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(U) This report has been prepared in the following volumes:

Volume Classification Title

I S Summary

ILA U Naval Engagement Model (NEM)
-. Users Manual

IIB U NEM - Appendices A - I
h G  S NEM - Appendices J - M
hID U NEM - Appendix N
lilA U . Cruise Missile - Concept

Generation and Screening Model
(CM-CGSM) - Users Manual

IIIB U CM-CGSM Appendices A-B

IIIC CM-CGSM Appendix C

h I D  U CM-CGSM Appendices D-G

mE U CM-CGSM Append ix H

IV ~~ Relative Worth Model (RWM)
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ABSTRACT

(U) The SEATID E Analysis Process is a semi-automated

procedure for  the generation of t ime-phased , high value cru ise  miss i le

weapon systems concepts , togethe r with the support ing technology and

intelligence indicators which would reflect that  these technolog ical goals

are being achieved. The SEATID E process can also be used to evaluate

the ef f ec t iveness 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 anal ysis at the weapon

system and Naval force s t ruc tu re  level. A previous process , RIPTIDE,

was developed for  DIA for  use in anal ysis of strateg ic missi le  systems.

(U) Generic to the SEATID E Anal ys is Process are three

maj or 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 effect iveness , tactics , and

task force configurat ions ; the CM-CGSM enables def in i t ion  and selection

of candidate , advanced cruis e missile system concepts;  and the RWM per-

mits assessment of wor th  in accordance w ith a variety of objective and

subjective cr i ter ia .  Each of these models has been checked out b y DIA .
- 

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

several other anal ytical and engineering tasks to be performed , e. g . ,  the 
S

identif icat ion of areas of cur ren t  interest  and the assoc iated cr i ter ia  and

potential concepts , the creation of a forei gn technology data bank in a

format  needed by the computer models , the eng ineering of concepts to

the required detail , and the use of a ver i f ica t ion  anal ysis  loop.
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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 (DLA) to develop the SEATIDE Analysis Process in support of th~ 

S

DIA Long Range Forecast Division (DE-l) .  The SEATID E Analysis Process
is defined to be:

• .. . a semi- automated procedure for the generation of
time phased , high value naval cruise missile system con- - -

cepts , together with the supporting technology and the
intelligence indicators which would reflect that these
technological goal s are being achieved .... “
(U) Generic to the SEATIDE Analysis Process are three major

computer models: the Naval Engagement Model (NEM), the Cruise Mis sile
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 h A  and
lilA, respectively.

(U) The P-WM 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 objective s 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 broade r under-
standing of the pu rpose , 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 inf ormation , of interest only to the
systems analyst , is to be found in Volume III and its Technical Appendices.
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SECTION II

DES C R.IPTION

1. PURPOSE

(U) The purpose of the Relative Worth Model (RWM) is to pro-
vide DIA with a computer model within the SEATIDE AnaJ ysis Process to
rank high value advanced cruise missile systems concepts using a variety
of objective and s-ubjective criteria. While the model is quite general, the
terminoogy and variables used in its application to SEATID E are those
used in the NEM and CM-CGSM. These are: WORTH1 , WORTHZ , and
COST*, quantities which are available for each candidate concept which
survives the screening process in the CM - CGSM . Othe r variable s which
can be attached to each candidate are such things as: Years to Achieve
IOC , Technological Risk, Use of Critical Material s, 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 pu rpose of the —

Relative Worth Model is to provide DIA a quantitative way to inject the -
n

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, xi ,  x~, ...., x~ (x1 might be
WORTH 1, xz might be WORTHZ , etc .). It also assumes that in a given
context of mission to be perfo rmed (requirement to be met), resources
available , policy and other constraints , that there exists a Worth Function
which measures the “desi rability ” of each system relative to another , and
that the worth is a function of the variables x1 to Xn, i e.,  that for the ~th
system there is a Worth W1 given by

W. F (X.) (1)

where X 1 = (x.1, x.2 , .
~~~
.., x . )

system variables

* In this application, COST is defined as system weight. In the event , a
costing methodology is added to the SEATID E process at a later date , no
heading changes will be required.

UNCLASSIFIED
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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-
taintie s in the data exist , additional methodology is needed.

2.1 The Ranking Index

(U) Unde r certain quite general assumptions , Refe rence 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 Xj (j=l to n), we may then think of having
an (m x n) matrix X of data describing the rn systems, i.e. ,

X = (x..) (2)

where x~ = value of the jth variable of the ith system.

As shown in Reference 1, we may now define the Worth Index W* as

W~* = ~~~~ [(x .. - c.) • t .)] + F(s) (3)

where c = c1, c2, ~~~~~~~~ 
C = a baseline system or

coordinate origin

t~ = trade factor i ( j= l  to n)

= OF / OF =

ox.
/ OXb Ox.

Thus, we see that the “trade factor” t j corresponding to the jth system van -
• able is (from a mathematical point of view) the constrained derivative of

some “baseline” variable xb with respect to the jth variable , evaluated at
the refe rence 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 if and only if 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 Bound s

(U) If we assume error bound s e . in our estimates of the
trade factors t ., then for two systems p and it can be shown (Reference
1) that their r~Iative ranks remain unchanged for any combination of
error s e. if and only if

1w * - w *
k = >1 (5)

pq n
X X  e.j= l  p3 q•j

By comparing all possible pair of systems a rank sensi t iv i ty  ma t r ix

K = (kpq)~ (p,q 1,...,m) (6)

can be used to establish rank bounds (r , r 2
) on each system rank .

These rank bound s are the highest and ‘owest rank s 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. TO? LEVEL FLOW

(U) The RWM top level flow is presented in Figure l I - i
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 lI-i.

11-4
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FIGURE II - 1

RELATIVE WORTH MODEL TOP LEVEL FLOW (U)

MAIN Controls and executes Data INPUT
PROGRAM opt~ons. Calls Subroutines START

and RANK . Calls EXIT to terminate run.

SUBROUTINE L Inputs Run Identification CODE, TITLE
S CAR T I page infor mation, and COMMENTS.

SUBROUTINE L Calls five execution/output subroutines.
_ _ _ _ _ _ _ _ _ _ _  RANK T Calculates System RELATIVE WORTH.

Calculates Parameter TRADE FACTORS.

.÷~ SUBROUTINE ____  Calculates System WORTH based on
SCORE a set of average Trade Factors.

SUBROUTINE Determines System RANK from
SORT System WORTH

SUBROUTINE Calculates Ranking Sensitivity RANK
- - SENSIT BOUND and outputs SENSITIVIT Y

- S MATRIX as optioned.

SUBROUTINE Execute s Ranking Model OUTPUT
OUTPUT options.

Il-S
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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 - Con trol 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 11-2.
Each ZIP card initiates a particulai action , which may include reading
additional control parameters, and then the program re turns  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 11-3 thru 11-7.

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
11-3, 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 FOR TRAN names

XBASE(I) = c1 , i = 1 to n

BWORTH = F (
~2)

These can be any convenient numbers (including zeros),  but if they are
chosen from some baseline system the Worth Index has a visibl e relation
to that of the baseline system (as well as a numerical ranking). These
are shown as items M and N in Figure 11-3.

4.4 Trade Factor Input

(U) Trade Factors are defined in equation (3) in section
11-2 and error bounds e3 on Trade Factor t; are shown in equation (5).Estimation of these are discussed in Appendix B. However , it may be

-- 

UNC L~ 1IFIED 
—--5-—-



- - -- ••••‘•
~ _____5_.5_ _~~~_5••_ __~•__ __ 5 - — -~~~

UNC[ A SS~FIED

said here that they are usually estimated as a lower and upper bound .
These upper and lower bounds are entered as shown in Figure 11-4.
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 var~ab1es there
are n sets of Trade Factors t 1, t 2, ... , t~ .

4. 5 System Names

(U) System names may be left blank or chosen at the S
convenience of the user.  The RWM keeps track of systems by system S
number. These are shown in Figure 11-5.

4. 6 System Data S

(U) System data is defined as the Xjj in equation (2) in
section 11-2. For each system (identified by system number 1) there
are n values x11, x12, ... , x1~ describing that system. These are
entered 7 to the card as shown in Figure 11-6.

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 11-7 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 replac e-
ments of input data are shown in Figure 11-8.

11-7 (11-8 Reverse  Side Blank)
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FIGURE 11-3

RWM - INITiALIZATION INPUT

Variables Definition

A Zip Code 5, first card in a data deck.

• B Plain text purpose of Zip 5.

C PCODE card. A one line identifier which gets 
S

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 contr ol, in fields of five.
A zero means do not print.

1. Print system ranks and wor ths
2. Print sensitivity matr ix K
3. Print rank bound s
4. Specifies number of top ranked systems to put

in sensitivity matrix K. If zero it put s all 
Ssystems in K.

5. Print tr ade factors and bounds
6. Print system data

K Zip code 1. Read base worth and base system
variables.

L NAMELIST NAMI . Begin reading.

M BWORTH = Worth of a baseline system.

N XBASE(I) = Value of variable I for baseline system.

P NAMELIST NAM 1. End reading.
11— 10 5
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FIGUR E 11-4

RWM - TRADE FACTOR INPUT

Var iables Def~.nition

A Zip code 2.

B Plain text purpose of Zip 2.

C Integer in cols 1 - 5 uniquely identif ying each
trade factor . Must begin with 1 and proceed
sequentially.

D Name of trade factcr , up to 8 letter s in cols 11 - 18,
4 5 plus 8 more in cols 21 - 28.

E Lower bounds to trade factors* in cols 31 - 40. 5

F Upper bounds to trade factors* in cola 41 - 50. 
5 

-

G Blank card which terminates reading of trade factors 
S

and returns contr ol to MAIN.

*NOTE: Sign of trade factor is negative if large values of its corresponding
variable are less desirable.
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S FIGUR E 11-5

S 
RWM - SYSTEM NAMES

Variables Definition

A Zip code 6.

B Plain text purpose of Zip 6.

C Integer in cola 1 - 5 uniquely identifying a system
to be ranked ,

D System “name ’t in cola 11 - 50 corresponding to
system number. May be coded to show significant
characteristics for reference to it~ place in a
CGSM output.

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

1:
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FIGURE 11-6
RWM - SYSTEM DATA

Variables Definition

A Zip code 7.

B Plain text purpose of Zip 7.

C Integer in cols 1-5 uniquely identifying a system
to be ranked. Must correspond to integer used
for system name.

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

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

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

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

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

S NOTE: If there  a re  more than 7 va riables , place on succeeding ca rd8
in increasing order but with same number as C in cola 1-5.
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FIGURE 11-7

RWM - EXECUTION AND PARAMETER VARIATION

S 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 purpo se of Zip 2

H Integer in cola 1 - 5 uniquely identif ying each Trade
S Factor. Must begin with 1 and proceed sequentially.

3 Name of Trade Factor , up to 8 letters in cola 11 - 18,
plus 8 more in cola 2 1 - 28.

K Lower bound to trade factor s* in cols 31 - 40

L Upper bound to trade factor s* 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
variabl e are less desirable.
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UNCLAS SIFIED
- 5. OUTPUT

- 

.5 (U) Output of the RWM includes a titl e 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

I (c) SYSTEM RANKING SENSITIVITY - RANK BOUND

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

SI

1 -

• .5.

II -23
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FIGURE 11-9

RWM OUTPU T - PAGES 1, 2, 3.

ITEM DESCRIPTION

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

numbered page.

B A Five Line Title.

C Miscellaneous Constants. Not Used.

D System Number

E System Name (or coded information)

F System Rank. (1 is best)

G 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

S than the “ba seline ” system according to whether the
SCOR E is greater than, equal to , or less than the input
value BWORTH = 453.0 shown in Figure 11-3 and in
Figure 11-10.

11-24
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FIGURE 11-9 ( Continued)

PAC E
C*TA.P GMSR WM RE LAT IVE WO RTH MODEL (SAMPLE ) RUM • 7 4— 0 1 - 1 5

RWM

~OUGHT SYSTEMS D IV IS I O N
L TV ‘A ERO S PA C E CORP O RA T ION
)A LL A S, TEX A S ~~ 222

OA T A .PGM.RWM RE LAT IVE WORTH MODEL (SAMPLE )  RU~~~~~74—~~1~~~~

M 1 S ~ 1 0 0 0
* MISC LCfl fl ’J ‘).O 

- 0.0 0.0 o . o .~

°AC. E 3
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FIGURE 11-10

RWM OUTPUT - SENSITIVITY MATRIX PRINT CONTROL ,
& NAMELIST NAM 1

ITEM DESCRIPTION 
5

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 sy stem in a particular SENSITIVITY
MATRIX column.

S 

- 
D System number of a system in a particular

SENSITIVITY MATRIX column.

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

F Entries in the SENSITIVITY MATRIX. These are
the ~~~ defined in equation (5) in section II. 2,

‘I where if the entry is greater than 1. 0 the system
numbered in D is always better than the system
numbered in column E. For example , System
2 is not always better than System 5, but

S 

-
~ is always better than System 1.

G, H ZIP Code 3 and Print options as read in.
3, K ZIP Code 1, NAMELIST NAM1 , Base Worth & Base

System Variables as read in. See Figure 11-3.
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FIGURE I l - i l

RWM OUTPUT - RANK BOUNDS TABLE

ITEM DESCRIPTION

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

B Table title and page number.

C Rank bounds (and size of SENSITIVITY MATRIX) 
S

depends on number of systems specified in J. 4 of
Figure 11-3. In this case , all 18 systems were  used.

D, E System number and name. Limited to the number
shown in C. -

F Upper Rank Bound (Hi ghest rank is 1).

G Average Rank. Same F in Figure 11-9.

H Lower Rank Bound (limited to number in C).

NOTE: 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 hi gh
as 1 or as low as 5.
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FIGURE Il-li -(Continued)

P AGE 5
CATA .PGM~ RWM ~ ELATI YE WORTH MODEL (SAMPLE ) RUN

SYSTEM RANKING SENSITIVITY — RANK BOUND PAGE

(BASED ON SYSTEMS RANK ED 1 THROUG H 18) 5

- UP PER AVERAGE LOWE R
NO. S Y S T E M  D E S C R I P T I O N  BOUND RAN K BOU~ 0

1 110 SOC — 241L 16H fl 2 6
2 110 SOC — i(LIGHT) 1 4 5
3 110 SOC — 2 (LIGSIT ) 1 6
4 110 SOC —SI) . 161-IT) 1 1 6
S L T Q  SOC — 231L!GHT) 2 5 7
6 110 POC — 6(116511) 1 3 5
7 110 SOC — 4CIHV Y ) 8 12 15
A 110 SOC — 1( ’ IVY ) 6 9 15
S 110 SOC -?0(MVV ) B 10 17

10 110 ~flC — R ISI VY S 8 10 17
it LI Q SOC — 2 15 -I VY ) 7 8 13
12 1)0 SOC — 6 ( HV Y I  6 7 16
1! ~flL R(~C — 6( H V Y ) 9 17 18
14 SQL SOC — 3 ( 5 - IVY ) 8 14 17
i S SQL SOC — 7(5 - IVY) 11 is
1 6 SOt. SOC — 4(HVY ) 8 13 17
17 SQL SOC — 1 4 ( ’ I VY I  t O iS 18
I A SQL SOC — R(HV Y I 7 14 ii
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FIGURE 11-12

RWM OUTPUT - TRADE FAC TOR TABLE

ITEM DESCRIPTION

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

B Tabl e titl e and page number.

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

D Trade Factor name

E Minimum Trade Factor (as input)

F Average Trade Factor (as cal culated)

G Maximum Trade Factor (as input)

NOTE: 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.
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- • FIGURE 11-12 (Continued)

DAG E 6
CATA .PGMsRWM RELATIVE WORTH MODEL (SAMPLE) RUN z 74—01 — 18

PAR*)’ETER TRADE FACTO R DATA B PAGE

NO. NA ME MINIMUM AVERAGE MAX IMUM S

- ©  
©

I WEIGHT - - —3 .000E DO —1 .SSO E 01 — 2 .BOO E 01
2 RANGE 1~~O0OE 00 i.000E 03 1.~~OOE 00
3 IOC — 6.000E 00 —1.600E 01 —2.600E 01
4 W HWT —5 .450E—03 —1 .000E—02 —i .455E— 02
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FIGURE 11-13

RWM OUTPUT - SYSTEM DATA TABLE

ITEM DESCRIPTION

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

B Table title and page number

C System Number

D System WEIGHT (as input)

E System RANGE (as input)

F System YEARS TO LOG (as input)

G System WARHEA D WEIGHT (as input)
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FIGURE 11-13 (Continued)

F
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SECTION II!

OPERATING PPOCEDU RES

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 Decks1 ”

1.2 User ’s Library

(U) The JCL shown in Figure Ill-i defines the User ’s Library
as the partitioned data set SYS1. DS5CSEAA on the private disk pack
VOL = SER = RIPTDE. The RWM load m dule is stored under the member
name RWM .

1. 3 RWM Execution

(U) Figure 111- 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 ~or 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

S 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 .~0 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 11.4.
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 ove rlay.
After all required data has been input , a ZIP-8 control card produces an

S execution of ranking and sensitivity analysis as discussed in Section 11. 4. 7.
A way of doing several parametric variations of some set of paraflieters in
d. single computer run is also discussed in Section II. 4. 7.

Ii
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RANKO25O -

- 

- 
k E T U R N 

- - - 
RANKO 26O

~ND 
- - 
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APPENDIX B

RWM SAMPLE PROBLEM ( U) —

1. INTRODUCTION

(U) The obj ective of Appendix B is to present a generaltechnique for estimating Trade Factors. These were  defined in S

Section 11 in the body of the report and are the constrained deriva-tives of some baseline variable xb with respect to each of the systemvar iables x
3 

(j = 1 to n) . The technique for estimating these TradeFactors is presented in term s of an example, and the rank and rankbounds are included to show the effect of the estimates made.

2. SYSTEM DATA
(U) The example chosen to illustrate the estimation ofTrade Factors is taken from the cruise missile concept studiesreported in Volum e lIlA of the SEATIDE documentation. Afteran initial screening, six hi gh ranking candidates were chosen ineach of three concept types: Liquid (li ght payload), Liqui d (heavypayload), Solid (heavy payload) . These were then put into theRelative Worth Model for ranking and sensitivity anal yses.  Thetrade factors used are shown in Fi gure B-i , and the eighteen

system s with their respective wei ght , range , years to IOC , andwarhead weight are shown in Figure B-2. System 1-6 are Liquidrocket (li ght payload), 7-12 are Liquid Rocket ( heavy payload),and 13-18 are Solid Rocket (heavy payload) types. The system s datais from the CM-CGSM which generated the candidates , except years
S to IOC which was added later.
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FIGURE B-i

RWM TRADE FACTOR INPUTS

S

i
- 
I

S C.
• ~ A T A , PGM=RwP~* R ELATIVE WORTH MODEL (SAMPIF) RUN = 74— 01 — 18

I PA R A Y F T F R  TR ADE FACTf lP OA TA P4GE

N’l. NAM E MINIMUM AVERAGE MAX IMUM

I WFIGHT —3 .000E 00 —1 .~~5OE 01 —2. 8~~0E 01
7 R A N G E  1.~~~O~~F 00 1. ’) fl~~ E 3D 1.~~ 00E 0~~

~ InC —6 .00 -D E 00 — l . S O O E  01 — 2.~~C~0E 01
4 W H W T  — 5 . 45 0E—01 — l .~ ’)OF— 0 2 — I . 4 5 5E— 02

-

. 

•

11

I B—3
- (B-4 Reverse side blank)
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FIGURE B-2

RWM SYSTEM DATA INPUTS

PAG E
C A T A .PC M= RWM Q FtA T IV E WORTH MODEL (SAMPLE) RUN = 74—01—1 5

S Y S T E M  D A T A  PAG F

SYS WEIGH T RA NG E tO C W~-4 W T

I 1.100~ 
(
~1 1. l3~ E ~~ 3.000E On l.IrOF 03

2 i . I O C F 01 1. ’4 0F ‘~2 3 .000E 00 l.IICF 03
I 1.20C F C i  1.410F 02 3.(V)~ F ~fl 1.IOOF 03
4 l . ? C C E  v~1 l.4IrJE 0? 3.00-DE 00 1.IOOE 03
~ l.’t~(~ Cl l .5 COF 02 3.000E 00 l . t 0~ E ~3
6 ~•3N ~~ 01 l.560E ~I2 3.000E ~0 1.133E 03
7 i .lOt.E 01 ‘.~~Q€~F ri 3.000E 10 2.2fl~~~~F 03
9 I . i Cr - E 01 I . 0 ’OE 0? 3.0-)OF OC’ 2. ?C~~E 03
c l . 2 r r E  r i  l . I I O F  02 3.000F 00 2 . 2 I D F  O~IC i .2 0(- E CI 1.IIOF ~2 3.GOCF 00 2.201E 03

11 i.2(I E 01 l.l~ 0E ~2 ..000F On 2 .2 t) OE 03
12 1.~o~r CI l . 3 ’OE 02 1~.C00F Ofl 2.2 0C F 03
I’ 1.10f F 01 1.’~~OE ~“ 4.000F 00 2.2ODE 03
14 1. ’10~~ ~~1 l.~~~10F C” 4.000F 00 2 .2 O D E  03
IS t .2( ’mF 

~‘I l.160E 02 4. V)OCF “ii) 2. 2fl~~F 03
1~ 1.?COF 01 l . J 7 OE ~? 4.0-V’F 00 2.200E 03
17 1.3 (-OE Cl 1.240F 0~ 4.000E 00 2.20PE 03
19 t.~ CCE ~i I.370F (~ 4.OOC 1E ~~ 7.2OrE 03
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3. TRADE FACTORS

(U) Estimation of Trade Factors proceeds as follows: Total
missile range is chosen as the baseline w.riable xb. Thi s 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 Fi gure B-3 each of
the other variables are “traded” against the baseline variable “Range ” .

(U) Launch wei ght vs raxige is shown schematically at the top
of Figure B-3. The eighteen system s from Figure B-2 would appear
as point s inside the rectangle as shown since 89 NM is the smallest
railge, and 156 NM is the largest range, and all wei ghts are between
11, 000 and 13, 000 lbs. Note that launch wei ght is handled in thousands
of pcunds in the input from Fi gure B-2 , henc e 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 rec tangle should now be labeled
from (1) to (4) in order of preference. For launch wei ght , Corner (1)
is where launch weight is low and total range is hi gh. The opposite

S 
corner is automatically -Corner (4). The choice of Corner (2) is
critical. For launch wei ght , in thi s example , it is felt t h t  a range of
89 NM for an air launched missile is unacceptably low , while  a wei ght
of 13, 000 lbs. is not unacceptable. Henc e the upper r ig ’tt (156 , 13, 000)
is preferred to lower left (89, 11000) for the launch wei ght rectang le.
In this example , it so happens that in all three rectangles , the upper

S right was chosen as Corner (2).  A special comment is due on the
rectangle for  Warhead Wei ght. Ordinarily increas ing  warhead wei ght
is deemed desirable, henc e the upper ri ght corner  would be Corner  (1).
But , if the analyst felt that the heavy warhead produced needless
“overkill” and preferred the smaller size , then he c ould label as shown
in this example.

(U) Next, establish between Corner (1) and Corner (3) a point
of equal preferenc e to Corner (2).  The analyst may have diff icul ty in
deciding exactly where this point is (or two di f ferent  analysts may not
agree), but upper and lower bound s may be selected as shown. For
launch wei ght , one mi ght feel strong ly enou gh about the importance of
reducing weight to accept a 100 NM range. Another mi ght not acce pt
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.

B-6

UNCLASSIFIED



-,-—--•,_--.- ‘_, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~-‘___ ~~~5-fl 5-5-’~~~~~~~~~~~~ ,__
~—

_ - -___‘5-

UNCLASSIFIED
FIGURE B - 3

RWM TRADE FACTORS (EXAMPLE)

I-

Launch
Weight,lbs.

13000 - - t — -6 / 2  = - 3 0

11000 • .  / 
LW 

= 56./2. = -28.0

100. 150.

I — I  •

89. 156. Range, S

?Th~

Years
to Xoc

4 - - ____________________  - t = -6./ i . - 6.0
b c

- - / = -26./i. -26.0

130. 150.

S 89. 156. Range ,

Warhead
Weight,].bs.

2200 - - (1) (1) = -6./iioo~
I 

— -.005~45

~~~~~ 
/1 t~~~ :

89. 156. Range ,
NM

B-i
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- (U) Note that the sign of the trade factors is chosen by the si gn
convention that if the variable (e. g. launch wei ght) is such that low values
are perferred, the trade factor is negative. Thi s 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 - i ,

B-8
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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 bound s
as di ;ussed in Section 11-5 in the body of the report. Note: The system
“nan. “ was coded to allow traceback to the candidate id entity in the CGSM ,
e . g . ,  LIQ ROC-24 (LIGHT) ~~eans liquid rocket concept numbe r 24 , using
the light (1 100 pound ) warhe~ d.

(U) To illustrate how the rank bound and related systems data
may be displayed , the systems were tabulated in Figure B-S. 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 , concept s numbe r 3 and 4,
have identical range (141 n. mi.),  id entical weig ht (12 , 000 lbs . ) ,  and
identical warhead weight (1100 lbs.) .  In general , for this samp le problem ,-
the lig ht warhead weight concept s 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

P A G E
‘~A T A . PGM= RWM R E LA T IV E  WORTH MODEL (SAMPLE ) RUN = 74_Ol_ 1

svcTEM RA NKI NG SENSIT IVITY — RANK BOUND - 
P4Gw

(BA SE D  ON SYS IE-IS R A N K E D  I THRflUGH 18)
S UPPER AVERAG E LIJUEP

NO. S V S T F M 0 F S C R I P T I fl N R OUND RANK RtlUNf)

1 110 RO C — ? 4 ( L I G H T )  2 6 - 8
2 110 R J C  — 1(LTGHT ) 1 4 S
3 LIQ Rfl( — 2 (LIGHT ) 1 1 6
4 110 ROC — 5 t L t ~~HT) 1 1

~ I T O  RflC —~ 3( 1!GHT ) 2 5 7
C, ~1Q Pc~C 

— 6 ( L T G H T )  1 - 5
-

S 7 110 ROC —4~
( ’-4V Y ) B 12 18

~ 110 POC — IP-IVY I 6 9 15
~ ITO R0C —20(HVY ) 8 10 17

1” 110 POC — 8 ( I -s VV )  B tO 17
5 11 L ! Q  R~IC — ~ ( H ~~Y I  7 A i i

12 uo Ror — 6(HVV~ 6 7 16
— 6(H~Y) 9 17 18

14 SOL ROC — 3 ( HVV ) 8 14 17
S tS SOl ROt — 7(HVV) ii 16 18

1f~ SQL ROC — 4 ( - I V V )  8 i’ 17
17 SOl ROt —l4 ( ’ 1~ Y ) tO lB
1 .  $01 ROt — P( H’vY )  7 14 17

B-b 
5

UNCLASSIFI ED .

_ _ _ _ _  

I

- ~
-‘ - S. •S~~-~ - - ~~ -.5- .5- -- .5 

-—-—.5



- -n- -- ----- —r- ~~~~-- -~~~rn- 
- .5

- - 5 . ~~ - - -

UNCLASSIFIED
0
.0

cO (- 14
-l 0)

N 0
—

‘0
—

S Lfl
-l

$3) S

‘-4 
1 5

0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-
~~ ..-4 — . .-i .-I — ~.3 (‘3 (‘4 ~~ r—3 r-4 3 t’~ r..3 r’-3

— — -4 — — — r—3 r$-3 ~~ e’~3 (‘4 (‘3 r-4 (‘)
4~~~ E-s

0 
______  _________________________________ _________________

S 0~~
.

~~ ~~‘ 0 ‘ 0 0’  0 .—4 -l ‘0 ( ‘ - 1 0 - ’  ‘0 N ‘vs’ (‘4
“4 A. -~ ~3 ~J’ .

~~‘ 
tt~ ~t( Co 0 — -4 — c~) 0 0 — -4 (‘4 C~~

Z — — — — — — — .-4 — — .-4 — —1 . 4  .—4

—‘ —‘ (‘4 (‘-3 ~~ 
.
~~~ — ~~ c’j ~ j  m .-~ — r~ ‘ ~‘

I-z~ — — ‘ ‘ ‘  ‘ ‘  “ — — ‘ “

o ~
________ 

‘.4

—
“.4V -4
0o~~~ u,

H 

e G G®  ~~~~~~~~~~~~~~~~~~~~~~ ~o~1
_______ ____________________ B- (~~-I2 ~ everse side b ank)

_ _ _ _  
UNCLASSIFIED S _ _


