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resource requirements for  each model , sur face  improved model techni ques ,
and develop a rational program for  a i r -ground engagement  models  to inc lude
requi rements  for  research , da ta acquis it ion , continuing maintenance , I
conversion to dif f e r en t  computers  and documentat ion.
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ments .  The C A R M O N E T T E  V Monte Carlo compute r simulation was
developed by the Research  Analysis  Corporation to evaluate combat engage-
ments  between forces  of up to battalion size.  .~~~he EVADE II dete rministic
cGm puter simulation was developed by the U . ~~. Arm y Materiel  Systems
A nal ys is  Agency to evaluate the at tr i t ion of both ground and air  partici pants
as mul t i p le a i r c r a ft  fl y missions over dep loyments of air defense weapons. I
The GLOBAL Monte Carlo compute r simulation was developed by Stanford
R esearch Ins titute to evalua te combat engag ement s of a t tacking air or g round
units agains t  defending g round units .

Th e rev iew was accomplished by analysis  teams f rom the U . S. Army
Manag ement Systems Support ~A ge ncy (TJSAMSSA ) and the Models  Coordinat ing
Group, Office of the Coord ina tor Army Studies , Of fice of the Ass is tan t  Vice
Chief of Staff of the A rmy. Ass is ted  by the model developers , the authors
c onduc ted a l ine-by-l ine examination of each pro gram. The reviews

.4 inves tigated the s t ruc tu re  and the submodels of each model.
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C 
_ _ _• E X E C U TIVE S U M M A R Y

This technical  review of a ir -g r ou n d  engagement  models was
p e r f o r m e d  under  the s upe rvision of the A s s i s t a n t  Vice Chief of Staff
of the A r m y  to ass i s t  model users  in determining the proper app lica-
t ion  of these models and the ef icient allocation of available modeling
resources . The objectives of the review were to:

• Identify the strengths and weaknesses of each model.

• Develop insights into .he kinds of analytical problems to
which each model can be most  effectively applied . . 

-

• Develop recommendations for  improving each of the models ,
a s appropr ia te , to includ e input  data , logic , and emp loyment of the
m odel .

• De te rmine  r e s o u r ce  r e q u i r e m e n t s  for  each model.

• Sur f ace  im proved inoc ~el techniques .

• Develop a r a t i o n al  p r n g r a m  for  a i r - g r o un d  engagement  m odels
t - ~ inc lude  r e q u i r e m e n t s  f o r :

Research

Data acquisi t ion

Con t inu ing  ma in tenance

Conver s ion  to d i f f e r e n t  compu te r s

Do cumenta t icn

ftc models  r ev iewed  w e rt  C A R MO NE T T E  V , EVA DE II , and
GLOBA 1~ . The  fa tor s  c o n s i d e r e d  in s e l e c t i n g  ~n e s t ’  models w e r e  the
ex t e n t  of t h e i r  c u r r e n t  u s -  in Ar my  s t u d i -~ , t h e i r l u - c t -  s ided  n a t u r e ,

~~~~~~~~~~ - -~~~~ a~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
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the i r  level of resolution , the i r  play  of a mult iplicit y of weapons , and
their existing proposals for improvements. The CARMONETTE V
Monte Carlo computer simulation was developed by the Research Analysis
( o e p o z  ~t t 1 O X to evaluate  combat  engagements  be ’ween f o r c e s  of up to

•t~~.~Et)U size. The EVADE II de terministic computer simulation was
dt v o i o u c d  by the U.S. Army Mat~ rie1 Systems Analysis Agency to evaluate
the attrition of both ground and air participants as multiple aircraft fl y
ctn~4sions over deployments of air defense weapons. The GLOBA L Monte
Carlo computer simulation was developed by Stanford Research Institute
to evaluate combat engagements of attacking air or ground units.against
defending groun d units.

The review was accomplished by analysis teams from the U. S. Army
Management Systems Support Agency (USAMSSA ) and the Models Coordizi.~t~ c ,~
Group, Office of the Coordinator of Army Studies, Office of the ABsis tdf.1
Vice Chief of Staff of the Army .  Assisted by the model developers , the
authors conducted a line-b y-line examination of each program. The
rev iewers  invest igated the s t ruc tu re  and the submodels of each model.
The submodels that comprise  the event generation and the interaction
assessment processes were reviewed in detail . Event generat ion cons is t s
of route selection , l i ne -o f - s ight ~LOS) determination, target  acquisition .

• target t racking,  suppression , response to f i r e  and f i r ing  decision. Clearl y
these processes depend on a comu .iderable amount of subjective input data
for simulating the execution of doctr ine , as well as field test  data to
represent the many psychophysical processes of the participants. The
interact ion assessment  process  consists  of the f i r in g accuracy  and
attrition submodels. These submodels are generall y based on more
extensive field tests  and a r ich her i tage of previousl y validated analytical
effort .

FINDINGS

GENERA L

The f indings  of the review a re  discussed below. The weaknesses
and s t ren gths ascr~5ed to each model , plus addit ional  material f rom the

4 body of the repor t , f o r m  the  basis  on which the Conclusions of this review
a re drawn.

(

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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_ _ _ _ _ _ _ _ _ _  _ _ _ _ _  
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(
• At the t ime of the rev iew all three  models  lacked comp lete ,

a c c u r a t e  d o c u m e n t a t i o n  p ac~~a gcs . Spe c if i c w e a k n e s s e s  in documenta -
‘ c c t s ~ ar e  p o l i ced  out n~ the n i t i n  ~cpor t .  CA R M O N E T T E  documentation
~~~~ u en a pn c c i n: al  f l o r t  ov er  several  years  dnd  requi re 8  conbolida-
U .)Il , up~i: l og ,  and cor r e c t i o n  of e r ro r s .  N ow EVA DE documentation
f l a c  r e c e n t l y oc en pub l i shed  in .in a l f o r m . GLOBAL documentati on was

a i s l e c  w i th  the exception c-I ge n e r a l  abs t rac ts  on the model . A
C u n t ~~~ct  to ac c o m p lish the GLO BA L docun-ientation is cur ren tly  being
c.-: c u t t - d .

• The  models r ev i e we d  uo not fit into an overall  h ie ra rch y of
I codels which is n e c e s s a r y  to g~ve logical consistency to analyses of
A r my  a i r - g r o u nd in t e r ~tc tions . The r e su l t s  of model mani pulations
at one or g :tn i z a t i o n a l  level  should be ref lected as input to ana~lyses in
h i c ~i . - r  l e \ ( l  s t u d i e s .  This need to feed informat ion  up and down a
inn - l ~~~ls chain is wel l  r ecogni~~eu , but  v e ry  few l inks  between levels of

is t r u ly  exis t  a t  t imi s  tim -n e .

CA I OE E  TT E - S TR EN CTI -I S

C The  U SC  of p r ep r o c e s sor s  permi ts  good f lex ib i l i ty  in setting up
E f f u r e n t  r o : tt i nen t s  and th e  use of p o s tp r o c e s s o r s  permits  the user  to

U i i~~~r t he ou tp u t  to h is  s p e c i f i c  -‘eeds .

• (  u P. (P’~~~TTE p ernu t .~ t n u v cr n e n t  of the d e f e n d e r  as well as
t i m e  a t L t c ~~e r  g r o u n d  uni~~ -

• C A RI v I O NE T T E  is f r e e  of the r eq u i ren~ at  for preca lcula t ion
of l i n e - o f - s  h~ht on fl i g h t  paths , making evasion .cnc i  alte rnate  fli ght paths
pn:~s ib le  u s ing  dec i s ion  log ic  wi thin the  game .

• CA R M O N E T T E  e f fec t ive ly plays suppres s ion  of groun~ un its .

• D y nam i c r e sp o n s e  to f : re  is s imula ted in CAR M O N E T T E .

CA~ -~;~~L N E r T E - W E A K N E S S E S

• T i e  st o r ;  ~e of d;i t , t . by C A R M O NE T T E  ~s v e r y  e f f i c i en t , a it h o uc l m
hi~~h l y m a c . i  .t o o e nde n t . Tra ms fe r of the m odel to a d i f f e r e n t  Compute r
wo uld requi re r ed es i gn of the da t a  s t o r ag e  and c o c c p l c t e  r ep r o g r a n~ing of
the  ‘ ‘ h  I .
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C
• C Af ~M ON E T T E  due s not  adequa te l y t rea t  the a t t r i t ion  of s c out

~/ a o l  t r a n ~~j o r t  h * i i c o ur s

• Tin t is  i d  q m - u x  a:~~ o~ r eques t s  for  a r t x l l e r y  and a i r  sup -port .
~~~~ a re  nut  a v , t i l a m : I ~~, the reques t  is dropped b y the supporhng

• If ax: a i rcr a l t  ; :lt i tu de  change  is o r d e r e d  between two gr ids , the
/ c han g e  t a k e s  p lace  in c er o  t i io~ while the a i r c r a f t  is in the cente r of the

ini t ia l  ~ ri cl ; the  move  t im e  to t i e  f ina l  gr id  is computed for a co’nsta nt
r a  ti of chang e of a l t i ru d e ~

• Movement  can emi l y be paral lel  to a coordinate axis or dia g onal
t -  ~ de r e e s ).  This is nut  genera l ly the best  or rnos e real is t ic  route . [ The
:lc~~elopcrs  s tat e  t h a t  a r ecent  change  now prov ides  for  a more  d i r e c t  r oute .
1’1i~s change was made :J ter  the m a c d e l  was exac :ined for  this repor t .)

- 
• LOS f r o m  a i r c r a f t  to gr ound  weapons is not checked along the

a i c i  ra f t ’ s fli ght r u v.1: -n  u e  a i r c r a ft  p r o c e e d s  to a i m  o rde r ed  des t ina t ion .
- In e f fec t , fli ght is ass  um ~ en to ~ e at t r e e t op  level  nd f a r  removed f rom

~ r i ( i n y units.  .1 nic:  lod e - e v - n t  the rea l i s tic p l ay  of observation ~~pe
a i r c r a f t . [ Fh e dcve i 1a r ,  st ~~ e that  LOS is now checked  at eac h  bounda ry
C ros  a iia~ . This d m a  c c c  :. - im s i i m a c l e  alte r th e  n a o a l  was exa mined fo r  th is
r ep er ’ . )

• T h e: ( \ h M O~ UT E s in u l ; .t i on  of the pop-up tactic has some
q u e s t i o n a b le  logic  p ( - r t : n i n ~ to checks  of LOS while rising and kn o~..’lec: ge
of the r eq u i r e d  pop - up a lt i tt lc in advance .

EVA DF II - S T R E N G T H S

• The a ir c r a t t  a t t r i t ion  routine is v e ry  de ta i l ed  and may be sui table
~~~~~~~~~~pr o du c in g  input ( l : c l d  f o r  u sa  by other models .

• E V A D E  IT is Cc-  onl y one of the t h re e  models to includ e t rue
t rack in g 0f a t a r g e t  a i r c r a f t  by an a i r  d e f e n s e  weap on  sys tem .

• Th e 1 ir i n - ~ a c c u r a cy  ca lcu la t ion  in EV~ ~~E includes a LOS checkk d u r i n g  p r o t e ct i l e  fli~~l :t .

EVA Dl-; LI -- W E A N : - .  F SS E S

7/ c. U V A J i - :  U hoc. a - ~’il i i ea  p e rf o r m  ve ry  l i m t d t e d  e d i t i n g  of iav ’ : t
• i y  i c : - j x ~~ h a  hü t j i d a  ~ s e l e c t e d  v : trj a b l c c . T ime input  r o uh n e s

iv
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le r m i c i n : c t e  p -du c t - s  s i ng .  upon d e te c t i o n  of the x m r s t  e. r roneous  datum r a t he r
than  p r o c e s s in g  t i c ’  a l i v e  t l a tc  base  arid f l agg ing er rors .

/ • E V A D E  U ch ec k s  T .O.~ ~t tim e end points  of each fli ght path segment
I h e n  i i m t e i P ~~h , t t ~’S to i i i id  a po int  bet~ cc i i  them where  LOS is assum ed

to be b r o k en  or e s t . lb l i s }a - o . 1’i i i ~ could produce a fals e LOS history along
a . : i l i i  s e g ut e nt  if i1~ , S e g x l ( ’ f lt  is too long.

• E VA D E  U does n ut  h : vc an a i r - t o - g r o u nd dete c tion submodel
s - :H a b1~ fo r  a i r -  u - g r o u n d evaluat i ons . Field test data are use~ to intro-
d one ’ de l ay s  in ~ ete c tal ig ,  g rc ’u m cl nc rge ts  -

• E V A D E  U dOe S not provide  output to show when the attacking
~~
‘ 

~ i r c r a f t  c r 0 50 n un m ~ r ou s  as t leave  some that cannot be assigned to
i labl e  g round  \ v e ap t lcs •

GLO BA L - w r A KN E s s~;s

- • The G L O B A L  model  has  se r ious  st r u c t u r a l  limitations :

Omil ~ four  a ir c r a f t  and 32 g r ou nd  weapon sites .

4 -

Stat ion :  ry  d ef e n d e r s

Prep lam i ed r out e s , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
time s e q u e r ce d  desi gn .

No t r ans fe r of t a r g e t  i nf o r m a t i o n  between units .

R u d i m e n t a r y  t ar g e t  t r a ck ing .

Simple f i r i n g  dec i s ion .

• GLO BA L u s e r s  m u s t  input many of the var iab les  C A R M O N E T T E
a n d  E V A D E  ca h u l a  te , P re~~ e n c c  data prepa ra t ion is extensive and coic

p ec i a ll y in pi’ ep ar : :t i  on of a Lt a c k e r  path segments  ami d subject ive v i s ib i l i ty
or e x p e u s  l i r e ’  le ve l s .

• I - ::~~-h  e xc • ;u U .l u e  ~~a t r m cn t  in the GLO - A L  pr ogr a m  t h a t  r e q u i r e s
d~; ta f r o r :  s i n  a ~, e n e ces s i t a t e s  a hi gh l y (:01 cp ld~\ da ta  unp ack ing  lo . ’ i c .  The
fbi la l.a ::dlnai t -cha i ~~cn ’s ~~ ~j , o -c l  in GLOPtA L a re  specif ica l ly  des i gn e d  fo r  a

V
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C
C o n t r oL  l)a t i  ( ox’ p r a t~ on c - p c t c  x~ ((, O h i t s  p c i  i r d ) .  C o n v e r s i o n  to
di  f l 2  r e nt  c o i m i p u t e  a ~voo  Id I - c  e x t  m e  me l y d i f f i c u l t , r e q u i r i n g  a i r m i o s  t c oiup let e

- 1  g V  A :  Oa - —

• I L  ~ - c : o h - i  pr vi  d i ’ : :  n Im1 ~ : re :as e to the p r ( U i b i i i t y  of de t ec tion
of t ho se  Ia 1 g el s  p r e \ m a i c a  l y de t ect e d  and then l a t e r m a s k e d .

• GLOBA L at t r it i o n  i n g m c  p r ocesses  all  units in a fi >mcdl Sequ e n ce
a C er  each t in e l i c e  r e m c c ’ :t of p l ay .  This can introduce bias fo r  the longer
t u e  in c r e -n : e n t s  , e. g .  , by c r e c L t i n 1~ sdlls to units which r im ay have a l r e a d y
been  killed in the s a ice t irx: t ’  inc r e -n ie n t .

CONCLUSI ONS

Th e E V A D E  LI n i ud e l  is a -.~ cry  h gb ri :  s t in I  On s i m n u l -  t iu n  a n d  inc lud leS
im uch h i t - r e  d et a i l  tha i :  t i c  h i g h r e so lu t ion  A1~ :~~~~ ; : - : :’’I U V or G LO 13A L .

The C AR ’\l ONETTE V d i  t c c t i u n  routines VIf i l ) 1- -T , I M A D ET  a nd RADA R
a r e  out of li- l ance  ‘ciii  t h e  le ve I~ af detail  in vh te  r e s t  of the model and a r e
co mp ar a b l e  te  t h e  level  -f  del-~m . l  in E V A DE U.

CA 1< ~, O U l - ’I ’ U I - .

• Th e  C A R M ON E T T E  V model  p e r m i t s  represen ta t ion  of many of
C e. t u t o r s  re levant  to the a e r i a l  a t tack of ground maneuver  units up to
h ’ ,~~t ,  l ion  s i z e , to i nc lude  a r t i l l e ry  s u p p r e s s i o n  of a ir  defense  weapons
a n d  S i t  i c i t a n e n u s  g r o u n d — t o —  g r o u n d combat .

• The C A R M ON E T T E  V model has an event genera t ion  s t r u c t u r e
il - i t  w i l l  p e rm i t  growth  of its ccpabi l i ty .

• The C A RM O N E T TE  V mode l is sufficiently economical fo r
r out i n e  us e ’

U \‘A DU

• The E V A D E  II m m m d c l  i , ~ the bes t  n u ( h - l  f o r  de ta i l ed  e v al u it i o n
of gr u u n ~i~~ o~~~ir a t t r i t i o n . 

vi
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• The EVADE II mo de l  is too experisivc h r  routinc use of it a

f ul l  c ap a b i l i t \  - H o~v i - v e r , r e u h c c : r m g its capabili ty b y by p a s s i n g  s ub-
r o ut i n e s  -1e  r m: :ts econom ic al  o p er at i o n .

• ‘flie E V A D E  U m odel  is i- ut  sui table f o r  s i a h i e s  involving the
a e r i a l  a t t ac k  o~ f l h t f l t U ’ -  e r  un i t s  which  a r e  en g a g e d  in g r o u n d- t o -g r o u n d

• I t  coul d be used to res  olve the a i r - t o -- g r o u n d  and g r o u n d - t o - a i r
p o r t ion s  of such s t u di es , however .

.
G L O BA  !

• The GLOBAL xc:oe ’iel is not s ui table  fo r  s tudies involving the
— a e r i a l  a t t a c k  of maneuver  units engaged in  g round  - to -ground  combat .

• The G L O B A L  model has v e ry  little grow th potential without
m 1 : aj u r  r e s t r u c t u r i ng .

B ECONI IC DA TIONS

Based solely on the th ree  mode l s  s tudied , it is recommended that:c
-C EL E R A  U

The a i r - g r o u n d  e n g a g e m e n t  model  h i e r a r c hy should be i n i t i a t e d  by
develop ing in te r faces  b e iw n t - n  EVA DE II and C AR M O N E T T E  V . The
GLOBA L model should not be cons idle red  f o r  in c l u s i o n  in this h i e r a r c h y.

— 
‘ 

The p roponen t s  of E V A D E  II and C A R M O NE I ’TE V should co l labora te  on
develop m ent of these inte r faces  and i n s u r e  the  comp at ibi l i ty  of the i r
m odels within  the c o n c ept of a models h i e r a r c h y.

CA R M O NE T T E

S C A RM ON E T T E  V sh o v i d  L r e t a in e d  and app l i e d  to s tud ies
involving a e r i a l  a t t a c k  of i m i a m i e -o--u - r  un i t s of up to ba t ta lion s i ze .

• CA R M ON~~’FTF V shou ld  be r c du c u m e i~~ec] at  once.

• CA J -~ M o L~- :TTE should I ’ - i m p r o v e d as f i f l u w s :

( R P q U O ~~tS t i e r  fl c t : l h ’  m y  and  a i r  si : 1 p o r t  sh i c i d  be queued
~~t r  s ’no-  p e r  - ‘ u~ I m n e ; : f t e - r  th e  i n i t i a l  ca ll .

v i i
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Changes  in  a i m ’  i l l  a l t i tude ’  should  he accomp lished
O \ e i  tj i : i t  r , , t l m e z ’  t h a n  in z e r o  t u m m e .

M uv~ng i i  r c f i l t  should  p~- n o r m LOS checks  upon
b ou n d a r y  c ro .- ;s ing .  [ C o r r e c t i o n  was  made , a c c o r d i ng  -~~
to the d e v € -  iop er , a l i t ’  r the model  was c x c i ,  m e d  for
Cci  r ep o r t .]

The r a t iona le  for  heli c ap ter  ‘p op -ups  0 should be
i’e0ons ic icred . LOS checks  should he pe r fo rmed  at  ‘ v t ’
inc  r e n i e i -,t , t l  a l t i t u d e s. Final a l t i tude  should not
Jieces  s a r i l  be pr edle te  c m ,  ij ie d .

The MOVE routine she  m id be modified to allow m o u r e ~
di rect  r out o s . [ C o r re c t i o n  ~ ‘as made , a c c o r d i ng  to
the develop er , a f t e r  the model was examined f o r  this
m r -p o r t .  ]

The RADA R , VISDET , and IM A D E T  routines should
be replaced b y s i n  p i if i e d  m o e c t C m e s  ba s ed on the out-put

4 of the EVADE U d e t e c t  on models or o ther  valida ted
models .

The  coding should be u~idate d to u t tE r ., a v a i l a b l e

- - 
sof t~va re  f e a t u r e s .  In art i c u l a r , th exponential

,,/~ ap p r c : e m n c c m t i o n  u sed  in ~hc: computat ion c-f h i t
probabi l i t ies  should  be rep laced b y the F O R T R AN

• l ib ra ry func t ion .

The numbe r of g r i d  squares  shoul d be i n c r e a s e d  v
to permit  larg  :r s cena r ios  without  loss of r e so lu t ion .

E V A D E

• E V A D E  II should  be r ct : tin cc l  and app l:: -c 1 to s tudies  invoh i : :~
d e ta i l e d  eva lua t ion  of gr o u n d - t o - a i r  a tt r i t i o n .

• E V A D E  I t  shoul d be u t i l i z e d  to p r odu c  :nput  data fo r  c a lc u l i l i on
of l i a t  p r o b a b i l i t y  wi th in  CA R M O N E T T I d  and ot h e r  lower  resoluti on flc ( I e l S .

I
V i i i

1~

- ____  ~ 
—
~
- -

~~
-
~
-- 

~~~~~~



_______________  
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -
~‘n~~~~~~~~~~~j  ~~.c  ‘ ~~~~ —- --

r

• E V A D E  II should  be improved  as  follows

l i e n  - r I m  r e dat e b ase  s I ~~~c t L d  he x ’evj e ’.c’ed l e e r i ng
p r e p :  ces cm i i ~~- so  t h at  -n one ous da ta  a r e  f l ag ~~cd
or. each p am ~s t } im’ uu g ii t i e  editin g rout ine s

An ai y — 1  a — g r e  t u m i det e ct io n  rou t ine  should be
d ev el  i imc I and i n c l u d e  ci i i ,  the i t iod el .

Wind speed  ef fec ts , wi~id d i rect ion , and other
env i ronmental  f a c t o r s  shou ldi be cons idered  to
improve  the acous t ic  det ec t i o n  rout ine .

The rat ionale for  dete r mining the s u p pr e s s iv e
dela y of g round  unit f i r e s  should be developed
and documented .

Saturat ion of air ( I e f e l i o e  cap ab i l i ty  should be
ta ken into a r  aunt .

$
• S No f u r t h e r  i n :p ruvu m e ’ t of t i e  GLOBAL model should be vc in i t ia ted .

• The c u r r e n t  G t (~
) P A L  documenta t ion  e f f o r t  shoul d oe completed .

• Future  use  of GLOBAL,  should  be l imi ted  to suppor t  of the
Advanced Attack I-h e l icop t e r P r oj e c t  onl y until such t i i m ’ec as CARMONETTE
and . EV A D E  can be used fo r  thi s pu rpose .

I
ix
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1 NT ROD U CT ION

1 P A T

Th i s  c : e t , ’i l ed  t e c i ri h a l  review of a i r - g r o u n d  engagement  models
- i s u n i e r l  o V e n  b y t i ce  M o d el s  C’ o ur d i nat i n g  Group (ass i gned to the

C - f m  c e  uf  ‘1 e C o o r d i n a t o r  a l  A r m y St udies , Off ice  of the A s s i s t a n t
V i c e  Chief of SLE I )  oi l e r  t i e supervision of the A rmy Study Advisory
t, u i ’ : it l e e  (ASAC).  i ) e r m cd t h e  ASAC review of the FY 73 Arrr~~ Study

a n’~ i i :b e r  of s m u i P -~, in the a rca of a t tac h , scout , an d o b s e r —
~‘~~t : - a i  i i n l i c - c p ~ ers  w e r e  found  t t e  recent ly cm p le ted  , continuing , or
p r opo sed .  Each of h a  Se ~l c d i e . m u sed , wer c -  u s i n g ,  or p la nn ed to use
ci d i f f e r e n t  i m i o d e l . I V. ’ C } i a j - r m : c a r e  of t he  ASA C dc-cu ed it approp riate
to review s ev er a l  uf  t he se  n m o d c l s  to i n s u r e  the i r  prope r app hIcatior~
a rid the  e f f i - , i  c - a t  a l l a c - c t  i c of a~ ail - - Plc-  m i m ed cling res ources

The o h 1 - :  l iv e s  of  this ?- e ~ ic -, . - a r e  u :

• I d e n t i f y the s ’ m - e n c ~~. s  and wc ’ u I-nics ses  of me Im m od e l .

4 • Deve lop  i0s :~~ht ~ i n to  ~ee k i nd s  of ana ly t ical  prob lems  to which
• ccc l . (IS h l e  m u e l t - i s  can  le e  ; p l i e d  mos t  c f f c ’c l i ve l y .

• ~~~~~ - lop :- - m m  c m , :  ‘ n i h  cns f o r  i mpr ov i ng  each of the mm odd s
i t s  a p 1 >z ’ ,~~pr i t c -  ~u i m c c - l m : d . ~~-~i~~ ut  data , logia  , and  - m p ioy m ent  of t h e  f l , d eL

• D e tcc r rnj n ’ r e s a u m n - e  requi rements for each model.

S S u r f a c e  i m l e p r ev e d  n d e l i ng  t echn i ques .

• Deve l p a r a f l  ona I p rog r am for  a i r  — g r o emid  e ngag  e l m  cent  models
1 -  i n c l u d e  r c ’z cii rch  ci p c :  r e :: a c i t  s , data  a c q u i s i t i o n  r e q u i r e i c m c ’ nts  - re qum i c —

i a - ~ I s  f o r  c o n t i n e m u e d  i c i , - , m i c t e i i a i i ~~e of sp ec : li  i1 , i ’is , r e q c i i :’ c - n . e - n t s  fu r
C OVe r s ion  to d i f f e r e n t  cu: :  ~ cmu - rs , and r e q u i r n n m c  nts f o r  d o c um n ent a t i u i c .

4
Air — gre -and eng; t en~ent mode -is  i n c l u d e  models  of the late  I’ c t ln i i  of

a er i a l  \‘ c c e l  las  s yr t : o -  a c i  groun d targe-m as v il as a i r  ‘I - f .  n - g e  w e c t ; : - c s
sy s t . ’n c s  ari d ; e r i , 1 I  t a r : p ’l s .  T a  i n ud e l ~ idc - m e t ~ i~~’d t o  be r c ’v m e~v ed  in c i : : 1-I - -

-• b O:-~r)E rt \ I R C A V ( \ E C T O R  R F h / C D C )
(P’- R  ~- P ) N 1 T’i E V (RAC/ .A C SFOR . COC )

1

-‘ ~~~~~~~ u~~~ ~~~~~~~~~~ ~~~~~~~~~~~~ _~_ _ 4~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :•~~z~A



~ 
~‘ 

‘ ‘ ‘  -‘ - . -- ‘ ~~~~~~~~~~~~~~~ --

C
D Y ’—H A C s -N  (OSU/CDC , AMC)
i f  LI ’—. — P w h l  (U SAF

ADE 11 ( A M C )
Id\ A P I  ~ ill ( G -  TEM P0)

( It s t~F)
i• ’A s -F - v A L  ( R A N D )
G L O b AL  (SRI/CDC , A M C )
SIMFIND ( ID A/ w S EG )
TACOS (BDM/CDC , AMC)
WEAPON (USAF)

J’lie scope of this initial r ’-v i e w  of a i r -g r o u n d engagement  models
was  n : i r r o a - ed to cover t h r e - model s : C ARM O NE ’ I ’TE  V , EVADE II ,
and GLOBA L . These t h r e e  n m o c l e l s  w e r e  se l e c te d  on the basis  of( seve ra l fac tors  which cooke  t hc- ni s imi la r in n at u r e . The factors  w~~~e:

S The models a r e  - c - i d ed  in that  red and blu e units can fire
i, each  other .

• Several  eapon m~~j ies cccii  be s imula ted  concur ren tly  for both
s ides .

4 • Level of r e s o lu t e:-- e y l e  x id g  down to sj n ~~le w e a p o ns .

• The models a rc  ape r~~tiona 1.

• The models had been  used  in major  s tuPi es  for  the A rm y  (e . g . ,
C A R M O N E T T E  - E qual Cos t  F i r ep o w e r  Stud y, ” E VADE - °Air Mobi l i ty
in the Mi d —to — Hi gh In tensj t ~,r l f i vj r e n m r : e n t , ‘ ‘ G L O B A L  — ‘‘A rm” D i r e c t
A e r i a l  Fi re  Support  Sys tem Stn d y ”) .  In addi t ion , the GLOBAL model
has  been utilized by the A d v a n c ed  A t t a c k  Hel i copte r  Task Force and has
been selected fo r  use  b y the Source Selection Board  for the AAH .

• Funds had been requested fur  proposed  in ip r o v e r n er-it s to the
models .

Simi lar  rev iews  of the r e m a in i n g  a i r - g ro u n d  engagement  models
( l i s t e d  a bov e  or otl,e rv,-is j d cp l  i l i e d )  a re  : , a l ic i ’  i -d . Thi s re~ iew is

-

• 
t i m e  f i r s t  s tep in  a tota l a i r -c  reund engagement  na del eva lua t i on p r o g r am .

M i - T I  IOD O LOGY

( The i : c c ~ ‘ i T i ’ i l ~ - c c l  a ima l v  s is tea in ap p r o a c h  was u s e d  in the conduc t
t i s  (: eu 1 [ . i : m  t c i , c e j e  iii r e v , . ,  \“ .

z
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l I i c ’  r e V l e \ v  0 u i e s i s t e d  1 s ix  ph a s e s :

I - ‘, ) i ~~~ m c : i  c a t ion  of w o r k i n g  g.~oup

11 — i C r puJ c l i i  pr e sen t at i o n

II I  — U S A MV 3 A  r e v i ew

- Pi ’ p t a - c i t  rev iew of d ra f t  report

V — Coo rd I m i t  j u n  cox~~e re nce

VI - M C G  prep a ra t ion

Phase I - Stud y Coord inat o r s  ident i f ied  te c imically qualified
ind iv idua l s  fo r  t i m e  u del  f o r  w }c b - h  t he i r  Staff  a g e n c y ,  com m and , or
s ubord in a te  act iv i t y l i c i s  p r o p on c ncy .  These  i n d i v i d u a l s  were  contacted
f u r  a s s i s t a n c e  in ob t a i ni n p  dc’ c : e i ls  about the  models and in coordinating

- m w r i t t e n  and v e r b a l  ex C l ~~,n c e s  wi th  the model developers , when required .

‘4 i l - ic anal y s i s  t eams  f r o nt  USA MSSA we r e  f o r m e d  d u r i n g  Phase I .
Fv. - ’j  a n a ly s t s  w e r e  a s si  c o e d i a each of f tc  t h r e e  models  rev iewed . A

t h ’s ir ed  ana ly s i s  p l a n  W a S  cr . ,  s e nle d  to  the 1~~~A M S S A  teams b y the
M a n e  is C o o r d i c i c t i n a  Gr oupu

Phase  11 - The n -odd de\  elop er s  b r i e f e d  the analysis teams and the
Models  Coord ina t ing  G r o up  aS t o  the g e n e r a l  chm r ac ter i s t i c s  and basic
logic of their model . Al l  availa ble d ioC u t i  en l a t  ion , p r o g r a m  listing s ,
and the out put of an examp le run of each model  w e r e  acquired  fo r  use
of the reviewers .

Phasej~~ - The t SAMSSA ana l ysis  teams spent an approximate total
of 13 technical m an- m o n t hs  r e v i e w i n g  the  mod~ L . An in-depth evaluation
of each l ine  of c od i n g  s u r fa c e d  the d e t a i l s  of the  p r o g r a m s . Dur ing  tI1 s
ph a s e  of the review , the  t e am s  received the a s s i s t ance  of the model
deve lopers  in cxp l a in inm ~ s u n d r y  complex func t iona l  cha rac t e r i s t i c s  and
less obvious  i n t e raa l  w o r k i n g s  of each mcdel . The teams pr .’i pared
wri t ten  repor ts  of the results  of t h e i r  anal ysis , which included n m o d c l
d e s c r i p t ion  s u m m a r i e s , conn’ncnts on t h e  var ious  modules of each

• p r og r a n l , and r e c o n m m i c-n da t i c ’n s  f o r  i c’nprovenients  to the p r o g r a m s .

( 
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C
A s t r i c t l y pa r~-t 11~~l I i e - m t n u - i i t  of a l l  a sp e c t s  of each m odel is not

c iv . , - n in th i s  f i r i c t  1 re p~- i t  . 1- , , i c - l m  i n d i v i d u a l  ana lysis  team , at times
d, ’ .,’i~ ied it ap ur op r i at e  to  ~ cI  c i -  deepe r in to  cer ta in  areas than into
o t h e r s .  T i tu s , d i m ’ e t c a m  op r i s un s  of all aspects  of the models is
not  u n i f o r m ly p o ssib l e  ~n al l  c~~~es

t ’h a s t - J V  - The model  p roponen t s  w e re  givt- n a copy of the USAMSSA
t e am  r i -p o r t  app l icable  to t h e i r  p i rt i c u l a r  model.  These repor ts  were
r ’ \ i . , w t ’d b y the  p roponen ts  to c n su r e  that no inaccurac ies  existed in
the r ep o r t s  as -i r e su l t  of n h i s u n d e r s t a n dl i ng s  or outdated  documenta t ion .
The model  nr opor cent s  p r ep i r c I w r i t t en  comments  tC) t h i s  end and
submi t t ed  same to the Models  Coord ina t ing  Group .

Phase V - A c o o r d i n a t i o n  c onfe rence  was a r r a n g e d  between ea ch
USAMSSA an a l ys is  t eam  and the app rop r i a t e  model developer , moderated
b y t i m i ’  M o d e l s  C o or d l c~~m t : m ~~ Gr au p , to f u r t h e r  d iscus s apparent mis con-
cep t i m o i s  This w a s  a c c o m i p 1is~m e d onl y af te r l i m e  ana lysis teams had an
e :Jpd r t un i ty  to d igest  the  pm ’ p a c e en t s  wr i t t en  r ema rks  f r om  Phase IV .
Mos t con ten t ious  i s sues  w e r e  r e so lved  at thes e con fe rences .  Thos e
I ~~~ \- ,‘c: r~ - f lc - h solved  have  been pointed out in the f inal  r epor t .  The
l ’I cm ~~e V c o o r d i n a t ion  i c O n - mi - c was not accomp lished fo r  the GLO BA L

4 m m ad c’ l s i n c e  no si~pu1’i c c s m m t  c a m m i t i c t s  r e s u l t e d  f r o m  the proponents ’ review
at ~ J~~( t T SA M S S A  r ep or t  of that - m  m o d e l .

- 
-

, 
Phase VI — The M o d e l s  Co r d r n at in g G r o u p  ana lyzed , consol idated

and edi ted  the three  USAMSSA repor ts  f o r  f i n a l  publ ica t ion.

M O D E L  DESCRIPTIONS

A s u m m a ry  of each model chosen  for  review fo l lows .

C ARM O N E T T E  - Th e C A R M O N E T T E  V M onte Car lo com put er
simu la t ion  was develop edi  by tli t R e s e a r c h  A n a l ys i s  Corpora t ion  (now
the  Opera t ions  A n a l y s i s  D i v i s i o n  of Ge n e r a l  R e s e a r c h  C o rp o r a t i o n)  to
ev a lu a t e  comba t  cn rc , ; e g e T  m i n t s  b et w e e n  a i r  and g r ou n d  units . Ground- to -
g r o u n d  act ion is a l so  p layed by C A R MO N ET T r ;  but  is not c o n s i d e r e d  in
t h i s  r epo r t . Up U a r e i n f o r c e d  bat ta lion s i z e  f r e e  can he r epr e s e n t e d
on e cch side , eu - e li with up  to 4i~h squad or  p i t  a : :m t  w capon units.  Each
u n i t  m ay  h a v - -ip to four  t y p e s  of we ap on s .  These  weapon types  n n e y  be
in d i r . ’ -t  f i r e  d)r  d i r e c t  f l r c -  w e : m o o a m s  a n d  each t yp e  can use two types ef

_ _ _
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The bat t l e f i e ld  is r ep r es  ( ‘ n t ( ( l  by an cc r r a y  of v ar i a b l e  s i ze  gr id

sq t ~~ r < ’ s ;  each ind iv idua l  s q u a re - being d e s c r i bed  b y six num bers
r - ~~ tm - s e n t  i ug e Ic ~‘ e l  ion , h~ 10111  : 1  \‘C~ ’ t U it ion , ( c m  — r c a  d t r a f f i c a b i l i ty ,
o f f — r o a d  t r a i i i c a b i l i t y ,  c o v e r , and concea lmne c tt  . Li ccc ’ — o f — s i ght is
c a l cu l at e d  dynamica l l y ach  t ime a unit c r o sse s  a gr id boundary .

C A R M O N E T TE  is a critic :’ i-event-sequenced simulation of the
a ct i v i t i e s  of movement , t a rge t  acquis i t ion, c o m m u n i c a t ions , amd weapon
I p l J ~ ’ i i m i ’flt . When a unit c a c t i ’ s  within lin e — o f — s i g ht of an enemy unit ,
it I m a s  a probabi l i ty  of acqu i r ing  ip lorniat ion about the enemy as a t a rge t .
‘I } cc ’  informat ion it may  a c q u i r e  ranges  f r o m  none to full knowledge of
t i : e  O x a ct  loca t ion  and n a t u r e  of the enemy uni t . If the unit gets auff ic ient
i n f o r m a t i o n  and has an ap pr opr i a t e  o r d e r , it wil l  select weapons anSI
a l i u nu n i t i o n  and take the enemy u n d e r  f i r e . A weapon is simulated in
t e r m s  of its ra te  of f i r e  and its maximum range . The ef fec ts  of a
pr o j e ct i le  a r e  s imula ted  b y tab les  giving the p robabi l i t i es  that it will
hit  what  it was a imed  at  as a f u n c t i o n  of the r a n ge  and the s i z e  of the
t a r g t - t  and by f u r t h e r  t ab les  g iving the probabi l i ty that it will kill the
t a r g e t  if it hits it . Exp losive p ro jec t i l e s  a r e  ch a r a c ter i 7 c d  in t e r m s
of their  letha l a r e a s  ag a i n s t  vacious  t a r g e t s  m Ground vehicles a r e
dI e s ( -r ib e d  on the basis of thei r  av e r a g e  ra tes  of movement under  va r ious

ç ccond it ions  and in t e r c :s of t h e i r  vu lne rab i l i t y  tu d i f f e r e n t  k inds  of w e c p O f l s .
A i r c r a f t  a r e  c - h a r a m ; t e n i , ’a-’ci b y t t e i r  v e r t i c a l  and h o r i z ont a l components  of
ve ’lia : i t y  and t h e i r  vuln e rabi lity .  Fir ing m a y  be t e rn i c i n a t e d  by la : k  of
Oh :! i l U i i t 1 ~ o - loss of t c m  r g ct  i n f o r m ation , death of the f i r i n g  unit , known
death of the t a r g e t  unit , or  expendi ture  of an o r d e r e d  amount of ammnu-
ni t ion Or t ime .

This model is p r e s e n t ly opera t iona l  on computers  at Fort Leavenworth
f o r  the Combined A n n — s  Combat Development A ctivity ( C A C D A ) ,  Picatinn y
A r s e n a l  for  the U.S.  A r m y Elec t ron ics  Command ( E C O M ) ,  Fort  Belvoir
f o r  Coic ib at  Developments  Command (CDC) ,  and  Gene ra l  R e s e a r c h  Corpo-
r at i o n  in M c L e a n , V i r g i n i a .

EVAD fl  - The E V A D E  II d e te r n u ni s t i c  c o m p u t e r  s imula t ion  was
developed by the U S .  A r my  M ,t t e r ie l  Sys tems ~ na1ysis  A gency to
e v a l c t c : 1  c the  1 t t r iL on  of both ii ‘. and gr o u n d  pa r t i c i pants as multiple
a i r c ra f t  fl y m i S s io ns  o v e r  dep i- yic e l i c ,  f i r defens e weapons .  Up to
Z O  routes  aga ins t as r i o n y  as 59 i n d i v i d u a l  ground  weap on si tes can be

5
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C
s i r t i u l - t t t ’ d , Ei  c i t - l e t - n  d i f f t ’ :‘ .‘ot c t c i i l j i n a t i o i i s  of g r o u n d  gun and f i r e

- n e t  i ’~~l s y S i ( - f l c  types  a r e  avai lab l e , f r o m  7 . 62ii uc i  to 5 7mm . Inf ra red
c , t a S IlC sy i t e i n s  ( s u r f a c e - t o - a i r )  a re  p layed . i’i i r c r a f t  can f i re  7. 62mm ,
Li . 7mm , or 30m m g i n  s y s t en - s  or the  TOW miss i le , as appropriate.

i O u-n a i v e  use  is m a d e  of d ig i t ized desc r iptions of t e r r a in  maps with
s : m n ( ’  : i t m i p a s e d  v e g ( ’ l a Li c , t i . A th ree  dimensional  c a r t e s i a n  grid of 12 . 7
me ter  se- - n e  is u t i l i zed . The MASKPAS subniodel  develops l ine-of-s ight
and ma sking in fo rmat ion  and provides  a set of punched card int~ rvisibility
h i s t o r i e s  f r o m  the di g it i z e d  t e :rain  data tapes as input -to the attrition
s ubmode l .  The d ig i t i zed  t e r r a i n  maps a re  not us ed dynamically.

Each pre p lanned mission follows a tin -cc-depend ent sequenc e of
events.  For  the ground weapons these events a r e :  urn-i-t asking, target
de tec t ion  (e i ther  vis ua l , a cous t i c , i n f r a r e d , or r a d a r ) ,  acquisition ,
we ap o n  sy s te m i c  r eac t ion  t i m e , ta r g et  ap pr o a c h i ng  ma dmum effective
r c n n ~,e , p r o j e c t i l e  or f l l l S S i i O  tu ne of fl ig ht , a r r i va l at the f i r s t  intercep t
poin t , ul~~i subsequent  accum ulation of probabi l i ty  of kill . This process
cont inues  until the t a r cc et becomes masked , goes into a dead zone , is
s uppressed , is killed , runs  ou -~ of ammunition, or goes out of range .

4 Fu r  the a i r c r a f t  weapons , the sequence is as follows : the pilot notes
t h e  rece i pt of f i r e  or de tec ts  a g rou n d t a r g e t , his reaction time elapses ,
he  f i r e s  his weap on , t i m e - o f — f l i ght e lapses , and kill probability accurnu—
hat es  until the e ng a g em e n t  is t ’-  rmninated . G re at  detai l  is poss ible  in t i e
a i r r r , I t  v u ln er ;m b i l i ty  h~or U c 1l c f  E V AD E  II , with com ponen ts  (engin e , p ilot ,
h y dr c c u l n - s  , etc . ) t r ea t ed  s ep a r a t e ly, if d e s i r d- d , and with vulnerable  a r t - - c s
being va ried a c c o r d ing  to the asp ec t  ang le f r o m  the weapon site . A ppr o-
p t - m a t e  co rnh ina t ion  of al l  of the component  d a i r r a g e  probabil i t ies  can then
y ield a i r c r a f t  att r i t ion  probab i l i t i e s  in s e v e r a l  cat eg o r i e s , such as c r a s h .
f o r c e d  landin g and abor t .  The On c e  h is t o r y  of probability of kill fo r  each
element  in the s imula t ion  is  made ava i l ab l e  to t h e  u se r  of EVADE II . The
model  is u s e f u l  as a r e l a t i v e  surv ivab i l i ty  i n d i c a t o r  for  obtaining a f i rs t-
o r d e r  es t imate  of t h e  p i ’ c n c t i c c n l i t y  o r adequacy  of f l ig ht paths , weapon
d e p loyments , t a c t i c s  , equi pn l t  re t , e t c .

E V A D O  II is o p e r a t i c  i ’ d  on t h e  U . S. A r my  A b e r d e e n  R es e a r c h  a r e - i
I e v e  1 pi  c u -n t  Cent ‘r BR LESC f l u  ~~u1 t n  and c i t  he  U . S. Aj  r For c e  Syst ems
C on i m a c id , F o r e ig n  T~~c - 1ic l -  gv I ) i v i a i o n , It ri gh t — P a t t ~,r son  A F B .
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GLOBAL - The G L O B A L  M onte Car lo  computer simulation was

developed by the Stanfo rd R i - s e a r c h  Institute to evaluate combat engage-
Inent s  between atta~~kir ig air  or groun d units anc defending ground units .
Inc lusion oi both a i r  and ground attack units is provided , but thi s feature
is as yet unt~ sted. ilu s repor t  discusses  only the air- to-ground capa -
bi lity of the n iode l . U p to four  a i r c r a f t  of distinct types and on s eparate
rou t es ca n be played a gain s t  32 ground weapon sites . The number of
possible distinct weapon types for  both air  and ground units is 1~~. The
de fenders  may change to  new fixed position s as a respons e to f i re ,
depend ing upon input f i r e  intensi ty thresholds  and probabilities for
disp lacement . Thus the ground units can be considered quasi-s tat ionary.

A three dimensional  ca r t e sian  gr id  of optional scale is utilized.
(A 10 meter gr id  square  has been used in recent helicopter-ground
simulat ions . )  Intervisibili t ies between opposing units at all points of
th e game are  p r e c o n ip u t t - d  and s tored . Thus the topographic relief
data for  the grid squares  a r e  not  used in the pr og r a m .

The play proceeds  in t i j e c e  m equence with d e f e n d e r  units fixed on
t I e  g r id  and a t tackers  s t a r t i ng  t the initial point s on thei r routes.  The

4 a t tack  routes run f rom point to - , oint acros s the gr id in a series of
s t r a i ght l ine  route  s e g m r c e m n t s . I .  de tai led p regame map exercise  is
c a r r i e d  out to develop the a t t a c h e rs ’ paths , cons ider ing vehic le or
air e  ra ft pe r fo rmance  chara t c r ’s t ics , t ac t ics , in te rv is ib ili ty ,  and
pr ep lanncd  stops or m aneuve r s . The paths f inal l y input consist of
s t rai ght line segments , each s e g x i c e n t  having constant  propert ies  (speed ,
d i rec tion , at t i tude , exp os ure level to each de fender  unit , time to escape
to mas ked posit ion , pitch and roll angles , maneuver  e r r o r ) .  Time
pr o g r es s e s  at equa l intervals  - - one second increments commonl y used
f o r  a h e lico pt e r - g r ou n d  s imulat ion , In each time interval  Monte Carlo
t ec c h r i iques and s tochast ic  input data determine individual element
detect ion, Targets  a re  selected cont ingent  upor-. availabi lity of an
ap pr op r i a t e  weapon , up on r ang e and sector , and upon an input t a rge t
pr io r i ty  number .

Res t i l t s  of a f i r i ng  miss ion a re  d e t t -  rm i n ed  b y M onte Carlo
t e c h n i q u es .  f lepent - ’ u n g  upon probabi l i t ies  w h i c h  nave  been input and
the  unit  types involved , th e’ r e s u l t  f o r  a g r o u n d  un i t  is one of the
fo ll owing : miss , near  miss r e s u l t i n g  in Supp r e s s i o n , k i l l  of one
m e l t  h e r  of a weapon c rew , or total kil l . I” or an - j r  t ar ge t , the resu l t
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is miss , f o r c e d  l a n d i n g ,  mi s s ion  k i l l , or kill , if the r e s u l t  i s  a m iss
t h e  fi r er  w i l l  n- o a t i u u u e  t o  l i r e  ~ c i 1 j l  i t  runs  c U t  U~ a1~~~c i U h l t e)f l  or unti l
t h e  t a rg - i 15 no lon ger  av a i i aU l e .

t h e  s il t iu l i t i li t i - m m t t n - d  wh e n  one of l i ce  at tackin g elements
r - u r  he -s the end of it  a p r i - d e l i  - c e d  route , when  a pr ed et e r mi n e d  a t t r i t ion
Li t c c i c i c - v ed , cr  u -h e - n  a g iven  nu m b e r  of t ime i n t e rv a l s  have  elapsed.

l i e  GL Oi~A L  i -  Id  is op e r at i o n a l  a t  For t  Leavenwor th  (CACDA )
afl ( i  at  the S t a n f o r d  ~-~e s e cr c h  In s t i tu t e  in Menlo Pa rk , Cal i fornia.

II EP oR T c w i ;A N I V A- j j UN

The i- e -n a t inder of this  r e - c~ort conta ins  m o r e  detailed infoimatio-i-i
u n d e r  t i e  g e n e ra l  h ea d i ng s of M o d e l  A r c h i t e c t u r e ,  Input and Output,
F -v en t  ~~c - a e r c t i u z c  S t i b j u  o d e - I s , ‘n : s a n s s m en t  Submno c le i s ,  Summary,
Fi i id~ r , 5  en d  ( T o u i c l u i c u i u : a  - ai~~i l ’u n - u in n i en d atj o n s .

- - d 1 A r~~~~~~~~~~ ir e  e - :u l s  with thc  p r o g r a m  organizat ion , s t o r age
la -~c c ut  , ~ind  ~ e q e i t - l u f l ~ S C c  e f l i e’. The subr i iodel s  r e f e r r ed  to are  those
coi u b i c u t u c n ;  i f  n - o n t u e s  - - c h i c h  dep ict dist inct  aspec ts  of the s imula ted
enga g e - l i c e i c t s .  hv - n t  Oelie rat~on Sulj mnocle l s  i nc lude  rout e se lec t ion ,
l i i i , - - o f — i ~ c u t , t o  rg i - t  a cq u i sit i -  ua , t a r g e t  t ra  cking , f i r i ng  dec i s ion ,
s a p j r i - ss io n  al g r o u n d  f i r - , aad a i r c r a f t  rcspons - to f i r e . F i r ing
a c cu r a c y  and att it i u u  ar e  d i s c u s s  n - c l  as A sr e ~~sme ’nt _ Subrra dels  . Each
of the above  f u n c t i o ns  is t n - - t i e d  in a si -p ir at e  ccect ion containing p a r a l ie
d i scuss ions  fo r  the t i t r e -  - models under  conside  r~etion .

The o t h e r  m aj o r  hc- - h u g s  a c - c s e l l — e xp l a n a t o ry .
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By a r c h i t ec t u r e  is ~ u ‘ - c i  I e 0 c -a i c i e  and or c ’an i ~~at ion of a
- mode l  to in c lu d ’  the r r~ ! c r c  i i  - 1 of  t h e  f u n c t i o n a l  p ar t s  as well

as the t h e - c o  r a t i v e  t e o t  t i c - c -  .
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P R O G R A M  OLGANI ZA TION -

This f i r s t  sect ion under  Mc d e l  A rc h i t e c t u r e  ide n t i f i e s  the

I nu ej or  submodels  i t ~ the p r o g r an c  of each t u c o d e l ,  The in te rac t ions
- 1 t u c u t i g -  t h e se  subi t iode ls  a r e  i1]u ~ t r at e d  in the  m a c r o  flow d iag rams

4 p r e s c nt ( - d . Each of the n ceh- l s  r ev iewed h a s  a pa tchwork  quality

I d u e  i a long h i s t o r y  of 1 x i p r c u v - l e u c t s  to c i h ip t it to the requi r ements
of pci rt c ui: r s tn  I i t - s
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C
P R O G R A M  Of l ( ;A h I Z A TI O N

CA RM O~’i I- V Id

( : A R M - c~~~ E I T I -  V cons i s t s  of f ive  separate computer programs .
The f i r s t  two of thes~ p r o g ram s  pr o c e s s  the input data and pe r fo rm
fi le  m a i n t e n a n c e. The next  p r o g r am  is the bat t le  model which accep ts ,
as  input , the  f i n a l  ou tpu t  fi l e 1r-~~l u i  th e  second  p r ep roces so r .  The b?tt le

:~~~ c t c l p r o d u c e s  two  oh i p ut  tape f i l e s .  One of those files contains a
c o u c - p L i -t e  h i s t o r y  of all si gn i f i can t  events  which  o c c u r r e d  dur ing  the

- a c i d  is cal led the e v e n t s  1- i s t e r y .  The other output  fi le , , called
the ump i r e  output , c ontains m l  -rnn at ion about each unit’ s s t rength, -

p O S i t io n , and other  unit a t t r ib u i  ni ~~ at  a s e r i e s  of s a m ple observat ions.
T b~ I c ~~t two p r o gr a m s  a re  U see to c r ocess  the output fi les f r o m  the
b -ir t~ e i t i c i d e l  ari d produce s e l e c t ed  r e -por t s  on the resu l t s  of the s imulat ion.

A c o mp a r i s o n  of t i e  o r g a u d  r c t i o n  of the C A R M O N E T T E  V . E V A D E  II ,

4 an I GLO P- A L modela  is S h ) O \ ~ Y t in  t he  flow d i a g r am s in  Fi gure  1. Th e
s t r u c t u r e  of the  CA I~h~ U~ 1-T T F  V Ba t t l e  M o d e l  is shop -n  in F i g u r e  2 .
T h e  ~ r o g r a u c  - logic  is iden t i f i ed  in f ive  bc - s i c  s e -c t ions  : P r o g r a m  Con t ro l .
}- i r i : c c  M o t h - i , l c i t - l l u c n - n c e M od:l , M o v e m ent Model , and Dec i s i on  M o d e l .

Th e  EX E C  2 r o u t i n e  s ear ch e s  t h r o u g h the  units  on both s ides  to
d - t ~ rmnin e  t he  uni t  ti- ct has  the u l l i u u i c  c u l t  c c  n ex t  — i- - v ’ - c c t  t ime ,  Th i s  unit
and  i t s  a s s o c i a t e d  event  is e s t a b l i s h e d  as the unit to be processed  and
the  ap p r o p r l : e t e  even t  p r o c e s s i ng  s t t i cnoclel is en te red.  The event
pr o c e s s i ng  submodel  pu -ed ic t s  th~ t i n u e s  of o c c u r r e n c e  t f  all events
fol lowing it s a r e s u l t  of t h e  event i .a - i i i~~ p r o c e s s e d . These event t imes
a n d  codes i d e n t i f y ing  t h i -n i  a re  then  a s s i g r -c d  to  t i-c a f f e c t e d  un i t s .  The
above  pr o c e d u r e  is r ep ea ted  unt i l  one of the t e r u c c i n a t i o n  c r i t e r i a  is met .

E V A  1W ~:

E V A 1) I - ~ II C O n t -  j a t s  of two t epi i-ate c o i u p u t , - r  p r o t z r c i m s .  The f i r s t
p r o g r a m  p r c c v i d c - s a se t  of punched ca rd  in t e r v i sib ’c i t y  h i s to r ies  between
ea ch  -s v c - pu n  s i te  and e a c h  poin . on t h e  f l ig ht  p a t h s  f r o m  d ig i t i z ed  t e r r a i n

— 
data t ap e s .  The s e c o n d  p r o g r a m  evaluates  th e  en g age m e n t  problem and
c a l c u l a te s  th e  C l u e ’  h i s t o r y  ~af a l l  1 c u ~~~or event s . A l l  ma j or  e v e n ts  are
u Z i v e n  in  c h r o n o l o g i c a l  c - q u € - n c c  UI d i e  n o r m a l  out p u t  A d s u r l l m u c c c r v  pri n t 1

i S  a l so  av a i l a h h -  -
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— Fi gu r e  3 i l l u s t r a te s  the  i n t e r c e c t i c c i c s  of the  var ious  functions
C O I I O  ide r .- i  i i i  t h e  I - ‘,‘A Dl- LI o d e l .  Fi g u r e  4 pr es e n t s  the fun t i n in  I
s t i - i c t u r n -  of d u e  e - i u g c u g c - i c u -  ut p [ u gr ~t i i u . Th e p r u g r ~ i l i  lu~~iC c u i c s m s i s  of
a g un  loop , ,ui t i r e  i ; t ! l  loop , 1d a t u e  looL .

1 l i e  en , - u g e i i i -ud  n - c o i l t c j r uc re inen ts  the sir i iulated t in ie , se lect s
t h e  n e x t  cii r e m - a f t , a n d  t h e n  pr needs to e v a l u a t e  a l l  g r o c I l i c i  w e ap o r~s

1 c - c i i o t t t h i s  a ir c  i - c u l t  f u r  d e te c t i o n , a cqu i s i t ion , f i r i ng  dec i s ion , t r a c k i ng
a i d  Li r i n g .  J\ i t c - r  a l l  gr ou n d  v- t - ap on S have  beeii  p r o c e s s e d  fo r  a p a r t i cu la r
i t ir cr ~~ft  l i c e  n e xt  a i r c ra f t  is  s’ l e ct u d  and t he  cy  Ic is repeated until all
O A I C i ’ a f t  h a v e been  p r o c e s s e d . A f t e r  all  aircraft have been processed

~~1 d i t & - d  t i i m c c  is i n c r e u l c— s t  e t c  and the above p r oce d u re s  a r e  repea ted
u: I i i  a m c - 01 the  to  I - m i  u1 c .U ) i c  C c -  t . - u - u a  is met  . A t t r i t i o n  ol t a rg~~ts and
r o a no n s  e t -  Ii u- c 0C C ur ~~~li  f - n -  a- pro pr ia te  de l ay  ior  t i m e of f l ight and
r e  ac t ion  w i t h i n  the  a i rc  r a f t  a r - I  t in e b l ip s .

~ _ u \~~ j  -

u ;L OB A L  is divide-i  m t .  t m e- c -  p r o o r t i L s - u i i i y one of which resides
i i i  co re  at a t u t u- . A m c : - . e  i t t  e p r - g r o o m  c c l i i i ,  r e s i d e s  in co r e and is
usen  to ca l l  the t h r e e  p r c c g r a u  s t -  e x e c u t e -  t l c c  s i i m u u i c t t i o n .  Fi gure  5

‘ - ‘ -s the  s t r u c t u re  of G l cd1.- - ~~~ , c her t r st  p r u g  i-~~ t m c  is an in it ia l i z at i o n
r o u t i ne  to inip ic i l  -en t  v c 1 r i c c u ~ ord pa -  u o g  ann lc ip . t c i c m n g  t echniques f o r
p c  s c - h e  ci c o n u p u t c r e ‘r e  at  r a t e -  ( - i l l c u e c i c y .  The second p r o gr a m  r e o d n
and sto res th e  input d~ t o  It uI ’  0 c ct  ~~ u s  c -  e - xa ~iv c-  e r r o r  checking
r o ut i n es . The t h i rd  p r o g r c i c  < - - ‘ - c L A L e S  l i n c  U~~~~i t 0 -  si n cu l at i on  and p r o vide s
a t u c i e — s e q u e n c e d  i t i st o ry  of e~ven t s  and  c t u c e - r  s ibn i ficant  data . The p r o c  r a in
logic  cons i s t s  of f iv u -  m aj o r  S m l j i m odels : Detect ion , Selecti on , F ir e  M i s s i o n ,
Dc~c m u c < g c  A s s e s sm e n t , a nd ( I c t i c u c  U p d a t e - .

Th e GLO BA L n cpc gc -c  c - m i t p r r n r a r i i  i n c rem en t s  the simula ted  t ime ,
r o d  icc- s the  inter rv i s j bi li t y and ui~ - t e e t i  ci s tatu s of al l  units , and

ev- t u c c t e s  w h e t h e r  a miss ion  will  be s c r u bb e d . It then  pr o c e s s e s  each
A unit on both s ick- s t hr o u ,rlu t l i , - T at- m e t  Se lect ion , F i r e  M i s s i o n , and

D a m a g e  A s s es a m e n .  sub i c o c i c - I s  . A f t e r  all units have  been  p r o c e s sed
t h rou g h lie w e a p o n s-  c c ’ t r a c t i o n  sub in dels  , a l l  units a r e  moved , if
app l i cab le , ti c - i c -  sc ip p r e -a s io r .  a n d  ‘t h e r s tatus  a j u stmen ts  a r e  x m c ~m o e ,
and a r t i l l e r y  h i l l s  a u - c .- cc s se s~~ed . The above  p r o c e d u r e s  a r e  r e p e a t e d
unt i l  one of the  t e rn m i n a t i . cn  c r i t e r i a  is n i - -i -
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S TO RA G E

Te c1~~i~~c u r  s not: l1~’c ( 1 by cad no d c l  f r t ic  ~ to r a g e  of  ci ata in
t i n -  C c : c c c c c t  r a r c  pr e .s o at - c  - ii th i s  -n -ct ion . t J u i ~que and m a c l d u m e
d er - c - m c ’ i e  Oct cll a ra -t c -r i s t ic g  au - c -  d i sc u s s ed .
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1j l e  s i  - r - ~~re  c f  d a t a  in ( .~A R M ( ) ~a) dT TE  provides fo r  ve ry  e f f i c ien t
U Sc  of c u rt - . The n m o d -l  cur  c - c. c u t l y  runs  on CDC 6000 se r i e s  computers
a n d  is ~cr~ t t c ’i) in do F < ) X T R A I ~ IV u u c u p u t e r l a r u g u a ~~c- . It cons~ sts of
i iv e  b a s i c -  log ic S t i 1 ] ~~ - i i S  e c u c i  s ec t ion  cu m i t i t i n i o g  several subroutines.
S o ni c -  c- f t i m e  s u b r o u t ia cs  ~i re (;( l C u u I o c n  to  m o r e  t i am ci  one  log ic sect ion.
I i .  ~ roe c to n m i a  m u j ~~ - con c , u t e - c  c u re  r e q u i r en a - ot s  , the routines are
l 1 c m ked in a i m  o v e - r l ~~y ,  t l c i L - 3  . t I l c -  i I ~g c er t a i n  r i - c u t u n e s  to re s ide~in Core

as requi red . U c m d c - r t h ese  c c c i i d i tj o i i s  . approx imate ly 165 , 000 W or d s
i f  cur e -  a r e  r e - d i c i re -cl  to r an  the - i t t l e  M o d e - I . Of this tota l , appr oxim ate ly
9 000 w o r d s  ar e  r c a  erved h r  d i d  ta -el - o-i~ r e s i d e  icc coce  t h r o ug h o u t  the
c-:- e-c ut ion of the  p r a g r c c  t i c . A n 1  ~n fo r r n~~c~~,n s t a t c -  - ~, jc can be
r I -p i - e - a e - u- 1t ec as t r ue  of 

- f a l s e , is r e  p i e - s e -n u ed Ic y  th e- s e t t i n g  of a
s n d ~ i t -  h i t  of cc, c- c -  - ( - u  - u t i o n s -  such  as p r c c b a b i l i t  ic -s , which  a re
rep t -  c - - i  entabh cs a ci t o  c c- i t i  va lue  f r o u i  ze r ( c  i - . 63 ar e  o f i c o  maintained

mu d i t tO -  oc tal  1 , 1 ~ (6 b u t s  ). 1’ r ( c I ) c I  b i l i t c  c s f m  c c  c c  0 to 99 a re  s tored in
- t c- it  s t o ra c  c. -  a u- c - c c  by a c i d  y m u - .~ t iter f u l l u w u  ug ru l e

‘ - 1
_i

s t o r e d  \ c ] o m c  ( o r i g i n a l v cu ) ~ u c - x ___~~.
L - 100

wh e r e  the b r a c k e ts  s~ o u i i f y t he  bit t  cc r p or t i o n  of the ca lcula t ion . The
table bc-low pres ents the s to r e  1 p r o b~ b i l i t ie s  f o r  r epr e s  entat ive ori ginal
pr o b ab i l i t i e s.  A s -  can be s e e n  t b - r e  a r e  los st - s  of a c c u r a cy  in use of
s u d i  a sys t em .

O r i L i n a l  P r u bu l i l y  ~ i o c d_ V a i ue

- ) 00 00

H’ 01 00
02 01
03 01
04 02
05 03
06 03

•
1
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Origina l P ro b a hi l~~y Stored Value

07 04
08 04
I l - c 05
10 06
20  12
3 0 19
40 25
50 32
60 38
70 44
80 51
90 57
95 60
‘cC 61
97 62

4
To ac c e s s  t h e a c -  c - c u d  Ot i c r s .ch va lues , se r~~ ce rout ines  w e r e

r i t t c - u u  in CDC ass embl y lar o~uc-cg e (COM I~ASS ).

A 1 I j m c .~~u~ 11 th e st u r a  ~-e and  a c c e s s  of nbc t c t  a r e  s t r eaml ined , the
t i - t cn s f e r of t ht- mode- i to a d i f f e r e n t  c o u r c p c m t e r  sys tem would  be d i f f i c u l t.
1 i ic ~ data p ack ing  is h i s i l y m a c -l- m in e  dependent , using all 60 bits found
in a CDC 6000 s d e s  c c c m n o p u c- c -  r , and  would r eq u i r e  an e ct ensive redes ign
cd the data s to r a g c -  i~~- u se  a ( I i f i c r o - t c t  compute r . The packing  technique
us ed in C A R M ON E T T E  is s a t is f a c t o r i ly docum ented in the Re sea rch
A n a l ysis C o r p o r c t t o n  r e - p -r i  - °E qua l  Cost F i r ep o w e r  Stud y II ( E C F — I I ) , ”
(Vol 1) A n n e x  B3 to A n p - u c d n ~ B .

1 VA 1) 1-

Two of the  p r i n c u r y  d e t - - u-no i u i n g  f a c t i - , - s  f or  r u c e m o r y  r equ i r emen ts
a r t -  t i c  I t N i l ~ cur : n u n  ‘ c c r of ~m c d c - p c - r c - l e i m t  fli ght  p ; c t l u s  th e- p r o gr c c mn t i tu s t
con s i der  (b -h I - l~~-~ ) cc  no d t i c -  n c  x in  ui c c  ci m c i  h~~r of b s l i m i c t  g r o u n d  weapon
sit’ s t ha t  wi l l  be us -d ( . \ - lAV~’ I ‘N ) .  — p to ~~ s i c u m u l t a m - o u s  i ndep enden t

1 
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- 
- f l i g h t  p at h  t c ; c c k s  a ga i n s t  cm i i  t c -  50 individua l ground weap on s it e s  c- an

be s i i m u e i l a i e d .  M c c r c  t i m - t i m  c c i i i -  t~~ f c  xac f t  c c-r i  be p lLt c- -a on a g i v e n t m - ok .
M c c r e  than c -t ie  gun b l u e  or m is s i l e  l a u n c he r  can be located at one ground
}, us1 t  lOu -

j h e s e  two l i m it s  d d e  r i u m i c t e  the  s i c - c c  requi m - er cmcnt s  of 12 l a rg e  a r r a y s
1-bi ch of these  a r r a y s  cc r c~-~ a to ta l  of ( MF PN )  x ( M A WP N ) words of
I i i e  c -u c c x - y .

The l a r g es t  s ing le a r r a y  in the p r o g r a m  is Z (for st oring future
c-vents , pa s t  e v e n t s , a m , : l a r g e  data  t ab l e s )  which contains 25 , 990 words
of u c i c i m i u r y .  This can  be r edu ced  to 12 , 000 if u i e c e s sa I~y. Howeve r , the
s u c  a l l  c . - r  the s1-c a c c c  a l k c c - r c - d to Z , the more care and t im e that mus t be

• t - ~e - , m in the p m - c - p c - r a t i o n  01 t l ~ f l i ght path data . The data packing
t c - - i d m c i q u ( ~ used  n c a k c- conve  r c i o u c  to othe r computers  d i f f i c u l t . In spite
of t h i s  u f i f f i c u l t y , c o n v e r s i o n s  have been ma de to CDC 6400/ 6600  and
1 d M  360 equi pment .

E V A DI d  II runs on due -  Bal l is t i c R e s e a r c h  L a b o r a t o r y  E lec t ron ic
- - ; r - i c - n t i f i c  C o m p u ter  ( BR L E S C)  and is v -r i t t e n  in  B R L E S C  2 F O R T RA N
(i- 0B. i ~AN IV m o c ij f i c - c  ). Pa r t i i l  t e s t  runs of the model a r e  c u r r e n t l y
l n - i n m ~ p c . - r l o i - n m e d  on an I J IM t c c U and a CDC 66 U ( -c . EVADE 11 requ i res
81 , lU ic words  of c c :  c - c ~ m e r  l u c o c c i u r y ,  wi th  each word  hav ing  at l eas t  50

4 b i n a ry  bits . The m d c  N i m u g  a c h e  l i e - S  used  fu r  the l a r g e  nurnbe r of ~ u b —
SC - m i n t e d  v a r i ab l u - , ;  a r -  c l us e ’~y C ed to the s t o r a g e  and word  pack ing
s e l e d u - -~ s e m c c p loyed.  Use  i s  01c c- ie of the l a r g e  BRLE S C  compute r w o r d
o f o8 L m c c r y  bits - l i e  m c c x  ng s c h en u e s  have to be extens ively modi f i ed
t h o w  i- VA D E  Ii to f i t  in to  ov e r t  a reasonabl y l a rge  computer . Thus ,
c o n v e r s i on  f r o m  the B R !  i - S C  t o  another  c o n m u p u t e r is somewhat  d i f f i c u l t .
It may  be- poss ible  to a dap t E V A D E  II to computers  that use a smal ler
w o r d  s ize  b y d e c l a r i ng ,  the Z a r r a y  to be double prec is ion .

The pack ing  t e chn ique  used in E V A D E  II is s a t i s f a c t o r i ly documented
r n F~~_lu__t u o n  of A i r  Dc. I c  u s c  Ff ~ 1r’~ene -, s (I \ AD~ II) Digital Simu la tu on
f o r  A i r c r a f t  S ur v iv ab i 1ij ~~ d r a f t , Sept -m h e r  1972 .

(dX) FIA I
4

T h e -  hi gh l y e f f i - i - n t  s b c r ;u 5 e  of data in G L O B A L is achieved by da ta
p - i C  1~~~1 c ~~ - All  i l i p i c t  d r i c  arc n u a i n l a in e d  in core  in a packed m ode . Over
5h’~, ol 1 1 c c -  8, 000 t - x e , o m t c b l e  p r c g r I u m s t a t e - u ;  c 1 m ; t S  of GLOBA L a d d r e s s
d a t~a p a c l c i u c g  cmuuci  d u n 1 c c , c  I c i n g .  Th c-  ma jor  p r o ble m  presen ted  in this

I
i t  -
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~i u t t i  ~ t~1 r p c k i n g  is the  h a ck  cd cons i at  c- n c y. Several  ele m ents of

i- c c c i  s - c c l  b i t t  c - r e -  m n e r o e d  t u c t c e i lu e -r and s t o r e d  under the same
m t - i c  cc , n c ma t- . nig  di c. p i c .  g c -~ m u m  ex t  z i c  e l y d i f f i c u l t  to analyze or a l ter .
A , -~~~- r - us e- t he  d i t t pa c-I - m u  c -c }t n l qu c- s u t i l i zed  in GLOBA L are
c - c - - I i i  c z c l l y th - s i - gn -d f i r  lt C on t r o l  l ) u t ~ Co rpu i- c - t i ic m achine ,

of C L ( c dA i~ \v c u h ! be d i f f i cu l t , r equ i r ing  almost complete
~-pr u -~ r i m , !  m u g

J be u t c i - h  cc . t e - - i c h c ’ j ’ j u e - s  USC I i i i  GLOI3A L are not docum ented.
be - co - [-~ r - , the  ic,1i cwi 11 c-c - x i u , p  I t S  a r e  presented mc. s pa rt of this

i u c  I .

— —  M a sk i ng  v a r i c -b l e 3  to  r ‘: l - L l  Cc - r t a ~ n conti guous  bi ts  — — 

-

D e s c u - i pl i c - i m - —  

-

- T i m e s  e- s c 1 1 l i e s  a i t  i c c -ru t ifi  ed b~ t i u e  I e t t  er M follower n by fou r
— n iu n i b e r s .  ( Yc Jy the c - : a i ~i — i c e c  I b - c  L t a  a r e  c o n s i d e r e d  in any c-f these

n u

~~

s i-~~u , - ) b i t r a t i u m c s  and - - , - I c c U ~ c1U1c ~~)E: i5  of t h e -  m ask ing  va r i ab l e  n a m n e
j - c e  n t i f ~ \ - i c j c l i  of t h er e  8 m c i - c  ‘~ . i i i  be i-n aSkeL out ( se lec ted)  and which

4 ~vil1 i~~ ct .

The f i : - st  tw o  nun cbe  i- c c i den t i f y \ c l u e r c  I c e  m as k i n g  wil l  s t a r t
( d i ce  l e f t — m o s t  i i i  of ti u t ;  18 l ) m t ; c  i c ~ C c c u m s j u i e r e d  hit number  0) and the
seco~u c l  two  n u m b e r s  a r e  the no; cl c s  c f  bits to he sc - icc - ic - b .

d i x m n i p le —

V a r i a b l e  Des c r ipt ion Octal Conf igura t ion

M 0 l 1 2  Selects b i t s  1 t h r o u g h  12 377740-10 zeros - B

- - M a s k i n g  v a r i a b l e s  to delete  c e r t a i t u  contiguous bits --

D e s c r i pt ion —-

The e v~ r i a b l e s  c -r e  i c b - r d i f i e d  by the ‘ - t t t - r  NM followed by fou r
u i ’ c u c f c e - r r  - Onl y the ri c I t  — ;  st 4 8 bits a r e  cons idc -  red in any of th e -se
it  ;cs kin g op e - r a t u  uns  an th e  f o u r  nu i  ; l c c - r i ~c of l i i  mn as  k ing  va r i able  n a n i c e
i b - : ct .  U w h c c h  of l i c e  i ) c i S  - c - - i l  I n i t  be rnasi-:ed out (d d e - l t d ).

I
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The f i r s t  two numbe rs identif y wh e re the bit deletion will
s tu r t  (the- U - f t  bit if t h e  4 c- b i t s  ic -  c i c n : s i d e ;r e d  b it  numbe r 0) ,  and the
s - c - u n c ;~ t wo  c -r e  the m i u j u c h e r  c-I b i s  to be deletc-d .

in  cp le — —

\~~ r i a b lc Descript ion Octal Conf igura t ion

N M O 1 1 Z  D c - L e t c s  b ite I through 12 Not M0 1l2

-- Shi f t i cm g  var iab les  - -

I ) -  a cr i p tion —— 
.

The first two c-b c r ;t ctc-  m s of t h e  v ar i ab l e  no me (ML or M R )
i n d i c a t es  a lef t  s h i f t  j i t  o r  r m g h L  : i u i l t m i ; - c  ~~ r i a b J e . The ri ght two

— I t . - r~ d e t e rm i n e  the n u n f b t -  F c i i  bits to be ~1ci f t c - d .

E ach v c t r i ;u b l t c  is l o ;t d e c  left ~-~s t i f ied  \e- lth a fou r  cha r ac t e r
tal m m c i , i n - : -  . Thi s V , i  j - i a ! 1  w i l l  be at t a c h e d  as ~t n  exponent to the

vo. r U d i c l c . - t -  be sh i f t ed.  It  is i t o  - bias ed by 2 , 000 fo r  lef t  sh i f t  v a r ia b h- s
and by 1 , 777 fo r  ri ght sh i f t  va-r i  u d c l e s . R e - ; ;  a - - c- the bia s by s ubt rac t ing
t h c -  b ias  cci exponent (c orn th e  bi~ s. The c i e - C i n :  ~ l e quivalent  of the
un i  i c e s e d  cx p o r c e m u t  t e l l s  voci the nuiiih e r of bits t i  the lef t  (for  a pc-s ~ti ~
n u m b e r )  or r ig ht (fo r a n e g a t i v e -  u l u c ! c ! i e r  ) to move the  b ina ry  point
o b t . t i r u  the t rue  b i n a ry  ~ dcc-  c-f [I c e  cc- e f fi c i e n t.

Examp le - -

N a m e  ~~~s~~~~j 2t ic~~ Octa l  C o n f i g u r at i o n

M L  12 M ove  left 12 bits 2014-16  zeros - B

Bias Bias c-b Ex p on au it  Shift V a l u e

2 000 - 2, 01-i - 14 = - 1i~— 

8 10

I
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U s a g e - - -

-~I t f i  t h e -  in t ege r ~- t  r ia b lu  l T A  L h -It  12 bits

-\ I\ A L . (5- k c  - M L I Z

I VA L = Il- IX ~X .

-- - M a s k s  to s c - i c - c t  ce i~ ~u i u n  con t in gcr c.~us bit s and ri ght just i f y - —

i ~c- s c- c - c  pt i on — —

The f i r s t  two c h at  c e t e r S of the v c r b - b l e  name ‘T MS ’ 1 identif y
th i s  type u c f  va :n ble . A g t in  onl y ftc u i - ~I c- 48  h i t s  of the va r i ab le  t6 be
s h t t c -  ci re c - a c u s  ide red mi nd  t h e  I -j u i -  i c c u i u } c - r s  c-i  1 1 c c .  m a s k i n g  var iab le
mi ~~me i d e  c i t i f y -wh ich  b i t  ~ ~~

- c l i  be - e l e c t e d  and r i~~h t  j u s t i f i e d .

The 1; c s t  t U n u u : u  bc- rs u d e - i t i  y wi - - r e  the s e lec t ion  wil l  s t a r t
( the left  b u t  of t h e -  4S bi ts  is  c c . r -  , c ’i e r e d  bi t  numbe r  z e r o ) ,  and the second
two  c u w  c c  r s  ; i i c .  Ic -c ’  ut i c a e u s  t o  be 5 ( t i 1 t t c u j ~

Ex -  ; u ~~ c I c -  — —

N u n e - l c : u - c ~~~ h i u  Octal  C o n fi g u r a t ion

M S O 1 O I  f l i i ; t  c i r c e  bit s t a r t i n g  at 17212 — 15 zeros — B
bit n m t u u c - b t - r  1

u t i a s  I ;  cu ;c c - b  h : :p c  i c  emi t

1 777 - 1, 721 = 56 = 46
8 10

Ru bb t  j u s t i f y the s econci  bit of ti e- i n t e g e r  v a r i ab l e  IVA L.

X = IVA L . . M S O 1 O I

IVA L = I -~I>~ (X)

19 
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The-- GLOBA L model is c u r r e nt l y maintained on a CDC 6400 series
c ccr fl p ut e r S y st  c - i c c , w i th  6~~, 000 wore - Is  of core  ste rage  and approximately

000 u d i l i t i o n a l  w r ( ls  s t o r e - I on a u x i l i a r y  dis 1c. The sim ulation is
c c l  t i -n in 1- ( ) K T  R A N  IV .

C U M M Y N T S  01-i S I  0 R A( ~~E

All  t h r e e  m u c u c l e l s  u m c e Soi tce  f o r m  of data packing . Thoug h packing

~c -c r o u - m ’ a t j o n  into all ava i lab le  w o r d  sp ace gains  economy of stoi~~ge , it
h i  it s  the  f lex ib i l i ty  of the model .  It requires  addit ional  computer t iirte
t o  pack c-ne! u r u p - ~ -ok t h e s e  v alu -s ; howeve r , the t ime required to r e t r i ev e
dat- c fr c ~u u ;  p er i ph e ra l  u i e - : i c. -~~ is L a r g e  c o u : c p a  r ed  to  t he  t i m e r e q u i r e d  to
unpack data s t o r ed  in core  u l u o n o r y .

4
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S EQ U EN C I N G  SCHEME

- A ci u m c p c c t e r  s ic i u l c c l  c-fl of c o r u ib a t  must  (O n t ai n  a method for
se :~c u c u u i i a l l y p r o c e s s i n g  t i c e  n y r i a d  in -u d i ~ -- i c i u ,1 ac t ions  and events
which  make  up the t i t a l  b a tt l€  p i l ur e . E v e r ut - s e q u en c ir s g~ ’ and
‘ ‘T i m e — s  e- q u e n c i n c ~ ~c u e  n an)e . c  given t o  t v - c -  c o n c u n c u n  i u c - - t h - i c is fo r
a U ,w i n g  t h e  s i r  c c i l u~ lou t  of pr c~~ r e-s s in a log ic - a ’ m a n n e r . Which
n ethod is used  ona d the  de t a i ls  of t h a t  me thod  a r e  exp la ined  h e -  r e -
fo r each in ode 1 x- C-~. -: -~c eel -
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Sj -oU l - N(  i-~~: S h l 1 I - J~t E

C A L ~~ - ‘  . - ‘ i l } c -

I TE is event -”  - : ; c c c - i c c ,cd as i i s r i u g u u c t a - - d f t c ~~ i t i r e- —
I ~~~- 3 n~~c-~ c - c -  t~ ~t th~ c - ~ 8ing s ’ quence (i . e . ,  the c u b i t  —

~ - inc - }u  s ubun le -I s  t r e  c - > e r i - e d , ) d c 1 . c - u c d - c  on c - V e i i t~ r a t h e r  t i c a c .  the
u u  ss ,nc of c-fl ar b u t  r ;: - y t in e ic- i-~ i,ci - An event is the te n - u u i r a - i c t i on  ‘0

t i v i t y  5101 i t  ici t i _ r u t  d c - l u tes th e- po tent ia l  c u i c n l c t i c , u u  of an  c i : t i v i c y
o r a c t i v i t i e s  b y Ii uni t s t J~ ~ t 0 . F ar  exa mp le , - ~ event can be t he  

in c- t i c -n  ,f the  t in e- of u l i g h t  (1 . e . , ii c c i c - c - t ) .  At  t h i s  point all un its
in the La c -ge t  a r e a  ar e  a - ,s es se- ci - They each ;c ~~~y r et  porci , depercdin~
c-i t h e i r  t~ - c~ - 

j~ d i f f e  r e n t  \va y s - The c u n  c- te — - - - e l c s l c  the res p u i s e
is  p r c : U i c t c - d  and t ij e  c c c  I r en t  t i c - - c- p u - c-~ the ev e r t t i c u i c -  is e s t a b l i sh e d  as
a f u t u r e  even t  fo r  C~~c - l u r e - - S )  - c u d  cc g un i t . Thc- time u- c qua red f o r  t i e
ac tiv i v of dau-i-rag c  a s s e s s c c c e n t  ny t h e  f i r i ng  cc-~it l i - - i - w i s e  - - il l  de t iuc - -
a - :t c i - - - event k r  t h a t  c u d ;  (c . g. up dat e - -  i b c .  c rc - i t s u u c : e i l i a e n c e  to
it a l i c - c u -  tha -t  t~ ce t a c - g c - t t.o l u c i a  d e a d i .  ~~~~ RMONETTE activities li ve-
b c c . c  i li~ - d l e d  into v -  rv sb  rt s c b c c c t u v i R u - - - - For examp le , the act ivi ty
c-i wea pon s c-i c c-i i~~u c c - c i t  h a s  ~~~ c-u div-ided into aim (or r ea lm ) t ime ,
r e loa l t i  i i l e , t i u c e ox f l i  g i ct  , c - r i  c R - u i c c c - g c  a s s e s s  -c-n t for  each weapon
t yp - a s s i g n - i to a ‘r o u t . In a lc a c r  r r c - o l u t j o n  sirc u l i t i o n  t t ; e -  a c t i v i t y
of We - ri p- - c u  u - c c  u n i o y u u r e n t  i i ) ag c- - - c- t i  al l  the above s lu t o u l  ;v ut ie s  c - f
an en t i r e  uni t into a sin gle a c n i v ~t , In ant  ev e n t — - - c u e -n c - c d  model
t i t i c r i -  i s  no need to e:-~~u - c i n e  t i cc -  t i c . ; ’  int e rval  he -~:w c- -n events or query
all  of the- units to see  if  t h u - v  a r .  d o i n g  a n y t h i n g .  A model  on a d ig it a l
r o n p u t u -  r cannot  use c - - J y c o c c i  , c c o c c u s  t ime v a lu e s ; the smallest  t ime

esolu tion  p o s s i b le  in CA R M O N F T T E  is 1/4 u u (  u : c c c u l c -  (1 1(2 ) 12 ) .

- - f i n - r e  a r e  three-  g e n - r a l  types of ac t ivit y wh i ch occur  in the model :
cu c l i t  I p c-  c- c t ions  (mount , c - n c !  c c  -~ cuc i t  , dismount , end d i s r c u o u n t , ve’r t ical
ci It i tude c h a n g e , ru c ov c -  - h ounda~-y c r o s s i ng  - s ur v e i l l a n c e - -  - d u n n - au- i c - c - —
t i c - n ) ,  \vc: ;c p iic a i t i v i t i e  ( t a r c ; et  s e le c t i o n , i c - c - cl i n g , a i m , end aim , f i r i n g .
inc -pac t , ass  c - s  s n n - u c t  ). and t ac t ic s  (out of cc n r c  c u u u i t i o n  , mis sion cbs u cge - ) .
T u e  eve nts fo r  e a c h  of t h e - sc -  : c c L i v j t i c - s a r e  n i a i r i a i n e d  b y t in -  use of
t ’-v r : ive clocks - r u ) t v~elve event code r e g i s te rs  for  c -- a c -h un i t .

2 2
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The I c-u c c I e - u s  i - n o r  lI e d  by n c n u i u g  all c a n ’ s I c lucks  to fu nd  the
n u i t c i r i c u c ; c  t u t -  ~c: u- e i te-- u- t h a n  or c c - i c - i l  t i c  l i e  C u r t - c - n t  t i~ c c e - t . The

l u V c i _ - a 5 s c , u u t e - c :  i c i t h i  t i c - i l. u i c - d c  is sc - i c c - t , - c j  c ,~ l i c e  s u u u u u i a t i o n

~c c - 1 0  ,. i c - c u e  vie - i tt. a a r e  n c . c c - i c - u u u c - i J  r u  g c u u c c - c c~n t r c - 1  cells KT IME
i 1 t d  u - C 1 1 1 - . A d c ; i t i c - c c a l i y ,  f l i t -  ar r a y  J A i R I B  c u c i u l u i n s  th e  c u r r e n t

c - I t  c i b c i t c - s  u f  e a c h  c . c c u i , c i u u u  c c u - u y  I I I L I I A I( c - c i u u t c i i r z s  t i e  C u - i c  1 c u l l !

u - r e i n - i  1 d e s c r ip t i on for  t h u c  ca ts . O t h - r  a r r a y s  u n t O  t i c  con t r o l  the
u - i  c l i n i c  c u r e  d c - , c r 0 c - u i  i n .  t i c - 

~~c e -  i c j : i e - u c t s  i c CA j < \ l ) b1~~f TE  IV and
~~~~A i ~~~~~ n ) ~~~c I - TT T-l V , “ Cc-c-rd a t l  , uc  D r a f t , 11 h u e - i c  l~ - -  r 11)71 ( R A C ) .

- 
‘‘A DO

EV A D I  U is t i u i c c  - c c - q c ~~- ic eed , using a fi~~e-ci i ti c e  i u . c r e u ce i c t  which
is --  ~c c- c- in t i n -  input . The i c c-d c- i  c c - us  by p r o c es s in g  t h e s t -  tOn e  i u . c r e - i c c - u t s
One - - i n -  r the c-ti c er , c- nd e c - c c c u T c c u - i r g -  a l l  of t i c  units in tu r o . If a uni t  is in
inot i u c , 0 is ad ~- c tn c .  a dis t c u u r c e  a long its pc-th -cc - l i -c-h is ap p r o p r i c t  e to
the t ic - i c c  i c c - - c u  n a - c t . If cc c uc - c i t  15 s l i - c  ic- ru~ a l i r g e t  or f i r i n n & , the t u n u i e c
i u i c n - - u c-u it is- i i v c l e -d  into c u T i e r  ~~t - uie - to t :u ) - a  a d s  a r t  f t h e -  s h o r t
t ; i c - - . , c a  s oc i ac-ed  v.- - i I  P l u i i ~ - c c  - c ~ c -t i on  , p r - a d - c - t i l e  t i c  c — o f — f l i g ht , etc .
T b -  o i - d e - -u - of pu - u c -s c l n e  t i e  u n I t s .  v ’u t i - ; u i .  a tic c - inc ; c-m cn t , is f i — - c i

by t i c - i ; c h i c ; r  ; t h i s  c c - n c  c c c - ~~c c c c c  h i s  c t u e n  t ’.c’cc c u c ut ; ;  have i n t e r a c t i ng
c - e I u u - c t i e s  v.- ; t t c u uu a s O c  i c  tj ; ce- j c- e - cre - u u u e n t .

For  the  a i rc 1-i f t  v ’ c p c -ns , c-he t i n  u n - -  c c i - p e c ; d e u u t  s c - c p a - i c c - c  c f  events
of P c - ;  p c - i c e - c - c it is t i c ec f o i l i ng ;  The p i lot  c c i i ’  t h e  r ecn - i -1-ct of f i r e - -
o r dd e - - u I s  a g r o und i c r 1  c t , h is  n c - c u e - l ion  tim e u- l ap s e - - s .  he f i r e s  his
v u -  u p on  - t i n e  - i f — f b i  g l ut e l apses .  a n d  at t rit i on  a c- c - ulatcs until ti e-
, - n l a e e c  c u l t  u s  t e rn u in a t  u - u I .

Fc-c r 11 c c- g r unt! w e i ; c c ;uc - , t i n - c c -  nu ts  lu re -  l I c e - c s , - : t a r g e t  d e t e c t i on
( v i s u a l , ac -oust-i c , in f r a  red , or r a d a r ) ,  c u e  c~cuh-  i t l  u - unma s king ,  el apsin g
c-i v. eapo c i  s ys t u - u n  r e- i c c - t u e - u n  t i n e- , l u  r g e t  mo v in g  i L t ~~- nr c-u x inuu u n  ~- f l e - c i i
r r l u u I  c- , p r oj c - c l u i c -  o r  m i ssi le -  t ins  — o f — i l i c - I c t , -a r r i \ - u -4 at t h ~- f i r s t  n c - n  ep t
p c - t n t , a nd sub sc u - 1 c c c u i u i r u i u t ion  of a t t r i t i c - . i  ( c m  pr o l i c b u l u i v  of kil l .
1 h i~ p r ocess  conti e-u c s u nt i l  t I~ t a r g e t  b u ~ c - c - c - i c - S  l i s P e d , gee - s i c - i c c  a

dc -~~d zo o- , i -  scnppu - e - s s c -u5 , is k i l l ed , r u c u s  u c-t  of c c c  c c u c u t i u f l c . or ~ c u C S
( c c c l .  c c  ra ru cj e .

Th c- r c i o d e - l is s c ; r c ; t ~~v e -  t c u  ‘l uc lc~i~c-th of the t O - c - -  s t e p  ch ose -n .
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- - 1 - - P u T , - I I I  of c , I . i d J ; ~~~! e- x , - c i t u s t t u -  b a t t l e  s c u - c u l a t i c i n  by 110c c- -
S d i e -  c~ i - c ’ , s l n c j t t r  t i c  ! c-Vcd)E , a i c d ic u c v : u i e --S a m o e — s e q u e n c e d
Ii ic-c ry  e - u f  P c u  j c  c i -  U c l u  icc c - V Cf l S toge ther  w c t H  S urnrna ry  t - c h i c - s  and
S~~i t i 5 t i C , l  n ’ u c s u t  - - c o l t s  s ess~ n g the - -  c - c u t e -  i c e  of u c - ,  s u n n u la t ion .
The --  Siru u c i u c u c u ;  c-if 11 ,- b a m c -  S e - c l  i c - i c - c -  of e v e -  i ns  is pe r f u r n n i c - d  by
S - 

~ ced i t i t l i ’.- p c c  e- i n s  i c -a  t i c  e- i i  ‘~-e- u u j  u r  s ubnuo cie i s  : ~1 etc c t i u i i c

S c I , - c I - - c c , l i r e  i c c l s S u - u l c , d a c u c ; c p c c  : i s s e c s s u i e n l , ~tn d  g e - n i l e  up da t e .
C c - u n - il u c - c t ’ O n  of n c - n e -- c  - c-nt r e l a t  cO to a t L u c k i n g  units is imp lemented

ci t i e  c i s c -  of v i - u i l ~ i l O - ; o r ex -p cu cu e- l e v e l s , e .g .  , if a c o o r d i n a t e d
h c c i i c - op t c- r is d c - s i r e d , c c - r u )  i - p - c  ir e  i u - v e - - l c c  cc-i ll be o ive -~~ ct  a hove r

t ic- C ~~f O~F~~~
u
~ ae -~o~ a c .  - 1 cc a t t ack  is re - c e - d y tn  be c - r ic :d  out . -

‘IV c . .  .ue - s  ‘1 .1 us cl ~Old c i- i c o a ch -  by t h e  peal  u s cu b r ou t i n c .
This s c c b r u c c t i n e  - c p n u c t c - c -  th e-: pos i t ion  and s ta tus  of 11 pc -n .e  units
O C C O  C u i n g  to e - -  c - u - c c t s  that  I c a v e  c -c cu r  r ed in t h e  cur  rent  t i n ;  -c the r eru n -u - i t.
Th -r e - is ci c i i c u c u l l i C a f l t  Lr e cI ~d c ;c - c in (4 L0 iA L T S a t t r i t i o n  log ic , which
b i u c g e s  c -u  the -  c - h u u j c e- of the ic -pu  i n c rer s-nt  Ic-ng ti c . This p r o b l e n n  is
d i s c us s e d ifl u i c c l a  c i  l a ter  i i t  this re -p o r t  w i d e r  A ‘ IT RI  ION .
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I N T u IT DATA

The c l o t h  r eqt -d i- e - - u c c - u c t  I n f  c l i C l u of 11cc- mode 1~ is described in thi s
p i - ; t i O un of the repor -t . The  s 1 - c c c O i c  input  f o r m a t s  and the nurinbex - oL
~t c m s  c-f i c ; f e - c r u - c t i c , u c  f o r  c c c i -  e. f the  p a r c-m e t e r s  fo r  each model a re

F - 

a c t  d i s c us s ed . A b r i e f  c ; ;  ro c - c - t i c - n I  to t i ;e  data edi ting or other
p r c a c c :- ss i ng  pe r fo  u - i ced by c- c u e O  mode l  is provided . While a d is t inct ion
is i c - c - d c  ~c cc t \vc c - c c  I h e  Ls. p u i t  d a t a  discus se- i h e r e  and the  submodels
d i s cu s . ed l a t - r , i t  is l l u e - r c c - l~ fu r  p ur p ose s  of sequentia l pres ent a ti on .

- -  I - - 
—~ - - - 

— 
- - —- c -n s i d c -  c- c i i u i i m  of ~ s u t e - u c c c l e l  cctnnot be s e p a r a te - c r  f r om  its input data

)e causc- the model log ic  a s s u cn - s  a p a r t i cuLc  i- vic-’a - of the wor ld  as
Cu ~n~c c - r n .s input  ( :at ; u . In a c ld i i  i c c - i , s or uuc - -  d i u t l i a r e  r eq u i r e d  onl y to
pe r : cI t  0cc b cu i -~k e - - - 0 c c ’ 1 l u J u c t ;  on and have  no ~ n c c 1  sig in the ac tua l
com bat s i t u u t i - ; . u -  hc-~~fl s i u c i c i l c  t n -d . (rt }u u - r  clat c-u a re  i n h e re -nt  in real
a i t uc -t i on s  , cuI - p a n i za l~ ons , or cc-p l it lOns c - u n , i i  t h e se  cases , a r e
i u c - v t - r  exp l i c i t l y de f ined . i- or the i u rp o s e  of a s imula t i on , however ,
I l - u t - -cs c b o o k k e e p ing and i u u ] i c - r e r i t  data i tems a r e  requi red  to re p resent

• r c -alit y. Th e s eu l s i t i v i t - ,’ of a co de - I to both t i e  bookkeep ing and  the
inhe ren t  dccta is  jus t I ts  i m p o r t a n t  as its s c - u u a i t r v i t y  to equi pment
c ha t o  etc r is Ii c-s -
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1 N I - I J T  DATA

C ~. ~ I’ t .  - l-:’ i -j- T-:

The  c c - c l u~1 C A R ’ e- ’ P ) N I l Tl- . r u n  is g e n e - r a t ed  b y a c a r d  deck which
c I - I l n i c S t h e -  • u i i i p lc te s e - - u c r u n ri-: ,~ This  input  d e c k  is p r o c e s s e d  by the
f c c - s t  p u - c - p : - c c e - e s S i u r  p r u c : C l c u c u  i (  c r e a t e  an i n u r e -  I - Ti e - l i e - d c data tap s. The
Uit c ;c c -d ia te  e-lata t c -~

-o is t h i n  U s e - a  as l u p i n e -  t u  t i c- s e - - c o i~d p r e p r o c e s s o r
p r o g c c~u u : , w l c i ch  ;:cerf o r r cn s ce -n : . e i - n : r  scan  of I i -  i l c p c ; t  data and p r o d u c e s
a c I t e - a l  c-Ui  i_ -u t  c c c l i i i  t ap e -  to be r ea d  by t h e  b a t t l e  n c -P c i , The bat t le  m odel
a l so  r e ( r U l r e - 5  c e r t a i n  simc-J  :it u c on t ro l  d c - t a , c-c ue - d c as t he m a x i r n ui n
b e - O l e  t c u i : c , u l u ’ e - t i u e  r of rep lic~u t i o u u s  - and  o t h er  ba t t l e  t e rmina t ion  data .
T h e - s c -  c i a l  u l c - c-c - e n t e r e d  on c a r d s  at e x e c c c t i u - e -  t ime .

T a t t e r  C A RI .c O N  T -~ 3 TIP run s i ce- v be gc -r ;e  r e - l i d  b y m a k i n g  c h a n g e s  or
C c : u u u I - i l u S  i n  a p r t ~v 1c c a s l ~c c r e a t e d  c u t e -  r u c ~~~ ,n  u~ c c I : e -  t ape . The de s i r ed
c } e - : u r u g u - S  a r c  p r o c e s s e d  l y  t i c  i r s t  p c - c -p r o c e s s o r  to de f ine  t i.e - - new
a ct - i a  r ios ,

A c i u t i t ~ on a l  data a r e  c - cr  c - r e  d on c a r d s  to the p o s t  p r o c e s s o r  p r og r a m
in o r d e r  to p i c - c l u e -  e i i  i i op t iona l  o c t i c c ; t  s.

cj I cC  i n i t i a l  C A R P ~~;-N IdTTE i c - p - u t  d a t a  c - o u : S i c  t of a f ixed  por t ion  and
a L rp e - r p o r t i o n  wh i c h  i s  v a r i a b l e  in c iuan t i t y. The l a t t e r  depends
p r i m ar i l y on t h e  z i n c - h e r  cd u n i t s  b e i n g  pl a ye d , t i e  n u m b e r  of weapons
and s e n s o r s  t h o s e  unit ’— e gi - i en , and t h e  c -n i t  t ac t  i c - s  ( o rde r s ) .  T h e
fi  - e d  ic :p - at  r e qu i r  e n c -~- n u t  is e - s s e i u t i a l l y a d e s c r i ption of the t e r r a i n  (g r id
cu q u a r e  c h a r a c t e r i s t ic s ) .  The inpu t  pa rc ~ n i c t c t c  rs  r e q u i r e d  to run the
CA R ~ -N , I N L T T E  s i m u l a t i o n  a n- c s u m m a r i z e d  be low :

W E A J) C NIi CI - TA R A C T EI U S TI C S

Weapon t y p e

Ran - t (ntin , I-flax)

C r e w  size

27
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A im  I i x i : e - -  ( n i c e -c -n  and  s t a n d a r d  devia t ion )

Re -- — a n u i  l u c i d  ( c  c -  I i  a n i ( i  s t c u i u u l a r d  d e v ia t i o n )

Load t i n ; - - ( n -ce - an  e - u c d  s t a n d a r d  d e v i a t i o n)

N c - ls, .~d t~ u vc e- ( c l u e -  . to a n d  s t a n d a r d  a e v u i t t o n )

A - .- - r c-~-. c- c e I - i t y  c - f p r oj e c t i l e  
-

A c t c l i c - r v  I u c ~~j u C  I c - n c - a  s ize-

Or u e r , t u r i c c l 1  of ;u r t ille I-y u l e - p c - C t  a r e a

F i r u n g s c e-t O  c - t c u i t  ~fl a  c l i , smoi<n - , dus t .  etc. , fo r  d i rect
i cr e  w c - a o c - rc a o n e - i - c, ) -

A m ;u .i u u u i t i o n  I - , p (2 t y p e s  p e r  w e a p o n )

N u m b e r of r o c l u c c i c ,  PC r tr i g g u c  r Pc- I

ç Ni  m l  r a l i co i t  i c c :  u -u  i e ht  p e r  r o u n d  ( I . g. • 1 f o r  r i f le ,
5 f o r  m o r t a r)

I ‘UN A C CU R A CY  ( NON A R TI I L L P Y )

For ~ a u -h  w e ap o n  t ype  t h r e e  cards  a - e  provided.  They
a r c -  t h e  SD ct c c c -  - a c e - c - I n  e f f e c t i v e  range- , at . 707 n n n a x i : u . c r : c
c f f ec t i v t-  r a ng e , an d  at  z e ro  r ange  fo r  the  fo l lowing
s i t u a t i o n s:

F i r s t  r o u n d  ( s t a n d a r d  d e v i a t i o n )  f o r  va r ious
to u - p t - I  po s tuc-es and anlmn u n i t i c n c  t yp e s

S u b s e q ue nt  r o u n d  g i v e - n f i r s t  round hit

A t~ i F u a e q u t ~c i t  r c -u n d  g iv e n  f i r s t  - oun d n-u iss

28
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O R i ) I - ’R O1~ BA’I T 1i~

flu s c i  np t iom n c c i  u - c l  t t u i c k , r e - co l l ie  sa  r i f l e , etc .

1 1 -  ~~- w e - : u p - c r~ O t C aC  un i t

Qu c i u t ; t y  of i u a i u u  weapon type in the unit

A m n u c a c c - c c t i c r i  u- -app ly  (2 ty p e s  per weapon type)

c- c i t  S S C- c o c c i , t h i  u - i , ce-nd f o u r t h  weapon types

N a n e - u h ,c - r of c U i l u  in c c - c - l u  c i c c i t

r of vi-  i c i c l e s  in c -a c  I unit

N u m b e r  of me-n t i c a t  r c : u x c c l i n  \ c r j i h  e at - I ve l c~cle when
pas s e-n g er s  c i e - s u c c c -e - m n - t

Sic -c- of a rea  O C C c - p i c. P l i v  each unit when dep loyed

4 A v e r a g e  ac-ca p r - - s i  n ted to a v i s ua l  o b s er v e r  b y t he
l a r g e s t  - l e c ; c i t in l i t - -  un i t

Hei g ht of u n i t ’ s sen c-c- dev ice  a b o v e -  g round

Desi gnat ion  of t roop  c a r r i e r  uni ts

Des igna t ion  of unit s unable  to move

Desi gnation of uni ts  unable to f i r e  (e . g . ,  HQs)

De s gna t ion  of uni ts  in which t roops  dismount  when unit
is hit

Desi gnat ion  of units which  can call a r t i l l e ry

Desi gnat ion of u n i t s  to hold fi re until t a r g e t s  a r e  wi th in
hold f i r e  eec-ge

I
29

~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - :-
-
-1~~~~~~~ _ _ - ~~~~~~~~~~~ ~~ 

‘- .



[c \ ~~-~- D I - l hnN I U I  c c

- - i l - i - i - i  Blue ~c n c ci R e d  units lit u Lu~ plaYed

I a  c-pc - I c i ’-c s s

Vui r t -r a b i l i ty  c l e - n s~

lP i e c c u c - nit — - s j z c - l r c s c ;
.

t v l o h c i l i t y  c : i c c , s

F i r e-r e sp o n se  c l a s s

-j S c u u s o r c - l a ss

1~ei n s c - r  h u n c j , t

Ma x~ n e - e - u ; c  e- c e - e l i  p e r  v e-hi  d c

F r e -c c t i o n  of I - c c u c c  a s c u p o r t  unit  is u i e - c t  exclusivel y4
S up p c c r l i tc , th e s i r c e - e - l a t i - d  fo r c e

P1 i T S  KIL L A BL Y  A S ~ i N U c L 1 ic -N fY i Y

Des i pn at ion  of whi  - h c U e - I t S  a r e  k i l i cc b l e  a~ s e - n  g ic
U nt i e s , e . p .  , a i r c r af t . (Other  units  can have as

many as € ; )  k i l l a b l e -  c i t - t i  ents.  ) [ Developers repor t
that  t h i s  i n p u t  has ‘ac -e n d~~let e- d .]

D A N G E R - S PA T Y  T A B L E

Desi g n ation of s e r iou s  v u l n e r a b i l i ty , m o d e r a t e  vu lne rabi l i t y ,
or in v u in c . - r i u b i l c t y  f o r  each v i e - l i u t - r a b i l i t y  c lass  aga ins t  each
t a r g e t  c lass , in t h r e e -  r a ng e  i n e - l c - r v a l s

TI - IRESI-JOLD FOR R I-P~ I cON S E

N u n  u o c r  of r o un d s  r e q u i r e d  for  a ui-nit in each f i r e  r esponse
class to be p i n n e d  down , p i-oceed  with caution , take evas ive
ac tion , a b u c n - t  f i r i ng  run miss ion  ( a i r c r a f t ),  di-op to t r e e t o p

3 level if not on fi r i c ig run

Ic 30
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TA s~CET 1 ‘ Ih) RI’l’Y I

Ta u- u - i  c - i  u u - , n~ p r i o r  cy  m cl i- ec ich  d i r e c t  f i r e  weapon t ype

T l~ A l  N ~ - TA

I- c - v c . t u o u c  ( m j _ 4 i J c ) 5  f - - ~’t ) 
-

h l ~- i - T t  c-~ f e - - c c 1 u l j c e - .i ( O _ 6 3  f e e t )

Cc -y e  u ( 1’ - in ‘-  u S )

C once c l u c - - n u t  (~ ‘ -

Ci- o s s — c c u u : n i t r y  t r c - i u u ; c l u u l i t y (3 i c u d e x e s )

~ r a f f i c a t e - u l i c - ’ -  c~f r o a d s  (4 i n d - - c x c s )

N I l  I P 1~OBA N I T T Y  A N T )  A ’ - -i TCUNITION SELECTION

P r e - f e r c-e - i a n e - l u e - e - c - n i a c - n  t c :pc ic c  b e - - c u s e d  ag a i n s t  each
‘ f c c l t c e r a l u l l i t y  I f l h1 e~

N c N  p r u - - cI  b i L t i e s  o~ c:n it ’c in each  v i l r c ’ - r a b i l i t y  cl as s
b y e ach a e - c c c : c : c t i o n :  c a d  :‘c - p - c - c c  type

P R O B A B I L I T Y  OF K I L L TN G  I N F AN T  T-~Y

P r oh a hi l i t i e s  of k i l l i n g  i n f a n t ry  in v a r i o u s  n e t - c o v e r
i f l d c - \ C S  I c y  ‘f c I c o r i  and  a c c - c - c c c u n i t j o n  t ’ - c -e s

P R O B A B I L I T Y  ON I N ; P C A T I N G  D N A T F I

E s t i u n c a t e d  p r o c - a b i l i t y  t i c u t  a c n r c i t  w i l l  e- ~~l e - r  hit ( smoke ,
c - c c - c - c  f~~f e - , s top lea v i n g ,  e t c . )  i tS  1c c - t b  w l c C ’ f l  1-cIiI 
and  tic - c f i r e r  wi l l  m - e c o g c n i z e  it , r e c o r d e- d i c r  each
v ulr  c ra b i l i tv  inc -lex

31
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I ~I l \  1 - 1 1 1  iO()I) (~~~j - M O V I N G

A s s e s sn i t - c e - t  r i m e

Decision t ime

P r o b a b i l it i e s  of a - i i e - i t  m o v i ng  u n d e r  var ious  condi t ions

GRO r N D  M O I I I L I T I  ~
-c

S’t c p ~ (d c c s e -  th  re s i c o l d s )

Rate  in r u c c - r c - r s  e ;- second f o r  c - a c - l u  g r c -u n d  n e - c o t i i l i t y
index  i n c  e a c h  icc - ic- c l a s s

Di s c-i c c - n e t  (mount ) t im - nìe

AIR MOBILITY

4 Ai r  i n o h i l i c y  c l ass

flc sc c u t  t i c u -

Climb I - i c - c--

~v l a x i r r u c i u : c  - c l t i i u d c

A l t i t u d e  change i t  r e  sholds  (deg r e- c s

D i s i c n u u c - Y  ti c -ru e

M o v e u c - n i  r c c t e s

A l t l t - c d c -  above g r ou n d  ( c o n t o u r  f l y i n g )

Ne ‘V - e l  f l i  p h i  a l t i t u d e

32
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O R D E R E D  M O V I - M I - , -IT R A T E S

~c c  v & u u cc - t r a t c s I c - c r  gr o u i e - d  a u u d  a i r c r a f t  units (7 each)

“ i t c . c k  c -pc  c c i  I c - u i -  x ~u r  c c l  n c - i - a f t

l u - c - :a i c i i c -  u ) ~ lc , - - s  of ta i- gc t info r ma tion

Scan iic  r v  ci  
-

Solid a~c-t l e  i~eS.e - c ) l ( 1

N r u c e - i c c c c , i i  s c c s or  r a n g e

M j i c j i t u c c - j c u  l u  r p e t  so l id  ang le cu t  s e n s o r  -

P r o b a b i l i t y  of ~e - mc - c i c . - t c~c t i ru g a tar 1 u e - t

4 Proba ’i - c  r y of d c c  c c - t u e - p  bu t  not  p i l c p o n c t I x i g  a t a r g e t

Probabc  I i  t - c,r cc l dc - c - -  cc-tu e -p  al Il p i n o c c i n t i n g  c c. t a rg  c-L

c
Probab i l ic  ‘ tha t ~ . l :- e- r g et  is s t i  ili pmpoirited

P r o ba bi l i t y  t h c - t  a t a rg et  which has been p inpointed is los t

P r o bab i l i t y  that  a de tec ted  I c u e -  g et  is lost

Pr c d e - c - b u i N  - - of de- i~ -c t i n i ~: that a t~u r - : t  t is dead

P r o l -  c t u e -~~j~ -
- of e r r o n e o u sl y p i n p c u i n t i u c g  an unknown t a rge t

1 l c c ~ h a s  fi red

i c r i l : ,  b i l i i  ol p ic ip o in ting  c-n e r u - c c c u c ous ly p inpointe d i ce - rg e t
a f te r  it has  f i r e d

l n c c : c g e  i i : t c u i s i f i c  r data

33
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Bac k g r ou n d  r e f I - - c t a i e - c c

‘rue- u g c - t  c - c - l i c ( t~ c l c u : ~~

\ ‘ i s i U l c -  li g ht s c a t t e r i ng  and a b s o r p ti o n  c o e f f i c i e n t s

Radar  d e g r a d ~u L i o n  f a c t o r s

!{ada r p e r f o r u n c i c ce f a c t o r s

l’ype of f i r e

u’— - u o v e r c~ c-nt  d o c t rin --

C l i c i ge in al t i t cu de

a t e  of c i  c~ - i ne f lt

4 4 T a r g e t  p r i o r i t i - s

c Nuc -~h er  of r o u n d s  ‘ I t - c  h c -  f u r e d

I c - c a t i o n  of t a r p e t s

Locat ion  of a l l  u n i t s

Time of bat t le

I n t e r v a l s  of t l i  c cc  of ev e n t s

Order to stay at p - e - s e i c t  s ta tus  (w i -e n  app l i c a b l e )

Orde r t -  ski p f o rw ar d  or b a c k w a r d  a spec i f i c  n u m b e r
of o r d e r s  ( w h c - r c  app l i c ab l e )

34
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r i r s t o r d c - r n n c c u b e r

A c t - i c - A S  W i c ~~~i a c c l -  u- c c c c a  c-c t of a xe - c i i c t c i t j ~~~flr
L t - c a~ ic-i: -31 c : se ’apc  p o e - c e - i s

C O MM A N D , CON~f i-lO1~ AN D S UN - e-c -i  Ii L A N C E  C I I A  l iA C ’ i  i - R l ~~ TICS

cj nc . t : ce- c e - e - b c - r

- c c p ~ r e - o r  u c c e -~c c P ~U a r e r S  dcs i p n c c . t u i -

C ~i e - !J : . I  c l i - u l~~ CCS c u c c t t

Sub o r -1 inc -l a  w e - c u e - p - i  - S  c - J i l t S

Budd y i i a i t  d e s i g n e - c--

- Sensor  tv 1u- , c - i - c S S,  1 e - e i p l m t

4 Len gth  c f  c o r r e - i u cu c c at i o n s  cy c l e

Cc i u u m e n t s  ace- (N-’e- j I N - l O N J I T T E  i c - a - c c  d- c. c  fo l low:

~ ‘l u i c -  ccc  d a ta  p c c o c  - d e f in i n g  t e - e  m e a n  a c - u i  s t ; c i e - d a  rd dev ia t ion  fo r
va r ious  p u p c c l e - u t i o n s  a r e  input  \X ’~~i l out  d i s t in ct  I c - t  to tie - c shape , or
den s i t y f e - n c - c - t i  n u , of t t i :  di st r i b ut ion . 1 i c  imp l i c at i o n  of a c - on ce - cd
c i i  -~t 1 u  b c - t i c - c -- 1or  c - c - d c s u c h  popule t ion is t h u s  n o t e d , A l S O , much of
t h e  in p ut d a t a  is d e - p c - n u i e : i t  upon o f i u c  r i n p ut  p a r e - c c  a t e r s . For  examp le ,
de t ec t ion  p r o b a b i l i t y  is J e -p c -n d c n t  on scan  t i c c i c - - :  a i r c r a f t  d e s c e n t  and
c l imb t in e- c  a are -  depen dc- u e - t on 51 anne - Icc .  rd a l t i t ude  i n c r em e n t  c h o s e n ;  e t c .

R e-fe rence WE A P ON S  CITA RACT ERISTICS, m i n i m u m  n u m b e r  of
- - u - ce -en  i- c - qu i r e d  to se r v e  each w e a p o n :  T h e x - c is  no i np u t  to spec i f y a

r c - c l c c c c d  e f f e c t i v e n e s s  ( f c r e - w - s c - r v e d  wc a p on s  Wc -e - fl crew losses arc
s uc t a i n e - u - c l  ( f - . g. , i c ) r e - p c -r  load tina c~ a i r c i t u x e - c - , e t c . ) .

Refe r r i ce  W F T A 1 ( I N T  C J I A I c A C T E R I S ’ l  ICS , r la t i ve  n eu t r a l i z a t i o n
wei~: l c t :  Tie -c - concep t  is s c , c u e - d , p r o v i d e d  t h e r e  is a ci- c-c l ih l e  b a s i s  for

c t h e  d e t e r i c u u x e -  c - t i c -n  of t } c c s e  v a l u es ,

I 35 
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I c  i c c  e ORb) l~ ( b  - i A ‘1 TI  ~1- ., dv , - r~c ~c-- a r c -  - i  p r e~~ t i e - t e d  I c c  vi s ua l
c i O c - e - l \ e  r b y t h e  hc u - p c s t  e l i y i i c - i u t  i n c  I c c -  w i l t : One u i e - l c i  b e t t e r  s n i x c u l a t e -
r e a l i t y  by var-~ c i 1 ~ - t i n -  cc I c e -  W e - l I .  t hc -  v iew  a sp e c t  ( f r o n t , s c - ic - , or i - u p ) .

Ne- f~- r e c a  e U I u I T  l ) 1 S C P 1 V  ION , l u c a x i n u e - l u  c - u i - r i  per  v e h ic l e : The
i c - i c c a l t-  b e - l i i c cl  t i C  S t - i t t - i c  c c t  - c i  i - c  d u c - x n o - n ~ t a l i o n c , i x  th e- su r v m v ~~rs
Cc- c u t e - i t  l ie u~~ ci i  c i n i c a h i t e -ci i i i  t i e - c -  r i - i c  c e- i c - i n 1 !  ~‘~ l i c les , c - i l  t r oops  will

c s - i c c - a l i t  cue-c l c - r c a  c - - : !  as a u l c . ~~c u c c : t c d cu-ill , ‘‘ i s  u -~ , c - I e -  t c -  debate- .

ic r e - i c c  cc P I I R  i ~~~j  ~( )  ‘I c Fe - cR  RESPONS N :  i } c c  t er m  “caut ion ’ on -

f e - c c - n e -  n c c n e - u b e e-- 7 is a c- r ry o v e r  r a in  c m i  ec~r I u u - r  v - r s i u n  ci~ c l is n~ l o r e - p e r
cu r  i i i  n i : c l .

c ’ : A r e uc .c e TE N  lPt t iN u ) : \  TP : Ii two ro c- ‘:a w ~t } u  the s ;u c r c e t r a f f i c - c h u l i t y
- - - - . 1~~ f in ad e - u u  ct  gn - i d s  , a HIe - a r toin ci road w e - i l  i c -  s - I c u . c c l t t e d . To e - l l i u i c - - te -

s pos s- i  ci t y ,  c- t i l er  t I n c  ~c i cy  i - c-p t ic-- r , u l c c  , i t  ie -ni - l c t  bc - dc- s i  rable  to
:u S s c ~ r cc - cl  cc l  c c  cb - i ~ ~

P~efe i- c nc - c I - T ILL I PUBAB 1bLI  Y A N D  A M M  N J  I iON S N L I d ( T I ION
‘I bc  c r c - g in c-cf these  d a t a  is not  sp ec i f i ed .  D o c u i c e n t a t i o n  should inc lude -
t h e  s c c e - c r C e .

4 I c - f e r e - nccc  b ’ R O l - A  i3ILIT Y ‘ iF - K1 L TiT- i N I N F A N T N Y  : The probab i l ity
f hulling i u u i a c c . i r y  i s  c - q c u i e - u a l c n u t  to t i n  i c - C c - i  a r c-a - c u v i d e d  b y the to ta l

i n c p : u c - t  c r e ~i . i - o i -  n e - o i l :  r t i U e r y  f u - c t c e - i :  cit i c -n  i
- c-cu :c-ds  l i e - c -  i n :  c-ct  a r e a  N

the-~~~r ea  of - ce- c p r c! s i c - r e .  c i i c p c c t  r cu t i t c - U -~c-S t i n - s e  p r o i ) c c l c c l i t c c  
*

c- i v - i e -  a t r a ct  v c - s  in  C c c -  i c - u c l a t O i l - u , to ~i - e - S c - S S  C cc  u c n c u M - r of ~ u i ls . T~c.c-

pr ob a b i l i ty  a s se s s n~i i e n t u s  hi g hl y s e u c s i t~ v c - -  ~~u t i ne  p n~id  s ize  ern p i u c -~-e- d . For
a r ü l lec  r y ,  C c -  impact  c rca \ v c - c t i c  a x e - r i  i c - i e -g th  arc-  r e c o r d e d  in meters . 1 l i c c - c
c- - C i S c - S  a r e  coi s ir a in e c i  t i c  I c :  1 c- 1, 1 x 3 , 3 x I , o u 3 x 3 ~‘ i-id squarec - .
T in  i - C a l  a r e a  is a c c - c - P  b c - c n e - i c  t~ f o r  i u p~~ c-~e- \V e c  pon /a rnne-uni tj on S e - l i - c  t i -c -

T i c c . c s  , if t i e - c - se  p robab i l i t i c-s  au - c- to bc- :cc :c  l~ r : t ( - l y n a a s u r e d , the in-tup act ar ea
d e u s i g n a t i c u  c - u u s - t  be c: r u - j c u l l v  c u u c - e - e - i d e r c c l  in v iew of the p c-id s i z e  ~ t - L t c  c c - cT .

• it ic-ic y be d e s i r a b l e  to p c - r i d  i t  adcli  — iu ’ ,c l  i n c  p c - c -  t a rca  class i f i ca t i  cc-c-s

R e - f e - r e - n e-c  P R O P , A } I I L I i Y  OF I N I N i C  u T N O  D V - \ T 1I: It is not c l e a r
wh y a ci ci c - i c c -- n u t s  of a an.  t , t h u  -

~~ Ic l a y  in g a- a r u - c e v u l n e r a b iL  ly i n c - i  c x ,
woul d have the san e- ’c-  p ru b t u b i l i l  c of ic d i c a ~~ng d s  I

R c f . - r c n c c - c: A tR  M O I T I L I F Y : N r u c v i - e - i c c u c  f o r  c-ne-placne -ent  tim-ne has  n c:u t
F-c - er c  ncsa ’I c-
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I u

Rc - t , - c - t c - u (  , !) ) - i I - ( ’ l  I o N  1 } i c s j u c u u u ! L l c o I c  is c-core a c c u c r i t , -  f o r  S u c h

sc:c rn t i : -e s

Ncr - i - i c e  l b  1 lc - ( I ION: . 1 c -c ay  I - e - c u u r l l e - - / i c i l e  to p r o - - c u i c - c d d c t i c - n a l
u cu l i ! itu g h- t l u r c s h c c l d c c  i c c  c, n - Tc - c t i c  g a in  n c o c t c - i  cc - u J - c t i o i e - .

P c - f - u - c -  c u - c  IT c H l E C 1 N  H r  The p n - i c b i i i t y  a s s e - s s c c u c n t c  ar c  d i r c - : t l y
I c - i c - c - c t  l - ~u t i e - c -  Sec -cd t i c  c u - A s i c i c  f r o x u c  t i e - s  u . - : i c u t i c ’ u t y ,  tH u - c -  i c c a y  be an
e- u c e - _ t  one - t he - n u m b cr  0 I c c - - ge - i -’- d c - t c c  t e d  du c - i c p  t i c . -  u n t i e  r v a l .

. V A c l ~

( Ipc r a t : c -n  of Cu e  EVA T 1N IT p r o g n - a n i  r i - q u i r e s  1e-~~-a t c - c - t a  c-c nn i - t i

b y t he- !\bl-~ i A ~., c on i pu te e -  c c - - c c-~ ; - - - i v i A - )  IPAS cons i s t  a of a u - c t  of

f o u c - : c~ LE SC IT coc- o : t c  r p ro~ r a i n s: \ cc~~ ~u u u n S i te He- i g lu t s , F l i g ht I-c -i t l i
c le - - r i e r a to r , T i — r r  c c -  F o l l o w i n g ,  ari d I n t e r — c s - l c d  l it  y. - T h e s e  c- ar  p r op  u - c c - c c -
a r c  c - c - e c u t e -  (i s e q u c u e - f i c u i y  to p n e r c t :  a t~ ci - c~ — rli c . - c - - c o c c a i  a i r c r a f t  p r o f i l e
a c -P  t Ine- nc-ask - c i c t o r y  u _ r t - ~cu c c-fl Cue  H u c n - i t  c u d  c _ p to 50 l r c u c - c h~~- u e - d e - c c c t  g round

~~ w e a p O n  c i t e- S . l e i r a i c .  c u t  ci c-c d f i b_ c t  p c -t i :  d a t a  r c  n- e co r d e d on t a p c -

whi l€-  al l  c c i c c i - r  e - n c l~ l I - M~H N I c !~ e- I n -  on c a r c i c - ,

j  L u  i u p u c c t  to t ine r c u c c : u l I c lc - r  o f  E V A D E  II , t c :c’ i t  u - i l u o n  p r o g r e c lr.,
con s i s t s  en t i r e l y of p - cc c - } c e - -d c c c - c l  dat e- . T’.c.c basi c :  t y pes of data a rc
pr o c .  Ni c e) to the  p r~ c - -  c-c- f- _cr  Cc c C d n c i c - i a g e x e - c  u - d e - t  , in si n - c cc t i o n — c o d e - d data

c c i  /~ 
- - 1  1 -  I C i  ~c l i t  p a t l u  d c - t a . T e - e  t n t  r u e - - N o n — c  ccua ~d input  data  a r e

: c e - p a r c c l c  P b y co~~e-d I c c - c i d e r  c a r d s  wh c c t u  i c-d i r :  ic  t I c  d e - u t i  t ype to fol low .
In r u n s  c o n s i st i n g  of s e v e ra l  - n g a g e c e - u a r c t s , t :~ i u -- -a l lows  th e da t a fo r
p r i o r  c u e - p c i  gei - - cn e - t s  be supp l e-P t o s u b se q u e n t  eu -c g ag e me n t s  by r e - - c u - b c e - p
c) c i l y t h o s e  c l I a  w h i c h  a x e  c c I u t n g c - d  f r o n u e -  t i c  p r e v i o u s  c c g a g e c n c e c c t . 1 c c

Z — l i s t  f l i g ht p e - n u c  d~ t , a dc t e - u j l  P t i r e - c e -  h i s t o ry  of t h e  a i r c r a f t  f 1 c ~~ht  p a th ,
ve loc i ty ,  and m a u - 1 - i r p s t a t e - i s , c s  c -c ia r a t e d  b T t h e - -  MASKPAS p r o g r a i c .

‘1 1c c - input  p u r a u n - r c - r s  r e q u i r e d  to run L e - A D E  II a r e  s u m m a r i z e d
be lo ~v:

WEAPON SJ’J ’E HNIG IT S PROGRA M (MASKPAS)

Number  of weapon s T t  c - s

Grid - c  - I c c - t e a  of eacie -  we-op en S e - I c

Hei g h t  of c -a c  h weapon  c - I c c -  c c -  g r o u n d
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FLIGHT PATH T R A C K  G i N  1-iRATOF (cAASKPAS )

IL i c e - c L u e r of n S Hon c u e - i , -  .01 U d 1 t ~ S

Range -  i n t e r v a l  b et - . ccci i n t c l n d u c dia ’ c po ine -t s  along
t T c ~ u c l i e - s i c _ c u- t r c c j e u t - ; r y

(ir ~ d c u u c , r - i u r t c - c -  of r r c i s sj on  n n c - l e s t o n c - s

T t T P  RAIN FOLLO ut iNbc ( M A S N PA S )

Op~io n fo r  u a 1c — o f - - t u e — e a r t h  ( N ub )  fl~ ci }ct

C o c - s t a c : t  a l t ut  c i t -h-  of fli g ht (not H O E )

Numtu cc r of t e r r a i n  a l t i tu d e  vs mis s ion -  ra ;c c~~- da ta  po in t s

i c - i - u - c - i c e - ~c ] t  i t  ud e-  u o r  ~cll  da ta po in ts

4 A i r c r aft  u - an u g cc  f c r  ii date-i po in ts

N e - i c c c b e r  of ve loc i ty  d ata p - c n n t s

Ai r c r a f t  v e lo cu l y at ccI l  data  points

c e - c  ce -be r of a e -  r e - u - u  ft a l t i t u d e - -  ci:- u t a  P~e - i I c t S

A i r c r a ft r e f e r e n c e  h e i g ht above t e r r a i n

T r c  i c c - t o r y  r e - s t a r t  ran pe-

‘i nc-ic c - c t or y  n - c s ta r t  I i  cat

T u s h - d ory  r e - s t c -r t  g r i d  c o o r d e - n c -e - t . -  S

J N T E R V I SIB I L I T Y  (LIAI - I -cPA S)

N ap  ~of - the  - e a r t h  op t ion

Con stan e - t  a l t i t u d e  ootion
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C o n e - a t u-t t  cd i i  c u t - I c -  ( i f  app l i c a b l e )

C O : e - c  . 0 - ’ V e L c C  i t ’1 (i~ x p p l u c ; c b l e )

N c a , t : rb Ii i t :  p a t h  t i - u j c c t c c - - r-~ point

lc u e - d i d e -~ T I c e - p h i  I~~c I i c  l e - - i e - c t o r y  p c - i c e -

c -c  Ic -er  of w ec -p u. n s e - c .  s ;u e r  f l i g ht ce -c gre -~ient

Numbee--  of c-~~C ie- v e a u c c i r c  s i t e -  crj r s id er e d

f -T i c - e - e - 1 c c -  r u 01 ‘ -j r  born e  W O d ~~ Oi i S

- ~:-~~~~~h e- t  ~i c i i i  c c r e - u b~~r of e a r l e -  vi c - c - e - p oru

4 
\e-J c u p o n c  t pe 

-W e - a c- c c - li S i c - C - u  t i or  ii

re-c n n m w n~ t c c-~ e - e - V-- t j  i t

Au - ce - r a t e -  I y i c ~

Sing l - i  t - u u r e - d p r - c - T a l c i l i t y  of kill

cT J I t c- r ab le  - c- cs c r e - t u -  c-~~u l c-t~ Ofl fo r  each  vu l n e r a b l e  cornpO :ut nl
on a i r c r a f t

Grid  c o or d i : - c t e  l o c a t i o n s  u_ cl ai i-c r aN

N c u n c c t c c - r  ot r r n i l e st on c s  in I l i t c i u t  p a t h

T i n e - c e -  i c - c e - c  n m - c d  u S e - c l  to u d c l e -~~~ - e t - t e - c -~~ ed t Ce - e

-
- -

- 
in i t i a l  c e - u  h e r  ot a i rc  u - a c t  on fi i _ l i t  u - - :c th

- _ i A iu - c c- f t  .. - lO Ci t )

I
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O r e - c -c c I t t  l .c c c  of t i c t -  ai  r e - r a f t  wi th  x- . - c c pe c t  to velocit y vector

c . i d e -  c - t j : e - d c - S

c : - l  e-: e- i . p at h  e - c .~~c- y e .  pu i c - n c

~. 1 c c - l i t  Lu c t  u 0 1 j e - ( f  ~ u u i st a n t s

P u - c -bc- b i l i t y of si r e - a f t  - i i i

P r o h :c t . i i d t y  of f o r -  c c l  l a n d i n g

Mit c i : c u c cny u a 1 rc : c i  I - ve loc i ty

~-~1 ct e o r ~~l - .u p n  -- al r c - e -pc c

C l e - c u --p s e  l j d c - u

I 
e - c C O c ; c i j t ~~ UI det - c t i on

V u l n e r a b l e  c e -r c a  a s p e c t s

A i r c ra f t  ~e - r O~ e - u : N e - r1 a r ea

Half l e n g t h  of the a i r - c: i - a f t

Maximum t u r n i n g  caps  U N i t y

R e l i c - u - t i  vit y c o e f f i c i e n t s

Troops  : a r r i ed  b y IN f I c i  l e - P i .

T i u e - c c~’ r e q u i r e d  to un load  t r o o p s

- 

- \T U1u e -e u - a l e - i c -  a r ea  pci rc n  n i l c - t  c- rs

P r i i e - g c n  to t a r g e t

z u  c-nut I -  ang le t~ ~i u -g e t

I
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ion c ’ u- e-- o t

iE~ia u t i- c - r I ’

cc c~~~ c -u u . c  e l e e .-~~ n e - . i 1 i m c e - i L~

.,h up o n e - r c g c - g c :  u c i m c t r u n ! e- c-:

i 1 - : , t t -cS of u - r e

Tic-i t :  c j c c ~~c- ~~ b u r s t  5

I- un u }j - -r  of r o w id s  p-~-r I u u r s t

a r g c -t de s~ ra lni  d y  iTc -~e - t  cc- c s

l-~ro~ .- c n i l e  ang le cc1 f aN

$ 
i i -  o i c c t i u c -  t e r t i : i n c - i  e - c l u c i t y

P r o ; ec l i i c -  t i - ce  o f f  i g l c t

c - - il i ac u l t i t u c i e  C i  ve e - p  ,c e - I t - u  t a r g e I

~
- - e - 1 j c  u - c - l t -~ c i  ic - f l

G R O i T H D  W E A l  -

- . c c n r ~ce - y c o c - f f i c i c i c l s

A c e - i n c - u  d~o O i i  i i  e S

- 3 E v c - c i i  c-t~ t i e - f --

i—’~ r -  hc- j , i , I  r~ ~e- n , i t c t i o n s

V i e  p e -) r  I ,

1; c r ~ - t t  Chic u !  ‘ - 1

ce - i
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i ( J - I I ~ t cc.u t c i u -~~~t t

c-i f e - c - c -

i i r n ec L e lv. c - c - t i  l, u. l r s  t s

Number  c- c f r~u e - u m u ds -c- .:- r b u r s t

b-i a si-c an f l C S

Total n e - i u n e - : t~~- r c_ c t d ia l  n n c t  g round  we a pons

Grid  ( c c -  c r d i n e - u c t e  i c - c - c - t i c - i c -s of weapons

A m m u n i t i o n  t\- ce~

in i t ia l  f l i g ht path se l ec t e d  n o i • n u p a g e l n e - c - n c t

4 
Ini t ia l  a z i m u th  S u b  ng

Gunner  &.- H i i c u c - 1 c c _ c r c  ~r r o rs

Slant range  c c -  l o c k - o e -e -  b o u n d a r y

FT n i g~~ g e n e - c c  - c e - I  n-ie t i e - o c :o l o  gy Opt ions

Rada r de tec t ion  r a m  cce s

Rada r e l e - - v u c i  i o n  a ng les

Visual  t c ~-c-P1y v e r s u s  l inainal c o n t r a s t

Ai r  c - n u r t u u i u e - c i t  c on  u sed  a g i l e - s t  groun d weapon

I u i .o j e ~c - t i 1 e  ang le of t a i l

}b~~c c  e - c t i l e  st r i k i n e - g v e l o c i t y
4

Weapon e - - c c l r e - e  n - ab l e  e- rea  s

4?.
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c u c c i e - o n  t i n e - c

i\ i z - c -l c - e - e -  ~-~c r t  e- -

N .1115 - e - c  C O  c c l i i -  

A r c e - i e - e - e - u u - 1 1 1c - e - c  t v a i i a c - l e - -  in b i d e d  c x c e - -u g u c z i n e - t .c s

Rei :cc-d t i n n u c -

Level fcc-cu I i  .i ’ u c i i d  i c - c c  -.-~e-t ic-c c- I c - c e - i t s

A Z c . c c t i c i  si :Vu c - S i t

.c - 0 t 1 ’n g  t i t ~~c . ’

R e a c c u .ni ~~b i c c n i t ir n e

-~~

Tot e - u i a n j u ; u c c c c c u t i o n  av

Level of P(k ) f o r  s u pu u  s s ion

Le-v c- i of P(~ ) Ic- u- dec ~~~i r e - c - t i  0cc-

Time u - c - c e- c c  r ed fo r  supp re- c - sed  g r o u n d  weapon to r e g a i n
sta tus

Clc’cest e - t n g ; i g c - c c c e - n t  n - a i c g E -

1 c - r g c t  p : c or ] t . y r c : i e s

Gun b a r r e l  e l e v a e -  c c - n c  a n n  c - I c

1¼ P r o J i e - t  i i i - t~ c e  of f l i g i t

l - ’ r o j i - c - t i l i -  hei g ’ c t

Pr ’  j e - c i  iN  t .- I i e - e - c t c u _c I u  ang le
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Cont inents  on ic -VADE inpu t  da ta  fol low:

As ij u )  c - S t  n i l  del s  i ts  S iz e , LVA DE II r equ l  n - ce -  cons id e r a b le
i l e - p i r t u l — u ~ c- . ITc- ~i c - t c n i g  : i u c - c e - t  r uu t in  c- s  p c - r i T e - u - n c  very l e - u u c i t c - d  e d i t i ng  of
input data by cle -eckin g c C  l u c e - c u c u d - :  of c - e l e c t e d  va n :- h i t - s . The input
i- o c t  L r :es t e r n c e - i c c - e - t e  p c :c-ct - ni e-e- ing t i e - c - c l  h e - t e e - t i c - n e -  of l i c e  f i r s t  erroneous
u i u t c i c c  n- u t t c l t c r i i : r e - fl t- e - C c - S s i I i g  t i c .- e n t i r e  u l i n t i c  has .-  :cX ~r l  f ]a~~g i n e - g errors .
F i  - p r o c e du r e  could H g  ue -i t i can t l y h -n ~g t i e - c n i  I c e -  I c e -  base- set— uc p t ime ,

C c - c - c  c . u a i l y foe -  a new u s e - c  - . It would a p p e a r  to he cc u t - t t e r  t ac t ic to
e-’; I c  - - e n t i r e  d a t a  Lu u : . se , N c i t  p ir e - l I e r  c~o n e c e - i u s  dat :- , on ea c h  pass

t i c-- c - c e - c  e d i t c n u ~ r o u t e - c e - c s.

- c c t u l ~~~; - d  c , t u c - c t e - : u s t i C  P l c - r u l e  C a r l o  t t - c l e - r e -c-c~c~~_ -s  f o r  n-iost
te - V u c -. e - u t l  - c- cs , we -I  Ic t i e - c- e~~c e c - t i c - u e - c  s c-f n e - c o v e m e n t , visi c - i l  i t v , an e - d se lec t ion.
Dc - ic -  - . - c c ~; e - r s t e - e - - c u  l u a u ;  j c c  -it r e c e n t l y been - u ~ct ~t c : c e - . t ed to  S i _ c ! e -~ce C X t C l u t ,

Pr r l : - i o e - - r a l  p c - i c - g r a m s  no -v e x Is t  be- the  I - c - r u n e -  of -e -u r e r a f t  f l i g i ct  path

I 
g e n e r a u o e - - -e- and  p r o c - c - c l : i - cs  b r  d c t  c~ r i i u i r u i n g  l in - — of— - i c -h t  f r o m  di g i t iz e d
t e r u c - i r~ . Tie - c -  c - t i  u - :  u ~- u c y of t~~c - r c -  r ec e n t  u-no te - i f . c . c t c c - c c c s  was not e v a l u a t e d
ft. i. t h is  -~a- c c-t ,-4

T r i e I c e - j u e - i t  p a r a c e - c i c -  r u -~ c-equi  c-ed to run ~~~ GL Ob A L  i ; u e - c e - J c c t u o r  a re
c e - - t I d e - c  i c - u  r u z t -- ci below:

• GA1t-~~;: FA R A l E J E e - t I~

N c - c u e -h e r  of e - c -pl i c a t  e -ons

Time l i e - c u t

Scconds per  t i m e - c e  i nte c - -ea l

Pb t e r t -  p er  g n i d  i n ’er : c i

- - ~~t r t u c c r e -  p e r t  re- t e - i g e  to c - m u d  g e - u n d u e -

~- 1c s~~n c . n e -  s e - r u b  u - u i - s

- - i - i

1~

~~~~~~~~~N~~~ N 
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Visibi l i ty  - - d - s i g n a t e  w h e t he r  v i s i b i l i t y  will be g iven  b~
path s c c g c c c e - n t  or b y r e c t a n g u l a r  a r ea s  c- f t he  b a t t l e f i e l d

Random number  genera to r s ta r t ing  point

Piece-wise-  l i n e a r  d i s t r i b u t i o n  f u n c t i o n  of n a v i ga t ion  e r r o r s

Range intervals

DEFENDER UNIT PARAMETERS -

Grid coordinate location

Number  of weapons

Weapons types -

Target t ype

4 Priority as a tac-get

A n g u l a r  b o u n d ar i e s  of f i r i ng  s ec to r s  (absolute  and
pre fe  r u - c d )

Option disp lace

Probabi l i t i es  of d i sp l a c in g

Time to move and he av a i l ct  u t -  c - s  a ta r get

Time to m o v e  and  be - - u b i t -  to f i re

— Probabil i t y of b e in g  k i l l ed  b y a r t i l  N r y  wi nni e  moving

Crew s e r v e d  we apon de s i g n i t i o n

Nun -bcr  in c r e w

Crew r e c ov e -  n - v  d e l ay  —— I i  r o t  t e - u  f i r . -  ag a i n  if one r n e n e - b - r
is killed

I
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Time interval in which the unit will b~ killed by artillery

Whether or not unit c-an be suppressed

ATT ACKER UNIT PA RAMETERS

Starting grid coordinates

Initial headin g ang le

Number of weapons

Weapon types

Target type

Priority as a target 
-

Angular boundaries of firing sectors (absolute and
prefe r red)

Whether  a i r c r a f t  or ground vehicle

Whether  or not stop is contingent upon detecting a target

Length of s t o p

Time betwe .c-iu stops

Whether or not move from stopped point is contingent
upon completing quota  of f i r e  mis s ions

Fire mission quota

Whether or not unit ~s the member  of a team (units in
a tea m move t o g e t h e r )

Number of riders (passengers)

I
Unit type

I
40
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Team size

Team position

W h e t h e r  or not p r i n ia r v  weapon can be f i red  while moving

Number of sub-units

PATII SEGMENTS

Altitude

Maneuver e r ro r

Velocity

Duration -- n u m b e r  of time i n e - t e r v a i s

Visibility s ta te

Exposure let- el  to each defender un it

c Move -- n u m ber  of ‘ i n c rem e n ts  and Y increments in
each time i n t e r v a l

Time to e s c a p e  when s c r u b b i ng  a miss ion

Pi tch angles

Roll angles

Tri gger  navigat ion e r r o r  decision and move to adjus ted
location signal points

Correct navi gation error and return to original path
signal points

S y n c h r o n i z a t i o n  of movement  with o the r  a t tacker  uni ts
si gnal  poir .t s

47 
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0
X , Y coord ina tes  def ining r e c t a n g ul a r  v is ib i l i ty  a reas

E x p o s u r e  l eve l

Defender  u n i t s  whic h have in te rv i s ib i l i ty  with each path
s t g i c c e n e - t -

T a r g e t  l i s t  of d c-f ee der  units in order of priori ty

Path segment sequence number 
-

WEAPON PA R A T  I I -T T E PS

Minimum and  m a x i m u m  f i r in g r a ng e s

Number  of rounds in a burs t  
-

Delay be tween b u r s t s

4 Number  of t e - n r s t c - ;  1 e n o r c -  r e load ing

Reload debt g

P r o b a b i l i t ies  of d et e c t i n g  a t a r g e t  be fo re  it has  f i red

Piece-wi -c e- l i nea r  d i s i e - -~ bu t ion  func t ion  of a cqu i s i t i on  de lays

Appropr ia te  t a r g e t  t \ I i e - s

Projecti le f l ig ht t imes  by range

Impact  ve loc i tH s b y r a n g e

Damage c-pt on

Whct ice r  u c n i e - s i l e -  is w i r e — g u i d e d

Exposure Ic- ‘els where firine - u~ is permitted

Firing rate option

-4
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Minimum missile stvitching time

V u l n e r ab l e  ct u- c-as if f i r e e - -  is us ing  damage  options 1, 2 , 3

Tota l  p r e s e n c t e c d ar e a

Pe rcen t  of total  a r e a  vu ln i cr a b l e  to kill

P e r cen t  of total a r e a  vu lne rab le  to suppr  ssion

Da rnag - p n - u I u a i ) i l i t i e s  if u s ing  option 0 ( z e r o )

Probabi l i t ies  of be ing  ki l led

$ 

Probab i l i t i e s  that  a n e a r  miss  will  cause a suppress ion

-

- 
.— Fire  moving a n d /o r  stopped

- 
Delay to f i r e  a f ter  comin g to a stop or s t a r t i n g  to move

Whet le -er  a ma s s i v e  weapon type ( c r e w  se rved , total l y
4 k i l lable b y one f I r e  mi s s i o n )

Whether the weapcn can cause suppression

; P robab i l i ty  of being damaged

Probability of f o r c e d  l and ing  or miss ion  kill if a i r c ra f t

P robab i l i t y  of loss  of mobility or loss of f ire power if
groun d veh ic le

Rider  weapon t y p e

Rider  f i r i n g  s e c to r  a n g u l a r  b o u n d a r i e s

- Comments on GLOBAL inpu t  dat a follow :

In many  c o m p u t e r  models the log ic used  in p rocess in g f a r  out s t r i ps
the  C O n c : p l c x it ~~ of the inputs . Tiuis is not t h e  case  in GLO BAL . Prega me-

49
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data preparati on is ex t i - r u s i v i  and comp lex for  t h i s  model , especiall y in
p r u p e - t r . u t i o n  of a t tack er  path segment s an d the subjective visibility or
t -x po s t c r ( -  leve l s .

GLOBAL u s e r s  m u s t  i lup u t  ~n an y  of the  v a r i a b l e s  CARMONETTE
an d / o r  E V A D E  c a l c c u l . u t c . Th i s  is especiall y true where weapon para-
n n i t - t e rs  a r e  c o n c e r ne d . lii S O i c c e  s tud ie s  it  may be adva ntageous to
prec~e - l cu le - t  te s t u n t - of the inpu t  in u c r ( 1 (  r to m o e  e f f e c~~vel y evaluate
t i e - c  s e n s i t i v i t y  of c e r ta in  p a r a n i c e - t e r s  Thus r n n - n t i o n  of the extensive
p r e g an i e  a c t i v i t y  in G L OBA L  is not to be cons 1 r u e d  as -a critic ism.

I
c
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OUT PUT

This s e c t i o n e -  g ive- s a de sc r ip t ion  of the  r e s u l t i n g  compute r  output
of each s imulation run .

- 51
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*
OUTPUT

C A P M U N I - TTE

Two file s are produce d which contain selected data obtained during
t in e ba t t l e  s imula t ion .  On e - .- - f i l e  con ta ins  a h i s t o r y  of s ign i f ican t  event s
that occurred . The oth e r file contains a time series of samples of unit
in fou-rna t ion , posi t ion , and s t r e n g t h . These files are processed to produce
edited output  as r e q u e s t e d  via i c c . - - input cards provided by the u s e r .  Some
of th e obtainable outputs are :

Event history messages  containing t f e  t ime , location , and
na tu re  of unit even ts .  -

Anirnunitior~ e - x p u - r u d i t e - i c- repo rt. -

Kills recor ded by weapon type , side , and ta rge t  class broken
down by v e h i c l e s  and men .

Total moves , f i r h c g ,  x o u n d s  r e c e i v e d , i rui t ia l  and f ina l  men
and veh ic le s , t in e - a -  of ui ~~ath  of unit , ari d in i t ia l  and f ina l
ammuni t ion supp lies of c -ach  un i t.

Summary of i r e - q c t - n c c y  of e n g a g e m e n t  r a n g e s .

The t r ea tment  n u m b e r , r e p l i ca t ion  n u m b e r , date of tie -c run ,
• computer  t ime ~n s e c i , t i e  l as t  r andom n u m b e r , the  reason  fo r

termination of t h e  b a t t l e , and the  ba t t le  t i n e - c  at t e rmina t ion  a r e
repor ted  fo r  all  r u ns .

EVADE

The output  resul t in g f r o m  ex e c u t i o n  of t ine  model is divided in to
four  a r e a s :  f l i g ht pa th  h i — t r y .  weapon s i te  I c i - c t u r y ,  w e a p o n  s i te
history, summary hi s t o r y  of t i i -  t o t a l  - n g a g e n n c t - : J , and v i sua l  detect ion
m odel c a l c u l a t i o n e -  . Control  of t h e s e  t o u r  c at e 1. ar ies of output is
a c c o m p l i shed  t h r o u g h e c - c er c i s e  of t i . ~- p r u n t  c o n t r o l  op t ions . U s i n g  the
p r i n t  c o n t ro l  op t ions , t h e  ‘~ cu r ious e c t . - -g o r i e s  of ocv p c n t  can be d i r ec te d
to any  d e s i r e d  output  dev ice  or  s u p p r e s s e d  - c c l  i r e - l v . Tb. -- output  avai l-
able  is as f o l l o w s :

‘
I

52

L - - - 
~~~~~ ~~~~~~~~~

- - - - - ~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ _~~~ ~~~~~~~~ - ,



Tir e  t l i ~~ i c 1  j a t i -  i i s t a n ~ d~ n a i l ~ t c ~~e c - c u t s  wh ich  occur  a long
‘ u ’ - u c u . a  n i t  - i  t h e  f l c - - } r  i e -~~t l , r e l a t i v e  to each gun s i t e .

Sr : c h  u n i - n - ~ - n r a  V - u p v n c  - , _ u n i c - c c r u u i c i u  - : c a - c u t h - d ,
r u e - i s k  ~ t~~ i us , r an g e  h~- tt-/ -en w- -c 1 , u i r1s , w i i  f i r i n g  t a k e s  p l ace .
c- i c - s i r e -g -~- - P c i t v , f l n 1~~. t }c~ct 1 e -  I - ~ k ) ,  ‘. v i c t - i c  a i r c r a n t  is i < i l l e - d ,
d u a t - u u e - c e r U - - c u  - c u e - c n u u a n n  v t  p r o b a b i l i ty  of ki l l  of a i r c r a f t .

l i c e w e - n p c - n u  S i t i  L- \ - e c - ~~ h 1S~~~~y c o n s i s t s  of the  t ime i i  s t o ry ,
foi- each  g e- uu~~ c d ‘

~~ ~c g - a nu - c i t e , of the- ne-a or e v e n t s  in t l~~
Pn g a g . - - u u l c - r t t , such as  cI - t e c t c an  oi t i - c -  a i r c r a f t , m ask  status ,
wh en a i r c r a f t  i s  in o - - c u t  of ( - f 1 t - C 1 ~~v c  r u n  Ce - , when tie-c g round

- - 
sue  l u r e - s ar  r ece ive s I c r e - , a c c - n i  i c - c  - - n e c u  ro of fli g ht path

ce - e ~c r ound  we- a g -on e - (k )s , a n u d  i n - h e a t  I 1 ~ of wIceru the groun d
weapon is s n l ) p r e s -  ed  or  d e st r a v e a .  -

T h e  t o t a l  d ci : -e- r r c u e - e n i  h i s t o ry  u r u c l u d e s  a ~: u r e - e - n u e - a r y  of P(k )
in v u - i  of each  n i ghi p~~t h , we apon as s i g n e - n e - e - c - n t s, count  of
s u r v iv in g  a i r ci  a f t , an d  i n d i c a t i o n s  of ~ h e r  g r o u n d
ce- u - a p a c e -  S i t e s  i c  ~~r be -en  s up p r e s s e d  or d e s t r o y e d .

I l u t -  vi sua l  dc - I c - c t . con  c a l c u l a t i o nc  occ t p c e - t  - p t i on  has  not
been iu t i ? l C u i u  ce - t ed ,

In add i t i on , t oe -  p r o g r a m  ~- -n - r c u t e  S p e - - c u u t t - d  e - a t p u u t  c o n t i n u —
ousl y du r i n e  i he g r e  -e s s in - i g of I c -  en c g a g cr n e n t  as  an  aid in
t r a c i r e -g l i c e  pr  i g  r e  se of t I c e  c o n i c l c u t c c t i o f l s . It also c r - C c  r a t e s
m e S sa g es  to t L e  use r  c - : u n n c e e - - ne- lng p a r t i c u l a r  e v e n t s  a s  t i e
eri gager e -e -ent  p r o gr e s s e s .

GLOBAL

Th e user  det~ - n u i c n c ~ - s  which  e v e n t s  i c e -  t ie- c i c i s t o ry  of e a c h  run will
be p r i n t e d  and tv iich a n e  to be put on tape fo r  a f f - l i n e  ca rd  p u n c h i n g.
‘1 c p m  r u t  e~r h c e e c c u  e-- a r e  in n ch r o n o l o g i c a l  o r d e r  c c . cep t  f o r  k i l l s .  Kil ls
ar e  a av c d  un t i l  t h c  c - l a y  . - - i e - d s  in o r d e r  to d iv ide  t h e -  c r e d i t  ar -nong I U
firer s w h e n e v e r  ti e - crc are s i c n n j t  c c c  c - us  k i l l s . ~J h e  e ven t s  depict w h e r e - :

F i r e  m i s s i o n  is a to ta l  miss

S u p p r e s s i o n  is c a u n s e d  b y a n e - ea r  m i s s

. 3
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Resul t  of f i r e  n i e - i s s i :~-n ~~S total  ki l l

I t u - s u l t  c-f  l i r e  n r u i 5 s i o n  c ~ a killed crev~ n n u e n n c b e r

Kill of arti ll e r y

‘v i s i W il i t y e x i t s  n, - i w e c n  cen -n e -b a t a n t s

Ac u j u u - i t i o n  de lay  ends

Targe t  is sc-1~~c t c d  -

t d i s  c-cn1 t  cannot  c a u u  c }) i e t e  i ts  f l i ght

~e -lave i c u n a d e

A r r _ u c n u n itj on  Ic-

~i c t - g e l  is d e t u . : ted

F i r i n g  is i n i t i a l  ~-d

eve nt w h i c h  is p r i a c  -h i d e s c r i be d  by a l ine of ou tput  g i v i n g
f i n ~e r  s nane -e , f i r e r ’ s w e ap o n  t y a e , c : u - r c t , t a r g e t  n u m b e r , t a r g e t  c~~

v - eat p u ) ne -  t \ p e , c u r n - c - n c t  I u c c u c  h u t  u -  rv a l , - 
~‘c t  g r i d  cooi - g - : c e - i  e l oca t ion ,

f i r e r ’ s grid  coordinate  location , and r an ge .

At t l e-e i n d  of each  play a s n i n e - n a r y  of t h e  event h i s t o ry  is p r i n t e d
to m e - d ude t i u c -  l a st  r andom n u m b e r  c e - n e - c  r a t  cc l  b y t h e  D r o g r a m , n e - n c - u l c e r
of the run , number of t ime  m u t e r - n e - I -s played  b e n o r e  end ing ,  and compute r
t in ne c u ed .

Ti r e  next  sec t ion  of c > c : t p - ~ct gi v e s  t l c e  k i l l s  and tie - c  ave  r~c ge k i l l ed  in
all t i e - i -  p r i o r  p l ay s  of the- gal - cue- \ .‘i th  s t a n d a r d  de-v ia t  ~di e- S •

Three  g roups  of shot t a l l i e s  follc - .e-~ Tie-c f i r s t  g i v e s  the shots
f i r e d  b y pr i r : ; - \ p an s , c -  s e  u e - u c d  g i v e s  t i e  sl o ts  f i r e d  b-c s e c on d a r y
weapons , r id the- t h i r d  g i- ; t - s t b -  sho t s  f i n  d by  r i d e r s  ( p a s s e ng e r s )
weapons .

An o- t p~~t I pe cc n t a  i c i n g  c ar d  i re - ia  c cs can ia~ uc c c- d on an o f f — l i r e - c
p u c i c c h  to p r O l n c e  c c t ~~~L- o r  c -ar c  b u — e d  as  i cpu t  to a s c p ; t r c - t i -  p r o g r a r e - c _

s-i
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L -:\ ’  ENT GE NE RA T I O N  ~-;u ~—~~~u r) 1- :i s

Tie-c d c - t a i l e d  d i s c  n s c ~ i c - i u  01 t 1 c - - ~ c u i , i n c , c l t - l s  c ov e r s  tine e v e n t

L~~ e e 1 a t i O ~ e- ~n d the  u u c c c r c c c 1 i c ~r c a c - s e s s n u s  Cci p m c - c - e s n - t - s .  Ii is di~u i c u lt
t o  cc c j ) t i r a t e  t i c  s e u i c 5 Y n i e l S  m l -  I c c - c: c c l a ~~e - j t i -  - L e an  be : - a r n s e , fo r
examp le , t h e -  a s  sc- s sc -u  c i t  - ~f i I - c e -pac t  on a t a r g u - l  - -  i t t  c c  u - n t  r at e s
fle w ev u : citS of t a r ge t  r c - z u . c t u c - f l  :1 . e , , ~~u i p r c c s c o n , t a c  c t  S i  l e - e t i e r i

, 

fo r  r e t c c r r e -  Lr e - , c~H 1~c- f or su p ~ -ac - t I n e -, f i r - , u - t n . ) .  lfl t h i S  m i o r t i o n
of the  r e l i c -r i  One - c y r n t  cc  cc ~ a l  (c c t i  e I c e - l I o w i n u g  ~i u L c c e - u c - c - l s  w u l i  be

t u u l S &  U S s e - s i : f - cd - -sc- lu s I i - : c n  1~ t e - e — o f — s i g I u t , t -u r u  I acc~u i s i l n o : n ,
t a r g e t  t r a c k i u e -~~, f c r t r e - g ~i C i s i o n e - , a : d  ( a c - i - n t  S t r p p u e F - S i O f l / n u - S p c c e -S c- .
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R O U T E  Sl-~L E Ci ! UN

I l u s I c t  cc S ( L - C t c o f l  is c u - i n  c e - e d  as t h e  p r oc  c-s  s b y which the model
moves  i i c ;  unit s o v e r  t i c s  p l ci -~i n -  g a re a . Tie - ic n a u l u n e - e r in w h i c h  t h e
p l ay i n g  space c-f t i c  e mo- c it - i  sin- da te - s t sic a c t u a l  b at l  i~~c~~ei d is invo lved

A ( a r i a , r e s i i I c c t c s cu , to~~ u e - g n - c c c i  V , v e r e i ; r u c ) n c , t c - c : f i c a i - i l i t y ,  u- ic 0 )  is
v - e l i  c- c t h e  log ic e n n 1c i c - v c d  i n  r r i a i d c c g  t i c i  n e - r o v e s .  CA P  M ( )N E 1 T L

c u s e n ~ ci y u e - i c c c i c  r o u t e  S e - I c  ru s e - u i c e -  e - d j  ci:  h i c ~ - c e -e -o v e - S  a re  dc - tn  r nre -ined

ç icy i n pu t  r u le s , w a e r c - cc s L- V AD E  ari d GLO F~AL c i s c  p r e - p r o g u .- :r i r e - e u
n - u u t n n e - t -  ifl \Vi  l u l l  t i e - c  e f l t i c - e -  p i t t  :S cc i-c i n p u t . 
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R O U l  E SE1~ i- CTION

- :c  f , ~ ir- ~

C A~~ c\ i (~~~ i C iT E  c o n r c - c d e r s  c-ni t  I f l O v e ! x i e z c t  W1t ~~c t ! i  a netwo rk of
1- rid s~~c n a r c s  (d x t 3 ) ,  I I c e  Sr i u a r e  si z e -  is up~ i c - n e - a l, from 10 m et e rs
upwa L~~i . A u n i t’ s u r u o v n c c c c r c t is go ve rned  b y a s e t  of u s e r  def in ~~~

s , and  by oth e r  c r i t e  n c .  n a i p lic i t  n c c  t h e  model log ic . C~~ - r i e r a ll y,
- -, t h e s e  a -d i  p r o v i d e  f o r  c o n d i t i o n- i m c : i v e n n i e u i t s  hc5 sed  upon t h e  u n i t ’ s

as se 5 5 C c - c - t i  of lea t ~ lc- c o nd c t i on s , l , o s t i l  c I i  cc , t I c C  t u n e - i t ’ s mis  sion ,
con c e a l m e n t , t e r r a in -c- e t c .

Eac h  und r u e - c - S t  he di r u - c u e d  to c u o v e , s t a y ,  or f i r e  b y cTn- ans  of
a p r e - p r o g i - c u n i c e d  s e t  of i n s t  r u c t i o n s . T h e r e  a r e  t I m -ce f u r i d an n e n t al  typ e- s
of o i - d c -  n- ce- ; c ca ve- , s t ay ,  u r i c !  ski  g- . I - c t - c  o rd c-  rs  a cc: c o r u c h i n c e d  w i t h  t h e
m ove  and ti t .a y o r d e r s .

Mover , e - t u u u t :  A un i t  n u u i - y ce - n c - i - c t ] t c -  i T h e - V e  V / c t h o s i t  s t u ) p T ) i u u g  O r
t a  c - c o v e  a c c o r o i c c g  to ~ d o c t r i n 5 -  c c -  a desi gna t e -c l  g r i d  sq u a r e . The
(PO d r i ne  pe c - c - c - i t  cc t i c e -  i _ ni _ cit t o  ~c t c e - n - v t t  h ;~ s p u -  — i 1 c ~~d p roba b i l i t y d e p e n d i n g
on a v a i l ab l e -  c o v c - r a r i d  a - c - i l - al - t i n - g e t s .

- ‘or p - i r p o c - e s  of c l a sU f e - - n i c i t  t } c c - s c  n : c o v c - r i c u u t  d o c t r i ne s , f o u u .
t a~ t i C  al S u t  c a l  io f lS  a r e  inc s i d i c  r e d  c:d a p r o b a b i l i t y  of mov ing  i s
p r o ’ - c c i e - d  f o r  each  s i t c u c i i  cs mc . Th e s e  t a c t i c a l  s i t u a t i o ns  c o r r e s p o n d

• to  the  t i m e s  a uni t  h a s :

No cover , w i t h  no t a r g e t  f o r  its n i n e - in weapon .

No cov er , w i t h  a ta r g - t  f o r  i ts  c c : c c r n  w e ap o n .

- - 
Cove r , wi t 1 c no t a r g e t  f or  i ts  main  We ; u r ) c ) f l •

C o v e r , ‘a i i i  a t a r g e t  f o r  i t s  m a i n ,  weap o n .

i-. un i t  is  a s - i  on -cl a p 5-oba l c i i i ’ - of n c u o v i r e - g a c c o r d i ng  to  i ts mob i l i t y
ci C O S  a n d  o r c h u - r e d  do-c t  r - i r- - . El i f i c r e r n t dc ’ct m i n e s  can  be a s s i g n e d  to
~c - c d I 1  i c - n cc - , i l a ch  m ob i l i ty  s i d i  ~~ 5 on auth s i d e -  may be a s s i g n e d  as

~1
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many as foci r d i ffe  F e  ct d o c t r i ne s . Fox- exac-ip h- , a diffe rent i-no vt- n i u e -~u t
- Icc 5 t r in e  r u n t y  ti e- c u s a i g m u e d  f o r  ( - 0 0 1 1  m o b i l i ty  c l a s s  u n d  u - a c l i  s i d e -  du r - ing
e~~e l c  01 ic -eu r d i f f e  r o c u t  p l i  c s c -u  t L t-i t a i t t l u -

A i r c r a f t  and ~ r s c - u n - i  c c - m u  n u t t y  Lu- o rdered to travel at a part icular

r a t e  dur cu g l c ~e i~c -t t ! u . . T he-  0 c I t  r S p u - L - i i ) e s  w h i c h  r a t e -  will  be u sed i n :  —

e c i C i l  S i t t i t e - t i c i l u , ~V~ m c m i  a c u r c u l .  ~,e lect s  a 1 1 c c - v t - , it will do so at its o r d e r e d
c t i c  i t  it i s  p ic v ~u u : c n 1 1 y p05 :  O l e . I J n u u t s  can also he - ordered to n i u o v c  at
t i e  c d u t ’ a m c e - ’ n t u c  a i  e f o r  t i n e  t c  r r a in  condi t ions ,

I c  I s i c - c 5n ~ i t r c a t i o r u s wh eun  a u n c u t  is c-i t t  of 0 : n c i i e - u : e - i t i O f l  o r be ing
se - i pp r-sse d by c c - d i r e c t  n L c e , it ui ~ll t r a v e l  as  f a s t  as p h ys i cal l y p o s s u n - i t
When  a g r c c c ~:v - i un i t  is c-eco iv ing  hos t i l e  d ir e c t  s up p r e s s i ve -  f i r e , it will
Z u i c t c c C l c c  c a all y t r a v e l  a t  the  siev e st r a t e  f o r  :t s m oh c ii ty  c l a s s .  -

Eac I c  of t he -  typ e s  of a i r c ra f ~ is a s s i gned  a c u  a tt a c k  speed  i n de x  tie -at
s p c c l f c c s  the  o r d e r e d  ne - - co - c t - c - c e n t  i- a t  e the  a i r - r a f t  s i - c-c- id t - s t —  w I c e -n e -
c X & - c i t i r ~g a .hr ing run t o wa i d  a t a r g e t .

Stay C u - n  c c n n e - a n u d c :  A uni t  i-naY he u n - d e r e d  to  s tay  at a l o c a t~ c c  f o r  a

4 p c - u -  l c d  - i f  tir e-n e , or ‘ n i t ! ]  ci cc c - t a  I t i n e- ic , or uc~ ii i t  l i c e- s  a p r e s c  r c b c d
xc ~~i c e -h e r  c-f r ounds  u s i n g  it~ n c a  it weapon .

POl l . C c c  : : d c c n i - : Skip c o n i ~ ii a n ds  enable  units  to  go back and  r e p e a t
se q u e n c e s  sf o r -~e- c c c  c u c u u l t ’r s r - u - c - t i ed  cor d i t n o u s or advance  o v e r  cun quences
t~~s a dc i r e - c l  -~ e - i ] c n e n e -  . c - .1  ex e cu t e d , l l c e s u  s i c i c -  o r d e rs c r e a t e -  t I e
f low  of c t - c d  ro l  t h r o u g h the  e r e - t i  ru  set of i n s t r u c t i o n s fo r eac h of l i c e  u n i t s
in the  U a c t l - . Complex  t a c t i c a l  m a n e u v e r s  can he s i c - e - c d a t e d  u s i n g  ski p
c o m m a n d s  and  sequenc es  of o r d e r s .  -

When a unit  c : x p e n d c ~; all i ts  a m m u n i t i o n  f o r  i t - s  main  weapon , it can
react in one of t h r e e  w a y s :  it can c c -n t  n n c u u e -  on its m i s s i o n , it can halt
and f i n - c- i t s  o t h e r  v ’c - apon s , or it  came -  w i t h d r a w  i m m e d i a t e ly to an e s c a pe

- 
‘ poini . One sk ip  orde r i s  c o n d i t i o n a l  on a I r c i en d ly un i t ’ s a r r i v i ng  in a

c e r t a i n  squ a re .

l l c l i c op t - r  u n it  S m ay  ~ e o n  vei n an y  t I ] ’  of o ’ d er  t h a t  a g r o u n d  uni t
may be gi c- u - n c , ex c~~pt t h a n  an a l t i t u d e  index  in c - st  he- i n c l u d e d  in i t s  se t
of o r d e r s . Ir e- t h e  f o l l o w i ng  di scns - i c - c , en up 1 c c r s i s  will i - u - - g iven - c t o  t h o s e
p u c  g r a c n c  s ta i c n i c- n t s  ‘ a i u i c t e -  a re  r - e - l ev a n t  to :u irc r a f t  m o v e m e n t.

- 
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uluc fle-~m j c r  r o u l u n e  d iat  S i l i l b u i e S  t ie  th u s l - :e- c-I W}~t 1 } c c  r ic r nuo t  ~u

un i t  should  n c -u - cc is (a i l e d  Mi t o  E. I t  d c - i  n r c - c e - n i t - s  the  ice  ~.t g r i d  squa n e
C - n s c p  i n S  tie -c , t t i t i n d c  e i e - : u i : g u c  f m ; i t  : 5  t s ,  Lu: s i n r c i c l c r t c - c !  ari d th ~e h o r i z o m u t s i
t a - 0 V i c d ~ d l i  ‘ c c i  L O f l d O t i c m c  u i  b u t  l i n a c  c c c i i i  g e -n e r i n- s  I r i n e -g m a r c
o m - c b  r s .  ~ ic ~ s t i c - i 1  u i i d  con i c :  Se  - e - r a l  s u br o u t u - s .

I c -  i- - . ~u~ s s e l e  c c i  ci wh e n u  t a - c  d c - c t  is i c - s i  i n i e - i u t e d  dn a  g o n c a l l y 5 c i ] .  t i u e

oL’ u - c t - cv - - g r i d  .~q l nt r c  us  not t ic -c s h o r te s t  n- c c - i t t . - . C c - u i s i h c - : -~ r u -  the  ic i c it S
p r e - s c c n t  c c - n obj e t - l i ve  g r i d  s q u . u  res t c i t - t u n i c -  t h u  e st r em e  c o r n e rs  of a
cc - e t a r u g u l a n- P O x  e- i t h  s P i n s  p i n  lb I t o  tie-c g c - c c l  axes , thu  d u r e e  t~ ac- of
1 : :  V C t !  c - u t  1:, a ] c :e-g t ie - - c: l s i t : : r s e - r I O  c, l  tlue box . This con e - t i — n c - c - c ,  u n ti l tie-c
n-c c t c u n i g c  dci  r bc-a i c i c  - - a-a ; squac-  - , at  v. hi c-h p - c c t  t I e  f u r t h e r  m o v e u e - c en t
is  - c~~ gouia i - A p cog 1-an ~c i  c u - u  ni t- c t o  ~ elec t  ~ ne-c cc- cli i -e c t  l- uu tt :  is con s ide  i- ed
ci p -

~ 
- -. - ; i - u ito  and f u ~~t ci i b i t c  b y ci: r i - c - d c-c l dev~- lope x- - I The develope ccc  s tat e

t .  a re — e - c i  c i c c i n i g e :  n e w  cc) ’ . s 1 e- 5  f o r  a i c c - n~C di r - - c t  r o u t,  - This c h a n g e
c - c e -  a f t e r t i c : -  m odel e-~~ u~ exti ne- ined f o r  t h i s  r - - i c i- t .]

1 ic M O\-’E n -out  i r e - I - de- t e  m c  ~i re -cs  the  t e - n e - e  r u - q i c i  r~~d f o r  l i c e  Uflit  t ic- ri-c-ave
f~- - -n~ - i ts c c -r n - c-nt l c c c a t c u o n e -  at tie- -c cen t e r of th e  t t r i d i  t c c  its ce - e x t  l o c a t e - - u ,  a t
t h C  b o u n d a r y  of tIce:  g r u d .  For  a~ rc  c- c f t , t h -  m o t e  t u t u  c C  will  be- cone-pu t e d

I 
as cu n c - i  c nal  va lue  plus arc  ad j s is:cc ce --c t b c ~~ -d on the dire ction c-i the u vt ,
11 : i n : c c - c i a l . TI m e n o m i u l c i c u l  v i L u c  is has ccc i c e - tie- . - n - c e 1 :! rc-d a l t i tude  c i e - a n u c e

I C e - S  s ac  ,~ 
to ca r r y  c -u t  !t:-i - gbt o r d e r . ii t . - unit is n t  c ur  re n ~tly I n n — :  c c g ,

ç i cC LSCJ- 1  t~~ i- -c r ou t ine  is en t e r e d  ‘ 1 ge t  LOS d- c  ~e- fo i -  the a i r  i - cs it . The t i f l~ t
mc I clock is S et t )  tIe -C cur~ ent i e - f l ;  e p lsl -~ tb - 0 c-~ t ’ 1e-iJVC I c c - m i  cc  i t s -

F 
~

‘ t o  ca - c , n c i c r y  of t I c - -  g r i n . It should be n u t  cc l  tha t  th t t t ci l a l c e - t c : ie c!1;ct~ c :c

ec -ci rs  c . l i c c - - c i i a t t - i y ,  p r i or  to  ¶ h e -  e n i t -r  — t u — b o u c r c c I a c v  m ove , -~~c ;lc  r e i lis —

t i c  all y this  is not t i e - u. c a s e - . ~~~ 1 (35 check  is con p lain ci us ing th e - i d e ’ -.
a l t i tu d e  it the old CO v r ’ i c c c I t e - s .

D a t - c  fo r  air  un i ts a re  :- c s s e n e - b i u - u on the-- u f o rms : a l t i t u d e  d c c t o  , a i r —
x n o b i l i t - 5- table , and o r d e r e d  ti l t i t i i i e . The se t - 1iuc s con t a i n  t in rate at
wh ie -h eat 1 of the p u s  s i l l . t l - cnc -~~- a - c c : l i ly  c I c c u s e c ;  c-f a i r  un i ts will t r  - c e - i

in c- a n u n  s i t u a t i o n e - s

iV}~t -n a i r  un i t s  ul a n g e -  alt -c c c - I C  wi th  I n  l b  net h o r i z o n t a l movene- -nt
(h i- l icop t - r  s , ye i- tic 1 c a l -  i - c  ti iiu d l ; c c c -  d i c g  (V T O L ) ,  c r  o r b i t i n e - g a i r c  r a f t ) ,
& u u - I ~ n - c-’ n o -n t  is  m ea s u r e d  i’c j n t e c n - u l  n e -u l t i p les ‘~f a s t a n d a r d  a l t i tu d e -
i n c r u - n r - e  u t  - I h i s  n c r u - n c c e : c t  fo r  ver t i c a l  m u e - e a s u  u - i  :u c i e - t s  is analogous to
t h e  I c  on z o n l c  1 g r i d  s iz e . A s t a n d a rd a l t i tude m c i - cc - i t  nt  is  chos en as

1
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input .  A r c  e s t im at e  is i c  de  ar . ] e n t e r e d  c-i t h e  t i c - c e  r e q u i r e d  f o r  c a s  h

e- c i -  o~ a i r  c c t u i t  t a de SC~’iid or  c i  dfl e - i )  c-in- st~j n d c~rd a l t i t u d e  inc r e men t .
er i n d c i t iS t i e  - i d c - - c c c l c u )  c h u t i u u l c  of eacl i  a i r — n i e - o b i l i t y  c 1as~~. Maximum

c L ! t  a- p c - S i. - s ~u , O i ~ . i t .  c - D O V e  t i c. hig h e s t  I c  ru -a m s q u a r e - . The last
c i i t r - y f o r  - c i c h  i i n c - i u i l i t y  c l a ss  is t i c -  n i a x i r i c c c n ~ s h i n  c d i -  t h c - t t h c  a i r c r a f t
-c I c :  f h y  s c o r i n g  t i u t :  b c c t l l u - . -\lt itu c i e: -change t i c r t - c - c i c ld s are entered for each

~i r  :~~~~L b t y  c l ass .

cc :- ~ r ic h u i r — i : e - o l , i l i t , Cl a ~~~ S~ X c l  l i i  c - a -  c h u re- 1~i - s  , desi gn ated alp ha 1
to al p ha (~ r o u s t  Ic - -  seL c - t e d . I I p hla 1 , 2 , ari d 3 a r e  n e g a t i v c -  and t h e  o ther
t h e - - c -c a i- pus  d ive.  ‘ I i c e - ~ h a - c the  fo l lowine - g si g n i f c c n n n c e :

If ~t c e  c t c i n~~;c- i d  e - c i c n t u ie  c- I  an au -c r a f t  as it goes from th ç ce nter of
ou c-- s -~ - n u r t -  to t t ~~- c~ - n e - u c r ccl t i l e  ad ] u c : & c f l t  sc 4 u a r e  i s

L~c-twe-ccc  ah s - c. u  I c - n d  al pha 2 , the l c j ~~~i 1  path is  a stee j descent.

B u t - - e e c  alp h a 2 a n d  a l ph a  3, t I c  f i i g c c t  p a t h  is a m o d e r a t e  de c- icc - n e - I.

Let w ’~ e ;: d i ] : c c c s  3 a c - i  a l p c~a 4 , t i c  ifi g i- ci path inc of negl i g ible s i c - p u - .

Ft u - t w e e n  al j e - i c c- - c -
~ a c c - : i  i l pie-a 5 , t h e  fl ig ht 1, u l h  is a n e - o d e r a t e -  a s c ’~n :t .

~~~~~ 

- 
Between  alp ha 5 a n d  a p e c a  6 , the  f l i g ht  p a i l !  is a s t eep  a s c en t .

( h a nge s  of c l t i t i d c -  may not be l e E  s t ie -an ai pfl a 1 nor g rea te r  than
al p ha tc p e r  gi - id  sq cn ;n r e- . (Al p h a  1 is t he  mos t  n e g a t i v e  n u m b e r  in l i c e

set . ) Su c h  fa n -b idden  v a i c c e c s  would  r e p r e s e n t u n r i - a s o n a b l y st eep d ives

- 

- c i  r e i i z c c b s .

F in fl y,  m ov c r e - i c n t  r a t e s  ( fo r -cc -i rd - p c e d s )  f o r  e a c h  m o b i l i ty  index
fo r  - i c b u of the  f iv - a l t i t u d e  ch u n e - g c - s a r e  e c a t e r e d .

A i r  - c c - i t s  i-nay be or d e r e d  to c o n d u c t  c i th e n -  c o n t o u r  or  l e v e l  fli g h t
at ~t n c  v c f  t i re- c Sp c i f i e ci - c  I n  ii  u ’ies f o r  u- ac } e -  t y p e  of f l i g ht .

Input  c a l l  s fo i c ; c c v e - n c u i - n t  r at e s  to be sp u - c i  i ed  by o r d e r s . If t h e
r .~te at w h i c h  t h e  unit  ‘vii i  n e - t o e -  e is not g iven  the  cic e - i t  will  move at i ts
r i i e - x i  c i e - l d c - c  r a te .  S e v e r e -  r u t  e s a r e  ~a- - le ci  . 4  ici r a i r  - 

~t . i t s .  l -Lcch ra ’ c is
a e s i . n ed an i n d e x  f ron - i z e ro  u s ix , wi th  z e r c  d -n o t i n ~ ‘he  slo ’e-est  r a t e .

I
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The~ A D J U S T  su b r s , u t i r  u -  pr ~~5~~d ’-~ t i n  an  i n c r e a se  in t i r ’ c e  r equ i r ed
to  1) : -  - c e - d c  - i c a i ~~V i r o n i c  - c u - a t e  c to bo~~~d c c iy  c-f a squat - c under sonic

C u r - l i t i c i t c c i .

a r c  a t t a c k  I u ; -  o p t n c  Ln u c u l l e d  for  s e c 1e - p or t  b y a u r c : r i e : c c c d  unit

t h e  h l e - 1iC ]p t - ~-r  wi l l  n i - c e n r i  t o  an o r d e r e d  f i r in g point , r e g a r d l e s s  of Oce
i c c i u t  c c - - s o n g r ( s c : c-.l cc’ . ~~O f lS , a i d  i— -~ r f o rn i  a p i p - ]) s u r v e i l l a n c e  / f t r i n g

a c t i on . The  u ser  so: c-id be - ce - v- a  n e  t ie -at the  i c c - t i c - ]  u se- c c t h i s  p r o ce d u r e .

C - i c n -ne n t a c - c t  CA k N i t - I N  n - TI TE r i c- t e  ~ e lc - -c r  i c u e -  a r e  i1e fo l lowing :

~eic v&c t i n e -u s  ~ t n t ) ’~ s I i c o t  be a r t i -  e - c a l l y a d ja s te d  to acc ;omrnodate ti e - e

i i  cc - dc- i  l~~~ ic- c-- i c c - i  cyc les  ( sc -  a n c  t i c - u .- - dec : i s l c r. t i c - c , r - t c ,  ). Thu  c y c l e s
sh i o u l a  be c - d l c c  si -n i i n i ~, t - ad .  h i s w c l l  h e c on uu e  m o re  of a p r c - b l e c e - e -  should

c c i c : - - sp e~~ d 1 fi \ c d - - . - mr e - i- cu i r c r c - f .  I - u - i n t r o d u c e d .

-A c I e - e - t : m g e  i c c  c - i t i t  u - l i -  fo r  c - l u - c  i- a f t  shou ld  be a c c o n n 1 1e - l i s h e d  ove r  t ime ,
c c t t h e r  t han  in ze r u e -  t i c c i e

idu t :  \ i u  V E r o u t i n e  sh o u L d  cc-  c e -n o d i f i e d  to b r a n c h  a r ou n d  t h o s e  log ic

c - ec t i i ne - S r e l e v an t  onl y to gr o un  i c - f l i t s  wh e n  c o n s i d er i n g  airc  n a f t .

1- . VA 1 ) 1 - I  II r e q u ir e s  t hat  a i -c r a n t  fi ig  n c t  c-c l b s  a i d  g n- o t t m ~d s i t e  dep l o y —
c c c  u t  i n  p r o v i d e d  as input s. ) - l i t~~ci  p a th  r e p r e s e c c t u t ion  c o n s ist s  of

o n r - c e- i c t  l in e  s i - g r e - u n c u t  S d e s c c - ib ed  by P o i n t s  ire- X , Y , V. space .  A i r c r a f t
ne -’ i - r d e v i a t e  f n o n e -  L i c e i r  a ss i  c i C I  f l i ght pa t h : -, hut the a i r f r a m e  need  not

be ali gned wi th  the c i - I c , j t y  v e c t o c - if O n i c n c t a i c u c — c i i c g ies  ar e  spec i f ied  in

t he  f l i g h t  p c - t i  da ta  i c c - a u n t  (e. g. , a h e l i c o p t e r  in s i dew a rd  fli ght whi le

a : i i c r u g  a n e - i s su e to a t a r g e t )

F l i cb t  pa t h s a r e  s- - 1 . : c t  i ’ d t ’- i i t t t i a l i y.  All t e r r a i n  and f l i g ht path data 
-

are pr ocessed in t h e - n  -iSl~i i ~~e-~ p r ep a r at o r y  p r o g r c u i i l  f o r  i n t e r v n  s i l c - h c t v
d e t i -  m c  c i r e - a t i o n . i n  r r a i n  a r id  f l u  ght  p i t h :  c an  be h a n d l e d  ire -  : s - p . c  r a t e  — I  -~e- cc ,
h oweve r , i f  t he  ana l ys t  i t - s i r e s .

A ss o c i a t e d i r n : ! ~ p r e p a  r at  i c - nc  p r o g r am s  i n e - ike ex t e n s iv e  cisc -  of di g : t i z a - d

t e r r a i n  i-naps w i t h  s m a l l  g r i d  ad- - e s. A 12 . 7 m e t e r  g r i d , m in imum, is

p r e s i - i n t l y h i e i n g  u t i l i z e c c . A i c -  x 47 k m . c  u - i - a  of wes t  c e n t r a l  G e n i e - a n y

I
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c c c  - d in g  a t ac i t  1 2 rn i l l i o r e -  c c c  - h i  v i  .I .nc e -J t e r r a i n  h e i g h ts  is s t or e - i  on r n e - a g m i e t i c
t ap e  ice - r u s e -  w i t h  t he  i c c - ’  i v l s l b c n c t  r — i c c . :  of t h n c -  p r o g r a c u c . This  a r e a  does
- ‘  c i  r~- c o - ! - c - i  a in s u - cic - i c t n i  to i r e - c -  o ver a g e  ~- f  t i n e -  n e - c - d e L ;  p r a c t i c a u l y
a t t i c ; c i - . - :  c a r  be u S e - i , c i t  h u t -  Sc - c !  n t l - e  of r e s o l u t i o n , u S  sh i p p i n g  g r i s t  l i n i ~~s
an al i - ‘ : 5 nc-) s c ~V ’  t ie-c n i c t  i r e .

C hLO P A L

! c- t c n c k i n e - c- i c f l c t  s or  we~~c-s -n s y s t e n u i s  move f r o m  p c - t i n t  to ~~O~~r c ~ in a t t c r e e
di n r u e -n s i o n t i Ls -c - gr ap i c i c c - 1  g r i d . h i s  v t - c c - c - n t  of e ach  o ! c e - t  is p r e d e t e r n u e - i r e - e d
cit e- cl u - c - c u t  c - s  a ~~~~t t e S of s t r a i c : - t - ~ ine s e g n c u e - i c i s . ,\ - i t h c t c  a s t - g : n c e r c t , d i r - )  t i n ,
sue ’d , c i l t i t t n d c  a c -r i  - c i c - u b i l i t y  a u ’~ c ce-~c- c c - f . In t i e - i s  li g ht , it is n e c e s s a r~y to
‘b - i  ace  a new s g : c e - c d i t  c a r e - i  t u n e  O l e - i -  e~ r mu re of t h e  ci bc , s- er C on s t r a i n ts  a r t :
c - T h i . t - s d . k - L x t e n s i e - - e- anne- sits of u s e r  anal y st  t i . n c e  is r e q u i r e d  to p r ep a r e -

o t t _ c -k i n g  r o u t c  n . e  input  da

Ti- ce ga - r u i n  ‘. di  eu :, ‘c -c - ce- t~ ce- a t t a u i: - - r s  r e a c h  t i e - C end of t h ei r  path s .
Jf d c c -  s c e i e - , 1 i io p c s c - d d e s  1 -  a t  one or  l ie -ore  of the  at t a c k e r s  wi l l  s t a r t  or
f i n i s l e -  e a r l  cs: r t han  t h e  cit  c r 5 , nonrn o v i n c g ,  n - . --  v i s i b i l i ty  s e g c - a - nt s  rous t  be
a d ded  c i t  I c - n  t a - - g ic n c l c c g  ~~r & n e - t i  so t au t e a c i n  a t t a c k t - r  .spi-nd~ t c e - e  sam e t c r u . ,

— re - d ie  c - c l : ; .  T i e  a - I c c  d si g i e - c e - t i c u e -  - c:; ! c c e - i c ] c n r ’  u s ed  b y GLOBAL is }e- i g~ c 1’-
det a  I l i ~ d c c r i d  ~ s u u i t i n t ~~’r e - t  t - . - i l l y on h u e  i t s  cc r 1 s c - c c - c t  data.

A 1; -~~e gin  1 s c - : t u u r e - e -  s c - roe - - i  cc d  A r  t h e  : c c e - : c  — —  i O ~ x i O ~ s q u a r e s
w i t  - - opt iona l  sca le . U s i n g  a fine  12 . 5 me- - c - i c r  i— c] -c -e-t me si c-c to d e f i n e - c tie - c
r e s u t h c t i o i -.,  c u r e -  a r c - i  of l ? b  u- 125 km it- p o s s i b le . Onl y 30 x 30 km t e r n - c - i n
r n p i - e s c :nt a t i o n  is p r e s e r e - t ly av a i l ab i e .

No n l i a f l e c u v e  r i n d ;  a c t ion s  a rc :  i~-~~r c - c - t t e d  upon d e t e c t i o n  of an enemy
p osi t ion  or  t ’ne - emn y f i r e .  T u e  d c i sion  is ale-v..cy s  onc- of t h r e e  — — Con t in ca- ,
h e - c u l t , o r  r e - t r a c e  p r e v i o u s  pa th  O u - g n n c c  n t s  unt i l  i ; u u - r v i s i b i l i t y  is  z e c a - .
(This ia - -t  mi g c t  ~e c o u e - s i c l c - r e d  an e s c ap e  n i c c e - n e - e n u e r . \t ha t  ha p p e n s

— d u r in g  t - s c ap . -  i s  not  c h e a r .

T i c - g r o u r e - d  :n n i e - t s  arc ’  q u c i s i — s l a t i o n a e - - y  , w i t h :  t i c )  ne- c h i l it i e s  or  route s
s p e t  c f c c d  h c c - t  w i t h  d i c u p lac e c : , ; c n t  to c-c ’w i c - c c - t i c -n e - s  pos~c i l 1 e  in r e sp o n s e  to
r u e - a r  m i s s e s  of in c e  mi le -g  l i r e ,

‘
I
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( c c h l M h i \ ~ 1i ~ ( ) ‘~ ) - H i c d  1( ) b

( i c i l y C -\ t~ u- , -i cNId [TE ne i i :  it s  i .  cs v e n  c u d  c-f the ground  ~mit s .

ti ’ t c d e  ~~~ /‘. LLh ~ ~~L Li u se s  sight p u t i cs that mus t he sp ec i f ied  in
(a - - t S , d cdS u 1)  u n -d e  r s  c a n t  b -  ic -c - n d  t o  set  u p a l t e r na t e  paths.

c A i ~ k~ON~ - u ~ TI-: has ft -~e-- t ’r g r id  squa res  tI c - c .  t i n C  o ther  ~~ o models ,
i c-c i n  u Li  b i id i c ‘ci c- ~. n cp u i d ~o EVA DE 11 c- nc  GLO BA L
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JJN E - OF-SIGHT -

- Pric-  i’ t o  dcl c - n c  u c i n i n e - g  wh et 1 m m  on  i c c - i  a to r g et  i s  d e t e - c tr - c l  by an
c u e - c - J o y  ob se  mc c m , t h e  c -b i l i ty  cA t i c  - o b s e r v e r  (or sy ~-L c c )  to actual l y
s t u n  c l u e -  1 a r c - e t  c - n c - St  l i e  e s i : : l c l i S h e - u ’ 1, The p m l : n c o r y  f ac to r  con side m a c
i s .  e~~t~~L c l j s 1 e -  t i c t ’  V i S u l , i t~~ : t a u c c s u t I c -.- p o s s i b L e  e s i s t c u e - c e  of t c - r r a i u i
Li i  a - u -  i t : - u c c  - c - h i t c h h1o~~kt -  ti e -c - o b c c c  i- ’~~ c - s  view of t h e - c- c c - m g _ -i (mask ing ) .
Qt h c - r f o e - t o n - s S i ,  tc a s  e - ’ c - g ’ : t u c t i d i n  - c - c ( !  ~‘ca t h e r  Fcc -tV b&: i u c c c l u u i e d  as c -a r t
of t he  u r i c - — o f — s i g h t che ek or  as p ar t  of t b - _c t a r g e t  a c q - u i s i t i u c c  rou t ine ,

I c - i
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I t ne ~ ( A n t  NlUn h cA J IL i c , a ~1u i  ci f~~nc-~ i r u t e -  r v i  sih i l it y as l i c e  ph y se -ca l
.: _ c s c c d : t , i m n  c -u n o  in t e r v e n i n e - e-u t c r r a n : n  or  vu - g n t c c - i o n  bc- t -~-~-~ en an obse r v e r
a ce - -i ca s e-- c - - t , In t e  r v i s i i c i l n n y , in e - t s . -c- , doe- s no t me-pl y t a r get de t ec t i on ,
u c u 1 - ,- t i e -c i t an u i c c - b .  u m , c t  i t  lu t e —of  — si g ht e x i s t s .

c c c ~ b cc --nc  :-o i u ~~j de i- at nc ’e - - e -  I ce -  d m t c - c - n c : n u i n g  t h e  e x j c n i - n c n  of a l i n e — o f —
se-~ -h t  is t i e- s i c -p c  c-i t h e -  i c - cc  h i u t . ’, - c - i c  c ’b s c - r v e r aie -d t a r g e t .  If any slope

we- e n  t h i -  ol e - s ta / L  r -t ie - C l i t c c  , u l e v c i 1, rd ~e - t  a ce - v i n t e u - e - - . n l n g  g r id  s q u a r e
u ’ - g m e c ~t . r t i e - c -n e -  t i e - e -  d i re - c t  l u n e  — o n  - - su 1u i u t  slope , i c - e n  i r e -t e r v i s i b i f l ty  do€c s

0 ~ x i S r . Lice- e — a n - s i g le-t a l-c -sc-vs  c-a s t s  b n t w e c e n  a d) a c er i t  gr i d  square .

T he s - s L o pe s  a r e  c c - 5 u - I v  cofle- Lu c t n d  if the  t i n e  c o n n e c t i n g  t I e - e Ia r g e n  -

s u l i 5 e - r ; ,  r p a r  i c  c t i c - - i -  e - c n n - a H c - l  i i )  t e e  t . ’r r a i n g r i n  sx e s  or on h - c  4~ - d i e - c - ’ e
d u u t _ - u r i a i , ice- ot le-er sit e - a t I sc i e -~ a - st a i r c a s e ’’ :e-l go n c - h  c is u ed to d et e r m i n e

I 

f t ; ,  l i c t U  1-v en i c e - c -  a c 1u a r c c c  m- ~ c e -v c - c c n  :b c c c - r v c : r  and t a r g e t  - 
-i i t  O p e r a t i on  of

t ie - is  a-I . a- n b c ,  is cI. ’ c - c o r u s i r s t c - i b :l - w ,

H L ~I r-

~~~~~~~~~~~~

- f_ _ ___ _ -i__-1  J:~~~~~~ LtH
s q u c i r .  c s - r i  i n  LOS c a i c c i h a r  i on

5 c c - c c  v u -  c - c - I  c c c i  ice -  1.( ~~ c c - I c e - l u s t ion
(c c-i 1 c e nt  s ( l u c c - r -  s l , - u , . m p e - c r e - c  i i  - ,ci r~ - ~c n c p c - m c ; c r i u t cu- )
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I .  i c - d c - s i sc i 1n ~c r - s  c - r i -  c h i e c - k - i l  f o r  t l i ~ p o s s i i s i l u t v  ~ i i n t e r v e n i n g
t ._ - r - u - ,c in  b c - f e - c - c c -n i  ob : . - r a  u , , n cd  I c - c L -  I . T h e-  ,- tI g or i t i ~r ce -  i s  d e s i g n c - - d
c-i c - i a - i -  e - i c t -  s, c i a - -  n - - - ’ u lt s  i- i - c - c - r e l ic  S C  cii w i c t ,  is c e c c e - sj d e r e d  to be t h e

- t - r ’ / t- r , t s c - ’ a-~ s a t n s f \  m g  l i c e -  c - y n u m n t r d  p r a p s - r t ,- of i n t er v i s i b i l it y ,

- c’ — , s i —  c c - i t t  ~~~~e Isa i r e -  m a - - i n  f or  al l  d t d i t t ,  in t h e  second c - r n —  )
~c c , - ~~S or to  ‘c - i c  , c c u e - i l e  i c t e - m - i c c i i ’ u l i ty a t  t u c c c ~ Z e n ; , . D u r L n g  the  bat t le

cu e - c e- c I s j c i c u l , c i c a , n , a l i n e - - o n  ~ t ’ i c - 1 i  c l~eck is ne -ode  a , - u i n c , t -c-d c enemy
C c-l i  c d s h e - c ’  t i n e - c e- -i c n i ;  c , a - s c -  a r id  l~ounda I- -f or W t ; e i d  an aircra f t
i s  - i u c c x : g i u n g  ~d i t i t c : ’ I i ’ .

A n n  c dj s c rn c -u uc e - , ex i s t s  in t h u t  S n n u s c c ) c , i  d c c  of a i r cr a f t .
A: r e - r a f t  r . i c c c ,  t h e -  LOS a t  a t m  s of t l u c ’ i r icc st 0 -dc med des  1 c c - a t e - a - n i. ~ hat
is , ~e- are - a - i r e -  c-ar t is c i n s l ’ - r  o r d e r - s to fl y f ro ic  c - c-id A to g r in  ii , i t  will

sc -a F’ i l c  f o r  ne- s W 1  V WI  u s a - S  IS i- 1 ‘:r s - - - - iy c _ u i  i i  s we-i ii it n- caches  gr i~ B.
“ L u - ilS, ‘h -a - -c e enen-t y t u i l i s  ha - a-c a m y  of l o o k i n g  fo r  t h e  c - i a - c r a f t  un les&

i i s e - ’~ : s i s s  a bounci ,t r~ t h i s  ~n e - c - e 1 : - c t -. i l s  c c -  c - , Li c e -  c - i n ,  r a f t  c u i t c y fl y be tween
t i c  S C  t a - c -  p c - c - i s  w n t l c s cc c t ct - i c c , h a - c  b y sl~~c b ’ c u r y  . - r c n : n , \ ’  uni t s. Tie-is
O S t e - n e - S c l i t t  w a s  done c- s r e i I ccc  e Ccci cp ut er  r u n n i ng  t - - .  but it can n e - ik e
i e - c~l c u  c -c -f .  n- . b u n t  tc -e-d j n e -~j sj c i ,: ‘- t h U s- n u o e - - i u e - g ,  Ir e -  s I f i - e - t , t i c- model

O s s c lj n c c ’ S i ] t g ’ :t at i r e - c - - ; -  I t .  1 ~.e-c ’ay f r o c c .  C h l O e - V  c c c i i : ; . [ The
dc- c’ c i s i p . -  rs sHi  e - I CS is no-~v i s - ;  c - n b  a t  c’.c c l i  I c - -  - c - d c -  ry  cross in g. Tic- a4 H L c ~~ ( ’ . , ,  ccc  made-  a f t n i -  t h i n  n e - o d e - i  ‘c- is  e ’ c - c i e - ce - i e - n -  I f o r  t c - i a  rep c~ -i .

}‘ ‘t c r t l , cj - n i n u j j ’. , a c - s c - u :  a- a c - n d  n u l l h ac -  Ci~’ s e -  se - a a L~~a-ce- cia- u -y ,  p e n - c - rn -is
l i n e - c - o f -  s e - g u ct  ( l i c e - I c , .m e- ti Lus - c c C t s  a h i n t . - i ’ C l i c - ( s~~c- n i n  g r a n  sq u a r e  B

c- i  c c - t - d e - r . g  O ’ c c : s c  p s ’ i n t  A to  p c - i r e - i  ( , h e }e - e l i c o p n  c - n  , i , e - -  
~,
‘ l ea -va -  g r i d

squ :c i~t~’ 1~, 1) 111 si  c e - c e  ne - n  U icc c - - i f —  s i c - h u t  n I ~cc1u is I i - c e -  ge -c- c cit. , t i c  e red we-it
w i l l  a t e - l i  b i - l i e v e -  n t  h a s  v i s ib l e  cc- i t ;u c t  w i th  t ie - c  I i I i n op t e  r . A nd i t  c e - - i l l
c o n t i n u e  so until  the  he l i cop t c r  re c e - I c - s  g r c d  C c - ne - c l  p er f o r n e -s a new line-
of-s i c- m t  c i e - c i  I’ . Of c o u r a l  , a c t - c c s l  l i n e - c -  - u f - ~~i g ht nn ~~ y rco  l o n g e r  i - N e - s t

r s - - l i e - c - c - t s r  v ac at e s  g r i d  s o c - c - n -, - ii. T ie -is i c . t \  a -c c r i t i c a l  for
t n t - c o p — i c e - - c l  he l ic i  p I e r  a i c n c - : d e s ,

O t t e r  d i s c r ep a c s  ie s  r e - l i t i n g  t o  a i r c r a f t  li n e - c- - o f - -  s ig h t  computa t ions
occur  ‘- - ‘ t c C c f l  a i t i t o s i , -  c i i : m n g c  S ~ r c  “ l ug  nc - :- -Jc: . ‘l b s - n e  a - m e  t i n  c s i t - c - c - c o n s

icc t f e - c d  c c c  t h i s  c m t  c g o i -y .

i 1i i p — u p ’’ t o  u i t s  a-n t a r g e t

I a n d u n i g

I~). 5 c c - n t  In  I r ( - e t - ip li’ t ’ . 1
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1 ’ -  t I n - ‘‘ p op , c  c i u ’ s r , [  - , t i e - c -  c u c i n u r t e - ’  a- , i l t c c u d , -  m m ;  - s s a r y  for  t i c .

c -j r .,’ v a - f t  to ,tehe -j . ’ c t ’ ii5 u~ -ot — si g’~t t o  tie - c -  t a - c c - c t  no’ c c - c c - p a - I t ’ d .  1 I c -ne -  t l ; c

t i r e - c e -  ‘~~ . a- ~L to ~ 1j t t n h  I - i  t h i s  ‘ I t o  c l i  is c - c - m u s p u t t - c l  ace -d s to red  j i m  a
S c c u t e -  i c - n c  e, - cc- ’mu c i - c  a . in  ; c i e - c, d i e - m t e l y ,  n , a - c - .’ u - v e r , a l r c c - s - f - s i g ht

c--t ic j ,~ c-c-ide c - i c - i c c -  I n s -  a- i . c c t n e - c  , I t c L : u n ! c -  c-f t i n  a c r e -  r , c f t  as i t s  p r e a . - c~t

p o e - i o n .  Li -cc cc ’, ~i u u - : - ~~Lt c-a- ~, . r - ~ u - c - n t ’ s ve- r t ic : t I scUm ’ - , c c c  t u c c s i b i l i t y
i c s i \ ’.’- - s - f c  t h e -  ~i i r , . a - c i t  a r i d  t i c ’ ’  t e - r c c- i (a c e - m I  p o ss i b l y o t h e r  - c m  - c  y c - n u t S )  iS
n c - - d a t e - C, ~ i - ~ c c c - L , cu e - od e - d u t y ,  ~ t would  nc- i e x ist , It w,_,u ld  s e c - h u e -  n i c e - n - i
i , c L c ~~t c e -  ire - c e - c - s  s u e - - c c - e u  to  c i ,  f c c , ’ SO’ c , e -  Inc  c - s - t i c s  ict of - i t j t c i ’ j & - , a -i c c -  take

-,c ,, -.-,‘ j j c e - cc — - , l — n n i _ c l u t  m u u c  c c - . c e - c e - U i  I ice- c t l c c -  - c u ’  - r u s f t  c h i c e - i l c i - c i  t i c - f  dist~u cc n c e .

it j u n c - t I - , - r  a - s ic- c c - - n e -i a - c c  t h e - c  C ; - c -  ,- d O N E T TE  s - c - n n t t  c ’ e -  of t c  e ‘‘ p o p — U p ’’
t a - c c - c  H. i n -  o r m i c- i- . A i c  u t t t a H ’  c c c c n i i c o c - f s c l- ‘ a - _ I l  - l i c e - c u  to the  i i c l c c -, n c e - e - n u e -

r- .- , u i r e d  , e - i c - c c - ,s e - c  , l n c ’ i  i , c - v e u- w h i l e  s c - c i n c h i n g  f o r  t h e -  t , t ’~~e-t . It ,‘ c ’ t c i d
se c - c s ,  th .c. c , L ie - c -c t i m a l c c - i c- , r I’ ’~ r b r e -  r a f t  v i o u l m i  c c - i  - - s c - c - ;  its ~~L j t - c t i v e-

a l t c t ud e  - u u ; c  ~-,c c > c c l , u i  s:u n s u e - s c c d e  d ine - : - i :c c ab ove  t h e -  I e - e - : f l c r ’e - ’n n ,  \ ‘ c - m J e -  s c - a - n e - f i r
- i~ I he t a r g e t . ‘F t e - m  S a- cUt le t  c s e - c a l  , c i t i t u d c  h e - c e -  c- lit  - - m e - h i  cc -  c c , -  a i r c  r a f t  to

~
-t - ’ i i t i s  ‘ne -al  c- i c - nc - c - ’,’ obs  c -r va t i - . cn e -  5c ce - : l  l i e - - c- ,

‘J’bc- c ;c c e - o 1 , c t  i c ; x c  of L u r e - d n ’ c g  c - aU -a- u - s it i - c - c l u e - S  ‘c 5 ~ p 1-c -sen t  t w i s  p r o b l c - n e - c c
T i n e  f le - - tst i s  t h a t  t i c -  c-i r e - i - c e - f t  n e - c a y  l i n e - i d  in - ru n ; sl e- y c - i l i t u d e  in s c - n c  t ime

4 i c - c r -  c c-c - (1 / - l O ’ cc ’~ ne - in ) .  Ti e - c-  r~- c c- ewe-I -s f o u n d  no det r imenta l  f l e e t s
of ( b u s  p h c - r i 5 s nu  a- fon d  a - t h e - c -  t c -n t e t a c t  t i c a t  t h e  a i r c 5 - . m i t  will he - c  v , u i l c -b l e

a su inoc - c- a u u ’ ne - i - l b  S C - O  0111C c t iu~c - r  t l c c - m e -  is p o s s i b l e .

Set - e -n i s : l i y,  no ct -/ c’ l i c e - s — s - f  --s c- id mu i c - - t I s  is  peu ’ f cu rmed  upon lanc i ng .
L ~u p n e a r s , t c c ’  c - c - f or t- , C e - m i  t h e -  Uc i e - t , I m - c l  i c e - t - r a c s c h i l i t y  a - c t - c ’  i c - c c d i c e - g

is , - .. c-t i e -a l  to the-  i nt e r c - c u c i b i i c j  ‘,‘ at t h e -  a i rs :  i-aft ’ s a l c c c  c c d n  L ’c- fc re  land no .
(T I c c -  - c - s u e - c ,  i c-s been 1e -c a ’ ; cd  to ci, I n  w it  ii l a n d i ng  p c- ire - is and appmo ac ic cc s
out of LOS, ~vI l cf l  t i s c t  i S  c c c -  t i de - , p r o p e r  a c c o u n t  s- f  tie -c i n e - t s - r a - i s i b i l P u.-
c i f e - c t s  c- ui— I be u , c , c c l s  to c - b c - s i n  a b e l l e  n S e - c c :  cc - ,~ j o r e- , ) ~I I c t -  d eve lopers  c-I s t e

t i e - cd LOS cl i ck is now mc , ‘1, for  h e l i ;  - m p h  c r s  when t l , c ~v are-  a t I n c  c -top a l t i t u d e
and c- ’h c n t i c s -  ‘

~ 
land.  T Iii  s i . c - cue -  c- c ’ wa s  ne -c , de , , f i  r t h c i -  i c e - c u d . -  I was cxc-  m e - l i c e  ci

fu n- t i e - c s  m n p c m r t .

Tn - c - c - l op a l t i t u n ch - i n - co rc sj c l c - c- e - s i  t o  be S f e c - i above  the  t e r r a i n  c - c - g e l s -
t ior .  of a c - i c - s - r n  t r i o  sc -u n  mc.  A c - t u -~e - L~U , t  v e r t i c a l  d rop  t o  t n - c - t o p  l eve l  is
s i c - i d a r t c - t u e  ‘ 1’op -u p, ‘‘ c e - n c - I  p r c  sen ts tie - c san e- c p r o b l e m , The change
i n  c t l i c i c c - c - ’  i s  - c c - s c s i , t a - c  tu e- i- to ci ’ sce ’nd t i n e - i t  5 n u l a n c e  is connputed
a r e -  t - r ed  c n e - a u , -  v s - r e - I  c l o ck , a nd  t i c -ce -  , m r e -  imne- - L i :  I s  l i n e - c — o f - - s i ght chc’H-

us p r P. c - n z c , - ’ 1 , a s s  n rc-u i - .~ t i c - c t t i e -  ‘ a i r c r a f t  h as a 1r~’ d i  r c a - c - l i e d  t t - e ’ctop
1’ - c l , I n c  . f f , - c  t , t h e -  a i r c r a f t  c- . n c : u n t  ice ‘ c - c ’ s - n m ’ w t , i l c -  i t  i s  d e s ce n d i n g .

I
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This  would  s -cc- c - i n c to in a ne -cs j or  shcc -  r t c  I s n i  i re - c- in ii - , t he - l i  cop t e r  I cm a -t i c s
1’ r c- van ;  - c - ; , s -  t i c  i n .  I ’ - . - n i s o d s i  , t l d ( i  c c  v i c h y O l d  I t s -  a d r op  to t r e e -t sp
l~ \ e - i  If it c e - i  m e - e - u i  i r e - s c - i d  of  c - n m c - u c c y  l i r e - - n c - .  m c i  i v e m b  The u : m c , d c t t hus
s c- t i - c i a - t i - s  an i n - s e - c a -- d u d e c- s e-ap e  h r , c e - u ,  c - i . e  n .y  ob~ c v , c t n c , n i f b r o ug ht
a-~ i l l - c- he  :dvy  l ir e .

— If l ie - c -  - c r e - n - c c  n t  is i n s - v U  - 
- ccc r os s  t i m e -  battle field , it wiU begin a

us I-  .- i c e - c  d .s  s d c c c i  t o  t r  , ‘n t  c c l ,  c , :  c - I  if b u’ s ’t cg }it und c-  r f i n a - - . A g.. ire- the i i  r —

c r a f t ’ s a l l  t u s h ,, - is- e - i c e - d ; m n ’ c u c - - l y set c - i  i r a - - s c - dsp ,  bc e - i no new line ‘~~~ si ght
e- lue ~ k is  u c s  n - Nor , as  s t , , t u c u i e ar ij e  i , w i l l  the  LOS c h e c k  be c , , l l .  d
w h e n  i i , , a i r c ’ e -  c - r e - c - cs s-s a g r id b o t i n c s n c c n - y ,  I t  c - p c - c - a - m s  , t h e re - l i  c , - ,
i i  , , c t t h c m ’ S  e we-i t s  t l c r u  t w i -r e  fi n - i c c -  c - m m  tie- en ci U c-c r a t  t w i l l  th ink  that
d c - I, ’  rvj~~i i c i 1 u t  ‘,‘ still .. ~c s t s -

1 c c - i - f e -  v c - c - y  s i ne-p ie in u m a - t c . i- c - . t i m e ,  t o n — u p  s c-s n’ ’ s u t i n i e -  con ta ins
S n c ; - e x t r a n e o u s  c - t ; c t e d e - ; c ’ n i i i n , a n s I  a - I c c - m i d  be ‘ U n t i e - e l  to c c  d c c c -
c c i d u ~~j c_sue - . It aluc o s,, .  n e-cS th a t  ice - . , ’  Ic~g e-  c m e -  dc ’tc r r u n i r b m ,  the n e - m e - i c c  c n n c m

a lt 5 t  us  in I , ,  r Ia- i c e -  - u c f — s i . ~u .~ i s  not tie - .’ bes t p n ’ s e nd  c r c  - hu s h be- u - ce - i  n y c
p r u m c ’ e d i n  n e - s  ~ii- c v t - r e - -  vnot e - - c t s - f e - n i c - l u  u s u c c p c u t . - r  i u i e - e - e , ar e-cl , in th is  c a - s . - , a
ia-c c i - ’- r  c e - i n s - c -I. - - - i c u  c c ,I , i e-’,’ exi S i  - 

- - — 
— 

~~ - u l_

I I i I
T L 1 L~ I. 

~~ 
L5 c- L 7 0

‘~I c-r ib  r ig f r o m  tic ’ - t - c r e - y - t  as  a c r e  T , ass -a-ne -c th .,i tie- c- above h~c e - e - e -
r e p r e s e n t  h- ’i g ht - c i  v . - c - c - t , , t i cu , n 1 m m  e m c h  c - c t e - n v c u c i u e - c -  g r i d  s q u a r e  t c  t i e

n -y e -  r , Each call to LOS , a-s tie- c- a i r c r a f t  m m - u - c e - a s  c -s its al t i tude in
inc r - i e - c n n t s  , c c - c  p-:t ci- the s lope b e t w e e n  T u ure - d L~ , fo r  c ’ a - C l m  i .  A
5 - 1 1 5  p ie m ode -i  n o - c t  i ore- t c ;  i i ,  a- fu m e-t i  on LOS Vc s c u ld  c d l  1W tIe -c pr og ra in to

ts n - c  t h e  rna>drr c , c r  - - such slope . Tie-is I c - I s-  cce- n t h e n  t i c -  ee- :trapo l c- • d
b ac k  I , :  t - c - b s e n v c - r ’s g n u  ac -U d i ’ S ’ , e - c i c ’ i  t i c e -  n e - c c  a - s e - d r y  a l t i t u d e  f c m r
i nt e r v i : -u i b e - I c ty  c c - n e - s  ‘ ly d i ~~ i - u c  L c - e d .

_:L - 
!~~ t—.~
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This  pr i ec d u n n  wou ld  s , c v e  nw ’mm erous  calls t ic- the LOS function , and
cv - u l c I  . s s l m i  a c -~~~. e - e - c , ,  c - n~ i~ ’ n u n t  cci t u e - n  I -  I t s  t in- e - c - t c e - ’ e - c , c l  CX C C .t i d c ue - of l a - ) ,~ .

‘l i c e  ie- c u , i c I  a i l s m w s  t -~’’o I ‘ - S i c  ‘i s -  c.f r l c - t e r m n , j  h u e - s t  whet ’r c ’ r  a t a n - g e t

e- , I c - d d e - m e -  f r c - i c ,c w i - a - p t a - c  c s y  t , - m - r s i n e - , l i e -t i .  i c ; c - l l , a - u i S  a r e  essent ia l l y
t a - I d e  ic  - s i - .. 1 s n - c - m a - - S  c i c - i x e -g . x t c ’ i e -  c l i i’ c c ’n o - r  , t c - d f l i g ht pa th  data .

M c  s c - c ue -c -  c a i c  .1 . t u m c c cs a c ’  c - c - r i s e - n d  f o r  all  -a c -~ m p c m n — t ype pa i r s

\~1 d i l . Lf l  a- l i e - , ,, e - - .t lI y d eu c e- ‘‘ r ang - — c c u - - l n t e r c  c - t on c , , c l c  othe r . F a u - ge t ~
i c e - a s k e d  b-, te r ra in  .m m s  S t e - I l  s ubject t , c  a u d i t s ) ,  c i n t ’ - c t u o r s . Audible
c - c  t -  - - t i c- re- v. i l l  e- n o i s e - c e  t h e  r e - s c  t i e - m e -  t i m e  a- i  the g r o u n d  gun when  the
t a n  c - c t  does l i c e-o ne -c  ,~

- - n o s e d .

Tics  p r ’- f ~- n r e d  c m i ,  thoc h .‘f ‘i e - c u c k i n g  f o r  t a e - - s- I ne -a - s i - s ing u sed  Z - - L u , -.t
t i c e - i s t  c-ath c h . m t c c , c - m e - c  n ’ a e - c - Lv  ii  e U . :- -, . A r n u e - y  ~‘c , c t ,  c - c c  1 Sy st c - c~ e-s An al ys i s
A g e n . cy ’ s S E X .  RCI - ! r , c - t t  Jo e  v ; l c i ch  m d i  c,c ts- s a i c e - a s  i ced  t s r  we -nc asked
- , c , s i e - i c , c i e -  m s - t o e - c -n  t h e  c a - m i c*’; dl  - of ‘ s I c  f li ght path st -gne - e - ent a -n _ c . c - c c h

r u n e - - i  s I t e - , Lm in - c r  I u t ’  - i- p o l e - m i .  e- is used  f o r  n e - a s  i-s e- m e -c -  c- ye - n c t s  ( I s ’

cc f I b  I d  p e - c -U cn - g n u n c - u i t . 7. — Li e -c I i~ ic - i~t pue -th d_ u t a -  use ‘i~ c- t u z e d  i e r r c c e - ’ d  and
o i l , ,  r f c c c c - t , m r s  a-c - d c s . , - c - e - i - s  d in tie- ‘ n c c - s s l i - l  doe-ui r , l e - t e - o u e -.

c h e ’ a i L s - u n  s i , . i c - a s k i u i c -  m e - u o d -  1 m s - j~ i s - r s  n e - c c e - ; k j n g  as a funct ion a-f
( t i e  vat i se-n c c- bove a g r , , c u n s c c i  s e - i  a- - 

[he -  p r o g r a n e -  acc -n pts ne - a s k i n g  c - I s  s- a - t i  - 0

a-n e- - Ic s at 1 5—degree-  c c i ’  - c - v a -  Is a u’ , : d m r )  t he  gr - e - c c u d  s i t ’ -  - Each pa i r  s f
ci.  v a - t m -  ii l i c e - i .- d c - i c - m i m e - - s  a- s c-gn e -en t  of a p i m n e . A i r s r a f t  ~m b c c V ~~ t h u c ,-
p lc - m e - n  S ” c - ’ cot , whI le  in t in e  cor rc spondi ce- c- l 5~~c ic c -n - ce  az i ne-uth m i t e rv a- l -

a r c -  un m a s ke d .

G LORA I

Li re - c  — o f — s  ig le-t or s - us  c loy ‘c-is ihilit y is i i c ’ t e - e - - i  c i i i , n r e -  t }e - s’ d c - t e e - t i  c r c
r s - c c t i n n  . ‘r~c-- c- e i  v i s i b i li t y  is ‘ a - t u n ed 1’ no s - c  c I c  c- il; s s- ,e - i i e - t - m s t  c f  an a i r —
c r a f t ’ s f lU d l i  pa th  ba - sc -si  upon tle- e- t e r r a i m e - . A t i .  r e e — d in e - e n s i o n a l  g r i d
s y st em  is s u c p e n i r e - e - p s c c n c’d upon a n e - i a - p  of t h e  t e r n  , in  and  s t r , c i o i c t — l i m c t ’

c- cd  s i -g i s e - e n t s  a r e  l a - i d  out e - u u e n i ’ - ; : t i m u u c  tie-c g rid  - t en - s e c t i o n  points to
r e p r e s s - r u t  t i c — c - n u c  , - n c ’ - u u t  of the- a ic -c  r a f t . For  s- , ; - i - c  tI le- s e c - n n ;e n t  of
the  ai r e - c - s if t ’ s p n - e d c - t c - r n i n i n c - d  f l I ” le - t sc e n a r i o , a n m u t u a l  visibi l i ty  1. ve l
is sie f i r n e- d f ’  e-- ‘ - a - t h e- groun d c - n i b  c~~e- , c 5 t ) A v i s ib i l i ty  1ev ,  1 of z er o  fo r

( 
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a g iv e n  path s e g u u e - c- m e - t  a n d  ground unit is used to t i c e l i c a t s -  maskin g of the
c - i  c c  - n ,r i e  l i i i , -  - o f — .-si 1~I c t  1 - c - t w c t - n c  t e airc raft acn d  groun d unit pai r  du r i n g

t h a i  se ’ c - , . , - r . I  oe- t I m e ,, e - -c r , c f t ’ s c l s ’ l  scss m c i i r i O .  A n i O n — z e - r O  e n d  i-i- i n e -d i c a t e s
t i n e  c-- -., a t - -a- u s ’ ’ c a - i  s inc — o f —  Si c ;  - ~j ’h e - v i s i b i l i t y is’ ‘c-c ’ S a- 1f 1e - e- t t he  abil i ty  of a
e-c~, c - p o r e -  to b i t  . :;d  t h e  - p e r s o u s t a - c - c -  ‘1 the  hit pr ob a b i l i t y  used to a s s e s s  the-

r e e- - c - c l t  s.f p a r t i c u l a r  f i r e  c-i1~” SiOn , Tie-c p e l a - n c i t s u g ’  of t t c n  c - i .  p r o b a b i l i t y
w l c I e - - ) e -  --b 11 b t  a - c - ;e - I i ’c -  J is input dc- s . i  ~ nd is uni quel y re la ted  to each of the
v i s i b i l i ty  ic-c - c I a- a e - e - d  t h e  t i r i n g  0 ‘ - e -  s c - c e -  Sy 5t e~! e - c . Current l y GLO BAL
r, e - c e - - ra -j i u s  ~c j s  ~~j s j l - ) u t - , l e-:. , , i s , i i e - e e -  z c - r o  level  c c - m u - . e- s p o nd i n g  to c - cc~

i i c n - — c n f — s ~~.~ I c c . ‘l ic e -  l i n e — o f — s i g ht c cj , r j i t j - a - ; n  is not s c - par a b l e  f r o m  the
t a u ’ ge I c-~~quisi t ion s o ,~i i n e - e  u c e -  b c e - a -  ru -ode l .

A ; :,Lochas t i c  po si t ional  er r o r c ’uc . t i r ce-  is i r c c lu d e d  in GLOBAL.

~b gna l p o i n e - t s  U ce - s e - r t ed  in the  path c-c f  a c , c , c -t  i x u t i c u t e -  a stochastic a cl o c a tl o r

of ~l e - t_- a-o c t  -a- bee - - ce -  u n . n s e - c i s l~ in g  c e - t ( ’  -j c - 5 , u ,u s  r c 1 i - - - t ~ n~g the e r r o r  ij u s t r i b u —
tions i c -h e - r e n t  i c c  nav i g a s i ;  - - 1 Syst ( c r f l S a - c u e -  in c s i i c u e - s s t i o n e -  of f u t u r e  t ar g e t

pO S I L e - c u c .

~-b  La -TP-  td: c -  I lN E -OF -~~IGH’~

$ 
Ox.i C AI t M O N 1 c- I TE does n e - c - i -a-s en n ’ r  c o u c e - p - c - u ’  d n e - i c - I~~V1Si  b e - I  It c - a - a - .

- M b a - U  1- T T t ’F l  s c s i - s  on)  y one I e r r a i r c  l c  s ~ ht (p lus  ‘re- ge  c-a- i c o n )  fo r
each  g c d d  Sc 1Ua L- c; . Thu s , t c -c~ c- ~e r r L  icc , a- s  s - c i i e - s c t l a t e d , i - c- that of a [i~~ I d
of r e c t a - r e -ic- s e - i c - i  b locks of va r ’e-ous i n .  1g b . . T e - c~ sb c r  two models can
U Sc -  ‘ I n c  i n s t - - u  c h i l i t y e-O~e - e - p a - i e -~ i c - c  n-c ho  a ct u a l  t e s - r e - - . : e - i  u : c ~ip,  b r i - a ) s e - n c g
t i n e  i li~~l c t  j ; ’ c - t ic  e-very t i c  c u e  t u e - r e  is a t : i e - a n  ge ’ ir e -  i n  i c c .’ — o f  — sig ht condi t ion.
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I i n ~~ S i b - c  m c  ci c l c - t e r , ’ c . U n c - ~- -c- ‘ e - c t I e - s’ r or  not a t a - r g c ’T  is ac tua l ly
ç d e t ec t c-d  b y any  c c a - my  obs e r v c c - r -r  sy s t e n e - e -. TIe -c thr ’ -e n e - c c - i d e - i s  r e - v i e - w i s e -

t ic -  cc t~ ut t n € - r v s  l i e - c - U  app e-- c ’ c c l c s - s to -c-c ie - i ce - ve this ( l e e - ’  ~- e - c n u c ; , t i o n .

I
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‘ f A R t  ) I - T ACQUISITl(~N

( : A l - I M c - ) N l - , - l  V

i c - t i c - - r e - c , ,  e - t , u r u  , c u e -  enemy t a rge t s  is r e p r e s e n t s - s I  by f o u r  in tel l igence
s bu t e s  in t i e - c  CAh MO~N E T i 1 - ’ c o l e - I . These  s l at e ’s a n - c :

Ta rse - c-t lo cc mt i  c-c - ure-k n owms , -

‘l’ a rc -~ -t known-c Wj t l e -j i c  c-- c c -  r t ;c  i i i  g r id  squa s-c .

Ta c s I is e-r r on c ou s  ly pi e - s  p a - i c e - i  ‘ c . —

Tat - get is cor  c - c c c l i y p l e - l l ) c t i c~~e-d , -

l i c e - a - c  t a rge t  n n I f c c - - n e - m c c t i c e - u ;  s t a t e s  a r e -  conside red  to  be a Markov
chain p r oc e ss  in t h a t  a set  of i ; e - f o r n e - a t i c c -n  s ta tes  a l e - s i  the t r a n sit i o n
pr s  b a L i  lit  , e - g  i c c - t w c - c - n  st a r  c s  ax - e clefin -d , a t a rge t  can be in ‘-nl y one
st at e at a i i  c c c - , and the p r ob a b i l i t y  of lu e- ov ( ’re - ;ent  b -1\\ ce-n  states
dc’p c- !e-ds  one- i y on t h e  c u r e - s - u i  5 - i ,  t e ’ . l n for r n a t i on i  a - t a t e - s  are up dated
ca che - - c 5 c ccl t i l e - c c -  , ‘ a S e - :  c - I l  c- i t  r c , sj  of t e - n u e - c : -  i npu t  by the  u se r . Three
sep a r a t e  e - r e - c e - t r , c e s  of t r a n s i t i o n.  p r i s i m b i l i l i e s  a re  used for  each s ens or

F c ia-e - s in the mode l . T h e s e ’ def ~ne the probabi l i ties  fo r  n o n - f i r i n g
ta rge t  (lin - - c a - f — s i ght e x i s t5) ,  a ’e -y  t ype i c  s-get  (no l i n e - o f — s i ght  e x i s t s ) ,
and fi n it e - c -  t a r g e t  (l in en - o f — s i ght e x i s t s ).  These- wi l l  be dis cus sed  in
de ta i l  la te r in the r eport .  I - i r s t , c o n s i d e r  t h e  d e f i n u i d i a m e -  of a cuncce p t
us c d  t hr o u g hout the d e t e c t  i . e - n i  al go r i t hms ,

Solid Ang le  - T i e -  solid ang le- S i i D t & ’ n c - i c -d at the o b s e r v e r  is defined
as the expos ed  a r ea  of the  ta r g , -t  ( C r s SS sec t ion  norrr e-a l to the l i n e -o f -
si gh t )  divided by t he  s q u a re  -of the  r a e - c~~c - to the tar g c- t .

=

This  d i - f i n i t i o n  c’ ccc. c -ys  t h e -~ - s i n ’ ;c - l e  r e l a t i c c r c c - i e - ip that  a la r gc  t a rg -t
at g rea t  r a n - cc is q t u v . i l ’ - c - t  t s  a s r u i ; e - l l  t . r g e t  at sh ’ n -t r a ng e .  The u s e r
c - c c - s t  e x t cr n : cf lv  c a l c u l a t e  t h r e s l e - c c l d s  i c r  solid angie based on a r e a  and
di  s t e - c  m c c i - ,

1 
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I c - , c h  s f  t h e -  ~. i e - l c s ’ n e - , , t r i c ’ c - s  p r e -  0 c m  ce - d y c n i e : t i on ~- s~ s e - i l  c on ta in  a
1 5 c c - n b c -  r 5 e - f sub - c c , :  r i ce- c f o r  c-ac I c ~:o i  e - u l i nat i o n  of t i e - r e - c - h o l d  sol id ang le - ,
t c i i ’ ; - t - C e  L i c .’u u y ,  :- c u c d  oh s ’  i\’ c L  a c ’ L’-- i i y .  For  c - ’ c c , ,L e - , in the  ca se  of a
‘e-- c ; - : i r e - m c g  t c . r g c t , t I e - c  : , c e - n i t  cs - c:e - e-,ich e-~~ a csi~ c e - b u r s a  l U e - i  o f :

Solid An g i e

~~ ii?

~~~ > ‘~~ where  
~~~ ~~~~ 

are solid 
-

a c c c l m ’ m ‘ I c O l  1a-~~Ui S ~~~~ 
c c- - c - n t  c e - c c - r e - g e, made a f t e r

to , n r a - d c - i  c--c -i s ex am i n e d  f o r  th i .  reps: it , i n c o r p o r a t e s
ccc -  ? c - 0 t~ ;a-  c - i -  for  t ce i iC ic - cp t e r s

T a r ge t  A c -~ c - c i t y

* Mo -r ing

Obsec ’ e- c- r A c t ~~vi ’ y

N eu t r a l i z e d  b y f i r e

No n e - c e - c - - u t  r o l e -  zt- d

Thu s , b c e  use  n iust  d e f i n e - c  l e l ( 4 x s i , Z )  su b - r n a t e - - i c , - s  to  C o - ,- e r  each

of t h e  p i a - s ib l e -  e - c \  s ical  s e - t : c a e - n o n s. D i s c u s s ia -n i  w i l l  now c e - c e - I c r  on a
ic -c n e r a l i z c - - d  So 5 - — m e - c t  n- i c-c , s i n c e -  c i .  1’. will  be c . b -n c t i c  a l  in f o r c e - u , t houg h
pr  - c - - c  bl y c - li f f e  r i ng  in  re-~i u i t s -  r i o  a-i c- - m n t e - n t .  Ta r g ’. contr a-a -- st is an input
qu an t i  ~y w h i c h  ap c-~c n c  5 e - i l~~ i c e - a - d c  c e - s  u sc- s o l id  sinie - Icc -  c l e t -c t a b i l i t - ,- n -a n e - g e s

— t c p e c c f i c - d  ice - t h e -  p r c e e - c h c n e -c- p c t r a  e - ’ . -~~c i . [T h - de e- s- i ons - c s t a l (  S t h e - i t  a r ec e  - c c i

char :  ge p r c  - v i  th- s f o r  a r c -- d c c  t ion  of de tec t  ion rn-oli n i c e -  f la-y Lv 1 /~ 5 iRs a n n i ’ c - e - i e - ’u g
c bsc  r e - e r .  Thi s c - l c e - - 1 - . -  - v a - s  e - c e - a - c l e  -a I t c - r  t I e - c -  u i e - o e - c ’ l  ,V e-s e-e- exam ined fo r  t h i s

- ,, u e p o r t .]

~‘o ] n c  of ~~~~~ 1_ , — ‘Ti €‘ a - i c  st C tS  n ’ - I i c i t  c c  w i e - i c i e -  ci  l i n t  - o f —  ig 5 i
E X i S t S  i d  f l y - c ’  n e - t i e - c  bm c’ ec . s ace- ri oh ;  i c r . ‘r h c- t n a - c c , n - i t i o c c  c e - e - e - c t i ’ i c -c  is t i e - c e - i :
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C u r r eo t  S c s I , .s e e - ’ c s ’ i e - t  d l i.-

h~: Y . .L~~~ 
- 

- L 
- 

I ~~I~II I
1 1 0 0 0

4 ~P ( T c _da- ) 1— 1 ( T c - c I - j 0 0

3 (1 1 0 0

‘1 L °  0 1 - o

i’~~c- ~~ia-~~t c - t~ i LOS ) is ti m e: p r c e -~ ah ih t ~ th a t  c e - c a r 5  si  square  in f o r c c c , m i i e - c e -
- 

is ~- - s t \‘ J i C l  i c , - ( - ( c f — Sj ~~’j c t  b- ca - n s t  - -; - ~e - - : n . 
-

I t  s hou l o  be- ce -- a -te d l e - s c r e  tha t h e  s u m  me -p !-e i c - r o b a i j l i t~ es ic e -  ea ch  row
c - s i  t].e 51e - a i r i x  1e-e-ust c - h e - s i I , wie - d c  s l i c s p lv  i e - c e - i~~c-c-e - C  es ti e - c t  t cc -  t a r g - t  mus t

g 

go  ic - I c-s o c c .  of t ] c e - f c - u r  i rs l ur n e-a i d . cm cc-. a - l , t t e  a - .  A a -~ - en i n c  the-  f u r c n ~, r c - ’,v ,
ti c e cur  ~ c c  e - u t c t e  is I (n e - c - ~nfu r e - n at ion  lcno’,vn e- I i t  ‘c- . t l  (with p i e -  h e - c  b il i t  

~
sc- i 1 . 0) r t ’ e - i c e - ie -n  i_ cc  th ;m~ a- ’rc - i t c . N a -  i,e - f o r n u e - a t e -  c-n e - c - s r i  h i  - c - , e- rc c -cI if  I n n i c - — o c - —
s i c - h e - i  c - I c - c c; e - c o t  ex i s t . F r  a - , - i -  Ti e - i a - r I  4 , t he  ~~e - e - b c  c n n - a - t i c - n  \ - :il l  be ‘~~- c e - , e--

g u  :c- d~- c h c-v - - n - c ’ ~, t c c t i -  ca-cd s c a c e -  t i n : ,’: if j  n e - c c - - c f — s - c - l i t  f l o e ’s  h o t  e - X ~~a - t , l i e - i s

J 

WOUl d S Cee - n i e -  ~ ma- be a r ea sn c - . r e - a e - i c -  c e - t u e - s b  ‘ne - , but  dices c- c -cU f o r  c a r e f ul .
a- - lect i c c e - c-I th e  sc - i n t i m  m e b y th c-s us  c’r . T1~e c - f ly t c u ’  - p r o b e - c h i l e -  t y  in

— t I m e - s  i c e - a t r i x  is then  P(LOS).  i l c i s  p r s b z u b i l i t y  is i t se l f  s t r i c t ly a u s e r —
- 

de te  n in in ed  i n c h - c i t .

r-~on—fi rtng I~~r g & i  - g ~~t F x ts - c h s ~ s i ts  t s n presen ts
the  m oot  i u i t c - r e s t i n e - g  a n c d  t i e - c  i s c c a -t  sus i e - s c - c t  of the  t r a n s i tc o n  n’ca t r icce s .

C u r r - ce - i ~ ubg c-cc s e - e n c t  State-

~~ t t (  
‘ 

~~~~ I ~JIiIIL~- - 1 P ( i 1 )  P ( l i t ) P ( lf l  P ( 1 4 )

2 }~~(Z1 ) P(2 it ) Pt ZT. ) P ( 5 t 4 )

3 P ( 3 1 )  P ( 3 2 )  P ( 3 3 )  P ( 3 4 )

1 j r - - , i i  J i ( 4 1 \  I ’ ( t ~~) P (44 )
- 

t
?. - 

- _ ________
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W i n e - r e  id~ i j )  is t h e  pr ob ab i l i t y of b e i n g  in subs c - c j u - r e - t  s tate j ha~~~ng
— 

- .-; t be - cu e- - n - a ~~ 1 1 1, - j e - e- - i c - I  de-- s c - nc c c :  t a - i  i - -m e -  a- ‘
~~. t~-s that  onl y six

re - c - e S i-  p r: t i e - c b .1 c i :e-~ P ( i  1 ) ,  i m ( l d ) ,  P ( J - I t , J -~(2~~), P (4 1) ,  P (44)  need
b e i c e - u t , \ ‘ i S l t i ’ n b c  s m i l e - i ’  i a -  C c - f l  b e e -  ‘b - r i v e d  al g s e -b r a i .  o i l y .  No  derivation
is give -fl ma - c U e - i.’ fe - s i d l e-i l  l h c e - r s i t c e - c c s 0e - j oce -  how s - -c - r , F rom the compute r
C a - e S e -  it ‘c c - - S  - e tc ic c - n e - c l  1 e -~m t ti sc- ot h e c  p r o L -  , i -, iht i ~ e - e -~ a re  as fo l l sa -’c’- s :

b3)  -

= ~l~~~P(f 1)] L~~ I 
*

l — P ( i i )

-, P ( i i )

C- .1 J - 1 c - ( i l )

--
~ P ( I 4 ~ 

-

P(d .i ) ~l j ’( d i ) ~L .—c

~~ P 13] 1 _-~---~

I
- 

, s ( c -~ ) 1 — 1 (2 1
- 

~~~ ‘
~~

1’
~~ c - 

L.

[ P ( 4 l )!
~~

( d i T 1

L l — P ( 4 4 )  J L r ( 13 ) -u c - ( 1-1)

‘[‘( 14 )
J c - c ( l 3 )

J m ( 4 ~~ ~ 
— I~~(-i- 1 ) . ~

P ( 2 l )

[ ‘ ( - t i )
i (-i -; ) l - 1e - (  1- 1 ) -

)
- a -

Si 

- 
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i na n e - pe-c - t e - o m i  c c f  t h e - c a - c -  s - q e - c - s t i s~ c c a -  S h i u\e ’ a- t h a i  they dcc  sat isf y t I .  e one
C m 1  : t ’ c - : c t r c ’, c c , n l a - t r a i . c L , i c . c h c : e l y

4
1 m c - ’  , c I i j~

s , \ e - c - V ( e -i’ , c e - c -  s i t,~e - ec r be - e - a - a- fu r  SO c s - s e - i . e - c u e - S  t i u c e-d - tc ’ ,, ,c-- i tj on  m c c a t r i c e -s has
t ; c c 5 5  & l T m S Cove -  - - in l i e - i c :  s ’s c- - C -‘th t - r cons ti ’e - ic e - ’ se - - :  - v iii c-h a i-i- not sp ec i f i ed ,
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C u r r e n t  ________ Subs ~~~~~nt~~ t~~te_________________

~~~~~~ ~~~~ 
2_J 3 1

1 1-P ( iZ)  0 P(13) 0

0 1-P(23) P (23)  0

3 t 0 0 l -P (34)  P(34)

4 0 0 0 • 1

Thr~ incons i s tency  evident h e r e  is that the informat ion caimot be
u p g r a d e d  from state 1 (or 2)  to state 4 while the t a r g e t  is firing , yet
it was p Ossth le  for  a n c f i r i n g  t a rge t .  The p r a g r :~in  is wr i t ten  so
that  if t h e  t a r g e t  is in state I or 2 , the fi r ing of t h e  f i r s t  round by the
t a r g e t  wil l  only permi t  a s t :tt e 3 to be reached . On the second and
s ubs ac~uent f i r ings , state 4 can ~)Q u ht a in e d .  A lso , if the target  is in
s tate b~~f o rc h a n d , the f i r i n g  can only produc e no change  or a transit ion

4 t ’~ state 4 .

T a r g e t  acquis i t ion is def ine d  internall y as ga in ing  neares t  square
e on an e ri en ,v  u-u t . ft  n ia  y be accomp lished by either

Cn ~~ n i an d , Control , and Survei l lance (CCS ) units or weapons units .
i he CCS units have no ‘ns and ar e  not s u b j ec t  to f i r e , but have
afl associated “budd y uni t’  which is a weapon uni t . The CCS unit
accompanies  the budd y unit and moves in acco rdance  with that unit ’ s
o r d e r s .  ( The c a r r i e r  may be common . ) CCS units a re  limited to
ac quir ing the n e a r es t - s q u a r e  level of information , while only the
weapons units are capable of acquir ing hi gh er  levels.

A CC3 unit thus does not ente r the t a rg et acquisi t ion routine.
Instead , the CCS , upon dctectii .g  a t a rge t  t h roug h the surveil lance
routine , provides  n e a res t  squa-e  level of i n fo rma tion to its hig he r

¶ headqua r ters  and to its w t~~1ain unit.  Each such t r a n s f e r  of intelligence
occur s a f t e r  a t ime delay (comr ’ uw iica t ion  cycl ) specified by the user .

A ~ capons uni t  enters  t u e  t 1 ir u et acquis i t ion  rou t ine  afte r each scan
in t e rva l . If LOS exis ts  to the  t i  i~~et , the we1ip ’ lu  uni t  would  incu r  a

I
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change of intelligence state in accordanc e w ith the appropriate transition
: t r i x  e lement , as ou t l ined c u r l i er . II n e a r e s t  s quare  intelli gence had
been previous ly Fr o ~~ c1ed by a OCS unit , then that would be the starting
poin t for  the cur ren t  int clli gcn -~e t ransi t ion . If a weapon unit acquires
e rroneous pinpoint o~. ex~ict p ilipoint location of an enemy unit , this
inteUi genc e is im m e d i a t e l y pzi~ sed to its CCS unit for  further dissemina-
tion at the end of the conununica t ion  cycle . The intelli gence passed a long
is only nea res t - square  information , however , as CCS units are not
capable of hi gher level .

A weapon unit does n ’t  communicate when it obtains neares t -square
i n f o rmation . The rat ionale  for  this is not made clear and is questionable.
This would seem to be as inip c rtant as pinpoints , since all information
p :~s~~ed to the CCS unit is cons idered  to ~ e at the neares t - square  level.

If LOS does not exist between a weapon unit and a target , then the
c h a n g e  in intelli gcncc state of the weapon unit would depend on its
previous state of in t e l l igcn:&~ and on a user input probability of losing
n a r ~. st square  level of in format ion . An automatic reduction of intelli-
ge nce would occ u r if the  ~veap un unit had either erroneous pinpoint or
pinpoint in f orma tion , whereas if the unit had neares t  square info rmation ,4 a f urthe r reduct ion would depe~ d on the user  input probability mentioned.
Some of the requi red  data for  thes e routines (VISDET and IMADET) and
for the RA DA R routine a re  t ar get  ref lectance , back ground reflectance ,
t a r g e t  dimensions , t a rge t  speed ( fo r  R A D A R ) ,  and device charac ter i s t ics.

Comments on the t a rge t  acquisition submodel of CARMONETTE are  the
following:

The specifi cation of ‘ Target  Class ” by the u se r  should be made
careful ly , since t a rge t  re f lec tance  should be near ly equal within each
class when the model includes visual or image intens ii ie r  detection
devi ces .

The RADA R rout ’ne should he investi gated . That routine us es
c e r ta i n  coe ff ic ients  and eonsta~ ts which ap par e ntly h ave no ph ysical
uni ts .  Thes”  constant s a r e  int e rnal to the model , but their or igin  or
r n e ~iiu r 1 g is not spec i f i ed .

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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The VISDET and I MAD E T r outin es do not distingui sh movin g
t~ r~~et~ f r o m  s tat  ~~~~~~ t~i rge t s  , al though this condi t i on  may be an
o ipa r L . t n t  factor u th~ de t ec t i n  ~i .

The J~’.1ADET routine h as  a local constant (CG = 0. 75) used in the
cL i o p u t a t on of r e ce iv e d  contra :;t .  This constant is not docum ented .

Sensor classes 1, 2 , and 4 are  internally defined in the SURV
routine to be visual , image intt u s i f ie r , and rada r , respectively~
whereas  the  available docwnen~ation do e s  not sugges t  any predeter-
m m c i  def ini t ions . Sensor  class 3 has at some time been defined as
thermal , sinc e documenta ry ccnnnent s  in the program so state. It
i~ not now a r e se rved  class , however .

The u s e r  provides a probab ili ty  of loss of n e a r es t  square infor-

~ i~~t i o n  when LOS is lost . It is not clear how thi s value is determined ,
but thi s is a good concept .

If the target  is not wi thin  t he  mm /max sensor  range , than that
t a rge t  will not be detected and he p r o g ra m  will skip back to examine

4 the n o d  target .  However , the next p rogram statement would have set
th e  de tect i on  probabili ty to 1. 0  if the t a rge t  and sensor  were in the
sam e  g r i d . For most cases , i~ would s e em  r ea sonable to r es~~~~e
the positions of these two log ic  statements in the p rog ram .

A weapon unit with sensor  class 1, 2 , or 4 coul d have a target
placed in its nearest  square detection list in the SURV routine and als o
proceed through the TGTA CQ iout ine  in the same time fra me , thus
passing throug h more  than one intelli gence state transition in one time
period . 

-

F

For CCS units , if the associated budd y (weapon ) unit is responding
to f i r e , then the unit will pe r fo rm survei l lanc e with a f ixed  probabili ty
of 0. 50 . If survei l lance is not per formed , then the CCS ~vi11 lose neares t
square  in tel l tgcnce with a f ixed  probabi l i ty of 0. 50 . These probabilities
should he use r  con t ro l l ed , and shoul d be provided  for each CCS unit as
ap p rop r i a t e .

[ The deve loper  st ;~~es t h a t , a ft er t i le  mode l was examin ed f or t hi s
repor t , a c 1 a c i ~e w a s  t t i a d e  in  t h e  s u r v e i l l a n ce  routine.  This p r o v i d e s
t i  t ar~ oh~~e rv c r  wi l l  r e s t r i c t  ~is s ’n r c h  to t he  n e a r  v i c in i ty  (+ 2 g r i d s )
of I L e  lL ’• St f i r s t ~p r i o r h  la r~~oi of w h i c h  In has  a ny  kn ow~cd ge .~
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The documentation indicates that weapons units are limited to
v h ;u a l  de t ec t i on  d evices but that  CCS units can use any of the six
s e n sor  c lasses.  In z e s t i gation of SURV shows tF.at this is not the
c a se ;  weapons units a re  not so limited.

The documentation should b updated to accurately describe the
s e n s o r  routines. The meaning and ori gin of constants in these involved
routi ne s should be discus s ed .

S

Some subroutines in CA R M O N E T T E  on target  acquisition incorpo-
rate procedures  for computing exponentials which a re  now standard
software items , but were not available when these  earl ier  subroutines
wer e  written. Some updating of these ear l ier  subroutines would benefit
the program. -

Consideration of whether  or not the target  is m9ving should be a
fac tor  of detection in the VISDEI and UvIADET routines .

The t a r g e t  detection algori thms beg in with fundamenta l  engineering
pr inCip leE~ and equations and could not be judged adequately by the revi ewers

4 of the simulation , although there  is no reason to doubt them. It is suggested
th a i  emp ir ica l re lat ions h ips de r~ved f rom these eng ineering models would
s .t t i ~~f y the requirements of CAR M i ON ETTE just as well and would be more
vis ible  to the u s e r  and more fleiible.

EVADE

EVADE II evaluates the ability of ground targets  to detect a i rc ra f t
as a func t ion  of t e r r a i n  masking  and , when the t a rge t  is unmasked , as a
function of radar range , visual detection (including gl impse) ,  and acoustic
ran ge.

There is no ai r - to-ground detection submociel in the program.
Computations concerning de tec t io n of groun d targe t s  by a i rc ra f t  consider
t e r r a i n  and vegeta t ion  m a sh i n g .  All g roun d weapons a r e  visible and the
pilot is aole to detect  all weap on s i tes  that are  unmasked,  sub jec t  to a delay
t ime which  is input . Values  for  t h i s  d e l a y  t ime a re  der ived  f r o m  f ield  tes t  data .

The g round-to -a i r  de tec t ion  routine is simple in its approach. It is
also one of the few rout ines  of this typ e  which have been validated by
c o r r e lating wi th  field tes t  d i c t O c t i ( n data . The much more sophisticated

I ( 
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and complex VISDET 2 routine is available but will not be utilized
until cer tain dis c repancies in its data base become corrected . It
includes motion “caes , “ smoke trails , and ephem eris of the sun
(to evaluate glint and sun g lare).

Radar  detection routines in EVADE U compute distance and
elevation f rom a ground site in a very  general way for unmasked
a i r c r a f t  targets.  These values are compared against a table of u se r
supplied data showing effective radar range as a function of the same
two variables . Linear interpolation is used when required. These
routines assume an unlimited abili ty to dis ting uish targets from back-
g round noise . The model does not attempt to examine detailed radar

characteristics and propert ies .

EVADE U contains two routines concerning accustic detection.
The p r e f e r r e d  and somewhat detailed routine performs a table lookup
a gainst use r -p rov ided  data containing 25 acoust ic  ranges , azimuths
meas ured f rom the direct ion of fli ght of the a i rc ra f t , and aircraf t
type . The externally generated acousti c footprints must alread y include
fac tor s suc h as veloci t y,  a i r c raf t  altitude , vegetation , etc . ,  prior to

4 entry into EVADE II. Ambient noise level and temperature are included
with the acoustic s ignature  input .

The al ternate acoust ic  det 2ction r outin e is very rough; it assumes
that detection occurs  at a fixed range and tests to see if an a i rcraf t
is in range . The acoust ic  acoust ic  detection range is supplied by the
model u se r .

Acoustic detection of an a i rc ra f t  by a ground site serves to reduc e
the weapon reacti on time for  that  si te f rom 0 to 25%.

EVADE II o f fe r s  two methods of consider ing visua l detection of air-
c ra f t  by ground sites. The p r e f e r r e d  method uses a modified vers ion of

• an ECC)M model and is coded into the p r o g r a m .  The alternate method
s imply assumes That visual detection always occurs at a fixe d range ,
with the range being s upp lied as u se r  input .

The ECOM visual  detecti on rout ine is well descr ibed in EVA DE II
docu men tation , Book 1 , Volume II . Anal yst Manual , pp. 2-8  through
2-17 . It beg ins with a calculat ion of the ang ular  width of the a i rc raf t
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at t he  observer ’s location . The assumption is made that one minute
of ar c  is the best the eyeball can do , in terms of angula r size , at the
fov ea  (the center  0c the re t ina) .  The minimum detectable angula r
s i zes  a re  then known for  the annula r ring reg ions around the fovea ;
thes e a r e  tabulated in the documentation. Assuming that the observer
looks at random over a hemisph ere , the probability of an image falling
in a par t icu lar  annular region of the retina has been precalculated and
tabulated . (The model divides the retina into 15 of these concentric
r i n g s . )  The angular  s ize of the a i r c ra f t  produces a probabilitys of
detection of either 0 or 1. 0 in each of the 15 annular retina reg ions .
The program then computes the probability of detection in a g limpse
by s umming up the products of t h e  latter two probabilities for  all of the
ret ina regions . Another  way of saying all this is that the probability of
g limpse detection is the probability that the image will fall on the portion
of the eye r etina capable of detecting an object of the angular  width of the
distant a i r c r a f t . Glimpses can accumulate to build up hi gher detection
probabili t ies ove r time . The amount of time g iven to this is specified
in a routine called TLOOK . Modif icat ions for  ambient light level and
atmosp h e r i c  light t r ansmiss ion  a re  in cluded .

The VISDET 2 model is the only presently available model which
shuws promise of becoming bot1~ operable and in agreement  with its
dat:L bo se . When this occurs , i’ wil l  be included and the ECOM model

• will be re~ i iov ed , It includes  su a  ephemeris  and several  othe r important
aspects  of the detection p r o c e s s .

GLO BA L

At every time step in the simulation , all game units are f i r s t
processed in the detection subroutine . This subrout ine resolves whether
or not detection has occur red  fo r  all combinations of a i r - to-ground and
in dep ender .t  ground -to-ai r unit pairs that have geometric l ine-of-sight
during the cu r ren t  time interva l . Stochastic decisions are made for  each
game unit to determine which ol the enemy units were detected during the

4 c u r r e n t  t ime interval . A n  enemy unit that is det cc~ed remains on the lis t
of detected t a rge ts  unt i l  it is masked or killed or until the game ends .
The prin -lar y concep ts t r e a t e d  in the detection s’,broutine a re  iritervisibility
of units , seleceicn of appropr ia te  detection probabilities from input tables ,
calculat ion of apparent  t a r g e t  area using the geometric l ine-of-s ight ,

( 
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1’
stochastic evaluation of whethe r vi sua l detection has occurred , and
provis ion fu r  enab l in ~ an a i r c r a f  In s c r u b  in attack f rom a p re -p lanned
l a u nch  point Upon detection of a s~~rub-caus ing  groun d unit that ha~
:eceflt ~y f i r e d .

Units which do not detect  potent ia l  ta rgets  repeat the detection sub -
1’out ine  in each sub s equent t im e  ~nc remcn t  until ta rgets are detected .
Once a t a rge t  is selected , acquisition delays are considered by GLOBAL;
,hese a r e  con t ingent upon the  weap on  typ e. Acquisition delay times a re
in i t ia ted  in the s imulation pr o g r a m s  f r o m  pregame input data.

No cons ide ra t ion  is  g iven by GLOBA L to increasing the probability
of detection of an enemy unit that  was p rev ious l y detected and then masked
in l at er  t ime per iods .  Once LOS is lost to a detected unit , forcing a
new detection , the second detect ion ma y  be easier  or have a higher
detec tion probabi l i ty .  A s olution of this shortcorniug would be to p rogram
e b e c ks for second detecti~~ns and associated times for second detections ;
a hi g her  probabil i ty fo r  second d- . ’t cct ion , as a function of the time period
between det ec t ions , could be all~ .VC d .
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TARGET TRACKING

~~I RMO 1’~E T T f T

No t a rge t  t r a c k i n g  in the u sua l  sens e is done in CARMON€TTE
an i  the re  is no subrout ine  specif ical l y for  this.  However , by thinking
of t a r g e t  t rackin g as main tain ing  the pinpoint target  location , one can
refe r back to the discussion of CA RMONETTE target  acquisition to
see  h oW t r ack ing  is hand led . i L e  probability of loss of pinpoint is
the 17(44) m atrix e l n n n n t  w l i i c t is input for  various situations . This
is a weak sub stitute for a t rue  t ar g e t  t racking simulation; it is in the
in telligenc e domain , ;i pp ly ing equally to all moving and s tat ionary
L i r g e t s . A diffe r ent t a r g e t  dec~iy  sch eme for  moving versus stationary
ta rge t s  of the same kind arid fo r  d i f f e r en t  t a rge t  types and sensor
c lasses would seem more  reasonable .

EVA DE

EVADE II uses  a r a ther  comp lex system of selected samp ling of
f i r e  control  e r ro rs  to account for  gunner misestimates in speed , range ,
co urse  angle , and dive ang le . The Salvo Firc~ attri t ion equations
fur the r  account for  aim bias c r r or s , ballistic e r ro rs , and bias e r ro rs
due to a maneuver ing ta rge t . This methodology has been extensively
checked agains t  the other five mos t  widel y accepted a i rc ra f t  attrition
models in the anaLyt ica l  community. All this  methodology, its back-
ground and its his tory ar c  spelled out in the EVADE manuals . The
methodology and handling of f i re  control  variables is reasonably
ri gorous and appropr ia te  for  range-only radar , full solution radar ,
and optical systems .

A ground weapon can beg in crude (ro ugh) tracking of an ai rcraf t
if it can hear it and no other unmasked targets  are  available . The ground
gunner can thus  b given cred’ t with knowing the approximate location of
a masked a i r c r a f t  (field tes t  d l i  indicate that under  favorable conditions
a gunner  ca n t r a c k  acous l~ call y to within plus o- minus seven degrees
a c c u r a c y ).

If , in the s i m n J , ~1 i o n , an o ir c r a ft  rerna sks for a brief time while a
ground  gun is eng~~gin ~ it , t } e  gun is ~iven c r e d i t  with still knowing the

I
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II
; .l r c  r z ~t ‘ s l o c a t i o n  ari d wi l l  con t inue  to t r a c k  for  severa l  seconds (similar
to t h e  “~ oas t”  n e t w o r k  in most  AA f i r e  con t ro l s ).  The ground gun will
ac’t tt ~ ek an ~n ! n i s k e d  a i r c r a f t  if c tct ec t ion  has  not occur red.

~~iC BA L

T1~e GLOBAL logic does not contain a t a r g e t  t r ac k i n g  capability
p~ ~

. Se , H o w e v e r , once an enemy unit  is detected it remain s detected
unti l  t h e  ‘mit is m a s k e d  or ki l led.  If the enemy unit is masked, it is
p~ o c c s s e d  t h r o u g h t h e  de tec t ion  subrout ine  at l a te r  simulation time
i n t e r v a l s  as d i scussed  in the  TARGET ACQUISITION section of this
r e v i ew .

0

4
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FIRING DECISION

The dec is ion  to f i re  on a t a rge t  is based on a number of inter-  j
wov en  events and pr i o r i t i e s.  The c r i te r ia  and logic used for engag ing4 the ‘hicst t targets  are exp lained in this section .
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FIRING DECISION

C A R M O N E T T E

The f i r ing  decision logic in CARMONE TTE is probably more
complex than any othe r model. The present treatment is necessarily
cursory .  The f i r i ng  decision logic is contained in the subroutihe
TGTSEL . Pa rt of the orders  provided each unit indicate the kind
of f i r e  and the priority rules to be app lied by each weapon type
ass igned to the unit.

There are seven kinds oi~ f i re  as shown below :

• No f i re .

- Suppressive f i re  at grid X , Y or at pinpointed targets  within it.

• Suppressive f i r e  at grid X , Y or at pinpointed targets within it ,
4 • while f i r e r  is mov ing .

Fire at pinpointed t~ rgcts anywhere .

• Fire at pinpointed t2 rgets in grid X , Y .

Fire at pinpointed targets anywhere while  f i re r  is moving.

Fire at pinpointed ta rgets in grid X , Y while f i re r  is moving .

Supp~ essive f i re  at a grid is superceded if the f i r e r  has a pinpointed
• ta rget .  Er roneous ly pinpointed targets  are  indistinguishable by the f i r e r

f rom accura te ly  pinpointed t arge t s . In o rde r  to be considered , the t a r g e t
class of the enemy unit mus t be one of the six t a rge t  classes identified by
the fi r ing weapon~s cu r ren t  pr ior i ty  rule . Unless the kind of f ire permits
f i r in g while moving all units must halt to f i r e .  The rules for  the decision
to stop and f i r e  w € r e  presented in the discussic i of the route selection
subniodcl ,

• ( 
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Six p r i o r i t y  rules  i tr  :~v t i 1 i b l e  fo r  each “. e~tp u n  type . Three rules
c o n s  i st e  ~~i p r i o r in i  l i s ts  of up  to s i x  e i i e n i y  unit t a rget  c lass  es. In
ad~~~i ion  h i t  i ie r u~ f ls t~ , each  Ii rer is assig ~ed to a vulnerability
c1~ s s . A ~~~cg c - ( l e p e n ( k  at de t e rm ination is m a d e  oj the vulnerability

f ~~it s  in the  s a m  ~ u l r o  rability cb ss to each enemy t o r g t  t class.
ree  r a n~~e bands a :e  defined and each vulnerability cIa~ s is defined

~s ei th e r  s er~ oi:s by va lncr ab ) . c , • ode r at e ly vu lnerab le, or effect ively
invu i o -  : i~ lt t o  e t c h e i i & n ~ y t t r :~c’. class in each range band . Two rules

‘H~ ne wL. t1~ r the  uni t should f i r s t  USe its vulnerabi l i ty  to enerriy units
or it s  prio r ity 1:st to sc r - ~~i the available targets and make its fi ring
d o d  s o n . il-u s , each unit may cmp loy ei ther  ~ ilne r .ib i l l ty  f i r s t  or
pro  c ity  l i r st  ~.nd up to  t h r e e  p r i or i ty lists , for a total of six target
~,r i i ~~ik ; iU1~~-,, i t  afte r app lying both the pr io r i t y  list and the vu lner-
a bih t-~ c rUcri’ mm n er o  th tn  one c or n y  target unit still rernair s , th e.

rer  -
~~ . -

~~ rg -r : ange  c r i to  n o n  o~ ip p l i e d . This c ~it •: - ion , to either
se~ e c i  t Ime nea r~-r  t i  r g e t  or  tne  f r t h e r  t a r g e t , is at the option of the
u s e r  and is d e dn ed  f o r  each  unit ~y input . If t’o c t a rg et s  still remain
at t h o s  a n o~ r a ng e  t h e n  a r an d om  r u n  h e r  is drawn to select one of them .

Also c ci side  rod  a r t -  command c o n r r u l  an d  surveil lance (CCS ) units.
T he s e  uni ts  do not fi re , hut u i ; t y  cal l  a r t i l l e ry  or at tack heli c opters .  If

ç the CCS unit can call fo r  h e [i c up~ or s up p o r t , then a check is made on
avai : 1;1’: aircraft , nea rest squa l C t a rg e t s , and the target priorities.
If a~ rura f t  are  ava il ab l e , and the t a r g e t  li s t  conta i ns a target for which
re:-~~res t  squa re  i ntelli~~en c c  e~dst~ , the  CL I ICP I ~ r e f i n e  will  be called .
In the CLHCPR routin e , th0 t i r g ~~t c lo s e s t  to the GU S unit that  is not
now b e i n g  a t t a cked  b y a i r c r a f t  st ill be se lec ted . The CCS unit will
n i t  i n t , t  to call on e of its wo s u l ; a r d i n o t e -  a i r c r a f t  uni ts  . A basical ly
simi lar p ro c ed u r e  is enip l~ y d in ca ll ing f o r  a r t i l l e ry  s upport  (C L A R T Y ) .

Seine  of the observat ion s on TGTSEL a re  as follows:

One kind of f i r e  (code number 2)  is not def ined .

A r r : y I ASQ is d~~hn e d  in the T r e a t m e n t  da ta as per miss ib le
d ev i a t i o n s  f r ie  o rd e r e d  squa ct (XX , Y Y )  fo r  which point
f i r i n g  ma’; t : tk e  1 ia c .

I

1 he  c o p lexi ty of t h e  d e c i s i o n  in s e l e c t i n g  t a rge t s  s ug g e s t s
that  a i m  t in~e ” should  per haps be i nc reased  when  severa l
ca r i d i d .~le  t a r g e t s o - d ~~t. A l so , tb ’ t i e — b r e a k e r  log i c would
s u C C s ’ the ~am ( -  ) e sS i h l l i t v.

~ifl
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“Aim t ime ” is doub led by routine DESTG T if the unit is
mn ~ O d i  Ott n .

The allocation of men ‘n the “s u p p res s i v e  f i re ” s ubmodel
nul l be inv e st i gi tted  :besel y.

Suppress ive  f i r e  is always per formed with type 1 ammunition
in the suppressive fi re subinodel.

Weapon c a t eg o r y  5 is des i gnate d as being able to f i r e  fina l
protect ive  f i r e  I ) e v e l O p e r s  state that  thi s no longer used. )

The FIRING routine s imulates  the f i r ing  of the  weapon by. resetting
the weapon code and cL o c k  and , if reloading be lar e  impact is permitted ,
by r e s e t t ing  the  loading code and clock . This routine also adjusts the
a oou : t L I  ammun i t i on  remaining to the unit and accumulates the number
t i  sh uts f i r ed  by the main weapon group in order  to imp lement the unit’s

• 
. n i d e r s .

4 l i r i m i g  may be t e rmina t ed  b r  severa l  rea s ons :

The unit is moving but f i r ing  while moving is not permitted
according to the unit o:de r .

• There  a r t-  no n o n  to fi re the weapon.

The unit has a point t a r g e t  but either the unit does not have at
least  erroneous pinpoint intelligence on its t a rge t  or the targe t
is know n to be dead .

The target  is not within the mm /max weapon range .

LOS to the t a rge t  or a r ea  does not exist.

The unit has  no ammunition.

If r.o other w~-apu n have a tar ctt , the weapon c ack will be changed to the
current time p lus 1 , and ti e w -apon code  wil l  be reset for  t a rge t  selection.
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The FIRING rout ine  als o may call the CHANGE routine. That
~- • •~L I 7 i e  g ives  the  tUl i :  a 1 t C C  to change its miss ion after a round
11 ~t : u \ s  : g) ol ~~Oifl .~ pr~~ce s see  is t h e  main weap on , if the weapon
J o - s not r t q t i l r c  gu i t I 1 U .  e , an  1 if one of the followin g obta ins

h e  un it runs  r u t  of ammunition and the unit has out-of-
in tel U f l O l O ;i  u r i c  rs

The ma xim um number of rounds has been fired at thig target.

~~~ FIRIN G r out ine  a l s o  ca l l , the POSDIS routine if the fired weapon
has  a f i r i n g  si gna tu re , so t h at  enemy units can obtain intelligence.

I h -  mode swi tching log i sections should be investigated , with
emphasis  on the ammuni t ion  tccounting.  The develope r agrees that
ibi s  routine is w r o n g ,  but says that the simulation of mode switching
weapons  h a s  not been done for a long time and that the routine is
always bypassed now.

EVA I)F

4 G r o u n d  Weapons

• At a given 4~•O~C dur ing  a~t engagement  a ground weapon site may be
able to engage more than ont  a i r c r a ft .  Which a i rc ra f t  is engaged under
these r i rc ums ta nc es  is control led by engagement rules . One of four
rules has t i, be sp e c i f i e d  fo r  each g round wea pon pos ition . Each weapon
position may use a d i f f e ren t  ‘:lassification for “prior i ty ” targets , identified
as either troop shi ps or gun shi ps , whichever  is more  desirable as a
ta r get.

Optimum Target - Under this option, gunner selects the target
he estim ates (based on a i r c r a f t’ s position , direction and
veloci ty)  will  rema n inside the maximum effe ctive range of
his weapon for the ‘ongest period of time.

~los t -c t  T a r g e t - The a i r c r a f t  engaged  is the one closest to
the ground weapon si te at the time the selection is made.

j
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Prior i ty  Targe t  - Gunner will  engage any priority ta rget
within range . if more  than  one pr ior i ty  ta rge t  is in range ,
he will use e i ther  the optimum target  rule or the closest
ta rge t  rule to decide which priori ty t a rge t  to engage . If
no pr ior i ty  t a rge t s  ar e  in range , gunner will use either
opti m um t a r g e t  or c losest  t a rge t  rule and engage a non -
pr ior i ty  t a r g e t.

Prior i ty  Target  Only - This rule is the same as the p?iority
ta rge t  rule except that if no priority targets a re  in range ,

•1 the ground weapon wiP remain inactive.

An a l read y engaged gun does not automatically drop it8 t~~rget when
it co mes under  f i re  f rom ano the r  source . This is not realistic under
some circu mstances.  Whether  or not it should do so depend s upon
many  t ime dependent  engagement  parameters .  In general , standard
ai r defens e rules of en g a i ~t t i m e n t are  emp loyed , however .

• Air Weapons

4 The computer  makes the following checks :

• A mnmun i tion r on  a i n i n t

• , A i r c r a f t  r e m a i n i n g  on fli ght path.

Flig ht p ath  not comp lete .

Ground t a rge t  within range of in teres t  (input by weapon type) .

Ground t a rge t  within maximum effective range of air weapon .

Ground ta rge t  unmask~~d .

Ai rc ra f t  will not f i r e  on suppressed  targets  unless there are no
othe r t ;t c g e t s  and the a i r c r a f t  weap on has at least 50% of its basic

• l a d  of aT n e : uj t io:5 .
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The model  checks to d t-t e r r r ’ine  if the aircraft weapons can be
in • v l t te bea r  ~‘n t i ’t  groun d t a r g e t , Ai rcraf t  maneuve rs to fire on

h a ta ~~~~ n i t j s t  he  p r c p f L g r am e d  as input . T I -c main restrictions
at - c ro l l  an g l e , r i g h t / l e f t  s i de  fi r e onl y, m adrnum  angular turn ,
~~ l e ’~ v t ~ t n / d e p r e i ’ s i n n  of the ~un , Any au weapon can be f i red
w i t h  m u  c on r i c l e r a t i on  cf t t :r c e t  ang le l i m i ts .

~n s electing t a r g e t s , the ground  t a rge t  is evaluated in accor dance
with ~ct of engagemen t  rules.  The targets  are weighted by the use
ot a t a r g e t  des i rab i lity facto r . The ta rge ts  are then sorted and the
t a r g e t  having the hig hest  numerica l  valu e is selected . Weapons
ef f e c t iv en e s s  is ad jus t ed , when appropr ia te , to be proportional to
the p a r bar r i l i ty  of survival  of the weapon . The model se lec ts~ the “best ”

• a i r  weapon  to be used on each ground t a rge t .

In the act~c,~l f i r ing  routine , the fi rst  check is to determine readiness
of a nu r ’a n i t i u r i . If magaz ines  require  re ’oading and ammunition is
av a i lab le , they are  reloaded . Stri king velocity and t ra jec tory  of
p r u l e : t f l e s  a re  then looked up in  a ta lle or computed if tables are
no t a v a ila b le . Phys ica l  li n it~~ ~rns  of gun mount s a re  checked to
determine w he t her  o not the gin  can be broug ht to bea r on the ground
t a r g e t .  M a s k i ng , as ‘vei l  as maximum and minimum range checks are
made , There is a time delay ar respond ing  to damage as sessment time ,

GLOBA L

The decision to f i r e  is made  b y the GLOBAL SELECTION subroutine.
The fun ction of this subrout ine  is to validate targets for the prospective
f i r e r  current ly being p roces sed  and to add various acquisition and fir ing
delays to the game t ime . In o rder  for  an enemy unit to be a valid ta rge t
it must be al ive , vi s ible , detected by the f i r e r , inside the f i re r ’s angular
f i r ing  sector , and of an appropr ia te  ta rge t  type for  the f i r e r ’s weapon
t ype .

The second m a j o r  func t ion  of the SELECTION subroutine is to select
the best  t a ree t  f r ~ tn among all valid enemy units for  the prospective
f i r e r . The g e n e r a l  se lect ion methodo logy  available to air and ground
f i r e r s  consis ts  of computing a n u m e r i c a l  pr io r i ty  value for all valid
t a r g e t s .  This number  is corr.puted us ing  the ta rge t ’ s base priority

I 
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number given in the input data , with zero assigned to the best and
ni t ’- to thu h -na t  des i rab le  t a r g e t , and then increasing this number
o a inn- for eac h  ad  I~ t i u n a l  ‘r ange  interval’’  (input variable ) to the
t a r g e t  and by three if out s ide the f i r e r ’s prefer red  firing sector .
The t a rg et  with the lo~ ’est numer ica l  va lue is selected as the best
a t  h ig l le s t  p r i o r i ty  t a rg et .  In s ummary ,  a decision to fire is made
based  on L a r g e t clo s eness ,  p r io r i ty ,  and visibility level ,

An a l t e rn a t ive  mode of selection , available only to aircraft ,
p r o v i d e s  tha t  the f i r e r  select tI a fi rs t va li d t a rge t  on a preferred
l i s t  of r iemy units d e f i n e d  in the input data and arranged in descending
u r d u-r  of p r efe rein e . The o rder  of preference may vary for  different
r out  a segments if the model user  intends each a i rc raf t  to s elect
dintrent ground units f rom scenar ios  with closely deployed around .
UI  Ii

it  i s si gnificant to note that , when defender  or attacker weapons
tw in f i r in g . , f i r ing will continue at the given rate (input ) and at the
sau t e  t a r g e t  until the t a rgat  is no longer available . Cease f ire criteria
a r e  as follows :

Ta r get k illedc
T a rg et sup pr e s s e d

Target  out of range

Loss of LOS

Target  outside the f i r e r ’s f ir ing secto r

Simulation ends

Hi gh e r  p r i o r i t y  t a rge t  is acquired

Ammunit ion is  exp ended

If one of these o c c u rs , the t a r g a t  s election process is repeated or
new de tect ion s a re  p r o c e s s e d .

( 
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SUPPR ESSION CF GROUND FIRE .

Suppress ion  of f i re  means causing a unit to stop firing by f ir ing
at it and c au s in g  the crew to take cover , This section is devoted to
th e  s up pr e ss i o n  of f i re  f r o nt  ground units only; a separate section
t r e a t s  t h e  a i r c r a f t  response to I re .  The simulation of suppression

~ is • i i J ~cult because of its ps ych logical aspect .  (Morale is another
of those in t a n g ibles that  no one t r i e s  to include in s imulat ions.)
r • ever thelcss  all th ree  of the models do recognize s uppression and
t r y ,  in va rying de g rees , to come to gr i ps with it.

r

F.
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SUPPRESSION OF GROUND FIRE

CAR MONETTE

Suppression takes three forms in the CARMONETTE simula tion;
jt restr icts  movement , firin g accuracy, and surveillance . Addressed
in this section are thos e suppressive effects helicopters may i~~lict
on enemy ground forces .

There are three steps associated with suppression. First , each
ground unit is placed in one of four f i re  response.classes. These
roug hly correspond to the following: -

Heavy armor

• - Light a rmo r

• Unarmored vehicles

~ Dismounted f nfantry

• Secondly , thes e unit s ma~ undergo three categories of suppression:

Pinned down

Partiall y neutralized by direct fire

Partiall y neutralized by indirect fire

Thirdl y, threshold values are input by the user for each of the
twelve combinations of fire response class and s upp r ession category .

- if the wei ghted number of incoming rounds exceeds the threshold
4 value , the unit is su pp ressed  In the samp le run reviewed , the
I wei ghts ranged f rom I for a rifle to 7 for howitzers (7 is the largest
-~ possible value).  The effect  of neutralization is a reduced capability

for  fi ring and a reduced capability for  observation.
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, Act ions  of th i s  n a t u r e  a re  handled by the subroutin e RESPNS.
1c t i ’~at ion of t h i s  su b r 3u t i n e  is r r i g g e r e d  by the decision cycle and
t h e  s u r v e i l l a nc e cyc le .  Hence , be fore  each decision and each attempt
at s u r v e i l lance , the s imula t ion  de te rmines  to what extent the unit has
been u n d e r  f i r ~ and how tha i f i r e  may af fec t  the  unit’ s actions. Note
t e a t  e v e n  if a unit wer’- to come under an in f in i t e  amount of fire , no
a c n~~n w o u l d  be t a k e n  un t i l  e i ther  the decision interval or the surveillance
i n L e r v a l  has  elapsed. In effect , a unit does not know it is being fired on
a n i h  t h e  end of one of t h o se  cyc~ es.

A pinned down unit can not move for a time determined by input ,
one decision cycle or l onge r .  A f t e r  that  t ime it will reevaluate its
position. A pinned unit also automatically “assumes a lower profile. ”
T h i s  is handled  in the p r o g r a m  b y i n c r e a s i n g the unit ’ s cover , thereb y
d e c r e a s i n g its ex posed area .  P p ar t ia l l y n e u t r a l i z e d  unit cannot
a c c u r a t e l y f i r e , but m a y  move  f r o m  its po si t ion.  A unit in any
suppress ion  cate gory  expe ri ences  a g rea t l y r educed  surveil lance

apab i l i t y ,  r e s u l t i n g  in loss of i n t e l l i g e n c e  about the enemy. Armored
• ve h ic les  cannot  be p inned  down y enem y f i r e .  ~The developers state that

a r ecen t :h a ng e  r educes  all i a t e i l i g e n c e  possessed  b y a pinned-down unit
• to the  n e ar e s t  squa re  onl y and a lso p r e v e n t s t h e  uni t  f rom doing sur-

v e i l l ance .  This  change  was ma le a f t e r  the model was examined for  th is

4 r ep o r t .

EVADE

S 
The EVADE II docu inenta t i e . n ind ica tes  that  g round  units are sup-

p r e s s e d  b y f i r e  when the c umu l a t iv e  bu i ldup  of ki l l  p robabi l i ty  against
them reaches  a prede t e rmined  le~’el (an input  quan t i ty ) .  Miss ing  f rom
the documentation is mention of suppress ion  t imes (given as input ) during
which the ground weapons a re prevented from f i r ing.

GLOBAL

Suppress ion is sim ulated b y the GL O BA L model in its damage
a ssessm en t sub rout in e. The suppress ion  fac tor  resul ts  f rom a miss ,
in which  case an app rop r i a te  su. p ress ion  p robab i l i t y is selected f rom

• a t ab le ;  th is  p robab i l i t y depends upon f i r i n g  weapon t ype , target  typ e ,
and r a n g e . A newl y selected rando m number  de te rmines  whether
suppress ion  l a s  or  has  not o c cu r r e d  throug h comparison with the

• s u p p r e s s i o n  pi-obab u i ty .  If suppress ion  is p r e sen t , the ground weapon
is s i l enced  for  a p r ede t e rmined  t ime,  it is also prevented f rom
d et e c t i n g or se lec t ing  t a r g e t s  du r i n g  t h i s  t ime . (This time may be

( 
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zero for  those weapons p r e d e f i ne d  to be not suppress ib le . )  Provision
is I r a d e  for  a ground  uni t  to displace to a new location dur ing  the
s~.L o r e s c i ~~n t~~It 1 e , ii d i c Sj r , U . J t  sh ould  be noted that  3uppression
r es l ’ i n ~ f ront  a near miss  g ivei~ no c on s i d er a t i o n  to previous misses
o r vo ln iac-  of f i r e . If sup p r c s s io  is cons idered  to be a significant
~eai ~~r e b y t he  model u s e r , it is eecornmen ded that  check on f i re
volu ue aI~~i p r e v i o u s  n e a r  n t isse  be p rog ramed  into GLOBA L logic

an app ro p r i a t e  in c r e a s ’  ~ np i ied  to suppression probability when
such checks  a r e  posi t ive.

COMMENT ON SUPPRESSIO N ti GROUN D FI RE

CAR MON E TTE mak e s th e mos t elaborate pro vi s ion for the sup-
press ion  of ground weapons.  Howeve r there  ~ re at this time no test
data or 01 he r  means  to es tabl ish the  validit y of any of the jud gmentall y
der ived  t h r e s h o l d s  or t imes  used in the  suppress ion  model.

I
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A I R C R A F T  RESPONSE TO FIRE

• The a i r c r a f t  under f i r e  f r om  the groun d will  have various options ,
the mos t si gn if icant  b e ing  to seek a masked location. The respons e to
f i r e  can sometimes j eop ardize  ~he mission and there  a re  psychological
f actors  at wor k h ere too , as th~ re a re  fo r  the suppression of ground
f i r e . Al l  th ree  m odels ad d r e s c  the response to f i re  problem, but in
d i f f e r e n t  d e g r e e s  of d t a i l  and .vith different emphasis.

(
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A I R C R A F T  RESPONSE TO FIRE

CA R M o N~-:1 TE

Response  to f i r e  by a i r c r a f t  is based on the wei ghted number of
incoming  rounds received in a given interval of time exactly analogous
to grou nd weapons.  Thi i~ interval  is the “neutral ization” period , a
u s e r  input va lue . The th resho ld  fo r  incoming f i r e  is also input by
the user . in t u e  tes t  run reviewed , a i r c raft t~ ~ce evasive action if
more than H) wei ghted rounds are  received dur ing  a f i r ing run or

m er e  than 50 wei ghted rounds ~f not on a f iring run e The wei ghts
aris e £ r e n  each weapon in the simulation bein g given a relative
n e u t ra l iza t ion  effect  by the u s e r .

A i r c r a f t  response to f i r e  d eie n ds  upen the movement cha rac te r -S 

is t i cs  of the a i r c r a f t  at the t ime . If the a i r c r a f t  is moving and incoming
f i re  is g r ea t e r than the t h r e s h ol d  value , the following take place:

A i r c r a f t  cont inues  n~nv~ -men t  toward  objective with gradua l
drop to t reetop.  •
F~ r ing  ac c ur a -y is red uced .

Obser vr tt ~on ca pability is reduced .

If the a i r c r a f t  i :  hover ing  over a grid square and the threshold is
exceeded i t  w iU do the fo l lowing:

Drop to tr eet~ p level .

Abort  pr cs -r~1 mission .

Wi pe out m e m o r y  of f ir ~ received .

Beg i:i mnol - ng toward m w  mission .
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su m e-  p a -~t r u n s  of the model , aviation experts in ACSFOR
ss i - ~: of h ( -l .i e ip t ( - r s  not be abor ted du r ing  the

n .u~ , !~ - i~ui  dan c e  - No p r o gr ~i x i i  cod ing  w ~s ~iie covered that

~ ild v o r r ~- s .  ~nd t t h i s  r eques t .

The s u h r o ut i n - - NEi i T is ~ed to update a unit’s memory  of incoming
li re  cv~ ry 1/3 nc- .t l  i h  : ~t t ~~~fl i~ite rval . In fo rma tion  is simp ly aged and
f o r e u t t < - n  at t he  e~i1 of tl~- -  t h i r d  s u b in t e rv a l .  No wei gh t i n g  f a c t o r s  a re  u sed

‘v r i  1;~ Ive i n i p u it a n c e  o new in format ion. •

Ai r- . - a f ~ r e s po nse  to f i r e  l i V ~VS the  rules  of engagement provided

-
~ b y x~~e u ser  as i n p u t . Un d e r  rib s ’. c o n c l i l i c i s • t s e  rules are  set  up so

that the ai~ g u r m er  .v~ ii ~-~~gage  the t a rg e t  c loses t  to the f ron t  of his a ir -
c r a f t . If h e  is recei\ ’Wi e f i re  f r om  a g round  wca ’~~ n site at close range ,
he wt l i  o re  his 3 One.zn gu n  ~n p r u . ie r ence to a TOW . Evasive maneuvers

~i -it ~~t be p r i a r ~~~r z n o - ~~, as si it ed ear l i~~r , so  the model does not provide
fo r  a curn p l€-te r e .-.p- ~n s e  to fi ~-e in a dynamic  sens e .

GLO I . S \L  sin nl ites  ~i r c  - -a f t  r e s p o n s e  to a l im i t e d  extent  t h roug h

~t s  m i s s ion  sc r e b  I O U t j I i ~~~. f et e c t i on , t h r o u g h f i r e  or o the rwise - ,
of a g round  ‘e. c - u p O n  cap ale C I induc ing  a mission scrub will give  the
a i r cr a f t  the opt ion  (p r e p r o g r an i e d)  to seek a pro tec ted  fl ight path.

COM~\t l : Y F ON RESPON SE TO F I R E

T r u l y dynamic r e sp onse  to f i r e  is available only in the CARMONETTE
model.
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ASSES S MEN T  SUBMOL’ELS

- The a s ses si e .  itt  s ubmodela  Inc hade f i r ing accuracy  and attrition.
4 Thes e ar e  di s cussed in the t u  ~ two sect ions.
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J-’!hL C A C C U R A C Y  -

;r~ ~~~~~~~~~ acc u r a v  y rou t ines  d u a ’  with tat abilit y of a w eap on  to hit
a get  e.-~ a pr oj ec t i l e  ~1 re I  as a 5nng l-: sho t  or in a ha i -st  of rap id

i i r~ ~~ ‘nbe  x a u o d e l s  t u  d to t r e a t  this  in g r o s s  n a n n e r , u s i n g  simple
r~it p r o l a h i i x t v  1-ubie S , \v1~i l e  .a l i er  models calcula~ ’ - L it  proba io1 i t i e~

l b  r o b  il y ,  using d e t t i  i~~~ 15:cn rs i nfl u en c i ng  L f l e  u U t C O~~1L O .

4
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FIRfl’-~G A C C U R A C Y

CA P MON F IT

The C A R ~C( )N E T T E  documentat ion on the fo rmulae  and algorithms
f , r  comput ing  fi r ing a c c u r a c y  (hit probab i l i t i e s )  contains a number of
er i ’ul S and  i f l CO f l Si S~~t ‘I C I C S .  The actual coding in the prog rams is
cons ic l e r .&h i y b o L t er  than the documenta t ion .

Th e docurnt ot at ion contain s a s ign e r ro r  in the equation which
de f ines  Li t  ~ i o 1abi 1ity 5~ a ux ct~ on of rang e fo r  a dispersion pattern
c -j a e r c - U fl t h e  tar . -t . ‘r his . - rr o r  is nd present  in the coding of the
-o l o gr a m , rf1.~e cor r ec t  e ap r e ~~sion should read:

P ( R )  = 1-ey t )

Values of s ( R ) ,  the tut :d h spe r s ion  as a function of range , and
4 nput  for  each of 12 c- t - n d i t i o x n  and two amm unition types permitted

c - a d o  weapon . The p a r o n i c t t rs compris ing these 12 conditions a r e :

F i r s t  roun d , subsequent  ~ olicy with previous
iuit , or su sequcn t  volley with previous  miss.

T a r g e t  movin g or not moving.

F i r e r  p a r t i a l ly n e u tr a l i z e d  or not .

For  each condi t ion , the u s e r  specif ies  the total d i sp e r s ion  deviation
at maximum r a x i a e , at 0. 707 max imum r a x t ~~c , and at z e ro  r ange .  (In
ac tua li t y the  u ser  will have  to ex t rap o la te  back f r o m  minimum range  to
( b r a in  t h e  z e r o  r a ng e  v ine . ) A parabol ic  cu rve  is then fi t ted to these
t h r e e  n m nt s  in o r d e r  to , V a 1 b b b l e  the d i sp e r s i o n  at any g iven r a n g e . The
d o c u x u i e n t u t i o n  cent  ins an i n c u r  r ect  e xpr e s s i on  f o r  this curv e . A gain ,
the  p r o gr a l i i t 5 e  if uses t L  o r r e c t  e xp r e s s i o n , wh i c h  is:

I
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a +r( b~~~) / ( M / 2 ) ~~Q ~ ~( c_ z ~)÷ a ) / (M / z )j  ( Q/ M )

‘,i l t ’ t~ a 1~~b O  Li s t ,  r s ior x at z e r o  r a n g e
b - t h ~ c u s r ) e r sion  i t  , 707 i nax i n ~ in r a n g e
c t h e  di spe i S i u r  at  in a x i l o  b i b  r a n g e  

-

0~ squ a re  O t i~e i~ m a x i r i u a : n  ran g’-
Q t h e  s’~b :arL- of rhe  i- 5 i t g e  to  t h e  t a r g e t .

i r e  h U T  s u h ru r ii . c o n t ain s  ~ c o n s t a n t  f a c t o r , 10Z4 , in its
c :C-.. ~i i a t ~ on s . T h e  r t - a ;  on for  e s ing  t h i s  fac tor  is not c lear  and ~.n

~ — p- i a eat ion i s  ;u a H i l i g  in t : ~ t i - o d d  docum en tation .  -

cn l c u l d t e d  u P  pr o t r a L ~ l i  jo., mus t  La- i n ar p e d  into t h e  i n t e r v a l
0 to H) 5 i f lC O  t he  C A i t a O -  N J - i h T E  r an d o m  n u m b e r  g en e r a t o r  produces  a
s i x - -  b i t  e su i t  b e t  we en 0 a n d  ~ 3 (b- j ; I ( i i C i i t ’ -  s ~ n e v e r  - m i s s  pr~~b a h i l r iy ) .
Th i s  ‘.v.tS .h s cu s s e d  e ar l i er  in it  STORAGE s e c t i on  of t h i s  r e p o rt .

i t  subro d i f l e  to accomp l i s h  t i s  m a p p i n g  ~~~~~~~ es d e v i a t i o n s  f r o m
he i i o n u t u ’ f l i c  r e l n t x o  s~ i i  v - h i ’  h roust  e x ist  hi  v. ceo  d i s p e r s i o n  and

}x: ~ ni - ,L i t u i i i t v .  A c o r r -~ ~ion t a  t i b S  s un r o u t i r i c-  ~s n e c e s s a r y .  ~ T his
c o r r i - c t i a x ~ ha a he r - r i  m i d e  sinc  -

. t h e  r o o d e l  w~~s e x am i ne d  fo r  d i i  s repor t .

F i n a l ly ,  an c a s h  ov er l o o- -~ed da ta  d e pe n d e n c y  should  be broug ht
‘ 

-
~ 
. Co e p a t a t i o n s of h i t  p r u h -  b i h i t i e s  a r e  d e p e n d en t  on t h e  g r i d  s i z e

ca o s c x i  : y  i l - j o u s e r .  A l l  ru ts r r e  c o n s i der e d  to be at the c e n t e r  of
t h e i r  g r i d , so a l l  r a u g i  H ‘.-.-i i h e  in  t er ms  of  g r i d  s i z e .  The sma l l e r

c g r i d  s i z e  c h o se t .  t h e  m ar e  i c c ur a te l y t b b c r a n g e  and d i s p e r s i o n
f ma , be- st i ~~~~e .

EVA DE

For  g r o i r u d  w e a pon s , t h e  f i r i n g  a c c u r a c y  is a par t  of p r e d i c t o r
r ( ul no  s w h i c h  i i i  b i l l 1  a t e  a n  ~ii r d e f en s e  wea pon ’ s f i r e  cont ro l  abi l i ty
to r e C & - i V t -  c u r re n t  t a r g e t  n i  x - c r a x t  i n f o r r n a t i o t .  a n d  combine it w i th

— b u l l  t f l i g ht  l i i  no to  p r u  d i i  t t h c  gun  a i m i n g  l i n e , r e f l e c t  the  gun ’ s
a h i l ~ lv  to  i I b b ~in ~~l 1n  I ( u i - s i r e d  i t i m h i n e , r~- x l r - c t  t h e  a r u i l i t v  of a f i r e d

• l : u i l l et to s 4 ay  a o u r s , - , a u t h  ~a s~~r r - the  c r i t i c a l  a i r c r a f t — bullet
d ; s 1 i l i t c t M ~ r i t  riso c l i i i  s u l su  l i e ’ -u t  e f f e c t iv e n e s s  c a l c u l a t i o n s .  The
r~- o lt s  of t i e  p r i - - l i ct o  r r o u t  I c i i -  co n  hi n e u b w i t h  t a r g e t  v u l n e r a b i l i t y

~hit~ s e t - ;, - a s  t i t i c t . - i ’ o ’ i d . ’ n t  -; ‘ r i a h i e s  in t he  f o r m u l a  f o r  t he
-t p e lt il, l i t  y 1 (k )  t h a t  t h a  a~ rc r r f t  i s  d e s t r o y e d .
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Basic  information r eq u i r e d  as input to the predic tor  routines and
~bh ~ r t lt~~J . t t t i u s  j xn  l i d  s t e r e e l  a i r c r a f t  (l i SC r ~p i i u n i , a i r  defen se
-, ys~ e- rn  . t i .  fo r  th0 en g a g ing ui :  de fense  gun , ~ nd 11. ght path h i s tory .
F 1- t i ~ er bel t wI ic ~it t r e a t e d  .us  a p a s s i v e  t i r g e t  is represented by a set
~ f vu lne r abl e -  comp onents and e -  ch vulnerable component is described
l~ ’ s i x  vu lne rab le  a r oe s  o r e  fo- each ca rdina l  view . Values assigned
t i  these  v u l ner a b l e  a reas  a r t -  r equ i r ed  computer model input data and
a~~e -a b u l a t c i l  i t1 t e rms  1 L~ llet type and bullet s t r iking velocity . A

i-niH opti c)t1 allows the vuln e rable area  to be specified as a function
of a z i l  nh nd e l eva t ion  a b u t  t i e  a i r c r a f t  as well as s t r ik ing  velo city.
A i r  d e t en s  e s y s t em i npu t  data  in clude the f i r e  control location , defined
in i t h r e e - - d in i c u s i o n a l e n g ag em e n t  c o o r d i n a t e  sys tem , and the f i re
control  c u r rent -a i i u i ng - hn e  p red i c t i o n , descr ibed by azimuth and
c- l&- -~- i t i i ~n a n g le s .  it  i nc l u de s  t h e  guru locat ion , when the f i re  ~ont roJ .
~5 t i f f - c a r r i a g e , and p e r t i nen t  weap on  c h a r a c ter i ~~t~~ s such as ammu-

n - n  cap ac i ty , f i r ing  r ’ t e , b u r s t  s i ze , slew ra te , t r a c k  rate , s ettle
t ime , t r ack in g e r r o r  fo t - n i u l i b i  in s t a n t s , bal l is t ic d i spers ion  data and
l~~ t 1et t i m e - o f - f l ight  f o r m u l a  con stants .  Each fli ght path is described
in t he  in p u t  by a ser i e s  of 1-: i n r c  located in t e rm s of the engagement
coo r d i nat e  sys tem . Addi t iona l  n f o ri~ tation supp lied for  each fli ght
path ;, i i l t  inc ludes  a i r cr a f t  sper . ci and rol l z t i ig le . Stra ight line segments
h e t - v e e n ;~d j ac -nt  points a i - e ass  amed throug hout t hese  rout ines.

The  ( I r a f t  E V A D E  II d~~cu n i  ntat ion is quite clear  and thorough on
this  subj r - c i .

The treatment of f i r in g  a c c u r a c y  for  a i r  weapons agains t groun d
t a r g e t s  is much s impler , b ( - ing  mere ly table look-up  procedure .  For
v. 1- a p L u n s  r equ i r ing con t inuous  l i n e — o f -s i ght f r o m  f i r i ng  to impact (TOW),
a c h e c k  is made to a s s ut  e th 0 t  th is  condit ion ex is t s.

GLOBA L

The f i r in g  a c c u r a c y  of a w apon is sp e c i f i e d  via a hit probability,
I (h) ,  w h i ch  is an input  q u a n t i t y .  For each de fend ing  g round  weap on ,
the P ( h ) ,  is g i v e n  as  a f u n c t i o n  of weapon type , t t t ype , r ange .
and  at1~ h ( S r  h e a d i n g .  C - ! l b p b l  in t b g  Pçn ) wi th a r tndom nui~~ber  s c o r es
a h i t  or miss  ne-p endin g up un \Vh ie the r  the r a n d o m  n u m be r  is less than
or  gr e a t  r t h a n  P (h ) .  F - h j r  a~ t u  c h i t i g  ai r  v . r - i p o n s  , the p r o c e d u r e  is
tI-a s ni c- :-o’ i -p t th a t  a t i :  i’ hi- r h r  id i op is n u t  br  - - i_ L t  in . The exposed
a rea  of g r  onid t a r g - t s  and t i l t  ~ i s i b i l i iv  level  a r t  L e n s i d e -r ed .

I
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COMMENTS ON FIRING A C C U R A C Y

T h e  l i n e -o f - s i g ht ch e c k  d u r i n g  p ro jec t i l e  fli g ht in the EVADE
mode l is use fu l  for  play ing the  TOW. It is a f ea tu re  that should be
incorpora ted into the other  two models. ~CARMONETTE developers
state that  a f ina l  LOS check  at t i m e of miss ile  impact is used in
the i r  model to abor t  the  miss i le  when LOS has been los t . ]

The CARMONETTE p r o c e d u r e  of computin g hit probabil i ty from
scratc h for  eve ry  f i r ing  is unnecessa r i ly complicated and probabl y
adds no th in g  to the  a c c u r a c y  of the determination.  Misses due to
a imin g e r ro r , weapon si g h t - co r r ec t i on  er r o r , and wind will place
the cen te r  of the  d ispers ion  pat tern  off the center  of the target  in
most cases  anyway, making the ent i re  calculation of P(h ) open to
ques t ion .  -

4

4

- 
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A T T R - TION .

The su bj e c t  of a t t r it i on  includes any i i ic -chan ism for remo~~ ng
c l e n i c i u t s  f r o t i the b a t t l e , w h e t her  by outri g ht kill or by damag e of
equi pment . It is distii & fr o m .h i t  probabi l i ty  determination , although

4 t I e  ‘ i t - l orm in a tio n s of }i~~t and kiF . or damage may be combined in some
- models . All t h r e e  of the models  emp loy probabilist ic techniques for

at t r it i -n .

4
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ATTRITION

CA i - ’~~~~) h I ’ I T E  c~j i s i d er s  the  probabi l i t y of kill g iven a hit a f te r
n r u 1 2 r e s s i ! i g  t i u m u n g i t  l I L e  f t  ~n n g  ~ ccu racy logic desc r ibed  in the previous
s i - C t i J i l ,  If a in~ is sc o r e d , th e  logic of this  section will determine if
th~ t a r get ~- ,as k i l l ed , Ind i rec t  ,hr e  weapons are  considered to always
hit w i t h i n  a u i~c - r - d u f i n . - I  impac t  a rea . Five t y p e s  of a t t r i t ion  ar ~
C o n s  L d e r l - u :  

-

~~~~~~~~~~~ c asu a l t i e s  ( including a i r c ra f t)  
-

Casua l t i e s  t o mounted t roops . 
-

I:± iu- c -. of indirect f i r e  on vehicles

Casual t ies  to exposed in fan t ry  due to f ragmentat ion
a m m u n i t i on

4 Casua l t i e s  to i n f a n t r y  f r o m  n o n f r agme n t a t i o n
arnmnuni t io : i

t iThe  deve loper  s t a t e s  tha t  a r e .  ent change  in t roduces  separate  probabi li t ies
for  f i r e r s  s i : o c - i n g  or s t a t i o n a ry .  Th i s  change was made a f te r  the model
was c x a n t i n c - d fo r  t h i s  r ep o r t . ]

V eh ic le  Casua lt ies

A veh ic le  is counted as ki l led or not a f te r  random number  selection.
The probabi l i ty  of kill , pven  a hit , is a use r  input based upon weapon.
a m m u n i t i o n , and t a r get vu lne rab i l i t y  c lass . Wheneve r  the random
n u m b e r  comes out l e s s  than  or equal to the input p robab i l i ty ,  the vehicle
is ki l led.  E a c h  round  tha t  s t r i ke s  the vehicle is t rea ted  separatel y - -

t he  re is no a c c umu l a t io n  of p r o b a b i l i t i e s  f r o m  one roun d to th e next .

Under  no c i r c u m s t a n c e s  can more  than  one ;ehicle be des t royed in
any s ing le f i r in g  (one uni t  f i r i ng  one weapon t ype at one target  unit) .
thu  mu~~t r e m emb e r  tha t  CARMONETTE is a small unit  s imulat ion
and the  i n t e r n a l  log ic u s  so def ined .  The u s e r  should  not a s sume  that
i C can s i n u n l a t i  a u n i t  of f o u r  a i r c r a f t  f i r i ng  m i s s i l e s  at a unit  of f o u r
a k s .  h g,  m odel  would , in c-f e -ct , l a c e  ea ch  a i r c  r a f t  f i r i n g  at the
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same tank . And , in r e t a l i a t i on , each tank would f i re  at the same
icc - - 

- $ ig~c i~ :n. i pn .;e ly u se d  in t he  model , s inc e the
doc~ r f lt ht l cf l  s i t e  tra it  p z e c lu d in g  the d e st r ’- c t i o i u  of m ore than
one ~~- eh~ cle wh e n  s-~v i - r a 1  h i t s  a x :  s c o red  el im inates the per fec t
h .~t r i b u t i n i u  u u t  f i r e  a u d  i n t e r — c o mm u n i c a t i o n  among the elements of

a f i r iob  trnit ~na tb :  a l t e m u t~ v~- u r ip lies .

P e r i e t d is t ribu tion  S ( - l d ( ) i l ~ occurs , but s uch absolut e nondistri -
hut ion is h - u r d ly b et t er , no r  is it  the onl y a l t e rna t i ve . It would ~ eem
r - - i ~tuvc 1y simple to h a v e  ee~~h p - u > j e c ti le ‘r ando mly pick” one of the 

-

poss bI~ Ia r g ot s . This woul d sc-em a more accu ra t e  simulatio~~~t ~ S
ac t u a l  ta rg et au - j u i s i t i - -n , and wc-u ld  imp ly no in tercommunicat ion
among  elei icnt s  of the fi r i u~’ ’n i i t .  This p r o p u . sed  logic can be intro—
d u ceu  -v :- tj iout d i f f icu l ty.

If a veh ic le  is ki l led , t he  d r i v e r( s )  i s  i r n i n e d i a t ç l y a s s u m ed
t o  b.. a cas ualt y, also . If the - v eh i c l e  is not a t roop  c a r r i e r , ~ Ti

rs i f l f l t  I iii the vehicle a i-c a s s  un -d to b~ c a su i l t i  es .  (Ef fec t  an
t r - p  ca 1~r i e r s  is d i s c u s s ed  in t i e n e x t  s ect h ,n . ) The vehicle is then
(l i Sot ed  as dead and , wLt i :  a u s e f-d e f in e d  pr o b a bi l i ty , may indicate

4 
t e ii .-at l i  b y b u r n i n g ,  c r~u s h ing , - :tc

~L~ 152 ] t iCs  to  M ow u t ~- d 
~~~~~~~~~~~~

A t r u u a p  c ar r i e r  is l i u n d  P d  ~:o d i f f e re n t l y f r un ~ a ny  other vehicle.
The t r o op s  ir s i d e , h o we v e r , a r e  c o ns id e re d  i n  be a s ep ar a t e  unit ,
and do not n e c e s s a r i ly d~ e with the vehicle . The use r  must  input a
probabi li ty of su rv iva l  for  the  i i  l an t ry  if the vehicle is killed . Thi s
probab i l i ty is based on weapon  and ammurution  type . A r andom number
is gene ra t ed  for  each  s oldier and c o mp a r e d  to  th is  p robab i l i ty  of su rv iva l.
In this manne r , the n u m b e r  o f t  r u ep  su rv ivo r s  is d e t e r min e d . It is not
c lea r  how the model h a n d l e s  t r o op  casua l t i e s  f ro m  vehic le  hits  tha t  did
not kil l  the vehicle .

If t h e r e  a r e  o the r  iroop c a r r i e rs  in t h i s  un i t , t h e  su rv iv ing  t r oop s
w i l l  atia-i pt to board  th e - s . -  c a r r i e r s . If t h e re  is i n s u f f i c i e n t  sp ace  to
acc omn i-n od at e  the  s ur v iv e r s  , al l  t r o u ps w i l l  d i r r no u n t  f r om  thei r
c a r r i e r s  and proceed  on f - -u t . - L i s  is ~ q u e s t iu n ~~b 1e t a c t i c , but the
onl y :u I I e - r n a t i v . -  in the s i x i u O I t ’~ .:n is  te a u 1 ~~ rio su r v i vo r s  tha t  canno t
b.. ac(  u e l i !u o r l a t (  d or o t h e r  c a r r . - r s .  13ot ~ app~- u ; ches have thei r

I
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f ;  r n - s  xi- ct !~ ih Cu f i - - r e  a r e  a l lo w e d  11. t he  s in iu l at i o n , and are
di- ii~ i~~u t c d  ~~~~~~~~~~~ - u l i t y  ci ss 7. No s p u - c i a l  lOg i c fri C A R M O N E T T E

r. ; this i u a b i l i t y  u i 5 ; 5  i :  to be found , and so it is a s sumed
t h a t  ti t r an s  p o r t  h . . - hr u pt er is l e n u t e - d  as a t roop  c a r r i e r  in input .
If th i s  a s s u n u p t i o n  is t r u e , two ; ; u a jor  p r o b l e x x s a r c  encountered .
P~~r st , no d i sL u c t i u n  is r: de  f o r  c a r ri e r  typ e when  enter ing survival
p - c u :u i u l ’u i t i c s . l i u n c e , ii u ; i . i n ~ r y x u t a n would  h a v e  the same chance of
st  t -V i V u; . a h e b c op t e r  c u -~u s }  os  S ’u r v ~viO~ a d a m ag ed  APC . Secvndly,
t i c  l og i c  d escr i i ; -J above  fo r  t r  sp s  remount ing other c a r ri e r s  would

u g - c r e d , and that  is l i t  e a s i ’ y  a c c o m p lished wi-ri le fl ying .  Nor
wo JJ all  the  t r o op s  in a ‘u n i t  af sev e r al  he l i cop t e r s  normal ly be
s - n f l € - c u ( - d  t -  d i s m o u n t  and cont inue  on foot if one hel icopt er  were  lost .
it ~ p eru  i-s t h a t  the  modei  u e s  r o t  l og ica l ly expect  a t r ansp or t  h e i — .
cu ~-o x e - r  to be ki l led .

l ie  cf t icuruicntat ion  is l a c k in g  in  i ts  t r e a t men t  of scout and t ranspor t
} 1( J.i C o ) l ~~~~~s . Th.- p r o gr a m  i t s e l f  s e e m s  t o sh o - ~v an under ly ing assumpt ion
that  t h e s e  v u  lC i e -s al - c un - ur ic 1 enemy fi r e . If they a re  expected to
r em a in  behind f r i e n d l y ii n . s , away f r o m  enerl i  ry r i r ( - , it should be so

4 ~~j ;  .-d in the 1 ,oc u x u u e - x a - 1 ; o n .

Ef fec t  of I r i d i r e ..;t F i r e -  in \‘ - -; ; yi e  s

V e r s i o n s  4 and 5 of  ( t i~ hi( N~ I T T .  w e r e  r evised to a l low t i r e
poss ib i l i ty  u~ i n d i r e c t  f i r e  weap ons  k i l l i ng  ~ chid es .  The  probabi l i ty
of kill is input b y the  u se r  ba sed  on th e  weap on , th e  a m m u n i t i o n ,
and the t a r g e t  vulne rabi l i ty  cla .~ s. Basical l y,  this p r o b a b i l i t y  is
computed by d iv id ing  the  v u l n e r a b l e  a rea  of the ~ ch ic l e  by the  impact
a rea  of the weapon . T he s e  probabi l i t ies  a r e , c-f c o u rs e , v e r y  small .

Should the d a i x u n  e d v e h i cl e  he a t r o op  c ar r i e r , troop s ur v iv a b i l i t y
is c o x u p u t e d  as itt t h e  p r e v i o us  sec t ion . P robab i l i ty  of t roop  su rv iva l
in c a r r i e r s  is input  u n d e r  vulm n u b i l i t y  Class  12 .

4
Casua lties To Exposed Infa n t ry  - - Fr a i~rn ent a~ i c - u u Arnmunitj on

For e a c h  weap on  c a p a b l e  of fi r in g f r a g m e rx t a t i ’ n ammunit ion , the
u s e r  must  input  t i - c  p r o l s bi li t y of k i l l ing  i n f a n t r y  based on the i n f a n t ry
p o s t u r e  and the  n e t  c o v e r  p ru v i  i € - r i  b y the t e r r a in . If the in fan t ry  unit
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is r e s p onding  to previ ous enemy f i r e , he will button up and pres ent
a SIt t i l - r t ar get . The  us - -r  a lso i ef i l - -i t h re e -  net cover indices

as ~-d 02 th e  c - l t - l l ( - : t s irr e a n - i  t h e  cov e r and concealment of the grid
- e oc- - upr ed by t h e  i n f a n try  uni t .

The u s e r  n u n - s t ex t ern a l l y c ompute his  kill probabilities based on
tL~~s e f r i . .  I r S . The t a - t h u d  emp loyed is to deterxi -x ine a lethal area for a
alven cea p . .n , ammuni t ion, pos ture , and n et cover , then divide by the
i1u ~ p ac t  a r e a .  The i n :p r t c t  a r e a  i -s in ternal ly defined as one grid square
f o r  d i r ec t  f i r e  weapons , a nd is u s er - d e f i n ed  ( f rom 1 to 9 grid squa res )
for  i nd ir ect  f i r e  weapons .  One bas ic  assumption in thi s method is that
the u - t h u  u - t r y  uni t  occupies only one gr id  squa re , and is  uniformly
d i s t r i b u ted in that gr i d  s q u a r e .  When the battlefield is scaled up or
d ecu by va ry ing the grid size , the impact a reas  will change. This -
o~- u n t  n eeds  t o be inves t igated to see  if cor rec t ions  are app lied or are
needed. 

-
A g ain , a random number will be gene ra t ed  fo r  each infan~~ yman in

the uni t  r i n d  compared  to the kil l  probabi l i ty .  If the soldier is killed ,
his  w e ap o n  is als o killed . --

All  un its ir. the impact a r e a  of an indirect f i r e  weapon unde rgo
a t t r i t i o n  and s up p r e s s i o n  as a resul t  of that f i r e . Di rec t  f i r e  weapons ,
h oweve r , are assw-ned to h ay - -  a specific target , and will not hit other
units in the g r i d  sq u a r e . Thi 3 is t r u e  r ega rd l e s s  of the grid s ize  and
lethal  a r e a  of the f r a g i u r e r t i n s  ammunition. Othe r units a r e  suppressed
by such f i re .

C a s u a l t ies  To Exposed  I n f a n t r y  
- 

- N o n f ra gm e n t a tion  Ammuni t ion

For m a c h i n e  gun and r i f l e  f i re , the calculat ion of in fan t ry  killed
is son -~~ }iat d i f f e r e n t . The probabi l i ty of kill given a hit is input.
I n f a n t r ’  a re  a ss it  n e d  t o  a ce’-tain vulnerabi l i ty c lass , and their  weapons
d- not  h a v e  r iu lt i pic k i l l  capa bil i ty.

A s s u m e tha t  a r i f l e  squa- i  f i r e s  a volley of ten shots at an enemy
i n f a n t r y  squa d of - p ; h l  i c- n . The  f i r i ng  a c c u r a cy  rout ine  m i ght d e t e r re - i n e
t L - t s i x  of t i . - ten sho t s w e re  h i t s .  The k i l l  rou tine  would comp are  each
h i t  a u ; - u i i ; t  t h e  rh  p r ob a b i l i ty  (g iven a h i t )  to de te rmin e the number  of
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~L i i l u g  h i t s  - An - - - e r i - a u d o i i i  n e x t  t r i o -  r is g on e  ra ted  t a  dc - i c  r i-nine which
of L~- -i  g lut  n t -n  & - ce  i v  .. -d ea c h  k i l l i n g  hit . In t h i s  m a n n e r , an enem y

i - ;  ~~~~ 
x~~- I t ari d k i l l e d  b y n u ! t i p r c p r o i c c ’ i l t - s . T h i s  m a n n e r

f d t s t r d . . r u u  x~, t i r e  i s  f a r  s p o r i e r to t h a t  d i s c u ss ed  in  h~ ~
-
~ -~ un u l a r

(_- C t I I. - I -

L ro ii ;l S u t t ~s

rI~WO d i s t i n c t  ( p t i n r  a r e  a ca r l ; ;b l e  f o r  a i r  t o  gr u i r i d  f ir ~ : ( 1) A~ eu r a c y

~r ;d  \ --a 1 i . c - r ~~h le  ar  a t ab le s , u se d  w i t h  t hc -  S-\LV O en u u l l o n s , y ie ld  a
pr~)ba~) ih t y of ki l l  and ( 2 )  p r o t a h i u t y of k i l l  t a n l e~~, w~~e n ’ t h e  s i n g le  —

round  k i l l  p i- -: b ab i l i ty  is u - a t e - r e d  m d  t he  expect  e-d n u u n I , e  r n k i l l s is
found  u i t e i ~ c o n s i d e r i n g  t h e  n u m b e r  of r o u n d s  fi -cc i .

h o s e d  upon  the  r e su l t s  of the  kill p r o b a b i l i t y  c a l cu l a t i ons , a d e t e r -
r . . u l r a t i o n  is iru r de as to w h e t h e r  t u e  t a r g e t  was s n n r e s s e - d  or ki l led.
At a p r ed e t c -r m i nc - d  poin t  ( inpu t  v a l u e  of k i l l  p r - r i - h a b i l i t y ,  t y p i c a l l y 0. ~

)
ta r CiS are  removed  f r o m  ~i l a y .  The p r o b a b i l i t y  I c- :e l  needed  to e f f e c t

~ u p o n c s s i o n  of th~ t a r get  is not p e - c i f i e d  in t he  doc u x u en t a t i on;  it  is an
a d J o ~ t ab l e  inpu t  quan t i t y .

a 
~~ 

-~~ ~~ — -, - I -# - / - — 
- - -It is  ( r - - r t u o n a i u l e  w h e t h e r  th . i -  r e s u l t s  of al l  f i r i n g s  should  a lways  be

cunu z l at i v .~. It should depend  u p on  s u c h  f a c t o r s  as the  damage c a t eg o r y ,  th e
e x i s t e - r u c e -  of i nu i t ~ vu 1n erab l e  componen t s in t i e  t a r g e t , and  t h e  r e s u l t s
of ci ai ;age  a s s . .  ssm e n t  wh i c h  n r i ~i-h t  be a v a i l a b l e  to t h e  a t t a c k e r  b e t w e e n
e n g a g e m e n t s. For example , a g r o u n d  uni t  s t i l l  f i r i n g  a f t e r  an e n g a g e m e n t
mig ht d e s e rv e  to have  it s  a c c u m u l a t e d  ki l l  p r o b a b i l i t y  r e s e t  to ze ro  b e f o r e
t h e n ext e ng a g e m e n t .  - - - 

r - ~~
. , - 

- -
~ - -

- 
-
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A i r r i - z u ft  - 
- -

Eaci ground weapon is ch e c k e d  a g a i n s t  c- ich fli g ht path to d e t e r m i ne
w h i c h  of t h e  a i r c r a f t  a r e  p o s s i b l e  t a r g e t s , to  d e t e r m i n e  t h e i r  p r i o r i ti e~~,
and t o  t h e n  n a ke  t h e  t a r g e t  a s s i g u l m e n t s .

A check  is  made  for  c o n t i n u o u s  m i s s i l e  l o c k - o n . The  e f f e c t i v e n e s s
c r;u l r x t i o n  fo r  c m l i  sL i l e s  is  t h e n  made  b y a t a b i . . -  l~~o k — u p .  T h i s  t a b l e  is a
f u u i t ~ t ion a i r c r a f t  t- , Pc , m i s s ih  t y p e - , a n d  a p p r o a c h  an g l e s  ( az i m u t h  and
e le - ru t l u r u ) .  The  ta~ - tu l r u  i- u i u ~~i - a r e  g t - I e r a t  cud ex te rna l l y by a m i s s i l e  end
game p r o g r a m .

(
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The s t r i k i n g  ve l o - i t y  and a n g le , r e l a t i v e  to  the a i r c r a f t , a r e

~~1. g e l . Th. - t r o t - r- r : j . - ..- t i l t -  I r a j e c t u r y  f r m. a t r a j ec t o r y  table is
u s ed . ..s in  op t-ion, or  s t r u u i - J I l i t i e  app r~~- ax ;  u t r o n  to the t r aj e c t o r y
n r m y  be S od  to S~~t Vc m i x u p e u t e - r  UI c . In (- 1 111..- F case , d ece l e r a t i on  of
the  p r oj e- o t i le  is c -c c ::l ie r ed  w i u  ii ct . m u . p u t i r g  the s t r i k i n g  veloci ty.

‘fh t- mode- i d u e s  not ~t l l u ~~ t me  a i r c r a f t  tc ; t u i — .e evasive maneuvers
ill - c - : - u p u n c e to f i r e . I h i  fl i ght  paths a r e  prep lanned , but prep lanned
e v2u ~. iv e  r n a u u e uv e r s  C~Ofl h i  u m u c l e d e d . •

F i r e  on s e p i r a t c  ~ t u l t n - r a b l : -  components  of the  a i r c r a f t  is cons idered .
F i . . - t ’ e v e r , i f  t h e  c~a l m  p ne-n t  s e-p : r at i o n  divided by the r :in~ e is less then

)W ~ l h e  p i  gr . n m  c u e s  n u t  coi s ide r  it wor thwhi le  to comput e a d i f ferent
ap pr o a c h  - - s1o ct rend s t r i k i ng  v lu e i ty  for  the  component  in quest ion (but
r a t h e r  uses  the  values  : u l r e : r c l y coniputeci  for  the a i r c r a f t  c enter  of
g r : m v t \ - ) .  This is wel l  wifl in  t h e  s ta t ic  level  of the  vu lnerab le  a r ea
( i Ot a

A s c-p t ra ted c u r l p .. ne uut  ca i  a f f ec t  t he  i-r i l l  p r oh r  h i l i t  y calculat ion

I 
in a u - o t h e r  n i or e  i rmpo~ - t m u u t  w a y  i h i t  is by moving the t a r g e t  component
off  the p oj ec t i l e s mean  t r a j e r  :ory path . A s e con d  test  is made b y the
prog  i - u -  t dete r rrr ine if this  sL i f t  is lor e e x i u t u g h t o .-aus  e a s ign i f i can t
e I m m m n ~e u i  kil l probab i l i ty . The second  test  for  si g n i f i c a n c e  compares
the  cc>mponent  s epa r a t i o n  e b st a  - c c  to the d i s t a nce  b e t —i c c-n t i x e a i r c r a f t
coi n e r  of gr av i ty  c u r d  t h e  i u x - u~~cc r i l e ’s mean I r u  ~ect ory  path . Due to gun
s y s tem  e r r o r a  and a ir c l - .ui t  man e u v e r  the mean tr .- i c - c t o r y  does not
n o r m a l ly P a s s  t h r o i u g }-i t he  am r a f t  center  of gravi ty. If the component
s e p O  r a t i on  d i s t a n c e -  is less  than 10a 0 of t he  a i r c r a f t ’s cen te r  of gravi ty
sepa r a t i o f r o m  t h e  mean  t r aj e c t o r y  path the p r o g r a m  does not cons ider
it wo r t l r v .  id le  to ev a l u a t e  the component as sep ar a t e d . Both of these
C t T n p . I t ; t l I O f l  bypass cen t rol s  a r e  in t ended  to save compute r t in ie - . If
t h e  p r o g r a m  u s e r  d id  r u t  wish these  computa t ions  to  be bypassed  he
c o u l d  r e - n  ove the p r o g r am  st a t enu e nt s  which caus e the  bypass .

T}u~ p r - m g r am c o u r : u ul e s t u r n  bias for  a i r c ra f t  center  of g rav i ty  and
for  the c - n  p o m u - i t t s  of t h e  a i r c r a f t . Th ree  methods  of comput ing  t u r n
b m i  -i ar e  a v ai l i ul e . M e t h o d  one is a s imple g eo met r i c ;e i  so lu t ion.
M u -t i n s  two ari d th r e  ru r e  i t e r t ive S u l i tt o ns - The fli g ht s e g n u ( nt under
co n s i — o - r - t r o n  is subdiv ided  into sm a l l e r  s e g u t u i - u t  - and the - p int  of

(
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l u ) i l l l i i u r t i l u  s ep ara t ion  betw~ u - tm the project i le  and thc a i r c r a f t  is computed
f t ~~ u- oh subs  e x i t - n t .  ‘ i h i se  d gures  a r e  co I l up a r - -:i with solutions of 

no m-~ t ime 1 J ( ’ C t u l ~ - ‘ - i the : ti rc -a lt  a re  equidistant f roin  the
r o u n d  ceap  Ii . This us  - mm i i ant- d until au ru cept ahie  separation is

o c i m i e ’ .-etl  and  the best  S m i n i o n  is then se1ec~cd . in the com putation
if - Lu ~ nt - ma e r ~ u i a  , tin- I l l  oWU g constants  a re us ed~

A -  ep table - r r o r  fo r  d i s t a nc e - - 0 . 09 meters

A-: C l ) ’- ble . r  m r  ~o r  ins tant  of impact -- 0. 009 secon ~ s

d I o — r  e b s i x u c  ra te  p ito i l u l e  — —  1400 flIOtO -I l; /second

N n n r u m : m l St -pa r at ion  f -m- ~~- e e i ~ bul l -t and a i r c r a f t  — — 3 ~0 meters

I L r ~ - eass ibi i rie s  e-~~ i~~t or computing the tota l vulnerable area
-- 1 th e  a i r cr i l t , -

The sum of a r c - o s  p r o j e c t e d  l i - t n  each fu c e  of a s ix sid ed

I 

r e t  m~~~ u l t r  b ox .

A r i f t - g e - s  t ‘i-ti  ilipsoid r e p r c - s c r m a u t i u l i  as reported
in the Sinup lifi t -ud G u i  M - - - h - i .

C n- I np u t  u -- t i  \\ ith  e i l ips - id a p p rox in t ;  ti on as given in the
vp dI ) 1-;T I lo del  i C - p u  ~~

For a i r c r a f t  hav -ing n o u n- b vu lnerab le  comp on ent s the following
f a ct o r s  ar e  used in comput ing kill probabi lity; fo rced  landing probability ,
and c rew vu lne rab i l i ty .

• 1- or C M — t yp e  l i C  l i c - op t e -r s  the kill probab i l i ty  is a fun ction of the
sing le v u l n e rab i l i t y  a t t r i t ion rate  t i n e s  the probabi l i ty- of

— ki lling  both pi lots . The fo r ced  landing probability includes
the I) r b ; u t > u l i t y of los~ ng both eng ine s.  The crew casualty
pr o b a b i l i t y  is funct ion  of the sum of the individual  casua lty
pn  bLu b i l i tie3  of t l~e t i -; p ilots and the crew chief .

Fu r  Ull --t yu ’ e -  h e l i  ip ie rs v.-it l t roops the kill p robab i l i ty  is
4 t he  s o m e  as t h a t  f r  he CU - typ e h e l iuu -p t e r s . The crew

cas ua lty p I ’ i ’t l i l i t y is the S U n  of  the probabi l i ty  of casual t ies
of b u - t i m  n u l ’ - i - - and b u t - i  c m n n u i l  S
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All othe r a i c - c r a f t  a r e  hand led  in a s i x m l ~~r manner.

Th 1- e-c c l un i o ’u of th e - i- cs ult s of gr ou n d  fi cu-  on t i m - c r a f t  appears  to
be q u u : t e  c i n ni e te .  It may ,  in f a L t , be u n n e c e ss a r i ly deta i led . It
w - u t - ep p e a r  t h a t  i h c  i i m u u i e l  deve loper s  had tht  g r e a t e s t  amount  of data
. ini exp e r t i se  in t in s  a r~-~~. 11 . i ~ subrout in e n u t y  - -c a m- r~,nt more  detailed
s tud y fo r- c e n m s i d e r a t h n in o i h - r  models .

Two S t o t  i i : ~~ tic ic e - t i m a d s , aepr e s e n t e d  b y subrout ines  HITMIS and
N -  1e\ t i - u , a i - e  available fo r  — -

~ b a i l i ng  dan zi g- c- and sus ta in ing  the s imu —
ln c e - l i e t i o n , p a r a m e t e r - s f o r  miss i le  and  b u rs t  f i r e  m i ss ions  a r e

w r i t t e n  c u r i e  m u r u g n e t i c  tap e-  b y s ub r o u t i n e s  I l I T M I S  and NEWI-II T , -

r e s pu-ct i - c e~ly ,  for  s ubsequent  p rocess ing  In the anal y t i ca l  gun  model .
1 h e  nfl x r -a d e l  is s i n m i - i t o d  in an anc i l l a ry  compute r pr ogr a m  ( D A M A G E )
us ed to reduc e the s t a t i s t i ca l  va r i ab i li t y  in d a i r a g e  a ss e s sm ent.

Th e n . ’ t l m  h bogy of su b r o u i t i u u c -  HI TMIS S is used to evaluate the
r u - - i t  of s ing l s b - m t  f i ri n g s  su ;h  as the- TOW ni i -~s ile  or m ain tank gun

4 a g a i n s t  ~~- u h  a i r  and c r o d  t a rg et s . In additi on , this subrout ine  p rov i de - s
the c a p a b r i u t y of p r o c e s s un c -  b u r s t s  f r o m  a rap id fi i-~- weapon s y s t e m  as
si ng le shots .

T1-; c- f i r s t  m aj o r  s t ep  in s u ) x - u r u t i n t  Hi’i MISS is t i m e -  select ion of a hit
probabi l i t y f r o m  ‘in apu r opr h c -cc table r i e f n i i - n i  by f i r e r  weap on typ e , t a r g e t
t ype , r a n g e - i n t e rva l , t e r r a i n  t -,-~~c- and  a sp e c t  an g l e  -- f ron t , s i d e , and
r e a r  if an a i r c r a f t  is t l c ~ t or g e~ . Onl y the- f r o n t  a sn e ct is cons ide  r e -d  for
g round  t a r g e t s . L inea r  in t e rp c u l u t i o n  is us to fo r  imp ac t  a n g les o t h e r
than  C , 90 , and  180 d e g r e es if an a i r c r aft  is the t a rg e t . A s t - e La s t i c
de r ’ i s i e n  is i - - i d e  t i  d e t e r m i n e  w h e t h e r  cur not a h i t  has o c c u r r e d . The
r e s u l t  of a h i t  aga i ru s t  ci g r ou n d  t a r g e t  is a sses  sem i e i ther  as a hi l l  or
pa r t i a l  d c u u c g c  dcp -n din g  upon t 1 e  a i r c r a f t  and w eapon t ype . Pa rtial

I - c l a i u i a g e -  is s i m u l a ted  f o r  g ro u n d  t a rg e t s  b y t i i ~ a t t r i t i on  of one c rew
ni - in b c r  in a c r e w - s  u - r y e - c l  g ro cu nc i  weapon . If a miss  occu r s aga ins t
a g r o u n d  t c m r g ct , t h e  b u r s t  is f u r t h e r nvalua ted  by se l ec t ing  a s up pr e s s i o n
p r o b a l - i l i y f r o m  an ap p r o o r r u t t o  t ab le  def ined  1 y i~i o cr  wea pon type , target
t yp e -  and  r a n g e  u u t e - u - v o l . --\ st c  u h a s t i c  d c - c u  s ion is m ade t m d is t inguish
b~-t ~- een miss  and s up p r u s s i n.  If s up p r e s s ion  is  a s s e s s ed , th e -  g roun d
e d  wi l l  not c -eble  t m-  d e t e c t , sc- l en t , or f i r e  at i r a ct s  un~~i a s u ppr e s s i o n
d e l ~~~ h -e s  S e - i - f l  sati s f i e d .
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If a hit is St e u e } 0 u 5  I tea l1~ tm-e5 S u-s s ed mm i~ ai n st an a i r c r a f t , -iTt it l ie n
st~~n h . i s t i ,  -i .?c:s ca - cu is u m ; - d u -  c c -  d i e t i m n i m u e j i  L e t u c t i  n kill and pa r t ia l

c n n t g c  ‘is i m i g  ~m n  y p i o p r m i c -  pm } u m t i a l i t ~ table .iefined b y f i r e r -.-~-eapon
t ype , i a r -g -~t t~ c- r ange  u n l o r v t m - l  and :-:p c c t  a i m - g te . If the assessment
is - a - r t i a l  n a i c e a g e , i l in i l c e r  sL oe  ~~~~~ ( I t - u ’ t m s : ’ , i .  is i - su e  using a sel~ ete I
plo. n a a ~ i t t  v f r o m , -i  ap p r o p r i - i t able -h - f ~u ie d  b y f i r e r  ‘~c capon type ,
e a t - j e c t  L yt - , r e n t- i n te rva l  and a s p e c t  .~n g ie to d i st ingu i sh  between typ e
of m a rtia i d a e : m a g e  , lu -i s - -f f i r  e p u W c  r or  lu-c s of x i  m ot i o n .

i h e -  ni - t i t m c - t I - t i o g y  of s u b r o u  iflC N i - W I U  I is U s t ~c l l u  evaluate the
- cr st s  f r o m  rap id f i r e  v e a p u rr y s t i -  s , I c . r — l o — g r - e m i c d  and ground —

t o — a i r . A r i m nig and im ; l l i su c e - r i - - rs ar e  c o i m pu t e - d t - - r  a r ap id f i i - e
weapon Sy s t e m 1i ~~i r I g  one cut t i m r  . ‘ .  ica , r , 1a u i og t i m . s  r ef l e.cting
the a mn -ca:-.g an d b u r l i e s t  m - . e r r o rs  tjS~~~O~~ j , t ,  :b. ‘h o  - - p ri a n c m  t a r ge t
t ’ i c u c

Onmi c a l  a n d/ c r fu l l  s ci ii on r ad 0  r 1 x i ~

Rang e onl y r cu d  r t - rn l i e

at inn  of nii l er~~or s in the  inpu t  data

~i the tze m g i - i  is a i ’ i ;-~T :cuve n i n g  a ir c r a f t , t i r e ai m ing  e r r o r  v a r i a n c e  is
a b u s t e - ’ by ad ding a mu s l i m - l i v e r  1-rur  v: c - i o n i c .

The p r m - s  cmii  ed a r c  of t i m e  t a r g i - t  is t o!:  en to be the cross-sect ion
ii - rmal  to t b -  l ine  - o f - s i ght . The p a r t i c u l a r a spec t  exposed and the
c i x c u u u u t  of a r c - a exposed in e a c h  a s p e c t  - i r e  fu n c b o c c i m  of the a i rc ra f t
head ing , p it  h , roll , and l i n e - o f -s i ght .

The hit p r o b a b i l i ty  pe r  round  in the- b u r s t  is cmnu ’ipu t ed  us ing a
biv~u r i a t c -  no rma l  dist  n hu t i on  ori g ina ll y c e n t e r e d  at the t a rge t . Two

r . k : :o rru n u m b e r s  a r e  d raw n  t u  t r a n s l a t e  the  x and y coord ina tes  of the
b u r st  c - - m i t e r  f r om t h -  t u r n  el - u sing t h u  a i x i ing  e x - r o r  va r i ance -  a dj u s t e d
b r  mm - : i c i e u v e r  e r r o r  v ar i an c c  in case  t h -  t a r get  is a n m c u e u u - u v e r i n g
ii~ r c  n i l  - The v ar i a n c e  of the  t r a n s l , i t -d bU . i-~~ c i e  no r m al d is t r ibu t ion
in  b o t h  X a f l ’I V d i ’  -~~~tt on~ is g ive -n  by the ba 1li~~ ic e r r o r  v a r i a n c e .
D in  C t i t -  -

- ca t ion  ev er  the p r e s  c i t e - i  t a r  i t  a r e - m m  y ie ld s a hit  p r o b a b i l ity
C r e c u  l~. r o u n d  u n  the-  h u r s i . l x ,  o r d e r  to f a ci l i t a t e  the i u m t -g r a t i o n , the
~~- nc -r . d l y i r r .  g m u I m r  i t  i gn-t  a c- ca uj r c o e n t e - I  at impact  t ime is re- p laced by

I I
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a r u - u  1cm n 1usla r a r e - c t  wi t  i~ I - r u ~~t lm f o u r  t i n  m S  I I n  w i dt h  but  enconup a s s ing
Ii  et S t i i 1~~C- L m l ~ 1 p i ou ted a r~ - A I~amn r num ber is d r awn  r e f l ec t ing
t h e  ~~U I t i m . ! - : t i \ c  b u i c u t t m i c t l - i . s t i  .b l u - i n  to d c t i - i - n i i  c~ the total  number of
h r t  s ay e  r Ii t h e  m~i - c u - c s  \ . i t hj i t i u _ - bu r s t .

‘~ t m e  i -xp o  ~ed Sr c c  iii e a c h  of the  presented  t a rge t  aspects is allocated
to cl~e ~ rious v u l u u e - i - c m b l c -  u m l u m u z i g e  a r c - a s  for  the t a rge t  us ing vulnerability
p e r c e nt  - g e - s  s e le - c t c -uJ  f r o m  m p o r u u p r i z u t e  tables.  Tables of vulnerabil i ty
p- .: r c e - i u l a o t - s c u r e  input  to C LO h A L  by t a r g e t  m i s p e -  ot  - burst impa~ t velocity
i u i t e r v e l , and t u r g e i .  v u l n e r a b l e - damage  a r e a . The exposed areas  in the
1: - ~~ C 5 e I u t t  t a r ot aspoots arc- allocated t m  t h e  -r u i i c a - r a b l e  dam age a reas  of
‘c O e c  t a r g e t , 5 n m  . r i u & - d  -ocr ah  l i l O  p r e s e n te d  tt ~~r gi -t aspects , and converted
to a t a t a l  p e r c e  r~t t ge  of lI e’ p r e s e nt ed ta r -got  a r cs  for each vulnerable

i ’m me go a i ’ eca of the t t m c  cgc c . T i i c n  a n ew r a r u d ou r .  e m no h er  is drawn for
c i  Cl: e l  c hits -

- ~I k m u m  t i c - b u r s t  to c l e t e r rn imue  which vulnerable damage
a ae - - m  w a s  h i t  ba sed  i t ) n t i m e -  uo i f ~ - r m  d i s t r ib u t i o n . Thus hi ts  a re  allocated
t o  ~be- vuL- ’i~- r u b l e -  h u i i a g e  - r u - O s  of the tn. n g c -L : 200  r h i n g  to the percentages
of th~ u c u t a l  p r e s c u u t e - e l  t~~Ct - ct a r c - c u  t i - m a t  l ie i i  e iich ~~ lne rabl e  da mage a r ea .

I - t i m e  e i r f f e r u m - t  i~~p e- S of u ,2 t u m  m i a c ’ c  tha t  have re-sui ted  f r o m  the hits within the

4 ni i t  a cc I 
~~~~ t o  b t : l . i e  cu - A ::m u l c i t l  ye re-cord of the damage s u st a  i nod

b y tic target ui tie gt um e is up dated  to the c u r r e n t  t ime  i n t er ’-c u I  fo r  sing l y
v ul ne r ab le  d ; u i  i - g o  a re zu s -md rnult i ply v u l n er a b l e  damage s ets . The
u ’o lL w -iop: d a c r age  can re-sui t  1 urn a bu r s t  f i r i ng  mis sion:

~- _ -t iss

K — k ill

Forced  landing ( a i r c r a f t )

M i s s i o n  k i l l  ( a i r c r a ft )

Component .s  i multi p ly v u l n e r a b l e  damage  sets h i t  (a i rcraf t )

S u p p r e s s i o n  ( g r o u n d  ~:i r ge : t s )

- 

. 
Hit ~;ith in>

Ni I 
119

~~~~~~~~~~~~~~~~~~~~~ 

.
~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~



\~~t - r  m i l l  g ame a c i i t s  h a v e  b e - -i t  p r o c e ss e d  m e n d  subsequent  damage
en- s u i c e c c t c ;  m , ve be~~o c e ~~de , - . ~p on : - t o t c S :p a : n e - S  a r t - nxade b y the

~J~I_ O f l  ~L ‘icr - i to ;u i r r c - t i t i c i  - ‘t h i s  -; i i - r - u t n m  op - l a t e -s the position
ii md ~ : o tu s  o-~ a ll  g a a e em i t s  1cco --cling to e v e i c c .o: tha t  I i a ie occur red  in

L i - c- c ut -  n - . m c t -: i- c o n i c -n t  of i r u m e ’  . In t e  ri-ns ot a t t  r i t ioo~ a cum u l a t i v e
r e c o r d  of t t u. c o a g e  s u s t a i i m c -d b y lhcc t a r g e t  (weapons s y s t e m )  in the
~t m : t i  at  ii iS m: ~~- i t ~~m , ~ ci to t i m e -  cu r r e n t  i nc remen t  of t ime. Subsequent l y
a b a .  - - - u - i c - r e c or d  ) l ~~t t  0 1 . u ( i i  p e r  n u t  and f o r c e  is g e n e r a t e d .

In G L Ob AL ’ s c i t  m u o n  lo g ic , t h e r e  is a si g n i f i c a n t  b r eakdown wh ic h
on t h e  cho i ce -  of - e input  h O C  i n c r e m e n t  lccc - gth , The run used to

1St ~o m t e -  C LO B A L  for  t h i s  rev i  ~v cons ide red  t ime i nc rement  of t ime to
be o~:c ~ S e C O f l d . Wi t h i n  an  inc C e I  i - u t  of t i m e w h e r e  ~i t r i tion  or kill events
occo r . G L O I I A T ,  u c i q u e n t i a l l y p r c c e s u -  c - s eac h We u n c - i m  S y s t e m. ‘I’h e ~i tua t ion
c C - u i  a r i s e  in wn~ cb a \v - a p o : m  i s  c dited with a kil l  m c f t e r  it has  itself been
b i l l e d . i s  cor~- i i t I o n  is n - r i o us l y amp l i f i e d  r s  th~ input  va riable i n c r e —
‘n - - c i t  of t r m e - is i n c rc ; -esecu . C u r r e n t l y GLOBAL does not have  p r o g r a m
log ic to c o r r e c t  t h i s  condi t ion  and t h e  pot e n t i - - 1 d i f f i cu l ty  h as been
r n i r m i e n i  fe d  t .  u s i n g  a s h om - t  t ime inc r , - : r m e i c t  of one second.  There  is
n u c i s 1 so lo  on ,~s_p r~ .~! to  u r ~~~ l-’ r i s tic  01 all t ime
O e t~ i 1tOi r ed  models . ~t is rc c - c - - . c m  ‘ - n d c - d  t h a t  c a re  be used  when choosing
a t i ’i~m o i o c r e : m i e m m t  i o n g t - r  t k : a ~~ c i c  second.
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FINDING S A N D  CONC LUSIONS

Two of t } c~ - rnod -ls  r e u - i i - - .ied l a c k  comp l e t e , a c c u r at e  documenta-
Cc - c_ ill p a c k a g - s . Speci fic W I - i - I K n 4  ss~-s in documentat ion  h a v e  been pointed
0L ~ i R  t i m s  cc - p o s t . Ct - R M ( ) N 1 - ’~ ~i docume n t a t i o n  ha s  been a p iecemeal

- r L - - ~ t o oc _ - r s c - - y e  c~~l y i - a r -  ~nd r c . q u i r i ~s c o n s o l i d at i o n , u p d a t i ng ,  ~ nd
c o r i - e c tj i n ‘1 ~- rr o r s .  GL O BA J .  documen tat ion is nonexis tent  with the
r N C . c pt i on -c- f g en e r a l  a~i s t r a c t s  on the  model .  A c o n t r a c t  to accomplish
0 c_. ( LO~~~ I , cc !o :  ‘in i i -  n t ~: ti on  is - c c c  r e n t l y be ing  execu ted .

• Th e  m o c c c - - l s  r ev i e w e d  h av e  l imited capab i l it y  of addressi..ng the key
l i i  i ;!) 11 1)-:~ - U C S  ~c c - r t j n e n t  to a u -  < - J t - n s e  of ma neuve r units engaged in 

-

s ic _ i r - _ c i t a n ~-o cc ,  ~ r o u n d -t o - g i - om i n d  c o m b a t.  Nor  can t h ey  cope wi th  the  close
s ir  ~~c c l p c , r t  i ss u e s  of t a ct i c s , u se  of e lect  r on ic  coc-mtermeasures , sup —
p r e s siv e  f i r e s  b y e s co r t  a i m - c r a ft , and a i c - t e - a i r  combat in a s imultaneous

c . a c - c c d - t o - g r o u n d  combat  c o c i t c - ’ t .

• A l l  t~c . r e t -  models r e q u i r  a g r e a t  deal  of basic  input data . Th e
s of t i e  models  a re  v e r y  sen s it iv e  to t h e s e  data. The sources and

5- c c c - l i d i t y  of m uch of t h e se  d~c t c i  a r e  q u e s t i o n a b l e .

• T c c - - n ,ode l s  r c v i c v - e d  do not fit into an ov e r a l l  h i e r a r c hy of
m o r n - I s  w h i c h  is n e c e s s a r y  to g ive l og i ca l  c o n s i s t e n cy  to anal yses  of
A r m y  a i r - g r o u n d  i n t e r a c t i o n s . The r e s u l t s  of n-model  manipula t ions  at
one o rg a n i z a t i o n a l  l eve l  shou ld  be r e f l e c t e d  as input  to anal yses  in
hi g her  level  s t u d i es .  This  nee.! to feed  i n fo rma t ion  up and down a
models  c h a i n  is well  r e c o g n i z e d , but  v e r y  few l i n k s  between levels
of models  t r u l y ex is t  at t h i s  t i m e . Some l inks  beg inn ing  to take  form
arc ’ a r e g r e s s i o n  ac al y s i s  t e c h n i que coup ling CARMONETT E with the
D i v i s i o n  Ba t t l e  Mod -1 (DBM )  and a cha in  cons i s t ing  of CARMONETTE ,
COMA N J-; X , and DBM.

C A ’  - 1 ( r - l - F i’ i- ’

• T L (- CA R M C NFT TE  V model  p e r m i t s  rep  -e s e n t a t i o n  of many of
¶ hi- ~c c c t o r s  r i  h - c -- a n t  to t he  a e r i a l  a t t a c k  of g r o u n d  m a n e u v e r uni t s , up
~o ~~- ‘ f t c c H 1 i n  s i z e , to j n c I c . m i l ( -  a r t i l l e r y  suppress ion  of air defense wea pons
0 S I I c c -  c~ t I I I I C O U S  g r e t i n d _ t o _ g i  oun d comba t.

I
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• The C A R M O N E T T E  V model has an event generation structure
th~ t viii  pe s-mit  growth of capability.

• The C AR M O NE T T E  model is s ufficiently economical for routine
C i S C .

- 
- • Onl y C AR M ON E T T E  permi ts  -movement of the defender ground

n n c - t s  in such a way t h a t  t h ey  a r e  cont inuously ava i lab le  as t a r~~ets .

• Onl y C A R M O N s - ~TTE is f ree  of the requirement for preselection
of a uni que  fli g ht pa th , m a k i n g  evasion  possible  and providing for some
de gree  of m a n e u v e r  ( t h roug h i t s  s e t - up  of a l t e rna t ive  paths and “skip ” orders) .

- I C A R M O N E T T E  plays s up p r e s s i o n  of ground units in conaiderabl y
more detail  than  do t h e  o the r  two models .

- • Dynamic resp onse to f i r e  is done only in CARMONETTE .

• C A R M O N E T T E  requires minor changes , updates , and refine-

4 
ments of input datd , c-s pointed out in the “INPUT DA TA ” section of

4 this repor t .

• The s torage c 1  data b y C A R M O N E T T E  is very  eff icient, but is
hi gh ly  mach ine  dependent . T r a n s f e r  of the model to a different  computer
would r equ i re  redesi gn of the lata s to rage  and comp lete reprogramin g of
the model.

• The use of p r ep roces so r s  permits  good flexibility in setting up
di f fe ren t  t rea tments and the use of post p roces so r s  permits the user  to
tailo r the output to his specific needs .

• If an airc raft  a lt itude change is ordered  between two grids , the
change  takes  p lace in z e ro  t ime while the a i r c r a f t  is in the cente r of
th e in itial g r i d ;  the trove tim c to the  fina l gr id  is computed for  a
constant rate of change of altitude .

• Movemen• can onl y be pa rallel to a coordinate axi s or diagonal
(45 deg rees ) .  This is not genera l l y the best or mos t realistic rout e .

• The MOV E routin e f o r c - c s  a i r c r a ft th rough  logic sections tha t
app ly onl y to groun d m a i t s  - a t  the expense  of se i n e  wasted computer  t ime .

1z~
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• Move times a re  son eti ’nes  a r t i f i c i a l ly ad j us t ed to accommoda t e
t h -  — -: - ‘ c~ y C c-eS ( ci  ik c c- m c _ c ’ i & l  ( s c a n  tim e , cie c ia  ion tim e , etc . ).

• Lin t  — o f — s i ght al’-.vc- ys ~~~ i s ts b e t wccn  ad jac  c - n t  g r id  square s .

• lo n e — u t - s i g ht  f r ~~1 J c  a ir c  r a f t  to ground weapons is not checked
a ’~ung the c- i r e  i•a f t ’s fl~~~~ ict path when the a i r c  malt proc c-n ds to an o rde red
- - I .  s t A n c -  Li en . In e f f ec t , fli~~lit  is as s urned tu be at t r ee top  le vel and f a r
r i- c L1(4 V (C1 Ir en i enemy unIts. T i s  log ic p r e v e n t s  r e a l i s t i c  s im~ J a t i o n
of oh s  c - r v a t i o n  t y p e  a i r c r a f t . -

• The C A R M O N E T i l -  siT mulat ion  of the pop -up t ac tic has son c
q u e s t i o n a b l e  log ic pe r ta in ing  te checks of l i n e - o f - s i ght while r i s i n g
and knowled ge of the r e qu i  red p op — u p  a l t i tude  in ~c J v . t r icc - - . -

• A new l i n e - o f -s i ght  check is not i c c c de  a f t e r  an a i r c r a f t  l ands .
E r ror  can be introduced by the assum ption t ij a t  t h c -  int e rvis ib il it ies
remain  t~~c same af ter  landing as they wer - e  before .

• The p op — u p  tact ic  is simula ted  with a subroutine that  is r athe r
in e f f i cie n t  in its handl ing  of LOS checks .

• Time whole fo rmula t ion  .f t r ans i t i on  probabi l i t i es  between lev e l s
of intelli gence is n e i t her  intuit vely nor  m a t he i c a tt i c c - l ly a p p ar en t .

• A weapon unit in C- \ R M O N E T T E  does n t  comnmun ica t e  its
acquisition of neares t - square  informa tion on opposing targets . It
communicates only pinpoint or erroneous pinpoint informat ion .

• The RADA R routine needs a more  tho roug h investi gation to
determine the orig in and mean ing  of certain unexp lained constants.

• The VISDET and I M A D E T  rout ines  do not distinguish movin g
ta rge t s  f rom stat ionary t a rge t s

4 • The IMADE T rou t ine  has a local cons tant  (CC = 0. 75) used in
the computation o~ r ece ive d  con t r a s t . This co -stant  is not exp lained
or documen ted .

I
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• The C AR M ON L T T E  V detection rout ines  VISDET , IMADET , and
- ‘ l ) I c  R a~~~- n~t of ha i c - l i c e  -.-. i n -  t h e  l eve l  of d c — t c - i l  in the rest  of the model

~c f l c 1  ~re c a n c c ) a  ruble  to the A e v L  I of detai l  in EV)~DE II.

• C AR M ON E T iJd documenta t ion  indicate s that weapons a i rcraf t
c m i -  l in i:ed to vi s -c c -I  t ar g e t  de~ cction , whi le  the model itself has provision

fo i- a l l  of th~ s ix s e c i a o r  class~-s

• The  u ser  provides a pr ob ab i li t y of loss of neares t  $ quai~e informa -
t~~~r-. w h e n  l i n e — o f - s i g h t  is lost . It is not obvious , nor is it shown , how one
cv u tj cj  cit - ic rn-line this .

• The C A R M O N E T T E  documentat ion on the firing submodel is
inaccurate , probably by vir tue  of not being up dated as changes were
i c e c ( 1 e~ M~tny  int e rnal assumptions and defini t ions were  found but not
e xp la in ed .

• rIh er e  is an unavo idab le  dependence  of hit probability on the grid
S l z (  se l~~c tc d  for  the game . This  dependence  can probabl y be r ed uced by
care ful cli oi cc of input - di sp ~~v s ion values

4

• CARM ONETT I-  has sOn ic  diff icult y in the logic fo r  t r ans fe r  of
t a ~ c; from killed carriers to other carriers , especially when the
ca r r i e r s  a r e  helicop t e r s .

• C\  R M O N E T T E  documentat ion does not adequately t reat  the
attri t ion of scout and t r a ns p o r t  he l i copte r s ..

• There is no queuing of requests for ar t i l lery  and air s upport .
If resources  are  not available , the request  is dropped by the support ing

element.

EVADE

4 • The EVA D }- II model  is the best model  fo r  detailed evaluation
of g r o u n d — t o — ai r a t t r i t ion.

• The EVADE U model  is too dc - - t a i l ed  for  r ou t ine  use 01 its fu l l
c a p a b i l i t y .  C e r t ab - c s - occ t~ r e  app licatiop s not r e q u i r i n g  the  fu l l  capahi  l i t  v

• -
~ r t  being well  h and led  h o w e v e r .

4 1 
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• Th e  i - VA D E  Ii model h a n d l e s  th e  lack  of a detect ion rout ine  by
n l b i d  in  c r ~c c i d m ~ i o c - a l  c-C ia~ f a - ~ ur , c o r r e s p o n d in g  to de tec t ion  time ,

f i r  ai~
- w e C - ns . ~ ic i i i 5 f r e n i  f ie l d  i - s t  d a t a  or ~ id g c o c nt  a r e  used fo r

t . c s e  ~c~hc y f a c t o r s .

~ The  E V A D F  L i i ~~d - l  is 5 U~ t c ~~ le  fo r  the  a i r - g r o u n d  por t ion  of s tudies
i cc ~ - l v v c g t : . c a er i J a t t a c k  of  cnane~i ver  u n i t s  w h i c h  a r e  engaged in ground-
t o — g r o i c - : l  C O l I l t  t .

~ 1— VA b Ii i rc . t  r o c i t i  i c e s  pc ~-fo  r i o  v e r y  h i 1  c i t e d  ed it ing  of input
da~ a ov c h e c k i n g  ‘ I t ~ bounds  of s e t e o t e d  v a r i a b l e s . The input  r o u t i n e s
t e r m i n a t e  p r o c  C S - d u g  upon c~c t c c t i o n  01 t I e  f i r s t  er r o n e ou s  datum r a the r
th -~n p r u c -  ~s ing  t i c . -  en t i r e  n c t t u  ba s t- and  f l ag g i n g  e r r oc ~a .

• 1 .\ T A D E  II c -c -eck s  I (~~-~ at tI ~~ end  po in ts  of each f li g ht path seg-
lfl. :d c - i c - cl t~~ - - i l t e - - t ) - ) l a t e s  t -:  f i n d  a nj f l t  b e tw een  t i -  -~~ w h e r e  LOS is
a s s a m~ ~ tc  b c- b r c -~~en or  e s l u d l i s -  . -d . T h i s  could p r o d u c e  a f a l s e  LOS
his  to  r v  a l on g  a pc - Li  so go c e n t  if  the  Se c - o i l  is too b u g .

• V A D E  II does not r e p - )  r u  h e  n u m b e r  of a t t a ck ing  a i r c r a f t  which
go f i - c-- W i l c - f l  g r o u n d  -~~ ~a p c - I c  s a t c i  c - t i  11 is  r c - a c  hed .

• EVA I ) 1-~ TI u s e s  a eu ro  ‘c  total  of ki l l  pro ba l  ~l i t y  ( r e s u l t s  of
one  -ru~:-t cc:  n e n t  added to  t i c  p1e V ous  r e s u l t s )  to de~ o e e c - i n c  ki l l  of
g ro .n d ta . r g e t s .

• The a i r c r a f t  a t t r i t i u i  r o u t in e  is v e ry  de ta i l ed  and may be su i table
for  p roduc ing  input data fo r  c i s c  b y o ther  models.

• EVADE II is the  onl y one of t h e  th i  ee models  to include t r u e
t r a c k i n g  of a t a r g e t  a i r c r a f t  w i th  -an opposing weapon sys tem.

• The f i r i n g  a c c u r a c y  ca 1cu l at i~ n in EVADE includes  a l ine-of
s m u t  d c - o k  d u r i ng  p ro~ e c t c - L e  f l c g t ( impor t an t  when  play ing a TOW).

4
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CT O B A T .

• The GLOBA L model is -iot s u i t ab l e  fo r  st u d i e s  i n v o l v i n g  the
a er i a l  a t t a c k  of m a n e u ve r  un i t s  e ng a g e d  in g r o u u c - g — t o - g r o u n d  combat .

• T he GLOBAL model has v e r y  litt le  growth  potent ia l  wit hout
m a j o r  r e s t r u c t u r i ng :

Onl y fou r  a i r c r a f t  and 32 ground weapon sites.

St at i o n a r y  de fende r s .

Prep lanned  rou tes , p recomputed  line -of-  si g ht ,
t ime sequenced  desi gn.

No t r a n s f e r of t a r g e t  information ~~~~~~~~ unit s,

R u d i m e n t a r y  t a r g e t  t r a c k i n g.

4 
Simple f i r i n g dec ’sion .

• The GLOBA L model  ha3 been u t i l i zed  by the  A d v a n c e d  At t ack
H e l i c o p t e r  Task  Fo r c e  and  m ar  be used by the  Source Selection Board
fo r  the  A d v a n c e d  A t t a c k  h e l i c op t e r .

• GLO BA L u s e r s  must  input many of the  va r iab les  CARMONETTE
and EVADE ca lcuh te .  This  is e spec ia l ly t r u e  w h e r e  weapon p a r a m e te r s
a r e  conce rned .  P r e g a m e  data prepa ra t ion  is e x t e n s i v e  and complex ,
especiall y in p repara t ion  of at t acke r  path s e g m e n t s  and sub jec t ive
vi s i b i l i t y  or exposed levels.  This  p regame  ac tiv i t y ma y be advan t ageous
in some st udies , e. g. those  s tudies  in w h i c h  a t t a c k e r  routes a re  key —

e lements  in the  ana l y s i s .

• Much e f f o r t  is s pen t  in the  p r o g r a m  in p a c k i ng  and u n p a c k i ng
si nce the  mode]  r c i a in t a i n s  all ‘nput  data in c or e  s torage .  Each executab le

• s t a t e m en t  in t h e  GLOBAL p r o g r a m  t i m a t  r e q u i r e s  input , necess i ta tes  a
h i g hl y complex da. t u n p a c k i n g  log ic . The m a j o r  p rob lem p r e s e n t e d  b y
da ta p a c k i n g  and u n p a c k i n g  in GLO B Aj .  is the  l a c k  of c o n s i s t e n cy .  —

Se v e r a l  e l e m c - n t s  of d i f f e r e n t  si ze  data  a r e  m e rg e ] t o g e t h e r  and  s to red
u n d e r t h e  same Tic - c :.- , t hus  ri-n k i n g  the p r o g r u c - ’ . ex t r eme l y di f f i c u l t  t i
a n a l~ z. - or -  a l t e r . A l so , b e c a u se  t } i t  d a u a h a n d l i n g  t e r  l a i c I u c s  ut i li zed

I
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u GLOBAL ir e  sp e c i f i c . c i l — ;  des i gned for  a Control Data Corporat ion
001 c- uii~ C i- (t ~- ) b its p~~r w o r d ) ,  e o c A - er s i on  to a di lfe ren t  computer  would
o s f  1flc ly .f lt ! i . :  l i l t , r eq iui  ri u g c - in m o s t  comp lete r e p r o g r : u x u  - i ng .

• G I a)Li~L has the C c p a )  l i t y to 51011 t } ae  p re def ined movement of
a :-ii on -~ a c-- ious  C - i ~it i r i c ~~r I c 1 e • - , u l n e i c -  a r e  de f i n e d  iii p r - rg am e  prepa ration ;
e . g. c -u s e d  on dete c - t c - o n - n - I  s ~ le c t i  n of a t a r g e t , a helicop ter  mig ht be
c i n se d  to ic - c - h  t a d  f i~~- - f r o m  io - - :c- - r .

• Each i P c  lit p - t l I  se c g n cuc - t  is l es i gccc - t t ed either i-nasked or unmasked
for  each ~-~~~- c- , ii~I site , basi l u p  l i i  p r e g a m e calculati ons . This information
is s t o r e d  as i nput .

• The model  p r c o i d e s  no inc r ease to the probabili ty of detection
0: those  f t  1-~u - f s  tha t  w e r e  pr e~ n - cc -sl y detected inc-h t hen  later  masked .

• GLOBAL : t t t r i t u u i :  logic p roce sst  s c-Il i lm i s  ic - i  a fixed sequence
: i it er  each t i m i e c -n o  r e n c e t i t  of p~at y .  This can in t roduce  bias fo r  the longer

t i  c - ic c - ic - c r e me n ts  . e. g. , hv  c re i i t i n n  kills to un i t s  which u c - ay  have  a l r ead y
l i  k i l ] t . :i in the s i ’ t i n : c -  ir : rC f l c - C i 1 t .
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J~E COM MEN DA TI ON S

C e r t a i n  I- cc e m c c - n - r : l a t i o n s  c an  be ma cc based  on t i m e r ev iew oi the  t h r e e
models  of t h i s  s tud y. T h e s t -  r e c o m m e n d a t i o n s  shou lc  be c o n s i d e r e d
f t - r c - t a t i v e , p e n d i n g  c u u i c p l e t i n : i  of e v a l u a t i o n s  c ov e  r ing  all of the  a i r - g r o u n d
t c -~~ : c - e c - : o i t  cc - c -~~de ls . I i .  t h u s  cu i t e x t , it is r e c o m m e n d e d  tha t :

C~A l - 1- l f l N 1 - I l  F

• C A R M O NE : TT E  s ho u l d  be r e t a i r  - -d and app l i ed  t o studies
invo l v i n g  aer1a i  a l l  a .  c-~- of gr e u n d r im ane c  -er  uni ts  of up to battalion
s c - z r .

S p e c i f i c  im p r o v e i t i e n i  to C ARM O NE T J f .  d oc u m e n t a t i o n
sn o c c l d  in~ l~i de :

Flow d i a g r a m s  f o r  each  su l c c i odel  of the BAT-TLE
MODEL , esp .  cia ll y the f i r in g decis ion submodel .

C o rr e  c - o~~s to f i r i ng  accu ’  r a cy  Iog i~ explanat ions.

I). ri c - - ,t  l O c - ,  of i n f o r m a t i o n  t r a n s i t i on  m a t r i c e s  in
the cI. -~ ec~ in’: p r - -c *5 5.

An e a p i c - :  r : a t io uc -  c:~ t h e  i n t e r d e p e n den c y  of input  data.

The p l ay  of scout  and t r a n s p o r t a t i o n  h e l i c op t e r s .

An a e c c u r  ui dc r s c r i ption of t I e sen s o r  r o u t in e s  and
the  m o o r ing  and  o 1-i g i c u  of t i u c  c o n s t a n t s  u s e d  in
t i c - c  se r o u t i n i  S.

• C A R M O N E T T E  should  be i m p r o v e d  as fo l lows:

I mp r o v e m e n t s  in t h e  p r o c e s s i ng  and  u sc- of input  data
shou ld  be c o n s i d e r e d  p r i o r  to f u r t h e r  app l i ca t ion  of
the  model  to s t u d i e s .

t ~ R e q u est s  f o r  a r t i l l e r y  c-nd a i r  suppor t  shou ld  i c  q u e u e d
for  sonic  p e n s - i  of t ime a f t e r  t h e  i n it i a l  ca l l .

Move  t i m e s  s h o u l d  not be a r t i f i c i a l l y  a d j u s t e d  to
a c c o r n c i : n i t * -  log ic ;c l  cy c l e s .

C h a nc e s  in ai - c r c - f t  a l t i t u de  s i c - c h I l d  be a c c o m pli sh ed
r [ i n c - c -  r a t } : ’ - r  ‘ I c - i n  in  z e r o  t i r u ~- .

tic
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c u l l  m l  :.h dd p e r f o r m  LOS d i e t - k r - ;  upon
L - ’ c -u c da  r y  u r u s — i c c - g s  - •-\ s a n u i nir n u in , t i e  mode l
S i l l  -u l~.j p . - r u m - i r Im. -cl- ; bctw , - .- ci t h e  a irc  C d t  and
any i r a - n  f 01111 h~ \ - i c c -~c- .11 an t i  - a i r c  raf t  capabi lity .

The r a t i un • :  I c  101 hel icopter  ‘ pop-ups ’ should be
r ccon shL -r ed  - LOS checks  sh o u l d  he pe r i o r r r c e d
at i n 5 r e  c c - u - n i l - hIm c - f  i - - s  - i i  rin g posit ion should
not c i c o o s sa r i  y be p r c d c -t~- c - : c i c u - d .

1110 r o c c - m c - n e  to caL; ulate the xninj .r c-i a ir c  raf t
a ltitude for LO.~ to t I n - t a rg e t shou ld  be mod ified
to e l iminate  ~ca sc e d  cer l ip u t o r  t i~~ce .

The choices  f or  s ize of a r t c l l u r y  impact  ~c r u a S  shoul d
be C X I tc i l l i b - c - . -

The MOVE r o u r i c i c  shoul d he n i u d i f i e d  to allow more
di la-i -- i i- - I  c -5

When C C I c - 5  Id , - ri rig a i r c r a f t  the M O V 1  rout ine  should
be nc - i - - d i fj a - c l  to branch  am-ound  thos e logic sections
r e l c v c - nc only to g r o u n d units .

Th e RAT )I t R , V [SDE T , and I M A I c i - T r ut in c  s should
be r e p laced b y s imp lified recu t in i - :  based on t h e  out —
put of ~l c  E V A I ) E U icu- t ec t io n  models or other

• val idat ed  models .

C o ns i d er a t i on  of t a rge t  speed should be a f ac to r  of
de t i -c i - l omi  in t I i .~- VI SDET and IMADET routines , if
these  r o u t in e s  a r e  used .

The codin ~ shoald b -  up d a t e d  to  u t i l i ze  available
s of twar - f e ; c t uj  ‘-s . in par t i c ula r , the exponent ia l
app rcc-c -ni : to I-I us i- -u in the c o n m p u t ; t i o n  of hit
pr obabi l i t ies  should be r~ -p L c c c ’ oy the F O R T R AN
l i b r a r y  fun  oh’ ‘n .

The number  of gr id  s q u a re s  should L,: g r e a t ly
i n c r e a s e d  to p . c  n - c t  ~~ r g . - r s cr -c c - c - r ios -• - l t i c cu t  loss
uf r - s , , l ti c .
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Id VA DE

a EVA ‘ Ed II should  he r e t a i n e d  and  app l i e d  to s t u d i e s  invo lv ing
i e : i a i l * d u - c - c - l u  c h u t  01 g i - e : c c - i 1 — t O — .ii r c - t t c - n i t i o f l.

• EVA I ) T - II 5;0 c - i d  Ia - c c - - c -  d i - >  pro ! c - c t-  i n p u t da:c -’t f o r  ca lcu la t ion
of ni t  pr~t . • t b ü c - t y  wi t b i r  C A : <  c - -~Oi TE and o t h e r  lower  resolution models.

o EVADE II should be impro .’cd as f o l low s :

The en t i r e  e l - i - t a  b c - se  shoul d lie r ev i ewed  du r ing
p r ep r o cc i  s i n g ,  so t h a t  e r r o n e o us  data ar e  f l a g g e d
on each p .~ ss t t c - i -  0c c - I :  1 I e d i t ing rou t ines .

An a i r - to - - L:round d t ec t i on  rout ine  should  be devised ,
one which  \VO I iG h i -  in bal t O d d -  wi th  f i ; e  icy- el  of detail
elsewlie  in~ i c c -  t he  model .

The i~~- e t b . c I  f ur  han f l i n g  s u p p r e s si o n  of g round
n r c - i t  f i r e s  should  be i c - c -~c - r o v e d  an d / o r  b t - t t t -  r
d o c u n i e r c - t & - i . 

-

• i’- o  iur t lc ’ c- r ir np r c i v e r u c cn t  o~ t i c - c  GLOBAL m ode l sh ould be
ic i l i a r -d .

• T i c - i -  c u r re c t  GLOBAL d o c u m e n t a t i o n  e f f o r t  s - i o u l d  be completed.

• Fu t u r & -  use  of GLOBA L. should  be l i i n i t , - d  to suppor t  of t h e
A l-c -c - r i c e d  A t t a c k  Hel i cop t  r i r O e c t  onl y c - u n t i l  s u c h  t ime  as C A R M O N E T T E
and i-~VADld  can be u sed  f or  th is  p u r p o s e .
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