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1. IN'IEODUCTION

A. PREFACE

"War ga~,..aeextrem~ely useful -:cols fc: studyi:;.,
wa~faf-s tu 1 are J.S abn:cu J.ae - - ha7) I vs
misleading, fo r i v ss t iga16Lng so m ques::-oz. Cu

'ders-lanc-inc of var aames and what we canI 2ea:n: .:cr
tham lag behind the-'-- 4owiJag popularit." 

Thi quota, taken from an aricla wri*tten by Fz-%-Adcrzck

jD. Thcxpson and pri-n--ed in the October 1983 U.S. Nava 1

Institue --R:)C E-D IN GS, ex em PlI fi s sthes nrid fcr snao-rnc

Etudy arnd validation of all war gamIng s yst sms . T h - sa m

a-- iclze rci-nrs out that war camie lea~nina ;-.zpen.ds U 7: - t

cams's :, smblatnce, to t!h= real w o rld. Ani evan dh-=n th:?

.. esaerrlance is g~aat, success :n a war game does no-t sCca-t

to succsss -r tha real world.

Cjiv=-. the man~y art- iia.6.. .ne~t a a:*We

G Xt -nSt' oVi CUsE h u:2 z - v e c:- .s d 7ten n n

=.BI -a h-*iity of the under-lying assum'ptions and batn7ls s-iu'A-

t o 7 X s 1 s . Wa r game cbje cti-ves are criti-cal' to the d,-t-er-
m -m at_4c: cf the r-equired levgel of: model reali-sm. And ts

drvs reliable conclusicns abcut tactics and tae

Aczmanos reli-able, sessi:vf modal.s. Even aco-d war game
mcdezls will not provide all o1cf the answers, bti h

u~~yrqmolels arcr of un kno:wn o)r p:oor quality,:, then -the

gama play miy only p:cvid,-e misleading result4-s.

Ev sn Ohen var games ar a used for decision maksr

training, it is important that the dacisiJon maks: cbse~ves

=9aaonable outcomes as a result of his decisions.

Othszwise, the war gaminga system and ths enti-Tre war gaming
program loses credibility with the indivi-dua'ls most nzee!

for i.ts support.

10



C c muut iz ed 'i:: gamir g wi11 --- v=: bz a, za---

reac3anent fo= uae = wa y ma reu v 3zs arid exercs3, Z-

csz::tan :o ve t c bs a v alijaba ad junc: :C

?ga~dIhs3 cf th In9 urposs c~ af Pazticulr .;ar uT- --,

==su Its cbtai-na can cn.y be as aoc:! s r

moa1s -that make uip the ga. F Cr hs :e a S
cat icn, V al1idanio4_0n and ~o d- ,C~a On X xi:-4 na w=:
Mus-: h. an onocinal afc~t.

B. NAVAL WABF&RE GAIMING SYSTEM

1. N GS Ds scriptio.

Nh 1aval warflare Gaming Systqeo (NWGS) _s En

active data bas,&. cocputarizs,' war ig=anrq Sys:_=rn, c3:e~

tyths_ Ccm-;ut3z Sciences Coro~a:is: :-z~so:, :~

~Jfzsey, u:der U.S. lavy cantract. T:WaS dvlp:...

Ca-nter fc= War 3-amirg at theZ !ava-2. War Cdllagz in 4ct

~~~~- Isap n Urpo~se ;S tC pZ: erqa:.s":C

t Cva cunE=r-zS. we:= gam~: i o: 0 s N ava 1~ coZ 7 -

ca.ne nsay includ.e rehe 1- 9a ==-a 1of fl: - S0e ra ti-o 7s C= - Xzr-
c'=?=, eva ua ton of bo t h s tr a _ aczic ar tc-ica w ar z la n,

a:a Isi S o f ex is t izg a:nI propcsed tac-_cs and I m prc vse
educatior a-! traiizin for U.S. Naya:,' 1.6py IeC4Cnon

Makers.
a z en :=a.I co ir p u t f ac l-t y fOr NG S isC

hone'vwel ul ~t --Cs Level 68 :!ultip~ocss::o Czmtputor- svstem.
se itzact iv V &Ispiay systems consist- Cf Sa:ness

Asso ciat -z, Inco= po~ated, high zssolution, color graphics
di-SFp'3YZ. At the Center for War Gaming, ther-3 are 221 inter-
acti ve ccnso'le staticns -I r th'-e Ccoodinator Area arnd cne
E':at o r. in each o f the 22 Command Cantirs fc*: ths a me

f.a-'es, for a total of 44 saatiots. :cvf~a onsc2.s
s'a-!_icns in the Coo~dirator a=--a are lirnkmd to ths Cran!



can t e,-*s biy complatar, tslstyps and voice co mm u:,;c n S.

C a=rr nt2y, there arez rtmota zonsols sztations 'o=--a

CIINCPACFLT Headquarters in Pearl. Harbor, Ha waii , a-d ror

CINCLAN:FLT lase in DaM Ne::k, VI:'9r'na. A n additic~i _ c

un". S -6c Ite in~stalled at tI~ Navall Postgradua-e Scih3,: 4n

M o r. e y , Californi-a in FY95. Ad-L.4orally --he t wc
T: ai i.%9 GrouDs located in Dar, Nack, Vig91-ia an! Sa=n Dago,

c=lfri ==Z schsdulal to havs a st-and al,== ::;'r cn-

hilifty hy FY87.

!he Naval Warfare Gamin~g Systen, so t"warze c- sists 01

scm,4 990 subroutins/pocodures writtan ir the hich level.

proo~r aing language, 2 tc g-,-a n m-:.g La:aauaoR One (Pt/I).

Aproiatsly 156,000 innaes of axecutaole PL/I code mak-z u:r

thse;:ccedures. There ars about: 50,OjiO lines cf cole in

170 p-:cedur-es that deflns ths wa:fa:=- =-~ moels alcnp.

2. 'NS lames and Ob~ecti-vzs

The NWGS is designed TC Support two 'Pajor cate--gc::e;s

cf gamss: Cc0m m a d - e v C- G a rs and Stdtlv.games.

Bct. tys c- g-ms myb; 2f-; -a n t :_vels cf-

-ne~c~ fro uni versus uniz on up to global muti.-

task :-cce ccniclict.

Th Cm~~ev1aa-nqs# al so K:cwr as Aflsse: gamtes,

are operational war games and are thse type mos-. fre:quently

playsd. Thev ;are gerarally EpcnsorseI by thater- ccmmander,

school c-cmnia7.s, Department of D-sfense Agenciss or acadlexic

Zemartmsnts of the Naval war College. T h =i;r obJsctives

j-n .~udAe: gainig tactical decision making experience, eval-

uating operational concepts and plans, zene-a:s_-nq at sea

cperatiors and supporting the Naval War College Curri-cu'Lum.

ProblemS of Command, Centre! and decision making fez Naval

forces in theater level operations are the key i-ntr-.s-s of,:

the Sso gawpes. Ths Command-leve2. games are the most sxtensi-ve

in scope and duration. Lastin-g from orne day to several



weeks, c-ily ore of these games can ba playel at a -iw.t. A

Command gax may be one-, two-, cr multi-Sided ano -tv

cr. a specific war farec area or sncompass multi> w _ _-s
areas. S--nca these games gen-rally enta_-l large of2w :

data and ccrplax orgarizaticna. structure?, a ccr.:-rcl arcup
of utrpi:=rs ari consols opzrators is requi-red to mon-ftor thn-

players progress and assist 4th~m i.n game play.
The Etz--ntIv2 Gar are g0: two :-vnes: full-

scale games played a t the laval Task Farce level and.
ore-cn-ore engaga-merts played at thri individaal unit -v,

The Student- gamss are less extensive ~n scops -:h

Co-mmand games ana are played in support of the Faval a:

College cur::iculum. Their4- rim azy goal is to enhance t h%
rrofessicnalism o f fUtur a operation-al commar ders. Th

Studlenz full-scale? camcs crov5ae Dlayars the ac-utvt
act as a task group or task forcs comman~der a7:d staff. ~

nae rroderator prcviJ~ss t.he con-trol crocup functicn ant

snsures that --hp tiaching Dbji-ctivss are azhiavsd.

_"en ull-scale gamss mnay be playsel at, one time wit"h =eacl
lasti nz f: Z z. to 8 oor of, T ±aV. T he S t UI!

cna-cr.-onm camnes may be played using playsrs versus playrs
Cr players versus the compute=. These; cn?-cn-Ons Ca ras

allow the players to act as commandizj officsrs of fcrc s o
uts mng eiin r the Naval tactical 9nvirzcnme:_z-.

Orne-cn-or~e camies last approximately one to four hours o:

rzeal time . Ten player versus pl avsr or Itwent y cotmru'ter
cuposed games may be played simultansously.

3. 'N~rS Dpsionr Features

The Naval Warfare Gamina Systam takes ad4varntage cf

three general modeling and uar- game concspts in orier to

provid the fle xibility rsqulred by a war gaming system that

will yield realistic representations of both unit ve rsus
urnit- a n. a!-Ihal le vel con;fli-ct . These fsatures ars: usre Or

13



faml.:E of models, use of data based modeling and a~:ai

contrcl of forcqs.
A family of models Is a Eat of modals ir !4,:: imc

madal IS a representatJor cf an. idantical pheo'n bu:
uses a differsnt level of 3et6ail or complexity in. its E-:.u-

lationr ci the :)hencaenon. Only onz. model izvel trom a
particular family can. be used in a givin situation. Us-= -f

this concept supports the rsguiremsrt for diffz:ant laevalS

cf detezil and realli. 14WGS providas fo: t-re lova-S of

molsling tdetail tharcughout its sof1:ware: Struc-.urz. Sor'e of
he mcdsled areas currently hZave only two. lzaves availaane.

11he le sv zl ci -3 eta i I *or g ames play is dtarminzed by thze t!y=pe
of game and by the came spcn:sor's- goals a-ad objec- _ vs~ for
thq gami. Lavcel one is 'the leas-: det-ailed and Ilmvels tweo

and three are each more ccmplzex or isaila! in tucue
The gain= preparatrc s,3lscts th.= Izevel of modsling dS-_= tc

be use:d _J- game play durir.g tha game prepa~ation phasea.
Dita basE-d modsling fa the use o 0: able lock-up i-n

ar cp era-:.Jncn&l irodel to access the appropriata pa r a 7 --,a
values -'c= -hs sneci-fic simulationsiuaton The war- cams

data tra~LIS ar:e generally compiled from a na S t -r dan-a bassz
which ccrtairns al 1f c h4 rc.3sibl-e gama; aztities an a th =
descr:ipntive pazamate: Values neceszary zo fully define Sach
parr~cua: snt2.:y or facto= im the mcdael. Use of this
modaling cocct an d th -- mcdel'1s _-e s-a!t an t inherent aerer-
a!liry p~cvi±!c NWGS withv tr'em-ndous flexibility, longCevit4-y of;

sofft ware and reduced ccmPutatiocn ti-mss. All mods-Is are
highly depqn11ent or therz= data basa parametq= valuaes. The

fle xihilIit y provided by this method allowz for : iie
scenaria pcssi bilitiss, as well is ths capebility to uss

experimental cr futuristic weapon systems and platforre in,
war gains evaluations. V,9 NWGS uses :hq Mazter Entity Data
Basa (tIEDB) to maintair. ths Incredible nuamba: of parameters
for= evry platform, *ieapor. system and, projectilE that car be



used by the gam.ag system. For example, the MEDB incl.dn~s:

fu-al usage rat-aS for each shi- and aircraft t y p f s:ga!
shot ;=:babili ties of kill- f or ever?=yS C1

wea c n--:ar get- laun ch e= ccmbiratior. and P vr_. f r S or
w e a pc P s yst s a gr a 1a t ic - r. a J a m ming erv ironm-,. -.

Izn NWS, the doctrnal. control of forces Js a ser_-es

or in~dividual act-'on crdez7s or instruct.4cns T-o game ' -ti

:ssuEd by the player, which are linkad tog'-: tc vc' a

serieS ci actions by the particular lunit or un it Z This

:za-u-rs alivas Scre c" the work loa4 o' mon~tcr4-g an!i

c:nt:cling ire:C tIy all elaenr.s under t he P Iay's

c mm n d. By selecting tha apzzcpriate doc-:r--ne= a plava: car

crsata Era-plannsd missicns an d be freead fron havi;nq tc
=rter nuarous tactical commands. An eamples nigh:_ be a:.

ardf's criethat would c a Us cm3a%: Ai_; P-o I
~~.rcrafrrt -~m~ ir indiv id-ualsatoz ad

and engacE ary unknown targets a pproachlina within 3 00- iI
a-: ~eads grsat4.er than 500 kncts. This sort of dc

cz-n-zc.6 lzavies the player free to monito= f::rces a ni 1, s
~ro ~:sct: CisiorS.

';4 WGS C Oeraticrzal Data Strac-ture

Th NWGS opezaticnal lata str=ufcture :afers t c -h

en=2:a& urerlying filin-g System waich ailcwE "o WG S to

prf c r t h --- man-y reguirel phasas of w ar q a n J.g. T'
p = arnas :rci prs-gams tpreoaratior. t-, tcm anal-

YS:. The 'ThGS operational lata structure ccrs2.s-s of cn~t
permane-nt an~d four temporary fi-les. Theas fi-a are:

.:',he 'aster Data Ba;.e Fl. containing all VW13S softwa~s,
the !s-er Entity Da*ta Basc- and ths world maD data.

*Ths g~m P s2sjn j c ont-1ai ning9 the game sDe c-,;fic

regams scenaric, cbJaectilves and i4n It Ial- ccndi--icns
supplied by the game spcrtscr.
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*The G ar e Pily il cop t ai nng the gamie S c:::C

ctwars, alme Speci fic S1t it Ies, anv- rnm~n- , C l
ple ns, gsographic start points and initial.cn~:cs
I t i s cri3atsd during gamc prepazation from

ini the Dr-Svicus two fi-les.

*The Game Data P4ile containing gaMa specific C i :a ati

detailing t1h-3 currant gatms status 'for all gam.2 ant::,o-14

TI-.F Gama Fi story F-le- contairizg all =sp~rted can-!a and

even-! inZOrmation needed to :epiay the game lc-: ocst

game analysi.

5. NWGS 1 odelinS t'itg

N'WG S mioc1-s are grouped i-nt:) modulss of clcs sy

related a~sas of Naval :p,?rati~ons and warfare st'~~in

With..n aach mcdule, the fam~ilit~s C:- models f_'= Soccifi-c
svsnts :o:e two or : ! siVels of o-Ki r a -a il.
Thare are eight generalI cat ego=-i;rs c~f modules that form ths

VWGS acsigstructure. (Ref. 3] Tn-ass catreco=ies azs:
* ThS Gqr,=:-! Warfare Areas modules, which s imul1a t the9

act-ivitie c of forcss a ngag 91 in Suabmar in Warfares, M ina

Warf ar A -aphibious Wa~fare, S U= ace war far e ad

Antl-Subrazine Wa~fare,.

* Ths niem at a mcdu2.e which simulat es force end ur. -

xcvemenlt accordirg to individual platform parameters.

o The _;jI'~. jj g~mncZa modules which deter-
mine player acceSS to game :::fCrMatior. through siMUla-
ticnE of Communications n~etworks, satellite, HF/DF, and

intelgcence £'nfcrmat-oz flow.

16



*The Dpt~ct:ion modules which simulate the act.-vt-.,
senscrs, both active and passive and generat a d-t~- -

and los4' contacts.

* ThE 1-02istics module whi-ch simuulates ths avai-'ability,

consumptioi and replenishment of -:uel, ammntinad
supplies.

* Ths Air Op~rationS modules whi-ch simu-lates tesec:

of N~aval A ir cperaticns on an=d arocundI an A--'=c~aft

Car=!sr o: land hasq.

0 The =121am snt --.0dul es w h ch simulats th

Ar-Ai-a fare :ntaractions: A" ;:- t o - sIr f m- c

Surf ace-to-AiJr ard Ai:-tc-Ai-*: targ~t-ng arni engageM7tZ.

* rtleDm~AsSr-sment .odileS wn.-'ch eva- uzts t:.

Z:- 2u Its Orf e-gacenents with =a spect to the n viv~

F lat f or ns.

She models wlthin thsse catP-gor.z.-= o f !WGS mouZzs

c5 n ae f Ltrt c las s if isd -acco rd~n no 1h :,,gn mec~'

1.Se d to acczss them. They are Ycar= : :ney are

=Out nelYj at regular time ittervals o:- they are a. di if

the y ars acce:ssal only by evrent schedu1-Lng. The K-remamics,

rLtsct'Icn, intall.getce an-d Ccmmunications molules and pa=:s

of t her Lo gis ti4cs module are incl uded iLn t hc S1 deriodiC
catz-gcry. All of the other modules are accessed azeriodi-

cally ty the event schedule metho,1. Fig ure, 1.1 shows t6hz
-erarchy of the 4IWGS applicaticn softwarec and the rslat-icn-

ship cf the various categor-ies of models with their assoc-
ate3d mcdules.

C. PUEPCS! AND SCOPE OF THESIS

T he purpose of thi-s thesis6 is to conduct a detailed
exam'-nation 69 the 4WGS modsls used to simulate the
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a :-tc-a r cengagsments a=ea of NaalWafae

will F6c vi-'d, 'thq Certer for War Gaming with cor '=- and'

claar model descripticrs, model evalxitions fron a: an 2.yt-
ical and opqrational point cf view and reconmenai:s 4--
changes and improvements to the existing models.

The prirnary objectivq is to ensu:s that IWGS pvisa

resali1st ic :-ap~esentatior, of ths ai:-to-air n eg a qer r~t
aspect --f Naval Warfare. TV-4. dbiit cf "';GS and its

usefulrness as a tool for trai-ninrg and evaluation is var y
doport6ant to thq NaVal War CCllege. Ti bjciei

accomp ;.ihd by applyi'ng kncwlq'Igr- of combat mcd='4no t:cn-

rAigues, flect opqraticnlai exps::ner.ce and b-ogi-cal analysis -to
a thorouch axam-&!:tcn of thea actual PT/I codc ussd by NWGS.
The area of intseres: includes several prccedires 7haz ziaks

Up the Ai-o-i nqagene1;nt iodule=s and the AirC~af-, tB

Lamage AsseSsmant Preced'ire in Modilp 25.

The Eeccrndary objecn!-,v9 of hs s:uiy -is -:-I vaiuata an-I
co-:obo~at-? the: NWGS documenta=tion rslats! to thea:--'
engageT~sn- moels ar~d :0~ provi-d= useful mod=-'-~i--
fc: bCz;, "WGS US=Z: and C:Mnu-:P=:=ogramrrS. I-: S-'CI.13

nctad that much oi the 14WGS iocumsr.:atier. in exist:tnca at
t h tim:e thi-s thea-si4S was wr,4tts en is usually general i 7
na-tu~e and when specifi-c detals r rviete r

often cortradictory or con fus in a. It i-s the hope of :~
study tc alleviate thi4 s prob)lrm w - mh- respect :c thze
aiLr-tc-air sngagament modules.

The reed for thswo~k is evid*ent. Vhe Naval Aarfar:.
Gaminrg Syst-cm has beer iJr place at the Cetrfc: War Gam -nn
since ea~ly 1983 and has been utilized extansivsly r:t P-l1
le4vsls of aimulated conflict. However, -:here has be-en scma
dissatIsfaction expressed ccncern,&ng the quali-ty of mod,!;!lnq
and the model documettation, pa-rticularly i-n the areas of
engagemverts, logistics and gerezal warf.are a:,4as.
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~Th= Csntqr for War Gaming is staf'.e-d wi-th Navy
and contr:act civiiLian analysts and programmers whc -

cperatinqg ard maintaining N4WGS. The Navy staff a- t h
Center for War Gaming is deeply involved in the aaily c:==a-
t -cn cf the Cantsr. Ga ang services ars p'zovid-ed cn:

ally -For: N' C st-udents, f lpet staffs, and many Oth=ers.

P o ut - testina .s Performedi and often. uncovers di:=c:gnaz-
c 4 as . However, the tinea and rindNavy ?arszonnel rc-s-
sar y to conduct the t ype cf thorough modl s- sva luatn4-on s

neenmed tc validate NWGS are not available. The civn':-an
syst em .fesigrers assigned to the Csenter -:Or War Gamima are

.xrmLy prof icient Pro.: g: a'm -Zrs and c -.- vu te-r sy s t sM

analystcs, hu-: miny are lim--ted -i th-3ir krnowledqc of !Nava'-
Warfare anI Operations. Thergfore, an analysis of the
mcdels based on comhat modslinc axne"--*1ncE as wse'. a 7
c p ir at a !4 na vy b a ck groun 1-w-- .iD~ ae f graa7 benefi -t-.-c tn.ri

CC.Itsr fc: War Gaming and contriblate s-Aanificantly ncth

117; v y Is cn g cing a valuaticn an d v a i atien of the rmTva.1
*Warf ar=e G a ming Systsm as a whcls.

B. STUDY PROCvEDURES

The s-tudy procedure for this thesis consis-ts of tr,

s z ~s. They ara the models dpcino has-z, ths mois
ar! documentaticr 9valuation phase andI ths =acomera-aticns

Phasr?. During tzhe descri-ption ph as e, a closs examira-tion
and analysi-s of the :cutines and proczidurces that make? u; ths
Air=-tc-Air- enaagament mode--ls- of '1WGS Is nerfcrmed. T ho
act-ial 71/1 coda as cf August 1983 is usd in thi-s exam--na-
tIi on , -:c deri-ve writter, and f Io wc h art- proc'-'dur-al descri p-
ti-ons. TM3 evaluaticn phase Includes anlalysis of the mcdael
loci4cal flows, factcr a.-d parzameter Jetqrm-iat-:om an d the
degree cf operationally :sali-stic approach used n t.4-h e
models. The systam documentation Is also stuied thoroughly
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to avaluaats its 4ccu~acy, ccrsist.ency and ovq~all ~
rcls S. h e fi ra! ph as - of st udy Includes the conS--d- t

of possitle sClutions tc diJsczepc_-*s, innccuacizF-7

uz= -a i s~c ni:ssion decnoiinin the mcdels, a i E _ 0v =_: -
du--ing -he evaluation phasci. Th %s G ccnsid'asation:-s ar -

inte ndei to yi-ll reasonable recommendations for '1WGS mod31

anl docum~enation improvsment.

Fcr tlis Study, in casets wheze ,ic--:? thar ons liv~l of

d t aiI ircfel iLs avai1abl? as 1' th, Aircraft v s su S

A i-c~aft- engagemant rcutns, .0n 1y nh~ S ._I h~ S S S iV

aralyzel. The spscific sn~gagse7.-, p=o cad u s z s 1-u d --ad by

th Is t h E Is az a
* 119 A" AC TGTTNG (Ai~craft vs Ai~craft Ta~getzra),

* 19AC_ MSLT GTIN G (A i: v s .1J.s sii Ta z 7-i n1

* !2ACAC2_e (Air_craft vs za:Egg n)

M 20 AC_ LSL- Se (Aircraft vs: '!i_-S::._l Sn ja ;ent).

S-vera., axternal ari included Subroutin-ss czIlaed by t'e -

Sho ws a.-. c-g~ve-vw O_'* t'1 __ caaszant *duIljs and i -a

,_cashi; of the main r-t i :ocsdu:-Ls and ple:: ohsc

Cf_ mxs'rc.tior. '.IWGS documn atn-n isai I.n t h is st.udv an!
Cz:CVide.i' by C!oMputs: Sc:- nces CCzpOlt:Cnr and -: CS-e for

War= Gamuirg includss: t.- Prcc:am Perfo:mance= S:mc_: f ica-licns

(PPS) [Ref. 1]. 'he :Ogra.Ds: c Dcnn PD

(Ref. 2], ':he S tu aent 1S T=ani.nq CiS~ (Ref. 3] a nd

(Ref. 4], -:he Command andi St.aff Usszs Iaia. (Ref. 5], th--

'_-_..:oqm Dessign M!anual (Ref. 6) ini sa-mz d.cumzent A : o r wit h in

tha p~ocedure's PL/I code.

2. TOISIS COSTE~rT

Chapts. Two of this t Ie Si s _ s the lescriptica of the

p~ogramtz. crs~ation, speci!fically the 3cdeli-ng ussd, wi-h
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little Crit.-cal commentary. T h is iJs pre-as en ted. i~ r t -s

c z t he naturally occurixig sequenci of szvPznts.

_aretnq Phass for aircraft and missile target tvys I
describec and thin tI- -three phases of actual q~e~ar
Ezscrib1 in'.Lvilu.Ally. Thess tphases are tr;eatsd as sera-

rats- anry pcints by the engagement. routines. T -sP1 hsseF
are tha_ Shoot Phase, th s Eng agame nt Result ?has-: which

includes damage assessment and thea Free LaunchePrs Phasce.

Chazter Thr1 ,6s the svaluaticn of ths moide docuamt.-na-
tion and h tQC exstr-_nq model'IS methodology f'rom ar ana.1ytical
a:-d an operational pcin: of visw. Spscific arpas ct discus-
si o - are target assignment, targat dstsction, wearon
selection-, p: ob ab -A1 ty of kill, firing doc-trine an! man"
MCre . The revalu3ation emphasizes the mcldeling approach ussi
wit h :eect t oth level o , =rea im =B qui ed by Ih' iayers
and dis=cuss:?s bo-th stre naths e-d weaknaz=sses of t- 4 :noce=s.
ProgranmIng errors ar=e poin-ted out, but p :rogramnga-c-:
quiz_ a:=- oct !--scussel.

chact; r Four is tcr r~cn~airsand conclusicns, theIr

nat-.ral ras-lit of t~re zi- on :i

chapter rOVi1des reomnainco==Batns, T p r Cv Sments
cr moerg osieann cr more raism, a=s well as

suggesticns concernng documentation). No new computer ccde
or a! ~:hms will be orovi ded, onl Iy itemi-*zs d r ec cm m c-n a -
tions fo:r inorovement are in:cluded.

App-ndix A contalns complste logical -flowcharts of the

air-tc-rilr sr.;ageiuent procsdures using actual variable names
an~d includes comalletc- Frcgram dsta!i. This appendix will be
cf great value t-o a programmse r : installing p:cgram mod~fi-
cations or -evaluating disc rpanciss. Appendix B conta-.s
the very gen~eral model flowcharts for the Same procelIures.
!-6 ises ;plain language and emphasizes the gznral modelin
asoacts ,Of the =cutines. In this appendix, most o f thIe-
alimizis rativs- programming isbypassed. In Appendix B, the
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Mod-? _1ira nIs ocr-- trarsparent than ina Appendix A,

dsscr:::crns a n declsion 1og -;c o ps=a ti_Jorall y ci r -n

Therefcre, A!)pen::_x B would be- of jc~ra : nterest -o a

tionally cri-Snta. individual. Ir Chapter Two and An:i

E, -hit erhasizs is plac: d or thea odseli4g off th= i-:-i

targ'3ting a n a :gagsernns and co rn he cr c: az: nc

!ret h c do lcgy.

P. NVGS ANTI-AIR-WABEARE OVE!RVIEV

frior -o staztirc the des=c:ip-:iva p~haSS of thsstud4y,

a or If discuss--on of the NWGS glie amne cnr,

wi-th rc-s~cc: to 'the Air-to- Air engagae nent azsna, wl !'Ir:cv=

to be instructive.

The N4WGS Antim-Air-Warfars models are des-;i.rn- arcand n

conccFp: cf 'lava! Task Force Defenrsz. Mt a: i 11 C :- E-

.-in co,, a ME v a 1 Task~ Force- a ga iAs z aircratft sr -n S

at.a c k. V- e zcnes of pone:::ial bat-:le are di-vided vaery

C-2arl y in- o the Outer Air Btn> arena wh-:e £

anro~ra::t car, t~trnest and sngage non: strike rcaf

an..;- Innr Decs c~~r urfac= =h-,- :an

ta nt =-nd er;ags Ircoming stri-ke can-forns. The dvdn

line between thase t-wo p o t sn.ia.I batIs are;as i-n F WGS i

called the "Crossover- rangel" and is :,:trlled by the= -Jams

Freparatcr. Eigure 1.3 shows t h a rverview c f NWG S
An,:- Ai:-W arfar 9.

F iqu rs 1.2 iilust.-t es th r .ceLationship o f te

AIr - tc- A -L: engagamenrt procadures wit 1. 1- oh _Cverall NWGS
Anti- Air*-Warfar=e mnodules. The N1WGS St:rik= SIaDerviscr vrmcc-

dure ut6izenS the ACIN 4-mcnitcr a nd th YSL Igonitcz mce -

dur es 4- con trol access tc the6 Air -to- A-,r r.ga ag9erneqnr

routines, thea Surface-to-Al.: enga g ma rt routines ani ths

Air-tc-S'irface routines. These three pr.ocedurzs make up nhhn

engacemerts con'trol wcduls. Cata undates for all dsfenzdina-
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P- d a c k -- ng p I at f r s , a rd s - s cn i duIliJg f cr 2=-c h a s~

c f the snaaoement are controlled, by one ff t.9m:-t-

pr:c~edurss ce:)efldjng cn t-hs z~keup c-f tinm stt-acking group.
Ar imbclund strike g-rcup of aizc~aZ:t or c=UiSe -ssiles

atutside cf the predeinq Czosscver Range will2 causs -.hs

engageasnts ccnt=- 1 u.cduep to invoka calls to Mcdule 191 ani

20 fc= Air-to-Air ta~ge-,.in.g and sengagemler.. Th sp=e o~cdu -as

making 'i, thesa modulss ars th-e subj-3crs of t!his stuly r-:

2 -5



are desc~ib~d i~Chapter I.Calls to -,hese irodU1ls din

schediilsd =:-p e a tsy Unti'L t6he ta~qgs Or --

ai:craf:- have all 1 te: destroyed or _he, taraz-s '-

Crozsscv=.r Ra-nga, Whi--chever occurs----------If --het:~r

haver =EachceA CrOS~SOVE= =ar.ge, thez at that t~ntha ~
xent cc.-t~cl rcdule shifts Its ca'lls- from~ Moduiies 10 an! 20

6,: lodials 21, the Su-rface-tc-Aiz sngagsm, 2t mou;- -:: simu-

lm-et th-%: Ins= Dafense Zons interactions. Ths prcceu:'ss

an! mcdsls amak'na ur) ths Sturface-tC-Ai:- erngaqae.enm rout*:IeS
have teen. evaluated pzior to this study by D.T. Sck

(Rtef. 7]. The evaluat-fc prerforred by Stoko:wsi coi.)r-rr.ms

azi -- cwidss --crtinultv -1. this studY -3f thB '11WG3 Ai:r-tc-Ai.:

S-gagemart rout--as.
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II. CgliBENT P!ROGRAM OPERATION

T he NWGS Ai-cArencgageruent Model~s, as a -otal.

packags, SIMUlate the air ba-!-Iae r ' :e r actio ns be,:wee-

df-=ndi%' a::-c~af,: and incoming i s-:riko:s. Th, Sirula-
- . , M- a--= concerned -vt h -I-Iq atHclc'ogy -an f lcaoc of

laur. che-=-t argr pair ing, weapon sei31cri-on , f izing cr~

warhea Zuccsss cr failurez and ba--tle,= damage assessmant. Arn

:n c --m n- ai: strike i.s composed~ exc ius _4v,-2.y of cihr

airzraft e.-: oieMissil -s. Ta es G S Drcvi-dzE saa:a-a

sets o-f zzr csjrss to rno15l ths-:w,) v:ansc: sr

c zniP cs:Eic n This chaptat porcvidas a -thoro'cg* es:co
cf- the ai-oarmodelE for bc-.h stri-ks crou p types.

~Jus-: as -the actual. se-asncing -)I Pvzer.- cci: :n in

j.;:~ 4.-c .2cur snaageneBnt nhas-es. They arse h

Pha~z, z1Ia Shoot Phase, the EngagsMen': PCesuln- Pnase an. thi

Fre-e laur-oh-rs Phass. The manNWGS proceduaes w~hich define
t:-eSe p'haSeS ar:

" ! 19 ACAC TGTTNG (Airra::- vs Ai;.craft' Ta~gstir.q),

"*-2 '2AC AC 2 (A-Ircraft vs A::*craft- Enga-gement) ,

" M 19 AC M SL 7GING ( AirCr:a ft' vs iseTagt;)

" M20AC MSL (Aircraft vs Mlssile 2ngagererrt).

Ssveral additional subroutines are callad ty these proce-
durss durin,-g =each of the engagament phazes. Ths7 are ilen-
ti-fied ani Isscribel under their appropriate phase heading.

lach engagement phase descilption includes a. SSnarate
subsectic-, for aircraft and miszsile strike descr-iptions.

27

A



rrhrcuggaout -.Ii model desc=_4pzIons. in th14S C..

r~fetrezces to thi Pa~t icula: saaesmsat phase nan_

s-: -_e cc -siio aze used in ieu of the NICdS S c::

La M'aS This i-s !one to inprcve the clarity and flcw -'it~
oft- n c'irplex deScriptions. A d,.scussion hc-e s h- ;z

ticnishic between the engagaraent ph-ases and -thr I'gcS -::ccs-

dura :- wi I. From o ts this ef .4ort.
The Tarastina Phase ias pzzf:=m-,d by thp Docq,4_u=

M19_ AC_AC TGTIG or YI9_AC_- SLTGING~ deparding or; -:he: ai7

s-rik: cc rn os to n. Th e ;--ma -*n -: :ee pha ses Snoct,

E--ga g rn: Rses ut a nd Fr :E Lau -,chz: s a: a a cc,-npDI -'s h :-d b y h

p~ocedu:s M2OAC-AC 2 or 1120_AC ISL .dpnig qi n nth _

strike C: cu CCmIOositi_,r.. Th e z P two Z:oc?4zu-.CS az.z each

cividad ---4c thrae diJ-ffrent antzy points. 7_ac!h entry PC_:It

pr:fcrnS cr:=- of the three rernaitn; angagse-tnpass

fc: :uztheZ clar-ificani -cz, all reeecstc :c-

inS f -:h-is chiapter wil appeaz in uoppr cis nxt.

e qno to ac=ua- rogr a mVar ia;il 97 na 2es wil1 a1p'2aa

w I in g - a u cta t 'cn marks (1 ') . HoCW eVer, =_S C S 13

f aSib -; roa=,Lmainie ar E :f sre d --o by gs-eral

duEc:tic7 ra thzr tl-.an by actual aammes.

2. P la z a ryL 2nm et

Th.-,- saction of th e chaPte: over=view prov4idss the
rw hd:w~ a feaw clar-f ying ccncsepts= for the 1 e ta _4 I

procc=du~e de scripti-ons. Fir=st, it is helpful to have in

uris~.estarndirg of- t h, rla tic n s h-- betwse the air-te-air

Sngagemsents routines with respec-t to- the on-goinn wa: game.

Secod, h e r:cle o f sensor letections in- the a--= batte-
model1ing 4is important to realIze. Finally, very gener=a!

descript.ions of each of the engagement phase-s are gi-ven to

clar-ify thei*r relaticnships.

While, A-he war game is in, progress, access to ths

a'r-tc-ai_= r-jnaqement routines is preceded by movement o:
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tha ai4-r s trik s and the defen.ding aircraft. e -

pez-for;: by the VWGS kinematIcs Zouti.aes. At 6 ths LaI. z.23m

all ac-:ivatel sensors are z-valuazed through the pir-; :: c 4-

execut n o f t:h:- NWGS detec--icn routines. Ths air-tc-ai.:

mod~tls ars activate d by the enqage~terz: contro]. moduls once a

twa)-sidsd engagement las been 5~fndand the opposing SidgS

have bezn id~entifie d by the YNiGS detection routr.-eS. Tha

er~aane~t:~ts mvay -L-iitiated by playsr ccrmani oz

autonian..-call =-E a :esu].t cf Ioc-_zinal cont!rocl of forces.

In eih:casa, the engagemAent pDocesrnc is -.he saxe. in

the An-i:Wfaoarmna, the air Oan:tlq Simulatior~s are

f-.l1c we.- by -:he Sjr'ac?-to-AirT and the Air-to-Suz--cq b=-'c.-

S* Mulati-cnze. In other arsenas, thay mnay be fcl1--el only by

Ah Ai:-Su 7: _cC tat--:!, simu-a:t-ns o r ba tn i F_

1xcue .: Cl ct-'V'? sensirs oarlticiating n:he ~a
9 m. A Flay er must have iecon in-formatticr avaflabl=

t~foe -~~ngeen ooc~iesca ze : pnd owevar,

d tz c~ i n .i'o:a z *om -. Isrct usz 1_-Z= iac 1y bv any f thieL

a r-tc-aiz: -aa2er~t m.e2s. Th e 'WGS ph2.zsophy sn:-es

4- an actual N1aval Combat aituatian, suff--cient Ssnsor

daa salways available to executes the recassary engage-

ments (Ref. 6). For this reason, the NWGS assumss t-hat i-

is unnecessary to ccnrecn: the detection simulatior to -he

air-tc-afir rzngage-ment simulation.

Ths follcwing Is a n int:rductory dcrtcnof the

N1WGS air-tc-air angagement phasss of execution. It pr:ovi-des

the cverall understanding of the goals of sach phase for thae

'deta±1eil moeel discussio n. Recall the four engagement

phases are: Pae

* Tile Shoct Phase,

* Ths Enciagement Result Phass,

o The Free Launchers Phase.
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The~rai~rhaji deter~nines launcher an

P a-t!C:. sligIbility for engagemnt, b-=ssd --n th :;

capa t il-t I e of the Jaunch ?rls weapon complim-in..

l~aunche:, wsapor. std target platform combi.ati.ors

se-aage ars ±-;dnt±fied for entzy -,*t-- the Shc: t Pa~

C' 22 3e- valuat-?s all cf these Doteftial r aa n

c -ma -i zs v) de:mine which will actually 'ernggs. h

:gi,4rm--aticn is rmale th-:ough t>.s zvalap-ton of prb

a.iycf laianchr ccnversicn for -2,ch ccmLb-.nat4 cn. Th,

Shoc:, Phase= then qx:ut'-% ar~ a ctu a! wraP sv7s expsniritr1:.

.7 Uq ll a ~su- Fhase 4s sced-ulad fcr ac-tiva-iCn a-:

ti,-. sxpectee tim:e of wapcf-arqs' imoact. This- ph-ase --:en

evI.ualis 4ihe ef-fec4tiv3es of each- fir~d wz po thr=culh t:i'

roaiiyo' k-Ill e va Tr . Ths v au-aticn ,ise-z eln"IS

a de~:"C or a Z-ochastic n:vzh,: t *' -;n,

a nAt up 42 a S 4 C: MeAi. CnSo ;4 :st ha-. t I la nC :7

availablr fr creas~

E. TIAPG!T!G PHASE

1. Ov ~iw

The Targen inq Phase :ts pzerf,:r md ly the- prcc -- ur,

~1_ C C ~% M 19 ALC M2LGTING, ds~sr.din'-g on- ths air

s-rike c-:Tositi-'n. .119_ACACTGING is h ? ai4rc=Maf

ta r I n q FrD c eur s and I 19-AC-,SL3GI4G 4 S t h c:r'i-*s e

misietarg~eting prccsdure. Fach procsdare, With ;;ts a3s-=C

Ciatei subrcutiness MC-1els the lcgical proc'?ssas of pa::ling

r-tz:,-.IlW'sao' laut-hi'nq alrcraft viti, targat pla--fc=ns.

The- airzcraft targeting procc3are considers thI efedin

aircraft and ths attacking stri-ke- groap airzraft as pc-:sn-

1:a launchers. Thv missils target-ifg procedurei Is o-na-

sieA n iLs respect.
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-ach- call tc or4 C:C t*-zz :rocA~u:"zS cc~-:-

s n q.1e s zr i k ; 7roupc f &arcr:a-t or cruise misilzE. A.

a...ra'-: s-:i-ke may include Eaveral tzacks, sach ;v : i-

cwn su~zask o: m.-saicn as~.n. crulas rnsi~~~k3'

wna!h Z- zu:.ac- suhsuzface- or i-uch, i

consids:zA3 as a sing2q houmoganreous 16-r ac k. :: ;S-: _--!

to rncte '*hat a singls track of a-*rcraft c: T4-zf1s -a-,

corsist cf on o: r~ a platforas. ifni~ ircraft ari

ccmpcs: cf C onba t Air Patrol (CAP) and Deck La u rh

In.' r cer_-c~s (DLI). All availatle CAP nAd DLI r :~-

with th~ pa-t" c ula r k a k3 :- n co s a :i r th

proce~s.

-C-!" D=CC~dur-qS accsss Sevi-rai.57e com:iCr. V:c'q-

du r Zs ar -,d ucrcut::n.s t hal a S S iS S thi c A

F:cceEss ne . u. S ~o u -- :i zs iva2-ll -o t-> h a-~ r 7

d&i aS a:,E T _R G E7.1 G i n!.iZ PQ F Z!--CHECK S Ub r U-t B

u z 2 cnly -y Z = ~c ra ft t aroatin g p r c' cu r a -Idth

C 3 0 - 0 X L lI Y, LISP LAT', 0 A 5 P A! 3S, AS SI3N YUL!

C B2nA 17S z u b zcu n -s , '.-Ich a re -aii& by both s. :n cr -

2. 1 shc ws t 1-1 Tarcering Ph a se pzcc =-juz e an I s u bzC:uin

a .ir arc y.

T :C u gr. o u th S T ar g st I g ?ha=s= ci-sc~iotio., M CS:

procq:aim vaziahbzZ a:-= -f~- qri to _: ~ nar al desc=:;:::ve

z n S. Pcwivaer, a few of: t hs act ual. variabl2! nam s aza usq

np Bat=.Ily ;ani1pl a ccnSire -- -94 rz zff:icti4v- t' n

h eir g en eral i --s cri_-p -i-oP.s . Two 0of th1QS= a4 vah! -as,

'~ trie:ity -d 'ai-ra4rpair*', raoressr.-: large data

Strictures. Th 'st:eetiy vezriable i_- referred to

as a table. It conta-is all cf the necsssary informa--icr. to

def ine ths ptctntial air battls. T h -3 air-air. pai=' data
sor=icture_ is alzso a table. As the nam; impAiles, it co)ntains

t'- n3 laurchsr an.i taqr:- p a izs createzd by the Ta!-ret 4 q
Pss T Z Str k e ix' va r -able is t a ind ax t o a s~s c-4fic
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Figure 2.1 aircraft and Missile Targeting Phase Subroutines.
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'a'valse all cne dimans-Ional limits used inct"

T'- arg~ting Phsa-s nnitiatad when the s.n

c:nt rc . mo Cu 1 calls one of the z-:a rasti nq :o- -icc =S.

Enegardl'sss cf which Frocedurs is neing callad, -!he ccn::tol

Tod'Il1e passes ths single Index raramate: Istrik= x I. n.i

indsx p:cvJirds access to the q s:ike enti*ty' 4-able, 'dhch

totally d,,-ir4es the Ectential air battle. Ths re-Sut -_f the:

Tazietira 'Pha se is the globally I sinesd _3 a-, s t u ct uz

' a-: pair'. This table cont-ais -ths selected lauich-;;7

weapon and target platform ccnmbiratiLons wit-h the assccia- _

data nseeded by subssquent engagecent phas=E!s -!o colnuc

2. Ai~f Tr astn C',

The airczaft targating p:oce-_;urs M 19 AC AC TrI

_ ~c r S t he Targeting Phase when t h szrike cr: ur
ccnc~of aicraft. It csie all :~the tracks whic .

hlc ~'S - ZOI --:o :Zn p Z C

erg-agam-nt pa. r :-gs. All available CA? a-d DLI aircrlfJa

cOnsidaed as will. Appendix A (p.135) and ApFen!diX 2

(p. 1 9 5) shcw thi prccedure azd model flows for the aizcraft

a. Initializatio7

Upon init--a2 acti-vaticr, -.he aircraf-t twge:na

procedurie uses tle 'strike ix' rnaramet.er to access iforma-

ti;C n reIlative to theG stri ke arc-ip and the pot ential air

1: t I Amon g the variables which --rz: then inritializsd area
thq fc::"cw-.r.q e ngagement parameters:
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* 1~. n~~.rumber of CAP a:af.6 inclucded in .17 :A

tzacko,

*the rurnhe: of tracks inclulld it the strike a:~g:vs.:

as m:ss~cn. s'btasks,

*z t!he -total rumber cf aircraft in the s-riks crou::.

Als ct-:a_'ned, are the indiciz to game data tasa teibis-

w*-dch idcsnt-'f Y t hs i.ndivi-dual CA? ami st:ikze group air;-c:af-

t rack S. Ths 'wpn 1imit'1 var-Lable is set at this:no

a cc !:d q - c sh sE ecf t he s _- b a ttl6e. T*-~

cths = taroenio lmI 4_S a==- discusssd in dstail in subs sct-io-
Id)

The Zsmalrds of t"19- Ta:;e-ting 2haZa iS divce

_'t- twO halve*s. Tbe fi--rst half -4valuateS the CAP aircraft

as launcers =-:: ai~craft as t~zs

The- zccnd '-%If perfcrms th-e san-e task i t h s rcl 1 of

Launcher arnd target zeversed. I - hs a 1. cw s th s a Ir - 1c- E

capahl .ctrie -ci ths coportunity to -ar g, th .

ac . cC -. . m:co.s ta Mi e~v. iC 6 010 cal

= :emain:dr Cz in Ta:-_;ng PhaSe_ is sr.a

us*7ng tegineral ts:zs launchs: and taroet in place of CA-

a'nd stri-ke= air_-crafr:. The -=-.cessing point. at which -.1i

:ol-.s Pre rsvsersed is i i s i s r a t the a-)ropriate ti-'me
durIng 711-- dscri pt Icn.

Each of t'- 'tollcving suOsscti-ons :eSpressrts a

zeauennnial subphase of the Fzccessing for th=. &Airc~aft

Ta=_g-c tng Phase.

h. Weapons Freie Check

Thi's secti.cn of the Targeting Phass daztez3,_ :e-=

which co4 the launcher aircraft are qa Ife f or f urther-

Frocs ss * r. For ach potential launcher track, the subrou-

4Ve 'AO!US FR-- CH1CK is called tc qvaluateechtac'
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clarac~e-tc-fir:9 status. AFpen.ix A (p.1L40) Z,-

prccedvrs flow fc: th-4s sub~ou-_n-3.

W:-APO0'4SFREE -CH ECK ava2.uates the f ir S tI cr f

c-- 'sach laurnchsr track. if the fir:st aircraf-: h _ b __n

ass~cnzf a weapors-free status, then a!.' othsZ of

th a t ::ack ars a~ssum~ed to havea thz same s ta,: u Z

vaapcns-f~ee status _-s assigned luri'ng gams play by z

F-ppzcp: ate authority and ztore d -rn eac h a -*.r,: aft' t

bas_.z_ tablet. This sutzc-xins also keeps a :uinng cour.- cf

.61,a total rnumbe: o! gqalifiad launcher 0nca: Ov

!a un c h 2r t:a--k s wt4Ch w=_aap o ns- frz s tat us a s z :c ccs.s

f u : . r . T 4-eZ-s q u a I-f i sd I an c hr t :a cks ara indExel in a

seloaza--m t-atla for further pzccssing.

C. Fangs Determinaticr.

lI nchs S the-- mnain control l:-Dp of :aec aircraft rg -tc;

n~c~ieexeciress t~-e ccn-: aq-:c :css ..

tar~t rzAc'l at a t -,:. -Po c-i :it n-.

71 3n L. r'k -tni.tac:s

waj~crs-fr:e- I unc hs = s e. b -3, :,7 c.- .si-'d zreia f r t ar 11

The S'UbrCutir? MI3Q _--OXI1AITY is no-w calle -:o

pertf:rn th s launchez to ta:qe:, track riaederiac.
*' 'SS rcurutine r uses 14 great-circle r -=- g: g ro utin s tc

cal vilae ,E he r aagess betwee:. the t --- g - track an! ?vz: y
eliitl luncertrack. It than oresthe launcher t-racks

accor:di-ng tc increasing range from the subject target track.

Taq result. of this subrrouItirne 4-s a table c_1 launcher-targs:

Irack p'aizings by increa sing range. The tabisd =-rnges

r--rpesen: the distance along the surfacs of t-hq qlobr- anld do

not accstnt for track altitude.

When the range determinat:Jor is comple-s for a

par:±icular tarast track, the subroutiA'ne LIST-PLAT is call.

MhiS SUtroutine identifies and tables rhe individual ta:,79t
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a-rcraf'l withir 4 he subject ta~gat t:ack. It F S c

minas th= tctal rumbc-: of -Jraf intke ta.:qet t:itc!.

Pr-'.o z to performing the ac-:ual t-fi

2a ch p a -t ic ul -t arge t t:,ac k, t!h:,e I. aini -tirJ -g p~ : a -a - tu

b s evaluated an~d sit. T h s- aame,:ar ram-s m- r :!A X'

T h '".AX' paramAe:3r .S t.he mximii num'b-M 0-

laurhs: c-r-=t that may ts a.-:slgn3s c Ca:_ hI-a

rnibe: of :'au.nchr-:s available a.-, the r:c c:

tha tar;-,t t::=:c* ts -,he t-:ta. numblB: z e~~i

bai- z1e. T he m:z~ -- Z - Ir.v nt: f ac to 0 r:S:s P- t S t

"1AX =(R *TL *CST / T- ))+ ).5,(.)

s z t h,7 t rac k -,n is s *c r w,--i gh g f ac :c': ,

TL the zumter of si-iib lauce isr5

ST =-hn numter zfaircraft in7 pta:.g-t trick.

T= th t c4 p ,l imbar cf a i: craf I in t h - s- r ik=.

The 'wp:r-limi-t I pa~aie-ir --I z- -1:cI as t h-

vi.ximuT rumibr of t--mes that a si-ng7Lz target aicatmay be

tar Zsted at a given time'n. This param3ter value is- assignal

ba-zd on t hs size of the Fot11ential air ba Ittl1e. I f t la

nmb,er :)f CAP aircraft and the number :>F stri-ke airzc raf ar~

koth greatez than t wc, th en th eg w r a uit' II S set -c two
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(2) . ewi s q, th 14-. list is Z -.o one(1
sma1 e r a-,: battls. Ti ag~n ii p~~ :

du:rc the cne-to-cne targating phase wh-t.ch is 1I Z cun

subsect -cn (,;-l) . The oe-'7-c.% tar:7aet in a C cw

Iauncha:S -to be assiqined only ors -:a--get alrcraft.

Taximumr numbsr cf tirnms t.hat a sir-le aage mac:t ny b~

ag e t s a- a gi-vez zine including h cc:-4dza-:-':r OX

u'ulz--i-a::'e--ing lalanchse-s. T*-Is ta qgae .g0

c::lv du-:i-g the w~ c-ag hi~ Ihs wch iss .Z

subcs~cti 4cn (e-2). Tabla I s-umia= zas -h; as=ine

TABLZ I

A:craft Targeting Phass Li-:its and Weigh-.ing Fa-ctc:s

j WEIGH7ING LARGE AIR jSMALL AIR
MISSION BATTLE BATTLE

FACTOR >2 PER SIDE -=2 PER SICE

1 1 2
STRIKE 1.5 3 1

2 * 1

ECSORT 1.2 2 2

OTHER 0.8 2 *

CAP _ __ _ as__ __ _ 1. 2*

TARGETS L 123 2
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Tha ~:cattarge.ig procedure n,-w. Ic. I

s ub rou t Ir.es TARG ETI NG t C p sr fo r m th s d z-c - SJon anaIy S L

tzac k. Thi-s s,,hbo,,-i::e search~e for anpropra-

tion.s of launicher aircraft, wsapo. type an.d trgrst ::,t

The subrclti-ne executes in -.WC Secmqn:tS. Ths first =-Orn

Frf o rms C rq-,o -C . a t pa rg C f r.)1nc s 0o

azs :qn: g a-- ~cs- o -I t a t o a I au Thze Scccn4

S,;ae i'+ c rEe- e s a dd :t i or, 1 a I e tiaass

Fraicusr laurch5Fiaz t h hs a:: qor: I n.

CAB P.412S su-nroutins cr ths ASSIG :t3ILrI sub: Iinr --S -iFP-I

SStcrte t -e - ces s a rv f -,:: Ma t --C. W, ich s u t zc ur

__s .1SnI -C t!Iq sseant ha t i 3s 7.:c C xut!

-a:ar~i':abis for accss du!-. I: ars-- a na 7.~-

mSan: rhasses. Apzrerdi x A (p.141) a7:-- Ap p J~ B ~19

~ C: idzIr S and ta -~c 7.c 2. f --:) w Ior s~~c~

con s -ir a 2. a vaila1 22 iu a 1. liuache: icaz:~

single~ tz-:act track cf in s Iniiall encournts:-Ed

this segren: of p-roc--ssi4-g is a pair of nss-.=- pr:zc,,uri2

loops. T I-,q out S loop i-rc:-mnnS through each Ila u:. Ch

t--ack. :h i'nrsr loop Ssps -!hrouah z:he i2.ii-ial ~ce
ai.=caft wineach track . -7ithez Ioop, may be? sxite! if

the "MAXI" numbs= of laurchs: assig m-nts f~ this --r :

track is rqachsd.

For each launchsz airczaft that is ava.-u-

at e' two In".tiaJ. status chscks az:- perforyned. The f:s

c cco-,16i-ms that the potential launchez is no-le~
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d :yC-d. T h s ErJ c n C-7 d -S L t ha: th --

a::c ra. 4s not airseiy ass igcid. if af~ Z- 0 .

fievaluation of that launch: is bypasss,.

0 :ihS a v B C:
s'ccess.Ul, t!_hsn pzccessing cf: t ha Q r - 'CU1, -

cortinuas. At this p o int t e sin 3 ;a Ii:C

-ha la'i-cher aircraft's waa.-cn cc.:lnen: z t:- I.

w4-aner : xtoard 4khe 1til la un C: s v~u~ fo S:.-

a, 1o r deZ si their r arx a cz-a b y Ln a -: a-

w E;c r S ar:e - va2uat,=I f--:-st. SA~ C>~ f

:1 I I r t ili daty Zn itas ~ x -e WEa CrC: E:
.: - - :

a:a Mt-- -- .s= .. ccezS -7 C .. 3

Z c u n ws 0~~e n 0 aca 1 :cs !-.7! S u

~ >vc. if a sitisfactory W : is :z:S

crccSs r, Cf tI'S'nr.rb~sa:a&ac

T~cs wil. xc '_vsa -, Ia .s . s

w~. -:he abocve wea~cn evalua::ion s::uct~i:e. c.- -

t*z ituc:-= r tha selecl .i w~a-.cr while s:t'--

vtdu&. -a:get aircraft as pc:-rn-lial ta:3c--:s. Two ii., vidua.

ssazch prccessss miay be co-.:ucted to f i ,d a r apprczria

"a.i-ng. Th - fir St spa rch ?Valuates altern z-.a t S 1: z(Ie t

aiwzc :aft inth,? track. This method :,S uzed -at qu:-

:re: ping iS f oun o: hal of th icat W4n~-r
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track have tss: -targee. If no pzai::-r.g --s found u-t.

~arc neh5or- 'hall- off th!e a~rcra:: ars targe4-= --

secord F:ia~ch msthocd is axecut23d. The seconl t--hc; -rt-

-Zesz :?v=:- taroet afrcralt in -etrack Un.til a ar:

focuan d. The tirast evaluaticr, wlt.:r these sea=rchn-S c::

cf twc tzrgset status chr-cks. The fir4st c-eck conF--r=7s t

t he t6ar~gcet air craft has n~ot alraeady been. VItoyd ah

semcnl ch-ack dztz-mir4  Lf - rt- a-4--rrC a has al: adv

beeni tarqa- cl to its limit 'n ii *If theCSe: t wc ch-Sck-

are Z at: 4S-'a cc : v, h en t1,he sub r-,u z OX.- ~A 17S -s cal-'=

S-tor:= thle launc,-r-wea~on ant- taroen: 1'r ai'r air' :cxa

t _4 O In a quali-fled tarce::t can- no:- foulni -:cr n:

launcher afweapon, then we-h: appon on t-hiS luce

A ftr E a a urn: .nar a -,rcr-a~ ,

czir Z o C taret , -h1 S U C U7in e T AER TIN GW jil c Inun'I

to -Ic : nt Chru gh th s a-.in Ch rs r mS-IZ--*na w s n n z;m7.:-c

mz-nl- Eowvsr, th s subrcut islcgic: dZ.1 y a 11 w anotCer

ca cf- :r :-at l aunche.r 'nd~ t sn:ecial 2. c.m-

: cs. 'h wqapn- - v)e u.:b a

c zr a n anr e c nnm s s:.I w a c.- , szi ca a s a rock=et. i

,the only exc=pticr z 0 th Sinals ar: rerlance

zulz fc:- t,-e cns=-tc-cons ao:n sez-nert. Fven in t _4 2

cass, a smi:1e weapon m ay only be! assig~ned to one targst.

At the cc~enmo: unone r :ca-

F :Oc =-ss ng , whr-ther a targe7ti-:lg isnnmn s ron rcnt,

t-c subroutin;.e TARGETING inc z: en,: So - c next. a--=c:-If

t *- la u n Ch track and renca - avaluat ion ssq-isacing.

At t.he ccmplstion of each I a *.-. aZ ra c.K ~c ss -n i. , -11

nsxt moze -distant lauincher tr-ack is rcccss=,!, uti-l all

avai-labls launchar tracks have be-en evaluatsd. The onlyv

limiting factors in effect duri.ng tine orne-t1-ne -:arg-ti4nq

ssgment are the 'max' paetrfcr -nLs tarce: -rack and

the 'pnlii:' a~amv-ter, bo-th -''cuss=ed ali

'i0



(2) ~u:a~t2Szcmeat. Wh!= ;

aual.i::e-- pa-rin gs have been id P-r - 1 fi e d i r. te z- :n e
-;,a= 4 et g sBg a ant, ths m u I I - -ta zg -st in g o

trarzk bacts. Thiz z,:gnent consids:s a:: Of -- -

-tne cu::'~nt -_a 7g e .t t::a c w h s -h s a2.:eadv

r! I cnly :aun c !her a _4 c =a ft t hat are consid~rse_ ar=z thcsce

w.ic h have already teen a ssigned to~ t ar ae -1S :s
t -It - 1e. A. n nia c !h-sck _z tr m i - sI f a ny p airzs ex ist Jn

,Ihe I ar an mair' ta-1c :atrs ;?xist, th =: n u!-
tarc,=enc crccss~z -c f-jr:zer an;" csznroj rn : iur na :z

Ma,-. eirc= aft -ara: sz:rg F~ocsd :r t-o p z c s s the rx-

,=-=c k .

If: F ais dc 'cinin '' 'ai ar

tlbls-z thi=-11s a-' be ttl, thec-n th-.e l;t:eagsecmer,

-;n~w---:- a Pair c: :neste cz The., A:

"Oo svrlua:._s ?ac,-ica t- suDject -

~:eah aretaic.;ttd statuS ch4ecks azeme:: t

~frt check corlz_.:Ms that -Lz-z z. ta =-. a Irczat nAsZ -0

~-Y Isesc - --

c fa~n~ t s s= h every al; 1 c- at p ai c u rgnt

.- ar ai~r tar ta b.1A fr th subiszt a-:
bat. A sarch is ccnductsffo a laInc .=e: ai~craft arnf

salctEd weap'on with ul-arengcapability to pai: _ t

.. e 7a=-nicul.r nre a::rra: k. A auncher wil 1 o1 be

acssi gn --d again tc the sa ma targst iircra ft. If a gual40d

xatc!h is fcund for this trgtaircraft and more thaz one

=,-adcf --he selected weapon la available, ther, th, su =cu-

tir.s ASSIGN iULTI is called tc ald thes addiil p&a;iro t-o

the 'ara:~i'table. 4her a pairing --::r thi-s tarqge-

aicrf:ms bgeen f CUr-i th e in-a : bop IS _-xited and t:I



ca,: =.-,c z; -nczsants tc +h :xt aircraft h '-

.L~ack. If no ma-.ch ;;s foun~d for any o, ta-ge=

F o 9 s a f-t s =valuating all 1IJgtia laurichars,

s1-~gtn se g m e is zarna:z. an! cz:c 1 iS

'119 AC~ AC §GTIN G for procssin-g cf the n e x t, :
(3) Su~itr~. The subrcu'.i-n:-s OAB ?AI.S,

iA2SLL\ N!ULTI and ORDEE ?L:R ar-- acce:ssa-d by te Z 11It:z ,- --

I" R3t;- :'.:;G ~ur - n t h c-~ Ln i1'ial ra ck r a gtn ap~as

t- 7-t;:I a s Ec m iz =ec:rzs th -- data. --or saca I-'ir r a1: :
:s : i ;d O= further sngalem ent F~or, sng. I

~riiai~ an~i~sra -n :n at.Ire. This Zubrcu-tirn a--

c:> c:es te 1air a::r P a:' -able w 1-ch Will1 b.- assl by,

im ra.::a n anga c ma n: rcU--::SS -:0 ex 4c "t z h

z--.crm Fami task aS QAcAhi xzsp-: it ---- c-'

k Z a r na total. col: un rh , a r anc-

an~ -~th prt'-~' -ar~:tra-k ' aOrcc~~:

THIS ccur:- -4S us--'4 ::teSub:'uti-ne TA.RGZ'3, fc: c:s,::-

~~ tI, m~X 1it. ic a target. m :ma3 b=-

tarcst'sd mors than, orce, -the subrou-:ine ODR iA~S is ~s-
tc sc=r: -- ara: ar at!-~ to kez pairs withC th-4 Sams

-n-t ccha z the ta blt. Thi s-- done to si'lf v

-zc~s::a dunriq the Engagemfn:t Fasu2 .- I ?a z s This s=trcu-

t in a -6 czalled by both CAB-PAIRS and AsSI3:ndLTI
A (p. 146-1419) shows the flow for thase subrocutineas.

f.Other Targa- Tracks

The subrouti-ne TARGETING raturns controcl -.c the1

ai'rzftft tarq ?ting procsdur? M19-AC AC TGTING. The m a -4

con-,rc. a":ct of -,his procedure inrmnsto thiz next -rarct

tr.ic k an r,:z ap .ats the -4css: a~z 9a dy deszcibc-d



b~qini:~with therang ~ee~i~tot. When. all

d~r. J ar gel, rack~s b-v icn pr- c a z s -aI ne

a :f tnazti ng p~ccsdure haS !b,:n cc~plet ed.

fizs- half --a ccomplated, than the lauanchs= arAtac!

a=.z =evz:s.zd and sequsn zinqbgi aga_'n at the= wzazc'-S t_-

chsc k. When both halves az-= comleted, ar f -
for this tara_3tj-g inraVal is4= Ds~ Th= OnIV ncti:a-z

elffer~ince tstwas the t-wo he Iv S of -.hc - c~P

ofB e iff a =e n-- variaol as to id e ,tiy ze a rp: priatz

- a~rpa~rtables.

g. prepare for Shocot PHasse

AW this PC i -t, the x: l:tIz Z

ments h ar craft t argr''no turnz

a eae t Fto. 71n 'o_:0 7)ul an:4 tne p S n5.a e.. C

are- _-:I e: ately made a7aj2al -c thes a4=-to-*i re-cT g=-n-

=oci=!uze. calls fcr tza:geti-nC s e otha:: 0 s::: gr ps

a..d "-ir associat ed e ni;aizf w--*l -

-~ -a:: zsen - 4nt.'zrva1fm zren

srikE ccve i- the r)~i .i:) W:. ZeDzeL

Th-' pr-,cass ijlcsx-itnue unt:--'-' he sISe is IES ':rVI c:

th:e s-:=i-'k arouo) reaches the crosscvzi: rance.

3. Taiistiiie

ITh e missile tarce:1r.g procslur-i E19 NC SL TGCWG!7,

psrforw-- the Ta~qqtir~g Phase for= air strikms comcs'e' of:9

crui se x iLs sI-Is s. 11he c r uisq i s s -- st r -k a, W h S-_ e

surface-, subsurface- oz air-launched, is always csnir_-aed

a single hcmoqensous track. All avail:abize CAP and DLI

a-rcraft ara cons idered as potaenti al launche rs w h -n

Froze ss' :a for appropriate engageinent p a irIn g. Apprindix A
(p. 176) and !%ppendix B (p.204) sh!Dw the procedure ani basic

mod--- fi'cws for the missile Targatini Phase. Appsndix A

43



(p. 1'46) a-lZo shows -the flow for -the subroutnasCA
ASS TGN MULT:_ and 03rER PAIR acczsaed during ~h - -i

Targeting ?hass..

Th S modalina msthodology u ze d for am

airczafn T.rapt-I ng Phase. For this reason, f:.e to _nng

dscir:ion discusses only the effecrtive differrncest.wtr
the missie1- and aircraft Target-ing Phases.

The? only notable modeling differencis bse.ws~n --h=

=caf rna-t-ing Phas and -:ha missil'e Targstino phas ar

h. sh dst erm nnat14c r, c f th s :a rg n q ~ -g

SnssI-e vnrike-: consi sso r homogenecus trac of cru'se

,-.se ta.-7-cets, there is no need for a liitinri paarnzr

i-ks 'IMAX' tc r as tr Ict the=- numbser ci launchser assi:.M=ents.

T' m cnme-tc-cne _ar ge-cirg li It 'w~ cIi :ait, IS S=: exact> 1vMS

~n h~ a:ca~tTagehn Pas Ho W-3ve: , kh ui

t6ar a -tz g limi4-t I'm t m It is Se t nos the constant v au o f
two (2) 4for cruiso MiSS4 le targsts. T j1i4S -- ~an zZ ha t a

a n Cl =ru. sa m iss 1q may nev:r be tarseted by mr- thzn two

:r.fni a:zaft it onit tims.

7 h s m I SS -'6e T ar-gesng 2- as S, in I

s t z=a m I -'n -= t ha n t he ai1: rra f Targeting Phase. An. ObViCUS
reason -:C.: thisz is that the orun-SS missiles are nct provid

an opport unity tc en-jage ths eedn ai~c~aft. T;-e: e fr:re,

a-~ nC :oC.e reverSal cod4ing necessary. Also, h

mssile= targeting proctedur~t i-n-tanally pe-7fcrms Its owr

viapors fres checks and i-ndi-vidual tr-ack tarcen-irc withcu:
PacceMSSino subroutinss. W h s p sr f -_=mingq the weapons free

c.a c k S, -he airczaft targeting procadur checks ConlIy th
fi r St aircraft in each launcher track. The g issijm

tarasting prccedure checks each potcential launcher aircraft
dcLrsctly c r a weapczs-frss rules-of-engagement status.

th: eubroutines i,-c lud Ing 2!3OPRQXlI1ITY, LIST-PLATF

CAB PAI2-30 ASSIGIT-ULTI ard O?D2R PAIRS arc- usled by th=

4L4



is le 'arqsetino Phase and perfcrm thev same tasks as 7,

aircraft Targeting Phase?.

C. SHO0T PHASE

1*Cvr1v"=W

The ai-oarengageirant Shoot Phase ccmnenca-= at

the f I:: st entry pcint of th? p-roc- du~ M20 AC AC 2 0

r120-AC-AEL, depending on thm the air 3tr-Lka ccmposin-ion.

Ins Drocedure M20-ACAC-2 is the? NWGS level 'two art-n

a rzza:: enapmn roce-dura. -he Krcdr 20 AC :-4SL

the NWGS air--to-air crulse mssile1 sngagenejint procezurs.

The Shoct Phase mod a.s the pr:e.Ia u::ch f:rsE 4h ich

cc~rbueto -:hl? success failuara cfth=lunch, 1ai;c:af-

inachieving a firing pcs:ion. The.mse fa-ct.ors a::q u=sAd 1--y

Ihs Sh-oot Ph aEs' to dr-ternmi-e wnaicl la-inchaEs will Ectuaz--'v

sngage targlsts. The call to t:nis phase will evaluamte svFrv

psndi'ng sngags-1qnt pin create-d by the :-arge-:Jna F'-s

for ,e curren-: air st:.-k=e. T4he Shoot Phase tesrmiratss with

teex -cur-on ,-f -:h,; act ual weaccreondnue

c co m p zt ion of a a .nl g Ph -s e,
ge~i g a ag2- :n t are is- el In a s ingl S 'a Z.r ir ai

t-Able. The Shoot Phasa avalua---,S each n:a rgesd pair tass

CM its potsntial for success. Th.s =vd-uat4-n ccns--de~s h

a-iai2.ab*Ilitv of Grourd Control Inrtarcept vpec-or-:,a, Air'cbo:n~i

aryWarin-g, snvironme-ntal wsatne: errfects, f ire control.

and weacorI a-unchr reliability dn electroni-c wa ='c--7
ef" cts.

The -factors above aze used to calculate thei prob-

anIli-ty of conversion OPCO111V'. The '?CONV' represents -he

likalihood that the launche-r aircraft will-& reach a satisfic-

tory weapor launch posi-tion ard thsn accomplish the launch.

Ec: each engagement pai-r, tha calculad tCONIV, a-

the wea::cn pzobabiliy of ki 'P-KSS' are use-d tc .--tn-
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tH a actual weapon expe:nditu~te. Th 9 ShCoot Pae:':

pro v: both dzterm-inistic and s,:ccnas4--c method-

weapcn expenditure dete~minaticn.

The Shoot Phase Drocessas wil1 de~ats scm-

engexn- pa_:: ngs creatad bY the Targeting Ph~- F: :

_ ~ a: pars th at s ur v ive -_he aav alu11a t io Z Sho -:ac

executes -the logist cs of or:-.nance expanditure for :th

launche:rcat Each wsapop timie of flgtis calculat-ed

nr c=Qer t approximate an Mpact t i mc Th avsrag3

expscted wsapon -target -- n pa ct :e i P Js use-d to s ch sdu 'A
acceBs s ~C zn _ry point t-wo of the appropr~:t e ra a sm -c

p--ocsdure. Entry po-int two wil11 then parfc::n the Engagemnn

Fasult 711ase.

'the Shoot Phases of the aJ.=c~af1- engag-4men- an -h

issilcen9 ga anns procedures acciss seivsral syst--m c..,en

s abzc uti:_ S. many of thse- sabrou-ti-nes are oa=:.v uatii v
:un~.o orains~rt~.e in nature anc. ara no-- c. _r'tsa

Vhe subroultines whi-ch are considereal relevant to -:-%

Sm.-t .aem.-de zing and are dncusd hi

:A:H 7R F C T C S

1-:: Z-0F L IG i

M3O)'AY_'TIGH'r,

M02 LEVEL. 1 USAGE,

ELE. P AI R,

LINK PAIR,

LOCCP_.1GA IN ,

and OP-CM.

16h e Shoct Phase ~s :n tae **wher the egage-ment.

ccntrol module calls thq first ertry point of an en~gagsment

procedure. Rz-ardless -if which p~oc.du~e is called, h a

ccn-rol module passes to it ths 54ing91 inle x Para meter

*o:dk 'x'. Thi;s ind -3x provideas access t 0 CthS

A



qst=iker -nity' t6ahlaz for the subject ai: battl:_. TI-

tazble con.taltS the c~css refsrence inrdsx to the .s~

_a:a:pair'1table of pen din g --rgageient s. Th= f I~
oupts of -hea Shoct Phase are indi-vidual 'ai-: a-,:, ir

.ableE which define the engagements tha=t arp in OrogressZ.
For the alcatShoct Phase, each table ccontair.- angaged

pa'-. using the same weapon type. For ths missils Shoo-:

Phase , c r. _ a air ar'table contaims all of the _-az

ment s in Frog ress. Each 'air air -I :a b!e ~ an

eXDnacted Impac" t:ims which is d ste;rn=nm f =c m th -: a ver=age

t im -3s C: f -f _7 f':r aM 11 the vealons launcha2 wfthin :~

table.

2. Aircraft Tiaret Shoot Phass

T'..= Shoot ;hass of the acrf naeetrrzcmd.,r=

!M2ACIC-2 ev3luatis all 'ai a~:ar'

a'rcra::- snragsments crzeated by t-haa1 7a T a =g-t:

rhas e. ThESe incluae th 4 r na r SC r a: t n th S srke

anrcra::- zr valuate! as launcher:s. ?i'gurz 2.2 showc! ths

vrozdiur a-d snbrou-zsin hi;:rarc-y f: q * :- F_ af: Sh-

Phiase. Appnl'dix A (p.150) and. Ape:! x 3 (p.199) s ho w zh

vrocedu~e and mlzdel fle w fcr : orf Shoot Phass. FloW

charted subroutines are li-st-ed separate>y in t'nC applicabls

subse-cticn helow.

a. in iti-al1i ati-o-. a rd Chscks

Up cn i n tla ent ry, th a a i =c:a I-t 9 nCa CIczmt

pr:ocsdure uses the calIng parameta 'erie x to accetss

=--I pr Iat e str=-'k 9_pitty' t aob This ta ble

prvdeS access to all of; the information required fc: Shcoo)t

Phass execution. The assccla-.ed 'air =air-- pa Ir=' ta t 1

c e,.t a !rs mnost oc that needed data. The, Shcot Phass i

co n-tr=o ld by a single icop str:-ucture wh ich inc=-enentZ

taro uch -sa ch engaged pair listed I n the 'is air air par

47



E %0A GE1E

AICAT'AGTAIRCT Ar A Q;A AI
Smoot P"XSE ~ENCAGEMFNT LUCESFE

L(CF "ES "E]EI

P-ASi::

IW(ATK -.C"4(CK 1ETRTQI
VC7ORCHCK I IW-OFLCGH4 LOOPAC.I

1 SUJBROUJTINE SUBROUTINE [L~u~ w

D LCEPAIA RANDOM NFOPM

SI2RRU1E USOUrINE OP-.Cb

SUBROUTIrNE3JEtC~L

I * SUBROUTINES DISCUSSED IN CI4APTER Ill

Figure 2.2 Aircraft Shoot Phase Subzoutirnes.

ta b c-. Thl.s 103P st='Tetu: c .- scaiit Shoct nass
P:oce ss '::cr --c esch pai-r that i-s using the same weapc. type.
'A a Lars u sin g diffazent wiapon typs a:s bynazsed.



When the snd cf the table iS Zeachsl, a dditifc n 2 I p

through t a tb la a re PZ:formed. Thi_4s i s do rs fo-: ~
d-f f e =e n weapon type used. Foz a ch iar-at

-r o c s as Z, s v ira 1 w c =king va =I;a b Is ae in It Ia 11z. hs

:nld recise aircrafm -'ent Cif Ic aic ns, ta ck in :c -s,

fligh-. schedule evert indices, targa-: azd laurnci-r --rack

a._tud~s, ta r g t track speed, a-, indices to dat-a b

.zabli-is fezr cJatfcrm an-d wea pon -,zszem Ereti ach of

ti l c::cwin chaDte: subssct-IonS raoressntS a s if-.- cant

s ~s qrt al sezcrn o ! th a _ rc raft1 r S hz 2h a S E 0c =S S -'

t. Easeline Probabili'tyD::nn:-=

The Shoot Ph-a-se Procesng nzext assigns -:C eacn-

'at av pi'to taseline probabihi1-y vza-u'!s. T*hnv PZ
t~e Pchcbii~C f Conversion IrPCo3N7' n n :noeS

r 0ob I i y o f K --' 1 'EK.SS'. T h a s I is Te 0';V'I a ra _ Z-

ht !efine;d as t he prcbability taat tflC u7rcosef I 1 7,--17
a ;j. *cal 0 n-c~ t lar;za-1 M A iIs'

za.=:ac-S=Y firing piinfor --he std oc

a illI1-. tha a si g -Ie s aI.v c o If thE w-Ban:n f ired wl j-.

ah 6 a~gt gven that -:he laLirch aaees, tewac

arsa 1 the f using ar? satisfacto :v.

The NWGS data bas-: prcvideis for a 1 fra s a

cf cr~blte =c each launcher a ir cr--ft an I w a pon7

combinati-cn. For aircraf-t targets, ?-=ch pzoba:n-i-6ty -z-t mray

contain up to six lifferent probabilitz valuzas for PCONV ani
1KS S. -he !different values are basad or. thi tiaot's zss!

ana size; cassl --Cat io. Thsere are two spied catsegcrlas an!

tarse size categcriss for airczaf-t ta~aets.

This section of th e Sh Co t PhI;-- :n~ 2y
searches~ Icr the data base urobabilirty set assciatsid wi"th

the ~~_P atcua 'irarpir' launchs:-weaoon comtbinaltion.
If zhs sarch Is succqzsful, Inhe i r d -x to -:he app:rop:riate

"9
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tables Is saved for later refersnce. I f t h a s aC zc -

s uc c sS _-ul, thq 'a4 _i pai v 1 2ater be a

dafault values for its baselin':e po b~

N,1xt, tle target c-, o' -'-e a'

classifiaed ICCCrdr.rr no s Sp=eed and s"ZS Ca Sc Y. he
are two speed categcries. Speed catago~y o.-e Is for = s

th at 630 k-ots. FasteIr a r ra f t a re ass:'ged -no s p ied

*~ ~~a catgcr, t wo. There arre threearran sz cs~s

*Aircr:-aft sizezs are basedl on the numbar o f en n Es or. tn

*a-rcraft and are re~zesned I ho In an NG ~a b~sz. under-

t a r a-)t --la tforn Aretis ircraft n:argat s-*z~ cn ar-e

areq detecrninei f7ocm thece lat a bass val'i, s. S:z= can_,ic0v

c-.1 in-4-cat s a sira l -ei ine aircraf -. C anoy a 0__ _

Cates a twint Snains aircraft and! size Ca -egc: v r . -

C=-. s any larg-er multi-enIgime aircraf:.

W'-,-?n 'the t ar a t a rc r3Lf: ha i_ .s z SS "
acco:dina toc srosel and s z s the assigrmmnent o' 3

Erobabil.:ty va .UZE may be u-,a,_7 IfnSea~or~ r

aiiy --are w4~ f.cum in th~m s~. ac, ~~
pr cv r~ m * 7~~--------------------

aorpz:crriane sn-eed and size ca-.eaczries. ; :h scr ata

b~s : not fcn d=efaun. va ues arZe as S ancc E- d

ce-fault_ val~ies currently used f:or: a garnera2lizso a-_: :c-a::-
w-'ssile waacn ara ?CC'IV =crual tc; 0.8 and PKES -ca o ).9.

Th-e va'Lus I=r a alur wsaoon a:-= CON7 squa. to 0.~4 and ?KES

,.u a. t 0.4. The sE afa ult 7;alues arZ 4e t ==-e fa~ fr a!l

t--r q st a J 7c aft So n = d and si-zs c at- a r I S. T Y a r e

.iilzed In t h - vari-abls dsclar atinc~ s a-cti ;on r. c tiE

11'10AC AC2 orcedure's PL/I code.

C. Wsather Factor erin:n

Ths Shoct Phase procassinc ncw ccrnt--z-es by

callin-g 'the s ut:ro ut Ines W BATK:RF FAC TOR1 to ~va 1'1 a -e ths

~:gget ea ths= env~ronoien. This subrcutins ren:urnZ twio
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Z-v.;.cn:,r ta 1 f: a Cto7 vaa s, '~v ,ac cv' and 'r' t

..,amb Pr s htuasn 0.0 an~d 1.0, a ::a 'Ised _as ml_:.

:C -z -: theC f±ia n P CO NV, a~I IKSS' Cacau1-:...r-

'-v _-c cv' ;4am-er aPFEOF

- -*aa~ee .6~z~ 14 'FOV - -..Z: yq otik' ig hit -t:- %s' Thercl :ir: d-a7t

r- 1 atvs : hes? !ac-o:rS F WATH q F ACT 3 cc =_.s

s ab r c n Y!30 ZAY -IIGHIT. I~e~. (.&)) C w S

s ub rc ueii~o z EATHER FACTOF.

wh ar Came envro--' e~J L *u y

--i~a.- -:oC. c_'oU a -,1 p~z. Dta to 0 - s -

~wG2 S con: n prro perty ta z.1 3 f so 'c- a on

1ev 1 S

The subrou--fne. WA ~ FAC TOR iS- C~ a

r: :n Ch t e it -L ng ht t m s th Pi ~rc .:o~ -de n ity

S-?- Z et v a 1ue o fM iu or0 hig fC7 Sfect. At
day t4 - s, t " act:ual r:'ecipitatIon e~ isus. h

1z.-tion~ C_' -he_ wio~ th :e~~:to Clouds is :~.dn:

min:?,!. 17 he s u b =o u t is W ZA TH E 2 FAC T~ 0 R n e t e nns E z '

ap-nrcri a t s ca- aqory i-ndices fc: -zablz lc3 in C~te~n3

pziata v::~et2 ~ons Ths I znV faCcv cv'is accsssei

from ths wsapon syste m p--cpezty tab!.--. T he 'ev f aC0 k I i S

a cc s s :cm :h s w,-apcn propa:tv tao3.e. ITabi 1: summa-

r'z .e the and'ratoT na ssianmsn-: of' n h4 'wather facn o:
ind-:ce. hy E~ ubrcutin z-. :',z sutroutin WE'ATq TRFjkC7C_

uses t-- indl:,-S to look up thi appnro?::ats facto:s for sach



V ui tz~ an. r~turns thsm :o t- a-ircr aft

TABL! II

Environmental Factor I:ndex Determination

CONDITION WEAPON INDEX for 1INDEX for
T YENV FAC Cv ;ENV. ; C PK

Launcher and/or GUN MAX (C.1.2.3)
I (cloud.prec!D NO E7FrECT

Target Insloe tAMAX(0.1.?.33
(clouC,orecl;) (4.5.6)________

Launcher and GNN

Tr-d Outside Gj OEF EC7 NO E;EC

Launcher and 3
Target Below Cloudsf PPCI PRECIP
anla Pr'ecip NOT=O (0.1.2.3) 4.5.86)

Laundler ana/or
Target above cloud AAM ?3
Dt1Ws andl below topsI

OR No PrcDO 0CIOC AA00 . £Ifto-Afr mISS$19

t V v:C ar: a S S aCe a. Va 1 f 0c: -ach launczer

a*:Cr~-.. Vec- C: ass a rc-; ma 7 c on :r c -h:Grm

Cca'::c1 :ter:-*pt (GCI) 0r A--rZboT s E ar '-y '4a VEi .0

t:c-n. i:etur-s an ffe'ie~. f=Ctcr :h1-: -z-- ';e a=

V)a-o n dx A (p.162) shcws z~ Suibcu: i :...Qi-O -1:7

V:EC TC CF 7C F,.
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Cv f v a-nCc: a S 5.

s -f c:~~ z:Iy , ~ ih carc aircraff: isassc;

CAP +=acks o: def'endirg ai:craft. !- -_: launch'-: -

.:s c f --' swi:_Jke group, tnis pcrtion of -hl 7'___

is t -c 1.0. B-3th of thes= catnabiI:::s, '0C *zAA.

~s~me~tc sniancz 'th~e PCU'iV.

The =actuaJ factor val-l- ty-

r a E g aa _=r~ Frocsiu:v- :120 "Z _AC_ . 4e ::

GO a v a:..b Z z v-t~az :1c faC:- ;

W'-r A--'. fs E% a --' abi!ity, hE v-..:_ n. a s-

s:tto 1.2. If the -- =uncl- -

:r C as y, a f ac-:or of S. u~ c-

.Fiola. ?Mc:vCIcL

r~c~ auctio, h Z V a" :z

:o m n- d' a,: a.b a tab ---

Soc :7 a 1 a--0: S f a -C a cr w z n oSr z-

~iCon.a:: aI bi: V a2.n bs:"z:i laC' - r.

stve:c2 -fact s '1_Z twns f~c:ca az- w_:az:- s Vs=Er' c

a~:'.es acceSzif lci::3c:2y fzcr. -:- d a l- a , 7h? >'Sz twc

fac_::S a r s -. as q's C:q 7 v Zvy

wna_-he: facto: =-,-- V:_: asss:ance sa~o :t: In a- o n

desc-.:icl-4cS. Ta f 4nra! '~c0NlVl :-ea:s z:~lf: .

.tcetand succe sszfully laumch sel cT=," wepn

t ar 'Tt z SS :?~ C ci I:-'C s ~d an~ I c- : gC r y.

!oq ua t ionr 2 .2 gives tl.: fcrmua asC mo ic .I,

t"Z.he:asz li'n PCO~iV.
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~C2V = C3 FCF * LP Z~~C 22

F ":h e envirin. mental ws-as' fpcto:: for ?-CC,'v,

C F -7 ne vsct-orira asiS--anc? ~~:

dC Cc:n:s andc w,:a o n e:c r d J.--u re i Z by th uche:

nc:::e *-r. --f th- Shoo-,I a.a is -ae cua n ru::

fi~ C: :ou -c o f ba 11e --s v !a >u nch, :-

t,-.= as - IT ?K SS a: + 0 ar, .n : Use ad '

if he~ 23:vs tezr I - iu..w c:.a T
auatcn23:__ Ah- :m,: w:ch ze s r I e 111 me:

c.' ::-un:s ac-uaally ex~Ernded.

w a R the =curds available to f I s.

=F mh aximum rou-ds tnat can be id

based c-i the ou:'s- rits of fire an.f the

du~dticr of Ihs Strike.

if the selected weapor. is a- ~-o ::n~s

46-ei ths. niumtsz of mi±ssiles actlially fi'red inav h;- eit her



a t: wM-74 Z. z-ica 11y o1Sr t ~c hast-c a! Iy Fvaluated a

f irig Jcc t:> a7 CO 'V. The Zi:. 4- ~ -Z-*: I d cc =

s~ m S cadzss:.±. svz availble.r nIz

to W 0f :,r c ct 7: s. Fir:g doctrin ons W 11 c r rSz>

r- g3r I-e :s S~ and isuses whLzn ths nai e 1S'i

th s ec-cc wdspon available. F :- _4no c-::. n.e -4 w hilt1

cor 7;' 2e f _-g to w mssilis and is u sd cnlv whEr -- A Pz(E3

as c- sz than cr ?qua! 7o0. an n~: s -u-z-

a va a. .E "a-. actual. weapcn -xpnaiu:s 4s -val'aaz= iz

f_-*=rq doctrine and the IPCONV .

W h e n t 1,e d'-t z:14nnaStC S a uE,

n u !nEr Zr _ss.S r cun ds f -; r s- 31 -e Vm E

thc 'PCG:,v' I f +.~'-IS~ v .sCC V1 s 3 tc -n 0.5, mc i t- i
W41 !I the 'PCO!Tv' is tetwein 0.5 C .7, n

xS_= :s launche' 91 -an *?Q:J N s V:~a~ LS

1 0.7 , f- 7 f n, i c ct e d :.-z cu s ed f' ~h - s v fc u

S:Cc:aKz as ms s i a n4D

d c t i a U-, cf,07 (01) randcm n u ib e = s d: -=, an.

cc I Da .0 h In CD 'I~VI. I f t'he zarnlom num=- LZ less t:han

t s S i 1 -2a _-,ili s --I r.c~ C 0 rW z, -hat

:Cu. U s n Sr t 1au n~ 1 f ag :inq Itv=iB-1d is sf then.

-i-is ~i~::st s : ~eted with anoth-: :nm:umba:. T h

mx * Mu- numb t:a= t :ray be launc-id a equal to t . ~jn
do c' : ire. Tib 1 I s.m a: z es a- -c:u~J :ounds exedf2

-,n he numb2e: of zcuzd:s sxpand.e is er!id

*c be mo:t, than zsro, th?. -:he 1avZ1 one logistics trczedur?

IM2 LVEL 1USAGE i4S called to U~at? th~t launchsr wsarn

lod T'.~i accDcri-she( pl y :)y Iecr amen t _ r g he

w a v a -Iab I b the nu m be f _4I: A The s p as in wh ic h
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1 a un c ~s a r 1 h in rs1aased fo:- :zi4,ag=t1ng. ~~
Tpars fc,: the cu.irz-at talile

p:ccssse.;, tha r-as.1ting 'ar1r a: ables w--!- :~The
praners r=--dedI for thei Engagem'ert Rasult Ph-c?

TABLE III

Rounds Fired Determination

AIR-TO-AIR MISSILES - 1GUNS
DetermInIstic Determin~stic onl1y

1PA = Pounos Avall.
<4 Rounds >-4 Rounds MR - Rate-cf-! re

Avi.Avall. Stie~ro

PCDNV>=O.5 PCONV:=Q.7I

Rnds..fm1Rnds.-f-2

PCONV>=O.5
AND R~s
PCONV<=0.7 PCONV *MINCRAMR)
Pnds.f~1

PCONV<aO *5
Rnds-f=O

StochastIc

PKSS,>O.7 PI<SS>O.7
Rra-id.f= Pnds-f=

2 If 2 RN<=PCONV
I If RN<-PCONV 1 If 1RN<=PCCNVI if RN>PCONV 0 If OPN<-PCONV
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g. Weapon Tiae of Flight

Following each weapon ex end-1ture es

the subrouti-_ne TIMiE OF FLIGHT is callad to derr!=4:-n -:

appzoxiat e waaon tim~ of -.21iallt. Thease tin*-,=S a _ at=
used to cbt-a-i an avEzage impact time. The impac-:ti~ze _~

be used to Schedule th, _ call to the: zzmgagemant ~eutPhass

C f t- h e a--rc~aft engagamcint pzccad-ir=. .4p p,4nd _x A (p. 1 6 3 )

shows theP subroutine flow for TIME 0? ?LIGiiT.
Th= subrcutins TIj ,E Of 7LT us te :e

hstwc=en~ tIS launchez anI tazg-etC r --ck S, t Ii - t rac,"'

spz the avirage wsearon speed and a taroc : aspecti

de ter=m n. _4r.g th e a p pr cx ma-: e w sapc.-n t m :? ofIFIA h.t .

Th S ra r~q an! ta:;ge: track Spezi are ac=czss_

fromi the ,ipad tbl fot tzi= :az+-tiuar pa-'r.

Weancn Qmoper..v tables of thte :;s aza bas;e ?rcv d
averaa zpe~zd of sach air:-to-air :s2. Yps and~ the muz z

velocity fcr gun sy stem. I le Aoa-_ ha.se also provid zs wae, no.

a spcct S ff =C-6'S::9 SSS TheyB areS numbcrs bEzdeer2qn

and 1.0 rs-rssenting thi par:z..ca: a c i s efc --_v s

With =esisc-. to c asrec:. rc- t ZQ7- c

t:-.a angle ttw~q t-, -rge:'Is pZ~ ath vec-or an.~

line Cf bearing from the :a:ge: tQ the l-azncher 4irc=:t.

The data tas= 'ias prcvisions fc cur d.:ferent fa-c-crs for

6ach Wemapon tyca. -The 'facz:- rs sozzert fcu c a qeniral

c-At -,gc es o Cf ta:rget a S 0 ct . Theqy ara:

*For wazd-cuarter

The z ubzcut ne "TI~z OF ?LIG!.,T firs: s rc hec

thzough the specifiead weapon's aspect e f fect iven ess f-ctcrs

forz the maximumn valu4. It thin uses zhe assoc .Iad r:
aspect, category to cmlculate -11, aoro)ximate weaznon -:4:r cf
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flight. 7cr th- alO case, :f th, weapon spe s

than 1. 2 time t he targst s pspd, --he e of _ T - 2 fh > IC

S calculate-d a S -th rang'? divided by --he 4if ference aw~

target and weapon speeds. For ct.-er aspec-. C C E S or

c)r the Tail-On aspect case wiz-h a slowrw:r n, TC

ni'tializ--d as neraniga divide-" by h sunp of z e taroe

ar d weapon spee ds . Th en if t he choseni a s peC S

P -uatror For wrd-Qua rte--r, a delta ffactor IS 4-i o

-",a ir-i"ialized TOF. Ths daltafc~ cal~cul=.:ic.- _4E sh'cw

'n Equa-.icr. 2.4 Th;e currsnt tims Df flian:- mcd-:l *:u-:nu-:Z

su_,mfa:zd -n Tal~le IV.

Delta =(2 *VT * R) / (V;I**2 - VT**2) (2.4)

w - == V' z ~h* av =rag,: w sa po sp- 1 ,

VT =the: tarapt Szoee ,

nt h ?Ep a7: x:7.: -i F Lc c c c Ia
* ~~ cc~a:~o with the wapon re:ynzCvau foth

Wt ~PC:: S -a X, mum tin of f1hicht. If --hi calcilatsd TCF is

a eZ, 1- en thie ac4-ual~ TOF used is £ t c :h:? maximzum,
va ue. The resultant wea =po-. TOF fcr each': irpi's

dee t c a :Unnina tctal of TCFS for th~s tY?=C of weapon.

h. z:ct~or'ic wrf are ffscts

-h!? f-7,11 svPaan:-'on made during the a-::cr-a f

e.;agi~sr.: Sh:,ot Phase i-s peformed only when the launcher

ai-:c:aft: bqing Processed "is pi~t of -:he acntackinq s tri_4ke7

qro 11. The subroutines FEW and OPC--% ars callil to de-_ermns

~fany aircraft associats! with t:he targsat are using qlec-

tronlc warfare (7,) nmasures. In th-is case, the targe-



TABLE IV

Time of Flight Calculation

LAUNCH ASPECT TIME OF FLIGHTNOS
USED FORMULA CEI

HEAD-ON TOF - NG/VM-VT

TAIL-ON TOF RNG,'NVT- a uncl'e rc I
VM>1.2*VT larget Tr&Ck Range

V- Average weaDon $Aneec
TAIL-ON 1OF PNG/VM+VT V egtD~ ~e
VM-1 .2*VT

FORWARD TOF PNG/VM*VT + Delta c&ei* t *

Quarter RNG/vM-VT -

REAR TOF =PNG/VM*VT Delta
QUARTER PNG/VM4-VTI

*r- , ~Ist b= CAP Cr a e f Sdig a -: Cr Z:t . An~ arrav Of

zta-us f:Iags is .szt tha~t W41, b,: Uszz; !=a:sr *-

_2 _ics cf ths =e.,ct:rcn~c 'ia_-fa=: e uz_ Th- u:~-~
TW zhe1,ck3= OX f the ai~c~aft assc-ai th Cn CAP tha-

_targated for active 7"d su-ocr, . Th s ubr :) ut C? C'!

u s ss 153 0 :pi4 1s za s t1h r maximun -.w af~ic range. i

aircraft IS 1lC3s than 150 miles, the azproF~::,at- _91qs aze

se tc ir~icata jaimqr suopoo-t _-oz ths CAP a:;:c:5ft. apo-

z=:iate flagsqz~ launche:'.s subtask data tabie. AFpre:ix

A (p. 164) _=hcws .hs !.low ---or the sub:_-iti-As EwJ arni C?_CII.

i. P:epare fo: Zrn'agent Resi2.- Phase

!uch of the model-4ng ir t'aa Shos Phaz': Shculi

cc4-, S ;a s F:spa~at::;,n fs: ta9 Eng agr.e,,et: Tts u1

p L aS F Scsci f i ca lly, t hs bas =_1 e ?K,3S, FW q V I a ac
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th e weapcn TOF calculations azz a.iL usad -n t4 -j

cf the air- bat t 1a exEcuti on. Thsse preparzatory Evi i 1:- -c:

s s u z ara currently st ore i h 'ir ad: n -:h
structure.

The subrcutlns LINTK ?AIR iS :ssponziblz f o

c==a-tna t he separat-c 'air air pp-ir' ab f-rp~szrn

-T-e samz tos of weapon. This subrou-cin, averag=-s a!-, c:

the times of fli-ght -.o obtaln a n aprxnto for -th~
w.a pcM-: .argt :moact +ime Tha m ia ct t- -'e S~ uS i to

schidule the returin call to ornt=- rjoin: -two of the sc f

engigemeznz procadure. Apqoredix A (p.166) shtws thei flcw c:

the subroutine LINK PAIR.

The subrcut-ie LOCP-AGAIN Is ased to rzcyclq the

oziairal 'air air pair' table6- 1- order I-- pro-cess tne next

sat of rairs using a di-ffserent weapor. type-. Thiis iccuirS

aft sr L-INK PiUR has isoliated the: p:_ or Set: Cf p ais iC

separat Eamn t R es u 1t v alu a t Ion . Lanhr tha - av

fire'zd launch-an d-lea ve w5ea ornS are schedulsef fr 1 1 -

calls tc Mry poi-nt- thrsa c t ", a -'r r a ft er g acnt a - . 7C-
da=re. _auch-=n. 1- 1 a -v e wa: s 2 :zc :,t4u r~:? q: -a : i:C

-t-ha launchir after launch. Therefore, the launchers :ney b=e

frsed for further targeting as sn:.g - =-,t. 0~wi the :

launcha~s will not be- freed uintil after weapon impac- ar~d

ccmpleticr. of the engagame-r reBsult ph ase. A0pen:fi A

(p. 167) shows the flow for- thae subroutine LOO? AGAI!.

3. eTarqi+ Shoot js

Th e Shoct Phase of the c-:uisa missile engagsmpn-t

procsdure M20 AC &1SL evaluates all of the ir- ---:s

created by the missile +-argsting rout:ine f or t h subject

Cruise missile strike. The missile target Shoot Pha Se

mors st va Tli n ed than the aircraft target. Shcot Phase.

Again, -this is primarily due -:a the single homoge nsous tr:ack

cf t-hq cruise miss-ie strike. The basi'c modelino of the
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a as1' t--ast Shoot Phase is vsry s--m.a= to c

a:;cza:n: :arg st Shcct --h ase. Appendix A (p. 1 1)

App.?ndJ.x B (p. 205) show th3 prcedure and modal -Icw - ,i

~'lsie -a~ge-- Shoot Phase. Fgurs 2.3 shows -t :.

SHO PHS NAEET I ANk SFI

M0 IIf

ISa1 hESUROUTNES uiCLSgOUN HATE 1

Figure2.3 ________Shoot___p Subjroutines

Fz f cmg2 urin 2.3 liissille Shoot Phst Subrutie. T- -v

=nenta. sffectiveness facto: is evaluated in- cxacmly tha

s?-Bn? mannr.7r sxcespt that iti acce-pi-'sh;d tctally within

the missile targeting p~ocedu~e. Tih in calcua-ior cf

0~V "1~ n votie wdeancns expsnditue and wearc-. t-mz

61



c:- flight a=r: p:rscisely the Same. Since : he craise

Will. revc-: h;- evaluated as launchsrs ths3.r=Ievqs, taz-:W

cn cf .. CAP EW Support iz nct performed. -h'ai

ceg= rr of mcdeling similarity, th -- f 011rwi c z:-c

dasc~ipn -o: discusses only te di:ff6e:_nces of h-' -'

target Shoot Plhase.

a. Bassline ProbabilitieS Deztarminati--

As in the aircra_" zargat Shoot PhasE, :

pjrtcn f the missile targs- Shoot ?as assig;:s c c-

a:a: I' r t wo haseiie p, _coazi2i _i as , I'Pcc V -? P n

'IPKSE'. The NIWGS data base provides sesof pL-obab-f'i-is

for sach laurnch-a: aircraf t and weapon typs cctiriaticn.

~ihn th_= -arcz-:s ares cruisa nzs~s hey aze _=ssun'*: -z

:cug h-y UZ i s_4ze . Thszaefors th=e dJ_ if e:'n ta -1

caa ca f 3 o su s ad .in- -Zmit a~e target srce-'_ an d
a tIud-_. Theres ar.4- -hree speed catecoorias foz c :',i -;
Missils za:c~qts: less thani 503 kaotS, 500 - 1220 knotsZ an

grial-er : ha:. 1200 kncts. Th Se a==- f:)ur z2titulacc~:
f cr c r u :::= .is s _-' targets: 0 - 5)03 fzret, 503) - 1M

:ee:, 20,0j - 50, 00 fest, :dajoove 30,000 -he daThe

bass pr:vides Jffc J -ffgersnt I'?CONV' and 'PKSS* v.~ ue q S
each comhInaticni of target speed an~d altitudz catesgoriss.

This :u its I n t welve ~If re-i 7?n-t ba saln I Iba bJ.2.t"

Va."' UPS, for ?ach launch-r a::rcraft and weap: comt-na-icn.

a cus m_-_S:'.Ie tarcet.

As -7 the ir-craft zirga-t -rccqlu:,;, 1 ' -1u

values !cr FCONV and PKSS are orcvi-ded for: the casies when

prbzi.ty gt for the selacted weapon car, ncot be founi.

Ih a valuss are in It iali-'z e, ir thae variabla declar=atifor.
sec":ior. o4 the crocidure 120OACML Thz dT-fmu2t parameter=
r a 2me S a=.= *msldfaultcOLVI' Imsl -dafAulItpk'
'gq4'_su ~pconv' ani 'u efutk Their values ars

c'irrent2.y set at 3.8, 0.8, O.LJ, a:-, 0.4 :soe ct -4ve 1 v
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h. Firail PCC~V Calcul.ation

T b fia 1 P-CONV' calculation uSed ti -1 -..

mijss-4iJ -:a~get Shoo-: Phase diffs-rs fzom the al-:c:aft c-

Ph~o:41y in -the cmsi:of ths vector ass--'S-ar.cE =eval a-

t0o -he foria use=d for th-m final '?CO!NVI -acuazi--.- is4

shown inz Equation 2.5

PCC'NV =PCVB *FCR *LR * EF (2.5)

W:.VrE PCVE = s PCCNVU,

FCO = ire- Ccntroi l ~ l-y

=R Launchzr Ei.:laiiy

z ;F Ervi::r,%zn-ta2 Idzatas: :-cto::.

C. Priparer fe: Pg n Rsl hase

:4 inal ,qt putf:eah ecuir

ta b~ Ihi 6a bls cont:aLn s eve 1?7 sgCag smqez- ta iS

c~l= z mn prog: ess f o:t ha~ Da :c ur ai-4r -a::>.

D fr- nwc- ~a, po TirS e r o-: sara:s zut as i, -:he aircraft

a: a q, Shoct Phase. The qy a: all incl u d in th s s am

ta b' e. The o.rI'ary resul t cf hi molling d if fc:n c~ E-

trt h z- si.n!Jmpa Ct -in e i S c al c u a d for- th-= srt

D. ENGAGENENT RESULT PHASE

1. Cv:vi-?

TIhe Ai-oArEngagement Res ilt P ha S-e ccme - ~ca s a

he scnd cnt~y p ci-*r :3f the prscaoxrze 1I20-AC-AC-2 o:

M21)-A MCISL, dspenlirzg ca -.he sz:I k - corositicn. Th
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p~ocedu~e 'A2O .kC AC 2 ims ths ai~craft strik;

procedure9 an~d ths procedure .120AC MSL i*S th-' =11u-

stri;ke engagemen't p:cc?-!ure. The Erigagsm,?n u

trodi, s the postlaunch- factors -that cc::ribu-:s -:- a

wipcn's d~~eof success i-r- killing it:s as5-,n ~a-

T*,a=-s f act crs are used by th is p.;-as;: to ~r.
cutc c , o f we a p -n f irin as t h i wer a e x acutes d ui.

Ph~t2as -. --o th weapon p-?rfcr.nanca r I~t1

a ss e sm-rz a - , :c Iu d qd in - thi- 3S t-rm-'n :e~ a .

Cal--,- -0 the Enggemnt RZu2.: phass a s c ha ;-,

during --he Shoo-t Ph'ase based or. tze axpec-=i%

izpact time~. Th9 aEngagement pai:s t o b, sv a.I
llovide a-n Ih 'ia pir' -:ab2. so -dull;d f :..-a

sroabit of MEl .for ec.z n,- -- Caid' i

::acgl t 4 r ' Ws~in 3 a 20:. a ~ ;alabov -Yzr

C-'pc '?KSr~=: ?S' vs i- r:'~- Z- -v~a-

-w~ks and cr:uise miss'ile, s-=-;k-s accn-sz s~v:, a2.l

ccaiic-n subreutin,;s -Ic a--s-s-s: in rp:oczsssina. .azv are ur1y'
utili-ty functizons or adni-s-zatv- --n rt:

c~scrib=- I Lier T. T h. r, 1e va-nt- mcds! rzlatmd ;Eu b r,:u ti se

acc~assed by IhE- aircraft Engag,:nent R?sun- Ph-';- r !13CE4,

.4 6ACEDA2, and UPDATE. The on..y moile :elat~dsl~c:n

us ed ty the .-nga ge zent Result: ?hass o cruise misIl

targets is M302WN. The imo~tFz.: aspects o f -n -aS e ar'i

dascribcvl wer? applicabla.

'Ihe fin al. result of -th'i rae- s hsE i

t . act:ual outcome of c -ie St: o0f -3 -,1a 'ad air b a 1 e
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'nr-:--c~cn. . For each egags-ent ?air, the tarq-:

is ate-minad -o be destzoysd. damzCqed or to-ally urf:zm.c-,

C:uise mi ssi e s and single engine air':craf~-6 -: a i - ar

s~rniy est~oyad or nct destroyid. La-:gr 'v'-

d;=- maa ed consequ~rtly acc'imnuati damage cv=:- ':1 -

n g a g sn it s.

2. Aircraft Tar~it Ear..n: Rzu2':s

TIhe Erngagemert Resul~t Phase z) f ,i.e a -'r c :a f ng ~gs'-

:nen: orocc-durs A120ACAC2 cvaluatcs -: - o'itzccm;e -f aI2I

FIgagem~rt FEssul: Phase ib:ut:e :Zarch-j. AnnrX.:x k

(?. 156) F-rd Aperix B (p. 201) sho.w t'a u:c-zn-a:-, and c

W.~ : he a-4r c= a f -ta:ge t E g qgBman t s. u" : Z~--s. ?

C- art u-rouin as E: 7 f.t~ s ra E v ~C4 W U -

a12Z)I Ica h le.

n. - n l k

r, : rC Ccseaur iS a Cv a t a er th C- a C- Ia ~a . t~n

:sacnes :eaver:age weapon' ~c -t:'n cal-Cula4-8d .41 1 .c

Shc t ;hS. Vhe P a =ti*c u ar -'.:7 air =ar - : -I-ab-' to:bc

evallia-e:s idEntified by the ~aarrsrru:'t.ur= ra~

a-. cc t-o of h Shoot Phase.

T r r ca gomSt =-:u ?h s 0uI is e S a S isi

c:'t-:O: str:ucture- to complte the weapot Drf-cr-nrc' -valua-

0o :r Ccv~: S ' air air= oairl before :h - ba I1 damaa-

asssZ n S ia " s execu'ed. This cor.zrc2 :00C D)erf:r.3 t h

ccnpe'Cts fact:): evaluation a'. final IPKSS' calculatio:n for7

acL:. The follcwinq three ZuDsect -orls con.tain

ti-c- s of t-hm ozsrssing wt-thin this con.trol, Structure.

F 3 each pai-r -:hat --z ,az~uatie twc Statuz

chsc s r u st t~ pe:=fcrms before nzcass nq can cc:: fnue.
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IAIRCRAFT TARGET AIRCRAF7T ARGET jAjP:2Ar' 7AP C T

SLBAI INE

THEJ!N S bBROOUT, 7N Si'8PU'"NC I"9O N

S1 6 PC;IIN 5 1CSE C4dPTEQ 11

Fi;gure 2.4i Aircraft Engagem-n-t Resialt Pbaso Sub:ouzinss.

Ih -i~s-: ch-eck t:i.sif the:e h-7 been a:-=n ~ e~~

comnmand 15suel for -e sibj, c- cu :he , sn~ae-

mernt has a.:aafy besn -xscuted1 an! -- erefc~s can nct b=

stpd. licw:?v Z-7 t h p r::zum-r aa -:c: a:

cuzren~ly toarg-ited by a 7. th c- 1a u zc- --- w, -ch ha S:c~ ti s

y, -::en tha.t =nacerns:t wi-Ll be s-:)pppd. --"e IeValiatic:7

c Cn irn tm a Sh a.are hicaf as nct aZ:sa y bcee:

C--n .r u' S. ht:i~ hat t~i s e e ed f :o m th s t ab1

wfth'Acv te4 p:'cessEd a:-, the n,?X- pz S p~es~
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if the subj.c: =-gaaed pai:- pas~es ."

cecks, he- Seve=-a. iic -s a z,:cessed ..

weagcn dat=.r swuctu:..s- -ezl_ fr iu,:' _ eva i~:-. Ls
w.. .G- a ... C_ 1c u ESt-4 - lu a V [/

is he :i~'~na f~c~ a '~ p ?KSS'
d-iri:n c I- 4 S oc-: ?has= an a a,: a C kin I t k a- ... '

aicbal eIec rcic w-afa s-a:us, w.h.c. .iSc' u

s ubz tcn (c) .

k. Lauln Ch Aazec 7n ff=C-,- nes F.ZcT

Th s s =oC it Cf h? - -...

.... .. e-q en . .... "-c-" yen. t m i:-4 -S. za:_r =t aspz.c- 6z f c -' n C- 2 fac- r f(71- -.hZ

langqa Ed w a7o-. T h i . .. == =C- v- a 4z -r isVi e

ul-.ic:l ca zv f-: o -fnl SC i -s

C" -1 : - - .v ,:-n C 7 . ' C -I V z %- -Z I u'-,

-1 1 1 t sa'ne v .U SE C U- .

-se. T f 0o.-fou fcto-s _:cvi--. . .- - -

ca-e a _is c ta rgeat- as :; -c t

H Tead--Onl,

*a n-Querte_.

The_ Encagemrent. R.-.su-. > '~-= p~zvi=~s -.w

:r-'a~ C e S C s i n r -h c aS !pa c, ff e c t - e s!s facto- -
be = se.d fs- each 'ai-ai.:pai.'. 7 -mii:ic c- th-:

s-z ha s-ic mahoI w_II b" d E en: i-a cn -. he gaamsF e a

.-- I1in Wh the -: rminIszic mAhc s u1s=-

the asc f cv enss va l,_ u-d is sipir hy ::s-e

Th _ rc ! advan-:agsous value of the -=u: fazc-s live. :c:

t:h -::ic ular weapcn will b9 u Sd W hsn 'he stcch -- i
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rrs c s us a1 :-ardcm coti-;arison v alU i s c~z-

EL~I M a2 a'Icur of the wsa~ci asp.act factors acn

;LY i g -? by a U,-I f orm (0, 1) r ar. do ii n 'im: - * ~
r-?suit a -t ::rdom value iLs th--r. ccmpaZ-e fi-_st t,)h nAo

fac~cr and:r~r connarsd progre ssiv-2.y t:o trh=e a:cumu'a-s

fac--c~suz i th ? ra-c value is leSs :~an cr sqila2. to S

accumulatazd sum of '-h e dat:a basze :-Actcrs. Wlhen thE comcar-

asr :ssts:ef he aoc effe_ __ctiveness :aczor- USE! is

6he las-: .ons ar:d4ed tc the. cumulative sum.

C. Elpec-:=onc Ua:f;are corDtrma:n

Thi--s nortion of the- 'Engagamanrz Pasult Pa= ,s

t'he sub:cutine-z M30 EW to e valua 4ec the sftrct:s of cTertir-_-n

:;lac t 7 _4c Co u ntarmecasures (ECM1) a nd .1: c-_o n c C o urt-e-

Counterxsasures (ECCLI). For this phase, the seffsct :S of

gr sate S interL e-s- ars th os whichn -m p act on thes enga c-

waaosn 'EKSSO. 'The subroutine M30 E W is proSvided= wi-h :h,

;::put 7carame tars weapon type? an! 'tg-t cm. t--

effectivenqess factors w hi ch n ase inFeia 'K SS

cal1c ula t Ion. The- two fact ors are 'ecm eff Ir s 'co C -"f

T he ICc i~ e f' -a-amets r _s a Ss 0c iate -r -dW i t C- t a:eq

a-::cr:af1 anrd the 'eccre ff par=a m et z n=-'Ss sc c d~ wit-_h thes

e na e weanon. T he f fsc t ivsees v aIue S are :iu 7b e rs

between 0.0 and 1.0 and ere us:ed as -nultiplicati ve fa;-ctors.

Acpeo~xA (p. 168) shcws the flow for, :he subroutinG '233 E-W.

Pr ic: 4c calling th suouie3EW te

rnout carametsr 'tat cm' must be initi4alized. This varia*_ble

is ar array of inlicator bits which defines_ the chaac C
ticz of the ECMI asscciatced with r.h-e ta r::et a rc =a f T

cha~ater~s:~s ncl.udsd are noise janmirg, chaff, irnfra-=ed

dicoys and electroni-c decoys. if tha ta~get is a membs= of

~estzrike group, tksn the 'ttc'array is set u si4.ng th e

strike jroui- g Iota EC ! st atus which was ini: i= izzd at -:h-

start of this chase. If the ta~tis a CAP aircraft, -hen
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ths It- -ci t-ray is set acocrdi-ng to the z-valua::~t

by the subroutine EW ana OP CM am -he end of t~S.o

P'-as e. It shculd te no-ed that tha target in ~ihrcs
rseeo ro. be ooBe-a=irg act,_-ve ECI it-self . Whe:n th~tis~

a CAP aiZczaft, 2CMI suppo~t m~ay beC pro:v-'ded by any as~cci-

a-ted aircraft-. Hicwever, wn-en the targ!z -;a 3L striks grsut

aircraft, sulpocrt mus-_t b tznnt sams ,tazg=t tIack.

The subrcutine 430OEW, wh.en called, fr --

Min _s If t'- C t ar get aircra ft h as ECYl suionort. dcf it

th.2n th, u: tn further ev.aluates ths ECM~ characte:ris-

tics with res:n:-ct to the operating f=ejuaency bands an: chaff

cz. 4tecoy usaaa. Tae weapon proppsrzy tables of--he %WGS data

hasq ccnta-r. Para-mst~rs that --icteeach w=_aoon's_ Susc~no-

tibillty to diffserentl types of: E CM These wseapen po:_-t

tablss a2.Sc :Ontain a single 'c f value and aS117g1P

''ecm f' a for each wsapcn mypoe ::4t NW'S5 syst-m.

Themse; param~tsrs are accssel -.o deternines t: e FO antd ECC

efc-iVe-r.CS. -'z' janmir.c, 'as sir. c IIa f f

u~si-.q d-accvs ard toeh w-za.-n Sa ustil v p 9t 7yr thssre,

thths wsapon's ei ,f factor is Set to t-"-I !ata tass

v al ue OtherWiSe, t6he 'ecm eff' ZfaCto: -sst ozro()

Thq Sami scrt: of evaluatn-on is erfOr:mqed vo he~ aro-n's=

F__t if -h - nqaasd wea~on- has 7-. cazoal- -

ag.nes a.ns~ "he oparatir-g ECM, ther th,. 'ec-neff' -factLor

:s Sst t7o tn datA hasp Va 2.ue. ct ~WiJ.Se e 'ecz m ff

fCto iS Sert toC z sr c (0. h valus s ass igns d C o 'Eon1- ff

and 'eccm af ares rseturr.ed to the Engagenmenm R=su:lt rhass

c,- the air:crafm 4ace m nt Drccela::- -for I'FKSS' Cevaluation..

d. ?Lobanlity of Kill Calculationi

Th~s section cf ths Engagent FSult phasae

mclf--S -I- baseline '?KSS' detarmined dur-_in g the c Shocc

hae. T he caIc ul at ic r. I s ; c 7f or n. s-d f or eac :h 'I-_r -a I' I

being e';aluatzea. Equatioz: 2.6 shods the moisel formula.
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?KSS =(KSS *W.&F*GBF *ASP* ENV) *(1- (1 -- ccm.) *SCT) (.,

h e re PKSS = tefinal prcbabi2.ity of kill,

PKSS = the bas-allne p~cbzability cf kill,

WRF = th e v=a por rz -a bilit y f ac tor,

GR F = Ih s guidanc e reli.abili4 f actcz

ASP =the- target aspect 9.: fctivenaiss fac-cr,

EN V = th e environms:-ta2 fact-o= for PKSS,

ecm =the targ-21 MOU eff!ctivsnass.

wone addi-tional svaluation. _s :__formndf o~

fw: acssy th batq,-4e tl aurge guiessnet fs-unrtun

a rcraf Tb fin. a pncin aicr: th cas ~ n isro=

prior t Rsult ?ha is impac ~a hr.th. Panac --s ssnu:h.

smhan sh u~p~ re comao ev1u~ aor eg pai d.

Fie". a ll y ,d fohe airch engagement Peprocure-1 call

fo=~ acsb battle da xaae assess -irr.: subrou-in26AeD. 2:

oE g gms- teFialt Pae i damag vtag ns. dam his- assiibrcu-

tin_ u3s-s the final calculated IFKSSI -F--= ea,:h engage! pair

to At s zmre -6- -f the targat ai:craft is destrsyed or no0t
d 9s -_ ry zd. if the ta :aet ISno: isstroye d, t-.e n the
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subroutine 2q26-ACBDA-2 calls th,:! subroutine UPDATE : v1

uat,? th-s le3vel cl- l.araqe. AppeadiJx A (p.169) and t:.i3

(?.202) szhcw 'he subroutine anJ4 icdal flow fr~v ~ -

The subrcutinp M26-ACBDA 2 zxc~z

controlled by a pair cf n~stk-d loops. The cu-te: lop allcws

processing to con, iue while the~s- are s::ill =nqaocn tir

in the 'a1 Z~ p Ir t a hlea. The ine: ccp :)::cssses ra--rs

whil t zhe same tezget a_-rc~aft is ivle. During t 1,

Ta=q tn g Pha se, pairs w it.h the same larget wr q k en

t_-g- t~r i: --he 'air-air-pair'7 +-able. Fcr sach pa i=,-

sta-tus chick is pe_-fc:msd to i-nsu: tha=t zhe taraoet arr~

has nct alr-Saly been destr:oyca_. I-f the -target s-i.-4xsts

then the a-4=craft hatzle damace s ubr7o uin e beqis the

procss thaT converts the I PKSS' ao: ach =engagement pair to

thei cumuilative probability of ta-r=gat d-4struction 'FRC2 DrES'.

Fist h S st andards= vosz for thz subject: weo =_a c

obtained? f -.-M the data base -WeapCon proper ty ta ble. Salvo-

slze Is ef ined as t le zumb ez cf shots th m ak;e- S:c Igl

S;%VC. lhe: PKS S is hbased r, a zing -E salvo f irin g. Ssecondf

a cu nulat ive damage weig -ig i~t is ini tiali zed ba zed or

thcS type cz weapon fired. Fc: all a:-o a:niSIS-, the'

'cum darn' isc s-t -.c three (3) . ForZl guns, the 'cur. dam'

-s Set tc one (1). Th_-S variable --z usel tzo ass--st in lmval-

u-it:or. of accumulatid danags when zh-i target: is ~
rot tc b= da:stroyal.

For eCach 'air air-paiz, wit.2 the1 s an z, ~ t

,; uation 2. 7 is ase I itlerativly to C-.e: ine the cu 'i lan iv

~rzabiitvcf no damaa -:o the ag .

P =I ZND 1 (-PKS S) *(NS/SS) (2.7)

hrePN) = the --=-b. of no damage by this ercagemer-t,
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PKSS = the probabili-ty cf kill for this p airo

NS= -the number cf Shots fired for thispi,

SS = the number of shozs par salvo.

When all cf the 'air-air-pairs' having th~i sams

ta~:t have beer. procsssed, the cumulative probability cf no

damage (END) iJs examined. Iff the cumulative END is squal to,

1.0, th En further processing of that target is typassed,

sincs no damage- will occu=. In this casze, the subrcutin-e'S

cute: 1cop increments to the ne xt tazget aircralt fcr

if some posi-tiva robability of tarqt darnagr:

(1-?UD) t the fi_4nal1 calcula tio n to de tear m-ne t h pro ba b i-ty

c-. target destructicn 'PROB DES' is perfcrmed as shlown I

Equation. 2.8

?ROBDE = (1 - PND) *(8 + .4 ~ (2.8)

wh-ere PNr = the cum. probability of no target damags,

RN= a numher bet wsen 0.3 and 1.0, which is r:ndon

U r.A-.f c r if the mto s S tz-casti -c or a

aefault value if -he met'hod is dt~~nrc

If t h value f cr '?N' alonp is less than thT_

PRna PCB_ D E S, then tha target aircraft is !,ite:m4inei Ito bz-

destro:7yed. Otaerw_-Se, the t:arast is no-: des, roysd and mus-

bm evalua-,.od further for lamage._ waan the aircraft taroet:

las two c: more enginss and the IDROB-DES' to 'RN' ratio is

areate-r thar, 3.5, then the subroutin-a UPDATE is called to

evaluate the Iazcct iamaap. If the 'POROD DES' to'z atio

.s lz-z than 0.5, cc the taroeat aizcraft has only :-?
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egi-e, t-he target is determined to be undamaged. App:r~ix

A (p.173) shows the subroutine flow for UPDATE.

The subrcutine UPDATE is called when th4 ttrc=--

ai:craf-: is not destroyed but the PROB DES is consi _-e :

large encugh to warrant damage to its sensors or weazons.

First, the damage ratio (DR) , - set qual . - h:

'PROB DZS'/'FN ratic. At this point, the target'-- curula-
tive damage status is updated according to the variable

parameter 'cum dam' init ializd earlier. Aicr-t-air

missiles wh=.-e assigned a factor of 3 and guns a factcr of

1. T h appropriate value s added to the :argot's cumula-

tiv ._ danaae status. This status is a running total of the

damace ircu:red on the target aircraft during the current

flight, including other engagements. At this point, f the

cumulative damace status is grea-er than five (5), the

subroutine UPDATE determines the target to be destroyed. In

this caz, ccntrcl is returned to the aircraft battle daiac

asssssmnt subrutine and evaluation of the next tarae-

t.gins.

When the marget's cumulative damage is less thar.

six (6) , the subroutine UPDATE continues tc evaluate tha

da mag to sensors ani weapons. The number of senscs and

weapons damaged is de-ermined according to 2quation 2.9 an!

nsern :a = PD * +'S 0.5 (truncated) (2.9)

nwr-p-am = PD , TNW + 0.5 (truncated) (2. 10)

w hs~ zs -r.dam = the num he.r of sernsmrs damaged,

nwepdam = the number of weapons danaged,
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PD = PROB-DES/FN ratio,

TNqS = t-he targset acraft ssnso: c-_-a city,

T' 4= the target lircraft -deapo.na~:

The subrout--i UPDATE usss se ;aa,:, l.ocrs -:c

step thrcugh 'the tarcet'S sensor systams and weonsys-?ms.

W--thn-m fach loop, the subrouti~ne codes the ope rative systems

as damaced unti. Inser darr.' and Irwep dam' artce~ I

all cf eitler syst--an type a::- darnagsd, the rrespec-tive Ioop

is exited. If all sorsor systamzs and all weao systems are

da a g ed, t h-n the subroutine UZDATE agair eemre that

ths target is destroyed.

A', he ccmpleticn of the target damage eval~za-

t ion, :cntrol is returned tc the battle damaga assssment

subrcuti-e .26_ACBDA%2. Several admnism~ativa sutroutines

a==- t.hze call -rd to perform the nscassa:y reccrd ke~nq

task's. These zutrout.,nes a~s not rele vart to the gaee

Pasult phas d imceig and are rot 1discussed furrhe:. ~I;w,
-hE:=- a::e nore a.r-craft targe-ts to De evaluated -for -his

iethe? sub~outinels out.er control. lcoo i-ni-ti-ats

anth:tarcet evaluation ssguenca. Othe~wlse, con~trol is

retirrnd to t he ai-rcraft t1a raet 4. ngagement proccedurr-

LM2OACAIC_2 an! thie Engagement ReSult Phare Is coumplete.

f. Previre fcz Fr;ee Launchers Phase

When all Engagemant Fs-sulIts have beenr. evaluatel

fcr a nz:ticular :-mTpac-. timoz, the Engagement Result Phase

finial actlc:1 IS 1:o fill the paramaete-r structure whiLch

ussl by NIAGS to schedule an~d call entry point three of the

ai:c:af:- en ga gae nm procedure M20 -AC AC -2. Er.:y po int

th-ree s mh - Free Launchers ?hase of ergagement executi-cn.

ThI.iS eve nt _"s schefulel for 15 seconds af:tsz the engagsment
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3. M'issile Ta rqet E .aagement Results

Ths Enqag,'ment R~sulth Phase of the crufse mi~SSin

engagems-It irocsdurs M20 AC -ISL uses virtually the ifds7nicalI

metricdol.-gy and modeling as the aircraft engaaeiment prcce-

duz.? M20 AC AC 2. Except for the on-a-sidedness of ths i

batewith cruise m-Lssiles, a few different variabls nam~es

attle plffe battle damage assessment, the two Frocs-

duras for this phase are indistinguishable. Initial checks,

launch aspect effacti4veness, electronic war-fare ef fec-i've-

ness and probability of kJll determi-natiJor ar-I m c dee1ds in

exactly the sams manner as the- aircraft tar-get routire. Th 9

only r.otable modeling difference whi-ch nzeeds discussin iS

~the damace assessment area. F-igura 2.5 shcws the missile

target Engagament Result Phass slabroutins hiirarchy.

App-zndi-x A (p. 188) and Appendi-x B (p.206) show the Frrzeurm:

and model flow for the mi s~ 4-1 ta:qet Engagement R is ult

Phase.

Theta:et a- ssesmet Dort-on of th~

E nga g sn rt Res u 1t P h a se f o mISss t arg-Bt s Js a cc - m p11iS heZd

totally %hithir. the missrle engagement rrccedurt?. FswpvEr,

zhe riszsile targeat 4-valuat-ion routin contannIs a simplifi ed

vc-rs-,cn cf the I26_ACBDA_2 subroutine. The msthodolocy is

the sama, but the ;?valuation -4- ca---rr-e out only t c th ?

point wheTrs th ? 'argpt iS d4eermi-n-ed -to ba either destroyed

C: n o t destroyed. The variable for probabilit y cof kill

I2 PFRO D i -S calculated as shown I- equation 2.11 a nd i-n

uses an identi-cal formula fc: PND (Equation 2.7) a s 4Ain th11e

aircra.ft ta~get rcutlne. T --e '2K PROD' is svaluats! for
eacn 'air alrpair ever wher. the samne target platform is

.nvclved. Therefore, arny cumulative probability of kill for

a given target is not considered for crui.e mispile tiar;-ens,

as itis fc: airzcraft tarqoets.
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SHO PHS NIEENILUCESFE

I RANDOawlUN4?OQM M30-EW M3-iNGNISI EEYRQJ

I * SUBRou7JNE IS DISCUSSED IN C14APTEA 11

Figure 2.5 Missile Elngagement Result Phase Subroutine-=

?K PROL = 1 - nID(2. 11)

whc-rs i- ND = cumulati-vo prc-babi -.ity of no dam~age to th.--

target.

ihen the valuoc 'for 'P PODI is calculatlsd1

ccnma: , to %tT- c:7s nc a7 pobta t-'Ilit y. Ta e refererce n: cb-

a bit I is zet by t hE game F-rspa rator when th a t: mnn:rt

e va 1U a t -'n ---t"od i's u Se ", When-: the stcchastic nmet .cd i-s

u-sa, -:1e =eierencs crobabili---y -'s a LUniorn (0,1) :an Icm

n~um -1 rt raw, :13= eacft ccrazIS-11. Th e reference Valuz

assncrne'i ty the gamue z:enarator is different: from the IFNI

ref e : e.-ce val'a a ised i4n the aircraft tarqet prccz-duz~. Bcoth

values ars accsssed from the olc.' table. However,
th risie-ena;emert :sfere.%ce pzsbaoilit y i4s fcunl unde:
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'.rSfersnCeD~ob.sng age ner.t s', and h a aircr a ft

engagema.rt 1R,11 value is found und~er 1.b.la'. In any ca se,

for c--uis* missile tarart s, I.f the 'PK PROD' va1uoei

greater than or squal to the referancai probability, than th

cruisEz Tissile is determined to bes dastcyad. Otl-eWis-,

the crulse missile targs-t completely ?scapes dam~age an- th

next target 'air air pair begins proce ssing.

1. FRE2 LAUNCHERS PHASE

For- ihoh - he 420AC-AC2 and the 120 AC Y1L Prcedu~aes,

the? executict. of this phase Is idlentical. For soms encags-

Lr~nntsq W 2n 4-he Wea=Cr 4 inVoej is a luc-n-ev

weapct, which r'eguir=-s no guida-.ce info: maticr. after launci,

this Phase is schaduled iJmmediately at the end of ..h? Shoct

Phase. In al! cthe r caSes, it is scheduled fcllcvi-rc thma

Engag--?r.tr4 BPsult Phase. It Is 2. vary S: mple phass, 'jet 4

is -Zsential bec3usE it allo!Ws the l.Iunc*her lirczaft to be

free S c::fit~ tarqE. irq assignmsent. rhisis ac-

P1lI hd 57'inrly, by ssettiag thae 1uncz.:signn b-4- i-

thea~ccp~ateauncher platfcrm ia,:a t-abl'.e to zero (1) fo

ea Ch I a Uncrc in1icated by the sched-aling parameter s~ruc-

tq . Cnc= th-is hasF been aCCCXPii! ed Control 4 s re-tUr7n97

t c t ,e : r a ft or m.issi2.e mon:_-Cr :oatinss in --he sncIcB-

mzent control modlls an!2 thes ,:r a ft a: ava--lat-l- for

tarn eting a-nd Other td: : d a S :: :cessarv. :h

'air ci: oai:' creatqd ty a l3anchi-and-le-avs e apon sage-

leint Is st-1'l evaluated a& ths a~propzia:s impact -ime zeven

t*houah the= launcher air-craft. may have bes-. ::ziee. A cr. ix

A (? . 15 9) and Appendix B (p.203) s h)w the? Free,: Launch=::Z

Phass flow -for the aircraft targ.t :,outiness. Appendi-_ x A

(p. 19 3) and Appsnix B (p. 237) sh~the cc7:sezp-onr.i: '-low

frthz- cruise muss:2e target rcutines19.
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III. EVALUATION

A. OVERVIEW

This chapter provides qualitative commentary ccncerr.nn

the suitability and reasonability of -.h e 1;W GS a ir - t C-ai

erigageme3nt. nmois described in Chaotsr II. From an opsera-

tiLon a 1 oin' of view, i4t diLscusSqs the strona and wsa

points of ths nodels with re=spzct to t-he l-vsl of e2i.

Frman analytic pcint of view, parameter definiton, -aa-

metsr aggregation and modeling t:echniqua ae the main. poin s

cf emphasis. This discussion furnishes an urnderstarding of

what 'he modelS actual~ly prcvide for tha user and also cla-

if I r-s that whi-ch is not provil.ed. ccaputer p r Cgr a im:.n a

errrs tha"t effact tl.e model cutputs are also d
t h IS c h a 1:tr. A . added purpose for this discussi-= is to

J-zy the grcundwcrk fcr: rscoz e:,da-i._-s made in: Chan-er !V.

1. Evalualir of Dataz Bastd 1dl

rati based modeli-ng i-- ge_-nrral has both advantaass

a: d di-salvan-.aaes. The ma:: advan-taje Is --hat iAt D=ermits

drivglcpmnt of very generalized an d an c.1a s I fi'sd modsis.

T .* - Z, a sin-le model a ay bs u se d n7o describe sev~ral

s Cs ra 4: 0S. 3iV an such a model with suff iciant Para maters

and a dat a base with zhe ap~cpr_-azte paramste v! aes,

aim.ost any Frocess may bs. simul.ated. The majcr disadvar:ags

c'f data tasid modeling may re Sult difractly frcn ths apa-
t _: 1 ty . The model buildsr can easi-ly acguirs a ten~dency t

dfine convenient arbitrary parameters for his xiodse. Thes-

Faramet, rs, as 119fined ani combined wit*h::,- mh cdel. ma y

ccipletaly satisfy temodel recuiremsnts. However, whe n

T.he r-l user -attempts ':c f I the Aata b as s with th-
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required values, the Faramats: defini tions may I-c-,->

cult tc :Spressnt.

The availability of appropriate daT-a for ~. aa

metsz st~ucture of a data base-3 mcd.el is a cz:~:se

The model huidEr must always be concerned wit- -h xiz-

te r cs of rsnresentative data for tha pazam-mters fi,

whether cr no-t i-t is the model builder's- r ostc~v

provid thcsa values. Appropriate data ca 7 b-2- oc tai ns f ro

actual perfcrmancs cr test -valuaar.:rns, Fl=ee: cpsV t-cal

evaluaticns, 4 ntelligence Fblcvi-ions o r f: c .- c- h,?

ccrinmcrly acceptel models an d sjnltn. in any case, th=e

::corz~aticn required mu st- be either iiracT2y avaflabis cr

cbri inabls t.hrough derivat-c:2.

The system ccrtraictcr for NW33, Comnnuter Sc-cenc~s

Corpozatao:, was requir: d to ovieonly the dat-a b a se

s- zuctu:? ani oazanieter deiiirswthei modsis. The

data taSe val.ue S, scme cf -41ich are class-ified, ar -_3 b=-

p1vd - y thI': U.S. Navy. The or: b2.zi cf arbitrary :ar!-

mter d.i-fizitions and the subs=que7t :ificulty of Vaaanzr

=sozrentatic-n t he -Tta baze na-ve become slnificant

pro -l cm s :: cr th . Certe: fo : ;ia: Ga minq in the installati--on

cf NWGS.

Tz-rcuig.aout -: va lu& -ion, an q phasis is clace- o

tea'ailabili'y 'I- *at -o tn - -ne para ee-s. h

ac-tial zaramate: values to te p:vld by thse c Ia S- 4 f--'S

daabasze ara no:n includedu ir this s-,ui-y. Hocwevsr, teN_4GS

a::-tc-alr T. 1 e Is are so de perndst c. e- J r data 'ba s s

Valuie s, h a -: a n e:f:fcr ms ma, e t h ro u h cu- t'e eva:lu _=tic _JC7

pro vi clear pa rame ter ds f n4 t ors f )r us by t he 17,;' Oata

Base lan eqar.

2. Eva_7uat.icn Accroach

Tho orianlzalicr. -f z~ ia ~v al ia t -'r. 4is tasa! on :h

zs Trj: --n rag q.in p oha s 9s o t h a 'I WGS i-:C
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enqaq;ewcrt rcutiass. T-h-:y are the Tarapeting p has E i

Shcot Phase an.I 4-he Ergag-amenm Rqsul-: Phase. I--~: '

und,:rztcc -Ows-var, tha: -the. underlyin~g strulct~ire C~

evaluazit :o z ascunded in 1h r:eality of : t-~

M rnts. Th ilnplicatlcr is tha=t cerzain znin.-ur ez e-a

com~renTS of air--tc-aiz er.~ag=_enens mus- ba zonsideri ti

ary mcds! -that initenrls to descrite that wa:arv:.:nmnt.

There ar-E 41ive major ccmporents that must bz azz:ounteG5w

regazd2zE~s cf the moel's level of detail. The Y a r z

*rO to evaluati4on,

*:argsting/Weapon Assignment_ svalua:,

*Ccnv:?rsion tc Firirg s:i,

*Shco:, Detersination,

0:rgagem-ant CutcrnM .

O~era-cs ani analysts alike wcul4f agrsee that :hess ria:

a MnMM Struct-ure Ifcr mdeling the a:t-:aen. Ay
par-tcu.'ar Toidl should alo t: abl-_e -:3 s:nis. ~-e

t-=- Icng zarne :vcpe cf engagemnt ani the short aa a o

Ica ficht typa of ai*r-to-air saqgenent.

Each Lf the fiv,- ccmiponent s above- i-clid.s S~v=:ra1

Eubccm-rc:t- S= which shoull he ccasidreai bv th.e amcdel in:

s o)'r a c pi--a t e way d'irinia thi, major ccpnant analv3_s.

'~ctatEJ by t e ea _41 ip 1 4e d ty the modes' inputS. 7,
~pc::tan t' y -h e le-ivel o f d ti2 aoul J e deemnad by -:hz

t a t:. soutDL'ts t:ha-t the m c d z i s er -a s-: -ak

cearn.IK-.S raquized level of detail* -n turn dc~-!

he C-:e of s'i1bcomron-6 aggregatir . ha iS a 11::,ole?

71,hSse6 suibcc-np,.ner~ts are iden t i 1:i zd and 3iscuossi :u r qz

w:athir -he a pplicable evaluation s~ctions.

11ha ITWGS approac:h to art-i na~etno~~.

-~ut I-f = r, ?7t th a r th c se qeni -1 ~:nn atit
dic~suz-sq a,-cv e. Nc d',itectic-: evzaution is rnd:nc-:



the stri-kem group has been dcerectr-d by t d ffend->

T h a a:gstfig Phiase perfornS a 7, t-4mize d a s:-n7:-

launcher_, weapoa and tazga-z cnbinazi'ons whil-~Z

a!-' ta:_gts ars letected by all el ig ible ]aunc.ze=:7-

These assignrnentS are nads when? a : arg;en is 2r: 'e z.

MaX: MUM ef 'eCtiV6 range. Th;? S h o t P pa s :nn :c

sevetal .zifferent evaluations for M-PCn c::o q-

to dtrrins whicn- snaac ?rnzns are aco-lally axecu-sc. T ~S
pr-aSe M~u-= accoun-, for : lj f&aZtor3 f:vol.Ed 4 -.
ms-m sce:nario that ccntl:ibue n : e launcher's abilit-,- Y

aen' -- S )cific w iatoor'. Th irs E i i -2 - cea s'is
t Tarae-4ig Phase and h Shornz 7a~ alS 7eanS -'-a--

the c-va~ua-ti): of the C o 7vers c.-. no :r Ir, Pcs-ii -

cornducts-d after the tacn. Th q cr i ial a s - i-

m r ts rm d=at- th = d -3s ir s d w sa p 3n firn S >ri~n I c s

lzu e~z acnoes ha vs been Xercune:, n EzzSn-.

Pesunl Aa Se d t ar rin s s h oiz c ):n a by ev a ,I= z -7;,
f cos W'-c - C-14tr12bu t ,:I he w SaDcn D er f cr --.ac;

The cussiors_ czontaineA,? -'ihi chap-s: :ean'a nhc

fi-ve- ma-cr ccmcoznrts c., gener _alizsd ai-r--a-_Jr

tc----e noclin ohase of t N :WGS air-n-ai: zerqagk-

m n- :o, -I E S Th e p ooe-?d u : decnpin -n Ch-apt,;r II

:r. Z t :: th Sioaicfazr:n-: cc ..our:a1 v o f the ai rcraf-

t arI F n cr Ui se mis s 4- ar c - _: : n a s . 7:h erefn -?, - *

f cwn do no deeal =epara-te -he- eva2.'ia-

c:r c dlfrn: tarast ninpes. Howlev'E7 h ,notn

vesare ;c-ne out in th, crorae sotcs

B. NYPGS TAEGETING PHASE EVALUATION

ci Targetinc Ph-asq is ic h irs-:a~~ft



:cdal-na riquiremen4t of the initial components -f th-

alizd air--o-air engagemnent. The comnponents that s~Ub

cors-, red durin-g this phase are the Detecti on :va' uat :on

and the ticeaporiS Asslgrmsrt evaluati-on..

In an agqr~qate miode 1 whera only t he numnners of

la,,,ch,-e:s and targets are used, factors that e f f=c t -

viluaJ. target detection ranass can be ccnsumed irnto a s~ngle

fact or. For models usin~g more detail, whe rjre id 4vi4dua 1

Flatfcrm versus plFatfcrm arngagenments are rsprsssrnt en,

-Cora", to acccunl: for the -ucmoenso he Detzectiocn

d Ta :0 _-ti4ng e v a!ua tfons dnniv-*dua liy.

lmr~rtant subcompcnents that, should b cons'i& rd d urir. a

zhe Dr-ecticr. evaluation component ar-:

J Jamu!n ng (toth self scr-een_4:q and stand-off) ,

* argst Densi4ty for R-dar scuin

* ?ada: Target Size,

* ~e~herFactorS.

If a tar-q4t has iacxsir.q __~rt hs will h-ave a crca-:

-ipact cr. toactual -targmt 4-tc--or: range. A laUnIcher ray

be unatce to detect a ja mmer screenead tar at until well

co-_e Maxf u effsltiil e Wtfor-s Thee nai. a lafr

sde nd wialle alsc a eireciyfc- mp~unat oe radar' ability

to zet:ot teo oaret 4din theshoargts ra or czases, a t n a~s

iaptrcantofrctor ab gE cc zFi arst ~a a o nVisualy Drtctin bn:

tcin a cmS. nhles ritical.atull b

will ccipensotat_- cntibuta t*oj- :h' a~ no. Tev tage

ticn _r. btht- thcr short and thclng r:,Ange cases are:
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" Rules of Ergagement Status,

* Potenzial Launcher Weapon Compl~imen't,

" Laurclisr Target Range.

The imcrtant point to be miad-S here is thatta ?:0o

.ndividuali ag St platforms c a nrnot ar. sh _u Id not be

perfcrm-3d until the indi4viaual targets are ae':ectable. W hsn

mulu:iplt? targa-ts ars *etected; as a sin*:gle- radar track, 0 LI

thea singls radar track shcuUd be taraeted.

The NWGS Target-4na Phase ,fcr both ai-'c:af-. an f cruiss

u:s-sile targets, dces not follow the sequential compcnint.

app-roach o If:h a generali'zed a ir- zo-a_4r sngag= me n: mcd z2.
rztSCt4,0r 4noriat4Cn :cuIg ra~n anysis, t ar get

density tazget size and weat'hez are no-: evaluated at a!-'

du'ring th s ohase. The s-ignificant eIffects of i .tercapt

ceometry cn, the weapor maximuw range capaonili'-v are also Lo:

czn.7s -Erd &uring this phase.

Ihr- Tam=gsetizno Phase is -- iti-ated when the strikze arcu

aZ a whcls i4s d-etectqd, but taen s ;m:. ar- not

.T._ ! unztI. the la anher-to-tarqet rang-:_ IS within a launchs-r

wsa ,nns maxi mum effective ra rge. Whe t h c "L Ta r t_ nIc h ase
4.S inittd i.t begins izaiediatsly psrfc-rm-iq the t arge.:n
::ccess. Fi_-rS -6. itEvaluatss the =ulets-cf-rnagsent status

for all ~cnillaunchars. Then the ',WGS Tareti ng p2haSe

ne: r -:o r zs a7 i d --a isd weapcn a s:I, i ,nt process wh ich

czaates lpcfcaurnchsr-weapo:r. a nd t ar E c o ri.b naCo. ns.

The se -a -za it ::g assignment-s are? a Sss d s o 1e 1y on n

la uzc hs:t c - z a ae ranqc? an d a lti4ti i dif fe:ential W_ th

resznect to -he snecific weapon cpb~:s

:Leali-Zad tarqeti-ng refcrs to thes NWGS aff:r- tc cp-

:r.i a tae platform-to-platfo~i w sa pon a sS-;n aCrneT.

T'hZOUahOUt thenz targeti~g Process, ths general assum-::or I'S

that a!: target platfozais are eniidand resolva:nle,

even with r es ne ct tc thei n s sio ns. Ta:a;:I:atin itsI
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calculatced durir?,g thi.s phase ccntrol the numbsr of _"unc-z:r_

as _g v tc a s in-gle Mi ssion tr ack and p r avettn c vc-r

t a rgaeti"12g C f individual target platforms. ThS pr c,: sS -4.

puraly dets:,mini.stic and t he result: is a p r f ect an I a I

knowing launcher allccation for the giver ranges sparatisn.

The NWGS Targeti-ng Pha-se is not a ore-4-1mr operatior.

It i s execut:ed repeatedly as the ranges betwear lauinchears

and targets close. There is only one special provision

durin' -g thie Targ-eting Phase tc disti ngui"sh the shicrt rangs

air battlIe from the lcrng range sngagsmezt. Whe-n a launcher

has mul-ciple aerifal guns on board, more t:han, crn target iray

he assigned -'-o that launcher aircraft. That sxt_"ra provision

affcects primarily large bomber airoraft with mult!iple? gun

systens for defense. Otherwise, close rtc tar+atir a

assignments ars performed. in t.he sanme manne r as th cna

range assnonments.

:t appears that the NWGS apprcach to the modsling offth

aiz-t:c-air sn ga gem e:!- arena is based or. the fcllowing

ccnCSFptual sequence. The- TargSetin ?has Wi4ll f;r=-=.:at

~h ieaizdall krcwinq-, launcher--naroet allbcaticn h~-

the Shcot Phaise, ir ar ef o0rt to: account, for all of th-

asnacts C-9 realism, will oeriorm the a::orcoriate Z-valua-

tion Z These evaluatilons then totcally detarmir~e th- d!eci-

s'n to actually evecute -each enao-enen. Thi.-s aproach Is

co n a yte a reaali-stic or sxp"eCted encn or evsrnts.

inth f4jtai atalysi-s, i5 hc- mooal o)utout shlould happen -,o

L:e reasoraber, it will be extremaiy 31ifficul' t:o explain it

__i'z'te6rms, how the nods! pzcducad those r=_s ult6-s.

Tbe fcllow ing suhsections Fzovid~z iis-cussion of specific

arm-as c-- snteret in the exist- ig Targeting Phase modeli ng.

Al tho0ug9H the NWGS approach Is tot cons der ed desireable,

most_ of the sugge sted soluti-ons bslcw ars di scussed itn terms

C: ipzcvrg the axistingr model.



1. 'aa~oas Free Check

The ru es-of-ergoagenert svalua- ion for both arr:

and cruise miss-fie targats is pezformed, as it shcui'.! e

e-arly in the T11argsting P hasea. Neither- niodel a11o ws

la.uzchsr tc ba assigned a tarqezt without a wep-sfs

status. Since the actual targeting assignments- arc craa-sd

a-: the cropcssd weapon launch po--nr-, the weapons-frae s=4atus

chack vaust te performed at that tims. Models tha-t Si-mlatg
ths ocr.vs: sion process from a long range ds-tectior to the

wea:ocr. fiig pcs=-,tic-:1 may evaluate the w-sapons-friee sna tu _

at, the ccnplztion of the- Conversion, long aftsr the -4itiral

wa-,,n selection is zada. A weapo-ti-ght status S!hould no-:

Frsclu2.e th,: axecuti4cr of a con:version-" i'f the cory :S cn- is
desired. In reality, thm. appropriate time for a :ules-cf.-

engagert chazk is prior tc the saoot aecisicn. I s
4,npoZ-r4n that during game Flay, the: player i:s fczced to bz.

aware of t.he weanons-tree status.

2. 2 a n T- =t rn 4r: a iorn

The s-ubroutine MI3O-PROXIM1IT i s Cal Iee by th

7rget:ing Phase to ditsrmirs thle zanges that are u sed fo

t val e~uatior s. Thi s subr:outine calculates the ursat-
rcle range betwier tracks. h ra-ircle rang nc

msthcd yielIs tIh, distarncs along ths surface --f the earth.

It Ices rnct '-ke the track altitudes into account. A t i tU 3-_
d IfI sr n tia 1 w Ill have a sianifican- sffect on: th s r ar. a

s trv n a in. In the air-o-air targetin g -7rv_-:rnent.

rango;s are Zhor- enouch so that the slant-range mnthcd will

prc v nuch be tter info--maticn. ras slart-rar.gs, or the

line of sight range, method shculd be ussd during thi.-s phass

to calcula-s ths rangae- Ye"ween l aunrchers an d ta z gsts.

d'i:I' -g the Tar getinq Phase eva J1uatior..



3. M4 ssi.on W.eghting and Tarqet inq Lmits

11he Tar getin g Pha se uses mission weightiri fac-c:3

and target propcrticr rat ios to aee-m-ne the a;tn

iMit "mar"l. The "max" value cont-rols t he s 1imbsr o

laun-cbqrs alsigned to a particular track of ta:etz. Thz

ta-geting limitAS "Max", llwpn-l.m it"1 an d "tnt im it"1 all

ass stir. targeting optimizatic'n. The use of missio-
Weighting factors imclies launcher knowledge of each target

m, sa ,cn. such Smphasis on the tar get missicn i mportance is

a :taasonable ap proach when th-t air-to-ai: ezgagazint-s reFach

crne visual dstection or short rarnge ar-zna. In that envircn-

men t, -Is launcher car pick it'-s target throuqh visualie-

ti-ficaticn. Howaver, in the classic long rangre scerario, it

doubtful that such mission knowledge would be available

during tlarg-et assignmert. For t h is re1as on, the miSsion

weighti-a factors should only be used by the Targmting Phase

wasr. thz 1aunch:-to-tarast ranae is lzzss than scm-s reason-

able visual range, say eighlt mims. ~fany targaet egin

_z mc b_- rerf-zrned at longi ra.-gs, itshould rsally b: ac4

on radar return, s.Jze cr passive Ssnsor infcrnaltion. rh= sz
cf t-h e tarceti nq limits "vwpn _ Imi-*"tl-i" ad m

wi_:thoCutr the mission. wsigitirg facto: are very f f e c,:.v s

cont~cl fcr pmerforming the optimized tzarget allocat_40n.

4J. Atitu p Differential -and '49,Oon Pameters

The Traqtin hs sste aliud~eeta

I.tWsee launocie: and tarcst tracks to evalua-e the selected

W sacr lock-u? and look-d!own limitations. Te act Ual

weapon .cck-up and icck-iown li-mitatiLons for most ar:-~

w-eapons3 are exDzesssd i-n term's of de grees. The re isno

m,;aninqful way to lefini these li-Mits in- terns cf altiftudre

d_-ec~tia. -as this model does. These angular limitations
C,: 4rn:=eest here azq given rel1Ative to tehorizcn. A
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s i, ple c a!cul at ion using the slant range an~d a::1~

dif ferantial between launcher ar.i tazaet c ar b a rrnz-d

deatermirne the appropriate va'u?. F--guza 3.1 illustati-

Frobl'4n. If thm angular limitation c~ interes'k wc-: rad~ar

or weapon. g mrbal -ii1tins the cac-a:n i.2 h

to sval'uats the angle relative: to the aircraft c-nterlie

The informatiop required to perform -that calculation can ro:

I LAUCHER LT LIF L~UCHSLAT RAGET LTR)

0 ARC~J ELL~.IF .(NM).

6072TITUDE

Figue 3. We~cn ook-p/Lok-Dwn DterIatRoNC.

b ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ (T Irvddt WS fti ero suc, t-ea~o
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co Iing The error exists in both thz aircraft an

target procrdures ar~d -;'. repe-ated wherever this -va-ua-:fon

4s Performed. Th e altitude d-*f farential wil 11 .y Z=

tpgativ-- valus when the target is higher -.han the launcni-r.

If, tIhi data b a s 1cck-up limit val ue is pcsizi--v-, -:h e

look-up limit will always be samisfiead. If the dama basa

valueS i-S n gltive, then the look-up limit will onl.y bs

sa-t:sfied when there is actually an exceassivcz look-up.

These is alsc some qussti-on as to tha necsEZity Cf

thn-s evalia-zion consideri"ng -the level of deai ro vided by

this Mc'! The check is certa-Lnly azorozriata for thne

longe.r r:a:gE engagements. H cWe v-3r, for zthes close- rang-

enqaqsmerts where the dynamic la'inha: roos_-ton~ng IS 7nct

actually miodeled, the Targeting Phase shouli assume thiat

these -_:_mitations are accounted icr- through th-e l aunc hEr

PCsitzig Therefcre, the approp~iate "aodel should us,

dsgzess cf launcher lcok-up or loo^k-down '-cr long ra-rgs

targs-ting and thea stop usi-ng t.-e iiaioswhen thce ra7n;g

closzes noc l-sZ= --Han five milas.

5. Jaim r.4n Evaluatnor

S.vsral factcrs h ave bean m n ti4on-_d -4h Ic h aze

subccmponsr.ts of th £t-ctiz-n Coqaipnent oF t.Is generalize Zj

ai-tFzregagement. Thq most signifi'cant of iS

probably the jamming effe-ct on letection rangas and thp

res.ult-ant effact or first wea;pon launch oppc= rurtias. T hI'S

mod:-l wouldi appear much more rsalistic if thie con Sidza= .- ion
of4 jammer: effrects on detection-7, ran ges were added. T her

SubrouitinLe .130 E;J currently perzfcras an evaluation Cf e-

susc -zpt -t~y to ECMi during~ the Engagemsent Result ?hise.

Such an eva2.uaticn shculd be perf:ormsl Iurina the: Targ~t_-na

Phacs In ter=ms o z the fire control radar suscepotibili"ty.

Once t-e sus c s t Ib 4Il-_y ev alua ti-'on. Is ccmpleted, the

fo ig simple,:, method coculId be si o a(Ic p) y -in:91



jammninc efficts to the model. A target supported by j:f~

within its own track could be treatei as a self -:

target and a target supported by a jammer in ar~o-.h:r -Ec:

ccul' ~t:ae as a target screened by a stand-of' ja!,mcir.

Any number and variety of degradati-on factors coul! bs u~ad.

It Is important that the sf'_-c-r on ats s p sciic ra a::

d =- -. c cn range are represernted and t h en -h - s u ts a qu -n

elffect cn wcapo n launch rangs. This wil'l Insure th~at in -:he

short4 range case, jamaing will not ba as q1ff~ctivs as iJr,

-the lonigz: range engagsemants. Ar r :v 'n g at appopriate

det -c-tion range limits will rojuize adlitiornal analysis, bu-t

this a -1a _itCion alons could signiLficanltly i_;-rrov= h C

Targetingc Phase realism.

I hes Ta rgesin a Phase rersns the nlit~en

carability of cer-zair w sap ons. very wsll. 1: U :uiez Si

wu:-aa:'. ea r. typ r=to bo=s s I ct -- a - aIs '

ascicn~itc one -.arcet bc~fc:,. t-e ca Paoiliy can t-?

The mcdse. is_-alSc no' perrnitti;A to target the same as

the launche:'s fir-st weapcn.

There is an ad Itio-cnal factor which s cld b;=
consern -n aeemnn a:ne oolain t'-e multi-

targeting capabili11-1y . For tclay's Mut-t+arg?,tng ns

the cpera:nng mnnde cf tha wsatoon's fir:e con-:r:s. sZy!7tem 1

very 3, gnif: cant. The fire=, co:,trol syZsr.-m xa sn -_; z )'
cpe~ating in a m ulti4-targctia In od2s. EnvrcmnS, sujch a S

hoze With haavy jasming may preSc=ribe the use c '-sE4 n z

tarited w&eap- ns sven whan the wsapoa type has a mil-ti-

ta: qeting capability. Wit te inclusior. of -hr ja mmng

,Rvaluatic. suggssted abovz in sutbsectio'.n (5) 1 i woald br-

relativaly easy -to Influence t he exacuation cof th= m u! i-

ta~a-Zna ZthaSe :n. Such cases.



7. Surp ar y

Sh e !TWGS Ta~ge-i-nq Phase performs e :hI_ zs

ta =,Iq : nr assi gnments 4n a very e -:f e c _: v ar. wel

con:olled manner. With the exception of the ccofr -=q -

:the alt~ud, diff-a:en-J.cc, the rcutin- - e:lsrm= as

exosctsd. However, as suggestsd thr:)ughout t:h: di-scussicns

above, the N'WGS apptoach 'to micdeling t:ha TargSeti.ng Phase is

nct realistic in ints sequencing no: is -it lik!-ely to porcdacz-

=easonable r,-sults- fcz further 9valuatior. !-_ appears that

the modal is designEd so that th1e Shoot- Phase eaunz

must acccunt for all cf t-he various aff cts of: elg. I

seems tnia- scme ci these -4ffects must be iJncorpora-te d in ths

Targctirng Phase in orde: to creats somi realism.

C. NIGS SHOOT PHASE EVALUATION

2aspd on -he ceneza lized conMponeCn71t tr u C u z

air=-tc-air enga eme:n t s, the.- NWG S Shoo t Phase shculd snccum-

Pas= toth th C.-.v er s Ion ard Shoot com-or.,: nt ?valtisns.

Vhe ccnvc-:s--on compcn-Snt r eensth anLuv:nC C~ thc

lauincler aircraft frcm tne initial targst Stiction posit.

tc the ultilVete weapon 1laurnch poiton. he Sh-c, ccnpcn:-

r~orse:-s *~efinal evaluation Ofthatanc uc z:

t--on, :thr decision to ex-sciate the wveaponc !aanch a n 3t

subsecuent,:J launch 3ucce-ss or: slue I--, fn al launch

po s' t;o r e valu A tonr ps :o :znd in - :rm s o se .. v M 1C c 0 f
te slctes, weapon.

-a hiah2.y agg:=qated, moel, -:ha niuLtr lini types of

wzeaocrs firEd may be the only desired -unPu':. In that Case,

th? many factors cortrfiiting to thez Convsscn and Shoot_

comocnent evaluation may be aserealized i-nto a few ovnrpall-

effzct-v=r~aSS factors. Howc-ver, when ths ra%2vi:ed :'zv-1 of

(let ai i -s cuzh th'ia t i-ndividual in-trcents an! s ;:-Bc i e,7

launcher-targst paizings are createdZ, t C on rifb u nc

a,: t czs m u st b e morqDe oe c IS e cc,.=I' ar ad
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There are several important cc nt4 Ab u ti n g ~a ctc~

iflusncs t;,, Ccnversion to FiigPosition. c o ic: f

individual engagements. Fc= liong Zange S snga C S 7. S

fcllcw4in.g fctors shculd be consi6.ared.

" Stazti-rg Intercep:- Gecmqtry (fndby lau-.d-- an

target),

" Targel- Speed ard Altitude,

* tercept Coritzc2 IRadar '2imiiy

V V-cto r ia AsSit a r. ce
*Ra=ncv for ConvaE'sLor,

*S.alrec-ed W2sapon,

*Launchzz Aircraft Perf-:manc~ a abui~

For -the clcse range visual 1:n -:ha sioqn-*fi car.: f a c:z t

th~at shoull bs considcr~ad are r:-Sucel --o:

*FIrst6 D.atsction,

* ~2.aiv~Launcher aad T :qmt ~~~a~:y

*Launcher S alec±t ad aocr.

7 h Sh c t Compcr~zent e v aluaic o- hould c c s di,

-crcasta corntribute to, t,- ac-tual f::ir -cS 0n r n

s4~e n -. act-lal execution c'- l unch T h S e

* Fiin~Doct~i--,

* W~a~c: ,iina ;azarnet-: quzar:s

Th-? Shcct Phas? cef thc NWGS ang:-aragemert- 3cd;-is

Froves tc te -:h-3 mcst significa. of th'.S four Sngagv m=n:

pL.Z.s-M with :?spict -.c the :aisn a:. balie-vab--lity cZ' th,

vi: a'-" e ngag e ment niOcel1 o u - pu. Tr.c curr ent mc e al

91



C:)a r - t _ 3n zr th is phase mu~st -ccount for all f -

contzi but--* a f act.ors i-nvrlv e 1 ina:t- engaqam-n.-:: f:sn

initial tla::;et datec- ion :houqh t:i-ggsz s'queEz. h s--
Ph a se I ,r Cv Ii 1 it'! wable of iieali4zed a 7a -
ass - qr."rs crcata=d ty -th Ta: a-_ing Phase. £::ach cf -'ES,:
lau. chez-*4 argst pairs have already clicsse- tc fir:: 7:ag
a - ar.- wai-ti-:g only for the decisiOr to execute. hi
p* as c- m us- co.-S i!e = t le rsaIis tic aspects of n c -v-rron
t -t. WoUl"d have h7-I to tjk? ra Ce -L - o :7 d fr th .a aichce:

~carri.ve a- -hge cu==sne launche: oositio-,. r, -h

incl-l d~~nsthat the cc:vqrs4a-n had a igh probtab-_ility

ci beIng successful, t h ' _C 0r -ss0o t -01 sho Cs mad=.

Othze ; r wi, I succ!?ssful cc::v q:s -'on :S co -S der e C to b

ur.likel y an~d thc- particular en-aaa_-enn is caacelled.

Th, -* :asis used by NWGS dar-Lng t~ Shct Phasc- to

m-~ Ih likaloa 1' a su ca S-;: cv: Si~n is th ea>
aii on hS rh Po b abiiiv 0 f Ccnr -i (:: 'CQIIV i

C,)r. v z s cn conzc-er: ankf_ -bh Eh)o: croo"n-.," of -

in-h AGc: Shcot ?h-asa oe r w:-z'-nr, V ,Zz s-s

-Ct~ ~- ,1. S , - inc

w~at~a:. =7 h s r. a 1acnch a ai

apoaq tC a th rW oe: e:qaoo :u cm a"

accur: :or s e o f t hea i:ii a., a >tSctiC

C onS s F- ~ S a och no :o7 n ths da

C ;sss d nd ta - later Two z t _ a2 S!I bc mnz:nts
m ~s *r. g:r -ibcve --- . i.:s are- _ enM Enec: o -r, ."

-~ccnvs:n ani t- z n v a
2,:!.:E !- ocnves F T;-e i c a c ( Zf t h se c mIE *c n S
a -_ a~j 12 Ld scu sZ c- Jaz r.
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-as Targetin.g Phase is crea-tig Ia un ch'?r - t a -g Z

T 1-.=_r f a= e, Shoot Phas= svalua::icns are performed ov i

er.:r- 'c s Ibl a laurche:--ar= zrange spectrum us =-d

'Iarzg-:: g Phase. No special provisions are c: ::

Shcoot Phase- modelina to acccunt for -:hs s-ort a c i

b at 1 It thiz ar~rna, First Detactica and Lai-, cher-Targe

Falatlva ianeuverabilizv shcu2.l beccms the cri-:cal fa-: -

ir the ocnv-rs4-oi zvaluption.

Ths N:,;GS Slhoo-7 Phase uses the cla-zsic con:-4i±o-l r-ct-

a'-IIIty rrCAUCt SeqUftnc a p,: .a to de.!e:Z i~ V-' :'

'CO "V, for ea ch e na a seen t ;ar -rov_-*-?' by 1.7 Fa~

=Ls~ -I-n a st::ai-Tht f:war4 z -nc= POV'o

s m e M c r. t Carlo ran~lom c11- :s UiSe for- co -Etnt

d-,termirer If th!e wea~cn 1aunch i s act-ually :?=rfcorn=a. h

011 c wi- n sub s f-cti-c7's r cv de -:a ile .~c u si

Soeci::c of _Sntore S i: vl

Zrv-f, Ie L:azin azc'r-ao- 1rrn

C:he ;W 133 data ba-sm -rcvi-dzs the :-,iU: t ai-

--table c f bas clinr PcONV I va lues f a ec h 11 a U c h r

aicrftty:>e and succific We:ato:cori:iE~: ~ach t 1l

7 " cta in .S =v er a s nt v.u e s a-f - sr:ccd h E-

s z ac f c - ar -a cl a ss ffc a ticrn pa r a T,:s r1r=:t:- es

a :a. c E a to0 tw 0 s:~ ca : a jo 7S an.. ::- e

cat'e c -eS res 'l1ti ng _-n7 Six csL.. SCNV S Sl1u=. -riia

1?si ta-c-ts r: clas-- f d ct :r iie -~~ c-eore

a-.d four: altitude, catsgori es r e sti:n an Iw.v -_ I b

"I C r: I v a 1Ue-S
'This' c as s I ~ia -I 'Sn a 0rz0ea i or 77 E -?3 S:.' :~ c;

flex 4 h'liy to the mods! anl sn-ic I ail-w uh. use
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observe -h effect_= cf various -:azgaz: typcs "' --

al~5fl-. Cut:cm. A major-1- z es w D a:ss~~
o~ d e 31-- r eI ~ha rep::esenta7r-vz_ valluss :or :s

IS-trAd f~r tnhe Data Ease larai=er. I:is

sarv that an ad-equats ':)nz~ne u-e as t vc

basls fc- t1-- U rnasur, 0' 0-:c~r~s hs-wj'Sa_,

cu=:.-s - 'a t a b as,; v a Iu =s a r z:c> i v a -_b :7: a S a r

e~xp,:c.-ced prcbabiity tha: th aiunc -r ~

c- c _- f- th -l c _

E.- o i d t-akzn over all. zc Ssile :eazge Seca7=a: .cns

Su ~CC-: c~nve:S4 'm The a n a _v__~ b s2 -

a:) 'y C: -e:C -iOn for th. :-,-.. :az:? t ty> p :-

-- : a X. M~~UM :ange tc:e s L.' c _ z-dwa n xf1

7 i :e S ST.a b a p:ox: ia c zr h 0z?CG*TVI ra

a u z a _ -, .--.--

c~~~~~' u-- l y Sz I

a La.::ch Ai -c =a f ?ef 0 z -3 -7.

*~~~~~ sez '4ao:Lurch :lc-' 7:-:

a :ae S.z. 3 pqe d P n'! A I iue (C7Li ,I.s:-

cr...Y)

A Av : r aKn cs f ) _r_
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* Relative Launcher-taroat: maneuverability (..,,-

range engagements).

Most of the. NWGS Shcct Phase factors are accessed as data

base parameter values. Therefo:e, rhe fcllowigra discussicnS

focus on the availability of the required data. The avpro-

piate - - f specif icactors and the model_ ,s approach to

th-r evaluation are also discussed where applicable.

a. Reliabili-y Factors

The Shoot Phase 'PCONV' evaluation uses two

reliability factors both of which ara associated with -h

spacific weapon system in us.. The aircraft an- cruisz

missile Shoot Phase models both use :hess factcrs. They
ar -.

W Weapon System F;rs Ccntol R!liability,

Weaoon System Launcher = l z itv

tzi cc-ntrol Da~ametter rap?=eser.ts the r: b a bI it t-1h a
the cnkcard weapon system support fu ts for th",

sel.ctel weapon vill be mst. The launch.r zeliabilitv

r=presents the probahility That the weapon will successfully

launch, givsn the. wi.apon launch cosmand. Both cf thess

pa-am -.= :s are accessed from the snscific weapor. system

prc.erty ,abl. Therefor-a, the valss are related -:c the

select--d weapon and not to the launcher aircraft. This

means :hat the same weapon type launched from 1.iffsre.-
I= nch airr ft types wi l have the same reliability

val-Ies. in reality the fire cor.trol reliability would be

significantly effected by the launcher aircraft type as

well. it appears that this launch aircraft related fsctor

may be accounted fcr later luring -he Engagement Result

Phase.
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Nothingz is cained by having two separat= -1-

ability Parameters except scne 'Elexibility In the fata 'rass.
One cvarall reliibility paramstsr at this point ir, t emc-s

would saffics. in fact, the val~ues coal! be izclu!f_-:: in -=
hasslins 'PCONJVI tables withouts affecting the mcdel. of all

the parameters used durinmg the Shoot. Phase, these ar-e the?

cnly hardware related values. For that reason, th-e avail-
abili-ty cf data to de-scr-ibe these parameters should not be a
prro bl1em.

b. V-3ctor AssistancB

The vec t or assistarce evaluatior -;s perforned

cnily during the a ircraft tazget shoot Phase W Uenth
launcher aircr.aft: is designated as a lfefnding aircr:aft or
CAP. Fcr themse Ftu nc es , therem ars -!wo- possibeq v=-ctcr
assi-starce factors that may beused to mcd.i!fy the 'PCONV'
Valus. Grcuni Control Intsrce oz (GC ') assistance a Icn s
enhancas -thz IDCONV' bv a factor of 1. 1. Airborne Early

W a =rng (A BE assistancs alc:ns or wit, h GCI -inanc,2_s tnh

'PCONV' by a fac-co: of 1.2. Ot her w Is a, ther-e is rc vectcr
ass'istan ce facto: applied. Thse ars ths onl~y Shoot Phase

Paramete"=s nct p)rovided by the data base. They est
w htn:te computer program code.

The NWGS dccumentati*cn alvesz no jus:t If ic ati-*on
for r.c-. ;rovi;din.-g the same vector assistarc' evaluation for

an attacking ai1rcr af t st r ike 9 roup. I: is certainly

feasibhla that i.n some scazar:ros, a strike qzroup might. have
vectcr_-ng aszistance support. T her-ze i.s also no reason why
the miss-4e target Slcot Phase should no-: includa v.ec.:0ri4n1

assistance for the defending aircraift.

The actual Values used appiar to be rather azcti-
trary but sqem reascnablc. It is ganerally accepted that
AE-W assistance is more capabla then GCI assistanca and thereI
iz no g*Aes4t4n zhat' eiher of thsm should be sahancements to
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IPCONV'. 'rh degree of enhancsment i-:s the questi'On i-1

a-a- # a detailed analysis may prcvila more esstnv

values. There is also a possi-bilit6y that the dS ar~ -ao:
enhanceman, is Largely determin~ed by the launchp:= roa

ani its cw.- rad!a control capability.

c. Weather Factor

The Shoct Phas e we a aer factor evaluation i s

pe=rfcrmed for b3oth aircraft anrd misasile strik-4 ao cps.
subrouti-n= WEAT~iE3 FACTOR 9valiates tha current game Weati-m

codtosand deterzines the factors that inost aef-ict thg=

Ccnvsrsi-cn- to F ir In g P-si-t ion, and the weaporn performance.
Based cz. these determiations, the subrounin-e :eturrs an

eff--ctiveress f-a c to: fo:,r each. The subroutine use of
precipltaticn and cloud leisity is very e -Efe = Jive a.-.d F:om-
erly analyzes the factors that have the gr-atesn: ;e::e5ct c-.

IPCONVI aned Vweapon performance?. Ths weather sffscts S f-c

'PDCOJV' ars :slatead tc ths spcific weapon sys-ncm. Th;?
wpapor Systc!, i-n thi4s case, '=4.:needent Of the launc!.
air c =af. Again, ths ssnsitiviity question. arises w he n
t-v.;n -c deriethe actulal efcinssvalues f cz
g -v zn w sa t h sr c orn .it c ns. Danta foz such an ar-=lysi-s w:ll

nos-t 1--'kqey havq to fre si mulate-4. Tha Current temporary
v~ue ,: srct! y subj Zct ivs.

d.Zc:I/:EcclM !ffcts

Z1r-c troCn ic Co0u ntr Measures (!!CI) an!

Blevnrcrnic-Counter Cou,,nter: N-asures (-;CCI1) come into play

tiuo components of the ccenezalized air-to-air engage-
msnt. The Detecticn component and the Engagement Outome

compenent are a ff ec te d in di-fferen:,t ways by EC M/ECCM1 and
1,-,h should be accountel o in some way. In the Detection

cr.mpCneS n t ECM aff!ects primarily thes :ada:- detection ranges
ani thereby may limit some weapon launch ranges. I n the



Engagemen-t Outcomq component ECK1 and ECC.N caph'-7--z
affe2ct pr-imarily the weapon pezf o~mance. Sepazate 'rua
tion arq requirad to fully accc'ant for ZCM and ECCM1 e',ffects.

JaM Minqg effacts and imp li catilon s fc: the
C et sct1io4r. com po nenr.t wre, di-scus"- in the NWGS TA-a rge ,t In

Phase evaluation where it, logically should be apprcached.
Powever, assuming that- no changes ars made to."0 Target'ingI
Phase model, ECI and ECCM effects can and must be acccuated

for durirg tha shoot Ehase in. ordsr to realistically ifu
ence the decision to shoot. In the Targeting Phase, appli-
cation of jamming :?f fect s ccul1d simply liJmit the w e apon
targeting range. In the Shoot Phase, for the longs= rangs
engagem,:.nts-, ECM and --CC.% effectiveneass paramstesrs ,na y be:

used to degrade the 'PCOIVO parametsr. The shortrag

engagsz-ert IPCON11V should be uniffected by Jamming.
The ECA and ECCI eff-ectiveness paranenes

curr-ently available in the 'NWGS data, basz. apply to Sscif--
wcmancn pe-:fcrma-c9. Thserefore, a !ifferent ;3arametsr must
bs provided -6c represent the ef.'ct-4v~nrss of sz'ecifi4C

* aa,~econtr.-ol systams wi,"h resoect to '?CONVI U-1 er:
*jamm--ng cc.-diti6.ozs. Reasonable representati'ons of EC.I/E-CCM1

lpffaCts cn 'PCO11V' will1 be much zror z Ii-'f Zj clil.t to de-ri-v:

t- anr thzir effects on rad!ar ditecti.on rxaoe. It w.11ll. most

Ce:rn-ain2.y re quire a detailed simulation analysis designed
for the specific pu~pcse of daterminaing EC/C~efcti-vs-
neass vauqz for the 'PCONVI avaJuation.

.Irntercept an.d Engagement: Geomatry

The geometry of an alr-to-air snqagement c-Dmes

into Flay lurin"g two Components of the generalized

a'r-tc-ai: engagement. Ths Conversion component and thre
EngageCe t otome compcnen t are both affected In different-

ways ty '-le 91ituation gecmetry ani both zhoul! be accounts!
foer at this NWGS level of detail. in t.ha Conversicn
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compcnsat, the initial intercept geomatry defined ty ~:~

aspect angle, altitude differential, ranqe to launch
t io r. and rel at ive speeds all signif icantly affect ~

launcher's abilinty tc successfully complete the ccnversicn.

In the Engagemant outcome componen~t, the targzet aspsec-:

weapcn inmercept ti-me effects the wo-apor perfc:-aarce- !h e

Targeti.-g Phase no: the Shoot Phase evaluate i: j.al inter-

twoareasi sCould baeswc account for thra e lanhe:

an d the targset dascripti-ve parameters, will a '' r 'i a -!a1V

ag-egats macro level models, yet attmpt'nng to Frcv--d-z

nic~o level detail.
Since the first NWGS target evaluations :ccu=

within ~weacon laurch = ang e, an pliain ' 6~

Intercsot geOm~tr=y wculd =egulire treanendous moe=- revisicn.

An ltrtieapproach Is to psrform a targst a_=-ec: Sv=-.

a*:-,io dur:!Z t.e Shoct Phase ir Crier to inl- c th - cL-

sion tc sho-Aot. All of the necessary paramqtsr valuss for
such an evaluation. are cur~rently available iLn thAe data base

game track tables. For the longer range enggemsnts,
rost rpalistlc approach is to a j u s the weapon maximum

eff =ct.-;ve zrange based cn the targe:- aspecm svaluaticn. T h --n
aex;lici-t shoot1/nc shoot deci-siAon can be made based on

thal rance and t1he weapon's targgt asppct cut6 off l.im-ts.

it would be Suffi-clent fcr thiAs model to use ths fc u=

genesral target aspect categories rather than, exact measure-

ments. Thi-s i~provement would require the addition of thesse

veapcn srecifc parameters to the data4 base. The dan a for=
derivaticr cf these values would be fairly accesseable.

Anon-her alterrative frthis Model, is to use the target
asnect ef1fectivengss factor for the specific weapon as a
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moli fcatron factor fcr the 'PCONV'* Such param st r-a

provided for in the data base under weapon prcs-:r-i--s.

However, the availability of data to derive =easonatl-

rsoresentation fc: these values is uncertain. The :.:zr

alt-rr.aive would also aggravate the already sa=icus arbi-

trary paramet-rizaticn problem.

f. Maneuverability Effects

In the short range visujal arena it wculd be

xtr s me.y diGfficlt to Podel the maneuvering dynamcs of

close in air combat. For his reason, ta wPCCV

determinatin for short range eogagfm.ants shuld be as-d on

a comparison of the relative launchtp-taorget mb.nduvrabi -

aels ane the impact cf First Detectfon.

3. F Ir=n ;1ctr - :-

... lNGS Sho t Ph.se dtrmines he biritg ccriz

for air-c-at- missiles (AAi) based on the part-icula frap-

C.' tasecne single shot probailty of il atr Se of !

the numbyr cp that missil- ta ud ad fuser.operly.

has-lire 'rKSS' values are rovius ed by the a-a bass for
S 09c;- '-_ --d  _au.,cher -- weapor and targe -t ccmbina- ior. Th

Egement Result Phase evaluaton.

Ihere? are twc fi-ring doct=-ines, shco-:-look-shoot (1)
and sho,"t--shoot- look (2) . The shoot-look-shoot doctrine is

always used for Avis unless the missile 'PKSSO is less -thar
0.7 a d there are at least four of that missile tyc e on
board the launcher aircraft. This determination is very

strcight, forward. Its accuracy depends primarily c t hr e

baseliT e PKSS' values. in reality, CAP aiecraft will very
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rarely use any fire doctrine cther than sotlc~~c~
This firing doctrine determination i.s used only as a naa
meter for the actual weapon expenditure deteruiinazion .o

4. Neaton 12.gtl

The Shoot Phase uses the firing doctrine and the?
fi.nal 'PCONVI value to determine the actual nuimbsr of rcunds
fired for AAV!s. wben aerial guns are used only the finral
IPCONVI value is considered in determining the number of
rounds !-ired. The evaluation method may be stochastic or
detezmin!istic for AAMs. This is the orly Dortion o f 4-ha

Shoot Phase that cffers a stochastic daterminaticn.
Othszwise the e:ntire Shoot Phase is a dstermirnistic process.

The methodolcqy of the stochastic AAM evaluat ion
uses ths classic Monte Carlo approach for each round cf thz

fiin cctrine. The daterministic method for AA~!s simply
ccmpares the IPCOrVI to reference prcbabili-zies and des-ztes
al! ergosae?nts with fiLnal 4PCONV' values Less than X.

Thsis a very impcrtant consideration fo: the Data Bas-

Mlanager wher. deriving the numerous basslins ICONVI values
and mcdi-fication factors. AssuminPg that the firnal 'PCONVI
valuies are reasonable representations of real-t, I-hi s f -nal

Shoot Pihass decision should yield reasonable results. it
shul e clear aow, how depsndart thq sntize air- battle

cutoome is on the Shcct Phase evaluation of IZC:O,'VI.

The rounds fire,-d determinatica for aerial guns Is

always deterministic. The IPCONVI valu!e is used as a mult-
plicativa. factor. The maximum number of rounds that the
la'zncher car, fire during the engagement is modified by the
ICONVI value. The result is that the launcher fires scme
percettags of its bullet load.

A.. alterrate appzoach to the as=ia' gun evaluat~or
will sinrlIfy this ;crtion cf the Shoot Phase mods-l and in

102



turn, make the rounds fired determination for guns norz
realistic. 3ost aerial gun systems fire a standard nunbe-

of rounds for each trigger squeeze, resulting in a

table maximum number of gun firings. If the standard number

of rounds fired is ccnsidsred as a single salvo or burst an!

the maximum number of gun firings is considered as the 

number of weapons available, then -he same firing loc'rine

de-trminaticn and weapon expenditure routines could be used

for aerial guns. Baseline 'PCONV' and 'PKSS' v-lues for

guns must then be based on a single burst rather tanr a

sincle round. Again, reasonable results depend entirely on

the 'PCC V' evaluation.

5. Weapon Time cf Flight

The actual Shoot Phase -s complete following the

weapcn expienditure determination. However, in cIsr tc

prenare for the Engagem.nt Pesulc Phase, the Iims. dZ!ay

until wsapon impact must be determinel1. The last portion of

the Shoot Phass modeling pu-pcrts to calculats an app:xi-

mats time cf flight (TOF) for each weapon. The actual

impact time used to schedule the Lngagemeant Rssul Phase for

these engagements wil be an average of several weapon TOFs.

Clarly, thes . calculaticns ought to be purly

det er minist-c.

The NWGS subroutins TIME OFFLIGHT supposedly evalu-

ates the target aspect used for weapon launch and uses this

target a-cpect category, the weapon average speed and the

target speed for the TOF calculation. It woull be most

rvalistic tc use the actual target aspect category at launch

if it were evaluated during the shoo- Phase.. Instead, thq

model uses either a datermiristic method or a stochastic

methcd to determine the launch target aspect. The determin-

istic method simply chooses the most effective target aspect

for that weapon. The stochastic method randomly sel!ects the

103



target aspect tc be? used. There is no basis for use cf -,h-

stochaszic apprcaoh. It will only detract from any rai:s

In t.he mcdel.

By this -ime in the Shoot Phase model, if - wia~on

has been launched, it should have beer. launched wi-h a

d-sirable target aspect. And since the TOF and ths ui-imats

impact time calculaticn are approximaticns, it serms much

mor reasonable to always use the mos- effec-.ive target

asp-ct fcr the calculation.

Table IV in Chapter II indicates that the -= ars

errors "r -he model's TOF calculaticns. The currently use!.
'delta' factor is the difference between the Head-on and

Tail-on TOFs. The model's calculation of Forward-Quarter

and Pear-Quarter TOF adds the 'delta' factor to the Head-On

TOF. Clearly, this is not appropriate. A reasonablx

approxirnaticr. of the Forward-Quarter and Rear-Quartr TOF is (

to a4d a fractional Fart of the current 'de-zaI factor to

.he Head-On TOY. Fractional values of 0.3 and 0.7 resp-c-

nive2y will Mrovide much more reasonable reslts Fo- th

Tail-cL case, when the missile average speed i-S lss t an

1.2 times the target speed, the model yifsds a TOF equal to

the Head-On case. A more reasonable result is obtain,;- !

the 'PKSS' for that pair S se9t dc zero in the

aarpai - table. This will account fo the fact that
the weapon has been fired an! will never reach the targ-t.

Th . asam adJustaeat to 'PKSS' should be made for a weapon

whose calculated TOF is more then ten percent grea-er that

th. data base maximum TOF for that weapon.

6. a

The .WGS Shoot Phase approach to the evaluaticn of

the Ccnvirsion and Shcot components of the generalized air-

to-air engagement is extremely difficult -o relate to

reality. For this reason the adequacy of the mcd.l's

10L4
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out pu U-JS a lso d,4ff-iCult to eVaILate. Svrls~~-

focr Shoo-t Phase imp-cvements with regard to real- sm havs

b-zen discusssa. Howevs-z, the prim ar y dstermining -facnz: fo:

suitability of -this phase cf tche NWGS air-to-air roin

li-es in ths ab-lit-,y to provlds reasonable =epr7eszertat:!os orf

the rumercus Darametlers used by --he Shoct Phass mo'deiz.

AS saaaested throughout the Shoot: Phase discussion,

the entire 'PCONVI evaluazicnr is an, example of: how arbitrary

parameteri definitions can create d_,i1f icult P~obi ams in data

bazsd dc2 The use of t-hi-s type of aggregatea affect-ie-

ness factcr is more apprcpriat-? to a macro level model_ where
the fcrces are aggragatad and expictqd value modilinc can

hs used. The purpcse focr modsling individ4u a p:atfcrn

engagements iAn thesa rclutines becomes somewhiat sbzcured by

us~mg such t-echniques. If modeling the i'ndi-vidual ciatfor,

is crticl to the required- 1-vel o )f detail, then ruch mcrs

or f:_'e re~alis-tic iztail is nsece i;n. thi-s mod~l. F or 7

greaFtest percs-ntage clf the NWGS u.- a ? lazform versus a-

form deztail3 is not rsguired.

The Shoot Phasce and it s ?PCOQNV' svalua-,ion zrove t

bs the drivinq forces- in omroducir.g reasonable or ur:reascm-

able rslsform the ent.ire an-oai rgagsmqnt routine.

Thi_-S tr=e m in do-i12s Ispenance or. the,6 *c 011e IV S data base

e:: ct-;v ineszs values indicatas tha rnead for d vo-tei effor-t

tc arrive at valuss tc sa ti-sfy the paranletar definlicnz

sr-ec'-fted by thi-s study. Otherwise, :h= air-to-air e noacs-

~n mdeswill never producq realist:ic cr ever, reasonable

D. NWGS ENGAGENT RESULT PHASE EVALUATION

The NWGS Engagement Result Phase correlates very well to

t*o ae-ne~a1ized air-tro- air gegagement CComonenlt of

En gagement 012:_ccm e. T h is component of an .nr av id u a.
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a-- -ar eagagemert represents t*-e e valuaticn

s psc _4fi-'c we apon IS perfc:!nancs fron launch to t a r g B
cept and includss targst damage assessm-:nt. T h n

FpSrformanca evaluation is expressed in terms of wa Cn o:b-

ability t"o kill.
In a highly a ggregated 91 acro level model w h er th

outputs cf interest are the number of survivors or sach si5.m
fcllcow-;g theo air battle-, p.rcbabil_-_in_.es o-f K ll are blc-ndsd

:no elazive- sffectiveness values. Thi-s allows ths model.

to p=c ducp expecn.ed value resulins. A more detailed lavr:1 of
mcdel which sxecutes individual platforn-tc-platform &nace-:?

ments will crvaluate thp weapon probanility off kil_ fo :r sach,

wsaoor firing to decide the engageiment result.

in --he actual ai-oa:engagernent a=-?ra, there Is =-:so

a p_4-erntial for damaged ai-rcraft which may thzn b-r cc-sid-

eref F1=4tial.y out of action. Gana-rally, -nly very ------- ~

mcdals will1 attempt t1-o model this asp'ec- of battle in

ass~Sment.

eeare ssveral impor-.,aoriuti-r f=ac-!73 that
ilunea w a n' s pr-;babilit--y of kil f-4or an nr.2iv dual

en-gagemert. These ,:actor:s

" Wr:=pcn 3uideanca Systsm aslia'oiiy,

" Weapon Fusi4nq/D-eto-nati4on RAeliabfli-ty,

* Fires Control Supps~n Reli1abili-ty,

" ;_-a-on Target Aspect/lazast laneuvs=

" Wather Effects

" Target ECMi Ef f ect S

" Waanor ZCCM Capability
" Targst Size, Speed, Altitude

All cf t!hese factors will sufficisntly disti_,nguish th e

difference tetween ai4=c~afz arnd czauise miss-Ie target types.
1z t~e szhcrt rargs visual arena, target. a:c~aft Taneuvoez-
abi-14ty beccmes a very significant contributor n o the final
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F::oba hillIt y of k "-1-1 A hs- Ith - -a rget knows it has : -

at.

Th a En aal ell r~t Bes u2.t Phase of :he YWGS i::- :

engaemsrnn ccdels corsiders al most all of thq abov= factcrs

Ir. ..A-S weapcn- pe~fO~manc=- evalua:icr.. The mctozelt, evai':a-

tior. is based on the launcbsr-weapon, bazeline sirngl= Z-c

Frobability o f kil 11 1PKS S ) a g-Ii n St a s 0ec-;f -'ed tar a-- -
tv DZe. Th is b a selin e 'PKSS I v alue i-s m o d-'f Ie by e ff=-c t Iv s-

nsss vaiu, s rsorssenting scmq of ths factors 14-sZ- A a to v.

All fac-tOrs :eXcept th= wSapon target a-=sct/t:arge-t maneuver-

ab-*"*Iiy facto: are -ised in a reason~able mannr. -t i -:S n Ct

clar W'Ist h ar ei CCntrrz.- suippo: resli-;abI It Is

,nciudel in th-e evaluation.

The Fnagaent Result Phase is repeateSdly aC--iVate=r -:Or

eac' Schaduled average weapcn im pact tz-me during thme sutjsst--

a-= attls. :h Ae valuatIons ars pz- n:-,ed fz r en gqexr-:ntS-

cvz:r -h*a en:.--re oossile, 1aurchar-tazgts-. nt spectz'in. Nt
,pc a' P::cv,-s--,s a:'q ccntair., in me~o del accczn'"

ta sot range a-4= tatt:2. Ealai wher- --he cnrn

The NWGS Engagemert iRssu-',- ?hass uses= the classic c:i
ti 4cna I :o b a biJLI y Froduact s, ouence approach t.c deterii:e
--zfna PK3S'I for zach snca gemen- in prcg=: Ss. Ti

we apon -e:cac eva lua: io is pa r for me d i-n exactly the

Sames V=-v -:: ai-rcraft and czuisa isletargets. h

dst-3: .i-nation cf thI-e ac:ual I~bbl~ -,f ta:;-. nanut

tion is slightly differen-t bstwsn -.h'? a-::cr:alt and crun Se

m~sle t arge= models. Thess diffseences are 1iscuzsc:;

mozs deta7-il lat-6er7. Both Modsls Offer a deterministic Ana a
Mon-e Carlo approach to the tar-gst ie:ut I~E-ts:rnina-

*--on . C runs e mssils -:argsts an d s -nng; 1 angine ai-rc~afn-
-:arge:s can only be destroyed c: undamaae!. La:;e-!: aircrafft

may accumulate damage ifthqy are not dast:oved by the

wid~cn.
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The ff'zllowing chaptez Subsections Provide iczs?-

specific areas of interest, involved inthe Engagsmn R-':l-t

Phase mcdeling. These comments assume that ths ir- u-

t'-iS; h a s orovided by the Shoot Phase ar-e ==xScnabl= an::

th-at no adjustmmernts need to be made herea fcr Shccl Phaz==

problems.

1. Faselinp 'PKSS'

'The baselins 'PKSS' valuses whi.ch are :z-v :ded by t-*e [

NWGS data base ars h most critical paramcters cnrbt:

,o this zode2.ing phase. rhe dta bass has ths caratiltyt

provide tiiue 'PKSS' vaiues for every iaunc~s,- and wao

combirazion agis'ach of several different larget types.

7cr aircraf- targets, two spesd an~d thrse siLze catecries

a=r_ availbe For c~u-4s Missile targets, three Scze'! an;
.=car a'ltitude catsao::es are availabl:?.

T hiS cl1as sif.-6c a tion a p proac h pzcvi- eS tremenlcus

x _4i -itIY toc thea mcd-z. and sh:)u'd al low teuser th"

cp:rtunit to) observe the zfffcts of va::ouS a n tyzte-

or. --h= eraagemernt outcome. Currently, the '?!KSS' valueS

the data hase appear rathear araitriary ani the caztability fory

W-eaoon 1;o'usalss is not uti-lized. All- of the ai=-tc-air

ss he ava the saire set of values- aS 1o meh gun systems.

As Iiscazsed -ear:Iesr , it -_IS thes NAVY's re~~iiiyto

provid ths values fcr th.= datla base. iowgvcr, bsfore

ca.-. h dcns, it i im ;sr at I;v s t h at th exa ct dfini z11,7 o f

-the IlnePKSS' parameter ussd i- the :node: is kno:w.

in this model1, the basseirc? '?K3S' must bi
as a ccm:4itional probabili*ty of kfill. SPecifi;ca. ly ~n

meprobabiliJty that a single salvo of t.he particul.ar
wepn, wth the fi*=e control support of the specified

urchr, wLl1 kill a target 'fits specified type, g-*vsn

at his guids, f us el and det:onated s uc c ss aul1ly.
Wi thcut thi launcher's fire_, ccnt:3l facto: included, there
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-s c reascn to asecciat-e the we apon with the pa- '

launch=-=. However, this method providas a way to a::*:.t

fr.- fi*re6 coIntrol suppo~z from the launcher withcu-: crvau-

ating an addi-ional. factor. It iz quite imncrtan- to ksaep

in. mind the above d-Bf_-r.-:or whsn dseiving vazlue-s f o =rh~

data base. othsrwisge, t h r model will prod'ace to0t ally

un-realisticX results.
Avalability of data for -:he required ds=Jiva-trcn of

basallre 'PKSSI valaes is a much nuora promisJIng prc-psiltior.

then Is Sh - PCONVI cass. Weapoz ps~foramance data fc:

allied weazors is avaijable thr-ough an-al yses of wsapnr

fi-_ri--r. a ecr as well as Test and Evaluation repcrts.

HowevSr, aje.quate data for analysis of the 18 targat varia-

ticas fL-r each laurchar-weapon, comb-; ation, are cartainlv

nct availabl.e. The appmroriate analysis will moSt likely

rq _4 =ia s ng in aee:ing a.- ph-.encmrnolo ica 1 wea ponfr;

si mul1a t i n.

2. IrK S'I 1,:d-'fication Factors

'The :IGS Frgagement ?esult Phase mcdeling cur:in-.lv

4ncorto~anPE zsvte modifiraticn -:azmozs for- the finLal evaiu-

at ,or or4 sach weapon IPKSS' Each fac--or is r=ep~esantend as
a conditicnal pro)bability or e-ff-ectiJven=ess and used as a
:nul-tIcIJ&er --o influence 4the tctal 'PKS.3clz1~i: Th s

valIu z.s wi 11 the r efor 9, ha ve a i:t.*.,-r a d -g r a -in g seffac- o n the
weapon baSe2.ine s PKSS' or no affe ct at all. The :ac.:orS
cons 1-:ed by bo th t he Aicat ad Cruis M- ssile

:nga~ntResult Phases during 'P.KSS' evaluatio4n ars:

* z1apon sui-dance Beliability

*W, apcn Reliability,

* nvircnmental !ffscts,
*Ta~get Pspect Effects,
* CI/ECC.1 Effects,

*Gi'idancs Required until Impact.
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A.- im For tant factor in the shor: rarge engagemen-:

nn particularly tcr aircraft targests when they kr-ow -- a

n- Y ha vo besr firc-d at, I:s their ability to 'UI =nI 1v -

dif ersively.

As --n the Shoot Phase 'PCONV'J factor rmna:,

the actual effecti-voness valueE .'r --he above factors are

accessed as data base parameter values. Tharefcra, thp

availability of the required date, the factor eu--tabflitv

and 4-he model's apprcac- to thseir applicatien are the feocal

Points of the foJ2.owina discussicns.

a. Reliability Factors

The Engageent Result. Phase accesses tP-hs tw

weapon specific teliabiliLty values from ths weapon prcrezty

tablss of the NWGS data bast?. Wennguidancereibiy

refers tc the weapon's inner auida_-nce mechanlsm. The wea=:r

rel=iability ma nus t r s pze Si r - h We.1 or: I S

ar-nirg, f us 4r. a and de-:oratioen mechanisms. I has e f:actf: rS

hav s no :elaticr, to the? laurncher aircraft cor -L: s f::r=e

corticl system. The combina:ion of these two factc:s wit
Uas?2line 'PKSS' value Yields a wzeap)o: probability of kill
that te-'ttr rspreserts the F1 s 6t operatiinal concept o f

probabililty of kill. since thse same twc valuss are al-ways

pre;-d tcgethr, it Seens rsaso-nable to combine thp values

for sach weapon intc an ove~all weapon rieia.0-lity. For

morAe sinplicifty, the valuas could be included In th-E tas,-

l ie I PKSS' tables without adv~aersely affecting the irciel.

h. Environmental Factor

The subrcutine WyATHER-CHECK is called d u=rJn
4eShoot4 Phase to evaluate the ciurrent game snvi.:onrntna'

effects on both I'PCO!1V* and weapon p9,:formance. The -nvi-
trnmental -ffacts on weapon pe rfoz-aancs are provided by the
weapcn Pzrerty tables of the IWGS data base and ars appliq!
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+0 the 'P-KSS'1 calculation d uring the Engagement 2-: '
Pha se . The mo-del svalua'-es ths relative clcud and :ci:

tation densitirzs and selects the effecti-vensss f1ct,:= f07
probabili-ty of kill that reflects the approprIa-te de:gra-

t Io r. to weapon performance. The model's evaluFa:.on is

pqrfoxmsd -.- a reasornabls manner. Fowever, ds erm:nina thir
appropriate effectivess values fcr each air-to-air wea pon

givan particular cloud or ra--r. density situati-ons, i
Si g.-i fi'c a nt t a sk. A. n analysi-s of ths various weather
e.ft ?cts on each wsapon type must be pserform-d i. terms of

'?KSS' dogralati4on if =eascnab2.e representations a:s to b--
expected ov-= all.

c. Target Aspect Effects

ThAe NWGS Engagemaent Result Phase applicaticn of

lain c h t ar get aspFect effqeCti-veess iS operat:,onaily
improper. L kz thc Shcot- Phase nieo-looaonI-catfo-n
of t arget aspe3ct, C--Ch 9= the azPe:--- Wnth maximum W t21 on

f f-3ct --vsn e Es i-'s s aeec-'~ o 3r a random: asnec- i-s ussd. The
use of maximum effectivensss for all. ca-sss leniss the player

cbsezrvatior cf ;any iaiaic zn esults du.: to ereagemsn.t
g--:om st ry. Thes randcm aspecmt method has the potentia-'! to

tszally cbscu~s any realism that does exist. Theresfore,
this evajuation must bs? inrirved sh eould be eli-minated

In te Shoot P bass discussio:n of inte -rcsot and

6:1ggqm=enr -Sometry, it was poc-ntad out that du:rng t hE
Engagem-irt Outcome ccmponent o-;f the a --to- ai -6-ngagiment,
-h z veap-Cn targe- asnect areatly a-,fac-s the actual ve-ac:

pe rformarce. This is truq for wsapon tar get aspect at both
launchi time an! 3t veapon ir.:ercept time. Fcr lIcna rangze
engacemsnt, tlie targit aspect: at weapar, launch tieshould
ba svaluatel by the Shoot Ph:1ass mcdsl pri-or to the shcot
decisi-on. If this check is performad, then the approp=-iatz



aspect effectiveness factor- may be used :n the 'PKSS' Iz:
f -iati *.on . The close range angagemsnts and the air z na

ma uvering e3nv--ronrent are too dynamic t1-o modal P-equaty

at thIS 1leve-l of detail. Therefors, it is sugges-te2 tha-

fcr the short range weapcr. perfo-riancez svaluaticn, th-
'target =relative maneuverab-"-ility be used in ;laca of th-
wea~cn aspect ef fect ivenesss.

The weapon target aspect at w -aapc n ir.tarc apt

timne Is de-ermined Frizmarily by the t-arget a 4-:-c rat -- -a- z

th,= wsapor. hias been. launched. Deafensi-ve maneuvering on -:he

part of the target will most cfte-i adverssely afffesct :arge.:
aspact fcr the- weapon. Psr-formance of a defensive naneuver
'S determined by the target's maneuvezability ani whsthsr or
ro:t he knows that he has been firsd at. It ca.- be assumed
for modealing purposss that for the long range ergagsxqnts,
targets v-ill not perform defen-siva maneuvers. HowSee, for-

the short range case, perhaps defen-sivei man.euverin.-g capabil-
i'tiz esnd tar:get knovlredgs of attack should b,,! incorporat-ed.
An added banefi6 -t cf amployin,-g rslative s ~ uea~t

factcra i-Sablt to more realist-ically revresent the air

cr-,ib a t ran euv erin g c: Doc fight arena Co: air- to-air
engagsmsnts.

The availabilit y of data for leteiing re-ason-
able weapon aspect effect iveness an r. =9at -v a man -uvear-

abit -ty f acto3r s Is more promising thLanr. : r. most- ochr
pa r.e -cr a. Weapon firing si1mulat-nons and nurous ai:c~aft
ps:rforrzarce compariscz stidiris are available to genar:t thp

~:prc~:atedita '6or such an analysis.

d. C!/C1Effects

The NWGS Engagement Rasult Phase terfcrms t h.-
.1 and ECCI aeffect iveness factor=eemnto and their.-

probabilistic applicatior. in a ver:y satisfactory manner.
-ae sb rvatin e 130 Ew is u sad to e valIua te th s wea pon



specif-ic susceptibility to- targe at L CM support and -hm ~n

on' S ECCM capabili1ties against that EC2A. ECM fr: autrcy,
chaf 2 anrd decoys are evaluated. If the ECM1 an~d 2-CC: ars

determined to be effective, each weapon type has a= pai= Df

effectiveness values representing ECM effectiveness and CEm!
capability which are accesssed from the data bise and ause!

to modify t1-_ 'PKSS'.

The modal's ECI/ECCM1 avaluation does not distln-

quish be-:tween self-screen and stand-off screen targets. Thp

di-f ference between the twc types of jarrpmm: support are

important, but are most critical in the Dlztec~icn a nd
11argetrg componsnts.

The deterz.inatior of reprazentat-ive EC M anl ECCMI
effictivsness values is a critical task that_ has not beer
SolV e d. There are numerous factors that ccn:ribut.- :o '1hs
i-mpact ar y g ien jam ming scerario has o n demectir.,

target ing and weapon performanr.ca. Thearefore, without alabo-

rate simulation an~alysis, ccomonly used and acceptad pas-:
analytical :asults may bs t1.a best Source for this iata.

e. Guidance to Impact Check

The S.in al 'PKSS' factor evaluatqd by the

Zngagemsnt Fesult Phase i-S a check to arneurs tha-r th,;
launcher anrorcaft has not been dest:oyed. This check is

performsed craly for wceapons t*hat requ~rs gui-dance, such as a

Sqmi6-act4.vq radar guiddl J is s I I. 'dh an7 such a weapon 's

laurcher ai-rcraft is destroysd bafore vea&Pcn - cn the

f in a I = 9SS I value is dpgraded by a f a ct6or of 0.5. I n
reality, w hea t his type oil wea pon los-Bs i-ts gui !anos inf or-
mation. i becOmes a ballistic missileq ani may ever be
intsrnally instructed toa d .tcn ates. In eithisr case, ths

dzsgradWtion factor should probably be weapon specific an!

base:d cn its flight Profile and averaqa ran~ge. A lcng -angs
missil 19Wit'r a uansuvering rtfLie should be deaqradeJ much
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mor 9 that 0.5. A short range straight flyirg ii.

agiinst a largce target might perfor=m well. On thiz ;-v=:aa=
for Zimplici-ty, a 0.5 degradation might yieifl accr-p-a-zl

results.

3. j~~= Assssment

The damage ass;essmert portion. of the9 Enga g smen:

Result Phase modeling for both aircraft and cru.ise missile

targets is by far the most appropriata and wzell done part of

the r-ntire air-to-air- engagemr-nt modEls packaga. Th S fina1

model output depends gre-atly or th - pri-or evaluation o f
'PKSS' fcr each engagement pair. Assumi-ng tAh-at the ex'cu-cad
eagagemirt and subsequen,: 'PKSS' evaluatio-ns are rsasc.-able,

the damace assessment routine will produace vsry reasonabla

rssults.

The crui-.se xNssj-le Erngageme. Result Phase ntr

ralLy performs a very straight forwardli/~ kill6- :evalua-

-tion fo: each engaged pair. 1- do;?s no-- ac :umulale I.PKSS'
for ezngqa-?mnt pairs wit--h ths same -:argst.

The aircraf- 7Engagement Result Phasa calls h

aizcaa-: hattle damage assessmsnt subroutIn- 126 ACBDA to

pFrrfcrm a uruch more sophisti"catled evaluation. En.gagsment'

panrs wizh 1-he same targets a--e compounded. Their indi-
vidual IPKSS' values ars proha bilizticly combinead for a
cumulative probability of targst destr=uction. Th e m C '
scalp~s the cumulative prcbability :)f dsw:uc-:ion by -= random
unif:orm (-.2,. 2) factor based an the uni-form (0, 1) , r an dcm

number drawn. for comparison to the probabili-ty of destzuc-
t--r. -. he basis for thi-s adjustmuent Is nor clear. However,
i- is an appealing method for scaling down thim effect of

randcurness In this Mcrte Carlo evalua-tion.
Small sinalq engine aircraft may cnly be kille-I or

nct killel. Large: aircrafft may also bs destroysd by ths

~.n!.ta I Monts Carlo evalu ation. 4ioveve=, depsnding or



further ccmparisor of the probabIlity of destructi-or an"
Zefeprence =:obabilitye the largar aizcraft may b= I

un.damaged or i t may enter a more d~tailed damage evalua--f-r..
T*-I detailed evaluaticL will dovrngrale spec-_fic wi =.LnS n
senscrz cn the aircraft. V! e detail is more thar. arozc-
vrrate fc= the overall dstail cf the engagemant mcoI1Z, tu,
it is Ferformed efficiently enough that -4t cin no:t t z
f aultI ed.

mary

The NAGS Engageinsnt 59sult Phase, -fforz both target-
typ S, prcvides a very reasonabla appzoach anl_ suitabl-
rnod'-1linq fc= this phase of aiJ:-to-air' angagemen.s. ThIis S
4t1e MCS: r .ealistic and rspresentative pcrtior of the IWGS
ai:-tc-aiz engagement modeli.ng. 0 nc area that must b s

.ip~cvsd Is the application of target aspect ef fsctiv=-nes~a
IPKh 'SS' evaluation. The short :ange 7rnqagc-Tsrt a:sna

also nr:=as t ba more c~n.ary defirseo and evaluated usia
MT-ra apprcpriatea attributes. T he bats damaq,- asszssnsri
rslzIlinq is superb. Hcwvez, i-t may not be apprzeciated _"f
zsascnabls :esul-'s can aot he obtainrel up nzo -tre mo-n-: whez;
thez battle damtage assessment zakes affect.

The- concern focr :eascnabla results at an.y c I nt L n
the NWGS air-to-air encagement modling _-Sa major problam
th: o ugOIAut -hS 1_4_ tattle mcdels. Ths pzohblm iS relatelI

rZ.iMa:4 Iy t.o '7.erivi2n'g rzepreSenta:tive effectiveness valuies
for parameters in the IWGS data base. The EFgaosent Rrisul:
P'nasa is rel.atively free of this difficuAty. T he r -aq ui :er
anilyzSe and data sources a:e available: for baseline 'PKSS,
wsipcn target aspect elffectiveness, rearatve ai-rcraft maneu-
verabili-ty ani wea~cn rzliablties. Thea anvircnmez,1l
effects and :-CM/ECCM e.,frects are the veakest measu~as of

* ffotvnezs and are rot as clearly dained. Finally, the
*cn::put -rom thiS phase of: modeling can only be as gocd as

:~izzut from the Shoot Phass.



E. ]DOCUMESTATIOXI EVALUATION

Through the Naval War Colleges Cent'er for War GamU-", th

Compute: Sciences Ccrporation provided 'five IWGS S u 1:-
dccuments aS rzeference materi-al fo-r thifs study. Pc::ion:z or

thes;e =ouret elated to the StUly' S aZea Of i- t:erzt 'dt'

refarrsl to throughout the i-t-: engagement! mcds- axam-

i .a rion. r The documentzs include:

" The Ccmmand Staff Users Manual,,

" The Studs.-nt Trairing Ccu--se Guide and Video Taps,
*T'he - Program Pezforzance Spezcificzaticn,
*The Program Descrip :icn Document,
*Thq P~ogram Design Marual.

I n a d dio n, some program description documntation :s

Con.6aiAnsd in comment biccks with-in. the PL/I procedures -,hsm-
selves. The following discusslons conr:an bris.f ds!Fcript ion
and qualitative :evaluatior of 'these documents wi-'t h =: es;E c t

to t-hei: usefulness.
Thse Ccmnd an~d Staff UEr s Manual, (CSUi4) (Ref. 5],

a vary geeral cverv--ew and dc-scriptiJor of the Naval wa~fa=!
Gaming System hardware an! approach cnn cspors. it ccntains a
very cursory discussicn, of plays= and umnpi:=1 system inter-
face. Tho CSUM1 providss vezy good generalifcaio
ccn:cerr'rg the NWGS system and its us? f1o: an irdivi-lual who
,s r-otally uzfamiliar w--t h it. it is adequate fcor player

_ntroduc,'ion to NWGS. Operator manuals are anvaiablp for'
the detailsd dascr .o tlon of operator and urmpire interict-ion
with 117GS through- spicific equipment. These manuals are- no-
includal In= this reocrt.

The Student Training Course (ST.C) consists of -:h- Gu-ide-
(Re!. 3] and the Video Tape [Ref. 4I] in which the NWGS
Senic: leslnne us-as the course guide3 to explain the systsm

to oersonnel %t the Cent,?r for War Gaiirg. The Gui-fe itself
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iS di--,ff.CU2.t to saffac tivel1y us*e without the a cc c 7- a

Video Tape. The course is a generalized descriptifon cf :"4GS
furZcticnal operation with emphasis on both models and -nhz
reasons for a particular design approach. The STC d'-cu~tsSs
the air-tc-aiz engagement mcdeling only superfinially. '1 -1st
cf the guestio)ns raised in tChiS study's evaluation are rot

addr-essied. The Course Guide and Video Tape ir. c onjunction
proivide a comlete intzoducticn to IWGS design and genara.
mod-el carabilitiss for the in terssted person. However, the
Course was originally conducted over a one week timo- frame.
The STC provided much Insi-ght t o un der:s tan di-n g t h - War

GaMing Systsm dseign, but did nct provide adeguate den -ail
for model evaluation.

The Program Pqrformarce Speci-ficatio. (PPS) (Ref. 1] is

the most general of the program dscrnon: on documentS.
Co na n s b -i4ef de scrim ti c7S of the general f u.c t cnsz
p~ovide-d In then various mcdzl areas ar.4 very simp 1ied
f unctio -'cn diagrams fcr each c~f the mode2.ing nioe .
In~put Dararnetars and required cu-.put ;uanntites are ci-v=n in

tn !dcument. D urin g systsm d-37 e .c p m e nt and ds ign
appr:oval, The PPS would have beer imn3::-ant to 9va=lua:= --he
plann-id system functional design and basic oneraticr. T h
usefulneass cf ths dccument now tAh-an Evstem I=velCPrnent is

w-ell1 pa sn the a asign stages I's do--atful. The datal

requi4r:-d tc -evaluate the actual moleling techniques and zhe

a:)plicatior of evaluated pazarnene:s is muct con-.ained ini thiJS
document.

T he two documents most relsvant to :he INS sodeL and
algorithmi dIsriptionE arez the P=rogram Descripticn Document
(S DD) (Ref. 2), arnd - h e Program Dqsi-gn %lanual (P DI)
(Ref. 6].

The FOD cont4ai*ns the basic prccsss-ng 'bogic for sach
lorocedure and describes the procedure's associatead data base
parameters, the procedzure's lisage and the system interfaces.
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1-t gi-v :s ' ach m od e s g eneral task descript Ion a

detailed acrhicdescziptiocn for zevery system prcc?_:u:7=.
ThIs documant Is a computer program configuration i6-:e ani

has the Etqnti-al 'to be the ultimate authority I-afling ct

NWGS rcutir-cEs.

The actual PL/I prcgram coda was crsatsd f:cl cw ina

apprcval c;" the P:)D. it appsars, at !east in th=e arpa of

air--to-at:= sngagament mode ls, that the PDD has nct! be sr.

updatee f or -as ign changes t ha t have been '-incor cr: a 1.

T r e =e a =r 'a number cf m a jor- f-A:r 1?-,c :s bst w sen the .,,D r

proc-,du~e al1g0ri-;thm S an d the actual PL/I C o d*I a .

InCo m p ~en s ss a nd d.-6f f sr nrc a - also exist ln e ?DD inth

area of subrzoutines uliainand data bass p &r ae-s

accsess 1. This document should ba the ~.aemode. doc'-

msn'-aticr authority. It zIs cuz:artly inaccurate enouan i

Speci. ae as to be ver y Misleading and confusing. The

N ; GS Yc Ie2. M az g s aoca sh c u d b e a _tta 11y up da t e P !)D fo r

sistem dcumetation.

The-I 2PC:crM Des.:C7 Xa.u al (PD, 11 is the most recent~ou

re-:, .ted Aoril 11983. I-: is very limiite! in scope,:, 1-
co:a 'nr= the lat.-st ds crip tioni of sp-cifi-c asp ct-s thc

NWGS mc el.s. M _an y p a ra iiete=r:I i n -_I-rs a--v en i. 1; -he P D

r~an uncl.ear and ccnfusina. 10owe3ver,0 t ins S !S"MS:
r -vi~ t6hc most acc'I==a 'oeiaifr tin vial

fNr Gh AS . A more comp-let= a-nd rcs PDM alcnz witi a-
u pi at e EDD WOUld D=cvnce-: tha necassa~y comz2.e-e dccuims. a-
'n of N'G mcdeis arn1 dsign corcenti.

.1he cscri'tiv e docuamentation within 66hE PL/I compliter
co ie is accurate and very imnformnatifve i4. almost a II c ase S
Wns~e it is provided. Occasionally, as --n thq aircra=ftan

cruse missile engagement prccilures, program descriptior. 4-3

diup2.icarted making it inapprcvri-a:a for ths sp scifi11 -c p roce -

cure--. Tha lescriotivs documantation orcvid-ed -r tha da-!a

base tructurea declarations Is particularly helpful for

lie



analyzing th-e rcutnires. Thk.s type of documentz-t-,;cn i v:-v

hc p ful -,c programmers ani moleZI evaluators. A-: -

shauld be made to comp1ats the ;roaredu~qes internal ~~z~

tat-cr blocks.
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IV. RECOMMENDAT IONS A.ND CONCLUSIONS

hi-JS chaptzr provid :s thc cvara11 recoedat::c-san T

ccnc-lusicrs derived !=om this study O: ths NWGS a:t-'

engaqenient procedures. I t d 4.v -d ad :rn. f -:,, U s c I e n

.-c.Cuc"-ng 0 d --' E v a Iu at1:o' Concl usi ons :iii

R-crMMTnIato~s, Gsn: ! 3 cCMn 9-1at -*C r s eAr St U-:

Cor ciusic!s. As;4 ir- the- C-haz-.s: III eva2ua-tlon, r,-:c c -zda -

t--cm s and~ ccrncluslors 2 -'s c u s - _-*- this Iho~ no ~c
Qist1:iro-sh betw=een t!'.e air-lraft ad czu- -e 'r, e t Z! -1 z 7v

vr,.cEdures except w1er. The -1 er.: far e ne : s a

as na a al,. comm-Pots co7 e,:--in thss prccs ,iri-s ;:a7

t:both tarq- ypes

A. MODEl EVALUATION CONCLUSIONS

'Thi-s zs- udy c oritf tat N W2 UG 3 :e I *

ea~~. :':fr~s, as they a'i::cutm2. w

F:oruc,? :easonablz --,:c: ~: wa- g :n S T h i-s':z

±p 1 :at theas t I r c- a:t c -aI : -~~~ liIi 9 C j1
be :- -=CC ns- rU c t S ;. C, : t n a s P 1 c --s . t1 c ~ie 15 s ~I Cu-

I ar 1v s Engacrnesnt FEesu.,It Phase and itz a .'r c r f b~

dames assess.Isnt rui.,are s'ioerb;iY done. The ia

~:0Cs=Ss of te Targeting Phase == !S,: ;zX-:-?r Ely S ff C-

t_;v S at acconl-shing -the id-ealizead t:aait ca*-n:

a iv a:-- designed to do. With tz'ee- e:'c of a fea:nw o

c xIirg esrc:Ts, all -:zcbabiliry a~~t:s a:n~an::

.cgic sva--u=atj.cn ccntain ad -zh rou hoi a f- :o ar ohases of

e-gagemert execu-ion arez used corzictly.

Sevira2. problem arsas of varying dlegreas cf szevezity

.-av-2 tear iedenlified duriag the evaluaticn p=:Ttlon

uv. Alh ugh the ascifi;c data,, base via.ss we~sr



ivi.~t. ty :hsstudy, _- has bszcm'4 az nare:-t t' at

-.~zc -hat these routianes a:, unusabl-e toda y iZ -

-rnp~ope: ass- grmant of m. :y cf taa data ba Sc

Val-ies. clhsr Problem~s are-as re: :~ivtc ilirIS

unzzaisTtic approach -, z- -a i: erg a ge n, e n' F S p:

areas fr ao ct. of sug;-Q ::ovem-'-: ar*. Cv -

the xt Section of thi chapte:=. T.- S ~e c Sdic: -

to the mcie a: e --a! f±Lig s rf t he s- idy.

Th rzuahcut tUhe evau..a t cn, th.r r :"aaS ',::e S G :an

top-c~s -sat:?o~atsd~v 3za a-ter.tion'. T'hey- ars t hcie 'G

a~orcach -Ic f--i na~~~ns aaee

data b1_sc val.iss a.nd pzrigra: ,cu!1entatior.. 7 C f c I II

cna't= ubSeztioas Frovile conciusive c mm ent S c c-.c e:nfrn

t*hes.: -a-C7 of the N GS le-vsl zwo alr-to-air: rcu::r.*n-s.

1. Azc-ch to0 Ai:t A i:rn,;

Te c v s al1 Y,;.G S a pr::oacn o ms --n.gt

~g ta:sna ic- not.a-:aZ r:~~ 0r D r a z v z

rs~stc H W-vsr, at Scoe --'r. :-3uch- a ~ stL

eva 1 a: '.- s mu St ba- PaOlie 4 to - r Sflect = sascn tI E Cc I a-

IIWGS UnGS !ca:aoEe s:::::as,

I.-. t.,- S: N ;has r : cd -s t aI ozjn SiJ es cwr ra . -t

allczati'cns. T h --r. tb Shoo-, Zhasa :i S s C, -Sta i -s

-1 of t he r eali".s m of -th= Sc -nrz- -,

m ~ ~ ~ ~ ~ ~ ~ ~ ~ .. I h un1;ks1ya '- oht a : -

; 'a~ze aliccati-on and the Shcct Ph as Se qvala tit: n ;'ccU: a,

the.,- alcte',va4.' launch Poirnt. Aft-er ths Shoot

q xs US scted engg'. ts, the E-iam~- es lit

:: S ev a luats eac- w 9a pc n 's :'fonrc - a:. :h s 1b s
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targset damage. Althcugh this approaah is no-: total :-

;S.:ic, it -:ni tialy apopars to haws some marit. H C~'

&sweakness --s dmor-stzted th~cugh tap Shoot ?haPS; '.

.-ons Z .s evalua'i--s fiil to adlr ?ss thr- mcst ~~: ca I

fa c tc s f cr d r m I n ,g i fa a'w uh en a w -3a :)c a ~a u.1c.- ;pc=u-
Pn.tv W.;:.! cccur . Factors such- as gee~o aus ~a~~,

tazqst der.sity an!~ grgagmitnt =_c:,,t:7y ar e all criti-ca. arvz

are neglect.id by the NWGS Shcct Paiase.

it is al~so Im~ortan- :h the air:-to-air.- er.gagsM;__"

,-lsJ ar= suposdly adsig::e,' -:o s.imalat all zy?,:s Of z

battles * Thss types !nay inclule the Ouits- Air 5 aJ.

porticn of --ha A:nti-Ajr-Warfjr-m pr obl1:em, te S rk : E Scr

vsrsus d,?Zcdirg picat roblem or he v s ua I n i_:.;fc a -

r,~ tC a ::r combhat maneuvsr.ng scsnar:o. To MCdfI llOf

thi~s~e ~Jith a si~almulasicn tIhatr co__si3Er plfo'--

p__a.::or engagems.nts, a _1is::_nc-:_o-, n'i ,4 z m adE t=;:Ws

IO-Z:tq S-ICaOS~nts P-7d th short anCe a:- z-na. TI-S

irodas ic not make such a d I's 7.c::on

As SCut -I i~ 4-7 z:na r 111, anv n I

a::r cairenzag.-ir~t are=na sau~usa -:ns ::v- z~~e:

of --he aerna~Ized ai-r batl; as its '~~~srca;

Ccnv=e_:io, S'hoot a:ri F!:;gaent Outc:oms. ThSES Ccouor=:ts

a-d thei-r j~en.sutcc oon,:ts a=-= Particularly :rn z

Whe-In tlhe lc-~GI lvel Of lctail i-mclies ~afr~~-afr
e:.agm ntevaluatior.

2. Data Basq Vaus =r.d ~a.e~ eiiin

The NWiGS concsp:;s and gene ral. appli-atIcns orf

basal .,cde-'-4g are axt~rzme].y effsctive. They shcu.-,- p:cvice

the fJ'xibili reui in a system wh-ich servlces such an
extresmg variety of objectivses. Howevier, t'-- zvantagss C,
lata baCs mdseiia have bpqn inSlisad -:I certain aree-s Cf th4

MWGS ai=- c-ai: snacemen:_ mcdel.. h Shoot Phiase ren
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an poe!a -s t o b parti-cularzly hampired with a rb i':

unrz..-'-ar raram, ter definitlons.

Ihe type of data des-.rad for data b as e Tc1

dir--itIvs? datla. It soi rep~qsent dearly: dc fin.c t-:a

ri'zt, .s and describe specific items, such as wcapc- ZYsT~ms,

Flatf Cr.ms ana ?, nv -:onmei-t S. Def i r 6t ive dat a r fz:-S-

"hiard" *Aata or mizasuzablse value-s such as wsic nt, wing p,

radar o EFr Et I q fregusncy, a ff -ac t _ve ra n Ss Cr cicud

heig qh t s The major advantagce of a po:yu.3Ed d a-- a ~ s

.DCd 1- Is t h scenera= io a nd -InPut ~a r a 'IZt-?:e fexibilitv.

achiievsd wl'lhout altErina the rmodel itef Io l hat

utili,--z= dFfiniti-va data --i:.i data base,:s can bs 1ar'

e-valuet_-d as reasonable crz unzeasorable, so lev I yt e valu-

at-.-, the anl1ica-:ior cf the parauatars. Whnen many of

nara.-e-r.rS ara d.EflnE6 as 3rbi-trmary affec-.4vvneSs valuess ln

comcunlid, =,;ore ssntati:nZ cnf oai;'e, ted
fleibiit is b 'in isuse.

'ihe- appropriate -Iia:c f efectaiveneSs values

an r T t-'I i ssM in th s v s is rs=fec :ly acc DtbI.

F c W, v -, t -,e taranvtsrS mhtte uSt Li Cl-I!Zlv

dt~fine A- 9h 'WGS Shcct Mhs ~o eIn i S iciizn

waaknescs cf the- entiza ai-oar~g~~r2~ bscaulss

C:Z excessive applicat:icn of a rb i:: ar-zt !-fin d craa-

me te:S. V- IPCO NV' p - am t a: i rt lar iS an

svxtremsly diff icalt par:a".eter to ercet

A sruscrso atnw*-i-ch sufc u-r-ig zh,

e:va-ua,:i-cn of t .e Shcot Phase mclelia is c uesticn of

thzequired 1=7-41 cf mc-,l deta'I. M - Shct:_- phase uses

sz3 paramer-z=s that appear to b P t .e t:yp= of aa , ga

sf, c-1I veness fa :tcrs wh I ch *c ud be use 3 4: a I -s s deataild

ma cco .-v= maIxo Iei. Th.e detai-l implisd by thes

Pesil~t Phass modeling leals one ti believe that t he ovsrall

ncdsl rsults area very preclss. Know-ing that the Shc:-

~~ase. mein isvery imrc me~ akps indfiutto know

12 3



Wr%:4 z rs I. e by ths e-.aagn ...uls. The. :11=::'Z-

act--,a. leval of del-ail prcviie,:d by ths levql tw,- 7

2. gh e m, -_: s sf:fctZ-.y achiaved Inrough a% a::' :

model.

Mos-t of th'ke curen? data base o&:a a v !-e s

=9ma n from --he initial unclesifc inistallatio. ef "'GS.

For this raeason, all of the lata bass valuaes involvsd wi-h

Par-tc-air erngagement moaeils should be evaluatsd ind v-r:J-

fiedi usi.-c the1 sneci-fic D ar a e1ne-r: i:a-rios :" pv~ n

Chap-er 111 of this study.

3. Procrirn Docum-itatcn

1:.11 b a2-i c in g =s-die9n t z _o: a :ho1,)cuqh 2ocamra-i-on

package for ths X1WGS nmcdsls are- alady i-n existencs. Th t

7rog r am Ds cr -. ti4on Do-cum snt a -. -:he pr ocr_:n im br-d d s

cmm : bl.ocks provi"ded by ths Conputer Scie-ce-SCrzr:n

havs- th _ pc s t Itc p - -, 2n -esr

dcc' :a-:cn. Much C_. -:h sxrsting ccttc h'~:

h~as bm=hc ,~n t, b cu-: Tf 1 _l:. T'ha S~.eci-f _ i'=

M:?tatic- fcor the- level -:wo mi-o-i aoCn Irnd1: iS
cu::erty inaiequats. The a:::v ]=sciptions, Zthe plzra-

mener: defliiions and t."_- rab usasO.s 10d r 0 - match- -:!h

cu-rre-r.t procedures. The_ dc'- 32whI. hs PL/I ccie

Z enaera: y accurate- zut is' n, piilen an ocasoial

Un1cle: 'Ifla'?r o vemefts _are 2~ in :hease areas tcffc=:9

the documntaticrn will' be ussfuil -. :- anyivenot.

B. SPECIFIC RECC,11ENDfATIONS

Fc meaiceprovilad in. ras secticon are aimed a:

;pzcov4-n g - ealiew ani reasonabiliny cf the 4xsigNGS

le=vl twc air-to-air qngag2rernt :eig Alsucscs

ars made with the idea of mirimal. modalrosucinn

m Si-t hc::uah aval-iat-or., di scussion and suoiaes-ions
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coczn::a t.r -6 !i- m.a problem. a:-a:s a:a to:cvidz i -.-

I1I. ccm-.e-sly deta.i1ei :ecc men ia-io~s EA:. nom ;--v: z.

Hcwever, ::er=-c~s tc C'-aPtar IIl suobsec--ionsa~:.z.c:

Snqc-'.f.rc r~sccmm~ezdaticns are r::cvidal u.ndz: zh't- =b

a. Pr c vi4d s a sub rc'itfra slnmila: tc M33 P-1O:(I:7:TY

whis us-s Slzrt-Rargm- c cu!Vaticns f 1~ :a ur. ch-;r -

tarce: range :m: ::s:s:la o r-c:l

ranrca. (ITI B-2)

t. IAdd codi-ng :-hat will exclu2' th-m tzargr--: :

meich: rg factc: from 1h11AXQ calcula ti 7 wher

targeting r range ns re =--s: t han v s -1a I zaneS

COL -in ue Ise of w e g? Lz fa ct cr S w;e 'in

ran :' wS hi .;. ua -. ' ~ L-: -h visa1

cutcff be eight miles. (1 3- 3)

SE n S -'r. I iC:lg =a:!e C=Sz, ,ir S ::rmm:

pan-fornmS ate ccnta-':--d within n S-..gl e track,

a:e s urs2vb.e i :'P :he umbc: of r-"r.

withi-n suich a track :a:A ar iitl=- for tar :'ng.

2 sccns:r uct th a calcaz=-:;crs f .uc:--

tar"-s! 2 ck-ujr and :cc- cn t:fic cesc:-

ev a t i-o a1 fr c 11 te hc:-zcn%. Tha daa basE wac

sp cific look-up a rd I. o k- zw7, lI-- -I-at -o r. s muast

ccr:,;cted to ths appropriate !egzasr limits. ti

ch-ack i-s to ba- uzsed. onr.y in ths lo.-g range casces n

bypassed for the= sho-:~ range engagems--ts. Isr

tha : th ! lcq-ca1 l ~ air of t -S A:.it s

pep::ormred c.::eCtly. (1-1 B-4)
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S a k u e o f t 1 unusai variablz 'a-

-a das ,t ct ica r a-,g e coa:

'ai= air oairl structura. (III L-5)

:. :ov~i a su!l:outins s-ii tc .130Ca w'!

evaluv:= t launche: a.ircraft ra-la: SYS:r suc~-

tiity 'to EC I. Eva2.uite SI. r~:; n

C-,r31Cf f 4ammers and prcvld-- ths rziucs- r na x,-4.u m

e ff ect -vs r a da: IStscticr. rangas as WCeapor. llri--a-

t--cns -,o-- 'the Shc t Ph-asa v1it~: (III B-51

Ta~qeti ng ?has-- ih c-n % -:rgc? cf a---

ES14f Zc:-aezi:g ja mn.:! C= '~::b

within thea sacwe t:ack. (-7T B-6)

2. Slhc c Pl- -

a . PE-rfor a t-orcucnh .~vi

sen-at>-.ve valu~es foz :Hi b S q: r- T'1; a-c- -

'Be. aSel.ne '-7CO'TVI i s h a p --c b biv.

th :iua:- 1.a u.-: cr .rf: vp de ~cz

e ~a =: ev::mnfl4! - a-. na- ,vc--zS tC a sa--isfac-

4'ory -launch -csinCo :~ ~ cW~apon. Ti

vpa 1ue assume-S ?:a t ccn- :Cl -- weapcns

Systerm --=-a f unct ;cn. -1 a1 -iu-- t :si:nn

tc rei2.±zs t'a:the *. x:I~g d rn zi rs
istic modfe W-41. Ca-nc--l .ay ' .Yn ow~ii h

fial -.no~ii !4-o'~ f 4e11POV S s tAan 0 .5. 1~ C -i1

b. -Zv --lu at = a r d combine -.h- W'*a?)On syste~m f - 7'

r et c-rs ! o- -eac h la u ichrarat an.d wsapo.- syEs-sm

ccmtnation. The s:cevlula- sh:)Ull r~p=r-n:



cv sra1. reliabJl_-ty of ths launcher ic~:~>

ue a po SYS--eir. With respect -0 p er r I a -c~

crvlzrs or Te .1au L c, Po~s t 4-o a:~ a 7

%saron launch. (III C-2a)

c. J~r±~e th *~:opia:. -fec 'vznz ~.~
f9or thm 'PCCNVI modif-cati*on factors v~ctc' a=--

tance anv.i.iet eff-cts. ?o= vrector sss::~

Eva Iua ts t h p cnceno: C: fvaziable S _4-c-:ve-SF
fac-crzs -zoz lau~tncher a _ tc :: y a &.S

sup pf"Its 1

d. Add coli'g -_ prfc_- tl- ac--ual lairch 1:-

a S D ct va 1 uat oz, for 0 -ng z r.:-ang a gz_%Sts

App i c aito r c 6 th e fsur g a I -: al ta =I Sp =c

ca-:-gori ss suf4ficir:. kiia~st : hs w a=o: x'

efc -v~ oz'e aed~ tlza=-: aszac c=,:c : Y

fac-_c: to b-i used only f:z s--.--: range en-ccisz-s.

The factor shculd rszrasent the rs'at4.vr a':

er IS a bit v -1c agn a laU nC I f

C. 4-!% pirt cf- thLC ttart. (71r C-2e ,f)

4 ll d f l -h - 1

det S=n r. at.c n o =a al :;an s --cf Ur. Ct~o 1;0 xacty a-

-or a,:t-~: missiles. Defile a single aun fir~n-

as a bxlret of starndazi numbar of rc-anis an :n z

the aur system ru3 vioeas -1 M r, o ~f
saa'a-dard burst ail~. (1:1 C-4)
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RSCCn1strUCt t ho sub:CU-_in.e TI42 OF FL:'G:-i:

utilizs the actual launch ta-rgst aspsct ~ v

Cozrrct the TOF appr:iat ios UZ i-ng

'del.-a, factcrs. Also, .f 't is dat=:rmn-d' :h

wr-apon wil nct rsach the -ta::e:, sst --he 7KSZt:

that engagement tc zaro. (III C-5)

3. Enqqs-r Result

a. A L aly v? and prcvida th; apcSorrIa ; n,

'PKSSO v;lues e=: both a-rcraft and~ cruizse T_-,s_-l1

probability cf kill tab2.. S. rhc a 1 u~ S Z ul

we apo1s . The analysis must cornside:7t' ~lwt

d s f I. Each bas ;-li:.-_ '?KSS' is 's

P:obabilityA_- that a singis salv-D cr z'h, f:_-:-c ;

% _4-h thir _ _ :rz c n r cl Su'l r t C* 1--e Sz=C::. C

launch er aizcraft v e wil il k--'1

ta:set tyze qzvem thzt the wsapzr h-as all d-,z A:s~

at dt~at-3j SUCC~S~SzUjll. (:7: D-1)

b. .:al.yzs an! comb. tn- w=_apom guidance :If

ability ard weapca t~a~lt :o a Single w-aLc7

misns. 1-: iz also :e~m?_e tham& - tse val-s- t=1

acccunt fc.- the conliti-cta :t On.f ~ ~
'2KSS'. (III D-2a)

C. Analyze and -:cv--Ir, th Z a ppr' : trta -_S wa ::Or.

spec .::c t ar get a spct crffac: v an ?s z-v a1Les -that

Will acccunt 0cr efiactS :)n We3acon narfo:manc4 i~ue

to launch tazqat aspect. (lII D-2c)
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~.Reconstruct the auch target asect ev~lu::o:
segm~ent ef the ngagszmnt Result Phase :c

.hze actual. tarast as p ect citego~y

'PFSS' f cz lcn.,g ranag ?-qaqc-merts. (III D-2c)

S. For the short range sngagemexts, bv-as t

appli=-ation cf t ar'ejs-t aspect eff.c- iVe: n ss

cetErm.-ne the ta-gqts capability to per-for a

si v a maneuver by e x a mi ,-4:ig the targs- n1atf.rn'S

relative maeuverabil.ity. (III D-2c)

f. Analyzs ard prcvi_ -' 3a~ w r-anor, speciflc

FC ?, an d B-CCIM, v~~kies va I -s. T c-sn a vI.Ss

shculI represent the FC-1 effe::t on. wsapon r -Cc zm-

ancse and the w-ano I's ECC 2 ca;)abillty tc countpe: the-I
ECCM.

4J. rccuzn-am .on

a. U::date 4t-h".e pzce durs ~atvs andti-vZab

Us al and d e f i -t i a nSC0rt ca in. n~ Zza

1-ccks corta-.rned w;: IhI_- t he nr: ci-ureS PL/I cc~e

F :dcs -,he discussioT.S z. C: C7'ir ~cp tSV h:7

ssr procsdures.

C. G3N'FAL RCEcmtATIONS

The -ra rcormen ati_4ns p:,:pc~a this Eec:o.n a=

:tecifor NWGS lCrg ra--ng-3 4-rOVE-la: pl~s '"heyZ-

appli-cable'. to all NWGS sngage: msnt roS, bat are adisci:ssel

hers in te:Ms of t I a ir-tI.- -ai --:a e aasIr.g i --rs a rea .

zr'BcM.'rndat.;Cn3 focus on thq sy~tz d s -'an c' n c et ci f T,-

va:jno levels of deat ai. 'rI=e B. 'V-Is of a '- -c ai
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rzngage.r: ios1ing should~ u1:imia-tay be p:ovi_ sd iJZ :-:S
ad'squat-Ci.y ac.ount fcr _;_ vary--Irg applicat-icaiojcv~

1. LzvzU Onq

Thp N4GS level one air-ro-air 9nggs~n m c 1

should Srovide tale systemns 2.owpst izvel CZr;'i ~b

uI:iliz-: for ).a:e scale 72.oba2. and t6heater lsvsl war gam.

Tnis i z cdslig shoulcl bae accomls-.h,:? r o a-h t h car =f I

apica-ficn cof a highly aggregats-. macro lev=el mcdo wh-'ch

r,=od,'ics_ classic _ex )czci vaJlui :ssulztS. Suich a .mcdil will

;rc vid si-- r. Pla d a ir s trie v s iS iz-f=7: ina aI;r c: a -

f o rce =e-ccunt;e: avaluat::oa I;z a sing2.ea czptez p 7C =ra --

i -_S Zat4.-1cnr. Any mumrnber of associated f ac--cr-s m ay b .v u

ats"' an~d aztr~lied -:o this -Yve of modal. Thm- appro. ria-
i:nu-s 'cr -.-is vz2 ons .noi;-_ are t.h- nibes and t-7:=S O:,

r a-:f C: rs c- OQP~CS4jfg Side S. e:eirC u-usfr s

zc-C -eti are -:h= numt,-: of Str-ika -!atfcrs Surv v:~

the air tattis dr. the survivin- aI:r cr af. T',

~urac---e:rengaa' eflt oc .ThIs 1='ne.?e.lvzl c n

modal d esio- is perf actly s u-- 44 fcr = ao sca"=c~:

lmve7 c.f Cc lc: freiau:etlY or0- CW(G wAr atM".s.

hecur:ent ';WGS lz v- *aa: ac~: e.aan

aP--P=rs -0to e Xtzsmely si - - t:s 'Level -.dc

n et 4C. a: g's.g rocze I i I'S -=24 2or in. v2.ua2 tarcz

plazfcrn allcation and thE r~igae of 'ii-

area s _ I-'I lie z only the asi B o _SS1 )f EC.!/"C: and ve-Ctor
lssista!-ce aos The tazg-. da. amnage sdtr

z mo" y as k-:.! o: no %iil -0c: all -a~gat :yps. This iz not

a SU~a~ I-vs! one mods-! for lazqge Scala war- gam:ng.
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2. Lpv'jl IyC

lhc N'WGS 2.vel t-wo ai:-to-ai= ,-gea=_Mn+-

he s bcen vt =y t*horouchly criticzad .-n th-is z uv

three Isevel of: de-zail systn ri, :nhe mi~dd.e lsv =1 n.:-vi-C Iv
be-comr~s a coump:,oni*s tsizweer a tcta3.ly basic and av

datailed modal. T hi:s causes difficulty fo= s~ 7!il2 T

builaer frcn ths outset -. Mu ch o f t hI S s t ,id ys cr c S- .7

focus-es cni improvemanms in the, model realism~. S- ul! b.?

nc-.ed -.hat th-e assum, di-gres of reagired realismi is ar

subjec--:ve. The prer appli-cation Of ths :_-ccmmnA_=n-a::cn7

mad= by ttis study will make the ITWGS level -:wo m'odlsum-
able foi thi in:termedlatc leve! of d~i. A~rhr:cm

mndaior. discussed In s ubs ec tio,- A-2 o f z hi4S c h a r,

siqaests scir- a'qgregatior c.- the isvel -'wo Tod! ls. This

typo of- rncd i :ncorstruct ion wcul d tii - i. lv t

p~oo-eXCeution te hc a7ny I':-SS Of eal

The-c potentz:il use of "iI as a r-sa::ch, a 'v

an ! tactics S val'u atie4-: tool1 d:c-_a-_S t.".at I s V 9

engacemjr' mcdEIS must u2.:ilna- _Zly *b= -Zovide! for : N ic-s. T

~W." S v. t" r-- k -:rrli cs -nodel_ i curresntly cv s

S-.6 s a Cto=V ra-k :r-:va-nn -or ve:y deaa.:d :::m e n
ev Iu at icn Tie 1S ;iG ata base currentl I .

t--azk raamtezrs rscc~s.'iry iny~ ~-~ rtr~n~e

-:evaluat__-on -ia-: iray hereui? cf a lcval -hr-e ,z-i,..

'::.sc-canes th'q us, of -.h,? i.z- cclst ~ail czs-:s.

A ", G S 13V 9.1 ':h=e e 2 :ar' -:- - C Zs e:a -1 = :1 m: -4

sn-o u2A ut-Lii all a va1,.-b139 NWGSZ. ~iqIS -to 0S-' IAI at I Ct'Ia I
z n:-:S r, dc: ac -: Ic-1s a no k- : 3.= - s. T -_' s mc . mis -

czsi*ier? a ctu~ 4 nt arCc- t mr0 q4 o~~y, auncher ari ta rge -

pa!!crmarnce an Z 6e CecmnMt=ric a!pl4ciacr6.s of ~ a~:
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Fs tic:irng n !e ''c-:icr1s a S w~J as we&,cn p C :::

Is: ; Irvnr at this .Sv~I. shbcul! be evalua-:

qenger.c-irng and phomncxrr.Aoaica", mol-A-s. T le dI*z fIz u> s

C.:mc iLn.c th ? close 4-7 ai: ccnmzat mar.suver'ng. a:,:

s-l exist and will rncst llksly :,?uir sp i Sa Dl= i:

I~cu--rtrit data base struc-_ura D-:3v:Qds c - T ~c S

V'-s 19ve three cl,' as d=_sc:ibEi ere will b'-

stnprcp: at a for war garn-zrc c:-.',y wh, .: t,'_JS lev,-i c a-1 4

absolu-,=.y W~u:~ ar gamnzs 4~~~~c2 s Ic sv '-

uat.a Curren - Zy'a orcpossd tac-._cS - th= :: _:~ un--

1~v~ ~fiit~ y eu i:',- this >~~.of di:aill.

D. STIUDY CONCLUSIONS

Slnr: e~ Naval W a f: re Gain::1 Svs--m izZ -I E i:: a

n-h gavcaW: rC Ol, , "i 19,3 C ~ r~ a a b

w~1rghs ::-7- cis j:-cduc--.-g ts -_ n::i 7sataIbz s It rc--

_nadiquat tc t:ouble shocc -.h=_rb~s ::eta '

A=i a tffc :t -' v~a~aa va~t~~

h,,as b--ee cn~clng.
T hiS su 17y cf 'Ih d GS i *snaci1 , :c zl

crn~i t hat th e se m cd s s wi1ll c-, p r cac- -zc

Seqga,0.T:t rssults. This findinQ~ a ) is -,D- ar+kcula:ly

:-. cztan:. Hcwsver, t-h:-ugi h h~uheaC:~c of th-

S n ard eva1,.iatlon of tie 1ev-el twz modsis rmus>. i

E--V.5z=l Sr C'_fi C a nd 7=n ral. :ccermima d a s f cr -,cde.
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data It-e 'iaragemi:nt of the NiGS Data Bas Wil1

to t; a2 ztxt ml1y s I' ni..f..n t a k F- 7 wi11 c sr :..

c r. .-u c =a c u ol a c:n:dsa~n

C U cugi f a izy Fub Sta t ac- :ra s an a.~.c :

~nzcanaiysi's. Thi S ~t i dy v I :gs al:crdacs :

Cal~ to. an h ve th: r.2. a: r aosd: n~: c:S3z-"o ,

.s th~ s r2Iy wy that ad~qLal :-t-. -z:- c-

frs-Junty p'IiF tolay. A:' I ;I wGS 3s tv~ i*n d

c of this- study is3 zIal f~ i*~t z- -

Sacc-%':.c of cz~zrut-az- war cama. 7

s N.. !W 3 1:5,2 v aI:I:. a -d vQ 1 f f~s

Za cc 0'mZ;sh di. 7 - ta-0 n

at-~' at~ii a~z~~ '1aa' a mc- s

r ts s Ss I: am cI p *I: w- ~zc Z o -D ai:.cc.a

a 7. T hi w,,:k W I I assCs -: C-z L-a iin
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DE(CIN
P19 AC-AC-. ______________

(Str fkfe f i)

tot gtr

Z9ooir ALL loa--toa
soriki pomflral

SIze-eso - sre

rotol. type

CEO.count

tot.C8D0 3

QC80~~~~ I R_...~~t*I

qX.aD..I st.[
ot ISS-1121t.. 'I~~ 7;tI tO I

O..CaBO-I ist.

s I to

(ap-e?; 1t NoYE

STIKE GROlQ AIRCRArl ofrrNOINCG AIRCRAFT

ARE LAUNCwfQS APE .ALRCKRS

M419-AC-AC .TG71NG (a) Param~eter In~ttra~'z on
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F 

A

1Yi -Itot.)nch 0

D0 wwILE 03 W-4ILE

NOT 0

c -10tix I

C?,eCk ) eckt~e

OK 0 I NIF

ox ~OK

Drox~toltrk~t) roxjtbl . trx I

It@" Iw I em 

41q A.C AC TGTTNG T~ nftfal17aVrOn 3'n CrPCKS
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GLA Bar

t 0.g~

tsx-Ix C-lxt ot- ;t I

fl~A~r,.i *

DOFADo ro. 1
*.ito CtrISl * 3 to ttk

Ied.
9

($ lx))j

~1FSCKOLL tfSCK. j

FF pro DI r

OroIeow_~ro

(prox air) (prom Di1r)

M19-AC%.AC-TGTING (c) Prepar-8tlon for Prox~mlty Checks
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;X L litu g , -'! ltt

T IEt~ S CL .

NO 7 ~ 'cs I.5

0 .8 * 1.2

*tot-Inch * nitgt /tot..tgls) o .5 me r lt-Imc Q.S ~ t tt t

41q AC AC TGTTNG (d) Mtsslon wepcrt~no and Tarapilno Im~l
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~ask

.3car

AAAD

sea-mar t

I A;IE 14G
0.44SED

Wi-AC-ACTGTIANG (e)
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NO

a, V ac

YES

NO

NO

YES

a..~e~orm. NO
Smeaoons. free_

YES

09 lb

no ~ (vglv

WF APONS

Su~routirte WEAPON-FPEE.-CHECK
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00 VCI A t
'I nc M-1W'ILC

oqt0 ov*C~2i~

fl..prcempdtgt ac- I, -DI

t 0O.Ilr p pl t 11s NO)

u *-nm 0 0l3Jd)l (k (0o~o ta

"10O 00

tgt-otalrt. a

I a~omtyei

(CatoR

rerige (. aor'o a

%sk %k-IsSCK~.lt

*eaoosxsite_. O~ ~IF NO

Su~rouetrie tAPEN (NO

NOT 0 111



N prO IF YES

IF Ir Lt N.' T
t1 it.

"so-Ie NONO f9rc~df~t 1

3~ p PNo fS1 4

- 'x- max f

dX f,

IF No

OretoOw Tdgeg
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IN over.ct NO / IF

Not zz,
DO FOR I
(lV.I) to E

n ZZre,i. DO gt

i Docsstgi

ove N..OT
overYUt I

NO Q-0

'Ig . t11,9 NO

YES igrec Br-l~

NO 'rYESa-vawfr"

sc lb YES

CALL3



" Iem. J

re tracec

Uj~t~f* lb Items?

NO I~~ NO E

nru~ El

I ( free-space

Are Atho T

Subrutin TAETIN (d oreV8ret
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S(M-roce',e. tonog o.4cNO
tgI - 721

ES
over-cl - 0 

I

'0 a r a rP e r.
tgtldNOT

I 23-00 
I

~(ove-ct.1) toYE
n-itWIENOT

1e1st.Id

10,~ 'at

'a 

t1
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