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WPN-T
A WEAPON TO TARGET APPLICATION PROCESS
by Clyde Irvine, Jr. - Consultant, Economic Analysis
ASI Systems International

WPN-T is a process that uses linear programming
(LP) to create a framework for conducting Cost and
Operational Effectiveness (COEA) tradeoffs between
alternative weapon systems. What is a COEA? A COEA
is a systems analysis approach for comparing one weapon
or support system to others and selecting or
recommending that system which is the "best” in terms of
cost and operational effectiveness. One definition of the
systems analysis approach is the following.

1. Establish the goals or objectives of the system.

2. Define the baseline or status quo system and
identify alternative ways in which the system objectives
can be attained.

3. Define the criteria for comparing or selecting
between alternative systems.

4. Analvze and evaluate the baseline system and
cach alternative in terms of the selection criteria.

5. Select or recommend either the baseline system
or one (or more) of the alternatives.

The above process is usually iterative especially when
the initial number of alternatives is large and some sort of
"neckdown" must be done to reduce the number to a
manageable few.

WPN-T was developed to support a COEA of the
Advanced Bomb Family (ABF). The author’s approach in
developing WPN-T is unique in two ways: 1) the use of
linear programming to identify the conditions that
establish equilibrium between the operational demand and
operational supply of weapons; and, 2) the use of a basic
.economic analysis technique to create a framework for

. ‘conducting an equal-cost and equal-effectiveness tradeoff
. between competing bomb families.
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The author addresses an important question that a
- COEA must answer: How can one do an equal-cost or
. equal-effectiveness tradeoff between different bomb
- families? There are many facets of this problem,
" particularly in defining weapon effectiveness in
_ acceptable ways. Bombs come in different gross weights
"= (500, 1000, 2000 1bs), guidance methods (unguided, laser-
" guided, inertial), bomb-body types (blast fragmentation,
penetrators) which determine their lethality. Targets are of
different types with vulnerabilitics going from "soft”
troops to "hard” underground command-control bunkers.
There are varying numbcrs of each type of target, e.g.,
25% soft targets, 10% hard targets, etc. Bomb delivery
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methods involve low, medium and high altitude attacks .
depending upon the desired circular error probability,
target vulnerability, delivery threats, U.S. capabilitics, the
interrelationships of systems, scenario, weather, temain,s
distance to target, and so on. An aircraft carrier holds the
total immediate supply of bombs. It carries a limited
stockpile of bombs of each bomb type and an upper limit
on the number of bombs altogether. The challenge was to
bring all these factors together into an analytical
framework that remained comprehensive yet still
comprehensible.

THE OBJECTIVE OR GOAL OF A COEA

The objective or goal of a COEA is to provide a
rational basis for comparing the existing MK80 bomb
family to alternative bomb families and sclecting that
system which has the "best" overall cost and operational
effectiveness.

THE BASELINE SYSTEM AND ALTERNATIVES

The MKB80 Series bomb family is the baseline system,
i.e., the currently deployed system. The first alternative
considered using other existing systems (U.S. and Allicd
Forces) or making improvements to the MK80, i.e., the
MKS80 Plus. The second alternative to the MK80
considercd developing a new system altogether, ie., the
ABF.

THE CRITERIA FOR COMPARING AND SELECTING
ALTERNATIVES TO THE BASELINE

Life cycle unit cost of all-up-round bombs and
guidance kits components was sclected as the figure-of-
merit for cost. The number of targets-killed was selected
as a measure of operational cffectiveness. Criteria for
selecting one bomb family over another were defined as:
(1) one bomb family will kill more targets than the other
for the same cost; or, (2) to kill the same number of
targets one bomb family will cost less than the other. This
is the equal-cost, equal-cffectivencss trade-off.

THE ANALYSIS OF ALTERNATIVES TO THE
BASELINE

Part of a COEA can be formulated as an LP problem.
LP is a tool of operations rescarch. It has nothing to do
with computer programming although computers ar¢
necessary to obtain solutions to all but the simplest
problems. LP is a mathematical technique that sclects the
best "program” (course of action) from a sct of feasible
alternatives. LP states a problem in terms of three
clements: (1) an objective function, (2) decision variah-cs,
and (3) constraints. The typical lincar programming
problem can be described as follows. Optimize (either
maximize or minimize) some dependent variable (a lincar
function of independent variables) subject to a serics of

This paper has been accepte& for presentation to the Cost and Operational Effectiveness Analy
Department of Defense Cost Analysis Symposium (DODCAS), Xerox Training Center, Leest

WMPX 94-04951
IR




WEN-T
A WEAPON TO TARGET APPLICATION PROCESS

WPN-T uses linear programming techniques to address an important
question that a COEA must answer: How can one do an equal-cost or equal-
effectiveness tradeoff between different bomb families? There are many
facets of this problem, particularly in defining weapon effectiveness in
acceptable ways. Bombs come in different gross weights (500, 1000, 2000
1bs), guidance methods (unguided, laser-guided, inertial), bomb body
types (blast fragmentation, penetrators) which determine their
lethality. Targets are of different types with vulnerabilities going
from "soft" troops to "hard" underground command-control bunkers. There
are varying numbers of each type of target, e.g., 25% soft targets, 10%
hard targets, etc. Bomb delivery methods involve low, medium, and high
altitude attacks depending upon the desired circular error probability
(CEP), target vulnerability, delivery threats, U.S. capabilities, the
interrelationships of systems, scenario, weather, terrain, distance to
target, and so on. An aircraft carrier (CVN) constitutes the total
immediate supply of bombs. It carries a limited stockpile of bombs of
each bomb type and an upper limit on the number of bombs altogether.

The challenge was to bring all these factors together into an analytical
framework that would be comprehensive, yet explainable.

Clyde Irvine, Jr.

c/o ASI Systems International

825 N. Downs

Ridgecrest CA 93555

(619) 375-1442 or (619) 446-4956 (H)

133




lj

September 1993

WPN-T - A WEAPON TO TARGET APPLICATION PROCESS

Clyde Irvine, Jr.

ASI Systems International
825 N. Downs

Ridgecrest CA 93555
(619) 375-1442

Annual Department of Defense Cost Analysis Symposium Paper

Statement A: Approved for Public Release; Distribution is Unlimited

See Over

Cost & Operational Effectiveness Analysis

ADODCAS 1993

‘L ‘ uL-

i}
1 tnmbians < o o i e S e, e




linear restrictions (constraints) involving the independent
decision variables. The following paragraphs describe
how the LP problem was formulated.

QObjective Functions. An objective function defines the
dependent variable (it need not be single-valued) in terms
of independent variables called decision variables. There
are three choices of objective functions in WPN-T:

(1) Minimize the bomb-cost to kill a given number
of targets occurring according to a given percentage
distribution

(2) Minimize the number of bombs necessary to kill
a given number of targets occurring according to a given
percentage distribution

(3) Maximize the number of targets that can be
killed with a typical aircraft carrier load-out of a given
bomb family.

" o

An optimum or "best” "solution” (for any particular case)
is to obtain values for any of the objective functions
subject to the values of the constraints. One has to be
careful about interpreting the tcrm "best”.

Decision Variables, The independent variables in an LP
problem are usually referred to as decision variables. In

WPN-T they are the following:

(1) The number of bombs of each type used on each
type of target

(2) The total bomb-cost to kill each type of target

Constraints, The restrictions on the values that the
decision variables can take are referred to as constraints.
In WPN-T the constraints are:

(1) the suitability of a specific bomb configuration to
a specific type of target, e.g., a laser-guided penetrator
bomb would not be used against troops spread out over a
large area, or blast fragmentation bombs would not be
used against bunkers.

(2) the minimum number of bombs of a particular
type or configuration required to kill a specific type of
target

(3) percent distribution of target types
(4) the quantity of each bomb body type and related
guidance kits that a specific ship can carry, including

dunnage

(5) the maximum number of bombs and kits of all
types that a specific ship can carry, i.e., volumetrics

(6) the permissible configurations of bomb bodies
and guidance kits

(7) the investment in the stockpile, i.e., the total
outlay represented by the load out

THE ANALYTICAL FRAMEWORK AND NOTATION

The tables in Figure A illustrate the general layout of
the sprecadsheet used to prepare input data for the linear
programming program. The table entries are the symbols
used to identify the variables used in obtaining LP
solutions. The "dot™ notation in statistics is used to define
a sum. For example, the sum of the first row of the center
table at the top of Figure A is shown simply as (X1 ).

Similarly, the sum of the first column would be (x.1).
The sum of every term in the matrix would be (X..).
Figure A also contains the definitions for the variables.
The following paragraphs define and discuss the objective
functions for WPN-T.

OPTION 1

This option obtains the minimum total cost to kill
targets subject to the constraints that the target types occur
according to a specific distribution and all are to be killed.
Also, the total number of bombs used cannot exceed the
load out quantity. The objective function is:

minimizec_=c1 (x 1)+ 2 (x2)+ c3(x3)

subject to a set of basic constraints D;{ .
dl-t1=0 s1=0,1 A
d2-2=0 s2=0,1 —
d3-13=0 s2=0,1 Dist
x.1<=al t<=T o
x2<=a2 nij >0 i
x3 <=a3 xjj =>0 “’\ l
pl+p2+p3=1 !

and the additional constraint that T is a constant T* .

Each term, dj - t; = 0, forces the total number of
targets (T) destroyed to conform to the percentage
distributions p}, p2, and p3. The terms x j <= 3 makes
sure that the number of bombs used (x j) do not exceed the
number of bombs available (aj). Whether a target is
susceptible (or vulnerable) to a particular bomb type is
given by the term (sj) which can be s = 0 (not vulnerable),
or s=1 (vulnerable). The number of targets that are
available becomes

li=PGs) T

For example, if T = 200 and p = .57 and s=1 then t=114.

This paper has been accepted for presentation iv e Cost and Operational Effectiveness Analysis (COEA) Workshop at the 27th Annual
Department of Defense Cost Analysis Symposium (DODCAS), Xerox Training Center, Leesburg, Virginia, September 7-10, 1993.
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OPTION I

This option obtains the minimum number of bombs
needed to kill targets subject to the constraints that all
targets are to be killed according to the percentage
distribution and the total cost of bombs used cannot
exceed the value of the load out quantity. The objective
function here is:

minimize x_=x1+Xx2 +Xx3

subject to a set of basic constraints

dl-t1=0 s1=0,1
d2-122=0 s2=0,1
d3-t3=0 s2=0,1
x.1 <=al t<=T
x2<=a2 nij >0
x.3<=a3 xjj =>0
pl+p2+p3=1

and the additional constraint that T is a constant T*
OPTION 111

This option obtains the maximum number of targets
that can be killed subject to the constraints that all targets
are to be killed according to the percentage distribution
and the total number of bombs used cannot exceed the
load out quantity and the total cost cannot exceed the
value of the load out stockpile. The objective function is:

maximized_=d]1+d2+d3

subject to a set of basic constraints

dl-t1=0 s1=0,1
a2-2=0 s2=0,1
d3-3=0 s2=0,1
x.1 <= al t<=T
x2<=2a2 nij >0
x.3 <=a3 xjj =>0
pl+p2+p3=1

Note that T is no longer a constant. It is able to expand to
a maximum value.

In Figure B, the upper left corner is a table relating
Weapon Lethalities and Target Vulnerabilities. The
column headings, W1, W2, W3, etc., refer to specific
bomb configurations within a given bomb family. The
row headings, T1, T2, T3, etc., refer to target types. The
entries in the table are the minimum bombs needed of
cach type to kill each target type. For example, it would
require 2 bombs of type W2 or 4 bombs of type W3 to kill
target type T1.

The table in the middle of Figure B labeled INITIAL
LOAD OUT contains logistic data. It shows, for each
weapon type, the life cycle unit cost and the number of
bomb bodies and kits carried. The row labeled Equivalent
AUR needs some explanation. In this example 660 W1
type bombs can be dropped as "dumb” bombs. However,
there are also 310 W2 guidance kits that can be used with
W1 bomb bodies to create 310 W2 bombs. Hence, any usc
of W1 bomb bodies to make W2 smart bombs reduces the
number of W1 bomb bodies available for W1 dumb
bombs. If all 310 kits were used to make W2 bombs there
could only be 350 W1 bombs configured. The example
assumes that Bomb type W3 is never "kitted” so the initial
load-out of 1100 bomb bodies equals the equivalent
number of W3 bombs possible. The table at the bottom-
center of Figure B labeled Bomb Handling Tasks and
Man-hours simply attaches ordnance handling time and
motion data to individual weapons W1, W2, W3, The
Table at the top-right contains target constraints., e.g.,
Target Occurrence refers to the number of each type of
target expressed as a percentage of the whole. Whether a
specific target is vulnerable at all is indicated in the
column labeled Trgt Vulnr (1=yes).

The shaded section in Figure B contains the values of
decision variables that optimize (cither maximize or
minimize) the objective function subject to the constraints
on the decision variables. This is done for each
alternative. The example illustrates the solution to the
problem: maximize the number of targets that can be
killed with a typical carrier load-out of a given bomb
family. Each column still refers to weapon type, each row
to target type. The rows below the shaded portion arc
explained as follows. The row labeled Required is simply
the sum of the respective columns. The rows labeled
Combined Use, and Shortage permit alterations to the
model to automatically determine the best load-out mix.
The row labeled Available starts off containing the Load
out Mix, i.e., the initial number of bomb bodies and kits
before any "kitting". If the best solution to the problem is
to "kit" some W1 bomb bodies and make them into W2
bomb types in order to best use the available stockpile of
bomb-bodies and Kkits, then that will be done by WPN-T,
automatically. The row labeled Un-issued refers to the
difference between the values in the row labeled Available
(initial values) and the row labcled Required. If all
Available are used (as here), Un-issued will be zero. The
row totals give the quantity of all bomb types used to kill
cach target type.

Figure C illustrates the solution to the following
problem: minimize the number of bombs needed to kill
200 targets. Notice that while only 403 bombs are used to
kill 200 targets the total bomb-cost is $7,300. The higher
cost is due to the solution using morc expensive (i.e.,
guided) bombs.

This paper has been accepted for presentation to the Cost and Operational Effectiveness Analysis (COEA) Workshop at the 27th Annual
Department of Defense Cost Analysis Symposium (DODCAS), Xerox Training Center, Leesburg, Virginia, September 7-10, 1993.
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Figure D illustrates the solution to the following
problem: minimize the bomb-cost to kill 200 targets.
Notice that more bombs (744) are used but the total bomb-
cost dropped ($3,720) because the solution used cheaper
bombs (unguided).

Figure E summarizes a series of experiments for
different numbers of targets (200, 300, 400 and 500.) to be
killed by the same bomb family. Each line plotted in the
lower part of Figure E is defined from the two points that
were obtained using LP techniques: (1) the higher point
on each line is the total bomb-cost for a minimum bomb-
usage solution, and (2) the lower point is the total number
of bombs used for a minimum total bomb-cost solution.
This same process can be donc for another bomb family
and the results brought together for trade-off analyses.
This is discussed below.

A METHOD FOR OBTAINING AN EQUAL-COST,
EQUAL-EFFECTIVENESS TRADE-OFF

Figure F-b shows two lines, both for the same MK80
bomb configuration. One line addresses a target-kill level
of 200 targets and the other a target-kill level of 300
targets. Each line relates the cost of bombs used to the
quantitics of bombs used. On the horizontal axis in Figure
F-b (Number of Bombs Used) we have placed a vertical
line which intersects both MK80 lincs. This vertical line
represents a Fixed Stock of Bombs. The intersection
points mark the total MK80 bomb-cost for each target-kill
level for a Fixed Stock of Bombs. If we carry the Cost of
Bombs Used values from E-b to E-a and plot them at the
corresponding Number of Targets values on the horizontal
axis we get a new line that relates the cost of bombs
necessary to kill the number of targets indicated for the
MKS80 bomb family. Economists will recognize the
technique used here as borrowed from the familiar IS-L.M
framework of macroeconomics. Of course the technique is
not unique to macroeconomics nor restricted to those
problems.

Figure G illustrates the same concept discussed in
Figure F showing both the MK80 and the ABF cases.
Figure G-a is the trade-off relationship between MK80
and ABF that we are looking for. That relationship is
discussed below.

Figure H is simply a copy of Figure G-a so that we
can discuss it without the other curves present. If we draw
a horizontal line through Figure H it will intersect the
ABF and MKS80 lines at two points. These intersection
points determine the number of targets killed at equal-
cost. It is seen that, for an equal-cost the MK80 will kill
more targets than the ABF. Similarly, a vertical line
corresponding to a fixed stockpile of bombs intersects the
MKS80 and ABF lines at two points. These intersection
points determine the total cost for equal-effectiveness (i.e.,
kill an equal number of targets) It is seen that the MK80

will cost less than the ABF to kill the same number of
targets.
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percentage of all targets of specific types and their
"vulnerability” to a particular bomb type.

ACKNOWLEDGMENTS

The author wishes to thank those at ASI Systems
International who provided input data, and comments 10
the author. These include Mr. Dave Watson who prepared
the lethality-vulnerability input table; Mr. Renard Smith
who provided test cases; and, Mr. Roger New who
provided valid operational assumptions. Also, Mr. Bud
Ruff of Comarco, Inc., for his persistence in making sure
the author actually submitted this paper.

BIOGRAPHY. Mr. Irvine is a consultant to ASI Systcms
International. He has over 30 ycars experience developing
mathematical models for economic analyses, operations
research, and logistics analyses. e holds a Bachelor of
Science degree in Business Administration (Information
Systems) from California State University, Los Angeles
(1966) and attended the same institution for his graduatc
work in economics (1966-69). He is an adjunct-faculty
instructor in economics at Cerro Coso Community
College, Ridgecrest, California.

This paper has been accepted for presentation to the Cost and Operational Effectiveness Analysis (COEA) Workshop at the 27th Annual
Departnent of Defense Cost Analysis Symposium (DODCAS), Xerox Training Center, Leesburg, Virginia, September 7-10, 1993,




L-NdM g

q ainbi4
089 [isv [o 0€Z |:pesn smoyuep uotssiy
88°0 81t ]66°0 |:‘quogmsinoyuey fejol
0L'0 [st'0 Jo20 B 4-01d
si0 [8i'0 Juo ON o peodn
810 Jsto Jero dnexuig
oto Joro Joto reec) Buypuey ojuo peo
610 fse0 si0 dnpjing
020 J|seo 1]se0 uogoedsuj § Inoyeesq
$JU|R1ISUOD }SOD 8|94 el | eMm M LM ‘quog/sinoyuen
o)i| ® Aib Jnopeo) ujyym * * - 7
9101 o'vozrl 091 [ooit Jote Jose HNY luefeanby
ebesn) eneA NS 0i€ [0 0IE |0 SU)
- jnopeo) v 091 joott Jo 099 'sepog quiog
5§ 61 |6°¢ ‘(8 1500 wun

Mol tM M IM_ lNOGYOIMUN
" * * 1S09 QWIOq WINWIUIN

** ' pesn squoq }o Jequinu /'_m.omz 9182 [0 506  |'M$ pesn-squog
Buipuodsessoo pue * ° * 1500 0.0¢ Joorl Jore j099  |-eiqejieay
92€L 885 [0I€ [8e¥  |penssun

2e8rolL Wa 0 PoiuN 0 ebeyoys Aunqeyreae Asojueaw |m seonpes ebesn gm Auy (2)
0'v02vl 396png 002  'siebuef fejo) (2) ©loN 85() pauIquIo) suogeuiquiod jeBrm-uodeem esoy epnjaxe sxuelg (1)
8°02/¢ Jo0Z 002 %0 00F I'seor [vvs  [21S |0 :peuinbey 'SAON
0 80¢ 82 8¢ I |%0vl Jel 9§ G O Qs el F 1 S el
8 706 85 8§ I [%062 |eL 2€C [P el 3 2 [ Zl
08052 [vilL |¥LL 1 %0°LS i1 9G¥ TER 008 [ RRRRRR Lipeesens I9) 14 4 L

(®$) pAisg sibip A sibig PN EM  TM M EM M LM

100 sibiy jreay 1611 (1510%) squiog squiog pekojdw3=u f/squiog  wnuiuIN=Y

(S19b1ey 002 11D 01 1S09-quIoq wnwiuiw
uoinedijddy 19bie] o] uodesp

jeuofjeusdju] swaisiAs |SY




3 ainbi4

1-NdM

€6/9 Uiy

98] squog jJo Jaquny

pely sibil 00§ —o—
0002 00St 000F 00S 0 o
pality s1B1] 00 —— o —— b ¢ $ “ 0 o -
[ ] N o
T - =
pality s1611 006 —o— . _u/u/. 000s o ao
o/o/. 10000t o = @
pajy s161L 002 - ° a
4+00051 3
o
("]
siabie) jo ssaqunpnN
olsepa 10} sdiysuonejay Aiuenp-3sodn
0°2Se0|} 0971t
S 182} SOVt
9 LvvL 88V 1
0°62601 2901
2 1866 9Ll
G'8£06 614
S'02.¢ |vvZ
G'00€L |eov
SENDY pafiiy PN GCEIDY abesn
si1611 00S|si611 oov|sibil ooglsi6iL 002| quog

uonedijddy jab.ie] o] uodeapy
:AJewiuing

leuoneusaju] swaisAs |SY




1-NdM =

4 aunbi4
(@) (e)
squiog jo NJ0IS
p3ax{4 8 U3A[D 00¢ 00¢e
uo%q.__amuﬂ__oml siebie)
} quinN Jo JaquinN

(s16aL 002) O8MW
o]

(s1641 00€) 08MW
(o}

suonn[os 1509 quioq
WNWTUTW AIe dUT| Yord 083N
JO pud syl uo syuIod

suonn[os agesn quoq k \
WNWITUTW 318 JUI] Yoed pasn squog pasn squog
JO pud s1y) uo sjuiod JO 1S0) 4O 1S0)

(sqwioq o }o0}s paxij e i1o})

s}obie] JOo JaquinN SA }So)H-quiog )

[euoneuwldlu] SWIlsAs |SY 7




£6/9 SUiA|
B L1-NdM
5 ainbi4
(q) (e)
squog jo
20} 9X
pasn squog A90is pexid siebie) _ 00¢€ 00¢
JO JaquinN JO JaquInN
s1641 002 08MW
sibiL 002 49V
s1641 00€ 08MWN
s1641 00€ "_m<\
SuoONIN{OS 1503 QuIoq
WINWITUIW 218 2UT] YoBd 08N
JO pua sy uo syurog .
SuonNjos 98esn quioq ' v
WNWIUTW dIe JUT[ Yoe pasn squog pasn squwog
JO pua st} uo surod Jo 1s0) jJo 1s0)

SWIAISAS quiog aAneuIa} |y

10} 19bJe] J1ad 1s0)H-quiog

jeuonjeusaiu] swalsAs |SY




£6/9 aulalg

H 2inbig 1-NdM /

s1ebie]
JO JaquinN

-

au|7 SSauaAno9yg _m:cm\

A 0

aujl 1s0) jenb3y

SS$9| SIS0J O8MIN 3yl
pajiiy syebiey jo saquinu
awes ay} 10} ‘10 ‘sjebie}
alow S| 08MIN 8yl 1s00
awes ay} Jo4 Lrewwnsg

o /gy |

pasn squog
J0 1s0)

}JJodpel] SSausAddjjg-[enb3
1S0Q-ENbJ o OUNEl

jeuonjeusaju] swaisAs |SY




