feasible
resource levels have been oonsidered, the seleoted decisions, and objeo~
tive function values are stored for future reference, The algorithm
then checks to determine whether or not all time periods have \bnn
considered, If not, the next time period is selected; noouu;‘y values
are ro~initialized; Red chooses a new strategy; and the processes of
the two inner loops are repeated, After all time periods have been
considered the desired output is reconstructed for analysis.

BEAR is structured so that only two major inputs are required
from a read file: initial foroces and terrain designations. All other
information required for initialiszation is provided in intermnal data
statements., The model is struoctured with two sectors to correspomd to
two Blue brigade frontages, and a maximum of six defense lines. A
maximum of 31 resource levels and 30 days of ocombat is permitted,
Terrain at the intersection of a sector and defense line may be
designated as one of three classes (easy, moderate, difficult) which
correspond to the three general classes of terrain used in CIN as
discussed in Chapter I. The influence of terrain in the modeling
process will be detailed in subsequent disoussion of transition and
holding probability sequences.

One difference between VOATES and BEAR is the method for
inputting the initial forces., VOATES was structured to input Blue and
Red forces as types of firepower., BEAR is designed for inmputting unit
typeec and then converting them to a representation of firepower., Unit
organizations for Blue forces were based on data provided in USACGSC,
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BB 101=1 Oresnisational Date for the Arwy in the Pield. Ned force
organization was adopted from 10 dd o The

unit types acceptable in BEAR are as follows:

1 Ammor Battalion, 17-35H
2 Mechanirzed Infantry Battalion, 7-45H
) Amored Cavalry Squadron, 17-105H

4  Artillery Battalion 2'55- HOW)

5 Artillery Battalion (8in HOW)

1 Heavy Tank Regiment

2 Nediua Tank Regiment

3 Motorigsed “ifle Regiment

4 Division Artillery (Tank Divisionm)

5 Reconnaissance Battalion

6 Division Artillery (Motorised Division)
7 Anti-Tank Regiment

8  MNixed Artillery Brigade

Units input to BEAR are converted to five firepowsr types. Where
there is possible conflict of assignment such as the case of HNP
mounted Saggers, the assignment was based on the primary weapon type—
anti-tank in this particular example.

TABLE 3.1
ZIREPOMER TYFES

I. Light Weapons (Individual and Crew Served)
II. Ammor (Tanks)
II1. Light Arwor Mechanized Vehicles (APC, BMP)
IVe Anti Tank Weapons (TOW, SAGGER)
Ve Artillery and Nortars
The resulting ocombat power representations of particular unit
types are shown in Tables 3.2 and 3.3. For each foroe the combat power
representations are assigned to either one of the two seotors or placed
in the reserve as designated in the input data. The first engagement

is set on the first defense line by assigning a holding probability




value of 1,0 for that line at the beginning of D~day.

then begin by selecting a Red strategy.

TABLE 3,2

BIUE COMRAT POWER
(3mIT) Firpover Types (NOTIFE)
Unit Types 1 b1 111 v
1 Armor Battalion 21 54 18 0
2 Mechanized Battalion 714 0 63 36
3 Armored Cavalry Sqdn 643 27 75 9
4 Artillery Battalion 15;) 0 0 0 0
5 Artillery Battalion (8" 0 ) 0 0

TABLE 3.3

XD _COMBAT POWER
(RUNIT) Zirpover Trpes (NRTIFE)
Unit Types 1 p o I Iv
1 Heavy Tank Regiment 5 98 15 o]
2 Medium Tank Regiment 5 98 15 0
3 Motorized Rifle Regiment 1490 M 170 21
4 Division Artillery (Tank) 20 0 21 6
5 Reconnaissance Battalion 23 7 12 0
6 Division Artillery (Motorized) 32 0 21 18
7 Anti Tank Regiment 16 0 8 kYO
8 Nixed Artillery Brigade 20 o] 0 0

13
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One major struoturing problem for BEAR was the choice of an

appropriate list of admissable decisions,

commander had decision power in VOATES was unacosptable.

The best

solution to this problem would be to provide the simulated Red

commander with a similar algorithm which enables him to take an

optimal course of action in each period. That oourse of aotion was

considered infeasible in view of the time requirements and analyst

capability supporting this paper. The alternative was to provide the
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The algoritha ocan

The faot that only the Blue
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Red foroe a structured 00 NO=0O decision process similar to that used
in CEN. The relative force status is examined by Red at the start of
each period, before Blue makes a deoision. The weaker Blue sector is
always chosen for the first action., If Red has less than 5:1
superiority in that seotor he immediately commits one~half of his
reserve 10 that seoctor, If Red forces in the stronger sector alsc have
less than a 5:1 advantage, Red commits one=half of the remaining
reserve to that sector. At the deginning of any period should the
superiority exceed 5:1 in any sector, one=third of the committed
element will be returned to the reserve, The threshold value 5:1 is
an arbitrary choioce; however, it does correspond to the logical
construction of other components of the model. In the development of
the transition probability sequence it will be demonstrated that a
5t1 Red superiority will restriot Blus to less than a 10 percent chance
of retaining a specific defense line. By adding foroes at less than
531 Red is attempting to achieve the "™near oertain” win condition. By
withdrawing some elements at greater than 5:1, Red is attempting to
reoonstitute his foroe in oontaot under the most favorable conditions.
This process is showm in detail in the flowchart in Pigure 3.3,

This Red decision proocess may seem rather limited and arbditrary.
One objective was to keep it simple. The other was to represent two
actions which oould have a major impact on Blue's strategy. The first
is a Red tendency to operate by unit replacement. 1f the foroe ratio
exoeeds the 531 ratio in a period, the one~third withdrawal would
approxisate a wnit sise, The withiraml of those forces will probadly
take the foros ratio below 5:1 which forces a reinforeement the next
period, acoomplishing the replecement within the foroe's ourrent
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FIGQURE 3.3
FLOWCHARY FOR TECISION PROCESS
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capability. The larger commitment of reserves to the weakest Blue
sector is an attempt to represent the dootrine of ooncentrating at the
weakest point.

The selection of the initial decision spaoce for Blue was limited
to 13 admissable actions. These actions are detailed in Tadble 3.4.
The first seven decisions are "no cost.” They are selected based on
the idea that the commander can institute the action within his existing
resources. They essentially provide him control of his organic forces
by doing nothing, moving them laterally or moving them front to rear,
or rear to front., The sequencing of these seven decisions was selected
to provide an inherent prtori‘\ty in those cases where the algorithm
might be indifferent to a ohoi‘oo between two decisions. As previocusly
established should indifference be snoountered, the ourrent decision is
seleoted. Assuming this indifference, the sequencing dictates that it
is least attiractive to shift foroces laterally. logically if foroces are
required forward the more likely alternative would be to commit from
the reserve. Given that oiroumstances could exist where the algorithm
would be indifferent between oommitting more foroes and reocomstituting
a reserve, the latter would be preferred to permit redabilitation and
rest. Pinally, if taking no aotion is equivalent to any other "no cost"
deoision, no action would be preferred. This choioe logically permits
the Blue commander to hold the ocurrent status and not rearrange forces
in a manner that in future mtodil aight prove inadvisadle., The six
additional decisions permit Blue to bduy added capability for one
seotor. That capability may be ground foroes, artillery support, or
the barrier. The barrier initially represents cnly the effect of a
foros multiplier with a maximum value of 1.3 This additional X0
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TABLE 3.4

Transfer one~third oombat power from Sector 1 to
Seotor 2

Transfer -one~third oombat power from Sector 2 to
Sector 1

Add one~half of reserve to Sector 1

Add one=half of reserve to Seotor 2

Transfer one~third of Seotor 1 to reserve
Transfer one~third of Seotor 2 to reserve

Do nothing

Add one tank company to Sector 1

Add one tank company to Sector 2

Add one battery artillery support to Seotor 1
Add one battery artillery support to Sector 2

Add Barrier Multiplier inorement (.05) to one defense
line in Seotor 1 (Max 1.3) -

Add Barrier Multiplier inorement (.05) to one defense
line in Seotor 2
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peroent can be gained only by .05 inorements in each time period on only
one defense line. The model is structured so that when the barrier
exists Blue attrits with the enhanced capability. Blue lossee, however,
are assessed only against existing units. The sequencing of these
decisions was selected to foroe the choice of the barrier should the
algorithm be indifferent.

The choios of a method for computing attrition in BEAR was a
major problem because of the necessity to estadblish a relationship
between the influence of mass and the effect of a combat multiplier.
*The VGATES Notebook™ provides a generalized theory of attrition based
on the soalar no‘tiom‘|5

m/m--(gxlm-o-d)xl'z (1)
!)B/m--(hznm«o-o)::B“2 (2)
where R is the Red Force representation
B is the Blue Foroe representation
g€ is an effectiveness factor for Blue
Yoroes against Red Foroes
h is sn effectiveness factor for Red
Forces against Blue Foroes
M1, N2, N1 and N2 are sxponents whose
values determine a partioular
attrition theory
The parsmeters "d" and "e¥ are called auto attrition fastors. Their
value will be assumed 40 be sero and as such they will be deleted from
sutsequent disoussion without comment. If the values Niali1e! and
M2=M2«0 are chosen for equations (1) and (2), the result is a statement
of the Lanochester Square Law for attrition. This law is the most
widely used in combat modeling!® so it provides the best basis for
discussion. The scalar representation of the Square Law is:
TR/Dt = ~EgB (3)
IB/Dt = ~EyR (4)
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where E; and E; have been substituted for “g" and "h" in equations (1)
and (2). Dividing equation (3) by (4) the result is:

Q-E (s)

It oould then be argued that, under Square Law oonditions, for Blue to
@ain an equivalent exchange (DR/DB=1) at a spacific point in time, the
relative effectiveness must be the reciprooal of the relative mass.
Therefore, if Blue is outnumbered 3 to 1, each Blue must be three times
as offective as each Red. Intuitively this partiocular representation

of attrition is not unappealing,
The extension of the Square Law to the differential case anegates

some of that appeal. In derivative form equations (3) and (4) become:
aR/at = ~BgB0(t)  (6)
dp/at = ~E RO(t) (1)

where G(t) is some l\fwttol of time, Dividing equation (6) vy (7)

g4-% o
If equation (8) is integrated:
K-8 ek (-8 (9
On this basis Blue ocan achieve a proportionally equal exchange in the
long run only if E /B = (R /8,)%. Now, 1f Blue is outnusbered 3 to 1

at the start, each Blue must be nine times as effective as each Red to
achieve parity. As a result even though Blus could gain a reasonable

exchange at a speoific time, the manner in which the forces decay

yieldm:

negates that effect.
In CEM the attrition equations are not direct a'.pplioo.ttm of

the Square Lav, but the characteristios are similar. After some

e e i e TR i b
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manipulation the CEN representation fur armor losses could be writtens''
.3
DR/Dt = ~R(1~e¢ R ) (10)
C.R

IB/Dt = =B(1=e '%') (11)
where C1 and C2 are combinations of appropriate effectivensss and
vulnerability parameters. To gain some insight into these equations
asswme that at a specific time C1=C2=1 and Blus is outnumbered 3 to 1.

IR = =R(1=0""/3) = -R(.281) (12)
DB e -B(1=e3) = =3(+950) (13)
/1B = -uggg@ﬂ - 887 (14)

In this soalar notien it would appear that the exchange rate would be
most favorable to Blus, oﬁoo the proportional exchange for equal
effectiveness is near one even though Blue is outnumbered 3 to 1. It
is obvious, however, frm a comparison of the proportional losses that
deoay immediately favors Red, Pigure 3.4 shows a sample foroe decay
using parameter values that actually correspond to those used in CEN,
This partioular theory has even less dependence on forcs ratio at
8 speoific time than the Lanchester Squarelaw, but there is a signifi-
oant dominance of mass over time.

A possible alternative method for caloulating attrition is the

application of the (wp)ﬂl lawe ' This law may be disoussed by first

* returning to the generalised scalar motion of attritioms
/ot « ' (15)
m/ot - -2l (16)

If N2aN2en and Nial1enep the equations becomes
8/pt ';-,-t,l“’!" (17)
18/Dt « B X"P8" (18)
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Dividing equation (17) by (18) the result is:

B°
= -%p (19)

whioh is not dependent on the value of ™n." A transfer to the
differential operators and subsequent integration will yield a function
with force sises raised to the (1+p) power which supports the
nomenclature of the (1+p)th lawe

To indicate the effect of this particular approach assume

values of p=1 and ne=,2, Under this oirocumstance equation (19) becomes:

DR/TB = g (20)
whioch 4s the same as the scalar position associated with the Square Law,
There is, however, a fundamental change in the total influence of
attrition. By appropriate substitutions equations (17) and (18) are
nows

8
DR/Dt .%2— (21)

8
oB/Dt -&?2— - (22)
B .

The value of ™" has no influenoe on the exchange rate (DR/IB), tut
thers is a significant influence on the magnitude of attrition. In
essence, "m" is oontrolling the speed of decay of Red and Blue forces
which would be considerably slower for the specific values of "p" and
"n® ghosen in this example.

For BEAR the attrition scheme with ps1 and ne=,2 was adopted
through a trial and error procedure. The adoption of this particular
attrition theory for HEAR had some distinot advantages. The numer-
ioally inferior oppoment is best served by attempting to inorease his

per foroe unit effeotiveness to a level at least equivalent to his
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proportional mass interiority. MNass is rewarded, but in a muoh expanded
time frame. It could then be argued that mass is portrayed as less
signifioant to a series of battles, but intuitively its probable impaot
on the war is retained,

The next problem was to examine this partiocular attrition theory
in the context of the barrier providing the function of a oombat
multiplier. Accepting the fact that the barrier is a ocombat multiplier,
one must address the question, what does it multiply? There are three
possible approaches:

(1) The nmumber of Blues that muy effeot attrition

(2) The effectiveness of each Blue;

(3) The number of Blues that may both attrit and be attrited.
The third approach is to change the true foroce ratio by virtue of a
combat multiplier., In an analytic sense that theory cannot be acoepted,
Given a combat multiplier of two, one weapon would equal two weapons
with a combat multiplier of one, In the first case loss of one weapon
would result in capability sero. In the seoond case the loss of one
weapon only halves the capability. Logioally the two oonditions are
not equivalent, For this reason it was determined that the ocombat
multiplier should not affect the true foroe ratio. Analysis of the
other two approaches provided some interesting resulta. Pigure 3.5
shows force decays for a starting foroe ratio of 311 with no replace-
ment using the attrition sequence in EEAR, The results indicate that
the greater impact of the combat multiplier ;vould be in altering the
per unit effeotiveness.

If the Lancheaster theory is examined this phenomenon is not

true. Recalling the basic Lanchester attrition equations;

TENOE T
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FIOURE 3.5
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motens (1)

08/Dt - ER (2)
These equations indicate that attritiom in the Lanchester theory is
independent of the sise foroe being attrited. It would, therefore,
make no difference whether the ocombat multiplier was applied as
l‘.", s 1.3 x t. or B' = 1,3 x B, As previously discussed the force decay
ustng the Lanchester Square Law will follow the same path for the base
case (curve I in Pigure 3.5) as in the method selected for ERAR, only
in using the square law the speed of decay will be greater., Using the
combat multiplier in the Lancheater formulation the decay wall follow
ocurve II in Pigure 3.5 regardless of whether the ocoudat multiplier is
viewed as multiplying the effectiveness of each Blue or multiplying
the aumber of Blues effeoting attrition. The attrition method adopted
for EEAR is a Lanchester type formulation of oombat which does mot
changs the relationship of attrition and comparative effectivences at
a specific point in time. At the same time a ocombat multiplier effect
can be applied which will produce a signifioant impaot on ocutoome with~
out distorting the fact that a 311 foroe ratio means that one side
has 300 tanks and the other 100,

To this poirt in the discussion no effort has been directed to
distinguishing between transition probabiliiies and holding
probabilities. The transition probability is merely the probability
that Blue retains a specific engagement point at the current foroe
ratio value developed from the type funotion displayed in Pigure 3.1,
The holding probability is the probability that Blue retains a
specific engagement point given the probabilities that Blue still

occupies engesgwment points forward of that point, Therefore, in o
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problem with one defense line the holdimg prodbability equals the
transition probability. The holding probability concept will be
further detailed later in this chapter.

Two major problems were encountered in adjusting the transition
probvability oonoept for BEAR, The first problem was determining an
acoeptadble function to represent the relationship of transition
probability to foroe ratio. - In mass oriented tools such as CEM a
look~up table was provided where the oombination of force ratio and
type engagement (ut;wk of prepared position, meeting engagement, etc.)
indicates a distance the FEBA will move as a result of each
onmont.w A relatively insignifioant difference in foroe between
two opponents will cause the FEBA to advanoe in favor of the larger
force. Intuitively this alteration in FEBA location has been associated
with the condition of "win-lose." The basic foundation for the
orientation to mass in determining the “win-lose™ outcome of combat is
found in the Lanchester theory of combat, which postulates the constant
offectiveness of individual combat elements as previously discussed.
Figure ).6 demonstrates how the Lanchester type theory would predict
the eutoome of oombat based on force ratios. The figure also indicates
that the Lanchester type prediotion appears unsatisfactory when compared
with the actual cutoomes of a significant nuaber of historical

2 The third ourve is a compromise position which was used as

battles.
the bdase function to define the relationship of force ratio and

transition probability in BRAR. The aspect of "win-lose" is directly
{ransferable to the oonoept of a transition probability which defines
the Blue foroe's oapability to retain terrain—a "win” ocondition. In

terme of values the oompromise position retains some aspect of the
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importance of mass postulated by Lanchester and, at the same time, moven
closer to the reality of the historical data.

The second major problem encountered in adjusting the transition
probability concept was the impact of terrain. Sinoce VOATES was
designed for higher echulon considerations terrain was not played. At
division level, terrain becomes very important and the logical place
for it to impaot is the combat outcome, In CEM the "win® condition
is associated with FEBA movement, and the bdarrier impacts by delaying.
In an attack againet hasty defenses with a 311 ratio the FEBA movement
rates would be 3.1, 2.7 and 1,1 kilometers per hour for terrain A, B,
and C respectively, A two hour delay would "buy® the defenders .52,
«4%5, and .18 kilometers less advance by the attackers. If those values
are normalized based on type C terrain the resulting values would be
2.8, 2.5 and 1. Thus it would appear that the barrier has considerably
greater value in A terrain. The historical research supporting this
thesis indicated that the barrier tends to have the same valus,
whatever that may be, regardless of where you put it, In this example
the delay is two hours. If the defender can accomplish a useful pur-
pose with two additional hours then that value accrues to hinm
independent of the tu'uin.r One logical argument is that terrain
determines the cost of achieving the barrier functiom. In A terrain
the cost will be consideradbly higher because thers is little
obstruotion to the modility of vehicles; hence more artificial
obstacles are required. In C terrain less effort will be required to
achieve the same purpose. The barrier is then more valuable to the
ocommander in C terrain because it costs less to achieve the effsot,

The objeoctive then is to seek a representation of terrain which
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reflects the value of terrain in the general combat outoome and permits
representing the barrier in terms of the cost of achieving that
influenoe.

The technique selected for EEAR is shown in Pigure 3.7.
Terrain is categorized in three classes similar to the olassifiocation
used in CEM which was discussed in Chapter I. Zasy terrain is
represented by the basic funotion developed from a compromise of the
Lanchester predictions and historical data. The representations for
the other olasses of terrain (moderate and difficult) can be supported
only by the judgeent of the analyst based on the general insights
developed from the historiocal research which supported Chapter II.
Intuitively, the immediate hypothesis for adoption would dbe that if
terrain is more difficult the attacking force must be larger to achieve
the same level of sucoess. The curves in Figure 3.7 reflect that
rather appealing notion in part, but consider terrain in a broader
sense, The advantage of the preponderant force in easy terrain goes
beyond the simple applicatiom of mn; Where maneuver is permissive
the larger force can fix elements of the smaller foroe and use the
additional foroes to achieve a defender loss by maneuvering, As the
terrain increases in difficulty the advantage of maneuver decreases
and the force superiority becomes more prominent for engagement
purposes. In BEAR, therefore, the closer the relative foroe sises
move to parity the greater the advantage of terrain to the defender,

As the attacker inoreases in relative sise the advantage of terrain
for the defender decreases until at some point the foroce level
completely dominrtes, The fact that 611 was chosen for this partio-
ular analysis ic defensible only in the senso that no better value was
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available, Obviously, in employing this technique over time many foroe
ratio to transition probability distributions oould be studied,

This technique for representing terrain has the impaot of
making the attacker's job more diffioult as the mansuver diffioulty
increases, Within the model the barrier impacts by altering attrition,
and attrition is independent of terrain, The level of attrition does,
however, influsnoe the "win® oondition indireotly. If Red attrition
is greater when the barrier is employed, the next engagemeat will oocur
at a force ratio more favorable to Blue. As seen in FPigure 3.7 the
slope of the ocurve, which represents the relationship of force ratio
to transition probability, increases as the tmnn becomes more
diffioulte An & femuls Tedwoing the Red superiority in 4vpe C terrain
will resid¢ 18 3 @Pester imorease in transition probability than an
equivalent reductiem in type A terrain, The comparative slopes can
then be viewed as & comparison of the relative value of placing the
barrier in a givea 4ype terrain. That relationship normalised on
type C terrain is .613, 797, and 1.0 for terrain types A, B, and
C respectively. A unit foroe ratio reduction in type A terrain will
be worth about 61 percent of a similar reduction in C terrain, With
this method placing a barrier in C terrain which will logically oost
less is made more attractive by a representative influenoe on the
combat outcome.

An additional requirement to enable computation of foroe ratio
and atirition was to determine values for relative weapon effectiveness
(Eg and Ep in the attrition equations) and relative weight of the
various types of firepower. Relative weapon effectiveness is nomally

represented by one of two alternative methods, The first method is to
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utilize a firepower potential or score to represent a particular
weapon. This alternative provides a single value for each weapon the
magnitude of whioch implies its relative effectiveness against the score
of the opponent's weapons. The obvious disadvantage of such a system
is the inability to control the resolution of certain firer-target
relationships. As an example, the tank and artillery piece would have
relatively high firepower soores. Yet, the tank seldom, if ever,
engages artillery and artillery is relatively ineffective against tanks.
The seoond alternative is to input effectiveness matrices whioh provide
an index for each firer-target relationship. This method was adopted
for engagement sequences in BEAR with the values which were used shown

in tadbles bolow.21

The values were taken from a paper entitled "A
Theory of Ideal Linear Weights for Heterogeneous Combat Foroes,” by
David R. Howes and Robert N. Thrall. The purpose of the paper was to
disouss the method and its impact. The effectiveness values were not
defended as being valid in that paper, nor will they be defended here,.
It is sufficient to indicate that they are based cu a detailed oombat
simulation and are representative of,. the type input that would be used
in olassified analyses. The actual values shown in the tadles must de

sdjusted (x 107') for use in the BEAR attrition equations.

TABLE 3.5
Ex Eryseryvegss [x 1071
Blue Pirepower Types (Pirer)
1 11 I1l Iv v
Red 1 «0034 «6485% 1170 0 10,8950
Pirepower 1 0145 1.1165 +0556 1.91%0 +0588
Types 0940 2.,8300 +0610

m «0028  1,%000 .
+0369 +0045 «1860 «1380
0 0 0 +0970 1193
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TABLE 3.6
KD RPFRCTIVENESS [x 107"
Red Pirepower Types (Pirer)
1 11 111 v v
Blue I 01U5 215 0510 0 13,5800
Firepower II 015 ,3470 «0319 +5070 0880
m.. II1 «0012 «410 00326 »1370 01’60
(Target) v 0004 «0378 40012 «0137 <0785
v o0 +0129 0024 O +0690

The relative weights of the various types of firepower are
required to properly define the oontribution of weapon types to the
foroe ratio. Since BEAR represents firepower types by weapon oount,

a transformation is required to maintain the true perspective of one
rifleman versus one tank. The weights were also adapted from the Howes

and Thrall paper and are displayed in the table below.22

These weights
are appropriate because they are derived from the output which deter-
mined the effectiveness indioes. The weighis for Blue and Red may
differ for a given firepower type based on different weapon

characteristios or deployment doctrine.

TABLE 3.7
TIEEROMER WEICHTS
3lus Red
Nejght  Meight
I (Light Weapons) 00082 00052
11 (Tanks) +40000 «33515
Pirepower
Types 111 (Light Armor) +00443 «00198
IV (Anti Tank) «42710 +48015

vV (Artillery and Nortars) «1676% «18221

BEAR possesses the ocapability for two output sequences. In
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both instanoces the program is designed to select various cases
designated dy resource levels, The first routine examines each of the
daily output reports which were stored during execution of the
algorithm. The objective function values on the final day of battle at
the maximum resource level for each of the selected cases is returmed
to the program. The Blue decisions for that resource level for every
day of battle are also returned to the program. The output sequence
then displays, for each case the final fumctional valus, the selected
decision by period, the total mumber of $imes each deoision was
selected, and the slack resources available at the termination of the
battle.

The second output sequenoe takes the decision list produced in
the first sequence for each resource level and deterministically
reconstructs all periods of the battle restrioting the Blue commander .
to that particular resource level, The outputs are by period values
of the functional, holding probabilities by line, and Red and Blue
strengths by firepower type. The program coding and a sample output
are inoluded as Appendix A to this theais.

The soope of the model may de briefly summarised by sketching
the relationship of the Blue oommander’s decision space and the
objective fumotion used to seleot the best decision. After the Red
foroe level in each sector is deterwmined, the Blue foroe level in
determined based on deletions or additions of foroes that the current
deoision requires. The algorithm them computes the attrition for Red
and Blue and oaloulates the foroe ratio (QUOT) for each sector and
defense line using the surviving foroes. Using these foroe ratios a
transition probability (T) is caloulated for each defense line in each

T e a——— 1
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sector (see Pigure 3.7). The holding probadbility (Uﬂ') for the
first defense line in a sector is calculated by multiplying the
transition probability by the value of the holding prodability (w,)
in the last period,

oy = €y = D,

This basic procedure applies to the other defense lines with
one exception. The holding probability for subsequent defense lines
must account for the possibility that Blue holds forward of that line,
The computation of the holding probability for Defense Line 2 would be:

I, = [(1. = ) x QOLD,] + [T, x QOLD,]
The caloulation (1. - 'r,) is the probability that Defense Line 1 is
lost in this period, The probability that the battle moves from
Defense Line 1 to Defense Line 2 in this period is the product of
losing Defense Line 1 in this period and the prodability that Defense
Line 1 was held at the beginning of this period. The holding
probability for Defense Line 2 is then the sum of *tluw probability of
the battle getting to Defense Line 2 and the probability that it can
be held ('r2 x qowz) if the battle is there. Similarly the holding
probability for Defense Line 3 would bes

W3 - [(10 = Tz) x QOLDZJ + ['1'3 x Q°w3]

After the holding probadbility is caloulated for each defense
line a test value for the functional is calculated for each sector,
The test value is the sum of the defense line holding probabilities
multiplied by the defense line weighting factor (DIST).

BT qotor * 21% x DIST,

The minimum seotor TEST value is chosen as the measure of performance

for this partioular Blue decision., This minisum TEST value is then
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oompared to the functional valus (F) for the last selected deoision.
If the value of TEST is larger than the functional value (TEST F), the
deoision currently being considered is better than the previously
selected cecision because the sum of the holding probabilities is
greater, Blue is, therefore, more likely to hold in the weakest
sector. In this case the ourrent Blue decision is saved and F is set
equal to TEST. The algorithm them considers the next Blue decisiom.
After all Blue 1eoisions have besn oonsidered the value of the
funotional represents tie maximum probability of holding in the
weakest seotor considering the priorities assigned to the various
defense lines. The decision which determined this outocome is saved
for later reference.

The model can obviously be subjeoted to the question of
validity. There are several impediments to answering that question in
the affirmative. In general the technique deviates from the accepted
aethods for wargmming division level or higher comnfliot, Thus there is
no way to compare the output results to establish similarity.
Speoifically most of the oomponent aspects of the game start with
oonoepts which have been widely acocepied in the gaming community. The
rationale for modifying these conoepts has been detailed in this
chapter. This chapter aleso establishes the fact that some nmumerical
data used in the model camot be validated, The data were selected,
however, to be representative in both magnitude and form to data
actually used in existing oombat simulations. The important aspect of
validity is the intended use of the model. The intent is to study and
analyss a range of phenomena; not establish a quantitative value whioh
oan be defended in support of a specific force structure decision. On

- = ORI " ot |
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that basis this chapter should provide suffiocient supporting logio
to validate the model as a useful tool for its intended purpose,

. Bkt e oo = Sines . Aalinesinr o = A
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CHAPTER IV
RESULTS

The Barrier Effeotiveness Analysis Revision (BEAR) prototype
model requires between 800 and 360 seoonds of central processing time
to conduct 15 days of battle with a maximum of 16 resource levels, As
days of battlc and resource levels inorease, run time is not additive.
A central processing tire of 2400 seconds is insufficient to conduct a
30 day battle with 31 r:uauroo levels. Under those circumstances, it
was determined that utilization of the model to support this thesis
would be based on a selection of a 15 day battle with 16 resource
levels. That decision permits examination of a multiple number of
cases without being subject to lengthy computer program turn around
times The multiplicity of cases was produced by alterations in five
basic parameter categories:

As Replacement Rates

B. Weight of Defense Lines

C. Data Inputs—Force Levels and Terrain

D. Speed of Rrecting Barrier

E. Size of Alternative Blue Reinforcement—Tank

Companies and Artillery

Deapite the selection of an attrition routine designed to slow
the speed of force decay, the model is sensitive to replacement rates.
This phenomencn is compoundad by the preponderance of contribution of
tank and anti-tank weapons to the weighted force ratio. These two
weapon types account for 81.5 percent of the total Red contribution and
82,7 percent of the total Blue contribution. At the same time the
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actual number of such weapons will be comparatively low, In such a

case proportional losses are higher. The three options whioh were

chosen for replacement rate (A) are shown in Table 4.1. The model has
the capability to accept different replacement rates for Red and Blue,
but that capability was not exercised in any of the cases that will be
included in subsequent discussion, The terms high, mid, and low which
have been applied to the different rates are expressive only of their
relative relationships. Such rates were not compared to any existing

standard,

TABLE 4.1

A. REPLACEMENT RATES (PER DAY)
Firepower Types

1 I III w v

Option 1 — High 50. 5. 10, 10. 5.

Option 2 - Mid 25, 2. 4. 4. 1.
Option 3 = Low 10, 24 2¢ 2. 0.5
The selected options for the second category of parameters,

defense line weights (B) are displayed in Table 4.2, The values shown
in the Table are those assigned to the DIST matrix which provides a
weighting to the holding probabilities in the objective function
F = ’g:an(Seotor,i) x DIST (i)e The magnitude of the values chosen
has no particular significance other than providing a general rank
ordering of defense lines, Option 1 provides values front to rear
weighting the lines to indicate that it is most desirable to hold as
far forward as possible, The third option is a complete reversal of
outlook implying that it is most important to hold the final defense
line, Option 2 describes the indifference position by equally

weighting all six defensc lines.



TABLE 4.2

B. DEFENSE LINE WEIGHTS
(p18T)

Defense Lines

1 2 4 4 2 [
Option 1 1.0 95 «90 «85 80 o715

Option 2 1.0 1.0 1.0 1.0 1.0 1.0
Option 3 o715 .80 85 «90 95 1.0
The data inputs to the model provide the third oategory (C)

of parameter. The force levels, sector assignment and terrain values
are determined from the input file. The basioc scenario selected for
this thesis was a standard U.S. Armor Division versus an agressor
Combined Arms Army (CAA). The CAA is composed of two motorised rifle
divigions, one tank division, an anti-tank regiment and a mixed artil-
lery brigade, The basic disposition for this scenario is shown in
Figure 4.1, Initially the two sectors are balanced with each Blue
brigade facing a motori:zed rifle division reinforced with additional
artillery and anti-tank weapons. The Red decision process is
oconstructed such that even though the tank division is designated
as a reserve, elements can be immediately employed. This soenario
with defense lines (one through six) designated as A, B, C, A, B, C
terrain respectively oconstitutes the first data option. The second
option alters the soenario by deleting the tank division. It is
assumed for this scenario that the tank division will be committed
after D+15, The defender has a smaller reserve and weights his
defense to Seotor 2. Initial force dispositions are as shown in
Pigure 4.2, The terrain assignments for this option are the same as

for Option 1 The other two data options use the basic scenario from



FIGURE 4.1

BASIC BEAR SCENARIO
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PIGURE 4.2
ALTERNATE SCENARIO
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Option 1 and alter the terrain assignment,

terrain and Option 4 all C type terrain,

93
Option 3 usmes all A type

The fifth option was actually

provided by an internal program adjustment whioch prevented commitment

of the tank division until D48, These options are summarized in

Table 4030
TABLE 4.3
C. DATA INPUTS
EQRCES JERRAIN
RED BLUL
Option 1 CAA ARMOR DIV A,B,C,A,B,C
(1) Balanoed Initial (1) Balanced
Dispositions Defense
(2) Tank Division (2) 2 Ammor Bn,
Reserve 1 Nech Bn
Reserve
Option 2 CAA ARMOR DIV A,B,C,A,B,C
(1) Minus Tank (1) Defense
Division Weighted to
Sector 2
(2) 2 Med. Tank Regt, (2) 1 Ammor 3Bn,
1 Mtrzd Regt 1 Mech Bn
Reserve Reserve
Option 3 CAA APIOR DIV AjA A A A A
(Same as Option 1)
Option 4 CAA ARMOR DIV ¢,c,c,c,C,C
(Same as Option 1)
Option § CAA ARMOR DIV A¢B,C,4,B,C

(Same as Optiom 1, except Tank
Division held until D48)

The fourth category of parameter (D) was the speed at which

the barrier function could be added to a given defense line., BEAR was

designed arbitrarily such that .05 of an increment could be added to

the combat multiplier (initial value is 1.) in one sector when the

barrier was employed. The maximum combat multiplier for the barrier
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was assumed to be 1.3, Thus it would require six days to complete the
barrier for one defense line in one sector. This design routine was
considered Option 1 for the barrier function. The seoond option was
based on increasing the daily increment to .15. This change permitted
the completion of the barrier on one defense line in two days inctead
of six., These were the only two options played in the selected caaes,
The magnitude of firepower which could be purchased as an alternative
to the barrier function was the fifth parameter category (E). The
selected options are shown in Table 4.4. These particular options were
chosen in an attempt to provide successively more attractive

alternatives to the barrier function.

TABLE 4.4
ALTERNATIVES TO BARRIER

Option 1 1 Tank Company or 1 Artillery Battery
Option 2 2 Tank Companies or 2 Artillery Batteries
Option 3} 3 Tank Companies or 3 Artillery Batteries

Thirteen cases have been l-ollooted for disoussion. The partioular
options selected for each case are displayed in Table 4.5, Four
resource levels (0,4,8,12) have been selected for discussion for each
of the individual cases. The Blue decisions selected for each case at
each resource level are displayed in Tables 4.6 to 4.9. Table 4.6
also shows the D+15 functional vdlio. A major shortcoming of the
tables is the timing of a partiocular decision. As appropriate, this
information will be provided in the discussion.

The first three cases orient on the high replacement rate
option. Cases I and II both use the front to rear decreasing weight

for the defense lines, and Case III weights all defense lines as 1.



95

. » E » » 111X
* » » » - IIX
- » * » » IX
- » » » - X
- » - » » XI
- - - “ » IIIA
- - - - » IIa
- - » - * IA
- - - » * A
. » - » - Al
- - » - » III
- » * * * II
- » » »* A I
13 Z 3 4 3 14 13 4 i £ 4 3 t 4 i
NOLLdO NOLLdO NOILdO ROI11dO NOIidO
SOATICUINTY UMMWMMQ sandu] SILTTON m.mvwlm‘ Rt
.no:oao.umm 01 urelIad] pue eox0d aul esuelaq juswaveday
YILANVEVd

SN 3SVD ¥0d SNOILJLO HILIWVEVL

S°V ZTEVL

BN o el ot




96

0 14} b - - - - IIIX

0 6 2 3 i - 2 11X

0 é t - = - € X

0 1]} - 2 - - - X

0] vi - - L - - X1

0 b i - ! i } IIIA

o} q 3 - i i 1 IIA

0 b ! 4 = = 1 IA

o tl - 2 - = - A

0o i i = } 4 | Al

o°i b 3 4 - - b III
G9L6* €] - - b - - II
ozlLs” 2t : - i - t I
T 3 17 9 FJ !
LONNS FSVO
NOISIOET

0 = TEATT IWMNOSTH
SNOLLOATIS NOISIJED INTE

9°Vy TTEVY



91

14 = = = ol by - - = = = $990 4
14 - s = S 4 = i ' = 4 1x
v - - - S € - - - - € )0'¢
4 - - - 6 - - 4 = - - X
4 = = o ot = = - 3 O - X1
14 - - - L ¢ - - i i i IIIA
14 - - - L t - - i ) ) 1IA
14 - - - L ] - 4 - - 1 1A
14 - - - 6 - - 2 = = = A
4 - - - L b - - l l i Al
€ - i - 8 i - l - - b III

4 - - - - €1 - i - } - - 11

2 F4 - - - 4} - 1 - - - - I
€1 b4} i ol L 9 S 14 € 2z l

AD KOISINE SESYD

NOI

¥ = TIAT] THNOSTH
LOE'EES NOISIORT InNTe

L*y F1€vL

S ST



TABLE 4.8

BLUE INCISION SELECTION
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All three cases use the norwmal barrier function and the least attractive
resource oost alternatives to the barrier. The values of the functional
indicate that the seleoted replacement rate is highly favorable to Blue.
The functional value for Case II is higher than Cane I becaune Cane II
uses the soenario which does not employ the aggressor tank division.
Both cases generate significant slack resources because the replacement
rate is so favorable to Blue that the additional combat power does mnot
provide an atiractive alternative. Slack resources are not generated
in Case III. The equal weighting of all defense lines indicates
eeater advantage oan be gained from additional resources.

The soenario in Case I begins with a balanced defense. Red
immediately commits on.r-lu].f of the tank division to Seotor 1., With
no resources Blue commits half his reserve to Sector 1 (Decision 3) on
the first day and transfers elements from Seotor 1 to Sector 2 (Deci-
sion 1) on the second day. No action is taken until foroe is added to
the reserve from Sector 2 (Decision 6) om the fifteenth day. At
resource level 4 the barrier function is added to Sector 2 (Decision 13)
on the first and fourteenth day and the reserve is supplemented from
Seotor 1 (Decision 5) on the fifteenth day. Equal funotionals and
squal slack are generated at resource levels 8§ and 12 by purchasing a
tank company for Sector | (Decisiom 10) on the first day, and recon—
stituting the reserve from Sector 1 (Decieion 5) om the fifteenth day.
The barrier fmnction (Deoision 13) is employed from D+11 to D+14 in
the latter case.

Case II is similar to Case I except the aggressor foroe is
smaller. At all resource levels one—=half the reserve is committed to

Sactor 1 (Decision 3) on the first day. The reserve is reconstituted
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carlier (D+7 or D+8) than in Case I. At resource level 12 the barrier
function (Decision 13) is used to bolster Sector 2 in the period D+12
to D+15. In Case III with all defense lines equally weighted the
battle shifts to Seotor 2 early. At the lower resource levels the
reserve is committed to Sector ? (Decision 4) on the second day. After
the initial commitment of additional combat power, the barrier function
is selected 75 percent of the time interspersed with buys of additional
tank companies and artillex;y.

For Cases IV through XIII the mid and low replacement rates
force the functional value to zero, Blue cannot win, In these cases
it was a general rule that the selection of Option 1 for the defense
line weighting funotion (front to rear decreasing weights) forced an
early commitment of the reserve to Sector 1 (Decision 3) and subsequent
lateral transfer of forces to Sector 2 (Decision 1) at the lower re-—
source levels., In contrast, Option 2 for defense line weighting
(equal weights) tended to force Blue to develop the situation in early
periods and commit the reserve to Sector 2 (Decision 4) after D+5. The
blatant exception to this rule was Case XII which was one of two cases
which used the low replacement rate. In this case elements of the
reserve were committed to both sectors and additional lateral transfers
of forcus from Sector 1 to Sector 2 were required to overcome the rapid
force deterioration. In all cases at some resource level the reserve
was reconstituted., Of particular note was Case XI which used the
defense line weighting fumction which increased moving front to rear.
In early time periods the reserve was strengthened, a logical decision
since the most weight is thrown to rearmost defense lines.

All of Cases IV to XIII utilized the barrier function
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completely at resource level 4 mostly in the period D+12 to D+15, This
phenomenon is not surprising considering the construction of the
algorithm. At limited resource levels the combat multiplier would be
of most value in the later time periods when the force decay has
stabilized, This process can be compared to the realistic expectza:tion
of preparing subsequent positions, such that as a force withdrawe it
can ocoupy stronger positions,

At resource level 8 Cases VI and X show choices of resource
cost alternatives to the barrier (Table 4.8) without slack resources.
Case VI offers the alternatives of two tank companies or two artillery
batteries so the alternative ochoice is not surprising. Case X includes
the option for multiplying the speed of inputting the barrier function
by thi'u. It is logical to antiocipate more freedom to choose
alternative decisions in that case,

The special soenario, Case XIII, where the tank division was
held to D+8, can be compared to Case IV for other equivalent options,
The resource expenditure was equivalent in both cases. In Case XI1I,
however, the early decisions to commit the reserves and laterally
transfer forces are not taken. In this case the Blue commander has
the tendenoy to take no action (Decision 7) and let the situation
develop.

At resource level 12 many cases reflect an eoonomy of force
action. The barrier function is employed in the first period and the
reserve is strengthened in the seoonds 1In all cases the tendency to
use the barrier function in earlier periods increased as the resouroce
level increased, The general process of the algorithm is to push

those decisions which cost from D+15 to D+i,
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Summary data is provided in Table 4.10., As resources increase
there is a decrease in the percentage of no-action decisions, There is
also a decrease in the proportion of no cost decisions. Both of these
trends should be anticipated. Of those decisione which inour a resource
cost the barrier function was chosen approximately 93 percent of the
time,

At this point it is helpful to examine a specific case in some
detail in an attempt to clarify the relationship of the output to the
construction of the algorithm, Case IV was selected for tnis
discussion, This case used the mid replacement rate and defense lines
weighted front to rear (see Table 4.5). The resulting decision
sequences for this case are displayed in Table 4.11. For the first
three resource levels the reserve is committed to Sector 1 on the
first day. Forces are transferred from Sector 1 to Sector 2 on the
second day and that process is reversed on the fourth day. Part of
the committed forces in Sector 2 are returned to the reserve on the
sixth day. The battle then stabilizes until the termination of the
conflict. The time sequence of the force ratio (Red to Blue) for each
sector at resource level zero is shown in Figure 4.3. There is no
difference in the Sector 1 results for resource levels 4 and 8, and
a slight difference in the Sector 2 results. By employing the barrier
1n Sector 2 the rate of decrease of the force ratio is greater once the
steady state condition 1s achieved, The D+15 force ratio values are
3.17, 3.16, and 3,14 for resource levels O, 4, and 8 respectively.
Figure 4.4 shows the force ratio trends for resource level 12, In this
case the barrier function is employed in the first period; the battle

quickly stabilizes, and the trend favoring Blue continues until the
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TABLE 4.11

E IV
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battle is terminated.s At all resource levels Blue obviously employs
economy of force by using lesa forces in the Seotor with the barrier.

One of the apparent anomalies in the model is the fact that the
barrier function is chosen but the functional value isc not significantly
influenced. This phenomenon is a design shortfall in the model., ‘ihen
the technique was disoussed in Chapter III the point was made that
there was only a limited capability to look back at previous decisions
as the resource levels increase. At the lower resource levels Blue is
unable to influence the earliest periods. The barrier function was
designed to force the barrier to be input front to rear. As a result
by the time the incentive for using the barrier is realized the holding
probability for the first defense line has become gzero. The barrier
then has a significant influence on attrition with only a limited
influence on the objective function.

There are two alternatives for correcting this deficiency. The
first alternative is to consider the barrier function by defense line
as an additional decision., This alternative would inorease the
decision list from 13 to 23 with a resulting significant increase in
computer run time. The other alternative ie to simplify the ocurrent
program by oonsidering the barrier function to be equally distributed
over all defense lines.

Some criticism might be directed to the alternatives to the
barrier function. Table 4.12 portrays the comparison of adding a tank
company to the weighted firepower in one sector on three successive
days with the inorc,'-.u in the barrier funotion on three successive days.
Zero attrition was assumed for this example. The range of values

indicate that the alternatives to the barrier function are reasonable
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from a firepower standpoint,

TABLE 4,12

COMPARISON OF TANK COMPANY ALTERNATIVE
WITH BARRIER FUNCTION

ADDED TANK WEIGHTED BARRTER WEIGHTED

DAY  COMPANIES(CUM)  FIREPOWER  MULTIPLIER  FIREPOWER
D o 95.27 1400 95427
D+ 1 102,18 1,05 100,03
D+2 2 109.08 1410 104,80
D+3 3 115,98 1.15 109.56

Chapter II ooncluded by stating that available historical data
indicated that the influence of the barrier was to aid in economy of
force, breaking and maintaining ocombat, permitting the defender to
prepare subsequent positions, constriocting combat service support and
developing intelligence. The only one of these functions expliocitly
discussed in this general presentation of retults was economy of force.
The results have also provided indications that some of the other
functions may be studied in some detail by employing this technique.
The alteration of the barrier funotion to erable considering each
defense line as an independent action should permit freedom to prepare
subsequent positions, The aspect of breaking and maintaining ocontact
is implici% in the holding probability concept. This factor can be
controlled by the weighting assigned to the separate defense lines.

As the Blue force is foroed to hold forward, it is advantageous to

maintein contact. As the weights are reversed, it is advantageous to
reduce contact. The model containe no projected capability to relate
to constricting combat service support. Although this funoction should

not be dismissed summarily, there does not appear to be a feasible way
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to represent it in a useful fashion. The model does not presently in-
clude the capability to study the aspeot of developing intelligence.
As currently structured each side has significant intelligence on
committed foroces. Blus does have an advantage in that he choomes his
decision after Red so Red's basis for action is actually one period
behind, If other problems can be sucoessfully resolved, the addition

of a useful intelligence routine should not be diffiocult.
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CHAPTER V
CONCLUSIONS, SUMMARY AND RECOMMENDATIONS

The initial major conolusion indicated by this research effort
is the inadvisability of attempting to represent ithe value of the
artificial obstacle system in ocombat by expliocit delay. Additional
time is of no value to the commander unless he is free to exercise his
resources to accrue some advantage within that time. There are
indications both in current analyses and existing historiocal summaries
that the combat multiplier effect, independent of delay time, which
can be realized from the employment of artificial obstacles is
significant, That fact, however, is of little value to the force
structure decision process until some analytic basis is oreated which
will permit a comparison of resource costs for alternatives to
achieving that function. The historical research also provided
considerable insight into the poesidle effects of the artificial
obstacle system beyond multiplying firepower. Those effeots included
aiding in economy of force, breaking and maintaining contaot, preparing
subsequent positions, and developing intelligence.

The hypothesis for this research effort, as amended in

Chapter II, stated: It is feasible to estimate the value of a barrier

et e st e

at engagement levele appropriate to theater modeling using simulation
modeling techniques. The literature search provided some definition
to the barrier contributions in a cqualitative sense. These contribu-

tions were summarized in the requirement to represent freedom of action,
"M
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That representation was defined as the simulation of the commander's
decision process in a manner which permitted a dynamic control of
resources, The creation of that environment required a modeling
technique dissimilar to those currently used in production modes to
support force structure analysis,

The tecnhique selected to support this thesis was 2 computer
simulation war game developed on an experimental basis at the Research
Analysis Corporation., The war game uses a basic dynamic programming
algorithm to represent defensive combat in an environment where the
defender is permitted to select courses of action from an admissable
decision list in an attempt to maximigze his FEBA position. This
technique was adapted in a prototype model called the Barrier
Effectiveness Analysis Revision (BEAR) for the purpose of studying the
barrier contribution to combat.

Results produced by construoting and operating the first
generation BEAR do indicate the capability to produce sufficient
freedom of action. That characteristic provides a basis for studying
the qualitative aspecte of the barrier contribution to foroce
performance in addition to the firepower multiplier capability. The
term "first generation” has been applied to BEAR because the results
also indicate some significant shortfalls in the model.

As currently structured the model quickly produces a steady
state condition., There are several factors which appear to contribute
to that outcome. One major aspect that must be considered in disouesing
these factors is the nature of the basic dynamio programming algorithm.
The algorithm seeks a loocal optimum, In the case of this partiocular

model that optimum is seleoted at the interseotion of a time period and
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resource level, Although there irs some ocapability to look baock and
alter a previous decision, that capability is limited. Thus at a
partioular time the available decisions must provide a significant
impact under the existing oonditions to produce a radiocal ohange in
output,

A major contributor to the steady state environment is the
limited Red strategy. Although Red begins with a large reserve, that
reserve is quickly committed. The foroe thresholds which control
subsequent Red movements are so great that Red is unable to take a
cignificantly altered action after the third day. Facing this steady
state opponent, it is logical for Blue to also achieve a steady state
ocondition as long as the seleoted decisions do improve his pusture in
each time period,

Another restrictive factor in this partioular analysis was the
selection of time period. The decision space was chosen to correspond
to those actions which might logioally oocour in one day. An expanded
time period would foster decisions that would have a greater impact
on outcome, In the cuse whioh permitted the barrier to be input at
three times the original rate, the Blue commander was able to expand
the scope of actions which he could select to impact on the outcome.
This result demonstrated the necessity to review the scope of the
denision space,.

The wealknesses in the representation of the barrier function
were discussed at some length in Chapter IV, With the compressed time
frame and the speed at whioh the barrier can be oconstructed, the
possible impact is not acourately represented when the Blue commander

is restricted to a policy of completing the barrier from front to rear,
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This shortfall did not, however, restrict the barrier funoction from
being an attractive alternative within the available decision space.

The hypothesis stressed feasibility. The results from the
first generation BEAN do support feasibility. The model is not yot
capable of providing a jractioal result. The results do support a
recommendation for developing a second generation BEAR capable of
studying the barrier function in greater depth. Recommended alterations
to the modsl are a more flexidble representation of Red strategy, an
oxtended time frame with appropriately altered decisions, and an
improved representation of the barrier function.

The particular technique adapted to produce the BEEAR model
demonstrates characteristios which may be useful in other force
structuring analyses. The decision space ooncept provides the
opportunity to examine any number of alternative firepower oriented
conceptss A unique analytic flexibility is also provided by the
geometric representation of the battlefield using seotor widths and
defense lines. Rather than being tied to sector widths of specific
distances, the analyst cen axamine several distinct conceptual combat
environments by controlling the units input to a given sector. For
example, assume the choice of three sectors which might correspond to
Blue's antioipated use of three reinforced brigades. The concept of a
oconcentrated attack on a narrow front might be examined by inputting
two Red divisions in one sector and a reinforced regiment in each of the
other two. Another possible environment that might be examined using
three sectors is an open flank. Blue forces might be input with only a
screening type force in one sector. To be useful these soenarios must

include selected terrain values and decision spaces that would provide
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for logical alternative courses of action.

This thesis has provided definite indications that the
experimental technique of war gaming based on the dynamic programming
algorithm developed at the Research Analysis Corporation can be applied
to existing force structuring problems., Consideration must be given
to computer storage and run time. The comparative complexity of other
war games, however, supports a recommendation for oontinuing the
development of this technique. The barrier problem is not yet solved,

This research effort does provide a starting point for that solution,.
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This appendix includes iwo sets of computer coding and output.
The first set provides a sample program listing and output for the
Barrier Effectiveness Analysis Revision (EEAR) model as it was
structured to produce the various ocases whioch were discussed in
Chapter IV, Subsequent evaluation of the model indicated that a
coding error had existed in the dynamic programming sequenoce
(Subroutine DP), That error is shown at Line Number 5850. The
primary effect of the error was to base all deocisions after the first
period on only one firepower type for Red—artillery. The barrier
function was then competing with other resource cost alternatives
which did not actually impact on the objective function. The
subsequent results from that output cannot be considered valid, The
value of the information in Chapter IV must, therefore, be restrioted
to a demonstration of a method for structuring an analysis using this
modeling technique. That structure includes the identification of key
input variables and some of the possible methods for considering the
output dat=a,

The correction of the ocoding error in the original model
oxposed faulty logic constructions in the methods used to control the
Blue reserve and the barrier function., The correction of these logic
structures required a major revision in the program. The second set of
program listings and output data in this appendix are from a sample run
of that revised program (BEAR2)., Limited available time prevented a
lengthy analysis of the type presented in Chapter IV using the modified
program. Some output data are available, however, to provide a basis
for comparing BEAR and BEAR2,

The alteration in method for controlling the Blue reserve
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apparently has little impaot en the beat time periods or loocations
for committing the reserve, The reconstitution of the reserve is
considerably reduced, however, since the full effect of Red tank and
antitank weapons is now included., A major change in concept for BEAR?
was the implementation of one of the alternative methods for
representing the barrier function recommended in Chapter 1V. To enable
a rapid restructuring of the model, the barrier function was simplified
by representing the barrier effect as being equally applied within a
sector rather than considering eaoh defense line separately. With the
altered representation of the barrier, BEAR2 output tends to predict
that the barrier is not ncarly as attraotive compared to the other
firepower options as the BEAR results had indicated. The sample
output from BEAR2 does follow the trend to uge the barrier in Sector 2
(dscision 13) in the first time period as an economy of force measure
until after +he reserve is committed to Sector 2 (dooision 3) in the
secand time periods The principal difference is that the barrier
funotion in BEAR2 is not attractive in the later time periods. The
decision algorithm now frequently selects the option of buying
additional tank oompanies.

A special case was oconstruoted using BEAR? as a basis for
extending the discussion on the representation of the barrier. In this
case the resource cost alternatives to the dbarrier were set to zero
capability, The resulting decision sequence is displayed in Table A.1.
Red is stronger in Seotor 1. Blue, therefore, uses the barrier to
bolster Seotor 2 before and after the reserve is committed to Sector 1.
Subsequently the barrier is used to strengthen Sector 2 after forces

have besn transferred to Sector 1. The oonclusion is that although the
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results are not as favorable to the barrier funoction as originally
indicated, the modeling technique does demonsirate the capability to
represent the barrier function as more than a firepower multiplier.

It must be admitted, however, that with limited output data the
hypothesis of feasibility is not at this point as strongly

substantiated as the body of the thesis might indicate,

TABLE 4.1

SPECIAL CASE USING BEAR2
(No Alternatives to Barrier Selection)

Resource Level

Time

Period 0 4 8 12
D=Day 3 13 13 13
+1 4 3 k) 3
+2 7 13 13 13
+3 7 13 13 13
+4 1 1 1 1
+5 7 2 2 2
+6 7 7 13 13
+7 7 1 1 1
+8 1 2 2 2
+9 7 1 1 1
+10 7 2 2 2
+11 T 1 13 13
+12 7 2 1 1
+13 7 7 2 2
+14 T 1 1 1

Decision 1 = Transfer From Sector 1 to Seotor 2
Decision 2 ~ Transfer From Sector 2 to Sector 1

Degision 3 ~ Reserve to Sector 1
Decicion 4 - Reserve to Sector 2
Decision 7 ~ Do Nothing
Decision 13 = Barrier Sector 2

BEAR2 should not be visualized as the second generation model
recommended for development in Chapter V. The coritical aspect of
driving to a steady state solution because of the Red force limited

flexibility still exists. The major conclusions and recommendations
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developed from this analysis do not appear to be severely weakened

by the necessity for including this addendum,




