
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB018527

Approved for public release; distribution is
unlimited. Document partially illegible.

Distribution authorized to U.S. Gov't. agencies
only; Test and Evaluation; AUG 1976. Other
requests shall be referred to Air Force
Armament Lab., Eglin AFB, FL. Document
partially illegible.

USADTC ltr 10 Dec 1979



THIS REPORT HAS BEEM DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER DOD DIRECHVE 5200.20 AND 

NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE, 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED. 



,,„,.,.. ,.,„—_ .,— mmm—m— ..,   ji, i   „ITO,i., m '    '     ..........        uyimn -'   -■ ' ' •- ■ ■  '•'■'"• ■"■■"■ .. ■■„-,....-,■..„■—   ^ÄAnmm'.-vumf 

A 

a. o o 

COPT AVAIABLE TO DDG OES BGT 
PERKIT FUliY LEGIBLE PtQüCTIM 

AFATL-TR-76-84   VOLUME II / 

SYNER6ISTIC EFFECTS OF MINEFIELDS AND 

COVERING FIRE (SEMAC) COMPUTER MODEL 

VOLUME II. ANALYST'S MANUAL 

BOOZ, ALLEN A HAMILTON INC. 

362 REAL PARKWAY N.W. 

FORT WALTON BEACH, FLORIDA 32548 

AUOUST 1976 

FINAL REPORT: JUNE 1975 - APRIL 1976 

Distribution limited to U. S. Government agencies only; 
this report documents test and evaluation; distribution 
limitation applied August 1976.  Other requests for 
this document must be referred to the Air Force Armament 
Laboratory (DLYW), Eglin Air Force Base, Florida 32542. 

AIR FORCE ARMAMENT LABORATORY 
All POICI SYSTIMS COMMAND • UNIT» STATIS All fOICI 

I 
EGLIN AIR PORCI iASI, FLORIDA 

ö/&iH>XB 3 

/ 

i 

r 

 i in-niiiiiiiii    iiiiiiiMii iiiiiiiwuiiinimarrf ——— 

Lb. ■ ifLH-lli^lli     ■ HlMlftlliiai -Ua^UJäiA.^u^^^U^^.^^ ^ ^ä^:^ ülüi». 



•Krmwmrnmmwm w^mmmmmmmmH^ 

■ 

UNCLASSIFl IM) 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 

(3 I David 0.A 

1 

U^fcP^RX^ilUMBER ' 

J^EPORT DQCimENTATIQK^PAGE 
X 

AFATli-iIB-76-84.^-Vol<Bafe. II V 
2. GOV T ACCESSION NO.   3.    RECIPIENT'S CATALOG NUMBER 

fb 
liiiJ J.UBIIIHJ ■" '   ■'   "■" «         -— 

SYNERGISTIC EFFECTS OF ^MINEFIELDS 
AND COVERING" FIRE (SEMAC) COMPUTER 
MODfiL, VOLUME Tl.  ANALYST'S MANUAL 

'Eraser 
Clayton ^homas 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

» PERIOD COVERED 

F^nal^jR^part, -• Jun« Ä75 
ThrougM Aprfll 30*76 

5MT 

8.   CONTRACT OR GRANT NUMBEflf»; 

/F0'8635-75-C-^151> 

9.    PERFORMING ORGANIZATION NAME AND ADDRESS 

Booz, Allen & Hamilton, Inc.  ^ 
36 2 Beal Parkway, M.W. 
Fort Walton Beach, Florida  32548 

II. CONTROLLING OFFICE NAME AND ADDRESS 

Air Force Armament Laboratory 
Armament Development and Test Center 
Eglin Air Force Base, Florida  32542 

U.    MONITORING AGENCY NAME *  ADDRESSf/f dllletent /com Controlling Oflice) 

10.    PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBERS 

Program Element FSP 921H 
JON 9134-01-11 

■*»    BBBQBT DATE 

Auaagt 
tw u> fHimu 

IS.    SECURITY CLASS, (of Ihle reimri; 

Unclassified 
IS».    DECLASSIFI CATION/DOWN GRADING 

SCHEDULE 

16.   DISTRIBUTION STATEMENT fo( (h/s Raporr) 

Distribution limited to U.S. Government agencies only; 
this report documents test and evaluation; distribution 
limitation applied August 1976.  Other requests for 
this document must be referred to the Air Force Armament 
Laboratory (DLYW), Eglin Air Force Base, Florida  32542. 

17.    DISTRIBUTION STATEMENT (ol the abatract entered In Block 20. II dlllerenl from Report) 

»8.    SUPPLEMENTARY NOTES 

Available   in  DDC 

19.    KEY WORDS (Continue on revfr^e side 'f necessary and identify by hlnrk number) 

Computer Simulation Model 
SEMAC 
Minefields 
Covering Fire 
pnte Carlo Techniques  

20.    A9OTRACT (Continue on reverse side II necessary and Identity by hiock number) 

This computer simulation model, referred to as SEMAC, provides 
the methodology and analytical techniques required for evaluating 
the synergistic effects of minefields and covering fire.  The 
model was specifically designed to consider mixed minefields, 
armored vehicle tactics, and the employia^nt of combinations of 
different types of direct and indirect fire.  Methodology is 
included to evaluate the effectiveness of rollers and plows, as 
well as line charges and fuel air explosive devices employed in a 

/ 

DD   1 JAN 73   1473        EDITION OF  1 NOV 65 IS OBSOLETE 

/ v-oi yd  mOäMMiiLAm /A 
SECURITY CLASSIFICATION OF THIS PAGE (When Data B:nteir.l(£\ 

«[l! i «■lllilliHii 

l^imaaAä^^fa, .i||i..V,..r.,s,n:,....v... ^.,|.,.1..,.^^^^ 
, .-.^t^&M^mMtmm 



'mim^m^.mmm.'-tmiJJjmiL ,,iiiii[u.ijii.^iWjBWPg amm |i||iKiji,j:..i|liLiJlWtti»ui   II. i II..«.........)..^..^   i:. .ui,,,,.,.,,.,....,., .^..„^„.„„u..,..,, j, ...ii.^^^pwimuiiiiJiimiiHiiwi,! 

• - ■ 

■ 

UNCLASSIFIED 
SECURITV CLASSIFICATION OF THIS PKQE(Wh*n Dmla Bnlmtmd) 

-\ 
minesweeping role.  SEMAC is an event-oriented model which uses 
Monte Carlo techniques to simulate the passage of up to 100 
intruder targets of up to five types through an engagement area. 
The model can evaluate the effectiveness of up to 20 direct fire 
defenders and up to 10 indirect fire volley aimpoints.  The com- 
puter program was specifically designed for the Control Data 
Corporation 6600 computer system at Eglin Air Force Base, Florida* 

V 

I 

nNrT.ARRTFTTD 
<;■ CUBITv CLASSIFICATION OF THIS PAGEfWhwi Data Enlarad) 

f>Mimimuim*fsV'>"^'-'--: 

^»^.tia^,^.^.,»}.^^^^ 



u:,»,..,,,«.,,,,^,^,,«^«^^^^ 

PREFACE 

This report documents work accomplished during the period 
10 June 1975 through 10 April 1976 by Booz, Allen & Hamilton, 
Inc., 362 Beal Parkway, N.W., Fort Walton Beach, Florida, 
under Contract Number F08635-75-C-0151 with the Air Force 
Armament Laboratory, Armament Development and Test Center, 
Eglin Air Force Base, Florida.  The program monitor for the 
Armament Laboratory was Mr. Charles A. Reynolds (DLYW). 

This technical report has been reviewed and is approved for publication. 
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LIST OF SYMBOLS AND ABBREVIATIONS - MATHEMATICAL MODEL 

SYMBOL OR 
ABBREVIATION 

al'a2 

b1,b2 

CEP 

D(ik) 

Dp 

DM l11 ( i ) 

DMT 

DEP 

EQUIVALENT 
IN SIMULATION 

MODEL 

ALWRAT 

A1,A2 

B1,B2 

ACEP{5,2) 

DIS 

DFTFAE 

DISTPD 

DO 

DEP(10) 

DEFINITION 

The ratio of the length 
of the target to the 
width of the target. 

An intermediate factor 
used in computing the 
single shot probability 
of damage. 

An intermediate factor 
used in computing the 
single shot probability 
of damage. 

The circular error prob- 
able in the normal plane. 

The distance from the 
ith (detonating mine or 
exploding munition) to 
the kth mine. 

The distance in front of 
the target where the 
fuel air explosive 
sweeping device deto- 
nates. 

Mean point of impact in 
deflection. 

The distance between the 
mine and the target. 

The distance in deflec- 
tion from a target to 
an indirect fire round 
i.npact point. 

The deflection error 
probable in the ground 
plane. 

Vli 

UNITS 

none 

none 

none 

feet 
or 

mils 

feet 

feet 

feet 

feet 

feet 

feet 
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LIST OF SYMBOLS AND ABBREVIATIONS - MATHEMATICAL 
(CONTINUED) 

MODEL 

SYMBOL OR 
ABBREVIATION 

DSSP 

EMD 

Hip 

I 

LET 

Lp 

LsH 

L-p 

MAEb 

MAEf 

Ns 

Nt 

JDF 

EQUIVALENT 
IN SIMULATION 

MODEL 

DSSP 

DEFINITION 

TARHT(5) 

ANGIMP(IO) 

ETL 

SHADOL 

TARL(5) 

NSUB(5) 

PRBITY 

PDLCF 

The single shot proba- 
bility of hit in deflec- 
tion. 

The effective miss dis- 
tance. 

The height of the in- 
truder target. 

The weapon impact angle. 

The effective target 
length. 

The pattern length of 
the indirect fire 
weapon. 

The target shadow 
length. 

The intruder target 
length. 

Mean area of effective- 
ness for blast. 

Mean area of effective- 
ness for fragmentation. 

Number of submunitions. 

The number of complete 
fuze cycles. 

An interpolated value 
determined by Subroutine 
TABINT. 

The probability of mine 
detonation within the 
FAE pattern. 

vi i i 

UNITS 

none 

feet 

feet 

degrees 

feet 

feet 

feet 

feet 

square 
feet 

square 
feet 

none 

none 

none 

none 
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LIST   OF   SYMBOLS  AND ABBREVIATIONS   -  MATHEMATICAL MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

PDUD 

fHD 

Pq'Pq+l 

R 

RF 

RMPI(i) 

RN 

RN 1 » RN 2 » 
RN 3 ' RN 4 

R •0 

^qr Rq+ 1 

Rs 

EQUIVALENT 
IN SIMULATION 

MODEL 

DUDPRB(7) 

f PROBIL(840) 

AREL(5,2) 

RADFAE 

RSTART 

RSTART 

RO 

PATRAD(5) 

RANGPR(840) 

RELSUB(5) 

TARRAD{5) 

DEFINITION 

The probability that the 
mine type is a dud. 

The probability of dam- 
age given a hit. 

Probability values from 
tables. 

The reliability of the 
direct fire round. 

The radius of the FAE 
effects. 

The mean point of im- 
pact in range. 

A random number from a 
normal distribution. 

Random numbers from a 
normal distribution. 

The distance in range 
from a target to an in- 
direct fire round impact 
point. 

The radius of the ICM 
pattern. 

Range values from 
tables. 

The reliability of the 
submunition. 

The radius of the in- 
truder target. 

UNITS 

none 

none 

none 

none 

feet 

feet 

none 

none 

feet 

feet 

none 

none 

feet 
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LIST  OF  SYMBOLS  AND  ABBREVIATIONS   -   MATHEMATICAL MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

REP 

RSSP 

EQUIVALENT 
IN SIMULATION 

MODEL 

AREP(20) 

RSSP 

DEFINITION 

The range error probable 
in the ground plane. 

The range single shot 
probability of hit. 

UNITS 

feet 

none 

SSPD SSPD The single shot proba- 
bility of damage. 

none 

toff 

HORIZ     The average horizontal     feet 
dimension for the target. 

SECOFF(7)   The duration of the in-  seconds 
active portion of trie 
fuze timing cycle. 

-on SECON(7)    The duration of the act-  seconds 
ive portion of the fuze 
timing cycle. 

tr The simulation time 
when a given event 
occurs. 

seconds 

ts IT The random starting 
point for the fuze 
timing cycle. 

seconds 

A time period relating 
to the fui;e timing 
cycle. 

seconds 

VERT The vertical dimension 
for the target. 

feet 

U RN RN A random number from a 
uniform distribution. 

none 

V An intermediate variable 
used in obtaining a 
normal random number. 

none 
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LIST OF SYMBOLS AND ABBREVIATIONS - MATHEMATICAL MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

VAM 

WET 

Wp 

X A(n) 

XD(i) 

XD(k) 

XM( i) 

XM M( 1) 

XMR(i) 

EQUIVALENT 
IN SIMULATION 

MODEL 

ETW 

AIMPTX(50) 

XODEF(20) 

OBX 

XRDMPI{j)     XDMP(10,10) 

DEFINITION 

The vulnerable area of 
the target in the normal 
plane. 

The effective target 
width. 

The width of the im- 
proved conventional 
munition pattern. 

The X coordinate of the 
nth sortie aimpoint in 
the map coordinate sys- 
tem. 

UNITS 

square 
feet 

feet 

feet 

feet 

The X coordinate of the    feet 
ith direct fire area 
entrance or exit bound- 
ary. 

The X coordinate of the    feet 
kth defender in the 
travel path coordinate 
system. 

The X coordinate of the    feet 
ith mine in the map co- 
ordinate system. 

The X coordinate of the    feet 
ith mine with respect to 
the nominal sortie aim- 
point. 

The X coordinate of the    feet 
ith mine in the travel 
path coordinate system. 

The X coordinate of the    feet 
jth desired mean, point 
of impact for an indi- 
rect fire round. 
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LIST OF SYMBOLS AND ABBREVIATIONS - MATHEMATICAL MODEL 
(CONTINUED) 

EQUIVALENT 
SYMBOL OR    IN SIMULATION 

ABBREVIATION   MODEL  

XRDPKJ) DMPlIXdO.lO) 

XRi(j) ROTDMPX(10,10; 

XRI 

X
T (j) 

'TO 

X
VAP (i; 

X0VAP(i) 

YA(n) 

XROAD(ll) 

TGTXOLdOO; 

XFIX 

XOVP(10 

AIMPTY(50) 

DEFINITION 

The X coordinate of the 
jth desired point of im- 
pact with respect to the 
origin of the volley 
pattern. 

The X coordinate of the 
jth desired point of im- 
pact of the indirect 
fire round in the travel 
path coordinate system. 

The X coordinate of the 
travel path segment 
starting point in the 
map coordinate system. 

The X coordinate of the 
}th   target in the travel 
path coordinate system. 

The target offset dis- 
tance while diverting 
around a damaqed target. 

The X coordinate of the 
ith volley aimpoint ori- 
gin in the travel path 
coordinate system. 

The X coordinate of the 
ith volley aimpoint ori- 
gin in the map coordi- 
nate system. 

The Y coordinate of the 
nth sortie aimpoint in 
the map coordinate sys- 
tem. 

UNITS 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

Xll 
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LIST OF SYMBOLS AND ABBREVIATIONS - MATHEMATICAL MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

YD(i) 

YD(k) 

DIV 

YDR(i) 

YM(i) 

YM(i) 

YMR(i) 

PC{i) 

Yi'I{i) 

YPO(i) 

EQUIVALENT 
IN SIMULATION 

MODEL 

YODEF(20) 

YDIV(IOO) 

OBY 

DEFINITION 

The Y coordinate of the 
ith entrance or exit di- 
rect fire area boundary, 

The Y coordinate of the 
kth defender in the 
travel path coordinate 
system. 

The Y coordinate of the 
damaged target which 
must be diverted around, 

UNITS 

feet 

feet 

feet 

The Y coordinate of the    feet 
ith direct fire entrance 
or exit boundary. 

The Y coordinate of the    feet 
ith mine in the map co- 
ordinate system. 

The Y coordinate of the    feet 
ith mine with respect to 
the nominal sortie aim- 
point. 

The Y coordinate of the    feet 
ith mine in the travel 
path coordinate system. 

The center of the pattern  feet 
for the ith FAE detona- 
tion position. 

The closest point of       feet 
approach to the target 
of the effects of the 
ith FAE detonation. 

The furthest point from    feet 
the target of the ith 
FAE detonation effects. 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(CONTINUED) 

MATHEMATICAL MODEL 

SYMBOL OR 
ABBREVIATION 

YRDMPI (J } 

EQUIVALENT 
IN SIMULATION 

MODEL  

YDMP(10,10) 

DEFINITION 

The Y coordinate of the 
jth desired mean point 
of.   impact for an indi- 
rect fire round. 

UNITS 

feet 

YRDM (j) DMPIIY(10,10) The Y coordinate of the    feet 
jth desired point of im- 
pact with respect to the 
origin of the volley 
pattern. 

YRi(j)    ROTDMPY{10, 10) The Y coordinate of the    feet 
jth desired point of im- 
pact of the indirect 
fire round in the travel 
path coordinate system. 

YROAD(ll)    The Y coordinate of the    feet 
travel path segment 
starting point in the 
map coordinate system. 

kl 

Y. r(j) 

YVAP(i) 

Y0VAP(i) 

AX{ij) 

TGTYNWdOO; The Y coordinate of the    feet 
jth target in the 
travel path coordinate 
system. 

The Y coordinate of the    feet 
ith volley aimpoint ori- 
gin in the travel path 
coordinate system. 

YOVP(IO)    The Y coordinate of the    feet 
ith volley aimpoint ori- 
gin in the map coordi- 
nate system. 

DISTPD     The distance between the   feet 
mine and the target. 
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LIST OF SYMBOLS AND ABBREVIATIONS - MATHEMATICAL MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

AY (ij 

EQUIVALENT 
IN SIMULATION 

MODEL 

DIRDIS(IOO) 

DEFINITION 

Range distance that must 
be traveled by the jth 

target to reach the 
point of closest 
approach to the ith mine. 

UNITS 

feet 

'AD SIGAD(50)    The aiming error stand- 
ard deviation in deflec- 
tion. 

feet 

'AR 

'BD 

OBR 

SIGAR(50)    The aiming error stand- 
ard deviation in range. 

SIGBD(50)    The ballistic error 
standard deviation in 
deflection. 

SIGBR(50)    The ballistic error 
standard deviation in 
range. 

feet 

feet 

feet 

THETA     The angle defining the 
direction of travel of 
the delivery aircraft 
(measured clockwise 
from the positive Y 
axis) . 

degrees 

0F(i) AYYVP(IO)    The angle defining the 
direction of attack for 
the indirect fire volley 
aimpoint, measured clock- 
wise from the positive Y 
axis in the map coordi- 
nate system. 

degrees 

'FR DIRATK(IO) The angle defining the 
direction of attack for 
the indirect fire volley 
aimpoint in the travel 
path coordinate system. 

degrees 

. 
xv 
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LIST  OF   SYMBOLS  AND  ABBREVIATIONS   -  MATHEMATICAL  MODEL 
(CONCLUDED) 

SYMBOL  OR 
ABBREVIATION 

EQUIVALENT 
IN   SIMULATION 

MODEL DEFINITION UNITS 

6 THETR     The angle between the 
directed travel path 
segment and the posi- 
tive X axis in the map 
coordinate system. 

degrees 

xvi 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 

SYMBOL OR 
ABBREVIATION 

ACEP(5,2) 

ACEP1 

EQUIVALENT 
IN MATH 
MODEL 

CEP 

DEFINITION 

An array containing the 
circular error probable 
in the normal plane for 
the defender or intruder 
targets by type. 

The circular error proba- 
ble in the normal plane 
for direct fire rounds. 

UNITS 

feet 
or 

mils 

feet 
or 

mils 

ADEP(20) An array containing the 
deflection error probable 
for the direct fire 
round. 

feet 

ADEP1,ADEP2 The deflection error 
probable for direct fire 
rounds-. 

feet 

AEI (5,5,4) An array containing flags 
indicating either a de- 
fender firing at an in- 
truder or an intruder 
firing at a defender and 

/ the value of the effec- 
tiveness index. 

none 

AEV 

AI(2o; 

AIMPTX(50) X A ( n ) 

The value of the effec-   various 
tiveness index for di- 
rect fire weapons. 

An array containing the   degrees 
angle of fall at weapon 
impact for direct fire 
weapons. 

An array containing the     feet 
X coordinates of the 
sortie aimpoints in the 
map coordinate system. 

xvi i 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

AIMPTY{50) 

AIlfAl2 

EQUIVALENT 
IN MATH 
MODEL 

YA(n) 

DEFINITION 

An array containing the 
Y coordinates of the 
sortie aimpoints in the 
map coordinate system. 

The angle of fall at im- 
pact for a direct fire 
round. 

UNITS 

feet 

degrees 

AKIL An internal program vari- 
able used in printing 
optional output. 

none 

ALNGLC 

ALWRAT 

The length of the line 
charge used as a sweep- 
ing device. 

The ratio of the length 
of the target to the 
width of the target. 

feet 

none 

AM A variable used for tem- 
porary storage of the 
maximum value of the tar- 
get length and target 
width. 

feet 

ANG A variable used as tem- 
porary storage for the 
angle at which the in- 
direct fire volleys are 
delivered. 

radians 

ANGIMP(IO) The angle of impact for 
the indirect fire volley 
delivered at each aim- 
point. 

degrees 

APHD The probability of damage 
given a hit for a weapon 
type employed against a 
target type. 

none 

xvi 11 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

AREL(5,2) 

AREL1 

AREP(20) 

AREP1,AREP2 

AWIDLC 

AYYVP(IO) 

Al 

A2 

BCEP 

EQUIVALENT 
IN MATH 
MODEL 

R 

REP 

'F(i) 

DEFINITION 

The reliability of the 
direct fire round fired 
by either defender or in- 
truder targets by type. 

The reliability of direct 
fire rounds. 

An array containing the 
range error probable for 
the direct fire round. 

The range error probable 
for direct fire rounds. 

The width of the line 
charge effects. 

The direction of attack 
for each indirect fire 
aimpoint, measured clock- 
wise from the positive Y 
axis in the map coordi- 
nate system. 

The difference in Y co- 
ordinates of the end 
points of a travel path 
segment. 

The difference in X co- 
ordinates of the end 
points of a travel path 
segment. 

The circular error prob- 
able in the normal plane 
for direct or return fire 
munitions. 

UNITS 

none 

none 

feet 

feet 

feet 

degrees 

feet 

feet 

feet 
or 

mils 

xix 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

BIG 

BIGY 

BREL 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

The total breach time for 
a target. 

A target Y coordinate 
used in determining the 
unit movement of in- 
truder targets. 

The reliability of the 
direct fire round fired 
by the intruder or de- 
fender. 

UNITS 

minutes 

feet 

none 

Bl An internal program vari- 
able. 

none 

B2 

COSA 

COSANG 

COSIMP 

COST 

COSTR 

An internal program vari- 
able. 

The cosine of the angle 
defining the direction of 
attack for an indirect 
fire aimpoint. 

The cosine of the angle 
defining the direction 
of attack for an indirect 
fire aimpoint. 

The cosine of the angle 
of fall at impact for an 
indirect fire round. 

The cosine of the angle 
defining the direction 
of travel of the delivery 
aircraft. 

The cosine of the angle 
between the directed 
travel path segment and 
the positive X axis in 
the map coordinate system. 

none 

none 

none 

none 

none 

none 

xx 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

DBFAE 

DEFHT(5) 

DEFL(5) 

DEFRAD(5) 

DEFW(5) 

DEFX(20) 

DEFY(20) 

DELATM(IOO) 

DELTM 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

The distance between fuel 
air explosive munition 
aimpoints. 

An array containing the 
height of the defender 
targets by type. 

An array containing the 
length of the defender 
targets by type. 

An array containing the 
radius of the defender 
targets by type. 

An array containing the 
width of the defender 
targets by type. 

An array containing the 
X coordinate of the de- 
fender in the travel 
path coordinate system. 

An array containing the 
Y coordinate of the de- 
fender in the travel 
path coordinate system. 

An array containing the 
time remaining for each 
intruder to delay while 
breaching the minefield. 

The total time an in- 
truder is delayed while 
traversing a travel path 
segment. 

UNITS 

feet 

feet 

feet 

feet 

feet. 

feet 

feet 

minutes 

minutes 

xxi 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

DENOM 

DEP(IO) 

DFTFAE 

DIRATK(IO) 

DIRDIS(IOO) 

EQUIVALENT 
IN MATH 
MODEL 

DEP 

Dr 

'FR 

AY (ij) 

DEFINITION 

A variable used in the 
calculation of single 
shot probability of dam- 
age from indirect fire 
weapons. 

An array containing the 
deflection error proba- 
ble values for each 
volley aimpoint. 

The intended distance in 
front of the intruder for 
deploying fuel air ex- 
plosive devices. 

An array containing the 
direction of attack for 
each indirect fire volley 
aimpoint in the travel 
path coordinate system. 

An array containing the 
range distances to the 
next event for each tar- 
get. 

UNITS 

none 

mils 

feet 

radians 

feet 

DIE D(ik)    The distance between two 
mines (used for sympathe- 
tic detonation evalua- 
tions) . 

feet 

DIST(52) 

DISTPD DMT, 
AX(ij) 

An array containing data  various 
used to calculate values 
of variables used in out- 
put of distribution data. 

The distance between the    feet 
mine and the target. 

xxn 
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LIST  OF   SYMBOLS  AND ABBREVIATIONS   -   SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

DIST5(21,52) 

DLCF 

EQUIVALENT 
IN MATH 
MODEL 

DMPIIX(10,10)   X RDPI(i) 

DMPIIY{10,10)   YRDPKJ) 

DO '0 

r\SQ 

DSSP 

DUDPRD(7; 

DSSP 

DUD 

DEFINITION 

An array containing dis- 
tribution output data. 

The length of the line 
charge or the distance 
between fuel air ex- 
plosive munition aim- 
points. 

An array containing the 
X coordinate of the de- 
sired mean points of im- 
pact for eacti round de- 
livered at each indirect 
fire aimpoii?t. 

An array containing the 
Y coordinate of the de- 
sired mean points of im- 
pact for each round de- 
livered at each indirect 
fire aimpoint. 

The distance in deflec- 
tion from a target to an 
indirect fire round im- 
pact point. 

The sum of the squares of 
the distances in range 
and deflection from a 
target to an indirect 
fire round impact point. 

The single shot probabil- 
ity of damage in deflec- 
tion. 

An array containing the 
probabilities that the 
mine types are duds. 

UNITS 

none 

feet 

feet 

feet 

feet 

feet 
squared 

none 

none 

xxi 11 
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LIST  OF   SYMBOLS  AND   ABBREVIATIONS 
(CONTINUED) 

SIMULATION MODEL 

SYMBOL OR 
ABBREVIATION 

DUMMY 

D3DEL 

EI{5,5,2) 

E1VAL 

ETL 

ETW 

EV1 

EV2 

EV3 

EQUIVALENT 
IN MATH 
MODEL 

JET 

w ET 

DEFINITION 

A dununy argument used by 
RANF. 

The time required to re- 
move a travel path block- 
age caused by a damaged 
target on the travel path 
flanked by two targets 
which were damaged while 
diverting. 

An array containing the 
value and type of the 
effectiveness indice for 
each intruder target 
type and each indirect 
fire weapon type employed. 

A variable used to store 
the value of the effec- 
tiveness index. 

The effective length of 
the target. 

The effective width of 
the target. 

An internal program vari- 
able. 

An internal program vari- 
able. 

An internal program vari- 
able. 

UNITS 

none 

minutes 

various 

various 

feet 

feet 

none 

none 

none 

■ 

HOL(8) An array for temporary 
storage of card images. 

none 

XXIV 

 „  

-■/'.>. 

 I__^ „ ^ ^...^^si^^^^^^iMi^imk^^MS^^ilBM^m 

'     M't-  t_V *-/■-■ *•**■.,      t . ■■ ■ 



—™^~^— WMUIPWIWII mmmmmmmmimmmm .uiJiiiuiyiiiJB tm^ 

LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

HORIZ 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

The average horizontal 
dimension for the in- 
truder or defender type. 

An internal program vari- 
able. 

UNITS 

feet 

none 

IAP 

IBIT 

The sequential sortie      none 
aimpoint number. 

An internal program vari-   none 
able. 

ID 

I DAM 

The sequential number for   none 
targets which must be di- 
verted around. 

A variable used to signal   none 
that a target has been 
damaged by direct or in- 
direct fire. 

IDET The mine detonation flag 
as determined by Sub- 
routine BOOM. 

none 

IDISOP 

IDP(20,15,2) 

The output option tor      none 
distribution data: 

0 = distributions for 
output variables 
are not printed. 

1 = distributions for 
output variables 
are calculated and 
printed. 

An array containing num-    none 
bers specifying sets of 
delivery parameters used 
in the direct fire meth- 
odology . 

XXV 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(CONTINUED) 

SIMULATION MODEL 

SYMBOL OR 
ABBREVIATION 

IDP1,IDP2, 
IDP3 

TEND 

IFMT(27) 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

A number specifying a set 
of delivery parameters 
used in the direct fire 
methodology. 

The run number counter. 

An array containing the 
output format for dis- 
tribution data. 

UNITS 

none 

none 

none 

IIS 

IMINE 

An index number indicat-    none 
ing which target is in 
the next event. 

The sequential mine num-    none 
ber. 

IND The number specifying the 
set of delivery param- 
eters for a direct fire 
munition. 

none 

INDFA 

INPUT 

INT(52) 

INTIME(7, 

A flag indicating that a    none 
target has encountered 
an indirect fire volley 
aimpoint. 

Local storage for the       none 
card type. 

An array containing the     none 
intervals over which the 
distribution data are 
computed. 

The fuze timing option      none 
or target counting option 
for each mine type;- 

0 = mine type is al- 
ways active. 

xxvi 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

EQUIVALENT 
IN MATH 
MODEL 

INTYP 

IOB(5000; 

DEFINITION 

1 = mine type has ON/ 
OFF cycle or counts 
targets before 
arming. 

The intruder type. 

An array of mine data 
travel path segment 
boundary data and di- 
rect and indirect fire 
data in packed form 
(consisting of X and Y 
coordinates, event type, 
mine sequential number, 
and fuze timing cycle 
starting point or target 
count for arming). 

UNITS 

none 

none 

I0UT(15) An array containing dis- 
tribution output varia- 
bles . 

none 

IPO 

IPOS(13O; 

IPRINT 

A variable containing       none 
alpha information indi- 
cating that a mine was 
swept or detonated in 
the event. 

An array used to store      none 
the position in the 
TMTOFR array of the 
events in time sequence. 

The number of the itera-    none 
tion for which detailed 
information concerning 
each event is desired. 

IPRR An internal program vari- 
able used to store the 
priority of the intruder 

xxvii 

none 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL-"''" 
(CONTINUED) 

EQUIVALENT 
SYMBOL OR      IN MATH 

ABBREVIATION     MODEL 

IRD 

DEFINITION 

that the defenders may 
fire upon. 

UNITS 

none 

An internal program vari-   none 
able. 

■ 

IRN 

IRNK(7) 

I ROAD 

IRTFIR 

IRUNS 

ISAVE 

A variable used for tem-    none 
porary storage of the 
iteration number. 

A flag controlling the      none 
target counting option 
for mines: 

0 = mine will arm and 
(letonate after 
sensing KOUNT(MT) 
number of targets. 

1 = mine will arm and 
detonate after 

1 sensing a uniform 
random number of 
targets varying 
from one up to 
KOUNT(MT). 

The travel path segment     none 
that the indirect fire 
volleys will occur on. 

A flag indicating whether   none 
the intruders may return 
fire. 

A replication or itera-     none 
tion counter which varies 
between 1 and NOIT. 

/ 
An indäx number indica-     none 
ting ;which intruder tar- 
get /s in the next event. 

/ 

XXVlll 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

EQUIVALENT 
IN MATH 
MODEL DEFINITION UNITS 

ISBL An option describing the 
disposition of swept 
mines: 

0 = swept mines are 
neutralized. 

1 = swept mines are 
blown-in-place. 

none 

ISHOT An internal program vari- 
able. 

none 

ISUB An internal program vari- 
able. 

none 

ISV An internal program vari- 
able . 

none 

ISVIFA(30) An array used to deter- 
mine which intruders are 
accessible to fire from 
the defender forces. 

none 

ISVEST A save location for the 
last value of ISAVE. 

none 

ISYMP(3) An array containing the 
sympathetic detonation 
options [ISYMP(l) is fox 
mines, ISYMP(2) is for 
direct fire munitions, 
and ISYMP(3) is for in- 
direct fire munitions]: 

0 = sympathetic detona- 
tions are not eval- 
uated. 

1 = sympathetic detona- 
tions are evaluated, 

none 

ISYP A flag to initiate unit 
movement considerations, 

none 

xxix 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

IT 

ITEMP 

ITEROP 

I TEST 

ITGT 

ITGTPR(5,5) 

ITT 

ITYP 

IVAP 

IVEL 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

The mine random starting 
time, the target count 
required for arming, or 
the direct fire area. 

An internal program vari- 
able. 

An option for printing 
the iteration output: 

0 = do not print iter- 
ation results. 

1 = print iteration re- 
sults . 

An internal program vari- 
able. 

Temporary storage for the 
intruder target number. 

An array containing the 
list by type of the order 
in which the defender 
forces will fire at the 
intruders. 

An internal program vari- 
able. 

Temporary storage for the 
intruder target type. 

The number of the indi- 
rect fire volley aim- 
point . 

A program switch that 
contains a one if all 
targets are in a delay 
condition; otherwise, it 
contains a zero. 

XXX 

UNITS 

various 

none 

none 

none 

none 

none 

none 

none 

none 

none 
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LIST'.OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

EQUIVALENT 
SYMBOL OR .    IN MATH 

ABBREVIATION     MODEL 

IVPO 

DEFINITION UNITS 

An internal program vari-   none 
able. 

IWD An internal program vari-   none 
able. 

IWEPV The sequential number of 
the indirect fire round. 

none 

IWORD 

IWT 

IWTDE:F(20) 

The data for an event in 
packed format. 

An array containing the 
weapon type of each de- 
fender. 

none 

Temporary storage for the   none 
weapon type. 

none 

IWTVAP(IO) 

IX 

An array containing the     none 
indirect fire weapon 
type employed at each 
aimpoint. 

An internal program vari-   none 
able. 

IY An internal program vari-   none 
able. 

IXYM1 

IXYM2 

An internal program vari-   none 
able. 

An internal program vari-   none 
able. 

II 

12 

An internal program vari-   none 
able. 

An internal program vari-   none 
able. 

XXXI 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

13 

14 

15 

18 

114 

JAA 

JFMT(27) 

JMARK1 

JSELDS(7) 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An internal program vari- 
able. 

An internal program vari- 
able. 

An internal program vari- 
able. 

An internal program vari- 
able . 

An internal program vari- 
able. 

An internal program vari- 
able. 

An internal program vari- 
able. 

An array containing the 
program-derived output 
format for distribution 
data. 

A control for printing 
the output heading. 

An option for specifying 
the type of mine pattern 
distribution for each 
mine type: 

0 = mine pattern is 
read from cards. 

1 = range and deflec- 
tion values 
selected from ran- 
dom normal distri- 
bution. 

UNITS 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

xxxi i 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

JT 

Jl 

J2 

J3 

J4 

J5 

K 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

2 = range and deflec- 
tion values 
selected from ran- 
dom uniform dis- 
tribution. 

3 = range value 
selected from ran- 
dom normal distri- 
bution and deflec- 
tion value selected 
from random uni- 
form distribution. 

4 = range value 
selected from ran- 
dom uniform dis- 
tribution and de- 
flection value 
selected from ran- 
dom normal distri- 
bution. 

An internal program vari- 
able. 

An internal program vari- 
able. 

An internal program vari- 
able. 

An internal program vari- 
able. 

An internal program vari- 
able. 

An internal program vari- 
able. 

An internal program vari- 
able. 

XXXlll 

UNITS 

none 

none 

none 

none 

none 

none 

none 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

i 

SYMBOL OR 
ABBREVIATION 

KABOOM(547) 

EQUIVALENT 
IN MATH 
MODEL 

KB 

KDFTTN(IOO) 

DEFINITION 

An array containing 
32,820 bits for maintain- 
ing mine detonation 
flags. 

The sequential number for 
the first intruder tar- 
get of the same type as 
the damaged target and 
behind the damaged tar- 
get. 

An array containing the 
count of the number of 
direct fire areas in 
which each intruder tar- 
get may receive direct 
fire. 

UNITS 

none 

none 

none 

KF 

KFMT(27; 

The sequential number for   none 
the first intruder tar- 
get of the same type as 
the damaged target and in 
front of the damaged tar- 
get. 

An array containing the     none 
program-derived output 
format for distribution 
data. 

KNOB The number oi the last 
event to be considered in 
sympathetic detonation 
evaluation. 

none 

KNOBT 

KNRS 

A variable used as tem-     none 
porary storage of the 
type of event to occur. 

The sequential number of    none 
the travel path segment. 

xxxiv 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

KODEI 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

Temporary storage for 
the type of effective- 
ness index used. 

UNITS 

none 

KOUNT(7) An array containing the 
target counts at which 
the mine types will arm 
and detonate. 

none 

KPOS A variable used for tem- 
porary storage of the 
intruder number. 

none 

KREAD A switch indicating 
whether Subroutine 
READIN has been used: 

0 = READIN has not 
been used. 

1 = READIN has been 
used. 

none 

KT 

KTMAX 

An index number which       none 
locates an event in the 
IOB array. 

The maximum mine sequen-    none 
tial number (used in the 
sympathetic detonation 
evaluations). 

KTMIN The minimum mine sequen- 
tial number (used in the 
sympathetic detonation 
evaluations). 

none 

KTS The location in which 
the sequential mine num- 
ber is saved. 

none 

KTSAV(IOO) An array of indice con- 
taining the subscript of 

none 

XXXV 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

EQUIVALENT 
IN MATH 
MODEL DEFINITION UNITS 

KTS1 

the next event to be en- 
countered by each of the 
targets. 

An internal program vari- 
able. 

none 

KZ An internal program vari- 
able. 

none 

Kl 

K2,K3 

An internal program vari- 
able. 

A flag indicating the di- 
rection of direct fire: 

1 = a defender firing 
at an intruder. 

2 = an intruder firing 
at a defender. 

none 

none 

K5 An internal program vari- 
able. 

none 

K6 An internal program vari- 
able. 

none 

An internal program vari- 
able. 

none 

LCFOPT The option for employing 
line charge or FAE de- 
vices for sweeping: 

0 = neither are used. 
1 = line charges are 

employed. 
2 = FAE are employed. 

none 

LCFTT The target type which 
deploys the line charge 
or fuel air explosive 
sweeping device. 

none 

XXXV1 
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LIST  OF  SYMBOLS  AND  ABBREVIATIONS   -   SIMULATION  MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

LDFDPR(5,5) 

LEFTIN 

LFMT(27) 

LIT 

LL 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An array containing the 
order in which each in- 
truder target type will 
fire at the defender tar- 
get types. 

The number of targets 
which have not been 
destroyed or have not 
breached the engagement 
area. 

An array containing the 
output format for dis- 
tribution data. 

An internal program vari- 
able. . 

An internal program vari- 
able. 

UNITS 

none 

none 

none 

none 

none 

M An internal program vari- 
able. 

none 

MADIV An indicator which, if 
greater than zero, speci- 
fies that targets must 
be diverted around. 

none 

MFMT(27) An array containing the 
output format for dis- 
tribution data. 

none 

MI 

MIFBT(7) 

An internal program vari- 
able. 

An array specifying the 
number of mines within 
the range of influence 
for each mine type. 

xxxvii 

none 

none 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

MINNUM 

MODE 

MT 

MTFA(50) 

MUSH 

N 

NAP 

NAS(IOO) 

NB 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

The tactical mode to be 
employed: 

1 = bull-through at 
normal speed with 
no sweeping. 

3 = allow specified 
targets to sweep 
minefield. 

The mine type number. 

An array containing the 
type of mine dispensed 
at each aimpoint. 

A code specifying whether 
the targets have started 
moving: 

0 = the targets have 
not started moving 

1 = the targets have 
started moving. 

An internal program vari- 
able. 

The number of sortie aim- 
points. 

An array containing se- 
quential numbers of the 
targets associated as a 
group with the damaged 
target. 

An internal program vari- 
able. 

XXXVlll 

UNITS 

The number of  sympathetic        none 
detonations. 

none 

none 

none 

none 

none 

none 

none 

none 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

NCTAW(IOO) 

ND 

NDEFEA(15,20) 

NDEFNR 

NDF 

NDFA 

NDFAA 

NDFnAM(5) 

NDFWD 

NDFWT 

NDTYP 

NDVT 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An array containing the 
number of the target, 
leading the column with 
which each target is 
associated. 

A count of the number of 
direct fire areas. 

An array containing the 
sequential defender num- 
bers that may fire into 
the direct fire areas. 

Temporary storage of the 
number of the defender. 

The defender associated 
with this event. 

A flag indicating that an 
intruder target has en- 
tered a direct fire area. 

The number of direct fire 
attack areas. 

An array containing the 
number of defenders 
damaged by type. 

The number of defenders. 

The number of defender 
weapon types. 

The defender weapon type. 

The number of targets 
which must be diverted 
around. 

UNITS 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

xxxix 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

NE 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An internal program vari- 
able. 

UNITS 

none 

NFMT(27) An array containing the 
program-derived output 
format for distribution 
data. 

none 

NGTAW(IOO) 

NGTAWT 

NGTAWl(lOO) 

NIDBT(5) 

NINTT 

NITBT(5) 

NKI.LL(5) 

An array containing the     none 
sequential numbers of 
other targets with which 
each target is associated 
as a group. 

The total number of tar-    none 
gets which are associated 
as a group with other 
targets. 

An array originally con-    none 
taining the NGTAW array 
variables (changed when 
a target is reassociated 
with another target). 

An array containing the     none 
number of intruders 
damaged by type. 

Temporary storage of the    none 
intruder target type. 

An array containing the     none 
number of intruders by 
type. 

An array containing the     none 
number of intruder tar- 
gets by type damaged by 
mines. 

xl 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

NKILLD(5) 

NKILLI(5) 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An array containing the 
number of intruders by 
type damaged by direct 
fire weapons*. 

An array containing the 
number of intruders by 
type damaged by indirect 
fire weapons. 

UNITS 

none 

none 

NKILLT 

NLCFCT 

NLST 

The total number of in-     none 
truder targets damaged. 

A count of the number of    none 
line charge or FAE de- 
ployment positions along 
the travel path segment. 

The number of sympathetic   none 
detonations. 

NM 

NMDET(7) 

The mine type. none 

An array containing the     none 
number of mines detonated 
by mine type. 

NMIN(7) An array containing the 
total number of mines of 
each type emplaced. 

none 

NMSWPT(7) An array containing the 
number of mines of each 
type detected and neutra- 
lized by a target capable 
of sweeping. 

none 

NMT The total number of mine 
types. 

none 

xli 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

li 

SYMBOL OR 
ABBREVIATION 

NOB 

EQUIVALENT 
IN MATH 
MODEL 

NOBEVT 

NOBT(IOO) 

NOBTP2 

NOIT 

NOSTAT 

NRAD{5) 

NRADFD(5) 

DEFINITION 

The total number of mines 
within the range of in- 
fluence of a travel path 
segment. 

The number of events for 
which optional output is 
printed. 

An array containing the 
mine types for mines 
which are sympathetically 
detonated. 

The type of ^vent obsta- 
cle (1 through 7 = active 
mine; 8 = minefield 
boundary; 9 through 15 = 
dud mine; 16 = indirect 
fire volley aimpoint; 
17 = direct fire entry 
boundary; 18 = direct 
fire exit boundary; and 
19 = point of deployment 
of line charge or FAE). 

The number of iterations 
desired for the case. 

The number of iterations 
between each statistical 
summary. 

An array containing the 
number of rounds avail- 
able for each defender 
weapon type. 

An array used for tempo- 
rary storage of the num- 
ber of rounds available 
for each defender weapon 
type. 

UNITS 

none 

none 

none 

none 

none 

none 

none 

none 

xlii 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
^ABBREVIATION 

NRADFI(5! 

NRAI(5) 

NRBA 

NRFBDT(5) 

NRFBIT{5; 

NRFIRD(IOO) 

NRS 

NSt'LFT 

NSTICK(50) 

NSUB(5) 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

Nc 

An array used for tempo- 
rary storage of the num- 
ber of rounds available 
for each intruder type. 

An array containing the 
number of rounds avail- 
able for each intruder 
type. 

The number of rounds the 
defender forces must 
fire before being ac- 
quired by the intruder 
forces. 

An array containing the 
number of rounds fired 
by each defender type. 

An array containing the 
number of rounds fired 
by each intruder type. 

An array containing the 
number of rounds fired 
by each intruder. 

The number of travel 
path segments. 

The number of targets re- 
maining which are capable 
of sweeping. 

An array containing the 
number of mines dispensed 
at each aimpoint. 

An array containing the 
number of submunitions 
for improved conventional 
munitions. 

UNITS 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

xliii 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

NT 

NTABLE 

NTB 

NTCOL(IOO) 

NTGO 

NTGTP 

NTGTYP(IOO) 

NTLCIF(IO) 

NTLOST 

NTMAX 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

The maximum number of in- 
truder types, mine types, 
and defender types. 

UNITS 

none 

none 

none 

none 

none 

The target type number. 

The number of the proba- 
bility function to be 
interpolated. 

A number indicating the 
type of probability 
table. 

An array containing col- 
umn identification for 
targets which must be di- 
verted around. 

The total number of tar- 
gets traversing the en- 
gagement area. 

The total number of in-     none 
truder target types. 

An array containing the     none 
target type for each in- 
truder target. 

An array containing the     none 
number of the target 
leading the column of 
intruders that initiates 
the indirect fire at each 
volley aimpoint. 

The number of intruder     none 
targets which are lost to 
the mission. 

none 

xliv 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

NTN 

NTTTCS(5) 

EQUIVALENT 
IN MATH 
MODEL 

NTTTMD(5) 

» 

DEFINITION 

The intruder number. 

An array containiny flags 
describing the sweeping 
capability of each tar- 
get type: 

0 = the target type has 
no sweeping capa- 
bility. 

1 = the target type is 
capable of sweep- 
ing at least one 
mine type. 

An array containing flags 
describing which target 
types must be diverted 
around by subsequent tar- 
gets in the same column: 

0 = the target type 
need not be di- 
verted around. 

1 = the target type 
must be diverted 
around. 

UNITS 

none 

none 

none 

NTTTRP(5) 

NTl 

An array containing flags   none 
describing which target 
types are rollers or 
plows: 

0 ■ the target type is 
not a roller or 
plow. 

1 = the target type is 
a roller. 

2 « the target type is 
a plow. 

An internal program vari-   none 
able. 

xlv 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(CONTINUED) 

SIMULATION MODEL 

SYMBOL OR 
ABBREVIATION 

NUM 

NUMCNT 

NUMDEF 

NVAP 

NVFAEA(IO) 

NVLIDFdO) 

NVOL 

NW 

NWEPV(IO) 

Nl 

N2 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An internal program vari- 
able. 

The number of time ori- 
ented events which may 
occur before the dis- 
tance oriented event. 

The defender number. 

The number of the indi- 
rect fire volley aimpoint 
involved in this event. 

An array containing the 
number of volleys fired 
at each volley aimpoint. 

An array containing the 
number of indirect fire 
volleys remaining to be 
fired at each volley 
aimpoint. 

The number of the indi- 
rect fire volley. 

An internal program vari- 
able. 

An array containing the 
number of rounds to be 
employed at each indirect 
fire volley aimpoint. 

An internal program vari- 
able. 

An internal program vari- 
able. 

UNITS 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

xlvi 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

N3 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An internal program vari- 
able. 

UNITS 

none 

OBX xMR(i)    The X coordinate of the 
distance oriented event, 

feet 

OBY 

OBYPRT 

ORX 

Y MR(i) 

ORY 

OUT (16) 

OUT(21,15) 

PATRAD(5) 

PDAM 

Ri 

The Y coordinate of the     feet 
distance oriented event. 

A location for saving OBY   feet 
values so that they can 
be printed. 

An intermediate X coordi-   feet 
nate of the mine (used 
during the initial cal- 
culations of the mine 
position). 

An intermediate Y coordi-   feet 
nate of the mine (used 
during the initial cal- 
culations of the mine 
position). 

An array containing the     none 
iteration results to be 
printed. 

An array containing the     none 
values of the distribu- 
tion variables to be 
output. 

An array containing the     none 
improved conventional 
munition pattern radius 
for each weapon type. 

The probability that a      none 
target has been damaged 
by indirect fire. 

xlvii 
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LIST  OF   SYMBOLS   AND  ABBREVIATIONS   -   SIMULATION   MODEL 
(CONTINUED) 

SYMBOL  OR 
ABBREVIATION 

PDLCF 

PHD(5,5) 

PI 

EQUIVALENT 
IN MATH 
MODEL 

PDF 

DEFINITION 

The probability of mine 
detonation within the 
line charge or fuel air 
explosive pattern. 

An array containing the 
probability of damage 
given a hit for each in- 
direct fire weapon type 
employed against each 
intruder target type. 

A variable used to store 
the value of IT. 

UNITS 

none 

none 

none 

PK 

PKK 

POWER 

PPEAF(7) 

The square of the range 
at which the probability 
of target damage is zero, 

The probability that a 
target has been damaged 
by indirect fire. 

A variable used as the 
exponent in the calcula- 
tion of the probability 
of damage given a hit by 
indirect fire weapons. 

An array containing the 
probability that a 
plowed mine type will 
function. 

feet 
squared 

none 

none 

none 

PRBITY 

PRDTN0(5,7: 

A probability value de- 
termined by Subroutine 
TABINT. 

An array concaining the 
minimum ranges at which 
the probability that a 
mine will detonate is 

xlviii 

none 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

EQUIVALENT 
IN MATH 
MODEL 

PRKL0(5,7) 

PROBIL(840) Pq'Pq+l 

PR0BTP(8) 

DEFINITION 

zero for each mine type 
and target type. 

An array containing the 
minimum ranges at which 
the probability that a 
mine will damage a target 
is zero for each mine 
type and target type. 

An array of probability 
values corresponding to 
the range values stored 
in RANGPR(840)/ with the 
first eight entries 
specifying the probabil- 
ities of mine detection 
for the first target 
type and first mine type, 
the second eight entries 
specifying the probabil- 
ities that a mine of the 
first type will damage a 
target of the first type, 
and the third eight en- 
tries specifying the 
probabilities that a 
mine of the first type 
will detonate when en- 
countered by a target of 
the first type.  The next 
three sets of eight en- 
tries contain similar 
data for Target Type 1 
and Mine Type 2, etc. 

An array used to tempo- 
rarily store probability 
values during input- 
operations. 

UNITS 

feet 

none 

none 

xlix 
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LIST  OF   SYMBOLS  AND   ABBREVIATIONS   -   SIMULATION  MODEL 
(CONTINUED) 

SYMBOL  OR 
ABBREV#mON 

PRSWD0(5,7) 

EQUIVALENT 
IN MATH 
MODEL 

\ 

DEFINITION 

An ariay containing the 
minimuin ranges at which 
the probability that the 
target will detect a mine 
is zero for each mine 
type and target type. 

UNITS 

feet 

P2 An internal progrctm vari- 
able. 

none 

P3 

P4 

An internal program vari-   none 
able. 

An internal program vari-   none 
able. 

P5 An  internal  program vari- 
able. 

none 

RADFAE RP     The radius of the fuel 
air explosive effects. 

feet 

RANGE 

RANGPR(840; 

The width of the line 
charge or the square of 
the radius of the fuel 
air explosive effects. 

,Rq+]   An array of range values 
corresponding to the 
probability values stored 
in PROBIL(840), with the 
first eight entries 
specifying the ranges 
corresponding to the 
probabilities of mine 
detection for the first 
target type and first 
mine type, the second 
eight entries specifying 
the ranges corresponding 
to the probabilities that 
a mine of the first type 

feet 

feet 

. .-. 
■ -, •. 

».,.. ., ,...„/... -.:;.■...,.......■ ^.....,.J- —^„_a__^„-  ■m."- ■---•'■ _^^^^...r,^~  . -iMiimMilim^^ 



AJIIIJ»**«*«IIJUIJ*!9I^»^PJ«MUM,1I»MW1 
———^~->——»•-——^. 

- 

1 
■ 

LIST  OF   SYMBOLS   AND  ABBREVIATIONS   -   SIMULATION   MODEL 
(CONTINUED) 

SYMBOL  OR 
ABBREVIATION 

EQUIVALENT 
IN  MATH 

MODEL 

RANGTP(81 

RELRND(5) 

RELSUB(5) Rs 

KIP (10) 

RN 'RN 

DEFINITION UNITS 

will damage a target of 
the first type, and the 
third eight entries 
specifying the ranges 
corresponding to the 
probabilities that a mine 
of the first type will 
detonate when encountered 
by a target of the first 
type.  The next three 
sets of eight entries 
contain similar data for 
Target Type 1 and Mine 
Type 2, etc. 

An array used to tempo- 
rarily store range values 
during input operations. 

7^n array containing the 
reliability of the round 
for each indirect fire 
weapon type. 

An array containing the 
reliability of the sub- 
munition for each im- 
proved conventional 
munition indirect fire 
weapon type. 

The range error probable 
at each indirect fire 
volley aimpoint. 

A random number from a 
uniform distributJ/on. 

feet 

none 

none 

feet 

none 

RNG The distance between the 
defender and intruder. 

feet 

li 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(CONTINUED) 

SIMULATION  MODEL 

SYMBOL  OR 
ABBREVIATION 

RNGSV(3) 

RN1,RN2 
RN3,RN4 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An array for temporary 
storage of elements from 
the PRSWDO, PRKLO, and - 
PRDTNO arrays. 

A normal random number 
used in computing the 
mine locations. 

UNITS 

none 

none 

RO R, 

ROTDMPX(10,10)    XRI(J) 

ROTDMPY(10,10)    YRI(J) 

RSP(5) 

RSPMAX 

The distance in range       feet 
from a target to an in- 
direct fire round impact 
point. 

An array containing the     feet 
X coordinates of the de- 
sired mean points of im- 
pact for the rounds de- 
livered at each volley 
aimpoint. 

An array containing the     feet 
Y coordinates of the de- 
sired mean points of im- 
pact for the rounds de- 
livered ac each volley 
aimpoint. 

An array containing the     feet 
ranges of influence for 
each target type. 

The maximum range of in-    feet 
fluence. 

RSSP 

RSTART 

RSSP    The single shot probabil-   none 
ity of damage in range. 

RN     A random number from a      none 
normal distribution. 

lii 
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LIST  OF   SYMBOLS   AND  ABBREVIATIONS   -   SIMULATION  MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

RUNS 

S(100) 

SAVE 

SECON(7; 

SECOFF(7) 

SEED 

SHADOL 

SIGAD(50) 

EQUIVALENT 
IN MATH 
MODEL 

toff 

•SH 

'AD 

DEFINITION 

The iteration count. 

An array containing vari- 
ables controlling the di- 
version direction: 

-1 = divert to the 
left. 

1 = divert to the 
right. 

0 = no diversion is 
required. 

999 = the target path 
blockage has been 
removed; no di- 
version is re- 
quired. 

An internal program vari- 
able. 

UNITS 

none 

none 

none 

The duration of the       seconds 
active portion of the 
fuze timing cycle for 
each mine type. 

The duration of the in-   seconds 
active portion of the 
fuze timing cycle for 
each mine type. 

A number used as a start-   none 
ing value for the random 
number generator. 

The target shadow length.   feet 

The aiming error stand-     feet 
ard deviation in deflec- 
tion (this value multi- 
plied by a normal random 
number vector is applied 
to each mine in a sortie). 

liii 

Ilk 

___._—^^ 

fakZM^U**-,:-*.:■:,,..  _:_ —____      .. _i..;,..^.  ^._:__._,.^..   :__.._ ^___ :. .^..__ ,^. ._:_.   .. . 

•    -    ■'■.-•      ;   TV'     -   '     •,::•:,.:  '-'   '-~~- 

rimfi .»Tin iia^MwiMliäBaiir^te^^«'^^'^ ifeti^yd 

I 



-"—""— ——— i-y»i,.i-ff
|J-W-i-*w*w-"-    '' inimjpumii • "■" n! 

LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

5 

' 

SYMBOL OR 
ABBREVIATION 

SIGAR(50) 

EQUIVALENT 
IN MATH 
MODEL 

a AR 

SIGBD(50) 'BD 

SIGBR(50) 'BR 

SINA 

SINANG 

SINIMP 

SINT 

DEFINITION 

The aiming error stand- 
ard deviation in range 
(this value multiplied 
by a normal random num- 
ber vector is applied to 
each mine in a sortie). 

The ballistic error 
standard deviation in 
deflection (this value 
multiplied by a normal 
random number vector is 
applied independently to 
each mine). 

The ballistic error 
standard deviation in 
range (this value multi- 
plied by a normal random 
number vector is applied 
independently to each 
mine). 

The sine of the angle de- 
fining the direction of 
attack for an indirect 
fire aimpoint. 

The sine of the angle de- 
fining the direction of 
attack for an indirect 
fire aimpoint. 

The sine of the angle of 
impact of the round em- 
ployed at the indirect 
fire aimpoint. 

The sine of the angle de- 
fining the direction of 
travel of the delivery 
aircraft. 

liv 

UNITS 

feet 

feet 

feet 

none 

none 

none 

none 

; 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

SINTR 

SMALY 

SMLDIS 

SMLDIS1 

SOBX 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

The sine of the angle be- 
tween the directed travel 
path segment and the 
positive X axis in the 
map coordinate system. 

An intruder target Y co- 
ordinate used in deter- 
mining the unit movement 
of targets. 

The smallest distance to 
the next event for all 
targets. 

The smallest distance to 
the next event for all 
moving targets. 

Temporary storage for the 
mine X coordinate. 

UNITS 

none 

feet 

feet 

feet 

feet 

SOBY Temporary storage for the 
mine Y coordinate. 

feet 

SRPI 

SSPD 

STATAL(5,J<0 

SURVPR 

The square root of IT.       none 

SSPD    The single shot probabil-   none 
ity o£ damage. 

An array of five quanti-  various 
ties (i.e., the sum, the 
sum of squares, the mean, 
the variance, and the 
standard deviation) for 
each of the 52 parameters 
for which statistical 
output is provided. 

The probability of tar-    none 
get survival. 

Iv 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(CONTINUED) 

SIMULATION MODEL 

SYMBOL OR 
ABBREVIATION 

EQUIVALENT 
IN MATH 
MODEL 

SWPDEL(IOO) 

SYMDDF(5,7) 

SYMDIF(5,7) 

SYMDIS(7,7) 

SYMMAX(3) 

TADJ 

 DEFINITION 

An array containing the 
times required to remove 
or neutralize mines for 
each target. 

An array containing the 
maximum distances at 
which each direct fire 
weapon type can cause a 
mine of each type to 
detonate sympathetically. 

An array containing the 
maximum distances at 
which each indirect fire 
weapon type can cause a 
mine of each type to 
detonate sympathetically. 

An array containing the 
maximum distances at 
which each mine type can 
cause a mine of each 
type to sympathetically 
detonate. 

An array containing the 
maximum distances at 
which mines may be 
sympathetically detonated 
by other mines, direct 
fire weapons and indirect 
fire weapons. 

An adjustment made to 
TIMEMV(IOO) to correct 
the target travel time at 
the beginning of each 
travel path segment. 

UNITS 

minutes 

feet 

feet 

feet 

feet 

minutes 

Ivi 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

TARHT(5) 

EQUIVALENT 
IN MATH 
MODEL 

HrTi 

DEFINITION 

An array containing the 
height of the intruder 
targets by type. 

UNITS 

feet 

TARL(5) An array containing the 
length of the intruder 
targets by type. 

feet 

TARRAD(5) RT     An array containing the 
radius of the intruder 
targets by type. 

feet 

TARW{51 An array containing the 
width of the intruder 
targets by type. 

feet 

TDBIFV(IO) An array containing the 
time delay between the 
volleys fired at each 
aimpoint. 

minutes 

TGTD The time the target was 
delayed due to the re- 
moval of a travel path 
blockage. 

minutes 

TGTDELdOO; 

TGTOVL 

An array containing the 
times each target was 
delayed due to the re- 
moval of a travel path 
blockage. 

The normal speed of the 
targets. 

minutes 

feet 
per 

minute 

TGTSPD The speed of the in- 
truder targets. 

feet 
per 

minute 

Ivii 
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LIST OF SYMBOLS AND ABBREVIATIONS  • SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

TGTVEL(IOO) 

TGTVL2 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An array containing the 
speed of each target. 

The sweep rate. 

UNITS 

feet 
per 

minute 

feet 
per 

minute 

TGTVSV Temporary storage for the 
target velocity. 

feet 
per 

minute 

TGTXOL(IOO) 

TGTYNW{100) 

TGTYOL(IOO) 

XT(j)    An array containing the     feet 
original X coordinate for 
each target in the travel 
path coordinate system. 

Y-r (j)    An array containing the     feet 
current Y coordinate of 
each target in the 
travel path coordinate 
system. 

An array containing the     feet 
original Y coordinate of 
each target in the 
travel path coordinate 
system. 

TGTYSV The Y coordinate o.t  the 
event target at the point 
of closest approach to 
the mine. 

feet 

THET 

THETA 

THETA in radians. 

The angle defining the 
direction of travel of 
the delivery aircraft 
(measured clockwise from 
the positive Y axis). 

radians 

degrees 

Iviii 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

THETR 

THRSIG(5,5) 

TIMEMV(IOO) 

TM(130) 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

The angle between the di- 
rected travel path seg- 
ment and the positive X 
axis in the map coordi- 
nate system. 

An array containing dis- 
tances beyond which the 
effects of indirect fire 
detonations are not con- 
sidered for each indirect 
fire weapon type and each 
target type. 

An array containing the 
travel time for each 
target. 

UNITS 

degrees 

feet 

minutes 

A temporary storage array minutes 
for event times. 

TMBRD(5) 

TMBRI(5) 

TMDLCF 

TMMV 

TMSWP(7) 

An array containing the   minutes 
reload and aim times for 
each defender target type. 

An array containing the   minutes 
reload and aim times for 
each intruder target type. 

The amount of time the    minutes 
intruders will be de- 
layed while deploying the 
line charge or fuel air 
explosive. 

The target travel time.   minutes 

An array containing the   minutes 
times required to remove 
or neutralize each mine 
type. 

lix 
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LIST OF SYMBOLS 'ND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

TMTOFR(130) 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An array containing the 
times for events to 
occur for direct fire, 
indirect fire, and re- 
turn fire. 

UNITS 

minutes 

TOTDEL The sum of the time re- 
quired to remove or 
neutralize a mine, the 
time the target was de- 
layed due to the removal 
of a travel path block- 
age, and the time re- 
quired to deploy line 
charges or fuel air ex- 
plosives. 

minutes 

TOTSIM 

TOT 2 

The total breach time.     minutes 

An internal program vari-   none 
able. 

TRAVTM The travel time to the 
next event. 

minutes 

TT A variable used as tempo- minutes 
.ary storage of the 
travel time to the next 
event. 

TTDI The time between time- 
oriented events. 

minutes 

TVELPR Temporary storage for the   feet 
target velocity. per 

minute 

TYPRIT Temporary storage for the 
target Y coordinate. 

feet 

Ix 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

Tl 

EQUIVALENT 
IN MATH 
MODEL DEFINITION 

An intermediate variable 
used in determining the 
target offset due to di- 
version. 

UNITS 

feet 

T2 

T3 

An intermediate variable    feet 
used in determining the 
target offset due to di- 
version. 

An intermediate variable    feet 
used in determining the 
target offset due to di- 
version. 

V An intermediate variable 
used in obtaining a 
normal random number. 

none 

VERT 

XCYCLE(7) 

XD 

The vertical dimension 
for the intruder or 
defender type. 

An array containing the 
total fuze cycle time 
(if any) for each target, 

The square of the dis- 
tance in the X direction 
between the defender and 
intruder. 

feet 

seconds 

feet 
squared 

XDIS An intermediate target/ 
mine distance used in 
determining the next 
event. 

feet 

XDMP(10,10)    XRDMpI{j) An array containing the 
X coordinate in the map 
coordinate system of the 
desired mean points of 
impact of each round 

feet 

Ixi 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 

(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

XFIX 

XFIX1 

XLCF(IOO) 

XLOC 

XMAX 

XMIN 

XODEF(20) 

XORGVP 

XOVPdO] 

EQUIVALENT 
IN MATH 
MODEL 

vTO 

kD(k) 

X0VAP(i) 

DEFINITION 

delivered at each indi- 
rect fire volley aimpoint, 

The target offset dis- 
tance while diverting 
around a damaged target. 

Temporary storage for 
XFIX. 

An array containing the 
X coordinate of the in- 
truder employing fuel 
air explosives or line 
charges as sweeping de- 
vices. 

Temporary storage for the 
X coordinate of the 
position of the line 
charge or fuel air ex- 
plosive. 

The maximum X coordinate 
for mines retained for 
the case. 

The minimum X coordinate 
for mines retained for 
the case. 

An array containing the 
X coordinate of each 
defender in the map co- 
ordinate system. 

An internal program vari- 
able. 

An array c staining the X 
coordinate of the origin 
of each volley aimpoint. 

UNITS 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

Ixii 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

SYMBOL OR 
ABBREVIATION 

XR 

XRDFO(30) 

XRG(52) 

XRN 

XROAD(ll) 

XR1 

XR2 

XSWATH(50) 

XT 

xw 

EQUIVALENT 
IN MATH 
MODEL 

'Ri 

DEFINITION 

An internal program vari- 
able. 

An array containing the 
X coordinates of the ends 
of the direct fire attack 
areas. 

An array containing the 
maximum value of each 
distribution output vari- 
able. 

The reciprocal of the 
iteration number. 

An array containing the 
X coordinates of the 
ends of the travel path 
segments in the map 
coordinate system. 

The X coordinate of the 
starting point of a 
travel path segment. 

The X coordinate of the 
end pcint of a travel 
path segment. 

An array containing mine 
pattern widths for uni- 
form distributions of 
mines for each aimpoint. 

The X coordinate of the 
intruder. 

The X coordinate of the 
volley aimpoint. 

Ixiii 

UNITS 

none 

feet 

none 

none 

feet 

feet 

feet 

feet 

feet 

feet 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(CONTINUED) 

SIMULATION MODEL 

SYMBOL OR 
ABBREVIATION 

XWIDTH 

XW2 

XYMS(4) 

EQUIVALENT 
IN MATH 
MODEL 

YD 

YDIST 

YDIV(IOO) 

YDMP(10,10) 

DIV 

YRDMPI(j) 

DEFINITION 

The width of the area 
through which the tar- 
gets are passing. 

One-half of the width of 
the area through which 
the targets are passing. 

An array containing the 
X and Y coordinates of 
an area of a travel path 
segment accessible to 
direct fire. 

The square of the dis- 
tance in the Y direction 
between the defender and 
intruder. 

The di^.ance from the Y 
coordinate of the posi- 
tion of the line charge 
or fuel air explosive to 
the outer limit of the 
explosive effects. 

An array containing the 
Y coordinates of damaged 
targets which must be 
diverted around. 

An array containing the 
Y coordinate in the map 
coordinate system of the 
desired mean points of 
impact of each round de- 
livered at each indirect 
fire volley aimpoint. 

UNITS 

feet 

feet 

feet 

feet 
squared 

feet 

1 

feet 

feet 

Ixiv 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONTINUED) 

55 

SYMBOL OR 
ABBREVIATION 

YFIX 

YLENGTH 

YLENTH 

YL2 

YMAX 

YMIN 

YODEF(20) 

YORGVP 

YOVPUO; 

YRDFO(301 

EQUIVALENT 
IN MATH 
MODEL 

D(k) 

Y0VAP(i) 

DEFINITION UNITS 

The distance that targets   feet 
are moved to reassociate 
with a new lead target. 

The length of the area      feet 
through which the targets 
are passing. 

The length of the travel    feet 
path segment. 

One-half of the length of   feet 
the area through which 
the targets are passing. 

The maximum Y coordinate    feet 
of the mines which 
sympathetically detonate. 

The minimum Y coordinate    feet 
of the mines which 
sympathetically detonate. 

An array containing the    feet 
Y coordinate of each 
defender in the map co- 
ordinate system. 

An internal program vari-   feet 
able. 

An array containing the Y   feet 
coordinates in the map 
coordinate system of the 
origin of each volley 
aimpoint. 

An array containing the Y   feet 
coordinate in the map co- 
ordinate system of the 
ends of the direct fire 
attack areas. 

Ixv 
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LIST OF SYMBOLS AND ABBREVIATIONS - SIMULATION MODEL 
(CONCLUDED) 

SYMBOL OR 
ABBREVIATION 

YROAD(ll) 

EQUIVALENT 
IN MATH 
MODEL 

YR1 

YR2 

YST 

YSWATH(50) 

YT 

DEFINITION 

An array containing the Y 
coordinates of the ends 
of the travel path seg- 
ments in the map coordi- 
nate system. 

The Y coordinate of the 
starting point of a 
travel path segment. 

The Y coordinate of the 
end point of a travel 
path segment. 

UNITS 

feet 

feet 

feet 

The Y coordinate of the     feet 
inner limit of the fuel 
air explosive effects. 

An array containing the     feet 
mine pattern lengths for 
uniform distributions of 
mines for each aimpoint. 

The Y coordinate of the    feet 
intruder. 

YW The Y coordinate of the 
volley aimpoint. 

feet 

Ixvi 
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SECTION I 

INTRODUCTION 

This computer simulation model, referred to as SEMAC, 
provides the methodology and analytical techniques required 
for evaluating the synergistic effects of minefields and 
covering fire.  The program was designed to allow mixed 
minefields, various armored vehicle tactics, and employment 
of combinations of different types of direct, and indirect 
fire.  SEMAC determines, on a time history basis, the damage 
and the breach times for the engagement area consisting of 
mines and covering fire.  The intruder force travels along 
multisegmented travel paths through the engagement area, with 
one of two tactics employed by the formation of targets. 
These tactic options are: 

• The targets traverse the engagement area with no 
sweeping and no evasive action taken. 

• The engagement area is swept by selected targets 
traversing the engagement area. 

SEMAC is an event-oriented simulation mode] which uses 
Monte Carlo techniques to obtain measures of effectiveness. 
The minefield is defined by randomly applying aiming errors 
to each sortie and ballistic errors to each mine in the 
sortie.  The aiming range and deflection errors are inde- 
pendent of each sortie of mines delivered, and the ballistic 
range and deflection errors are independent of each mine in 
the pattern.  The formation of targets proceeds through the 
minefield, and damage is assessed for every encounter of a 
mine by a target.  A mine which detonates is evaluated 
agj.-nst all targets.  Inputs specify the locations of cover- 
ing fire weapons, their time of commencing fire, and other 
.terns pertaining to weapon employment, target acquisition, 
system accuracies, and return fire parameters.  The effect 
of the covering fire on the targets attempting the minefield 
breach is  valuated in time sequence.  The simulation ends 
when all targets have either passed through the minefield 
and/or all targets have been damaged.  The minefield is re- 
defined using random aiming and ballistic errors, and another 
iteration is evaluated.  At the end of a selected number of 
iterations, statistical output is computed and presented. 

The targets which are engaged in the minefield breach 
attempt are capable of utilizing several tactics for mine- 
sweeping..  Visual detection of mines by selected target 
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elements is provided.  In addition, methodology for the em- 
ployment of armored plows and rollers, explosive line charges, 
and fuel air explosives (FAE) is incorporated.  Explosive line 
charges and PAH mine clearing provides minefield degradation 
within a rectangular area around line charges and within a 
circular area around FAE. 

The "in minefield" targets receive direct and indirect 
covering fire from defending forces according to an input 
time schedule, and are capable of returning fire.  The in- 
direct fire methodology is based upon the development of Tri- 
Service approved methodology for the Joint Technical Coordi- 
nating Group for Munitions Effectiveness (JTCG/ME) Methodology 
Working Group.  These techniques are used to compute the 
effectiveness of single or multiple releases of unquided 
weapons (including cluster munitions) against various types 
of targets.  Up to ten volley aimpoints are permitted with up 
to ten rounds fired per volley.  The effectiveness index can 
be expressed in the following terms: 

• Mean area of effectiveness for fragmentation (MAEf) 

• Vulnerable area (VAN) 

• Mean area of effectiveness for blast (MAEh) 

• Effective rniss distance (EMD) . 

The direct covering fire methodology considers the 
effects of terrain masking on target acquisition and line 
of fire.  The extent of terrain masking is described by in- 
puts pertaining to location and size of natural obstacles. 
A direct fire area is a portion of the travel path not masked 
by terrain. 

SEMAC will simulate -the passage of up to ■■ 100-intruder 
targets of up to five different types passing through an en- 
gagement area.  The program can consider up to 50 aimpoints 
for mines and up to seven different mine types.  A maximum of 
32,767 mines can be dispensed, and up to 4,998 mines can be 
located within the range of influence on either side of a 
travel path segment.  The width of the range of influence is 
the maximum distance at which a mine can detonate or be 
detected by a target.  (A mine which is outside this region 
cannot affect the outcome of the simulation.)  The computer 
program can evaluate the effectiveness of up to 20 defenders 
of up to five direct fire defender weapon types.  Each of the 
five defender weapon types is capable of direct covering fire 
against the five target types of the intruder and each of the 
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five target types of the intruder is capable of return fire 
against the target types of the defender. 

This volume contains: 

• A detailed description of the mathematical model 
which was used as a !3asis in developing SRMAC. 

• A complete set of flowcharts depicting the logic 
used in the program. 

• A complete FORTRAN IV source listing of the 
program. 

• A detailed description of the simulation coding 
which is employed in the program. 

• Listings of the symbols and abbreviations which are 
used in the mathematical model and the computer- 
prog ram. 

Detailed descriptions of the input variables required to 
properly execute SEMAC, instructions for placing the input 
variables on punch cards and for arranging the punch cards in 
proper order, descriptions and definitions of the output 
available from SEMAC, and a description of a sample case are 
contained in Volume I, the User's Manual, of this report. 

 : 
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SECTION II 

MATtlEMATICAL MODEL 

The mathematical model for SEMAC is separated into three 
principal parts, which are: 

• Computation of effectiveness of mines. 

• Computation of effectiveness of direct fire 
mun i tions. 

• Computation of effectiveness of indirect fire 
munitions. 

These principal parts of the mathematical model are 
discussed in detail in the following paragraphs. 

COMPUTATION OF EFFECTIVENESS OF MINES 

; i 

The mathematical mode 
intruders of up to five di 
engagement area. Up to 50 
ent mine types can be cons 
can be dispensed, and up t 
the range of influence on 
ment. The width of the ra 
distance at which a mine c 
intruder. (A mine which i 
affect the outcome of the 

1 for SEMAC provides for up to 100 
fferent types passing through the 
aimpoints and up to seven differ- 
idered.  A maximum of 3 2,767 mines 
o 4,998 mines can be located within 
either side of a travel path seg- 
nge of influence is the maximum 
an detonate or be detected by an 
s outside this region cannot 
simulation.) 

Computetion of Mine Locations in Map Coordinate System 

At the start of each iteration, the mine impact points 
are computed.  First, the mine locations for each sortie 
and sortie aimpoint, including aiming and ballistic errors, 
are computed using the expressions: 

^Md)   =   DMPKI)    
+   RNl(aAÜ)   +   RN3(oBD) (1) 

Yl M(i) R Ml  T ( 1 ) +   RN2(0AR)    +   RN4(0BR) (2) 

~*—'■ ■• ■-■■  ttftto* 
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where XM ( , ) and ^(i.) are the x and Y coordinates of the ith 

mine with respect to the nominal sortie aimpoint, ÖMpid.) and 
RMPT(i) are the deflection and range components of the mean 
point of impact computed in SEMAC by one of the five methods 
shown in Table 1, RN,, RN2i RN3' 

and RN4 aro normally distrib- 
uted random numbers, oAR  and oAD arc the standard deviations 
in range and deflection describing the distribution of the 
aiming error, and oBR and oBD are the standard deviations in 
range and deflection describing the distribution of the 
ballistic error.  In determining the values of DMPi(i) and 
RMPi(i)' uniformly distributed mines are bounded by the input 
values of Xs (the maximum width of the pattern) and Yg (the 
maximum length of the pattern).  Normal distributions of mines 
are also determined using Xs and Ys; however, for this option, 
the input values of Xs and Ys are six standard deviations, and 
Xs and Ys are divided by the value 6 to obtain the standard 
deviations in deflection and range describing the pattern. 

To determine %!» R.\ 2» R
N 3 / and RN4, a uniform random 

number (URN) is generated using RANF (a Control Data Corpora- 
tion library function), and the following polynomial equations 
are evaluated to convert URN to a corresponding random number 
from a normal distribution. 

V = yf^T) ln{0.5[1.0 - (| 1.0 - 2.0(URN) I ) ] ; 3) 

RM = V - - (2.515517 + 0.802853V + 0.010328V2, 
(1 + 1.432788V + 0.189269V^ + 0.0013208V3) 

14) 

where Rn is the normal random number, and URN is a random nun- 
bf  from a uniform distribution.  The value of RN is positive 
if 0. S'I'RM^I.O and negative if 0<URH<0.5. 

Next, the mine coordinates [i.e., the X^ ( , > and YM {j.) 
values] are transformed into the map coordinate system using 
the expressions (see Figure 1): 

kM ( i) - XA(n) + XM(i)Cos0 + YM(i)sin( 

YM(i) ■ YA(n) - XM(j)S.iniJ + YM(i)COS(3 (6) 
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TABLE 1.  DETERMINATION OF RANGE AND DEFLECTION 
COORDINATES OF MEAN POINT OF IMPACT 

OPTION 

0 

1 

R MIM ( L) DMPI{i) 

Read in from input data   Read in from input data 

Select from random 
normal distribution 

Select from random 
normal distribution 

Select from random 
uni form distribution 

Select from random 
normal distribution 

Select from random 
uniform distribution 

Select from random 
uniform distribution 

Select from random 
uniform distribution 

Select from random 
normal distribution 

where X;,; ( 1 j and YM ( i) are the X and Y coordinates of the ith 

mine in the map coordinate system, x'^ (j ) and Ynd) are as 

described above, XA(n) anc' YA (n) are the X and Y coordinates 
of the n*^' sortie aimpoint with which the ith mine is associ- 
ated, and 9 is the azimuth angle defining the direction of 
travel of the delivery aircraft (measured clockwise from the 
positive Y axis). 

To evaluate the effects of weapon reliability, a uniform 
random number (URN) is selected for each mine, and this num- 
ber is compared to the input value of the probability that 
the mine is a dud (PDüD)•  If the inequality: 

'RN^DUD (7) 

is satisfied and if Tactic 1 is being employed, the mine is 
considered a dud and is eliminated from further consideration, 

TransLormation of Mine Locations Into Travel Path Coordinate 
Sy stern, and _Initial PI acornent of Targets 

In order to evaluate large numbers of mines, the target 
formation traverses each input path segment one at a time 
with the following restrictions. 

 ' ■■■■'"» 
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PATH SEGMENT 2 - ^ DIRECTION OF 
El IGHT 

SORTIE AIMPOINT 

X \iii I, Y,4lill 
— NOMINAL IMPACT 

PATTERN 

Figure   i.     Map Coordinate  System 
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• Each patli segment must be less than 6,553 feet 
in length. 

• The maximum number of mines within range of in- 
fluence of any target for a path segment is limited 
ho 4,998. 

• The maximum number of mines which are permitted to 
fall within the width of the target area rectangle 
(W) and the length of the target area rectangle (L) 
is M,lbl. 

• Only those mines which are within 1,638 feet on 
either side of the nominal center line of the path 
segment are considered.  {Only those mines within 
the range of influence of a target are saved.) 

• For mines with a timing cycle, the total of ON and 
OFF time for a single cycle must be less than 256 
seconds. 

The travel path coordinate system is defined with the 
origin at the path segment starting point; the positive Y 
axis defines the direction of travel, and the positive X axis 
is to the right.  The mine locations are transformed into the 
path coordinate system using the expressions (sec Figure 2): 

XMR{ L) XM ( i l ■H 1 COS0R + [YM (i) - YRilsin9R (8) 

MK ( i) [. XM(i) - XiulsinOk + [YM(i) - YRIICOSGR ;9) 

where XMRU) and YMRU) are the X and Y coordinates of the ith 

mine in the path coordinate system, XM (1) and Y^d) aze  as 

described above, XRI and YR] are the X and Y coordinates of 
the path segment starting point in the map coordinate system, 
and 9R is the computed angle between the X and XR axes. 

After the coordinates of a mine are computed as described 
above, the rrodei determines if the mine is within the range of 
influence.  A mine is outside this range of influence and is 
eliminated from further consideration if its distance to the 
travel path is so large that both of the following conditions 
exist. 

•   The probability that the sweeping element will 
detect the mine is zero. 

i    .', 
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Coordinate System Into Travel Path Coordinate System 

•BsmsaasSEfiBUSn-     • _--.-■•—■*,;__ii.."?~ ,   _> ^»ii-^aB 



-^"—'—""—" HP^pjD        ,,-■■... „..,■■■,„,■„■„ .„ • <u,mw<n9imimvi. i.ii     ■«<■.■»■■■ 

•   The probability that the mine will detonate is zero. 

A mine is also eliminated from further consideration for 
the path segment if its YMR coordinate is less than zero or 
greater than the length of the path segment.  [A mine can con- 
ceivably be within the range of influence and within the path 
segment length for more than one path segment.  Such a mine, 
if detonated while the targets are traversing one path seg- 
ment, cannot be detonated while the targets are traversing a 
subsequent segment.  To account for this situation, a binary 
switch is maintained (one bit for each mine) to ensure that a 
detonated mine is not included in a subsequent path segment.] 

For mines controlled by an ON/OP17 timing cycle, a random 
starting time for each mine is computed using the expression: 

tR U R N ton + toff) (10) 

where tg is the random starting point for the fuze timing 
cycle, URN is a uniform random number, ton is the duration of 
the active portion of the fuze timing cycle, and toff is the 
duration of the inactive portion of the fuze timing cycle. 

For each mine on a path segment, the mine information 
described above is packed into a 60-bit CDC 6600 word in the 
following manner. 

oyyy/yYyyyyyyyyyysxxxxxxxxxxxxxxiiiiiiiitttttrmmmmmim^ 

The meaning of each bit position is described in Table 2. 

Since each' component o'f'the vector containing the packed 
mine information looks like a positive integer, the vector 
can be sorted into ascending order, thereby ordering the vec- 
tor by increasing mine Y coordinate.  The sorting technique 
utilized was developed by Mr. Richard Singleton under a 
Stanford Research Institute project.  Details pertaining to 
this sorting technique can be found in Algorithm 347 of 
Collected Algorithms from Communications of the Association 
for Computing Machinery. 

Initial positions of the targets are specified as inputs, 
with the first target input assuming a position on the path 
segment centerline and at the path segment starting point 
(i.e., the origin of the path coordinate system).  All other 

10 
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TABLE 2.  BIT LOCATIONS FOR PACKED EVENT INFORMATION 

BIT 

58 through 43 

42 

41 throuqh 28 

27 through 20 

19 through 15 

14 through 0 

LETTER 
CODE 

X 

m 

DESCRIPTION 

Always zero to create a word winch 
looks like a positive integer. 

Sixteen bits containing the event Y 
coordinate lYMR(i)] times 10. 

The sign of the event X coordinate 
lXMR{i)i • 

Fourteen bits containing the magni- 
tude of the event X coordinate 
|XMR(i)l times 10. 

Eight bits containing the mine ran- 
dom starting time (t,,) , if any, or 
the direct fire area number. 

Five bits containing the event type 
(see NOBTP2 in the List of Symbols 
and Abbreviations - Simulation Model) 

Fifteen bits containing the sequen- 
tial mine number or the indirect fire 
volley aimpoint. 

targets are placed at positions relative to the first as de- 
fined by their input [i.e., % {j) and Y? (j ) ■! Locations.  All 
of the targets travel, along the path in formation; when all 
oi the targets have either completed traversing the first 
ppth segment or have been damaged, the undamaged targets are 
placed in a similar manner at the start of the next path seg- 
ment (if any).  The formation of targets is maintained rather 
than closing up any gaps left by damaged targets. 

Deterniination oi Next Event 

A simplified method is employed for determining the next 
event which will occur.  The vector containing the packed 
event information has been sorted by ascending Y coordinate 
so that, the next event can be determined by incrementing a 
counter.  If the ith event is the next one to be encountered 
by the jth target, the expression used to determine the 

11 
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range distance that must be traveled by the target to reach 
the point of closest approach to the event [AY(ij)] is: 

AY (ij) = IYMR{i) - YT(j) 

bh where Y-r (j) is the Y coordinate of the 
Ls as defined above. The smallest AY(ij) i 
the time required for the target associated 
travel this distance is computed. If the e 
involved in a delay condition, the associat 
combination constitutes the next position o 
Before this target is involved in the next 
oriented events are considered. All time o 
will occur in less time than the travel tiro 
event are considered before the event targe 
distance AY (ij). 

(ID 

target and YMRCI) 
s determined and 
with the event to 
vent target is not 
ed target/event 
riented event. 
event, the time 
rdered events that 
e to the next 
t is moved the 

Evaluation of Target/Mine and Target/Boundary Interactions 

At this point in the execution of an event, the event 
target and the event mine have the same Y coordinate (i.e., 
the target is at its point of closest approach to the mine) 
The lateral distance between the target and the mine 

AX (ij) 1   is   computed  using   the  expression 

AX (ij 
kMR(i -   X r(j) (12) 

where XT(J) is the X coordinate of the jth target, and the 
other variables are as defined above. 

When some targets are damaged, subsequent targets in the 
same column must divert around the damaged target.  If a tar- 
get is within 60 feet, of a damaged target and must divert 
around the damaged target, Equation (12) is modified to re- 
flect the diversion geometry (see Figure 3).  The target off- 
set is computed using the expression: 

VTÜ V (75; ■T(j) LUV- - 45 (13) 

where X<j>o i-3 t^' magnitude of the target offset while divert- 
ing around the damaged target, YT(j) is as defined above. 

12 
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Figure  3.     Geometry of  Target  Diversion 
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Voiv is the Y coordinate of the damaged target, the quantity 
75 is the radius of the diversion circle in feet, and the 
quantity 4 5 is the distance in feet from the center of the 
diversion circle to the nominal travel path. 

When the event target is diverting around a damaged tar- 
get while at the point of closest approach to the event mine, 

lateral distance between the target and the mine [AX(ij)] 
:he expression: 

the 
Is computed using the expression: 

AX fij) AMK(i) XT(J) - XTo (14) 

where all variables are as defined above.  If a diverting tar- 
get is damaged by a mine while traveling on the diversion 
circle and the diverting target must itself be diverted 
around, subsequent targets are diverted in the opposite di- 
rection, causing a change in the sign of XTQ.  If two targets 
which must, be diverted around are damaged, one while diverting 
left and one while diverting right, a time delay is assessed 
for remaining targets in the column to provide for removal 
of the three damaged targets. 

A standard linear interpolation technique is used to pro- 
vide for the computation of probabilities of mine detection 
(sweeping), mine detonation, and target damage.  The ex- 
pression used to perform the linear interpolation is: 

P - P. 
AX dj) 

(R 
JklfPq'i - pqJ 

q+1 Ru) (15) 

where P is the interpolated probability, &X(ij) is the lateral 
distance between the target and the mine, Rg and Ro+i are 
ranges from the tabular input of the function being interpo- 
lated such that RqiAX(ij)<Rq+i, and Pq and Pq+i are probabil- 
ities corresponding to Rq and Rq+i. 

If the event target is capable of sweeping the event mine, 
Equation (15) is evaluated utilizing the appropriate sweeping 
function to obtain the probability that the mine is detected 
by the target (Pdt)•  A uniform random number is selected and 
compared to the value of V-dt-     If the random number is less 
than the value of Pat, the mine is detected and neutralized 
by the target, and the event is completed. 

14 
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If the mine is not detected, the mode] next determines 
whether the mine detonates.  If the mine employs a fuze 

timing device, SEMAC determines it the fuze is nctive .it, \h< 
time that the target reaches the point of closest approach. 
To accomplish this, the number of times that the fuze has 
completed its timing cycle during the simulation is deter- 
mined using the expression: 

N, 
.16) 

where KL   is the number of complete fuze cycles (truncated to 
an integer number), tr is the time period used in the simu- 
lation to the specific point in time when the event occurs, 
ts is the random starting point for the fuze timing cycle 
(which must be smaller than the total fuze cycle time), and 
ton and toff are as defined above. 

To determine whether the fuze is active at the time the 
event occurs, the following expression ir- evaluated. 

tr - Nt(ton + toff) (17) 

where tr, Nt» ton/ and toff are as defined above, and Tt is a 
time period relating to the fuze timing cycle.  If the value 
of Tt is less than the time that the fuze is active, the mine 
is considered active and can detonate. 

Equation (15) is evaluated utilizing the appropriate 
detonation function to obtain the probability that the mine 
ill detonate (Pdn)•  A uniform random number is selected and 

compared to the value of Pdn«  If the random number is less 
than the value of Pdn» the mine is detonated. 

w 

The effect of 
all targets which a 
The distance from the 

nine which detonates is evaluated against 
e close enough to be damaged by the 

mine to each target (Df, 
using the expression: >MT) 

mine. 
is determined 

'MT _ y ^ XM R ( i ) " XT(J) - xT0i
2 + [yMR(i) - v.i(j/]2 (18) 

where all variables are as defined above.  Substituting DMT 
for AX(ij)# Equation (15) is evaluated utilizing the 
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appropriate damage function to obtain the probability that the 
target is damaged (Pd)•  A uniform random number is selected 
and compared In  the value of P^.  If the random number is less 
than the value of Pd, the target is considered damaged. 

SEMAC permits targets to be associated with a lead target 
as a group or unit (e.g., troops on foot following a tank). 
If a lead target is damaged, three options are available for 
determining the disposition of its associated targets.  The 
first choice is to proceed in the original direction if 
another target of the same type as the damaged target is in 
front of the associated targets in the column.  If the first 
choice is not available, the associated targets can wait for 
a following lead target in the same column to reach their 
position and fall in behind it.  If neither of the first two 
options is available, it is assumed that the associated tar- 
gets will return back the path that they were traveling and 
will not attempt to breach the minefield again.  These targets 
are assumed to be lost to the current mission and are so re- 
ported, but they are not included in the damaged target count. 

One other type of interaction which is included in SEMAC 
and which results in degradation of the minefield is termed 
sympathetic detonations.  Sympathetic detonations can occur 
if the disturbance caused by a detonating mine or exploding 
munition is capable of detonating nearby mines.  If the 
sympathetic detonation options are chosen, the maximum range 
at which a detonating mine or exploding direct or indirect 
fire munition is input.  When a mine detonates or a direct or 
indirect fire munition explodes, the mines within the maxi- 
mum distance in the Y direction are identified; then, the 
distance to each of those mines is determined individually 
using the expression: 

'(ik X M R ( k ) - XMR(i) ] + IYMRU: MR( i) (19) 

th where D(ijt) is the distance from the izn (detonating mine or 
exploding munition) to the kth mine, and the XMR and YMk are 
the mine coordinates.  If D(ijt) is less than the distance at 
which the i i h mine or exploding munition can sympathetically 
detonate the kth mine, the kth mine detonates. 
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Minesweeping Technique.s 

The intruding forces may employ the following types olT 

minesweeping techniques: 

• Visual sweeping. 

• Plows and rollers. 

• Fuel-air-explosives (PAE). 

• Lino charges. 

Visual sweeping of the mines is accomplished as the in- 
truders traverse the minefield.  As the mines are detected, 
the mines are either removed or detonated.  Rollers and plows 
are modeled as separate target types located a fixed distance 
in front of another target.  The range dependent probability 
functions of detonation and damage are input to the computer 
program.  A nonunity probability of encounter for a roller ia 
used to model the roller bouncing over a mine.  For a plowed 
mine, the probability that the mine will still function is 
input.  The target type employing the FAE or line charges is 
input in addition to the pattern effects dimensions.  The 
pattern produced by the FAE is circular and is computed using 
the following expressions: 

YpC(i) •T(J) + Dp (23: 

Ypoci) = ^pc(i)+ R
F 

Vpl(i) = YPC(.)" RF 
(22) 

waere Ypc(i) is the center of the pattern, Y^lj) is the Y 
coordinate of the j *■h target, DF is the distance in front of 
the target where the FAE detonates, YpoU) ^s the furthest 
point from the target of the FAE effects, Rv   is the radius 
of the FAE effects, and Ypi(i) is the closest point to the 
target of the FAE effects.  If a mine is located within the 
pattern of the FAE effects, a uniform random number (URN) 
is selected, and this number is compared to the input value 
of the probability of mine detonation within the FAE pattern 
(PDF)•  If the inequality: 
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URN < P DF (23) 

is satisfied, the 
tion. 

mine is eliminated from further considera- 

For Line charges, the pattern is considered to be 
rectangular and originates just in front of the intruder 
which deploys the device.  The line charge effects are LLC 
in length and WLC in width.  If a mine is located within the 
pattern of the line charge effects, a uniform random number 
(URN) is selected and compared to the input value of the 
probability of mine detonation within the line charge pattern 
(Pop).  Inequality (23) is evaluated, and if the inequality is 
satisfied, the mine is eliminated from further consideration. 

The locations for FAE or line charge deployment are 
determined at the beginning of each travel path segment and 
it is assumed that sufficient devices are available to sweep 
across the minefield.  The line charge effect is continuous 
in that when the effective length of one line charge detona- 
tion is reached, another line charge is deployed.  This is 
not so for FAE sweeping devices because the area of effective- 
ness is circular and they are deployed a specified distance 
in front of the intruding target.  The deployment positions 
along the travel path segment are assigned the X coordinate 
of the intruder which deploys the devices and the information 
is packed into a computer word just like the mine information, 
except that the variable NÜBTP2 is set to 19 for each deploy- 
ment position. 

COMPUTATION OF EFFECTIVENESS OF DIRECT FIRE MUNITIONS 

SEMAC contains methodology for determining the effective- 
ness of direct fire munitions employed by the defending forces 
and return fire by the intruders.  The program can consider up 
Lo 20 defenders of up to five different types firing into 
portions of the- engagement area not protected by terrain 
shielding. 

?i-scussion of Direct Fire Logic 

For the purposes of this discussion, direct fire is de- 
fined as surface-to-surface munition deployment when the 
attacking element weapon system can "see" the unitary target 
either visually or with electronic aid. 
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SEMAC models the effects of terrain shielding by allow- 
ing the user to define portions of the engagement area into 
which direct fire can be achieved.  A defender is defined to 
be at some particular X, Y coordinate in the engagement area 
and may shoot into some or all of--the direct fire areas.  Tht; 
portion of the engagement area into which a defender cannot 
shoot (and from which the defender cannot receive return fire 
is considered to be shielded by terrain features. 

provided 
into which 
are pro- 
priority 

Whereas intruder/mine encounters are position (or dis- 
tance) related, the logic for direct and return fire is time 
ordered once an intruder enters a direct fire area.  Priority 
Lists defining the order in which a defender type will shoot 
at the various intruder types (and vice versa) is 
for the case.  In addition, the direct fire areas 
each defender can shoot (and receive return fire) 
vided.  When an intruder of a type on a defenders 
list enters a direct fire area into which that defender can 
shoot, the defender fires and the results are evaluated. 
That defender cannot fire again until the time to reload and 
aim has elapsed.  Although the defender was prepared to fire 
into one of the direct fire areas as soon as an intruder on 
the priority list was observed, the intruder may not immedi- 
ately be prepared to return fire.  In addition, the intruder 
may require some time to find the defender in order to return 
the fire.  This situation is modeled in SEMAC by requiring 
that an intruder (by type) observe a specified number of 
rounds before beginning return fire. 

SEMAC handles the combination of distance related and 
time ordered events in the following manner.  Subroutine 
LOOPS determines what the next distance related event L-s tc 
be.  This can be an intruder encountering a mine, a travel 
path segment boundary, a line charge or fuel air explosive 
dtp loyrnent location, a direct fire area entrance or exit 
boundary, or the point at which the first volley is fired 
in indirect fi^e volley aimpoint.  Before the distance re- 
lated event takes place, the possible time ordered events 
are checked to determine if one or more should occur first 
The possxLl i time ordered events are direct fire shots, 
return fire shots, or the delivery of the second 
quent volley at an indirect fire volley aimpoint 
more time ordered events should occur before the 
get to the distance related event, the intruders 
to the location at which each time ordered event 
place, and the event results are evaluated. Finally,   when 
all of the required time ordered events have occurred, the 
intruders are moved the remaining distance and the event 

3t 

or subso- 
il one or 

intruders 
are moved 
is to take 

determined by Subroutine LOOPS is evaluated 
ncluded in Subroutine CKEVTM. 
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Transformation of Direct Fire Area Boundaries Into Travel 
Path Coordinate System 

The entrance and ex:t boundary coordinates of the direct 
fire areas are input in the map coordinate system on, or ad- 
jacent, to, the appropriate travel path segment.  The Y coordi- 
nate of the direct fire area entrance or exit boundary [YDR(i] 
in the travel path coordinate system is computed by the ex- 
pression : 

• D R ( i ) - IX D(i) - XKilsinÜK f [YD(i) - YR1]coseR  (24) 

where XD,^j and ¥${1)   are the X and V coordinates of the ith 

entrance or exit boundary In the map coordinate system, XRI 
and YRI are the X and Y coordinates of the travel path seg- 
ment starting point in the map coordinate system, and OR is 
the computed angle between the X and XR axes (see Figure 2). 
The transformed X coordinate is not required. 

The transformed direct fire area entrance and exit 
boundaries are packed into a computer word just like the mine 
information, except that the variable N0BT.P2 is set to 17 for 
entrance boundaries and 18 for exit boundaries. 

Direct Fire Effectiveness Computetions 

When, during the evaluation of time ordered events, a 
defender is to fire on an intruder or vice versa, Subroutine 
DIRFIR is called to perform the computations.  Two types of 
effectiveness indices are permitted, which are: 

• Mean area of effectiveness for fragmentation 
(MAEf) in the ground plane in square feet. 

• Probability of damage given a hit (PHD) • 

When MAEf is specified, it is assumed that the round will 
arrive with a nonzero impact angle, such that the round will 
impact on the target or near the target on the ground.  The 
PJID option can be used to model the situation where the 
weapon may go past the target and detonate harmlessly some 
distance away. li 

If the effectiveness index type is MAEf, the weapon 
Length-to-width ratio (a) is computed using the expression: 
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1 - 0.8|cos(1)j 

where I is the impact angle.  The effective target length 
(LET) 

and the effective target width (WET) 
are computed using 

the expressions: 

JKT 
= 2J(MAEf)(a) 

W ET 
LET 
a 

{2f>: 

(27 

The range single shot probability of hit (RSSP) and the de- 
flection single shot probability of hit (DSSP) are computed 
by the expressions: 

RSSP 'ET 

DSSP 

^17.6(REP)2 + (LET)2 

 ^hT  

\r7.6(DEP) r' + (WET) 2 

(28: 

(29) 

where REP and DEP are the range error probable and the de- 
flection error probable in the ground plane.  Finally, the 
single shot probability of damage (SSPD) is computed by th( 
oxpjossion: 

SSPD =   RSSP(DSSP)(R) (30) 

where R is the reliability of the round. 

If the effectiveness index is in terms of PHD» the circu- 
lar error probable in the normal plane (CEP) can be input ir, 
feet or mils.  When CEP is in mils, it is converted to feet 
by the expression: 
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:EP 
CEP , P        ^ p        . . .—  

löods IVfXT('' ~ XD(k)]2 + fYTU) " YiJ(k) i :3i) 

where XT(,i and YT(j) are the coordinates of the intruder, and 
xD{k) and'Yo(k) are the coordinates of the defender.  The tar- 
get, whether intruder or defender, is attacked with considera- 
tion being given to its oresented dimensions in the vertical 
and horizontal directions.  The vertical dimension is target 
height, whereas the horizontal dimension is either twice the 
target radius (for circular targets) or the average of target 
length and width (for rectangular targets).  Intermediate 
factors a] and b] are computed by the expressions: 

a] 1.7 (CEP) (32) 

,l   1.7 (CEP) (33; 

where Tn and Tv are the target horizontal and vertical dimen- 
sion, respectively. 

The single shot probability of damage is then computed 
by the expression: 

SSP, 

X2 

'2 dx (R)(PilD) ;34: 

where the integrals represent the cumulative normal distribu- 
tion function, and the other variables are defined above. 

The SSPD value is then compared to a random number from a 
uniform distribution (URN) and if the inequality: 

ÜRN<SSPD 35) 

is satisfied, the target, is damaged and is removed from further 
consideration. 
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COMPUTATION OF EFFECTIVENESS OF INDIRECT FIRE MUNITIONS 

The indirect attack munition effectiveness methodology is 
derived from methodology accepted by the Joint Technical 
Coordinating Group for Munitions Effectiveness (JTCG/ME) and 
published in the Joint Munitions Effectiveness Manual, Air- 
to-Surface (JMEM/AS) Basic Manual.  The methodology can assess 
weapon effectiveness against unitary targets.  The effective- 
ness index can be in terms of mean area of effectiveness for 
fragmentation in the ground plane (MAEf), vulnerable area in 
the normal plane (VAN)>   mean area of effectiveness for blast 
in the ground plane (MAEj-,) , or, for effective miss distance in 
the ground plane (EMD).  The delivery accuracy is input as 
range error probable (REP) and deflection error probable (DEP) 
in the ground plane. 

The methodology assumes that the indirect 
are directed by a forward observer who provide 
time of arrival (ETA) for the lead target at a 
location in the minefield. When this point is 
weapons each fire a specified number of volley 
specified delay between volleys for reloading, 
volley arrives when the lead target is at the 
approach to the origin of the volley pattern c 
tern, thus providing the user a degree of flexi 
ing the volley pattern coverage of the target 
the first volley. 

fire weapons 
s an estimated 
predetermined 
reached, the 

s, with a 
The first 

point of closest 
oordinate sys- 
bility regard- 
formation for 

Transformation of Indirect Fire Volley Aimpoint Locations 
Into Travel Path Coordinate System 

At the beginning of each travel path segment, the in- 
direct fire volley aimpoint locations along the travel path 
segment are computed.  First, the specified origins of the 
volley aimpoint coordinate systems are transformed into the 
travel path coordinate system using the expressions: 

kVAP ( i ) XO VAP ( i ) - x, cosfl. Y0VAP(J) YRi] sin'^ (36] 

• V A P ( i) XO VAi (i) - XR1lsineR + [Y0VAP(i) - yR1]cosftR (37) 

where Xy^Pd) an^  YVAP(i) are the X and Y coordinates of the 
1th volley aimpoint origin in the path coordinate system, 
XC
VAP(I) 

and Y0VAP(i) are the X and Y coordinates of the il'tl 

volley aimpoint origin in the map coordinate system, XRi 
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and YRj are the X and Y coordinates of the path segment start- 
ing point in the map coordinate system, and ÖR is the computed 
angle between the X and XR axes (see Figure 2). 

After the coordinates of the volley aimpoint origins are 
computed as described above, the model determines if the aim- 
point is within the range of target travel for ^his path seg- 
ment. An aimpoint is eliminated if its VVApM\ coordinate is 
less than zero or greater than the length of the path segment, 
or if its XvAP(i) coordinate is not within 1,638 feet on 
cither side of the nominal centerline of the path segment. 

For each volley aimpoint, the X and Y coordinates, the 
volley aimpoint number and the intruder leading the column of 
intruding targets that initiates the indirect fire at this 
aimpoint is parked into a 60-bit CDC 5600 word.  The variable 
NOBTP2 is set to 16 for indirect fire volley aimpoint: origins. 

The first volley at each aimpoint is timed to arrive when 
the lead target is at the point of closest approach to the 
origin of the volley pattern.  Subsequent volleys will arrive 
at the aimpoint based en the amount of time required for the 
indirect fire weapons to reload. 

The X and Y coordinates of the desired mean points of 
impact for each round in the volley are input with respect to 
the origin of the volley pattern.  The expressions: 

XRDMPI(jJ = XOvAP(i) + XRDPI(j)cosep(i) + YRDPI (jj sinGp ( 1)   (38) 

Y
RDMPI(J) - Y0VAP(i) + YRDPI (j ) cos0F ( i) " XRDPI ( j ) s;i-n9F ( i)  ^39) 

transform the desired mean points of impact for each round in 
the volley, XKDMPUL) and YROMPIU)» into the map coordinate 
system, where XOvAP(i) and YOvAP(i) are as described above, 
xRDPi(j) anc' YRDPI (j) are the X and Y coordinates of the de- 
sired points of impact with respect to the origin of the volley 
pattern and 9F(i) is the direction of attack for the indirect 
fire volley aimpoint, measured clockwise from the positive Y 
axis in the map coordinate system- 

The desired points of impact for each round in the volley 
pattern are transformed into the travel path system by the ex- 
pressions : 
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'RI(j) =    fX Rlj MPl(j)   "   XR1lcosOH   t-   [YRDMPI(J)   "  YRllsin0; (40) 

YRT(j)    _    [XRDMPI(])    "   XR1]sinÜR   +    [^RDMPKj - Y Rl :os0 ,41) 

where XRDMPI(J)# YRDMPi(j)f XRI, YRI, eR are as described 
above, and >RI{J) and YRIM) are the transformed X and Y co- 
ordinates of the desired points of impacts for each round in 
the volley pattern. 

Indirect Fire Effectiveness Computations 

Each indirect fire volley is composed of one or more 
rounds detonating in the vicinity of the targets at approxi- 
mately the same time.  The cumulative effects of the rounds 
are determined for each target individually by the SEMAC 
methodology.  Considering the ith round and the jth target, 
the components of offset, R0 and D0, are computed by the ex- 
pressions : 

Ro = tXRKi)   -  XT(J)]sinBFR  +   (Y,u(i)   -  YT( ,) JCOSUFR i   ' (42) 

Dr [X RI (i ) (j)]coseFR + [YRI(i) - YT(1)lsinOFRi (43 

where RQ is the target/round distance in the range direction, 
Do is the target/round distance in the deflection direction, 
XRI ( i ) an(3 YRx{i) are the X and Y coordinates of the desired 
mean point of impact for the round, X?(j) and Y?(j) are the 
> a;.d Y coordinates of the target, and 0pR is the direction of 
attack for the volley measured in the travel path coordinate 
system. 

If the round is an improved conventional munition ilCAA), 
the pattprn length (Lp) and width (Wp) are computed by the 
expression: 

Lp = Wp « Vn (Kp) (44: 

where Rp is the radius of the ICM pattern, and the probability 
of damage given that the target is in the pattern (PUD) is 
computed by the expression: 
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Ns (Rgj (MAEf) 

PUD * 1 (45) 

where Ns is the number of subraunitions and Rs is the reliabil- 
ity of the submunition.  The effective target length (LET) is 
set to the value of Lp, and the effective target width (WET) 
is set to the value of W,,. 

If the effectiveness index type JS MAEf, and the round is 
high explosive (HE), the weapon length-to-width ratio (a) is 
computed using the expression: 

a = 1 = 0.8[cos(I) (46) 

where I is the weapon impact angle.  The effective target 
length (L|,;T) and the effective target width (W:.;T) are computed 
usiny the expressions: 

LET - 2 t (MAEf)(a) (47; 

w ET 
LET 

a (48) 

The range single shot probability of hit (RSSP) and the deflec- 
tion single shot probability of hit (DSSP) are computed by the 
expressions: 

RSSP = LET 
4(Ro) 

17.6 (REP) 2 + (LE,r) 

07. 6 (REP) 2 + (LET) 
(49) 

DSSP 
W "ET 

- 4(D0n 

0.7.6 (DEP) 2 + {WE 

17.6(DEP)2 + (WET)2 (so; 
•;T 

where REP and DEP are the range error probable and the deflec- 
iion error probable in the ground plane, respectively, and all 
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other variables are as defined above.  The single shot proba- 
bility of damage (SSPD) is then calculated by the expression: 

SSPD = RSSP(DSSP)(R)(PHD) (si; 

where R is the reliability of the rou nd, 

I„ ^J  w^ effectlveness ^^ex type is MAt;b, the valu 
LET ano WET are computed by the expression: 

es of 

LET 
S
 WET 

and for VAN the values ar 

V^MAEb (52; 

e computed using the expressions: 

tJ 

LET . = y/^h 
sin(J.) 

WET = ^VAN 

(53! 

(54; 

If the effectiveness index is in terms of EMD and the 
target is rectangular, the values of LET an<3 WET are computed 
using the expressions: 

Lßl = L'r + 2 (EMD) (35; 

WET """ WT + -(EMD) (56) 

where l.T i.c the target length and W  is the target width.  If 
the target, is circular, the values are computed using the ex- 
ression: P 

LET - WET ■ y/n(RT + EMD) (57) 
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where Rj. is the target radius.  If target height is being con- 
sidered, the shadow length (LSH) is computed using the ex- 
pression: 

LSH = 
Hr 

tan(I) 
(58) 

where HT is the target height.  If the shadow length is greater 
than the effective miss distance, the value of LET is recom- 
puted using the expression: 

LET = 
[LT + 2(EMD)](WET) + WT(LSH - EMD) 

w ET 
(59; 

for rectangular targets, or: 

IjET 
Tr(RT   +   HMD)2   +   2(RT)(LSH   -   EMD) 

V/?(RT   +   EMD) 
(60) 

for circular targets where all variables are defined above. 

Next, four intermediate variables are computed by the ex- 
pressions : 

aj 
LET + 2(Ro) 
2.96(REP) 

(61) 

ai - 
LET - 2(Ro) 
2.96(REP) 

(62) 

b, = 
Wgr + 2(Ro) 
2.96(DEP) ' 

(63) 

b,, « 
w ET 2(Ro) 
2.96(DEP) 

(64) 
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flection single shot probability of hit (DSSP) are computed 
by the expressions: 

RSSP 
V^F J 

e  2dx + r Si^n  of 
LET " 2{R0) 

2   Y2 
1  /    2 ^   / e   dx 

V2i J 
;6'-;) 

DSSP 
V2TT J 

X 2 
2
 i  . e   dx + W ET 

ign of 1 1  / 

- 2(Do)Jv2Tf j 

2   X2 

e   dx 

0 

(56) 

and, finally, the single shot probability of damage (SSPD) is 
computed by the expression: 

SSPD = RSSP(DSSP)(R)(PHD) ;67) 

The cumulative probability of damage (PD) for the M 
rounds in the volley is computed by the expression: 

N 
i - .n   (i - sspDi) 

i=l 
;68) 

The value of PD is compared to a random number from a uniform 
distribution (URN) and if the inequality: 

URN<PD ;69) 

is satisfied, the target is damaged and is removed from further 
oonsideratlor. 
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SECTION I I I 

FLOWCHARTS 

This section contains flowcharts which depict the logical 
structure of the main program and its 25 subroutines. All 
flowcharts are based upon the logical intent of this model 
rather than on displaying the methods used to code the specific 
routines. Program SEMAC (Figure 4) controls the program by 
calling the various processing subroutines. Subroutine READIN 
(Figure 5) reads the data cards and performs initializations 
and computations which are ?ndependent of the iteration. Sub-
routine SETUP (Figure 6) sets up data for each Monte Carlo 
iteration and determines mine locations, and Subroutine ROAD 
(Figure 7) rotates the mines, indirect fire volley aimpoints, 
and defender positions into the travel path coordinate system 
and places the targets at the beginning of the travel path seg-
ment. Subroutine BOOM (Figure 8) maintains the detonation flag 
bits for each mine, and Subroutine SORT (Figure 9) performs a 
Singleton sort on the event information array. Subroutine 
LOOPS (Figure 10) determines the next event, and Subroutine 
EVENTC (Figure 11) executes any event involving an intruder and 
a travel path segment boundary. Subroutine DIVSET (Figure 12) 
.is called to record the location of an intruder which must be 
diverted around, and Subroutine DIVCHK (Figure 13) determines 
the offset distance if an intruder is diverting around another 
intruder. Subroutine UNIT (Figure 14) provides for the unit 
movement of intruders which are associated with another intruder 
as a group. Subroutine TGTMIN (Figure 15) determines the re-
sults of an encounter between an intruder and a mine, and Sub-
routine SYMDET (Figure 16)- evaluates sympathetic detonations. 
Subroutine PRINTO (Figure 17) prints the optional output, Sub-
routine PRINTR (Figure 18) prints the results for each iteration, 
and Subroutine DISTR (Figure 19) computes and prints distribu-
tion output. Subroutine TABINT (Figure 20) performs standard 
linear interpolations of the tabular probability data, and 
Subroutine RNORM (Figure 21) selects a random number from a 
normal distribution. Subroutines IPACK (Figure 22) and UNPACK 
(Figure 23) pack and unpack data which describes the mines, 
travel path segment boundaries, and indirect fire volley aim-
points. Subroutine NDFIRE (Figure 24) evaluates the indirect 
fire munitions employed against the intruders while Subroutine 
DIRFIR (Figure 25) determines the results of the direct fire 
munitions employed as direct fire and return fire. Subroutine 
CKEVTM (Figure 26) determines the time related events, if any, 
to occur and sequences the events in the proper order. Sub-
routine STINT (Figure 27) maintains the flag bits for each 
intruder as they enter and leave direct fire areas. Sub-
routine EXPSWP (Figure 28) evaluates the effects of line 
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charges and fuel air explosives against the mines within the 
range of influence.  Finally, Subroutine TGTMOV {Figure 29) 
^IfL  L30"^ int-ruders the event distance and time'and 
adjusts the assessed delays for all time related events that 
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Figure  4.      (Continued) 
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Figure   6.     Flowchart,   Subroutine  SETUP 
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Figure  6.      (Concluded) 
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L / 

COMPUTE ANGLE BETWEEN TRAVEL PATH SEGMENT 
AND Y AXIS IN MAP COORDINATE SYSTEM 

AND TRAVEL PATH SEGMENT LENGTH 
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Figure  7.     Flowchart,   Subroutine  ROAD 
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Figure  7.      (Continued) 
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: : Figure   7.      (Continued) 
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Figure   7.      (Continue d) 
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Figure  7.      (Concluded) 
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Figure 8.  Flowchart, Subroutine BOOM 
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Figure   9.     Flowchart,   Subroutine  SORT 
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Figure  10.     Flowchart,   Subroutine LOOPS 
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Figure   10.      (Continued) 
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Figure  10.      (Concluded) 
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Figure  11-     Flowchart,   Subroutine  EVENTC 
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Figure   11.      (Concluded) 
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Figure 12.  Flowchart, Subroutin 

64 

e DIVSET 

I I 

_ _ __     



^^^^^f^PifralSftWfKlMSpWtfÄ^I ■!^^^^^IW.^^J^^^^^•VT^^■,t■PTO:^SWS•--■- ■■" ••" 

ENTER 

"T: 
CONSIDER DAMAGED INTRUDER 

WHICH MUST BE DIVERTED AROUND 

I 
/       EVENT 

<JNTRUDER IN SAME 
\      COLUMN      /' 

NO 

J 

YFS 

EVENT 
INTRUDER WITHIN 80 
FEET OF DAMAGED 

■--..,    INTRUDER      ,.'''' 

NO 

YES 

>'■ HAS 
,/ DAMAGED 

<. INTRUDER BEEN 
x-„ REMOVED 

\. ? 

YES 

TNO 

COMPUTE EVENT INTRUDER     | 
DIVERSION OFFSET DISTANCE 

NO 

(      RETURN 

! 
/  is   ■ ■• 
THIS LAST 
INTRUDER 
\       ?      ,■■■' 

YES 

RETURN 

Figure 13.  Flowchart, Subroutine DIVCHK 
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iqure  14.     Flowchart,   Subroutine UNIT Figure 
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Figure  15.     Flowchart,   Subroutine TGTMIN 
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Figure  3 5.      (Continued) 
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Figure  15.      (Continued) 
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Figure   15.      (Continued) 
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Figure  16.     Flowchart,   Subroutine  SV".c:;T 
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Figure 18.  Flowchart, Subroutine PRINTR 
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Figure 18.  (Continued) 
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Figure  19.     Flowchart,   Subroutine  DISTR 
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Figure  21.     Flowchart,   Subroutine RNORM 
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Figure 23.  Flowchart, Subroutine UNPACK 
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Figure 24.  Flowchart, Subroutine NDFIRE 
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Figure   24.      (Continued) 

86 

-■  -       ■        -     —■•   -    ■ —       ..-■..L.^-^. ..  ^ - --■;      ■k •■^^■•^^■fotil^"-^'**'~"mtni'it mr'i ■ 



äsfP^MMMM^^M 

rts 

X 
"   IS 

MAEa 
INPUT 

COMPUTE EFFECTIVE TARGET 
LfNGTH AND EFFECTIVE 

TARGETWIOTH 
EMD IS INPUT 

COMPUTE EFFECTIVE 1ARGET LENGTH 
AND EFFECTIVE TARGET WIDTH 

MO 

NO 

A 
IS 

HT 

INPUT 
! 

T ^   AYFS    .,_ 
COMPUTE SHADOW I ENG Hi 

i 
IS 

Lsn   'EMD 

I    VfS 

j  RECOMPUTE EFFECTIVE   I 
i TARGET LENÜ1H 
I. ..    _.   ,.. J 

.„ t,_, 
{   COMPUTE RANGE SINGLE SHOT PROBABILITY 

OF DAMAGE AND DE El. EC 1 ION SINGLE 
i SHOT PROUABILITY OF DAMAGE 

COMPUTE SINGLE SHO! 
PROBABILITY OF DAMAGE 

|  COMPUTE PROBABILITY OF 
i TARGET SURVIVAL 

7      ; 

Figure  24.      (Continued) 
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Figure   25.     Flowchart,   Subroutine   DIRFIR 
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Figure   25.      (Continued) 
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Figure  26.     Flowchart,   Subroutine CKEVTM 
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Figure   26.      (Continued) 
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y '   THERE ANY     \ 
VOLLEYS REMAINING 

AT THIS AIM 
POINT        _„■'"' 

TYES 

h NDFIRE 

NO 

11 
SET T HE EVENT TIME TO 9990 

FOR THIS AIMPOINT i 

EVALUATE INDIRECT FIRE 
WEAPONS AT THIS 

AIMPOINT 

HE \ 

E 
i   10  ! 

24   | 

Figure  26.      (Continued) 
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\.s 

Y 
DECREMENT COUNTER FOR NUMBER 
OF VOLLEYS LEFT AT THIS AIMPOINT 

I 
SET THE TIME FOR THIS 

EVENT TO REOCCUR 

ZT 
SET TO 1 THE SIGNAL THAT A 

TIME ORIENTED EVENT OCCURRED 
(ISHOTI 

1 
/      IS      "X 

.,•-'''   EVENT T IMF      v, 
LESS THAN TRAVEL     -^    YES 

TIME TO NEXT EVENT    ,„-> 

POSITION 
^V        ?        .-■''' 

1     I 

1 
: 

nr *   *> 

 „... L  
SET THE TIME FOR THIS 

EVENT TO REOCCUR 

::::i 
t SET TO I t\k SIGNAL THAI" A TIME ORiFNTEf) tV(?NT | 
•      OCCtmtU'D AND SET FLAG TO INDICATE THAT A,     I 

DEFENDER IS FIRING AT AN INTRUDER 

/ DIRHR 

'    EVALUATE DIRECT MRP 

L MUNITIONS j 

T 
N;/ 

Figure 26,     (Continuecl) 
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ARE     xv 

"' SYMPATHETIC' X 
DETONATIONS BEING 
V     EVALUATED    / 

7   y 

NO 

> 
YES 

SYMDET \ 

EVALUATE SYMPATHETIC    ) 
DETONATIONS IUI\i. I 

■ INCREMENT COUNTERS 

NO 
OPTIONAL OUTPUT 

REQUIRED     ,.'' 

ES T YES 

PRINI OPTIONAL OUTPUT 

WAS 

DAMAGED 
N  -   _ 

T'YES 

INCREMENT COUNTER sl 

ARE 
..•■■'      ANY INTRUDER     "    ^ 
TARGETS ASSOCIATED WITH "■v 
OTHER INTRUDER TARGETS^--' 

AS A GROUP 

V6 1 

NO 

<*) 

■''b:^'-' 

YES 

Figure  26.      (Continued) 
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K) 

f UNIT 

PERFORM UNIT MOVEMENT 

\ 

r 

CALCULATIONS 

STINT A 
'     TURN FLAG OFF TO REMOVE 
\    THIS INTRUDER FROM THIS 
\ DIRECT FIRE AREA 

1 
INCREMENT COUNTER FOR NUMBER OF    \ 

ROUNDS OBSERVED FOR EACH INTRUDER 
IN THE DIRECT FIRE AREA 

/  MUST   ■ v 
-'    INTRUDERS     - 

DIVERT AROUND 
DAMAGED 

,  INTRUDER 
""■   ,     >      .,  ' 

""T'NO 

YES 

D1V3ET 

\   SAVE DIVERSION 
\     COQB0IMÄTES 

f 
i     BESET TIME TO EIRE FOR I ACM INTRUDER 
i THAT HAS OBSERVED THE REQUIRED NUMBER 

OF ROUNDS TO BE ABLE TO RE TURN FIRE 

DID 
,,--■   ANY INTRUDER 

"OBSERVE THE REOUHUl) 
NUMBER OF ROUNDS ,  ■ 

NO 
;.M 

YES 

Figure  26.      (Continued) 
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1/ 

X 
"  DUES   \ 
INTRUDER   "'■■■■ 

HAVE ANY ROUNDS 
BCMAINING 

NO 

k 11   i 

i   2? 

1   YES 
,         1   
I UtltHMINP IfstTRUDER 

TARGET TYPE 

r     J 

r ■• - i    ^.._..  
I CONSIDER I HE PRIORITY OF THIS INTRUDER 

-j     TARGET TYPE AGAINST EACH DEFENDER 
TARGET TYPE 

IS     v„ 
PRIORITY' 

LESS THAN 
ONE      ,, 

•1   24 

NO 

20    • CONSIDER A DEFENDER i 
^ TARGET 

I 
CAN      ■•, 

•'' THISDEFENDER^-- 
TARGET RECEIVE FIRE 

FROM THIS 
INTRUDER      --•'' 

NO -R 
v 

YES 

19 J CONSIDER A DIRECT- 
FIRE AREA r 

L 

V 

STINT 

GET FLAG tllT FOR THIS 
INTRUDER IN THIS 
DIRECT FIRE AREA 

ra 

'fö;:- 

Figure  26.      (Continued) 
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YF.S 

I2' 

,-•      CAN 
'THIS INTRUDER 
FlflE FROM THIS 

..     AREA     ,   • 

T  NO 

,'--"'isx- 
.--'THIS LAST' 

DIRECT FIRF 

-■-.    AREA     ,.'■ 
\. '^  ' 

YES 

X     IS 
,,--■'     THIS LAST 
s-s,    DEFENDER 

"\ ^'' 
VES 1 

< 

y HAVE  -^. 
"'ALL PRIORITIES'" 

BEEN CON 
■.   SIDERED     ■ 

r NO ,..- L 

NO , ^ 
-I   19   | 

NO 

YES 

20 

21 

j. 
SET TIME FOR THIS EVENT TO REOCCUR 
AND SET TO I THE SIONAL  I HAT A TIME 

ORIENTED EVENT HAS OCCURRED 

\ SET FLAG FOR DIRFIR 1 HA i THIS IS AN 
INTRUDER FIRING AT A DEFENDER 

/ DIRFIR \ 

\   EVALUATE DlRECI I ll(f    / 
\ MUNITIONS / 

23 

Figure 26.     (Continued) 
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7.', 

ARE 
---^ SYMPATHbriC  ■"■. 
DETONATIOIMS BEING 

CONSIDERED    .., •' 

\ 
' ' NO 

i tNCREMENl'COUNTERS ' 1 r   J 

YES 

1 
SYMDET 

\   EVALUATE SYMPATHETIC 
\ DETONATIONS 

<   OPTIONAL OUTPUT 
REQUIRED 

NO 

YES 

YES 

/   WAS   ■- 
DEFENDER   '     ^     N0 

DAMAGED 
? 

j INCREMENT COUNTERS 
"1 

PRINT OPTIONAL 
OUTPUT 

j   21   1 

24 J 

Figure  26.      (Continued) 

102 



F' ■'  "■  "     ■    '-      — "- M,.,..,,     ._     ,«.      .„ ,  ,,„„  ,,. .,.,„,,„»„,.   1 , „B 

I 1 n ! 

y   is 
..--'THIS THE LAST 

<,,  TIME-ORDERED 
EVENT  ..- 

NO 

YFS 

,--' DID' -. 
.,•■  A TIME  \. 
ORIENTED EVENT 

" ,.  OCCUR  ,-' 

YES 

r NO 

DOES 
•' EVENT INVOLVE 
THE ENTRANCE TO A 
DIRECT FIRE AREA 

BOUNDARY 

VIS J 

r 1 
NO 

TÜTMOV        \ 
- \ 

MOVE ALI, ACTIVE TARGETS / 
EVENT DISTANCE     / 

RETURN 

Figure 26.  (Concluded) 
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1:: 

ENTER        ) 

 JL_ 
OPTION 

OPTION 1 

j     TURNON A BIT IN ISVIFA 
1   ARRAY TO INDICATE THAT 
j TARGET ENTERED A DIRECT 

FIRE AREA 

"T 
L OPTION 2 

J 
El1 

TURN OFF THE BIT IN ISVIFA   : 
ARRAY TO INDICATE TARGET  | 

HAS LEFT DIRECT FIRE 
AREA 

TION3 

TEST BIT IN ISVIFA ARRAY 
TO DETERMINE IF TARGET 

IS IN DIRECT FIRE 
AREA 

 r 

RETURN     ) 

Figure   27.     Flowchart,   Subroutine  STINT 
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fNTfrR 

.. 4 I 

T 
1 

FÄ8 
■\   EMPLOYED    /' 

T   YES 

COMPUTE LIMITS OF 
FAE EFFECTS FROM 

I EVENT Y COORDINATE 

NO 

CONSIDER AN 
EVENT 

J 
y'   DOES 
EVENT HAVE " --.. 

ACTIVE STATUS ^>~ 
?     / 

MO 

1 YES 

UNPACK \ 

UNPACK EVENT    / 
INFORMATION ON     / 

y*    EVENT A    vx 

TRAVEL PATH      ,>— 
"■\ BOUNDARY /" 

\_   ? ..-''':' 

NO 

YES 

'  ic \ 

'   EVENT AN    ' 
ACTIVE MINE 

YES 

/^ MINE WITHIN   ' 
•x.,    RANGE OF FAE 

\,   EFFECTS   ,- 

NO 

NO 

(71 

^ 

■r-K 

Figure 28.  Flowchart, Subroutine EXPSWP 
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pi-, 

j 

T i 

r: > 
COMPUTE LIMITS OF LINE 
CHARGE EFFECTS FROM 
EVENT YCOORDINATF 

CONSIDER AN 
EVENT 

ÜOES\ 
•''EVENT HAVeX, Nn 

ACTIVE STATUS >    "" 

NO 

,1 YES 

UNPACK 

I, 

YES 

4 
UNPACK EVENT     ) 
INFORMATION     / x. ' 
EVENT A \ 

TRAVEL PATH "\ 
BOUNDARY ^ 

NO 

.,-'■  IS  \ 
EVENT AN ^V 

ACTIVE MINE -'' 

N-"YES 

^''  IS X, 
,.'-"'   MINE Y :> "x 
LINE CHARGE OR' 
JAE EFFECTS  ,- 

'■'\     ?     J*"- 

I NO 

| COMPurF LATERAL DISTANCE 
BETWEEN MINE AND UNE      • 
CHARGE OR FAE EFFECT 

YES A 

^ 
vV 

Figure 28.  (Continued) 
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A 
is     •-,. 

/'  MINE OUTSIDE   --x 

EFFECTIVE RANGE OF   >- 
~--,      LINE CHARGE 

"\,   OR FAE 

YFS 

•s ? y 
NO 

COMPARE RANDOM NUMBER TO 
PROBABILITY OF MINE DETONATION 

RANDOM NUMBER 
PROBABILITY VALUE 

YES 

NO 

INCREMENT COUNTERS 
AND CHANGE MINE 

TO INACTIVE STATUS 

BOOM 

SET FLAG BIT ON TO 
INSURE MINE WILL NOT 

BE CONSIDERED ON 
SUBSEQUENT TRAVEL 

PATH SEGMENTS 

' J 

INCREMENT SWEET DELAY FOR ALL 
TARGETS IN SAME COLUMN AS 

EVENT TARGET 

"1 

RETURN 

Figure   28.      (Concluded) 
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YES 

ENTER 

 "T  

! CONS IDfiR A TARGET 

} 
WAS     '~- , 

TARGET 
DAMAGED IN PREVIOUS 
LVI Ml OR HAS TARGET 
EXITED TRAVEL PATH 

SEGMENT 

I'NO 

NO 
HAS 

TARGET 
STOPPED 

i  YES 

DECREMENT TARGET DELAY i 
TIME BY EVENT TIME    i 

, ■-" CAN      ■ 
'      TARGET       - 
BEGIN MOVING 

■^     NOW     y 

1  YES 

NO 

SET EVENT TIME TO REMAINING | 
DELAY TIME AND SET TARGET j 
VELOCITY TO TARGET SPEED 

INCREMENT TOTAL TIME TARGET HAS 
TRAVELED AND MOVE TARGET 

THROUGH EVENT DISTANCE 

DECREMENT TARGET TIME TO 
FIRE BY EVENT TIME 

I 

Figure   29.     Flowchart,   Subroutine  TGTMOV 
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1     I 

IS 
THIS LAST 

TARGET 

Ml i -1 
T YES x 

ARE- 
THERE AMY 
DEFENDERS 

NO 

YES 

! DECREMENT THE TIME TO FIRE FOR ALL 
1      ACTIVE DEFENDERS BY EVENT Ti^r, 

i 
■'' ARE  •■ 

'THERE ANY 
VOLLEY AIM 
„   POINTS  ,,--■ 

RETURN 

>- YES 

rOErREMENTTHETIMEFORTHFNI.Xl 
ImDIRECT FIRE VOLLEY TO OCCUR 

, BY EVENT TIME 

RETURN 

Fiqure 29,       (Conclude 
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SECTION IV 

SOURCE LISTING 

Figure 30 presents a complete source listing of SEMAC 
which can be used to check the validity of the program. 
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SEM*C 

PROGRAM SEMAC I OUTPUT- 189. I NPUT. TAPES- INPUT. TAPE6-OUTPUT 
•TAPE 1 -51 3. TAPE2-5I 3. TAPE^.189,TAPE7.51 3) 

HINEEIELD SIMULATION MODEL WITH COVERING FIRE  - SEMAC 

CQMM 
• ALNO 
• DEFH 
•OEP( 
•DUDP 
•IIS. 
• I RUN 
• I TGT 
COMM 

• KTSA 
• MODE 
•NDFA 

•N 1 DS 

• NM I N 
• NRAD 
• NRF I 
•NTGT 
•NVFA 
COMM 

•PROB 
•REPl 
•S I GA 
• S Y M D 
• T ARR 
• TOTV 
" TOTV 

• TMSH 
• XMAX 
• XROF 

• YLEN 

50 

72 

75 

7 7 

ON A 
LC , A 
T (51 
10 1. 
Re( 7 
IMIN 
S, IS 
PR ( 5 
ON ü 

V (1 0 
, MTF 
A , ND 
T I 5 I 
(71, 
FDI2 
RD ( 1 
YP I 1 
E A ( 1 
ON P 

IL (B 
10 1. 
D I 50 
UF 1 S 
AO ( 6 
EL ( I 
SV . T 
P ( 7 1 
, XM I 

01 30 
OTH , 

C E P ! 5 , 
NO IMP( 
,DEFL( 
OFTFAE 
1,D3DE 
E.INDF 
AVE.1S 

. 8 1 . 1 V 
MARK I , 
0 I . K I 

A l 60 I 
FOAM I 6 
,NlTBT 

NMSWPT 
0 1.NRA 

00 1.NR 
00 1.NT 
0 I ,NVL 

HB(5,S 
^01,PR 
RN,ROT 
1 .S i OA 
.71.SY 
1 . T A R W 
00 1,TO 
HE TA , T 
,TMTOF 
N.XODE 

1.XROA 
YDDE F I 

2 I , A 
10 1, 
5 1 , D 
.DIR 
L .E I 
A , I N 
BL , 1 
AP, I 
JSEL 
LCFO 
MUSH 

) , ND 
(51, 
(71, 
DF 1 ( 
S . NS 
LC 1 F 
i or ( 

pp 

SMDO 
DMPX 

R15D 
MO I F 
(51. 
TVLS 
HRS 1 
R I 1 3 
F (eo 
0(11 

?0 1 . 

DEP( 

AREL 
EFRA 
ATK ( 

(5,5 
T I ME 
SV I F 
VEL , 
DS( 7 
PT ,L 
, NAP 

FHD . 
NK IL 
NMT . 

100 1 
PLFT 

(10 1 
10 1. 
EAF ( 
(5,7 
(10. 
I .SI 
(5.7 
TOB i 
. TGT 
0(5. 
0 1 . T 
1 . XO 
1 .XS 
YOVP 

80 1 . 
15.8 
0(51 
101. 

,81 . 
(71. 
A( 10 
IUOR 
I . KA 
CFTT 
. NCT 
NOFU 

L I SI 
NOB. 
. NRA 
, NST 

.NTL 
NHEP 
7 ) . P 

I .OA 
101. 
OBD( 
i . sr 
rv ( I 
vsv, 
51 . T 

0TS1 
VP ( 1 
HATH 
(10 1 

AE I ( 
1 , AR 
.DEE 

DIRO 
10,1 
lOBl 
1 . I S 
D. I W 
BOOH 
,LDF 
AMI 1 

T . NO 
. NK I 

NOBE 
1 (Si 
ICK ( 
OST , 
V ( I 0 

RBI T 

OF AE 
ROTO 
50 1 . 
MDIS 
0 I . T 
TGTX 
IMEM 
M. TR 
0 1 . 
( 50 1 

. VRO 

5,5, t 

EP(80 
U( 5 I 
I S( I 0 
OISOP 
5000 I 
VLSI , 
IDEM 
( 5H71 
DPR ( 5 
00 I , N 
VT , NO 
LLD(5 
VT , NO 
. NRBA 
SO 1 .N 

NT rtc 
i .oirx 
y .PRO 

, RANG 
MPY ( I 
S I GBR 
(7,71 
GTDEL 
OL ( I G 

V ( I 00 
AVTM , 

. XUI 0 
FO I 30 

I.Al(80 1,AlMPTX(50l.AIMPTYISOl 
1 .AH1DLC.AYYV(»( 101 .DBEAt . 
DErX(80).DErY(e0 1.DELATMII00 1, 
0 1 .DHPI IXUO.IOl.DHRMYMO.lOl 
. ipP(ZO. 15.21 , ICND, 
.IPO,IRRINT.IRNK(7I,iRTEIR. 
ISYHR(SI,ISTR.IT,ITtROP. 
801,1MTVARl I 0 I 
.KOFTTNI1001.KNRS.K0UNT(7I, 
51 .LEFTIN,MADIV.mrBT(71 . 

o.NOErcAi 15.80 1.Nor.Nor A, 
TAHI 1001 ,NOT AMT .NOT 4M I I 1001 , 

NK1LLI(5I,NKILLT,NMDCT(71, 

BTP8,N0IT,N0STAT,NN*0(Sl. 
.NRFBOT(Si.NRrsiTISI. 
SUB(5).NTCOL(1001.NTOO.NTOTP, 

S(5I,NTTTMD(S),NTTTRP(SI,NVAP, 
.0BY,0iVRRT,RATR»0(9l,POLCF 
TN0(9,7 I .RRKL0(S,7I , 

PRIB»0> ,RCLRNO(SI .RCLSUBOl , 
0, 101 ,R$P(S! .S( 1001 ,«EC ON 171 , 

(50I.STATAL(S,S2I .SHRDCLI 100 1 . 
.SYMMAXI31.TARHflSl,TARL(51. 
(1001.TOTOVL,TGTSRD. 
01,TCTYNM(1001.TOTVOLI1001, 
I.TMBR0(91,TMBRI191.THOLCr. 
XCYCLE(7 I ,XOMR( I 0. 101 .XT I X, 

TM, YOl V( I 001 , Y0HR( 10,101 
1.YROAO(IM,YSWATHISO) 

KREAD -  0 

CALL REAOIN  ( KRE AD I 
CALL SETUP 
CALL ROAD 
CALL SORT ( I OB,NOB I 

IFILEFT1N.EQ.0I  GO TO 160 
CALL LOOPS 

TGTVSV-TGTVELMSAVE1 
1 PO- 1H 
1SYP-O 
KT  - KTSAV( I SAVE I 
I WORD •  1 OB(KT 1 
CALL UNPACK 
OBYPRT-OBY 

CALL CKEVTM 

IF ( TOTYNWl I SAVE 1 . GT . 98990 , 1  00 TO  110 
IF^GTVSV.GT.O.OIIGO TO 50 

KTS»VMSVLSTI-KTSAVI1SVLST1-I 
GO TO 3 0 

GO TO  (72.72,78.78,78.78.78.75.78.78 
'80.110.100,771  N08TP2 
CAUL  TGTM1N 

IF(NGTAWT.GE.I.AND.ISYP.EQ.81  CALL UNIT 
00 TO  110 
CALL EVENTC 
GOTO 1 I a 
IF( TOT XOL ( I SAVE 1 
CALL EXPSWP 
00 TO  110 
IF ( I T . NE . NC T AH I I SAVE 1 
IVAP-1M1NE 
CALL NOFIRE 
CALL BOOM( 1OE T . 1 1 
1 NOT A-1 
I OB(KT I - - | 

78.78.78,78,72, 

NE . OBX . OR .NTGTYP( I SAVE 1 .NE .LCFTT I GO TO ISO 

GO TO  150 

1   I 

Figure 30.  SEMAC Source Listing 
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> 

I 00 

1 01 
105 

1 09 
I  I 0 

I 3S 
1 4 0 

OS 

I 55 
I 60 

NVLiDriiv»Pi«NVLiDriiv»Pi-i 
IMIÜCHIIVAP.|?0I-IDU1FV1IVWP) 
GO  10  110 
CAUL  ST INI ( 1 S V I f * , i S A V C , I ! , 1 B I 
If ( KOTT TNI I SA VE 1 .OT . 0 I  00 TO 
NRfIROIISAVE)-0 

TMTOf"RtlSAVE ) -9990 . 
JA A"0 ; 
00  10 6 J'l.iO 
IF(ISVIFA(Jlll03,IOfi 
JAA« J 
CONT t NUE 
1K(JAA.LT.|I  00 10  109 
NDFA-MODIJAA,15) 
l("(NDFA.l, T. I INDFA-ia 
0 0 TO  110 
NOF A-0 
IflNOBEVT.OT.O.AHO.IRUNS.KQlPRINTl 

•   CALL PR I NT 0 
NOBEVT-I ABS IN08EVT1 
IF I INOFAl 130. 150 
JAA»0 
00 140  1«1,NVAP 

IFINVLIDFMIllMO.ltO.lJS 
J A A - I 
CONTINUE 
INOFA"JA A 
1F( NSPLF T . 01 , 0 . OR 
NSPLF T-99999 
DO isai l»l,NT0O 
1 f I I (3 T YNW I I 1 . L T 

CONT1NUE 
T o T s P o • T o T o v:ii 
IFILEFTIN.GT.01 
1 F I KNRS . NE , NRS1 
CALL  PRINTH 

1F  ( I RUNS  ,L T. 

KRE AD • -, I 
GO TO 5 
ENU 

KNRS . NE , NRS1  GO 10  I 59 

99970 .1  TOT VFL II ) >TGTOVL 

GO 
GO 

TO 
T 0 

30 

N 0 I I l  0 0 TO 2 II 

Sv 

m 

Figure  30.      (Continued) 
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SUBROUIINE  RE*D1N IKHE*D1 
COMMON «CCPIS.Bl .»OEPC30I ,»EI IB,S.'t 1 ,A1 (BO) .»IHPTXI501 .A1HPTVI501 
»L. NGLC.»NOIMP( 101 , »REt IS, S I ,»R£P(20I .»MIDLC.iVYVPMOl .DBf «t . 
DEFHTI51 .Otrt 151 ,DEf«*0(SJ .OEFMi")i , BE f* IBS i .BE ft 119) .ÖEL«tH(lÖÖi , 
OEPI101.DFTr«E,01R*TKI101.OtHOlSI1001,OMPIIX'10,101.OMPIIYI10,Ifli 
DUDPRBOl ,030El. .E I (5,5.21 , ID. IDISOP, IDP<ea, 15.21 , IEND. 
1 IS. IMINE. INDFA, INT I HE(7) . 108(50001 . IPO. IPRINI. IRNKC7I ,!BTriH, 
I RUNS, 1SAVE , 1SBL , ISVIFA( 301 . ISVLST . ISYM^l Jl , ISYP. 1 I . 1 TEROP, 
IT0TPR(5.51,IVAP.IVEL.IMORO.IHTDEFCaOl.1HTVAPI101 
COMMON JMARK1 .JSELOS(7l .l<AB0O«15'»71 .KDfTTNl 1001 .KNRS.I(ÖUMI(7I . 
KTSAV( 100 1 .Kl .LCFOPI ,LCrTT,L0r0PR(5,5l .LErTIN.HAQIV.MirBTI?! . 
MOOE.MTFA(50l ,MUSH,NAP,NCTAMI 1001 .ND.NOCFEA(I5.S0I.NOF.NOFA, 
NDFAA.N0F0AM(5) .NOFWD.NOFHT ,Wß'/T .NOTAHl I 00 1 .NOTAMT.MOTAHI ( I0DI , 
NIDBT(5I ,NITBr(51 ,NKILL(51 ,N»1LLD(5I .NKILL I (51 .NKIUtT .NHOET(7 t . 
NMIN(7I .NMSWPT (7 I ,NHT,N0B,N0BEVl,NOBTP8,NOtT.NOSTAi.NRA0I5I . 

NRADFD(SO).NRAOFI(1001.NRAI(51.NRBA.NfiriOT(5l.NRFBITlSI. 
NRF 1RD1 I0G1 .NRS.NSPl. FT ,NSTICK(501 ,NSUB<9I .NTCOLI 1001 ,NTOO,NTOTP, 
NTGTTPl1001,NILClri101,NTLOST,NTTTCS(?l,NTTTHpi5l.NTTTRP(9>.NVAP, 
NVFAEA(101,NVLIOF1101.NHEPVI101.OBl<,OBY.OBYPRT.PAtRAD(5!.PDLCF 

COMMON PHD(5.5I.PPEAFI71.PRB1TY.PR0TN0(5,7I,PRKL0(5.7I. 
PROBILie,«01.PRSWD0i5,7l,RAOFAE,RANOPR(BHOI.RELRNDI5l,RCLSUB(51. 

REP( 101 ,RN,ROTDMPXI 10, 101 ,ROTD«PY( 10, 10) .RSP(5) .S( 1001 ,StCON(7l , 

SIGADI501 .SIGAR(501 ,SIOBO(501 ,SI OB«(501 ,STATALI5,5<?' .SHPOEL(100) . 
SyMDDF(6.7l .SrMDIF(5.71 .SVM0IS(7.7I ,SYI1HAX( J) .TARM1 (5) ,T»RL(S) , 
TAHRA0(5I ,TARU(5I .1DB!FV( I0) ,TOTOEL( 100) .TOTOVL.TGTSPO, 
TGTVEL( 100) .TOTVLe.TGTVSV.TOTXOLl 1001 .TOTYNHl 100) .TOTYOL) tOO) . 
TOTYSV,THETA,rMRälG(5,5I.TIMEMV(1001.THBRO(5),TMBRll51,TMOLCr. 

TMSWP(71.TMTOFH(IJ01.IOTSIM.TRAVTM.XCYCLE(71. )(OMP( I 0. I 0) .¥F1X. 

XMAX.XMIN.XOOEFIBOI.XOyP(10), 
XRDFOI 301 ,XRÜAD( 1 1 1 ,XSHATH(50) ,XH1DTH.Y0IV( 100) .yDHP( 10. 10) . 
YLENOTH'. YODEFIS01 .YOVPl 101 ,YROFO(J01 ,YROAO( I I ) ,YSWAIH(50) 

DIMENSION ORXmi ,ORYIMI , XtMSI«» 1 ,RNOSV(3) 
DIMENSION HOL 181 ,SEC0rF(71 ,PR0B1PI81 .RANOTPIB) 
DATA  1 TEST /9H   999/ 
REWIND S 
HRITE(6.. IHSOl 
I F ( KRE AO . EQ . 1 1  GO 10 ?"« 
CALl. REPRNT 

DO 7  I■1,9t0 
PROB 1L ( 1 1  • 0.0 
RANGPR111  • 0.0 
CONT1NUE 
NO"0 
OBX-OBY",0 . 
DO 6  1-1,10 
NVF *E A( 1 1-0 

00 8 J»1,15 
DO 8  1-1,80 
NDEFEA 1 J , 1 1 •0 
LCFOPT-0 
MAO 1 V"Ü 
DO 9  1 « 1 , 5 
NRAI 1 1 1'NRADI 1 1 » 0 
TARRADI 1 1-. TARLl 1 l-TARWI 1 1« tARHT 111-0. 

REP 1 1 1 «REP 1 1 •?1 "0 . 
DEP( 1 1 «DEP M •S1 •0. 
NSUB(11•1 

DO 9 J«l,7 
SYMOOF I 1 , J1 > 0 , 
SYMD1F(1,J1-0. 
DO  10  1-1,7 

TMSWPI I l-SECON( 1 » «SEC OfPI 1 1 -XC YClE ( 1 -0 
DO  10 J- 1 ,7 

SYMD1S( 1 , J1 - 0 . 
IEND " 0 
lEtJD -  IEND *  1 
JMARK1 - 1 

1RUN5-0 
DO 53     1-1,100 
DEL AT M1 1 1-0 

DO SS  1-1.7 
1 NT 1 ME 1 1 1 -0 
READ(t,9000 1 HOL 
DECODE ( BO ,9000 ,HOL 1  INPUT 
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I F  ( I NPU T . E Q .   I TEST 1     CALt     ESf I I 
DO    3B    J-I,5g 
0 0     5 8     1 • I  , 6 
ST AT *L 1  I  , J 1 • 0 

Si CONT I NUE 
60    HEADlt.gOOO I HOL 

9000 FORMAT18A10) 
DECODE 15,9001  , HOL I      I NPU I 

9001 FORMA 11151 
|FI1KPUT.EQ.99>     00    TO    7000 
IF;  INPUT.,OT,  10001     00    TO    6900 
',0    101  100,EDO, 300.HOO.500,600.700,800. 900, 1000,  1 100, 

-.1500,1600,1700.1800.1900,BO00,aiOO,?20 0,ei00,SH001 
10 ■'    DECODEI90,BOOS, HOL1NAP.NTOO.NTGTP.N01T. MOST AT.  IPRIN1 

•NMT.MODC.NVAP.NCFAA.NDrwO.NRBA 
90UBFORMAII5X,615,FI0.a.615l 

IFlSEED.LE.O.   1     SEED-RANFIDUHHYI 
CALL    RANSE T I SEE 01 
0 0    TO    5 0 

90a3,H0LUCF0PT,Yl. F. NOIH,XWIDTH, 
|.|,31,lSBL.irfR0P,IDlSOP 
I5,?FIQ,3^F58.HI5,  IS.  13) 

1 g f B , 
I NPUT 
.SEED 

3 0 0. I ■' 0 0 

eoo D E C 0 0 E I B 0 
• I ISVMPI  I  1 

8003    FORMATISX 
GO     TO    50 

500    DECODE I 80 

THE 1 A . D3DEL 

gOtl^HOLININUNlGlVPINTNl   .NCTAWININI  .NGTAMINTN) 

aOO1! 

. DO 

•TGTX0LINTN1,TGTrOLINTNI 

I F I NI .L T . 1 1 0 0 TO 5 0 
NIDsVPINII"N? 

N C T A W I N 1 l • N 3 
NGIAWINI1"MM 
T 0 1 X 01. INI I • T I 

I Gl TOI I N I I • 1 e 
F OHM* T I S I bX . 1 5 , I I 

GO  10 5 0 
DECODEiao,aooa 

,NI,N?,N:J.N4.TI.T? 

t*,, 15. t'MO.Si) 

, I » H H I 1 i 'I 
, ( L. 0 F D P R I 
r Y p i 

909 1 

£00 

700 

90 I 5 

15,511,315) 

HOAD.XOVPIIVAPI.VOVPl1VAP1.AVYVPIIVAP1 
IHTVAP1 IVAP) .NTLCIFt IVAP! .TDBlFVllVAPi 

3 ) 

I VPO) I 

.HOLIIMP.lARLllltP. 

• 1ARHT1 ITYP) .THBR1 ( I 1YPI .NRA1 I 11YP1 
•NITlCSil I 1YP) .NT TTMOl ITYP) .NTITRPI 1 
IFINTlTMDIlTYPlOTOlMADlV-l 

9005 FORMATl5X.I6.1iFI0.2.F52 

GO TO SO 
S00 DECODE I 80 . 9091 . HOL I I VAP . 

•NVFAEA1 IVAP) .NWEPVI IVAPI 
FOHHAT I 1 OX .3 I 5 . 3r 1 0 .2 ,'t 1 5,r I 0 
IVPO-IFIXIXOVPIlVAPl'IOO.I 
XOVPIIVAPI'FLOATMVPO'IOO^IROAD'ISIGNII 

DECODE(80.9090.HOLI1VAP,IWEPV.OMPI1XMVAP,IWEPV1 

•OMPI1YIIVAP,1HEPV1 
9090 FORMA 1 1 1 OX .a I 5 .SF 1 0 . ?1 

0 0 TO SO 
DECODEIBO .9015.HOL I IV*P. I MT .ANOIMPI 1 VAP 
•NSUBI 1HT 1 .RELSUBI 1WT) .PAIRADI IWT I .RfLRNDl 1WT 1 
FORMAT(6X,al5,F5.S.ari0.ie,l9.3F10.ai 

00 TO 60 
DEC0DE(8a,9Q89,HOLlNRS,TGlÜVL,TOTVLa 

FORMAI I 10X, 16,SF10.?l 

i.lARRADMIYPI 

1 <■ P . M . I - 1 . 5 1 . 

RE PI IVAP) , DEPI IVAPI 

80 0 
9069 

T D I 0 V L - V G T 0 V L ■ 8 8 . 
TGIVLa-rCTVLS-BB. 

N-NRS*1 
READI M , 90 0'!) I XR0AD1 

FORM/kTIBFtO.ai 
GO TO 60 

900 DECODE I 80 , 90 1 3 ,H01. 1 1 AP 
• MMPTYI IAP1 .YSHATHI !AP 

9013 FOHMATiax .JlS.'iFlO.ai 
GO TO 50 
DECODE I 80 ,90 1S , HOL 
FORMAT(5X. IS.MFIO-SI 
GO TO 50 
DECODEiBO.9009 . HOL iMT 
F ORMA T M OX .S 1 5. 3F 1 0 Pi 
I F l J SE L Q S ( M T I , G T , 0 i GO 

DO WS M- 1 . NAP 

90 0 7 

1000 

90 1 a 

1100 

90 0 9 

I .YROAOI I ) , I • 1 . N ) 

MTFAIIAPI.NSTICKMAPI.AIMPTXIIAP) 

. X S H A T H I I A P ) 

IAP.SIGAR1 I API .S1GADM API ,"5I0BRI 1AP) ,SIG8DI 1 API 

J'-.CLOSIMI 1 , TMSWPlMI 1 .DUDPBBlMt 1 ,PPE«F IM! l 
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f. 0 Mil  00  '0 903 

90 2 
90 3 
90S 

91 0 

1 S00 

90 I 0 

1 500 
go i l 

1 TOO 

9093 

, 90 i 0 ■ HOL 1 MT 
15,7f8.21 

( SYMDl Slftl .J> ••J"1 ■ T 

I SVMDDr I IWl , JI ,J- I , ^ ' 

I f 1 M T F A I M 

CONT1NUE 

J«0 
READC« .9007 1 I OR* I I l . OR V ' I i , 1 ■ I 

DO 910  I • I . >< 
WHI TE(21  ORX Ml. ORY I 1 I .Mt 
IF I J» 1 .EQ. NST ICK (M i 1  00 TO 50 

CONTINUE 
J. J .4 

0 0 TO 90 5 
DECODE I 90 
FORMAT I 10K 

00 TO 50 
DECODE 180 . 

GO TO 50 
DECODE 180. 

00 TO 60 
DECODE  (BO .90 M .HOL I  MT 
FORMAT  I I 0X1 6..&r5,B ,2151 

I NT I ME I MT I - I 

00 TO 50 
DECODE 1 BO . gOS1* , HOL 1 NUMDEF 
•YOOEflNUMDEF i . INDEFEAl .J.NUMOCn . J-l . 15 

FORMAT (5X .SlS.EFIO.g , ISU1 

00 TO 50 
DECODE I 80 
FORMAT I5X 

L-0 
(10 17 0 5 
NO-NO ♦ 1 
, XyM| . 1 F 1 X IXYMSl  Ml. 1 •  1 00 .  I 
XROrOINDMfLOATIIxyMI. 1510 Nil 
I XYMZ« IF IX ( XYMSU -3 1 • I 00 ,  I 
YRDrOINOl-FLOATMXVMe.l'-.IONM.IXYMPi-NOri 

L • L f 1 
CONTINUE 
(50    TO   50 
DECODE 180,9016.HOL I I 1 

15,J5.P5 
5(ei5,F5.21 1 

1 )    0 0    TO    5 0 
'PS 

TO    60 

9010, HOL 1 1WT 

9010,HOLnHT,ISYMDirMWT,Jl,J-1.71 

SECONIMH.SfCOFFIMTI.KOUNTIMTl,IRNKIMT1 

WTDEF INIJMDEfl  .XODEF INUMDEF I 

, 9093 . HOI. I NDF 

I « J ,S 

i ROAD. I »VMS!  1  1  . I • I  .4 1 

IX Y Ml  1 • I R 0 A 0 I 

. J i  , P H D I 1 I  , J I  1 8 . J 2 , P B , 1 3 , J 3 , P 3 , 

I 900 
90 1 7 

I 4 , JH , P1» , 
FORMAT I5X 

I F ( 12.LT 
PHD( I a.JS' 
inlS.LT.MGO 
PHOI I 3.J31 -P3 

1 FMt.LT.MGO    TO    50 
PHOi I 4 . Jt I -P't 
I F M5. LT . M  00 TO 50 

PHO M 6,J5 1 "PS 

00 TO 50 
DECOOEiBO,9017,HOL I I I , Jl 
FORMAT (5X. 31315,FlO.ei 1 

EIMMJIMMNI 
EIMI.JI ,?I-EV1 
1 F M 3.L T . 1 1  00 TO 60 

r. i M e , je , n -NS 
E i na, ja ,31 'E ve 

11 GO TO 5 0 
1 MN3 
B 1 • E V 3 

NI,EVl,l2,ja NS EV?.I3,JI.N3.EV3 

IFI13. 
E I I I 3 , 
E I I 1 3 . 
00 TO 

LT . 

J3 . 
J3 . 

50 

aooo 

9060 

a 1 no 
905 i 

, DEFWlNDF T YP) 

, ADEPi.ia.Aia,ARtpa.ADEPS 

DEC ODE I 80,9050.HOL 1  NDFTYP.DEfL 1NDFTYP) 
•DEFRADCNOFTYPl,OEFHT(NDFTYP1,TM8RD!NDFTYP..NRADlNOfTY 

• I I TGTPRINOFTYP, 1 ) , I • I ,51 
FORMATISX.^.tFio.a.rs.a. I5,51 I 1 

GO TO 50 
DECODEIBO.9051,HOL)  I1,AI1,AREP1 
FORMAT(5X,15.3Fl0.a,5X,15,3F10 

»HlM-tOSlAll'OI 7453891 
AREP I  i  I  1 « ARC P 1 
AOEP (  I  1  1 • *DE P 1 
IF I  la.Ut .  1 1     GO    '0    60 
Aiciei-cosiAia»   oi7453391 

p 1 , 

. a 1 

i 
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izao 
9 0 5? 

i' jot 
9 0 5; 

en 0 

30? 

690 
900 

TO I 

7 01 

I 1 

H E H l I K I r A R E P S 

DE PI 1S I -AOEPS 
0 r 0 SO 
ECODr (80,905?, HU1. 
ORM* r i sit,«is ,F i a. 
E i . i , J , ? • K -1 i • N 

El ( I ,J,e«XI»*EV 

J , K , N , At V 
>. ? , F i o. a i 

» H L L I . A C E P I 

I 
I 

I 
I 
I 
0 

0 D 
" A 

a r 
0 

B 0 
s r 

ft 
N 
L 
D 
p 

0 R 
B 

r i K G i . 
REL I L . K 
FINGT, 

o r o so 
ECODti8 
ORMATi5 
OP M I , J 
r l I £ , L T 
OP 1 I B , J 
F ( I 3 . L T 
D P I I J . J 
D 10 5 0 
ECODE.8 

W1 DLC , 1 
0 R H A T IS 

0 10 S 8 
ECODE13 
ORMA T 1 I 

E AD(M ,9 
T A f 1 E « ( 
L•8 « INI 
0 69 10 
ROB I I l L 
ANQPR1L 
o ' o sn 

»ACEPI 

! I , J I , < I . I 0 P I , I ? , J ? , K ? , | D P 

II L ' J 

, « A R r L i 
11  ACE P ! L , K I 

0,9053,HOLl 
X, 31 'i 15, 5X1 i 

1 , K I I • I D P I 
, M  GO 10 5 0 

a, K a i • i D p a 
,11  0 0 10 5 0 
3 , K3 l • I OP 1 

0 , 9 0 8 9 , H 01, i 1. C F I 1 , U 13 f A E . D F I F A E , R A 0 F A E , A L N 0 L C 
MDLCF ,P0l.CF 

X,16,7FI0.ei 

0.9008, HDL I  NT,NM.,N(B,lPR0B7Pl I ) , 1 « I ,B) 
X , I 1 , I 2 , I I , F 5 S , T M 0 . 2 1 
0091  NT,NH,NTS,(RsNGlPlll,1-1,01 
NI-ll'ei.!NM ll'3'NIB 
ABLE- I l 
1-1,8 

1. 'll>PROBIPill 
L, • 1 i »R A MO I P i ! i 

I 3 , J 3 , K 3 , i 0 P 3 

PERFORM  INITIAL  C A i L u I. A I I 0 N S 

JO 0 
X 
N 

0 

' t  , NMI 
• 5 E C 0 N ( 

, NAP 

EO.ll  NMINtll-NMINIIl.NSriCKlJI 

G 0 1 0 7 0 0 6 

0 "7005 
C r C I E ( 11 > 5 E C 0 N ( I i . S E C 0 F F l 
HI NI I i-O 
0 7 0 0 5 .)' 
F ( M f F A ( J I 

ON T 1 NUE 
RT F 1H.O 
0 7 0 0 6  1-1,5 
F I N R A I ( 1 l . l. T . 
R T F 1 R - I 
1 I 8 T ( M . Q 

G T A M T • 0 
0 7 008  l-l.NTOO 
• N I 0 T ¥ P I 1 l 

GTAWI-NOIAWT.NGfAWI I I 
ITBIlNI-NITBI'Ni»! 
FlISYMPlll.LTii  QO 10 7 015 

5VMMAX(ll-0, 
00 7010  l-l,NMT 
00 7010 J-1.7 

SVMDISM.Jl-SYMDISlKJI'-S 

YMMAXI   I   I  «AHAXI   ISYMHAXl 

YMHAXI  1  (»SQflTtSrHHAXl  I  1  ) 

SPMAX-0. 

F(1SYMP(21.LT.1]     GO    TO    7 017 

YMMAXIg1•0. 

0    7 0 16     I ' I , 5 
0    70 16    J' I  , 7 
Y H 0 0 F i  1  . J ) - S Y M D 0 F l  I  , J . • ■ g 

YMHAXiSl»AHAX|ISYMMAXiSI.SYMODFI?» 
VHMAXi?i-SQRTISrhMAX'?!1 

F (  I S Y H P I  3 1     1   T ,   I   1     G 0     I 0     7 0 I 9 
YHHAXiJl-O 

0    7 0 I B     I • 1  . 5 

0    7 0 18    J - I  , 7 

Y M 0 I F l  1  , Nl I " S Y M D I F I  I  , J ) ■ • a 

0    S 

S 

5 R 

1 

S 

D 

0 
s 

6 S 

S 
1 

0 

D 

5 Y M D i S l  I  , J l ) 

(Continued) 
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7018 SYMMAXIIi-AMAXI lSrMf1»X(ll .SYMOlri I ,Jl I 
SYHHAX I 31 "SORT (SYMNAKI 3l I 

7019 iriNMl-LT.II  00 TO TO1«« 
00 TOWO  1 - I ,NTOTP 
BSP I I I -0 . 
DO 7039 J"I,NMT 
Nr-(l-ll»ei«(J-M«3 
00 7030 K-I.3 
NT 1 -e«I NT »K-1 I 
00 7070 L-I,B 
1 F(PHOBIL I Nil »L I .EQ. 0 . I 00 TO 705? 
CONTINUE 
RMOSV!KI•RANOPR(NTI«LI 
CONTINUE 

PRSHDOI 1 ,JI "RNOSV( I I 
PRKLOI I ,J) -RNOSV(5 I 
PROTNO( I ,JI»RNOSVI 31 
RSPI I 1"AM»KI IRSPI I I .RNOSVI I I ,RNGSVI3l 1 
RSPHAX-AMAXl (RSPMAX.RNOSVI I I ,RN0SV(3l I 
CONTINUE 

Ir'IMAOIV.OT.OI RSP( ( l-RSPI II »JO, 
CONTINUE 
IF(MAOIV,OT 
XMIN-XNAX-O, 
00 7060 1-1,5 
N I 0 B T ( 1 I - 0 
NDTUT-Q 

If INOFHD.L T . I I 00 TO 7085 
DO 7075 I■1,NOFWO 
N-lWTDEF( 1 I 
NIDBT(Nl-NlDBTINl 
DO 7060 1-1.5 
1 F I Nl DBT I I ) , OT . 0 1 

CONT1NUE 
CONT1NUE 

DO 7 100  1 - I ,NTOO 
XNAX-AHAXI (XMAX.TOTXOLi; I I 

XNIN-AM1NI IXHIN.TOTXOLI I I I 
XNAX-XtiAX -ASPMAX 

XH1N-XMIN-RSPHAX 
IF IXMAX.OT.I63B.I XnAX-l63B. 
IF 1 XMIN.LT . - 1638. I XHIN--1638. 
IF INVAP.LT. I I GO TÖ99S8 
DO BüOO I•I.NVAP 
COSA-COSlAyvVP( I I«.0n,»53a92 58i 
SIN««SINIAYYVP( I l»,017>»93J>9a58l 
XOROVP-FLO*T(1FIX(XOVP( 11/100, 11/100, 
VOROVP-YOVPl I I 
NHV-NHEPV( I I 
IF I NWV . LT . I 100 TO a?oo 
DO Bl90 J-I,NHV 
XOMPI 1 ,J1 -XOHOVP-OMPI IXI I ,JI'COSA»ONPIIV( I . Jl »SIN 
YDMPII,JI-YOROVP-ONPl|YfI,J1•COSA-OHPlIXII,J)«SIN 

8190 CONTINUE 
8300 CONTINUE 

DO 8900 I - I ,NTOTP 
AH-ANAX 1 I T ARl. I 1 I , T ARHI I 1 1 
00 8900 J-1.NVAP 
«•IWTVAPIJI 
THRSIOIK. I l-Ht.Mit-AMAXI (BEPiJl .DEPIJI I'AN-SORTIEI 

8500 CONTINUE 
9998 RETURN 
I <<90 FORHAT I 1 H 1 I 

f: N D , 

7070 
70?? 
7030 

7039 

7 0MO 

TO^S 

7 060 

7075 

7090 
709* 

7 100 

0 I  R5PNAX-HSPMAX. 30 

• 1 

NDF NT .NDFWr ♦ 1 

(K , T ,an i • •? 

Figure 30.     (Continued) 
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300 

305 

310 

3 1 5 

3B0 

3^5 

330 

S U B R 0 u1 INE 

ff TURN POINT 

SE I UP 

10 BEGIN    EACH .MONTE-CARLO 1 ER»T I ON 
C 0MMON 

■ ALNOLC 
ACEP(5,21 ,ADEPI SO) , AC I (S.5,H1 ,Ar (SO I 

,*NGIMP(101,AREU!5.e),*REPieül,*WIDLC 
•OErHT(51.DErL(5),OErRAOI?)l,DErWI5l,DErxi£0l 
•DEPl 101 ,DrTfAE,.DIHAIKI 10) .O1RDISI100 

•DUOPRBm ,03DEL ,£ I (5,5.a I , ID. 1DISOP, lOPieO. IS.gl , I END. 
•I  IS, IMINE,  INDFA,  INTIME(71  ,  [O8I5Ö00I , IPO. IPBINT.  IRNKC7I  , IRTFIF 
•IRONS. ISAVE,  ISBL,  ISVIEAIBOI  ,  ISVLST, ISYHPIS)  ,  ISVP.  IT,  ITEROP, 
•nerpRis.5) . IVAP,IVEL,IWOHO,IWTOEFISOI,IHTVAPIIOI 

COMMON JMARKI.JSELDS171,K.ABOOM(5t7l,KBfTTN(1001.KNRS.KOUNTOI 
•KTSAVII00l,Kl,LCFOPT.LCrTr,LOrOPRIS,91,LETTIN.MADIV,MlrBTI7l. 
•MOnE,MTFA(50) ,MUSH,NAP, NCTAHI I0DI ,NBlNOEFEA( 19,301 
•N0FA*,NDFDAMl6l,NDFWD,NDrMT.N0VT,M0rAW{|p(JI,N0TAWT 
■NIOBTIBI,NITBT(51.NKILLlSl,NKILLD(91.NKIULI151 

AIMPfXIBOl .AlMBty_l50! 
AVYVP( I 01 , DBFAE , 

DEF V(201 ,DEL ATM( 100 1 , 
OMPI IX ( I 0 , I 0 1 , DMPI I r M 0 , I 0 1 

NDF .NDFA . 

NGTAH t ( 100 1 

•REP I 

 u i " u i 3 , / i , P f» K L 0 ( 5 . 7 ! 
10 I .RRSWO0<S.7l .RAOFAE.RANOPRlBtOI ,RELRNO(5l .RELSUBlSI , 

101 .RN.ROTDMPXI 10, I 01 .ROTDMPVI |0, 101 .RSP131 ,Sl 1001 .SECONIT I 
•SIGAOIStn ,SlGARl601 ,SIÜB0I501 ,SIOBRI50l,STATAl.(5,53l 
•SVMDOriS,7l ,SVM01FI5,71 ,SYMD1S(7,71 ,S¥MMAX(3) .TARHI 19) 

' I ARRAO I B I . I ARW I «i i  I n n i r ..-,-, .  r G T OE L ( 1 0 0 ) , T G T 0 VL , T 0 T S P D 

, S!GAR 160) ,SI GBO I 50) 

,71,SyMÜlFI5,71,SYMOIS(7 
1 . I A R H I 5 ) , T I) B I f V ( 10 1 

'TCIVELI100).rOTVL2,TGrvsV 

,SHPDEL( 

, T ARL I ! 
00 1 

I G T 0 V L 

M ' F B 1 ( | ) . o 

eia 

• TO T YSV, T ME T A, THR5 10 15,51 
•TMSHP(71,TMT0FRM301 
•,XMAX,XMIN,XOOEri,3 01 , 
■XROFOI30I ,»-ROAOI I ! 1 , 
'YL ENGTK, YÜOE F 180 

I T  " 0' 

TGTSPO«IOIV L5 

IF I MODE . L T  3 l TO I SPD 
REWIND I 
REWIND S 
IRON 5"IRONS* i 
DO 300  I • 1 ,5 

N K I L L I I I 1 • N K I L L D 1 I I 'HfSf 
N K i L L ( I I • 0 

DO 305 I - I ,NVAP 
NVLlDFIIl-NVFAEAlll 
CONT1NUE 
DO 3 10  I • I . 7 

NMSHPTtM-NMOEtlll 
DO    313    J'\ .20 
00 3 15    1-1,15 
NOEFEAI I .Jl-IABSINDEFEAI I 
DO 3S0 J" I , I 5 
ISV|FAIJ»I5I«D 
1 S V I F A I J I - 0 
DO 325 J« I . I 30 

TMTOFRlJl-gggO. 
00    3301-1,100 
KOF T1N( I 1 »0 
NRFIROI I 1 »0 
DEL A TM( I l » 0. 
NK I l,L T «NSPL FT »0 
N T L 0 fi T • 0 
NOBE VT*I 
THET" . 0 r,7l<63e95 
SINT-SIN t THE T 1 
COST-COSITHETI 
KNRS-0 

)(U2«XH I OTH/2 . 0 
YLB- YLl'NO IH/ S . 0 
DO 2 10  t At »Al 
KA BOOMi I l-O 

T GT XOL I 

TOIS1M, 

001 ,TGTYNW1 100) .TOTYOL. I 100 
IMEMVI 100) .TMBROISI .TMBRIIS) 

TRAVTM.XCYCLEI7),XDMP( 
XOVPl10), 

) .XSWAIHISOI .XWIDTH 

YOVPI10)1-r(DFOl30l,YR0AD(lll 

TMDLCF 
10 1 , XT I X , 

YSWATH I 5Q | 

i n,n «NRFBor i ■NDFDAM1 I 1 - 0 

'THETA 

Figure  30.      (Continued) 
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.HOaiPi,IT 

NOB  f 0 
N 0 B T P ? - B 
I T ■ 0 
N«NRS * I 
NOB-NOB^N 
DO S00  1 • 1 ,N 

SOB    HR1TE(I1  XRO*Ö( I I , VROAOI I 1 
ir(N*P.LT.I)  00 TO  160 
00 I '»S J« 1 . N»P 

1H7 CALL BNOHMfRNM 
CALL RNORMIRNS) 

REMIND 3 
MT-MTFA ( J i 

i T - 0 
N-NSTICK(Jl 
00 i '♦e i -1 , N 
CALL RNORHIRNSl 
CALL RNORM(RNHI 
NOBTPg-Ml 
1 FIJ5EL0S(MT 1 1  )SO, I 30 

130 REA0I21  ORX.ORY,N0BIP2 
I F(N08TP2 . NF , MT I  00 TO  130 
00 TO  150 

iso oo TO(ies,ias,ias,iaai.JSELOS<MII 

lae CALL RNORMIRSTART) 
0RX-XSWATHt:ji/6.»RST*RT 

1 F ( JSELOSI fit ) -H I     123. 136.133 
I a3    CALL    RNORM 1RSTART ) 

0RY.YSUATH(JI/6.»RSTART 
00 10  150 

ia5 0RX=XSHATH(J1'IRANF(DU«MYI-.5I 

1 F(JSELDS(MT I -31  186.183.136 
136 0RY-YSMATH(JI»lRANF(OUMMYI-.5l 

150 ORX-ORK>RN1"SIOADIJI*RN3-SIG9DIJI 
0RY-ORY.RN3«SIGAR(Jl*RNt>5IOBRIJI 
OBX-AIMPTXlJl»0RX"COST*OHY'5INT 

0BY-AIMPTV(JI-0RX"SINT»ORr'COST 
!r!ABSI0BXi.0t.XH3.0RABSi0BV!.0T 

14 3  RN • RANF(  DUMMY  1 
IF(RN-DUOPRBI«T I 1 30,30,35 

20 NOBTPS-NOBTPB»B 
25 IF I I NT I ME (MT ) .EQ. 0 I  00 TO  1H5 

RN • RANF  (DUMMY 1 

I T »RN« XCYCLE I MT I 
IF  1K0UNTIMTI.GT.01  IT-KOUNTIMTl 

IF  I I RNK I KT I . GT . D I  I T - I F I X 1 I T • RN I <■ 1 
PtS 1 F (MODE .EQ. I . AND.N0BTP3.OT .81 00 10 

NOB • NOB ♦  I 
HRITEM)  OBX , OBY , N0BTP3 . I T 

I tG  CONT !NUE 

1FlNOB.LC.337671 
PRINT  1000 

1000 r ORMIAT I •  MORE  THA 
CALL EXIT 

160 NOBTP3-0 
WRITiEIM ÜBX , OBY , N0BTP3 

1 0    MUSH • 0 
T 0 T S I M • 0.0 
DO  100  I"1,NTOO 
N-NTGT YPI 1 1 
NRADF I I 11 -NRA M NI 
IFlNTTTCSINI .EQ. I I 

99 T I MC MV r I 1 -0 . 
TOTDEL ( I 1 «0 , 
SHPOEL111-0. 
NOT AW I ( I 1 "NG1 AW( I 1 
TOT VEL C I I -T OTSPD 

100 CONTINUE 
DO 110 J«1,NDFWD 
N-IHTDEF(JI 
NRAOrO(J1'NRAOIN1 

110 CONTINUE 

RETURN 
END 

YL 3 I  00 TO  1*6 

I *& 

00 TO 

33767 MINES  IN MINEF1tL0• 

NSPL F t «NSPLF T ■ 

Figure  30.      (Continued) 
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SU8R0UIINE HOAO 
COMMON ACEP15.3I ,*DEPi;?0l ,»E1 (5,5.41 .AIISOI ,»1 MPTX I501,AIMPTY(5()I 
'ALNOLC.ANO |MP(IOi,A«rui5,SI,*FIEP(20l,AWIDLC,AVYVP110l,DBrAE. 

•OtrWT(91 .Dm. 161 .OEERAOlbl ,DErH!9l .DfFXiPOl ,OtFVIgoi .OELATMi 1 00 l . 

•DfPI lOi ,OFIF*E,DIRATKI 10) .OIRDISCIÜOI ,OMPI 1XII0.I0I .DMP1 I VI 10, 10: 

■OUDPRBC/l .DJOEL ,E I (5.5,81 . 10, 10IS0P, lOPtBO, 15,») , 1ENÜ, 
•1 IS, 1MINE. INOr», INT IMEI'M , 106(9000) . IPO, IPRINT, IHNK(7) , IHiriR. 
•IRUNS.I'iAVE.ISBL.lSVIFAiiO) , ISVLST,IS»MP(J1 .ISYP.IT.ITERDP, 

•i rotPRis.S) , IVAP, ivti, , IWORD, IWTDEFIEOI , iwtv*p( \oi 
COMMON JMARKI , JSELDS(";) ,KABO0M(«m71 ,KD(TrN( 100) ,KNR5,K0UNI 17) , 
•KTSAVtlOO).KI,LCFOPT,LCFTT,L. 0r0PRi5.Sl.LErTlN.M*01V,MIF8T(71, 

■MODE ,MTrA(501 .MUSH.NAP,NCT*H( 100) .NO,NOEFEA( 15,801 .NDr.NDFA, 
•NOFAA ,NDFDAM(Sl ,NDFUD,NDrHT .NOVr .NOT AW(I 00) .NOTAHT .N0TAH1 I 1 

•N10BT(5) ,NITflir(51 ,NKILL(5) .NK1LI. 0(9) .NK ILL 1 1 9 ) , NK I L L T , NHDE T 
■NMIN(7l .NMSWPT (71 ,NMT ,NOB.NOaEVT ,N09TPa,NOI I,MOST AT ,NRAD19 > 

■NRADFOISO) .NRADfl I '001 .NRAi (5) .NR9*,NRF9DT(51 .NRFBITOl , 
•NRFIHDi I nOl .NRS.NSPLFT ,NST ICK(501 .NSUBI9) .NTCOLI 1001 .NTGO.N 
■NTüTVPl10D1.NTLCIF:101.NTLOST,NTTTCS(5),NTfTMD(9l,NTTTRP(91 
■NVFAEA< 101 ,NVL IOr( 1Ü) .NWi:PV( 101 .0SX,OBV,0BYPRT.P*TR»D19l .P,D 
COMMON PHD(6,5l ,PPFAF(7l .PRBITY.PH0TNQI9,71 ,PRKL0(9,71 , 
•PROBILiBMOl ,PRSWD0(5,7l .RADFAE.HANOPRlBHCI ,RELRN0(S1 .RELSUB 
•REP( 1DI .RN.ROTDMPXl 10, 101 .ROTDMPYMO, 10) ,RSP15),SI 1001 ,SECO 
•SIGAOJBÜI,SI0AR150l,S10BD(»0),510BRI50),STATALI5,92).SHPDEL 
•SYMDDF(5,71.SYMDlF(9.7!.SYMDISn.7l.SYMMAXI 3 1 ,TARHT(5) , f-Afll 
MAHRA0I51 ,TARW(S1 ,TDB1FV( 101 .TOTOELt 1001 .TGTOVL.TGTSPO, 
■TOTVELI1001 .TGTVLS.TOTVSV ,TOTXOL( 100) ,. TGTYNW( 100) .TOTYlILl 100) . 
•TOrYSV,THETA,THRSlG(6,5l,riMEMV(l001.TMBRD(51,THBRII51,TMDLCF1 
>tMSWP(7 1 ,rMT0FRl 130) , rOTSIM.tRAVTM,XCYCLE(71 .XDMPt 10, 10 1 ,XFtX 

•XMAX.XMlN.XOOEFiaOl .XOVPl 101 , 
•X.ROFO(301 .XROAOl 1 1 1 ,XSWATH(501 .XW1DTH, YOIVI 1001 .YDMPl 10, ID) , 

•YLENGTH.YODEFISO) .YOVP( 101 ,YROFO(301.YROAOI 111 ,YSWATH1601 

00 ) 
1 7 > 

TßTP , 
.NV AP , 
LCF 

15), 
N ( 7 l , 
(10 0) 
(SI, 

D1 ME MS 1 ON XLCF (1001 
NOT A - I NDFA-0 
RCWIND 1 
KNRS'KNHS«I 

0 0  10  I - I .K N R S 
1 IJ    REAOMI     XR 1  , YR 1  , NOBTPe . 1  I 

READIIJ XRS,YRe,NOBiP?.ri 
i?0 REAOI11  ORX , ORY , NOBTPB , I 1 ''! 

1 F ( NAP . 1. 1 , 1 1  GO 10 ^5 

IFINaBTPS.CQSl  GO TO PO 
?5 N2-N0BTPS 

L I T • I T 
A 1 •• r R 2 - Y R 1 
A 3 • X R B ■■ X R 1 

1F(*2,E0,0.1 A2-,000000 1 
THETR-ATANBIAl , AH > -3 , 1 << 1 59B8 S'l / 9 , 

COSIR"COSI THE TR) 
SlfflR-SINlTHETR) 
09X«0 0 
OBY -0 , 0 
N o B r P a • 8 
I T • I M i N E • 0 
CALL  1PACK 

1 OBi 1 1 •I WORD 
Yl. EMTH-OBY-SQRTlAS-'iJAI-'ei 
CALL  IP A C K 
NOB"S 
I OBIS1 - I WORD 
NOBT Pa-NS 
i T "L i r 

00 H5 1 • 1 . 130 
M5 TM10FR.' I 1-9999.0 

YM1N.99999. 
YMAX-0. 
00 SO  1 MlN£- I , 3a7S7 
iFiNoaipa EO.OI oo in inn 
0B*«I0RX-XR1l-COSTR'IPRY-YBI1-SINTR 
08Y • - lORX ■ XH I 1 >S I NTR < ( Of»Y • YR 1) «COSTR ;■;' 
1 F ( QBY , OT , YLEMTH . OR OBY I, F , (1  1  00 TO HO 
1 F 1 OBX , L T , KM 1 N . OR . OBX OT  x fi A X 1  00 TO 'i 0 

IB-";- 
Figure  30.      (Continued) 
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VMIN-AMINI(YMIN.OBM 
YMA« -«MAXiiVM»X oerI 
IDET.0 

1 r I KNR-; . GT , I I  CALL BOOHIIDEr.ei 
I r I I OE T . EQ . I I  GO 10 >»0 
CALL  IPACK 
M-MODIN0BTP2,B I 

IF(NOBTPS.01.15)00 TO 
M1FBTIM!-MIFBTIM1tI 
NOB-NOB«I 

IT(NOB.L T .5001 1  GO TO 30 
PR I NT  10 0 0 

1QO0 FORMAK«OMORE  THAN 
•D SEGMENT'/SOI I H/ ) 
CALL EXIT 

I0B(NOB)•IMORO 
RE AD( I J  ORX . ORY ,N0BTP2 
CONT I NU£ 

DO  ISO  I«I,NT0O 
K TSAV( 11 • | 

IF1KNRS.EQ. II GO TO I t 0 

IF(TGTYNWI11.OT.9999M.I 00 TO ISO 
1 I 0  TOTYNkl I I-TOTYOL ( I I 

TOTVEL I I I -TGTSPD 
IFIKNRS.EQ.II  00 TO  ISO 

TADJ'ABSITOrYNHI I WTOTVEL I I 1 I 
DELTM-TOTDELI I l»SHPDELI I I 
TIMEMV(Il-TIMEMVIIl-TADJ-DCl TM 

TGTVNWIIl.TOTrNWlM-TOTVELIIl'OELTM 
I SO    CONT INUE 

TGTYSV-TOTYOL ( I I 

LEFTIN'NTGO-NKILLT-NTLOST 
MUSH-0 

S9 

30 
* 0 

50 
I 00 

29 

5000 MINES HITHIN RANGE OF 
•PROGRAM STOPS• .^0 I IH/ I I 

I T 

INFLUENCE FOR A HOA 

I SI 
I 25 
I 30 

I 33 
1 in 
1 3 5 

1"I,100 

II  0 0 TO 13 5 

NOVT-0 
DO  I S I 

S ( I ) ■ 0 . 
i S V L S T . I 

K T S A V I I 1 • 0 
I F ( N V A P . L T 

1MINE-IT'O 
N0BTP3.16 

00 130 J-I.NVAP 

DIRATK(J}-AYYVPIJI • . 0I7'«53S93- 
1RD-AM00IX0VP(J1 , 100. ) 
1 ROAD-I ABS( IRDI 
IF ( I ROAD,NE . «NRS1  GO TO  130 
1 T =NTLC IF I JI 
1MINE<J 
X R = ( X 0 V P I J ) - 
YR-YOVP(JI 

OBX- ( XR-XHI 1 

OBY =■ - I XR- XR I 

I ROAD 1/10000. 

•COSTR« I YR-YRI 1 ■SINTR 
1 «SINTR» IYR-YRI I »COSlR 

LE 
01 

IFIOBV.OT.YLENTH,OR.OBY 
1 r ( OBX .LT . - 1 638, . OR.OBX 

CALL  IPACK 
NOB'NOB«1 

IFINOB.LI.50011  0 0 TO  ISM 
PRINT     1OQO 

CALL    EX I T 

I OB(NOB) • I WORD 

CONTINUE 

CONTINUE 

00    I3t    J-I,NVAP 

NWV-NkJEPV I J i 

IFINWV.LT.II     GO    TO     ISM 

00     133    K»I,NUV 
ROTDHPX( J .K1 - ( XOMP I J 

0 . P GO 
1 638. I 

TO 

GO 
I SS 

TO IS5 

ROT DMPYIJ. 

CONT1NUE 
CONTINUE 
I MINE • 0 
I T =0 

K I 
Kl-XRII»C0SIR»(Y0MP(J,KIYR1I'SINTR 

IXDMPIJ.KI-XRM.SINIR.IYOMPIJ.KI-YRII'CÖSTR 

Figure 30.      (Continued) 
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I    Hü 

I 50 
I 60 

3^0 
MOtl 

1 COS TR 
.  1     00    10 

L >() 

I r INO.U     I  i     GOTO     ISO 
DU     150     I•1,NO 
! HD'AMODI XRtirOl  I  1   ,  I OB .  I 
I F)D. I ABB( I ROI 
IF I  IHO.NE .KNRS)     GO    TO     I 60 
XRTLO»! ( I FIX (XROFOI  11/100. 
vHcriOM ( i r i xi vRoroc i i / i oo , 
OBY'-IXR-KRI;•SINIR»iyR-YRl 
I F ( 0 B Y . 0 r . Y L E N I H    0 R . 0 B V . L E . i 
NOBTPS-|7 
I F l L i I 4 9 , I M 7 

L ' I 
I r>-lflXI»MOO(YRDfOl  I I  , 100.  1 ) 
I I ' I ABS I  I T 1 
CALL     1 P A C K 
N0B«N0B» i 
IFINOB.Lt.SOOll  60  10  1U0 
PRINT 1000 
C Al L EXIT 

N 0 B I P 3 • I S 
I --0 

GO to ma 
I 081 NOB I »1 WORD 
CONTINUE 

1 r INOFAA .LT. IJ «8 10 HOO ;! 
DO 350  l-I.NDFWD 

DEE XI I I -IXODEFI I 1 -XRl ) »COSTR. I YODEFI 

DEFYM I .-(XOOEFI I I  XRI I "SI NTHH YODEF 
CONIINUE 
I F I LCFOPI 

NLCFCT-0 
00 '.10  i-l,NTGO 

IF 1NIOT YPI 11 . NE . 
NICFCT-NICFCT' 
XI cr l NL cr c r I - TOT XOi   III 
CONIINUE 

OLCF-ALNGLC 

If ILCfOPT . GT . I 1 DLCr-DBFAE 
i r «o 
IMINE «0 
NOB i pa-19 

0BY-YM1N-e.-ÜLCF 
OBY. AMAX1 (OBY , 0 . I 
OBY ■OBYfDLCF 
IFIOBY,OT.YMAX1  00 TO 500 
00 '♦SO I " 1 . NLCFCT 
OBX-XLCFIII s* 
CALL  1PACK 
N08-N08*I 
1 OB I NOB I•I WORD 

IF I NOB, LT .5:0 0 1  I     GÜ    TO    '«JO 
PRINT     1090 
CALL    EXIT ,,; 
CONTINUE 
GO  TO neo 
RETURN 
END 

I I   ■ Y R 
I T 1 •■ Y 

I 1 • S I 

H 1 ) • C 

NTR 
OSTR 

.LT. I IRE TURN 

. L C F I T I     0 0     TO    MIO 

ssss. 

Figure  30.      (Continued) 
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SUBRO 
COMMO 

'AL NOL 
■DETHl 
•OEP( I 
• 0 U 0 P R 
•115,1 
<[RUNS 
■ i T G r p 

COMMO 
•KTSAV 
■ MODE . 
•NOTA* 
"NIDBT 
•NMIN( 
•NRADF 
•NRFIR 

• NT GT Y 
•NVFAE 
COMMO 

• P R 0 B 1 
• REP t I 

•SI GAD 
•SYMDO 
• T ARRA 
"TGIVL 
• T G 1 Y S 
• TMSWP 
•XMAX , 
• X R D F Ü 
• Y L E N 0 

UTINE BOOM 
N ACEP15 . 2 
C . ANG1 MPI I 
I 5 1 , 0 C F L I 5 
0 1 .OF TFAE 
Bl 7 I ,OJDEL 
MINE,INDFA 

. I SAVE . I SB 
RI 5.5 I , I VA 
N J M A R K I , J 

1 I 00 i . K I .L 
HTF A I 50 I . M 
.NDFOAM(5 I 
16 1 , N1 T B T I 
7 I .NMSWPT I 
D(20),NRAO 
DI 1 001 ,NRS 
P(100 1,NTL 
A ( I 'J I , N V t I 

N i»HD 15.51 
L(8H0I,PRS 
0 1,RN.ROTO 
150 1 ,SI OAR 
F I 5 , 7 1 . S Y M 
D 1 51 ,1ARW1 

LI 100 1 .TOT 
V , THET A , TH 
17 1,IMTOFR 

XMIN,XODEF 
(30 1,XROAD 
TH.YOOEFIg 

I I BE I , N 1 

1 , ADEPI 20 
01,ABEL(5 
l .DEFRAD( 
01 RATKI 10 
,E 1 I5,5,S 
, I NT I Mt (7 
L , I SV I FA( 
P . I V E l. , I W 
SELOSl7 I , 
C F 0 P T , L C F 
USH NAP,N 
.NOFWO,NO 

5 I ,NK I LL ( 
71,NMT,NO 
F I 1 I 00 I ,N 
NSPLFT,N 

C 1 F 1 I 0 I . N 
OF I I 0 I ,NM 
. PPEAF t 7 I 
WOO (5,71 . 
MPX110,10 

(50 1 ,SI OB 
0 I F I 5 , 7 I , 
51 , TOB 1FV 

VL2,TOTVS 
RSI 0 I 5,51 
1 13 0 1 , T 0 T 
1801,XOVP 
Mil.XSHA 
0 I . YOVP 1 1 

I . AE 

. ? I . 
5 I . D 

I . D 
I . I 0 
) . I 0 
30 I 
ORD 
K ABO 
TT ,L 
C T AM 
r MT 
51 ,N 
B , NO 
RA I I 
ST 10 
TL05 
EPV I 
. PRB 
RADf 
1 . RO 
01 50 
SYMD 
110 1 
V . T G 
■ TIM 
SIM, 

110 1 
THIS 
0 1 . Y 

I (5,'5,W 1  Al (201 .A1MPTXI501 ,AIMPTYI501 
AREP(201,»W1DLC,AYYVP(101,DBFA€. 
CFM(51,Otr»(?0l,OEFY(20I.DCLATMl1001, 
RDISl  I 001 .DMPI  IXi  10, 101  ,DMP1 IYI 10,  101 
.101 SOP , I DPI 20 , 15.21 , IENO, 
B1S0001,IPO,IPHINT,IRNKI7I,IRTFIR, 
ISVLST,ISVMP(JI,(SYP,lr,lTEROP, 
I MIDEF  1 POI  , I MT VAPI 1 0 I 
OHfBH?I  .KOFTTNl 1001  ,KNRS.KOUNT(71  . 
0FDPRI5.SI .LEFTIN.MAOIV.MirBTni , 
I  1001  .NO.NDErE»(l5.20l .NDF.NDFA. 
NOVT ,NO!AMl  1001 .NOTAMT .NOT AMI ( I 001  , 
KILLOISI .NKILLI (Si .NKULT, NHOC T 17 1. 
BEVT.NOBTPa.NOIr,N0STAT.NRADI5l, 
91  ,NRBA.NI«FIOTI9l . NRFBI T ( 5 i , 
K(50l , M5UB ( 9 I . NTCOl ( 1001 .NTCCNTCTP, 
T , NI TTCSI91 , NT ITNOI91 ,NTTT*P(9l .NVAP . 
101 .0BX.09r.0BVPflT,PATR*p(9l .POLCF 
1TY.PR0TN0(9,7I,PRKL0I9,7I. 
AE .RANGPR(SHai.l«ELRN0(9i ,RELSUB19I , 
TDMPYI 10, I0I,RSPI51 ,S( 1001 ,SEC0N(7i , 
l,SIGBRI901.STATAL(5,92I.SHPOELI100l, 
15(7.71  .SYIINAXIJI .TARHT(9I .TARL19I  , 
.TGTDELIIOOI.TOTOVL.TOISPD, 
TXOL  1  1001  .TOTYNM1 100. .TOTYOLI  1001  , 
EMVI100l,TMilRD(91,TMBRI(91.TMDLCF, 
TRAVTM,XCYCLEI71 ,XDMPI  10. 101  .XFIX. 

01,XWIDTH,YOIVI100l,YDMPII0,10l, 
RDF0I301   .YROAOM1  I  .YSWATHlSOl 

eoo 

IHD-I  I MINE-  1  W60H 
K«MODIIMINt  .60i-1 
iF!K,rQ.-ll     (C « S 9 
i ►' i N   r,T    ii   no   TO   coo 
I • I 
KABOOM1 I HO 1 -KABOOMl IWDi  OR.SHir r1 1 ,Ki 
RE T URN 

IDET'-SHln 1KAB00MI IWOl , XI . AND. 19 
RE TURN 
END 

Figure  30.      (Continued) 
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S '. I B R 0 U I   I N t     5 0 R I I * , N l 

SUBR0U1INt    S0R1 

P U R P 0 % r 

TO    SORT     A    VECTOR     INiO     INCREASING    ORDER    EPOM    All)     TO    AINI 

A   HAr   BE;   TYPE   REAL   OR   TYPE    INTEGER. 

USAG»; 

C AL SORT  I A ,N] 

DESCRIPTION OE     PARAMETERS 

A - THE    NAME    OE     THE    N-VECTO^    TO    BE     SORTED 

- IF    *    IS    TYPE    REAL     THEN    EACH    OE     ITS    COMPONENTS 

- MUST    BE     IN    NORMALIZED    FORM. 

N - THE    NUMBER    OF    ELEMENTS     IN    THE     VECTOR    TO    BE    SORTED 

REMARKS 

THE  PROCEDURE REQUIRES TWO ADDITIONAL  ARRAYS  IUIK1  AND  I L I t< I 
WHICH PERMIT SORTING UP TO S'!(KM1-I  ELEMENTS    THESE 
ARRAYS ARE SUPPLIED BY  THE SUBROUTINE WITH «•  16.   THIS 
ALLLÜWS SORTING A MAXIMUM OE  13 10'M  ELEMENTS. 

MEIHOD 
AN EFFICIENT  ALGORITHIM FOR SORTING WITH MINIMAL STORAGE 
BY RI CHARD C .  SINGL £ TON 
PREPARED FOR 
INSTITUTE RESEARCH AND DEVELOPMENT 
STANFORD RFSEARCH  INSTITUTE PROJECT  367531-132 

SEPTEMBER  1968. 

;NTEGFH A(Nl,IU(l6i,ILII61.I,Tl 

M 

J • N 

5  IF(|-J1 10,70,10 
I 0 K =  i 

I J »  I J« I I /? 
I  «  A I I J . 
IF(A(M-TI  20,ao,15 

15 AIIJI  - AMI 
A 1 I 1  •  T 

T  •  A ( I J I 
BO L * J 

IFiA(J)-TI  23,10,40 
23 AIIJ1  ■ AlJl 

A I J i  •  T 

T  « A I I J I 
I F I A ( I 1 - T I  M 0 , w 0 , 2 7 

27 A ( I J)  - A I I I 
All)  ■  T 

T  • A I I J ) 
GO TO MO 

3 0 A IL I  -  A!K I 
A I K 1  «  T T 

MOL  • L  - I 
IF(A(L<-T)  3 6,35,MO 

35 T T  -  A IL l 
50 K - K  -t I 

IFl»(Kl-r!  50.63,63 
53  IFiK-LI 30,30,56 
5 5  IFMI. -ll-IJ-KIl  60,60,57 
9 7  ILIM1  • 1 

I U ( M )  • L 
1  « K 
M « M + ! 
GO TO 80 

B 'J  I L i M I  - K 

Figure  30.     ^Continued) 
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I U I M 1  •  J 

J  •  L 
M  •  M  •  I 
00 TO 80 

TO M • M -  I 
1FIM1  7 9.M0,7S 

75  I  •  ( L '■*'.) 
J -  I U I M 1 

BO     U l J- I - I M  B6. I 0 . 10 . 
8")  I r I 1 ■ I I  87 .5 . 87 

87  1  "  I  " I 
90  I  "  1  •  1 

ir(l-Jl 93,70,93 

f 3 T • » I I ♦ t • 
1 F l « ( I I -TI 90,90.97 

97 K  ■  I 

100 *l«*II  "  »IK' 
K • K  -  1 
| F( T -»(K 1 I  1 00 , 1 05. I 05 

IDS A(K«1 I  •  T 

00 to 90 
1 I 0 RETURN 

tND 

Figure  30.     (Continued) 



S U b H O u n u t L O O P S 
. . . . , „ . I l i O . » I H P K I S 0 1 . » I H P ! > • %u 

C U - H O K . C f P l S .<? ' • »u< <" <•" ' • ' ^ P l • , • A M l 0 L c . « T V P l I 0 1 . o a r A E . 
• AC N C I I . A NO I M P ' 10 1 0 C F X I 8 0 . . O f f V 1 8 0 I . D E C A t H I 1 0 0 ' . 
• o e t H - n . . o c r i o U , « ' ' o . ! o . . o B p i n n o . , 1 . 
• D E P . 1 0 . . O f T f «E . O I B A r x , 1 3 ' , 1 ' p I O P . 8 0 . I E N 0 . 

;IS?7 s;7 • :: 7i::s7 «^si;:: • ;:su7r:s; -o%s|v» .:?v: i:....; ?:: 
:=;;t•-ssi7?:vu:2•:::is?:4;7ssr:̂ 7;7?,•i, • 

• N T O T f P « ' . 0 0 1 . H T L C i r I I 0 » . N I L O S . o B y f»R T . P A T R A 0 < 5 1 . P OL C F 
. N , r » A M O i . N V L . o r . i O . . P « K L O . 5 . 7 . . 

- 0 » H N P H I ( 5 5 i PPE Af > • 1 . P « 8 1 . g , 0 , R e L R N o i « l . R C L S U B l <S ' . 
• P H O B I l . e - 0 I . H H S U O O I •>. 7 • " * ? * • * ' • " * ® . . 0 , R S P I 5 , . S I I 0 0 • . S E C O N i -• • . 
. H E P . I 0 t . BN . R O I O H P * ' 1 0 . I 0 > . " O t O H P Y i I 0 . • , , . S U P O E C I 1 0 0 • 
. S ! 0 . 0 . 5 0 , . S I G » « . 5 0 , . S 1 0 8 0 . 5 0 , S I O B R . ^ O l S T . T A t 5 . H I S I T > R i 

* 1 A H H A O i ^ i . t A P U I M . ' D B U v I 1 0 ' . l O ' O E L J v , u , . 0 0 , , , 6 I » 0 L i I 0 0 1 
. 1 0 ' v t i ' 1 0 0 ' T O W l J . I O ' v a V . I O T H O I . . 0 . • t N B H I I S 1 . I M O l C F . 
. . Q . , 5 , • „ ( U . 1 H » 5 1 0 H . 1 1 . t I M E M V . 1 0 0 . t " B R O . % 1 . T « B 
. , S s i p * 7 ' . ' " T O f « l U O i . t O T S I H . T B A V T M . X C Y C u t 1 7 , . « O M P . 1 0 . 1 0 

. I B A I , K l U . « O D t f l J O I . > O V P M O ' . , u t 0 T H r O I V M O O l . l f O H P I l O . l O - . 
• • » U O X B O A O I 1 I . " H A T H I i O l X H I O T ^ r O l V , S I J » , H H 0 . 
. L E NO 1 M . r O O E f 1 8 0 1 . r o v P . 1 0 1 . r R D f 0 I 

0 I Ml N S I 0 M I P O S i 1 0 0 1 . 'H. 1 0 0 
K I S A r - l i v L S T ' - K T S A V I S V 1 «, 1 I • -

i 1 ' H T r,o 

IF I t o t I X K I 1 > 1 0 0 0 0 0 1 '• 0 . 1 0 0 

I G ' T N M I t » - 9 9 9 9 9 
T « T or »• 1 > - 9 9 9 0 

O I R O I S t I - 9 9 9 9 9 

G O TO 2 S O 
01 H O ISi I » - 9 9 9 9 9 
, r . t a t r NW I I 1 & ' - 9 9 9 1 0 I 0 0 t o 8 ^ 0 

1 * 0 KT - K I S M I I > 
I F < I OB I * n • I I ? i o . 2 o ^ 

? 0 « i K t S A V . I . - K t S A V I 1 1 • 1 
GO T 0 1 * 9 

( M O ! W O R D - I O 0 U T ) 
C A L L U N P A C K 
N • N T 0 T V P ' M 
I f i N O B ' P ? 0 ' 1 5 ' G O T O 2 * 0 

H > H O O • NOB T P 2 . 8 > 
If <H» 2 1 2 . 2 ^ 0 
If I P R S H O I ' I N . H I I 2 2 0 . J 1 5 

£ 1 5 l P R O I N O I N . M I I ? 2 0 . 20 s" 

s s o X O I S ' A B S O B X 
IF : x 0 I S H S P « N » > 2 H 0 . 2 0 - . . 2 0 5 

? „ 0 D t « 0 1 S - 1 . - O 0 Y - T G T Y N W I 1 » 

? 5 0 C O N T I N U t 
1 S A V E • 1 
I V F L - 0 
I 5 V « I 
SHI 0 1 S - S M L 0 1 S 1 - 9 9 9 9 9 
0 0 * 0 0 l - I . N T G O 
i r i S H L O I S - O I B O I S I I I l l ' O • 3 5 0 . 5 1 0 

! I 0 | S > » £ - ! 
S H I O I S ' U HO I S . 11 

. . . I M U H E I u m 6 0 . » i i 0 . J 6 0 
, 6 0 I f S M L O I S I O I R O I S I I > " - 0 0 . - 0 0 . 3 0 0 
3 * 0 S M I O I S I - O I R O I S ' I » 

I s v • 1 

F i g u r e 30 . ( C o n t i n u e d ) 
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580 

590 

CON T i NUE 
TRAV TM«SML0IS/ IGTSf0 
ISVtSt■1S»VE 
I F ( TGIVEL ( I SAVE I .OT . 0 . I RE T URN 

IT( IVEL . L T . I ) GO TO S90 
fV-SHiOlS1/T0TSPO 
I r ( T T . LE . DEL ATfK I SAVE 1 1 50 TO 570 

THAVTH«pELATfU I SAVE I 
RETURN 
I S A V F, - I S V 
ISVLST- 15V 
T«AVTM> T T 
HE TURN 
00 590  1 - I ,NTOO  i 
.TM( I I "DEL ATM( I I 

Ipqs(M - I 
-IF  I TOT VNH( II . OT . 

CONTINUE 
00 700  1-1.NTOO 
IF( I .L T ,a »00 TO 

99990. ) T M( I 1-99999, 

600 
IT ( TMI I - 1 I .OT . TMI I I 1 GO TO 7 10 

BOOK. 1 
DO 700 J"I.NTOO 
iriTMUI.LT.TMIJIlDO '0 TOO 
SAVE -Tt1( I l 

; TM( I I «TMI J) 
T « I J I - S A V E 
KEEP« I POS I I I 
I P 0 S I I I - I P 0 S ( J I 
IPOS I J)"KEEP 

700 CONTINUE 
710 NUM"K-1 

015-99999. 
DO 750  I•1.NUM 
KPOS' I POS I I I 

' F ( 0 I HD I 5 I KPOS I . 01 . D I ''> 1  GO  '0 75 Ü 

'  OIS-OIRDIS'KPOS) 
IG AVE-KPOS 

750 CONTINUE 
I S V L S I ' 1 S A V E 
rRAVIM=TM(1) 
RETURN 

END 

Figure  30.     (Continued) 
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S M B H 0 M t I N £ t: v E N r c 

(, I (80) ,, A j « P T X X 6 0 1 ,AlMPrYlr30l 

A H I 01. C , A f VV P I 1 0 1 , D B F A E , 
DF. rxiSOl .DETVISO) .DKLATMI 1001 

OMP11X110, 1 0 1  . DMP-I  I V (  I 0 .  1 0 I 

COMMON    ACEP' 5,B1 , ADEPieOl . *E I tS.S,1. 1 
■ ALNOl C.ANOIMFM 101  ,AREL(6.ei  , AREPISQI 
■ÜEPHT I 5)  .0EFL151  .OCFRAOISI  .OCTWISl 
■OEPM01  .OnFAE.DIRAlKllOl  .DIRDISI 1001 
.OUDPHBi7l,D3t,EL,En6,5.?i,ID,lD1SOP,lüP1eOR    9.S    RICND 

lSVirftl30 I  ,  ISVLS1  , 1SYMPI31  , lf.YP, 1 T 

I VEL . I WORD. 1MTDEE (201, !MTVAP( 1 0 i 
,KABOOMl5H71,KDriIN(10 01,KNRS.KOUNTC7 1 

RTF 1 R , 
1 T E H 0 P , 

■ i RUN5. I SAVE . I SBL 
. 1 TOtPR(%,SI , IVAP 

.KfiAVUOOl.Kl.LCEOPT.LCrTT.LOFDPfllS    S.AEr       N^MAD    V.MKt, 

• r.üDt , Ml F A I 50 1 .HUSH , N A P , NC T A W U 0 0 . , ND , NOEf E A , 1^20' 
•NOfAA,NDFDAm5..NDFWD.NDrWT.NOVT.NGTAW.lOO!.NCIAHF 
•NIDBFLSI  ,NIT8T (51  ,NKU, L IS1  .NKILLOIS)  .NK1LL 1 15 
• HMIHJ -i 1  .NMSWPT (71  .NMl .NOB.NOBEVT .NOBFPa 

• I4RA0FD i EO )  . NRADF I  1 I 00 I  , NBA 115 1 
. NRF 1 R0(  1 00 1  , N-flS .NSPl.r 1 
■NIGt yPi I 00 I  ,NTLC I F 1 I 0 1  ,N1L0ST 
•NVrAF A 1 1 01  ,NVL 1 OF (  1 0 1  .»IWEPV 1  1.0 1 

COMMON    PHD(6,5!.PPEAF 
•PP0H11. ( 8401  ,PRSaO0( 5 . „-,,ft, 
•REPdOl  ,RN,HOTDMPX( 10. 101  ,R0TDHPY(-10, 10 1  ,RSP1S1 

•SlCJAOCSOl ,5IGAR(50 1  ,S10BO:150 1 ,SIOBRI SOI 
•SYMDOF 16,7)  .SVHOIF ('j,7 1  .SYMDISn 
• ! AHRAD151 ,!ARHI61 , T0Ü1F V i 1 0 1 
' 101 VEL. I  1 00 I .TOTVLS , 101 VSV 
'IÜIY«iV.IhEIA.THRS10l6,5! , 

■ 1 M S W P I 7 I , T M 1 0 F R ( 1 3 0 1 

NOF ,NDF A . 
NOTAWl ( I 00 1 , 

l,NKU.LI.NM0ETi7 1. 

NOIT.NOSTAT.NRAD(S1, 

NRBA.NRFBDT(5 1,NRF9IT15), 
NST ICK(50 I .NSUB15 1 ,HTCOt. 1 I 00 1 .NTO-0,NTOTP, 

NT TTCS (5) ,NriTM0(51 .NTT rRP( 51 .NVAP . 

OBX,OBY,OeYPRT ,PATH A 0(51 ,PDICF 

71  PRB1TY.PRDTNÜ(5,7I,PRKL0(5,7 1 
>     RADFAE RANOPR(B40I ,BELRN0(51 ,REL.SU8(6 1 . 

5(1001,5EC0N( 7 1 , 

STA! AL (5,52 I vSRPPEI. (1001 

7 1 .SYMMAX ( 31 . TARHT (61 , I ARE 1 51 . 

TOTDEL ( I 00 1 ,TGTOVL .TOTSPD, 
, T 0 I X 0 L ( 1 0 0 1 , T 0 I Y N W ( I 0 0 1 

1 I MEMV( 100 1 , TMBRDl 51 
101 5 I M, 1 RAVTM . XCYCtE( 7 1 

T 0 T Y 0 L (10 0 1 , 
tMBRI151,TMOLCF 

XOMP( lO.lOl.XFIX 

'XMAX,*M1N,XOÜEF(SOI .XOVPl 101 , 
'XROFO' 30 1 . XROADl 1 \ 1 . XSWATHl 50 I . XWI OTH 

■YLt'NOIH YOOEFIEOI ,YCWP( 101 ,YRDFO(30I .YROADl II 

YD I V1 1001 ,YDMP110.101 
YSUATH1501 

10 T V S V•T 0 T V E L ( (SAVE 1 

0 B Y P R ' - 0 B Y 
OBY-99999. 

1 0 B 1 1 I - - 1 
M U S H ■ 1 
1 F 1 KNHS , NE . 1 1  0 0  to  1000 

t 0 r s 1 M ■ 11 . 
ÜO 200 1 " 1 ,.NTOO ■ 

JIJO T 1 HE M V V1 ) « 0 . 
00 10 1000 

505 CONT1NUE 
IOIYSV -  FOIYNHMSAVEl 
1. E F I 1 N - LETTIN -  1 

502 151 YNW1 1 5 AVE 1 -99991 
IFlNDFA.Ll.ll  00 10 511 
TMIOFR( 1 SAVE 1 «9990 
DO 5 10 J" 1 ,NDF A 
CALL  SIlNlllSVlFA.lSAVE.J 1 B 1 T . KOF I IN 

5 1 0 CONI1NUE 
51 1 1 F 1KNRS. Nt .MRS 1  GO ID 51 P 

N'NTGTYPl1SAVE1 
1 F , N I 1 I t; S 1 N 1 . E Q  11  MS PL f 1 • (J % P t 1 T  1 

51 (? T 0 I V E L 1 1 S A V F 1 • 0 

1000 Rf r URK 
LND 

a i 

Figure   30.      (Continued) 
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S U B R 0 U T 1 N £ 0 i V SE T 
C GHHON A C t P i 5 . i5 I AOE P ( ? 0 I . Af | « ̂  . 5 . >• : . A , < £ Q i , * I HP ' K I bO I . A I MP 1 r , 5 (J 

' A L N G L C . A N G I M P J : O t . A B t L " b . ? I . A R [ P l ? f l l . A M I D l C . A Y Y v P l | O l , OB*" AC 
• DE f H T • 5 ' OE » L ( «> ) . Ot r w A 0 i 5 i . OE» M i 5 > . D E f X ( ? O l . O f f r . ? 0 i . OE L A I N ) l 0 0 ' 
• OEP t 1 0 ) . OF ' r A f , 0 I RA ' K ( 1 0 I . 0 ! R 0 I f> i I 0 0 • . ONP I I X i 1 0 . I 0 > OMR I I v C I 0 . 1 0 
• D u D P R B l 7 ' . 0 5 OE l . E I » 5 . 5 . ? I . I 0 . I 0 I SOP . I O P i 2 0 . 1 5 . 8 i . I E N O . 

' 1 S • , H I N E • i N O f A . I N T ! HE < 7 I , 1 0 8 * 5 0 0 0 . I RO . ( P R I N T , I RNK I 7 I . I R T F I R . 
• i P U N S . I S A V E . I S B l . I S V t F A • 3 0 i . I S V L S T . I S V H P C 3 > . I S Y P . I T . I T E R O P . 
• I I G T P R ( 5 . 5 i . I V A P . | VEL . I M 0 R 0 . U T D t F > 2 0 1 . I M T V A P < I 0 > 
C CMHON JMAftK I . JSC L OS I 7 I . It A BOOH I5H7I ,KOrTTN( I 00 I . KNRS .KOUNT I 7 I 

•KTSAVC I 00 > .Kl . LCF OPT .LCF T T . L OrDPRl 5.31 .LEFT IN.HA0IV.HIF6T ( 7. . 
•MODE . M T F A I 50 ) . M U S H . N A P . N C T A M I 1 00 » .NO.NOE F E A t I5 . £0I . NOF ,NOT A 
• N 0 F A A .NOF 0AH I 51 .N0» HO.NOf«T . NOV T .NOT AM I 100) .NCTAMT .NCTAH I l 1001 
•N! 0 B T l5 I .Nl T 0T i5 > .NK ILL < 5 I .NKI I L 0 < 5 ) .NK i L L I < 5 * .NKILt T.NHOET'7l 
•NHINI7. .NHSWPT<7> .NHT .NOB .N08CVT . NO B TR2 . NO I T .NOS T A T .NRA0<5> . 
•NRAOrOlJO) .NR A OF I » 10 0) . N R A I l%> . NRRA .NRFBOT <3» .NRF 9! T f 5 I . 
•NRP IROl I00» .NRS.NSPLTT .NS T ICK(50 I .NSUB' 5 > .NTCOL • I 00 I ,N TOO.NT G T P 
•N?GTYP(inO) . N T L C I F < 0. .NTk OST .Nf T f C S ( 9 I .NT TIRO I 5 ) . N r T f R P ( 5 > . N V A P 
•NVT AEil 10) .NVLiOF ( SOI .NHEPVl I 0 > . 09k .0|r.OtVFRT .PATRAO(5 I .POlCF 
COMHON PHOiS.5 .PPEAFI ? > . P R B l T f . P P D T N 0 ( 5 . 7 l . R R K L 0 < 5 . 7 > . 

•PPOBIl iB^Oi . PRSHOO < S . 7 l . R A 0 f AE . R ANOPR I 8*» 0 ) .RE L RND < 5 1 . RELSuBi S I 
RE P ( 10) .RN.POTOHPXI 10. 10) .ROTOHPYI 10. 10) .RSRISI . S ' 100) . SECON < 7 i . 
S I G A 0 ( 5 0 ' . S I GAR i 50 i . c, 1 GBO 5 0 l . S t GBR < 5 0 ) .STATAL«5.5?' . SwPOE L i IOC) 
SVH00FI5.7I .SYHOIF (5.7) .SYH0IS<7.7) .SYHNAX ( 3) . T ARHT I 5) . T ARL C 5 • . 
T A R R A 0 Ib . T A R H I 5 I . ' O B IF V * 1 0 ' . T G T OE L ( I 0 0 > . T G T 0 V L . T G T S P O . 
TGTVEt < I U 0 I . TGTVL?. TGTVSV , T G T X OL « I 00) . T OT YNW( 1001 . T G T V OL ( 10 0. 
TGI YSV . TH£ ' A . T MR S I G( 5.5 ) . T |ME H V « 100) . T MBR DI 5 > . T M0R| (5» . THOLCf . 
TMSHP ' 7 I . THTOFRI 130) . T 0 T S I M . T RA V T M . <C YC I E ' 7 i . XO«F J 10. 10) .vr III 
X M A X . X H l N . X O O E F (00) . XOVPI 10) . 
X R D F 0( 50' . 0 A 9 I I I I . X S H A T H ( 5 0 i . ' M I D T H . Y D I V I 1 0 0 ) . * O H P I 1 0 . 1 0 ) . 
YLCNGTH. YODEFIPOI . YOVPI I0> .YROr o « 50) .VROAO' I I ) . YSMA T M « 50 J 

K • K | 
jrixr<x on. in. ioo 
N 0 v T « N 0 v ' • 1 
Y C I V i N 0 V ' • - ' 0 ' 'NU i K I 
N T C 01 « NO V T < « NC T A M I ¥ • 
S I NOV T ! - 1 
GO T 0 5 0 0 
S < 1 0 I « 1 
GO TO 500 
S < :0 » *9 99. 
00 ? 0 U I • 1 . N T G 0 
I F ( T G T Y N M ( I ) . G * . 9 9 9 9 0 I GO TO 200 
IT (NTCOL ( IOl .NE .NCIAUI I I 1 GO TO POO 
i r ( T G T Y N H I , I . G T . Y O I V ( I D ) * 6 0 I GO TO 200 
T G T DE L ( I ) • T G T OE L < I > • 0 3 0 E ' . 
O E L A T H i I ) • 0 3 0 E I. 
TG T VE L » I ! • 0 
C O N T I N U E 
R l T OPN 
E NO 

F i g u r e 30. (Continued) 
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r AMM n u m i 

SUBROU T I NE 01 VCHU 
COMMON * C C P I 5 . ? • . A O t P ^ O l . A E I I 5 . 9 . «• ) . M 2 0 - . A l H P T X I ^ O l . A I H P T T ' ^ O ' . 
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'f< NOT bi 
If ' N f G T P 

oe 
GE 
GE 
GE 
G£ 

• AND 
. A NO 
AND 
ANO 
AND 

r j ' r ! V " J 0 0 £ , S ' tOOS.ouTU, , M«ILL(, , 
N V A P or O l 'EHC^r . i r ^ 0 " " ^ ' 1 L L D 1 I I 
IRTMfl rr n

t M J 0 0 E ' 7 - '00-.0ur«5» > NNIL L I » I ) 
'R'riP cr n ' f Nl: 0 D t ' 9 ' 1 0 0 # • °u r 1 B 1 I NOT D A n • I i 

c 0 . ENCODE • ; 0 . I 007 . o u r . 71 I N p r n m , 

Figure 30. (Continued) 

140 

• Sii 
•. -t.-'-.'/v .*v^ 



If NOrwT or Is ENCODE <8. ir-')H.OU1 <01 ftf! 8D' I , 
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ENCODE ( 1 0 . I 007 .OUT ( 10l ) N|«8i(|t % 
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E NC O D E < 8 . 101 3 . O U T l 1 5 ) * T « H V 
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•35X.•INIT|AL NUMBER OF INTRUDERS B* TYPE • 5 l 6 » 

5001 FORMAT ( 35X. • INITIAL NUMBER OF DC F ENDE RS Br TYPJ *.516) 
500? FORMAT( 35* . 'NUMBER Of MINES OISRENSED B* TfPt *.7IBi 
5P03 FORMAT I I MO . I?X . • |NTRUOCRS DAMAGED I TfR* . 16« . 

••DIP INO OEFENOERS ROUNDS FIRED B * MINES •. 
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' 

i DO ; 
i o o a 
J u OH 

I 0 0 6 
I 0 0 7 

I 0 0 0 
J 0 J 5 
I 0 I «• 

? C 0 0 
dC i c 

5 0 0 0 

6 0 1 0 
b o e o 

60 30 
6 0 s 0 

6 0 * 0 
6 0 6 0 
SO 7 0 
6 u e c 

6 0 9 0 
6 100 
6 1 1 0 

• • H l N t S 
* e* . ' N U M . 

0E» 
T I HE 

N I N E S 
I t P£ 

ro T & 

«l Nf 5 
OC T O N A r t 0 
T I H E • » 

R H V l 

r i RE 
S w E E «> 

F I RE 
IN F I E L D S H E P T 

' R A V E L 8 H E A C • 
OA W A G E 0 

- O S r T I HE 

•• » .?X . 3 « 3 M * • • 
•« ? H • • ! . e * . • 

IK. 

l * . A 9 . A I O . A 0 . c ? A I O . I X . A 0 . A 6 . A 0 , 

f 0 W N * ' »•«•••• » . 3 ( £ X . S H « * * 
• ? ( P * . 6M . ? X . • • I , a x . 
'?•<?*. 5 I . ? t f* * , 6 M • • ' • • • | » 
r O R H A T ( 1 5 ) 

F O R H A T ( 16 1 
T O R H A r i i 7 i 
F O R M A T ( I 9 > 
F O R M A T ( 1 | 0 > 
r O R H A T I i0 » 
F 0 RHA T | r 0 . | l 
F O R H A T ( F 7 . I J 
F O R H A T , , x i ? A 5 i A 6 a ^A 
F O R H A I I I X i 
f O H H A I l l M l . - S l A r i S T I f . A l S U M M A R Y * , ? I X . * M r A N ' , 6 * . * V A R 

' 6 * . * S T O O E V . » / / . I N I R U O E H S D A H A G E 0 * i 
F O R H A T ( I HO . I * x . - 0 r M I N C S M X . I F m . j M l l l . j r i H 3 » 1 
F O R H A T ( I H O . I i x . - 0 V D I R E C T F I R E • . 3 f IW 3 / ( 3 I X . 3 F t H 
F O R H A I ( I HO , I HX , • 8 r I N D I R E C T F I R E ' . S F l U ) / ( 3 | X . 3 F m 
F O R H A T ( I HQ . ' D E F E N D E R S D A M A G E D * . I 3 * . 3 F | H 3 / i 31 * 3 f I H 
F O R H A T ( | H O . • R O U N D S F | R C O * > 
F O R H A T ( l H 0 . 9 X . - f i * I N T R u O E R S * . 9X . 3F I J/l 

9 * • * 8 * 0 E F E N D C R S * . 9 X . 3 F | H , 3 / ( 3 | X . 3 F | H . 3) 
• H I N E S OE T O N A T E D * . I 5 X . 3F I •• . 3' I 31 * , 3F I 4 3 
• H I N F S I N F U L 0 - . I 6 X . 3 F I H J / » 3 I X . 3 F m 3 ) 
• H I H E S S W E P T • . i 9 X . I f t N 3 / ( 3 I X . 3F I H J ) 
• B R E A C H T HE I H I N U T E S - . 9 X . M m 3» 

A 7 . p A 8 i 

I A N C E • . 

3 l l 
3 i J 
3 I I 

F O R H A T ( |HO 
F O R H A T ( |HO 
F O R H A T ( 1 HO 
F O R H A T ( | H O 

F C R H A T < | HO 
E N O 
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s UBB o u T IN€ o i s r » i h n r , * i r c t p , mo r u t i 
COMMON - PD / «RG t 5P ) , | AM . 0 I ST t 5? > 
o IMC MS 10* 0 1 sr5i?i .**, . I Mr «*?» .MFNT 1*7 1 .KFMT . p /, ,r-. , . ,r.t , a, . 

0»T»"?r2? JS°" 1,1 •0U,<* 1 • '»• •Lf ."rwT l»1 . 
0 » T * I FMT , IOMI | X . 8 M I M T C .SHRVAL . . SM»7 . JM«7 1 M . 7 m i l 

• 1M»7 JH»7 . . , H » 7 . . S M . 7 . . i M . 7 . . i M i V i i i ; 
• 3M»7 . . 3M»7 . , JM«7 . . ] H * 7 . , | M A 7 , . JhJ< I H I I 1H 1 / 

• 1HII1 J 1 M R 7 ' ' t " ' * M C t " ' ' # H * " ' * ' • * ' , " " T • ' , H » T • • * " » 7 3 H R 7 . . J H R 7 . . ] M S > . . 3 M R 7 . . J M R 7 . . J M R 7 . . 3 H R 7 ] H * 7 J M l a 

• s::?: •• i::i:: ;ss: •: ?:r;; . KS?: • • 
• 3MB7 "jl! R7 ' " . I f i ' S t C i ; * - ' ° M S " *" ' * - 6" • , M R 7 »HR7 . . 
• 3 MR7 ' J H £ ' " • ? H ! 7 - • » " « • -SHR7. . 3HR7 . . JHR7 . . |HR7 . . 
JMR7..3MR.,,3MM 7 ,,JHIK|,|HI, 8 • t|H j / 
* R N « I . 0 I ft OA T I |RNi 
0 0 P 0 1-1.5? 
1 NT ( 1 » » |F I > l K»C' I > I /PO • I 
1FI I NT I I i L T II) GO TO 10 
f A L O G I O i F L O A T l ! N I ( I I I » 
L I - I O H 
INT I I »«c |NT I | » /L I •I ) • l | 

10 00 2 0 K•I.?| 
50 0IST5IK.I,-o o 

REMIND 7 

00 50 I•I.IPN 
«C*0t7iD!ST 
00 50 J • I .5? 
• I •'01 ST I J>- 01 1 ' f I 0 A T ( INT (J| I • ? 0 
If'0151iJI.£0 0 3>KI>| 

50 0 I S I 5 I K I . J i - D i S T S l K I . J » . X R N 
*? « 0 
UN i T E I 6 . I 0 0 0 • 

. I T " " " 1 • S » » i e u r , 0 „ s , 0 , t 0 DO 

I T£ ( B , | (j(j | j 
1001 r ORHA T f 9 * . 36 < I N * I * 1 N T S u n t o r -

: - ° :.u°£ 0 8 

' C ' F ' R N O I R E C T r , R e. 
I Tt |6. I 007 J 

1007 F O R M A T ( 9 X . S i 3 6 (IM*I,JK») 
00 85 I»I.?7 
LFMT < I ) • IFHT < | I 
MFMT C | I «jrwi | | j 

85 CONTIMUC 
00 90 1-1.15 
1 OUT(| i .|H 
00 90 J•I,?| 
OUT < J. | | • | H 

90 CONTINUE 
l f ' N N T . L T . | ) GO TO 1|0 
00 100 I • I . NT OTP 
1 OUT I | |•|NT I I » 
L FMT < I •? >•3HI 7. 
Hf N T ( | •p| «5HF7.3. 

9w 00 95 J * | .P| 
OUTJJ. | >•0 IS T 5 f J, I i 

95 CONTINUE 
I 00 CONT |NUE 
l!0 I F I NOFUT . |. T . | , GO TO 180 

00 150 I •I .NT OTP 
1 9 • \ • 6 
I OUT I | «5)« |NT I | «5) 
LFMT C | 6 ) - 3H| 7 . 
«F HT ( | a j « ̂ Mf T.J. 

I * *• 00 IH5 J" ! . ? 1 
OUT « J, ) *51 •0 I 5 T S' J. ! •5) 

- 5 CONT | NLE 
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; *40 C ONT I u u f 
100 !T«WOri4T Lt l» GO TO 20 0 
' DO I95 I•J.NTGTP 

i 14 • i • 14 
l O U T i I • 1 0 » • I NT I I • 1 0 I 
L F H H I I H I - 3 H I 7 . 
H f NT I I 14 1 - 5 M F 7 J . 

1 0 9 0 0 I y o J • I . ? I 
O U T ! J , | « ! O i « O I S T 5 ( J . » • 1 0 > 

>90 CONTINUE; 
195 CONTINUE 
£00 MM I TE « 6.LFHT » I OUT 

MR 1 TE ' 6 . IF N T t C I , tOUT ( I • I ,J> . J * I .151 . I - K Z . 20 » 
IFiNOFMT.LT II GO TO 500 

C 
c 

0 0 2 r o i - i . i s 
1 OUTl I I • IH 
DO 2 I 0 J • I .21 
OUTlJ.I>•IM 

2 10 CONT INUE 
00 2 I 5 1-1.27 
LFMTl I I•IFHT I I I 
Mf HT ( I I •Jf HT ( I » 

2 I 5 CONT INUE 
MR 1 TE < 6. 100? > 

:002 ? 0 R N * t i " " . 9 X , l l 2 M H » i . / . 
*9*.IH•,3HX,HH* •.££X. ,R O U N O S F I R E 0* 
I • 0 v • . 2 3 X . IH* ,/ . 9 X . i 9 H • 0 E F E N 0 E R S 0 
c? 8 * . 1 7 HI N T R u 0 E P S . 9 X . 4 H • • . 9 * . • 0 E f E 
3.0X.»M•» 
MR I TE I 6. I 007 I 
00 850 I•I.NDFMT 
I O U T I I I • INT I | • 1 5 » 
L T H T I ' »2 • • SMI 7 . 
N»4tt |»?t.3MF 7 1 . 
00 24 0 J-l .?l 
out lJ. I I •0 IS T 5 < J. I • I 5 » 

i* 0 C ONT INUE 
250 CONTINUE 

00 205 I-I.NTGTP 
1 OUT C I *5 f•I NT I I *20 » 
LFNT I I • ©>-3MI7. 
NFNTII«0I-5MF7 3. 
00 200 J•I.21 
OUTij.|*5»-DIST5JJ.I*20» 

200 CONT|NUE 
205 CONT!NUE 

DO 30 1 I • I . NOFMT 
1 OUT l | •I 0 J •IN TI I *25' 
Lf HT I | • I 4 I • SM I 7 . 
NFNTi I • I4 » -5MF 7.3. 
00 295 J-1 .2 I 
OUT(J. I • IO)«OlST5tJ. 1 • 25 » 

2 9 5 C O N T I N U E 
3 0 0 C O N T I N U E 

MR I TE t 6.LFNT » 1 OUT 
MR I TE l 6 . NF H T I ( I . IOUf( I •I . J • . J*I . 1 5 » . I • K Z . 2 0 » 
MR I TE (6. I 003 I 

I 0 0 S F ORHA T I /// / I 
500 MR I T E « 6 . 1 000 > 

I F I N H T L T . 1 I GO TO 7 0 0 
1 0 0 5 fORHAT l 9 * . I H * . I 0 * . 2 0 M M I N E S D E T 0 N A T 

I . 4 M * • . I 0 X . 2 5 H H I N E S I N F ! E L 0 . 1 2 * . 
1 0 0 6 r O R H A T i9* . 1 H • . I 3 * . ? 0 H N I N E S S M E P T . I 4 X 

I 1 3 X . 2 O H 0 R E A C H T I N E . I 4 X , 1 M • ) 
DO 5 1 0 1 - 1 . 2 7 
L f H T l ! I - N F H T I I ) 

510 NfNT » I ) -HFHT ( I > 
DC 520 I - I . I 5 
IOU T ( I I - I H 
DO 520 J-I.21 
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Gu r < j.ii.iN 
5 ? o C O N T I N U E 

«»lTClfi,|009) 
W»I TE « 6. I005> 
WRI rei6.ioo0i 

c 
00 550 !•I.NNT 
1 OUT t I I•!NT i I•30 I 
L rNT t I i •3H17 . 
NENT • I • ? I *5NE 7 . 3. 
DO 5*0 J - I . 2 1 
OU T | j . ? » , o I S T 5 l J . I • 3 0 I 

5 * 0 C O N T I N U E 
•550 C ONT | N U t 

00 570 I•1.NNT 
1 OUT I I•7|«|NT( I •37 » 
LTNTI1*10)«?NI7 
NE MT i I •10 » •HMf7. 3 
00 560 J•I,?1 
OUT C J, l*71«01ST5<J. I •37 I 

5 6 0 CONTINUE 
570 CONTINUE 

MRI T£16.LENT I < I OUT( I I , I •I , |H| 
NR I TE I 6 , HE NT ) ( | , f OUT ( I » | , j i , j* | , 11» ) , I ,?0 I 

'009 EONNA T l 9M . H 9 | | H • l . ax . ««9 < I i ) 
MRITE <6. I 0031 

'00 00 7 10 1-1.27 
L THT t I I-NENT ( | > 
NENT t | I -KENT I | » 

*7 10 CONTINUE 
L ENT ( | 3 ».3HI 7. 
NENT « I 3) •5ME 7. 3. 
00 7?0 I •I .15 
1 0 •»T ( t ) - I H 
00 7?0 j » | ,?| 
Ot' * I .1 . | » |H 

7?0 CONTINUE 
00 760 I . J .NN T 
1 OUT i I i • f NT( I l 
LEMT 1 1 ^ 1 . 3HI7, 
NE NT < I 1 -5ME7. 3. 
00 770 J-I 
OUT IJ. | I -0 1ST5( J. I • l 

'70 CONTINUE 
7 8 0 C O N T I N U E 

1 OUT I |0 » •I NT(5?I 
00 790 J-I .a I 
OUT ( J. |0 » •0 IS T 5 < J.5?I 

790 CONTINUE 
MR! TE <•. I 0081 
MR I TE16. I 0061 
MR ITCi6.I 006) 
W R I T E I 6 . L E N T M I OUT c | | . | - | , | * ) 
HP! T£ ( 6 , NTH' I ( I , t OUT l I •| ,J| , J • f , |H) . I •K 7 ? 0 I 
RETURN 
ENC 
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h U B « O U f : N t t * B I N T ( D I S i P U . N T A | i C i 

N « » N r * i t f . * 7 
NE • N i l * ' / 
0 0 b 0 K 5 . N B . N t 

C 0 N n » u t P " " " * N G P B " < , i ' ' N O O I S T P O u r B . N C P R , * « . i . . o o TO « 

GO : 0 6 0 

0 0 TO 70 
P R » , T f - 0 
» £ T U R N 
C NO 
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S u B R u i M I N f R N O R M l R S T A R T . 
RN I 9 • R A N I « D U N t t V » 
0 • A B S ( I . - S • 0 • R * I 9 » 
0 • 5 * <1 . 0 - 0 1 
0 • - 8. * AL O G ( Q ) 
V - S O R T IQ) 
5 I ON - I . 
I F ( U N J 9 - . 5 » 1 0 . 1 0 . ? 0 
S I O N ' - I . 
Q» ? «5 1 5 5 I 7 • t O ? « 9 3 * V * 0 l 0 3 ? 6 * v « v 
tJCJ • I . • I '« 1 ? 7 • # • V • . I • 9 ? § 9 * V • V* . 0 0 1 5 ? O B * 
" S T * R f • ( V Q / Q Q i * S ! G N 
RC ! U » N 
t NO 
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S u f l W O w ' INC . P 4 C fc 

' H . S P . C K S . H E „ , N t , N T 0 1 H 0 R 0 

• « t N O I c . 4 N 0 I M P M 0 ; ? * B T L T S ' * " ? 0 ' • * 1 1 • » ' * < * t 

! , 0 ' , 0 

C O M I O N J X » « I j S r , „ s ; 1 . 2 : 1 " ' " " ' J O I . l M t H P U O l 

• N O D t . h l u . J J I • » U S N . N « P . N C , ; i l M O O ? S o - A r r r ^ 1 7 ' • 
• N O f » » . N O r O A « l S l . N 0 F w l , , N 0 r n l N O t f ? » t L ? • , ' " M ' " 9 r ' 
• N I 0 9 T , . , T B t , , , , N „ U l N K ? L 0 ? s ! . N G I » « T . N O T I I H H , DO • 
• " " M ' T I . N H S W P t . 71 N n , „ „ „ N O B r u r l o l N K I L 1 - ' • N " 0 t ' ' ' 
• N « « o r 0 I 20 I . W R » 0 f | ( , 0 (j i N S ; . ? ? : » ' • • • « I P ? . N O I ! . N O S T . l . N R » C . 5 , . 

, 0 0 , . N R S • " 8 0 " V ' " # r B I " 5 ' • 
• N I G I T P , I C U , . N U C IF , 10 , ' N T L O S I N n c T r 5 ' ; ' " 1 0 1 ' 1 0 0 1 . Nt G O . N I G , * . 

• N » F * £ « , , 0 , . N V L I O f l I B , N n r p v ? ! o ? o«l« n o l ' n . i n n p i j , , N H P 
C O H H O X P H 0 I 5 . 5 , . P P f > | , •, , P R U , I V ; P * T " * 0 ' 5 1 • P D l C f 

• P S O B I L - B - C I . P R S w D O ' 5 , R » n ? l r ; 0 N ° 9 - 7 ' 0 ' t . . 
• H E P ' 1 0 ' . R N . R O I D H P K , 10 D ^ o f h p " " ! T " ' ' ' ' ' ' , U B ' ' ' 
' S 1 0 * 0 , 5 0 i . 5 I O R • 5 0 , S I I.BL' I 5 0 i <, , r n o 1 5 ' 1 0 0 , . S F C O N , 7 , 
• S Y M D O F , 5 . 7 , . s » n o t r , 5 7 . s r S o ? c 0 1 • S I « T » 1 - ' 5 . 5 0 , . S w P O C l , I 0 0 
• T ' R R * 0 . 5 . . t A R M , s S I ' - 1 / ; j > . r B l , , I

U • 

• T O T w C t I 1 0 0 ) , T G t V L ? i g t v s v r o i . n , ? V n l • I 0 , S ' > C ) • 
• ' G ' Y S V . > M C I « . , M H S I 0 , 5 , V ; • ' G " r N w , i 0 0 . . I G T Y O L , , o o , 

' * • O B X • I/O 0 

• * • O B v • 10 0 
I W O R D • 0 

I H O R O - I M O R O . O R . I M | N £ 

I W O R D - 1 W O R D O R S M I f t , N O B I P S , 5 , 
1 W O R D - • W O R D O R S H I F T , I, S O I 
W O R D - i W O R D O R S H i r I , I , e s , i * , e 9 , 

I WORD•^ MORO iR°s«;;r??!; °»;'0"0"0.000000. 
»e 1 U R N 

t NC 
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fflVSHK^pOTOT 

SUBHÜi. :   I NC      JNPACK 1 

nns   stfBfiout.rNi    JNPACK'S   THL   HINK    IMDUMHIION   -r.oM   IUORO 

COMMON 
• * L N 01. C 
• DErHt l 
•UEPI 10 
•DUDPRB 
■I  I S , 1 H 
■ I RUNS, 
■ i T'OTPB 

COMMON 
■KTSAV1 
■MQOE.M 
•Nor «A , 
•N1DBT( 
■NMI H I 7 
•NRAOFO 
■NlSp I RD 
•NTOT VP 
■NVFAEA 
CCitlMON 
•PROB II. 
•RtP ( 10 
'SI PAD I 
'SVMDDF 
• 1 ARRAO 
•TOTVtL 
■ TOTYSV 
•TMSHPI 
•XMAX,X 
'KRürOI 
• n CNCT 

ACE 
. ANO 
6 1,0 
1 . DF 
(71, 
I NE . 
I SAV 
15.5 
JM A 

100 1 
TFA I 
NDFO 
5 I . N 
1 . NM 
I £0 I 
iioo 
(100 
(10 1 
PHD 

( BM 0 
I , RN 
50 1 , 
(5,7 
(51, 
(100 
, VHE 
7 1,1 
MIN, 
30 I , 
H , r o 

P I 5 . 
I MP l 
Er L i 
tr AE 
D3DE 
I NOF 
E , I S 

I V 
RK I , 
, K 1 
50 ) , 
AM ( 5 
I T0T 
SWPT 
. NRA 

I , NR 
I , NT 
, NVL 
(6,S 
1 . PR 
. ROT 
S 1 G A 
1 , SV 
T ARU 
1,10 
TA , T 
MTOF 
XOOt 
XROA 
D r v i 

i  1 . 
I 0 I 
5 1 . 
, 0 I 
L ,E 
A , I 
BL . 
AP , 

JSE 
L CF 

MUS 
N 

I SI 
I 7 1 
or i 

S , N 
CC I 
I or 

i i P 

SWD 
DMP 
R ( 5 
MD 1 

I S 1 
1 VL 
MRS 
R( 1 
r i a 
D ('1 
^o i 

«DEP 
, ARE 
DEFR 
RA T K 

115. 
NT I M 
I S V I 
I VEL 

I. DS ( 
0 P T , 
H , NA 
OFWD 
, NK I 
, NUT 

(100 
SPLF 
F ( I 0 
(10 1 
PEAT 
0(5. 
X ( I 0 

0 I . s 
F ( 5 . 
, TOB 
e.TO 

10(5 
10 I , 
0 1.» 
1 i . * 
, rov 

I SO 1 
L (5. 
AD I 5 
(10 1 
s, a i 
E ( 7 I 
r »(j 
, I MO 
7 I . K 
I.CF T 
P.NC 
NOF 

LL I 5 
, NOB 
I . NR 

T . NS 
I .NT 
. NME 
17 1, 

7 I . R 
.10 1 
I GBO 
7 1 ,S 
I F V ( 
TVSV 
.51 . 
T 0 IS 
OVP( 
SWAT 
P ( I 0 

, AE I 15 , 
? I , AREP 
1.OEFHI 
,OIRDIS 
. 1 0 . 1 0 i 
.IOBISO 
ÜI,15VL 
RO.lUTD 
ABOÖHI5 
T .L DF OP 
T A U( I 0 0 
MT,NOVT 
1 .NK IIL 
. N 0 BE V T 
A H 5 ) , N 
T ! C K < 5 0 
LOST.NT 
PVI 1 0 I , 
PRB1 TV, 
ADFAE.R 
,ROTDMP 
(5d1,SI 
VMOIS(7 
10 1.TOT 
.TDTXOL 
TIHEHV( 
IH,TRAV 
10 I , 
Ml 50) .X 
I,VROFO 

5 , * 1 
(?0 1 
5 1.0 
(100 
SOP , 
00 1 . 
ST . I 
EF ( ? 

■tT 1 . 
R( 5 . 
1 . NO 
.NOT 

0(51 
, NOB 

RS» , 
1 .N5 
T TCS 
öax. 
PROT 
ANOP 
y ( 10 
GBRl 
.7 I . 
DEL ( 
( I 00 
I 00 I 
T'M . X 

.Aiiao 
, AM I DL 
EFXI?0 
1 . OMPI 
Ippia o 
IPO.IP 
SYHP(J 
0 I . I NT 
KOF T TN 
5 1 , LEF 

,MOEFE 
AH( I 00 
,NKILt 
TP2.NO 
NRFBUT 

ÜBI5I 
'91.NT 
08V.08 
NO 16 . 7 

R( 8>«0 I 
.10 I .R 
50 1.ST 
SYMMAX 
1 0 0 1 . T 
1 . TOTY 

.TMBRD 
CYCLE! 

1 . A I 
C . AY 

I . DE 
I X I I 

.19. 
RI NT 

i . IS 
V AP i 

I I 00 
TIN. 
A 11 5 
I . NO 

1(5 t 
I. T , N 
191 
NTCO 
T TMD 
YPRT 
I , PR 
.REL 
SP19 
AT AL 

( 3 1. 
OToy 
NHI I 

15 1. 
7 I 

MP r 
Y VP 
F Y ( 

0 . 1 
a i . 
• > O 
Y P . 
id i 
1 . K 

MAD 
. eo 
TAN 
. NK 
05 T 
NRF 
L ( I 
(5 1 
. PA 
KL 0 
RND 
I . S 
( 5 . 
T Afl 
L . T 
00 1 
TUB 
DMP 

X ( 50 1 . A 1 MP' v | 50 I 
110 1.DBFAE . 
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E NÜ 

I 

i 

Figure 30.  (Continued) 

149 

■•.•.■ni-.y iä.^.fcy.i;;;^,^,! a! kp K.; ,!^ ■; S;;,:,.{: ^yii :o-: ;!i< „ Si. ■ :-v--^-> ii ^ 

^XiKiiiL^ieL^*^*^^' ^ 



• uBWOl7 INC NDF t 
• " » I O N < c t p n sa, , ( h , . . . 

• » I N 0 L C . A N G I H P n o , . A » t l . 5 i AR£p?io ^ . * I N P t » , 5 0 
• 0 £ F H T , 5 l . D t r L . S , . O f f R * 0 ; 4 , OE?y i f n , r S L C * " V P ' 0 < . O B f « £ . 
• D t p . 10, , D r r r « E . o i » » i « , l 0 1 D?RO"S? i S i i p ? ' ? C " ' o t l * 1 ° c 

•OUOPRB.7. . D i o e t . e n s . s . s , , o ?ofsoR , n p ? * I 1 0 - . O H P I I Y , 10 .0 

•; r f ":-o: H :i5; -''•'rEB0P 
•"Of»..NOfO«H,J, .NOFwO.NOrwT NOV! N0 I A ^ o n * " ' " ' ° ' ' '"° '* ' 
•NIOBf .1. .N, TBI <51 .NKILL , %7 . N G I A M I , N 0 T A w t ( tOOi 
•NMI N< I, . NMS*P! < 7. .NKt .NOB NOBE Vt NOB T » ' Ln ! J " ' "" ' L 1 ' * """5E ' * 7 ' ' 
•IRA Or 0(2(1 I .NRAOr | , , oo , N«iV7*. i i . f ' . 
•NRF ! Po « I 00 J NR S NSPirT M r n r ! i , 0 T l 5 l , N * F 9 l r i 5 | 

•Nioitp, ,oo. .Ntic, r. ,o, : N T L o s r N ? ; ; ? s " r : 5 : ; : : c o L " ° o , - , ' T o o ' - T o - p 
•"»• •[«( ,0. .NVl I Of I I 01 . N H E P V M o , a i > ~ , " n l L , n » ' " - ' " ! ' » " 5 l , N » . P , 
COMMON P«0« 5.51 . MP[ A( « 7 V P»B I TY ' p j f l i 2 J ^ ^ T " T ° ' 5 ' * P° l C f 

, p»O0!L 19-01 .PNSUOO") 1 . „ A M ? ! J ' 0 5 * 7 1 ' P R K <-0 < 5 . 7 I . 
'0, .«N.ROIOHP«, , o , o , «o*o«^??o"!o ,! #iip E'''' N 0' 5' • B t L S u 8 ' 5 ' • 

'^IGAO'bOi . 5 I OARi50 i SIGBDi^Ot cinan • . "SP(5 > ,Sl I 0 0 » .SCC0N(7i . 

•'0TV£[ , ,00, .TOIVLZ TGI VSV ?c;«n, 0 0 1 • r 0 ' 0 v ' 0 ' S P D . 
" ' i " 5 < . ! H E r , . r „ B 5 | t , 5 5 l ; I M E H W V i J ? ' ; T O T Y N N I 1 0 0 1 - T O ! »°t I I 001 . 

BIGG,,,. i-soR,ll £«p, 6 J . « . . e i l 
p'•3 1*159365* 
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IC MHE . I 
IF-KSUtl1UTI L,.,, ,£*„£.* 
COS I HP. cos l A NO I HP, , M P . . tl7,5ij«; t a, 
S I N , HP.SINCANOI HP 0 I 7,,* J i f f 
•XO-OIRMKilvip, ° " » 5 J ? 9 ? 5 B , 
COSANG-COSIANGI 
SINANG-SINIANGl 
NK-NMEPVIIVAP) 
I T M R U N S N f .PRINT,GO TO 90 

>ooo -

*.';;»uND,rc 'r,RE Ht'Po" 3°"ET NO 
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1 50 
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I 90 
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205 
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H60 
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I 00 I 

IBS 

4 90 
i ooe 

ETLxEIWSRPi •PATRAOl iHIl 

oo ro iiSu.i4o,i5o.i6oi.Koori 
IT (  ICMHC .Lt .,gl     00    TO    130 
HURAT- |  . - . B-COSI HP 
ETL.e.«SQRTltlV»L'*LH«AT/P|I 
ETWETä./«LM(»»T 
DENOH» I 7 . 6«I»EP( I V*P) •>a«EtL • «^ 
RSSP-ETL/SÖBTIDENOHMEXPC(-4.•RO'«a)/OCHO*) 
OENOM«I 7 ,6«DtPI IV»Pl • •e.ETM« «2 
DSSP-ETH/SQRT (OENOHI«EXP( I -4 . •bO««SI /OENOili 
PKK.RSSP"OSSP«RELRNO(IHTl«*PHD 
00    TO   4 5 0 
ETH-SQRT IE I V W. > 
E TL »E TW/SINIMP 
GO TO ISO 
ETL-ETH-SORT(EIVALI 
00 TO SSO 
1 r ( T * H R A D ( 1 I r I I | 7 0 , I B 0 

ETL-ETW-SRPi•ITARBADiITTI«EIVALI 
00 TO I 90 ■« ' 

ETL»TARL(ITT)»e..EiVAL 
E Tk-T ARW I |"T T 1 «S . •£ 1 VAL 
1 f( TARHT ( I T T 1 I 200 ,SSO 
SHAOOL-TAHHK ITT) •SIN1 HP/COS IMP 
IF (SMADOL .LT . £ I VAL I  00 TO SSO 
IF(TARRAD(ITT1)205,31Ö 

ElL.IETLi.e»g. •TARRAD( ITT I« ISHADOL-EI VAI 1 I /ETL 00 TO aso 
ETL-lETL'ETW.TARW!ITT|•(5HA00L-EiV»L1l/ETW 
AI«(ETL.5.»R0//(2.96«REP(IVAPII 
Ae.ABS(ETL-a. 'ROW I 2.96"RE PI I VAPI I 

Bl -lETM»a . «001 / Ie.»6'DEPl iVAPl | ' 
BB-ABSiETM-a.»001/IS 
RSSP'BIOCIAll»SIGNII 
OSSP-BI 00(81 1 »SI ONI r 
GOTO  135 
SURVPR'SURVPR 
C 0 N T I HUE 
1 T I SURVPR.EO. I 
POAH-1.-SURVPR 

HN-RANEIDUMM»I 
IFIRN.GT,POAM) 

IF!IRUNS.ME.IPRINT) 00 TO 

MRI TE (6, I 00 I 1 I , XT , rr ,P0*f1 
FORMAT r«   INTRUDER NO .  • , 

>•   POAM • ,F m . 3 . •       MIT 

TGTVNWl I I "TOTYNHI I I »100000 
TOTYSV-TOTVEL I I ) 
TM rOFRI I l -9990. 
T 0 T V E L I 1 I - 0 , 

LEFTIN-LEFTIN-I 
iriNTTTCSI I 1 .GT 
NKI LL T-NKILL T • I 

NKILL 11 1 TT I -NK ILL 1 ( I T T I . 1 
I F I NOFA .1. T . I I 00 TO 500 
DO 1*07 L.l.NOFA 

CALL ST INT 1 ISVIFA , I ,L,, IB! T .KDFTTN.a] 
GO TO SO 0 

IFI I RUN 5.CO. I PR I NT )MR1 TEI6, I 0 03 1 I 
FORMATI»   INTRUDER NO. •,l1,•     TOT 
•  PDAM ■ .FtrN:. 3,, •, '     MlSSEO    • 1 
CONT j NUE 
RE TURN 
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■JUBROU i i NE CKE: V r M 
COMMON ACEP15 ,£l ,»DEPl?01 ,»C I 18.5,1 ) . M li=Q) .*IMPrx(501 .«iMFTYISO I 
•»tNöl C .»NGIMPI I 01 , AREL(B,ei ,*R£PlfO) .»W1DLC ,*YYVP( I 01 .DBFAC . 
■OtTHT 161 .OEfUlSl .DETRADIS) ,DEFW(5) .DEEXISOl .OEFrOOl ,DEL»TM( 1001 , 
"DCPMOI,DrrrAE,DIHAtKllOI,DIRÜtS(IQOI.DMPnX(>o,101,OMRIiyilO.IO) 
•DUDPRBlT) ,D30Cl. .£ H 5 .5,2) , I D. 10 1 SOP . I DPieO . I 5 ,S > , IEND, 
• I IS, IMINE , INOF* , INT IME 171 . IOBI90001 , IPO, 1 PR INI , IRNKITI , IRT! IR, 
• IRUN6, ISAVE . ISBL , ISVIFA(30I . ISVlST , ISYMPI3) , ISrP. IT, ITEROP. 
• ITC. TPR. 5,51 , IVAP, IVEL , I WORD. IWTOeFieOl , IHTVAPI 10 1 
COMMON JMARK1 .JSELDSITI , KÄRD0MISH7! ,KDmNI 100) ,KNRS.KOUNT(7l , 
•KTSAVl 1001 ,KI .LCFOPT ,LCFTT,L0F0PR('J,51 ,LEFI1N.MA0IV.MIFBT(71 , 
•MOOE,MTFAl50 1,MU5H,NAP,NCTAM(100 1 ^D.NDEFEAI 15,20) .NOF.NOFA, 
•NDFAA.NOFOAMlSI ,NDFHD.N0FUT,NOVT,NOTAWII00 1 ,N0TAHT ,NOT AMI I i 00 1 , 
•MIDST l 51 ,N1 TBT (51 , N.K I L L 1 5 1 .HK1LLOI 5) ,NK1LL I 151 , N K I U I-T , NM DE T 1 7 I , 
•NMINI7I ,NMSHP1 (71 .NMI.NOB^OBEVT.NOBTPa.NOr^NOSTAT.NRAOISl , 
•NPADFOISOI ,NR*DFI 1 1001 ,NR*I 151 ,NRBA,NRFBDT161 .NRF8ITI51 , 
• NRriR-Ul 1001 ,NRS,NSPLrl.N6TICK(50) ,NSUBl5l ,NTCOL( 1001 ,NTGO,NTerP, 
•NIG I vpl 100 1 .NTLC IF I 10 1 . N 7 L 0 S T , N T T I C B 1 5 1 ,NTTTMD!5I ,NT TTRPOl ,NVAP , 
• NVf*EAl 101 ,NVLIDFI 101 ,NREPVI 101 ,OBX,OBY.0BrPRT ,PATRA 015) ,PDLCF 
COMMON PHD(5,5I ,PPEAFi7l ,PRBITY,PHDTNOI5,7i ,PRKL0(5,7) , 
•PROBILtaMOl ,PRSWO0l5,7! .HADFAE .RANOPRIB^O) ,RCLRND(51 ,RELSUBI5I , 
•REPl I 01 .RN.BOTOttPXI 10, 10) ,HOTOMPYI 10, 101 .RSP15) ,S1 1001 ,SECONI7l , 
■<3IG*rjl50 1.SIOARl50 1,SIGBO(5DI,SIGBR(50 1,STATAL(9, 5g!.SWPDEL(l00 1, 
•SYMDDF(5,71 .SYMDIFI5.7 1 ,SYMDI5I7 .7 1 .SYMMAX I 31 , TARHI IS) , I ARC (91 , 
•TARRA0 151 ,TARW151 ,TDelFVl 10) ,TOTDEL( 100' .TGTOVL .TOT SPD, 
•TBTVEi, <, 1 00 I , TQT Vl. 2 , ! O I V 5 V , 1 O T XOL I 100 1 , TOT YNW 1 100) , TOT YOL 1 100) , 
< tGTYSV i THE T A , THRSIGI 5 ,5) , T IMEMVI 100 1 . TMBRDl5) , TMSH I 151 . TMDtCF . 
• T MSWP I 7 ) , TM1 OFR I I 30 1 , TOT SI M , I R A V T h , X C YC l. E I 7 1 , XOMP 1 10, 101 , XF IX, 
•XMAX,XHIN.XODEFteO),XOVR(IQl, 
•XRDFO1301 ,XROAOI 1 1 1 .XSWAIH(501 ,XHiOTH,YOIVl 100) , Y 0 HPI 10, 101 . 
• fl. fNGIH. YODEF I SO ) , YOVF'I I 0) , YROFC) l 301 , VRliAD i 1 M , YSHA1 HI 60 l 

D I HENS I ON TMI 130 I , 
I F ( N D F A . G T . 0 ) 0 0 t 0 
I F 1 I NOF A .01.0)  GO 
I F I NOB IP? .1. T 

I F 1 NOBIP? 0 T 
I, NO1"« > I 
GO TO 5 0 

PQS 
50 
0 50 

6 .OR;HOBT PS 

6)  GO TO  IB 

I 30 ) 

GT . 1 8 )  GO TO" SB 

I )  0 0 TO  II 
00 
0.0 

SAVE  THIS  INTRUDER FOR THIS AREA BV 

15 CALL SI I NI ! I SV IF A , ISAVE 
NOF A-MAXO (IT, NOF A) 
CALL TOTMOV 

1 6 DO I 8, J- 1 .NDFHO 
1 F i NDEFE A 1,1 t, J ) .L T 
NOF'NDEFEA( 1 T , J1 * 
IF IT MTOFRiNOT 1 . OT 
TMTpFRlNOF1-0. 

19 C0N1INUE - 
RETURN 

SO CALL TGI MOV 
HE 1 URN 

5 0 0 0 6 0 1-1.130 
I POS I I )-I 
TM). I i -TMTOrR"! I ) 

6 0 CON I INUE 
D 0  i 0 0  I • I . I J 0 
DO 9 0 J- I , I 3 6 

' I F l IMIT I - T M I U 1 ) 90 
95 KEEP»I POS(II 

IPOS( I I - I POS I U) 
IPOS 1 J) "KEEP 
SAVE -TMI I ) 
TMI I I -TMI JI 
TM(J)-SAVE 

90 CON I I NUE •.■'■'■■ 
1 F I TM 1 I 1 . or. 

100 CONTINUE 
ISO NUMCNT-MINOl 

' I F1 NÜMCNT GT 

TURNING ON 

IBM, KDFT TN , I ) 

A B 1 T  IN  | S V I F A 

AND.TMTOFRINDF).LT,9000.)  00 TO  II 

T RAV TM i  GO TO 120 

I . 13 01 
. 1 I  00 
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C » I L  t 0 T M 0 V 
I r I NOBrf S , Nf: - 1 '? r  Rf I URN 
CALL S11 NI I I svir » . I SAVE . 
HOT A-MAXOI 1 1 .NDFA1 
GO  10 16 

I t , 1 B I t , K p f M tl , I 

150 NUM'NUMCNT- 1 
1 SHOT «5 
DO 1000 HI»I.NUM 
M> I POS I MI 1 
T TO I 'tHIOFRIMI 
l("ITT0l.0r,9000.l  GO TO 1000 
TT-TBAVTM 
T R » V T M • T I D I 
CALL  TOTMOV 
TRAVTM-MTTDl 
ir(M.GT,lS01  GO  TO 7 50 
IF(H.LT.iai)  00 TO 5Ü0 

THIS  IS A DEFENDER FIRING AT  AN i NTRUDER 

II  00 TO 900 

1000 

I B I T , K D F T T N , J I 

00 TO 3'0 

£'(0 
880 
300 

320 

NOF-H-I 00 
I F INRAOFO( NOF I . L T 
NDT YP" IWTOEF (NUF I 

00 300  I > I . S 
IPRR'llGTPHINOTVP, I I 

If M P R R .L T , I 1  0 0 TO 
DO SBO  MS- 1,NT GO 
I F ( NTOTYP( 11 S 1 . NE . 1PPR1  00  TO 360 

DO 210    K-I.NOFA 
CALL STINTIISVIFA.IIS.K 

iFlIBIT.LT.ll  GOTO 27» 
I F INDEFE A 1 K , NDf) .L T . I 
GO TO ä S 0 

CON! I N U t 
CONT I NUE. 

FONT I NUE 
0 0 T 0 I 0 0 0 
TMTOFRIM)-THBROINDTVPl 

K I «k 
I DAM« I 
1 SHOT ■ 1- ' 
CALL DIRFIRI1DAMI: 

I F( ISYMPiaI .OT .01 CALL SYHÜET 

NRADFOINOF 1 -NRAOFDINDFI - 1 
I F(NHAOFOINOT I .LT . M TMTOFRIMl 
NRFBDT (NOT YP1 'NRFBOT t NOT YP1 • I 
I F I (RUNS KE ,1 PRINT I OOTO JMO 

AK IL -9H MlSSED 
I F I 1DAM . GT . 01 AKIL'BH HIT HIM 
PRINT  9003 ,NDF .NOTYP, HS.NTGlYP( 1 ISI 

FORMAT!' OEF NO, • I 6, • TYPf,!? 

MS,'  TYPE  • , I I . * AND« ,»B. 
I F( I DAM.LT . I ) GO TO  H75 
TGTYNWlllSl ■ TOT YNHI I 1 SI * I OOOO'd 

IF (NO TAUT . GT . OI'CALL     UNIT 

L E F T I N • L E F T 1 N ■■ I 

TGTVEL U  IS) »0 . 

TMTOFHI I IS» -9999. 
CALL ST I NT ( 1SV jFA, I IS,K, IB 
1 NT YP-NTOTVPI I IS I 
NK I LI. Dl I NTYP1 '-NK I LL D( IfiT YPI ' I 
NK ILL T «NK 1 I. L T * i 

■9991 

PROB» 

AK I L 
RED AT 
F 7 , 3 I, 

PHBI T r 
INT NO. 

,KDF T TN,g1 

IF 1 NT T TCS( I NT VP! 
K I • I I S 
XF I X"0 ■ 0 
IF (NT T TMO( I NT YPI 
J-0 
0 0 M96  I^1.NTOO  , 
CALL ST I NT I I SV IF A . I 
IFlIBIT.LT.ll  00 TO 

ÖT . 0 I  NSPLFT.NSPLF T- I 

GT.OlCALl.    ÜIV5ET 

K,1BIT 
M 85 

Figure  30.     (Continued) 
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^Bd 

tas 

N,RF IRD( I f„mf  IROM n I 
lriNHr|RDl||.NRSAlhB5 HB 
TMTOrH(!|.0 öJ.tBQ^SS 

J'\ 
CONTINUE 
I f'Jl50,990 

THI'S .( > 

500 

*N  CRUDER r1R1NG AT A DEFENDER 

I ICO TO 90 0 

I I 

TO  1000 

SO  10 5 9 0 

580 
KOET TN, 

I 000 

M N T T - N I 0 T y P ( M | 

IF (NRARF f (Ml .LI 
DO 600  1•I,5 

I P»H-I.DrDPR(NI NTT 
I r '■  IPHW.L T . ) |  oo 

00 590 J-|.NOfHD 
IFIIWTOEr(Jl.NE,|pRR 

00 580 K-l.NDEA 

JF.NDE.rL-AIK.J. ,LT. | ,    00    r0 

C»LL    STINTMSVirA.M.K.lBI 
It'lBIF.M.M     00    TO    SB 
00    TO    62 0 

58 0    CON I | NUE 
590   CONI I NUE .:■ ! 

60 0    CONTINUE 
00 TO     10 0 0 

(J.ao    TMTOFRlMl.rMBRI  ININTT) 
K T-K 
IDAM-e 

NDF-NDEFEACK,J) 
1 SHOT* | 
I IS'M 
CALL DIRTIRlI0AM1 
NRADF 1(|I5I -NRAOF I 
if" i NRADF I I I 1 SI .L r 
NRFBITININTT 
iruRUNS.NC   iPR,Nr,   00   t0  640 

*•< I I, -BH «I 6SED 
I F 1 ( D A M , 0 T . 0 I  A K I L 
PRINT 900 5.M.NINTT 
FORMAT(•  INI N0   , 

113.-  TYPE .,11,.  AND..AS.- 
IFI IDAH.LT, | I  00 TO 990 
NOEFEA(K,Jl.-NDF 
WDTTP.IHTOEFINÖF1 

NOFOAMINDTyPl.NDFOAMlNDTYP 
TMrOFR(NDF♦!001-9999 
GO TO 990       , '    ''   » 
I VAP.M-ISO    ;:  \ 
1 F( NVl. I DF I I VAP I . l T 
CAI.I  NDF I RE 
THTOFRI Ml «TDB.1FVI I VAP I 
NVl, ,| DF ( 1 VAP 1 -NVL I OF I 
J SHOT» | 
GO 10 99 0 
tMJOFRIH1-9990. 
OP TO 10D0 
IFI I MlOFRIMI ;OT 
0 0 TO SO- 
CONT, I NUE 

ll 

I I S 1 - | 
I 1 T M T 0 F R I M i 

■NRFBI riNINTJI >| 
'9 99 0, 

9 0 0 6 

6t 0 

750 

' 8M 
, NDF , 
. I t , i 

Mil  Ml«  . 

IWTDEF(NDF: 

TYPE' , IS, ■ 
PROB- • 

.»KIL,PRBITV 

FIRED AT OFF 
.F7.31 

100 TO 900 

I.VAP 1 - I 

I RAV TM I GO 1000 

I F IT SHOT I 5 0 , 1050 
IF(N08TP?-17leo  1 
END 

Figure   30.      (Continued) 
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SUB.ROUriNt STINT! 1SV. INT . I T , I B I T , K OF I r N Ni 
0 IMCNS1 ON ISVI 30. ,KOT M N( ! DOT 

■' .K- I NT I.';' f .•■, ■  • 1;  ,i ;  , 
/     KT. | I ,    , - 

'- • '"I   ■ ■  ■      ' - -, ■■'-   ...-■'■ ■,•:■.■/-'■ , 

iriK If 59) GO TO 10 : 4 
KT • I T» I 5 .••       •       < - 
-K-'K-^a  ,   ,  :■   • ■. .  ■ ,,,„  .        ,■  •';;, 

- 10 00 TO 150,50, 100 1 ,N 
50  ISVIkf I-TSVIKT I .OR.SHir r 1 I  K)   ^V 

KDFT1NI I NT I -KDF ITNi INT I . I 
.■REIU'RN       -^•. 

BO   isw«o-- ,■,.;■■',,•   .  :''.., 
J' ISM 
KK • J . OR . SH 1 F T ( 1 ;:§.) 
KK'.NOT.kk 
ISVIKfI.1SV(KT).AND.KK 
KDFTTNI INT 1 -KOFTTNl INT I - I  ' 

. ., RC TURN 

I 00  TBI T-SHIF t (TSVlkTI , -Kl  «NO  IB 
' 'RETU'RN '    ,    ' -';■ '''■■ 

■  END ' > ' ;' "'■,!-,;; -      '.M-    '       T' • ■ j :■ 

Figure  30.     (Continued) 
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SUBROurINC E 
C O M M O N *C£Pi5.ai . A o F p < c? 0 I .At I < 5 . 5 . >« » . A I (20) . A I M P T X t 5 0 I . A I M P T Y I 5 0 

'»iNwLC . ANC1HP' 10» . ARE I < 5 . 2 ) . A R £ P J 2 0 ) . A M 1 0 L C . A V Y V P ( I 0 » . OB* AE . 
•PFTHT I? . OC »*t ' 5 ) .OE F R A O ( 5 > , OE F M ( 5 ) .DEF X(20 > ,0FFY(?0) . OE LATHi 100 
•0». p. 10) .OFTFAF .0 IRA T K t 10! .0 i ROIS( 100) . OMP I I * < 10. 10) .OHPI I Y < | 0 . >0 
• O O D P R B d ) .0 30EI .F 1 » 5 . 5 . 2 ) . 10. I 0 I SOP I OP(2 0 . 16.2) . IENO. 
• I IS. MINE . ! N 0 »A . INT I HE < 7 ( . I 0 B ( 5 0 0 0 ) . IPO. IPRINT , I RNK ( 7 ) . |«TF IP. 
• I HUNS, . I S A v E . I SBL . i S V I F A l 30' . ISVtS' . ISYhPi 31 . I SYP . IT. I IEROP. 
•I T (j T PR J 5 . 5 ) . I V A P . IVfcl . IMORD. I W T OE F l ? 0 ) . I M T V AP ( 10) 
f OHHCN JMARK I . JSfc I OS I 7 I . K A B 0 0 M ( 5 H 7 ) .KOFTINl 100) . . K O U N I (7 I . 

• * ? SA / I I JO » .KI .LCI OPT . |. C F T T . L 0 F 0 P R I 5 . 5 > . L E F T I N . H A 0 I V . H | F B T I 7 ) . 
•HODf . N T T A I^ 0) .HUSH .NAP,NC f AM I 100) .NO.NDEfEAl IS.20 I .NOF .NOF A . 
•NOF A * .NOf 0AH:5l . N O F M O . N O F M T . NO V T . MG T Ati ( 10 0) .NCTAUT . NGT AM I ( 100. . 
•NIOBT (5, , N | TgTifi. .NKILl 15) .NKILIDI5) . N K U L I ( i ) , NK I L L I . MHDE T I 7 I . 
•NM|N r 7 I . NH5HP T ( 7 I . NMI .NOB. NOBEVT . NOB T P?,NO I T ,MOST AT ,NPAQ( 5 I . 
•N R A 0 F0' SO ) . NRADF I ( 100) .NR A I ( 5 ) .NRBA ,NRF BD T ( 5 > . N RF BI T t 5 ) . 
•NRr RO< 1001 .NRS.NSPLf T ,NSI I C K I 5 0 > .N S U 8 < 5 > .NTCOL I 100) . N T G., .NTG1P . 
•N'GT VP! 100) . N T L C IF I 10) .NTtOST .NT T TCS(5 > , NT T f HO I 5 1 , NT T TRP i •! I . NV AP 
• N . F A E A I 101 . N V L I 0»" I |[>» . NME PVI 10) . 0 § K . 0 B V . 0 8 V P R T . P A T R A 0 < 3 ) . POL CF 
C O M M O N P M O i 5 . 5 l . P P E A F l 7 ) . P R 8 l t Y . P H O T N O ( 5 . 7 ) .PRXL 0 (5.7 ) . 

•POOBiLltlsO) .PWSMD0l5.il . R A 0 F A E . RANGPR I B<« 0 > . RE L RNO ' 5 ) .REL SUB < 5 > . 
•RCPi I 0 » RN.ROTOMPxi 10. 10) .RO T OMRYI 10. 10) . R SPI 5) . S ( 100i . SECON( 7 I 
• S < G A 0 < 5 0 ) . S I G A U l 5 0 ) .SI 0 9 0 ( 5 0 ) .SI GBR'50 > .STATAl (5.52) .SMPOE L ( 100' 
• SYMOOF(5.7) s *MOI F (5.7) .SYHDI $(7 .7) .SYMMAM < 3) . T ARM T (5i , T ARL (5• . 
•T ARR A 0(5) . T ARM ( 5 I .TOBIf Vi 10) .TQTOEl « 100) . T G T 0 V L . T G T S P 0 . 
•TOTVCL' » 0 0 » .TGTYie.TGTvSV.TGTXOl ( I00> . T GT YNM( 100) . T 0 T Y©L ( 100) . 
• t G T Y S V . T HE TA. !MRS IG(5.5 i . T |ME M V t 100) . T MB R D ( 5) .TH9RI <5) .TMOICF . 
• 1 M S M P 1 7 i . (M T 0 r R• 130! . T 0 T SIH, TRAVTM. K C * C L E ' 7 t .XOHPi 10. I0> . X F 1 X . 
• * MAX . XH| N. XOOE F ( 2 0 > .XOVPl !0) . 
• r «iD» G < JO I . < R 0 A D ( I I i . XSMAIMI 50 I . X M I t) ! H , r D I v < 100' . fOMPl 10. 10) 

c . , . , ' ' fNGTM, YODEF I?Q I . Y 0 V P t 10) . YROF 0I 30 • . vROAOi I I I . YSMA TM< 50i 

A; O C • 0 8 x 
X T - X I SA V I I S A V F 1 
I OB( X T I • - | 
N fc • N 0 B ' P ? 
I f ( I R U N S . E 0 I P R I N T I MR I T£ ( 6 . I 0 0 0 ) 

1 0 0 0 FORMAT l • THE E X P L O S I V E S H E E P R O U T I N E MAS REMOVE 0 THE • . 
" f O U O M I N G M I N E S • » 

I f I L C F O P T G T . I ) G O TO 2 0 
1 0 I S T • 0 9 V • A l N G L C 
R A N G E • A M I O L C 
GO TO 5 0 

2 0 r i . O C » O B Y » O F T F A E 
Y O I S T - Y L O C • R A O F A E 
V S T • Y L O C - R A D F A E 
P A N O l - R A O F A E • • S 

3 0 X t • K T • I 
I F I I O B l K T l . L T 0 I GO 1 0 5 0 
I M O R O - I O B ( X T » 
C A L L UNPACK 
! F t N O B T P 2 - B ) * 0 . 2 0 0 . 3 0 

* 0 I M O B f • T Y S T I GO ! 0 3 0 
GO TO 6 0 

5 0 X I • X T • l 
i n I O B U T ) LT o ) GO TO 50 
IMORD*lOBiKTl 
CALL UNPACK 
I F l N O B T P 2 B ) 6 0 . 2 0 0 . 5 0 

60 IFtOBY GT YOIST) GO TO 200 
0 I ST•ABS(XuOC - OB* > 
I F ( L G F O P T . G T . I ) 0 1 S T » D I S T * * 2 * ( > L 0 C - 0 B Y ) * * 2 
1 F (0 I ST .GT .RANGE ) GO TO 50 
R N * R A N F ( D U M M Y ) 
I F I R N . G T . P O L C F I G O TO 50 
IF I IRUNS.CQ IPRINT I MR I IE l6. 1 0 I 0 i NOBTP2.OB * . OB V 

1010 fORMAT I • OBS TYPE- «.15.* OB X- • .F B.2. • 08 V- *.F8 2) 
NMSMPf ' NOBT Pf i »NM5MPI ( NOB T P2 » • I 
NMDE T IN0BTP2I-NMDE I iNO0TP2i • I 
CALL BOOM< ! OE T . i i 
I 08(K T i • - I 
OC 10 5 0 

F i g u r e 30. (Continued) 
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iri T C I Y N W < I I T . 9 * 9 6 9 . >00 TO ? 5 0 
I r <H Q T A W « | l .Nf . N C T A M I I S A V E I I 0 0 TO ? 5 G 
S M P D E L U l - S H ^ O C U I M T H O L C f 
Ot». A l M l | » - T M O L C F 
TOT V t L « I » * 0 . 

? S 0 C O N T I N U E 
0 « X * K L 0 C 
N 0 « T P S - M 9 
R t T URN 
C N D 

F i g u r e 30. (Continued) 
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S U B » O U ' I N £ I b 1 H 0 V 
COMMON A C f P I 5 . 5 • . A D E P « «? 0 I . A t ! t 5 . 5 . * » . * 1 • ? 0 > . A | H P T X I 5 0 I . A ! H P T Y S 

• A l K i . l C . A No IMP* 101 . ARE L I 5 . ? » . ARE P I ? 0 » . AMI OLC .A T V VP t I 0 I . OB r AE . 
• OF I H ! l V . OE F l I ^ I .OE ' RA D. 5 > . DE F M I 5 » . OE » X l 2 0 i . OE F Y I d O » . D E l A I W i 10 0 
• o r n 1 0 .o r r F A c,DiK * i *iiG > .DIROIS IOO».ONPIIXIto.ioi .DHPII Y I 10.101 , 
• OUOi'RB « M . 0 30E L . E l 1 ^ . 5 . ^ 1 . I D . I O I S U P . I D P l ? 0 . 1 5 . £ 1 . 1 E HO . 
• i i « . : M ; N I . i N o r A . I N T I M E C M . i 0 0 1 5 0 0 0 » . I P O , 1 P R ; N T . I R N K I H . I R T F I B . 
• IBUN5. I S A VE . I S 61 . ISVIFAI JO) .ISVLST.lSYHPi J» . iS*R . i T . I IfROP . 
• ! T G'PR t 5.5 I . I V A P , IVEL. ! WORD. I UTDE F <2 0 . N t V A P i 10) 
COHHON JHARK I . J S E L O S C l .KABOOHI) 1*?! . K OF T T W I I 0 0 J ,HNR£,KCUN1 I 7 I 
<SAVI I00> .« I .LCFOPI .LCFIT.L0F0PRI5.51 .LEFT|N,HAOIV.HlfBTl7> . 

• MODE . HIf A ' 50 I .HUSH. NAP. NCTAWC I 00 » .ND.NOEFfA« I 5.20 » .NOF . NOF A , 
•NO* A* , NOF OAH( 5 I .NOFHO.NOFHT . NO V T . NO T A WI 100) .NOT AM T .NGTAWIi 100 
•N I UP' • 5 t .Nl IBI (5 I .NKlLL I 5 I .NK I L L D• 5 I , NX ILL I I 5i . NK I IL ' . HHOE T '7 
• NH I.N I 7 l .NCSHP1 171 .NHT.NOO.NO0EVT . N08T P? . HO I* . NOST A T . NRAO I 5 ' 
•N»AOf Oi 80 l .NRAOF I I I 00 • , N R A I I 5 I ,NRIA . NRFBOT I 5 t . NRF B I T ( 5 > . 
•NR» IRC IPOt .HRS.NSPl.FI NST ICK (50 I . N S U B ' 5 > . N T C 0 L I I 0 0 » .HIOO.N'O'P . 
•Nf^lyp 10 in .NtLC IF I I 0 I .NtLOS' .NTTTCS151 ,N T f T HD 1 5' ,HT T TRP l 5 I . N V A P 
• N V F A E A ' !Oi .N VI 1 OF I I 0 » .NHtPVI \ 0 J . 01* . OBr . OBYPRT . PA T RAO I 5 » .PDlCF 
fOHMON PHOI 5 . 5 » . PPf. AF (71 . PRfl I T T . PROT NO I 5 . 7 I .PRKLO'5.71 . 

•PROBIL >e-lli . PRSHOO 1 5 . 7 1 . R AOF A[ . R A N G P R > 8<« 0 I .RElRNO:5 » .RE I SUB < 5 
•REPt 1 0 » .RN.ROT OlP*i 10. 1 0 • .ROT OHPT( 10. I0» ,RSPi5i . S < 1001 .SEC OH I 7 > 
•S I 0 A 015 0 ' .S!GAR < SO I . S1GBO < 50 » . SIOBR « 50 l . 5TAFAL 15.52» .SHPOEl ( I 00 • . 
• S VHDOF (5.71 ,SrMCIFi5.7i .SYH0ISI7 .7» . SYHHAX I 3 » .TARHTISI . TARl (5' . 
• I ARRAO' 5 > . T ARMl51 .TOBIFvt | 0 i . IGTOEl I I (lO) .TGTOVl . TGTSPO. 
•IGTVELI IUOI . T O T V L ? . 1 G T V S V . T G T X O L < I 00 » .TGTYHHI I 0 0 > . TO r VOL ( 1001 . 
• TO t VSV. THE 'A. I MRS I G• 5.51 . T I HE * V I I 00 > . T HBROI 5l . T HBR I (5) . THOl CF 
• I HSM" ! 7 I . ' H T 0 F R < *. 3 0 ' . I OT S I H . T R A V TH , <C YC I E ( 7 : . l O N P ' I 0 . I 0 < . * » . » 
•HHA * , KM I N * ODE? I 2 0 > . K0VM I 1 0 » . 
• ' R O F O i *Q 1 . K R 0 A 0 ' i I l . X Sw A T H I 5 0 » . XHI 0 T h . r 0 I V I I 00 1 . * OHP I 1 0 . I 0 ' . 
M L E N O T M . Y ODE F 120 I . * 0 v P < » 0 I , YRDF 0 1 30 1 . v R O A O i I I > . Y S W A T M I 5 0 I 

00 600 I - I .NTGO 
1 F I » G T >NU ( | I GT 99990 1 C-i TO 600 
IF«TGTVEL<I».GT.0.» GO TO 500 
OELATHI I l •OELATHI | ) - T R A V T H 

IFIOE L A T HI | I .GT .0.00001 I 00 TO 550 
TGTVEL I I > •TOT SPO 
DTH-ABSiOELATHI I I I 
OE L A T H( | ) -0 . 
TGTYHHI I I •TGTYHHI I I •TGTSPO*DTH 
TIHEHV1 I I •T I HE HVI I l*OTM 
I F ( THTOFRl I I .GT.9000 1 GO TO 600 
THTOFRI I I .THTOFRl I l-OTH 
IF ( THTOFRl | I LT.O. ITHTOFRI I 1*0. 
GO TO 600 

500 TGTYNHI I f T G T Y H H I I I • T G I S u O « T R A V T H 
T I HE HV I I » • T | HE H V I I I M R A V T H 

550 IF(THTOFR) I I .GT .9000 I GO TO 600 
THTOFRl I I »THTOFRl I l-TRAVTM 
IF ( THTOFRl I I .L T . 0 . » THTOFRl | I •0 . 

60 0 C ON T INLE 
IFINDFWO I T.I» GO TO 750 
HI NO"NOF WO *100 
DO 700 I • I 0 I .HE NO 
IF 1 THTOFRl I • .GT .9000 l GO TO 700 
THTOFRl I I •THTOFRl I l-TRAVTH 
IF I THTOFRl I I LT O.t t M T OF RI I I •0 

70 0 CONT I HUE 
750 IFINVAP LT II RETURN 

HE NO«I 20 *HVAP 
00 90 0 I •I?I .HE HO 
IF l THTOFRl I I GT 9000 I GO TO 900 
THTOFRl I I •THTOFRl | » - TRAvTH 
TFtTHTOFRlll.LT 0 I T H T O F P M I - O 

900 CONT|HUE 
RE T URN 
E HO 

F i g u r e 30. (Concluded) 
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SECTION V 

SIMULATION MODEL 

SEMAC is capable of simulating the passage of up to 100 
intruder targets of five different types through an engagement 
area defended by direct and indirect fire. The program can 
consider up to 50 sortie aimpoints, 32,767 mines of seven 
j^«ferent t¥pes' t e n indirect fire volley aimpoints with five 
• l£e5®nt o f "direct fire munitions, and 20 defenders 

W l t" five different direct fire weapon types. The intruders 
can be in any formation desired, and are masked from the de-
fenders in selected portions of the engagement area by terrain 
shielding. The intruders are capable of return fire and mav 
employ a variety of sweeping techniques. 

TABLES AND ARRAYS 

The three probability functions employed in SEMAC are en-
tered as tables which have been set at a maximum of three sets 
of eight pairs of values for each target/mine combination 
ponnfr Probability inputs are stored in 
RANPPBrain!' ̂  *1* corr®sP°nding range values are stored in 
RANGPR(840) The first eight entries in each table contain 
the probabilities of mine detection and corresponding ranges 

f f?* tar9et type and the first mine type. The second 
1°?atlons contain the probabilities that a detonated mine 

of the first type will damage a target of the first type and 
corresponding ranges. The third eight entries contain the 
probabilities that a mine of the first type will detonate when 
encountered by a target of the first type. The next three sets 
of eight entries contain similar data for the first tarqet tvoe 
and the second mine type, etc. 

In addition, allocation is made in COMMON locations for a 
" ° t h e 5 a r r a y s - The COMMON statements which are used 
in SEMAC are shown below, 

z! \jcro"' Jcr rl'tSr;;:7: • ; o r • # # •• «•« •««•• "• • 
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•NM> 1WUI 1001 ,HI»I.N5Pir T.NSTICKI50I , NSliSfi S ' .*TC 0L < 100) .toTGO.toTGTP. 
•HTO* t P ' i 00 I .NTLClf I 1 0 » NTIOST .NTTTCSI5' . NTTTH0I5I . NTTTRP191 . N M P . 
• to v f A E. A < 101 .to VI 101 « !0l NWE PV > 1 0 » .Oil,OBY .OlVPRT , f A O I 5 I .POLC f 
COMMON PMO•5.5) .PPC A# H i , PR9| T f ,PRO T MO I 5 . 7 ) PR«L0I5.7I . 

• p p o e u . PRSMDO 1 5 1 .PADTAC .RANGPR < en o > .RCL RHO « 5) . R C L S U B O I . 
• RE P < 10' .»N.ROTOHPXI 10. 10) .ROTOMPYt 10. 10) . RSP < 5) .Si I00> .SECONifi . 
•S :G*D(bO ' .SI GAR I 50 » .51000*50) .SIG#RI 50 » .STATAL<5.5^> .SMPOEi 1 I00» . 
•SVHOU* f 5.7 I . S V NO If <5.71 .SY«0IS(7,7l .SVNMAXIS),TA*HTC5).TARL<5>. 
• ! AKRAO•51 . T ARM I 5• . IDBirvi I0> . T C T O l U 1001 .TOTOVL.TGTSPO. 
•ToT VTL < .00' . TGTVL2. TGTVSV, TGTXOL • 100) .TOTVNUI 100) . T0» VOL < 100 I . 
• T G r 1sv . THETA.THRSIGl5.5i ,T|N|RVI IOOI .T HBRDC 5) . TM0R| I 5 I . T M DL C f . 
• T HStoP < "7 t , ' M T or R ( I 3 0 ) . T 0 ' S 1 H , TRAVTH.XCVCLE 1 7 1 .XOHPt 1 0 . 10) . Xf I * , 
• * M A ' . x N i N . K 0 0 C f i ? 0 i . KOvPi I 0 > . 
• * r- Of J 1 JO » . X R 0 A 0 I I I » . X SUA T MI 50 » .XHIOTH.YOIVI I 00 I . rUNRi 10. 10) 
• *. tNuTH.rootri?oi.Y 0 v P'i o > . Y RO* o • JO >.* ROAD < ti».TSUATHISOI 

All variables which appear in these statements are in-
dividually defined in the List of Symbols and Abbreviations 
(Simulation Model). 

DISCUSSION OF SIMULATION 

The remainder of this section discusses in detail the 
coding of the various subroutines. 

Program MAIN 

Program MAIN exercises control over the simulation by 
calling the various processing subroutines in a manner defined 
by the program logic. The first executable statement: 

initializes KREAD at the beginning of the job. The next state-
ment: 

CALL RE AO I to ( K A I) I 

transfers control to Subroutine READIN. This subroutine reads 
the data for the first case (KREAD=0) and performs several 
iteration independent calculations. The statement: 

CALL SETUP 
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is the return point for each iteration. Subroutine SETUP per-
forms iteration-dependent calculations. The statements: 

C A l t HOAO 
( A l l S O P T » | O H . H O B » 
I f C f ' I N . f Q i l l 0 0 1 0 I ft 0 

transfer control to Subroutine ROAD to initialize target travel 
on a travel path segment. Subroutine SORT performs a Singleton 
sort on the event information array [IOB(SOOO)] to order the 
array by increasing event Y coordinate. If all targets have 
been damaged or have breached the engagement area, transfer is 
made to determine if the last travel path segment has been 
traversed. The next statements: 

I G T V S V - T Q W C l i l S A V f l 
!P0•IH 
SYC 0 

h.T K T A , . A ( I 

! to 0 W 0 • I 0 B « ¥ T • 
CAl .L U N P A C K 
">8VPP r • o # «-

call Subroutine LOOPS to determine the next event and unpack 
the information for the event. The statement: 

CALL CKIVIX 

provides a transfer to Subroutine CKEVTM to process all time 
oriented events involving direct and indirect fire. If the 
event target was damaged by direct or indirect fire, the next 
statement: 

!» »TC fYNkt!SAVCl.GT.94990 » 00 TQ ||0 

removes this target from further consideration. Otherwise, 
the following statements: 

I ' M O I V S V OT o 0 1 i GO r0 9 0 
K f S A V I I S V L S f I " K T S I K 1 I S * L S I 1 - 1 
GO TO 1 0 

Jt 
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determine if the event target is in a delay condition and pro-
vides transfer to Subroutine LOOPS to determine the next event 
The following statement: 

•80 . I Io.I 00.77 I NOfeTHi 'tf.ve.7e.7e. 

provides transfers to the proper subroutine based on the event 
If the event is one for a target/mine encounter, the next 
statement: 

7c C*i i r G Td i N 

calls Subroutine TGTMIN to evaluate the target/mine inter-
actions. If any targets are associated with other targets as 
a group and if a target is damaged in this event, the next 
statements: 

I F I N S T A U T . P E I m o I S » P t o e i C U L UN I r 
CO TO 1 1 0 

provide transfer to Subroutine UNIT to determine whether any 
unit movement of targets is required. If the event is one for 
a target/travel path boundary, the statements: 

7 5 C A L L C v C r . T C 
G O T O M 0 

calls Subroutine EVENTC to evaluate the target/boundary event. 
The next statements: 

'7 | I , r o ' « 0 L I ! S » V C I hr.OBM.Od N'OtYP•1i»VfI .Cf'1100 TO 140 
C >LL t"P5HP 
00 TO 110 

provide a call to Subroutine EXPSWP if the event target has 
reached a point along a travel path segment where line charge 
or fuel air explosive sweeping devices will be employed. 

164 



an i n d i r e c t f i r e ' v o l u " £ h e ' l o l S ^ s S e M n t s f i n i t i i , t e a 

I'viii i :uN c , t , <" s* v f"6 a '«>150 

N O r i R t 
c • ' L • 0 0 H » | 0 £ T 
' NOT A • | 

GO TO 1 i o " ' r V ' ' V A P ' 

S U ? s " » " "olley at 
on for this e v e n r S iMurfSai t £ ; " 2 t o. s« the flag bit 
this aimpoint arrive on a time basis remaining volleys for 
countered a direct fire ar*>» ZJit t * a tar9et has en-
statements: r e a e x i t boundary, the following 

"*««>*'fWMs?I?r'4e !SSrC i i ' f i * 1 ' • " " " " • ' i 
N » f i » o . i s * v E . . a 0 0 1 0 " " 

i o < 

0 0 1 0 5 j . I . J o 
I 0 J - ; : - , r . ( J , I I 0 J . , 0 5 

: 0 5 C O N T I N U E 

u n r L ' ' ' ' 0 0 ' ° 1 0 9 
NOT a . B O O i j a » , I 5 I 
I F I N O F a . 1 I I , n D r t , , , 
0 0 TO 1 l o 

1 0 9 N D f a - 0 

provide a call to Subroutine STINT to set the fi w-a. 
the event target in the direct fire ™ JK* 1*?. 1 5 1* o f f for 

target from any consideration bydirS?fir?Ms eliminates the 
of coding also determines the largest dir#»f-*-*F- 3 section 
that contains at least one intruder. 

N O B f V T • } * 0 5 , N O 0 f y T i 

o « p u t " f 0 ? ^ u ° ^ d
t 0 a n f l f U ^ S n e R ^ , T l t 0 , P r i n t t h e " P h o n a l 

event. The next statements: P ° r detonated in the 

, r « mOfAM , 0 . 1 4 0 
I * 0 J A A « 0 
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determine if all volley, have ^irectj^re 

are^capable'o^sweepingHhave been damaged or have breached the 

minefield, the statements: 

, f , N S P l f > £• ' 0 OR K N R S . N f N R S . GO ' 0 1 5 5 

r . S P L f 

• ' , v e i ' • ' 0 , o v ' 
. ')? C ON M NUt 

t 0 * ^ > p 0 - ' O ' O v i 

set the undamaged target velocities to normal speed. The next 

statement: 

j i r i t f f T I N o r 0 1 0 TO 5 0 

branches t o S u b r o u t i n e LOOPS i f any ^ t a r g e t s h a v e - n o t 

' " a f l ' t S g S s a r f d U g e d o r \ a v e t r a v e r s e d t h e t r a v e l p a t h 
segment , t h e s t a t e m e n t . 

i b e i ' ' ' N R S N t N « ; I fi'"1 , 0 ? t > 

C * i P " : N ' " 
, , , I R L . N S L , N o m oo ' o 

i- «-v>o re»«5ults f o r t h e i t e r a t i o n 
c a l l S u b r o u t i n e P R J N ™ r e q u i r e d , b ranch t o S u b r o u t i n e 
and, i f more l t e " £ 0 1 ? J e

a ^ x t " d e r a t i o n . If a l l i t e r a t i o n s 
ha^e P been P comple t ed , t h e s t a t e m e n t s : 

K K C * 0 <• « 
T 0 * 

C N i l 

1 6 6 



transfer control to Subroutine READIN to read data cards for 
the next case, or the program is terminated if all cases have 
been processed. 

Subroutine READIN 

This subroutine reads in the data cards and performs 
initial calculations which are independent of the iteration. 
The statements: 

CI HENS I ON , 0 4 / i m 
D I M E N S I O N HO. 0 i . s e e o r r 
PA * A ! 1 E ST / «jH <499/ 

K Y H S l - . . PNOSv i 3 | 
7 i " r f O B I P l 81 . ft ANC< ' P 9 i 

provide local storage for input variables and initialize the 
value of ITEST. If this is the first call to Subroutine 
READIN, the statements: 

PFUINO P 

*RI T f ' 6. IH 00 i 
1 * 1 * P E A O . C O M GO TO 
C•I I REPRNT 

90 10 00 7 | • | , 0 
P«0Bll I 1 ) • 0.0 
RANGPR M i - 0.0 

7 C ON T | NUE 
NO • 0 
00 9 J•1 , I 5 
00 9 I•1,?0 

9 NDE f t A( J, | I - 0 
1 o r o f» f • o 
MAO I V- 0 
00 9 1-1.5 
NPAI ( I ) •NRADl I 1*0 
T A R R A 0 < I I • IARL I I K t A P U l I » • TARMT C I » - 0 . 
REPl I I •R£ PI I •?! «0. 
OEPi I I • DEP c I •gI r o. 
NSU9 » I » • I 
00 9 J- I . 7 
SVMOOF « | .ji -0 . 

9 SYMOirii.JI«O. 
00 I 0 1-1.7 
THSMPi I » •SC C ON < • ) -SECOff I I i-*C*ClE i ! ) • 0 
00 10 J-1.7 

0 S* NO I S ( I . J » - 0 
It'NO- 0 

call System Subroutine REPRNT to list the input data on the 
output device, and initialize several variables at the begin-
ning of the job. The statements: 

e* ICN0- IE N0• I 
JNARKI•1 
I RONS-0 
00 ? J 1-1.10 0 

?! DEL ATH < ! i *0 
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initialize variables at the beginning of each data set. The 
first card of each subdeck, which must be a title card, is 
read by the statements: 

READ'*,9000• MGL 
nrconr < e 0.9000.not» INPUT 

ir ( iNPni to 1 1 r 5 T 1 C M « t * 1 > 

DECODE(N,M,HOL) is a Control Data Corporation system function 
which provides for the decoding of N characters of Hollerith 
information by Format M. A check is made on the first card of 
each subdeck to determine if it is a Card Type 999, which sig-
nals the end of the job. The statements: 

0 0 5 8 j • I . 5 2 
DO J 8 I • I . 5 
S T A T A l < | , J I . o 

? 8 C ON I I NUE 
6 0 " ( , 9 0 0 0 ' H Q i 

9 0 0 J r O H M A T ( 0 « | 0 i 
01 C O D E ( 5 . 9 0 0 1 . H O i • I NF*o • 

i O C I F O R M A T < t 5 

are executed next to initialize variables, read a data card, 
and decode the card type. Branches to the appropriate section 
of coding to obtain the data values on the card are provided 
by the statements: 

IFCINPUT EQ 99i 00 TO 7003 
I' M N ^ U T O! I000« GO TO 5 9 0 0 
GO T o i 100.200. 300. «• 0 0 . 500. 600. 700 80 0. 9 CO. I 0 0 0 . I 100. 1200. I 500. I M 0 
.1500,160 0. 1700. 19 0 0. 1900 2000.2i00.2230. 2500 2*00) INPUT 

The following sections are similar in that they decode input 
data on a particular card. For Card Type 1, the decoding 
statements are: 

100 OECOOE 100.9002.HOL INAP.NTG0.NTGTP.N0. T .NOSTAT . I PR|N T .SECD. 
* NHT . MODE .NVAP.N0F * A .NOFUO.NUBA 

9002 FORMAT (5* . 6 I 5 . F 10 . 2 , 6 I 3 > 
I F I SE F 0 I t . 0 . > S E F P « « * N f ( 0 U N N * l 
C A L L R A N S E T - S E E O I 
GO TO 5 0 
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If the value of SEED is zero, a call to RANF (the Control Data 
Corporation system uniform random number generator) is per-
formed to determine a starting value. The call to RANSET 
causes RANF to start with the value of SEED. For Card Types 
2, 3, and 4, the decoding statements are: 

? 0 0 OCCOO£ < e o . 9 0 0 S.HOL u c r o p r , v L E N G T H . I W I O T H . T M C T A , 0 1 O C L 
• I I s r « p ( | > . I - I . 3 I . I s e t . I IE POP. I D I SOP 

•:»CQ5 F 0 R M A T < 5 X . I 5 . £ r i 0 . P . a F 5 . ? . * l 5 . ! ? . ! J l 
0 0 TO 50 

5 0 0 OE CODE I 80 . 90 0* . HOL INTN,N'GT /P I N T NI .NC T AH < NTN I .NC' A M I N T* I . 
•TGrXOLIN'NI .TCtYOIJNTNl .Ml .N2 .N ? . NH . T I . T ? 
Ir lNI .L T . ! I 00 '0 50 
NTOTYPINII-N? 
NC T A W • N I I • N I 
NO T AH < N ! 1 •N* 
T0'*0L INI I • T J 
T G T Y 0L i N II•'? 

Nd0«i FORMA! I?i5* . !•). I I . IH . I5.?F:0 C» » i 
CO TO 50 

«0C D E C 0 0 E < 8 0 . 9 0 0 5 . H O L > 1 T * P , T A P L i I T y P » . T A P M • I T r P . T A P R A 0 ' I T * p • 
• T APHT I I T VP I . T HBP I < ! T VP » .NPAI < I T YPI . IL0fDP*' I T YP »».!•». 5 » . 
•NT T TCS' 1 TYP) .NTTTHOS ITYPl .NTTTPPl IT YPl 
If INTTTHDI | T v P I . OT.OIMADIV-1 

900* fORH*T(5x, !0 ? . F 5 B I 5 . 5 M . I!5 » 
GO 10 50 

For Card Types 5, 6, 7, 8, and 9, the decoding statements are: 

r>0 0 OECOOE (80.9091 .HOL > IVAP. IROAO . lOVP' I V AP ) . fOWPt IVAPl . A Y Y VP I I VAPl . 
• N V F A E A I I VAPl .NHfPvi | VAPl . I HT VAP( IVAP) .WILC If I IVAP- . ' 0 BI rV I |V»P» 

909S F 0 R H A T I ! O X . a i 5 . 3 F I O ? . H ! 5 . F t O . ? > 
I VP0«IF|KI*0VP( I VAPl M O O . > 
X 0 VP I I VAPl *F L OA I I I V PO • I 00* I ROAD• I SIGNC I . I VPQ) » 
GO TO 50 

*00 0EC0DE«80.9090.HOI l I VAP. I HEPV.OHPI I * t I VAP . I HEPV » . 
•DHPIIY«IVAP.IHEPVI 

9 0 90 F 0 R M A T ! I 0 X . ? ! 5 . ? F I 0 ?» 
GO TO 50 

700 DECODE (80.9015.HOL > IVAP. IHT.ANGIHPI I VAPl .PEP< IVAPi .CEP< I VAPl . 
•NSUBI 1H T ) .PE L SOB I I M T I ,P A T PA 0' 1H T I , RE L RND « IH T » 

9055 FORMAT <5X .BI 5.F5 ?.?F | 0 ? . I 5 . JF I 0 
GO TO 50 

H00 OECODE <80 .9089.HOL INPS.TGTOVL . '0 T VL f 
9089 F O R M A T ( I 0 X . 1 5 . 2 F 1 G ? ) 

T G T 0 V I. • TGT OVL • 88 . 
TGT VLP-TGT VL B*88. 
N-NRS • I 
RE A D(* .90 0 7) (XPOADl I > .VROAOl I > . I ' I .NI 

9 0 0 7 FORMAT (BF I 0 . ?I 
GO TO 50 

900 OCCODEf0O.9Ol3.HOi ) tAP.MIFAi I AP • .NS T IC* » I API .AIMPIX' IAPi . 
• A I MP T Y ( (API . YSHATHI | API .XSUATHI I API 

9011 FOPHAT(5X.3I5.HFI0 Bl 
OO TO «i0 

The value 88 is used to convert miles per hour to feet per 
minute. For Card Types 10 and 11, the decoding statements 
are: 
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90™ ' • " . ' - o . o . , . . 
GO TO 50 

9 0 0 9 FORMAT ( f 0 * ! " ^ 5 | j J " | 0 " a I L ° S " " ' " ! " ^ " P " 1 1 ' . t>U0PP6.MT I .PPCAf m i l 
• f l J S E l O S l M T i . O T . O ) GO TO 50 
00 9 0 ? H • I , N A P 
ITIMTF*(N1.EO Ntl CO 10 90i 

90^ CONT |NUE 
90 3 J-0 
905 RE AO 1 4 . 9007 1 t QR* ( | i ,ORri I l . I «| ,*»i 

00 9 J 0 t • l . •« 
WRI T£ c ? » OR* 1 I J . OR*l I » .IT 
IF 1 J• I .E O N5T ICKlHi 1 GO TO 50 

9 10 C ON T |NUE 

GO TO 905 

ordil^Jo 1^ ° f ? S E L D S ( M T> i s zero, the nominal X and Y co-
ooii^f m i n e ( m e a s u r e d relative to the sortie aim-
12 13 I n d r ? 4 th w*! t t e n o n T aP e 2. For Card Types i t , 13, and 14, the decoding statements are: 

£00 OtCODE(90.SO I 0.HOl IMI 'SriOIS-MT ,, , . 
9010 F0RW4T I j OR . J 5 . 7f 5 

GO TO sn 
!C,! Soc?SE;r3°,0-MOL'"" 

oDoc?oDf;r',o,o MOL"M- ,, 

For Card Types 15, 16, and 17, the decoding statements are 

I 500 
90 J ! 

i 600 

9 0 9 H 

17 0 0 
909 5 

: *05 

OtCOOC I 80 .90 I I . HOL I HJ.SCCONini 
FPRHAT ( i o « u . a r v ? £ t 5 , 
!NT|HE(MTl-| 
GO TO 50 

DECODE <90.909*.HOL INUM0EF . I MTOt FiNunnrr » 
• ! ° « r ( N U H O E r 
r o R H « T 1 5 , . a , , . s r i o j 
GO TO 50 

• 909 3 .MOL iNOr , I ROAD. < *»ns. I 1 I . 
T ORMA T l SI . g ] 5 . I u 3 P * ' ' * 1 

L • 0 
DO 1 705 I • I . J 
NO"NO » P 
1 **HI . |r I KI K VMS( I .1 I . | 00 I 
«»DFOINOl.FL0AII IXYMI * 1 S I G N 
i «*«?.irixi»rnsi!•?.• i oo i 
vRoroiNO I-FIOA rI I Xrn?.isIGN 

CONTINOE 
00 TO 50 

stcorr IHT i ,«ou»i, n n , K X H I K I 

. * OOE f (NU1DEF » 

. I x y M i j • i c o A o s 

. I X j •Nur I 
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For Card Types 18, 19, and 20, the decoding statements are 

100 0 OCC ODE<00.0016.MOL I I I .J I .PH0I II .JII.ia.ja.Pa.l3.j3.PS. 
• I H . JH .P* . I 5 . J5 . P*> 

0016 ) 
IfI I?.L T . 1 | 00 TO 90 
PHO(ia.J?)*pa 
I F < I 3.L T . I I 00 TO 50 
PHD ( I J.JS»-P3 
irim.LT.noo TO 50 
PMD ( IH JH1 «P* 
IrI 15.L T . I I 00 TO 50 
PHD( I 5.J5I•P5 
GO TO 50 

1900 DECODE I0O.9OI7.HOL1 I I .Jt .Ml ,CVI . ia.J?.N?.CV?. I 3.J3.M3.EV3 
9017 FORMAT(5K.3( 3 I5.FI 0.a> I 

EMII.JI.II-NI 
C M II.JI.?I*CVI 
IFil2.LT.|) 00 TO 50 
Eiiia.j?.ti•*a 
E i c i a. ja.ai*c va 
IF C I 3.LT . | » oo TO 50 
EI I I 3.J3. I )«N3 
CI( I 3.J3.a I»E V 3 
CO TO 50 

aooo DC CODE(00.5050,HOL I MOFTVP.OEFL « MOF T ypI .DCFU <MDFTVPl , 
•DCFRAD(NOFTYP) , OC FHT ( MOF ) . T f109O I MOF T TP I . MM AO < MOF T VP I . 
•( I TOTPMIMOFT VP. I » . I•I .5) 

5050 FOMMAT151.15.HT1o.a.F5.a.15.5 I I i ' 
00 TO 50 

The following statements decode Card Types 21, 22, 23, and 

a i o o O E C O D E ( 0 0 . 5 0 9 1 . H O L I I I . A I I . A « E P I . A D E P I 
9 0 5 1 F O M M A T ( 5 H . 1 5 . 3 F I 0 . 2 . 5 K . 1 5 . 3 F I 0 . a I 

A I ( I 1 > * C O S ( A I I * . O l 7 * 5 3 2 9 > 
A M E P ( I I » • A R E P 1 
A D E P ( I I I • A O E P I 
I F ( I a . L T . I l 0 0 TO 5 0 
A I ( i a » - c o s ( A i a * o i 7 H 5 3 a o » 

A R E P ( 1 a ) • A R E P ? 

. i a . A i a . A R C p a . A O C p a 

1 . M . AC V . A R E L I . A C E P I 

I - A C E ® I 

A D E P ( i a I • A D E p a 
0 0 TO 5 0 
O E C O O E I O O . 9 0 5 a . H O L > 
F O R M A T ( 5 x . * 1 5 . F l 0 . a . F 5 . a . F l 0 . a > 
A E I I I . J . a * K - | ) « M 
AE I « I . J . a * K > • A E V 
L - I 
I F ( K . G T . I ) L • J 
A R E L I L . K I • A R E L I 
1 F ( M . GT . I I AC E P ( L . « I 
GO TO 5 0 
D E C O O E ( 0 0 . 5 0 5 3 . H O L > 
F O R M A T ( 5 X . 3 ( H 1 5 . 5 * 1 I 
I D P ( 1 I , J I « I I • I O P I 
I F ( I a . L T . I ) GO TO 5 0 
i O P 11 a . j a . t e a » • i o p a 
I F ( I 3 . L T . I » 0 0 TO 5 0 
I 0 P ( I 3 . J 3 . K 3 I • I OP 3 
0 0 TO 9 0 

a«t 0 0 O E C O D E ( O O . O O a O . H O L > L C F T T . OOF AE . OF T F AE . R A O F A E . A L M G L C . 
• A H I O L C . T M O L C F . P O L C F 

90a9 FORMAT(5*.15.7FIo.a» 
00 TO 50 

aaoo 
905a 

a3oo 
9053 

ii.Ji.KI.iOPi.ia.ja.ua.iopa.t3.j3.«3.IOPS 
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For card types greater than 1000, the decoding statements are: 

6900 OE C 00E < 00,9 0 0 8.H OL I NT .NN.NT0. «PRO0TPI I » . I • ®> 
9 0 C 9 rORN*T( I X. I I . I?. ! I . T5.?.7F10.2 I 

RC«0<*.9006> NT.MH.NT0.(0ANGTP(II.I • 1. 8 > 
NTA0LE-fNT-|••e1• INH - 1I•J*NTB 
IL-0* I NT ABLE - I I 
00 69 I 0 1-1.8 
PRO0tL«LL*l I "PRO0TPI 1 I 

6 9 10 RANOPRILL•I»-RANGTPII) 
CO TO 50 

Transfer is made to statement 6900 for input of each probabil-
ity function. The target type, mine type, and table number are 
decoded, and the probability and corresponding range values are 
stored in appropriate array locations. When a Card Type 99 sig-
nals the end of the data for the subdeck, the following section 
performs various calculations required for the case. The state-
ments : 

70 0 0 00 7005 1*1.NUT 
• CYCLE < ! i •SE C 0NI I » * SECOff C I i 
NHINI11-0 
0 0 7 0 0 5 J - l . N A P 
I r ( H T F A I J I E Q . I ) N H I N < I > • N H I N < 1 I • N S T I C K t J» 

7 0 0 5 C O N T I N U E 
i n T r i w - o 
0 0 7 0 0 f t 1 * 1 . 5 
i n N R A I I t l . L T . i l 0 0 TO 7 0 0 6 
1 R T F I R • 1 

7006 NIT0Ti11-0 
NOT AWT-0 
00 *7 000 t • I . N T GO 
M-NTGT VPI I I 
N G T A M T - N G T A U W N C T A M t I > 

7000 NI TBT I NI •NI T9T I NI • I 

compute the duration of the fuze timing cycle (if any), the 
total number of mines emplaced by type, and the total number 
of targets by type. If sympathetic detonations for mines are 
being evaluated9 the statements: 

IFtlSVHPii; LT li GO TO 7015 
S f NH A R ( I I -0 
00 70 1 0 I • I , NMT 
00 70 10 J-I.7 
S rNO IS < I .Ji•S'HOISi I ,J >• •£ 

70 10 s r n n A K I H A N A X H S Y H H A * I t » . S * H O I S < I . J i » 

SYHHA* ( I I -50RI f S*HHAM I I t I 
70 15 RSPMAX «0 
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compute the maximum distance at which sympathetic detonations 
can occur. If sympathetic detonations are being evaluated for 
direct fire rounds, the following statements: 

I f I i 1 I I GO TO 7 0 17 
S >MHAM « 2 » • 0 
0 0 7 0 1 6 1 * 1 . 5 
0 0 7 0 16 J - I . 7 
S ^ H D D F t 1 . J I - S Y H O O f I I . j i 

• > 0 1 6 S ? M M 4 J | C 2 » - A H A X l 1 S V M H A * I 2 I . S V H O D F « ? • • 
srMNAKi?I-SORT(svnn*xI? >» 

compute the maximum distance at which sympathetic detonations 
can occur. If sympathetic detonations for indirect fire 
rounds are being evaluated, the following statements: 

*'017 iri I S f N P U l ,ir | I GO T 0 70 19 
S VMHA *( 3 ) * 0 
DC 7 0 10 I«!.5 
0 0 7 0 16 .) • I . 7 
SrH0: r< I .J »•S f M0IF » I ,j1 ••t 

7 0 ! 8 S * MM A A ( 3 I •AMA V I < 5YMHA K ( 3l , S*MQI f i I . J » I 
SVMM** I 1 1 -SOffT l SYHNtl f i t I 

compute the maximum distance at which sympathetic detonations 
can occur. The next section of coding: 

7019 If i NMt LT.ll GO TO 70*5 
00 7 0 «• 0 I • I . NTGTP 
PSPI I » •0 
00 70 35 J-1 .NMT 
NT• I I t > *2I «(J- ! I • 3 
30 70 5 0 K - I . 3 
NT | • 8 • lN T *K-| I 
00 7070 L • I . 8 
IF IPR0B I L INT I •L > .CQ 0 » GO TO 7022 

7Q70 C0NTINUC 
70?? RNGSV(* 1 -RANGPRI NT I *L » 
70 30 CON T INuE 

"RSrfOO<I.J»«RNGSVlI) 
PRKL0 » I .J l•RNGSV(2 > 
PRO'NOi I .JI-RN0SVI 3 » 
PSP « I « •AMARI IR5P1 I I .RNGSV( I I ,RNCSVI 1) ) 
"SPMAX•A M A K| IASPMAX .RNCSVI I l .RNGS VI 3 

7035 CONTINUE 
IFJNAOIV.OT.0) RSP«!»-RSPcIl*30 
C ONT | N'JE 
, f'1*01V.6T 01 RSPMAV•RSPMA*•30 

determines the minimum ranges at which each of the input prob-
ability functions are zero and computes values for the range 
of influence for each target type and the maximum range of in-
fluence. The largest possible diversion offset distance (30 
feet) is added to the range of influence if target diversion 
xs being considered. The next group of statements: 
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^ C ^ K M | M « X M A V « 0 
CO 7060 { » I . 5 

7060 NIOBT I I i«0 
NQfWT % 0 
If INOI'HO.L I I I CO TO 7065 
DO 70 ">5 I • I . NOT MO 
N-iMroer i i i 

7075 NIOBT 'Nl •NIOBTIN! •) 
00 7080 1*1.5 
I F I N I OBT l | I . GT 0 l NOTWT - N O T U T • ! 

7 0 8 0 C O N ? I N O C 
> 0 8 5 C O M I NU£ 

DO 7 10 0 I - I .N T G0 
XKAX*AMAX| ! in»« . IG f X OL 1 I » I 

7 100 *M| N' AM I NI I XMI N. TGT>Ot I I ) > 
XMAK-'MAX•R5PHAX 
* H I N « X W I N RSPMAX 
If «*MA*.GT 16)9 » XMAX• I 638 
l-f I X M I N L T i 6 36 l KM ! N * 16 3 9 

determine the number of defender targets by type, the total 
number of defender weapon types, and the maximum and minimum 
X coordinates within which mines will be retained for the 
case. The following statements: 

ir-MVAP.LT.il GO T 09998 
00 82 0 0 I •I .N v Ar 
COS A»COS i AYvVPi I i • 0>7*53?9258> 
5!NA«5INI*YYVP(I'• 0I7H5S29258I 
X ORG VP•FLOAT! IT I x I X0VP( I I.MOO I » M 0 0 
Y0RGVP•Y0VPiI• 
NW V - NWtl P V I | ) 
1 f I NHV .IT I I GO TO 8200 
00 BI 90 J-I .NUV 
XOHP ( I . J I •K0MGVP«0HP I I X ( | ,JI*C0SA*DMP| | Y C | . J » • S I N A 
f ONP < I .JI-VORGVP.OHPI I V ( I , jI •C OSA - 0MPI IX( I . J I •SI NA 

ft > 90 C ONT INOC 
8 r? 0 0 C ONT I NUC 

transform the desired mean points of impact for each round 
in each indirect fire volley into the map coordinate system 
[Equations (38) and (39)]. The last group of statements in 
the subroutine: 

00 8500 1*1 .NT OTP 
AM•AHA X I I TARL M l . T ARHI I I I 
00 8500 J « I . N V A P 
H"IHTVAPIj; 
THRSIGIK.ll.il, «„ . < H » I 'REPI Jl .OCPI Jl I .»n.S0RT l£ | IK . I SI 

8500 CONTINUE 
9998 MC T U«N 
IH 80 FORMAT M HI I 

EN0 

compute the distances beyond which the effects of an indirect 
fire round are not considered. 
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Subroutine SETUP 

This subroutine performs iteration-dependent calculations 
and determines the mine X and Y coordinates. The first exe-
cutable statements: 

I I « 0 
:GT SPO• TCT VI2 
iriHOOt L1. 9>TGiSPD-TGTOVl 
RfMIND I r 
l«E*i4IM0 ? 
I R U N S • I I 
00 *900 1 • ! . 5 
SKILL I ( I I 'NKILLDI I I • NRF f) I T( I I • BO T J | » -N0F 0 AM I I » • 0 

9 0 CI NKILl I I l>0 
00 905 1 • I .NVAP 
Ni/LlOf'l 1 > * NVf AC * » 1 » 

905 CONT I N'JE 
oo 9:o I - I , 7 

910 NHSMPT (|l*NMDE Tl I »*HlfBT< I ! «0 
00 9 15 J•I.20 
0 0 9 l'5 1-1.15 

11 5 NOCrCAi I . J I • I ABS « NDCTF A ( I . J » I 
00 920 J-1 . I 5 
isvirA < j*15»•o 

920 !SV!^rA«J»-0 ) 
00 925 J*1 .I 90 

925 TMTOFRij>-9990. 
00 990 ".1 -1.100 
MOTT TMC I 1-0 
NRF I no I t I -0 

990 OCLATHI11-0. 
NKILLT>MSPL r T «o 
N T L O S f - O 
M O I C V T * I 
T HE T• . 0 I 7H5 92 95* THC T A 
SINT-SIMlT ME T I 
COST-COS(TMETl 
KNRS"0 
KH2-KWIOTH/2.0 
*L2»'LEN0TH'£ 0 
00 2*0 I•I .5* » 

2 10 ' 4B00M I » • 0 
N O B « a 
NO8TP<? n 

1 r -0 
N - MRS • 
NOB*MOb • M 

/ 
initialize variables and set to zero the 547 words containing 
the mine detonation flag bits. The next statements: 

0 3 ? D 0 I * 1 . N 
<> 0 WJItetl" I ! .'"0101 I I .NUBTP?. I I 

write the X and Y coordinates of the travel path end points on 
Tape 1. Next, a double-nested DO LOOP is entered to determine 
the mine locations for the iteration. The statements: 

lu ...... • -;•*•*& 



I • • N A P t I |, QQ f 0 

-JO ! •« 6 J • I .NAP 
H L PNORH I ASI I 

<• *L L RNORH t PUB \ 
"f WlNO 2 
1T • 17 r A(J) 
i r - o 
* ' NST |CK . J » 
on t H6 t•i ,N 
All RNORNI AN)l 

- * t L R N O R H i R N m 
N O 0 ! P ? . M T 

n o r m a l random numbers for use with the aiminq error 
standard deviations. The mine type for the sortie anoint I s 
numbers'are sefec^d1?6 ^ °° L°°P' t W° n o r m a l r a n d o m 

deviations •K U S° W l t h t h e baHistic error standard 
? nominal mine locations about the sortie 

aimpomt are read in from cards, the statements: 

I f ' J S l L Q S l H T i i I l o . n o 
1 3 0 ftCA0<2> OP I , ORV . N 0 8 T P ? 

I f l N O B T P ? NE MT I 0 0 TO 1 3 0 
GO TO ! 5 0 

wise,'the"^tatements? * ^ * C O O r d i n a t e s Tape 2. other-

120 00 T0« I22 . IP5. I25. I Si» . JSCI OS . 
122 CALL RN0PHiRSTARr» 

0»X•KSWATMI J I /6 • R S T A P T 
I r I JSE t OS i M T )-•#> !?J 156. I ? j 

123 CALL R N O R N I R S U N T I 
0 P Y » Y S W A T H ' Ji /6 • R S T A P T 
GO TO 150 

1 2 5 OP < • * S u A 7 H » j i « i n ANT » f l J H l Y I 5 , 
i r ' J S f l D S i M i ! - 3 ) 12 6 . 1 2 3 . 1 2 6 

126 OR f • VSWA ; M I J l • i p ANF I OUMFlr I 5 

t h e m e a? P°ints o f impact in range and deflection 
from either normal or uniform distributions of mines deDend-
xng upon the value of JSELDS(MT). For n S L l d S S J b S J i S S 
the values of XSWATH(J) and YSWATH(J) contain six standard 
6 ^ e r e f o r e ' values are dlv^ed ^y the vSue 
to obtain the one-sigma values in the statements: 

150 <>ti«-0R«.WNl.S!G»0lJI.Ht(j.sioeui ), 
OH».0»*.BN?.SICAR, J, .RNH-SIOBHl J I 
0 6 « - »!«r. , , ji .0 R «•C 0 SI• 0 R Y • S ! N T 
OB Y « A I MP f r t ji •0«*•SINT•ORY•COS> 
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The mine X and Y coordinates with respect to the sortie aim- 
point are computed [Equations (1) and (2)] and are then trans- 
formed into the map coordinate system [Equations (5) and (6)]. 
If the mine location is within the rectangle defining the area 
through which the targets are to travel, the statements: 

1T ( ÄBS< OBX i , OT KM? . 0« . »BSI OBV ) , 01 . riM GO TO \ H B 
141  RN » RANfl  OUMNr  1 

i r(RN-OUOPRB(Mri i sn,eo,i5 
?0    N0eTPS«N0BTP2»9 

compare a uniform random number to the probability of mine mal- 
function [Equation (7)].  If the mine is a dud, the quantity 8 
is added to the mine type to reflect this condition.  If the 
mine has a fuze timing cycle or target counting capability, 
the statements: 

?5  I F I I NT I Ht IHT I .EQ. 01 00 TO 1»* 
RN • RANf  (OUMMV1 
I I .RN« XCYCLt IHT 1 
If  IKOUNTI MT 1 .0T ,0 I  iT-KOUNtlHTi 
If  M RNK ( «T I . OT . 0 1  I T ■ IT | X 1 | T «RN l • 1 

compute the random starting point for the mine [Equation (10) ] 
or set the target count at which the mine will arm. This can 
be a random integer number of target counts varying from 1 up 
to a preset maximum.  If Tactic 1 is being evaluated and if 
the mine is a dud, the mine is discarded. Otherwise, the 
Statements: 

U5 IF1 MODE .CQ . I .«NO.NOBTPS.Ot . 81 00 To 1*6 
NOB. • HOB :> i ,   • . 

■' WRITE! I I oex , OBY , NÖBTP3 , I T 
„MB  COMT I.NUr 

1 r ■ NOB . L E . IfflS? I GO TO ISO '/-1..' 
P:H i Ni i ooo 

.l/DO'j) r0RM»T(. MORE  THAN 3S16I    MINES  IN MINtFIFLD'i 
' 'CAi L EXIT 

write the mine coordinates, mine typev and fuze timing cycle 
starting point or target count for arming (if any) on Tape 1. 
The final statements: 
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 '   i,"V>-:: 

n-tws 

' n 

i 00 

OBX.OBY.NOBIP?,!! 

0. , . ■■   . 

, NT 00 

NDBTPE 
HR1 TE I 

•MUS'M'   »     0   : 

T, 0 T S I M    •    0 
00 100    I ? 1 
N"NTOT YPl  i  1: 

NR*DF|1I1-NR»I(N) 
1 r I N I T T C 5 ( N I  . E 0 . 1 
1 I HE My I  11-0. 
r 0 T 0 E L ( M - 0 ,   , ,  =., 
SWPOEL ( I I - 0 . 
NOT AW.II I 1 »NQTiAy I I 1 .. 
TGTVEL(I)-fOTSPD 
CONTINUE ' 
irtNDFWD.LT. 1 1 RETURN 

0 0  MO J ■= I . N D r M 0 
N" I WT of r i j i 
NRADTD 1  J I >;NRAD I N I       ., 
C ONTI NUC 
RE t URN ,--:■      ; 

CND 

NS^LII-NSPLFI' 

write a duramy record on Tape 1, initialize certain variables, 
and determine the number of targets which are capable of 
sweeping. 

Subroutine ROAD 

This subroutine transforms the mine locations into the 
travel path coordinate system and places the targets at the 
beginning of the travel path segment. The first executable 
statements: 

i :• • 

D I ML NS I ON X.Lr. r < I OO'K 

N D F * ■ I N 0 F A - 0 
REW I HD  I 
KNH'J - K M'tVj < I  ,, 

>I.KNHS 
XRl .^Rl 

uns , TRe 

eo 

po i o I 
READ 1 I ) 
R E A O l I i 
RE'AD I 1 1 
I F l N A P . I.' T .;' ( ! 
IFlNOBVP?■E0 

ÖRX,0HT 
00 
8 I 

N0BTP2 

NOBTPB 
MOST PS 

TO 2 6 
0 0 T O 

1 T 

I read the X and Y coordinates of the end points of a travel path 
segment from Tape 1 and read the tape until the first mine co- 
ordinate record is found.  The next statements: 

■•NS»NOBTPS;    • .   ■• ,■ ;*':;3; 
Lit- l-T. :'• 

..A I • rM2 - YR 1  ■  ■ 
A,2-.)(R?>XR I". 

:l F ( A? . E Q ! 0 .  1     AB«. 0001)001   ' 
THETR-A T ANS I A I  , AS 1 - 3 .  | H ! 59a65H./ £ . 

;COSTR"COS I T HE I R I ,*    ;" 
S I.MT R»S I N i: THE TR 1 '.■■■'-.'■■'    ■ •;;■■';:■ 
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compute the sine and cosine of the angle that the directed 
travel path segment makes with the X axis of the map coordi- 
nate system.  The statements: 

D B * • 0 . 0 
OSY-O.0 ' , , '  s 
MOSIP?»»     ' 
ii•iMINE -a 
CALL     1 P * C i< 
I 08 i  I I • I MORD 
rLENTM'OBY-SQRT l/iiS • 
CALL     I PAX*   „ 
UOO-S 
i OB i a i • i uofio 
N0BTPa»N2 
I T • L I T 
0 0   'I B    I ' I . I i 0 
TMT Or R t I I ».899,9 . 0 
VM]N-99999 
fMAX•0. 

■2»A I •? 1 

pack the travel path segment boundary information into the 
IOB(5000) array and initializes the TMTOFR(130) array which 
is used to control the time at which direct or indirect fire 
rounds may be fired.  A DO LOOP is next entered to consider 
each mine on Tape 1.  The statements: 

00 *0 I Ml Nt» 1 , 3S76:7 
1 F ( NOBTPa . E0 , 0 I  00  F'tf 100 
OB.X- I 0S.K -K* I 1 •COS'IK i-I.ORV '*gl 1 • S liNIR 
OBV^-iORX-XRII'SINlH'IORy-VBIl'COSTF! 

transform the mine X and Y coordinates into the travel path 
coordinate system [Equations (8) and (9)].  If the mine lies 
within the travel path segment boundaries and within the 
range of influence of at least one target in the formation, 
the statements:. ■ 

|r.(0BY..OT  VLENTH. 0« , 0BY . LC . 0 . I  CO tC HO 

I r I 09* . L.T ■ KMIN. OR . 0BK , GT . KMAX 1  CO  f 0 *i 0 
YM 1 N - AM 1 (il I I YM I N , 08 Y ) :: 

, r MAX » AM« X I ( YMAK , 0BY.1  ■ ■■■' .: 
i DE r^ o, 
IF (KNRS.OT, I i X ALL /BOOMi 1 DET .3) 

call Subroutine BOOM to determine if the mine was detonated 
while the targets were traversing a previous travel path 
segment (if any).  If the mine was not previously detonated, 
the statements; 
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I f • ! OE T E Q I I GO T 0 «• 0 
U l L I P A C K 
M - M O O < N O 0 7 P ? . b • 
i F ( N O 9 f P B 0 T . | 5 » 0 0 TO £ 9 
M l f B I I N I «H I F B M H I • I 

? 9 N O E l ' N O B * I 

pack the mine information into the variable IWORD. If more 
than 5,000 mines have been retained for the travel path seg-
ment, the statements: 

if.NOB IT ^ 0 0 I » 00 TO 30 
PRINT I 000 

l u r r . F O P * A T . • o H o m T H A N SOUO M I N E S W I T H I N RANGE o r N F I U E N C E F O R A H A 
• 0 S f G H l N T « / £ 0 i I M / I . * P R O G R A M ' 5 • O P S * ^ 0 1 1 H / ' I 

C A L L E X I T 

print an error message, and the program stops. Otherwise, the 
statements: 

30 I OBi NOB I -i WORD 
*0 RE ADi I I OR*.ORr .NOBTP?. I i 
50 C O M I NUf 

^.ace the mine information into the IOB(5000) array and read 
another record from Tape 1. When all mines have been pro-
cessed, the statements: 

1 00 00 I «?0 I - I .NT GO 
« T S A V i i i • i 

1f(KNRS EQ.II GO TO 110 
IFlTGTiN^t 1 I GT 9999H. i GO TO IPO 

110 TGTYNWI I )»?OTrOLI I I 
T G T V E L I I » • T G ? S P D 
J ft KNRS C G I ) GO f 0 Id0 
5 ADJ'ABSl 'U'T^NMI I I / TOfVEL I I > ) 
OELIM.TG'OELI I I »SUPDCl I I I 
T | M E M V I I >"T IMEHVI I I • T AO J OE L T M 
TGTYNMI I I • T G T YNtll I » - TGTVEII I > • OE . TM 

i an c. ONT i NUE 

initialize the target positions and velocities and adjust the 
target travel times at the beginning of the second and sub-
sequent travel path segments. The following statements: 

L t n IN'NIGD NK I L i f N T I 0 T 



initialize several variables. If indirect fire is employed on 
this travel path segment, the following statements: 

1fINVAP LT |1 r.O TO I 35 
I m NC • i r r o 
NOB » Pc* • 1 f. 
0 0 1 1 0 J • I . N V * P 
D I R A r K j ) « A VT VP I J ) • . 0 I 7 H 5 3 ? « 3 - T M £ T « 
1 R 0 - A M O O i * 0 V P ( J) . 1 0 0 > 
I R O r t O * I A 0 S ( I R O I 
I f I I R O A O NE K N f S i CO TO 1 3 0 
I I « N T I C I F I J > 
i H i w: • J 
X R • < .( 0 V P i J) - I RO AO I / 10000 • 
y R • t r.t v P c j i 
00 X • XR - XRI I »COSTR*«YR-rRl 1 • S I N T R 
0 0 v • i XR - xR i I * S I N T R » I Y R - V R I I • C O S TR 
IFIC8Y.GT Y L C N T H . O P . O 0 Y . L E . 0 I GO TO 135 
t F « fl'OX . L T . - I 6 30 . OR . OBM . GT . | 6 30 » GO TO I ?5 
CALt IPACK 
NOB - NOB•I 
1 F < t*OB LT 500 I 1 GO TO I ?H 
PR I '4T : 0 0 0 
CALL EXIT 

U N I 00 < NOBi - IUOPD 
I as C ON T I Nut 
150 C ON T !NUE 

00 I 3« J- : .NV AP 
NMV *NWfPV I Jl 
1 F i NWV . L T . 1 I GO to 1 3H 
00 133 K - I . N W V 
ROTOHPXIJ.K!»<*DHP'J.ICI-XR»l*COSTP*tV 0«P ( J,K) • Y R I » • 5 I N T R 
R O T O H P Y I J . K » « • i X Q H P • J,K » X RI > «SINl Q*« VQHPI J.K I YRJ » •C OS T R 

12 3 CONTINUE 
I JH CONT !NUE 

transform the origin of the volley aimpoints into the travel 
path coordinate system [Equations (36) and (37)] and pack the 
information into the variable IWORD. The desired mean points 
of impact are also transformed into the travel path coordinate 
system [Equations (40) and (41)] and stored in the arrays 
ROTDMPX(10,10) and ROTDMPY(10,10). The next group of state-
ments : 

135 I N I NE « 0 
I T - 0 

« 0 
I H N O . l l 1 » GO TO 1 6 0 
0 B X • 0 
00 15 0 I • ' .N 0 
IRO«ANOD( XRDFOi I I . IOC. » 
IR0-IA0SiIR0I 
Ir<|R0.NE.KNRSI 00 TO >50 
W R - F L 0 A M IF I X < XR0F0 < I «/100. > i 
Y R « F L O A T ( I F I K . Y R o r o i i t/;oo. >i 
0 B V• - :XR-XR1 » •SIN T R « l YR- VRI » 'CCSTR 
IFj00V GT.VLENTM OR 0 S Y . I E . 0 > GO TO 150 
N O 0 T O ? - l 7 
i r i i . i l H 9 . l H l 

1*7 L•I 
1 T • | r | Xi A H 0 DI YROFO' I • . IOC. I I 
! T « I ABSl I T I 

I H 0 CALL I PA C X 
N 0 0 • N 0 B • I 
I r C NO0. L T 5001 GO '0 Iw0 
PRINT 1000 
CALL EXIT 
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119 NOBTPg-18 
L-i) 
00 TO 148 

1 'I 0  1 OB I NOB ) ■ 1 WORD 
I f)0 CO NT I NUE 

transform the boundaries of the direct fire areas into the 
travel path coordinate system [Equation (24)] and pack the 
information into the variable IWORD.  The statements: 

i r i N o r A A 
nc J 5 o I 
D c r x i i ! ■> 
o t f n n - 
C 0 N T I N U E 

L T  11  0 0 
• i . N D f H n 
i x o o t r ! i J 

- 1 X 0 D C F i I i 
X R 1 1 > C 0 S r f! i I Y 0 Of F I I I - f R I I • 5 1 N T R 
- X R 1 i < S t N i R t- I v 0 D E F I i 1 - y R 1 I ■ C 0 S 7 R 

transform the coordinates of the position of the defenders 
into the travel path coordinate system.  The last statements 
in the subroutine: 

's 0 0 

I r ( L C F 0 P T . L T . 1 1 R C T U R N 
NL ore J «0 
0 D '(10  I -- 1 , N 1 0 0 
IF ( N rot YP i i r. m: ,L:cr i r 
KLCFC I -NLCFC T . I , 

'XL CF I NL C FC 1 1 . t 0T XO'l. i  I 
C QNT T NUC ,       i 
0 L CF»ALN0L,C. 
'i'fft L CF0PT . GT . II DL CF 'D 
.1 I -0 •       .;; ' 
1 Mi N't' «0 
N 0 B T PS«| 9 
ÜSY»YM1N-2.'DLCF 

OBY-AMAXI lOBV.O. 1 
08Y «OBY »Dl. CF 
Ir( OBT,01. YHAX 10010 

DO M 30 1 » I ,NLCFCT 
OBX-XLCF(II' 
CALL  I PACK 
N 08 ■■ N 0B • I 
1:0B( N0B1 • I NORD 
IF(NOB.LT.50011  00 TO 
PRINT ■ 1 OOP' 
c *.L L rx n ,, . / ' /;L;,'.':' 
CONTiNUi;      :: ■I'1' 
'0;o. TO usa    '"}.   ;' ':' ,'. 
RE; TURN     '    *■''■     ,';, '• " 
E ,N D • ' 

I  0 0 T 0 H 1 0 

determine the position along the travel path segment that the 
line charges or fuel air explosives will be placed and pack 
this information into the variable IWORÖ. 
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Subroutine BOOM 

This subroutine sets and checks the mine detonation flag 
bits contained in the KABOOM(547) array.  The first executable 
statements: 

I WD«( IHINE- I ) /60♦1 
K-MOO( IMINt ,601 - I 
iriK.CQ.-ll  k.59' 

compute the word and bit position within the word for the mine 
being considered. If the call to Subroutine BOOM was made for 
the purpose of recording that a mine has detonated, the state- 
ments : 

i r i N . o T , i i o o T o e o c 
100 i«t 

K » B 0 0 « I I W P 1- K-* B 0 0 M C I UP I . OR . S-M'IT n I , K i 

HE tURN 

shift a 1 into the appropriate bit position. 
a mine is to be checked, the statements: 

If the status of 

I 

300 I DE I«SHI FT(K*B0QHl I MO 1 
RE TURN 

KI.AND. 

place the bit, whether ON or OFF, into the variable IDET for 
interrogation in the calling routine. 

Subroutine SORT 

The purpose of this subroutine is to sort the IOB(5000) 
vector into increasing order by a method developed by Richard 
C. Singleton. Details pertaining to the sorting technique can 
be found in Algorithm 347 of the Collected Algorithms From the 
Communications of the Association for Computing Machinery^ 
The listing is presented here for completenessV 

I NT t OF. R * ( N I , 1 U I I 6 I . I L I I 6 '■ ,:T , t T 
'¥:  * , i? 

f '*   • i.     ','' ':: ' ' " 
J ■' , N 
i f I i - J >  10,70.70 
tf <  1 
i j ■ i j ♦ i i / ? ■:•:■'■■ ■ ' 
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If I AM 1 -11 B.fl, BO , 15 
is Ai iji . A i ; i 

A 1 I I  •  T 
r ■ A(IJi 

? « L « J 
I r I A I J I - T 1 2 3 , «( 0 , 4 0 

ä 'i    A i 1 J I -    A I J ) 
A ( J I  »  1 
I «  A ( I J I 
I r ! A t i ) ■ t i t o , 4 a , e T 

ei   A i i j i . A(ii 
A I I l  . T 
r • A ( i j i 
00 ro ,'( a        ,; 

3 U -A ( L i  »  A I K 1 
A t K I  • T T x--,.' 

HO t  . i  -  | 
1 F ( A(L ) -T i 35,33,40 

35 IT  - AIL, 
50 K  • K  *  1 

1 F ( A (K I -I 1  50.53,53 
5 3  I F I K -L 1  30 , 30 , 56 
5 5 I F i I L - | l - i j - K n 6 0 , 6 0 , 'i 7 
5 7  1 I, I H 1  -  I 

I U t M !  . L 
I  -  K 
M  - M +  1 
0 0 TO 8 Ü 

ft1,!  ! i I M !  -- K 
! I :u CM ) ■*, ;'j .j,; .  ■  ; „:.,

:,. 
.; ,, J » L .;" ' 

0 0    TO 8 0 
7 0 H • M -  1 

IFIHl  75,110,75 
7 5  I  «  IL I H 1 

J •  I IM H)      " - ' '  '  ■ 
SU  I l: i J- 1 - I 1 ]  85, 1 0 , ? 0; 

86  1 t I I - I ■  67,6,87 
S 7  1  s  |  - i 
9 0  I *     | '' ♦  1 . 

IFi|~J) 93.70,33 
9 3 T » A.I I i i i  : "■ .   ''■';:; 

1 F I A I I I - T I, 9 0, 90 ,' 9-7 
9 !  K  5  | ■■,'. ": 

100  AlKtll  .  AIK) 
K  " K  -  | 
I f ( 1 -A(K1 I  100,106,105 

10 6 ACU til « r 
OO  TO 9 0'     ;■: 

I ' (I    US TUHN 
f NA,-.      . _ ■■ ■•.... !■:■■:■■. ■     ,      ■!■.:,     ' 

Subroutine LOOPS 

The purpose of this subroutine is to determine which tar- 
?ho T^?nSmed in ^ neXt event-  The event information in 
the IOB(5000) array has already been sorted so that the next 
event that a target will be involved in can be determined by 
incrementing the appropriate location in the KTSAV(IOO) arrav 
The first executable statement: «"idy. 

K-f SAV ! I-SVL ST I »K I SAV j;| SVl ST) t J 



increments the counter for the target that was considered in 
the last event.  A DO LOOP is entered to consider each target, 
and the statements: 

0 0 250 1-1,NTOQ 
1 F I TGT fitU (II-IOODGO.IMO, 
TOT YNHI I 1 «99999. 
TM TOFRI I 1 -9990 , 

0 IRDISI I I -99999. 
GOTO 850 
nI HO I S! M «99999. 

10,100 

remove the target from further consideration if it was damaged 
in the last event.  If the target has not been damaged, the 
statements: 

I F I  ' GI YNH 1  1  I  . 0 f , M9T0 . 
Hi    Kt-KTSAVIll 

iFMOBiKrif-n e IO.205 
?05 KT S» V ( I I •(( 1 S»V I I I • I 

oo TO mo 

GO TO ? tl 0 

determine whether the next event that the target will be in- 
volved in has previously occurred.  If it has been, the 
counter is incremented, and the determination is made again. 
Otherwise, the statements: 

0 1« 0 R D• I o a I K T I 

C ALL DNPACK 

N>NT0t YP ( 1 > 
i F(NOBTP?•or. I 5 1 
H-HOO(NOB IP? ,91 

0 0 TO e'4 0 

unpack the event information.  If a target/mine encounter is 
being evaluated, the statements: 

I F 1 Ml ?I 2 , SH0 
sie, IF < PUSMOO i NJM i i ?:ao .■s'.is 
eis iF(PRDiNOiN.Miiaao,?05 
aSO XOIS-ABSIOBX-TGTXOLI III 

I r i XD i s-RSPi N i i aito , aos ,205 

compute the distance between the target and the mine when the 
target is at the point of closest approach to the mine 
[Equation (12)]. This computation is performed only if the 
mine type can be detected or detonated by the target.  If the 
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mine is outside of the range of influence of the target, a 
transfer is made to consider the next mine. Otherwise, the 
statements: 

* «• 0 0 I R 0 I 6 I » i "OBv-T'itYNm | > 
r-5 0 CON' INUf 

compute the range distance which must be traveled by the tar-
get to reach the point of closest approach to the mine 
[Equation (11)]. After all active targets have been con-
sidered, the statements: 

J S A V f * t 
I vEL • 0 
I S / ' ! 
S H L O I S - S H L D J S I • 9 9 9 9 9 
DO * 0 0 I * I , N T 0 0 
I F i S H l 0 1 S • 0 ! R O I S I I M 3 5 0 . J 5 0 . 3 1 0 

3 10 I SAVE - I 
S M l D ! S - D I R O I S < I » 

3 5 0 I E ( T G T V E l < I l I 3 6 0 . H 0 0 . 3 6 0 
3 6 J I f ! S M i 0 1 S ! 0 I R 0 t S ( I » i H O C . ^ O O . 3 8 0 
3 8 L SML D 1 S I 0 t » D I S ' I > 

I SV - I 
! . C I 

s o n C O N ' I N Jf 

determine the smallest range distance for all targets, and 
the smallest range distance for only the moving targets. The 
next statements: 

T R A V T M « S H D J S ' l G T s r O 
! S W L S T - | SAVE 
i r I T G I / C I . I I SAVE G T 0 f* I I U R N 
i r I I V E l . 1 T 1 ) GO T o 5 8 0 

compute the travel time to the next event for all targets. 
If the event target i3 stopped but at least one target is 
moving, the following statements: 

T T « S H l O l S l I 0 ? S P 0 
I f i T T . t . E D C L A T H I I S A V E J » G 0 T O 5 / 0 
T R * V T M ^ O £ L A T H I ! S * V E » 
RE I URN 

compute the travel time for the moving target that is closest 
to the event and if this travel time is greater than the delay 
that the event target is experiencing, the travel time to the 
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next event is set to the delay time of the event target. 
Otherwise: ^ 

I 5 V'. S I • ! S V 
'WAV!H«!T 
Pf T II HN 

5!le<.uVent t a r g e t is s e t t o the moving target that is closest the event. The last statements in the subroutine: 

"S0O 00 590 C • I . NTCO 
I I >0(l*TNi ! i 

IP05 I I » • 1 
I • I T G f i I ) CT 99990 I Ttl I I-9999Q 

0 9 0 C 0NT INUl 
00 700 I «I ,HT G0 
If c I .LT.2IB0 TO 600 
IF < rni I - I I .CT .TH< I » > GO TO 710 

£00 K • | 
00 700 J-I.NTCO 
1 F < T(!( | ) . L T . TH( J I I GO TO 700 
SAVE « THl I i 
T M « | ) •»HI JI 
TM » J » -SAVE 
KEEP-IPOS t I > 
I POS < I »•IPOS < Ji 
IPOS IJ »•KECP 

70 0 CONTINUE 
71 0 NUM«K - i 

0 IS•99999. 
00 7 3 0 I • J . NUft 
KPOS • 1POSI I > 
IF i OIRDISiKPOSi GI.DIS> GO '0 
0 I S • 0 I »0 J S '• K POS » 
1 SA VE • • • ' O S 

SO COM M N U E 
I S V L S T - ISAVE 
T y T ' H I I » 
PE f OPN 
END 

SVf?t t a r g e t b y selecting the smallest delay 
time and the smallest event distance. 

Subroutine EVENTC 

Th*s subroutine evaluates an event involving a tarqet and 
mentsT P Segn,ent boundary. The first executable state-

fOTvSv.TGIVEL < JSAVC » 
onypQTrOBr 
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save the target velocity and the boundary Y coordinate, as 
these variables may be changed. If the targets have not 
started moving, the event involves the entrance boundary, and 
the statements: 

I • i M <J S H EG I t GO TO 5 0 5 
Ob T - 9 9 9 0 4 
l i b • i ' • I 
H U S H - 1 
IFiKNRS.NL.il GO TO iOOO 
T 0 1 S J H - J 
oo ecn i • i .NTGO 

?Ql) f IHEHVI I 1*0 
GO TO t 000 

remove the boundary from further consideration and initialize 
the total breach time and total target travel time if the 
first travel path segment has just been entered. If an exit 
boundary is involved# the statements: 

5G 5 CONl ! Nut 
TGTVSV - TGTTNM«ISAVt' 
Ltr T IN - L t F T I N - I 

50e f0TYNM< ISAvc I «9999 I 
I f < NUF A L T . I I GO »0 I 
IHIOrRiISAVT)>9990 
00 510 J• » .NDF A 
CALL S T I N T ( | SV I F A . ISAVt.J. I B M . K 0 H 1 N . ? i 

5 I 0 CONT INUE 
• i l l i F J K N R S N t NRS I GO TO 5 1 ? 

N - N T G T Y P i i r * V E » 
1 r I N ' T I c e, S ' I Q ! » !<SPi.n *NSPl » 1 • 

M ? T 0 1 VE 1 ' ISAVC » » 0 
I QUO WE T U»N 

f NL. 

remove the target from further consideration. If the target 
is exiting the last travel path segment and has sweeping capa-
bility, the counter for the number of targets remaining with 
sweeping capability is decremented. If there are any targets 
in a direct fire area, the event target is removed from 
further consideration by direct fire by a call to Subroutine 
STINT. 

Subroutine DIVSET 

The purpose of this subroutine is to control the direc 
tion of target diversion. When a target which must be 
verted around is damaged, Subroutine DIVSET is called. The 
first executable statements: 
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« * K I 
i i t x f i v t 5 0 . i o . i no 
NOV T•NOV T • I 
*01V1N0V»>« 101 * N M m 
NT COL INOVT I -NCIAMIK » 
SlNDVI » « - 1 
0 0 TO 5 0 0 

save the Y coordinate and column identification of the target 
if the target is not in the process of diverting around 
another damaged target. A flag is set so that future diver-
sions at that location will be to the left. If the target 
which is damaged in this event is diverting to the left when 
damaged, the statements: 

« 0 S I I 0 » • • 
00 TO ">00 

change the diversion direction for subsequent targets in the 
column. If the target is diverting to the right when damaged, 
a target path blockage is formed, and the statements: 

100 S( I 0 < *999 
00 200 I •I .NT GO 
1 f I TGTYNMI I I GT 99990 1 GO TO 20 0 
! f < N T C 0 L ( I 0 I • N l . N C T A W : { • I GO TO 2 0 0 
i r I T G I T N M l I I GT . * 0 I V i 1 0 » • 6 0 > GO TO 2 0 0 
T G T 0 E L I i I • T O T DEL « I > * 0 J O E L 
O E L A T f f i | I - 0 1 0 C L 
T O T V C L I I » - 0 . 

200 C ONT !Nl»E 
500 R[IURN 

f NO 

remove the three damaged targets from the travel path and 
assess a time delay to all targets behind the blockage in 
the same column. 

Subroutine DIVCHK 

This subroutine determines whether a target is diverting 
around another target and, if so, computes the offset dis-
tance due to diversion. A DO LOOP considers each target 
which must be diverted around. The first executable state-
ments : 

K*K I 
00 50 I • I .NO V T 
1 0 • 1 
I F ' N C U M I K I NE N ' C O L M M GO TO b 0 
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T I « ICIfNM'K . 
T ? » * 0 I V I ! ) .60 
T5•y 0!v i i i bo 
:r«T!.LT ! j.on n GT .r?i oo TO 5 a 
IfISI I t E 0 999 » GO T 0 50 

determine whether the event target is in the same column and 
within 60 feet of the target which must be diverted around. 
If so, the statements: 

0 I x«5( I ' • ( SORT i 
00 TO 10 0 

50 C ON M Nut 
00 tURN 

r NO 

•»l V O I V I I I ! • • £ > . 

compute the target offset due to diversion around the damaqed 
target [Equation (13)]. 

Subroutine UNIT 

The purpose of this subroutine is to determine if the lead 
target of a group has been damaged and, if so, to move as a 

^he targets associated with the lead target. A DO LOOP 
is entered to consider each target that is damaged in the 
event. The first executable statements: 

0 0 £?00 K • ] . N T o o 
1 T I T 0 I YNW I K • L ' 10 0 0 0 0 > GO ' 0 e» 0 C 
L • 0 
o n o i i . N I G O 
iri IGTYNMI I ) 01 99990 • GO TO i 3 
triNGTArii i « I Nf K i GO ? 0 10 
L - L • I 
NASI I I • I 

: o C ONT INUE 
! f < L EG 0) GO TO a00 

determine whether any targets are associated with the damaqed 
target as a group. If so, the next statements: 

-ire- o 
SN At I - 99999 
6 IOV• 99999 
00 50 I•I,NTOO 
I'll ro.KI GO TO 50 
IfiNCTAMIII NC.NCTAMIKII GO TO 50 
If I NTGTYPi | \ . Nt .NTGTYPIK I | GO TO 50 
iriTGfrNHi I I ,0C 99999 » GO TO 50 
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determine whether a target of the same type as the damaged tar-
get is in the same column. For targets which meet this quali-
fication, the statements: 

IFITGT'NW'II or. rGT*NMf«i - Iuoooo. I GO TO ?O 
! F » r o r VNU I I l . I T B I G n GO '0 90 

I 
8 IG V•T G TV NM( I i 
GO TO 50 

20 Ir i TGTVNUt | i G r .SWALV I GO TO 50 
KF - I 
SHAL V• T G T V NMI I I 

50 C ON T I N'JE 

determine the closest ones in front of and behind the damaged 
target. If a target of the same type is ahead of the damaged 
target, the statements: 

i r(«i . c o.oi GO TO »oo 
00 60 1 • I .L 
NI •MAS I I I 

60 N G T A M t ( N i l - « F 
00 TO 200 

reassociate the remaining targets with the new lead target. 
;If no such target is in front of the damaged target but one 
lis behind, the statements: 

100 IF < Kl.C Q 0 > GO TO :30 
vrIH-TGTYNWIKI HI or-IOOOOO 
00 M 0 I • I .L 
NI'NA5'I» 
TGTVNUINI I •TOTVNWI NI I V F I K 

! I 0 NG? AUI INI I -K0 
GO TO POO 

move the remaining targets to reassociate them with the new 
lead target. If no targets which could be lead targets are 
in the column, the statements: 

1 JO DO 150 I•I .L 
NI -NAS < I i 
T GT VNUiMl > *99996. 
IHTOFIIINI I • 9990 . 
IF l ! R U N S CO. IPHI NT ) P P I NT 9 9 9 9 9 . N I 

4 9 9 9 9 f O O M A T t * TQT LOST ' , l t l 
T G T V t l (Ml » * 0 . 
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T i N - i f r M t f - | 
N T l O S f • N I L OS T » | 
I f iNOFA.L T i ) GO TO ! 5 0 
00 m o J » i . NOT A 

..o ^ , ^ r " , s u i — • 
150 C ON T INUE 
?no CONTINUE 

«E TUPN 
1 NO 

remove the remaining targets from 
direct fire areas and define them 
(Such targets are not included in 
damaged.) 

the simulation and from all 
as "lost" to the mission, 
the count of targets 

Subroutine TGTMTN 

The purpose of this subroutine is to evalu;if-<a 
a t a r g e t a n d * 

T 0 T Y S V » T 0 T ^ N H < I S A V E j 
T S* V i I S«Vt I 

I PO • I H 
O B r f m . OBY 
*f I * * 0 
* • •- ! S A V C 
NOBL v r• N0BE v T 
1 F i NO v r or 0> CALL 0IVCMK 

sas&,"h'u'«thl 
*r i xj.*r ! x 

01STP0-ABS'00K -TOfKOL I I SAVE » *f | X 

& U 2 S J Z 2 - " " capable of 
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iim;My!."PJ»(flJI«
l
1>IIJi|"HW.VII !n9"«*?ri*^VV«w<Vil>*V«"M(aM*iMR^v«*^HMn*VPH^tng^4i^H<pj) ffWWWS!l>K'W"?!WW«!BK mm<ttmumm„,m. 

N • N T G t Y P( ISAVll 

M>MOOlNOB!P?.Bl 
iriNriiRPiNi.oi.ni oo TO 
if iNOBipa.or.i6iRE TURN 
i r I MOOt .Ll.JI GO 10 300 
IFNTTTCSINlir  il  00 10 

6H9 

provide a branch to the section of the subroutine that deter- 
mines whether the mine detonates.  Similar branches are pro- 
vided by the statement: 

irioistpo.ot.PHSHOOiM.Mi > oo io son 

if the target/mine distance is greater than the maximum range 
at which the target can sweep the mine.  The statements: 

N T «BLE •IN-1I'?1»IM-11»!«I 

C»UL  lABINIlOlStPn.NTiBLtl 

determine which mine detection table is to be interpolated, 
and Subroutine TABINT performs a standard linear interpolation. 
A uniform random number is compared to the probability of 
mine detection by the statements: 

NOBE V T * I ABS 1NOBE VT i 
RN-p «wriDUMMYI 

I r ( RN . GT PRB I T V I  0.0 TO ? 0 (1 

and if the mine is detected, the statements: 

1P0.*MSHtPT 

OBY•899H1. 
NMSMPT(M1-NMSMPT(M)«1 

CALL BOOMf IOtT . I I 
I OB(KT i .- | 

UMNOBTPa.LT.BI NMDE1(M1-N«0CI(M1»1 
I p1 ISBL OT.O. »NO. ISYMPl I 1 ,01 .01 C»LL 

remove the mine from further consideration.  Subroutine BOOM 
turns on the detonation flag bit for the mine; if sv. 7t mines 
are blown-in-place, Subroutine SYMDET evaluates sympathetic 
detonations (if required).  The statements: 

DO 109 I•I.NTCO 

If I TcrvNNi 1 1 .01 .9B969. 1 00 TO 105 
If (NC TAMI | 1 . Nt .NCT4HI IS«VE I 1  CO TO 
SHPOEL I 1 I -SMPOEL I I I • IMSWP(Hi 

I 05 
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• Ob t ON M N uf 

0 0 TO 7 0 0 

increment the sweep delay time and sets the velocity to zero 
for all active targets in the column. If the mine is not 
detected and if the mine employs a fuze timing cycle# the 
statements: 

t* J 0 I f l l N T i M t i M i i ! | i GO TO 6 •« 9 
' ' i K O U M I M I 0 T C i 0 0 TO 6 * 9 
I 0 » S ! H « T I H f MV J I S A r f f • • ' 0 T 0£ t « ! SAVE I • SMPOf . t f I S A V f 5 

» l A M 0 0 « T OT S I M • 6 0 . T , * c U l t M J . GT S t C O N ' N i l P f f U ^ N 
6 4 9 C O N ' I NUt 

determine if the fuze is active [Equations (16) and (17)]. If 
the fuze is inactive, no further evaluation is required. If 
the fuze is active or if the mine has no timing cycle, the 
next step is to determine if the mine detonates. The state-

- ments: 

P M B I T y - 0 
I f < NOB f P<? 0 T . 7 i W£ T J N N 
I r l O l S T P D G f . M H O ' N O I N . N O B T P ? I > R C I U N N 
N T A f t l i . I N - I » * £ | * < N 0 4 T P ? - | I • B « 3 
C A t l I A 0 I H t I o i S r PO . N T « a i f l 

call Subroutine TABINT to perform a linear interpolation of 
!» P r o b a b i l i ty mine detonation function if the mine is not 

a dud and if the target/mine distance is less than the maximum 
range at which the mine can be detonated. A uniform random 
number is compared to the probability of mine detonation by 
the statements: 

N O B E V T * | A b S • N O B E V T 1 
R N » W * N F ; D U N N Y ) 

I * I P N L T PRO I T Y» G O TO 6 5 0 
! F < NT T T PP ( N » L T . a ) M E T (jMN 

The evaluation ends if the mine does not detonate and the 
sweeping device is not a plow. If the random number is greater 
than the probability of mine detonation, the statements: 

194 



I F l P A NF » 0 y HM Y l .L T . PP c At « H I i 
N H S W P I I N i - N H S M P I t H j . ; 
lOfllK I I • - | 
I ° 0 P T 
C A; BOON l I DC I . I » 
Pf. ' uPN 

determine if the plowed mine can still function by comparing 
the probability value to a uniform random number. If the mine 
was swept, the mine is removed from further consideration. 
Subroutine BOOM is called to turn on the detonation flag for 
the mine. The next group of statements: 

*50 IF KOUNTtNi .IC 0 > GO TO 659 
! F « I T.LC . I I 00 TO 65« 
I r • I I - J 
C A L I t PA.: ¥ 

a i ic r i . M O P o 
TUPN 

determine whether the mine has counted the required number of 
targets if the target counting feature is being evaluated. If 
the required target count has not been achieved, the variable 
is decremented, the mine information is packed again, and the 
evaluation is completed. If the required target count has 
been achieved or if the mine does not arm itself after count-
ing a predetermined number of targets, the mine is detonated. 
The statements: 

658 N9VDC T (Ml »NH&I T I H' • I 
00V • 9997? 
IFI|SVP C Q 0 ' I 5 VP•J 
C 4 L L B O O H l I DC 7 . I I 
1 P0-9M0F T ON ATf0 
I 09 I K T I • - | 
IF I NT T TRPi N I >710. 6*. 9 

£59 CONTINUE 

remove the mine from further consideration. Subroutine BOOM 
is called to turn on the detonation flag for the mine; if this 
target type does not employ a roller or a plow as a sweeping 
device, a DO LOOP is entered to determine if any targets are 
damaged by the detonated mine. The statements: 

00 690 M «| .NT GO 
If I T GT TNMlKI 0T.99969 i 00 TO 690 
K I «* 

# int. Kf I SAVE • GO TO 660 
*F | k « KF I H t 
GO TO 670 

660 KF | X« 0• 
IFlN0¥T 0T.01 CALL OIVCMK 
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consider an active target; if any targets which must be di-
verted around have been damaged, Subroutine DIVCHK is called 
to determine whether the target being considered must divert, 
The statement: 

6 7 0 0 I 5 1 P O * ' O B * 

computes the target/mine distance [Equation (18)]. If the 
target/mine distance is less than the maximum range at which 
the target can be damaged, the statements! 

P K « P # K I 0 - N N 0 8 T P S\ • • ? 
I f i U I S ' O ' 1 0 0 TO 6 9 0 
0 » S ^ P 0 - S 0 « r I O I S ' P D I 
N T A 0 t C * « N I i * ? l • l M 0 H p 2 - I » * J » 2 
C A L L U B I N T ( 0 I S 1 P 0 . N T * B I E > 

call Subroutine TABINT to perform a linear interpolation of 
the probability of target damage function. Next, a uniform 
random number is compared to the interpolated probability 
value. If the target is damaged, the statements: 

L E F T I N - , t * r ; N i 
N K I L L I - N K I U I • I 
N K 1 L U H ' « N R l L U N M I 
i r ( N 0 r * . H I I 0 0 TO 6 9 0 
0 0 6 6 0 J • l . N l j f A 
C A l L 5 T I NT I I S V l f * . * . J . I P l T . K 0 f T T N . ? I 

S B 0 C O N T I N U E 
o 9 0 C O N T I NUf 

W N ' R A N F C OUMH * i 
i r i R N G 1 P R B ; M ! 0 0 TO b 9 0 
K l >K 
Ir <NT I T « 0 N ) . 0 T . 0 » C A L L 0 1 V S E Y 
T G T Y N M I K I - l O T V N W ' K ) • 1 0 0 0 0 0 

T M T O F P U I " 9 9 9 0 

T G T V S V•T 0 T VE L ' K » 
T G Y V I i I K i * 0 
I f i l S r P . E Q I » I S V P - ? 
i r t N I T T C S l M G Y Q l N S P H T ' N S P l f T J 

remove the target from further consideration, set the target 
velocity to zero, remove the target from all direct fire 
areas, and increment several counters. If the target mus 
be diverted around by subsequent targets in the colu.nn. 
Subroutine DIVSET is called to save the target Y coordinate 
and set the diversion direction. The statements: 
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i. n iiiinii ^i*^^lim^mw*~^!^mmigm*^*mn 

I F 1 I 3YMP I  I )  , 01  , 0 .     C*t,L    SYMOtT 
VOO    REIUSN 

provide a call to Subroutine SYMDET if syrapathetic detona- 
tions for mines are being evaluated. The statements: 

i 
K 1 i I S « V C 
NMSHPriMl-NMSHPl 
PK >.PH«L,0 I N . NOB T FfJ 
I»' i o i s r po   o i . pif i RE r URN- 

N!«BLE«IN- 1  I •S]  i iNOaiPa-  I I ■ 
CALL    T»BlNT(OiSTPD,NT»BLEl 

i*S 

evaluate a roller or plow interaction with ä mine.  If the 
target/mine distance is greater than the maximum range at 
which the target can be damaged, the evaluation ends.  Other- 
wise, Subroutine TABINT is called to perform a linear inter- 
polation of the probability of damage function. Next, a 
uniform random number is compared to the interpolated proba- 
bility value.  If the target is damaged, the statements: 

RN«R»NF fDUMMY I 

IF IRN, GT .PRiI TV IBC TURN 

TOT YNW I I S*Vt ) "TO t.YNWI I 5*VE I . I 00BOO . \ 
T M T 0 F R1 IS A VE 1 - 9 9 9 0 . 
TOTVSV-TOT VEL M SA VE i 
TGTVEL ( I SAVE I -0 . ' ' J  S C 
NSPLFT-NSPLfT- I 
LEFT IN-LEFT IN- I 
N K I L L T " N K 1 L L T ♦ I 

NK I LI- < N I "NK ILL I N I t | 
I F (NDFA .L T . I 1 RE TURN 

DO 730 J«I ,N0F A ■  : ^ 

CALL  STINT CISVIFA, I SAVE, J.IBIT , KOFT IN ■ S '- 
C ONT I HUE" 
RE T URN 
ENd 

remove the target from further consideration, set the target 
velocity to zero, remove the target from all direct fire 
areas, and increment several counters. 

Subroutine SYMDET 

The purpose of this subroutine is to evaluate sympathetic 
detonations. Sympathetic detonations occur when a mine is 
sufficiently close to a detonating mine or an exploding direct 
or indirect fire round to itself detonate due to the distur- 
bance. The first statements; 
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^:-ii^*ilÖÄ^ 
■'■■■■:■:■- 

■........;;■.■.,   . ■.       .,..,. 

OIMENSiON    »SYM(S 
"NOB-Nöe-8 
lt-\ 
I 5"S 
IF(NOBTPS-16 1300,310     3S0 

300    Kl S-KTSAVI  I SAVE  I 
II i NNUH- l 
I SUB-I  ' 
KNOBf »HOBT I  |  l *HOOtPB 
soBX.xsrm i, M-OBX 

soBvrsVm i , i i -OBYPRT 
(30    TO    10 

31 0    KTS-KTSAVI  I SAVE ) 
ISUB.3 
J-NHEPVI  IMIN1 

00 3 15    K-1,j 

;        »SYfK 11 , K 1 «fliOTDMPX (  1 H-liN£ , K I 
■VSYMI1I,KI.ROTDMPY(1MINE    Kl 

3 15'   NOBT 1 K 1 • I 6 
M l-NNUM- J 
BÖ    10    10 

??0    KTS-KTSAV II  1,5 I 
1 SUB-S 
111 NNUM- I ' ' ' 
NOBT(|l.|7 

»*SYf1(|,l).TGrj<0LlllSI 
YSYMI I , | 1 •1OTYNWI I I S I 

tooi . Ysyms, looi . NOBT. (.igo » 

provide local storage for the 
the mine or weapon type and in 
prior to the evaluation. The 
impacting round or of the mine 
are placed into the XSYM(2,100 
mine or round is evaluated aga 
pathetic detonations occur, th 
detonated mines are also saved 
mines.  The statements: 

event X and Y coordinates and 
itialize several variables 
X and Y coordinates of the 
which detonated in the event 

) and YSYM(2,100) arrays.  This 
inst other mines; if any sym- 
e X and Y coordinates of the 
for evaluation against other 

N t. S T » (i | N N U H 
M I N-NUH • 0 
YMA < . Q . 
Y M I 14 .. g g g g g . 
00    SO     1 . 1   ,.NLS7, 
YH.A-X • AMAX.I  I YMAX , 
YM IN. AM I N I  l Yn I Ni! 

YSY.H I  | 1 
YSYM t i:] 

determine the maximum and minimum Y coordinates of the mines 
or rounds.  Next, all mines within the maximum sympathetic 
detonation range of the detonated mines are identified (com- 
paring Y coordinate only).  The statements: 

K T H I N « K 1 H A X • K T S 1 
K I S I « K T '■- I      ' 

1 I' IK 1 6 I  : i. T . S l     O'X 
I Fl  I 0Bl K T SI  i  . C Q , 
I W 0 R Ü • I 0 B ( K T S 1  l 
CALL     UNPACK 
If  ( N 0 B 1 P 8 ! 0 T    8 l' 
I F I YM INS Y-'1HA XI  I 
K 1 H | N "K.l SI       - 
UO    I Cl     1U 

|. 0 
GO 

0 0     TO    3 0 
SUB l     0 T\ ÜBY ) 0 0   TO    i|0 
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perform this function for mines with smaller Y coordinates 
than the value of YMIN, and the statements: 

I 

i 

M Ü « 
50 K 

TSI ■ 
TSi « 
F IK t 

r ( 10 
WO HO 
HI 
r i NO 
r i ?H 
I MAX 

0  TO 

«T5 

KIS 
SI . 
$ < K 
* I 0 
'JNP 

BTP 

*X » 
K r 

M) 

1 • I 

GT.KHOB1  00  to 60 
IS 11 . EQ . - 1 ) Q.Ö TO 50 
B(KTSI 1 
*CK 

8.01.81001050 
SVMHAX l I SUB I . I 1 . 09Y 1  00 . 10 ,80 
S I 

perform this function for mines with greater Y Goordinates 
than the value of YMAX. Next, a DO LOOP is entered to deter- 
mine which, if any, of the mines detonate sympathetically. 
The statements* 

60 DO  120  I -KT HIN.K t MAX 

I r ( 1 0 BI I 1 .E 0. H i  0 0 TO 
I W 0 R D • 1 0 B I I I. 

C ALI. UNPACK 

unpack the event information if the event has not previously 
occurred.  Next, the mine is evaluated against the mines 
which have detonated in this event. The statements: 

N-NOBTpa ■ : ,  ■ ■ " 
iF1NÖBTP?.01 .8 I    00    TO    1?0 
DO    I i 0    J- I ,.NLST 
D IS' I OB« - »SVM ( I 1 , J i 1,'••£ * i O0Y ■ 'BYli I 1,1 . J I I 

compute the square of the distance from the detonated mine to 
the mine being cohsidered [Equation (19)], and the statements: 

, i r i nast i Ji -1 s v JBO. '♦oo ,Vi o;. i; 
390 K-MObiNoitiji,ai 

IF (01S.0T .SYMDIS(K ,N1 I  00 TO 110 
00 TO 6S, , 

MOO K- IWT VAP( IMINE ) ■ 
IF(01S.OT.SVM01F(K,N11  GO TO 110^ 
00 TO 65 

M I 0 K« IHTOEf (NOT I 

1 F 1 01 S^OT . SYNOOF (K . N1 i  GO TO 110 

compare this value to the square of the maximum range at 
which sympathetic detonations can occur for the mines involved 
with a detonating mine or round.  If the mine detonates, the 
statements: 
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H I N N U H - H I N M U N . | 
NMO£ T < N ) • N M O f » < N i . | 
I r t H I NNUM . L ( » no » GO » 0 7 0 
* ° 1 T E b . S 0 0 0 » 

'i 0 f Ot«H* I » | M O . • M 0 P f ' H 
CALL f X | T 

J 0 | S . H | ft N o H J O B * 
^ ' » ? . M | N N U 1 » OB » 
N 0 8 T I H I N M U M l NOB ? P<? 
CALL B O O H l l O t T . l i 
I O B ( | I - - I 

I O C S V H P M * M1 r I •. 0 1 T 0 N A r I O N S ' 

^tonl te?"a" |? r or t i ; s sa |e m ?s e pSS^ < > 0 ard n th S S " " p a t h e t i « " V 
If t h e o p t i o n , ! o u t p u t d r i S S S ^ ^ J S L S S T ™ 

Ir. i»RiN r N E , B u M S , o 0 ,0 ( g0 

irmlNNuH CQ.II u m TC I 6 . I 0 I 0 I 

• 0?3 r ORMA T ?6H . | •, . I I o . F H . * • J , 
oo TO iao 

110 C OH r !HOC 
I H0 C ON T I HUE 

print the mine sequential number, the mine tvoe a«H «.• W-srsr taa 
i r 1 N I N N U h EQ l i l 0 0 1 0 * 0 0 
! 3 - I I 
M « ! i 
i a - r 3 
I S »JB • I 
GO TO 10 

o S e ^ ? s e ? r t h e r S a t e m i n i s f i 0 n ° f S y m p a t h e t i c d e t o n a t i o n s . 

f'OO ^ O b I P ? - K N O B T 
0 8 K - S 0 B K 
C»0 » PR f « S O 0 v 
R£ T URN 
t NO 

SK. in the 
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Subroutine PRINTO 

The purpose of this subroutine is to print the optional 
output at the end of the event (if required). The first exe-
cutable statements: 

TOTSIH*Tlf«C*V< I SAVE I • T C T OE I < I SAVE » »SMP0C H I SAVE » 
n !N08TP?.f0 17) 00 TO ISPO 
IF CNOB'P? EQ. I ai 00 to 1530 
! I i N O B ' . f Q 
IF « NOB 1P2 8• I 0, 1500 

compute the total breach time for the event target and if the 
event was a travel path boundary or direct fire area boundary, 
branches are provided to other sections of the subroutine. 
The next statements: 

io oo aao K I • I . 1 I 
K6-KI•10 
«<5«K6 - 9 
I f ' *6 C T N1 GO I K6-NTG0 
PRINT 1 0 0 1 . ( I . I . * 6 • 
PRINT |Q02. IKTfA V I M . I «K5.K6) 
PRINT I 003. <0 I 00 IS< I I . I .MCI 
irIKI.CO.NT GO I CO TO HO 

£80 CON r |NUC 

print the sequential number of the next event to be encountered 
by each target and the distance to the event. The statements: 

>*0 T V PR | T - TOTTNUI ISAVE I 
T VEL PR-TCTVCL i 1 SAVE » 
If ( TGT YNMI (SAVE » t T 99970 I 00 TO I 00"* 
T VPRI 1 « T 0 T VSV 
T VEL PR-TOTVSV 

obtain the Y coordinate and velocity of the event target. The 
statements: 

ICO* *4R ! T £ ( 6 . I 100 I I SA»E . « T G 1 IP I I S«¥C I . t ! T , T 01 «0i. I I S» VC I . 
•TVELPn.TlHCHVI I S* VI > . TOTS t « 
u«ITt i». I»I0I«T^»»I I5«»t I O I T M l 

print the sequential target number of the event target, the 
target type, the coordinates and velocity of the event target, 
the total time that the event target has been moving, the 
total breach time, the sequential number of the event, the 

201 



event type and coordinates of the event, and the last inter-
hh P r o b a ^ i ; L l t y an<? random number with a variable indica-

ting that a mine was either swept or detonated in the event 
If optional output has been printed for 200 events, the 
statements: ' 

ft 1 C . I 4 €? 0 > 
NOBlVI« NOBE V T•| 
i r i N O B E v r or eoo i i N i . 0 

turn off the optional output request variable to limit ex-
cessive output. Finally, the statements: 

He * Ml GO'5 
00 10 19 K « I .HS 

T O i e - Q £ L A T H < M > 
T0TD£L •DE L A T M(K J 

" " ' M o i o r , ' 6 - ' - ? ? ! ^.N'OTYP.K. . TOTYNMIK. . 101,01. .K. .101 VELIK. . MMil... 
'TOT? . f G r Vf L I li I , T I HtlV I HI 

IF (M-MfOOl I *#* 0 . 1015 
NT 00 

»0 T orL-0EL A THIH ) 
W P ! T f 16, I IPO I H . NIGT rp ' M I . T G T * N W < 

* TOT OIL 
5 0 1? RE ruWN 

•^00 MR I TE < 6 I 5 , o » I SA VE , 0B rPP t T0TSIH 
1510 r o # H « T , , x . 9 " H . . . . T B A V E l P , 7 H B O U N O „ , ¥ 

G i * o i n . T G T ^ E L I H I . r i H f 

• 0 B r • • , F 8 . I . E V E N ' 
« C T o R » ~ ~ " " B R f ' C M 3 . 9 I I M • i I 

? * J ? 0 I P 0 « 8 H E N f R « NCE 
0 0 TO I 0 

i 5 3 0 ' PO • H HE * ! T 
ri"0 * R 1 ? E ( 6 . I 5 * 4 » I P O . I T . I B t P P f . I S A V E 

. " W l C O R H . T I | K . 9 , , | . . O I B t C T f | R £ A » ( A . 

• . . V 0. y...r 9 ... CVCNT ' TOT* , 15.9, 1 M • , I 

print, for each target, the sequential target number, the 
target type, the target coordinates and velocity, the total 
time the target has been moving, and the delay time experi-
direct fir^arpa9^" / h e t r a v e l P a t h segment boundary and direct fire area boundary information is also printed. 

Subroutine PRINTR 

The purpose of this subroutine is to print the results 
j £ J S S V t e S t l o n and a s t a t i s t i c a l summary? The 
ar^a functioneofUSUt d e t e r m i n e d a t execution time and 
statements? various options being evaluated. The 
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j bO I 
S » I I . • 

a n a r r a y u s e d to store the variables used in the 
the statemJnts?tPUt" F°r **** f i r S t ° a l 1 t 0 Subroutine PRINTR, 

I f « JH4#KI .L I | » GO TQ 90 
DO 70 J•I.52 
* RG t J) •0 
Bt UI NO 7 
JHARKI « U 

af" y t h a t o r e a t e s variables used in the 

which ^ . J S C i i S T d S ^ s S ^ r 1 { £ . 2 2 itlUT 
p r i n t l d r S ifdtihe I " ? 1 * ? o f t h e £ i r " iteration is being 
previous i t e r a t i o n ? th^statements?'^ " " prl"t*a th« 

I F l I TC»OI» . L I I I 0 0 TO 100 
N T H » X . H « I I O ( N * T . N T G T P . H D m r i 

on i r i M O D . m u N S . N O S T a n N f i , r,0 T 0 IOO 
I C X O . H O D t . I N ! l « t I I | . I - | H T G I S l 

f NOT u r . o i o . H » , , e . • . s o n , , , N i o e i " ? . ? , r °. W O M I . S . n o . . , , , , , , ; , . I ; HH;"° 
I I 't*OP it n o o rc inn 
WSI rcl6.500 J I 
MR I IE 16.500*1 

J ^ L a 3 ' 6 hewing and column heading information. The oaae 

the number of mines by type. Next, the statementsf 

' 0 C B I G • 0 
0 0 '10 I•1 .NT CO 

j F l l u i " 1 ? ' ' ! 1 " " " " 1 ' I ••SMPOfL • I I IF I SUM.i T B!0l 00 TO 110 
9 IG•sun 
IGIO-TOIOELIi i 
SHPD* SWPOC L I I i 
1 M " V - I i f i cnv i i i 

110 C0NTINUC 
T o r s i M > a i o 

i p f i s s s : rrom Format M into the variable HOL. 
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u I |T[ROP IT I I 00 TO *10 
WRlTf!6.?0'0' 

180 DO 300 I •I ,N TH*X 
00 150 J-I . I 6 

150 OUt i J I M M 
i r t l . L T . E N C O D E «5. I 00 I .OUT I I » I I RUNS 
ENCODE <5. I 00 I .OUT t8 I i I 
Ir .HT CT P OE.I «H0 NM! GI.OI C»COOCI 6. I 00?.00! U I I NK I L L I 1 I 
ir . NTCIP .oe . i . *«o . (.Of Hi .&T o> C N C O D E n . i O O H . our i* i i NKILLD i> 
IFINTCIP OE . I . AND . NVAP G! 01 ENCODE I 7 . I 00* . OIJ! > 91 1 NKILLIIil 
! f 1 HOT HT OE I A HO l » i n » 01. ni ENCODE « 9. I 006 ,0J! .6 '• NDFOAHll 
If < N I 0 I P OE . I AND I R T T I H G! 01 E NC 0 DE I 1 0 . I 0 07 . 0 U I I / ' ' N R F 8 • 
I r • Npr u ' OE 11 ENCOOE I 8 . I OOB . OUI I 8 l > N R r B O H I l 
IF l 1 .GT NKI I GO TO t HO 
ENCODE c I 0. t 007.OUti9i i NhDET'll 
ENCOOF I I 0 . I 0 07 . OU! I I 0 I I HIFBI'll 
ENCODE IB. I 008.OU!I I I > > NHSHP! I 1 I 

ISO IFCI.01.11 GO 10 ?00 
t F < HOT A h ! 0 ! 0 ! E N C O O F ' 6 . 1 0 0 2 . O U ! ' I ? > ' N l L u S ! 
I F c «*0 I V . 0 ! . 0 I ENCOOt 'C . I 0 I 1 .00! M J M IG'O 
IFiHODE.GT.il tNCOOt II. 101 v O O ' M » n SHPD 
m c o o t ' e . io i ! . o o " i s ' ' IMHV . 
rNCCDEIS. I 0 I 1.OUI I I 6' ) TOISIH 

?0l) N - 1 I 
I F I I . I ! . ? I N • I 6 
HR I TE i6.2000 I iOU!!Ki.«•1•N' 

JOO CON!INUE 

The next statements: 

0 0 320 l-I.NTOTP 
DI SI l ! »-NKILL « I • 
0IS1 ( I »5l "NKILLOI I I 
DiSTl I • I 0 I •NK IL L 1 C i I 
D I S T l I • ? 0 • • N H r 0 ! T « I I 
DO 330 I•I.NOFHT 
DI ST I I • I 5 »•NOfDAMl I l 
0 IS T ( I •85 I-NRF BDT t I » 
DO 34 0 I • 1 .NN T 
0!S T ( I *30) •NHDET I I J 
0 I ST < I •37) -NI F 8 T I I » 
0 I ST ( I •HH I -NMSNP T < I ) 
0 I ST l58 » •T OTS!N 

store the data used in the distribution output into the 
DIST(52) array. If distribution data is desired, the state-
ments : 

I f « I 0 t SOP L T | » GO TO 360 
DO 350 1*1.58 

35 0 X « 0 ' I > • A N A X I I*HO' I ) . DIS T ( I n 
UP I T c » 7 1 0 IS T 

determine the maximum value of each distribution output vari 
able and store the distribution data on Tape 7. In the next 
statements: 

00 3 7 0 !•I.52 
S1ATAL< 1 .1 > • S T A 1 A L « I . I » • D I S T « I I 
S T A T A L 18. I l-STATAl (8.1 » 'OIST I I >' 
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the variables to be included in the statistical summary are 
saved. The sums and the sums of the squares for each of the 
variables are also computed.  If statistical results are to 
be printed for this iteration^ the statements: 

3BD 

I f)N- IRUNS 
DO    380     1-1,5? 
ST»T*L( 3.  M -STMM  | 1  , I I /RUNS 

WRITEI6,6000) 

KUT0TT
P!50'    WRIIE'6'6l)l(""Sf*T^",J,.,.I.9,,J.1.NT0rf., 

KUTCtpIio1-0'     W,"T,:,6'6['S0'(1"^^M,J1,I.J,5,,J.6,KI 

iUpMTMs'0'     H,"TE,6'6(130"«ST*'^'-.J1.l.llS,,J.,1,K1 

K-lNDrWT.GT.OI    HS I TE ( 6 , 60 50 I 

l^orl'lU''0'   Hf"u,6'6060"l^*'^M.J).,.3,5l,J.?,.((1 

I f" ( NM r . L T .  |  l     00    10    >t00 

U^^l8,6090'  MSr*T«L(l  .J!  .1.3,5.  .J-JB.K! 

compute and print the means,  variances,   and standard devia- 
tions for each variable.     If distribution output is desired, 
the last statements  in the subroutine: 

HETihNS°P'GT'0J    CAI"L    0ISrW,NMT-NTGtP,N[)rMf!, 

provide a call  to Subroutine DISTR to print the distribution data. 

Subroutine DISTR 

The purpose of this subroutine is to print the distribu- 
tion data.     The  formats for the output are determined at 
execution time and are a function of the various options being 
evaluated.     The statements: v    w uexn? 
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1- 

'I 
i 

M, 

DAT»  IfMT/ I 0H( I X ,8H I NIE 
• 5HA7 , , JHSX . , JH*7 , , 3HA7 . 
' 3HA7 , , 3H*7 , , 3HA7 , , SHA7 , 

DAIA JFMT/|0H13X,5HCLAS. 
• JHR7 , , 3MR7 , , 3HJX , , 3HR7 , . 
• 3HR7, . 3HR7 , ,3HR7, . 3MR7 , , 

DAI A NFHt / I, OHI I X , 8H I NTE 
" 3HA7 . , JHA7 , , 3HA7 , , 3H3X , . 

' 3 H A 7 , , 3 H A 7 , , 3 H 3 X , I H I , 9 ' 

DAl-A KFMT/ I OHISX.SHCLAS, 1 OHS/ 1 3Xie,6X, 3HR7 . ,3H 
' 3HH7 , , 3HR7 , , 3HR7 . , 3HR7 . , 3H3X , , 3MR7. , 3HR7 , , 3HR7 
' 3HR7 . , 3HR7 . . 3,HR7 , , 3H3X I . I HI . B' 1 I H ) / 

9HRVAL,.3MA7,,3HA7,.3HA7,,3MA7 
3MA7,,3HA7,,3HA7,,3H3X., 
3MA7,,3M3X  ,1H),6«(IH )/ 

I0HS'(3XI«:,6X,3HR7,.3MR7,,,3 
3HR7,,3MR7,,3HR7,,3HR7,,3H3 

3MR7 , , SM3XI , t HI ,6« I 1H I / 
5HRVAL , , SHA7 , , 3MA7 . , 3HA7, ,3 
3MA7,,1HA7,.3HA7,,3HA7,.3HA 
( 1 H  I /, 

HR7 , 
X , , 

HA7 , 
7 , . 

R7 , .3 
. .3H(> 

HR7 
7 .  . 

provide Hollerith data from which the output formats can be 
created.  The statements: 

XRNvl     O.'FLOAT ( IRNI. 
Op    2 0     I'I,52 

I N T (  I   1 « 1 F I X I XROM M /eo« I 
iF(INTir).LT. 11)   oo   ro   ia 

OGI 0 IF'LOAT 1  INT ( i  l )  l U ' A 
L I - I 0 ' L 

1 N r(  I  1 . 1  INT 1  I  i /L I ♦ I  I 
,10    DO    5 0    K- I  .2 I 
SO    DIS!8 t K , 1 l .0.0 

RE WIN D    7 

! L I 

computed the interval over which the distributions are de- 
fined.  The statements: 

50 

DO    50     I"1,IRN 
RtAOI 7 .O I SI 
00 50    J » I  .5^ 
K,l •■ I Dl ST I J !■> . 0 1  1 / FLOA'T ( PN T I J) 1 »g . Q 

1 F ( DFST I J I  .EQ . 0 . 0 1 K [ » I '• ;: , 
0 I6T5(KI   . Jl »D I ST61 Kl  , Jl .XRN 

compute the distribution data for each variable to be output. 
The next statementst 

Kl « Q 

W,R I tf I 6 , ! 00 0 1 
iJR ITE 1 6 , I 00 1 I 
WR 1 rt.l 6 ,1,007,1 . 
DO BS I - 1 ,87 
LFMTT. I ) - I FMV I 1 
MF Mt-i I I • JFMT I I 1 
CONTINUE■ ' 
00 90 I • I ,15 
! bur ii ,) - i H 
uo 9 0 j,- 1. 31 
OV't  I J , Ii » i H ■ ,, ■ 
r ONT I NUC 

.ft: 

print the first page headings and initialize the output arrays, 
The next statements: 

Vter 
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; r < NHT i r i » O<J TO M O 
DO t o o i • i . N r o r P 
I OUT( I » • I NT I I I 
L r MT I I • 2 I • JHI 7 , 
N r « T ( I • 2 I - 5HT 7 . 1 . 

9 * DO 9 5 J - I . 2 I 
OUT I J , I i • o I s T 5 1 j . I i 

95 CONTINUE 
0 0 CONTINUE 

store the intervals and the distribution data for the intruders 
damaged by mines into the output arrays and create the output 
formats for the number of intruder target types. The next 
statements: 

M O IF(NDrwT.LT M 00 TO 180 
00 150 I • I .NT G r P 
' 8 • I • 8 
1 0 U M I *5> • INT ' I l 
LfHTl I 8) •3MI7 . 
MTMT < 18) «5M> 7 1 . 

I 4 •« DO I 4 5 J • I , 2 I 
OUT (J, I »5I *0 IST5iJ, I •5 I 

' * *5 CONT I NUC 
SO C »"5N I I N'i» 

store the intervals and distribution data for the intruders 
damaged by direct fire into the output arrays and create the 
output formats for the number of intruder target types. The 
next statements: 

180 If iNOfK' L T M 00 '0 ?00 
DO 19? I•1.NTGTP 
I I 4 • I • I 4 
I OUT I I •I 0 I•I NT ( 1*101 
LTHTI I | 4 > • SHI 7 . 
n r MT(I|4i•5Mf7.3. 

I 89 DO 190 J • I .21 
OUT(J. | • I 0 ) •0 IS T 5lJ, | •1uI 

• 9 0 CONTINUE 
!95 CONTIHUE 
?00 i4R 1 Tf I 6.LFMT | I0UT 

I T E • fi . M T H T 1 « | .<0UT - I • 1 . j » . j. | . i 3 » . 

store the intervals and distribution data for the intruders 
damaged by indirect fire and print the output data. The 
next statements: 

Ir « NDrwT L T |> GO '0 300 
DO ?10 I - I . I 5 
I OUT M I •IM 
00 P10 J-I .2 I 
OUT:J,||.|M 

2 I 0 CONTIHUE 
00 2 15 1*1.27 
L T H T I | L I T H T M • 
MT M T I | ) • J f N T I I » 

2 1 5 CONT|NUE 
WA| TC i 6 . 1 0 0 2 ) 
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MR I IE I 6.I 001> 
DC 250 I•1.NPrw' 
I O U M ! I 'lit' t 1 • 
u f *i i i • e i • m i 1. 
n r m i i '2< •">»< 1 f • 
00 2»o J-i.2i 
OUT i J. i > -o i ST41 J . i • i 5 > 

?* o cONT I MUl 
25 0 C ON 1 I NUt 

no 285 I - I .NI01° 
1 OUT I I *51 » 1N1 i I •20 > 
Lf til I I • 6 1 • 3 H I 7 , 
x m i i i'8< - s m i • 
OO 280 J-1 .2 I 
OUT IJ, I *5 ' >DI ST 5 I J . I *201 

200 CONTINUE 
285 CONTINUE 

oo 300 i • i . N O T HI 
10UTil»l01*INT(l»25> 
L F H T I I * m i » 3 H l 7 . 
HF MT ( I • I 4 > -5H?7 3. 
'JO 295 J • 1 .21 
OuliJ.I'10i-D15I5I J.1 

295 c o m 1 NUE 
300 C ONI ' NUE 

MR I TE 1 6 .If"' ' I 0U< , , , 
MR1 1 E I 6 , Nf 11 T I t t . I OUT I 1*1 ,J1 . J • 1 . 15' . I • v 7 • 2 0 

ini t ial ize the " ° " 9 e S ^ r S e ^ t p u H o m a t s 

statements: 

UP I T t ( 6 . I 0 C 3 • 
•SCO MR I TE ( 6 . I 0 0 0 ' 

i r i N N T L i • I < »0 1 0 7 0 0 
0 0 5 1 0 1 - 1 - ^ 
L f N T I I I - N F NT < ! > 

5 10 N F H T l I 1 - K f H l I 1 i 
0 0 5 ? 0 1 - 1 . 1 5 
I O u 1 ( I ' • I H 
0 0 5 2 0 J * i • c • 
OU T i J . J » • I « 

5<?0 COST I NUE 
H R 1 1 E I 6 . I 0 0 0 I 
MR I T E « 6 . I 0 0 5 i 

I T E < 6 . 1 0 0 8 ' 
0 0 5 5 0 1 - 1 . N H T 
| OU T ( I » • I NT < I • SO I 
L F M M ! * 3 » * 3 H I 7 . 
« r n T ( I » ? l • 5 H J 7 . 4 . 
0 0 5 ^ 0 J • 1 . ? • 
OUT • J. I l *01 ST 5 I J. I • 3 0 i 

5»« 0 C ONT J NUE 
•,50 CONT I NUE 

00 57 0 I•I.NMT 
IOUT i I •7 » • IN T t I • 37 » 
L f N T C I •10 1 •2H 17 
HFHT I I • 101 -HHF7 . 3 
00 560 J-1.?I 
OUT I J, I •7 » » 0 I S T 5 < J . 1 *37) 

560 CONTINUE 
570 CONTINUE 
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initialize the storage arrays, write new headings, and provide 
for storage of distribution data into the output arrays while 
creating the output formats. The output is printed for mines 
detonated and mines in field. The statements: 

W R I U 1 6 . 1 0 0 3 1 
70 0 DC 710 I «I .a 7 

L r M T | I • N r M T | I j 
NFHT i | |.Kf HI | | | 

7 10 CCNTINUt 
ITMT l I 3 > * 3 H I 7 . 
Nf NT (IJi -5HF 7.3. 
DO 7 ?0 j . j , ,5 
I OUT ( I i i |H 
DO 7 0 J » I . ? | 
0 U t i j. j i IH 

ypc CON' NUC 
00 7H0 i•I.NM! 
1 OU 1 < I I » I N ' < ! 
LfHT I I I -3HI7 , 
HfHI I I •?» -5HT7 . 3. 
00 770 J•I.?| 
Our I J, I > • oi sT5( j, i 

770 CONTINUE 
780 CONTINUE 

1 OUT C I 0) •IN T (5?) 
DO 790 J•I.?I 
OUT I j. | 0 1 -Dl S > 

7 9 0 C 0NT |NUE 
WRI T £ < 6. 10 001 
WR I TE < 6 . 1006 1 
WR!TE(6.1008> 
MRI T[ I6.LTHT I I I OUT « I » ,!-| . m i 
WRITf < 6 . Hf HT ) ( | . (OUT! | . | . Ji . .1 • | . | m . | « « / , 
RE T u»N 
C NO 

provide for storage of the distribution data into the output 
arrays and create the output formats. The output is printed 
for mines swept and breach time. 

Subroutine TABINT 

The purpose of 'this subroutine is to perform a standard 
linear interpolation [Equation (15)] for any of the probabil-
ity functions. The first executable statements: 

I 0 N6-NT ABLE *6 7 
NE »N8 • 7 
00 50 K5-N0.Nl 
If <0 ISTPD Ot . RANGPR • K9I AN0 DI 9 IPO lE 

*>0 C 0NT ! NUE 
GO TO 60 

determine the table location in the function arrays and the 
two range values which bracket the distance to be interpolated. 
The statements: 
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51 »«B i i r.paoe n I K S , . ,DI%IPO-H» NOP«.K^, . 
<? •• I H R O B l U K i . l I - PHOBil i K % M ' R A N 0 H 

GO I 0 7 0 
• 0 PRBI r y•C . 
0 RE tuftN 

r NO 

perform the interpolation. 

Subroutine RNORM 

number and then evali^Hnn k electing a uniform random 
random number. The statements? y n° m i a l u s i n g t h e uniform 

R N " J " "ANf ( OUHM ' i 
Q • *8S I I - ? 0 • ! 9 i 
G - 5 • ( I . 0 0 > 
c • - s . • Ai OG i a i 
v - SOR r t oi 
SIGN • I 
If «»NI9- 51 10. 10.80 

10 SI ON•-| . 
? ° 0*** S>55J7* eo?03 V • . o ! o J?e • v • V 

o o , 3 ? o 6 . , . v . v 
*1'URN 
f NO 

mn: SJV ssssi sass sirvariabies -ith 

S u b r o u t i n e IPACK 

fon.aSl„PLr?rthefva"a
S

b?f!SS™ne jhV£ *?* t h e — * m-
event X and Y foorriin^oc t-Z T e w o r d contains the 
timing cycle or the reauirpH t s l n g Point for the mine 
applicable) , e v e ^ ™ ! and 9^ C° U n t f°r a r m i ^ <if 

The first executable statements: sequential mine number. 

a mean 

' • "9" • 10 0 
• 08 < • lc 0 

wORO • 0 

one^dec imal -d ig i^accuracy tand m i- n^ ?h b o u n d a r y coordinates with 
ments: 9 accuracV and set the word to zero. The state-
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I r fCRO'l toORO 0 " . S H I # T I NOP'f-V . | •& t 
I w O R D M M O B O . O R . S H I f f i I T . 2 0 • 
1 WORD • I WORD OR.SHirri I A B S( S H i .80 1 
IF'lX.lT.Ql I WORD" !WORD OH 10 0 0 0 0 0 0 0^000000 
IHORD'IHORO O H . S H i r n IY.H?I 
»f * UP N 
EN") 

pack the information as described in Table 2 of the Mathematical 
Model. The SHIFT function is a Control Data Corporation library 
function which shifts the bits right or left. 

Subroutine UNPACK 

The purpose of this subroutine is to unpack the event in-
formation which was packed by Subroutine IPACK; the process is 
simply the reverse of that used in Subroutine IPACK. The first 
executable statements: 

A b ' • f i o 
) 0 « r L c 
f r 

SHirr.JwOMc • t AND. 1 7 7 7 7 7 m 
5H!ffiIWUPO, tBi AND J7777B 

iMORD AND I 0000000000000GB 
I T£ MP 0 » 09*• 08 ' 

unpack the event X and Y coordinates and set the sign of the 
X coordinate. The next statements: 

NOB!P?-SH!FT i J WORD. I5l AND J7B 
'HINE•|WORD AND 777J7fl 

io it- SMirriiMORO. ? o • . A N D . J 7 7 B 
?0 RCruRN 

f NO 

unpack the event type and the event sequential number. 

Subroutine NDFIRE 

The purpose of this subroutine is to evaluate the effects 
of the indirect fire rounds employed against the intruding 
targets. The first executable statements: 

filGOl « t • . 5 * S 0 R T i | . - f x P i - 6 3 • <• • ? i i 
PI - 1 I «• 1 5 9 2 6 9 H 

I - S O R T i P | I 
WT I W t v A P I I V A P I 
'"HH£ * : 

1 f • NSl'B 1 I M ' I . L T I ) i c MHr. * ? 
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£ O S l M P " C O S ( A N G i M P < I V » P I « 01 " • ^ 5 P 9 < » ^ & 
S I N I HP • S I N < A NO I MP ' I V A P ) • 0l7*<>3?9e*8' 
ANG*0 IR* t K ( | V A P I 
C OSANG «C OSl ANG I 
SINANC*SI Nt ANGI 
NU•NWC P V l I V A P • 
iFiiRUMS *f IP«INT too TO 90 
NVOL-NVfA£A» I VAPI - NVLIOf< I VAPl • I 
MR! T £ i 6 . I U b U • ! V A P . N V 01 . IWT 
9 0 C ON T | NUE 

compute several variables which are independent of the target 
and round and print the optional output, if required. The 
statements: 

00 **>00 I*! N I GO 
if G " N H I ' 0 1 99*90 ' GC TO bOG 
* T •• ! 0 f XOL 
t ' • I 61 YNMi i I 
1 I ' - NT 0 T i-P ' \ » 
S «J P V P R - i 

j 
consider each active target and determine the target X and Y 
coordinate and target type. The following statements: 

UC *80 J-J.N* 
t. I V AL •[ I l I WT I M ? 
K 00E I »C I l IWT .111,1 
X K-RO TOHPX( I VAP , J) 
' W R O T OMP V I | V AP . J » 

consider each round employed at the volley aimpoint, and 
determine the value of the effectiveness index, the code for 
the effectiveness index used, and the X and Y coordinates of 
the desired mean points of impact. The statements: 

RO-ABSl l * I ' ' SI NAMG• < T M• f 1 I 'COSANG) 
0 0 • A 8 S ( - I KM - XT » «c OSANf) • I TW rTi * S I N A N G I 
D S Q - R 0 - * 0 0 • • ? 
I H 0 5 Q . C T H R S I O i IHT , ITT M GO TO ••80 

compute the distance in range and deflection from the center 
of the intruder target to the desired mean point of impact 
[Equations (42) and (43)] and if the round impacted near 
enough to the target to cause damage, the statements: 

APMO-PMO M WT . I T T I 
I H I t MH£ 0 T 1 . GO TO I i 0 
PQWt R• NSUai IWT j •BEl SUB < IMl I'EIVALI ' 
lf iPOHfR GT GO T <j |0C 
A PMO- \ 

I f I • PA ' BAO I M T I • 

' m •r 
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compute the probability of damage given the taraet i«s in the ?isr im?r°TOd'zzs&tri 
105 t TL «£ f M « S A P i •PA I RAO I I MT ) 
1 1 1 0 0 1 0 1 1 2 0 • I •• 0 . 1 *>0 . i 6 0 » . KOOC I 

radiuseo^hfheffe^iVe ^ 3 r g e t l e n g t h a n d w i d t h based on the radius of the pattern for the ICM weapon type [Eauation (AA\l t v * F L -
fS&iS bed -

I ?o i r < I CBHC L t . i i 00 ro n o 
r • i . - . a * c o s i I I P 

E U - ? • S0RI 11 I V»L • »l. HUtT i P I 

anS PM^? hK e f! e c t i v e target length and width [Equations (47) 
g« rid i the target le"^ " ill-yet wiacn lEquation (46)]. The statements: 

I 30 0C U0H• i 7.6 * P ( IVAPl 
»SSP-CTL/Sa«* <0(N0Ni *E XP t i «• *H0« •? i /0E«0« » 
QE N0H » I 7 6 • DC. P t IVAP>••?•£*«••? 
OSSP*CT«/S0«T lOCNOHi 'CKPf i -1» •00*»?l/0EN0H) 

135 '»«K'RS3P'0SSP*RELRN0« I W! • • AP»,0 
0 0 TO «• 5 0 

compute the single shot probability of hit in Mnno =»„,* ^ <i 

°^am^e"^tlons m ) 'aSd' 

I '•O C ru-so*T 11 I v «i i 
I U -C THI S I N I HP 
oo TO ggn 
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(S4H. ^ T h e ^ t a t e m e n t s : t M S ' N a t i o n s ,53, , „ d 

" 0 r n L TC ' C i v i l 0 0 ' o e?o 

S S t H r l : r ^ — - — « « . -

I 6 C I f , 
7 c r t , T ; r A O , I M l , , 7 0 . , 8 0 

oo ro t9o J 1 " " «f i v* t i 

<")"a„a t h t5?ff e c t ir f h
t a r?« ^ and „ i d t h ,Eouaf . 

s ta tements : " t h e tei9ht of the t a rge? L ^ p ^ t h f ' 

S I MP 

shado^eieJ;®tJa^« shadou length [Equation (58)] if th 
the statements: 9 tha" th<» e f f e c t i v e misl'dista"!, 

i'li;—' 
£ ! 0 £ T L » « £ T L * £ I M 

1 I T 1 • < * H » D O L - £ I V A L . I / E f M 

W t ^ t s ? " - " - — length [ E q u a t i o n s a n d ^ ^ 

; ' ? 0 A l . , t r L . e . p 0 | 

*2 • IBS ' £ I L ^ .or> •£f<IV*P|. 
# I • t E » M • ? 3»*"£P. I»*P, , 
82-ABS t ru ~i .L * 96*DfF" I VIP I , 
"SSP-BIOG.A. ..s?0N.'f " j 0 " ' " " " , 
o s s o - B i O b . b , , . S | G N I I 5 . ' " ' ' "">• ' S i c o u e i 
00 ro . C r „ - ? * 0 0 . • B I G C i a ? ) 
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tion^ingle ,°f h i t 
(66)]. The probability of « [Equations (61) through 
computed by the statement: survival for the volley is 

• • 5 0 S O » V P R - S U B » P B . , | 
• 9 0 T O U T | N U f 

statements^ablllty °f t a r g e t survival has been computed, the 

.r.5 0,„p R. t a.' 0 0 , 0 , 0 0 
I - S U f f V P f l 

° N - R 4 H r ( O U H M r » 

a unifomhrandSma^e^ is obtliied^Th { E q u a t i o n (68>J and 
compared to the probability of tarfl* J ranfom num*>er is 
and if the target is damaged, tJe f t a t ^ S : lEqUati°n (69) J 

tf i «N. or . > o < m co TO I,9Q 
I £ ' I » U N * nt I P H i N t , 0 0 T O * • < 
" • ! ' f 1 9 0 1 I I .»> ,YI 
Tor TNM, l l . T C T T K U M , . I 00000 
T G * VSV-TOTVCL « I I 
THTor R( I I -9990 . 
T G T VEL I I » -o 
LEFT I N - I. f F T I * | 

**nl"enl\lLx*\ <"NSP"T"«^r, i 
NKII I ! . I TT . -NKILL I r I TT , . , 

Print optional output, if renuir-A/q J • 
counters. The lest s t e t e ^ e n t s S 

I f ' N O T * L T . I I C O TO s o o 
0 0 » « 7 L • I . N D r « 

MI =o;,::rto 
C O M i N u t 
p f T UMN 
E N D 

S S m o n ' S o « p S ? r i | r ^ i i e d ' r e C t " " S *«•> P ' i n t 
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Subroutine DIRFIR 

The purpose of this subroutine is to evaluate the effects 
of the direct fire munitions against either the intruder or 
defender targets. The variable IDAM controls whether direct 
fire or return fire is being delivered. The first executable 
statements: 

BI00< X I • S'SQRTi I -E * Pi - 6 5 • X • • ? » » 
I D • I 0 A M 
; o A M - o 
M I - N T o r < p « I : s > 
I H I • I M I l ) [ f NOf > 
L • I HT 
I F » 1 0 0 1 I I L - I T T 
BPE L • A P F L « L . I 0 » 
B C E P - A C F P < I . I 0 » 
K 0 OF I « A [ ! I I H T . I t r . ? • I D I 
E I V A c • A E I • I H T , I T T , j? • 1 0 > 
I f IK 0 OE I G » I » GO TO 5 0 
I N O - I O P ' NOT . K I . I 0 • 

initialize several variables. If the effectiveness index is 
in terms of the mean area of effectiveness for fragmentation 
in the ground plane (MAEf), the statements: 

A l M R A F • S 0 • A I l | NO • 
E T L - 5 • S O P T i E I V A l * A L M R A T / J , I <• I 
E T M «E Tl / AL MP A T 
DE MOM" 1 7 . 6 • A PF P ' I NO > • • F * I • • ? 
RSSP-ETL ' &QPT i 0C NOM i 
0EN0M- I 7 B•AQEPi I NOi • T u • 
0SSP*E1M/SQR? ( DE N Of* i 
SSPO-PSSP*OSSP«0PEL 
GO r 0 10 0 

compute the target length-to-width ratio [Equation (25)], the 
effective target length and width [Equations (26) and (27)], 
and the single shot probability of damaged based on the range 
and deflection single shot probability of hit [Equations (28), 
(29), and (30)]. The statements: 

'0 Ir' SClP.OT 0 I 00 fo 60 
1 0 - u o m o i i M S I - o c r > i H D r n 
V 0 * i T G T r N W l l t S l - 0 C r r . N D F ) l * * ? 
» N 0 . 5 Q H I ( < 0 • * 0 1 
BCtP- 00 I •RN0• »»Sc 8CCP > 

compute the distance between the intruder and defender, and 
convert the circular error probable from mils to feet 
[Equation (31)]. The next statements: 
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6 t D l N O H » I 7 • flCC P 
fc 1 r « I o G T . I I GO r o 7 0 

VE R T - T * R U T I | T T I 
HCR 1 2 ' ? • T ARRAO t | T T . 
I T I H C R I Z L I O i l H U B I / • l ? A £ t « I H l • T A R U ' ITTJ I -» 
GO TO 80 

compute the vertical and horizontal dimensions of the intruder, 
the statements-mUniti°nS 3 1 6 e m p l o y e d a9ai*»st the defender, 

70 V£»l -0£fHli IKII 
MOO 1 2 - i •DEFatoi IUI i 

MOW i 7 i. i 0 1. HOD! I . . or r, , ! M T , . 0 F r M 1 , M , , , ,g 

compute the vertical and horizontal dimensions of the defender. 
In the next statements: 

90 «I-M0»IZ >DEMON 
B I • vt R r/DC MOM 
"SSP"? '8 I CO'<I i 

*9100(8; 
SSPtl.Rssp.D S Sp. a B f i . C | V I L 

th^ S h o t Probability Of damage [Equations (32), (33), 
and (34)] is computed. The last statements in the subroutine: 

100 RN-RANF(DUHH*1 
I F < f»N LI . SSrO » 
PR#! T V-SSPO 
RE TURN 
CNO 

a.xm^for1^ ra"dom number. The random number is compared 
to the single shot probability of damage [Inequality (35)1, 
and, if the target is damaged, the variable IDAM is set to one 
to so indicate to the calling routine. 

Subroutine CKEVTM 

The purpose of this subroutine is to determine if any 
time ordered events should occur before the distance related 

ihS plac® fnd *° sequence the events in the proper 
t? p° s s i b l e t i m e ordered events are direct fire shots, 

°r delivery of the second or subsequent 
volley at an indirect fire aimpoint. The first statements: 
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» 

0 I ME MS! ON T H c I 3 0) . IPOSl .30) 
1 F I NOF A 01 Ol GOTO 5 0 
IF < INOF A.0 T O J GO TO 50 

provide for local storage and determine if any time related 
events have previously occurred. If time ordered events have 
not occurred previously and the event is not an encounter of a 
direct fire area entrance boundary, the statements: 

I 6 • 0 R NOB T P? 
I 6i GO * 0 15 

!f • NOtt' P? L T 
i F N 0 0 T P ? 0 T 
I NO' A M 
GO 10 ?0 
CALL STINTIISVIFA, 
NOF A.HAX0I I r . N0FA J 
CALL TGTH0V 
00 18 J•I.NOFW0 
1 F l NOf FC A tlT.Ji.LT., | 
NOF -NOf rC A < ! T . J) . | 00 
IF( IHTOFRlNOF 1 .GI. 0 0 
t MT OF P1 NOF t - o 
C ON T | N 
R£ T URN 
CALL TGTHOV 
RE TURN 

00 TO ^ 0 

I SAVC . I T . lit T .KDF TTN. 

GO TO 19 

AND T MT OF R( NO* 3000 1 GO TO 18 

provide for a call to Subroutine TGTMOV. If the intruder has 
encountered a direct fire area entrance boundary, Subroutine 
STINT is called to save this intruder number in the ISVIFA 
array for subsequent evaluation. Then, Subroutine TGTMOV is 
called, and all defenders that may fire into the direct fire 
area are determined. Control is then transferred to the 
calling routine. If there are time ordered events to occur, 
the next statements: 

5C 0 0 bO I - ! . I 50 
1 P O S i i • • I 
T M 5 t l - T M T G f R . i l 

6 0 C 0 N 7 I N J I 
00 10 0 I • I . I 30 
00 90 J- I . J 30 
IF(THiIi•TNIJi190,90.85 

85 KEEP-! P0S « I I 
IPOSl I I •IP0S f J) 
IPOSl J ' KEEP 
SAVE''HI|» 
'HI I I « T Ml Jl 
T M Jl -SAVE 

9T. CONTINUE 
1 F ( T M I I ) . G T ' » A V T M » GO TO • ? f. 

10 0 C ON T I NUE 
! ?. 0 N-JMCNT - M i N O M . l J O ' 

s o r t event times for all time ordered events until an 
event time is found which is greater than the travel time to 
the next position related event. If the position related 
event in the next event to occur, the statements: 
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I f N * J f « C N ' . G T . | » oo TO ISO 
c A'i roinov 
I f ' N O B ' P ? Nf 1 7 l »E»U»N 
C A l l S ' I N T I I S V I T A . ISAVt . I f . I BI T ,NOT f t N. | 
NOT A•H * v 0 ' 1 t .NQf A 
r. 1 '0 ! 6 

provide for a call to Subroutine TGTMOV, and, if the intruder 
has encountered an entrance to a direct fire area, Subroutine 
STINT is called to save the intruder number in the ISVIFA 
array for subsequent evaluation. Next, a DO LOOP is entered 
to consider each tin.e ordered event. The statements: 

N U N • N U H P N T ! 
i SHO r•o 
oo 10 0 0 MI• 
N > I F 0 S : N : * 
n o t 'TNtor R" 

initialize the variable that signals that a time related event 
may occur and determine the event to occur and the event time. 
If the time ordered event can occur, the statements: 

IF i T T 0 I . G ' 9000 • GO TO I00U 
T 7 - 'RAVIN 
TR»VTH»IT0I 
CALL T G f HO V 
I fl»yT T r - TT0I 

provide a call to Subroutine TGTMOV and decrement the travel 
time to the position related event by this event time. The 
next statements: 

ir»H C M f O i 0 0 TO 750 
iriN.LT.101) 00 To 500 

provide branching to sections of the subroutine that evaluate 
indirect fire volleys and intruder targets returning direct 
fire. If the event is one in which the defender employs 
direct fire munitions, the statements: 

NQf-N-iao 
i 'NRA0r0<NDFi Li i - 00 TO 90 r. 
Ni)T IUTDCF I Nor ; 

219 



determine the defender number and, if the defender has any 
rounds remaining, the defender type is obtained. Next, three 
nested DO LOOPs are evaluated to determine if this defender 
may fire at an intruder. The statements: 

DO SO 0 I • I . 5 
IPNR' ! !0TPRiMO T 1 P . I l 
If i |P«R IT II GO TO I 0 00 

consider each priority value from the defenders ordered list 
°f intruder types to fire upon. If the priority value is 
zero, the defender cannot fire, and the next rime related 
event is considered. If there are intruder types that the 
defender may shoot at, the statements: 

00 £8(I I i :j • l . N T G0 
I F i N T G T v P J I S l N£ IPRRl GO 10 ?80 

consider each intruder. If the intruder type is of the type 
the defender may fire upon, the statements: 

0 0 870 K • ! . N 0 F A 
CALL 5T I NT I I SV I FA . I tS.fc. I 6 i T , ' IN . Ji 
1 r « | 01 T IT. J) GOTO ?70 
If • N0E r C A l K . N D F » . t_ T II GO TO 870 
GO T 0 3? 0 

s "• o c ONT • NUI 
280 C ON I I HOI 
300 C OUT I nut 

G 0 T 0 I 0 0 0 

consider each direct fire area. Subroutine STINT is called to 
determine if this intruder is in a direct fire area. If the 
intruder may be fired upon by the defender, the statements: 

K I • K 
IDAH-I 
!SHOT-I 
CALL DIRT IRI I 0 AM I 
IMISYMPl2i.GI.0i CALL SYMDET 
NRADtOCNDF I - NR A OF 0< N0F ) - I 
IF iNRAOrO• NDF i .LI . I » T H T OF R l M i -9991 
NPF90T i NOT rPi -N R F 0 0 TI N 0 T Y P i • | 

increment several counters and provide a call to Subroutine 
DIRFIR. if sympathetic detonations are evaluated for direct 
fire munitions. Subroutine SYMDET is called. If optional 
output is required, the statements: 
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IfflHUNSNE  IPOlNTl  GOTO I^O 

«R I t "BH Ml SSC 0 
IFII0AH.01  OI»t(IL-«H HIT HIM 
PRINT gOOJ.NDf.NOTYP.lIS.NIGTYP1 1 I S 1 . «K I l  '*•»• I ' ' 

print the defender number and type, the intruder number and 
type, a message indicating whether the intruder was damaged 
by the direct fire munition, and the single shot probability 
of damage.  If the intruder was damaged, the statements; 

irilü»M.LT.|.  00 10 

TGIyNH( I ISI ■ IGT YNHl i 
iriNGTAHT.OT 0IC»l. L 
LETT I N-LCFT IN- 1 

TOIVEl. I I IS1-0. 
TMTOF R( I IS I «9999 . 
C*LL  STINT(1SV1F».I 
INTYP-NtOTVPlIIS1 

N« I l.L 0 I I NT YP i "NK I L L I 
NK I L i 1 "NK U 1 I • I 
IflNITTHSIINTYPIOT 

K I • I I 5 
x r i »• n , fi 

ISi»100000 
UN I T 

1 BI T ,KDF T IN.? ' 

NSPL F T «NSPLf ' 

increment several counters, provide calls to Subroutine UNIT 
if any intruders are associated as a group, and Subroutine 
STINT to turn the flag bit off for this intruder in the 
direct fire area.  If the intruder must be diverted around 
by subsequent intruders in the column, the statement: 

I "i 

I F I NI I TMDi I NTYPI  01.0»KALI  DIYSF' 

provides a call to Subroutine DIVSET to save the intruder Y 
coordinate and set the dimension direction. The next state- 
ments: : i 

*Ti    J-0 
oc  '»as   i • i ,Nioc 
C«IL    STINTMSVIF».!   .K.IBlT.KDFTtN.ll 
I (   i  t BI  '    L T     II     GO     r 0    "85 
NHMHOMl-NRFlRDMl-l 
It     NRFIR0M1     NRB» 1 '.8') . HBO .'to?! 
IMIOFHi I I ■0 . 
J • 1 
CON r | NUf 
I F I J H 0 . 9 9 0 

consider each intruder.  If an intruder has observed the re- 
quired number of rounds to be able to return fire, the array 
containing the times for the time ordered events is updated 
and a sort of the updated array is performed.  If the time 
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ordered event  is one in which the intruder  is  returning  fire, 
the  statements: 

^00 NINT T»NT0t VPIMl 
I r l N K » D r I i M 1  I. I  1)00 tO 900 

determine the intruder type.  If the intruder has direct fire 
rounds remaining, three nested DO LOOPs are evaluated to 
determine if this intruder may fire at a defender.  The state- 
ments: 

JO 6 0 1  I - I .% 
I p f R . a r o P B i N I N r r . i i 
IF i 1 P»R L T . I i  00 TO  1000 

consider each priority value from the intruders ordered list 
of defender types to fire upon.  If the priority value is 
zero, the intruder cannot fire and the next time ordered event 
is considered.  If there are defender types the intruder may 
shoot at, the statements: 

uo sao „-i , N0fwo 

Ir(iMiocriJ).Nl IPRRI uu ro 5Sü 

consider each defender.  If the defender type is of the type 
the intruder may shoot at, the statements: 

•390 
fjOO 

üo   set   K•i.N0'* 
11 i Noe 11 * i« . j i   L T 

r«Ll      STINIMSVIF». 
I f   i  I B I  I     1   I      M     0 0    1 
0 o   10   e ? i) 
c ü N r 1 Nut 
C ONT 1 NU! 
C 0 N I I N U f. 
0 0    TO     100 0 

<     00     10    580 
,»  .ISIT.KOFTIN.JI 

consider each direct fire area.  Subroutine STINT is called to 
determine if the intruder may fire from the direct fire area 
at a defender.  If a defender may receive return fire, the 
statements: 
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■580    T M i Of H l M i  -• I MB» 1 i N I NI 
K 1      * 
1D»M-? 
Nil'   -Nut ( C A i K . .1 I 
I ^MO I • I 
I  1 -j - M 
C»LI      0 I RF |Rl  I D»Ml 
NRAOr i  1  I  IS1 •NHAOr I I  ! 
l r i HUkor l I Mil -It   i i i M T ij r B < M i • 9 9 9 n 
H«rt M INH»11 » "««f 11 T IMIBTT I * I 

' 

increment several counters and provide a call to Subroutine 
DIRFIR.  If optional output is required, the statements: 

- 

irilRUNS    Nl'.IPRINII     00    10    6^(1 
AH i L =9H    Ml SSr D 
I f (  I DAM    01     0 1     AK 1 L •    BM    HI 1    M1M 
PRINT    90U%.M.NINlT,NDr,IHt[lfMNCH   l AK I I     PR8 I ' 1 

print the intruder number and type, the defender number and 
type, a message indicating whether the defender was damaged, 
and the single shot probability of damage.  If the defender 
was damaged, the statements: 

I I' I I DAM . L 1  I I CO 10 990 
NDt rt A l K . JI • -NOT 
ND T vp. IMIOtr I NOT I 
NOFDAMINOryPl-NDrOAMINOryPI ■ 
IMIor RlNDF «1001 '9999 

00 T 0 990 

increment several counters. If the time ordered event is one 
in which the second or subsequent indirect fire volley is in- 
volved, the statements: 

760  I v AP"M- I SO 
1 r 1NVL I DT I I VAPl  IT  1100 TO 900 

C ALL H0r  1R£ 
T MTOrH1Mi ■TOB Ir V I I VAPI 
NVLIDFI IVAPl.NVt lori IVAPl -1 

I SHOT•I 
00  10 990 

determine the volley aimpoint number.  If all volleys have not 
been delivered at this aimpoint, a call to Subroutine NDFIRE 
is provided and several counters incremented. The next state- 
ments : 

900 TMTOrRlMl-9990, 
00 TO 1000 
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set the element of the array containing the times for the time 
ordered events to 9990 to indicate that an event will no longer 
be considered on a time basis.  The next statements: 

9 9 0 1 F(t H10 F Bl 
0 0 tO 5 0 

looo c o N T i N ' j r 

oi r»«vTMioo to   iooa 

determine if the time for a time ordered event to occur is less 
than the travel time to the next position related event, and 
if so, provides branching to the section of the routine that 
will sort the array containing the times for the time ordered 
events to occur.  Otherwise, the next time ordered event is 
considered.  The last statements in the subroutine: 

I S H 0 1 I % 0 . ! U 5 II 

M 0 B I P ? • I ' ' t» 0 , I S , 

evaluate the signal that a time related event occurred, and, 
if one did occur, appropriate sections of the routine are 
branched to. 

Subroutine STINT 

The purposes of this subroutine are to turn on a bit to 
indicate that an intruder has entered a direct fire area, to 
turn off a bit to indicate that an intruder has exited a 
direct fire area, and to test a bit to determine if an in- 
truder is located within a direct fire area.  The first exe- 
cutable statements: 

! ■ 1 

I t I K  I 1  ? 'J 1 

K I . I T . 1 b 

K " K "D 9 

00  TO  10 

save the intruder number and the direct fire area number.  For 
the intruder target numbers greater than 58, the direct fire 
area number is incremented by 15 and the intruder target 
number is decremented by 59.  The variable KT is used for the 
subscript of the ISV{30) array and the variable K is used for 
the number of the bit in the word.  The next statement: 
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transfers to the proper section of the routine for the option 
desired.  If the call to Subroutine STINT was made for the 
purpose of recording an intruder in a direct fire area, the 
statements: 

ES     1 SV l KI I ■ I SV IKt 1     OB    SHIFT« I 
ICDriTNMNIl-«Dfr'fji|Nti<l 
BE r;j»N 

shift a 1 into the appropriate bit position and increment the 
counter for the number of direct fire areas this intruder 
target is located in.  If Subroutine STINT was called when an 
intruder left a direct fire area, the statements: 

I SW 0 
J- I SH 
KK > j   OR   SH i rI I I . K I 
KK•.NOT    KK 
iSVIKTI-ISVfKIl     «NO    KK 
KOfTTNMNll-KOIf'NilMll 
BfiURN 

turn the flag bit off to so indicate and decrement the count 
of direct fire areas this intruder is located in. The last 
statements in the subroutine: 

100 IBIT«SHIr Ti |sv f K'I 
BflUON 

ENO 

-KI «NO ie 

test the status of an intruder and place the bit whether ON 
or OFF into the variable IBIT for interrogation in the calling 
routine. 

Subroutine EXPSWP 

The purpose of this subroutine is to evaluate the effects 
of line charges and fuel air explosives as sweeping devices 
against the mines within the range of influence. The first 
statements: 

«LOC'OBK 

K i •«r s * v I i s « v t i 
I OB IKT l •     I 
NB-NUBTP? 
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^ä M0?«:^ ts-^x^^Ä-1 
save 
cons 
statements 

,,- , i «UNS   ro    IM) MT i   MRI rt .h. ,0(u, . 

i r r L c ' 0 P I    0 '    I i 8B   ' ri   ■"'' 
Yl)l SI -OBT • »l  NCL( 
H »NGt  ■»WI DL t 
00    TO    ^Q 

set 
effects 

the (orv.ard and Uter.l limits of the line charge pattern 
The following statements: 

88     YL OC -OBY >DM f *f 
»0151 ■ VI  OC •H»0i »I 

r <> i • »I OC -H»ot kl 

B*N0t »«»OF »t • •? 

define the limits of  the FAE pattern e 
tfl)     and   (22)1.     The next statements: 

ffects   [Equations   (20), 

't 0 

k I ■ K I • I 
I t i . OBiKl '  L '  B 
I W0RÜ- i OH I KI i 

CALL  UNPACK 
iriNOB'p? -aito.eav 
I I l OBY tT .Vtfl  00 

en 10 60 

t. 0 ' ' I 5 C 

, 3U 
10 JO 

determine whether a mine is within range of the PAE effects. 
For  line charges,   the next  statements: 

(i i i u a i K T i   i, i   oi   oo   io   ö o 
IWOPD-IOBIKIl 
C * L 1      UNPACK 
i» iNoeipe-8iso,t'>oo.%i) 

St   IMUBV.O'.VDISII   co   io  ear, 

determine whether a mine is within the forward limits of the 
fine ctarge effects.  The statements: 

D-l it «ABS i XI 01     08« ' 

1F i Ü1 SI     01     HANOE I     00    10    50 
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determine the lateral distance from the mine to the center of 
the exploding line charge or FAE. If the distance is greater 
than the effective range of the sweeping device, another mine 
is chosen for consideration. Next, a uniform random number is 
compared to the probability of detonation from line charge or 
FAE effects Unequality (23)]. If the mine was detonated, the 
statements: 

RN-HANFiDUMHf1 
IfiRN    OT    P0LCF1GO    10    iO 
IFIIRUNS.LQIPRINr)     MftirriB.IOIOI 
NMSWPrrNo8IP?l-NMSMPT(N0BrPPl'I 
NMDETlNOBtPei-NMCCMNOBTt'Pl.l 
t ALI      BOO«1  I0E T . M 
I 08 I KT I ■ - 1 
co   'o   «i a 

NOBtP?,OB«.08» 

remove the mine from further consideration and increment 
several counters.  Subroutine BOOM is called to turn on the 
detonation flag for the mine. After all the mines for this 
travel path segment have been considered, or when a mine is 
located which is outside the forward effects of the line 
charge or FAE, a DO LOOP is next entered to increment the 
sweep delay for all active targets in the column. The state- ments : 

'60 

i) 0    i? 5 (j     I ■ I  , N t 0 0 
IfiTOr'NHMl.OT.TJ 969.100    TO    ?50 
IFINCIAHI  I  l  .NE.NCTAMI  I SAVE 
SWP0EL ( I ) «SHPOIL l  I  I • I,M0LCr 
DEL ATM i I I "THDLCr 
TOT VEL  I  I  I "(J . 
C0NTINUE 

OB» «XL 0C 
NOBTPP.NB 
RE T UHU 
f NO 

100     TO    ^150 

consider an active target in the same column as the event 
target and increment the sweep delay time by the time delay 
assessed.for employment of line charges or FAE. 

Subroutine TGTMOV 

The purpose of this subroutine is to move all active in- 
truders the event distance and time and to adjust the assessed 
delays and event times by the time for the next event.  The 
first statements: 

00 600  |.|,NT00 
1 F t Tot rum I 1 . G r , 99990 . 
' ' ( TCTVEL 11 I OT 0 l SO 
DEL A TM r I I 'DEL A T MI I 

10    TO 
'0  son 

' H* v r M 

600 
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IF l 1) E l. * 1 « 1  I  1 i i   g   o o o o i no   ro   950 

decrement the delay time for the active intruders that are 
stopped.  If the time for the next event is greater than the 
remainiivj delay time, the following statements: 

I 0 t V E l  ■  I  1 - T 0 T S P U 

DIM-ASSIOf. L*TM'   I   >  I 

0 E I  »IM 1  1  1-0 
tot YNM(  I l = IGrTNHl  I   i »IcnSPD'OTM 

T i Mtnv 11) • t uttwv 111 »OTH 

I f ( T ft T Of I» I 11     019 0 0 1)     1     00    TO    6C 

THTOfRlll.IMIOFBcM     DIM 

IFlTMTOrRlMl. T.O.llMIOrRl|)«0 

CO    10    6 D 0 

reset the intruder velocity, initialize the delay time for the 
intruders, and adjust the time to fire by the remaining delay 
time.  The next statements: 

tOTYNHIli-'t! T*NMI|l-TeTS,'0*tRAViM 

TiMEMvi I i>iinr. MVI i i.in«vi« 

IFlIMTOrRUI.Ot     90Q0     I     CD     10    600 

IMTorRlll'IMTOFRMI 1RAVTM 
iriTMTOFRMI.LT     0     I IHIOrRMl-O 

BOO    CON I I NU£ 

•iOO 

950 

move the active intruders the event distance and time, and 
adjust the time to fire for all active direct fire intruders 
by the time for the next event.  If there are any defender 
direct fire weapons, the statements: 

i 0 0 If i NOf WD    LI 
NENO-NDFHD> 1 00 
00    700     1-I01.NENU 

: F i T H i a f R i I ) , 0 i . a u 

THTOFRi I 1 -1 MTOFRI I 

IFMMTOFRlM tT.O^ 

C0NT1NUE 

0    ' S n 

I.I     00     10 
1 n » v T M 

I M 1 Of R ' I I 

adjust the time to fire for all active defenders.  The last 
statements in the subroutine: 

IFINVAP.LT     I   I     RETURN 

NtND- I?Q »NVAP 

DO    900     I•l* I .HE «G 
!FITMTOrRlll.GT,9Q!lO,i     00    TO    900 

TMTOFRC  I  1 'THTOfRI   I   I      IRAVTM 

1T(TMT0FR(II      LT      0      i       IMTQFRIII'O 

C 0NT I NUl 
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H f r u n N 

ENO 

adjust the time to fire for all  indirect fire volley aim- 
points. 
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INITIA1. DISTRIBUTION 

Dix.; 2 
DRXSY/GB 3 
SMUPA/EW 2 
DRC PM-SA-CP 1 
USN Weapons Cntr/Code 317 1 
USANERDC/DRXFB-O 1 
Nav Coastal Sys Lab/Code 722 1 
TFWC/SA 1 
AFAITC/TINAT 1 
USACAA/MOCA-SA-1 1 
Nav Surface Wjm Cntr/DL 1 
Air Force Sys Comd/SDW 1 
USA Training and Doctrine Comd/ 1 

ATCD-CM 
TAC/DRA i 
AFATL/DLOSL 9 
AFATL/DLYW 10 
ADTC/XRO 1 
AFATL/DL 1 
AUL (AUL-LSE-70-239) 1 
ASD/ENFHA 1 
TAWC/TRADOCLO 1 
Hq USAF/SAMI 1 
Ogden ALC/NMVM 2 
.'VFIS/INTA 1 
Hq USAFE/DOQ 1 
Hq PACAF/flOO 1 
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