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second section describes the models for the AN/TSQ-73 and THAWK systeqs that

AE

comprise MOPADS. The operator goals and tasks that are represented aye dis-
cussed. The third section discusses the computer implementation of the models.
A data base is used to maintain problem parameters and to manage the ¢ommuni-
cations among operators and AD units. The last section describes thejdocumen-
tation for MOPADS.. Appendixes A - C contain reports that provide user
documentation.- The¥ are mandatory reading for individuals who will design,
perform, and analyze\simulations using MOPADS. These documents provide suffi-
cient information for, a MOPADS user to exercise the models that exist in MOPADS.
ot Appendixes D - J are § collection of documents for the MOPADS modeler who will
3 design and develop MOPADS models of new air defense systems and integrate them
_\ with the rest of the MPPADS system. Appendixes K - AA are a collection of

K reference documents théat describe the methodology and software modules of MOPADS
9 They are intended as reference reports of primary interest to the MOPADS modeler}
although MOPADS users may find some of them interesting.

.i' .

)

Y l
KX ‘\,
~3. .
¥

v

5 -~/
‘.‘ ! e ’ . ’ - - rem—p— B

L
o T

e

;:{ "'&;/""'7 ’!” oo )] I R ~l. . - ‘{,.3. - }
¥, . g |- e ‘- -~ ,‘\‘ " .

:‘ 5} - / VAT >y v@\v . .,/&//,'ﬁ (»&Tj’,a,ty ))i

I’ | | S K 7 |

| t

.j ! Accession For |
3 . NTIS GRA&I '
* ! DTIC TAB []

i Unannounced O
‘ Justlfica*‘on___.-———%

'
i

>
3 ;
’ _
1 ﬁ . | By
£
2

| D;pty;bption[~ ‘

—

Availakility Coiaq
X . f"“’” Aveil onifor

! e *Dist Special

QUALlr

'NSPEG'TED
: | A- \ %

UNCLASSIFIED

ii SECURITY CLASSIFICATION OF THIS PAGEWhen Data Fntered

S5 L N N

W ‘. 4"~‘e i Wy

L1 il ) Y




o
4
o MOPADS FINAL REPORT
’L“v
}h
:gi CONTENTS
§
.
sf Page
Q!t:
OVERVIEN OF MOPADSC * L[] L] * L ] L] L] L] * L3 L 2 * L] * L] * * L] [ ] * . [ ] * L] * . I-l

o
:ﬁ Introduction to the MOPADS Project. . . « ¢« « v o o o ¢ o o o o ¢ & I-1
,ﬁ: Humaﬂ FaCtOPS MOde]'lng in MOPADSo e e @ o ® o © & © © & 9 © © 5 o o I-z
.‘3‘, Simulation MethOdOIOQy iﬂ MOPADSo e ® & e e 8 e e ® & ° o & o & o o 1'3
g:? MOPADSTeﬂ"iNO]Ogy.......-..........-....-. !"4
W MOPADS HUMAN FACTORS MODELING . « & ¢« o ¢ o« ¢ o o o o o o o o o o o« o o I1-1
il
OVEPV'ieW Of Human FaCtOPS iﬂ MOPADS 'y ) . L) . ] L] - 3 L * * . II“l
P Task Element Moderator FUnctions. . . ¢« « o« ¢ o ¢ o o « ¢ o o 1I-1
03 The MOPADS Skills Taxonomy. . . . . . 11-1
' Computation of Combined Task Element Moderator Functions. I1-5
"‘ SOftwaf'e Implellentathﬂ ® ® © o e ® e © o o ¢ o & & o o o

Task Sequencing Methodology . « « &« ¢ « ¢ o « o &
k Task Sequencing Considerations. . . . . . . .
W5 The Task Sequencing Procedure ., . . « . « « «
\ Operator Goals for the AN/TSQ-73 and IHAWK. .

* L] L] L) L ] [ ] L] L] . L d
L] * . * L] L] L) L] L ] [ ]

L] L ] [ ] L] L] ® [ ] L ] [ ] .
—
[
] \
—
n

L 4 * L . L d
L] [ L) [

. L]
* L ]
s o

Software Implementation of Task Sequencing. 11-19

1'
éj MOPADS AIR DEFENSE MODELS & & & ¢ ¢ ¢ o o ¢ o o o o ¢ o o ¢ o o o o oo IlIl-l
. Development Methodology for Air Defense System Modules I1I-1
; The AN/TSQ‘73 SyStHTI MOdu]e e o o o o . e o III"4

AN/TSQ-73 Operator Tasks. . . .

.{:‘. AN/TSQ"73 Messages. e & o @ © o e o e & & & ¢ o & 4 & s & o o+ 0 III’6

“l AN/TSQ'73 OperatOI" GO&]S. ® & o o o & ¢ o & e o & » 8 o o ¢ 2 o III'6

'g, AN/TSQ-73 Operator Task ModelS. . « « « « o« o « o o o o « o o o III-6

“ The IHANKS]StemMOdU]e.............o........III-lz

'I‘ IHA“K operator TaSkS¢ e ® 0 ® o o e &6 ¢ o ® & o & & e 0 " ° o o [II'IZ
IHANKMQSSGQQS......-..................III-IB

‘ IHAHK operator GO&]S. e e e o e o o e ® @ & o & & o & ¢ o o o ¢ III-18

t; IHAWK Operator Task Models. . « « « « o ¢ o o o o o & o o « o o I1I-20

'ﬁ Air SCeNArios o « o« « o o s o o o o o o o s o o o o s o o o s o o o 111-20

.' The COOPdinate S_ysteﬂ‘ e o o o o o * . e e o o ® e o o ® III'ZO

3 Locations of Air Defense Units, Cr1t1cal Assets, and

' Asset-Fire Unit Assignments . . ¢« ¢« ¢« ¢« ¢« ¢« ¢ ¢ ¢ o ¢ o o o o II[-22

N Characteristics of Viewers. « . o o« « o ¢ o o o o o o o o o o o II1-22

A Characteristics and Flight Paths of Aircraft. . . .. .. . . . III-26

‘-:' The COﬂtf‘O] Systa" MOdU]e e ® o 6 e e 6 & 6 e & & o o 8 0 e o » III-30

%

&Y

L] l

”, |

\

v,

; |

",

2 111

,

o

B OB R G AT




3 MOPADS PROGRAM IMPLEMENTATION

) MSAINT. ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o o o ¢ o ¢ o o o o o s o o oo oo V1
) MOPADS Data BaS@. « « « « « o « o ¢ o s s o s o o o s s o o o o o« V2
4 The MOPADS User INterface . « o « o « o o« o o ¢ o o o o o o o ¢ o o 1V=5
N Organization of the MOPADS User Interface . . « o o o o o o o o IV5
A Create Simulation Data Set. .« + « « ¢ ¢« o ¢ ¢ o o o o o ¢ o« o o IV-6
5 Set Up Simulation RUn Data. . . & « o o o o o o o o o ¢ o o o Iv-8
K : Examine StatisticSe « o ¢ ¢ o ¢ o o ¢ o ¢ o o ¢ o o o o o o o o IV-10
Create/Edit Air Scenarioe. « « o o o o ¢ o o ¢ o o o o s o o o o IV-11
% Create/Edit Reference System Module . . . . ¢« ¢ ¢ ¢ o o o » « o IV=11
B Basic Data Base CommandS. « « « « « ¢ ¢ o o o o o s o ¢ o o « » IV-13
3 Conversing with the MOPADS User Interface . . . . . . .+ « « . IV-14
& Utilities and Supporting Software . « « « ¢ ¢ ¢ o o« o o o ¢ o o « o IV-18
MOPADSUti]itieSoo-.-ooo-coooooooooooo-o IV-18
FFSP and FFIN2. & & o ¢ o ¢ o o o o o o o o o o s o« o« o o« « o+« IV-18
» GUIDE TO MOPADS DOCUMENTATION . & & & ¢ o o o o s s o s o o o o ¢ s o @ V-1
‘q MOPADSVO‘Ume]..-.........-..........-... V'l
i MOPADSVO]UMGZ..........o............-.. V"l
MOPADSVOIMG:’................-......... V"2
MOPADS VOlume 4 . . . ¢ ¢ o o ¢« ¢ o o o o o o o o o o s 6 s s o o V-2
" MOPADSvolmeSQOOOQOOQOCO.l............. V-4
: REFERENCES...Q..oocoo.o.'oooocooo'.oo-oo. VI-l
K.
N CHANGE NOTICES. « « « ¢ « o o o o o o o o o o o s o o o o s o ¢ 0 o o o VII-]
0
iy
]
1
\
&
k)
v
E{
L}
5
b
3 iv
a‘




” 5
o

v,

P o s s A o xd s e o e

oo e A A" e

e g S o

PR N A

R
LY, ;

APPENDIX A.

A Y AR AEAL AR AL LN
.:4"‘- -

AL ERA R ARASAL ALY

LIST OF APPENDIXES
(Appendixes each published under separate cover)
USER GUIDE FOR THE AN/TSQ-73 SYSTEM MODULE
USER GUIDE FOR THE IHAWK SYSTEM MODULE
PERFORMING MOPADS SIMULATION
MOPADS ARCHITECTURE MANUAL
FORTRAN STYLE AND DOCUMENTATION REQUIREMENTS

DOCUMENTATION REQUIREMENTS AND DEVELOPMENT
GUIDELINES FOR MOPADS AIR DEFENSE SYSTEM MODULES

DEVELOPMENT METHODOLOGY FOR MOPADS AIR DEFENSE

MSAINT USER'S GUIDE: CHANGES AND ADDITIONS TO THE
SAINT USER'S MANUAL

CREATING REFERENCE AIR DEFENSE SYSTEM MODULES
CREATING MOPADS AIR SCENARIOS

A SUMMARY OF THE LITERATURE ON QUANTITATIVE
HUMAN PERFORMANCE MODELS

A DATA BASE FOR QUANTITATIVE HUMAN PERFORMANCE
MODEL ING

THE UNDERLYING PERSON MODEL BEHIND HOMO
(HUMAN OPERATOR MODEL)

HOMO ESTABLISHMENT OF PERFORMANCE CRITERIA
FOR NON-DECISION MAKING TASKS

MOPADS TASK SEQUENCING STRUCTURE
MOPADS DOCUMENTATION STYLE MANUAL
MOPADS UTILITY PROGRAMS

HUMAN FACTORS MODERATOR FUNCTIONS

L S




o
%' S. MOPADS FREE-FORMAT SYNTAX PROCESSOR (MOPADS/FFSP)
T. MOPADS USER INTERFACE (MOPADS/UI)
ﬁf U. THE MOPADS DATA BASE CONTROL SYSTEM (MOPADS/DBCS)
; V. MOPADS FREE-FORMAT INPUT PROGRAM (MOPADS/FFIN2)
W. DOCUMENTATION MANUAL FOR THE AN/TSQ-73 SYSTEM MODULE
4 X. DOCUMENTATION MANUAL FOR THE IHAWK SYSTEM MODULE
d Y. THE MOPADS DATA BASE
Z. THE MOPADS DATA BASE APPLICATION PROGRAMS (MOPADS/DBAP)
‘é AA. DOCUMENTATION MANUAL FOR THE MOPADS CONTROL MODULE

,3 (MOPADS/CNTRL) AND THE MOPADS COMMON SYSTEM MODULE
vﬁ PROGRAMS (MOPADS/CSMP)

P A

-/

pupeag o N
L & b PR

e

S Ty o8 piod

Y
Y

PR h ]

» -

vi

et D Bl LR SR

ot e e e e e e e : - e anae . s na e,
PRI T T R . e ma et matae
= A AL e At et e

2

o . - - -, . e’ . e "4
T R N A T I R T I FoaTa e e e e et e e e A e PO
L o st e e o e e e e e

LA




h L
(.;f"f\"al" 5

5

Lt

SAg

FIGURE

II-1
I1-2
II-3
II-k
I1-5
I1-6

III-1
I11-2

ITI-3
III-k
II1I-5
III-6

III-7
III-8
111-9
II1-10
III-11
IT1-12
III-13
ITI-1k
III-15
III-16
Iv-1
Iv-2
Iv-3

Iv-4

Iv-5

LIST OF FIGURES

AN/TSQ-T73 Console Hooking ProcedureS..........
Aggregate SAINT Task Model of Console Hooking.
Example Goal Priority Function....ceeecccecees
Example Goal Priority Function Forms........ .o
Goal Evaluation Procedure.....cceeecevcevconss

Schematic Structure of MOPADS Task Sequenclng
e A - B o

Development of System Modules........ vesocncan
Table of Contents for MOPADS System Module
Documentationeecceeeccsccccaccncccceacscncence
Example AN/TSQ-T73 Operator Task Flow Chart....
Example Message Sent From the AN/TSQ-T3¢......
Example SAINT Operator Definition Form........
Example SAINT Task Description for AN/TSQ-T3
(Noder B5).vuueunnn teteteeccccsscanssansnsen .
Example SAINT Task Description for AN/TSQ—?B
(Node 4T)ecececeens Ceeteecacestaiaccnansaanss
Example SAINT Task Descrlptlon for AN/TSQ-”B
(Node 53) ceeeccccasssncenns cesecens ceenicenens
Example SAINT Task Node Description Form for
AN/TSQ-T3 (Node Tl)eeeeceveovecaoann resecsnens
Example THAWK MeSStZE.cccecerccccccscncccnanan
Example IHAWK Cperator Definition Form ........
Example Critical Asset Configuration..eecccece.
Example Air Defense Configuraticn...... ceancas
Viewers and Barriers-to-View....cceceeeecccccas
Data Base Organization of Air Scenario
InformatioNeecceecesececccceccccoscccaccccennas

Selection of Air Scenarios.....ccccceeeccccess
DBCS and MOPADS.cccccecoosccsccccscsccsconcnns
Structure of the MOPADS User Interface........
Data Base Functions of the "Create Simulation
Data Set" SUDPrOCeSS.ecceceeecccssccssascccasas
Data Base Functions of the "Set Up Simulation
Run Data: SubproCesSS.c.ccececcceccecccccscccns
Data Base Organization for the '"Create/Edit

Reference System Module" SubprocesS.....e.....

vii

Page

II-9
I1-10
II-15
II-16
II-18

I1-24
III-2
III-3
III-7
III-9
III-10
III-13
III-1k
III-15
ITI-16
ITI-19
I1i-21
III-z3
III-2k
IT1-25

III-31
III-32

v-b
V-5

v-7

Iv-9

ARSI R

\.r.‘ \"



~ - - SR L LS ErR i R e kA
w'ﬁ
".‘i
‘. .
¥y
B
M LIST OF TABLES
"A'
I TABLE | Page
141 Standard MOPADS TeIminOLOEY.«««e«eesoncennnnen- 1-5
4 II-1 MOPADS SkillS TEXOMOMY .+« s e e s snnnnennnnncenenns I1-3
I1-2 MOPADS Independent VariableS......cceeeee. ceses 11-6
r. I1-3 Operator Goal for the AN/TSQ-T3.ececceceoann . II-20
~ :; II-k Operator Goal for the THAWK...c.ceveeannn cevennes II-22
1
3 III-1 AN/TSQ-T3 Operator Tasks Represented in MOPADS. III-5
I1I-2 Messages for the AN/TSQ-T3 and IHAWK....ecven.. II1-8
I11-3 THAWK Operator Tasks Represented in MOPADS..... ITI-17
M I7I-4 Aircraft Type CoeS..ceteececccacacnnonn ceeennn 111-28
B b
1)
Sl
)
!
::_J
.
g
K )
‘ L]
¢
g
2
S
1]
3 ix

sl
o’

4, ~.
» i

) LI R
- ‘p. ) < .'1! - “- o "... b.’ oy "’(“‘ 3 ~, -—_- P I W W W e T . wg - - .. - - a -
\ b ' N L ‘ C ‘- '.“ r F -' A Q. AL el ‘!‘.‘3‘ "y “y *‘ ¢ "."" "‘ \.‘f\- ‘--\" \\ w‘-\:"f‘-": ‘-“ .“

o T 3
¥, 00 nw
'l"',.' £ Ab,( X xw\ -




MOPADS FINAL REPORT

CONTENTS

OVERVIEN OF MOPADS. L] . * L] * L] L] L] *® L]

Introduction to the MOPADS Project.
Human Factors Modeling in MOPADS. .
Simulation Methodology in MOPADS. .
MOPADS Terminology. « o« ¢ o « o o &

MOPADS HUMAN FACTORS MODELING . . . . . .

Overview of Human Factors in MOPADS . . . « ¢ ¢« ¢ ¢ o ¢ « &
Task Element Moderator Functions. . « « ¢ ¢« ¢ ¢ ¢ ¢« ¢ « o &
The MOPADS Skills Taxonomy. « « o« o ¢ o ¢ o o « o o o
Computation of Combined Task Element Moderator Functions
Software Implementation . « « ¢ ¢ ¢« ¢ ¢ ¢ ¢ o ¢ ¢ o o« @
Task Sequencing Methodology . . « « ¢« ¢« ¢« « « ¢ .
Task Sequencing Considerations. . . « « « . .
The Task Sequencing Procedure « « « o o « « &
Operator Goals for the AN/TSQ-73 and 1HAWK, .
Software Implementation of Task Sequencing. .

. L) . L] - » - L A L
- - - . - L L] L] . .
L] L] Ll L4 L L] L » Ll L

MOPADS AIR DEFENSE MODELS L] L] L] . L] . L] L - L ] L] L] L] L] L] L] .

Development Methodology for Air Defense System Modules.
The AN/TSQ-73 System Module . &« ¢ ¢« o« ¢ o o o o ¢ o o &
AN/TSQ-73 Operator Tasks. « « « o &
AN/TSQ-73 MesSsageS. « « o o o o
AN/TSQ-73 Operator Goals. . . .
AN/TSQ-73 Operator Task Models.
THAWK System Module . . . . . .
IHAWK Operator TaskS. « « « « «
THAWK MessageS. « « o « o & .
IHAWK Operator Goals. . . . .
IHAWK Operator Task Models. . .
SCeNarios « ¢« o« « o o o o o o s

The Coordinate System . . . . . o o
Locations of Air Defense Units, Cr1t1ca1 Assets and
Asset-Fire Unit Assignments « ¢ o ¢« o ¢ o o o o o &
Characteristics of Viewers. « « « o o ¢ ¢« ¢ « o o o &
Characteristics and Flight Paths of Aircraft. . . . .

The Control System Module . . & ¢« ¢ ¢ ¢ ¢ ¢ o ¢ o o &

e ® o & o ® 4 o
e ® o ® o 8 ¢ o
® ® o @ s O o & ¢ o
e ® o & o & o o o ®
e ¢ ® @ &% o © 4 ¢ 4 o
@ & o & ¢ P ¢ & o ¢
e ® 9 * o * a ¢ o o
® * 4 * 9 * 2 s o
e e ©® ¢ & o & o5 5 9
e« % a o & ® o ® ¢ o
*® A4 e & 8 e O a4 % e % o s
® o @ o o6 o & ¢ & e * e o
o & 6 o © o ® e & o o 2 @
e ¢ & & @ & O & ® = ° o @
e 4 8 * e 8 0 & & s s+ o
e ® & 9 a4 & & & @& a o e o

* e .




Yo

ey

MOPADS PROGRAM IMPLEMENTATION . « « @ o v o o o o o o e o o o o o o oo V-1 o
MSAINT.....QI.....0000000000.....0... IV-l .‘:*’;:‘

' MOPADSDataBaSE............-............. IV-2

TheMOPADSUSEP Interfaceoo.oo.ooof.ooooo.oooo. IV"S \
Organization of the MOPADS User Interface . . « ¢« ¢« ¢« ¢« ¢« o« o « IV-5 T

Create Simulation Data Set. . . . ¢ ¢ ¢ o ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o« V-6 o

Set Up Simulation Run Data. . ¢« &« ¢ ¢ ¢ ¢ o ¢ o o o« ¢ o o o« o« o IV-8 )
Exa"‘inestatistics.o..-oooooooc.o..oco.o.IV'IO A
Cl"eate/Edit Aif‘ Scenal"io. ® © & & ° & & o ¢ o &6 * & & ° & ° e @ IV"ll o
Create/Edit Reference System Module . . . + ¢ ¢ ¢ ¢ ¢« &« ¢ o o o IV-11 St

Basic Data Base COmmands. « « « o« ¢ ¢ o ¢ o o o o o o o o o o o IV-13 P!
Conversing with the MOPADS User Interface « « « « ¢« « ¢ o« « « » IV-14 ;{;¥
Utilities and Supporting SOFftWare « « « ¢ o « o« o o o o o o o o« o « IV-18 R
MOPADS UtilitiesS. & o o ¢ ¢ ¢ o ¢ o ¢ o o o o o o o o ¢« s o o o« IV-18 o
FFSPandFFINZ............-......-.....IV-18 A.
GUIDE TO MOPADS DOCUMENTATION . & ¢ ¢ o o « ¢ o o e ¢ o ¢ o s o o o ¢ o V-1 RS
MOPADSVOIUmel-........oc.oo............ V‘l >__~_."
MOPADSVO]UMEZ......................-... V—l "}"‘:‘-'.
MOPADS VOTume 3 & & & ¢ ¢ o o o o o o ¢ ¢ o o o s o o s s o o o o V-2 AN
MOPADSVO]Ume4.......................... V-Z NIA._
MOPADS VOTUME 5 & & ¢ & ¢ o ¢ o o o o o o o s o s o o o s o o o o s V-4 T
REFERENCES. « « « o o o o @ o o o o o o s o s o o ooennoeneees VIl o
AERY

CHANGE NOTICES' ¢ & & 6 & o 4 & & O & & 6 &6 & O s o & & v @ s s o » o ¢ VII-I :»“'-“"

5%

T |
il r"" i
G W=

TE
e e

-

}

. W

A

A
- 5"5,;

P 3 z EPD
nafl\ o

vi




_%u-..
Lo

L X J
-{i.

-
ey

- o s m
-
-

e 22 s

i =
e
DN NS

r
L3

O

.,
B R

APPENDIX A.

B.
c.
D.
E.
F.

GI
H.

I.
Je
K.

L.

0.
P.
Q.
R.

LIST OF APPENDIXES
(Appendixes each published under separate cover)
USER GUIDE FOR THE AN/TSQ-73 SYSTEM MODULE
USER GUIDE FOR THE IHAWK SYSTEM MODULE
PERFORMING MOPADS SIMULATION
MOPADS ARCHITECTURE MANUAL
FORTRAN STYLE AND DOCUMENTATION REQUIREMENTS

DOCUMENTATION REQUIREMENTS AND DEVELOPMENT
GUIDELINES FOR MOPADS AIR DEFENSE SYSTEM MODULES

DEVELOPMENT METHODOLOGY FOR MOPADS AIR DEFENSE

MSAINT USER'S GUIDE: CHANGES AND ADDITIONS TO THE
SAINT USER'S MANUAL

CREATING REFERENCE AIR DEFENSE SYSTEM MODULES
CREATING MOPADS AIR SCENARIOS

A SUMMARY OF THE LITERATURE ON QUANTITATIVE
HUMAN PERFORMANCE MODELS

A DATA BASE FOR QUANTITATIVE HUMAN PERFORMANCE
MODELING

THE UNDERLYING PERSON MODEL BEHIND HOMO
(HUMAN OPERATOR MODEL)

HOMO ESTABLISHMENT OF PERFORMANCE CRITERIA
FOR NON-DECISION MAKING TASKS

MOPADS TASK SEQUENCING STRUCTURE
MOPADS DOCUMENTATION STYLE MANUAL
MOPADS UTILITY PROGRAMS

HUMAN FACTORS MODERATOR FUNCTIONS

vii

B o A A 4 A AR S B S AAA A - B i O G A

AL ired T'..'.TI..‘(_

LI N



b AN o S ahh ~a A4 ML MAE g iipnd ik ) gt B Al itk mat el e ia e -SSRl R RCR knt g Run

S. MOPADS FREE-FORMAT SYNTAX PROCESSOR (MOPADS/FFSP)

T. MOPADS USER INTERFACE (MOPADS/UI)

U. THE MOPADS DATA BASE CONTROL SYSTEM (MOPADS/DBCS)

V. MOPADS FREE-FORMAT INPUT PROGRAM (MOPADS/FFIN2)

W. DOCUMENTATION MANUAL FOR THE AN/TSQ-73 SYSTEM MODULE

X. DOCUMENTATION MANUAL FOR THE IHAWK SYSTEM MODULE

Y. THE MOPADS DATA BASE

Z, THE MOPADS DATA BASE APPLICATION PROGRAMS (MOPADS/DBAP)

AA. DOCUMENTATION MANUAL FOR THE MOPADS CONTROL MODULE
(MOPADS/CNTRL) AND THE MOPADS COMMON SYSTEM MODULE
PROGRAMS (MOPADS/CSMP)

----------

viii

---------------

1"‘-"‘1“ . L ‘\r‘ X ¢ UYL RN ( Y R (P"
Wouly" N "'"a‘!'b » 0 ‘."I.hi ‘ " ‘-‘Qat, g B .\-" () ..'!‘!"‘:"eg.!'l . ii‘ oA o

- vr-:? g

I.JC‘ VN

¥



FIGURE

II-1
II-2
II-3
II-4
II-5
I1-6

III-1
I1I-2

I1I-3
ITI-%
III-5
III-6

III-7
III-8
ITI-9
I1r-10
III-11
III-12
IT1-13
IIT-1k
III-15
III-16
Iv-1
Iv-2
Iv-3
Iv-4

V-5

LIST OF FIGURES

AN/TSQ~T3 Console Hooking ProcedureS.....ece..
Aggregate SAINT Task Model of Console Hooking.
Example Goal Priority Funetion....cceeceececcecss
Example Goal Priority Function FormsS....ceecee.
Goal Evaluation Procedure.....ccecceeaceccence
Schematic Structure of MOPADS Task Sequencing
Software...c.... cesssscrrcscone sescesssrncsnces

Development of System ModuleS..ceveceveecseans
Table of Contents for MOPADS System Module
Documentation.eecceccesccasnvacesecace

Example AN/TSQ~T3 Operator Task Flow Chart..
Example Message Sent Fram the AN/TSQ-73
Example SAINT Operator Definition Form...
Example SAINT Task Description for AN/TSQ-T3
(Nodes 53).ievvececen.

Example SAINT Task Descrlption for AN/TSQ-T3
(NOG® UT)eceeeneeccencccasanoceconcosasnannoans
Example SAINT Task Description for AN/TSQ-T3
(Tode 53) cevvevecncocncerecacarcoacanncaaseans
Example SAINT Task Node Description Form for
AN/TSQ=T3 (Node Tl)ecesecoecccessncecnnoccncns
Example IHAWK Message...c.cc... secosrncsonscas
Example THAWK Operator Definition Form........
Example Critical Asset Configuration..........
Example Air Defense Configuration.............
Viewers and Barriers-to-VieW....cecccececocoas
Data Base Organization of Air Scenario
Information.ecsceceseccsctcscecotanosasoasoanes
Selection of Air ScenarioS.cccccccceceracccacs

DBCS and MOPADS.ceccecccecctscscoscvaccancancns
Structure of the MOPADS User Interface........
Data Base Functions of the "Create Simulation
Data Set" SUDProCeSS.ccvcceecscrcenscccasnnses
Data Base Functions of the "Set Up Simulation
Run Data: SubprocesSS..ccccccecescccarsassccaces
Data Base Organization for the "Create/Edit

Reference System Module" SubprocesS.....se..--

Page
w————

11-9
11-10
II-15
II-16
11-18

131-24
I11-2
III-3
III-7
IT1I-9
II1-10
III-13
III-1h
I11-15
1II-16
II1-19

I11-21
II1-23

" IXI-2k

III-25

III-3
III-32

Iv-}
Iv-5

-1
V-9
v-12

"'I YRAAARA

&
ot s a4

k]

-~




e
D |

)
e

#

'?i;':-.;_:l E

.‘gfn .

'

\ TS

. S L W ~ o

II-1
I1-2
II-3
II-b

ITII-1
III-2
III1-3
III-b

LIST OF TABLES

Standard MOPADS Terminology.ceccesececees ceeense
MOPADS Skills TaxonOmMY..ccoevsesesenscca cecesvas
MOPADS Independent VariableS..cocevecas vacesane
Operator Goal for the AN/TSQ=T3cceeccerscceccass
Operator Goal for the IHAWK....ecvioo.. cecscane

AN/TSQ-T3 Operator Tasks Represented in MOPADS.
Messages for the AN/TSQ-73 and JHAWK.....c.ouen
JHAWK Operator Tasks Represented in MOPADS.....
Aircraft Type CodeS..cceeeasocacscassencccecnnns

Paze
I-5

I1-3
I1-6
I11-20
I1-22

I11-5
I111-8
I1I-17
I11-28

i Y




o

."A" N

P

¥
{ L

—

H

-

Lt |

R

I, OVERVIEW OF MOPADS

1-0 INTRODUCTION TO THE MOPADS PROJECT

The MOPADS (Models of Operator Peformance in Air Defense
Systems) Project has developed modeling tools to represent the
performance of human beings in complex man-machine air-defense
systems. The primary goals of MOPADS were to create an analysis
vehicle that is:

1. flexible - in other words, able to model a
wide variety of system configu-
rations, human factors conditions,
and air defense scenarios,

2. expandable - i.e., amenable to inclusion of
additional elements of air
defense systems and additional
human factors considerations with-
out disrupting previously exist-
ing features and with a reason-
able effort, and

3. user-oriented - in other words, sufficiently easy
to use so that a professional
behavioral scientist can conduct
meaningful experiments without
performing programming or explicit
computer modeling activities.

Success in achieving these goals resultc in a modeling
tool that permits low cost analysis of human factors considerations
in complex air defense situations. The analyses will be low cost
to the behavioral scientist because the main expenditure of his/her
time will be in creating the experimental design and in selecting
the various input parameters for MOPADS. Expensive single purpose
models will not need to be developed for each new application. Also,
if the MOPADS system is expanded to provide new capasbilities, the
analyst will not have to learn a new modeling framework or new data
requirements, formats, etc. Performing the experiments will be low
cost also, since only a few minutes of computer time will be required
for most MOPADS simulations.
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.ﬁ 2-0 HUMAN FACTORS MODELING IN MOPADS 3
* o]
: Since operators are the main focus of MOPADS, the way in which
W human factors are represented in the models is central to the w2

methodology. Human factors affect the simulation outcomes in o
»: two ways: ®
R4
3 1. by affecting activity performance times, and :i
D o
") 2. by affecting operator task sequencing.

\ Three types of operator activities are represented in MOPADS. 5
’ The first is skill based behavior. This type of behavior involves ;
> actions requiring one or more skills such as tracking, detection,
2 and fine manipulation. Skill based behaviors are simple control

- "

“ actions. Examples in the Air Defense setting are pressing appro-

» priate buttons, entering alphanumeric values on a keyboard, and

{_; locating a symbol on a display. In MOPADS terminology, these o
S actions are called "task elements''because they are the components of 3
-j operator tasks. MOPADS task elements correspond to the lowest level

-: of instruction information found in Army documentation. For example, 3

‘ vhen an AN/TSQ~T3 operator performs a number hook, one of the actions J,
- required is to enter a track identifier on a keyboard. This activity -
- obviously requires hand and arm motions, finger motions, eye motions,

E and head motion. MOPADS does not explicitly represent these com- g
ponents of the activity. Rather, the skills required for this .
action are specified, and the human factors modules compute the
’ time required. The MOPADS model contains only a single modeling y

symbol that represents the keyboard entry. This means that there is g

, a nearly one-to-one match between MOPADS model symbols and Army
5 system documentation. Also, data collection is restricted to values Y
% which can be directly observed from operator actions. j(
0k The second type of behavior represented in MOPADS is rule
~ based behavior. This type of behavior is typified by the perfor- “
.:u mance of check lists. Much of the activity of air defense operators r
;’0 can be classified as rule based behavior. Operator tasks (sometimes
“ called "critical tasks") are specified in Army documentation, and T
o they are, in effect, check lists which the operators memorize. {:
Operator tasks (or simply "tasks") involve skill based actions (task

elements), and simple decisions. Examples include hooking a track,
") clearing alerts, and marually identifying a track. ;j_,

) E

: Operator tasks are also obtained directly from Army documen-

; tation, and there is a nearly one~to-one correspondence between ﬁ’f
A", official documents and MOPADS representations of tasks. In the same ol

way that a single MOPADS modeling symbol represents a single

- task element, a collection of such MOPADS symbols represents an “
j.': operator task. X
"‘ AN
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Q The third type behavior represented in MOPADS is knowledge :~€

! based behavior. This type of behavior is strategic in nature. Air ‘ ﬁ
defense operators perform this type of behavior in selecting which "

: tasks to perform in order to accomplish their mission. In particu-
. lar, the operators must decide which operator tasks to perform and —
in what order. The MOPADS term for this activity is "task
. sequencing.” MOPADS operators are represented as goal seekers,
(] They evaluate the potential impact of available operator tasks on
5 their goals when selecting the next task to perform.

RS

MIE ih i A S ¢
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It is more difficult to obtain Army documentation references
b for operator goals because they result from common practice,
standard operating procedures and individual operator motivations.
The approach taken in MOPADS has been to consult subject matter
experts (in addition to Army documentation) to determine a suffi-
cient set of operator goals.
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It is clear that the way human factors modeling is performed X
in MOPADS will be the central concern of behavioral scientists and
that no such methodology is sufficiently well established so as to
7 elicit no controversy. Therefore, the human factors modules
A developed for MOPADS are stand-alone software modules. This means

that other researchers will be able to experiment with the metho-
. dology in a context removed from the MOPADS project. Furthermore, o
‘ the modules are sufficiently well documented so that other }E
researchers can test alternate parameter values and even substitute Y
human performance equations.

3l a
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This approach has benefits to MOPADS in that alternate human
factors representations can be readily tested within the MOPADS
system, and it will hopefully provide a useful tool for behavioral <

1 scientists to evaluate theories in a unified framework. -f:‘

=

3-0 SIMULATION METHODOLOGY IN MOPADS

The simulation methodology selected for MOPADS is discrete ?#"

event simulation. This means that the computer explicitly repre- o

3 sents each action and event ( to the level of detail selected by RO
) the modeler) that occurs in the system. This is in contrast to tn
algebraic or differential equation models which aggregate and b

smooth individual events to obtain overall average performance o

. measures.

The advantages, in the MOPADS context, of a discrete event
simulation are: )

1, An actual time history of events is produced by the
simulation. This can be important for interfacing
the simulation with real time hardware simulators or ol
field equipment, since the simulator events will more :
closely approximate the events in the "live" systems. -“ﬁ:
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Discrete event modeling provides the potential for a
higher degree of fidelity than do more aggregated
techniques. The degree of detail can be determined by
the modeler, and individual subsystems can be selectively
aggregated or disaggregated as required.

It allows the introduction of human factors considera-
tions at the level at which they naturally occur. 1In
other words, individual operator actions can be affected
rather than some performan- : measure aggregated over
many actions.

The SAINT simulation language has been selected as the host
language for the MOPADS operator models. SAINT is an acronym for
Systems Analysis of Integrated Networks of Tasks. It was initially
developed by Pritsker & Associates, Inc. for the U. S. Air Force to
model human performance in man-machine systems and has had numerous
applications including modeling of operators of remotely piloted
vehicles.

The unique feature of SAINT is that it provides a formal capa-
bility to introduce human factors considerations. This is done
using "moderator functions" which modify the nominal time to perform
tasks. The modification, of course, is based upon the operator's
ability to perform the task at that time. Thus, SAINT has features
wvhich make it immediately useful for constructing models in MOPADS.

L-0  MOPADS TERMINOLOGY

LN

The remainder of this report discusses the above topics in
greater detail, and it will be helpful if the reader familiarizes
himself/herself with the "Standard MOPADS Terminology" contained
in Table I-1l.

i
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p Table I~1. Standard MOPADS Terminology o

. AIR DEFENSE SYSTEM A component of Air Defense which includes

equipment and operators and for which

technical and tactical training arerequired. L
g Examples are IHAWK and the AN/TSQ-T3. t
§
¢

AIR DEFENSE SYSTEM Models of operator actions and equipment

k MODULE characteristics for Air Defense Systems in
the MOPADS software. These models are pre~ e
pared with the SAINT simulation language.

' Air Defense System Modules include the oo
SAINT model and all data needed to com- )

pletely define task element times, task

sequencing requirements, and human factors %

influences. o

E AIR SCENARIO A spatial and temporal record of aerial

activities and characteristics of an air

defense battle. The Air Scenario includes et

aircraft tracks, safe corridors, ECM, and A3

; other aircraft and airspace data. See ft
also Tactical Scenario. W

BRANCHING A term used in the SAINT simulation lang-
uage to mean the process by which TASK nodes -
. are sequenced. At the completion of the ey
’ simulated activity at a TASK node, the s
Branching from that node determines which .
TASK nodes will be simulated next.

\ DATA BASE CONTROL That part of the MOPADS software which .

‘ SYSTEM performs all direct communication with the oy
MOPADS Data Base. All information transfer
to and from the data base is performed by
invoking the subprograms which make up the
Data BAse Control System.

g DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Army documentation and other data needed to
. prepare Air Defense System Modules.

I-5
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ENVIRONMENTAL An element of an Environmental State }é
) STATE VARIABLE Vector.

. . L oy
- ENVIRONMENTAL An array of values representing conditions -
- STATE VECTOR or characteristics that may affect more )
-, than one operator. Elements of Environmen- ?j
: tal State Vectors may change dynamically e

b during a MOPADS simulation to represent
changes in the environment conditions. r_g
- MODERATOR FUNCTION A mathematical/logical relationship which -
X alters the nominal time to perform an opera- o
b tor activity (usually a Task Element). The o
nominal time is changed to represent the .
ﬁ operator's capability to perform the %3
R activity based on the Operator's State -
L. Vector.
b =
. MOPADS DATA BASE A computerized data base designed specifi-
& cally to support the MOPADS software. The

MOPADS Data Base contains Simulation Data

e Set{s). It communicates interactively with
MOPADS Users during pre- and post-run data
W specification and dynamically with the SAINT
software during simulation.

roemy

)
'

Lk

oy
P s

y MOPADS MODELER An analyst who will develop Air Defense
Y System Modules and modify/develop the
b MOPADS software system.

=

X, MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPADS software.

BTN

B -

MSAINT The variant of SAINT used in the MOPADS

-~
‘ (MOPADS/SAINT) system. The standard version of SAINT has -
‘ been modified for MOPADS to permit share- ’
L able subnetworks and more sophisticated o
', interrupts. The terms SAINT and MSAINT are KR
b used interchangeably when no confusion will e

result. See also, SAINT.
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OPERATOR STATE
VARIABLE

One element of an Operator State Vector.

OPERATOR STATE
VECTOR

An array of values representing the condi-
tion and characteristics of an operator of
an Air Defense System. Many values of the
Operator State Vector will change dynamically
during the course of a MOPADS simulation to
represent changes in operator condition.

OPERATOR TASK

An operator activity identified during
wearons syster front-end analyses.

SAINT

The underlying computer simulation language
used to model Air Defense Systems in Air
Defense System Modules. SAINT is an acronym
for Systems Analysis of Integrated Networks
of Tasks. It is & well documented language
designed specifically to represent human
factors aspects of man/machine systems.

See also MSAINT.

SIMULATION DATA SET

The Tactical Scenario plus all required
simulation initialization and other experi-
mental data needed to perform a MOPADS
simulation.

SIMULATION STATE

At any instant in time of a MOPADS simula-
tion the Simulation State is the set of
values of all variables in the MOPADS soft-
ware and the MOPADS Data Base.

SYSTEM MODULES

See Air Defense System Modules.

TACTICAL SCENARIO

The Air Scenario plus specification of
critical assets and the air defense con-
figuration (number, type and location of
weanons and the command and control system).

I-7
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-3 TACTICAL SCENARIO An element of a Tactical Scenario, e.g.,
¥ COMPONENT if a Tactical Scenario contains several
vt Q-T3's, each one is a Tactical Scenario
Y Component.

L, TASK See Operator Task. ‘i
TASK ELEMENTS Individual operator actions which, when A
e grouped appropriately, make up operator 1S
'; tasks. Task elements are usually repre-

o sented by single SAINT TASK nodes in Air ‘o

Defense System Modules. -

. TASK NODE A modeling symbol used in the SAINT simula- :3

tion language. A TASK node represents an <
activity; depending upon the modeling cir-
cumstances, a TASK node may represent an "3
individual activity such as a Task Element, éi
or it may represent an aggregated activity
such as an entire Operator Task.

. i R
T
[ A S

o TASK SEQUENCING A mathematical/logical relationship which

o MODERATOR selects the next Operator Task which an Ei
FUNCTION operator will perform. The selection is :

R~ based upon operator goal seeking character-

s istics.
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I1.  MOPADS HUMAN FACTORS MODELING -
{j
1-0 OVERVIEW OF HUMAN FACTORS IN MOPADS 7
MOPADS models consist of networks of tasks, and each task is X
a network of task elements. The way in which the tasks are con- i;
nected in the network represents potential operator decisions on i
sequencing of tasks. Human factors will affect this system in two o
ways: o
1. The time to perform task elements is affected 5?
("moderated") by environmental and operator conditions. A
Thus, the values of independent variables such as lack =
of sleep, hours of continuous duty, amount of fﬂ
training, and tracking ability as well as environmental <)
variables such as ambient temperature may affect the =
time reguired to perform tasks. o
2. The order in which the operator performs operator =
tasks will be determined by the degree which a parti- ,f
cular task will help to satisfy the operator's goals. -~
When a task is completed, the operator will evaluate ;:
the state of each goal and estimate the impact on these .
goals from the various options at hand. A task will x
be selected based on the operator's objective and his P
estimates of the probable goal improvement. .;
2-0  TASK ELEMENT MODERATOR FUNCTIONS _;ﬁ
2-1. The MOPADS Skills Taxonomy. Nt
As discussed earlier, task elements are generally the Q‘
lowest level of activity described in Army documentation. Since .
these actions are directly observable, it is relatively easy to s
obtain estimates of the nominal time to perform them. Such times, jﬁ
however, will be estimates of the "nominal" time under average ‘
conditions and by average operators. In order to systematically
estimate the effect on operator performance of environmental and
scenario specific conditions, the task element performance times
must be known as functions of these variables.
MOPADS uses the concept of a "moderator function" to accom-
plish this. The moderator functions accept the nominal task element -
performance time and alter it ("moderate it") based on endogenous :Q,
and exogenous environmental variables. In this way, an operator's t}:
' Y
M
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{'ﬁ performance is affected dynamically during the simuwlation by the

JeN changing conditions of the system. A major activity of the MOPALS

fi{; project has been the development of the moderator functiomns. Single

§¢j observations of operators is not a practical method to obtain such

<,§[’ functions because of the many variables and conditions that would

; need to be controlled.

;?i; Consider the action of an AN/TSQ-T3 operator. There are

3:;? literally dozens of task elements which this operator performs. It

;‘;? would be a prohibitively expensive chore to develop separate modera-

Y?,E tor functions for each task element. To do so would reguire that
operators be observed performing each task element under controlled

& conditions while varying the independent variables of interest. Then

Y{5 the data would need to be reduced to a functional form suitable for

ﬁ:{ use in MOPADS models.

f?f* A moderator function approach was needed that would be generic
in nature. In other words, one that would be applicable to more than

s one task element. The approach selected was to consider each task

“nf element as an activity that requires one or more operator skills. The

11% human factors literature contains a good deal of data on how skill

}aﬂ verformance varies with a wide variety of independent variables. The

S idea was to develop skill moderator functions for the skills required

by air defense operators, and then to combine these functions according
to the skills required for a particular task element to obtain a com-
bined moderator tailored for the task element. A skills taxonomy simi-
lar to the one presented in Finley, Obermeyer, Bertone, Meister, &
Muckler(1970) was selected since it includes skills required by air
defense operators. It is shown in Table II-1.

Moderator functions for each of these skills have been

i %: developed. Each of the operator task elements is considered to

o : require a combination of one or more of the skills shown in

r ) Table II-1. A moderator function for a particular task element

AN is evaluated by combining the moderators for the component skills
p as explained in Section 2-2 below. In this way, moderators for a

S wide variety of air defense operator actions are available from a

; x§ relatively small set of skill moderator functions.

o

_*:{ The skill moderator functions were developed from the open
:? human factors literature. The following five steps were performed

to develop them.
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! Table II-1. MOPADS Skills Taxonomy. <
o s
"

A
._ 1 Probability Estimation
2 Time Estimation b

3 Long Term Memory-Sensory o

L Long Term Memory-Symbolic ”
5 Short Term Memory-Sensory Sy

6 Short Term Memory-Symbolic .‘~

7 Numeric Manipulation -

8 Recognition AL
9 Unused
10 Unused ‘_'.j
11 Timeshrring o
12 Detection "
13 Fine Manipulation =
1k Gross Manipulation L
15 Unused P -’:
16 General Physical Effort "
17 Reaction Time >
18 Tracking =
19 Team Coordination 5
A

o

M

v M

§

%
l\'\

1. Literature Review ' :;.'
2. Development of a Computer Data Base v
3. Selecting Independent Variables " 4
L. Developing Moderator Functions
5. Cross-checking the Moderator Functions with a :}'
Structural Mcdel cf the Human Y
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Since the moderator functions are to refelct the current
state~-of-the~art in quantitative human performance modeling, the
first step was to review the current literature. This was
completed and documented in Laughery (198la). The next step was
to organize this literature in a meaningful way. One part of the
organization was already defined by the skill categories. Each
human performance model in an article was categorized by the skill
it modeled. In some cases the model grouped several skill categories
(e.g., detection and identification). In this event, it was assigned
to multiple skill categories. Secondly, a model within an article
could be characterized by the independent variables which moderated
performance of the skill. By compiling these "data" on the litera-
ture, it was possible to select all articles involving a particular
skill and examine the independent variables included in the models.

To facilitate rapid analysis of the literature data base, a
set of computer programs and files for data base management were
prepared (Laughery, 1981b). As the literature was reviewed and the
data entered into the data base, no screening was performed on the
information. In other words, each time a new independent variable
was encountered, it was added to the list of variables. The extent
of the literature review was constrained by resources and time avail-
able and by the skills taxonomy which bounded the set of vpertinent
literature. The entire data base and the data base programs have
been delivered to the government for further developemnt if warranted.

When the literature search was complete, it was necessary to
reduce the information collected to a coherent set of moderator func-
tions. Not all of the independent variables represented in the data
base would be relevant to MOPADS, and the 'ssue of "sufficiency"
needed to be addressed. In other words, was the set of independent
variables sufficient to model air defense operators.

Some type of cross-check was required. Relying solely on the
literature to identify which independent variables affect skills
assumes that all relationships have been studied and reported in the
open literature. Since this is surely not the case, a conceptual
model of the human was developed from a slightly different perspective
(Laughery & Ditzian, 1981). Rather than treating the human as a
performer of different types of skills, a model was developed of the
human with respect to functional systems (e.g., visual, auditory,
memory). Those human systems involved in each skill category from the
taxonomy were then intuitively identified and arrayed into a "human
systems" by "skills" matrix. As the list of independent variables was
developed, those independent variables which were intuitively expected
to interact with the human systems were identified and documented in
a "human systems"” by "independent variables'" matrix. Finally, a list
of hypothesized independent variables was linked to every skill by
crossing the "human systems" by "skills" matrix with the "independent

II-4

Lt 2

[ 4

Y

. m

g

&
»




L

Iy

.-
A

e

2

|/

o
‘aty

FR

t
L

=

N

<1

2

s |

WA

variables" by "human systems" matrix, resulting in an "independent
variables" by "skill categories" matrix. This matrix was compared
with the moderator functions for each skill category to see if all
theoretically related independent variables were included.

Promising articles in the data base were examined in greater
detail and their performance models compared with the intuitive human
function model. Two articles that significantly affected the final
model were Siegel, Pfeiffer, Kopstein, Wilson, &Ozkaptan (1979) and
Pew, Baron, Seehrer, & Miller (1977). The final set of independent
variables for MOPADS is shown in Table II-~2.

The three categories of independent variables specify the
scope of each category of variables. Operator variables constitute
the operator's state vector. Each operator has his own set of values
for these variables.

The environmental variables form the environmental state
vector. These variables affect all operators in the same environ-
ment. For example, both operators in an AN/TSQ-T73 are affected by
the same environmental state vector. Finally, task variables apply
to any operator that performs the task, and each task has its own
set of values for each of the variables.

Obviocusly, some of the independent variables do not apply to
operators of the AN/TSQ-T73 and IHAWK. They have been included,
however, because the objective in developing the taxonomy was to
characterize the skill requirements of most air defense operators.
Thus, MOPADS can be expanded at a later time to include other air
defense systems such as Redeye, Vulcan, etc. All of the independent
variables shown in Table II-2 have been implemented in the current
MOPADS software. Since only the AN/TSQ-T73 and IHAWK are modeled,
however, not all of the variables are used. This causes no difficulty
in the present models, but it will greatly facilitate future
expansions.

2-2, Computation of Combined Task Element Moderator Functions.

The current implementation of the MOPADS skill moderator
functions affect only the mean task element time. The software has
been developed in such a way that, if at some time appropriate data
become available, then the standard deviation and distribution func-
tion can also be moderated.

Consider the operator task shown in Figure II-1 for the
AN/TSQ-T3, and the aggregate SAINT task model shown in Figure II-2.
The trapezoids labeled in Figure II-1 corresponds to the SAINT
"task node" numbered 48 (with LABL: NUMHOOK) in Figure II-2. Task
node L8 in Figure II-2 is the SAINT modeling symbol that corresponds
to the task elements "ENTER TRACK NUMBER, FIRE UNIT, OR SITE ADDRESS
ON A/N XEYBOARD" and "PRESS TASK FUNCTIONS-NUMBER HOOK".
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.;::;. Table II-2. MOPADS Independent Variables.
n.ﬂ
A0
~!
; OPERATOR STATE VARIABLES
L 1 CORE TEMPERATURE
o 2 CI0 VALUE
Yo 3 TIME ON TASK
A 4 DAYS OF DUTY
5 SEARCH DIMENSIONS
. 6 NUMBER FIRE UNITS
o 7 PERCENTAGE RECOVERY
e 8 PREVIOUS WORK
1N 9 PREVIOUS REST
P 10 FLASH INTENSITY
i 11 TARGET SPEED
- 12 TARGET TYPE
" 13 TARGET SIZE
o 14 TARGET COLOR
1A 15 SEARCH AREA
ol 16 BINOCULAR USAGE
i 17 SLANT RANGE TO TARGET
= 18 TARGET TRAJECTORY
R 19 TARGET BACKGROUND COMPLEXITY
- 20 NUMBER BACKGROUND CHARACTERS
e 21 MESSAGE BACKLOG
i 22 SIGNALS PER MINUTE
R 23 HOURS WORKED PER WEEK
A 24 DAYS WITHOUT SLEEP
K< 25 DAYS OF NIGHT DUTY
e 26 SIMULTANEOUS TASKS
,'ﬁ ' 27 CONTRAST RATIO
L 28 AVERAGE HOURS SLEEP
} 29 OBJECTIVE FUNCTION
” 30 GOALS CONSIDERED
o 31 TARGET BRIGHTNESS
P 32 NIGHTS
W 33 SKY GROUND RATIO
et 34 AIRCRAFT ALTITUDE
=e 35 METEOROLOGICAL RANGE
o 36 THRESHOLD CONTRAST
BN 37 TARGET HEIGHT
b 38 TARGET WIDTH
gt 39 TARGET DEPTH
A 40 HORIZONTAL RANGE
41 NUMBER OF RESOLUTION ELEMENTS
brrT 42 NUMBER OF SUSPECT AREAS
o 43 AIRCRAFT SPEED ;
i 44 FIELD OF VIEW :
8¢ 45 OBSERVER OFFSET
m i '
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e
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Table II-2 (continued)

DISPLAY TARGET LOCATION
TARGET LOCATION

DISPLAY RESOLUTION
DISPLAY BACKGROUND HEIGHT
DISPLAY BACKGROUND WIDTH
DISPLAY BACKGROUND DEPTH
DISTANCE TO DISPLAY
DISPLAY HEIGHT

DISPLAY WIDTH

TARGET NOISE LEVEL
TARGET DURATION
EXPERIENCE

SIGNAL PROBABILITY

REST PERIODS

DAYS SINCE PRACTICE
SENSE OF DIRECTION

SKIN TEMPERATURE

TIME IN TEMPERATURE
PREVIOUS SKIN TEMPERATURE

ENVIRONMENTAL VARIABLES

WO P WM

DRY BULB TEMPERATURE
RELATIVE HUMIDITY

AIR MOVEMENT RATE
NOISE LEVEL

WORK AREA ILLUMINATION
NUMBER ON DUTY
VIBRATION

AMBIENT VAPOR PRESSURE
NOISE PREDICTABILITY

TASK RELATED VARIABLES

OSSN R WN=

10
11

* See Legend

* % % *

KILOCALORIES/MINUTE
NUMBER OF BRANCHES OUT
STIMULUS MOOE 1

STIMULUS MODE 2
RESPONSE MODE

OBSERVER TARGET POSITION
CONTROL DISTANCE

CONTROL WIDTH

NUMBER OF DISPLAYS
NUMBER OF ALTERNATIVES

NUMBER SHORT TERM MEMORY ITEMS
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t’ Table II-2 (continued) =
B Legend -—
\ b
-('i .
- Stimulus Mode 1 -
L (3%
- A two-digit number s
N 10's digit - 0 - no visual '
‘ 1 - visual -
- 1's digit- 0 - no auditory
" 1 - auditory
Stimulus Mode 2 3
L A three-digit number as above ol
100's digit - 0 - no olfactory
1 - olfactory .
10's digit 0 - no kinesthetic
o 1 - kinesthetic
1's digit 0 - no tactile T
"' 1 - tactile g
Response Mode <
A two-digit number ~
- 10's digit - 0 - no vocal -
- ' 1 - vocal ,
- 1's digit 0 - no tactile 2
1 - tactile ol
Observer Target Position o
g 1 - ground to ground .
S 2 - air to ground ;
3 - ground to air
v 4 - air to air
¢ 5 - at a display K
N 2
K "
N A
. (=3
7 G
o -
J
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ENTER TRACK ‘s
NUMBER, A/N KEYBOARD o
FIRE UNIT, OR SITE ENTRY APPEARS -
by S ON IN ARO ROwW 8 NUME ks
- A/N KEYBOARD COLUMNS 57-64 HOOK <
~ arvem 5 UTEM 4) o
e
FORMAT:
Alkzllml. A: AgA NNN OR NNNN (TRACKY e
! - A0 NNN OR A N N, (FUK AjA, OR NHN (SITES) -
t}; ~N AJA, NN AATOL-1 TRACK DR ATDL-] OR MBOL FU) ™
PRESS \ |MAumtisto o
GEOREF \ | 4-aTwun sore ~
'3 POSITION Ay-ATHRUN <«
2 (TEM 2) N |
Y N Ay A, A NN INATO TRACK) -
Ay-n -
A A ECN, RUM 2
: ENTER ) 4 TuRY P
! GEOREF N-0 THRU 7 L
0] COORDINATES NNNN (TADIL-B TRACK) b
3] OF SYMBOL ON NN (TADIL-B SITE)
A A/N KEYBOARD M- 0 THRY 7 =
AghN, (FU DESIGNATOR USED TO ASSIGH .
DOG ROW NUMBER) -

i Ag-ATHRUZ K
N N -0 THRU® v
7, =

A/N KEYBOARD PRESS [

ENTRY APPEARS [TAsK FUNCTION) s MovES :
1N ARO ROW 8 0 ENTERED %

COLUMNS 5764 1POSN ENTRY COORDINATES by

. UTEM 3 on emt v
A POSITION L
", TAB [ A
ON SY2BOL

70 8¢ -
) HOOXED -

i PRESS 3

P —TASK FUNCTIONS, :
2 ~ TASK SELECTIONS [FoiwrooR) X
e 1)

] e, ;
. et vares ov~" ra HOOX SYRIBOL -
f;.’ : = =4 DESIENATED STTGOL N

3 ARD DATA FOR Y
TASK FUNCTIONS — WOOKED ITEM 1§ -

_ EEEEEE :: "
| . | EFEEES &

| _L—4 woves. o
. 1. POSN HOOK AWD MUMBER KOOK VALID '
vy {0 #_— el ‘-—- | L1 v ALL MOOES EXCEPT TEST, v
v e I - 2, c:o'ntr HOOK VALID ONLY IN TRACKING P4
OR TRACKING/TACTICAL 200K, .
SN { PO [aad b 3. anns COWPIENT -
b [ | L IR (D (17

st g
(4
LI
’:ﬂ Figure 4-14. Consale llooking Pmcedures — Number. GEOREF, and Position Mook
'y - -
:c’ 7
..I~
Figure II-1. AN/TSQ-T3 Console Hookirg Procedures. 5
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Sample data for this task element are shown below:

Nominal Mean Time: 4.5 seconds
Skills Required: Fine Manipulation 5%
Short-Term Memory- 15%
Symbolic
Detection 10%

Inring a MOPADS simulation, when an operator is to perform this

task element, MOPADS will call the moderator functions for the

three skills shown above. The moderator functions have access to
the information in the operator state vector, the environmental
state vector, and the task data. With this information, the moder-
ator functions will each compute a change to the mean of 4.5 seconds.

Let D,, D2, and Dg be the computed changes from the moderator

functions f%r fine mani

ulation, short-term memory-symbolic, and

detection, respectively. See Laughery & Ditzian (1982) & Laughery

(1981) for these skill moderator functions.
determined from

umoderated

The combined mean is

L5 + (.TSD1 + .lSD2 + .10D3)

The obvious interpretation is that approximately 75% of the time
perforning the task element is infine manipulatiorn, etc., and minimal
interaction between skills occurs. In the absence of data, these
are relatively mild assumptions to achieve computable moderators

for a wide variety of activities.

The moderated mean may then be used in the simulation to deter-
mine the time reguired for the operator to perform the task element.

MOPADS allows several options in this regard:

1. Deterministic, unmoderated -
2. Deterministic, moderated -~
3. Stochastic, unmoderated ~
L, Stochastic, moderated -
I7I-11
"! -."’4 :'."- :.}:‘.:(", iy ,l\./" " (i ,&' - ,~ , - ""\ 0 .. e

always use the nominal
mean time

use umoderated for the
task element time

make a random draw from
the specified distribu-
tion function whose
mean is the nominal
mean. Do not use the
moderator functions.

make a random draw

from the specified
distribution function
whose mean ls“x‘nodera.ted
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o MOPADS supports the following distribution functions: r
-‘{\ .~
\\:~ Constant L
"
ha Normal
Ao Uniform i
': . Frlang -1 (Exponential)

‘ Lognormal

Beta

i Gamma .
{‘t The Gamma distribution is the default distribution, but the user can
-~ select any of the above.
F .o

' 2-3. Software Implementa*ion.
W

;\ As stated earlier, the human factors moderator function :
\{;‘ module has been developed in a way that allows it to be separated
RN from the rest of the MOPADS software and used independently. This

;7_ has been accomplished through the following design considerations:

1. Every moderator function subprogram has an

identical calling sequence. .

Moderator functions request data from the
operator state vectors, environmental state
vectors, and the task data through standard %

ey |
l\)

'I:e subprogram calls.

‘-;C: The implication of the above are that non-MOPADS software environ- <
“ ments can use the moderator functions by calling them in their stan- Y
- dard way and by providing utility programs that the moderator functions

) will call to access operator, environmental, and task data. MOPADS docu-

" ments Laughery & Ditzian (1982) & Laughery (1981) contain the technical z
*” details. '
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3-0 TASK SEQUENCING METHODOLOGY

W
be fa

" - -

St 3-1. Task Sequencing Considerations. N
In order to adequately model the actions of an air "
defense operator, the simulation must "perform" operator tasks in a r

:'-:. way that responds to the air defense scenario. 1In other words, the )

:.:3' simulated operators must perform tasks that tend toward accomplishing .

o the mission of the air defense system. Developing a methodolcogy that .
y will exnibit this behavior is more difficult than simulating the

o operator tasks, because the simulation must represent the knowledge, o

x.: experience, and motivations of the operators. e
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Furthermore, the simulation methodology needs to be accessitle
to the user. In other words, input parameters Tor the task
sequencing algorithm should be intuitively meaningful and reasonably
easy to determine. With these ideas in mind, the objectives in
Aeveloping a task sequencing procedure were as follows:

The procedure should be:
1. consistent with the literature,

2. intuitively meaningful so that a MOPADS analyst
can specify operator oriented parameters
rather than abstract parameters that are
obtained from some curve fitting procedure, and

3. relatively goal independent. This means that
the parameters associated with one operator
objective are nearly independent of the para-
meters associated with all other objectives.

Utility function and goal seeking approaches were considered.
The nmulti-attribute utility function procedure was discarded
because it did not satisfy objectives (2, and (3) above. A goal
seeking approach, on the other hand, can be implemented in a way
+that satisfies (2) and (3) above and is consistent with the Newell &
Simon (1972) view of humans as goal seekers. The principal advantage
of the goal seeking approach is that the utility or "goal priority"
of each goal can be computed independently of all other goals (this
of course, is an assumption but a relatively mild one).

In particular, goal priority functions can be defined that are
ordinal in rature, so that changes in parameters for one goal do not
affect the parameters of other goals. The pricrity, or degree of
goal satisfaction, for each goal can then be compared. This is in
contrast to a multi-attribute utility approach in which a cardinal
utility value is computed as a function of all goal states. The
usual approach in utility theory is to develop a utility function
of several variables (the goal states) from a curve fitting pro-
cedure. This is a cumbersome method for use in MOPADS because changes
to individual goals for individual operators cannot be easily incor-
porated into the model.

3-2. The Task Sequencing Procedure.

The goal seeking behavior of the operators is charac-
terized by the following:

1. The operators have a set of goals which they desire
to satisfy simultaneocusly. They are capable of
determining the value or state of each goal. For
example, the operator may desire to maximize the
distance from a critical asset to any hostile air-
craft. The goal state is the minimum distance to
any hostile track.

II-13

1( 1":.,‘.‘1;. .

L7

DN

TEA AL

'
st el

2
Y i

3 FY

‘

‘ ./.',,‘. .

z



v
"‘.{'.‘.‘f:i" - i

- -

N
e Y

-

,\ .
S
LT

2. The operators can rank the importance of their
goal states. In other words, they can assign
priorities to their goals based upon their
current states. For example, an AN/TSQ-T3
operator can determine whether an uncleared
alert message or a hostile aircraft within 30
miles of a critical asset should be attended
to next.

3. The operators are capable of estimating the
changes that will occur in *heir goal states if
a particular task is performed.

L, Operators are limited in their ability to
satisfy their goals. They may not be able to
consider all of their goals at once.

These concepts are implemented in the following ways. For
each operator goal, the goal state (denoted GS) must be explicitly
specified in a way that allows GS to be assigned a unique value
(e.g., GS = the number of unassigned hostile tracks). Ther a goal
priority function, GP, is specified for the goal that assigns a
non-negative value to each value of GS. Figure II-3 shows an
nyrothetical example. The goal is satisfied when the goal state,
3S, is betweeq m and M. This is signified by GP = 0 when
m < M. If the goal state is less than m or greater than M,
then the priority of the goal (i.e., its degree of dlssatlsfactlon)
increases linearly.

The meaning of tne particular goal priority function in
Figure II-3 is that the operator is satisfied and indifferent to any
value of the goal state between m and M. Downside deviations (i.e.,
values of GS less than m) are more important than upside deviations
(i.e., values of GS greater than M) since the slope for downside
deviations is greater than the slope for upside deviations.

Each goal that an operator has may have a different priority
function. See Figure II-4 for examples. The values of the goal
priorities for each goal are compared in an ordinal fashion during
task sequencing to determine the most dissatisfied goal or goals.
This scheme allows the parameters for a goal priority function to
be specified or changed without affecting the priority functions
for other goals. Of course, complete independence is not obtained
because the modeler must always be aware of the priority functions
of the rest of the goals.

Determination of the goals and the goal priority functions
must be accomplished with close coordination with subject matter
experts since no open literature is available. Recall that the
operators will select tasks in order to improve their goal states.
Therefore, the modeler must specify one or more goals whose states
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are affected by each task. Goal priority functions may be deter-
mined by giving pairwise comparisons to subject matter experts

(e.g., given states for two goals, which goal would have the highest
priority?). Since the scale of the goal priority is arbitrary, the
modeler can ordinally rank the responses to achieve correct rankings
of the goals. 1In the current MOPADS implementation, a goal priority
of 10 has been used to imply an extreme emergency, so goal priority
values generally fall in the range zero to 10.

(3
l.'l

P
x

The operators seek to achieve one of the following two
objectives when selecting the next task.

-
}g' 1. Maximize the expected reduction in the average goal
priority of the NG largest goal priorities. /
?j 2. Maximize the expected reduction per unit tim: of the
- average goal priority of the NG largest goal
. priorities.
-
=
GS - Goal State
el GP - Goal Priority
GP=0 Implies that
) the goal is
iy satisfied.
N
) | GP
™~ 0
m M
L GS

Figure II-3. Example Goal Priority Function.
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Figure II-L4. Example Goal Priority Function Forms.
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In the first case, the operator computes the average goal
priority of the NG most dissatisfied goals. NG is a parameter of
the operator which may be set by the MOPADS user. Note that if
NG is one, the operator "puts out the biggest fire first." As NG
increases, the operator is modeled as being able to take a more
and more global view of his tasks. At the present time, NG
remains fixed for each operator during the entire simulation. If
relevant data were available, it would be possible to dynamically vary
HG in response to operator work load or other conditions during the
simulation.

The second objective function is similar to the first, but,
in addition, the operator estimates the time it will take to per-
form each option available. With this information, the operator
estimates the change in average goal priority that will occur per
unit time and selects the one which gives themost rapid improvement.

Finally, a last-in-first-out task stack is maintained for
each operator. Some options available to the operator may involve
performing several operator tasks before re-evaluating goals again.
For such a case, the tasks which will be performed in sequence are
loaded in the operator's task stack. When one task is completed,
the operator will immediately perform the next task on his stack.
Goal evaluation is performed only when the stack is empty or a high
priority alert message has been received. 1In the case of a high
priority message, @ complete goal evaluation occurs.

The procedure for goal evaluation and task selection is shown
in Figure II-5. The special weighted average of the goal priorities
is computed as follows (here assume that the goal priorities have
been arranged in decreasing order).

% ("i Gpi)

i

AVNG

where w, = GPi

NG
Zi GP,

Thus, the maximum weight is given to the most dissatisfied goal
(i.e., the one with the largest goal priority). This method pre-
vents certain distortions in task selection that might result
from the use of a simple average. For example, suppose the two
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" 1. If the task stack is not empty and no -
L higher priority message is pending,

then select the next task from the -
0 task stack and exit. :Zi

} A
, o
&
. 2. Otherwise,

o :?"i
) i

a) evaluate each goal state,
’.:: b) evaluate each goal priority function §
7.: c) compute the weighted average goal priority
‘. d) For each alternative task selection -
o =
i) compute the expected goal states,
= if the task is performed N
- ii) compute the expected goal priorities \J’
o iii) compute the expected average goal .
o priority y
. (]
e) select the task that best improves the o
51 operator's objective function )
3 f) load the task stack if necessary, and o
o g) exit X

-,

'
3
- g
:. &
‘ Figure II-5. Goal Evaluation Procedure.
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most dissatisfied goals (with NG = 2) are (GP

1> GP,) = (10,5). The
simple average goal priority, X is 7.5 while AVNG = 8.33.
(w, = .67, .33). Suppose there are two options whose expected
results are shown below (the wi are not recomputed).
GPl GP2 X AVNG
Option 1 10 1 5.5 T.0
Option 2 6 5 5.5 5.67

The simple average of the goal priorities is indifferent to the two
options since they both result in a reduction of four in the sum
of the goal priorities. Option 1, however, makes no improvement in
the most dissatisfied goal. Selection of option 1 would represent
an operator who attempts to improve the second most dissatisfied
goal when there is an available option that improves the most
dissatisfied goal. Using the special weighted average AVNG ensures
that the operator will always pay most attention to the most dis-
satisfied goals even though he is attempting to consider more than
one goal simultaneously.

Finally, note that the goal seeking procedure explained above
is a simplified special case of utility theory. The utility func-
tion is simply a composition of the univariate goal priority func-
tions which are combined through the AVNG function to a single
value for each set of goal states. It would be a simple matter to
recast the mathematical expression of the procedure in a utility
theoretic framework. The goal seeking method simply assumes that
a utility surrogate(the goal priority) can be expressed as a function
of a subset of the set of the goal states (i.e., the priority of a
goal is a function only of its own goal state).

3-3. Operator Goals for the AN/TSQ-T73 and THAWK.

The goals identified for the operators of the AN/TSQ-T73
and the IHAWK arise from the basic goals of self preservation and a
desire to accomplish their mission. The translation of these bvasic’
goals to operative goal statements results in goals that lead the
operators to attack aircraft that present threats to themselves and
the sites they are assigned to protect and to follow standard pro-
cedures to accomplish their missions. The statements of the goals
for the AN/TSQ-T73 and IHAWK onerators are shown in Tables II-3 and II-L,
respectively.

3-4. Software Implementation of Task Sequencing.

As 1is the case in all of the MOPADS software designs, the
structure is intended to allow for future expansions (see Figure II-6).
The common programs include those parts of the task sequencing
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procedure that are independent of the system module and operator
type. This includes statistics collection, opranching, and
certain utility programs. Each system module (designated SM1, SM2
etc. in Figure [I-6) has its own entry point subprogram which
will, in turn, call a program to process the goals for each opera-
tor type in the system. The task segquencing programs labeled SM1,
SM2, etc. and their descendents are documented as part of the
system module documentation. In this way, new system modules can
be added by "plugging in" the task sequencing programs without
disturbing existing system modules.

COMMON PROGRAMS

SM1 SM2 SM3

— |

OPERATOR 1 OPERATOR 2 OPERATOR 3

Figure II-6. Schematic Structure of MOPADS Task Sequencing
Software.
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IT1I.  MOPADS AIR DEFENSE MODELS

1-0  DEVELOPMENT METHODOLOGY FOR AIR DEFIISE SYSTEM MODULES

MOPADS is intended to be a long lived software system that
will evclve as new system modules are developed. Since the develop-
ment of system modules is the most complex maintenance activity that
will be performed on MOPADS and since it is likely that many indivi-
duals will be involved in developing the modules, it is essential
that a systematic development and documentation methodology be
followed. Procedures for these activities have been created
(Walker & Polito, 1982a,b).

The procedure for developing system modules is summarized in
Figure III-1. Steps 1, 2, and 3 are data collection functions in
which the MOPADS analyst and those who aid him/her collect informa-
tion and systematically characterize operator and equipment model-
ing requirements. In steps 4, 5, and 6, task sequencing considera-
tions and constraints are identified and formalized. Human factors
are minimally or nominally represented at this stage. The purpose
is to ensure that infeasible or unrealistic sequencing does not
occur,

At step 11, the MOPADS modeler enters data for the new system
module into the MOPADS data base. The MOPADS user interface has
facilities to support this activity. At step 12, the MOPADS simu-
lations are performed with a minimal set of existing MOPADS models
to test the new system module. When this is completed, the new
system model is integrated with the full set of existing MOPADS
models and tested. These are steps 13 and 1k.

Step 15 is the final documentation effort. A systematic pro-
cedure for documentation has been specified to aid in module develop~
ment and to ensure that adequate documentation of system modules is
maintained. This is crucial because it is certain that when a new
module is developed, the analyst will have to refer to the documen-
tation of other system modules. This will be necessary or desir-
able in steps 4, 9, 10, 12, and 13.

Each document describing a system model will be organized in
the same way. Figure III-2 is a typical table of contents. Stan-
dard forms have been provided to aid in modeling which will be
included in Section III of the documents. Examples of these forms
are shown in Sections 2-0 and 3-0 below.

Strict adherence to these documentation standards will result
in a maintainable analysis tool with a long useful life. .

III-1

~
“a
-
<
~
~
-
1 3

3

[l
o

-
1

........
------
‘‘‘‘‘‘‘



3 - e, -y e [amas gl - s L X g e PR - = -
ﬂ’ ‘NN .u. l...(vﬁ * —m uAnW_-Wm —lad. & e S ..l..ﬁd W ..-“J“-vm. . ..JMJ“U q.....i B . -.\N N \JE .\J.:..n
3
:
t
,
w +sonpol weisdg jJo quaudoTaasq T-III aamItd
Wﬂ
-
.
f J
- QI | PNILAOS N
4 01VIENX] Le savaq savaq OIH] SUOLIV NWD]| [ o%zm__ ﬁum
3 3LTN0) N[ AdTu3p 3LVH931N] HLIY AdTY3N 0, 313
4
; 6l yl £l et 11
3
.
m~ P
4 SUOLVIAAq sMiIy P o~
m g nsvy ATy NSvy e $130q < $730q qv__w.m_ 5
m_ FHIRIBLY( e TNEIEN ASV| AJTUIA . INIVS | H
1 ot 6 8
b
Y
p
1 SAsV)
‘ .
] Ho1VAA) 1517
r aaqy 13aq,{ ONIDHINAS 5 g
] JINFN03G 3NN ASV) nSv| e
.m ASV| AdIU3A INIVS @Ing IEHLEY) VIV Nu ,
4 9 S 14 | S
- A11N20] !
A A .“:m
sTvnNgy B31dos
SIVIING 103

-. -. . & ,I‘.
PR

s e
s "2
» ety




53

I. SYSTEM DESCRIPTON

II. OVERVIEW OF THE SAINT MODEL

ﬂ! III. MODEL DESCRIPTION FORMS
. 1-0 Entities
’ 2-0  Resources
.. 3-0 Variables
b 4-0  Monitors
» 5-0 Task Descriptions
6-0 Statistics
7-0 User Functions
8-0 Moderator Functions
o Iv. USER WRITTEN SUBPROGRAMS
E 1-0  Index
2-0  Subprogram Descriptions
o 3-0  Subprogram Listings
e

,
-

LISTING OF SAINT NETWORK DATA INPUT

‘. VI. NON-SAINT DATA REQUIREMENTS
. 1-0 Data Requirements
2-0 Data Source and Description

t;f‘ VII.  OUTPUT REPORTS
Rk 1-0 Qutput Options

2-0 Sample Output

NS

e
;;‘:.‘-’ ‘-:n‘ t& oo Rk

Figure III-2. Table of Contents for MOPADS System Module
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2-0 THE AN/TSQ-73 SYSTEM MODULE

2-1. AN/TSQ-T73 Operator Tasks.

Tabtle III-1 contains the operator tasks that are repre-
sented in the AN/TSQ-T73 system module. An important part of
developing MOPADS operator models is to determine which operator
tasks are required to be represented. Many tasks are irrelevant to
the air battle scenario. These include, for example, tasks related
to the set-up, take-down, and transportation of the eguipment.
Furthermore, there may be duplication of task information among the
task descriptions in official system documentation. Also, occa-
sionaly it may be necessary to add a task to account for standarad
or common procedures that are not explicitly discussed in the
official documentation.

Development of the task lists is a substantial activity that
requires the MCPADS modeler to become familiar with all of the tasks
in the official documentation so that informed decisions can be made
in selecting those that must be modeled. Official documentation for
the AN/TSQ-T73 (U. S. Army Technical Manual, TM9-1430-652-10-3),
Change 6, 1981) contains flow charts for the operator tasks. An
example for hooking is shown in Figure III-3. These or similar
representations must be obtained from the pertinent Army documenta-
tion and a preliminary task list determined. This activity is step 3
of Figure ITI-1. Since MOPADS involves models of combat operations,
the operator tasks describing set-up and routine maintenance of equip-
ment can usually be excluded at this point from further consideration.

For systems that have more than one operator, it may be
necessary to develop task lists for each operator. An example of
this case will be seen in Section 3-0 for the IHAWK system module.
For the AN/TSQ-T3, all tasks can be performed from each console,
although it is customary for the operators to perform separate tasks
based on their authority. For the AN/TSQ-T3, this task split is
represented structurally in the models rather than by developing
separate task lists for each operator.

An important objective in developing the task list is to select
the minimum set necessary to represent the operator interaction with
the system to the required detail. Considerable effort is expended
in expanding each operator task into an MSAINT representation. There-
fore, the task list must be examinel with a critical eye to ensure
that unnecessary effort is not expended. As an example, consider the
AN/TSQ-T3. The usual operator configuration is to have a Tactical
Director (TD) who has authority to order engagements and a Tactical
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Taple III-1. AN/TSQ-T3 Operator Tasks Represented in MOPADS.

DESCRIPTION

- - - - —— - T P b - - A . S N . e e e

Idle Time (Scan the Displays)
Cancel Secondary Assignment
Send Terminate Conmnands

Clear Hold Fire, Effective, Status
Perforn Hooking Procedure
Enter 1D and IFF DBata
Interrogate @ Target or Sector
Send Command Message

Assign Ueapons/Battalions
Receive Conmands

Clear Alerts

Receive Miscellaneous Messages

Director Assistant (TDA) who does not have such authority. The

TDA will perform tracking and identification tasks, and the TD

will order and monitor engagements. It is possible, however, to
configurate the system with two operators that each have engagement
authority (two "TD's"). 1In this case, each operator can perform all
tasks. The modeler must decide which configuration(s) will be
included in the model and specify task lists accordingly.
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2-2, AN/TSQ-73 Messages.

Step 2 in Figure III-1 is to "Identify c® pata."
Essentially, this step involves determining how operators of this
equipment communicate with superior, gubordinate, and lateral
units. The communications occur through voice and data link messages.

MOPADS models of air defense systems (components) mimic this
structure by communicating with messages sent through the MOPADS
data base. It is necessary for the MOPADS modeler to explicity
identify all communications between the air defense system being
modeled and all other systems already modeled. For the current
implementation, this means that the communication between the group
and battalion AN/TSQ-~-T73 and the IHAWK battery must be identified.
Once again, a judicious elimination of messages that are not needed
in the MOPADS context will greatly reduce later work.

The messages used in the current implementation are
shown in Table III-2. For each such message, the sender, receiver,
message characteristics, and message contents must be specified.

A form has been developed to facilitate specification and documen~-
tation of this data. An example is shown in Figure III-L.

2-3. AN/TSQ-T73 Operator Goals.

Once all of the messages and tasks for the operstor
have been determined, initial develorment of the task sequencing
procedures for the operators can begin. The goals for the
AN/TSQ-T3 operators have been shown already in Table II-3.

The varticular parameters used for each goal priority
function are specified in Goodin & Polito (1983b).

2-4. AN/TSQ-73 Operator Task Models.

A SAINT task node model analogous to Figure II-2 has
been developed for each of the operator tasks shown in Table III-1.
This procedure involves defining the "entities" that will flow
through the networks. In this case,the entities are operators.
Each entity has a list of characteristics called attributes that
identify it. Each of the operators is defined on a form as in
Figure III-5. The attributes of the operators have been defined.
These attributes are used in branching decisions to determine
which Task Node will be performed next and in FORTRAN programs
written by the MOPADS modeler to represent the operators' actions.

I1II-6




ENTER TRACK

PRESS
NUMBER, A/% KEYBDARD .
FIRE UNIY, OR SITE ENTRY APPEARS fascFuncriong

1N ARD ROW B
COLUMNS 5744

4

LITEM 4)

FORMAT:
'\ AIA‘?HHI, L’ A‘A‘uuunmnnnm

~ L Sl OIAsuxux (479 A, OR Ser SITES)

. \ AjA; NUN EATDL-] TRACK OR ATOL-1 OR MEOL FLn
\ A4, UTDL-1 ST

CED TASK SELECTIONS! \ AI-A THRUN, PORQ
& Tmtxaia

\ A’-Amml
n -0 TRRUY
W l’ Ay AgNNN (NATO TRACID

5
“ “A. LG, N, JTHRUM
Ne D THRU Y
NNUN (TADIL-8 TRACKD *
8NN (TADIL-B SITE)
Ne O THRG 7
AS'Z"I U DESIGNATDR USED TO ASSICH
O0G RA0W LUMBER)
A, - ATHRY 2

N0 YuRD Y

COORDINATES
OF SyMBOL OM
A/N KEYBOARD

PRESS
{TASK FUNCTIONS)

irgsn !H'“'

uvTER 3

A/N KEVBOARD
ENTRY APPEARS

PRESS

TASK FUNTTIONS|

2 TASK SELECTIONS —— [Foswwoeg
\'J ‘::“ [ =“j T T —ry [ 3T
"_"m‘_.:i - Wreasr HODK SVRINOL
@ 10ava ! Em:--—-—" ] APPEAR]S AROUND
L DESEATLD SVAIDDL,
L3 ARD DATA FOR
TASK FUNCTIONS MOOKED ITEM IS

E&—]@f; i :gl —
E—E “'—ﬁ= II:L/ ! L Atk WoOES ExcePT o

2. CEOREF MOOK VALID ONLY 15 TRACKING

OR TRACKIG/TACTICAL OOL,
e ] He R I - N :)znumnm:ur
[l ) | - f v SARKING,

Figure III-3. Example AN/TSQ-73 Operator Task Flow Chart.
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Table III-2. Messages for the AN/TSQ-T3 and IHAWK.

Connand Messages

- . - h D - - S R S S T S S e R T e P R D S - -

A 1 Hold Fire
. 2 LCease Fire
2 k) Cease Engagement
}w: 4 Engage ;
(.- 5 Cover }.On track already assigned .
e 3 Engage Ripple : e
S 7 Engage New Track Assignment
. 8 Cover New Track Assignment !
- 9 Engage Ripple Assignment "3
ztf 10 Investigate/Assign Assignmeent
Nt 1 Cancel Alert
oo 12 Track Assignment Status
e 13 Change Targets

14 fethod of Fire
';:3 15 Order No Kill

Order Break Lock

- - - - - - - - - - - -

e > - - - = - . h S = D R E Ty . e A O em Y — - - - = - a - - -

Reporting Status Messages

IHIPIR Lock Status
Raid Size Report
Tesporary No Kill

1 FU Out of Action
] 2 FU Expended Hot Missiles
100 3 FU Effective/Not Effective
}t‘ 4 FU Engaging Pop-up Target N
R 5 New ASO Target N
6
7
8

::'?':‘ Will Conmply f
W Have Cosplied .} Battalion 0-73 to Group

1

2

3 Can‘t Comply
-~ 4 Will Conmply

]

)

7

Can’t Conmply } IHAUK to Battalion 0-73
Acknowledge ASO Target .
Accept ASO Target

- D o - > - - TS - - > - - S T - R e G - - D o T (i G D A - T a8 - e . -
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HOPADS MESSAGE DESCRIPTION

MESSAGE 1D ELEMENT

Elenent

A 2N -

bescription

Receiver CRN
Operator Type
Functional Type
Message Subtype
Message Priority

MESSAGE DATA LINK ELEMENT

Eleneng

-—

[} ]

© 0NN » W

-—

Description

Comnunication Netuork
1-Voice 2-ATDL

Acknouledgenent Required
1 - Yes 2 - No

Unused '

ATDL Code (Unused)

Tine Nessage Sent

Message Number

Sender CRN

Sender Operator Type

Sender Systen Module Type

Task Node Number Sent Fron

s Hust be set at the time the nmessage is sent

VARIABLE MESSAGE FORMAT

# Words
Which Fire Section

Track Column Number

scripti
= 2
ther

0 Ei
1A
2B

Cover new target command.
target but do not fire.

MESSAGE SUBTYPE DESCRIPTION

Obtain a HIPIR lock on a new

Name: Jack Walker Systen Hodule: Q-T3
Date: 8/3/83 Project: MOPADS
Fron To Fron To
GRP(15) BN(20) GRP(135) FAWKRL 33)
BN(15) HAWK( 33)
Figure III-4. Example Message Sent From the AN/TSQ-T3.
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) -
o When operator characteristics are specified, the task net-
(-2 works like Figure II-2 are expanded to describe each Task Node. :
;&: Figures III-6, T, 8, and 9 are examples. On these forms are
o specified the skill and skill weight requirements (see Table II-1),
w the task related variable data (see Table II-2), and the mean,
. standard deviation and distribution type of the rnominal per-
;} formance time. Any resource requirements are also specified.
>
%14 The MOPADS operator task number is also given, so a cross- g
}\: reference is possible between SAINT task nodes and operator tasks. :
d Given a task node number, it is possible to find the operator task
that contains it by looking at the forms in Figures III-6 to 9. Con-
';ﬁj versely, all of the task nodes that make up an operator task model ¥
5 can be found in the forms shown in Figure II-2.
W ,
,23 Specification and verification of all of the data in )
3 Figures III-5 through III-9 completes steps T to 10 in Figure
- ITI-1. This leaves step 11 which involves entering data inter-
;ﬁﬂ actively into the MOPADS data base to support the system module. X
21: SAINT task models have been developed for each operator task, and ¢
{w nominal task performance times and skill requirements have been
jﬂ determined for each task node. i)
[\ {]
—l 3-0 THE THAWK SYSTEM MODULE
s 3-1. IHAWK Operator Tasks.
i f The THAWK operator tasks that are represented in
AN MOPADS are shown in Table III-3., A separate task list has been o
-~ prepared for each IHAWK operator, because, in contrast to the
}: AN/TSQ-T3,the various operators perform substantially different
#3 functions. By far, the most complex activities are performed by the Rt
=) Tactical Control Officer (TCO). All communications to other air §
;{% defense components are represented as passing to and from the TCO. !
,f The other operators perform relatively straightforward tasks. !
;3‘ In other words, the task sequencing for these operators is o
];ﬁ relatively simple. Their activities are primarily rule-based.
", y
- . ™
:5 The process of developing the IHAWK task lists was analogous "
i to that for the AN/TSQ-T73. It was somewhat more difficult to
develop the lists and network models, however, because the Army ”
; : documentation (U. S. Army Technical Manual, TM9-1430-1526-12-1, A
f’ June 30, 1979) does not contain task flow charts analogous to i
:5 Figure III-3. The activities are described .in text that needed to
I% be examined and put into network form. 3
A
. :;:' g
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Table III-3. IHAWK Operator Tasks Represented in MOPADS.

-~ Description

- - - - - - - T P P = W S e - e e G e - - - -

" ASD TASKS

ASO Standby, Wait for Action
Detect New Target at CUTDC

. Establish Target Priority
2 Freeapt Lower Priority Target
TCC Alert
Hark Target as Accepted by TCC
A e cmmmceccmmcceaoeee - -

FCO A FCO B TASKS

FCO Standby, Wait for Action
Track Target

Obtain Lock on Target Manuallv
Put Fire Section out of Action
Estimate Raid Size

Select Launcher

Fire Missiles

Evaluate Target Intercept -
Process Change Targets

Put Fire Section back in Operation

TCA TASKS

TCA Standby, Uait for Action

Accept CUTDC Target From ASO

IFF Challenge

Hart on Reflection Plotter (Friend, Hostile, Unknown)

TCO TASKS

T1C0 Standby, Wait for Action

Detect IPAR ADP Target

Manually Assign Targets

IHIPIR Tracking

TCO-IHIPIR Does not Acquire Lock

Higher Priority Target to be Assigned to Firing Section
Process a Hostile Target

Assigned Target Deternined Friendly

Process Friend

Evaluate Whether More Missiles Are To Be Fired
Give ASO Permission to Cancel Alert
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Table III-3. (continued)

R R M D D D D T D O W Ue D S P R N G T WD R S e Y - 0 A e e T 4 - .

TCO MESSAGE TASKS

Accept 0-73 Target (ENGAGE MODE)

Accept 0-73 Target (COVER MODE)

Adccept Change Targets Command

Receive "HOLD FIRE" Command

Receive "CEASE FIRE" Command

Receive "CEASE ENGAGE" Command

Issue "PRIORITY, PRIORITY" CALL TD 8-73
Receive "ROGER ENGAGE" Command

Send Cannot Comply Hessage to Q-73

3-2. THAWK Messages.

The messages used in the current implementation were
shown in Table III-2. This table includes THAWK messages. MOPADS
uses the message concept to represent voice communication within a
component as well as data link and voice between units. This mech-
anism is, then, used in a uniform way to represent all direct commu-
nication between individuals in the MOPADS models. Figure III-10 is
an example of a voice message specifying the method of fire which is
sent between operators of an IHAWK unit. This particular message is
sent by the TCO to the Fire Control Gfficer (FCO) to specify the
method of fire for attacking a particular track.

In all other ways, specification of the messages for the
IHAWK is analogous to the process discussed in Section III, 2-2.

3-3. IHAWK Operator Goals.

The IHAWK operators' goals were shown in Table II-3.
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MOPADS MESSAGE DESCRIPTION

HESSAGE ID ELEMENT Page ot 1
Elenent Description . Value
1 s Receiver CRAN -
2 Operator Type 6 or 7
3 Functional Type 1
4 Kessage Subtype 1k
S Nessage Priority . =-—
HESSAGE DATA LINK ELEMENT
lanen Description Value
1 Comnunication Network 1
1-Voice 2=-ATDL
2 Acknowledgenent Required 2
1 - Yes 2 - NO
3 Unused -
4 ATDL Code {(Unused) -
S s Tinme Message Sent -
[ s MNessage Nunmber -
7 ¢ Senger CRN -
8 Sender Operatar Type 3
9 Sender Systeam NModule Type L
10 Task Node Number Sent Fronm -
* Nust be set at the time the message is sent
VARIABLE HMESSAGE FORMAT
men Description
1 # Words = 2
2 Track Column Number
3 Method of Fire = 1 Shoot-Look-Shoot
= 2 Ripple Fire
T T T T T T T T NESSAGE SUBTYPE DESCRIPTION -
Method of Fire Command. Shoot-Look-Shoot means shoot one
then evaluate before shooting another. Ripple means shoot two
missiles.
Name: Jack Walker Systen Module: THAWK
Date: 8/L4/83 Projects MCPADS
Fron To Fron To
TZol2T) TCO

Figure III-10. Example IHAWK Message.
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3-L, THAWK Operator Task Models.

Task models for the IHAWK have been developed in the
same way as those for the AN/TSQ-73. Figure III-11 is the operator
definition for the TCA. Each of the operators, tasks, and task
nodes has been specified in the same way as for the AN/TSQ-T3.

All of the careful data collection and model develop-
ment information for the AN/TSQ-73 and IHAWK system modules have
been delivered to the Army in four volumes (Goodin & Polito (1983a,b:
Goodin & Walker, 1983a,b).

L-0  ATR SCENARIOS

In addition to representing the air defense system, MOPADS
must have a model of the air battle that the air defense system
fights. The MOPADS software has facilities to represent the
salient features of the air battle environment.

The data required for the air scenario representation are
the following.

1. The coordinate system reference point.

2. The locations of all air defense units and protected
sites (critical assets).

3. The assignments of critical assets to the fire units
who are to protect them.

L. The characteristics of each radar or observer that
acquires information about aircraft.

5. The characteristics and flight paths of all aircraft.

4-1. The Coordinate System.

MOPADS assumes a flat earth and uses rectangular co-
ordinates. The coordinates, (x, ¥y, z), of all points in the sys-
tem are given with respect to a user specified reference point.
This point may be specified as a longitude and latitude if a
specific terrain system is to be specified. Once the reference
point is chosen, all other coordinates are specified with refer-
ence to it. The units of the x and y coordinate are nautical
miles, and the units of z are feet. The +x axis is east, the
+y axis is north, and +z is up.
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fz -2, Locations of Air Defense Units, Critical Assets, and
! }: Asset-Fire Unit Assignments.
<
St
5;: Figure III-12 shows an example layout of the reference
! = point and of protected assets. With this basic configuration, a
A variety of air defense configurations and air battles can be simu-
‘t;i lated. One possible configuration is shown in Figure III-13. This
ﬂ‘i: figure shows a group AN/TSQ-T73 with two battalions. The battalions
FS} each have two IHAWK fire units. The critical assets are assigned
- to fire units as follows: TIHAWK 1 protects site 1, IHAWK 2 protects
o site 2, and THAWKS 3 and 4 both protect site 3. The circles around
i the units represent their area of radar coverage.
1-\-'
3{? Many possible configurations could be arranged to protect the
j}nj three critical assets, and MOPADS allows the MOPADS user to specify
ﬂﬁzg the location and assignments of the air defense components.
L-3. Characteristics of Viewers.
s Each air defense unit may "own" one or more "viewers."
0 Viewers are usually radars (and in the current implementation, they
'bﬁ are always radars), but in the case of REDEYE or VULCAN, for
Qy& example, the viewer might be a human observer.
}}:ﬁ Each viewer has the following characteristics.
e
Sy
o 1. maximum range
e 2. minimum and maximm altitude
o 3. probability of detection
. L, barriers to view
A 5. a sector of interest
ijﬁ The characteristics above serve to restrict a viewer's abil-
ANYA ity to detect aircraft. The maximum range and altitude restric-
C. tions are self explanatory. The probability of detection is the
2 probability that the viewer will detect an aircraft that is other-
& wise in its field of view. MOPADS assumes that once an airecraft )
S is detected it remains detected so long as it is in the viewer's
o field of view.
- The MOPADS user may specify barriers-to-view that block out
] part of a viewer's ability to detect aircraft. The barriers approxi-
L mate terrain and other limitations that preclude a radar or observer
gr} from seeing everything within range. Figure III-1L shows how barriers
ffﬁ may be specified. Two types of barriers may be specified: 1line
oy barriers and wedges.
"
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e .
NN In the plan view of Figure III-1k, two line barriers are .
;}:- shown to the east and southeast of the viewer. Everything ;

\$* farther away from the viewer than the line barrier is hidden from
- view if it is in the shadow of the barrier. The side view in
Figure III-1lL demonstrates this. The area to the east of the

- barrier and below the shadow is hidden from the viewer (note, the e
208 side view does not show a complete detail of the viewer in the plan
AR view).
L

-~ hi
5 Line barriers may be positioned anywhere in the maximum range

of the viewer and the end points may have different altitudes.

MOPADS assumes a linear variation of altitude from one end of the ;
.- barrier to the other. Using multiple line barriers, it is possible

By to create complex viewing areas that approximate actual radar

§. viewing patterns.

L/

Wedge barriers are simply pie shaped sections in which
nothing is visibvle. An example is shown in Figure III-1L4 in the

) plan view to the west of the viewer. The user specifies the start
}:: and end compass headings of the wedge.
s
hei The system of restricting the field of view described above y
is not a perfect representation of radar vision limits, but it
St permits a reasonable approximation for modeling purposes.
;:1 The IHAWK permits the operators to specify a "sector of .
iuf interest" which is a pie shaped segment of its viewing area. The
,’“‘ IHAWK computer will automatically process tracks in this sector.
The sector of interest has no effect on the radar's ability to I
s acquire aircraft. It serves only to delineate a high interest area
,\;1 to the computer. MOPADS has a facility to specify a sector of in-
2; terest for each viewer. 1In the current implementation, the sector .
iu: of interest is used only by IHAWK. {
; L.}, Characteristics and Flight Paths of Aircraft.
:;: Aircraft flight paths are represented as sequential
A piece-wise linear segments. The start and end coordinates for each
F&r segment are specified along with the speed of the aircraft on the
u’w segment. The x, y, and z velocities are computed by MOPADS and
assumed constant along the segment. The MOPADS modeler may specify
;Z! as many segments for an aircraft as desired, and as many aircraft 3
}E? as desired may be included in an air scenario. Curvilinear tracks ¢
:\; may be approximated as sequences of linear segments.
%
s
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g: The following data are specified for each aircraft: '::.
v 4]
L] -f,
(&3 a. Category A track may be "hostile,” o
"friendly," or "other." An
"other" track is a track that 4
X cannot be classified as friendly. 'L
N
L
b. Identifying The user may specify a unique i
Number number for each track. :;::
<)
¢c. Multiplicity The number of aircraft in the .
flight. A 2y
[
d. Aircraft Type Code values for a variety of ‘r
aircraft types are provided. .
See Table III-L.
e. Whether The (for hostile tracks only) - This
End Point Of item specifies that the end point ot
The Segment of a flight segment is an air N
Is A Target defense unit or a critical asset L=
that the air defense system is Fon
attempting to protect. o
f. Probability of (for hostile tracks onmly) - If o
Destruction the end of the segment is a tar-
get, the hostile track will e
attack it. This item is the .
probability that the site is .
destroyed. o
g. Jamming On The user may specify that a hos- .C
A Segment tile track is employing ECM on a
segment. This information is -
currently not used by MOPADS. N
It is provided for future o
enhancements. hat
N
<
o
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Table III-L. Aircraft Type Codes.

¢

CODE NB. NAME
1 FAC
2 F100
3 733
4 OTHER JET
H] (L]
4 usA
7 OTHER PROP
8 014
? 0H23
10 DTHER HELICOPTER
" TANK
12 JEEP
13 TROOP
14 APC
15 TRUCK
16 ZERO
17 HALFTRACK
18 Fi4
19 F135
20 Fié
21 Fi8
22 nig21
23 KI1G23
24 HIG25
25 SOLDIER(FOOT)
24 KI16-27
27 Sy-12
28 QIANG Ji-5
29 R-2356
30 MIRASE 3t
31 HIRAGE F1
32 MIRAGE 2000
33 MIRAGE 4000
34 NIRAGE 4
335 NIRAGE §
34 MIRAGE 50
37 AU. 640
38 498
39 HS748
40 HS.780
41 P.1099

TARGET TYPE CODES

COUNTRY

Usa
UsA
usa

Usa
usa

usa
USa

UsA

usa

USA

usa

USSR

USSR

USSR

ANY

USSR

USSR

PRC

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

GREAT BRITAIN
BREAT BRITAIN
GREAT BRITAIN
GREAT BRITAIN
GREAT BRITAIN

I11-28

HISS1ON

Ground Attack
Kilitary surveillance
Fighter

Fighter

Fighter

Fighter

Bonber

6round Support
Fighter

Hilitary Transport
Bomber

Military Transport
Military Transport
Ground Attack
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Table III-4. (continued)

Vi
T

42 1A1202 ISRAEL Military Transport
43 MIRAGE 3C ISRAEL Fighter . %
A4 KfirC2 ISRAEL Fighter ' )
45 6.222 ITALY Military Transport o
46 F1045 ITALY Interceptor -
47 MB.326K ITALY Strike -
48 S.H.1019E ITaLy Kilitary STOL &
49 F-1 JAPAN Fighter 2
50 €.2074 SPAIN Military Transport )
51 SF-5A SPAIN Fighter il
52 HA-220 SPAIN Ground Attack (43
53 I5XDp " SUEDEN 6round Attack i
54 JA3? SUEDEN Fighter N
55 J-1 YUGOSLAVIA Strike
56 Light (e.g.blinking)
57 Digit (digit on a display) o)
58 H16-17 USSR "l
59 MIG-19 USSR -
60 su-7 USSR =
81 SU-9PH USSR =
62 su-11 USSR o
63 sU-15 USSR oo
84 SU-19 USSR ]
45 Su-20 USSR o
66 YAK-28P USSR ==
67 YAK-36 USSR r)
68 Tu-~28P USSR -
69 IL-28 USSR )
70 -4 USSR -
71 TU~14 USSR .
72 TU-20 USSR b
73 TU-22 USSR -
74 TU-26 USSR <3
75 1L-38 USSR e
76 TU-124 USSR s
77 NIG-1S USSR -
78 L-29 USSR ’
79 L-39 USSR ’ -
80 J-5 USSR A
81 J-6 USSR =~
82 J-7 USSR s
83 J-8 USSR %
84 H-5 USSR a3
85 H-6 USSR s
8é CJ-6 USSR >
87 Y-11 USSR 4
88 NIRAGE II] FRANCE o
'-'\
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The organization of scenaric information in the data base is
shown in Figure III-15. A directory is created called -
) CRITICAL-ASSET-CONFIGURATION which contains the specification of the
: coordinate reference point and the location of all critical assets. -
This information is contained in an entry COORDINATE-AND~ASSET-DATA. .’
Then one or more air scenarios (which consist of aireraft tracks) .
can be specified. Each air scenario contains records for hostile,
friendly, and other tracks. Thus, for a single configuration, the
MOPADS modeler can create a menu of air scenarios that attack it
(see Figure III-16). The MOPADS user then selects from this menu,
the scenario that he desires to simulate. -

oy
i b o

PR YR
e U
oy

o it 2

s |

iﬂ Similarly, more than one CRITICAL~ASSET-CONFIGURATION can be
%' created in the data base, so the user also has a menu of such con-
ﬂ figurations to choose from. When a simulation is designed, the

N MOPADS user will select the CRITICAL-ASSET-CONFIGURATION and the

' air scenario within the asset configuration that he desires to

-, simulate.

Ly

oA s,

A 4-5. The Control System Module.

B Every MOPADS simulation will automatically contain a éé
N system module that does not represent an air defense unit. This

system module, called the Control System Module, is a SAINT model -
that drives the air scenario. This small SAINT model initiates o
the tracks at the proper time and simulates their flight paths to ™
their termination points. It also performs statistics collection
and information management on all track data.

» The control system module also ends the simulation at the
i time specified by the user. The module consists of six SAINT task «
i nodes and appropriate FORTRAN support programs. a

| SR
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SCENARIOS

CRITICAL-ASSET-CONFIGURATION

COORDINATE~-AND-ARSSET-DATA

air scenario

air scenario

AIRCRAFT-TRACKS-HOSTILE

ATIRCRAFT-TRACKS-FRIENDLY

AIRCRAFT-TRACKS~DTHER

Figure III-15. Data Base Organization of Air Scenario Information.
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Figure III-16. Selection of Air Scenarios.
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IV, MOPADS PROGRAM IMPLEMENTATION

| AR

1-0  MSAINT

T
’

,_.
Il "
.

The SAINT simulation language needed to be modified to accom-
modate the MOPADS requirement for "run-time configurable" air
defense systems. In other words, it must be possible for the MOPADS
user to specify the number of air defense units to be simulated and
their hierarchical structure. As has been discussed, the logical
issues related to this requirement were resolved by modeling the
intercommunication among components as messages which are sent
through the MOPADS data base. At the computer programming level,
however, several issues still needed to be addressed.

| S R

Since the MOPADS modeler cannot know in advance how many
copies of, say, the IHAWK system module may be required by a MOPADS
user, a software scheme is needed to replicate the system modules
an arbitrary number of times. SAINT task nodes are numbered (e.g.,
1, 2, 3...), so that merely duplicating the task networks would
result in duplicate node numbers which are unacceptable to the
SAINT processor. The most straightforward approach to this pro-
blem is to develop a preprocessor that would renumber the nodes as
the network duplicates are created. On the surface, this appears
to be an acceptable solution, but it has several drawbacks:

[ [T I e
PRI K .
.','.'f.{m_- S

1'L‘:

a. Large amounts of computer memory are used for network
storage. Replicating essentially identical information will require
large computing resources to run MOPADS models.

‘r
s sl

NS
z

i o

R W )

b. Technical problems result in matching data base informa-
tion (much of which is keyed to individual nodes) to the (now un-
predictable) node number of replicated networks.

v

A c. Complex cross-indexing schemes would have to be Z%h
br~ developed for the FORTRAN insert programs that are an integral part -
of each system module so that it would be possible to know which ;3

{1 copy was being processed at any given time. =£
1 d. Problems (b) and (c) above are compounded when more than "
- one system module type are included in the network. N
ti Using the approach just described would have required a complex ;;
programming activity, complex indexing designs for the data base, O

;: and complex programming in the FORTRAN inserts. Also, it would f*
.. have heavily taxed the computing resources. L
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S An alternative scheme is to modify SAINT to "share" a single *

‘\: network representation among multiple realizations of "copies" of

1 the network (Polito & Walker (1982)). This saves substantial com- 3
'}: puting resources and allows the same node numbers to be used for N
ﬁ- each copy. This approach has been implemented and, in fact, the
e node numbers for each system module may be selected independently =y
§‘_ of the node numbers of all other system modules. The programming o
1O to perform this task was, of course, complex, but this task will
- be performed only one time, and it greatly simplified the design .
-t and programming of virtually all other software modules. In parti- R
- cular, the development of air defense system modules is made much R

simplier because: . ’

{? a. node numbers may be selected freely without knowledge .;?
A of node numbers used in other system modules,

:: . FORTRAN insert programs do not have to cross index 2

node numbers to determine the copy, and

3 c. complex cross-indexing of data base information is
- not required.

:.; This scheme represents the multiple copies of system modules in an .
i elegant manner that simplifies model development and substantially :
,'} reduces requirements for computing resources.

: -
s 2-0  MOPADS DATA BASE ;
N: The MOPADS software must maintain a great deal of information

about a variety of subjects:

5; a. data which describes the Air Scenario to be simulated,
tﬁ b. data which describes the tactical scenario which in- 4
Y cludes location and characteristics of air defense

) units, the command and control system, and the co- 2

- ordinate reference system, .
fj- C. data which describes the characteristics of the opera-

e, tors of air defense systems and the environment in o

o vhich they function, '
\j a. data which describes the dynamic relationships of -
7 operator tasks, and )
l:: e. data which represents statistics collected during N
s simulations. -]
v A1l of this information must be maintained in an easily accessed i
> and edited form, and it must be addressed inaway that permits :}
e multiple data sets to co-exist without confusion. i
o

<,

1
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The most effective way to accomplish this is with a unified

:I; data management system or a data base. The Data Base Control
& System (DBCS) module of the MOPADS software performs this function.
The DBCS is a non-traditional data base manager. However, the
!! organization of the MOPADS data base file most nearly resembles a i

hierarchical data base. It is non-traditional in the sense that
rapid access of datum elements is needed during MOPADS simulations.
The DBCS utilizes a data address that is passed into and out of the
DBCS which permits rapid access of required data. The address pre-
cludes most hierarchical searches in the data base file to locate
l! data; thus, it eliminates many disk accesses. Furthermore, the g,
. DBCS dynamically retains the most frequently accessed data {(not 7
merely the most recently accessed) in main memory, so disk reads 3
are minimized. These features make the DBCS a reasonably fast tool

for storage and retrieval of data.

il

The DBCS is a collection of subprograms which any application o
program may use to create and manipulate a data base file. The DBCS .
has no main program, so it has no stand-alone capability. It was -~
designed to provide rapid access to data for the MOPADS system. The
DBCS can be used in settings other than MOPADS, because it has no B

™ built in structure that is unique to MOPADS. It does not, however, v
have many traditional data base features because of its specialized b
- target enviromnment. It also imposses a somewhat greater burden on >

application programs than other similar data base systems. The -
IBCS requires the application program to remember data base address
information which is used by the DBCS to implement fast data access.

l' The DBCS provides capabilities to perform the following func-
tions on data base files:

f 1. Open/Close DB Files )
2. Add/Delete/Rename Directories )
!! 3. Add/Delete/Extend/Shorten Data Lists
L, Read/Write Data Lists E
iy 5.  Set/Change the Data Base Protection Mode
o 6. Search Directories for Particular Data Lists or 3
Directories.
?S T. Set/Access/Change Labels of Data Lists and Data -
’ List Elements .
o 8. Read/Write External Format Data Files for ;
o Portability of Data Base Files J
N 9. Set/Access Various DBCS Options 5
i4 10. Print Contents of Data Lists and Directories. 3

IV-3

R R R ARy VAATATAGE D - LI, AT
T L AN T A Ot o TR A Y .

vy A AN o
ML M M




PN

.‘.0"" o
et 'y

-

(‘

ot

s
Nt pal S gy

P R ST

R N A

w

—— o
A 44 S

In order to reduce the number of disk accesses, the DBCS
computes an access frequency for each record, and then keeps the
most frequently accessed records in core. Since patterns of record
accessing may change over the life of a data base, an exponentially
smoothed access frequency (SAF) is calculated and used as the basis
for core residence decisions.

Every record in main memory (whether it has been resident for
some time or has just been read) has a SAF value which is approxi-
mately comparable. In other words, it represents the smoothed access
frequency of the record based upon nearly the same criteria. The
DBCS uses these values to determine which records will have a
tendency to be retained in main memory.

A set of data base application programs (DBAP) have been
written to implement the particular data base used by MOPADS. As
mentioned earlier, DBCS is generic and has no structural elements
that reflect the details of the contents of the MOPADS data base.
The DBAP, however, is specialized to MOPADS and utilizes the DBCS
to manipulate and manage the data. The DBAP provides many high level
data base access functions for the other MOPADS software modules. A
schematic of the software structure is shown in Figure IV-1. 1In
particular, DBAP programs are provided for the Human Factors Modera-
tor Functions to access operator characteristics, so the moderator
functions do not need to "know" structural information of how MOPADS
stores data.

MAIN

y ;

USER
MSAINT INTERFACE

OPERATOR
SOFTWARE

DBAP

DBCS

Figure IV-1. DBCS and MOPADS.
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‘ Examples of DAB programs are:

é 1. Create a MOPADS data base on a new data base file. e
2. Copy portions of one MOPADS data base to another. R
3. Store/retrieve elements of an oper-tor's state vector.

b, Generate MOPADS error messages related to the data base. "3

5. Locate all air defense components in a specified R

simulation data set. i
The DBCS is documented in Folito (1983d). The DBAP is wh
docuzented in Polito (1983e). L
5
3-0 THE MOPADS USER INTERFACE W
P

3-1. Organization of the MOPADS User Interface. ;%
The MOPADS user interface has five subprocesses which :ﬂf
are shown schematically in Figure IV-2. Each of the subprocesses -]
provides facilities for using and modifying the MOPADS data base. o
r‘_ b

MOPADS Rl
[ (:.7": ‘
MSAINT bR

)
o
USER INTERFACE 3

AR A
. g .
[ . Ly

i

"{
1 2 3 4 5
.:\'\
Subprocesses: \
2ubprocesses :
1 - Create Simulation Data Set };,
2 - Set Up Simulation Run Data oy
3 - Playback Statistics a
4 - Create/Edit Air Scenario .’
5 - Create/Edit Reference System Module o
M
Figure IV-2. Structure of the MOPADS User Interface. l::-\
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N N
35 Three of the subprocesses are for use primarily by the MOPADS

»:, user. These are the first three: Create Simulation Lata Set, 0
i Set Up Simulation Run Data, and Examine Statistics. The remaining J
-{:, two subprocesses, Create/Edit Air Scenario and Create/Edit Reference

e System Module, are primarily for the use of the MOPADS modeler. The

i‘ _ functions of the subprocesses are:

;Eu 1. Create Simulation - This subprocess allows the MOPADS

e Data Set user to specify a command and con- ;
- _ trol configuration with indivi- h
I dually edited copies of reference

- air defense system modules.

i A% |
E:% 2. Set Up Simulation - This subprocess allows the MOPADS

AN Run Data user to specify data for a MOPADS

s simulation. The user specifies a

Bt simulation data set (previously

) constructed with subprocess one

g above), selects the air scenario

oy which will be used, and assigns |
1hd critical assets to air defense

Qf. units to be defended.

1.’,'

" 3. Ixamine Statistics This subprocess allows the user
x'- to review and selectively print
e outputs from a MOPADS simulation.

o
'(‘.".
88 L., Create/Edit - This subprocess provides facili-
. Air Scenario ties for the MOPADS modeler to
. create new air scenarios for the
AN MOPADS user to simulate.
A
fYﬁ 5. Create/Edit Reference - This subprocess provides facili- )
_bﬁ System Module ties for the MOPADS modeler to '
VY create new system modules for the
4 use of MOPADS users. This process
N allows the menu of available air
_— defense system modules to be
o expanded. \
e g
NIy Each subprocess is an interactive, command-driven processor.
b
L ¥
o 3-2. (Create Simulation Data Set.
o |
~ Using this subprocess, the MOPADS user can create an air
_— defense configuration that may be simulated. Figure IV-3 shows a
{fl schematic of the data base operations performed in this subprocess. )
R
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CREATE/EDIT SIMULATION DATA SET

) REFERENCE SYSTEM MODULE

8-73

o GP @-73

. THAWK |

= SIMULATION DATA SET
|
& 0-73

A
.

F 0-73 8-73

o COMMANDS :
. ADD CHANGE DELETE [INSERT QUIT REMOVE

f ¥ &
A |

s Figure IV-3. Data Base Functions of the "Create Simulation Data
Set" Subprocess.
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The menu of reference system modules is created by MOPADS
modelers using the Create/Edit Reference System Module process.
The result is a set of complete system specifications for an
AN/T8Q-T73, IHAWK, etc. The r “=rence system module contains de-
fault values for all human factors and system parameters.

When using the Create Simulation Data Set, the user issues
commands that cause copies of the reference system module to be
placed in the command and control structure devised by the user.
Thus more than one IHAWK or AN/TSQ-T3 may be represented in the
command and control structure. Eaca of these copies is called a
working air defense system module. The working system modules can
be individually edited to reflect differences in human factors para-
meters or system options.

The commands unique to this subprocess are shown below:

ADD - Create a new simulation data set
CHANGE - Edit the parameters of a working system module
DELETE - Delete an entire simulation data set and all

of its working system modules

INSERT — Copy a reference system module to a specified
position in the simulation data set

REMOVE - Delete a specified working system module and all
of its subordinate units

QUIT Leave this subprocess of the user interface

Multiple simulation data sets can be created and stored
simultaneously in the MOPADS data base. This provides a capability
to create a menu of air defense configurations that canbe simulated.

3-3. Set Up Simulation Run Data.

With this subprocess, the user completes the informa-
tion needed to perform a simulation. Figure IV-4 shows the data
basic operations. An entry called a Tactical Scenario is created
that belongs to a particular Simulation Data Set. The user
selects a particular critical asset configuration and air scenario
for that asset configuration. Furthermore, he assigns critical
assets to fire units for defense and specifies certain technical
parameters such as the start and end times of the simulation. Once
this information is stored in the data base, it is necessary only
to specify the simulation data set and the tactical scenario
identifiers to MOPADS in order to perform a simulation.
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The commands unique to this subprocess are:

. 2 i
VI v B -
PRPE R

ADD Create a Tactical Scenario entry s

Eout bt it 2
.

Py Dy
i

DELETE Delete a Tactical Scenario entry

’
1

Set/revise parameters specified in the
Tactical Scenario entry

EDIT

A

W ol P4

o

USE Select a Simulation Data Set

- -
T
’

QUIT - Leave this subprocess

P\ More than one Tactical Scenario entry may exist in one Simu-
3 lation Data Set. Also, the statistics produced by a simulation

o are stored in the Tactical Scenario entry, so the output of a -
9y simuiation is always stored with the data specification that pro- |
duced it.

3-4. Examine Statisties.

This subprocess is used by MOPADS users to preview and
rint the results of MOPADS simulations. MSAINT writes row statis-
tical data to the data base after each simulation run. It is
physically stored in entries of the Tactical Scenarios. This sub-
process has commands that permit the user to selectively print sta-
tistics, For example, it is possible to print task node statistices
for a particular THAWK or for all THAWKs. Similarly, the user can
print all operator statistics for one Q-T3 or operator statistics
for one type (e.g., TD) for all Q-73's.
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The commands unique to this subprocess are:

DISPLAY

Print the labels of all Operators and all
Working System Modules.

PR
I's "f
1

PRINT - Print statistics.

.

N .

SHOW

Print the Current Simulation Data Set Number, N
Tactical Scenario Number, and Run Number, k

USE - Change the Current Simulation Data Set,
S Tactical Scenario, and/or Run Number. ‘.
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3-5. Create/Edit Air Scenario.

This subprocess is used by the MOPADS modeler to create
new air scenarios for the MOPADS user. Figure III-15 is a schematic
of the organization of the data base information for Air Scenario
data. A Critical Asset Configuration entry contains the basic data
such as the coordinate reference point and the locations of all
critical assets. Then one or more air scenarios can be created with
reference to this coordinate and asset system. Each air scenario
may contain tracks classified as hostile, friendly, and other.

Commands unique to this subprocess are:
ADD-AIR - Creates a new air scenario entry with tracks
ADD-ASSETS- Creates a new critical asset configuration entry

DELETE - Deletes a single air scenario or an entire
Critical Asset Configuration entry

GET ~ Copies an air scenario or an entire Critical
Asset Configuration from a reference data base
to the working date base.

RENAME - Renames an air scenario or Critical Asset
Configuration
SAVE - Copies an air scenario or an entire Critical

Asset Configuration from the working data base
to a reference data base.

The user interface contains provisions to maintain reference
type information such as scenario data in a reference data base so
that it is not subject to accidental loss. It can be copied into
working data base files as needed. The GET and SAVE commands per-

form this function. Use of this subprocess is described in
Polito (1983a).

3-6. Create/Edit Reference System Module.

This subprocess is used by the MOPADS modeler to enter
data for new models of air defense systems into the data base.
Figure IV-5 shows the organization of the reference system module
information in the data base. When a new system module is being
created, and all of the data have been prepared, then this sub-
Process is used to enter default human factors and system option
Parameters for the module. This effectively increases the menu of
system modules available to the MOPADS user for performing
simulations.
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CREATE/EDIT REFERENCE AIR DEFENSE SYSTEM MODULE

REFERENCE-ADSM

GP  AN/TSQ-73

AN/TSQ-73

THAWK

ETC.

COMMANDS :
ADD CHANGE DELETE GET GQUIT RENAME SAVE USE

Figure IV-5. Data Base Organization for the "Create/Edit
Reference System Module" Subprocess.
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g Ti.e commands unique to this subprocess are:

?3 ADD - Create a new reference air defense system module

! CHANGE - Edit the parameters of a reference system module
DELETE - Delete a reference system module

E: GET ) - Copy a reference system module from a reference

data base to the working data base

o RENAME - Rename a reference system module
) SAVE - Copy a reference system module from the working
f: data base to a reference data base
hale
USE - Specify a particular reference system module
o as "current"
L]
-
: QUIT - Leave the subprocess
gs Use of this subprocess is described in Polito (1983b).
3-7. Basic Data Base Commands.
-
N
i' In addition to the commands discussed for each subpro-
cess, there are several basic commands that can be entered from any
: subprocess. Those commands provide low level editing or data base
i handling services for the user. The basic data base commands are
discussed below.

CLOSE - The CLOSE command will close either the working
or reference data base. It can be used to
switch to a new data base file.

E! CURRENT - The CURRENT command will display the label, ID
or both of the current directory and/or data list
o on either data base.
l.:,
> DEPOSIT - DEPOSIT is a low level editing command that allows
any element of the current data list to be
Ef changed. DEPOSIT interactively requests element
Y numbers and new values.
;} DIRECTORY - DIRECTORY shows the contents (all owned direc-
1]

w tories and/or data lists) of the current direc-
tory on either data base. It shows the labels,
ID's, and directory positions of the contents.
This information is useful for the SELECT

' command.

-
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:W EXAMINE - EXAMINE will display selected contents of the

s current data list to the terminal or to the }Y

}1 MOPADS non-interactive output file. If the latter o

N is selected, the data list label and other infor-
mation will also be printed.

.+ S

HELP - HELP will print the prompts and options for the
prompts for the specified command.

i
[T |

MENU - MENU has no prompts. It will print all commands
available in the current subprocess.

A 1

3 OPEN - OPEN will open a data base file as either the
working or reference data base. OPEN will not
automatically close the current data base. CLOSE
must be used explicitly beforeOPEN to switch data
base files.

...
)l .

]

4
N

fe<n 7y

et et
P alr

:i PLINK - PLINK will change the current directory to the
= owner of the directory which was current when
- PLINK was issued.

B 1
. :

|

tx

SELECT - SELECT changes the current directory or data list
4 to one that is owned by the directory that is

‘ current when SELECT is issued. The desired direc-
[\ tory or data list is selected by specifying one

o (and only one) of the following: 1 -~ its directory
A position, 2 - its label, or 3 - its ID. This -
: information is obtained with the DIRECTORY command.

U

el

3N .

T TERMINATE -~ TERMINATE has no prompts. It will close all open
- data bases and terminate execution. This is the
- normal way to end a User Interface session.

3-8. Conversing With the MOPADS User Interface.

v

a
o

- The User Interface is primarily a command driven pro- .

‘S cessor that waits for the user to issue instructions. It does, #3
N however, have aspects of menu driven systems in that some commands "
o result in menus being presented to the user. Also, the command

o processor (FFSP described in Goodin & Polito (1983a))permits menu-like !}
= presentations of commands. -

A N

{b The regular mode for entering commands is shown below. 1

3 N

command ,promptl=responsel/prompt2=response2/...

- ‘ v
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The commands and prompts are keywords recognized by MOPADS. The
responses are particular values for the prompts. For example,
consider this:

OPEN,FILE=MOPADS.TBF/STATUS=0LD

OPEN is the command. FILE and STATUS are prompts recognized by
MOPADS and MOPADS.DBF and OLD are values for the prompts.

Certain prompts for a command may have default values that
will be used if the prompt is not entered. In the example above,
another prompt, DB, specifies which data base is to be associated
with the file. Its default is WORKING, so by not entering it on the
command line, WORKING is automatically selected. If the default
value is not desired, then the prompt must be explicitly entered on
the command line.

If the user fails to enter responses to all required prompts,
MOPADS will interactively prompt for them. For example,

OPEN,STATUS=0LD

FILE[NO DEFAULT] = MOPADS.DBF

While processing the OPEN command, MOPADS found that the required
prompt, FILE, was not entered. It printed "FILE[NO DEFAULT]=" to
prompt the user for a response. If the last non-blank character on
a command line is a dash (-), MOPADS will interactively prompt for
all unentered prompts, even those with defaults. For example,

OPEN, STATUS=0LD -
DB [WORKING] = REFERENCE
FILE[NO DEFAULT] = MOPADS.DBF

The dash caused "DB[WORKING] =" to be printed. The value between
the brackets is the default for the prompt. The default can be
selected by typing "DEF" as the response. DEF can also be entered
on the command line; e.g.,

OPEN , DB=DEF /STATUS=CLD/FILE=MOPADS . DBF

The above demonstrates that the prompt-response groups can be
entered in any order,

IvV-15
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Also, a command can be cancelled at any time by typing "CANC"
as a response or a prompt. For example,

OPEN,CANC

OPEN ,FILE=CANC

Note that DEF and CANC are essentially reserved words. The user
interface treats commas, blanks, and equal signs as interchange-
able separators. Also, multiple separators are treated as a single
separator. This means that the commas in the previous examples
could be replaced by any combination of one or more blanks and
commas. The same is true of the equal signs, but their use is
recommended to make the command lines easy to read. The slashes are
required separators between prompt-response groups, but they can

be preceded or followed by blanks or commas.

A response may include separators (i.e., commas, blanks,
equal signs, and slashes) if it is enclosed in quote marks (").
For example, on some computers file names contain embedded blanks,

.84
OPEN FILE="MOPADS DBF"

Without the quote marks above, MOPADS will consider MOPADS DBF as
two responses when only one is desired. (NOTE: A single prompt
may have more than one response if the programmer specified it that
way. In such a case, each response would be separated by a blank
or comma. In the case above, however, where a single response is
required, the quote marks must be used to embed the blank in the
response. )

Any response may be enclosed in quotes, although there is no
advantage in doing so unless a separator is to be embedded. Blank

responses can be entered with " " where at least one blank appears
between the quotes.

A generalization of entering only some of the prompts is to
enter only the command name:

OPEN
DB [WORKING]=DEF
FILE[NO DEFAULT]=MOPADS.DBF

STATUS [OLD}=DEF

IV-16
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The User Interface will prompt for all responses. This method can
be selected if the user does not remember the prompts.

For commands which the user issues frequently, a concise mode
can be selected by preceding the command with "C-". In this case,
the prompt= part of the syntax may be omitted. For example,

C-OPEN DEF/MOPADS.DBF

Responses must be entered in the same order as they are prompted in
the command-name-only form. No response may be skipped, except that
if all remaining responses have defaults and the defaults are
desired, then the command line may be terminated (e.g., the STATUS
response was omitted above since OLD was desired). The dash works
in the concise mode in the same way as in other modes.

The following rules will formalize the previous discussion of
how syntax is processed by FFSP.

1. The command-name-only form of a command may be used at
any time by typing only the command name.

2. Blank responses and responses containing separators may
be entered by enclosing them in quotes. To enter a
blank response,type " " (including the quotes). At
least one blank must be entered between the quote marks.

3. A command may be cancelled at any time by typing CANC
for any prompt or response. You can not abbreviate CANC.

L. The user may elect to use the default value(s) by
typing DEF for any response in a response list up to one
field past the last response in the list.

5. Slashes (/) must be used to separate one prompt-response
group from another. Blanks or commas may be used to
separate all other fields. The equal sign should be
used to separate prompts from their responses; however,
it is not required.

6. Command and prompt names may be abbreviated to any non-
ambiguous string of characters. For example, if there
are two commands, DESIGN and DESCRIBE, they can be
abbreviated DESI and DESC respectively. The commands
may be abbreviated in longer forms. For example, the
user may enter DESC, DESCR, DESCRI, DESCRIB, or DESCRIBE
for the cormand DESCRIBE.

T If a command line in regular or concise mode is ended
with more than one dash, the last dash will signify to
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AL

;; the system to prompt the user for all the unentered .
79 responses. Other dashes will then be considered as 3¢
:;, part of a response.
) A
&

AU 8. Any multiple combination of commas and blanks is treated

as a single separator. For example,

i NAME = BILL WOLF and NAME = BILL , WOLF
4

o B

are equivalent (here the response is a list of two
character strings).

K 9. If the user enters an incorrect response or misues the

: syntax, FFSP will explain the error and prompt inter- ,
:- actively for all remaining responses. E}
L& .

10. Concise mode is signified by preceding the command name
o with "C-" (without the quotes). ?1
. -
r o

The user interface is designed to be easy to use and to
support novice, intermediate, and expert users. The HELP and MENU
commands and the command-name-only form provide extensive help for
novice users. Conversely, the concise mode allows frequently used
- cammands to be entered without excessive typing. Furthermore, the
N ability to use abbreviations for commands and prompts permits
=3 experienced users to reduce typing effort in even the regular mogde.
Examples of User Interface commands and terminal sessions are given
in Pelito (1983a,b).
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3 4-0  UTILITIES AND SUPPORTING SOFTWARE

" >

5 k-1. MOPADS Utilities. :5§

o A set of utility programs have been developed to support

_ the rest of the MOPADS software (Polito & Goodin, 1983). These ~ E

ﬁ programs provide standard services in loading and copying arrays, 3

?‘ managing auxiliary array storage, opening files, and encoding/

x decoding character strings in a machine independent scheme. These ﬁf

N low level services are used by virtually all other MOPADS software o

K modules.

o 4.2, FFSP and FFIN2. R

KN N

’H Two software modules are used to provide interactive

k terminal functions for the user interface. FFIN2(Polito, 1983¢) is a :

N, set of format free input programs that predate MOPADS. FFIN2 pro-

N vides extensive error checking for input entered from the terminal,

{, and it protects the user from abnormal termination due to mistyping. ~;
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FFSP (Free Format Syntax Process) uses FFIN2 to interpret the
syntax of the user interface described in Section 3-T above. The
FFSP is general in nature in that is is entirely data driven. This
allows the set of commands now recognized by MOPADS to be expanded
easily if the need requires. Indeed, FFSP can be used to interpret
commands in & setting entirely removed from MOPADS.

All form, content, and syntax error checking is performed at
the lowest level in FFIN2 or FFSP. This relieves the user inter-
face software which implements the commands from the chore of per-
forming these checks for each separate command type. The user
interface programs can avoid duplication and concentrate on detec-
tion errors in meaning rather than form.
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‘ V. GUIDE TO MOPADS DOCUMENTATION
1-0 MOPADS VOLUME 1
j' This report comprises MOPADS Volume 1l.l. It is the final
Sy report for the project and provides an introduction to the
concepts used in MOPADS. Subsequent MOPADS volumes contain user
o and refernece material for the MOPADS modeler.
| 1-1. Volume 1 Contents.
o Volume Title and Description
v 1.1 MOPADS Final Report
‘l
& This report describes, in a
non-technical manner, the
o MOPADS modeling system and
% the MOPADS software. The
methodology is described =
: and a simplified description
$' of the software implementation o
o is given.
2-0  MOPADS VOLUME 2 ?
AL
AL
L1 There are no documents in MOPADS Volume 2. 3};1
3 :-{}.4
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:g 3-0 MOPADS VOLUME 3 -
HoY
12
::: MOPADS Volume 3 contains reports that provide user documenta-
',; :C' tion. They are mandatory reading for individuals who will designm,
sy perform, and analyze simulations using MOPADS. These documents
oA provide sufficient information for a MOPADS user to exercise the
{.& models that exist in MOPADS.
h
-‘% 3-1. Volume 3 Contents.
! Volume Title and Description
o 3.1 User Guide for the AN/TSQ-73
y 3 System Module
3
v’\-,’ This document describes the AN/
i s TSQ-73 model. It provides infor-
. mation required by a MOPADS user
S such as a) the number and type
S of operators, b) the default
.0 human factors and system para-
;‘:,"\,{-: meters, c¢) the operator goals, d)
N other data requirements, and 3) a
— discussion of the implementation.
W
1ol 3.2 User Guide for the IHAWK System
< Module
NS
a0 This document is analogous to
Volume 3.1 except for the IHAWK
‘.-" system.
"*‘:: 3.3 Performing MOPADS Simulations
Sy
. £
e This document contains user in-
’ structions on how to use the
1 :.*f, MOPADS User Interface to set up
»g\_»}' and perform MOPADS simulations.
\f_:_\,‘ It also contains information on
.-‘g:.:{j analyzing the outputs from simu-
b lation. 1It's intended audience
P is the MOPADS user.
Don L-0  MOPADS VOLUME L
.‘L;'-;_:" MOPADS Volume U4 is a collection of documents for the MOPADS
modeler who will design and develop MOPADS models of new air defense
systems and integrate them with the rest of the MOPADS system.
SN0y
N
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4-1, Volume 4 Contents.

Volume ‘Title and Description

»_.

==
AT

L.l MOPADS Architecture Manual

This document contains a descrip-
tion of the modeling framework
) and the software structure of
'y MOPADS. It is prerequisite 0
reading for the MOPADS modeler. ]

atatal

N 4.2 FORTRAN Style and Documentation
Requirements

R

- All new FORTRAN code written for
' the MOPADS project has been h
written following the standards
i specified in this document. It "
o is recommended that all follow-on 5
developments also use this - <.
standard.

T
e o'l
v

4.3 Documentation Requirements and A
Development Guidelines for MOPADS o
: Air Defense System Modules -

This document describes the docu- B
M mentation procedures that have been
used to develop the AN/TSQ-73 and
THAWK system modules. It is
recomnended that the procedures in
this report be used for all follow- X
on developments also. -

L A

L.y Development Methodology for MOPADS i
Air Defense

. This document describes a step-by-
d step methodology for developing
air defense system modules. It has
been used for the AN/TSQ-T73 and ‘
THAWK system modules. It is ¥
recommended that these procedures
be used in all follow-on

X developments. ﬁi
4.5 MSAINT User's Guide: Changes and i

b Additions to the SAINT User's N

’ Manual ::\:\1
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made to the SAINT simulation
language to support MOPADS. It

is written as a supplement and
addendum to existing SAINT docu-
mentation. Therefore, the reader
must be familiar with the SAINT

i? This document describes changes .
t
)
4
ik

P\
1
ey language.
A
N,
a7 - L.6 Creating Reference Air Defense
) System Modules
L1 This document describes the pro- .
§ cedures for using the MOPADS user &
3 interface to enter data for a new
P air defense system module into the .
MOPADS data base. ;
‘ L7 Creating MOPADS Air Scenarios
)
;% This document describes the pro- "
o cedures for using the MOPADS user
v interface to enter new air scenario

7 and critical asset configuration
data into the MOPADS data base.

o 5-0 MOPADS VOLUME 5

o MOPADS Volume 5 is a collection of reference documents that
describe the methodology and software modules of MOPADS. They are
intended as reference reports of primary interest to the MOPADS
modeler, although MOPADS users may find some of them interesting.

;, 5-1. Volume 5 Contents. ¢
s
Volume ‘Title and Description

,"‘

{A 5.1 A Summary of the Literature on N
- Quantitative Human Performance ;
- Models ﬁ
al

) This document contains summary

“n sheets of the literature search
L conducted of the human perfor-

- mance literature for MOPADS. It

5 is comprised primarily of raw .
' data used for the data base
described in Volume 5.2.

¢

-

:ﬁ 5.2 A Data Base for Quantitative 3
:% Human Performance Modeling "
<26
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This document describes a.compu-
terized system for organizing the
information described in Volume
5.1 and the use of the computer
program to identify relevant
literature to develop the MOPADS
skills taxonomy.

Selected Operator Functions and
Tasks for the AN/TSQ-T3 Missile
Minder

This working document contains raw
task flow chart data extracted from
AN/TSQ~T3 system documentation.

Selected Operator Functions and
Tasks for the Improved HAWK
Missile Battery

This document is analogous to
Volume 5.3 except for the THAWK.

The Underlying Person Model Behind
HOMO (Human Operator Model)

This document describes the skill
taxonomy for modeling air defense
operators.

HOMO Establishment of Performance
Criteria for Non-Decision Making
Tasks

This document describes the
moderator function approach
developed for MOPADS, and the way
in which task times are moderated
by breaking tasks down into com-
ponent skills.

MOPADS Task Sequencing Structure

This document describes the metho-
dology used for operator task
sequencing. Operators are repre-
sented in MOPADS as goal seckers.
This report describes the proce-
dures used to model the goal
seeking behavior.




5.8

5.9

5.10

5.11

5.12

5.13

5.1k
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MOPADS Documentation Style Manual

This report describes the documen-
tation style used for writing and
typing MOPADS reports.

MOPADS Utility Programs

This report documents the MOPADS
software module UTIL which con-
tains general program utilities.

Human PFactors Moderator Functions

This report documents the MOPADS
software module which implements
the human factors moderator
functions.

MOPADS Free-Format Syntax Pro-
cessor (MOPADS/FFSP)

This report documents the MOPADS
software module which interprets
the MOPADS user interface command
syntax.

MOPADS User Interface (MOPADS/UI)

This report documents the MOPADS
software module that implements
the user interface,

The MOPADS Data Base Control
System (MOPADS/DBCS)

This report documents the MOPADS
software module that manipulates
the MOPADS data base file.

MOPADS Free-Format Input
Program (MOPADS/FFIN2)

This report documents the MOPADS
software module that performs low
level format free input for FFSP
(see Volume 5.11) and the user
interface.

Documentation Manual for the
AN/TSQ-T3 System Module
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This report contains detailed docu-
, mentation of the AN/TSQ-T3 system
b module. Complete SAINT subnetworks
for each operator task are shown
with cross references between
. SAINT task node numbers, operator N
task numbers, and references to
Army documentation. Also, all
SAINT user FORTRAN inserts are
documented.

g 5.16 Documentation Manual for the IHAWK
s System Module

n.‘-“‘- A._'. A- .' <

"

This document is analogous to
Volume 5.15 except for the IHAWK
system module.

o s el e an
« S I N

oS 5.17 The MOPADS Data Base -

This report specifies the contents
o and format of the MOPADS data base
i ’ file.

5.18 . The MOPADS Data Base Application
Programs (MOPADS/DBAP)

, This report documents the MOPADS

i software module that contains
utilities that interact with the
MOPADS data base through the DBCS .

3 (Volume 5.13).

N Bl
=0,

5.19 Documentation Manual for the MOPADS

g - Control Module (MOPADS/CNTRL) and
j The MOPADS Common System Module
Module Programs (MOPADS/CSMP). :

T This document is analogous to 3
Volumes 5.15 and 5.16 for a system
- module called the Control System
3 Module. This module is not an
) air defense system module. Rather
it is a special SAINT subnetwork )
% which manages aircraft tracks and
= drives the software that updates e
track position and ATDL information. q
. In addition, certain programs common .
to all system modules are documented. .
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