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PREFACE

This report describes the project entitled "Multi-

weapon Aimpoint Optimizer for Elementized Targets," conducted

for the Joint Stratetic Target Planning Staff (JSTPS) by

Science Applications, Inc. (SAI), under the sponsorship and

direction of the Defense Nuclear Agency (DNA) The result of

this work is the MOST computer code (for Multiweapon Optimizer

for Strategic Targets), delivered to JSTPS in December of

1977.

DNA has sponsored research into aimpoint selection

at SAI since 1974, research that has led to such standard

tools as DCAPS and IDES. Some of this research is outlined

here, but much is omitted because MOST, in its present form,

is strongly tailored to one or two specific applications.

It should, however, be emphasized that the method-

ology is flexible enough to support numerous useful extensions

of the implementation herein described.

The MOST project owes its success to the strong

participation of several kuy individuals. LTC Rechard Walker

(USAF), of JSTPS, created the opportunity to construct MOST

by seeing the importance of the herein-described methodology

to operational targeting problems. he also had numerous sound

suggestions concerning the algorithms employed, and made sure

that the results would be useful. LT Paul Foster (USAF) and

LT Richard Magnan (USAF), also of JSTPS, ably performed the

various IBM conversion tasks and the adaptation of MOST to

existing software.

Finally, LTC Richard Edwards (USAF) of the Defense

Nuclear Agency, who was the Contracting Officer's Representa-

tive for MOST, sl-ilfully managed the three-organization pro-

ject, setting priorities, allocating resources, and removing

obstacles.
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1. INTRODUCTION

The problems associated with planning multiple-weapon

attacks against a relatively dense complex of targets are often

underestimated in both difficulty and significance. This intro--

duction presents a few of these problems with the purpose of

explaining some of the more important design features of the

MOST code.

MOST (for Multiweapon Optimizer for Strategic Targets)

finds the fewest number of weapons (and associated aimpoints)

required to achieve acceptable probabilities of damage on a com-

plex of targets. A "complex' is a set of targets related by

function and sharing a common value system. Refineries, air-

fields, rail yards, and steel mills are examples of targets that

are best represented as a complex of separate but related ele-

ments. Each element is usually assigned a numeric value to weigh

its importance to the others in the complex, and the- sum of these

values is the total value of the complex.

MOST takes into account two separate criteria for

finding aimpoints for a complex. The first is a simple minimum
probability of damage (PD) requirement on each of the elements.

The second is the assurance that at least a certain percentage

of the value of the complex will be destroyed. The quantity

involved is called the value-weighted (or poinL-weigihted) aver-

age probability of damage (APD), and is calcu]ated by compounding

the probabilities of damage against each element from all weapons,

producing the expected value destroyed (which is, for any element,

the compounded PD times the element's value), and dividing

by the complex value. Both criteria (PD and APD) are met by

MOST when it optimizes aimpoints within a complex.

3



Occasionally an important target that is not part of

a complex is located in proximity to a complex ("colocated with

the complex"). MOST will handle such targets by meeting the

simple PD requirement specified for them, but will tend to

keep the actual PD close to this requirement: in order to maxi-

mize the point-weighted average PD on the complex.

A simple PD requirements is essential because it

defines what constitutes an acceptable distance from a target

that an aimpoint may be offset. Targets are represented as in.

the TDI, and damage is calculated in routines modeled after but

not identical to those of PDCALC (see JSTPS document JSTPS-TR-

76-2 or later release). Because targets are either point or

normally distributed, the offset distance derived from the

damage routines can be rotated to form a circle in which any

aimpoint (notice that an aimpoint is not the same as a point of

impact) will achieve the required PD for some specific weapon.

"Aimi4n t the edge of this circle will produce exactly the re-

quired PD, aiming closer to the target center wLll produce a

higher PD. These circles have the nick-name of "LAIR", for

"Lethal Aimpoint Region", and are shown in Fig. 1.

The crucial point of a LAIR is that all aimpoints with-

in it are equally acceptable (but nor necessarily equally de-

sirable). Therefore, the offset may be used to minimize the re-

quired number of weapons (some programs, such as DCAPS, use it

to minimize collateral damage as well). As the pair of circles

on Fig. 1 shows, any aimpoint in the intersection of two or more

LAIRs will achieve at least the required PD's on all the targets

involved in the intersection.

MOST, in its current form, does not handle targets too

hard for a specific weapon to achieve the PD requirements.

4
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In general terms, the procedure used by MOST to find

the minimum number of aimpoints that meet the simple PD require-

ments (APD is handled in another step) is to generate all of the

appropriate LAIRs, tabulate the regions of intersection, and find

the smallest set of intersections that include all of the tar-

gets. Then, within the intersections of this set, the actual

aimpoints are located which, when compounded together, maximize

the value-weighted average PD o the complex. If the calculated

APD meets the requirement:, then the code is finished. Otherwise,

additional weapons are added at aimpoints which make the largest

possible increase in APD until the requirement is met. i
Of course, the actual procedure is far more complex,

and will be described later. However, the above description

should provide enough of a description of the method to point

out a few of the problems it is designed to solve.

In a target complex, it is frequently true that the

best aimpoint for an attack of one weapon is not a good aimpoint

for an attack of several weapons. Figure 2 shows a complex of 1
12 identical targets to be attacked by a weapon just large enough

to achieve the required PD on the four central targets if aimed

where shown between them (2a). Part 2b shows what happens if

this "best" aimpoint is the first found--namely, that the com-

plex ends up requiring five weap.,ans to achieve the simple-PD

requircmcnts. The third drawing (2c) shows the actual four-

weapon minimum solution.

Many aimpoin1- optimizers fall into the trap of

assuming that the best N sequentially-selected aimpoints con-

stitutes the best aimpoints for an N-weapon attack. In other

words, suppose the best single-weapon aimpoint is found first.

Next, the second best aimpoint, when compounded with the first,

is found, followed by the third, and so on until all require-

ments are met. In addition to the possible failure of algori-

thms of this variety to find the mninimum number of required

weapons, they may also exhibit unstable behavior when a large

6
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number of weapons are req j.i3od I o rK't ie requirements. This J
latter behavior is produced because any ainmpoint found cannot

be more effective than any louad previously (that is, if E(N) is

the effectiveness of the Ntb aimipoint to be found, E(N) ? E(N+]l)

for all N). Thus, as the ilgoritthm appi)••Jacei•es its solution,

the aimpoints can contribute so little to the soLution that the

r-ate at which aimpoints are added becomes exponentially large.

Figure 3 shows a surviving targeting space after a certain nun- I
her of aimpoints have been found. It should be obvious from

the shape of the area destroyed thaL: additional weapons can work

only on the ever smaller areas between the circles and, there- A

fore, must be muchI less tffective. The MOST algorithm, which

finds all ways of employing N wealpons, is i.ot subject to these

pitfalls. AA

because MOST, in its present form, does not mix weapon

types, it i-s particularly appropriate for selecting aimpoints

for MIRVed weapons. Because the simple PD requirement ignores

compounding, any or ali weapons that arrive are liIkely' to

achieve militarily-acceptable target damage for this portion of

the total at~tack. In addition, a methodology foe using MOST

concepts in targeting wjith weapons of di-ffere-nt yields is known,

although this has not been impl emented in MOST.

A final, observatLion of import nce to this introductionl

to MOST is to point out th]a 1he code has been optimi zed for coo--

plexes containing about 12? tasrgets, and can harn.].te complexes as

larIge as 20 (or more, under certain-- conditions) . It cannot

handle extremely dense and numerous targets in its present form.

8
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2. METHODOLOGY

The algorithms in MOST will be described in this see-

tion. They will be presented in the order in which they are

applied.

2.1 PRELIMINARY

MOST is given a set of installations (or targets), a

weapon, and various parameters set up in driver routines. The

specific details of how these drivers operate are dependent upon

each user's requLirements and are not part of MOST per se. A de-

scription of one driver (built for testing purposes) is given in

the "User's Guide for MOST".

2.2 DEFINITION OF TER14S AND CONCEPTS

Throughout this report targets are denoted by a single

capital letter. The LAIR of a target is the area. around the tar-

get in which a specific weapon may be aimed and achieve at least

a specified probability of dJtmagc higher on the target. The LAIR

of a target and the target itself are denoted by the same letter.

Although this terminology is ambiguous, the context of usage elim-

inates confusion.

The intersection of the LAIRS of two or more targets is

denoted by the concatenation of the letters denoting the respec-

tive LAIRS. In the simple fig -e below, the intersectiuii of A and

B is shaded.

11
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The LAIR of B is smaller than that of A for any of several reasons

(higher PD requirement, bigger VN number, bigger R-95). The inter-

section of A and B, or AB, is important because any aimpoint in

AB meets the PD requirements on both A and B. Although this

is a trivial example, it can be used to illustrate an important

point. Suppose the radius of A and the radius of B are known,

as well as the distance between the target centers. It can easily

be proved that the intersection A.B is nonempty if, and only if,
the sum of the radii is greater than or equal to the distance

between the target centers. Therefore, with simple calculations,

MOST can know that a region exists in which any aimpoint will de-

stroy both A and B. MOST at this stage, does not need to know

any particular or specific aimpoint. So it should be easily seen -

that MOST can calculate the minimum number of aimpoints required

to achieve the PD requirements on a group of targets without having

to derive any particular aimpoints.

In fact, MOST works by treating the Larget LAIR6 and

the intersections of LAIRs as if they were "logical aimpoints",

and finds actual, or "physical" aimpoints at a later stage (after

the minimum number has been determined).

A set of logical airnpoints that includes every target

in the group is called a "weapon set" with a rank equal to the

number of logical aimpoints in the set. Th2 figure below shows

a four--target complex:

--.... C

B 
c

A 1 D

12



The following nine logical aimpoints can be found for this complex:

AB BCD CD D
A BC C

B D
B

The convention is followed that the names of the aimpoints are

always given in alphabetical order.

The following six weapon sets are all that exist in

the above complex with the restriction that no LAIR appears more

than once:

SET RANK

A B C D 4
A B CD 3
A BCD 2
A BC D 3
AB C D 3 I
AB CD 2

Notice that there are two minimum rank weapon sets. These sets

are equally acceptable with respect to the simple PD require-

ments. The tie will be broken by evaluating the sets with

respect to tha second criteria, value-weighted average PD.

The restriction that no LAIR appear more than once

is not a limiting factor. "Redundant" sets, such as AB BCD and
AB BC CD, vastly increase the number f possible sets without I
adding any additional capability. First, it can be proved that

an enumeration that includes redundant sets cannot lead to the

finding of a smaller set than an enumeration in which the redun-

daucies are omitted. Although no rigorous proof will be presented

here, it can easily be seen that every redundant set can be de-

rived from a non-redundant set of the same rank. And AB is en-

tiruly subsumed in A. Therefore, when physical aimpoints are

I
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formed, the aimpoint finder or "optimizer" can range over the

LAIR of A, finding an aimpoint actually in AB if beneficial.

2.3 AIMPOINT ENUMERATION

MOST calculates the LAIRs of all the targets in the

group given to it. It then generates a list of all logical aim-

points reasonable to consider.

If there are N targets, the list begins with N entries,

one for each target. Each entry consists of the name of the

intersection or logical aimpoint, its rank, and a physical aim-

point called the "reference" aimpoint, to be described later.

Next, the logical aimpoints of rank two are added. To do this

the distance between two simple targets is compared with the

sum of the LAIRs. If the distance is greater, there is no inter-

section.

Each pair is then examined to determine the points of

intersection of the two circles representinB the LAIR . .ouLuaricv".

(For tangent LAIRs there are two identical points. For LAIRs

in which one is entirely subsumed in another, the coordinates

of the subsumed LAIR are used.) To determine the list of inter-

section of rank larger than two, the specified weapon is aimed

at each of the two points. All of the insLallations that receive

a high enough PD from one of these are collected, and if there

are more than the initial pair, the existence of a logical aim-

point of rank equal to the number of targets is deduced. If it

is not already in the list, it is added and the other point ex-

amnined.

SThe termT`ýYTr- has been used to describe the number of
weapons in a weapon set. The term can also be applied to an
aimpoint when the rank is equal to the number of targets in
the aimpoint.

1 4
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All relevant aimpoints are generated in this fashion.

If there are N targets and C 2 possible logical aimpoints of rank

two (where C2 is the combination of N things 2 at a time),

then the maximum number of logical aimpoints that can. exist for

thu entire group is given by the expression

TOTAL= N + C2 + 2C 2 N + 3CI

where TOTAL is the number of installations plus the number of ]
pairs plus the maximum number of logical aimpoints that can be

generated from these pairs.

Notice that the algorithm here described produces a

partial enumeration of the logical aimpoints ratiher than a corn-

plete enumeration. It is difficult to draw a simple example of

the kind of logiLal aimpoint missed by this enumeration. One

example is shown in the figure bekuw:

15



The list of singles and. pairs is as follows:

AB BC CD .D
AC BD C
AD B
A

When the two starred points are examined, they each

show the existence of area ABCD. No point of intersection will

generate areas ACD or CDB, or show that they are not the same.

In fact, ACD, ACB, ADB and CBD (all the three-circle intersections)

will fail to be enumerated.

The fact that the enumeration is partial has no bearing

on the minimum weapon solution directly. IL' misses only those

regions that are included in regions of higher rank, and the

region of higher rank is always chosen in these peculiar cases.

Therefore, the enumeration is not a limiting factor, and the

number of entries in the list can be significantly reduced (which

is why MOST uses a partial enumeration).

2.4 MUTUALLY EXCLUSIVE SETS

The figure below shows five targets in two isolated

groups.

- f

It should be clear that finding the minimum number of aimpoints

for one group is independent of the process of finding the min-

imum number for the other. Even if alternatives of the same rank

16



existed for one group, the solution would not depend on the re-

Ssults of the other group (this latter observation will be sup-

ported when the process of deciding between alternatives of min-

imum rank is discussed). Therefore, MOST separates all groups

of disconnected targets and processes each separately, combining

the results when the resolution of alternatives takes place.

The technique used starts with the first aimpoint in

the list (which must be of rank one), assigning it to sublist

one. All the other aimpoints are examined. If any contain the

first target (as ABC contains A), the aimpoint found is also
added to the sublist. When all aimpoints containing the first
target have been thusly isolated, a list is made of all of the

targets involved in the sublist. If the sublist contains aim-

points A, AB, AD, AEF, then the list contain- A, B, D, E, and

F. The main list is then checked for occurrances of B, D, E,

and F, assignitn all aimpoints containing one of these to the

sublist. As new aimpoints are added, the list 'of involved tar-

gets may grow larger. The process terminates when no target

included in the sublist is included in any aimpoint of the parent

or main list.

The process the:n repeats for the next aimpoint (of

rank one) if any, remaining in the main list, until all aimpoints

have been assigned to a group.

2.5 REDUCTION TO EQUIVALENT, MINIMUM-RANK SOLUTIONS

Once the logical aimpoints have been defined and placed

into mutually-exclusive sets, each set: may be examined separately

with the object of finding all weapon sets of minimum rank. Ex-

haustive enumeration of the combinations of logical aimpoints

could produce the required result in the absence of practical

considerations. If there are N targets, the nmnber of possible
.N _N N +I.Fr2

combinations is approximately C1 + 2 N " 4 CN - 1. For 20

targets the number would be astronomical.

1.7
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The enumeration problem is essentially geometric in

its growth rate, and no algorithm is known that reduces this rate

to arithmetic proportions. MOST, however, has dampened this

growth rate considerably in its enumeration algorithm, making

problems involving 25 or so targets a manageable problem size.

Suppose one group of targets are as figured below:

The list of logical aimpoints identifies nine regions:

A AB BCD
B BC
C BD
D CT)

From this list four sublists are made, one for each target. The

sublists are filled from left to right and contain those entries

of the main list that have included the specified target and have

not already been assigned to another sublist. In this case the

sublists look like this:

A B C D

AB BCD CD D
A BD C

BC
B

Note that the aimpoints are listed by rank, so that those which

involve the greatest number of targets come first.

The lists are searched from left to right, beginning

with the first entry of the first list, AB. The object is to

obtain a weapon set that includes all targets exactly once.

18•
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Because B is in AB, the "B" sublist is skipped, and the first

entry in the "C" sublist is found, CD. At this point it is

noted that a complete weapon set has been found of rank two,

AB CD.

The fact that it is known that a solution exists of
rank two on the first pass is what makes the MOST algorithm so

fast. From this point on, when any two aimpoints fail. to in-

clude all targets, MOST knows to terminate the enumeration con-

taining the two and start with another.

AB CD is saved, and the process steps back to the last
chosen entry from the sublist (it is useless to go on to AB C

because once the set is complete, any further examination

of the last set from which an aimpoint was picked would lead to
a solution of greater rank than the one just found). Therefore,

the code skips over the "B" sublist (not having chosen an aim-

point from there) and tries A from the "A" sublist.

Now an entry from the "B" sublist can be examined,

since the first chosen aimpoint no longer contains B, and leads
to the second two-weapon solution, A BCD. This solution is
saved along with the previous solution, and the process continues.

Yet now, returning to the "A" sublist, MOST discovers

that there are no further entries, and the list has been ex-

hausted. SiLnce there are no earlier lists to try, the process

terminates with two equivalent solutions of rank two, AB CD and

A BCD.

Notice that only two solutions were enumerated al-

together, and both were acceptable. There was no need to gen-

erate others because the code rapidly converged on the required

number of weapons, and did not need to consider enumerations

that could not possibly produce two-weapon solutions. Of course,

it should be reprat.cd that this problem does not change the

19
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fundamental, geometric character of the enumeration -- but it

does allow MOST to handle worst-case problems of up to 30 tar-

gets in a practical fashion (the worst case, for the algorithm,

is when the rank of the final solution is approximately half

of the number of targets). And the MOST algorithm cannot over-

look a solution.

2.6 TIE-BREAKING AND THE REFERENCE AIMPOINT

If the enumeration produces equivalent sets of minimrnum

rank, the code picks between them on the basis of which alter-

natives are most likely to produce a higher value-weighted aver-

age PD on the target complex. (It will be recalled that the

average PD, or APD, is the compounded PD on each element times

the respective value summed together and divided by the total

value of the elements).

To simplify this process, reference aimpoints are used

to calculate APD. The "reterence aimpuuicLt" for an aimpoint of

rank one is the center of the target generating the LAIR. For

an airpoint of rank two, there are three cases, as figured

below:

( B AABXADB

Case I Case 2 Case 3

In Case 1, the center of the totally-enclosed LAIR is used; in

Case 2, the average of the coordinates of the intersection points

of the two circles; in case 3, the tangent point (Case 3 is a

degenerate Case 2).
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For N circle intersections, the reference aimpoint is

the average of all two-circle intersection points that lie within

the intersection. Thus, for a standard three-circle intersection,

as shown below, the reference aimpoint is the average of the

three intersection points in the area:

A B

-- reference aimpoint for ABC

Going back to the case above, where A BCD and AB CD

were both solutions, the RP's would be used as physical aim-

points for each solution, probabilities of damage calculated,

and the pair chosen which achieved the highest APD.

If more than a single independent group were examined,

after all individual choices were made the sets would be merged

into the complete answer.

This tie-breaking produces an answer likely to b' best

because the reference aimpoints, or RPs, are often quite good.

They are not always best, however, so certain suboptimal choices

can be made. A more elaborate but extremely time-consuming

procedure of optimizing cach candidate could be employed bhrc!,

but has not for three reasons. The first is the large amount

of computer time needed for optimization, the second is that

any improvement to be gained in APD is likely to be quite small,

and the third is that the wrong choice is seldom made.

2.7 OPTIMIZING AII4I)OINT.q

Optimization occurs after the desired weapon set has

been chosen. Optimization begins with the set of reference aim-

points associated with the weapon set.
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2.7.1 Local Optimization

Within logical aimpoint regions, p•lysical aimpoints

are optimized to increase APD over the complex. The reference

aimpoint is the starting point for optimi7Ation. After a dis-

tance of movement is chosen, the code will.find the direction

to move the aimpoint to cause the greatest increase in APD.

The distance of movement is 90% of the distance b-etween

the current "best" aimpoint and the Closest edge of the logical

aimpoint region. Using this distance ensures that any aimpoint

movement will, stay in the region.

The direction of movement is determined by vectoral

addition, where the length of each component vector is propor-

tional to the increase in APD Co be expected from a movement

toward a particular target. The distance D is determined between

the current "best" aimpoint and a target that is part of the com-

pI•x. Distance d is the expected aimpoint movement, as defined

above. The differential PR is calculated as follows:

R - V(P(D-d) - P(D))d

where P is the PD function and V is the value of the particular

target. Note that, because P(D-d) j P(D), the differential is

always non-negative. The vector points toward the target and

has length R.

Compounding is taken into account by function P. Thus

all other aimpoints form the basis of the local optimization step.

Figure 4 shows a four-target complex in which the inter-

section of rank three is optimized first. The movement distance,

in this figure, will be 90% of the distance between the RP and
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the nearest point of C. The direction of movement is determined

by addition of vectors a, b, c, d, which respecti.vely point

towards targets A, B, C, and D. The new RP is denoted by a star.

The APD is calculated at the new RP and compared with

the APD at the original RP. If no improvement occurred, or only

a slight improvement, the process is terminated. If a large

enough improvement occurred, the new physical aimpoint becomes

the starting place for a repetition of the optimization algorithm.

If the APD actually drops, it is assumed that the distance moved

was too large. In this case the distance is halved and the pro-

cess repeated until the answer improves, the movement distance

becomes very small, or an insignificant increase in PD is detected.

2.7.2 Global Optimization

Note that although in the example in Fig. 4 the aimpoint

tor a th-ee-citule interscction was optimized the optimization

included the value of a movement toward the detached target, and

each PD calculation assumed an actual aimpoint at the RP of the

detached target. In this way no local movement can ever decrease

the total APD from the set of aimpoints previously (or subsequently)

chosen. Therefore, each local step is guaranteed not to decrease

the integrity of the global solution.

Also; the aimpoint of rank three was optimized hefore

the isolated aimpoint because, in general, the higher the rank

of the intersection the more restricted the range of movement

for optimization. Thus, the effectiveness of the lower-ranking

aimpoints is increased, in general, because their larger range

makes up for their smaller general significancu.

The argument against this ordering says that, because

the higher-ranking intersuctions contribute more to APD than the

lower-ranking, the lower-ranking should be optimized first. If
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processed in reverse order, the effectiveness of the least sig-

Snificant aimpoints would be magnified without significant loss

to the more significant aimpoints.

The two hypotheses were extensively tested, and the

former was adopted, as it clearly took into account the dominant

factors.

The optimizer can be executed again and again on

a sot of aimpoints until no additional movement of any aim-

point occurs. As each movement must be an improvement to the

total solution, no oscillation can occur. Practical testing

showed that for the current application, no such repetition is V

necessary.

2 .8 IAEETINq( TYHE APD REQUIREM4ENT

If, after selection and optimization, the APD require-
menLu has been mret-, thea tihe basic requirements of a solut~ion have i

been satisfied. However, if the APD after optimization is less

than required, addition.al weapons will be needed to bring up the I
APD.

The main list of all logical aimpoints is examined for

the reference or optimized aimpoint which, if added to the set,

most increases APD. This aimpoint may be a duplication of an

aimpoint already in uhe seýt, u), Lo-lKely, an aimpoint not

already used. If the APD resulting from the addition of this n Pew

weapon at the RP of the new aimpoint does not meet the require-

ment, the whole set of asimpoints is re-optimized as described

in Section 2.7. If it still does not meet the requirement, the

process of adding new weapons is repeated (with possible re-

optimizations) until the requirement is finally satisfied.
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2.9 VARIABLE PD REQUIREMENTS

Targets may be separated into two categories by the

user, "critical" and "support". The functional difference is

that critical targets may carry a higher PD reqpirement than

support targets. The• "critical" category is further divided

into the subcategories of "reducible" and "irreducible". To

the "irreducible" category are assigned those targets for which

a high, simple PD is a strict requiremenL. Into the "reducible"

category go those targets in which a high PD is desirable, but

not at the expense of having to add additional weapons to the

attack in order to achieve it.

Initially the aimpoints are selected js explained in

the above sections. Subsequently, the solution is examined to

see if there are potential gains from reducing the PD requirements

of the reducible targets. The initial, solution must involve more

thanL two weapons, calculated APD must be significantly higher
than what is required, and no additional weapon;s can have been

added to the solution to bring the APD up the the requirement.

If these conditions are met, and there are critical

reducible targets in the set, their PD requirement is lowered

to that of support elements. Then MOST is reýpeated and the re-

sults compared. #

A 1I f 1oA de-scription of tb,, be-.ha% or of 1v iiunder these cir-

cumstances is in order. As P'D requirements arc dropped, the

optimizer generally is able to achieve higher A'I) values, until

one or more weapons drop out of the solution. Then there is a

dramatic drop in APD. I'D requirements can steadily be lowered

until a sing]c-weaponl solution is found. however, what is sought

in MOST is the solution that involvcs the fewest wuapons while

mt~eeing the AI1D reqiirement on the eemenLts of the complex, a

minimum 1if) on all target.s ( the support target PD), a higher PD
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on certain important targets, and as high a PD as possible on
--_---some not quite so important targets.

The algorithm drops the reducible PDs to the minimum

to begin with, because the results at the least possible PDs are

more important than at other PDs. If, at the lower PDs, the

solution requires the same number of aimpoints as the initial

solution, then the initial solution is best and we are done.

If the new solution involves one or more fewer Weapons than the

initial solution, and still makes the APD requirement, it is

better, replaces the initial, and we are done. -If we have dropped

one and the APD requirement has not been met, then there is no

better solution than the initial. Only in the event that we i
have dropped more than one weapon from the initial solution and

the APD results are unsatisfactory, is it necessary to try PD

requirements between the initial critical and the support PDs.

in order to cope with this last eventuality, the in-

terval between the critical PD and the support PD requirement is

divided into steps beginning with the support PlO. Each PD

is one-fourth of the magnitude of the interval greater than the

previous PD. Thus, if the support PD is 0.5 and the critical

PD is 0.9, then intermediate values of 0.6, 0.7, and 0.8 are

tried. For PDs of 0.4 and 0.9, the intermediates are 0.53, 0.65,

and 0.78. There are always three intermediates'.

The process repeats until an adequate' solution is fond,

or until it is seen that a single weapon has baen dropped from

the critical solution and the APD requirement has not been met.

The new solutions can be made to be unsatisfactory if

they produce a compounded PD value on any reducible target of

less than a specified value. This value, called a "floor" value,

can be set no lower than the support element requirement or

higher than the critical requirement. If no floor value is
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needed, it is set to the support requirement. Thus, it is pos-
i sible to specify, for a group of targets, a minimum, simple

PD, a desirable, higher PD, and a minimum compounded PD require-

ment.
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3. CONCLUSIONS

MOST, in its current form, is best suited to find the
minimum number of DGZ's needed by Poseidon to achieve complex
damage requirements on an elementized target. However, the
methodology behind MOST is much richer than this narrow appli-

cation might indicate. It will work as well for aircraft-

carried devices as for Poseidon.

There are many potential adaptations ofMOST. For ex-
ample, even though a full solution may involve N weapons, the

user may not have N weapons at his disposal. The code could

be modified to tell him, for any M < N, the best aimpoints for

M weapons. Collateral damage consideration could easily be ]
included, and complex target damage requirements.

The methodology is also known for mixing weapon types,

when the rules for mixing are clearly stated. For example, if

it is desirable to use two yields, and the desired limit on the

number of higher-yield devices is known, the methodology can

easily be extended to produce a good at-tack plan.

The problem of finding the fewest possible aimpoints
for a number of targets by exhaustive enumeration grows geomet-

rically in complexiLy with the number of targets involved, and

there exists the possiblility that no arithmetical.}-increasing

solution will ever be found. However, research shoul]d continue

to be directed toward the search for such an algorithm (or a

proof that such an algorithm cannoL exist) so that largc, numbers

of targets, such as may be found in urban areas, might be tar-
geted by MOST. There are, of course, ways of dividing problems

into smaller ones, but at the expense of some degree of confi-

dence in the results.

29



HOST represents an extension of standard methodologies

to select aimpoints. The techniques used produce demonstrably

- - better answers than can be produced through other techniques

generally available to the potential user, and can be easily

modified to provide results for related problems.

I
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