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A. PREFACE

"W3Z gaR2Sseeee,al€ €xtr2amely ussful <cols £co- s+uidyin
warfale rat are l2ss  apv-cpriate, perhazs 3vy
mislesading, £9r irvestigating somz ques=iorns. _C.
anderstancéng of was games and  what Wwe can leazn It
“rLem lzg tehind their Jrowing popularciiy."
This guo*a, taken from ar article woiitsn by Foz:derick
D. Thcogson =2ad pzin=ed i the Ocieober 13983 U.S. YNeyal
Inszitute EBRICEEDINGS, exemplifizs <the nead feor ongoine
s=udy and vealida+ion £ 211 war gaming systems. Th2 szms
at=icle reciats ocut *hat war gzmz2 lea-ning dapends ugcn +hs
gamz's Zesecblance +to +k=2 szl worldé. Ard evern  wharn %ha2
Tesemclance is gogat, success in z waz geme doss nct scuats
to succzss irn *h2 real world,
Givsn +“he meny ear+ificisliitizss izhszent in 2 wWar 2=71%,
“hs nex® mcst otvicus husile w2 cvercoaa l1g detztnining ks

czliakility of +ke urndezlyingy assumptions and ba*=<le simulz-
S. Waz game chijec=ives aze cri

i
miaz+ion ¢Z +*he required levsl of mci2l realiss,

Q
mes aTea sed £for decisiecr pmaker
d

u
training, it is iaportant +hat ithe 201 naker cbsecves
b u

3
1= ¢f ais édacisions.

~2azo0nabdle outcomes as a res

Oth:rzwise, *he war gaming system and ths entire war gaaing
pcogram loses credibili=y with the individuals most nz2424
fecz its support.

o




Ccnpoutzsrized wz:> gaming will nsvsr be 3z szatlizizc-coov
acament Zor urnderway aaneuvaers :nd exerciszes Cu-m ciln

cIrtalnly TIOVe te b2 =& valauzble adjurncs ZC  TiLzl.

zesults cbtzfii2d can ¢cnly be as gocd zis the zsszungmicos anl
models ~ha* make up the game. Ycr <his reasern, ~h=e vaziii-
ca-icn, wvalida<ion and modificaticn o0f exizting WaT azne:s

B. NAVAL WRRFARE GAMING SYSTEN

cu<esized w2r gzming Zor  the Naval Wao  Coll=zg:
2ndzs in ChisZ:z cnd Fie:t szaiies. TWGS ap.ii-

- . .-
clude reheazsal of filesz=t orera+«ions CI ~x=3T-

11




Cen<ers <ty compnutar, tsletyp2 2and voice comaunicz:icnzs.
o

'::ently, theze ars: rzmot

ur.i® is +¢c te insta val Postgradua<e Sczdcl ir .
. Morterey, Celifornia ina FYS85, Addi=icnally ke =we Plze= ;
13 N
: Trziring Grcups loca=sd irn Darm N2ck, Vizginiz and Sazn Dizgo, '

scme 990 subrcutinesy/procedurss writtan ir <he  aigh lev

rTogTarmalin laaguage, Pregramming Laaguaga One  (PL/DY.

Approxizately 156,000 lirnss cf sxecutaple fL/I ccde maks up {
*hese¢ grecedures. Trters are abcuz 50,000 lines c¢Z code ir |
170 trocedures that dz€inz +he wazfacs zzzz aocdels zlcne. i

i
¢cf gamss: cfcamand-level Gares 2and Studsni-lzvel ganes.
; 2eo=h +ype3z c¢f gzaapss may be glzy:zd ozt diffscent avels ci
n

Commani=-isvel ganes, &1lso known as flest gawmss,
are oreca*icral wa games and are ths type most frequently
played. Thiey are gerarally sgensorsl by thzats: ccrmander,

2 nt : adeszic

3l

chool ccmmzals, Degpattne:
2paT*mznts of *he

iaciuds: gaining *tac*kica

uating ospera*ional ccneept acsin at sea
cperations and suppor+ing the Naval War Collega Curciculum. }
Problemsz of Command, Contrcl and decision making fcr Naval
forces in theater level operaticns are *he key interas=s of

thes> gzpes Th2 Command~level games are *he most ex%tensive
in sc p ard ducaticn, Lasting from c¢re dzy <t¢ sevsral




weeks, <caly ore of these games can b2 played at a =-izx=, 4
Ccmnand gams 22y be cne~, two=-, cr nul+i-zidz2d aré ray f:ecus

er. & specific warfare area or encompass muliipi= waclizcs
‘arfeas. Sincz these games gaen2rally 2n%ail lacge accun=s of
data and ccmplax orgarizaticnzl s:tIuctur?, a cernzrcel arcup
¢Z unmpizes &ard consols copsrator 15 ragquired “o aponitor %khs

p.ayers prog-ess and assist +hem ia game play.

The Stadzani-lzval Ganmes ace o “we types: full-
scale gemes pliayed at ths Yaval Tzsk Force 1level and

one-crn=-ore engag:nents pleyed a+ *he individas
The Studen+ game are 1e

s
cmpend cames and are played in suppost o©f +“h
19 ¥y g3

Coliegs cucriculum, Theiz rimaz el is *o enhance the
r-ofzsssicraliisa of future ofp2raticnzl commandec-s, The
S+udent fuli-scalsa a

act &s & <“e&sk groun
gingle nrmodeTator p
ensuces +thet the
Stuiernst full-scale

- . -
v - -
~28tng fzcn o - C

CL2-CL-2n: gAnesS nay ke piayed using

vazsus the computa:. These

&y ers *to act z2s ccrasrn
IR

Orn2-Cn=-o2ne canes las“% appro +ely o91e 0 our hcurs of
rzal tine. Tan player versus plaver oI 4wentv computer
covosed games may be playsd simultansously.

3. XNa&GS Desigar Fsaiuces

The Naval W@arfare Gaming Sysiam takes alvan-ages of
“hrez gerarzl modelirng and war game ccnced*s ia crdsr 4o
grovide tha flexibtili<y rzquized by a war gaming systam tha<

will yield ceaiisti represenca+tions ¢f bo=k unit wversus

(28

uri* and qlilzral lavel conflict. These fzatures ars: us

»

[s)
<

13




familiss ¢f models, use of da*a based modeling and dcczriszl
con*tcl ¢ focces,
A family of mcdels is

a s2t of mod=ls iz wilizsh =:zc:
a P

rods)l iz & representa*ior cf arn. iden+ical tzaomenan, nus
uses a 3i€fersrnt level of Jetail or complexitv ia i<s sigu-
laticn c¢f =ke ophencreron. Ornly on: meodel 1l=avel fron =
particuler family car be used in a givsn situatiorn. Uss c=
this concer: supports the raguicemsnt for diffscernt lzvals
cf Geotzll aréd realisrn. ¥ WGS preovidas for %hirza leavalsz of
p0322ing de+ail <“hrcughou* i<s sofzware stouc=u-z, Sore of

S currteatiy have oniy tWwo lsvels aveiladlsz.
Tke le

é a
2l ¢ 12tail €cr game play is dzxer
of gamge and

m a
by *he came spcasor's gezls and obj
th2 gems. L2vel one is the leas= da2tailsd aznd

ard *hree ars each mere occmplsx or 32t3ilsd in stoucturss.
v 3

The gamz prapara=er selacts ths lsvel of mcdsling éexzil +2
ke used ir geme play during th2 gzae prapzTation phas:.

Data basad modelin 25 *h2 us2 oI <=wz2bl? leck=-up in
an  cperéticnal model %o access +hz appoopriata parapetaT
valuzsg Zcr =hz specific siamuwlz<ion sizua+tion. The war qzme
data tecies a2 generelly compilel frzom a ma2ster jaza base
whick ccrntains all ¢f +th2 pcssible game entities znd ths

d
an% inkerent g=rner-
bili=y, iongevi+y of

software and refuced cempu<ation <iamss. All models acs
higaly 3ependant or +heir datz basz paramete- valuies. The
flex:ikility provideé by <his npethod allcws for urniimi+ed
sc2nario ressibilities, as w2ll as “he cepability +*oc uss
exparimsatal ¢r futuristic weapor systems arnd platforrs in
war games evalua%ions, The NWGS uses th2 Master Entity Daia

&
Basz (MIDB) *to maintair *he incredibles aumbar of paramete:xs
€T every rlatform, weapor system and projectile tha+t car be

14




[~

(k]

sed by the gam-ag systenm. For examplza, the MEDB includss:
-

fusl usage ratzs for sach ship and aizcraft +tyrs, singls

2 -

shot tzobebilities of K1l for evary ocssipls
wsascn-target~launchez ccabirnatiorn 3nd ever facrars of
w2apen systsm 3egradjatica in a Jamaing environment,

Ir. X¥W3S, the doc<rirnal contzecl of forcas is 2 serias

cf irndividual ac=ilon crdecs or irstructicns o gan
4

@
3}
g
ot
{E
oF

by tte player, which aze 1linkzd fcgz*hsT 4c svexs 3
o

f ac%ions by <hs vparticularc aniz or uni<s, This
v

gizcrafs =<2 viduzl stations a:o =c i
2rnd engace ary urknown *acgeits approaching wikthin 300 rilss
2= spezds grsater <han 500 knezis. This sort ¢f 3dceczzinal
ccnzzcli l=2avss <he rplayer fres <o moni<os fszces ani mzxe
lirzez sc¢zl-s i=cisiors.
4. §GS Jpezaticral 2232 Sizuctuzs

Th® NWGS operaticral data s3tzurcture fzfers +o =he
gzn2aral urferlying £iling sys*tem wiaich allcws NWGS 2
re-fcrn thsz rany <Teguired phases ¢f wzr ganirng. Thess
fhases rarge Iren pre e

psraenent arnd £our teamporary file ace:
eTrne ¥agser Daia PBase Fils coatainiag 211 NWGS softwace,
the Mgs<er Eatity Da<a Base arnd +hs world map data.

coataining +%he game specific

2
cb jectives and ini+«ial cernditicns
pC

15




e The Gane Play File «cortainizg the game spiciiic
scfivware, game specific gntities, apvirsamsn-, GzD%
plaas, g2 aphic start poirts ard i2itial corndicicnos.

i r
ed during game preparation from i-fc-mazio:n
+ 1

2 File «ccntziaing game specific irnfcraaxion
t 2 curzern“ gams s*atus £for zll gams zaniizies
i svernts, such as pla+tferm positicns, &e

vel of bat+le damage.

e The Gams Hisiory Fil: contairing all zep»

=2 b é
van~ inicrma=ion nerded %o =zeplay the game fcr st
a n

o)

clated azeas ¢f Naval = W

Within zach mcdule, +he families c¢f mwmodels for sozci
o}

sysnts T

t sgorziss c¢f module
N4GS mcieling structure., [Ref, 3] Theses categories ar=2:
e The Genszili Warfare Azcaz modulss, which simula+e *he
ac*ivitizs ¢f forces z2ngagal in Submac-ina Wacface, Mias
Warzfars, Aaphicious Wacfars, Susface warfz-ce and

Ansi-Sutkra-ine wWazface.

e The [Kiznematics mecduls which simula=es force and wurni=
-

grcvemert accerding o iadividual platform parameters.

e The Int:zlligence 2pé Cepmunicazicns modules which dater-
mine player access %5 game ':fcrmat +h-ough simala-
ticne of Communications ne+works, satellite, HF/DF, anid

intellicence infccmation flow.

16
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e The Detacticn modules which simulate the activisty =7 =1l
Senscrs, both active and passive and genesats getzc-icns
and los* con+acts.

* The logistics mecdule which simulates <+he availabilii«y,
&£
'S

consumption ard replenishment of fuel, ammunisicn and
supplies.

e The Air Operatiors modules which simulates <he spacifics
of ©Naval Air creraticns on azd arcund ar Aizcrafs
Carzier or land tase.

e The Zngagament a9 dules which simula+e “he
Ar<i-Air-Warfare inte2ractions: Air-+o=-Surfzce,

2
Surface-tc-Air ard Aiz-tc-Alr =arg2ting and eagage

=
H

]
ot
n

a
vsed <c eccess <hem. T2y ace pszicdi
Tou<inely &% zegular time irtecvals o- they are 2aperiodic if
tiey ar=2 accessz=i y by event schedulirng. Th2 Kiremazicse,
ions

£ the Llecgistics @pcdule ace in
catzgcery. All of the other amcdules are accsass

cally ty *he o schedule me+hcd. Figure 1.1 cshows *hz

]
=]
=

v
tierarchy c¢f the NWGS applica+icn softwace and the relaticn-
saly ¢f +ke various categories ¢f mod2ls with their associ-

a%*24 mcdules.

C. POURPCSE AND SCOPE OF THESIS

+his thesis is t0 conduct a de+aile?d

The purpose of
2f “he NWGS nmodels used to simulz2<e <the

examination
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E

alz-+c-2ir engagements area of Navzl darcfars. This s=uly
W

e

will prcvids <khe Certer for War Ganmipg with comrlz-e &ni

cl2ar nodel descripticns, model evaluations fron an zazly+-
a

ical and cperational point cf vievw and recommendaticnz I
€s 2nd Improvements to the existing models.

(2
2
Y
i
[ e

he rrimary objective is o ensurs +ha* HWGS =
2

realis%ic =zzpresentation cf the airz-+o-2ic

aspect ¢f Neval Warfare, The crsdipility c¢cf %G8 and its
usefulrsss es & %091 fcr *reinicg 2nd evalua*ion Is vary
important o5 the Navel War Ccllaga. Thig cbjective is
accomplished by applying kncwledge o combat mcisling <ach-
rigues, fle=zt operaticnal experierce and logicel analysis xc
a thorouch examiraticr of th: actual PL/I cods uszd by N4GS.

i S
Znteces< includes several precedures <hat neks
e geaznt Modulas and the Aircrait Sav=ls
Lemage hLssessman* I
The seccrdary o
¢h-rokerat2 +he NIG
€r.gzgerzn* wnodels =&r
$eoz beth WWGS usszrs and csaoutes T
rctad <het much cf
»2  %ime this <+hesis was writ:sn is
nazuze and when specific decz
£tern cor4rzadictory c £
udy <+c¢ &llaviate this pr
2ir-tc-air srgagement modules.
The read for +this work is eviilernt. Thz Nava a
Gamirg System has beer ir place at the Center fcr Wer Ganming
since eacly 1983 and has been utilizsd ex
2ls 0of simulated conflice, Howevar, <~her2 has
a

lzv €en scm2
discsatisfaction sexpressed ccencerning tas guality cf mod<ling
and th2 pedel dccumertation, particularly ia the azeas of
engagements, logis+ics aa2d genacal warzfare aceas,
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Ths Cen<4er <nor War Gaain

ng
ard con*ract civiiiarn analysts a rogrameers whc assis:t I
cpera+ing and maintaining NWGS. The Navy staff€ az< <hsz
Csnter for Wer Geming is deeply invel

s

ticn ¢f the Czater. Ganing

ally £or- NWC s<udents, £leet stafis, and mary others,
Routin2 tesiing is rperfnormed and oftan uncovers discreoan-
cias. Bowever, the tize aad <rzinzd Navy parsonnel nsczs-
sary %2 cecrnduct the type cf thorough nmodsz evzluatinns
n2eled <c vzlidate NWGS 2r2 not available. The civiliaxn
system 3Jssigrers assignsd to the Csnter for Wer Gaainag ars
ex=rzraly proficiernt progranmasrs and ccnputsr sSystaa
anaivsts, tuz manv are limi<ed 21 th2iz krowlzdges of Naval
Wwarfare =2rd Operations, Therefoze, an analysis of <the
n=d21s tass o conmtat modeling 2xpazisnce &s wall =2z ar
cpsratiznal Navy tackground will bz of graas benefit =c =hs:
C= ¢ <h2

~2r Zct War Gamirg and  ceniributs significantly =
ngcing =2valuatica end validaticn o

¢
dzzfars Gaming Sys=em as 2 whcle.

kL The s=udy p:ocedura f£or +his +thesis consis<ts ¢f *hre
hagas, Theay ar2 the mod2ls 3d=scoiption phass, <+he moizls
ard documerzaticrn evalu r. thase and <ns -ecommsrtia*icas
rhasa, Durzng zhe 4§ cript;oh phase, @a clecss examination

Y
X
eV
w
..l
‘4
n
[ Bad
n
(8]
e
K3
IS8

e zcutines and procs:dures that make up *he
é. The

e
act12al Tl/I codes as c¢f Augus:t 1983 is used in +his examira-
c

m
Aiz-tc-2iz engagzmant moi2ls of UWGS i= zesfeorm

o) deérive written and flowchact proc=adural descrip-
+ions. Thk2 evaluaticn phase includes analysis of +ha mcdal
gical flows, factcr and pacaaeter Jdetermination 2anéd +he
¢e cf operaticnally rnealistic approach used 3irn <4he
&ls. The systam documentaticn is also studied thorougaly
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en dgcempoasizisn in the

§ o

unz221isvtic nm 2
du=zirn +*he evalua“icn phase. These ¢
intended tc yi21d reasonable reconm

end documentaticn improvsment.

Fer thkis study, in casas whzre mcr2 %han on:z 1=
dz=ail wrcdel iIs aveilablz , =&
Alrcraf~ s2ngagement TCuzire, only <h2

Re

analyzzi. The specific 21n3zge

o M19_AC_AC_TGTING (Aiccrz2f: vys Aiccraf% Targstira),

o %19_AC_MSL_TGTING (3i- vs Migsils Tarczsz=itng)

14

s YZO_AC_AC_2_ee (Airc-zft vs ar-craiz EZngzgenmsnt),

e M20_3C_#¥SL_=<c< (Aizcrafs vs Hissile Engagement).
Ssvera:r sxternal ani includsd subroutinss c¢z21123 by 2he rai:c
engiger:ne zou=inzs =2bove aze alss zvaluai:d. Foguzz 1.z
Shows an cverviaw oI thie Ircagsmant 2o23i¢s and  the TEli-

rrevided by Computer Scisnces Cerpe
Waz Ganing iazludas: *i=z Precgoam Pe-forman
(?Ps {Ref. 1]}, *re ©t:co

{Ref. 2], “he S*uydentt's Traini

{Ref. 4], <=he Command ani Sz29%f Yssos Mazual |
?regzam C2eign Manual (Ref. 6] 2zd sca Q
thas przocedure's PL/I code.

E. TEESIS CONTENT

Chaotss Twe of <hi scripticn Cf the

s s ie
pzogram's crera*ion, specifically ths modseling used, wish
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fign:e 1.2 EWGS Engagements Pamily Overview.
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little czi+ical commantary. This is presented in +h:z <=

¢ <he naturally occuring secqgueaca of evants. Fizz= zas |
Targeting Phass for esircraft ard missile *arge+ =voze isg i
descriped and thex “te <h-ee phases of actual engzgrmsn<t 2r: ,
gzsczibad individually. Thase phases are trsated gs segez-

re* s envry vecints by the engagemant routines. T-=z phasss .
are 2 Skoot Phase, +he sz  which

“ion and tToe 2X &% anaiytical 1
ar.d an oreraticonal pcecint of vizw. pecific zoez3 c€ discus- ﬁ
Si10n ars:e tzITgetT assignm=ecnt, targect detectico, WEZLON :

ﬁ selacticrn, p-obebility of kill, firizng decctrzine zn? aarny ’
ncre. The aevalua*ion emphasizzes the ncdzling approech useld

o b
ard 2iscussa3s ho= strencths egz¢ wesaknesses 2f the noézls,
Progranming errors ars pcint2d out, but pregzzmrming <echni-
gques ac= nc+ discussed,

Chapter Four is £cr c-=cemnzndazicons and conclusicns, =us
rati1Tal Tesulsc I tthe sciuazicon censiiscziion thise, This
chzptar provides recoamendatisns, corrcections, impreovements
cn mocelirg, coasideraticns f£¢r morz rezliism, zs well as
sugges+ticans concerning documerntating, N¢ new computes cede
or alge-i<hms will ke o only Zitemized -eccazsnda-
tions £~r impreovement are irncl

Appenédix A contains compiete logical Zlowchar%s of <+he
gir-+tc-3ir erjagement p-ocsdurss using actual variable nzmes
and Includ:s coaple*e pocgram d2tail. This appendix will ke
¢f grea= valu2 %0 a crrogrammsr ir installing orcgran nodifi-
caticne or evalua*ing discrepancias. Appeaxdix B contairns
the very general model flowcharts £5- the szme proc2iuces.

m
T+ uses plain language and emphasizes “he gseneral modeling
aspacts ¢f +he =-cutirnes. In this apperdix, mos: 0f *h2

admizistrative poogrameizg is bypasszi. In Appendix 8, the
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ard a¢tacking platforws, and :vanz schsduling £co 2a:ch phass
¢f +ke znga2gzment z2-e con=celled by one 2f <he moniter
praocedures Cepending cn <hs zakeup ¢ trh2 =zitacking gosoup.
An  inkcund stzike greoup o¢Z airgcrait or crulse amlssiles
outside ¢f <*he predefin2d Cresscver Range Will czus? 43
exgagemznts cen+tzal meduls to invoke calls to Mcdule 19 arni
20 fcr rir-%c-Air *arzceting and engaqgemernz. Thz proceducas

e he sub +tis stuiy zni




fizs+. If <he %argets
- 3 -
t thet time, *hes 23nczg2-
iro

by S*toXcwski corplinmsnts

dy 2 tha2 Y463 Alr-ic-aicT

o -

i




A. OVERVIZW

rackage, rulzte +*he ali- baitls irnteractions Dbezween
gefending zircratfs and inccmiag air strikes. The sirclisz-
zicns azz c©oncsrned witn =he me+<hedclogy anid  lcglic cf

Inceming air s4rike is ccaposed 1z
aircraf® o=z cruise missil:z:s, The NWGS prcvidss szpara=s
sets c¢f groczdnres  te modsl *these zTwo wvaria-icns ¢ e=Tik:

e

M19_AC_AC_TGTING (Aircraf= vs Aiccra®t Tazgstirg),

e M20_AC_AC_2 (Aizcrazft vs Alzczzfr E

e M19_AC_MSL_TGII¥G (aAircraft vs Nissils Tacr

e 120_AC_H4SL (diccraf: vs Missile 2ngacg
he

€
Saveral additicnal subrcutines ag ci1llzd by *these

w

ring z2ach of the engagsment phazas., Thevy are fden-
described under <their appropriate ph
phase description Znclud

[Y a1
h M
]
[0
e ]
fad

as a
or aircref*t ard missile strike descripticrs.




Thrcugaous: =
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eaces 0 *he pazt+icular 2n9a23e1s
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apcsition &S nIzc=iuc:
ram:s, This is done %o inpzcve the clarity anéd flcw Iz *he
ot2n corplex descrigtierns. A discussion heze <7 =hs T=lz-
ticashir betw2en +the engagsenen* phaszs and =he UGS pzcesz-
dures wlll rromo=zs this 2ffor:.
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procedure M20_AC_AC_2 or M20_AC_MSL dzpending zgzic n ths
strike grcuyr ccmposizien, Thesa “wo v-ocziurses &-3@ each
dividzd in+c thrse different 2ntry poin+ts. ITach eacy veias
gzzfcras cnz: 9% +he *%lkr-s¢ remaizning snjegement thzs:zs,

For Zuzther clazificzticn, all referencss %c¢c guatocu-
tinze in =his chep*ter will app2ar in uppEr C=2sSe  T3X%.
Fefarences +0 2asctual program variapble rnaaes will acopea:z
wi<hin einglz gucta*ticn marks (' '). Howevsz, =5 ci*szn 13
€2asitl:, cragran e =c=Zsr-ed <0 Ly  gsneral

T

& b
with rsspec< %« *=he ongoing war gatme.
ser detections irn thz ais ba+ttl:
realize. Pirzally, very ge
sach of the engag2meat phaszs a
s
ame is ip progr2ss, access *¢ the
air-<c-air ernjagement routinas is proecaded by movemant of
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th2 air strike and <+he defernding aircraft.

pe2-formed by the NWGS kinematics routines. At the

2ll activatel senscrs are zvaluatad throough t
ex2cu=inn of <hs NAGS deteczicn routizzas, Tha
modzls arz zactivatsd by *he engagemenct con<rol a
twy-sided engagexent las beer definsd and thes oot
raye besrn ZAentified by “he NWGS dezection rou
€rgagsner* zToutings wmay be iniziated b
automa<ically zs a Zesul: ¢ 3cczrinal

tat=ia simulizzion

Ths TNGS  de%sctiorn zcutinas ac:
sx=2cutasc Zcr 211 ac*ive sernsore particiosa+ing
dilc. A rlayer must have dz=sction Irpformail
taf2r=2 thsz angzg=zaent oroceduras can o2 initiaze
éatzc*ion inforgation is retr us=2d 3irzcziy by
ai-e+c-air engagsmernt mxciels. The ¥¥GS pihile
tha= in an actual Yav sufii

cessary to ccnnecs <he detectiorn siaulzs

-air engagament sinulaz<iorn,

y o
(3]
]
ot
[}

The £ollcwing is an inzro

decs+axnding o< the goals cach p
de%ailai o821 discussion. Recall <he fecur
phases are:

e The Tazgating Phase,

e The Shoc+ Phass,

e The Engag=ament Resul: Phass,
e Thz Free Launchers Prase
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€enga are :idzntifi a2,
Si292 d2hass 2valuataes all ¢ +hese potential 3ncags
cembinazions to Aeterming whic

su

evalua-ss *te ef ss of each €ired wszpor <hTcudh
probatiliizy of kill eveluntlor. Tals zvaliaaticn uses &l
a dete-niniesic oz a s=ochas4tic mzthdd o dsztaTmine

engagsa-nYt CUuIsCIE. The Fzir LzuzChsrs Rhess relcasss
lzyncinezs and fa=me*icn s¢  “ha= ks launchsCs

deperding on the

s

aizczaft and th at*ackin 1p

~ial launchers. The missile targsting procedur2 is
gid24 in +his respec=<.
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S R e S R R e e sepa—

*g_=*+Tixs_entiny' +atls, Th2 ‘Ywpn_liaice, n
are all cne 2imansional limi*ts uged in cpui-

tinrg procsss.

i
¢2a14rel moldula czlls re c¢f thz =
Rzgardlsss cf which procsdure is bpeing ¢z2lled, <he con=col

sees thz sinpgle index taramecze T

i access to *he *'q_s=-ike_22nti«y! +able,

£ires the pctenzial air batile. The resul= 2
aas?2 is the globally defl

'2ir_air_pair'. This table con%ains <hs selacted la

arget platferm ccembinations wizh <he

dat2 npeeded by subsequent engagsm2nt phases o coatirnue

]
maKsz u2 *hz siTikrs gZcoup w2 pro
g hi

s. All availab

v
¢llcwirng engagen
e ~he +5+zl runber c£ C
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% capabls ztriks aizcrzf+ <hs copestunity <e¢ -argst “he CA?
i giccraiz, Ihe methcdoicay 5f ths +«wo hilvss 1z Lflan-=ic:zl.
? fhizz=fcre *he rapainder cf =he Tasg:iting Phass is Aascrozal

)
o
al
"
Q
ot
< -
D

m X
L} B
Lo 2 T
a0
o
[0
(A1)
(8
e o
(L]

[ =]
QO m 0
=
3

(e ]

¥
H e
)
D
a3
L]
b ¥
"
o
e
w0
g
m
t
13
O
n

34




e

¢learance~tec-£fire status. Arpendix A (p.140) =zhswz oz
Eroecedrrs flow £eor this subzoutina.
WEZABONS_FREZ_CHECK zveluztes the first aiocrais
h

¢? ezch launcher trTack. Tf ¢

e, Ttis sukrcua*inz als

+hg totel numbez o0f gualifiad launcher aicecraics. ziy
launchaz +*racks with wzapons-fr-2& status arse Frccesszsi
K €

c
fur=rter, Thess gualifiad laiuncher «z&ch

separa=~z takls fcr fuzther precassing.

C. PBangs De*zrmina+icn
Fallowing the fezezninzticn ct guzliiie?l
lzunckzos, taz a3in con*tzol loop of —ihe aizcreaft *zrge+ing
rccceduc< exscutes “he compl=<z zarg2ting processs Iz cn2
tazIs* tZack a* 2 *ias, Frem +thls peint ¢cn i =he
ETcz@zzing, 2 Tingls %r=ck  ¢f zotenzizl  zazZasds i =l

The subrcutinz  M30 _2Z0XI Y
te ge c

perfczm the launcher to *tazget tzack Irangs demerninaticn,
Thls strroutine uses 3 greszt-cizcle ranging zoutine to
calzcile<e *he raages betweer the target +rack and  evas
eligitle layrnchers track, It *han orders “he lauacner “rzcks
accctding ¢ increasing range f-onm the subjec* targe+ track.
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fupn_limit® =23 gqe Zlimi=e,

The YMAX' pacam=t3r lg the naxinam nuxnbar oI :
lzuncher 23izcraf+ +that may s &ssignsd <c =h: cpaz-micuilar ;
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*hke *azget track's  mizsion weigh<ing Zfactcz, <he *=0=zal
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ths verzicus aicssicn weightiny Zactors. Tguzzicn .1 5
ths mped:sl us=d Zc¢o deteraininc *MAXY, =he lzunchsar zzzign-
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(2) . Ctha-wise, +khe Ywpn_1limist? Zs s3t o ones (1) Towomls
smallier 31z patsle. This *azg=ting 1limi+ appiizz ~<zl-
durirg <lke cne-%o-cne targ2ting pLase which '
subsezcticn (=-1). The oneg=Tn=-cn2 <arge+i ‘
launchsos t» be assigrned oaly on? tazget 3ir

The Yp=_liritv cracexsier is }
raximur nenber cf timss that & single =acg
+args+sd a< a given time iacluaing <he: ‘
rulti-%3zge<ting lzurnchers, This “zrge* '
czlv ducing the mul<i-targeting cazse  which
subsactica (2-2). Tabls2 I summac-izas
'vpn_lipit* and 'me_liait'.

Aircrait Targe*ing Phase Liaits and Weighting Facters

TABLE I

Y
WE TGHT ING LARGE AIR SMALL AIR
MISS ION BATTLE 3ATILE

FACTOR >2 PER SIDE <=2 PER SICE |

- 4
STRIKE 1.5 ; . )
N 1
ECSORT 1.2 .. )
OTHER 0.8 2 M
1 e 1

|

CAP as 1.2 * 1 1

TARGETS . e )

* wpn_1iaft vt mg_ el
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cuvwer iccp  incrazmants tc the next aircraft in  +h: —zToas

track. If 2o maztch is fourd for any orz *arge=s zic-coals
a ] S

2> ayaluatirng all

o
mil=i-*3-getirng segmen* is <2raminased an csm=rol is
Z:=urnzi e ths nai:n alrcraft targe+sing rTocziurs
19 _AC_AC_TGTING for processiag ¢f th= n2xt f3irgs=< “I:C<.

(3) Subzgniires. The subrcu*ines O0QaB_PAICS,
ES3IGN_YULTI 3nd ORDER_2PLIR ars accesszd by <+<he subrouzin:
iR & a

el
This cecurnt is us:® i1n +he sukbroutine TARGEITINS, £cr contar-
igcn %o “he 'MAX' liplie, Sirmcz & *arget npay 1Xl-zaz=2ly b=

*argz*24 MmOT¢ *han orce, =he sub:z
W

o) E
aiz' =arle o k2zp paics Wwith +h2 sza21¢

“¢ gcr= <he 'zir zirc ¢
targe= =2cgethar In tk “apliec. This s done *tc sinmplify

e

y durirng +*he Engagamens E2s

ins iz czlled bv botk OAB_PAIRS and A3SIGJN_AULTI., Appendix
(c. 1 s +h

+he flow fo- +thaes2 subrcu*ines,

Y]
)
L o]
9]
(2l
Iy
In
N
o
m
tt

contscel lzet 0f +his proceduse Incrszasnts to the next +wacgat
t-ack arné Zapeats +he grecessing  aiready descrihed,
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begirning with zhe cangz ig-erminz=ing, #nen all
delfinzdi “arget *racks hava bezn proczssad, one Lal
alrcrcaf~ *acgz+ing prccaduce hasz  b2en ccapla<ed.
€ire~ hzlf is cemple+ed, <thasn the lauyacher znd zerg
are revzrsz2d and sequancing tegjins agelirn a% 4hs vi3as
€ tzd, aic-ezzis o<

n bo=h halves ar:z coampletazd
+ing in*erval is ccmplzzz. Thsz only =
dtfferznce Ltatwassn the zwo halves of zhz proocsiace

uzz c¢f @Jdiffzrent wvariaples =0 iden=ily <the &

"y
‘g

A= this pcint, the axls=wincs
tziz aiz _pairt +zbles zeorisents peserntlial zic-~tce-zirs
nSnTS. The airzcraft %tzr-gating procsziis: IetuIns co
*he enyagen2ant  con=rel Todule ni cnz p2niing eng
ace Immséle*ely nade available <tc¢ <he aiz-+o~-2irI &r
gzoc=3duce, Calls fcr tazge*inc be=wean 2o%hzI szTix
and *hziz associzated 39fending aizcraic will eontin:
the =Xt *arzswing  intervzl <oz <hz currantliy
s*rike =ccu2s 4 the strike JToup Will e precesss

rgeting pooecedura M19_AC_MS
s

i
3z forms *the T

a

- £ 2 azgeting Phese foz air 3trikes coap
cruise nrissiles, The c¢ruise missile st-oiks,
suzface-, subsurface- or air-launched, is always co
a2 single hemogenz2ous +rack. All availeab

dered as
2
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(P. 146) 2l:z0 shows =he flow £or <he subrcuzines CAZ_72I:S,
ASSTGN_#ULTI and OSCEZR_PAIR accessed during =h: Liszils

Ta-ge+tizng Phassz.

The nmod2ling methodology used

£
>ge*ting ©Phase 1s very sipilar To tkat ussi 2z <=hs
raf~< Targz*ing Phase. Foz *this reason

&£

[
descrip-ion discusses only the effective &1

“te missile and eaircraft Targz=ing Phases.

Tke caly notable modeling Adiffarenczs be=zwe=zn zh=
aircraf* Targating Phase 2a1d =he missilie Targszting FPhase zrz
ir «hz2 detzrminaticn ¢f <he =2zgziing linits, Sincs £h»

issils s<rik=z coasists ¢f orne homecgeneocus =<-ack 0% crulss

The cnz~tc-~cne +argating limisz fwgn ligit? is =3t sxazczly zis

in zhe 2izczai+t Tartgeting Prass. Howaver, ~he aulsi-

tarca<zing linic 'a%_limi+' 4is se% <o the constant valu:z of
- -

an 2reoswuynity t¢ enqgagz the dofanding ai-craft., Therefore,
~here 1= n¢ zels reversil cciing nzcessary. Alsc, +he
pissilzs +aczgeting  rrocaA

nd

a
ch potantial lzuaches airc-a
3

£
rules-of-engagement s+=a%us.
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5rourd Con%

envirenment

[

lzuncaer
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The factascs above az=z uUse

d czlc e & LT
ity cf conversion 'pcouv', The '2CONV! C-zpresente +he
lihecd *hat “he launchsr aircraic will -zach 3 satisfzc-
weatrorn launch pcesition ard ¢*h2a accompilisn the laurncth.
Fc- each engacement pair, the calilcui=z43d 'pCONV?t zani
weagcern probability of kill '2KS3' z2:rz usad fc¢ desarnine
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*hae actua2l weapon experndituc2. Th2 Sheco= 2ha

()]
W

provides both d:terpinistic and stcchastic methods 27 <h=

weaovcn sxpenditure determinaticn.

The Shoc+t Phase processas will dele*: scmpes 22 i
engagenzn* pairings creat2d by “he Targe+ing Phaza, 72z ti-
‘air_al-_rpairs' +hat survive <he evaluaztion, <hz 3hLzscs Chzsz
execu%es <+he lcgistics of ordnznce expendisture foz <h=z
launchez aizcraf+, Each wa2apon time of £light is calculazed
ir e¢zdexr = approximatzs an impect tize. The avsTag:
€xpsct2d weapon-targe* lampact <ztime is uszd <o schelule

acc:ss *¢ znt-y peoint zTwo ¢f +the approprizt:z ergzg
arfc

procsdure. EZn%try point %wo will ther p

missile sngagesa3nT  proce c

subzcutin:zs, dcny of thes=2 sabroumines &are pursiv utilisy
func*icn o aldaniriscrative in nature zad ars notT deazritked
harsz, The subrcutines which 2-¢ considered relzvzant ¢ =hs
Shoc% Paase mrdszil cuss2i ian this szcticn arsz:

CELZT2_PAIR,

LINK_PAIZ,

LCCZ_AGAIN,

i

and 0P_CHM.

The Shoect Phese is iai+iated when the ergzgjemea<
centrcl module calls the first en<ry point of an erngzgsemant
groceduce, Rzgardless 9f which pr-ocaduce is  called, <hs

o 3 X fparamse=ec

$5 hle} the
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n

ame weapon tyre.
r_pair' +table contaias all »
. Each tair_aiz_pair' <cazble hzs

s de%wezad

=]
N
=
o
b
0
s
[y

aircraf-=

rcoczducs

= e

atss all Yair_=zlz_palrst of czniira
amznts cTrzated by th2 aizcoait Teogetina

as launchercs, Figurs: 2.2 shcws <hs
cu*ins hisrazchy £32 <he zizcrezfs Sheoss
paerilix B ) <chow Th?2

nitizl en+ry, *hz airzczzft  srgagensns
calling parameter 'ps+<oike_ix' 4c accsss
vg_stolke_satizty' =table, This tabdle
21l of the information reguized £cr Sheo+

The asscciazted falr_air_pairt +takls
+hat neaded data. The Sheo< Phase is
single lcop =s=ru

1
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MI0_AC_AC.
ARCRAFY
ENGAGE MENT

AIRCAAFT TARGET AJRCRAFT TARGET AIRCRAFY TARGET '
SHOOT PHASE ENGAGEMENY LAUNCHERS FREE
RESUL T DMASE PHASE |
A
) |
' |
. ]
* * * *
SUBROUT INE SUBRQUT INE SUBROUT INE SUBADUT INE
WEATHER_CHECK VECTOR_CHECK TIME _QOF _FLIGHY LOCP_AGAIN
+
SUBROUT INE SUBRQUT INE SUBROUT INE SUBROUT INE EW
no:ihsag}-x- DELETE_PAIR RANDOM_UN [F ORM

* &
SUBROUT INE UBROUT INE OP_CM
LINK_PAIR
SUBROUT INE
EVENT _REQUEST SUBROUT INE
M30 GREAT ¢ IRCLE
RANGE '

* SUBROUT INES DISCUSSED IN CMAPTER II

—— s A A~ S} ey A Sl s, gy st W

PN

Figure 2.2

Aircraft Shoo: Phase Subr-outines.
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The NWGS da*a base
cf fprcrebilities fecr each la
comkina<icn. Tor aizcraft *arg
contain up 4o six 2ifferent pro
TKS:Z. The diffesc=nt values ar
and size classificatien. Thers
*harze size categcries for- aircs

This <section of
ssarch2s f£c¢r “he data base or
*re parzicular 'air_air_paic
IZ the zezzchk Is successful,
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+ablzss g szved for latsr refersnca. I 4h:z seazch 1= re-

successiul, the tair_eir_pai:z! 111 later bs z3zignel ;
. |

dafa ts baseli:se X

; hAiz-raf~ sizes =2re b

: aircrei* and &re rerrese2nted in <he NWGS 2ata  Dbasz undsz

i target rlatform propercties, Aircraft zargat siz: cze=sgeciszs
a

(3]

S A 2 AT e b AR AR o) o

The Shoct ?2Phase proc:s
calling +<he sutzoutine WEATHER_FACTOR %0 =avaluate <«is

ergagsrernt weavthse> envizonment., This subrcuting rTe=zurnz *¥o




-

-
W
o

I
£
Ww

ok
(6]
.
H o> 0O
m
't
'A
ty
3]
"
™
(R}
)
w
1y
O
o1
g M
h
3
[H4]
f= /]
ot
Lco}
]
Q
O <
w
[&7]
[«
(b ]
v
L]
O
ot
fe)
<5
§0
§
(%1
'
{4
(e
it

factors

<

n
rY
"
o
»
Ww
[
(@]

.
o
e}
1S
[T}
I8
[T
f*Y)
3]
[(1]

(3]
o
1
D
ih
1
H
V)

(LI Y
ly
(@) —
O
o O

-

fzctors 2 VvVt 223 'PK3S' calculz=z~=rz. Tw:
tenv_ _cv! parat ECOYV? ERo oz

ol
(1]
[ ]
mn
N o'u
0
[ B
Iz
W
n
ol
[¢]

v

- _Dbk' =z2pplies 42 YEKSS!, The snvizonasn=za =3z

w2a<her evziuaticr ircludes cloud Z:znsi-y, co=¢cipitatics

dsnsi+ty, day-oz-aigh+ =z zthz lzunchiz and %2z3=4 lce=zsict
vz T2 thags

in

[

O

o

9]

b

0]

.

E

[}

o

3
n o m O

| LY I
. 2y

g5}

¥

(@)

=

0)

1

O

0O

[

1)

n

[N

[{/]

ot

M

W

Pl
—
IL]

2

——d

el

<O
-~

4]

)
O
k3
{1
N
o8
(1)

1
subrecutins

o

it

NW33  dzzz t2z: conzains preperty tablas for cacht wezyron
sys*sa and weipen used by ths Jzaing systanm. Ai+pin =-nese

+zbhles ars :nvizcnmentel f3c¢=ozrs Z¢T =zff€activin=zss which arsz
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z2iz svaluztsd and  cTstucns them O th® aircraft encRTIIANT
gz3caduTe.
TaBLE II
Envi-onmen+al Factor Index Dete-minatiocn
CONDITION WEAPON INDEX for INDEX for
TYPE ENV_FAC_CVY ENV_FAC_PK
{Q_weabon_sysiem) (3_weaponT
MAX (8.,1.2.3)
Launcher ang/or GUN Telels —
(clouc,precip] NO EFFECT
Target Inslge s 1
] )
. . . :P
Clouds AAM MAX PRECIP + 3 |
(ciouc,prect'n) (4,5,6)
Launcher anrcg VT
Target Cutsice UN NO EFFECT I ND EFFECT
Clouds x }
Laurcher and T
Target Below Cloudsi AAM FRECIP PRZCIP + 3
ang Precip NOT=0 (0,1,2.3) t4,5,6)
tauncher ana/or
Target above cloud AAM " 3
Dims ang celow tops ¢
% 0Q NO Prec'd OR “o Cloucs AZM « Alr-to-Alr Misstie
3. Wzc*=or Assis=zinance Factoo Zvaluasion
Shis Zo=+ien o9f Th:r S5h%2t Phzega d=varmines iEF
+-3-¢ 3z yemmeoTing azsistance availadble fer 2ach launcies
zizcrei=. Vecwcr assis=arnce may coa: frem 2i<cher Ground
Con=zcl Tntercept (GCI) or Airfbeorne Early Wazning (RIwW).
m-a subk-cu+*inmz VICTAI CHEIlX is called <o parisrn =he zvaliz-
ticn. I~ -eturns er effzctiwveness Sfzctor that  isg useld 23
ana=thez multiplica+ive facter Zzz 2cdiiying 12CCNVY.,
Booendix 3 (p.162) shcws <the sub-cutins Ilow f==
VICTC® CETICK,
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eCCUV = ZCV3 * FCR * Lp * ZI % CF (2.2)
i
wher2 FCYB = <h2 rparticular pasalinz PCONV,
1
FCR = <+ne weapern svsien {12 con=zcl c-illzbilizy, |
L: = *ha wsapcern sv=ien lzgncher raliatbili<y,
[}
Zr = <he erviranmznizl wsathsr factoz for 2CCUV,
CF = <he vsc=morirg assiszanc2 ZicToo. .
1
€. TFizring Dcctrinz z2nd NVezpons IZxpeniitures
Th2 Shoct D2Drase nezxs dzte-rmirez “he ficing
dccerine ané weapon =xzzrnditure 15:z4 by <h=z  l=zuncher
alzrcreiz Zecr the subjec+t angagemens. Ihs resalts ~f +his
pecsicn of 4as Shoot Frz3: is  <hs acztual rnuncer oI nissilzs ;
£ir=2=31 c¢cr =oundsz o0of bulle=s 2¥xcznd23 by *nz la2ucncher |
] al-craZi=s. T-e £inal 2CONVv wvzln2:z pr=viouslv czlcilz=zd ani |
the bzsg=lin= DKSS are ths paranztarz uszaé =3 nave <he Titing ;
izczzina i=scisicn.
I <he seizcwed W:2:IClh LE an a3Tlil Tun, ~.it :
Tguzticrn 2.3 3ives +hs Zormula wihich ietezmines  Th: auaber ‘
ci —ounds acta1ally =xpendad. §
Zournds_Fiz2d = 2CONV * uIN (FA, %3) (2.3}
W.eTr2 R) = the rourds zvailable %o Zire,
MF = <he maxiamum rounds tiat carn be Zir:zd
based ¢a the qun's rate of Zire and the |
duraticr of ths strike. 1
|
IZ +he selected weapon is an air-<o-ziz missils, 1
th2z <h:z numbzz 0f missiles actuzlly ired nevy Lte eitter
|
1
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dhzn the de+tzrmin
nunzer 2F pissils reunds fi-ed
*ha YECOUVY. IS £he YDCONVE 2

will = £lved, If <he YPCOUVY
zisziiz is launched znd if <az
g2l w2 0.7, <i2 fiziag 3cce:s
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TABLE III

Rounds Fired Detarmination

AIR-TO~-AIR MISSILES GUNS
Deterministic Deterministic only
RA = Roungs Avall,
<4 Rounds >=4 Rounds MR = Rate-of-Flre ¢
Avall, Avall, Strine-neried |
PCONV>=0,5 PCONY>=0,7 !
- FKS5<=0,7 i
Rnds_f=] RNds_ f=2 !
PCONV>=0.5
AND Rnags_f =
PCONV<=0.7 ’
Ands. f=1 PCONY * MIN{RA,MR)
PCONV<=(,5
Rnds_f=0
Stochastic
PKSS>0,7 PKSS>0.7
Rngs_f= Rngs_f=
2 1f 2 RN<=PCONV
1 1f RN<2PCONV 1 1f 1RN<=PCCNYV
0 1f RN>PCONY 0 ff QORN<=PCONV



L de Wezpon Tire 0f Flight

spe:sd the avarage W2ETON
’ <
e

determining *he apprcxima:z
The range 2nd %aTvge: <=rack spezl are zcczsseid
fron th:z 'eir_air_pair' tzbls foT <hz zazticular pairs, Thz2

W2EpCn pTo
P

aspact :ffesctivernass fantocs. Tizy 2ar2 numbers betwsern 0,0
and 1.0 rc=zsresexnting *h2 pazticualas wazzzgn's zifzceivenags
wltn I2EpsCt tC *zIg:it asrec- . JaTgéeT z3cect 13 3gfinci ez
+he angls tetwsen the zTargez's fl13i3ght pz+th vector z2ad <hs
iine ¢f bearing £- the tzrgst tdo *the launcher zizcrzi+.
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s ith a slower w=earorn, TCF is
24 as <he reange divid2d by <he sum of the <a-gs+

2
pen speeds. Then it the chosan aspec~ isz
2

Delte = (2 % VT * R) / (VU**2 ~ VYT%x%2) (2.4)

wiste VH = thz avsazage weagol sp=e:z1l,
VT = th2 tazget speeld,
i X = <hz launcass-TC-T:rgzt Cinge.

I3
.

ry
3
(11
Q
N
3]
o
b
™y
(2}
E >3
(31
5]
ih
f44]
[ 3]
)]
[© ]
H
It
(1
(9]
ct
n

f Th2 Zinal sevzluation made duszing the alzcrafs

E enjagessnt Shoot Phase Is performed only when <th2 launcher
2izczraf« teingy oprocessed is pact of <he aztacking s+4zike
groung. 1he subrou*ines B4 a ¥ 3aze ¢

“ranic Wiz




TABLE IV
Time of FPlight Calculation

LAUNCH ASPECT | TIME OF FLIGHT NCTES 'i
USED FORMULA L=

HEAD-ON TOF RNG/VM+vT

TAIL-ON TCF RNG/VM-VT RNG = Launcher Track -
VM>1 , 2+VT Terget Track Range

VM « Average weapon $need

TAIL-ON TOF = RNG/VM+yT
VMex] 2+VT v1 = Target Track $need

FORWARD TOF = RNG/VMaVT + Delta |pevws . -t Y1 " P
Quarter = RNG/VM-VY e - v“"z

REAR TOF = RNG/VM+VT + Delta
QUARTER = RNG/VM-VTY

zZzczaf~ must b= CAF eor defznding aizczaslt, An  azrav of
smaz+us flags is 3:3% <hat will be ussi lz<er in <h: :ngacs-
AT IZsStlt fh=3:. Tha status azozy i:xfines whs Chiziemr-
Z3*2ics cf the zlectrcrnic waerfare m=2zsurss, Tre subkrou=in-=
ZId4 checkz 211 of +he aizczaft aszacia*2d with <=ne CAD =:ia-
-3 *argeted €cr active IV SUEDCIs. Ths subroutins C2_CH
us2s 150 piles 23 the wmaximum 2W 2fisc-ivernzss range, if
+Le Tang nchaz
<

£ Lztween *Le ZW supdert ziscrait and +he 1z

is l23s than 150 nile e ¢

ger %c irdica+e jammer suppoct foo 4he CA§ alrcoafs,

vria+e lags i <ae launchez's sub-ask 4
D )

stews *he flew Zor the subrsiatines o

o
w
m
n
[

- ]
.t

)
o
o1
0]
14

i, Prevare €or EZrgagenen

“ach ¢£ the =modeliag in *a2 3hd52+ Phaze shcul?d
1

*: ccensidezed a2s  preparcation f2r =a2  Tngagement  Resulé
Fraze.  Spscifically, the kassliine 2X35, EN evaluatzicrn and
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+hLe weaocr TOF calcula+tions ars all uszd In %*he %hir-? <--z=
¢t the aiz Lattls execution, Tr3s:z pre
c

urzently storad in <ths 'air_ ai- pzitt  lze=

brecutine LIUK_PAIR 3

hele}
L 3 P < - P - 4 .-
te telr_a~r_pair' <=adblss for pzirs firinz

0]

3 subroutins averzagess ali ci

QO aua = w g
@
'
Lig]
[o]
=]
a
3
el
'-‘

tk2  times of <Zfiight <o ob%*ein zn appreximztion for <hs:
w3apcen-targe+ impact tiage, That Zapact time i1z used +*o
echa tzy poiant two cof the zi-creai-

4
o 8
[}
0
[
o
’.A.
o
(U]
[
[
x
4e}
b
—

The subrcutine LOCZ_AGAIN is used

after LINK_PaIR has iscla<sd *he pcoior ses ¢ paize fez
ssparTat> Ingagzmant Result evalua+icr. Launchers *ha< thavs
iced launch-a OLs ar2 sch2duled ZIZor iamadiz=s

calls tc¢ =32y point *hres cf *the ai-crafs erngagsaszn+ proli-
dure. Launch-zni-l2ave waaztins Ic¢ 20t Tigzuire guildzne: focn
+n2 launachar 3fter launct. Thareliore, “h2 lazunchsrs mav bs
Z-eszd foo  Iurther targeting assignaszac. O<h=rwicze, =hs
e fr22d4 un+il
2

ccmpleticn £ +he

a
zaunchazs will 1ot b
€
{p.167) stows =22 flco

3. Zzssilz

liv

Targe:r Shco* phase

The Shoct Phase o0f +hs cruisz missils engagsmerns
praocsdaze M20_AC_ASL evalua<e I
created ty the missile +tavgeting -outine for the sutbjece
cruilse micssile s<rike. The missile target Shoot Fhasze
mo>rs strcearlined +han *h2 aircrast 4+arges Shco+ P
Again, +<hkis is primarily due ¢ =hz single homogenecus *:-zck
cf the cruisz missile striks. The basic modelirg £ «hs
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Bi3s5ile %zrcet Shoot Phase is very similaz *o0 +*ha- <7 =%

izcrait targzt Shcct Zhase. Appendix A  (p.121Y) ol
App=nédix B (r. 205 show +th2 procadure and medsl flcw 22T tas ‘
rissile target Shooct Phase. Figurs 2.3 shows <13 micz_ 1z ’
PROCERLEY { E

WL _AC_MS ‘
TssiL !

ENGAGEMENT :
| )

{
| 1 ’
MISSILE VARGET MISSILE YARGET P MISSILE TARGED :
SHOOT PHASE ENGAGE MENT CAUNCRERS FREE : i

RESULT PHAS PHASE \

{

{

{

|

|

|

ﬁ; .

4 [ * ‘ 2 } (
SUBROUT INE M soamoutIne | ' T SuBROUT INE i
CELETE_PAIR | MO2_LEvEL 1 ! gnm._or_uwu

USAG !
SUBROUT INF SUBRCUT INE !
RANDOM_UNTF ORM EVENT.BTOUES? |
*
SUBROUTINES DISCUSSED In CHAPTER 11

Pigure 2.3 Missile Shoot Phase Subroutines.

+2-3e* Sacot 2rase subrcutin> hisrarchy.
The m3st ncotakle difference in the mocdeling ig i

zonmen<al cffectiveness factor is evaluated in exactly =he
L s2m2 manner =xc2p+t that It s accenmpiished <ctally within
+312 missile *azgsting p-oceduce. Taz final calcula<ion cf
TTONV, Zicing ds9ctzine, W2apcns expenditure and wsarch “imz

€1




“

¢t fligat a2 pr=cisely “ke szme. Since =re cruise alzzll:.
e

will never ke evzluated zs launchecs themselves, <312 -vil11z-

ticn ¢£ the CAP ZW suppor: is nc+ performed. Beszusz -7 <h:
Gegree o¢f mcdeling similazity, zh2 £feollgwing czooz:ss
descrip-ion discusses only =he diffecznces of ~ht nicszl:
<+

@. Baseline Probabilities Dezizrminztinrn
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When <=2z targsts are cruisz missiyles, thzy ace zssumed *c k=

- P - - -~ - - - - - - -

reushly =guzl in size, Therefore, +hs Jiffec~nzizziza
- - -—- - = o~ - - - - -

catzccrical Zactors uws2d in <hiz n0isl a:

d arnd aititud: ca=zzgoriss.

This rzisul<s in <4welve 3i&Zf3r2n= bas2line pzobahilisy

vazlues, Zfor 2ach launcher aiccrait and weapsn coabinasicn.
2 cruis: missile %arzcert.

As I +he aircraf< ztargat orccaeiure, ij2fzul«

values fc¢r ECONV and EKSS az-e previdad 220 the cases when =
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—

k., Firal 2CCW¥V Calculation

«ion. Th a hz finzl 'DPCONVY ~alculziinn iz

PCCHV = PCVE * FCR * LR * ET (2.9)

wréers 2CVZ = bageline PCCNV,

Zf = Znvircnns:ntal Wszathzso Zactor.
C. ?Pripare fcr Ingagzdent Tssult Fhase

Ths £inal r~uaswgpat  Is9r eacsh  executicn ¢f  <the
nissil: ~zoget Shoc% Paass is 3lways 2 singls Yz:i-_zliz_eo=ix!
*zblz, This +*2plz contains :zvervy 4&ngagenen=  +hat is
ciTtT=3n=l7 in progress £oz tha<w pacziculzz &iz-  bas:tle,
Liffs2r2n+ weap0ns aZe rno= s2oa-azed 2ua:t, as in the aircrafs
“317gs* €Loct Phease. They &z all iacludsd in *the samz
~able. Thes prinsary ©Tesult cf <his aoclziing 4differsnce i3
trhet 2 s=ingls  impac*t =iae iz calculated for th: ertirs

(o Y}
W
=]
om
)
o
o
D
1]
et
H
oF
‘g
T
[
in
@

CChnencss a%
_a

a
ke gz:ccnd enitry pcint o “he oreccediuze M20_AC_AC_2 oc
¥2Jd_AcC_xust, depending ca the stziks compesiticn. Thz
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pcocedure “20_AC_AC_2 is the airzcratft striks snoa-muns

rroceduse and the procedure ¥20_AC_MSL iIs *he criuiszz ni:sil
an* R=sult Thzs:

s*rike zangagem3n*+ prcca2dure. Ths Engagszn
1= the pos:ilaunck fac-ors that conzribuze o5 a Izunch:d

o

d
weapcnls d2gres of success I killing i:ts eassign:ic =
e

se factcrs ate used by +this phass

Shto= rhass. Zoth weaoon parfcrmarnca wrnd battle  fanng:
assessment ars included in this dsternminaticern.
Calis =0 thLe Engzgement Kesul< Phase 37e schziuls?
during =he Shoot Phase based orn %a2 axpec=sd weapcn-T3Tcses
izpact time. The engagarment paics <6 be zvalyuz=si oo=
grovid=d in <the *aiz air paizt' <abpla schaduled fco thas
especifizd impac: *tige. Fzcwozs dincluded iIn =he w=zzcer
rzrfcImance  :svalua*icon =ze  wzapon Juidance cTselizrilisy,
w3apcn Teliagbili-y elen~rcnic coun*:zI mezsuczs, nvizzn-
£2n+3l wsa*thss zffects and %az33% aspact 2ffects., The Iiral
probabilisy of kill fer =each =ngzgen:n* i3 czlculazsd Lv
rodlfying ¢he baseline Y33 acccziinz =c +hs azbove fzc-ors,
The mediifigl V2KSSY g Ir <wnTn ous:d <> sveliiet=  +tha fron-

esul* Phrzges cr boxh alizcrafs
strikes &nd cruise  missile s3%zikzsz acciss szvaral zvszen
ccaacn subreutines *¢ assis< La poocsssing. Manv are putelvw
utility fuanctions r administzrativse I ratyce 2nd 2r et
é2scrib=z3 there ¥ 2

_2, 2nd UPDAIE. Th
«ke Engagemzent Resu
targe*s is M30_zW. The img
c oplicablsz.
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intarac-icnz. TFor each erngagsment paliz, +<hz %
rinéd <o be destzoy=sd, damzgzd or t
rissiles ané <cingle engine air-cr
€

)
cra

gtzoyed cr nct destroyszd. Lazger 2ircrzfv n=y b
g

simpl =
dzmagad =58 consequ2ntly accunalate darage cvser +multirls
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accu baze ZIactocrs. Wren the conpzI-
- izcn is sa<isfied, +the aspect gifectiveness fazctor used is
e

+h2 sugbIcutinz M30_EW to evalua*te %he stizczs of cperzting

Zlec=tcoHonic Coun“armeasures (ECY¥) =znd zZlecxroni Coun=zz

' Countec-mezsurss (ECCH). Fcr +this phase, *+he eifec=sz of
€s= irterest zre thoss which Iapact on the <engacgel

Lot
e subroutine M30_3d is providzd wizh =zhe
typ2 and t'4gt_ca'. I+ Ta=uins =<¥e
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anich
factors arcs Yecn &It a2

2 1 associazed wita thne *azgst
eff' perameter 1s asscciz+2d with ths
sZfecrtiveness values arz2 surhers

are us2d z2s nultiplicative factors,

£ the £flow fco =zhe subroutins ¥30_EW.

*¢ calling <h=s 3udbzcusine ¥30_FW, zhe
: de This varizbls

68

s e e et e

-




“hz Y4g=_cn' 2Tray is setr acccerdin

4 ard OP_cH

aircraft, supdcr< mus= bs within =h
The subccutine M30_=W,

pinzs 1% £hne
+a2n +tks  subrcoutine Zucxther evaluates
tics with rZesp=ct ¢ *he operating

‘ecem_elf' value fcr sach weacpen
These peramstzTs 2re 2acc23sed o Jate
effectivernsss, TEf +ka tazrczoat is a
using dsccys and the weagen iz sus

m_eff
The samz scrt c¢f evaliua401 i3 pearfcs
ECCX czoatilizias, If =he =2ngag=d
*ieg &gzins* %ha2 oparating T=CY, 4
is 37+ =¢ the da%z Lbz2s” value

c .
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PKSS = (EKSS*WAF*GEF#ASP*ENV) *(1- (1-2ccn) *=cn) (2.3)

final prcbabilixy of kilil,
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GRT = *he quidance rszlishili-wy fzczwcorz,
ASP = theg *arge% aspect 2fifectivenass fzc-co,

ENV = <he environgeantal fac=or for 2KSS,
2ccm = *he weapcn ECCYH eifsc-ivanass,
ecm = *he tzrge* ECM effzctivensss.

One addi+tional <evaluation is zzr-form=3 Zoo
sgpens “ha%t ceguire postlaunch guidaznce £zom the launching
T

afe, IZ *ke lauaching ai-crafz Las Pesn das%coysd

final '2KSS' is =

£9- access bty the battle damage z2ssessn




utine M26_ACBDA_Z calls the® subrou%inre UPDATE =2 :vzl-

uzte thz: lavel c¢f£ damzge. Appeadix & (p.169) and A-cendix

(9.202) =hcw “he subrcutine and mecd2l flow for M2o0_sC325_L.
Th= sutrcutine M26_ACBDA_2 rgxecu*isn is

cf n2sted locps. The
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ptocessing %o continue while theze arz g2ill =2

Gegsd ralirs
in +he t'ai:_air_pzir?' tarbl2a. The innsc lccp oricesses rairs
while th fame *arge+ alrcraf* is Involvesd, During =zh=
Tazgeting Phase, pairs with +h2 =same %2rget wsre Xep=
tcgethar in <he tair_air_pai-' tablie. For each peaiz, =2
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PAND = EIND * (1-PKSS) ** (NS/S5S) (2.7)
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PKSS

1]

+he probabili+y ¢£ kill for thris pairz,

¥s =he number c¢f shots firced for <his p

"
m

4
SS = +he number of shots per salvo.

dhen all cf the ‘air_air_pairs' having ths sams

tznget have been processed, the cumulative probability ¢f rno
q

damage (END) is =xamired. If the cumulative PND is eqguz=l ¢
1.0, then <furtker preccessing of that *arge* is bypassed,
siace no danags will cccuo. In *his case, the subrcuzire's
cuter 1c¢op increments %0 the next targer z2irc-ai<« feo:o

evaluaticn.

0n

ome fositive rrobability of zargs+ Jdzmags

If
(1-2N8D), the final calculation *o de+tzrmine *he prcbability
c

[ R

ci targe* destructicn 'PROB_DES' is erfcrmed as showa i:x

Eguation 2.8

'y
23]
@]
ta
o
tet

S = (1 = 2ND) * (.8 + .4 %3) (2.3)

Urifcrzm if thz me=hsd iz =%cch
2

gefaul+ vzl

[+

he *PROB_DES' *c 'RN' ra+io is
“"e subrou*inz UPDATIE is celled +o
f ~ha 'DPROB_DES' ¢ 'F

-

argz¢ aiccrzfi+ has ornly cno2




ergine, +he target is deteraine
A (2.173) s%ows the subroutire

The subrcuy<ine UPDA
aircrafs is 10t destzcyed buz
lazg
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éncugn *o warrent damage
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‘cum_dam® Znitizli
whsre assigned za fac+
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H l—-‘ (1]
a
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tivz danage status. This stzt

lD

apcropriate value is

damage ircuzred on *he tar
flighk+, irc¢iuding otlter eng
cuaulative dimage s*atus i
ubzcu=ine UBDATE determin +h
tris caz3, ceniTel ig returrned
|

s

)

<
-

0]
II)

o

¢n* subreuzira and eval

4 to be undamaged.
£low for UD2DATEZ=.

TE is called when tre
tha2 PROB_DES is consd

t5 its sensors C©I weazo:ns.
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*, “he damage ratio (D) is set =2qual <+o =h=

s poin*t, %the target's curula-~

according <o the wvarizble
z=4d 2arlier, Air-tc-air
or 2f€ 3 and guns =& Zac*%cr of

addsd to the targe+'s cumula-

us is a zunning totzal of tha

aircraf+ durirs the current
ents. A+ this point, if the
reater *then five (5), the

2gins.

When the =zacg2t's cunula=zive damage is less tharn
gix (6), +he subrou+ine UPDATE con*tiauzs te evaluzta +he
damage <c senscrs and Ww2apons. Trhe numbsr of sersccs arnd
weapons camaged is deteramined accordiny to Zguation 2.9 and
<.17 .

nsern_deanm = 20 * TS + 0.5 (truncaited) (2.9)
nWegp_22ap = PD * TNW + 0.5 (t-uncated) (2.10)

ze =osar_dam = the numkac
awep_3am = +he rumkaec
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TNS = +he *arget aizcref+* ssensor- czcacity,
TNW = +he tvarget aircralt Wezpon TadpaTivY.

The <subroutine UPDATE us=2

S
s*ep thrcugh “he tarcet's senscr csyst2ams and ws2apon sys*=2
ve s

TS,
Withip each lcop, the subroutine ccdes the operaive systens
as damaced un%til *nser_dam' and '‘nwep_dam' are reicheld. I
all cf eitker syst2m type ar2 daraged, +*he respective lcop

Te

e c
is exitesd. If all sensor sys«2ms arnd zll Weaporn systeas a
damaged, *h3n *he subroutine UZDATE agair detern
the taxzget is destroyed.

At +he ccmpleticn ¢f the target danmage 2valia-

tion, ~=cn*trol is =zeturned +c the battle damzges assessmer®
subrcutine M26_ACBDA_Z. Several administzetive subkroutines
azs *h=n ¢2llzd to pec-form +he necassacy reccrd k=zepin
tzsks., Thzse sulroutines arse not rslavant to the Engag=mernt
Pesult Phzsz2 mcd=ling and are net discussed Zur=tther, New,
iZ #herz aze acre aircrait tergs+ts %0 p2 evaluated for <his
iarac= zime, +tk2 subroutinets outer ccntzol l120p initiavzs
2no%her tazcoet evaluation sequence. Jehe-wise, cornirol is
rztirrnsd +*c +he aircraft target zngagemant proceduyrce
M20_AC_AC_2 ard +he Erngagenent Resul“ Phase is complete.

When all Engagemaa+t Rssults hava beern eval

ua
£cr 2 particular Zmpact “ime, +hs Engjagsment Result Phase
sr r

£inal acticn is =mo £ill the paramaz structure which iz
used by NWG3 %o schedule and call en+try pcin= <three cf the
aizcrafs engagement procedure M20_AC_AC_2. Ertry point
tar2 f er ecuticn,.

&g
€ 15 th® Free Launchsrs 2hasz ¢f
scheduled for 15 sezconds afz
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argex Zngagems

at Results

The Engagement R2suls
€nxjy2gemz=nt grecsiuze M20_AC_MSL
me-ncdelcgy and modeling as th
dur> M20_AC_AC_2. Except €for
battl2 with cruise missiles, a

1 and a sipplified bat*le damage
durasg for +his phase ere indist
launch aspect eff2¢*+ivernsss,

nass ard [probzbpility of kill

€x2ctly *he same manner as the
nly ro=-abtle modeling diffecen
in tte damage assessment irea
*tacsget Engagament Result P
App=ndix A (p. 188) andé Apperndix

and moldel flow for +te mizsid
Fhase.

The +azJyat danmzg=2 3
Engagsznant Resuli* Phase :

*ctally within +he missii

ihe missile %z2-g2t evaluation
t versicn ¢ *he M26_ACEDA_2 sub
the sans, but the evaluation

point wherse 4ha> *2rge+ iz  dete

¢z not destroved. The wvar:ia

'PK_FROD' is calicula*ed zs

uses an identical for-mula fc:x

aizczaft “acget —<Tcutire
T

ezcn 'alir_air_pair' even when

{2vclved., The-efcre, any cuaul
2 given tzzget is no%* cecnsiders

as 1+ iz fcr aircraft targats.
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Phese of the «cruise missile

h!
'_.J

uses virtually ¢he iden<ic

2 aircraft engadgzaent proce-

the on2a-~sidedness of <hz =zi-

few different variable nanmes
assessment, <+he <twc fproce-
inguishabls., Ini+ial checks

electrenic warfarc effsctive-

detarminatiorn e medeled iz

aizcrafs =

o)

[Ve}
[iV]
ol
b
Q
[«
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'J-
™
w
[ ]
3
o
(D]

ce which nzeds
Figurs 2.5 shcws the ai
a

hasz subroutire hizrazchy.

B (p.206) show the prcccéu:%
le tazzet Engzgenmen Resul~
3sesament porsion »f <he

€sile *argz+s ig accemplisthed
a

agea2rnt rroccedur>, Hcwever,
Toutine contaias a simplifisld
routine, The mz+hodoleagy is
iz carried o4t only <c <ths
cairned <o b2 either destroy=d
ble for prcbability c¢f kill
own ir 2quation 2,11 arndé i-=
ND (Egqguazion 2.7) as in the
'PK_PROD! is =zvalua+ed Zfo-
the saaz target platform is
2tive probability of kill fer:
4 fer cruise missile tazgess,
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SUBROUT INE SUBROUT INE SCBHROUT INE
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*  SUBROUTIME IS DISCUSSED IN CHAPTER 11

Figqure 2.5

Missile Engagenen*t Resul% Phase Subroutines.

| PK_EROL = 1 - 2ND (2.11)

. whersz END = cumulative  vprobability of nco damage *c tihis

| target.

k ihea the value <for '2K_PR0D* is calculated, iv isg

§ cemparad to 3 referenc: probkabilisy. Tae refarencse tIch-
abili+y is =ze~ by “h¢ game fprepacetor when *=h2 dstacminiztic
evaluaticn rethod is used. Whzn the stochastic mertheéd is
us2é, <le reference rrobability is a Uniforn (2,1 =zarica
nunb23r cedrewn I9: each ccemparison. T: creferernce valus
assigredi ky *he game prevarator is diifecent from the *'RY!
refesence valyls used in <he a2ircraft +arget preccsdurs, Betkh
velues are zccessezd frem the 'q_medel_c=li' satle., Howeve:,
+r2 riszile encagemert fefersnce oochapility is fcund unde:
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rence_vpcob.sngagemernts?, and <the aircreaf+s tar
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z *.bilar, In z2y c=

tn
M
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e
engagemart *RN' value is found und
r ¢

£sils targets, if <he 'PK_PROD' wvalus
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greater *han or =2quzl +0 *he rsfer2ac2 prcbabili<y, thzn ik
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¢ missils is determined to bz da=stzcyed, 0

th2 cruiss pissile targst completely 2scapes damzgs anid zhe
‘arget failr_air_rair begins processing.

F. FREZ LAUNCHEZRS PHASE

Fcr tko*h the M20_AC_AC_2 2and the M¥20_AC_MSL procaducss,
ide o}

ot

th2 executicr o0f this phase is ntical. For s

ments, wien *he wearcern involved is a launch-

v
g

ol

¢« Wwhich raquizss n»n guidance irfo-maticn after izun
o] S
o

a
cach launchser indicated by the scheduli Daramezer s*Iuc-
tuyres. Crncs this has been ecccapiliszhed, czntrcl is rshurned !
tc the aizczait or Missil: moni-c¢I cutines In the 2ngace- @
msn= ¢onirol aolszss and these aircraft zz: zvzilable fo- ;
tarqz+¢ 2 a==<las 1if n2cessay. The

ircraft o+

e
pp2ndix B (pP.207) =hcw the ccTTezporn

i
(]

~uise missile *3rget rcutines.
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IIT. EVALUATION

A. OVERVIEW

This chepter provides gu 2 comaenta-y ccacerning

a v
the suitability and reasonabilizy of <he NWGS =zir-+

{ 1 c-air

; engagem2nt poisls described in Chapter 1II. From zn cpsTa-

} +ioral rpcin* of view, it discusses *the s*roag ard weak
points of the models with r=asp3ict “c <he lsvel of realis

£ n.
From an aralytic pcint of view, pareme=er definition, rara-
met2r aggregation ané modeling ta2chniguz ace a
cf =2mphasis. This discussion fuzaishes an urderst
a

what *he medels actuelly prcevids for the user

ifies <«hat which 1is not proviied. Ccapu*er ©pregranming
€-rzors *ha+w effz2ct “te mcd21 cu*puts aze z2lso identified i-
this charter. An  2d48<d purgose Zor this discussicn is te
1zy *he g-cundwcrk f¢r recommexndazions maie in Chap=er IV,
1. Zyaluziicn of Dati 3Bas:d doizls

Cata based medsling i g=aeral hes beth zdvan*zaes
and disadvarnzages. The mairn advantaje is zhat i+ parmits
devalcpaent 2% very geasralized and unclassifizd modeis.
zas, a2 single model may Dbe used <o gdescribe ssvaral
scernarios. S5ivan such 2 model with sufificien*t peramsters
andi a datz base wit the apcTcepriat2 paczmeter vailuss,
2imost any rrocess may bz simulated. The majer disadvarntage
¢f da%a tazsed modeling may r2sult dircacily from <hisz carpa-
Pllisy. The model tuilisr czn easily acgquice & <erndeacy :2
Cefine cenvenien* artitrazy parame+ers f£or- his mcdel. Thes»

e i
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The systam Cccntracter fco- NWSS, Ccmpuzter Sc
Corpocration, was requizsd ¢ proviiz cnly *the dzza

stzuctur=2 and varame+er dsfinicions with theirr models.
dzta tase velin ct c
froviied by the U.S. Navy, The preblen

¢
mzter dsfinitions and “he subssguzat Iifiiculity of pac
o e

th2 availability 2% 3a%z Zcor %h2 dz2fined pacamste:s,
ac%ael caremeter valus2s 0 pe providizd by th: classi
dztz kase a2 no< includ=d jin ¢his stuiy. Heowevsz, th
ailz-tc-air mzdels aze sgo depsnd=2nt cn  *theic dat:z
valunes, =kaz an effcrt iz male “hcoughcut the 2vzlua+

tzovide clzar parameter dzZinitions £52 use by the NS

The oraariza*icr ~% <tiz evaluaa*iorn 1s Ltased
¢krze rvzjecz engagenent ohases of +hs WG5S airc-

ot

'
ry




e ——

evaluaticn i3 fcunded in the T
. Th= implicaticrn is +that cerc

air-+c-air erng

e b a

any mcdel what Intends to describs *hat was-fars snviccnpzsnt.
There aze five major ccmponents that must b3 zscountel Zco,
regizdlzess ¢f thes model's level o2 dexwzail, They aza:

sDet=ction evaluation,

eTargsting/Weapon Assignment evelua=ion

#Ccnvarsicn *c¢ Firing Position:z,

eShcot Detersina<ion,

eZngagem2arnt Cutcom2.
Opere+orts ard znalysts alike weculi agre2 thea=z thss2 tooviiz
a2 aindimum structure fcer modeling the alz-<c-z2iz acsnz, iny
par<iculzs modiz2l shoulé also ks =z0l2 tTo distinzuisl be-wsern
trz leng revnge tyre c¢f engagem=ant znd %th: 3hoct Tings ariyer
dca Zight =<yp2 of air-to-zic engagemen<.

Fach of <the five ccagponents apove L1ncliudzs szvszel
subcemzensnts wanich should be ccnasidzcel by fhe medel In
€2 majoz <coapcensnt enalvsis,

The leval cf dstal r2guirzd in the w@cdel 1=z g=snaTzlly
Aic=z*ted by =he Zetail impliel by the ao0dsl inpu=s. Moo
irpcztantly, “he lavel of iz2+ail saocull ke dezermined by th:z
Aera2il 22 ke Ouzpu%s that thz mcdesl 1se:z cs2gaires =n reke
decisisrs, Tails reguize? level o0f detz2il i surn dictztzs
<~2 Aezzse  c¢f subcomtonsnt  =z=jygregatiosn that iz allowarlz.
The2se <cubccnaponents are identifis 3nd Jiscusszsi Zfuztiher
w_<hin *he zpplicable ev s
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naximu ange. Tha Saoc% pPaass Then eI fczas
several differen* 2valuaztions for zach Tzrgeting aszsignnazns
tc éeta2-rine which engagemarnts are &ctnzlly exscut:za. This

O
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wd
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boRulbahl

launch 2 specific wezpor, Thsce I& oo <im=z dslav hHs*tweer
th3 Targe+ing Pnase ani *he Shkoct thisz, This neans -tas
+he eva2lua*isn ¢ *ke Cornversicn <o Tiziagc Fosi=isn iz
conducts¢ after th2 fack. The ec-iginal +z2zZ3gzting aselgn-
mants &= meds &% thsz desived weapon Ziring oosizicr. WrIerT
“*=2 wa23crcn lzuaches Xaves beer :xecusesl, ~h® Engzgsrzn-
Pes:ua’® Thase dsterrines <Th: outcon:2 Yy &evaluyztln3  <h:
fzccers which  contributz <z +the wzapen perfccrgzzrce oani
sthisgnuzns =argset dagacs,

Tre 2iscussicrs con+tained in <his chapmzz T:zlzze %hs
fivs majcr components ¢f gerncszzlized alr-ito-3ir Bnoczgsmanis
tc =he %hrae ancdz:ling phaz2s 9 “Xs UWGS air-tc-zir :=ngeage-

man= ©o1*tines, The proc2déure dascrip=ions in  Crapter II

d2rors4czats the sigrnifizarn< ccmmonalisv of the aircrafs
tzrze* znd crulss: missile targ=: rcutinzs. Thearefcza, *hs
f2llcwing discussions dc no%  JeneTally Feparats -he evalua-
“lcn ¢f (¢éZfferent target types. Howzver, “he Lgpoztzan-
acdz’ing aspaces £zla*el spa:cifically 4o ciffZecent zargss
+7933 2-€ pcinted out i the approprizt? sec+ticns.
Be NWGS TARGETING PHASE EVALUATION

Since Trs Tacieting Phase Iz the f£iros+t tiass ol =tz NwWiT
giz=%c=-23lI ::n3i17mMETY oreutines, It must zaxiziy cke zinirux

1




ST T T TR

ncdzling raquiremen* of *he iritizl coapcnents of <xiz g:nac-
mponen<s that sicull b= ;

)
ke Detec%ion evaluz=io:- .

nodel «wher:z 2ly the =«
=

u
sed, fazczors tha+t elfzact indi-
ore detz2il, where ircdividual

cunt for the sibcompcensn<s 0f the Detectiocn
o

ns individuziliy.

+ a Jjammer sczzened +fazgzt until  well

density wilil =2lso
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rt2aliztic long Taage scan ly b=
essicnzdi +tc a siangle zadar *r-ackx waich  @ay actually be
comgsosed ¢f wultiple fplatfiorus. Jhesz ilndéividual platiorms
will nct be rC2soivable until a shootsr Cange. Ths targe:
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e Rul=s of EIrgagemsent S*tatus,
e Totential launcher WYeapon Comvliment,

* laurcher Target Range.

The impcrcant point to be paé: herz is thz2t *arczting of
individual +a-get fplatforms canno* ard shculd
pe-feormz2d until +he individual “*argets actes de<ec+z2ble. Wher

mulziple targets arz detscted as a single raldar track, cily
€

gle
The NWGS Targeting Phase ,fcr both aircraft  =z2nd cruise
ta

rgats, dces not f£cllow “n2 sequentizl coapcenzinz

& cach oI ths generalized air-to-zir engagzaenm ncdsl,
Tztec+ior ipformetien Zacluding Jamning enalysis, rasget
densityv, <*arge* size and weather are no- evaluated at all
duzing *his ohase. Th2 significant sffects of iZntercep*
geometry ¢n the weaporn naximum range capipilizy are alsc no=

nitZagzed when the e+rikz c¢rcug
tazgeting &SSIgJnOSnIS 2Te noT
gr-*o=-%targe*t C-angs I3 withina 2 lzunches
tive rarge. wra2n the Targetling Thas?

< A - - - -
L2724y PeIffCTmINg th@ targeting
th? zulss~ci-esnjagsemant status

m -

Then “he2 IWGS Targeting Zhass
C assiantnsnt o= ca w\-- -
2g573Jan=2at o2 es LicCa

€ss, <hsz gJeneral ass :
-2 1ienzifis2d and resclvzpnle,
aissions. Tastgzting l1inits
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calcula=4d éurirng this phase ccecntrol the number of launchszos
assigred +tc a single mission track and prevent cvars
targeting ¢f irndividual tazget plztiocums. The prccess iz
Eu i all

2ly detezministic arnd the resul= is a perfect an:
n

3

r
‘rnowing launcher allccation for the given rang2 seperzticn.
¢ NWGS Targeting Phase is not a ore-*%ime opera+ior.

I+ s =zxecuted repeatedly as the rangss betwearn launchars

.

and *targets close. Tkere is only one sp2cial prevision
t S u

o] e}
duzing “*hs Targating Phasa =c 41 sk the shcrt rzagsz
n

t
air ba+zle fzom the 1lcng Tange =1gag=m2ot. Whsn a laurcher
erial guns c¢n board, =ao-e zhan cns targe* rpay

a

a
t leuncher aircraf<«., Thet 2x=rz prevision

affects primarily large bonmber aizcraf< with nmuli=ziple gux
sys+tens for defense. Ot herwise, close rance teargsting
assignmznts ars perform2d in <the gaaz mannw as <thsz lcng
Zenge assignmpents,

It zppears tha*t *he NWGS avpp-cach +o +“he modeling o0f =k=
air-tc-air =sngagement =arena 18 bas2d or +he ZIcllowing
ccrLceptual sequence. The Targsiing 2hase will fizs=< create

ute =za2ch 2nqg9agensn+, This aprrcach is
consTary = a r2alistic cr expectel sejusncing ©f 2venczs,
I <he final analysis, 21f +he medel odn=zpu= should happsn %o
t2 T«asorable, it will be extremely 4ifficul* =o exrlain i-n
r2alis<ic teras, how the no9del prcducad those results.

The Zcilowing sulsections proviis iiscussion o€ speciiic
arzas ¢ in*ter2s*t in the existiang Targ2eting Phase med=alinzg.
Although the NWGS apprcoach 13 rno+ considered desireable,
nasT o0Z the sugg=2sted solutions belcw az2 Aiscussed in *azms
cZ iaprcving <he 2xilsting mcdel,
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at the cempletion cf the conver
w2a202n selection is pads. AW
T ud=s the sxecuticn of 3 co
desirzed. Ir r=zality, ths appr
engzgzaent chack is prior =<c

impo-+ant tres du-ing gaas fplay

weapoas-£free statu

ns. Tkis  subr

n

[

0

o

s

2}

0’

&

(DH

| =]

(1]
a ot O

= o

9]

(o)

w

ja

(9]

85

weapcn fizing positicn, mzy eval
+

and crulice pissile *argsts is rpecformed, as it sheulé te,
2arly ir +<he Tszrgeting Phasse. Neither mod=l =zllows =z
layacher tc bz a2ssigned a *args4t without a w=2zpomns-frge
status, Since the actual tzrgeting assignmants are crez=zzd
&t +the cropcs2d weapon lauach poins, the wsapons-£rze s*z*us
chack fmust te performed at that +tine. Models that =zimulzta
th= ccnversicn process f£-om a long rznge dz=ection  tc ths

date tas
sion, 1o
capor-tigh+t stztu
nversicn £ the conversicn

i
opriats <ipe f£sr 2 Zules-cf-

+he ¢£200% decisicrn. I~ is
r the player is forzed %o b=

Se

212 zTanges tha+t are used fcrv
ou+ine calculz*es <the grsa«-
The great-cizcle rancinc

“+ the slant-rang2 me<hcd will
o Ta2 slarnt-range, or =hs
d during +his phase
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3. pPissiorn gkiing arnd

3

2rg2ting Lipiis

The Targsting Phase usse mission wszigh<%i
and +arge* propcrticr ratios to dexaraine the

limit "aax". The "max" valus conzrols <he
launchers assigned tc a particular track of +azg
targeting limite "max", “wpn_linmit®" ard "mt_1
assist in *argeting optimizztien. The use ©
weigh*ing factors implies launcher krnowledge of e

nissicn. Such emphesis on the target missicn Imp
snzble approach when +k2 air-*o0-air engyzgan

& IRas
v

(]

isual deta2ction eor short rarnge ar:zna. Ia the
-

men=, <=te launcher can pick ixs
tificaticn., Howaver, in the class
iz dcuk%ful *ha* such mission Xnow
during ta2rg2% assignmernt. ¥az =<whis rC=easorn,
weigh+ing factors shculd only bz used

b
win2n ths lagzcher-to-targzt raage is 1z

limiza=i

O
-
(]
O
e
L
O
=
o

¢
ck-4cwrn limitazions for nost

weapens arg 2xpressed I teros ¢ degrees. Th
r2aninagful way 4o define thzse liai<s in +ta2rrms ¢
differern+ial as %this modzl doszs, Thes4 aagulac 1
cf intsrest here are given rala<ive tc  the hor
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sinple calculation using th
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differsntial be*wez2n lzuncher ani <a-get c¢ar ba mad: ==
w

dztermine *he aprropriats valuz. iguz2 3.1 illustosetes ths
groblam. If th=2 anguiac limita=ion <¢f interes* wso-s rzdac
or weaporn gimbal limica<isns, +han calcula=ions wculd have

u
*o 2valuats *he angle relative +0 th2 aizcraft center line,

e infcrmation required “o verfora tha*t calculation can rno-
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Figure 3.1 Weapcn Look-Up/Look-Down Determina<ion.

bz provided by NWGS. If <his me=noi is uszd, the acnzo-

t-iaz*e changes wmust also be rade to +the data Dbase wi2Ton
tzovezty linits “o5r lock-1p arnd look-down.

The cucrznt Targeting Phase asthod £2¢ aveluz<wing

thz: weagcn's 1lock-ur anéd lecck-down linmics, hesidss using

alzi*udsz differentizl, alsc has a 1ogical erzor ia *hs ZL/7




coiing. The error exists in both +ha aizcrzfr a

n
target procedures =zrd is repeated wherever <this 2
W

va.uztion
is perfornmed. The =eltitude diffsrential will z2lways o=z =
regetiv2 value when tle ¢arget is higher <harn *the laurnch:zr.
If +he de*a basa lcek-up 1imit wvalus 4is pesizive, <hs
lcok=-up limit will =always bz satisfied. If *+ha datz bas2

[

S
value isg negative, then the look-up limi+ will conly b=
k
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d
Trecze ig als scme dqusestizsn as “o +h

e
this evalunezion considsring the level o0f 3e2tail proviied hy

this medlegl. The clteck 1is ceztainly approcriats Zor +he
lcnrger —ange <engagements. Hcwevar, fcr thke cleose rznge
engagensnts where +he dyramic launch2r posizioning is net
actually aodelad, the Targ=+ing Phase should agsume tha+
these Iimitations are accoun*ed fcr +hrcugh the launches
pcsi+izning. Therefcre, +the appropriat2 ncdzl shculd us=
degrezs o¢f launcher lcok-up cr lock-dcwan fer long razngs
+ d k 3

cf Jjammer 2ffec*s c¢cn detacticen rangss were added. The
Subzewtine M30_EJ curcently pecfcc-as an evelua*icn ¢f wearpon
susctp«itili+y *o ECHM during <+he Engagsment Resuls Phase.
Such an evalua~icn shculd be perfsrmel during the Targstinc

Ehasz in tezms of thke £ire ccnt-ol radar s3usc
Cncz %he susceonibili< eavaluzation 1

i
£91lcwing simplée ae+hod coul be used ¢ =zpply limi-=el




jeaminc effscts “o tre model. A target supportad by jzoxing
within i4¢s own <*rack could be +rzated as a self scr:o:ned

rget supported by 2 jammer In zrnother =TzacX

[T

&
d as a targe* screered by & stand-cff jzmmsT
variety of degradation fac+tors coulld oz uszed.
+ that the =zff2cts on +he spzciii a

c
det=c*icn Tange are representsd and <chen th2 surs2guans
c ur

effsct cn weapon lzaunch rtangs. This will insure +hz+ in =he
shecc* range case, jamming will nox b2z as efisctive zs ir
The longez ange engagemants. ArTivin at  ap

v
p

det<ectinn range limits will reguizs ziiitioral anzlysl
a °

'

3dition alons could significanzly imor

this
Terqge+irg Phase realism.

The Targeting Phase Tegr:zsents the aul%i-szrgeting
capability cf certain weaponz very well. Iz =zcejuizes <=iae
muizi~tarzg2=ing weapon “yre %0 bz selscted arni  alrzadvy
assigrzsd tc one tarcet befcecre “ha capadility czn Lke nuszd.
The mcdsl is 2lsc no* permit<ad tc +arget the same =argset as
+he lszunche:z's firs% weapcn.

ire cca=rol  syst=a ig
very significan+. The £iz2 coairol system orus< alzs o=
cpera*ing in a pulti-+targsting aods. Envircnaszn+sz, such as
“nose with lhe2avy jaswing =22y presczibe ke use ¢< singiv
tzrye+z2é we2psns 2 t?




The WYWGS Tezge=ing Phase pec-forms <the 1é:zalizszd
tz-geting assignapents in a ver effective ard well
con=rolled manner. With the exception of the cecding srzos

ititulde diffaren=zial check, tha re
u

g
iz equencing nor is i+ likely te¢ precducs
%

!
l4s fcz fuctther evaluatiorm. I+ ap
e

€22ms that scme C¢f threse affects 1o

c
Targe+ing Phase in order “o0 crea:z szca2 rz2alisnm.

C. NWGS SHCOT PHASE EVALUDATION

tc the ultimata weapon lzunch position., Thsz Sh
Tepresen=s *kz final evalua*ion of ths a*+<aiz=d laurch rosi-
+ion, ke d2cisigon +*0 =2XxscC
subseqgi1sn* launch success oI Zzilucs. The final lzunch
position evelua=<ion is pzzfozmad in zt2rtms o =hz =nvzlc n
+3z selsc*<¢d w=aazon.

In 2 hichkly aggreca+zd modsl, =zhe nuakar 2rd *voes
ay be the only 4

o
ny £ectoTs corn*ributiag %o
u
£

o] v
Ct0CS. However, w v
ha% indiividual int2-cevots and  spaeciis
t o}

auncher-target palczings are cr
cI c

L1
-
I
(1]
Y
-




There are <saveral imp

2

ortant ¢
inflysence the Coenversion to ¥
w

p.

ndividual engagements,
cllowing €2ctors shculd be considzred. ‘

e Starting Intercep: Gecmetry (dzfined by launchizz zn
tarqge+),
e Targe* Speed and Al%ti+ '
e Intercept Contrcl Rada Reliability,
e Kza+ther, ‘
e Vectoring Assigstarncs, :
e Rangs for Convarsiorn,
e Szlecwed W=zapon,
e Launchar Aircraf+ 2orfcrmance Capabllitiss,
for *ag «clc¢se range visual arcsne <h2 significent factors
thet shculd bz considerad are -:zduced zo:
e First Dat=ectiorn, '
& Wsatner, i
e Rzla*ivz Lauacher azd Tzzg=+ dztauverabiliziy, :
e Launcasr Selec+24 de3apern. ;
1
The Shect  Compernent evaluz=licen Jhould ccensider +he i
facters +tha+ contribute £2 =hz2 zcwuzl firing dscision =rnd ]
“ren  <he ac%ial executicn ¢£ <i2 launch iws=lf. These
c
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e Relative Launcher-*aragsc mapsuverability (zhoz+
rangs engageents).

Mos% o0f *he NWGS Shcc*t Phasa £
2 parame*er values., T
s ez *he availability
&

a, Re2liabilizy Factors

The Shoct Phase 'PCONV' evaluz<ion usss =wo
o

r2lizbili+y factors bo*h of which are asszociated with zhsz
spa2cific wsapon system in usa2, Trhe 2ircraft and czulse
missils Shoct Phase models beoth uss thesz Zfacters. They
ac2:

* deapcn System Fire Ceca4zol Raliabpili«y,

e Weaporn System Launchsr Relizpili+y.
The fir: ccatrol pacametesr rapres2arnis the poobarbility tha<

+ha crnitcaré weapon SySt2m Suprpor:= <ceguiraxen+ts for  khe
ect2d weapcn will be s+, The lauachar =ceoliability

1
Tepoessn+s <he probarility that +he weapod will successfully

launch, given <+h2 weaporn lauach c¢c¢anand. bo+*h c¢cf thess
pacame=sIs ace accessed frea tha2 specific wszpon systen
EIC? Therefcra, +he

v
pon axd not to the 1la

u

hat the <same weapon typ: launched foo diffaererns
lzanckes airsrait types will have +he sanxe relizbili<y
valiyes. Ir teality +Lhe fire corntrel zeliabili<y would bs
significantly effected by +he launcher aircra®% type as
well, T~ appears %*hat *hls launch aizzraf+t related €a2c4or
mey Le accrun=ed £cr latsr Jdurcin -he Engagement Resul*
Prace.




¥othing is gainsd by naving two =

e
ability rarameters excep*t scae fiexibility in th
One cverall -21i2bili*+y paramstesr a+ this point irn

s
would suffice. In fact, ths valuss coulld be inclulsl in +hs
kaseline 'ECONV?! tablss withour affec+ing the mcdel. 0f all
+he tarameters used durirg the Shoot Phase, these zre the
only harcéwace relat=2d values, For that reason, +*he avail-

t
ability c¢f data *o dzscribe “hese parameters sheuld not be a

(1]

r-oblen.

r. V2ctor Assistanc

W

The vec*cr assistarce eav

a
caly duzin the aircccaft tacget Sh
F i

laurcher aircraf+ is designated &s a d2fending =aircr-zit or
CAP. Fer +thase launchsass, <“hers are <we possible wvzagcier
assis*ence factors that may te used <o mcdify <ke 'PCONV?
value. Grcund Control Intercept (GCI) assistance &icas
ernarces <hs 'PCONVY by 2  fac*or cf 1.1, Alrborne EzIly
Wa-ning (AZ9) assistancz alone 27 with GCI 2nhanczs  *h:
'PCONV! Lty =2 faczor of 1.2. C<therwiss, théTe is rnc vecter
assis*ance factor applied. Thzse are <he ¢aly Shcec* Thase
parzmstszs nct vprovided by <he dz2ta base. They zre set

a
witain ke compu*er program coée,

The NWdGS dccumenta=icn gives 1 justificexion
£or rect providing the same veczor assistarnc? 2valuasicn foo
an eat*zcking =z2ircraf* strike group. It is certairnly
feasiklz: thes irn some scenactics, a strike gzoup migh% have
vectcring assistanca supoort. Thase is 2als9 %0 Teason why
the missile

“a-get Skcot Phase should zo= includa vec=zoring
it

assistance for +the deferlding aizer

The ac+ual vzlues us=ed app2ar +0 bz -ather achi-~
4rary bu* seem <reascnabls, I+ is g2nerally accepted *hat
AZW assistance is more capabla “hen GCI assis=zance and *here
iz no gpestion that either of +hem should be ezhancemants +o




'PCONVE. Th> degree 0f ernhanceament is +the qu

agair, @a detailed arnalysis may previle nore repressnt=-i

values. There 4is also a possibiliiy ¢hat the

erhancedsn* is lacgely dstermired by +he launches aizcoails
&

s cwi radarz contrel capadili=zy.
C. Weather Factor
Tre Shonct Phase wsatiaer factor evaluation is

fer

ad doth aizcraft zzd missils strik=s grcugss. Ths
<ins KIATHER_TFACTOR 2valuiat

subrou es “i3 cu-Ten: gane wezhiher
congditisns and deterrines the factors that most 28fact +he
Ccnversicn tc Firiag Pesiticn and the weapen perfcrmance.
Bzeed cn *Lese determinzticns, the subroutine sa+tuIrs a:x
effsc

tiveress factcr for each. Th2 sub-outine uss o¢Ff
n

d clcud Zensity is very effective zzd prep-

erly anzlyzes =<he <fac*crs thet have the gra23tes= eifect con
*DCONV! end w2aron perfe-nance Th: weather =affects fer
'DCOUVY z-e relatsd tc the spacific weapon sys=en Th2
weapcrh sjystem, in this cassz, iz indevenders 2£f the laurnch
gizcrai=, Agaia, +he sensitivity questicn acises wiern
~2yirg *c céa*eczaine +he ac=uzl effec=ivenzss valuss for
givan wsz%k=r condi+icrs. Daza £o- such an arnzlysis w:lli
most likel have *0 ke simulz+ed, Tha cuTrent TEeXpCrarty

vzluss zze stoic4ly subjsctive

Zlect-cnic Courtsar Maasurces (EC1) znd
tlec=renic-Count2r Ccunzer Msazsur2s (ZCCM) come insc play

as
jucing <wo componarnts 0f <+the gene-calized ai
men<. The Detecticn compornen
compernant ar2 affected ia 4if
c2h should be accountied Zor in scme way. In the Detecticen
ccmpenznt, ECM affects primarily <hs radar de*ection raages
arl +hereby may limit sone veapenr launch ranges. Ina *he




(3]

ngacepsnt Outceme component ECM 2and ECCHM capabilivizs
affa2ct primarily the weapon performance. Saparat: =valui-
tion are requirsd to fully acccin+t for ECM and ECCH 29Z=cis.

Jammin effzcts and iaplications Zcr “he

Cetscticon ccmponent wera discusz2d in <+the NWGS Targeiing
Ehase evaluation where it logically should be aprrecached.
Bowever, assuming that no cheznges arz made %o =he Targeting
Phase model, ECHY and ECCY effects can and must be acccunted
£5r durirg th2 Shoot thass in ordsr to resalistically influ-
ence +Ls: decisicn to shoot. In the Targs“ing Phase, 2fppli-
aticn cf Jamming effects cculd simply 1limi< the wezpon
*arge+ing range. In ths Shoot Phase, for “he longer rarngs
engagemsnts, ECM and 2CCY effecriveness parametars 12y be
us2d tc cdecgrade “he f2CONV'! parameter. Tte shor+t rangs=

engag2aar<s *PCONV* =shoull be unzffsc¢cted by jamming.
The ECH ané ECCY efizc4ivenass par

a
cuzzently available in the YNWGS da%z bass appiy *9 3pacifi=z
wsapcn pesfcrmancs, Therefore, a diZferent paraue“er nus=
ke vproviéed *¢ crecrressnt th2 effrczivaness 0f srecific
radaz/Zize contzol systams wiith respsct  to '2CONVY  unides
jamming ccaditiors. Reasonablz Ceoprssentasicas of ECM/ECCH
effacts ¢cn  'PCONV' will be much m3oze difficult 20 dzsriva
than %th=zir effects on radzr dgtacticn range, I+ will mecss
cerzeinly ~egnire a n eralvsies desigrneid
ke ¢

e, Ir<«srcapt and Ergag2asnt Gaometoy

The gecmetry of an air-+o0-ali:s 2ng3gament CHTEs
irto  play jurin +wo corponents of +he genecalized
gir-%c-ai- erngagement. Thre Convarsion componen% and the
Ergagemsnt Cutcom2 ccmpensnt ar2 both affzcted in differen=
ways Lty *te situation gecmetry and both should bz azccounzel
or at this NWGS level of detail, In <ha Convarsicn

th
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the
aspect angle,

compcneat, iritial intercep*t geomatry ds

altitude differential,

tiorn 2n1d <celztive speeds all sigaificantly affect =<hs
launches's abili<y %*c successfully coamplete the convarsicn,
In the Engagsmspt Outcoms component, thz targst aspzct ac
weapcn intercept time effzcts the weapon perfc-azncs.  Thes: .
+wo are3s should bs acccunted <Lor separacely. Ngi<her <h:
Targetinqg Phase nox the Shoo* Phase evaluate inic izl inter-
cept qgezhreiry, The azpparent assump-ion wmads ig <rna=< tasz
baselin2 'PCONV' values, which account for +p2 launchas “yos :
erd ths +tacget dascriptive parameters, will adeguesely R
represent all possitle cises of initial geonetry. Acaisn,
+hie NWGS modals aze usin -eéchnigu3s <“ypically us2d Zor
aggregate macro level medels, yet atiemp*ing o fprevidz

nicze lavel éde+ail.
Since *the

wsacon

£irst XNWGS

launch =razge, arny

gesme+cy weuld :eguire
iv: approach is to pe
Shkoct Phrase

All of the
catrentl
For +he

re2listic approach

in

are

is *¢
ange based ¢n the targes

shoot/nc shoot dzcision
and +*he weapon's

sufficient fcr *ais t0 use

-athsr than
aprovapment wouléd sequire the ad
ters to the data
woull be
modszl,

<the

aspec* ca:ejoriss exact

dicion o

c2arane base. The 4
values
foz *his

factor

*hese fairly

is to 1ge +the

&
£orT

specific
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neasyue~

accessable,

weapon

€ “hesz :

aza fe:
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mciification factor <fer the “ECONV?, Such paranm

provided fcr in <+he dJdata Dbase under weapon prcr:iz=iczs,
Hcwzver, ths availability o¢f data tc derive <ceascnabl:
represén-ation fcr these valuzs is uncertain. The lav<ar

\ll
"

rative would also aggravate the already se-icus arti-

-
‘

1]

crary paramet2rizaticn problem.
f. Maneuverakility Effects

In <“he shor+* range visuial arena 4i%t weuld be

extremely Gifficult 4c¢ model the maneuvering dynemics of
close in air-tc-air combat. Por <*his reason, <hs PCONY {
detecminaticn for shert range 2aagagemzants shculd be rased on i
a comparison of *he ~<rcelativ2 launchsco-targe* maneuvsrabili-
ties and the fmpact cf Pirst Datection

3. Iirirg Dgctrize

Th2 NWGS Shoc* Phase dasterminas “he f£iring dcchrine

for air-tc-air missiles (BAY) Dbasesd cn the particular wa2ezp-
cr.'s keseline single shot probaniliiy of kill (*PKSS') =zni
+he number ¢f that missils type oL bcazd zhe lauancher. The
kasslire *PKSS' values zre [provided by <+he dez= base for
sp2cificd launcher-weapor and <zarge< ccmbinztion. The
'PKSS' represants the probability tha“« the AAM laurnched fzom

P
*he spscific launcher <type will destroy a +arge« of +h:
typ2, assuming that it guidas aad fuses properly.
' wvalues are discussed in greawer dztail in the
nt ®esul+ Phase avalua+tion
There are 4twe £iring doct-ines, sheos-look=-shoc: (V)
end shost-stoo~-lcok (2). The shoot-look-shoot doctrine is
eglways used for AA¥s unlass the missile '"PKSS' is les a

s
0.7 ard there are a* least fours of that missile +“yre on
kcard <he launcher aircraft. This determira*ion is
str2ight fozwazg. Its accuracy dep2nds primarily ¢
2lirs '2KSS' values. In reality, CAP ai-craf: will very
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rarely use any fire doctrine cther than shoo4t-lccleshces,.
This £iring doctrine determina*tion i1s used orly as

)
'3
o

meter for +he actual weoapon expeadituce d2terminzsion fo:C
AAM.

4., Hearon Expenditurs

The Shoot Phase uses the firing docirine and +the
final *PCONV' value to de*ermine +he actuzl numbzr c¢f rcunds
fired £or ap¥s. When asrial guns are used only +he final
'PCONV! value is considered in determining <he anumba2r of

o

rouads £i-ed. The evaiuation method mzy be stochastic or
dzterministic for AaAls. This is *he ornly portiorn ¢f the
Skoot DPhase that <cffers 2 stochasti de<srminaticn.

Otherwise the entirs Shoct Phase is a determiris*ic process.

The methodolcgy of <+the stochastic aAM evealuaticr

uses the classic Monte Carlo approach £or each —ound cf ths

firirg dcctrine. The da2terministic meth for AA¥s simply
t

od
ccmpares the 'PCONV! to refersnce prebabilities and dels

.
w
.

21l erqgzgsmants with final *PCONV! valuses 1less than O
.
')

oz the Da+tz2 Bage

5]
(2]

his is a very impcrtant consideratio
Marnager when deriving <he nuinerous bas2line *2CONV'! valuss
and mecdification factors. Assuming =zhat %he firal *PCONV!
values ace reasonable representations of reality, this €inal
Shoo* Phass decision should vield resasonadle r-esulrus. I+
sn231ld te clear aow, how dependarnt th2 extizs  air battle
cutceme is on tha Sheet Phase evaluatiorn of ICONVY,

The vourds £fired deteraminatica £
always deterministic. The 'PCONV' valu2 is us a
rlicative factor. The maximum rumber o0f rcounds *ha% the
launches can f£ire during tha engagemeat is modifizd by the
'2CONVY valuys, The result is that the launcher fires scne
pezcen4age of its bullez load.

Az alternate approach “¢ the aerial gJun evaluation
will simplify this cpertion c¢f “he Shoot Phase model and in
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*urn, make +%he rounds £fired determination £or guns nrocs
realistic. Most aerial gun systems firze a standac-d nuni

ty
»
¥

of -ounds for each trigger squeeza, resulting in z przdi

m
9]
[]

table mzximum number of gun firings. If the standard numks:
of rcunds firsd is ccpsidered as a s'ngle salvo ¢r bucg*+ zn1?
the maximum numbazr of gun firings is sidered as +<he

number of weapors available, then <the sane f:::ng doc*rine
detsrminaticn and weapon expenditure =Toutines could bz used
fo- aezial gquns, Baseline 'PCONV' and 'PKSS* vzlu=as for
guns must <then e based on a single burst rather +har =z
single =-cund. Again, reasonabls results depend ernticzely or
the YEFCCNV* evaluaticn.

5. B8sagon Times cf Eligh:

The actnal Shtecot Phese is coaplets £ollowing *he
wzapcrn sxpenditure determination. However, in crder <c
prevars for the Engagemsnt Eesult Phase, the =ipe dzlavy
un+il weapon impact must be dsterminrei., The last pcrtiocn of
th2 Shecot Phasz modeling puczperts tec calcula<s an 2pproxi-
ma+s time ¢f £1ligh+ (TOF) for 2ach #ezpon. The acttal

impact <ime used to schedul2 “he Zngagemest R2sult Phasze fo-
these encgagements will be an average c¢f severzl weaporn T0OFs.
Cl=2arly, thesz2 calculaticn ough=z tc be purely

e NWGS subroutin® TIME_OF_FLIGHT supbposedly evalu-
ates th2 *a-get aspect usad foz weapoa launch 2o
€

*target a2spect categery, the weapon averags spe and the
+z2rget sreed £for the TOF calculazion. I+ wou be mos*
r22listic 2¢ use the actual *arge* aspect categcovy =zt lauach
if£ i+ were evaluated during the Shecot Phas2. Ins+ead, <thz
model us2s either dateramiristic method or a stcchasiic
me+hed ©=c ds¢termina tLke launchk tarjet aspect. The determin-

da
istic mathod simply chooses the most effective target aspect
for +ha< wezpon. The stcchastic mathod randemily select
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+arge* aspect tc bz used. Theze is no basis for use c¢f the

stochastic apprcach. It will only detract frcm any Tsalisw

.

ir the nmcdel.
By +this <ime in the Shoo* Phase2 nodel, ¢ 2 wzapon
has Ekeen launched, it shculd tave beer launchad wi+h a
desirable tzrget sspect. And sirnce the TOF and ths ul=zinmae
impac*t «ime calculaticn are approximaticns, i: s
mor: crcasorabls to always use <the acst effective =arget
aspact fcr the calculatior.
Table IV in Chaptar IXI indicates *=ha* iher2 =zars
27s ir <he m0del's TOF calculaticns. The currsntly usel
fdel+at factor is tle ifferance betweer the Heazd-on and
1 +

Tzil-on TOFs. The modz2l's calculation of Forward-Quazter
and Pear-Quartsr TOF adds the 'delza*' factor %o the Hezi-~OLn
TOF. Clearly, this Iis not aporopriate. A rsesorall:
eépprcximaticen of the Forward-Quartar and Rsar~Quarter TOF ig
to &add a fracticral pazt of the current 'dslzz'  factcr %o
“he Head-On TOTF, Fractional valuas o¢ 0.3 z2ad 0.7 ra2spsc-
*iv:ly will provide much morz Zeasonabl: resul:s, For *ke
Tail-c

& case, wien the missile averag2 spesd {5 less *han
&

1.2 tim2s the *arge* speed, <+hzs podel yislds a TOF equal %o
+“Le Heai-0On case. A mozz <zasornabla Tesult is obtainel? iZ
*he VPKSS! for +hat pair is s=3% de zaro irn  =he
'aic_air-_paiz' <table. This will account <£cr the fact <ha+

+hs weapcrn has been €ired and will naver reach the tacgs-.
Th2 same adjustaent %¢ 'PKSS' should be mads fo veag
whose caiculatad TOF 4is more then ten percent greazer tha+
th2 da<i base maximum TOF £o:- thza¢ weapon.

6. sumjazy

The Y4GS Shoot Phase epproach t¢ the eovalua+ticn of
tk2 Cenvsrsior aad shcot ccemponents of the generalized ziz-
+o=air engagsment is extremely difficul+ =0 rzlate =0
reality, Ffor thig reasoa, ~he adequacy £ the @acdaits




+ is also dif€ficult to evaluate. Sevezal suggaszizcns
hco: Thase impicvements with regard %o rezlism revs
tzen discussei., However, “hs primary determining f£zc+cz fc:t
k g

sui<atbtility of +this phass cf <he NWGS 3air-to-z2i:c

li2s in the abili“ty to po-evidse -eascorablz represszr+ztions of
the rnunercus parameters used by zhe Shoct Phas:z nodfels.

3s suggested th-oughous “he Shoo*% Phase discussion,
the e o w arbisrs

ore i T

the ferces zr2  aggregatad and sxp=3c
> used. The purgcse £cr roleling individuzal platfcrm
angagements ia  thesa rcutines becomes somewiaatr obscursé by

u chaiqu ling the Zndividuzl rlz+=fo-n
15 criticzl 19 +he requirzl lo ¢ch mcTe
¢f =~he c-ealistic d=zteil is peadzd in this 10d=1, For =he
grzetest percsntage c¢f th: NWGS use, plazctform versus flat-

f2rm d2=2il is ac¢t -sguired.

Ths Shoo* Phase ard i*s YPCONV' =zvaluation provs <o
k2 ¢the driviny fozces in praoduciry rsascnabls or ur-zasca-
able resul<s £orx *he ertire z3ir-to-2ir 2rgzgsment rcutine.
This=z <«zendzadous Jdependerce ~=r the .collzctive data ase
eifactivsness valuss indicatas *th: ne2d Zcr dsvozed z2ffor<
t¢c acrive 2t values +4c sa*isfy +he varameter definisicns
snreciiied by “his study. Otheswise, the air-to~-air sngzgs-
rzat meiecls will never pocducas realiszic ¢ even -eascnatle
Tzsults,

D. NWGS ENGAGEMENT RESULT PHASEZ EVALUATION

The XNWGS Eagagemdent Rasuit Phase corrtealatss very well %o

+h2 gsnecalized air-to-air engagemen+ ccmponent of
Er.Jagemernt Ou=ccme. This coaponenc ¢f an frdividual
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aizr~-to-air =sagagement <rTepresents *he evalusticz I L=
&

specific vearon's perfccmance from launch to targss intzo-
cept and includes targs: damage assessmant. Thz w=sziIcCn
racfcrmznc2 evaluation Is expressad in terms of wsacten preb-

abili+y %o kill.

Ir a highly aggregat2d maczo level mol2l 4whlere +he
outputs ¢f in*ersst are the number of survivors or ¢ac
Zcllowing %*he air battls, prebabilicies of kill are blenizgd
irto relative sffectiveness values. This 2licws +hz onciel
%0 precduce esxpec=zed velue results. A mcre detalled lzvel c¢f
medel which executes individuzl pla*tfora-tc-platford =ngzgs-
ments will eviluate the wsapoer prodapnili*y of kiil Zor szch

wzaper firing £¢ decide th2 engagzaent cesult.
L)

(B

In <hes actual air-to-2ir engagamen* a-2na, there Is z2ls0
5> damaged aircraf: which may <hen be congii-
Yy cut oZf ac%isn. Gararall
1

Yo
will a“%empt to model <his aspesct ¢f baittle dznzgs

‘ 3
%]
f)
e}
(o]
D
w
3
in
o
(1]
=4
v
D
'—-l
n
o]
. I}

1
sing/Cetonztion Reliability,
1

Sappsct R=liabilisy,

e jgapon Target Aspect/Tzigset dansuver
e Waather Effects

e Target ECY pffects

e JWzaron ECCH Cagpabilizy

e Targe: Size, Speed, Altitude

All cf +thesa facitcers will sufficiontly dis-inguish +the

difference tetwsen aircraft and cruise missil: targe< “vypas.
In tr2 zhcr+ range visuel arsna, <target aitccaft raneuves-
abili+y teccmes a very significant contributor to “he £inal
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pzobability of kill when the “acget knows it has beern Ziz:i

-
-e

Tha Engagenment fesult Phass of ~+whe NWGS zic-=c-cis

ernJagersrnt ncdels corsiders almost all 9of the zbove fzctcers
u

ir i1+s vezper perxfcraanc: evaluzzicr. The ncéz2l's svalua-

tior is ased on the leauncher-wszpon baseline singlz =zhe*

Frobability of kill ('PKSS') =against & speciiied <+«argss

tyna, This baseline 'PXSS* value is mpodiZie? hy effzctive-
£ fac

nesSs valuss rszorssenting scme of
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The NWGS Tngagement Resul=z Phzse uses the classic conldi-
ticnal crobzbilicy cprecduct sequence app-oach ¢ dezerninz
<ha finzl 'z£3S' for cach =ngageasezt ir preograss, This
w2zapcn gericraance  avaluavison 1s  paciccaned in exactly +hs
sxme w2y foo- aircraft and c-ulis2 alssile “arge<+s. Thz
dstscmineticon ¢£  +he acwuel probebilizy 2f <zrg== d33<zuc-
tion Iz elightly differa:nt bstween zhe aircraft  zné cruise
nigsile targer models. These difiszrences are discuszsed ic
pose de=<zil later. Eo*h modizls cffer a cdzterminiztic 224 3
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g-cvide discuzsion of

The £21lowing chapter subsections
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arzen<ly, *hs ¥2XSS' valuses i:n

%hes Ge%z rass ap and <he capgablility foo
w2apcern unigusgass i no* utilized. AlL 0f <+he &iz-tc-&i:
misziles rtave “he same s2¢ ¢f valuszs 23 20 =he gun sys*=as.
As Z2iscussed <carlier, i4 is <h:z NAVI's ca2spensitili-y %o
grcvids +he viluss fcr %hs dz%a base. However, belcre tiaisz
car te dcenz, i4 is imperztivz <hat “h2 2xact dz2finicicn »f
ths bazsz:line 'PKSS' peramse*er usgzd in ths model is knowrh.
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Zacto the
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réasch to asscciz*e the w2apoa with +the pzz-isoula:

c
lauachs=z., However, +this method orovidss a way %o =zcciunt

foer fire centrol suppert frem  the launcher wi+hcu=s svalu-
ating an adéirional factor-. It iz quite impeorians ¢ keap
ir ni

néd +he above defirizior when dsziving valuzs ‘oo =zh2
basge, Otherwise, the model will pooéucs <o0xzxlly
unrealistic results,
2ilabili+y of data for <he raquired decivz
kas=2lirs 'PK3S*' values is a nuch mor2 promising pocep
€

asisior
then iz the 'PCONV! czs=,. dezpon perforamance deta fec
allied weapens 4is available thzough =&enzlyses of wezpor
firirq <zepczts as well as Test and Evaluation repcois.
However, adjejua<%2 data for analysis of *he 18 :arge* veria-
ticns £5r each laurnchér-weagon combinztion, are carzelinly
nct availakle. The appropriate analysis will most likely
r2quire engineezing azd Ft.2ncaznological w2zpon  f£iring

simulaticn,

Q4

.
-t

2. 'DXS3' Modificax

Ilh

The NIGS Zngagem=sn+t Rzsnlt Dhase nmed

€ c
incorcorzates €3ven medificaticn factorss oz +the final evalu-
e-ion of zach weapon 'PKSS'. £ sen*ed as
a cerndi4iczel "’3bab_l:tj or effactivenzss and useld zs a2
nul<iclier <0 influence *ha tc*al *'PKS3Y calcula+ion. Thassz
valuzs 4ill +harefore, have 2i4her a da3grading effscst orn =<he
weapon taselin: 'PKSESY ¢ rno 2ffact at ell. The Zaczozs
considezsé Dby be+h <“he dizecraft an Cruise Missils
Zrgagemsnt Resul* Phases during 'PKSS!' evaluaticn zoe:

e dzapon Suidance Reliability,

¢ Weapcn Reliabili-y,

e Envirecrmen+al EBffects,

e Tazxge* Aspect Effecis,

e ECM/ECCY E=ffects,

e Guidanec: Required until Impact.
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&rge engagemnen= 3viliua-
rgets when they Know =hz*

3
ired at, <is <theic ability “c @ansuvas

As in the Shcot Phase 'PCONV' fac<or &

al effecctiveness values for :h€e akbo

[{Y]
W+
1)

(]
th
th v o

3 <

u
d as data base parametsr values.

accesse herefcrs, the
availability of <the required Qate, th2 factor sui+tzbility
and *+he podel's apprcachk To <thei:s application are the focsl

Eciats cZ the following discussicorns.

a. Reliability Factors

The Engagen=rnt Result Phase accesses tThe *we
w2apon specific reliakility velues from *+Le wszpon rrcerexty
tablzss cf the NWGS da+a lrassa, Wzapen guidance rsliablili«y
refers =¢c tha weapon's inner gquidance mechanism., The wezzor

r=ligbility then 1pust reprezer- Ta€ weapon's interzzl
&-ming, <fusirg and dezonaticn mechaiaisms. Thase Zacicrs
havz 1nc <Tslaticr *c¢ <he launcher =zirzcraf+t or i1ts Zfirce
con<rcl systen. The coabinazion 2f *hese “wo factcos with
Lzs2line *PKSS' value yields a wszapon probability of kill
that Lkzite e Flce% operatisral concept of

T rao
p-obatili+y of k

H
1]
0
D
e}
e
n
t
a =

€ *he <same tTwe valuzs ac2 2always

22
»
<
)
-
o
[0
n

pairc=zd tcgeth2z, i+t seens rezsoneble to combine *

for zach weapon in<c v

rors simplicity, +he valuss c
wi v

line 'PKSS' tables
tr. Envi-onmental Paczer

The subrcutine WEATHER_CHECK 1is called ducirng

+ha Shoo* Phase <*“o0 evaluzte the carrant game environmenzal

€£f3cts on both tPCONV! znd weapon pecfocmance. The ernvi-

ronment2l oSfz2cts on weapen perfornance are provided by the
weapen prorertyvy +ables of the NWGS dati bzse and ars appliasd
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+0 the 'PKsSS? calculation during the Engagemen* I:zul=

Fkase. The model ¢valua*es “he relative clcud ard po-a2cipi-

*ation densities and selects the eff2ctivencess &£

probability of kill <hat reflects the appropriate degrada-
fols!

+ior *c weezporn perfcrmance. The modslts evaluazion is
perfozred irn 1 r=zasorable manner. However, determirning the
appropriates effectivess values fcor ach air-%*o-2ir weapon

givan particular c¢clocud or rain density situations, 3is =&
sigqrificant *ask. An analysis 0f <+<h2 varicus weather
effacts ¢n 22c¢h weapon *ype mus:t Dbe p2rfcrazd ir  teras of
'PKSS' degrada+i o

n 3f -eascrabls cepresentztions ace *o b=

€. Target Aspect Eifects

Tha XWGS Engaza2mAnt Rssul: Phes? ap
)

laanch tarcge* aspect effectiveansss is rationally
imp-cpz:. 1i%z the shee* Fhase tize-cf-£flight zpplicetion
cf =arget asp=2c*, ither the asgpzct «ith reximum w=22pon
eZfactivens is selected »r a =candoa aspect iz us2d. The
uss of nmaximunm effectivernsss for all cises denias the player
cbszrvatior ¢f any vasieticn ian resul%s Jdye <o encagsmant
gzoastry. The =randce zspect aethod has the pctential to
“ctalily cbscuce 21y cealis® thar dces exise. Thezsforce,
+his evzluation must fe imoproved oSz i< should be eliminatsd
21l <czgzsther,

In the Shoot Phase discussicn of intercsp* znd
€nJgagemsnt JSOomMe ITY, it was opeintzd outr <«hat during +he
Engzgenant Ouicone ccapocaen=t ci +he ir~+o-air =2ngagsmant,

9
q a
Th? wezpcen *a&rge* aspect greetl
£
c
q
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aspect sffectiveress factor may be used in the 'PKSS' :-°3ie
fica+ion. The close range angag2msnts ard <he aic- c~omia-
nazsuvsring snvi-onmernt are too dynzmic to modsl eadeguataly
T this l2vzl of detail, Therefore, it is sugges=<ed thz=
fcc  %he shert rTange weapern perforazancs evaluaticn, “h=a

2 rplzce o0f the

targat =zelez*ive maneuveszbility be used i
n aspect effectiversass.

The weapcn *target aspect a%* w2apcn intaccep:
+ime is de<eramined prim=rily by the zaczget alirczafr zf4er
the wezpern has been launched. Defernsive n

m
(0
f=
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W
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1

[
Yol
(o)
8 ]
ot
+

11

par% o0f the targe* will most c€ten 3idversszly zffzct <arges
aspact fcr +hes waaporn, Perfeormance of a defensive raneuver:
“erpined by the tatget's maneuverzbility aznd wkeiher or

s that he has been firzad az. < ¢arn ke assumad
purgos=2s that for th: long rarge engagsaentis,
not perfccm defansive mansuvers, Howsver, for

tre shen+t reange case, perhaps d2fezsive mansuvering capabil-

r

ia2s 2nd tzryet krowledg2 of at+ack should be incorporatzd.
enafit c¢f 2amploying r=lative onansuverebilis

factcrz is zbility “c more vealliszically rerresent *“he ai:
5

ccata* raneuvering ¢r Dog fight a:z
ey

a actors is @more promising =zhan f£2T most c¢trer
peramesters. Weapon Zfiring simulazicns 3nd namecous ailzcraf:
FecZoc-xzarce compariscn s*iudies are availabple “o gensaraze <he
appIcpriaces dzta f{or such arn znalysis.

de ECM/ZICCM Effects

The NWGS Ergagemen® Ra2sul4 Faas2 perfcrms +hka
ZCM arnd ECCY affectiveness fac+or dsiec-mina<ion and +hsic
pzobabilistic avplicatior in a vecy satisfactory Mmarnae
Tze suabzsuzine M30_EW is usad to evaluac<e the wearpon
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specific susceptibility to target ECM suppoer= and «hs wzzo~
-

on's ECCYM capabilities agains that ECH. ECM f-=guc=rncy,

s 1}

chafZ a:zn decoys are evaluatsd, If <+the BECM ard :CCH zare
a

detecminad tc be effective, each weapon type has z p3ir o
effectiveness values represerting ECY cffectiveness and ZCCH
capability which are accesssad from the data basz za1d use
to modify tre 'PKSS'.

The modzl's ECM/ECCY =2valuation dces not distin-
guish betweern self-screen and stand-o£ff scresn tarqgets. TiLe
diffe-2nce Dbetween the twec types oOf jammer supp
important, but are most critical in the Dztec*icn and
Targetirg ccrmponents.

The determina*ion of rzprasentazive T

C C
effzctiverness values is &z critical task that has rno* beer
sclved. There are numerocus fact b +

-3

3
mpact eany giver Jjamming scerario has on dazec*icr,
o)

WF

erge+ing and weapon performancsz. T u*t &
rate sinuwlatisn aralysis, ccmmonly used anéd accaptzd p=
s 3

analytical zesults mayv b2 tha best source Zor this

€., Guidance tc Impact Check

o
=

The <fiaal *PKSSY fac

o
Zngagemsnt Fesult Fhase is a <chack <*o irnsurs +hat +he
unc af+

lzuncher aizes nas nct been dest:roved. Tais check is
perfermed caly for weapons that regquic-e guidaaxcs, such 2as 2
semi-ac=ive rsazdar guided  missile. daen such a wearon's
laurncher airczaf* is des*royed b2for: weapca Impzcz, thz
finzl 'SKSS' value is d=gradei by facto- 2% 0.5. In

a
reali+y, when this +ype of weapon loszs it
s

s guidance infor-
matiorn, iz beccmes a ballistic aissile ani may ever bs
internally instiruc+2d to 2detsnate. In eithe: cass, =hs
dzgrada=icr factcr skould probably b2 w2apor svecific and
basaé cn i4=z £light profile and average rangs. A lcag range
missile with a mansuvering zr2fiis should b2 degrzdei much

113

FOu, sapmpes s




mors thes 0.5. A short
against =2 lac

for simplicisy,

results,

The damage ass=assnen*

Result Phasz mod=zling for bo*h

a 0.5 degradation migk: yield acceop-

portiosn o

ai

range straight flying =isgil-
Je target might perfora well. On +h:z =zvsracs
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zcraft and cruise missile

targets is by far +he most appropzia%: and wz1ll Jdone part of

th2 entize air-to-

'.l

nciel cutput depch greatly on

'PKSS' fer each engacement pair,
engagemsrt znd subsequen: ' EKSS!

1
+he damage assessmen* routine will produce very reasorable

€

r engagement models packzga. The firnal

thz prior evaluz+ion of
Assuming %“ha*t +“he ex=zcuzaj

valua<icns are reescnal

The cruise gissile Erngagemen:t Result Phasz irntacz-

rally r2rfor-ms a vasy straight
~ior f£o- each endaged pair.
fcr ergagsment pairs wizh “he sa

The airccaf+ Erngage

a
FFrferm & ruch more sophistica+

n
£2 tat*le damage assessnpen

fo

peirs with +*he sane “argsts arce

vidual 'PKSSY' values arz poch
ula*ive probabili+ty of +args

scales ¢re cunulative probabilis

wniform (=.2,.2) £factor based on

warl kill/ro kill a2valua-

T+ jc2s not accurula*e *FXSS!

-a q"'.

Result Phases «calls +ho

sabrcusire M26_AC3DA <o
avalua+ion. Ergagemern=
npounied. Their i-di-
ilisticly combinad fcr a
des=ruction. The =mcdal
5f dss=cuczion by z cendon

*hs unifoza (0,1, <Tandécen

wumber d-awn for ccmparison o the probabilis cf desizuc-

«ion. 7Thte Lkezsis for this adijus
i= is ar appealing =method £fcr

tae

2% is net cleas. However,

scaling down +he effect 9%

ranicmness in *his Mcnte Carlo evaziua<ion.

Small single engine aircraf: may crnly be kille? or

nce killied. Lazger
iritial Mcn%e Carlo evalua=zion
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zcrai+ may also be iast:cyed by %he

Yowever, endiag ot




further ccmparison cf +hs probabili<y of des¢ructior and =i:
vefarence ct-obabili+y, the largar aizcraft may be 13i-

yndamag:sd or I+ may entar a more d2¢ailed damage svaluz<icr
The detailed evaluaticn will downgrade specific wezrpens anil
sanscrs ¢n  the aircraft, The ds*2il is more “har arpre-

'3

riate fcz <he overall d=z-ail cf the engzgement ancli=ls, Eu+

-

¢+ 3s rerformed efficierntly enocugh <hat 3i¢t can oz s
aul*ed.

th

t. Summary

The NAGS Encagement Result Phase, <foo
p=2s, prcvides a very reascrable approach u
zcd=21ing fo- this phase of ai--%0-air engagenents. This ics
2 mcst realistic and representativs pcrtion o h
aiz-tc-2iz engeagemen* modeling. One area <h
cved is +*he application nf target z2spsct =f
he 'FXSS5Y' evaluation. The short Cangs =2ngz
2lso nezds t> b2 more clzarly d2£fir2d and =v
m~Te &pdprepriate attribu<+zs. Thes b
1 s arb. Hovsve:, i1+ nma
nable zesul<ts can nct be sohialins
t

1
o
¥
Qa

amzge ascsessmant takes afle
The concern I¢r =ceascnabls rasults &< an
th2 NWGS zaiz-tn=-al

4hr2ughout =<hz  air tattls wmciels. Th

a]

gncage rent mcdsling is
=Y

czimarily +c 3
o

weapen *airgst aspect eoffective e
verabili+y andl weapen r=zlizbi h

effects and =CM/ZCCM effects ar2 the wsakest measurz2s of
eZfactivenass and are ret as clearly dafined

cuzput Zzem “his phase of mecdelirng c¢a 1

the input from the Sheco+« Phass.
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E. DOCUMENTATIOX EVALUATION

Through =he Naval War College Csa<er for War Gaai-
Compu+ecz Sciances Ccrporation providad <
dccumen+s as rsference matecial for tal

15 ]
ot
i)
t
1]
n
oF
x
o
t
g

thase documents =zelated to the stuiy's arsea of i
refzrrel to *hrouvghout *he ai-~to-air engagemen:t medzl exzm-
irazien, The documents include

e The Ccnmazend Staff Us=a2:s Manual,

e The S*ud2ent Trairing Ccursae Guides and Videe Tape,
e Tha PFzcgsanm Performence Spacification,

e The Program Descripticr Document,

e The Prcgran Design Marnuzl.

In addition, some fprogram descsiption documente<ion is
containsd ir comment tlccks within +he PL/I procedures “hem-
selves. 7The following discussions conzain brief éescripzion
and quazlitative =2valuation of “hesze documents with Casrpec:
%o tlreis usefulrnsess,

The Cemmand ard S*2ff Usecs Mzaual, (CSUM) [Ref, 5], is
a2 vary 7eneral cverview a2d &

scrintion ¢f the Naval Wacfzars
o]

v e
Gaming Sys*em hardware an? app
c i

rQach co2acep=s. 1% ceh4iins 2
very cutsocy discassicn of ayer and umpiss gystem in+tec-
fzce. The CSUM previdss very ogcod gsneral infc-mazion
ccncerriprg *he NWGS system and i+s us2 for an irdiviluzl whe
is5 =o%2lly unfamiliaz with i+, It is z2d8ejuate £cz plaver
in+-od n to JWGE. Jperztor manuals &rs availakble Zor

u e fo
the det2iled Ia2seriovtion of coperator and urpice iatericticn
e}

o
3
[«
»
[
n
W
"
[
b

pecific egquirment. These 1
0

The Studen+ Training Course (STC) ccasists o0f <the Guid
(Ref. 3] and *he Video Tape [Ref. 4] ir which %*ke NWG
senicr 1esian2c uses the course guids %o explain the syste
*¢ persorrel 24t +he Center for Warc Gaaing. The Guile i
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is difficul*t to 3affectively uss without the acccmp:itnrian
Vvid=2¢ Tare. The course is a generalized descriptiorn of UG
fuzcticnal op2razion witk emphasis on both mcdels 223 <hsz
zzasons for a pazticular design approach. The STC dizcusses
the air-+c-zic engagement mcdeling crly superficizlly. #ost

cf <he Jues<isns raised in this study's evaluz4<icn zre not

addressed. The Course Guide and video Tape ir conjunctien
provide a ccmplete introducticn to NWGS desigan and genaral
mod2l capabilities for the interested rcersorn. However, +he

Ccurse was originally conducted over a one wezk *ime frams,
Th2 STC previded muck iasight %0 undarstanding =hes War
ming Systsm dzsign, but 3143 act p:cvid= adequa dstail
for model evalua*ion.
The Frcqgrzm Parformancs Specificatiorn (PPS) (Ref. 1] is
*ke most generzl of the nopregram dascripticn docunments. I4
ins brief descripticns of ths general func%icns
idséd Iz the wvarious mecézl arzas arnd var; implifiend
s fcr =ach ¢f +the modeling envivon

il

th
=
ts
0O <
ct
’l
9]
18 ]
o1
| [
fo)]
D 9
'—1
o
=]

o
a re and requirei cutrut juantities z2re givsn in
cumen<. uring sys+4an d=2v2lcpm2nt  an 4

al, The 2P§ wculd have beer imporzant to ev

ana2d systam ZSunctionel desigrn and basic opsraticrn. The
fulress cf tiais dccument oW fthaz systen ievelcpmenf is
g= th2 d2sign stages is d4sab=ful. The ds=*ail
evalua+z the actual mod=2lirng “schrnigues znéd <the
&

evalua<ed paramet2ss is net containsd i1 this

m
The two documents most relavant “2 <the NW3GS =wcdel and
algorithm dascriptions arz +hke Poogram Descripticn Document
(DD) (Ref. 2], ard <~he Przograa Design Manuwal (EOM)
[Ref. 6].

The PDD ccn+ains the Lasic precsssing logic fer  sach

+
p

vroceduce and desccoibes the procedursts asscciata2d data bese

)

parametzrs, *he procedurz's nsage and the sys%em interfaces.




;
i
:
‘

Theze

proced

az

4

Inconmple

araa

(o)

-
-

s o9oach modelifs gereral task descripzioz =73 =
si-hmic des ¢

<
-

elge:s coi 2 £o% zvery system preoc=iucs,
un2nt is a compu*er vrogram configuration ise:
c the

b}
+en*ial o0 te ultimzte authori+y 43fining +h=

tires,

actwal PL/I precgraim cod2 was cr2z%zd fclleowing
¢Z +he FEDD. I+ appears, a* least in thzs arez of
iz engagemen* wodels, +tha=t tha2 PDD hazs nct beer
for 3ssign changes *hat have beern incorgorarsi,
ze & naumber ¢f major iiffar2aces bstwzen +he DD
€ algori+hms an the actual PL/I coiinag,
teness and diffsrernces also> exist in the DD in +he

a
n c
suksoutines u*ilizati
. This deccument shculd ke th2 ul=zimate model Zocu-
curzantly inaccucate enocush i:
3

and confusing. T2

cisl Mangsots geal sheould be a zotally updated PDD Zor

ccamsn<ation,
rzcgr2a D3sign Maraal (PDM) i3 +hz mos* rCecen*t 3ocu-
ated Ao 2 ir scepe a-

uncisar and cenfs
the mest accuczzae rodeling inforcme

N¥GS, A mores coarlets anC pracis:s PDM zlcng wisth an
EDD would previés <tha necas mp

W%GS mcdels and design corncests.

descriptive docum22atz+ion wizhin ths PL/I ceoapnsz:c
accurate and very iIaformative in almost all cases
is previded. Occasioaally, as in “ne airzcozf+ and
aissila engagemernt proceiurcss, progran ds

éd paking it inappreprizce o the =D

The Jescoip*ive cocumentation ovrcevided in  +haz da=a
tucture declarationz is particulaciy helrpful fes
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nity will cccur., ~Pactors such as detzction siz-us, Jracing,
tzzget density arnd erngagamant gscnsisy are ali criticel anid
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are ne€Jlectzd by “he NWGS Shoct Pazse.
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