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PREFACE

This research was performed to determine if an operationa l exercise ,

Red Flag , could be used to calibrate a measure of effectiveness of the

Tacti cal Air- to-Ground System Effectiveness Model (TAGSEM). If the re-

sul ts of th i s study are valid , then the users of TAGSEM w i l l  have ga i ned

some confidence in the validity of their model.
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AFt T/GST/MA/79M-3

ABSTRACT

This research was conducted to compare a measure of effectiveness

comon to two models. One model , the Tactical Air-to-Ground Systems

Eff ecti veness Model , Version II (TAGSEM ii), Is a computer simulation

progran. The other model Is a field exercise, Red Flag 78-7.

Selected missions from the Red Flag exerci se were simulated by the

TAGSEM program to ccmpare aircraft attrition due to ground-based de-

fensive systems. Hypotheses of equal means were not rejected and a

hypothesis of no relatIonship was rejected.
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I I NTRODUCTION AND BACKGROUND

Modeling of mi l i tary act iv i t ies  is probabl y as old as recorded

history if one uses Shannon ’ s definition of a model.

A model is a representation of an object, system,
or i dea in some form other than that of the entity
itself (Ref: 4:4).

Var ious types of s imul ati on mode l s are curren t l y in use for a wide

variety of purposes. Two examples, each of a di fferen t type, were

selected for comparison since they attempt to model similar “real—

world” situations. Before proceed ing further , a definition of simula-

tion as used in this paper is necessary.

Simulation s the process of des igning a model of a
real system and conduct i ng experiments with this model
for the purpose either of understanding the behavior
of the system or of evaluating various strateg ies
(within the limits Imposed by a criterion or a set of
criteria) for the operation of the system (Ref: 4:2).

There is presently a great deal of emphasis on simulation of all

sorts, and as the processes of interest grow more complex, the managers

of those processes are turn i ng to simulation more frequentl y. The cost

(in fisca l or other terms) of operating real systems extensivel y for

the purpose of education or anal ysis is prohibitive for many actIvities ,

especiall y within the mi lItary . Two of the most comon sImulation model

types are the field exerci se and the computer simulation model. These

models lie at almost extreme ends of the modeling spectrum with regard

to level of abstraction , in most cases the more abstract tend to cost

less (again, In many ways), so the field exercise and computer model

both offer advantages and disadvantages .



Many computer simulation models are structured around events. Each

event is represented by an instantaneous event in simulated time . When

the model determines that a programed set of conditions are met, the

event occurs (Ref: 4:120). There are two basic methods of determining

when a condition Is met. One is Monte-Carlo samp ling in wh i ch the probabil-

ity of an occurrence is described by a known or estimated probability func-

tion . A random number is then generated and compared to the probability

function to determine wh i ch event occurred or whether one occurred at all.

Another method is to compute the expected value of the probability function

and use that throughout the model. The latter has the advantage of simp l i c-

ity and uses much less computer time , but it has a disadvantage in that

real-world events caused by extreme va l ues of some variable are lost.

Field exercises and maneuvers are the least abstract of all model types

and tend to be primaril y used for non-analytical purposes such as training

or eng i neering development. Shannon offers a brief description of an

ana l ytica l field test for the Interested reader (Ref: 4:231—233) . The

detail and realism in a g iven field exercise is only limited by its de-

si gners ’ imag inations and their budget. Since the budget almost always

runs out prior to the imag ination, field exercises tend to be relatively

infrequent and limited in scope.

One of the models considered is a computer s imulation program called

the Tactica l Air—to-Ground Systems Effect iveness Model , Version II

(TAGSEM ii). More details of thIs model will be offered later, but It

Is basically an expected value event-oriented model (Ref : 6:89). The

other model Is an operational training exerc i se, Red Flag 78-7 (Ref: 

3)2



wh i ch may be considered an i conic model. This mode l will also be dis-

cussed later , brief ly it is an operational exercise using a mixed force

of actua l aircraft flying against a variety of simulated and rea l ground

targets (Ref: 1:1+3).

Pur pose of Stu dy

As yet, no attempt had been made to calibrate TAGSEM by any means.

Due to its relevance and availability , Red Flag appeared to be the most
I

like l y cand i date for a source of operationa l data. However, the reader

should recall that as an operational training exercise, Red Flag itself

is a model.

This study will compare a primary measure of effectiveness (MOE)

from both TAGSEM and Red Flag . Statistica l tests will be app lied to

determine whether or not the two models ’ MOE’s may be considered to come

from the same population and the degree of correlation between the models

for those MOE ’s. The MOE selected was aircraft attrition due to ground—

based defensive systems. Others, such as targets destroyed and weapons

delivered , were cons idered , but the data currentl y collected during Red

Flag exercises precluded their use.

Limitations

In genera l , most limitations in this study are a result of the dif—

ferent prima ry objectives of the two models. TAGSEM is desi gned to

allow an operator to quickly examine the relative merits of tactical

air-to—ground attack systems (Ref: 6:88), whereas Red Flag is primaril y

a training exercise for combat-ready tact ical units (Ref: 1:41). Dis-

cussion of specific limitations will follow during detaIled examination

of the models and their Integration

.3



The balance of this paper will describe the background for this

study, detailed descri ptions of the two models , integ ration of the Red

Flag data base into the computer model , a statistica l comparison of

results , and a discussion of some factors that affect this comparison.

Background

In an effort to prov i de an analytica l tool for evaluating various

combinations of attacking aircraft , weaponry , and enemy threats, the

Deputy for Development Planning , Aeronautical Systems Division (ASD/XRO),

in cooperation with the Deputy for Tact i cal Planning (ASD/XRP), developed

TAGSEM II. This model is used by agencies i nvolved in analyses pertaining

to force mixes , offensive and defensive weapon systems, and strike tactics ,

to name a few. Generall y, TAGSEM is des i gned to accomplish one of the basic

funct ions of a model , that is , to eva l uate the effects of various strateg ies

(Ref: 4:2). To date, no quantitative measure of the validity of TAGSEM has

been made. Since TAGSEM ’s purpose is to provide a measure of relative , not

absolute, merit (Ref: 6:88), an attempt to validate the model to the real

world was thought to be unnecessary . It was, therefore, dec i ded to find

another “yardstick” by wh i ch an attempt to calibrate part of the model

mi ght be possible.

The Red Flag exerci ses conducted by the 1+440th Tactical Training

Group (TTG) are intended to simulate as nearl y as possible a wartime en-

vironment. Ana lyses of the air war in Southeast Asia (SEA) and other eon-

flicts showed the incidence of combat losses dropped consi~~ rab ly after

the p ilot had compl eted about ten sorties . The primary mIssion of Red

Flag is to prov i de U.S. tact i ca l aircrews that combat experience in a

1+



peacetime environment (Ref: 1:41). In a sense then , Red Fldg fulfills

the other purpose of simu lation mentioned previousl y, that is , ~t in-

creases the und~~stand i ng of the system in question (Ref: 4:2).

Red Flag exercises have some important features in common with

TAGSEM that other operationa l exercises (or even well-documented pre-

vious conflicts) do not. Perhaps the most apparent is the absence of

ground troops. Although this makes the conduct of a combat air opera-

tions somewhat artificial , one must recall the purposes of the two models.

Neither is intended to trace or predict the movement of the Forward Edge

of the Battle Area (FEBA) as real estate is gained and lost by the com-

peting ground armies . Althoug h this factor would have immense impact on

actua l air operations , both models are much more limited in scope. An-

other feature is that both models launch strike sort i es into a target array

predeterm i ned by the user. Although Red Flag does not actuall y shoot down

aircraft or destroy ground targets , parameters relating to the success or

failure of missions are measured .

For these reasons, it was thought that Red Flag bore sufficient similarity

to TAGSEM to allow TAGSEM to be used as a computer simulation of the Red

Flag operational exercise. As will be pointed out later , there are also many

dissimilarities , but these do not preclude preparing a set of input data

for the computer model.

The chapter that follows will describe In some detail both models.

Although the reader will note many dissimilarities between them, he should

recall the MOE of interest. Many aspects of both models are not cons i dered

in this study .

5



II The Models

This chapter is a summary of information contained in the TAGSEM

User ’s Guide and the Red Flag fina l report (Ref: 3 and 6). The prin-

cip les of operation for both models are outlined and the reader is re-

ferred to the above references for further information .

TAGSEM I I

This mode l is an expected va l ue computer program that evaluates the

relative effectiveness of tactical air-to-ground weapon systems. it is

written in FORTRAN IV and is presently run on the Control Data Corpora-

tion 6600 computer with the NOS/BE operating system (Ref:6 :4). The

forces invo l ved may range from a sing le aircraft attacking a sing le target

to a mixed force of attackers including support aircraft striking a large

comp lex array of targets. The key to this model ’s simp lic ity is that the

probabilities associated with each event are determined off-line by other

models , empirica l data, or subjective judgment. For each aircraft in the

attacking force the model uses probabilities associated with factors such

as scenario , aircraft performance, mission profile , pay load , surv i vability ,

target acquisition capabilities , weapon lethalities , navigation accuracies ,

and sortie rate In order to eva l uate the overall effectiveness of a parti-

cular type of aircraft . The effect of various types of support aircraft

may also be stud ied. TAGSEM makes no attempt to determine cost.

TAGSEM computes prima ry measures of effectiveness (MOE) as a funct ion

of time. Some of these MOE’s (all expressed as expected va l ues) are:

each type of aircraft lost and damaged , each type of target destroyed

by each type of aircraft , weapons delivered on each type of target 
by6
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each type of aircraft , sorties flown, and enemy a i r  defense s ites des-

troyed by type.

The computer model may simulate a mixed force of attack and support

aircraft with the pay load of each aircraft type specified by the user.

The user also specifies the mission profile includ ing the target array

to be attacked. This array can consist of numerous target types such

as tanks, trucks, and armored personnel carriers (APC). Enemy surface—

to—air missile (SAM ) and anti-aircraft artil lery (AAA ) units may be among

these targets. The user may position additional SAM and AAA threats on

the ingress and egress routes.

At this point It may be usefu l to illustrate what a typ ica l “battle-

field” could look like. Fi gure 1 shows a possible scenario with ten zones,

althoug h the user may elect to use any smaller number.

2
6

3

7
4

1 5 8 10

Fi gure 1

There is no requirement for syninetry. The size of each zone in square

kilometers Is inpu t to the model along with the number and type of alT

targets and defensive weapon systems in each zone. The dIstribution

within each zone Is assumed uniform. It Is also possible to spec ify

the abil i ty of each SAM or MA weapon to fire Into other zones . This

7
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recognizes the fact that the range of some defensive systems exceeds

the size of any one zone (or even the entire area of interest) . The

user provides the percentage of each defensive system, by type and zone,

that may fire into each other zone. For example , 30% of a particular

type of defensive system in zone 5 (see Fig. 1) may fire into zone 8,

10% each into zones 7 and 9, 30% each into zones 1+ and 6, 70% Into zone

3, and none Into the other zones. The total percentage may exceed 100%,

although no more than 100% may be active at any one time.

After surviving aircraft return to base, those with battle damage

enter into a repair cycle. There are two types of damage, repa i rable and

nonrepa i rable. In the case of repa i rable damage, the user specifies the

average down time by aircraft type and defens ive system. Nonrepa i rable

damage is that wh i ch takes longer to repair than the length of the “conflict”.

The user specifies both of these parameters as a function of aircraft lost.

The next cycle of the simulation pits the attackers, reduced in number,

aga i nst a similarly reduced target array defended by a reduced number of

defensive systems. The defenses are allowed ammunition re—supp ly at a rate

determ i ned by the user. The model may run for any number of cycles or

until one side is reduced to some arbitra ry level. The MOE ’s may be

printed out by cycle or In sumary.

Some limitations that affect the computer model In general and this

study In particular should be addressed. The most obvious area Ignored

is command and control . There is no direct simulatIon of a coninand con—

trol network, but i nput data may be altered to reflect the effect of such

a system. Also , there Is no simulation of a ground battle or air—to-air

conflict. These effects may be Included in off-line determ!natlon of in-

put data, but they cannot be varied during the actua l simulation 
run.8
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One other area that Inhibits TAGSEM ’s flexib i l i ty Is Its scenario

limitations. Although a great many types of strike and support air-

craft may be emp loyed aga ins t a fa i rl y complex target array , the same

strike force must continue to attack the same target array In the same

fashion. The computer model will attrit both forces during the simula-

t ion , however, the user may not make external changes to the scenar io

such as reinforcement or target i ng changes (Ref: 6:89-93).

Red Flag

As was prev iously pointed out, the prIma ry purpose of Red Flag exer-

cises is to g ive operationa l aircrews practica l experience under condi-

tions as near to combat as possible. These exercises are conducted on

the range complex near Nel lis AFB, Nevada. Each exercise centers around

an operationa l tactica l unit , usual l y a squadron , that is deployed to

Ne ll is AFB for the period of operations , normally about 30 days. A secon-

dary benefit is the experience gained by the maintenance , logistic , and

Intelli gence personnel deployed in support of the flying operations. Sup-

porting aircraft are flown out of Ne ll is and other locations by other tacti-

cal units , Major Air Commands (MAJCOM) , as well as U.S. Navy and allied air

un i ts.

Most of the ground targets used in the exercises are actua l or mock-up

tanks , trucks , a i rcraf t, etc., that are placed on the range under realistic

deployment situations. For Instance, one convoy uses rea l trucks spread

along 17 miles of road with .8 mile spaci ng. There are no bombi ng circles

or cloth panels such as those used in gunnery training .

Included in the range are simulated SAM and AAA radars and communica-

tions jaming equi pment. Although no missiles are actuall y launched or

9



guns fired against attacking aircraft , the radar tracking Information is

stored and may be viewed on a television screen showIng the aircraft

fli ght path and the successes or failure of radar tracking .

A great deal of effort is devoted to air-to—air training In both

offensive and defensive situations . Again , no ordnance is f ired , but

vIdeotapes of radar tracking Information are used In ana lyses of engage-

ments.

Two things that Red Flag does not do Is exercise the tactical air

control system or the movement of ground armies. Although there is a com-

p lex mix of ai rcraf t f l y ing a wide range of missIon s during Red Flag

exercises, each day of the “war ’ starts with no effects or constra i nts

from previous activities . Gaining and losing real estate, effectiveness

of command and control , and other similar factors would obviously bear

heavil y on the outcome of an actual confl ic t, however , the reader should

bear In mind that the primary purpose of Red Flag Is to train aircrews

and not to simulate all aspects of a conventional conflict (Ref: 1:41—43).

How these two models were combined Is the next area covered. Many

of the assumpt i ons made will be noted as well as some of the characteristIcs

of the computer model that affected the type of data extracted from the

Red Flag report.

10



III I NTERFACE OF THE MODELS

A discussion of the TAGSEM-Red Flag in terface follows. The reason

for selecting the MOE of Interest as well as the method of computer simula-

tion will be covered. The remainder of the chapter w Ill descr i be the actua l

Interface of the models.

As has been previously stated, the only MOE compared between the two

models was aircraft attrition due to ground-based defensive systems. TAGSEM

produces a very wide variety of MOE ’s, as do most models used for analysis.

Almost any opera t iona l parameter for air-to-ground attack is available in

one form or another. However, Red Fl ag has pr im a r i ly a training objective,

and its MOE’s of Interest are different. An important point to bear in

mind Is that real peop le and aircraft partici pate In a Red Flag exerci se,

which makes It very expensive. Exotic range Instrumentation and da ta col-

lect ion techniques that are superf luous to the primary mission are not

available. Also, a great deal of effort is devoted to air-to-air combat

training and tactics, so cons i derable resources are spent on data collection

In this area.

In the conceptual phase of this study, there was some Interest in eval-

uating MOE’s such as targets destroyed or weapons on target. Although the

simulated type of ordnance and the target for each aircraft in a Red Flag

exerc ise Is ava i l a b le, the onl y Information concern i ng weapon-target inter-

action is miss distance. For point targets the weapon effects would be

highly probabilIstIc and even more so for area targets. Perhaps weapon

effects on p oint targets could be compared, but the dIstribution s of

11



vu l nerable points In area targets is unknown. For that matter , In some

cases such as an a i r f i e ld comp lex, the definition of what Is a vu l ner-

able point would be open to debate.

Us i ng s i m i l a r  ar guments, the concept of “on targe t” is of little

valu e un less one has cons id erab le knowl edge of weapon-target Inter-

action again. “On target” when a tank Is the target Is very different

than if It were a factory. Since an independent study in weaponeering

is beyond the scope of this paper, the one common ly tracked MOE, a i r-

craft attrition , was selected for Investigation. in a Red Flag exercise,

the concept of “validated attack” is used. When a simulated defensive

weapon meets its preset launch parameters , a validated attack Is logged

aga i nst the target aircraft. No weapons effects are considered .

This analysis was performed by making numerous small-scale TAGSEM

runs representing individual Red Flag missions. The other possible

approach would have been to model the entire exerci se on one or two

large-scale computer runs. Several factors miti gated against this ap-

proach. As Indicated In Chapter II , once the data for a par ti cular

scenario is input , the computer model runs that same scenario until corn-

-p iet ion. Since there Is no replacement of attacking aircraft , defens i ve

systems, or targets, subsequen t cycl es w i l l  play fewer and fewer elements.

In an actual Red Flag exercise each mission is p lanned and f l o wn opera ti onall y

Independent of all others. Also , the actual number of various aircraft types

varies sufficiently from mission to mission so as to exceed the capacity of

TAGSEM to track aircraft types . For these reasons TAGSEM was set up to

model many small Independent missions.

12



The rema i nder of t h i s  chapter w i l l  descri be each var iab le  In the

TAGSEM model as It is used to reflect Red Flag data. Those variables

that change from one run to another for the different Red Flag missions

that are examined wil l be pointed out. For a detailed descript ion of

input data format, the reader shou l d ref er to the User ’s Gu ide (Ref: 6).

The fIr st Information block concerns the force levels Involved such

as the number of types of defenses, zones, targets, and aircraft . The

number of target arrays is also included . All of these inputs are changed

for each computer run. The number of cycles per repetition and number of

repetitions Is one In all cases. Since sing le missions are being con-

s i dered , the model allows for less than perfect bomb damage assessment

(BOA) for attacking aircraft , however, since each Red Flag mission starts

w it h a cl ean sla te, the val ue used for all runs Is 1.0. The computation

of the probability that a defensive system will fire on an attacker is

computed Iterativel y, and all runs use the same val ues for these variables

that the model developers typicall y use (20).

Switches that control the various outputs are set to either one or

zero in order to print or suppress information . Only suninary tables were

obtai ned, although a user may elect to observe each event if he so desi res.

Information describing the defensive systems is now entered. For this

study, five system types were modeled. Each type Is Identified by the

fol lowing data: kind of system (SAM or AM), target number (recall that

each SAIl or AM p iece may also be a target for attacking aircraft), rounds

available at each site, and number of systems in each zone. The computer

model assumes un i form density within each zone. Since the Red Flag threat

radars are not targeted for safety reasons, no target number Is prov ided.

13



Ar bit r a r i l y hig h ammunition stocks were used to allow the defender to

“fire” In an unconstra Ined manner.

Similar data Is then provided for each aircraft type, however ,

“Identification of escort” is a sli ghtl y confusing concept. Some air-

craft may be limited to working exclusively in concert with another

type (consi der a hunter—killer team). Therefore, each a i rcraf t mus t

have its escort identified for the computer model. For the majority

of the aircraft of Interest they are their own escort. That is , they

are allowed to operate without any other type of aircraft present. The

general type of aircraft (attack, observa ti on , etc.) and the number of

sorties per cycle It may fl y are entered. This study onl y considered

attack aircraft. Next a series of Inputs defining force s i ze by air-

craft type and how that force may be subdivided Is defined . Each Red

Flag mission has Its own characteristics in this area, but as a matter

of pract ice many of these varia b les do not change from m i ss ion to mis-

sion.

The Interaction of aircraft damaged versus defenses are prov i ded

next. In a simulation run consisting of only one attack, the difference

between repai rable and nonrepa i rable damage is of lit tle val ue, but for

computati onal purposes these i nputs were prov i ded. Both types of damage

are computed as some constant times the number of aircraft lost. The

average repair t ime for repa i rable damage is also specified . For each

aircraft type and defense type these simulation runs use the same coeff I-

d ents as typicall y used by the model developers. The model has the

capacity to play reduced visibility , however, this aspect was i gnored and

unrestricted visibil ity factors were used.

14



The target arrays are next defined . Each target array Is numbered

and the zone in wh i ch It is located specified . The type and number of

each target and the type and number of defenses within the array are

entered . Since the acti ve radar defenses at Red Flag are not located

within the target area, there are zero entries here for defenses . The

specific target or targets attacked in each Red Flag mission will deter-

mine the other elements.

A rather complex set of information that has little bearing on this

particular app lication is next and is discussed here mainly to g ive the

reader a better understanding of the computer model. The activi t ies of

each cycle, the number of wh i ch has been prevIousl y specified , are now

defined . An integer identify i ng an event set is associated with each

cycle. For this application there Is only one cycle for each Red Flag

m i ss i on , however, the event set that plays the aircraft through their

individua l sorties is still necessary. The number and type of each air-

craft in each cycle Is provided and now each one of these aircraft types

is associated with an event or events within the cycle. There may be a

number of events in a cycle with any or all of the appropriate aircraft

partici pating in each event. The number of events and number of aircraft

types in each event are determined by the user ’s judgment as to the acti-

vit ies he is trying to simulate. The activI t ies of each aircraft type

during each event are specified by a sequence of Integers, each one asso-

d ated with a code provided in the User ’s Guide. A zero entry Ind icates

that a particular aircraft does not participate in  tha t p a r t i c ul a r  event ,

and an entry such as 1024 would ind i cate that in that event the activi-

ties specified in various library segments (to be discussed later) are

performed .

15



The user may elect to allow redistributi on of defensive weapons

between cycles . If allowed , the surviving defens ive systems will be

repositioned uniforml y throughout the battle area . The user may also

allow re-supp l y of ammunition at a rate of his choosing . Neither of

these activities were p layed.

Each aircraft type has a series of library segments that defi ne

various aspects of its mission profile. The mission Is broken down

into subsegments wh i ch position the aircraft In different zones . It

is here that the area of the zones and the distance that each aircraft

travels through the zone is defined . The ability of defenses not in

the zone through which the aircraft is flying to engage the aircraft

is stated for each defense type by zone and mission segment. Onl y egress

through a zone of defenses was played.

Each defense type that appears in a library segment (and is thus

mated with a particular aircraft as a possible target) has a series of

probabilities associated with It. These are: that it is operationally

ready at the time of the encounter , that the target can avoid its letha l

envelope, its rel iabil i ty, probability of a kill given a f iring, and ex—

.pected number of rounds fired per encounter. The ground ranges of the

weapons are listed here. For the runs made In this study , the same values

for these variables were used as ccnwnonly used by the deve lopers of the

model. The probability that an aircraft will not abort prior to engage—

ment IS in this data block, and for these runs 1.0 was always used . Since

the mission final reports stated any aborts, onl y those aircraft that

did not abort were p l ayed on the computer model~

16



A large sect ion In each library segment is devoted to terminal

effects. Since there are no termina l defenses at Red Flag , a l l  probabi l—

ities associated with their effects are zero. At this point the condition

of the target (always new for each Red Flag mission) , the number and com-

bination of weapons delivered (specified for each mission In the Red Flag

fina l report) , and the probabilities that the aircrew will be able to find

and see the target are entered. As in the abort situation , those aircraft

that actually did not find the target are not considered . Once over the

target or in its immediate vicinity , probabi lities associated with weapons

delivery are required. Probabilit ies that the pilot can lock onto the

target (for gu i ded weapons) or meet visual release parameters (for unguided)

on any sing le pass, that the target will be destroyed on the first pass,

and that the target will be destroyed on any subsequent pass are prov i ded

to the model. The max i mum number of passes and the maximum number of weapons

re leasable per pass are inc luded. Those fi gures commonly used by the model

devel opers again were used for part icular weapons dropped or simulated at

the Red Flag exercise. Coefficients for weighting target va l ues to the

aircrews were available , however, in this application target systems were

very simple , so unity was app lied throughout. Even though target attack

was not played, this data is requ ired to run the model.

After the simulation runs were comp lete, the aircraft attrition for

the two models was compared. The following chapter describes the tests

used and their results.
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I V  RESULTS OF THE E X P E R I M E N T

A test of the means of populations wh i ch assumes normally distri-

buted data and one not requiring such an assumption are performed in

this chapter. A lso, a coefficient of correlation and its use in a test

for a possible relationship between two samples is described . Accom-

pany i ng the cal culations are various tables with supporting data.

Three aircraft types, A, B, and C were p itted against five defensive

system types, I through 5. Aircraft types A and B are current Air Force

equ i pment for wh i ch the required data for input was available. Type C

was actually a surrogate for numerous actua l aircraft types for wh i ch

off—line analyses have not been performed . I nput data characteristics for

aircraft A were used since this appeared to offer a compromise in per-

formance among the variou s types i nvo l ved . Aircraft C was included to

allow for dilution effects of a large number of aircraft on the defenses.

Aircraft not Involved in egress through the defensive system were not

p layed . Red Flag missions were selected that had similar profiles so

as to allow a sing le scenario on the computer simulation mode l to be used .

Table 1 shows the number of aircraft i nvolved and their attrition .

A usefu l techn ique when comparing two alternatives Is correlated

sampling . This techn ique elIminates a source of the extraneous variance

that may occur from pair to pair. This is done by calculating the variance

of the difference of pairs of observations rather than the variance among

the individuals.

A sumary of aircraft attrition is tabulated on Table 2 by aircraft

type versus defense type. The hypothesis of no difference between the

18
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population means was tested using the pa i red observations techn i que

as described by Shannon (Ref: 4:222-224). Th’ test statistic t was

ca l culated as

L

X 1 X 2 ( I )

I ~

~I ED~ — (ED)2/N
V N(N—l)

where = Red Flag average aircraft lost due to each defense type

= TAGSEM average aricraft lost due to each defense type

D = difference between each pa i red observation

N = number of pa i red observations (15)

This y ielded a cal culated value for t of 1.404. At ~ = .05 the tabulated

value of t for a two tailed test at 14 degrees of freedom is 2.14. The

hypothesis of no difference between population means is not rejected .

Mann-Wh i tney Test

Use of the Student-t distribution requires an assumption of normality

(Ref: 5:135) and it is difficult to determine if this is i ndeed the case.

Therefore, as a check the nonpa rametric Mann-Whitney test as described

by Miller and Freund (Ref: 2:275—278) was used also. Since the number of

observations is sufficiently large (over 8), the statistic

19



+ n1 (n 1+l) —R 1 (2)
2

/ n 1 n2
(n 1+n2

+l)

V 12

where n 1 
= n2 = number of observations (15)

R 1 
= sum of TAGSEM or Red Flag ranks

was cal culated . This y ielded a value for z of p lus or minus .56 depending

on which sum of ranks was used. Since n 1 n2, either sum may be used.

At cz=.05 for a two tailed test z equals 1.96. Again , the null hypothesis

that the means are equa l is not rejected.

Correlation Coefficient

The cal culation of correlation coefficients as described by Shannon

(Ref: 4:86-87) was performed on both the sample as a whole and on )ndividuai

samples with respect to aircraft type. The coefficient is given by

nEXY - (~x)(zY) (3)
r 

~~(n~X
2 

- (EX) 2](nEY 2 - (zY)2]

where n = number of samples

X — TAGSEM losses

V — Red Flag losses

The correlation coefficient for all aircraft types versus each defense

type is .647. For aircraft A against each defense It is .553, for B . 628,

and for C .898. (See Table 3).
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Miller and Freund offer a test (Ref: 2:325) to determine if

there is no relationship between two samples using the correlation

coefficient. The statistic

I— 
_______ 

l+r (4)

— ~n-3 x 1 n T~~Z 2

where n — number of samp les

r = correlation coefficient

was used to test the null hypothesis that there is no relationsh i p

between TAGSEM and Red Flag aircraft attrition . Us i ng the previously

determined values for r, the z statistic for all aircraft types versus

each defense is 2.67, for only type A against each defense is .88, for

type B is 1.04, and type C is 1.61. For a two tailed test at a=.05, the

tabulated va lue for z is 1.96. The null hypothesis of no relationshi p

between the two samples is not rejected for the individua l aircraft

types , however , It is rejected for all types considered together. That

is , the alternate hypothesis that there is a relationshi p is accepted.

Since the purpose of Red Flag centers on training, one would expect

(for the MOE of interest ) fewer combat losses on late missions than on

earl y ones. Tables 4 and 5 show the same information as Table 2 except

that Table 4 Is for the first 8 missions (chronolog icall y) and Table 5 Is for

the last 8. Using Equation (I), the test statistic for early missions

Is 1.601, and for late is -2.23. At a— .05 the null hypothesis is not re-

jected for the earl y missions and is rejected for the late missions , It

would seem that the number of aircraft lost late in the exercise is less

than the expected number of aircraft losses from the computer model.

21



The next chapter will point out many of the specifics about both

models that have not yet been covered. Some sou rces of possible error

due to assumptions and simp l i f icat ions w i l l  be discussed .
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AIRCRAFT TYPE A
NUMBER DEFENSE
I.AUNCHED 1 2 3 4 5 TYPE

8 0 0 3 0 0 Red Flag Losses*
.02 .04 .08 .064 .09 TAGSEM Losses

7 0 0 1 0
.02 .04 .08 .064 .09

L

11 0 0 1 0 0
.02 .04 .081 .065 .091

13 0 0 0 1 • 0
.02 .04 .081 .065 .092

8 0 0 3 0
.01 .02 .041 .033 .046

8 0 0 4 0 0
.01 .02 .041 .033 .046

4 0 0 0 0 o
.01 .02 .04 .032 .045

6 0 0 0 0 0
.02 .039 .079 .032 .09

4 0 0 0 0 0
.01 .02 .04 .032 .045

3 0 0 0 0 0
.01 .02 .04 .032 .045

4 0 0 0 0 0
.01 .02 .04 .032 .045

5 0 0 0 0 0
.02 .039 .079 .064 .09

7 0 0 0 0 0
.02 .04 .08 .064 .09

4 0 0 0 0 0
.02 .038 .078 .064 .09

7 0 0 0 0 0
.019 .039 .078 .064 .089

9 0 0 0 0 0
.019 .039 .079 .064 .089

3 0 0 0 . 0  0
.019 .039 .079 .064 .089

*Actua ll y validated attacks , I.e., weapon meets its launch parameters.
TABLE la
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AIRCRAFT TYPE B
NUMBER DEFENSE
LAUNCHED 1 2 3 4 5 TYPE

7 0 0 0 0 0 Red Flag Losses
.018 .036 .032 .026 .037 TAGSEM Losses

0

4 0 0 0 0 0
.008 .016 .032 .026 .037

1, 0 0 0 0 .0
.008 .016 .032 .026 .037

0

0

0

0

0

2 0 0 0 0 0
.01 .019 .039 .032 .045

4 0 0 0 0 0
.008 .016 .032 .026 .037

2 0 0 0 0 0
.01 .019 .039 .032 .045

3 0 0 0 0 0
.01 .02 .04 .032 .045

2 0 0 0 0 0
.01 .019 .039 .032 .045

0

0

2 0 0 0 0
.01 .019 .039 .032 .045

TABLE l b
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AIRCRAFT TYPE C

NUMBER DEFENSE
LAUNCHED 1 2 3 4 5 TYPE

7 0 0 0 0 0 Red Flag Losses
.01 .02 .04 .033 .046 TAGSEM Losses

6 0 0 0 0 0
.01 .02 .O~ .033 .046

12 0 0 1 1 -

.01 .02 .041 .033 .046

15 0 0 0 0 3
.01 .02 .041 .033 .046

0

2 0 0 1 0 0
.01 .019 .039 .032 .045

8 0 0 0 0 0
.01 .02 .041 .033 .046

5 0 0 0 0 0
.01 .02 .04 .032 .046

6 0 0 0 0 0
.01 .02 .04 .033 .046

4 0 0 0 0 0
.01 .02 .04 .032 .045

8 0 0 0 0 0
.01 .02 .041 .033 .046

4 0 0 0 0 0
.01 .02 .04 .032 .045

• 16 0 0 0 0 0
.01 .02 .041 .033 .046

0

0

0

2 0 0 0 0 0
.01 .0)9 .039 .032 .045

TABLE Ic
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AIRCRAFT TYPE

DEFENSE TYPE A B C

0 0 0 Red Flag Losses
.277 .092 .13 TAGSEM Losses

— .277 -.092 — .13 D

2 0 0 0
.552 .18 .258

— .552 - .18 - .258

3 12 0 2
1.114 .324 .523
10.886 - .324 1 .477

4 1 0 1
.867 .264 .424
.133 -.264 .576

5 2 1 4
1.261 .373 .594
.739 .627 3.406

TABLE 2
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A I R CRAFT
VS TAGSEM RED FLAG 2 2

DEFENSE X Y XV X V

A/i .277 0 0 .0767 0

A/2 .552 0 0 .3047 0

A/3 1.114 12 13.368 1.2410 144

A/4 .867 1 .867 .7517

A/5 1.261 2 2.522 1.5901 4

8/1 .092 0 0 .0085 0

B/2 .18 0 0 .0324 0

8/3 .324 0 0 .1050 0

B/k .264 0 0 .0697 0

B/5 .373 1 .373 .1391

C/I .13 0 0 .0169 0

C/2 - .258 0 0 .0666 0

C/3 .523 2 1.046 .2735 4

C/k .424 1 .424 .1798 1

Cl5 .594 4 2.376 .3528 16

7.233 23 20.976 5.2085 171

r — .647

TABLE 3
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AIRCRAFT TYPE

DEFENSE TYPE A B C

0 0 0 Red Fla g Losses
.129 .034 .06 TAGSEM Losses

-.129 -.034 - .06 D

2 0 0 0
.259 .068 .119

— .259 -.068 -.119

3 12 0 2
.523 .096 .242

11.477 -.096 1.758

4 1 0
.420 .078 .197
.58 - .078 .803

5 2 0 4
.589 .11 1 .275

1. 4 11 — .111 3.725

TABLE 4
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AIRCRAFT TYPE

DEFENSE TYPE A B C

I 0 0 0 Red Flag Losses
.128 .058 .06 TAGSEM Losses

-.128 .058 -.06 D

2 0 0 0
.255 .112 .119

— .255 — .1 12 — .119

3 0 0 0
.514 .228 .241

-.514 -.228 — .241

4 0 0 0
.416 .186 .195

-.416 -.186 -.195

5 0 1 0
.583 .262 .273

-.583 .738 - .273

TABLE 5

29

- - - ----- — - . -- - - - - -- -- -- -~~~~~~~~~~~ -_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _



V EXPERIMENT ANALYSIS

This chapter will be classified since it deals with actua l aircraft

and defensive system information. Basically, how my assumptions affected

the outcome of the experiment will be discussed. This chapter Is avail-

able at the Deputy for Development Pl ann i ng , Aeronautica l Systems Division

(ASD/XRO) located at Buildi ng 47, Wright-Patterson Air Force Base, Ohio

45433.
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VI CONCLUSIONS AND RECOMMENDAT I ONS

Conc lus i ons

Use of an operationa l exercise (Red Flag) to calibrate at least one

measure of effect i veness in the TAGSEM II computer model is appropriate.

However, the reader should recall the many assumptions and simp lifications

that were used. The users of TAGSEM may gain some confidence that both

TAGSEM and Red Flag to some extent are capturing the same dynamics. This

statement should not be viewed as absolute for severa l reasons.

First , even if TAGSEM and Red Flag are modeling the same dynamics , it

is possible that ne i ther mode l actua l l y captures reality . Also , the

simp lify ing assumptions in this report may be sufficient to jeopardize

the statistica l inferences that were drawn . Th i rd ly, the statistica l tests

used failed to reject the hypotheses of equa l means in one case or of no

relationship in another wh i ch opens the door for an error of the second

kind or a ~ error (Ref: 5:60). The data i tself with many zero or near

zero points should be approached with some caution . Althoug h sensitive

to sample size, the resu l ts of Equation (4) when app lied to individual

aircraft types-should caution the reader. Apparentl y the computer model

does not capture the attrition of ind iviaua l aircraft types as effect i ve l y

as it does the entire force. Also, the possible presence of a learning

curve in a sample of this size may obscure the results. There is a chance

that steady—state was never realized in the Red Flag exercise that only

lasted about a month. - The tests used to not prove beyond a shadow of

a doubt that TAGSEM and Red Flag model the rea l -world accuratel y; they

merely g ive some confidence that the two models have one effect in common.
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Recommendations

As the scope of Red Flag operations widens and more comprehensive

data is collected , it may prove feasible at some future date to perform

a similar ana l ysis covering more TAGSEM MOE’s, especially those dealing

with weapon effects. This effort was restricted to the type of Red Flag

information avai lable wh i ch was mostly in the area of aircraft attrition .

The genera l concept of using one model to calibrate another may be

expanded in another study . Any other model should be as different In

structure from TAGSEM as possible , whether or not it is a computer simula-

tion . An interesting exercise would be to use a genera l purpose theatre

l evel simulation mode l in a role similar to the one p layed by Red Flag

in this study .
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