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ABSTRACT

(U) The SEATIDE Analysis Process is a semi-automated
procedure for the generation of time—'pha.sed, high value cruise missile
weapon systems concepts, together with the supporting technology and
intelligence indicators which would reflect that these technological goals
are being achieved. The SEATIDE process can also be used to evaluate
the effectiveness of fixed force levels, existing forces in SAL environ-
ments, or Naval defenses.

(U) The Defense Intelligence Agency, through its Directorate
of Estimates, and The Advanced Research Projects Agency (ARPA) have
sponsored the development of this computer based analysis at the weapon
system and Naval force structure level. A previous process, RIPTIDE,
was developed for DIA for use in analysis of strategic missile systems.

(U) Generic to the SEATIDE Analysis Process are three

—

major computer models: The Naval Engagement Model (NEM), Cruise ¢

Missile Concept Generation and Screening Model (CM-CGSM) and Relative
Worth Model (RWM). The NEM evaluates force effectiveness, tactics, and ‘f'
task force configurations; the CM-CGSM enables definition and selection !

of candidate, advanced cruise missile system concepts; and the RWM per- f

mits assessment of worth in accordance with a variety of objective and ,,;

‘subjective criteria. Each of these models has been checked out by DIA.

B A .

(U) In addition to exercising the computer models, there are

several other analytical and engineering tasks to be performed, e.g., the i
identification of areas of current interest and the associated criteria and [!
potential concepts, the creation of a foreign technology data bank in a :i

format needed by the computer models, the engineering of concepts to

the required detail, and the use of a verification analysis loop.

v
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SECTION I

INTRODUCTION

(U) On 28 June 1972, the Vought Systems Division, a division
of LTV Aerospace Corporation, contracted with the Defense Intelligence
Agency (DIA) to develop the SEATIDE Analysis Process in support of the
DIA Long Range Forecast Division (DE-1), The SEATIDE Analysis Process
is defined to be:

" «ees @ semi-automated procedure for the generation of i
time phased, high value naval cruise missile system con-
cepts, together with the supporting technology and the 5 |

intelligence indicators which would reflect that these
technological goals are being achieved ,,.. "

(U) Generic to the SEATIDE Analysis Process are three major t
computer models: the Naval Engagement Model (NEM), the Cruise Missile 1
Concept Generation and Screening Model (CM-CGSM), and the Relative
Worth Model (RWM)., This volume presents a Users Manual for the RWM
only., Users Manuals for the other models are found in Volumes IIA and
IITIA, respectively.

(U) The RWM is written in FORTRAN IV computer language
and is compatible with the DIAMS IBM 360/65 computer system at
Arlington Hall, Virginia,

(U) This manual is written with three objectives in mind:
(a) To serve the systems analyst,

(b)  To serve the programmer who will implement and
update the computer programs.

(c) To serve the computer operations personnel with a
source for preparing detailed computer operating
instructions.

In addition, a number of appendices are included to give a broader under-
standing of the purpose, approach, and/or techniques used in various major
portions of the computer models. Appendix A is a detailed listing of the
FORTRAN Source Program., Other information, of interest only to the
systems analyst, is to be found in Volume III and its Technical Appendices,

UNCLASSIFIED
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SECTION II

DESCRIPTION

1. PURPOSE

(U) The purpose of the Relative Worth Model (RWM) is to pro-
vide DIA with a computer model within the SEATIDE Analysis Process to
rank high value advanced cruise missile systems concepts using a variety
of objective and subjective criteria. While the model is quite general, the
terminology and variables used in its application to SEATIDE are those
used in the NEM and CM-CGSM. These are: WORTH1, WORTH2, and
COST*, quantities which are available for each candidate concept which
survives the screening process in the CM-CGSM. Other variables which
can be attached to each candidate are such things as: Years to Achieve
I1I0C, Technological Risk, Use of Critical Materials, etc. Each of these
may have a bearing to a greater or lesser degree on the ranking of the can-
didates from the National Planning point of view. The purpose of the
Relative Worth Model is to provide DIA a quantitative way to inject the
judgment of qualified experts into assessing the relative importance of all
variables and their combined influence on the resultant ranking, An error
analysis is also provided which establishes rank bounds which reflects the
system analysts degree of certainty on his judgment.

2. ASSUMPTIONS AND APPROACH

(U) The RWM assumes that each system to be ranked can be
described by a common set of variables, x], X2, eees, Xp (x] might be
WORTHI1, x might be WORTH2, etc.). It also assumes that in a given
context of mission to be performed (requirement to be met), resources
available, policy and other constraints, that there exists a Worth Function
which measures the ''desirability'’ of each system relative to another, and
that the worth is a function of the variables x; to x,, i.e., that for the ith
system there is a Worth W; given by

W,
i

1}

F (xi) (1)

where Xi = (xil’ Xior seses xin)

system variables

% In this application, COST is defined as system weight. In the event, a
costing methodology is added to the SEATIDE process at a later date, no
heading changes will be required,
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(U) If such a Worth Function were explicitly known, the various
systems could be ranked by direct substitution of their variables into the
function., However, where the function is not explicitly known, or uncer-
tainties in the data exist, additional methodology is needed.

2.1 The Ranking Index

(U) Under certain quite general assumptions, Reference 1, a
Worth Index W* may be defined by linearizing the Worth Function using
Taylor's series with a remainder. Thus, given m systems to be compared,
each described by n variables x; (j=1 to n), we may then think of having
an (m x n) matrix X of data describing the m systems, i.e.,

X = (xij) (2)
where xij = value of the jth variable of the ith system.
As shown in Reference 1, we may now define the Worth Index W* as
Wk > [(xij £ cj) o tj)] + F(c) (3)
where (= = C12Cps eeee, C = 2 basgline sys.tem or
coordinate origin
tj = trade factor j, (j=1 to n)

OF / F = ). oy
axj axb axj
C

Thus, we see that the "'trade factor' t; corresponding to the jth system vari-
able is (from a mathematical point of view) the constrained derivative of
some ''baseline'' variable x, with respect to the jth variable, evaluated at
the reference point c. It can be shown that within the limits of linearization
of the region of interest that for two system p and q,

W * > W % ifandonlyif W_ > W (4)
p q p q
i, e,, that two systems p and q can be ranked in the same order using the

Worth Index as they would be ranked using the Worth Function.

(U) Estimation of trade factors is discussed in Appendix B,

UNCLASSIFIED
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2.2 Sensitivity Analysis - Rank Bounds

(U) If we assume error bounds e, in our estimates of the
trade factors t,, then for two systems p and d it can be shown (Reference
1) that their rellative ranks remain unchanged for any combination of
errors ej if and only if

‘W*-w*l
= P Aq > (5)

T
& 15wl s

By comparing all possible pair of systems a rank sensitivity matrix

Pq

K = k ’ ’ =l’--': 6
(pq) (p,a m) (6)

can be used to establish rank bounds (r ,rz) on each system rank.
These rank bounds are the highest and fowest ranks achievable by the
system for any combination of errors with the error bounds e.. These
rank bounds may be exhibited as shown in Appendix B.

UNCLASSIFIED
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3. TOP LEVEL FLOW

(U) The RWM top level flow is presented in Figure II-1
and is discussed below.

(U) The RWM consists of a MAIN program and seven
subroutines. No link overlay is required. The MAIN program calls
Subroutine START which reads a PCODE card which identifies the
data or case being run, etc., a five line TITLE and up to 520 lines of
COMMENTS, 80 characters to the line. Upon command (see section II. 4)
it reads data and then calls Subroutine RANK which then calls the other
subroutines as needed. The function of each subroutine is shown in
Figure II-1.

v R Ty T

RITSRN B ARLR st n

R —

S ——

11-4
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FIGURE 1II -1

RELATIVE WORTH MODEL TOP LEVEL FLOW (U)

MAIN &
PROGRAM
|| SUBROUTINE
START
» SUBROUTINE
RANK
SUBROUTINE
TRADE .
SUBROUTINE |___ |
SCORE
SUBROUTINE
SORT
SUBROUTINE &
SENSIT
SUBROUTINE
OUTPUT | ?

UNCLASSIFIED

Controls and executes Data INPUT
options., Calls Subroutines START
and RANK. Calls EXIT to terminate run.

Inputs Run Identification CODE, TITLE
page information, and COMMENTS.

Calls five execution/output subroutines.
Calculates System RELATIVE WORTH.

Calculates Parameter TRADE FACTORS.

Calculates Systemm WORTH based on
a set of average Trade Factors.

Determines System RANK from
System WORTH

Calculates Ranking Sensitivity RANK
BOUND and outputs SENSITIVITY
MATRIX as optioned.

Executes Ranking Model OUTPUT
options.
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4. INPUT
(U) RWM input data are presented in this section, along
with a general discussion of program control parameters. Input param-

eters are defined and input card formats illustrated.

4.1 : Control Parameters

(U) Control during setup and execution of the RWM is done
by a set of ZIP code cards. ZIP card formats are shown in Figure II-2,
Each ZIP card initiates a particular action, which may include reading
additional control parameters, and then the program returns to read
another ZIP card. The computer run is terminated by reading a ZIP 9
card. A detailed discussion of ZIP cards is included where they occur in
Figures II-3 thru II-7.

4.2 Initialization Input

(U) All RWM input data in a given computer run remains
unchanged until a replacement set is read in over it (as in parametric
variations in a single JOB). Hence certain items can be set initially
and left alone thereafter. A typical set of these are shown in Figure
II-3, although any or all could be changed as needed for each additional
variation. This includes the initial PCODE card, a five card Title
which gets printed during output on a page by itself, print control indices,
and Base Worth and System Variables.

4.3 Base Worth & Base System Variables

(U) From Equation (3) in section II. 2 we find the quantities
C and F(C) which have the following FORTRAN names

XBASE(I) =cy i=1lton

BWORTH

F (C)

These can be any convenient numbers (including zeros), but if they are
chosen from some baseline system the Worth Index has a visible relation
to that of the baseline system (as well as a numerical ranking). These
are shown as items M and N in Figure II-3.

4.4 Trade Factor Input

(U) Trade Factors are defined in equation (3) in section
II1-2 and error bounds e; on Trade Factor t; are shown in equation (5).
Estimation of these are discussed in Appendix B. However, it may be

UNCLASSIFIED
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said here that they are usually estimated as a lower and upper bound.
These upper and lower bounds are entered as shown in Figure 1I-4.
The average is taken as the Trade Factor, and half of their difference
is taken as the error bound ej. If there are n system variables there
are n sets of Trade Factors t), tp, ..., ty.

4.5 System Names

(U) System names may be left blank or chosen at the
convenience of the user. The RWM keeps track of systems by system
number. These are shown in Figure II-5.

4.6 System Data

(U) System data is defined as the Xij in equation (2) in
section II-2. For each system (identified by system number i) there
are n values xjj,Xj2, ... , Xj, describing that system. These are
entered 7 to the card as shown in Figure II-6.

4.7 Execution and Parameter Variation

(U) After all data has been read, a ZIP 8 control card
causes execution of a ranking and sensitivity analysis. Output is then
printed according to the print control indices previously read in. After
this cycle is complete the computer run may be terminated with a ZIP
9 control card, or as shown in Figure II-7 another cycle may be set up
and executed. In the example in Figure II-7 only the PCODE card and
the Trade Factor data was changed. But any other input may be changed
either by complete replacement, or as in the case of Trade Factors,
System Names, or System Data, by single lines. These partial replace-
ments of input data are shown in Figure II-8.

II1-7
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FIGURE II-3
RWM - INITIALIZATION INPUT

] Variables Definition
3
A Zip Code 5, first card in a data deck.
a
i B Plain text purpose of Zip 5.
i C PCODE card. A one line identifier which gets
printed at the top of each page of output.
D A five line title.
E Comment cards (if any). Comments are
terminated by two blank cards. Maximum of 520
cards.
F Two miscellaneous constant cards. Not used but

needed for read purposes.

G Zip code 3.
H Plain text purpose of Zip 3.
J Print control, in fields of five.

A zero means do not print,

Je Print system ranks and worths
2. Print sensitivity matrix K i
3. Print rank bounds |
4, Specifies number of top ranked systems to put '
in sensitivity matrix K. If zero it puts all ’
systems in K, !
5. Print trade factors and bounds '
6. Print system data i
K Zip code 1. Read base worth and base system !1
variables. ﬁ
L NAMELIST NAMI1. Begin reading. i
M BWORTH = Worth of a baseline system.
N XBASE(I) = Value of variable I for baseline system.
P

NAMELIST NAMI1. End reading.
f1-10
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Variables
A

B
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FIGURE II-4

RWM - TRADE FACTOR INPUT

o e

Def'nition

Zip code 2,

Plain text purpose of Zip 2.

Integer in cols 1 - 5 uniquely identifying each
trade factor, Must begin with 1 and proceed

sequentially.

Name of trade factcr, up to 8 letters in cols 11 - 18,
plus 8 more in cols 21 - 28,

Lower bounds to trade factors* in cols 31 - 40,
Upper bounds to trade factors* in cols 41 - 50,

Blank card which terminates reading of trade factors
and returns control to MAIN,

_ *¥*NOTE: Sign of trade factor is negative if large values of its corresponding
¥ variable are less desirable.
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FIGURE II-5
RWM - SYSTEM NAMES

Variables Definition
% A Zip code 6.
B Plain text purpose of Zip 6,
» | Cc Integer in cols 1 - 5 uniquely identifying a system

to be ranked.

{ D System ''name'' in cols 11 - 50 corresponding to
system number., May be coded to show significant
characteristics for reference to its place in a
CGSM output.

E Blank card which terminates reading of system names
and returns control to MAIN.

e ——
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Variables

A

B

'UNCLASSIFIED

FIGURE II-6
RWM - SYSTEM DATA
Definition
Zip code 7.
Plain text purpose of Zip 7.
Integer in cols 1-5 uniquely identifying a system
to be ranked. Must correspond to integer used

for system name.

Value of variable 1 in cols 11-20
(corresponds to trade factor 1)

Value of variable 2 in cols 21-30
(corresponds to trade factor 2)

Value of variable 3 in cols 31-40
(corresponds to trade factor 3)

Value of variable 4 in cols 41-50
(corresponds to trade factor 4)

Blank card which terminates reading system
data and returns control to MAIN

NOTE: If there are more than 7 variables, place on succeeding cards
in increasing order but with same number as C in cols 1-5.

I1-16
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FIGURE II-7
RWM - EXECUTION AND PARAMETER VARIATION

Variables Definition

A Zip code 8

B Plain text purpose of Zip 8

C Zip code 4

D Plain text purpose of Zip 4

E PCODE card. A one line identifier which gets
printed at the top of each page of output.

F Zip code 2

G Plain text purpose of Zip 2

H Integer in cols 1 - 5 uniquely identifying each Trade

Factor. Must begin with 1 and proceed sequentially.

J Name of Trade Factor, up to 8 letters in cols 11 - 18,
plus 8 more in cols 21 - 28.

K Lower bound to trade factors* in cols 31 - 40
L Upper bound to trade factors* in cols 41 - 50
M Blank card which terminates reading of trade factors and

returns control to MAIN

N, P Zip code 8. Executes new parameter variations entered
since last Zip 8.

Q, R Zip code 9. STOP, End of computer run.

*NOTE: Sign of trade factor is negative if large values of its corresponding
variable are less desirable.
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5. OUTPUT

(U) Output of the RWM includes a title page, copies of ZIP
code control cards used, miscellaneous initialization data, copies of
input data tables, and three output tables:

(a) SYSTEM RANK AND SCORE

(b) SENSITIVITY MATRIX

(c) SYSTEM RANKING SENSITIVITY - RANK BOUND

These are discussed in detail as to format and meaning in Figures 11-9
thru II-13.

11-23
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FIGURE II-9

RWM OUTPUT - PAGES 1, 2, 3.

DESCRIPTION

PCODE. A one line label printed at the top of each
numbered page.

A Five Line Title.

Miscellaneous Constants. Not Used.

System Number

System Name (or coded information)

System Rank. (1l is best)

SCORE. In E-Format,

i.e. 4.765E+02 means 476.5 which is the '""equivalent"
WORTH of System 1 after adjustment by the Trade
Factors. The system is better than, equal to, or less
than the '"baseline'' system according to whether the
SCORE is greater than, equal to, or less than the input

value BWORTH =453.0 shown in Figure II-3 and in
Figure II-10.
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CATA PGM=R WM

DATA ,PGM=RWM
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FIGURE II-9 ( Continued)

P AGE 1
RUN = 74-01-18

®

RELATIVE WORTH MODEL (SAMPLE)

RWM :
VWIUGHT SYSTEMS DIVISION

LTV AEROSPACE CORPORAT[ON (Ei)
DALLAS, TEXAS 75222

PAGE 2 (Z§>

RELATIVE WORTH MODEL (SAMPLE) RUN = T74-N1-18

XMISC 1.CNN1Y N 0 ) 0.0 0.0 0.0 Ded n.q©
OAGE 3

CATA ,PGM=RWM RELATIVE WORTH MODEL (SAMPLE) RUN = 764-N1-18 "
SYSTFM RANK AND SCNRF PAGF 1

Nn.

€YSTEM NESCRIPT[ AN

® ®

Nr D0 DN NE NN

- et et o el gt g
DN Db

LI1Q
LiQ
LIQ
LI1Q
t1Q
L1Q
L'C
LIQ
L10Q
L
LIQ
Lme
S
™M
(al}
SPL
S
A all

ROC
anc
[Xald
anc
on(
rRNC
Clole
prc
Ciale
ReC
RCC
en(
erc
A€
RNC
on(
Ciale
anc

o
>
z
X

SCNRF

®
@

=24(LIGHT) 6 4L.T65E C2
= 1(LIGHT) L 4.RTSE (2
= 2(LIGHT) X 4oB90F (2
=5(LIGHT) 1 4o89NFE (2
=23(L IGHT) 5 4L,R25E (2
- A(LIGHT) 3 4498B5F C?2
=4 (HVY) 12 4 ,415E C2
- 1tHvy) 9 4,.525F €2
=2J(HVY) 13 4,4BTE C2
- QA(HVY) 12 4L LRNE N2
- 2(4VvY) ] 4,530E 02
- A(HVY) 7 4,535 (2
- 4(HVY) 17 44,365E 0?2
- 1 4vY) 14 4, 375€ 02
- T(HVY) 16 4 70E (2
- 4l4vY) 13 4,380€ (2
~14(HVY) 18 44 295F €2
- B(HVY) 14 4,375 €2
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FIGURE II-10

RWM OUTPUT - SENSITIVITY MATRIX PRINT CONTROL,
& NAMELIST NAM1

ITEM DESCRIPTION

A PCODE. A one line label printed at the top of each
numbered page.

; B SENSITIVITY MATRIX Page number. If large enough
] it will be split and put on several pages.

C Rank number of system in a particular SENSITIVITY
MATRIX column.

E D System number of a systemn in a particular
SENSITIVITY MATRIX column.

E System number of a system in a particular
1 SENSITIVITY MATRIX row to which it is being
- compared in a given column.

i
a2 F Entries in the SENSITIVITY MATRIX. These are !
’ the defined in equation (5) in section II. 2, !
where if the entry is greater than 1.0 the system 1
numbered in D is always better than the system
numbered in column E. For example, System 1
2 is not always better than System 5, but
is always better than System 1. i

“0
X

ZIP Code 3 and Print options as read in.
ZIP Code 1, NAMELIST NAMI1, Base Worth & Base
System Variables as read in. See Figure II-3.

A e SR
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FIGURE II-11

RWM OUTPUT - RANK BOUNDS TABLE

DESCRIPTION

PCODE. A one line label printed at the top of each
numbered page.

Table title and page number.

Rank bounds (and size of SENSITIVITY MATRIX)
depends on number of systems specified in J. 4 of
Figure II-3. In this case, all 18 systems were used.

System number and name. Limited to the number
shown in C.

Upper Rank Bound (Highest rank is 1).
Average Rank. Same F in Figure II-9.

Lower Rank Bound (limited to number in C).

For System No. 6 the numbers 1, 3, 5 mean that
while its SCORE based on the average trade factor
gives it a rank of 3, the error bounds and their
interaction with all the systems means that there
are some conditions within the bounds of
uncertainty for which the rank could be as high

as 1l or as low as 5.

II-28
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FIGURE II-11 (Continued)

PAGE 5
CATA,.PGM=RWM RELATIVE WORTH MODEL (SAMPLE) RUN = 1«-01-&5;
SYSTEM RANKING SENSITIVITY - RANK BOUND @ PAGE

{BASED ON SYSTEMS RANKED 1 THROUGH 18) ©
UPPER AV ERAGE LOWER

"

e

NO. SYSTEM DESCRIPTYION BOUND RANK BOUND
® ® & 5
1 LIQ ROC =-24(LIGHT) 2 6 8
2 L1Q ROC - 1(LIGHY) 1 4 5
3 LIQ ROC - 2(LIGHT) 1 1 6 ,
4  L1Q RDC =S(LIGHT) 1 1 6 {
& LIQ ROC =-23(LIGHT) 2 5 7 :
6 LIQ ROC - 6(LIGHT) 1 3 s :
7 LIQ ROC =-4C(HVY) 8 12 18 i
A LIQ ROC = 1{HVY) 6 9 15 :
S LIQ ROC -20(HVY) 8 10 17 ]
10 LIQ RNC - A(HVY) 8 10 17 i
11 LIQ ROC = 2(HVY) 14 8 13 ¢
12 LIQ ROC - 6(HVY) 6 7 16 i
12 SNL ROC = 6(HVY) 9 17 18 3
14  SOL ROC = 3(MVY) 8 14 17 ¢
15  SOL ROC - T(HVY) 11 16 18 3
16 SOL R0C = 4(MvY) 8 13 17 i
17 SOL ROC -14(H4VY) 10 18 18 ;
18 SOL ROC - B(HVY) 7 14 17 ;
¢
£
:
'
i‘
:
|4
S.
1
UNCLASSIFIED f
{
11-29 ;
- — i p—




R T T i

TR RIS L TR, el o

.

ITEM

NOTE:

UNCLASSIFIED

FIGURE II-12

RWM OUTPUT - TRADE FACTOR TABLE

DESCRIPTION

PCODE. A one line label printed at the top of each
numbered page. L

Table title and page number.

Trade Factor number, corresponds to variable
number in SYSTEMS DATA.

Trade Factor name

Minimum Trade Factor (as input)

Average Trade Factor (as calculated)

Maximum Trade Factor (as input)

Trade Factors have negative signs if the corresponding

variable is less desirable for large values, e.g.
large WEIGHT is less desirable than small WEIGHT.

1I-30
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FIGURE II-12 (Continued)

. PAGE 6
CATA.PGM=RWM RELATIVE WORTH MODEL (SAMPLE) @ RUN = 74-01-18
PARANMETER TRADE FACTOR DATA PAGE 1
NG. NAME MINT MUM AVERAGE MAX [ MUM
1  WEIGHT - . =3,000E 00 <~1.550€E 01 -2.B00E Ol
2 RANGE 1. 000€ 00 1.000E 00 1.000€ 00
3 1I0C =60000E 00 <~1.500E 01 <-2.600E O1
4 WHWT =5.450€E-03 <~1,000E-02 -1.455E-02

UNCLASSIFIED
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FIGURE II-13
RWM OUTPUT - SYSTEM DATA TABLE

ITEM DESCRIPTION

A PCODE., A one line lable printed at the top
i of each numbered page.

B Table title and page number
| C System Number

D System WEIGHT (as input)
J E System RANGE (as input)
f; F System YEARS TO IOC (as input)
| G System WARHEAD WEIGHT (as input)
i
i
4
;|

I1-32
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FIGURE II-13 (Continued)

:
i
¥
PAGE 7
CATA,PGM=RWM * RELATIVE WORTH MODEL (SAMPLE) RUN = T74-01-18
SY STEM DETA @ @ PAGE 1
SYS  WEIGHT RANGE 1ac WHWT
N,
© ©® ® ®© @
1 141008 21 1.137E A2 3,000 NN 1410CE 03
7 1.I0CE AL 1,240F A2 3,000E 00 1.17CF 03
11,2008 €1 1,410F 02 3,000F 00 1.100E 02
4 1,200 F1 1 ,610E 02 3,092F 00 1,190€ 03
S 1473E F1 1,56AF A2 3,979E N0 1,100F A3
£ V,3NE A1 1,540E 02 3,000F 1 1,192E 03 3
7 1.1WE Pl B.G4FE Al 3,000F A0 2,200F 93
A LICCE OF L APOE 02 3. 990F NG 2,200E 03
S 1.27€F €1 1,11% D2 3,0INE AN 2,270E N2
1f 1.260¢ €1 LoLIOE 32 3.GOCF A0 2,20%E 03
11 142075 A1 14150E 02 3,000F N 2,200E N3
17 1.200€ C1 1.2276 92 2,000F GN  2,200F 03 3
i 1« 1WE N} le "I0F N2 4, "O0F 0D 2+2Y)E D3 l
16 LIVWE €1 [ E1F°F 67 G 00CF ne  2.309E 93
; 15 1.20°F Pl 1, 140F 12 4,7)CF AN 2,207E 23
{ LA 14200F €1 1,170 9 4,79%F OC 2.200€ 03
| 1T 1.HE PY 142640F A2 4,0N0F N0 2,200 03
: 18 1420FF O1 1,230F (3 &,00FE A~ 2,2G°F N3
¥
+
’%
| UNCLASSIFIED
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SECTION IIT

OPERATING FROCEDURES

1. GENERAL

(U) This section defines the operating procedures necessary
for utilization of the Relative Worth Model. The RWM source deck con-
sists of approximately 1000 cards. To facilitate small modifications with
a minimum of recompilation, it is recommended that the load module be
placed on a user's library. This will also greatly reduce card handling
requirements for production run utilization.

1.1 SEM Compilation and Link Edit to a User's Library

(U) The IBM System 360/65 will compile the RWM in less than
two minutes of elapsed time. Less than 1000 lines of printout are gene-
rated. No object deck is generated by this operation. Figure III-1 shows
the typical JCL setup required for RWM compilation, link edit and placing
the load module on a private deck pack, If the RWM load module required
subsequent modification, only the subroutine(s) that were changed need to
be loaded as "RWM Fortran Source Decks. "

1.2 User's Library

(U) The JCL shown in Figure III-1 defines the User's Library
as the partitioned data set SYS1. DS5CSEAA on the private disk pack
VOL = SER = RIPTDE. The RWM load module is stored under the member
name RWM,

1.3 RWM Execution

(U) Figure III-2 defines a typical IBM 360/65 JCL and deck
setup required for executing a RWM load module resident on a user's
library. Execution time requirements are set by the scope of the input
problem, but is on the order of 1 minute for each ranking of 100 systems
with 20 variables each, The volume of printout generated is set by the
input print option and may range from a low of about six pages per ranking
to a high of about 20 pages.

1.4 Limits

(U) The RWM has been dimensioned to take a maximum of 200
systems and/or 20 trade factors.

UNCLASSIFIED
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2. RANKING

(U) The setup of data decks for the obtaining of a ranking and
sensitivity analysis has already been described in detail in Section II, 4.
This includes control parameters, print control, initialization of mis-

cellaneous parameters, Trade Factor input, and System names, and System
Data.,

(U) The model is a single load module without any link overlay,
After all required data has been input, a ZIP-8 control card produces an
execution of ranking and sensitivity analysis as discussed in Section II. 4, 7.
A way of doing several parametric variations of some szt of pararaeters in
4 single computer run is also discussed in Section II. 4, 7.

UNCLASSIFIED
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@ VOUGHT MISSILES
AND SPACE COMPANY
bl Appendix A
SOURCE PROGRAM LISTING NO.
) DATE _8 July 1971
TABLE OF CONTENTS
Section Page
FORTRAN SOURCE LISTING A-3
|
PREPARED BY L. D. Gregory PAGE&-1 OF A-16
APPROVED BY (00 /ﬁfu—-&o«»a___
UNG[ASS'F'EU (A/“2 Reverse Side Blank)
A-1




PO = 0 P R

COMMUN/MAINL/ BWORTH, XBASEU 207 ~MAINDOS55
COMMON/MATINZ/ SNAME(200,107, PARANU 20,4}, X1200,20) MAINOOD60

~ CORWON/INOUT/ NLINE, NPAGE, PCUUE(ZU’. TRASHUZ0) — MATNOO70
"DIMENS ION ZCODEU19) i s T 3 MAINOUTS

" DIMENSION WORDI8),HOLDIIO)" gy e R = MATNOOBO
"EQUIVAL ENCE rNBRNCH:ICUDEfZTT}‘TTSET.ZCUUETBII e R - WATNOUB5

‘DATA BLANK%/4&H / MATINOO90

DATA ZIP 7 “ZIP ' / AT SV MAINOD95
"NAMELIST /NAM1/ ISCORE, MATRX, IBOUND, NTOP, ITRADE, IDATA, ~ MATNDODS6

e R O BWORTH, XBASE 3 3 ] } - MAINOO97
10C0 FORMAT(1615) g i MATINOLD0
1010 FORMATI5X,1615) y : 7 P MAIND110
1002 FORMATU 15, 5X, 2(2A%,2X), 2E10.3) - MAINOI1Z20
112 FORMATIS5X,15,5X92(2A4,2X),1P2E10.37 = ~ MAINDI3D
1004 FORMATUIX,A3,19A4) & ) "MATNOI40
1014 FORMAT (6X,A3,19A4%) T " "MAINOIS50
1005 FORMAT(15,5X,10A4) i “MATINO160

- 1006 FORMAT(I5,1X,212,7E1C.3) Oy L ~ MATNOI70
1111 FORMATUIHI) : REA “MATINO1BO
~ T700 FORMATT A%4312,110,415,10A47 ; ; ~ WAINDIB5
I7T0 FORMAT{76X¢A%¢312o110,%415,10A%) e ~ MATINO186
~ 'NDPAR=20 RS ‘MATINUISO
~ "NDSYS=200 L MATNO200

~ T ITRADE=1 S ey St = MATNOZ10
IDATA=1 o F i Lidnte g i "MAIND220
~TBUOUND=D 5 SLIAF s i o0 R [ Sy e ~ MATNDZ30
"MATRX=0 i B i ey 5 ~  NATINDZ2%D

~ NTOP=NDSYS = i Y R A L “MAINDZ250
" ISCORe = 1 S i e o "MATIND260

~ BWORTH=0. ey T Sl A A I ~  MATND261

D0 110 I=I,NDPAR RN B N R MATND262

410 XBASE(T)=0. R e L e ' - MATINOZ263
11 WRITEl6,1111) ERT A e T MAINDZT70

C e ¥ A i R ~ MATINOZ80
C  READ BRANCH CONTROL ZIP CoODE MAIND290
C e S o NATNO300
~ 10 READ (5,1700) ZCODE T R E SRS S B 20 ~ MAINO310
"WRITE(6,1710) ZCUDE AN, e e R ForaE 5 MAIND320
IFIZCUDETT) .NE. ZIPY GO TO 9 s MATND330

~ IFINBRNCH.GT.9Y GO YO 9 R ) ~ MAIND340

~ IFINBRNCHT.IY GO YOS~ 7 7 THAIND35D

~ GO TOU1+2¢3¢4¢5964748497,NBRNCH e ~MATND380

C 0 R T M, ~ MAIND3867
C "ENTER oASELINE DATA AND DUTPUT UPTIUN FLAGS MAINO368
¢ : S i OE:y) R ~MATNO369
- 1 READ (5,NANT) AR AT 3 e o ~ WATND370

~ WRITE{6,NANT] O e T R L "MATNO371

G0 70 11T TR SORGRLA e S "WATND372

Gy e S SIS R ! SR : “MATNDO380

IJNBLASSIFIEI] *_-'f'_“-;:

C LAO305 RELATIVE WORTH MODEL = i-
C PGM=NUT(RwM} L.D.GREGORY VERS.
c : =L o
INTEGER ZCODE,ZIP P R S RS
~ COMMON/TRADEL/ EIU1 20), TIU 200, TIMAXI 207, T1

~ JULYT1 EBCO.FORT.IV

: ~ MAINOOlO
MAINO020
MAINO030

- MATNOO35

- MATNDOO40

NINU 20)

COMAON/MATIN3/ ISCORE, IBUUND,NSYSTM,NPARAN,MATRX, NRANK, ITRADE, IDATANATNOD50




R ST TS L

-

RIACLITN ARy 2

PS8

=
f

c ENTER TRADE FACTOR DATA D e " MAINO0390
c IO Rl .« psaep e e O
- 2 IFUISET.GT.0) GO TO 2¢ SR RS R
) 21’1=1.NﬁF§R g e i Ry o oo dee iR
C TIMAXTTD = e I TR T L s e e e . LRI
TIMIN(TI) = 6. Al R SO, L R ey e - SR S MAINO440
L TR Tr L o e e e e LT R T N
19 PARANIT,J)=BLANK4 SRVl RSt R R e e T o " MAINO460
R O N s T hThh . 5 LU BBy v o e a e ee oo e T - MAINO470
NPARAM=I S e e e o ~ MAINO480
- 20 IF(TSEYT .kQ. 2) CALL COMBNE (TSETY  — " ""HAINO490
~  TFUISEV .EQ. 3) GO 70 10 R B O s ~ MAINO500
- 18 READ (5,1002) I, THOLDUJ),»J = 1,60 PSRy ~ MAINOS10
~ WRITE(6,1012) T, [HCLD(J),J = 1,60 ~— - "MAINO0520
~IFTI)22,10.23 R L e Y e MAINOS530
e L L Y R A L L S T - NAINO540
~ == T Ay T 3 T S T T ~ MAINO550
R e e R AN e
23 IREAD=O0 S T I 7 MAINOS570
TN RFIIGTNOPARY GO YW S T T i o ik MAINO580
~ NPARAM=MAXOINPARAM,I) 7 ' 7 "MAINO0590
‘T1MAX(I) = HOLD(6) AN T S A e e MAINO600
"TIMIN(T) = HOLDIS) £ SR N - MAINO610
~IFIHOLD(1) .EQ. BLANK4) GO To 29 o MAINO620
00 2T J = 1,4 s MAIN0630
27 PARAM{I,J) = HOLD(J) = 4 ’ g MAINO640
29 IF (IREAD)10,18,18 5.0 g % ~ MAIN0650
€ : MAINO660
C  RcSET OUTPUT OPTIONS i ~_MAINO670
& ' 5 ) g ~ MAINO680
3 READ (5,1000) ISCORE, MATRX, lBouﬁD.NTbP.ITﬁAoE.luAtA " MAINO690
wRITE(6,1010) ISCURE, MATRX.IBOUND.NTDP.ITRADEnlDATA i MAINO700 -
IF(NTOP.LE.O) NTOP=NDSYS P ~ MAINOT10
w0 TO 10 ALt _MAINO720
C 5H B, : __MAINO730
c RESET RUN IDENTIFICATION PCODE ~  MAINO740
¢ _ MAINO750
4 READ (5,1004) (PCODE(I)o1=1,20) ~ MAINOT760
WRITE(6,1014) (PCODE(1)sI=1,20) ~ MAINOT770
NPAGE=0 e ~ MAINO780
0 TO 10 ~ MAINOT90
c B AN g MAINOB80O
c RESET PCODEy, TITLE PAGE, COMMENTS b  MAINO810
C P _ MAIN0820
5 LALL START e & ~ MAINO830
60 TO 11 g ~ MAINOB4O
c AN A R MAIN0850
c ENTER SYSTeM DESCRIPTIONS - NAMES : MAINO0860
c IR MAINO870
6 READ(591005) 1,(HOLD(J) 4J=1,410) B ~ MAINO880
IF(ISET.GT.0) GO TO 666 T . ~ MAINO890
V0 6666 K=1,NDSYS MAINO900
U0 6666 J=1,10 MAINO910
6066 SNAME(K.J) = BLANK4 MAINO920
666 1SET=1 ~ MAINO930
NSl IR T 4

MR o st (e el St it il




ORISR . | UNGlASSIFIED

E | IFUI161,10,62 7 e A K Ak i y T "MATNO940
E | g L L e S AN B e N R e - MAIND950
d ST B =1 FETL o S e e W 1 R 2 T WAINDU96D 4
EEIE R 6L L T h T eaed rmah T o pes Madiea L MATNDY T i
" 62 TREAD=D TN e e e L
e IFIISGT.NDSYSY GO TOY T T T T T T RAINU9Y0
DU 85 J=1,10 ; A T e e e e A ENEONT
3 SNIHEIT..TT’HUCU(JI B ) P R S R L - 7 '"MAIN1010
T hTy e f"IFTTRElUTIU.F.U”" e o] P AU P S R e e NITNIUZU
T Ml e W] e s ttentlins Col . t RN S O <l kB8
C ENTER SYSTE’TT}KTA A% S e RN R R e T e U Y RO
Y I PR = = T R R e T ) (010 i
Eae ] T IFTTSET.GT.UTGO TUT?I .7003.'7021.7750" TSET T T T T U MAINIU&0
P TNSYSTH=1 O Tt T ~ T MAINIOT7O
T 71 KSYSTH= LI L R TR e e e N R ~ MAINIOBD
T~ T T IREFEQ g W TR e N R
ST 70 READU5,10C6) loJl.JB.IHOLD(.n .J'T.7I N ey T3 SR
rnn‘rt.ur. G TRl ea car P BNINTTID
e TREKD?-I i s e D i n e e e oM ENTEZY
TR I R i E s s s o e e aNAINEL30 i3
E | R ~ GO0 TO 74 : : ; e L S N e VI Sk " MAINI140 I
E TEE: T3 IREAD=0 ] e AT, S S e 11 T T T T T T TRAINIISU i
? T4 IFUI.LLT.NDSYSO GO TOS S~ — — — — S HAINTI160 g
" IFUJA.GT.NDPART GO 70 9 i g e e i L oy ; s WAINILITO 4
T 7 IFUJB.GT.NOPARJ GU 10 9 e R o e SR ~ MAIN11BO i
Pt S "TFUJA.GT.JB) GO TO 9 T = S e i p R e e !
. T T NSYSTH=MAXOINSYSTM,I) N L S 7 T RATIN1200 t
3 e TFTI.EQ.IREFT GO T0 75 Tae N R S e TR “MAIN1Z2I0 E
) ’ —  IREF=1 Bk ’ i MAIN1IZ20 ;
3 PRI N LD TR e R O i oy W ST AR R B R i - ~  HWAINI1230
z TR Wk Ileﬂml &40 1 10 0 1 A B O T R = T 7 7 "MAIN12%0
§ TR T ot e el ek dlr OSSP S8 - - ) e R
f ~JB=MINDOI( rl*T'NDPlR) = L SN s .
T T& K=0 N SO | [ S S e e ~ WATN1270
-~ DO 77 J=JA,JdB e S R ~ 7 MAINIZ®BO 5
gy K=K« S S LR TR ~ 7 'WAINIZ90 i
77 XU1,J)=HOLDIK) i ELE LT AR i ey MAINI300 i
"rmmorwrmﬂc I S S P AT a8 - "HMAINI310 t
IS IASTAST i ) Ty T - L ey !
s ; T T . TR t
T SR R e R D RN .
C  EXECUTE IRRNRENGL s e e i o g D i e i F s o MAINI350
B3 FE SRRy e SRt b o e s AN ES S0
R O Nmrnmmsvm.nmm ] e e e e e e e NI }
—  _GAEL RANK E y g o e O :
oA AT ALLLE B R e e RN T R i1
- e o FE T MAINI%00 -
U EXIT - = TERWINATION OF KUU‘TNF L. LY L D £ § ) “
L I T e R T e J B e S ~MATNI%20
SR GAERTBRETY. . . el g i e e i peue e AN NN
__GUTU” IU_—"*H"”'" R D R O e e T T o L L e ]
M TS AR R S S L N e T T LI L e ¥
~ DATA ?lmwmnmnm”‘““ C T "AAINT%&60 i
X o e e AAINLR Y |

- DINENSTION LST(287, llmrmzomer‘“_‘  RRIRNT%80

1 B T

L]
Ll
(=}
(=]

aNaa




-

c
C
C

€

(o

c
7004

VATA DSHyZRU/1H-,1HO0/7,CDE/2HAD,2
1 2HSU42HOI,2HRO42H /
7003 k=0

- READ SYSTEM INDEX LIST

READ (5,7000) TLSTUTV,ALITT,1=1,26)
uRITEI6.77OOIfLST(I).lL(l).lsI.Zbi “”f:‘j;j;”jj;;;“

D0 7001 I=1,26
IL=Lsvin -
iFUIL.EQ.0) GO TO 7C10
ALP=ALTIT)

~—— UNCLASSIFIED —

IFUIL.EQ.10 .AND.ALP.EQ.ZRO) TL=100

K=K+]

“LSIK)=1L
{FUALP.NE.DSH] GO TO 7001

IL=TL+I
JL=LSTII+[)-1

D0 7002 J=1IL,JL
K=K+1

LS(K)=J

LONTINUE

w0 TO 7004
LF(K.EQ.0) GO YO 10
KS=K

READ (547070) CODE,ADUMoADUM2,FACTOR, (LST(L),AL(I) I=1,16)
WRITE(6,7770) CODE,ADUM,ADUM2 FACTOR, (LST(T1)sALIT) »1=1/16)

V0 7020 I =1,9
iF{CUDE.EW.CDE(1)) GO
CONTINUE

60 TO 9

KRCODE=1

b0 TU(T04L,e7041,7041,7041,7021,7042,7043,7044,7003) ,KCODE

FACTOR = - FACTOR
KCODE = 1

o0 TO 7041

FACTOR = L./ FACTOR
KCODE = 2

w0 TO 7041

FACTOR = 1. / FACTOR
KCODE = 3

K =0

Vo 7011 I =1,16
IL=LST(]) ,
LFUIL.EQ.0) GO TO 7100
K = K¢|

LPIK) = IL

LF(AL(I).NE.DSH) GO TO 7011

iL= JL+1
JL = LST(i+]1) -1
V0 7012 J=ILJL

- IFUJL.EQ.9 .AND.AL(I+I).EQ.ZROVJL=99

“KEAD MODIF ICATION OPERATION AND PARAMETER INDEX LIST

UNCLASSIFIED

_ﬁﬁgiéﬂfgi?ﬁﬁgliﬁiﬁif‘:f

“MAIN1490
‘MAIN1500
~ MAIN1510
" MAIN1520
MAINIS30
T "MAINI540

~ MAINIS50

" WAINIS60

" MAINI570
TMAINIS90
~ MAINI600

MAIN1610

MAINT580

~ MAIN1620

~ MAINI630

~ MAIN1640
~ MAINL&50

~ MAIN1660
~ MAINle70

~ MAINT680

MAIN1690

'MAINLT00

MAINLT10

- MAIN1720

_MAIN1730
MAIN1740

MAIN1750

“MAIN1760
MAINL1770

~ MAIN1780

~ MAIN1790

“MAIN1800O

MAIN1BIO
MAIN1820

MAIN1830

~ MAIN1840

MAIN1850
MAIN1860
MAIN1870
MAIN1880

~ MAIN1890

MAIN1900
MAIN1910
MAIN1920
MAIN1930

~ MAIN1940

MAIN1950
MAIN1960

_MAIN1970
MAIN1980

~_MAIN1990

“MAIN2000

MAIN2010
MAIN2020
MAIN2030




L e

R LI SRS DA i Ve

. g

]
]

i

#

o
i
£
"1'4

. =
it

~ TT750 READ lfplmi I1,12¢J14J2,N5
! GT.0) NSYSTMH = NS~
TFUI1.LE.U.ANU.NS.LE.UT

‘IF INS.

- DOTHI T =TT, 12
~__READ (5,7752) U X(T,J7,

7752 FORMAT TI0X,I4F5.00

J = JI, JIT'#"‘_"""

7751 CONTINUE e NP o |

s BRI e e
B END e A AN
adibs ‘TU“PE_'T"EEF"“” L_fj,; FERTT f,ff,,_,,

CO o £ sk e
~ TIFIT1.LE.O) GU TO 7750'"“’"—‘*_‘_”*”_““" o i G,
~ MAINZ450 rl

K = Kel i ¥ S ol 2 MAIN2040
IeEMEYy s 3 . T R LT )
7011 CONTINUE o ey . Ry 7 MAIN2060
7100 KP = K i - R g, DN MO R W ey - WAINZ20TO
~ TFIKULODE.EU.4) GU TO 7600 - R il e Pk S : - MAINZU080
-~ DU 7050 I=1,KS R ke e T A A AT ~ MATINZUS0
It = LSt FHIES L g M e AT i TR O Ry ~ MATINZI00
DO 7050 J=1,KP" ¥ i) R £ = T MATNZIIO
R I L K O b R ST ¥ PR - ~ MAINZ2120
S 9 (1 ] (705117052:7053.702197021Tﬂ€00€ y ) T T WAINZ130
7051 XUIL.JL) = XTIL,JL) ¢ FACTOR B A ~ MAINZ1%0
T 60 TO 7050 e e A " MAINZI50
7052 XTI JL)= XUTIL,JL) * FACTOR T | ~ MAINZ160
GO TO 7050 o L ‘MATNZ170
7053 XUIL,JL} = XUTL,JL) ** FACTOR PEr R ey F MATNZ180
7050 CONTINUE P S " MATINZ190
GO TO 7021 F ~ MAINZZ200
~ 7600 LBLOCK=LP12) B R o L y MAIN2210
NORM=LPI(1) 5 = 2 - O A, ~ MAINZ220
DO 7650 T=1,KS LaR T e T 7 T RAINZ230
- IC=LStIY - i . ~ . THAINZ2%0
DU 7650 J=3,KP c @ i - ~ MATINZ2250
ey JL=LPLJT j i AW ] ~MATNZ260
~ TREF=1JL-T1J%LBLUCK BT Y ~ WAINZ2270
- TK=IREF+#1 2 D F = ~  WAINZZ8B0
____ ~ JK=TREF+L BLOCK N = Fehi e AT " WAINZ290
~ NO=IRcF +NORN e R TR Z 3 AT - WAIN2300
* "FACT=XTTIL,NOJ/FACTOR i ¥ o 5 [ ~ MAINZ2310
" DO 7650 KL=IK,JK 1 AP o T B "MATNZ32(
~ TFiIKL.EQ.NU) GO TO 7650 T R - RATINZ33C
XTUIL KLT=XTIL KL)®FACT T S T MAINZ3%0 i
~ 7650 CUNTINUE R DT it T - MAINZ350 f
- GO 1O 71021 e s s T HMAINZ360 }
~ 7000 FORMAT 126112,A17] R L s e = o e e ~ HMATINZ370
~ TT00 FORMATISX,26112,AI)) e i P B R 3 W ot - MAINZ380
7070 FORMATUAZ,2A%,E10.3,10KX,I86112,AT0Y ~ MAINZ3%0 i
~ TT70 FURMAT (5X+AZ92A4,E10.3,10X, 18112Z,A107 — — — — T - AATINZ400 ;

C PGN=NUTIRWHM) L.D.GREGORY VERS. 1 JULY7I EBCD.FORT.IV

TP

A UTILTITY §

UNCLASSIFIED

S .

~  WATN2430 t

~  WAINZ410
— MATNZ%20

T NAINZ4&40

~ MAINZ480
MATNZ470

~ MAINZ4B0

© MAINZA90
7 WAINZ500

—_— — ——— Ik

. STAROOI0
~ STAROD20
STARO030
STARD040
STARODS0




2B R TETEWPIRRALA, . M bt Liiith

s

S W1 R

C PURPOSE - TO READ, _ ~ STAR0060
C 1. PCODE. ONt 79 COLUMN LABEL. WILL BE PRINTED AT TOP OF EACH PAGE. STARO0OT70
C 2. TITLE. EXACTLY FIVE CARDS (OMIT COLUMN 1). PRINTED ON PAGE 1.  STAR0080
C 3. CUMMENTS. UP TO 520 CARDS OF COMMENTS, PROBLEM DESCRIPTION, ETC. STAR0090
c ; WILL BE PRINTED ON PAGE 2, 50 LINES TO THE PAGE. ~ STARO100
c - TWO SUCCESSTVE BLANK CARDS DENOTES END OF COMMENTS. STAROL110
€ 4. MISCU7), 7 INTEGERS (10X,7I10). XMISCU7), 7 REALS (10X,7F10.4) STARO120
 LOMMON/TINGUT/ NLINE, NPAGE, PCODE(20), TRASH{20) STARO130
c STARO140
~ COMMON/TITLEL/TITLE(100),MISCLT),,xMISCIT) = — — ~ STARO150
Ects : R ~ STARO160
o DRV BEMRRS A e e e
C b Rl R i e v R . 3 STARO180
1000 FORMAT{1X,A3,19A4) 5 T i "STARO0190
1004 FORMATI(1O0X,7T10) i ~STAR0200
1000 FORMAT(10X,7F10.0) B e A "STARO210
2000 FORMATUIHI, 71X, 4HPAGE.14/6X,A3,19A47/7 T T T T RO
2002 FORMAT(EX,A3,19A4) R e N T R R AR A
2004 FORMATU1ZX, 4HMISC,TI10) £ L0 o S D G "~ STAR0240
<006 FORMAT(11X, SHxN!SC 7F10. 6) ) T T ; en 'STAR0250
20010 FORMAT(///7171712717) , BRI ) ~ STAR0260
2020 FORMAT(//4CH ERROR. MORE THAN 520 LINES OF COMMENTS//) 'STAR0270
Cxx e ~_STAR0280
CXx , 'STAR0290
1 READ15,1000) PCODE,TITLE STAR0300
NPAGE = 1 B ~ STARO0310
Cxx : 5 . fhos . STARO320
WRITE(6,2000) NPAGE,PCODE . STAR0330
WRITE(6,2010) ~ STARO340
WRITE(642002) TITLE 3 ~  STARO350
LAA el 2 Ao, _______STAR0360
NFLAG = 0 % i C 'STARO370 =
NLINE = 0 e . .. .____STARO380
“ NPAGE = NPAGE ¢ 1 R B 3 STARO390
WRITE(6,2000) NPAGE,PCODE H ~ STAR0400
CXx ~ STARO410
10 NLINE = NLINE + 1 : & ~ STAR0420
READ(5,1000) TRASH STAR0430
CXX 4 ~ STARO440
D0 20 I = 1,20 R IR STAR0450
IF (TRASH(I) .NE.BLANK) GO TO 26 : "STARD460
20 CONT INUE FeRa . g STAR0470
NFLAG = NFLAG + 1 b il ¥ e ~ STARO0480
IF{NFLAG.,GE.2) GO TO 36 ~ STAR0490
GO TO 28 3 i T T g - ¥ ~ STAR0500
CXX i : ~ STAROS10
20 NFLAG = 0 ECFTEET STAR0520
CXX IS, e STAR0530
28 WRITE(6,2002) TRASH R STAR0540
IFINLINE.LE.520) GO T0 30 ~ STAR0550
WRITE(6,2020) et R e . : ~ STARO0560
CALL EXIT STAROS570
Cxx STAR0580
30 K = NLINE - 1 ) STAR0590
IF (MODIK ¢50).EQ.49) GO TO 4 STAR0600

UNClASSIFIED




G =S

e X

~ TFUIC.GT.U.OR.1V.GT.0.0R.NV.GT+ 0. OR.NC.GT.0) GO TO 1

("

C

60 TO 10 ; A R e
i el e v el L B i A R AT e ey
- 3o READI 5, IC04) NISC P S E G L e T
: READU5, 1006¥XNISC T T
~ WRITEU6,2004)MISC s
“WRITE16, 2006 )XNTISC oy ant i
XX % i L0 e v L A el N L
"RETURN i 5 R e S
END et i Ml heth R ST T s G

: " SUBROUTINE CUMBNE TKSETY .
C PGM=NUTTRWH] L.D.GREGORY VERS. I JULVTT EBCU.FORT.TV

C —

UNBLASSIFIEU s

- STARO610

~ STARD&20

~ STAR0630

~ STARD&640
~ STARD650
— STARD660

STARO&70

T 7 STARU680
e "“"STIR'OG‘?O

COMAON/MATN3/ TSUURE, IBOUND,NSYSTH, NPARAN,NATRX ,NRANK, ITKIEE + IDATACORBO040

- COMMUN/MAINZ7 TITLEUZ2CO,10), PARANT 20,4),
- CONWMON/TRADE17 EIU 20), VIU 2C), TIMAXU 20), TININU 20)
~_ DIMENSION VNAME(4CT,2), CNAME(10s2), VI40}, TUI0), EVI40T, ECU10D
1 READ 15,1000) IV,JV, RV , TC, JC, NT ,NE i

IF INV.GT. 0) NVI = NV
"IF INC.GT. O NCT = NC

“X(200,207

‘CONBO050
~ CONMBO060
~COMBOO70
~COMBO0BO
~ CONBOD090
~ CONBO100

~ IF UIV .GTV. OF READIS5,1001) (TVNAREUT ¢J0 9J=142) oVIIV4EVITI,I=1V,JVITURBOLI10
~ TF TIC .GTV. OJ READIS,I001)TICNARETT,J) 4J=1,27,CU1),ECIT), I=1C,JCITUNBOL20
~ TFINE.GT.0V GU TO 300

- DOTIOO I =1, NVI
. ¥ME S NUEY

CEVI= EVIID
~ VNI = VNAWE(I, L}~
~ VNZ = VNANE(T,2) e e
TR . T e L ¢ R T PP =
DO 100 J = I, NCT S T A T A
T K=K el i 5 P A ey S

- IFIK .6T. 200 GO TO 200

~ PARAMIK,2] = VNZ P T
~ PARAMIK,3) = CNANELJ,I}
~ PARAW(K,4) = CNANE(J,2)
T TIMINGK) = -VI S COBV
ICO TIMAXIK) = EVI ¢ ECUJT =
; KSET = 3 1 4 IR ARy o O e FAAD
NPARAN = K R R i ansbar o ROT
~ RETURN ' AR T
200 WRITE(6,1002) K ST
1002 FORNAT TTH1,6X,4HK = o15,ITHEXCEEDS 20 LINIT 7
~ TALL EXIT o
1000 FORRAT(16T5) ~ S e e

~ PARAN{K,1) = VN1 ey N

1001 FORWMATUIOX,2A%,12X,2E10.3)

500 READ(5,1003) KV,LV,KC,LC,ERROR
IFIRV.LE.O) GO TO 301 N
00 310 TI=KV,LV

310 EVIII=ERROR

1003 FORMAT (415,F5.0)

301 TFIKC.LE.O) GO YO 1

UNBlASSIFIED

s el

“TOWBO130

CONBO160
CONBO170
~ CUNBO180
- CONBO190

CONBO200
"CUMBOZ10
"COMBO0Z220

- CONB0Z230
CONBO0240
~ CONB0250
~ COMB0260
~ CONBOD270

~ CONB0280

‘COMNB0290

- CONBO300
~ CONBO310
~ CORBO320

~ COMBO330
~ CONBU340
~ CONBO350

~ CUMB0360
~ COWBO370

~CONBO380
~CUNBO390
~ CONBO%00

~ CUNBOZ210

~ CONB0420
_CONBUA30




UNGLASSIFIED MRk

V0 320 I=KC,LC ~ COMBO0440
320 EC(I)=ERROR e e ot g i S ~ COMBO0450
00 TO 1 s s o N ~ COMBO460
END g g rh s U S MOt T TGO
“ SUBROUTINE RANK 3 R A s R R AT & RS RANKCO DL 05
C PGM=NUT(RWM) L .D.GREGORY VERS. 1 JULYT1 EBCD.FORT.IV ~ RANK0020
A : o SR ~ T RANKOO030
¢ R e S Ry e e ; “RANK0040
COMMON/MAIN3/ TSCORE, IBOUNDyNSYSTM,NPARAM,MATRX yNRANK, ITRADEy IDATARANKO050
~ COMMON/MAIN2/ TITLE(200,1C), PARANT 20,4)» X1200,20) ~ RANK0060
~ COMMON/RANOQUT/ TUPTEKU2001,TEKAVGI200),JAVTEKT200) ,LOWTEK({200)  RANKOO70
COMMON/RANK Y/ ZTEST, JA, JB, IGNORE( 20), IGNORTI( 20) ~ RANK0OO80
COMMUN/TRADEL/ ELIT 20), TIT 20), TIMAXT 20), TIMIN( 20) "RANKODO90
COMMON/INOUT/ NLINE, NPAGE, PCODE{20), TRASH(20) “ RANKO100
UIMENSION TAVTEKU20C) ~ RANKOI110
“LTEST = [.E-20 - " RANKO0120
LALL TRADE % ~ RANKO130
JA =1 : T RANKO140
~JB = NPARAM o “RANKO150
CALL SCORE(TEKAVG) L i "~ RANKO160
CALL SORT(TEKAVGy IAVTEK, JAVTEK ) RANKO170
CLALL DUTPUTI() e T RANKO180
IF (IBOUNV .LE. 0) GO TO 10 RANKO190
JA =1 : RANK0200
4 JB = NPARAM b “RANKO0210
, CALL SENSIT (TEKAVG, IAVTEK, IUPTEK, LOWTEK) - RANK0220
h " LALL OUTPUTI(2) S RANK0230
i 10 IF (ITRADE .GT. 0) CALL OUTPUT(3) RANK0240
i IF (IDATA .GT. 0O) CALL QUTPUT(4) " RANK0250
I KETURN i _ RANKO260
K __END 2 _RANKO270
SUBROUTINE TRADE TRADO010
c , g TRADOO20
C PGM=NU7(RWM) L .D.GREGORY VERS. 1 JULY71 EBCD.FORT.IV TRAD0030
c ; TRAD0040
LOMMON/MAIN3/ ISCORE,1BOUND,NSYSTM,NPARAM,MATRX ¢ NRANK ¢ I TRADE, IDATATRADO050
LOMMUN/MAIN2/ TITLE(200,10), PARAMI 20,4), X(200,20) TRAD0060
LUMMON/RANKL/ ZTEST, JA, JB, IGNORE( 20), IGNORT( 20) TRADOO70
LUMMON/TRAUEL/ EL( 20), T1( 200, TIMAX( 20), TIMIN( 20) _TRAD0080O
V0 100 J = 1, NPARAM TRADO090
YAL = TIMIN(J) , ~TRADO100
IF (ABS(YAL) - ZTEST) 40, 41, 41 j TRADO110
40 IGNURT(J) = 1 i TRADO120
iGNORE(J) = 1 B a TRADO130
60 TO 100 i ~ TRADO140
41 YAU = TIMAX(J) TRADO150
LF (YAU * YAL - ZTEST) 42, 42, 43 TRADO160
43 T10J) = (YAU ¢ YAL) * .5 TRADOL17C
E1(J) = ABS(YAU - YAL) * .5 TRADO180

UNCLASSIFIED -

A-10




'skaks

alalals

UNBLASSIFIEU

60 TO0 99 = e ) AT TRADO190
42 T1WJY = YAL ] P AT D T R § TRAD0O200
-~ PCT = ABSI{VYAU) T P e S TN TRADOZ210
IF TPCT = ZTEST) 10, 1I, e e i TRADO220

10 TIMAXUJY = VAL R B P e s ) TRADD230
CE1IWY = 0. I AL Ay ) TRADO240
GO 70 99 N, RNl 3 - TRADO250

11 E1J = ABSUYAL # PCT) 2 e - TRADOZ260
"TTHINIJT’S YAE = EId& : TRADOZ270
TIMAX(J) = YAL & ELO E TRADOZBO
TE10Y) = EIJ S i e o ~ TRADOZS0

"99 IGNORT(J) =0 ¢ FEEER i TRADO300
~IGNURE(JY =0 ' TRADO310
IF (EL{J).LT. ZTEST) IGNORE(J) = 1 TRADO320

100 CONTINUE i g TRADO330
~ RETURN g TRADO 340
END 5 ) ; TRADO350

~ SUBROUTINE SCORE (XSCORE) i+ "SCOROOI0

' SCOR0020

PGM=NUT{RwWH) L.D.GREGORY VERS. 1 JULY7I EBCD.FORT.IV SCOR0030
L SCOR0040

- COMMUN/MA IN3/ ISCORE, IBOUND, NSYSTH-NPARAN.HATRXnNRlNK:ITRADE IDATASCOR0050
CUOMMON/MAINL/ BWORTH, XBASE( 20) ~ SCDROO55
COMMON/MAIN2/7 TITLE(200,10)y PARAMI 20,%4), X(200,20) - SCORD0D6&0
COMMON/RANKI/ ZTEST, JA, JB, IGNOREl 20), IGNORT{ 20) i 'SCOR0070
CONMON/TRADE1/ EL1U 20), TIU 200, TLIMAXU 20), TIMIN( 20) SCOR0080
DIMENS ION XSCORE(200) i SCOR0090

D0 410 I = 1, NSYSTM SCOR0100

410 XSCOREITI) = BWORTH = ~ SCOROU110
DO 400 J = JA ,JB e SCORO120

IF [IGNORT(J)) 10, IC, 400 A ~ SCORD130

10 T1J = T1UJ) T Mo e o R SCOR0140
BASE=T LJ#*XBASE( J) X PR Sy SRR e e T ) SCORO145

DO 420 T = 1, NSYSTH : ] [ A it i SCORO150

%20 XSCORE(T)=XSCOREUI)#XIT,JV#T1J-BASE 0 ) ~SCORD160
400 CONTINUE 2 A el T ~ SCOROI170
RETURN : e S 3 ~STCORO180

END s 2 ¥ 14 L SCORO190
SUBROUTINE SORT (XSCORE,IRANK,ISVSTH) : y ~~ SDRTO0010

3 5l F - SORT0020

PGM=NUT({RwM) L.D.GREGORY VERS. I JULY7I EBCD.FORT.IV g ~ SORT0030
HRIGHEST SCORE GIVES HIGHEST RANK [CONTROL BY SURT0130,0210.034071 ~ SORT0035
~ SORT0040

DIMENS ION XSCORE(200), TRANK(200), ISYSTHI200) SORT0050
CONMON /MATN3/7 TSCORE ,IBOUND,NSYSTH, NPARAM,HATRX ,NRANK, ITRADE, IDATASORT0060

DO 201 J = 1, NSYSTH - SODRTO070

201 TRANK{J) = J SORT0080
2021 =1 ~ SORTO0O090
203 TA =1 + 1 ) SORTO100

UNBLASSIFIED
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205

206

208

209

204

250

10

11
260

C PGM=NUT(RWM) L .D.GREGORY VERS. 1

JB = IRANK(IA)
JA = IRANK (1)
I1F(XSCORE{JAI-XSCORE(JB))
IRANKTE) = JB

IRANK{TA) = JA
J =1
JA = J-1

IF (JA)204,2C4,208

1A = TIRANK(J)
18 = TRANK[JA)
AF(XSCOREIlAF-XSCﬁREIlB))
IRANK({J) = IB
LRANK{JA) = 1A

Jd = J-1
60 TO 206
I = 1+1

iF (I-NSYS5TM) 203,250,250

J = 1RANK{ 1)

LSYSTM{Y) = 1

IREF = 1

REF = XSCURE(J)

V0 260 1 = 2, NSYSTM
J = IRANKLI) )
IFIREF-XSCORE(J))11,411,10
wEF = XSCURE(J)

IREF = I

1SYSTMLY) = 1

L0 TO 260

LSYSTM(J) = [IREF
CONTINUE

KETURN

eND

SUBROUTINE SENSIT (XSCORE

UNCLASSIFIED

205 '204'204 7~_ a

2049204,209 fjff»fi e

+ IRANK, TUPPER ¢ LOWER)
JULYTL EBCD.FORT.IV

C HIGHEST SCORE GiVES HIGHEST RANK (CONTROL BY SENS0350)
c

UIMENSION XSCORE(200), IRANK(200),IUPPER(200) , LOWER (200)

LOMMON/WORK/ SENSU 20)

SORTO110

"SORTO120
~ SORTO0130

__ SORTO140
~ SORTO150

SORT0160

SORTOi70
“SORTO180

SORTO190
SORT0200

__SORTO210
_ SORT0220
SORT0230

SORT0240

- SORT0250
SORT0260

SORT0270
SORT0280
SORT0290

~_SORTO0300
'SORT0310

SORT0320

_ SORT0330
SORT0340

SORT0350

"~ SORT0360
" SORT0370

~ SORT0380
“SORT0390

__SORT0400

~ SORTO0410

~ SORT0420

SENS0010

SENS0020
SENS0030
SENS0040
SENS0050
SENS0060

COMMON/MAIN3/ ISCORE,IBOUND,NSYSTMyNPARAM (MATRX 4NRA{{K s ITRADE s IDATASENSOQ70

LOMMON/MAIN2/ TITLE(200,10), PARAM( 20,4), X(200,20) SENS0080
LOMMON/RANK1/ ZTEST, JA, JB, IGNORE{ 20), IGNORT( 20) SENS0090
LUMMON/TRADEL/ E1( 20), T1( 20), TIMAX{ 20), TLMIN( 20) SENS0100
LOMMON/INUUT/ NLINE, NPAGE, PCODE(20), TRASH(20) SENSC110
9000 FORMAT (1H1,78X,4HPAGE,13) SENS0120
9001 FORMAT (7X, A3,19A4) SENS0130
2000 FORMAT (1HO,4Xs LOHSENSITIVITY MATRIX,55X,4HPAGE, 13) SENS0140
2001 FORMAT (//5X,8HRANK NO., 12, 16(4Xs13)) SENS0150
2004 FORMAT (5X,THSYS NO.s [3, L6(4X,13)) SENS0160
2003 FORMAT (6X,13,17(1X,F6.2)) SENSO170
U0 700 I = 1,NRANK SENS0180
J = [RANK(I) SENS0190
LUPPERLJ) = 1 CLASSIFIED SENS0200

A-12




YT TV

T T
B ok

700 LOWERTUJ) = NRANK ; e e I Sl ] SENS0210

~ WINUS = NRARR-T A s 1 ~ SENSD0220
 LINE= 0 i R D A T o ~ SENS0230
TCAGEEAGE = T Tl i G R R ; ~ SENS0240

j L R e e e R e e e ~ SENS0250
~ oyINwsicptdy ¢ AT ) SENSD260
HE NCOL = ICOL+1d TP 2 : S ' : SENS0270
~ KCOL = MINUUNCOL,NINUS) i SRR T L L™ e SENS0280

100 DO 600 I = TRUW,NRANK - SR T T T R 5 SENS0290

5 JCOL = NINOUNCOL,I-17 e e e I R s

~ Nu = IRANKI(TY A e s s S - SENSD310

~ SCOREQ = s XSCORELINQY " T SERsSD3z20

e ~ DO 610 K = TCOL,JCOL N AT | L I e LB
NP = [RANK(K) Lo 1L s e ey s v e e RS U SO

- DPU = _XSCUKEWT = SCOREW R A e D ~  SENSU350
o BN =0 T P R " SENSD360

L " DU 620 J = JA,JB B2, ~ e R T TCERT o T ~ SENSU370

s Y - TF TIGNORE(JII90,90,620 = 7 ~  SENSU380
"~ 90 EPU = Emrmmu.n . TX(NV.JT_ mu..nn D da ey “SENSU0390
820 "CONTINUE R .. ... = SENSOWMOU

e LT TEITQ"ITESTIZ(BZI-ZI = et LA bt ~  SENSD310

- 20 RATIO=99.99 A SR s g, o e R e e e NS0

R e e | 2 llTEST-DFQ]?Z.!T.BU T e T R e T A I T A AR T 0 L
21 RATIU = UPQ/EPQ j R Rl T SR L e ot SENSUNNT

i "_—IF—TRITTU-WWU.TY.GI S R, SR g T S EN SRS
R BN N I T SR B B P e e | s s SRR
AR RN T2 [ 1) T e e PR R T T e e e g S R O = 0L £
&0 IF (RATIU-1.)50,50,32 i R e e R R e e R . L
~ 3Z LUWERINP) = LOWERINPI-T T T SENSUDM&9D
e "“—mmvﬁmmrtr——“—*" PR TR Ay G SENSUSUD.
50 SENSIK] = RATIU ‘ T N N T T e T e SENSUSTD

~ TF TWHATRXT&00,8600,72 g i Sl kR e A T, L ST NS
— ke FETCINERIGe I eV - R

~ WRITElL6,9000WNPAGE 7 7 SENSUS5&0

i ~_ WRITEl4,9001)IPCODE(L),L=1I,200 ~  ~—  ——  — —— ~—  SENSU570
~ 800 WRITE(6,2000) TPAGE = PRITE T D s e s R T L i 1Y
B EENE R o R e R e e e B S e e NS S
e R R i e e e e T R R I R ]
T8 LINE = - o e P yHr) S S e N e el D R )
T8 WRITE(6,20017(K,,K=ICOL,KCOLY ~ SENS0620
~ WRITEl6,2002) (TRANKTKT,K=ICOL,KCOLY W ~ SENS0630
~ LINE = LINE®% —— - T g RSty B SOl SO
T7 WRITE(6,20031NT, USENSIKT,K=ITOL,JCO0T A ~ SENSU50

~  LINE = LINE*T et e ~  SENSU&60
5 ~ TF (LINE-60)600,81,81 T " SENSUsTO
RN E LR . R T T L )
~  TPAGE = TPAGE+1 R R S TR Ty e g e i ELS U I L)

U BVO GURNEINUE T e T T SENSOID

Sl ORGUE BT S ENS IR

~ TF (ICOL-NRANK)1I1,500,500 } et ~ SENSO720

~IIT IF TRATRXYIOI, 10X,102 7 " SENSOT30

~ 112 IF (LINE-%0)Y93,91,91 " " SENSO740
9T LINE= T 0 ol e Gy g N

e uucusmn[n —— 1

P R SRR




C
c

9001 FORMAT (Tx,A3,19A4) ey P e A e ~ OUTPO130
9002 FORMATI(/) I R  0UTPO140
2000 FORMAT (IHO,5X,21HSYSTEM RANK AND SCORE, 52Xs4HPAGE, 13) ouUTPO150
2002 FORMAT (1HO, 5X, 42HNO. S YSTEM DESCRI “PT1O0ON, OUTPOL60
1 T 9%, 30HRANK SCORE 0 I ':__'_ ~ OUTPOL1TO
2011 FORMAT(6X,13,2X,10A4,6X,13,7TX,1PE10.3) S TN 5 T OUTPO180
3000 FORMAT (1HO,5X,39HSYSTEM RANKING SENSITIVITY - RANK BOUND, ouUTPO190
1 " 34X.4HPAGE, I3) T ouTP0200
3001 FORMAT (1HO0,5X,35H(BASED ON SYSTEMS RANKED 1 THROUGH,I3,1H), ~ 0OUTPO210
1 ”7«;&(.7?%7?1 " AVERAGE LOwWERY , T 0uUTP0220
3002 FORMAT (6X,42WNO. S Y STEN DESCRIPTITON,  0UTPO230
1 " 12X, 23HBOUND RANK ~ BOUND, 77/ ) ~ 0UTP0240
3004 FORMAT (6X,13,2X,10A4,10X,13,6X,13,6X,13) T T T T T oUTP0250
5000 FORMAT (1H0,5X,2THPARAMETER TRADE FACTOR DATA 446X ¢4HPAGE13) OUTP0260
5006 FGRMAT(LHO ¢5X 43HNO« 92Xy 4HNAME (18X, 31HMINIMUM  AVERAGE ~ MAXIMOUTPO2T70
1uM, /7)) M L s 3, - QuTPO28B0O
5002 FORMAT(6X, 13,2(2X92A%)s 3X,8HNOT USED) ~.0UTPO0290
5003 FORMAT(6X, 13,2(2X,2A4), 3(2X,1PE10.3)) " " QUTPO300
6000 FORMAT(IHOs5X421HS ¥ S TEM D AT Ay 52X,4HPAGE,I3) QUTPO310
6001 +ORMAT (1uo.sx.3u5v5. 11(3X,2A%)) s N 5 OuUTP0320
6002 FORMAT(6Xy 3HNO .o 11(3Xs2A4)) R s e g e ~ 0UTPO330
6003 FORMAT(6X, 13,11( 1PEL11.3 )} RN R
IPAGE = 0 R e AL e ~_0uTPO350
wU TO (1004333,55,60) K i b e L, 3 ot L ~_0UTPO360
100 IROW = 1 SO B AT L ~ OUTPO370
KROW=51 S e Cgie gy e SN SR
111 JROW = MINO(KROW,NSYSTM) . e OUTPO390
112 IPAGE = IPAGE+l . ~ OUTP0400
'NPAGE = NPAGE+¢1 ORIy S
 WRITE(6,9000)NPAGE R S e e OUTP0420
WRITE(699001)(PCODE(M)¢M=1,20) i ol ~ 0UTPO0430
O TO €(29395+6)9K wlggjﬁ)i
2 wRITE(6,2000) IPAGE £ ~ OUTPO450
wRITE(6,2002) UN[}[AS |F|[[] 3 A QUTPO460
EINSR o e e ST

oSS ‘“"'f‘UNl}lASSIFIEI] »7-_-”'—35?};;_'{3

IPAGE = IPAGE+1 R T L e A ) R ~ SENSOT60

60 T0 101 z e e e b T T T Srmiiogl e i ) S e AR

93 LINE = -LINE e D T D o s e s 4 3 1 T
60 YO0 101 SN RS S T e e S . . L
SOUMEYRN 7 L st e e s S ENSOBODT

END S P S PN R T e R s S GV e L

SUBROUTINE OUTPUT (K} o 5 - outpoolo
PGM=NUTIRWM) L.D.GREGORY VERS. I JULY7I EBCD.FORT.IV ~~ ~~ 0UTP0020
TR V- ouTP0030

B O A s L i R e Eaae o e e e " 0OUTPO0040
COMMON/WORK/ RNDATAU 207 = o O ~OUTPO050
+OMMON/TRADEL/ EIU 20), TIU 20), TIMAXU 20), TIMINU 20) ~ 0UTPO0060O
COMMON/RANK17 ZTEST, JA, JB, IGNORET 20, lmm 20  OUTPOOTO

COMMON/MAIN3/ TSCORE, IBOUND ,NSYSTH,NPARAM ,MATRX ,NRANK , ITRADE » IDATADUTP0080
~ OUTP0O090

~ COMMON/RAINZ7 TITLEU200,10), PARANU 20,4}, X1200,200

~COMMON/RANOUT/ TUPTEK1200), TERAVGT2001 o JAVIEK(200) , LOWTEKT200)
COMRON7INOUTZ NLINE, NPAGE, vcuunmfm" KSHEZO).

9000 FORMAT (IH1,78X,4HPAGE,I3)

"oUTPO100

___0uTPO110
0UTP0120

T T o | e




ELITMEe o NGERR ) ———

~ 2I'D0 200 I = IRONW,JROW T 0UTPO470
~  WRITEl6,20I17 TI,(TVITLEL nmﬁﬁm‘;mrﬂun—“rsxmrrr SRR
~ 200 CONTINUE 7

L E SR Nk - OUTPOS00 i
|

‘7' T 33 JA=JAVIEKTT) P g A - T T OuTPUOST0

~ 30 WRITE (%,300%) Tol”ll:ElT IV ¢ J=1 TDF_TUPTEmT.JI} TWW"W i
7*"_TUS'W’ e e 7 LR SR e S R ~_ OUTPOS00 §

b DO 500 J = IRUW, JROW e ..
~  TFUIGNUORTUJ).EQ.1) GU TO 505 o T o = OUTPOTBU

S WRITEU6,50037 JoIPARARTISTT,1=1,% ~ T TIAINTIY,TITIY, TIRAXTJY ~OUTPUOTI0
GO TO 500 i — OUTPOBUOD
”U‘S—mmrimTIT_T=I % ¥ - T Tourrus10

“IF TIGNORTTJIT165,65,66 T OUTPOY90

65 ANDATATJ) = XUT,J) W — ~OUTPI000

. LA T 7 OUTPIOIO0
A T S UNGlASSIFIED g

e T RN =




AN UNCLASSIFIED

66 KNDATAIJT = 0. 0UTP1020
601 CONTINUE 0UTP1030

~  wRITE(6,6003) I, (RNDATATN) ,H=ICOL,JCOL) OUTP1040
- 600 CONTINUE i ouTP1050
~ IF (NPARAR=JCOLY67,67+68 ) 0UTP1060 ;
68 ICOL = JCOL + 1 oUTP1070
—JCOL = JCoL + 1I OUTP1080
~JCOL = WINOTJCOL, NPARAN) OuUTP1090
e G0 10 112 OUTP1100
~ 67 IF INSYSTA=JROWI995,999,602 X 5 OUTPIII0
602 TROW=JROWS T 1 _ X oUTP1120
i KROW=NSYSTN T ourpii3o

iy w0 T0 62 : c oL i OUTP1140

END e RS T
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APPENDIX B

RWM SAMPLE PROBLEM ( U )

ks INTRODUCTION

(U) The objective of Appendix B is to pPresent a general
technique for estimating Trade Factors. These were defined in
Section II in the body of the report and are the constrained deriva-
tives of some baseline variable Xp With respect to each of the system
variables x: (j = 1 to n). The technique for estimating these Trade
Factors is presented in terms of an example, and the rank and rank
bounds are included to show the effect of the estimates made.

2. SYSTEM DATA

(U) The example chosen to illustrate the estimation of
Trade Factors is taken from the cruise missile concept studies
reported in Volume IIIA of the SEATIDE documentation. After
an initial screening, six high ranking candidates were chosen in
each of three concept types: Liquid (light payload), Liquid (heavy
payload), Solid (heavy payload). These were then put into the
Relative Worth Model for ranking and sensitivity analyses. The
trade factors used are shown in Figure B-1, and the eighteen
systems with their respective weight, range, years to IOC, and
warhead weight are shown in Figure B-2. System 1-6 are Liquid
rocket (light payload), 7-12 are Liquid Rocket ( heavy payload),
and 13-18 are Solid Rocket (heavy payload) types. The systems data
is from the CM-CGSM which generated the candidates, except years
to IOC which was added later.

B-2
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i

FIGURE B-1
RWM TRADE FACTOR INPUTS

DAGF
CATA,PGM=RWM RELATIVE WORTH MODEL (SAMPLF) RUN = 74-01-18

‘ PARANFTER TRADE FACTOP DATA PAGE
E | NI NAME MINT MUM AVERAGE MAX T MUM
| 1  WFIGHT -3,007€ 00 =1.,550E 01 =2,800F 01
E 2 RANGE 1.000F 00 1.000E 92  1.O00E 00

i 3 1Inc —6.002E N0 =1,500E 01 =-2.5C0F O1

] ‘Y 4 WHWT =5,450E-03 =1.000E-N2 =-1,455E-02

!

- B-3

(B-4 Reverse side blank)
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CATA,PGM=RWM

TEM

WEIGHT

1.100€
1.1NCE
1.20CE
1.2CCE
1le 20CF
1.300F
1.10CE
le1CrE
1.20CF
1.200F
1. 2CCE
1.200F
1.10CF
1.190€
1.2CNF
1.2C0F
1-3(05
1l«3(CE

RELATIVE WORTH MODEL (SAMPLE)

ATA

RANGE

1,130

1.240NF
1.410F
1.410E
1.5CNF
1. 56NE
2. GOCE
Le2M0OE
1. 110F
1.110F
le 15CE
1.329€
1. 220E
1. C10F
l. 1 £0E
1. 170€
1.2640F
1.220F

n2
02
02
n2
nz
02
01
G2
02
32
n2

n2
(o4
02
N2
n2
G2

UNCLASSIFIED

FIGURE B-2

rtac

3. 000E
3. 0NNE
3. 0NNE
3.000F
3.0200E

3. 000F

3.000E
3. 290F
3.090F
3.G0CF
3. 00CF
3.CNOF
4. 000E
4, 0NOF
44 0JCF
4, DJOF
4. 0N0E
4,000E

WHWT

1.10CFE
1. 10CF
1.100E
1.100E
1.10CE
1.190E
2.200F
2.200E
2.27)F
2.200E
2.200E
2:20GF
2.2N0E
20200E
2.2NNE
2.200E
2.20CE
2.20CF

RWM SYSTEM DATA INPUTS

n3
03
03

f3
03

03
03

03
03
03
03
03
03
03
03
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3 TRADE FACTORS

(U) Estimation of Trade Factors proceeds as follows: Total
missile range is chosen as the baseline v:riable x,,. This choice is
arbitrary as far as the model is concerned, but is best done to enhance
the use of relations best known to the analyst. In Figure B-3 each of
the other variables are ''traded" against the baseline variable '"Range'.

(U) Launch weight vs raage is shown schematically at the top
of Figure B-3. The eighteen systems from Figure B-2 would appear
as points inside the rectangle as shown since 89 NM is the smallest
rarige, and 156 NM is the largest range, and all weights are between
11,000 and 13,000 lbs. Note that launch weight is handled in thousands
of paunds in the input from Figure B-2, hence must be so treated here
when it comes to units for the trade factor. Rectangles for each of the
other variables are next shown vs Range in Figure B-3. In the estima-
tion of trade factors it is important to remember that the estimation
need be valid only for the ranges of variables represented by the sides
of the rectangles.

(U) The four corners of each rectangle should now be labeled 3
from (1) to (4) in order of preference. For launch weight, Corner (1)
is where launch weight is low and total range is high. The opposite
corner is automatically Corner (4). The choice of Corner (2) is
critical. For launch weight, in this example, ii is felt that a range of
89 NM for an air launched missile is unacceptably low, while a weight
of 13,000 lbs. is not unacceptable. Hence the upper right (156, 13, 000)
is preferred to lower left (89,11000) for the launch weight rectangle.
In this example, it so happens that in ail three rectangles, the upper
right was chosen as Corner (2). A special comment is due on the
rectangle for Warhead Weight. Ordinarily increasing warhead weight
is deemed desirable, hence the upper right corner would be Corner (l).
But, if the analyst felt that the heavy warhead produced needless
"overkill" and preferred the smaller size, then he could label as shown
in this example.

(U) Next, establish between Corner (1) and Corner (3) a point
of equal preference to Corner (2). The analyst may have difficulty in
deciding exactly where this point is (or two different analysts may not
agree), but upper and lower bounds may be selected as shown. For
launch weight, one might feel strongly enough about the importance of
reducing weight to accept a 100 NM range. Another might not accept
less than 150 NM. These two points are then connected to Corner (2),
and these lines become bounds on the line of equal preference. The
slopes are the trade factors needed by the RWM. These are computed
and shown beside each rectangle.




Launch
Weight,lbs.

13000 + @
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FIGURE B -3

®

11000 + (3 }
O 100. 150. @
) ;
89. 156. Range,
NM
Years
to IOC

4 @

®

31 G ®
130. 150.
1 1
L ]
89. 1560 Ra.nge,
NM

Warhead
Weight,lbs,

®

2200 + @

ettt 168 © 1ko. 150, @
} +
89. 156. Range,
M
B-7
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RWM TRADE FACTORS (EXAMPLE)

b = -6./2.

= -56./2,

troc = 6-/1 =

= -26./1, =

t = -6./1100,
W 00545

t = -16,/1100.
= e 01&55

- 6.0

-26.0
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(U) Note that the sign of the trade factors is chosen by the sign
convention that if the variable (e.g. launch weight) is such that low values
are perferred, the trade factor is negative. This applies to the trade
factor of the variable with respect to itself, which is either +1 or -1.

In this example it is a +1, as used in Figure B-1,

T Ty e v m——

e T
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4. RANK AND RANK BOUNDS

(U) Use of the preceding data in the RWM produced the computer
output shown in Figure B-4, giving system name, rank, and rank bounds
as di :ussed in Section II-5 in the body of the report. Note: The system
"nan. " was coded to allow traceback to the candidate identity in the CGSM,
e.g., LIQ ROC-24 (LIGHT) 'means liquid rocket concept number 24, using
the light (1100 pound) warhezd.

(U) To illustrate how the rank bound and related systems data
may be displayed, the systems were tabulated in Figure B-5. It is seen
that System 7, for example, has the least range (89 n. mi.) and ranks
between 8 and 18. The highest ranking systems, concepts number 3 and 4,
have identical range (141 n.mi.), identical weight (12, 000 1bs.), and
identical warhead weight (1100 1bs.). In general, for this sample problem,
the light warhead weight concepts rank higher than the heavier warhead
concepts. Concepts with the greatest range also tend to rank higher than
concepts with lesser range, and liquid rockets tend to rank higher than
solid rockets.

B-9
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FIGURE B-4
RWM RANK AND RANK BOUND OUTPUTS

PAGE
DCATA,PGM=RWM RELATIVE WORTH MODEL (SAMPLE) RUN = 74-21-1
SYSTEM RANKING SENSITIVITY - RANK ROUND y PAGF

(3ASED ON SYSTEMS RANKED 1 THROUGH 18)
UPPER AV ERAGF LOWER

ND, SYSTFM DESCRIPTINON " BNUND RANK ROUND
1 LIQ RNC =24(LIGHT) 2 6 R
2  LIQ ROC = LILIGHT) 1 4 5
3 LIQ ROC = 2(LIGHT) 1 1 6
4  LIQ RDC =S(LIGHT) 1 1 6
&  LIQ RAC =23(LIGHT) 2 5 7
6 11Q ROC = 6(LIGHT) 1 3 5 i
i . 7  LIQ ROC =-42(HVY) 8 12 18 1
8 LIQ RNC = 1{(HVY) 6 9 15 ﬂ
- G LIQ ROC =20(HVY) 8 10 17
4 17 LIQ RNC = B(HVY) 8 10 17
i 11 LIQ RNC = 2(HVY) 7 a 13
1 12 LIQ RN = 6(HVY) 6 7 16 ]
f.ﬁ 12 SNL ROC - 6{HVY) 9 17 18
i} 14  SOL ROC = 3(HVY) 8 14 17 ]
i 15 SOL ROC - 7(HVY) 11 16 18
~ 16  SOL ROC = 4(HVY) 8 12 17
3 17 SOL ROC =14(4VvY) 10 18 18
d 18 SOL ROC = R(HVY) 7 14 17
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