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FOREWORD 

The model described in this document is an extension of one of 

the Strategic Weapons Exchange Models (SWEM) -which hare been programmed 

to aid in decision making concerning the procurement, deployment, '*nd 

allocation of strategic weapons. As detailed further in the Introduc- 

tion, these models were documented in a recent series of documents by 

the Research Analysis Corporation. The document provides the basic 

information necessary to run the model, but is not intended to be used 

independently of the other documentation of the SWEM models. 

This model, SWEM Allocation Model, Version II, is an extension 

of the allocation optimization model to include defense installations 

as targets. The model will be an aid in the decision making process 

regarding the allocation optimization of offensive strategic nuclear 

weapons against defense installations. It is useful in defining levels 

of parity between the nuclear arsenals of two nationr and provides the 

optimum tradeoff between attack of defense installations, weapon targets 

(silos), and cities. 

J. ROSS HEVERLY 
Vice President 
Technological Systems Group 
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Chapter 1 

INTRODUCTION 

The model described in this document (SWEM Allocation Model - 

Version II) is another member of the set of Strategic Weapons Exchange 

Models (SWEM) which have been produced and documented by the Research 

Analysis Corporation. This model is an extension of the SWEM Allocation 

Model which was used in the SWEM Second Strike Model (Version II) and 

documented in the manual, A Planners Guide and Users/Programmer Manual 

for Strategic Weapons Exchange (SWEM) Second Strike Model - Version II, 

RAC-CR-^3. The model user should also be familiar with the SWEM Alloca- 

tion Model - Version I which is documented in the manual, The Strategic 

Weapons Exchange Models Users Manual, RAC-CR-1^, and the general 

description of the SWEM models which is contained in the document, 

Strategic Weapons Exchange Model Planners Guide, RAC-CR-36. The model 

uses the same nonlinear mathematical algorithm for solution, the 

Sequential Unconstrained Minimization Technique (SUMT),as other SWEM 

models. This algorithm is documented in the manual, A SWEM System/ 

Programmer's Guide to SUMT - Version IV, RAC-CR-31** The present manual 

is meant to serve as an annex to "he above documents and is not self- 

contained. 

This model extends the capability of the SWEM Allocation Model - 

Version I in several ways. The major change is the inclusion of defense 

installations as target classes. The model now gives optimal allocation 

of offensive strategic weapons against cioy targets, weapon targets 

(ICBM silos), and the defense installation of each of the city and weapon 

targets. In addition, this new allocation model which was included in 

the SWEM second strike model has several features which were not avail- 

able in thci earlier version of the SWEM Allocation Model. These features 

include: 
1-1 
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. More than a single type of each level of defensive weapon: area 

missile defender, terminal missile defender, bomber interceptor 

and SAM, can be input into the model. 

. Options for the employment of defense against the attack can 

span the range from a randomly committed defense to a 

proportional defense which attacks incoming missiles on the 

basis of damage capability. Thus a range of defense effectiveness 

can be investigated with the model. 

. First strike offensive weapons are designated as countervalue 

only or countervalue and counterforce. This feature reduces 

the number of variables in the model and allows more 

geographical areas or target classes to be included. 

. Bombers are allocated optimally instead 01 on the basis of 

population. 

This manual documents the model changes for the strategic analyst, 

user, and programmer. The first section contains a description of model 

characteristics, assumptions, and uses for the strategic analyst interested 

in applying the model to strategic problems. The mathematical formulation 

of the model is also provided in App. A. The second section contains for 

the user a detailed description of the model input, a sample force table 

with all information needed to run the model, and a sample Fortran code 

sheet containing the model input from the force table. Output from the 

model for a series of six sample problems using the sample input data 

is given in the fourth section. 

For the programmer, a Fortran listing of the program that contains 

extensive comment cards is provided in App. B, together with a partial 

Fortran glossary which references the most important Fortran variables 

with their counterpart in the mathematical notation in App. D. 

1-2 
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Chapter 2 

MODEL CHARACTERISTICS, ASSUMPTIONS, AM) USES 

Two types of problems arise when considering attacks on defense 

installations. The problem of the offensive planner is to determine if 

defense installation should be attacked and if so, which installations 

should be attacked and at what level in order to achieve his strategic 

objectives. The second problem is for the defense planner who must 

deploy defenses geographically and determine the level of defenders at 

each installation in order to achieve his strategic objectives. This 

model is designed to study some of the tradeoffs involved in decisions 

of this type at the strategic rather than the tactical level. 

The current scenario of the SWEM Allocation Model does not allow 

for a direct attack by the first striker on the defensive installations 

of the second striker. Such attack scenarios are feasible since an 

attack on defense installations might result in more damage to value 

targets. This additional damage is caused by the remaining attackers 

which survive the degradated defenses. 

The new model is an optimization model which considers the 

optimal allocation of offensive strategic weapons in a two-strike 

nuclear war against city targets, weapon targets, and defense installa- 

tions. Side one is assumed to have an inventory of different types of 

offensive weapons which attack target classes of side two which can be 

weapon classes such as ICEM silos, geographical city regions, or defense 

installations of each of the weapon or target classes. Side two is then 

assumed to strike back with all of his remaining weapons on side one cities. 

Side one weapons can be optimally allocated against side two targets in 

the model according to a range of criteria. The objective function of 

the model involves the difference in value damage to the two nations 

2-1 

—»in        - - -       ~rir"- 



and the first striker objective can range from maximing damge to side 

two, to maximing the difference in damage, to minimizing his own 

damage. Model output includes th«? damage to both nations, the optimal 

set of allocations again.vt value targets and defense installations, 

and many other detailed characteristics of the exchange. 

The model takes into account two main effects of the attack on 

defenses. 

1. The attrition of defenders due to attack on their def nse 

installation, thereby allowing more attackers through the 

defenses. 

2. The missiles actually attacking the defense installation 

are deleted from attack on other targets. 

The new model feature allows the user to select up to four side 

one weapon types which can attack specific types of defense installations 

of side two. Thus a side one missile type can be chosen to attack side 

two SAM bases prior to the attack on cities, or a side one missile can 

be specified to attack hard site defense of ICFIs prior to an attack. 

The model will determine if the attack on defense will achieve the 

strategic objectives of side one and what the optimal level of attack 

would be to achieve these objectives. The model will simultaneously 

optimize attack on all type,s of defense installations for each city 

class or weapon target and the attack on cities and weapons. The model 

also can handle several different defense installations defending a 

certain region as well as multiple defense installations of the same 

type in the same region. 

The attack on defense installations is formulated on an expected 

value basis. Damage curves as a function of the level of attack for 

each defense installation are calculated based on calculating the 

probability that a single missile will be reliable, penetrate the 

defense, and hit the target for each level of attack. The number of 

surviving defenders free to counteract the attack on values is just 

the total original number at the defense installation times the 

probability that a single missile will impact to destroy the targets. 

Of course, the probability of impacting on target increases the 

greater the level of attack on the defense installation. These damage 
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curves are generated inside the program and then an analytic function 

is fit in order to provide the main optimization routine with the 

defense damage curves. 

The methodology for including attack on defense installation 

contains the following limitations and assumptions. 

1- Single type of offensive weapon can he targeted against a 

given type of defense installation. The model allows either missiles 

or bombers tc attack any type of defense installation, but only a sing]2 

type of weapon can attack a given type of installation. 

2. The first impacting missile on the target defense installation 

will destroy the defenders associated with that installation. 

3. The geographical regions chosen are non-overlapping and must 

be the same for each defense installation type, 

4. The attack on defenses is one sided in that only the defenses 

of the second striker are subject to attack. 

5. The solutions obtained by the model are not guaranteed to be 

globally optimal because of the non-convex nature of the problem, thus 

different standing points may have to be used to obtain the globally 

optimal solution. 

The first assumption is made to reduce the number of allocation 

variables and does not represent a serious limitation. In general a 

single type of weapon with high kill probability against a particular 

defense installation will be chosen to attack. The second assumption 

indicates that an impacting warhead will destroy either all defenders 

or the command and control system necessary to target defenses. This 

assumption is probably valid for all defenses except aircraft with AWACS. 

In this case the aircraft would simply not be input into the model as 

being destroyable at the defense installation. The third assumption is 

the most stringent in the current model. The geographical regions for 

the model must be the same for each defense type. That is, for each 

defense type the defense is assumed to operate over the same geographical 

region. This will usually entail certain compromises with realism in 

the choice of geographic regions and footprints of the actual weapon 

system. Attacks against only one type of defense installation, for 

instance, airbases, can be realistically modeled. In general the com- 

promise will be defense conservative since usually defense regions will 
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be larger than they actually are. The damage and allocations that come 

out of the model will generally be defense conservative. 

The fourth assumption can be overcome to a certain extent by a 

series of runs where side one and side two are interchanged to model the 

situation where both side one and two attack defenses. 

The fifth item is not a serious limitation of the model. It means 

in certain instances, primarily for the cases v'here the damage difference 

is being optimized, that more than a single run may have to be made to 

insure a globally optimal solution. This is usually best done by running 

different values of the K parameter, say .1, 1.0, 10 instead of only the 

value of 1. 

The model can be used to address either the problems of the 

offensive planner planning an attack which can include attack on defenses 

or the defensive planner who must deploy defenses so they are not 

vulnerable to attack by the offense. Some of the tradeoffs which occur 

in this type of analysis and which can be studied with the model include: 

1. The degree of defense dispersal and the number of defenders 

at each installation, i.e., the number of missile radars, airfields 

necessary to make the offense indifferent to whether he does or does not 

attack the defense. 

2. The proper balance of different types of defense, i.e., bomber 

and missile defense, to defend value targets. 

3. The type and proper level of allocation of strategic weapons 

against defended target* between the value target itself and the 

defense installation. 

In general these types of studies can be carried out with the model 

by parametrically varying the following model parameters. 

■ 1. The area or region of defense effectiveness for defender types. 

2. The number of defense installations for value targets and the 

number of defenders at different installations. 

3. The overall level of defense against different types of 

threats. 

One of the limitations of the SWEM models generally is a noninteger 

weapon allocation to individual silos. Thus less than a single missile 

can be allocated to a single silo and cause damage. The damage to silos 
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from an attack is accurate when survival probabilities are large enough 

to cause at least one missile allocated per silo. However with very 

small survival probabilities, less than one on one allocation will result 

and the damage will be overestimated. The current model limits survival 

probabilities to be > .01 to partially overcome this problem. Thus in 

the calculation of Sij which is done in subroutine;KEADIN, if Sij comes 

out to be less than .01, it is set to .01 + Sij. This value of .01 

could be adjusted so as to obtain at least one on one allocation of 

offensive missiles on silos. 

2-5 
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Chapter 3 

MODEL INPUT 

INRJT DATA FOR THE ALLOCATION MODEL 

1. First card - 3UMT parameter card 

^2. Next set of cards - Starting point card« 

3. Next set of cards - Data for the allocation model 

k.    Last three cards - SUMT option and additional parameters 

Details concerning the groups of cards will he discussed in order. The 

reader may find it convenient to examine the sample input data contained 

on the coding sheets in conjunction with the discussion. 

1. First card - SUMT parameter card 

COLUMNS 01-12 12-2U 25-36 37-^ U9-6O 61-6U 65-68 69-72 

FORMAT ; E12.0 EL2.0 E12.0 E12.0 E12.0 Ik lh lh 

NAME OF INPUT EPSI RHOIN THETAO RATIO TMMAX MC NV MZ 

SUGGESTED VALUE .01 .05 .00001 2.0 l800. 

,where MC = the number of inequality constraints 

NV = the number of variables 

MZ = 0 or blank 

2. Next set of cards - Starting point cards 

This set of data contains [NV/6] + I cards. For the sample problem 

NV s 87; and we have 15 cards. The starting point cards have the format 

'6E12.0. By setting N'UOL = 1 (column 60) on the first card after the last 
i 

starting point card STARTB will select a feasible starting point, thus 

enabling the user to free himself of this task. A set of [NV/6] + 1 

blank cards may then be substituted for the starting point data. 

3-1 <$*$> 
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For those preferring to select their own starting points, the 

information is read in the following order: first the non defense allo- 

cations are read in by columns i.e., x(i,l) (i = 1,....II), x(i,Jj) 

(i = I + 1,..,,II), next the values of the first striker defense alloca- 

tion variables are read in by rows u(l,k) (k =1,..., D), u(ll,k) (k = 1, 

..., D). If D ^ 0 then there are no allocations of side one weapons 

against side two defenses. 

3. Next set of cards - Data for the allocation model 

The input data for the allocation rcodel is read in once per problem. 

For convenience of reference the input data is discussed in the order it 

is read in and by the type of data it is. 

(3-1) Problem Size and Option Inputs 

(iIIMJJJKLND NDEFS IB1 NU1 NU3 NU** (1st card) 
Format  J 

1315   / Dl  D2 (2nd card; 

where 

I = total number of side 2 CF targets (iCEMs) 

II = total nvinber of side 2 targets (iCBMs + Cities) 

M = total number of side 2 weapon types (ICBMs, SLBM, Bombers) 

J = total number of side 1 weapon types with CF and CV capability 

JJ = total number of side 1 weapon types 

K = total number of side 2 defender types 

L = total number of side 1 geographic areas 

N = total number of side 1 defender types 

D = total number of side 2 defender t^pes which can be attacked 

NDEFS = side 2 defense allocation doctrine 

5 1 is proportional 

2 is uniform 

* 3 the user must read in his own 
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IB1 = side one defense allocation coctrine 

s 1 is proportional 

2 is uniform 

^ 3 the reader must read in his own 

NIE = If NU1 = 1 a starting feasible point is calculated automatically, 
otherwise the starting point is read in 

NU3 = If NU3 = 1 a printout of the first strikers allocations occurs 
for every point of the SUMT algorithm 

NI& = The total number of strategies (different ratios of k2/kl) to 
be considered for a problem set 

Dl - Ihe maximum number of type? of side 2 defensive wea^n types 
which can be attacked by side one weapon type 1 

0 ^ Dl ^ k 

D2 = The maximum number of types of side 2 defensive weapon types 
which can be attacked by side one weapon type 2 

0 ^ D2 r< 2 Dl + D2 ^ h  and Dl * D 2 

(3-2) Damage Curve Fit Parameters and Fractional Populations 

' A(l),...,A(lI-l)       each line is one card 

A(1),...,A(L) 

P(l),...,P(lI-l) 

I P(l),...,P(L) 

where 

A. = fitting constants for side 2 populations (i = l,..„,II-l) 

A = fitting constants for side 1 populations (%  = 1,...,L) 

P. = fraction of side 2 populations in ith area (i a l,...,II-l) 

P = fraction of side 1 populations in 4th area {%  = 1,...,L) 

(3-3) Side Two Offensive Systems and Single Shot Survival 
Probabilities Against Side One Defensive Weapon Types 

Format  f n  r  w2  PSI  ZN2  TITLE2    1  __  . _  ,, 0 _ 
5E8 0A8\mmm   m   m      m   / First I side 2 offensive 

l > weapon systems (weapons 

lOPß.O  ( Pm (n = 1,...,N) ] in hard sites> 

■3 0 raAC^ 
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Format     f n r     w2      ZI2 TITLE2 ") 
UE8.0,A6 \    7Ü m       m m m       (     Next M-I    side 2    offensive 

\ C     weapon systems 
10F8.0      .'  p (n = 1,...,N) \ 

where 

n = total inventory of side 2 mth type offensive weapon 
m 

r = force reliability of side 2 mth type offensive weapon 
m 

w2 = warhead yield (MT) of side 2 mth type offensive weapon 
m 

IS I = hardness (P.S.I.) of base (or side 2 mth type offensive 
weapon (m = 1,...,I) 

ZN2 = number of warheads delivered by side 2 mth type offensive 
m weapon 

TITLE2 = name of side 2 mth type weapon 
m 

p  = single shot survival probability of side 2 mth type weapon 
wa'     engaged by side 1 nth type defender (n = 1,...,N) 

(3-*+) Side One Offensive Systems and Single Shot Survival 
Probabilities Against Side Two  Defensive Weapon Types 

Format  Cm, r. e. wl. CEP. FPP. ZN1. TITLE!. 1   _.  . _ 
7E8.o,A8\ a a J  3  J  i       J    W F^W^pon,s 

« > W1'tn both cv an<i 

10F8.0  ( p  (k = 1,..., K) \   CF capability 

Format  Cm. r. e. wl. ZN1. TITLE1. 1   ^Lli'L^ 
Ruft o Aft \    *      J  3   0    J      J / capons with 5EÖ,0'AÖ J I CV capebility 

10F8.0  / p  (k = 1,...,K) 

where 

only 

m. = total inventory of side 1 jth type offensive weapon 
u 

r. = force reliability of side 1 jth type offensive weapon 

e. = number of independently targetable warheads per each side 1 
J attacker 

wl. = warhead yield per side 1 weapon type j 
J 

CEP. - radius of circle (N. Mi) of error probability .5 for side 1 
J weapon type j (j = 1,..., J only) 

FPP. = number of cluster warheads for side 1 weapon typt j (j = 1,...,J only) 
J 

3-* 

.... 
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ZN1. = number of warheads per side 1 weapon type j 
J 

TITLE1. = name of each side 1 jth type weapon 
j 

p  = single shot survival probability of side 1 jth type attacker 
J   when engaged by side 2 kth type defender (k = 1,...,K) 

(3-5) Side One Offensive Weapon Inventory Which Can Be Used For 
Other Military Targets (i.e., held back from the first strike) 

Format 
10F8 !o    uui ^ = lj JJ^ 

where 

uu. = number of each side 1 weapon assigned to other military targets 
J  (j = 1,...,JJ) 

(3-6) Strategies to be Investigated for the Problem Set 
(Ratio of (k2/kl) ) 

Format 
10F8 

Format 
30F8 

^  J RAT(i) = ratio of k2/kl for case i, i = 1,...,NU^ 

(3-7) Side One Reliable Defensive Weapons Inventory For Each 
Side One City Class l (i  = l,L) 

!o  [v(n=l,...,N) 

where 

d  = number of reliable side 1 defenders of side 1 jfcth target 
m      U = l,...,L)(n =1,...,N) 

(3-8) Side Two Defensive Weapons Systems Force Reliability 

Format  r . ,. _ -   ^ 
10F8.0  { rk (k " 1>-"^ 

where 

. r' = reliability of kth type side 2 defender (k = 1,...,K) 

(3-9) Side Two Defensive Weapons Inventory for Side Tvro Weapons 
Which Are Not Attacked by Side 1 

Note: If D <. 0 there is not an attack on side two defensive 
weapons and all side two defensive weapons inventories 
are read in at this point. 

Format  f For each side two resource i (i = 1,...,II; 
10F8.0 

d^ (k = D +1,...,K) 
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where 

d  = number of side 2 defensive weapon type k defending side 2 
ith type resource 

FOR ATTACK ON DEFENSES ONLY 

(3-10) Side One Offensive Weapon Survival Probability Against 
Side Two Base Defenders 

™  |\(k=l,....,l) 
10F8.0  | \ 

where 

S is the survival probability of the side one offensive weapon 
K which attacks side two defenders of type k 

(3-11) Detailed Side Two Defense Structure (for defenses which 
can be attacked) 

For each side two defensive weapon type k (k = 1,...,D) 
(3-11-1) 

Format  \ Read for each side two resource type i (i = l,...,Il) 
(1315) 

NBASE, IFIT, LLO, LL1 

where 

NBASE a total number of defense installation of resource type i 

IFIT = 1 if user wants to select points LLO and/or LL1 over which 
least squares curve fit will be made 

LLO = starting point for curve fit (l unless user overrides) 

LL1 = final point for curve fit (the last value for which the expected 
number of surviving side 2 defenders is less than 1 unless 
user overrides) 

Note: If we chose to place no kth type defenders of a particular 
resource i a blank card is inserted. 

(3-11-2) Defense Installation Information (where applicable NBASE £ l) 

For each defense installation associated with defensive weapon 
type k and resource i 

Read 

Format 
(10F8 

t  [ HARDU) DCAPU) ACAPU) ]   I  = 1,..., NBASE 
.0) [ j  1 card per each I 

where 

HARD(jfc) = the hardness (P.S.I.) of defense installation I 

C«<D 3-6 
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DCAP( /,) = the number of defenders associated with defense installation I 

ACAP(jfc) = the number of defenders of defense installation l 

kt    Last three cards - SUMT option and additional parameters 

56 63    70   77 

3     2      1 

CARD 1*        COLUMN     7    3A    21    28    35    ^2    k9 
Format 
(1117) VALUE        3      12      12      11 1 

(no 
sensitivity)** 

CARD 2 COLUMN      01-12      13 - 2k 
Format 
(6E12.0)      VALUE        .01      .00001 

CARD 3 COLUMN      7    1^ 
Format 
(1117) VALUE        1      1 

*    See RAC-CR-31+  ior discussion of SUMT (version k) options. 
** See section VIII of RAC-CR-lU for discussion of sensitivity. 
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USER'S OPTIONS FOR THE ALIOCATION MODEL 

The options available to the user can be classified as SUMT 

options and model options. The SUMT options are discussed in RAC-CR-3^. 

Special SUMT option available for use with the model are discussed in 

RAC-CR-1** Section VIII. 

The model options available to the user are as follows: 

1. Option of attacking or not attacking side two defenses. 

2. Option of selecting defense allocation doctrines for both sides, 

3. Option of selecting strategies (objective) to be considered. 

h.    Option of having program compute starting point. 

Explicit details on how to initiate these options are discussed 

in the sections (3-1) and (3-6) of Input Data for the Allocation Model. 

The choice of strategies is made by selecting the ratio 1%/K.. of 

the parameters K,, Kp in the objective function ICß - Kpß as follows: 

Objective 
Ratio Kp/K,     Function 

0  ~~ ß 

> 10' 

e-ß 

Strategy 

First striker minimized 
damage to himself (CF 
attack) 

First striker minimizes 
difference in damage 

First striker maximizes 
damage to side two cities 
(CV attack) 

These values of one ratio represent extreme points of interest 

when developing "fish-tail" type curves. Ranges from .1 to 100 should 

be considered when sorting out local solutions particularly for the case 

when ratio = 1 since the objective function is not glojally strictly convex. 
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SAMPLE INPUT DATA 

Tables 1, 2,  3, k,  and 5 contain the force table data necessary 

for input into the model. Following these tables in Table 6 are 

Fortran coding sheets containing the correct data input for the mcdel 

using the data in the force tables. 
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Chapter k 

MODEL OUTPUT AND SAMPLE PROBLEM 

The output for the allocation optimization mc^el can be classified 

as follows: 

(i) Total damage to each side 

(2) Side one counterforce strike characteristics 

(3) Side one countervalue strike characteristics 

(h) Side one counterdefense strike characteristics (when applicable) 

(5) Side two second strike characteristics 

The output is fairly self-explanatory and reference to the output given in 

next section is suggested. 

TOTAL DAMAGE TO EACH SIDE 

The damage summed over all population classes of each side is 

printed--first side one, then side two. 

SIDE ONE COUNTERFORCE STRIKE CHARACTERISTICS 

The attack by each side one counterforce missile type on each side 

two ICBM type is characterized in the following faßhion: 

(a) Number of each side one missile allocated against each side 

two ICBM. 

(b) Number of each side one missile arriving over each side two 

ICBM type. 

(c) Number of warheads from each side one missile type arriving 

over each side two ICBM type. 

k-1 
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(d) Number of warheads from each side one missile type impacting 

on each side two ICMB type. 

(e) Number of warheads from each side one missile type impacting 

on each ICBM silo. 

(f) Survival probability of each side two ICBM attack by each 

side one missile type. 

SIDE ONE COUiTERVALUE STRIKE CHARACTERISTICS 

The attack by each side one countervalue weapon type on each side 

two population class is characterized as follows: 

(a) Number of each side one countervalue weapon allocated against 

each side two population class. 

(b) Number of each side one countervalue weapon arriving over 

each side two population class. 

(c) Number of each side one countervalue weapon impacting on 

each side two population class. 

(d) Number of 1 MT equivalents from each side one countervalue 

weapon impacting on each side two population class. 

SIDE ONE COUNTERDEFENSE STRIKE CEARACTERISTICS 

When the option of attacking side two's defenses is used the 

following information is provided: 

(a) Total number of side one weapons allocated against each side 

two defender type by resource defended. 

(b) Total number of side one weapons arriving over each side two 

defender type by resource defended. 

(c) Original number of side two defenders of each type before 

side one's attack. 

(d) Number of side two defenders of each type one by resource 

defended surviving side onefs attack. 

itttiiiaiiMiiaiiiiiii täfm 



SIDE TWO SECOND STRIKE CHARACTERISTICS 

The second strike by side two against side one's population 

classes is characterized as follows: 

(a) Number of side two offensive weapons of each type before i 

side one's counterforce strike. 

(b) Number of side two offensive weapons of each type surviving 

side one's counterforce strike. 

(c) Number of side two offensive weapons of each type arriving 

over side one's population classes. 

(d) Number of side two offensive weapons of each type impacting 

on each of side one's population classes. 

(e) Number of 1 MT equivalents delivered by each side two weapon 

type on each of side one's population classes. 

! 

SAMPLE PROBLEMS 

The "following set of problems is presented both as illustrative . 

of the model capability and to.familiarize the users with the model output. 

i 

The nuclear arsenal and level of defense for two nations is given. 

The problem is to derive,the optimal set of allocations and the resultant 

damages in a two-strike nuclear war under various scenarios. In particu- 

lar, a comparison is to be made of the different damages and allocations 

under two sets of assumptions: 

a. side one (first strike) is allowed to attack and destroy the 

defenses of side two. 

b. side one is not allowed to attack and destroy the defenses 

of side two.       ! 

Scenario: 

A two strike war is assumed with side one attacking side two with 

a specified portion of his input arsenal, and side two striking back 

with all surviving weapons. The target structure of side two is divided 

into six different classes of targets: three city classes and three ICBM 
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i 
weapon classes. The city classes are aggregated geographically into an 

Eastern, Midwestern, and Western region with the division roughly along 

the 85 and 105 axes. The three weapon targets are hardened ICBM silos. 

The defense of each target is assumed independent of other targets -- nc 

overlap. The level of defense of target class is given below. 

Target class 

ICBM3 

ICBM2 

ICBM1 

East 

Midwest 

West 

Level of 
missile 
defense 

No. of m: 
defense 

-ssile 
sites 

Level of 
bomber 
defense 

No. of bomber 
defense sites 

621+ 2 0 0 

1+08 2 0 0 

2^2 2 0 0 

958 7 550 h 

1035 13 600 k 

370 3 1+25 k 

I 

Fqr the first set of cases run, side one has the option of attacking 

the defensive sites of each target class before attacking the target in 

each case, or of directly attacking the targets without first attacking 

the defenses. If the defenses are attacked, he must pay the price of 

the number of missiles required to destroy the defenses. On the other 

hand, if the defenses are not destroyed, part of his force is attrited by 

the defense. For the second set of cases run, no attack on defense was 

allowed. 
1 

For each option, three different cases have been run corresponding 

to an attack by side one maximizing damage on the cities of side two 

(countervalue), an attack which would minimize the damage to side one 

(counterforce), and an attack which minimized the difference in damage 

between the two nations. 

The entire input arsenal and characteristics are given first, then 

the curve fits for attack on defenses, and finally the output for the 

six cases in the following order: 

Attack on defenses option 

Yes 

Yes 

Yes 

Objective 

Max damage side two 

Min damage side one 

Max difference in damage 

CÄÄC) 
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No 

No 

No 

Max damage side two 

Min damage side one 

Max difference in damage 

In the output to the cases, the following numbering scheme is given 

to the targets and defender types. 

Target class 

1 

2 

3 

k 

5 

6 

Side two resource 

ICBM3 

ICBM2 

ICBM1 

City class (East) 

City class (Midwest) 

City class (West) 

Defender number 

1 

2 

3 

k 

Defender type 

.Anti-missile 

Anti-missile 

Anti-bomber 

Anti-bomber 

<S5g) 
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Appendix A 

MATHEMATICAL FORMULATION 

MATHEMATICAL STATEMENT OF THE ALLOCATION OPTIMIZATION 
MODEL WITH ATTACK ON DEFENSES OPTION 

A. General Statement of Model 

The mathematical statement of the allocation optimization model is 

as follows: 

Minimize (KjS  - Kgß) 

over xu, uJk 

subject to 

II     Dl-1 
£ (xu+ S  un+k) sr^ for j=l Dl ^ D 
i=d     k*0 

II 
T>    (xU+ UIJ+DI-I) * rsm2 for j=2,...D-(Dl-1) if DKD  if D2^ 

1 no constraint if D1=D 
II      2 
2 (xn + Z   u1J+k)  £ rsm8 for j=2 
i=l k=l 

if D2=2 
and Dl=2 

II 
z 

i=l 
X1J 

< rJmJ 

II 
Z 

i=I+l 
xu < rjmj 

for jsD+1,...,J 

for jsaJ+1, ...,JJ 

where 

xu, ulk :> 0 

A-l 
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ulk = number of reliable side 1 weapon type (according to the constraint 

conventions above) allocated to the kth type side 1 defensive 

weapon of the ith type resource 

Xjj = number of reliable side 1 jth type offensive weapons a3J.oc at ed 

to side 2 ith type resource 

m]    = total number of side 1 jth type offensive weapons 

r5    = force reliability of side 1 offensive weapon type j 

ß a fractioned damage to side 2 population 

ß = fractioned damage to side 1 population 

Kl,¥i2= input parameters determining the strategic goals 

I = total number of side 2 CF targets (iCBMs) 

II = total number of side 2 targets (ICBMs + Cities) 

J = total number of side 1  offensive weapon types with CF and CV 

capability 

JJ = total number of side 1 offensive weapon types 

Dl « maximum number of side 2 defensive weapon types that can be 

attacked by side 1 weapon type 1 

D2 = maximum number of side 2 defensive weapon types that can be 

attacked by side 1 weapon type 2 

D = total number of side 2 defensive weapon types that can be 

attacked by side 1 

Note if D=0 there is no attack of defenses, i.e., no ulkvariables. 

B. Details of Model 

First Striker Attack on Second Striker Defenses 

The effects of the first striker 's attack on the second striker's 

defenses are modeled in the following way. Let 

Llk 3 total number of defense installations associated with defender 

type k of resource i 

A-2 
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h  = total number of defenders of type k of resource i at base l 

that can be destroyed by the attack (Jksl, . ..,Llk) 

i 
g  = total number of defenders of type k of resource i at base I 

that specifically defend the installation 

For each side 2 resource i and defensive weapon type k attacked by side 1 

a parameter qlk is defined such that the expected number of surviving 

reliable side 2 defenders from an attack of w side 1 reliable attackers 

is given by 

The parameters qlk are determined by a least squares fit to a maximum 

damage curve as follows: 

Let w = the number of side 1 reliable attackers 

Define for each side 2 resource and defender type k 

1 
E 

0 

Eo a 2 
*»1 

E* = 
-i      _     max 

JNL {jNL,...,Llk} 
{*'" "U 

for w=l,...,N where N is the smallest w such that E_ < 1 
N 

and 

*t, 

(1 - S»lkl)(Slk4 r'k + l-r{) if glk * w 

(i- S'|k4) if glk <w 

where 

1-Sflkl » probability side 1 attacker kills base l given it has 

penetrated the defense of the base 

A-3 ^^ 
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Slki = probability side 1 attacker arrives at the base given 

it encounters side 2 base defender 

r'k = force reliability of side 2 base defenders 

The parameters qlk are then defined by the Z that yields the minimum of 

min   N ,-   _  W,J 
Z    2 (Ew - FD Z ) 

w=l 

In order to limit the number of variables,restrictions have been 

placed on the number of different types of side 1 weapons that can attack 

side 2 defenses. The following five matrices depict the permissible 

values of side 1 weapon types j which can attack side 2 defensive types k. 

^ 
1 C 3 h 

^ 
1 2 3 h 

N «12 3 1* 
\ kl 2 3 h 

\ kl
2 3 1 + 

1 X X X X 1 
2 

3 
k 

X X X i 
2 
3 
k 

X X 1 
2 
3 
k 

X 
i 
1 
2 
3 
k 

X X 
2 X X X X X 

3 X X 

k I X 

D=!+ D=l+ W* D=^ D=U 
Dl-U Dl=3 Dl=2 Dl=d Dl=2 
D2=0 D2^1 D2=l D2=d D2==2 

The first type side 1 weapon is the only type which can attack four 

side 2 defender types. This is the case for the sample problem. 

Thus the admissible index value of j in the equation 

Llk  A 

dlk = r' d;k qtk
Ul*J  where d{k =  E  hlk (k=0.,...,D) 

(where ulkj is the number of reliable side 1 jth type attackers allocated 

against defender type k of the ith side 2 resource) is limited to the above 

five situations. Once Dl and D2 (given D=U) are given the j index value 

is known and u, k , is designated by u,k.) 

rffi^ A-k 
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Second Striker Defenses 

Let dlk = number of reliable side 2 kth type defenders (area or 

terminal) of side 2 ith type target (geographic area of 

missile type), k is now permitted to be greater than 1 

pjk = single shot survival probability of side 1 jth type attacker 

when engaged by side 2 kth type defender 

xn = number of reliable ^ide 1 jth type weapons allocated to 

side 2 ith type target, (geographical area, missile type) 

Y1Jk = allocation of side 2 kth type defender to side 1 jth type 

attacker of side 2 ith type target (geographical area, 

missile type) 

JJ = total number of side 1 attacker types, 
f JJ 

Note Z vlJk = 1. 

Different defense doctrines correspond to different rules for choosing 

the vljk. 

Example 1: Consider a "proportional" defense, where the defenders 

are assigned to attackers in numbers proportional to 

the fraction of the attack represented by a particular 

attacker type and to the capability of a defender to 

bring down a particular attacker. 

xt ,(l-pJk) 
Then yx Jk = -jy-i 5  . 

Example 2:    Consider a "uniform" defense, where the defenders are 

assigned to attackers in numbers proportional to the 

fraction of the attack represented by a particular 

attacker only. 

Then \i Jk  
s 13 

XM 

'»■■■■■■-■^'■■»«ÄF"* 
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A more general form to use would be 

xl Jajk Yl,k =77TT—  a* = (1"Pjk) 
j«i   l J  Jk in example 1, 

in example 2. 

The aJk are constants to be read in (or calculated) at the beginning of 

the program. 

The fraction of side 1 jth type attackers of side 2 ith type targets 

surviving the defenses is then given by 

In ti>e general form this reduces to 

'»—iX'i*-" >>.»i' 

where K ■ total number of side 2 defender types. 

Retaliators Surviving the First Strike 

The number of side 2 mth type weapons retaliating on side 1 is 

y, * r.n.S,    m = 1,...,M, 

where 

ru  = reliability of side 2 mth type retaliator, 

nB = number of side 2 mth type weapon prior to side 1 CF attack, 

S, ■ fraction of side 2 mth type weapon surviving side 1 CF attack, 

m = 1,•••,1 

A-6 



Urtiere ym  = number of side 2 mth type weapons retaliating on side 1. 

This done, constants aBA can be read in, as vas done for the side 

2 defenses such that 

M     _ 

.«1 l 

represents the performance of side 1 defenses, whether uniform or 

proportional. The fraction of side 2 mth type retaliators on side 1 

ith type targets is then given by 

Fx. -■: : I      ■ a"^°  An p.. 1, 

»■1 

where N = total number of side 1 defender types. 

In summary it should be pointed Out that the single shot survival 

probabilities (l) piV{, (2) sti, and (3) P.n 
are instrumental in modeling 

the interaction of (l) the first striker offense with the second striker 

defense, (2) the first striker offense with the second striker CV 

targets, and (3) the second striker offense with the first striker 

defense» respectively. Of course information on the plk and pBn 

may then be or not be used in determing the defense allocation doctrine 

constants ajk and ain. 

Damage Determination 

The number of 1MT equivalents delivered on side two's ith type CV 

target is given by 

EQt =jbMxMkj + rS^jk,   i = !,..., n_i 
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The number of 1MT equivalents delivered on side one's jtth type CV target is 

B = l 

As noted previously the fraction damage to side two's ith type CV target is 

Pi = 1 - (1 + AlM^) expt-^/EQj 

The fraction damage to side one's  ith type CV target is 

ß, = 1 -  (1 4 Äty==p expf-J^) 

The total fraction population loss to side two is 

1  II"1 
ß ~ Tü£F~ iilPlß* 

and to side one 

3 = —— EP,^ 
TOTP l=l 

where TOTP = total population of side two, 

TOTP = total populations of side one, 

Pj = population in side two's its area, 

Px = population in side one's jfcth area. 

C. Remarks Concerning the First and Second Partial 
Derivatives With Respect to Allocations Against the Defenses 

The first and second partial derivatives of the objective function 

with respect to side 2 defensive variable dIk have been evaluated in a 

prior model (see RAC-CR-U3). The same evaluation is made in the present 
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model even though the dlk are not independent variables, of the current i 

model. The following equations apply in evaluating derivatives with respect 

to allocations against the defense ulk in terms o£ known derivatives with 

respect to dlk. These equations are used by the subroutines GRAD1 and MATRIX« 

<*ik = K  <*(* qlk
Ulk 

= ri dfk e
blkUtk  where qlk = e

blk 

»I* 

dun bit d Ik 

ö2dlk    2 , 
 " =!blk2 dik 
dulk

2 

For any function f we have 

du77 = öd^"(bk dlk) 

Su d3u  = M^L   (b^d^} (b'*d'k) + -^- &1J 6kn b!k dlk 
ödii 

a2f a2f     ■ ,_   .   , 
d^uT7=^-adT7  (blkdlk) 
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Appendix B 

FORTRAN LISTING OF PROGRAM WITH COMMENTS 

<■£§> 
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SU330UTINF RPÄDIN 
C 
C   THIS SUBROUTINE REAOS IN THE INPUT CONSTANTS OF THE PROBLEM -- 
C 

COKMCN/SHAPE/   XCl'Jo),   OEL(iOC),   A (luC , IS r ) ,N V,MC ,MN ,NP1 ,NP1 
COHMON/ONE/NI,NJ,NII, NJJ>N^,NK,NL,Nllf NJl,NI2,NJ2,NIIJ,IEXfI£fl,IEN 

l,IEU,IrXl,TEVEN,Il,I2,I3,I<*,I5,I6,T7,N0EFS,N00FFS,NN,NUl,NU2,NU3 
2,IPt,NP   ,NU<*,NU5,NU6,NU7,NU8,N01,N0? 
C0MM0M/TWC/AA(6) ,AAB(2) ,FP0P(6>,FPOPB(2) ,0L(9,7) ,FNL<1G),RB(i3>, 

1EK9I1H) , TITLE 2(1 c) ,P(15,7)    ,AR (1Ü ,1*5) , B( 2, iu > ,DE ( 2, It), EM (15) , 
2F(15) ,EK(15) «TIT LEI(15) ,PBUy,151 ,AN(15,7) ,SS(5,6),IU(15) 
C0MMCN/THPFE/PREFEP,PREFIN,PPFINC,PPFBFT,ei(<?,5) ,R0(5) 
COMMCN/FOUR/   C(15,7),C6(1J,15>»FLNS(5,6) 
COMMON/PIVE/XX(9,15), 0(9, 7),EN(li),0(9,5>,U(9,7) 
COMMON/SI X/Z(c,7)   ,ZB(2,1£) ,F(9,15) ,S (10 ) ,FB (2,1C) , EETA (6) ,Y(6) , 

18ETAP(2),YB(2),BFTP,e^T 
CO*MON/SPVEN/DFX(9,15,15),DP0(9 ,15, 7) , BETP (6 ), OYX (6 ,15) ,TEX (6 ,151 , 

10YD(6,7),OPn(6,7),PETPP(2),PETPP(6),8ET8PP(?) 
COMMON/EIGHT/CSX (5,6) ,0SO (5 ,7), DF1X(1Q,5 ,6) ,0F2X(10,5,6), 

10Fn{10,5,7),CF20(l:,5,7) , CY2X (2,5,6) ,CYE0(2,5,7) 
CO^MON/NINF/nQeX(5,6),0BB0(5,7) 
COMMON   /CUTIN/   OPR(2U ),7NK2j) ,ZN2(?C) ,RAT(1D 
COMMON   /ECAL/   H,M{,M7 
DIMENSION   h2(2C) »PSK2C), Wl(20), CEP (2Q) ,FFP(?3), 

CRL(2G,2)) 
01^ENSIGN   CCAF(2C>,ACAP<2G),EJN(?C) ,QBAR(20) ,SPRIME(20)»EeARClOO*) 
DIMENSION   HARD(2n ,PSUR(5) 

C 
C   ---OATA   FOR   THE   ALLOCATION   "ODEL 
C SEt:   DESCRIPTION   OF   INPUT   OATA   FOR   DETAILS  

WRITE   (6,fc5) 
WRITE   (6,66-M 
WRITE(6,?5C) 

25C        FORMAT   (//<t5X ,37H**INPUT   CONDITIONS   FOR   THIS   RUN   »•        ) 
C 
C   --(3-l)-PR0*LPM   SI7E   AND   OPTICN   CARDS   - — 
C 

RE AT (5,1)    NI,MI,N^,NJ,NJJ,NK,NL,NN,ND,NDEFS,TB1,NU1,NU7,NU^ 
REA0(5,1)    N01,ND? 

C 
C USER   OPTIONS   ----- 
C   *»*♦*   IF   NU1 = 1   PROGRAM   SELECTS   STARTING   FEASIBLE   POINT   »*»#**»* 
C   ♦*»**   1^   NU^l   A   PRINTOUT   OF   ALL   °OINTS   IS   GIVEN   OURING   THE   SOLUTION 
C,   *♦**   NU<*   IS   THE   TOTAL   NUM8FP   OF   STRATEGIES   CONSIOEREC   WHERE   RATIO 
C   •♦♦♦MK2/K1)    EQUALS   PAT(I)    ***♦* 
C       ND   LESS   CP   ECUAL   ZE<?0        NC   ATTACK   ON   TEPFNSES     
C 

IF(ND.GT.v)   WRITF(6,2U6) 
?Ub  F0RMAT(/U8X,31HATTAC«<   ON   OFFENSES   OPTION   USED        ) 

IF(Nn.Lc.C)   WRITP(6,2U7) 
£«♦7   F0RMAT(/<48X,?9HSTANDARD   DEFENSE   OPTION   USED      ) 

WRITE(6,?5)N0EFS,iei,        NU1,NU3,MUU 
WRITF(6,3)    NI,   Nil,   NM,   NK,   NJ,   NL,   NJJ,    NN 

WRITF(6,7üC)NC,NCl,ND2 
7ii?   F0R"AT(1HC,C,X,5I5) 

NK   =   NI   4   1 
NT?   =   Nil   -   NI 
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NIIJ = NU * NJ 
NJ1 = NJ ♦ 1 

IF(NJJ.EQ.NJ) NJ1=NJ 
NJ2 = NJJ - NJ 

NJ ♦ 
♦ 1 
NO=T 
Nil * 

NI2 ♦ NJJ IEX = NI ♦ 
16X1 = IFX 

IF(NO.LT.O) 
IEO = IEX ♦ 
II = NO 
IF(NC2.NE.2.AND.ND*GT.CI 11= NO 
IF(N02.EQ.2.ANC,NO.GT.O> 11= 2 

NO 

- ( Nil - 1 ) 

12 
13 
HC 
NV 
HZ 

NJJ 
13 
IEO 
r 

c 
c 
c 
~(3-2)-DAMAGE CURVE FIT PARAMETERS ANO FRACTIONAL FCFULATICNS 

(AA(I),I=1,NI?) 

295 

REAO(?,2) 
WRITF(6,5) 
WRITE(6,0 
READ<5,2) 
WRITF(6,F) 
WRITE<6,^> 
REA0(5,2) 
WRITE(6,7) 
WRITE(6,U) 
REA0(5,2) 
WRITE(6,8) 
WPITE(<S,<4) 

WRITF (6,P5C5) 
WRITE (6,295) 
FORMAT C//<iJXt53H 
1ICS ) 
MRITE<*99lb?) 
00 U9 1 = 1,NI 

(AA(I) ,1=1,NI?) 
(AAB(I) ,I=1,NL) 

(AABU),I=1,NL) 
(FPOP(I),I=1,NT2) 

(FP0P(I),I=1,NI?) 
(FFCPB(I),I=1,NL) 

(FPOPB(I),I=1,NL> 

FORCE STRUCTURE ANC WFAPOKS CHARACTERIST 

C 
C 
C 
C 

C 
C 
C 

--n-3)-SIDE   TWO   OFFENSIVE   SYSTEMS   AND   SINGLF   SHCT   SUPVIVAL   PR08S. 
 AGAINST   SIOE  ONE   DEFENSIVE  WEAPON   TYPES 

R£A0<5,91) 
PFAD(5,2> 

1!9 CONTINUE 
00 ill I=NIi»NM 

EN(I),RB(I),W2(I),PSI(I),ZN2(I),TITLE2(I) 
( PPtI,J),J=i,NN) 

C 
C 
C 

--(3-3) CCNTIMFC 

REArJ(5,lC) FN(I) ,RE(I), W2(I),ZN2(I) ,TITLE2(I) 
REA0(5,2) ( P9(I,J),J=1,NN) 

111 CONTINUE 
00 7?6 ^=1,NM 

•COMPUTE   CEFENSE   ALLOCATION   CONSTANTS   FOP   SICE   CNE 

IF(I81-?)751,733,735 
751 00   752   N=1,NN 
752 AB(M,M)   =   1.   -   PP(M,N) 
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GC TO 736 
733 HO 73U N=1,NN 
73U AP(M,M) = i. 

GO TO 7**6 
735 REAj(5,2) <AB<*SN),N = 1,NN) 
736 CONTINUE 

WRITER,211) 
211 F0RMAT(1HC,<*CX,17H0FFENSIV£   SYSTEMS) 

WRTTP(6,216) 
216  F0RMATC1HG,3C'X,   8HSI0E   TWO) 

WRITE<6,2C1) 
201   FORMAT(1HO,<4X,76HTYPE        SYSTEM        INVENTOPY        FOPCE   REL.        WARHEAO 

1YTFLO        NC.   OF   WH        P.S.I.   ) 
20 6  FORMAT (1H   ,5X ,12 ,<*X ,A6, 3X ,F> .2 ,6X ,F5.<* ,9X ,F8 .3,7* ,F t«.U , 6X ,F6. 2 I 

DO   207   1=1,NI 
20 7  WRITE(6,2C6)I,TITLE?(I) ,EN<I),RB(I),W2 (I) ,ZN2<I) ,PS I (I) 

00   212   I-MltNP 
212 WRITF(6,2J6)I,TITLE2(D ,EN(I) , RB( I) ,W? (I) ,ZN2 (I) 

00   115   M=1,NM 
HO   115   N=1,NN 

115   C8(M,N)   =   AB(M,N)   *   ALOG(PB (M,N)) 
WRITE<6,221) 

221   F0RMAT(1HC,3*X,   8HSIOE   ONE) 
WRITE(F,22F) 

226  FORHATC   /5X,lu8HTYFE        SYSTEM        INVENTORY        FORCE   REL.        WARHEAO   Y 
1IEL1        NO.   OF   WH        NO.   INO.   TAR.   WH        NO.   CLUSTER   WH        CEP) 

231  FORMAT (1H   ,5X ,12 ,<*X , A6, 3X ,F 8.2 ,6X ,F5.<♦ ,9X ,F8 .3,7X ,F<4.1, 11X,FI*. u ,1<* 
1X,F*.C,9X,F<5.2) 

00   131   1=1,NJ 

c --(3-<*)-SIÜE CNE OFFENSIVE SYSTEMS AND SINGE SHOT SURVIVAL FROPS. 
C  AGAINST SICE TWO DEFENSIVE WEAPON TYPES 
C 

REA3C5,9«»)EM<II,P38(I>,Em ,WKI> ,CEP CD ,FPP(I) , 2M (I) , TI TLE1 ( I) 
REAn(5,2)(P(I,J) ,J=1,NK) 
WRITF(6,231)I,TITLE1(I) ,EM( I) , RBBd ) ,W1< I) ,ZM < I) ,E (I) ,FPP(I) , CEP ( 

II) 
131 CONTINUE 

00 132 I=NJ1,NJJ 
C 
C — C3-M CONTINUED 
C 

REAO (5,91) EMI) ,REB(I) ,E (I) ,W 1 (I), ZN1 (I) ,TITLE1(I) 
REA0(5,2) ( P(I,J),Jsl,NK) 

WRITE(6,2 31)I,TITLE1(I) ,EM(I) , R9F(I) ,W1( I) ,ZM (I) ,c (I) 
132 CONTINUE 

00 136 1=1,NJJ 
C 
c COMPUTE 0~FFNSF ALLOCATION CONSTANTS FOR SICE TWO --  
C 

IF (NOEFS - 2) 151,133,135 
151 00 152 J=1,NK 

AN(I,J) = 1. -  P(I,J) 
152 CONTINUF 

GO TO 136 
133    OC 17<* J=1,NK 

AN(I,J) = 1. 
13««    CCNTINUE 
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GO   10   136 
135 R£An<5,2)    (AN(I,J),J=1 

WRITF(6,18) 
W°ITF(6,<*)    (AN(I,J),J= 

1?6     CONTINUE 
DO   ?U   1 = 1,NI 
00   2w<f   J=1,NJ 
PL(I,J)=2.8*m(J)»»p.3 
SS(I,J)=ü.5**((FPP(J))f 

C 
c 
c 
c 

,NK) 

It NO 

33)*(PSI(I)-7.37)»M-w.35 
(RLU,J)/CFP(J))♦*?) 

*#* 

-COMPUTE   STNGLF   SHOT   SURVIVAL   PROPS.   FOR   SIDE   TW 
•--SIDE   ONE   OFFENSE     
IF SINGLE SHOT SURV. PR 
IF(SS(I,J) .LT.I.:F-2)  S 

»OB.   IS   LESS   THAN   .01   INC«? 
;s(i,j) = ss(i,j> + .ci 

2" 
395 

525 

2J5 
795 

COMINUc 

FORMAT (//21X,7FHSINGLfr 

IS VS SIDE ONE MISSILES) 
2ISSILFS (ACROSS)/9X,*>H( 
FORMAT (7X,A6,12UX,F6. 
FORMAT ( /15X,12(<*X,A6> 
WRITF (6,655) 
WPITE(6,9C.0) 
WRITE (6,395) 
WRITE (6,525) (TITLE1(J),J=1,NJ) 
DO 215 T=1,NI 
WRITE (6,<*„J> 
FORMAT (//21X,76HSINGLF 
. VS SlOfc CNF DEFORS. ) 

SHOT SURVIVAL PR0BA8ILIT 
***/5X,l<*HSIQE TWO IC3MC 

OOWN)) 
k) ) 
) 

?) 

C HAROSITES VS. 

EASP IT BY .01  •* 

IES (SIOF TWO ICBM 
,26V,26HSIOE ONE M 

2EFDRS.  (ACROSS)/9X,6H( 
WRITF(6,795) 
WRITE(6,625)(N,N=1,NN) 
00 3< 5 M=1,N" 

*j$   WRITh(6,^Cw)TITLF2(N) ,( 
TO 1^1 J=i,NJJ 
IFCWi(J).LE.l.L) 
IF(WKJ) .GT.l.C) 

1^1  CONTINUE 
00 1<*2 J-1,N" 
IF(W2(J) .GT.l.f.) 
IF(W2(J) •LF.l.OI 

I«*?  CONTINUE 
WRITE(F,<*oe> 

U95 FOPMAT (//21X,76HSINGLE 
IS VS SID«7 TWO DECORS. ) 
?FFn=>S.  (ACRCSS) /9X,6H( 

TTTLE2(I),(SS(I,J),J=1,NJ) 
SHOT   SURVIVAL   P90PABILIT 
***/^X,l^HSTOE   TWC   OFFS. 

DOWN)) 

IES   (SIDE  TWO   OFFS 
,26X,26HSI0£  ONE   0 

EK(J)^ 
EK(J)= 

EK9(J) 
E*"(J) 

FB(M,N),N=i,NN) 

ZN1(J)*W1(J)**^.667 
7N1(J)»WKJ) **.5C 

=7N2(J)*W2(J)*»C.50 
=7N2(J) *W2(J>»*:.*67 

SHOT SURVIVAL PROPAPILIT 
***/5X,l<*HSine ONE ICBMS 

OOWM)) 
) 

IES (SICE ONE ICRM 
,26X,26HSI0F TWO 0 

625 FORMAT ( /12X,12UX,I6) 
WRITC<6,6?5)(K,K=1,NK) 
no 6^6 J=l,NJJ 

6"6 WRITE(6,^Cj) TIUE1 (J ), (P (J ,K) , K = l, NK) 
00 lb5 I=U1,NM 

155 S(I) = RF(I) 
00 16. 1=1,NI 
00 16w J=1,NJ 
FLNS(IfJ) =  E(J) * AL0G(SS(I,J)) 

16*    CCNTINUF 
00 165 J=1,NJJ 
^0 165 K=1,NK 
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c 
c 
c 

c 
c 
c 

165   C(J,K)   =   AN(J,K)    *   ALOG<P(J,K>> 
WRITf:<6,9Cu']) 

--(3-5)- SIHE ONE OFFENSIVE INVENTORY USEO FOR OTHER TARGETS 

R*AD(5,2) JUKI),1=1,NJJ) 
WRITE(S,2C) 
WGITE(6,<+) (UU(I) ,1=1, NJJ) 

HO 1<*3 J=1,NJJ 
IF( UUCJ) •LT.EMtJ) ) EM(J) = EM(J> - UU(J) 

1<*3 CONTINUE 
HO 1<*7 J=1,NJJ 

Ik?  EM(J)=RTB(J)*EM(J) 
WRITE(6,9CW1) 

NU8 = 1 
WRITF(6,797) 

--(3-6)-STPATEGIES   TO   EF   INVESTIGATED   (RATIO   OF   K2/K1) 

REAQ(5,*) (RATU) ,1 = 1,1C I 
HO   799   1 = 1,NU<« 

799  *RITE(6,798)1,RAT(I> 
797 FOPMATC   //ICx ,°8KRATIOS   SELECTEO  FOR  STRATEGY/15X,21HCASE 

1F(K?/KD) 
798 FORMAT*   16X,12,5X,E12.U) 

IF(        RAT(l).GT.1.F+7)PRF6ET  =   l„n. 
IF(        RAT(1).GT.1.E*7)PPEFER=C. 
IF(        RAT(l) .GT.l.F+7)   GO   TO  937 
PPfFER   =   IwiO. 
PRESET = PREFER * RAT(l) 

C77 CONTINUE 
WRITE (6,655) 
WRITF(6,9ü*wG) 

2<*1   POPMATC1HC ,t»jX,17HCEFENSIVE   SYSTEMS) 
WRITF(6,2M) 
WRITr(P,,221) 

WRITER,15) 
DC   131   1=1,NL 

C 
c 
c 
c 

VALU 

~(3-7)-SIOE ONE 
 POPULATION 

RELIABLE   PFFCNSIVE 
CLASS  L     

WEAPONS   SYSTEMS   INVENTORY   FOR 

I 7.? 

PEAO(5,2) (OP(I,J),J=l,NN) 
WRITF(6,M (CE(I,J),J = 1,NN) 
CONTINUE 

C 
c 
c 

WRITE(6,21f) 
WRITE(6,2M 

--(3-3)-SIDE   TWO   OFFFNSIVE   SYSTEMS   FORCE   RELIABILITY   — 

^A9(5,2)    (ROCK) ,K = 1,NK) 
WRITE(e,U) (RCiK) ,K=1,NK) 
IFCND.EC.MO    GO   TO   25*< 
IFtNn.GT^.AN^.MO.LT.NK) 
IFCNO.LE.C5   *03   =   1 
HO 26? r=i,Nii 

NO3 = NP f 1 

c 
c --(3-9)-SIDE TWC CEFPNSIVE WEAPONS INVENTORY FCR SICF TWC WEAPONS 
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C NOT   ATTACKS   PY   SIOE   CNE  
C 

263  READ<5,2)COLCI,K),K=ND3,NK) 
IF(ND.LE.Q) GC TO 107 

C 
C —(3-1CI-SI0E ONE OFFENSIVE WEAPON SURVIVAL PROBABILITY VS. SIOE TWO 
C DEFENSE INSTALLATION DEFENOERS 
C 

253 REA0C5,2) (PSURC K) ,K=1, NO) 
WRITEC6,971) 

971   F0P^AT(/1]X,^9HSURVIVAL   FROB.   CF   SIOE   ONE   OFFS.   VS.   BASE   CEFORS.) 
WRITE(6,^)CPSURCK),K=l,NO) 

C 
C   ****   COMPUTATION   CF   MAXIMUM   DAMAGE   CURVE   »*«¥*••#»•##*# 
C 

Cl   =   (   S0RTC5.)    -   1.)   /   2. 
C2   =   1.   -   Cl 
TO   5CC   K=1,NH 
TO  «5uC   1=1,Nil 
L(3   =1 
WRITEC6, 803)1, K 

C 
C   --C3-11-D-SICE   TWO   RESOURCF   I   NO   OF   DEFENSE   INSTALLATIONS 
C 

REAQC5,1)   NaASE,IFIT,LLC,LLl 
C 
C       USER   FITS   CURVE     OVER   INTERVAL   (LLG,LL1)   IF   IFIT   =   1 
C 

IF(NBA?E«LF.O)   Q(I,K>   =   1. 
IF(NPASS.LE.G)CL(I,K)   =   .Gl 
IF(NBASE.LE.:)   GO   TO   5Cr 

NIK  =   NRASE 
WRITE(6,256)    K,    I,   NIK 

256  F0RMAT(1HC,AX,15HDEF.   WEAP.   TYPE,I3,31H     REGION   CR   CITY  CLASS   OEFE 
1NDED,I3,38H        NO.   CF   BASES   DEFENDED   BY   WEAP.   TYPE,I3> 
IF(IFIT.EC.l)   LG=LL0 
IF(TFIT.EQ.l)   NFIN  ^   LL1 
IF(IFIT.EC.1>WRITE(6,97 7)LL},LL1 

977  F0RMAT(/1CX,<»7HUSER  CHOOSES   TO   FIT   CURVE   USING   STARTING   POINT    ,13 
1   ,15H   AND   ENO  POINT   , I<* > 

SUM   =   C. 
WRITE(6,261) 

261  F0RMAT(1HC,9X,1*6HEASE   NO.        HARONESS(PS I)        NO.   OF   CEFORS.   OF   RAS 
IE        NO.   DEFCRS.   AT   RASE        OFFENDED   BASE UNDEFFNOEC   8ASE/5UX,31H 
2SUFVIVAL   FROB.        SURVIVAL   PROB.) 

DO   2iw.   J = 1,NIK 
C 
C   —(3-ll-2)-SrCE   TWO   DEFENSE   INSTALLATION   INFORMATION 
C 

READ(5,2)   HARC(J)fCCAP(J),ACAP(J) 
TERM  =   2.3   *   (W1(K>»*.333)   *   (   HARO(J)-7.77)    »•    (-0.352) 
SPRIPECJ)    =   .5   **   ((FFPCK))    *   C   TERM   /   CFPCKM    *"Z) 
D*AR(J)   -   Cl.   -   SPRIMECJ))    *   C   ROCK)   *   (PSUR(K)   -1.)   ♦   1.) 
TF(ACAPCJ).LT.l.)   C6ARCJ)   =   1.   -   SPRIMECJ) 
EJN(J)   =   OCAP(J) 
VAL=1-G«^RCJ) 
WRITE(6,266) J,HflRP(J),ACAPCJ),DCAP(J),VAL»SPRITE(J) 

265 FORMAT C1H ,15X,I 2,1ÜX ,F6. 2,12X ,F5.1,16X, F6.1 ,UX , F5 .U,12X ,FS. k) 
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211 SUM - SUM ♦ EJN(J) 
EBA^P r SUM 
OL(I,K> -   SUM 
oo 23c N=i,i:a: 
BIG = ', 
00 22C J=i,NIK 
TERM = EJN(J) * 
IF(TERM.GT.BIG) 
IF(TERM.GT.BIG) 

220 CONTINUE 
FBAR(N) = SUM - 
EJN(JMAX)    =   EJNCJMAX)   -   BIG 
SUM   r   EBAR(N) 
ACA*(JMAX>   =   ACAP(JMAX)   -   1. 
IF(ACAP(JMAX) .EQ.C.JQ EAR UMAX) 
IF(IFIT.EG.l)   GO   TO  23r 
IF(SUM.LT.l.)   NFIN  =   N 
IT (SUH.LT.i.)   GO   TC   24C 

230   CONTINUE 
NFIN   =   IfiiO 
IF(IFIT.EC.l)   NFIN=LL1 

OBAR(J) 
JMAX   -   J 
PIG  =   TERM 

EIG 

=   1.   -   SPRIME(JMßX) 

C 
C *** 
C 

240 

* LCAST SQUARES FIT TO MAX. UM. CURVE USICG FIBONACCI SEARCH ***** 

305 

3U 

331 

3<4'j 

35^ 
3Kä 
37" 

381 

393 

TU = 
TL = 
TB = 
TA = 

1. 
C. 
Cl 
C2 

ISET = 
VAL1 = 
HO 3o5 
VALB = 
00 <*u 

1 
1, 
N=U,NFIN 
\/ALB   ♦   (   EBARC 
L=i,6n 

IF(ISET-2>   34;,3U,31<? 
VAL8  =   "•. 
00   33C   N = L'J,NFIN 
VALB  '   VALB   ♦   (   EBARC 
IF<ISFT-2)3<r,36c,34C 
VALA   ^   1. 
00   35C   N=LO,KFIN 
VALA   =   VALA   ♦   f   ERAR? 

*   TB**N   -   EBAR(N))**2 

*   TB**N   -   EBAR(N5)**2 

♦   TA**N   -   EBAR^N>)**2 
IFCVALA   -   VALB)   ?7Cf39tf380 
TU   =   TB 
TB   s   TA 
TA   =  TL   ♦   C2   *   (TU  -   TL) 
VALT   =   VALA 
ISET   =   1 
GO   TO   MC 
TL   =   TA 
TA   r   TB 
TB   =   TL   ♦   Cl   •   (TU   -   TL> 
VALA   =   VALB 
TSET   =   2 
GO   VO  41" 
TL   =   TA 
TU   =   TB 
IF   (ABS(TL   /TU   -   1.).LE.l.E-3) 
TA   =   TL   ♦   C2   ♦   (TU   -   TL I 

GO   TO   45' 
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NO,   OF   S'JPVIVING 
EXP.   NO,    SURV. 

OEFENDERS 
CURVE FIT 

VS.   ATTACK 
VALUF) 

7 

5 
6 
7 
8 
9 

TB = TL ♦ Cl * (TU - TL1 
ISET = 3 

kll   CONTINUE 
t*2^   F0R*AT(1HC,6E16.8) 
«♦5: Q(I,K.) = (TL 4 TU)/ 2. 

WRITER,271) 
271 F0PiAT(lHCf3«Xf51HEXPECTF0 

!IZE/38X,<»eHNC. ATTACKERS 
10   k7b   N= 1,NFIN 
VAL   =   EPARc   *   CfIfK)*»N 

U7u   WRITF(6,276)N,F8AP(N),VAL 
276  FORMATdH   ,<*?X,I3, 9X, F9 .2 ,9X,F9.?> 
5un   CONTINUE 
1C7   WRITF(6,9) 

WRITP(6,625)(K,K=i,MK) 
00   8C6   1 = 1,Nil 

8C6  WRITE(6,8?5)I,(0L<I,K),K=1,NK> 
OP   ICC   1 = 1,Nil 
DC   111   K«1,NK 
OL(I,K)    =   PC(K)    *   DL(I,K) 

1Ü0   0(1,K)   =   OL(I,K> 
IF(NO.Lc.w)   GC  TO   UC-n 
00   105   1 = 1,Nil 
00   1C5   K=1,ND 

lu5   81(1,K)    =   ALOG(Q(I,K)) 
WRITE(6,193) 

193   FORMATdHC,   <*.1HCURVE   FIT   VALUES   FOR   Q(I,K),   K(ACCROSS)    ,   I(OOWN)) 
WRITE(6,625>(K,K=1,ND) 

825   FOR^AT(   7X , If», 1? UX,F*. 15 ) 
925   FOP"AT(   7X,I6,12(<»X,F6.<*> > 

00   Bill   1 = 1,Nil 
8*1   W*m(6,925)1, (   G(I,K),Kri,NO) 

WRITE(f,9utO) 
IOC-   IF(NUl.EC.l)    CALL   STARTS 

RFIURN 
1   FQRMATUM5) 

FCRMAT(KF8.n> 
F0RMAT(lHc,*X,9HSinE   2   --,I7,11H   CF   TARGCTS ,1?X , 17 ,8H   TAPGrTS, 

1 9X,I7,13H   WEAPON   TYPES,17,15H   OEFENDFR   TYPFS   // 
2 5X,9HSI0E   1   --,I7,21H   CF   4-   CV   WEAPON   TYPFS,17, 
3 17h   GEOGfrAP^.rC   AREAS,17,13H   WEAPON   TYPFS,17, 
<♦ 15H   DEFENDS*   TYPFS) 

FCR*AT(   8X,1*,F12.<4) 
FCRMAT(1H?,UX,39HFITTING   CONSTANTS   P0R  SIDE   2   FCFULATICN) 
FCRMAT(lHw,*X,?9HFITTING   CONSTANTS   FOR   SIOr   1   FCPULATICN) 
FORMAT(lHL,<tX,<*lHFPACTION   OF   SIOF   2   POPULATION   IN   ITH   AR£A> 
FCR^AT(1H:,(4X,U1HFRACTI0N   OF   SIOE   l   POPULATION   IN   LTH   AREA) 
FC^MAT(lH-,^X,t»7HNUMBER   CF   K   TH   TYPE   SIOE   2   OEFDRS.   (ACCROSS)    OF, 

123HI   TH   TYPE   TARGET   (OOWN)> 
1J     FCR"AT(UF8.°   ,AH 
It   F03MAT(1HC,<«X,11HSI0E   2   TYPE,I2,22H   WEAPON  --     KUMPFR ,F7.«>,1<*H 

1 RFLIAPILITY,F7.<*,1*SH        WARHEAO 
2 NO.   OF   WARHEA0S,F7.2/   5X,7HNAME 

12 FORMAT(lHr,<*X,UUHSINGLE 
1 2<4HSIOE   1 

13 FCRMAT(lHo,*X,35HSIOE 1 
1<4 FCRMAT(lHu,<*X,37HSI0E 2 
15 FORMAT (lHl,<«X,UUHNUMBEP 

YIELO, 
-   ,A6) 

F7.2, 18H 

SHOT   SUPVTVAL   PROBABILITY   ENGAGEO  BY 
NTH  TYPE   OEFFNOER) 
DF^FNSE   ALLOCATION   CONSTANTS) 
OFFENSIVE   ALLOCATION   CONSTANTS) 
OF   RELIABLE   SIOE   1   CEFEKOERS   OF   SPF 
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1 12H1  LTH 
16 FORMAT(lHt,<»X,iiHSIDE i 

UkH RELIABILITY,F7.<*, 
216H WARHEAD YIEL0,F7. 
32) 

17 F0RMAT(lH:,<»X,<f8HSINGL 
1 ,19H2  KTH 

18 F0RMAT(1HC,<*X,35HSIDE 
19 FORMAT <lH9t4X9(t6HSINGL 

1 WHRETAL 
20 FCRMAT(lHC,<»X,<f7HNUMBE 

1 16HMLIT 
21 FCRMAT(1HG,<«X,6HPREFER 

1 <*H PHI,F 
2F7.<») 

23  FQRMAT(1HC,<»X,32H   NO.   S 
2M     FORMAT ClHGt'iXf^CHPFLIA 
25  FORMAT(1HO,<4X,SHN'DEFS,I 

1     NU<t=,I2) 
65*5  FORMAT   (1H1) 
660  FORMAT   (29X,62H******** 

!♦♦♦♦♦♦♦♦♦♦♦,/V^5X,34H 
91 FORMAT(5E8.0   ,A8) 

9<*     FOR*AT<7E8.0   ,A8) 
92 F0RMAT(1HC,^X,11HSI0E  2 

1 RELIABILITY,F7.<»,16H 
2 NO.   OF   WARHEADS,F7.2/ 

93 FORMAT(lHC,<*X,ilHSIDF 1 
11<*H RELIABILITY, F7.<*, 
216H W4RHEAO YIFL0,F7. 
3.   OF   CLUSTER   WARHEADS,F 

803  FORMAK   lHCf&*tl*I5) 
900-3   FCRHAT(   //132H   ♦*♦#•♦*♦ 

ENC 

TARGET I 
TYPE,I2,2<fH   WEAPON  --NO.   OF   WEAPONS, F7.2, 

3<*H       NO.   OF   INO.   TARGETAPLE   WARHEADS,F7.2 , 
2/5X,7HNAME   -   ,A6,18H        NO.   OF   WARHEAOS,F7. 

E  SHOT   SURVIVAL   PROS.   WHEN  ENGAGFO   BY  SIDE 
TYPE  DEFENDER) 

2   OEFFNSE  ALLOCATION  CONSTANTS) 
E  SHOT   SURVIVAL  PROB.   OF   SIOE  2   MTH  TYPE 
IATOR  ATTACKED   BY   SIOE   1   JTH  TYPE   ATTACKER) 
R   OF   EACH   SIOE   1   WEAPON   ASSIGNED  TO  OTHER   , 
ARY   TARGETS) 
,F7.2   ,7H   PPEFIN,F7.2   ,7H   FREINC,F7.2   , 
7.^   ,7H   PRE8ET,F7.2   , 7H   TL,F7.2   ,<fH  EPS, 

IOE   2  OFFS.   TYPE   I   WEAPONS) 
BILITY   OF     KTH   TYPE  SIOE   2  DEFENDER! 
2,9H IP1=,I2,6H     NU1=,I2,6H     NU3=,I2,6H 

♦♦STRATEGIC  WEAPONS  FXCHANGE   *CDELS   (SWEM) 
ALLOCATION   OPTIMIZATION   MOCEL   I 

TYP^,I2,22H   WEAPON  --     NUMBER ,F7.2,1<»H 
WARHEAD  YIEL0,F7.2,9H        ° .S.I.,F7.2,18H 

5X,7HNAMF  -   ,A6) 
TYPE,I2,?«fH   WEAPON  --NO.   OF   WEAPONS,F7.2, 

3UH       NO.   OF   INO.   TARGETABLE   WARHEADS,F7.2, 
2/5X,7HNAME   -   ,A6,9H       C.C .P . ,F7 .2 ,26H        NO 
7.2,18H        NO.   OF   WARHEADS ,F? .2) 

*«^*9*****4***»*#*«**«#**f«««4#V******V#»** 
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SUBROUTINE   RFSTNT(MT,VAL> 
C 
C •   THIS   SUBROUTINE   GIVES   THE   VALUES  OF  THE   CONSTRAINTS   ANC   OBJECT- 
C    ive   FUNCTION    
C 

COMiON/SHARE/   X(ijO),   DEL(IOC),   A(ICO,13u),NV,MC,MN,NP1,NH1 
COM10N/ONE/NI,NJ,NII,NJJ,*'M,NK,NL,NI1,NJ1,NI2,NJ2,NIIJ,IEX,IE09IEN 

1,IFU,ICX1,IEXFN,I1,I?,I3,I<*,I5,T6,I7,NOFFS,NCOFFS,NK,NU1,NU2,NU3 
2,IB1,ND   ,NU<#,NU5,NU6.NU7,NU8,NGi,Nn2 

COMMON/TWO/A A (6) ,AA3(2) ,FP0P(6> ,FP0PB(2) ,0L(9,7) ,FNL(1Q>,RB(13>, 
lEKB(lC) ,TITLE2(lc) , PC 15,7)    ,AB (H ,15) , E< 2 ,10 ) ,DEC2,1C> 9 EM (15'*, 
2E(15),EK(15> ,TITLP1(15) ,P8(13,15) ,AN(15,71,SS(5,6),LU(15> 
CCMM0N/THFEF/FPFFtR,PREFlN,PREINC,PREBET,Bl(9,5) ,R0(5> 
COMHCN/FOUP/   C(15,7),CB(iu,15),ELNS(5,6) 
COMMON/FIVE/XX(9,15),0(9,7),EN(U),0(9,5),U(9,7) 
COMMON/SIX/Z (9,7)    ,73(2,1C1,F(9,15),S(10),FB(2,It),EETA(6),Y(6), 

1BETAB(2),YF(?),BETo,RET 
COMMON/SEVEN/CFX(9,15,15),DFD(9,15,7),BETP(6),DYX (6 ,15) ,0EX(6 ,15) , 

10YD(6,7),DB0(6,7),FETSP(2),3ETPP(6),BETBPP(2) 
COMMON/*IGHT/CSX (5,TO ,DSO (5,7) , DFlX(iu,5,6> ,CF2X(10,5,6), 

lDFn(lu,5f7),CF2P(10,5,7) , DY3X(2,5,6) ,CYBD(2,5,71 
C0MMCN/NINE/C68X(5,*),0Be0(5,7> 
IFCT.EC.l)   CALL   ICEMTV 
IF(MT-1)9CC,1,1 

1 IF(Il.EQ.C)   GC  TO   2 
IFMT-li)liO,lir ,2 

2 IFCI1.EQ.NJ>   GO   TO   3 
IF(MT-I2)2iü,2u^,3 

3 IPCI2.F0.NJJ)   GO   TC   lru" 
IF(^T-I3)3L],7CG,1JW° 

C 
C   CONSTRAINTS ON SIOc ONE ALLOCATIONS TO SIDE TWC OEFENSES   
C 

1C* J = MT 
SUMr<„ , 
00 11C 1=1,Nil 

11C SUM = SU* ♦ XX(I,J) 
IF(J.rO.l) GC TO 151 
IF(NC2.NE.2) GO TO 13? 
00 120 1 = 1,Nil 

12" SU^ = SU* ♦ U(I9J*1) ♦ U(I,J*2) 
GO TO 19r 

13: oo ik:  1 = 1,MI 
1U-» SUM = SUM ♦ U(T,J*Nni-D 

GO TC 19, 
1*. no 1*1 1=1,Nil 

00 16^ K=l9Nni 
16) SUM z   SU* ♦ U(I,K) 

GC TC 19C 
19"> VAL = EM(J) - SU" 

GO TO U;r 

C 
C       CONSTRAINTS   ON   SIOF   ONE   ALLOCATIONS   TO   SIOE   TfcC   CV   «■   CF   TARGETS 
C 

di..    J = MT 
suM=r. 
no 2ic  i=i-Nix 
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2i: *U*=SUM«.XX(I,J) 
VAL = E>'<J>-SU* 
GO TO nee 

c 
C CCNSTRÄIM^   CM   SIDE  ONE   ALLOCATIONS   TO   SIDE   TKC  CV  ONLY   TARGETS 

2an   J^VT 
SUM   =   „-. 
00   31C   I = M1,MI 

31"   SUW=SUM*XX(I,J) 
VAL=FM(J)-SUM 

GO   TO   1JUC 
C 
C OBJECTIVE   FUNCTION (Kl   3rTA8AR     -   *?.   RETA) 
C 

Sü*"   CALL   FPACTS 
VAL   =   PRFFER*RET*-PRE9CT*   BET 

i:o-   RETURN 
END 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

GO TO 1?LC 

— CONSTRAINTS ON SIOF ON? ALLOCATIONS TO SIOF TWC CV ♦ CF TARGETS 

20-» J=*T 
HO 21L 1=1,Nil 
N=(J-1)»NII*I 

21; OEL(N) = -1. 
GO TO lJwO 

C 
C 
C 

CONSTRAINTS ON SIOE ONF ALLOCATIONS TO SIOF TWC r,V ONLY TARGETS 

3ü0 J=HT-I? 
00 31T 1=1,NI2 
L = NIIJ*(J-1>»M2*I 

31J 0EL(L>=-1. 
GO TO i:cc 

C8JECTIVtT FUNCTION   <K1 BFTABAR  - K2 BETA) 

BETR = ,E11.<*> 

9%   CALL   IDENTV 
CALL   FRACTS 
WRITER,<f<»2)BET,BFT8 
CALL   DERB 
CALL   CERfcB 

t*i*2  FOR*AT(   /1^',<»HBET=,E11*U,8H 
IF(NU3.NE.1>   GO   TO   <»C 9 
WRITF<6,<«38) 

<»33  FOR*AT(   31X,11HALLCCATI0NS) 
00   UQ1   1=1,NI 

*»C1  WRIT6(6,^37) C   XX (I, J) ,J = 1 ,N J) 
00   kUZ   I=M1,MT 

<#G2  WRITE(6,t»37) (   XX <I , J) ,J = 1 ,NJJ) 
IF(ND.LE.C)   GC  TO  «#09 
00   <*L3   1 = 1,Nil 

f»C3  WRITE(6,<#?7) <U(I,K),K=1,ND> 
<#09  00   4lt   J=1,NJ 

HO   *U   1=1,NI 
N=(J-l)*NIIfI 

«•10   OEL(N)   =   PRFFER   *   CB9X(I,J) 
DO   ^3C   1=1,NI2 
00   <f2l   J=1,NJ 
N=CJ-i)»NII>I+NI 

<*2ü   OEL(N)   =-PR*BFT   *   C9X(I,J) 
DO   d3fc   J=1,NJ2 
N=NIIJ+(J-1)*NI?+I 

<»30   DEL(N)   =-PRF9ET   *   QRX(I,NJ«-J> 

—   IF   NO   ATTACK   CN   CFFFNSES   BYPASS   THIS  SECTION 

<♦<♦' 

IF(NC.LE.C)   GO  TO   1302 
00   <*5G   K = 1,N0 
00   *flf1   1=1,NI 
N=   IEX   «•   (I-i)   *   NO   ♦   K 
nEL(N)   =   PREFER   *   0BBD(I,K)   *   81(1,K)   *   0(1,K) 
00   <*5J   I = NI1,MI 
N=IEX   4   (I-i)   *   NO   +   K 
OEL(N)   =-PREBFT*   DBO(I-NI,K>   *   B1(I,K)   *   0(1,K) 
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c 
c 
c 
c 

SU3R0UTINF GRAC1 (MT) 

  THIS SUBROUTINE CALCULATES 
  AND OBJECTIVE FUNCTION --• 

THE GRADIENT VECTCR CF THE CONSTRAINTS 

CO**CN/ShAR£ 
COM^ON/ONE/N 
1,IEU,IFX1,IF 
2,IQl,ND<fNU<# 

COMMON/TWO/A 
1~KR(1C),TITL 
2~(15),EK(15> 
COMMON/THrEP 
COHMCM/FCUR/ 
CO^HON/FIVE/ 
C?MMON/SIX/Z 

1RETA9<2),YQ( 
CO*«Oh/SEVEN 
10YD(6»7),CPO 
COMON/EIGHT 

10Fl')(ir ,5,7> 
COMMON/NINE/ 
COMMON/FLFVF 
COMMON/TWfLV 
COMMON/FCUST 

**?7 FOR^AT( UFi 
00 It 1 = 1,IP 

1 > DEL(I) = ?. 
IF(MT-l)Cr;, 

1 IF(Il.FQ.w) 
IF(MT-II)I;] 

2 IFQ1.EQ.NJ) 
IF(MT-I2)2   C 

3 IF(I?.FQ.NJJ 
IF(MT-I3)3LJ 

c 
C 
C 

1 

/ xdo:), 
I,NJ,NII, 
XEN,11,12 
,NU5,NU6, 
M6) ,Afln( 
E2UC),P( 
jTITLEKl 
/poEFER,P 
C(15,7), 

XX(9,15), 
(9,7) ,ZP 
?>,RETn,R 
/CFX(9,15 
(6,7),EFT 
/0SX(5,6) 
,CF?P(I:, 

09BX (5,6) 
N/rQxx(qc 
E/DSXX(3'- 

N/CHRXX(3 
3.?) 

.DEL (13ÜI t   A<lQGt:luC),NV,MC5MNfNPl,N*l ' 
NJJ,NM,NK,NL,NIl,NJl,NI2,NJ2,NIIJ,IEX,IEDfIEN 
,T3,I*»,T5,I6,I7,N0EPS,N0OFFS,NN,NUl,NU2,NU3 
NU?,NU8,NTU,N0? 
2)',FPCP(6),FP0PPj(2) ,0L(9,7i , ENLUT ) »RBd* ) ,   j 

15,7)    , A3 (10,15), 9(2,10,08(2,10,FM(15), 
5) ;pP(lD; 15) yANf 1?; 7,) ;SS(5 j6) -LUC15) 
REFIN,FJ?EINcIPRE9ET,Bi(9,5),R0(5) ' 
CB (11,15) ,FINC(5,6) 
0(9,7),FN(1J),0(9,5),U(9,7) 
(2,1) ,F(9,15) ,S(1C),FP(2,1L),EFTA(6),Y(6I, 
FT 
,15) ,r>c0(9,l5,7>,BETP(6),CYX(6,15) ,06X(6,15) , 
8F(2),RETPP(6),BFTBPP(2) ' 
,DSD (5,7), DF1X(10,5,6>,CF2X(IP,5,6), 
R,7), n,Y8X (2,5,6) ,CY8C(2,5,7) 
,0BB0(5,7) 
,15),0ax0(9u,7),0R0P(3r,5) 
,6),0SX0(??,7>,nS0O(6,5)' 
J,30) ,0d9XD(33 ,35),OBBDC(31 ,3? ) ,C2YR. (2)   i 

1,1 
GO  TO   2 
,lc':,2 

GO   TO   1 
,2w*,3 
)   GO   TC   1, 
,3uu,lnuC 

CONSTRAINTS   ON   SIOE   ONF   ALLOCATIONS   TO   SIOE   TWC   OEFEN^ES 

♦   J 

J = VT 
oo nr i = i,Nil 
L = U-1)*NII*I 

113   r)EL(L)=-l. 
IF(J.EQ.l)   GO  TO   15^ 
IF(ND2.NE.2)    GO   TQ   13" 
00   12!   1 = 1,MI 
00   12i   K=1,NC2 
M=   IFX   ♦   (1-1)   *   NC   ♦   K 

123   ^EL(W)    =   «1. 
GO   TC   1\ >■ 

13.   HO   lki   1=1,Nil 
*=IEX ♦ (1-1) * ND.+ J +.NHi - i 

Ik:   HEL(M) = -1. 
GO TO i:*£ 

153 oo ten 1 = 1,Nil 
00 16J <=1,N^1 
M= IEX f (1-1) * NC «• K 

163 D^L(M) = -1. 
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I1 

I 

GO   TC   10QC 
luOC   RETURN 

ENO 

li 



SUp^QUTINr   MATRIX("T,IK 1 
C 
C   THIS SUPRCUTirF CALCULATES 

ATlvrS OF THf CONSTRAINTS ANÖ 
-^AT<?IX   Of   SFCCNC   PARTIAL   CERIV- 
OBJECTIVE   FUNCTION     

COK 
CO" 

MCN/SHARE 

COM 

1ETKR 

u, i e. x i, i E 
l,Nü    |JW» 

/   X(llJ),   DEL 
I,NJ,NII,NJJ, 

(luj) ,   A(i:0, lu( ),NV,MC,MN,NP1,NM1 
NH,NKtML,NIltNJlfNI2,NJ2tNIIJ>I£y,IFTtirN 

'10N/TWC/A 
(K),TITL 

X£N,11,12,13, 
,KU5 ,NL6fNU7t 

?~(1 
COM 

5) ,L<(15) 
1CN/THREE 

CO" 
CO* 

MON/FOUR/ 
iON/FIVt/ 

A (P.) ,AA3(?) ,F 
E2C1C) JP.LI^JZ 

,TITLF1(15Y,P 
/Pk^FERjPRFFI 
C(l*,7 

XXC9.15 
cnv 

13FT 
COM 

1DYP 

MCN/SIX/Z 
A9C2» ,YF( 

COM 
1DF1 

MON/SEV/FN 
(6,7) ,PB3 

(9,7)    , 
?),^ETP 
/ÖFX(9, 
(6,7) 

MCr/CIGHT 
1(U»5t7) 

JL' 

),CB<1 

?P(2,1 

15,1«?» 
ETBP (2 

I<*,I5,T6,I7,NDFFS,NCGFFS,Nh,Nll,NU2,NU3 
NMJ3j.NDljr^0? _  
POP(6) ,FPOPB(?) ,0L(9,7),ENLUc),RP(iG>, 
_)    ,Al(U,15),B(2,ld),QB(2,li.),gM(l5) , 
3(1J,15),AM(15,7),SS(5,6),LÜ(15> 
üiPREINCPRE*ET,B1(9,5) ,RQ(5)  
u,15) ,ELNS(5,6) 

D i£HJ *1 )tQ<9,5), y Li i71 _  
L) ,F(9,15) ,S(1C) ,F8'2,U>,fcETA(6),V~<6>, 

COM 
CO" 

MON/NIKE/ 
MQM/ELFVE 

/0SX(5, 
,0F?r(l 
nE3XC5, 
N/DBXXC 

, OFO( 9,15,7), BET P (ft) ,HYX (6,15) ,0?X (6,15) , 
),3ciTPp(6) ,BETBPP(2)  
(^,7)7        0F1X(1J,5,F>) ,CF2X(1P,5,6) , 

OYEX(2,5,6) ,0YB0(2,5,7) 

COH 
COM 

MCN/TWFLV 
MOM/FÜURT 

E/CSXX( 
N/OQPXX 

IFC 
IF( 

3u ,6), 
(3g,3r. 

D(5,7) 
xP^fl<?cj7)jOBnPX3ü_A5) ___         
DSX9(3C~,7) ,OS00(6,5) 
),09PXOC30,35),0BnDC(3u,^3),02YB(2) 

MT-D9   wf 

Il.tQ.C) 
1,1 
GO  TC 

IF( 
IFC 

M
T-II> m 

Il.EQ.NJ) GC   TO 
IFC 
IF( 

MT-I2)2ij 
I?.EQ.NJJ 

5     H      T 

)   GO   TO lUi 

0_ 
C 
c 

IFCMT-T'5)3C:,3CC fUlb 

CONSTRAINTS   CN   SIPF   ONE   ALLOCATIONS   TO   3IDF   TWO   OFFENSES 

i:c IK = 1 
GO   TO 1)1 

c 
_c_ 
c 

CONSTRAINTS ON SIP£ ON^ ALLOCATIONS TO SIOF TkC CV ♦ CF TARGETS 

20*   IK=1 
GO   TO   i'w' 

_C_ 
C 
c 

CONSTRAINTS   ON   SIOE   ONr   ALLOCATIONS   TO   SIDE   TfcG   CV   ONLY   TARGETS 

30 f. I* = l 
GO TO IJC: 

C 
_C_ 
C 

OBJECTIVE FUNCTION (Kl BETABAR  - K2 BETA) 

9K CALL IDCNTV 
CALL FRACTS 
CALL OER° 
CALL PFRGE 
CALL PF?2E 
CALL PCR2S 
CALL 0FR2PR 

RAC 
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'<^^-^*Hnf?wmnmrTwimrmrNimmmT*mnmMmtmmiirt "?r**?v*ftR)$BKKtt mi^immsmfW^fSSSf^i 

Xfr^ppcrru.EQ,',)    GO   TO   Q1S 
GO   91~   JJ = 1,MJ __ 
TO   31^   1 = 1,NI 
JN?=(JJ-i)*NI*I 
LRCi=(JJ-l)»MT*T 
DO   JU7   J = JJ,N'J  
00   9-3   *=T,NI 
M=(J-1)    *   M   ♦   K 
LC^L=(J-1)*NIT*K 

9;3   a(L?CWf LCCL)=   P?tFP?   »DPOXX(NH2t^) 

C       IF   NC   ATTAC*   CN   PdFCNSFS   BYPASS   THIS_S_CTI0N 
c 

IF<NC.L€.H   GC   TO   91J 
00   3w^   11 = 1,M 
00   9.F   y   = ljN'P_ 
NN7=(II-l)*Nn   4-   K 
LCOL   =   TrY   ♦   NN7 

9.6  ACL'OKfLCCL)    =   »°EFEP   *   OBBXDC KM? ,NNi)    *°l(IItK)   *   C(II,<) 
01"   CÜ\'TI*!Ut 

C IF   MC   ArTfiCK   OK   DtFKNSrS   BYPASS   THIS  SFCTION 

IF(NO.Lr.*>   CC   TC   ci^ 
nc   91?   1=1,NI 
00   31?   J=l ,NT  
JN'   =   (T-l)   *   NO   +   j~ 

LPQU   =_If X__+_NN?_ 
00   01«i   K=I,NI 
00   912   KP = J,K'Q   _ 
MN3~~=    K-T)   *   N,P»V <R 
LCOL   =   T^X   f   NN*3 

 IMIj.FO.J^.A^.J.n?*0)    TtRM   =   ÜBB0(I,J)*RKI,J)**2*C(I>jr 
c 
C_ THFSF   M£   SfCCNO   PARTIAL   U   C?OSS   U   DERIVATIVES   WHICH   DIT   NOT 
C   --- TPP^AR^N'PAC-C^-U7" 

C   
91?   ML*OW, LCCL)    =   nREF^»c"5«nn»f(NK2tNN2)»'5(If j) *0 (K~, KR> »31 (I , J) * 31 (K,~ 
 1<R>__* ICfL^> _ _ _____   

- 9i5*'iF(■»Rtt_T#Io#ri feo'^0 icrV 
on _^25__JJ-_lfNJ _  

""",1,   925   i^rtKlF" 
LR0W=<JJ-1 )*NIIf K'I + I 
4N_^<JJ-1>*NT2+I 

  no  n?j>jj,?jj 
" LCCu= C J-i ) ♦NT I ♦ ' fif 4-T" 

917 M_9r,W,LCCU - - P^j-'3"T ♦_ nn*x (NN?, J> 
DO 919 J=1,NJ?" 
LCOL = NIIJ ♦ (J-l) * NT? + I 

919 A(LROW,LC0L) -   - P&EBFT * 09XX(NN?,NJfJ) 
_C __ _„  __ 
C IF   '1C   ATTACK   CN   b_F~ENSES   PYCASS   THIS   SECTION 
C  

fFCNn.U.l")   GC   TO   9?<5 
00   9?'    K=1,\0 
LCOL   -    ItX   «-CNH-I-l)    *   MH   4-   " 

92 v   A (L"OWt yiQL)__-„-5i_.? ? rI. *   DP-X3 _N N-? i K) _3I< h\* ♦. J »_i *-C INI»ItK)  



aMMmmmmmmmmmmmmmmmmKimmmmmBmmnmii    ~ 

9??  CONTIW* 
oo 93.  JJ=I,*J2 

00   93.   1=1,NI2 

JO   92*>   JrJJ,MJ2  
IC0L=NIIJMJ-1)*NI2*I 

92*   ML?QW,LCCL)=-PREOLT   »   QQXX (NN?,NJ+J) 

C      IF   MC   ATTACK   QK   r^F^NSFS   BYPASS   THIS  SEC^ICM 

IF( >ID.t:r.u>   GO  TO   9or 

00   929   <=1,NT 
LCCL   =   Ig_X   »   U!I + I>1)   *   \>D   ♦  K 

928   A(LPOW,LCOL)    =   -PPFlt'T   *   0BXn(NN2,O   * PI ( NU-1 ,K) *0 ( M+I ,K ) 
93     CCKTIK'U"  

C TF   rjn   ATTACK   QN   rgF£Nr;t~S   PVPASS   THIS  S_£CTJON_ «»«■■*y 
~C " "  ~ ~ ~ "_ 

IFtNO.L~«M   GC  T"!   10«v 
00   9U^   I = M1,NIT 
"^C   9li    KKrl,NP   
L°34   =   TFX   4    fl-i)    * M°   +   KK 
NM8   =   (   I   -   1   )    »   NO +_KK   -   NH   *   NI 

LOOL   =   ir>   4    tl-l)    * NT»   ♦   K 
TFR"   =   u, 
IMK.LC.KIC)    TF.?M   =   3BQ(I-NI,K)    * PlAIl.W**2   *   O(ItK) 

C THESE   A3fc.JS.CCN5   ^ÖRTIAL   I   CPOSS   UCERtVATTVFS   WHICFJDIC   NOT 
C "Ä?c"-A"n "TM'^AC-C^-i3 
C 

935   ML"*OV,LCOU    =   -   oqra.cr   ♦   (^POO<NN?,K)»0(I,K)*0<I,KK)»BitI,K>*R1(I 
 ilJ<<>„+   T^R")_ 

qV;~ CC^TIV 0- 
i:."   RETW .__             ........       . ._   
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I 
 SUBROUTINE   IPENTV 

C 
C   —  THESE.   CO*rUTIQNS   APE   THE SAM*"   AS   THOSE   QESC^IBEC   IN   RAC-CE-<»3   PART 
C   —   TV-9. WITH   EXCFPTIOMS AS   NOTEO   IN  THL   COMMENT   CARDS     
C    

COMCN/SHARE/   X(lCo),   D£L(lüif>f   A (ICC, U 3 ) ,NV,MC f MN,NPi ,N*i 
COM^ON/nNF/NI,NJ,NII>NJJtNMtNK>NL,NIl>NJlfNT2,NJ?.NIIJtIEXiI£Q,IEN 

l,IEU,IEXl,IEX£N,Il,T2,I3,I<Ml5,ie,I7,N0EFS,NC0FFS,Ms,NUl,NU2,NU3 
2,IB1,NQ   ,NU^,NU5,NUfrtNU7fNU8,N01,N02  

COMMON/TWO/AA(6) ,AA?(?) ,FP0F(6) ,FP0P3(2) ,0L(9 ,7) ,ENL (13),RB(iC), 
1£KQ(U) ,TITLF2(lw.>    ^(15,7)    , A3 (1C , IF) , Bj 2 , lu ) tOB (2, 10) , FM (15) , 
2t(15),EK(l5) ,TlTLtl(15) ,P3(1G,15> ,AN(15,7) ,SS(5,6),tU(15> 

COMMON/THREE/PREF£3,P^EPIN,PRE INC»PRERET,Bl(9, 5) ,RD(5)  
COMMON/FOUR/   C (1 c , 7) , CB(10,15),FLNS(5,6) ~' 
COMMQN/FIVE/XX(9,15),C(9,7),EN(lw),Q(9,5) ,U(9»7)  
COMMON/STX/ZfQ,7) ,ZB (2 , lu) ,F(9 ,15) ,S(1C),FB(2 , 1C),EFT A (6),Y(6), 
13ETAP(?),YE(2),3ETQ,PET 
COMMON/S^VEN/CFV(9,15,15) ,OFD(9,15,7),RETP(6),DYX(*,15) ,OBX(6,15) , 
10VP(6,7) ,050(6,7) ,P£TBP(2),BETFP(6) ,PETBPP(?)  
COVMCN/EIGHT/PSX (5,6) ,0SH(5",7) ,        0F1X (lu , 5 ,6) ,0F2X( 1H ,5 , 6) , 
13F1JC1C ,5,7) ,PFc'P(l., 5,7) , 0YEX(2,5,6) ,CY8PC?,5,7) 

~ COMMCN/NINE/DEFX(5,6),0980(5,7) 
♦♦THIS SUBPCUTINE I^FNTIFIFS MCOcL VA*IAPLES WITH SL^T VARIA9LFS XXX 

00 lr J=1,MJ 
Jj=(j-D^r;ii 
no u i = i,Nil 
K=JJ+I 

12 XX (I,J)=Y(K) 
00 ?v J=1>NJ2  
JJ = NITJ*(J-il*NI? 
^0 ?. I = M1,N!II 
K=JJ+T-MI 

?r  xx (i,L)=y(<) 
c 
C --- IF NC ATTCCK ON TEFENSES BYPASS THIS SFCTICN 
C 

IF(ND.LE.:) GC TO 6^ 
00 3: 1 = 1,Nil 

C 
C       NC REPLACES   KK   IK   EQUIVALENT   INSTRUCTION   OF   RAC-CR-<i3   PART   IV-H. 
c "~        ' ""        ' ~ "'" "   

II =   (I-l>   ♦   NO   ♦   IrX 
no   3r   K = l ,N0 
L=IT+K 

3:   U(I,K)    =   X(L) 
*■".   RETURN  

B-18 
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c 
c 
c 
c 

SUEROUTINF FRACTS 

 THESE COMPUTIONS ARE THE SAME AS THOSE DESCRIBEO 1*1 RAC-CR-<*3 PART 
—- IV-9.    WITH EXCEPTIONS AS NOTED IN THE COMMENT CARCS   

CCMMCN/SHARE/ 
COMON/ONF/NI 
i,IEU,IEXl,IEX 
2,I81,ND ,NU<i, 
COMMON/TWC/AA 
lEKB(U),TITLE 
2L(15),EK(15), 
COMMON/THREE/ 
COMMON/FOUR/ 
COMON/PIVE/X 
COMMON/SIX/ZC 

13ETAR(2),YP(2 
COMMON/SFVEN/ 
10Y0(6,7),OB0< 
COMMON/EIGHT/ 
lOFlOClOf5f7) , 
COMMON/NTNF/Q 

C 
C* 
C 
C 

X(lüc), 
,NJ,NII, 
EN,11,12 
NU5,NU6, 
(6),AA3( 
2(lw),P( 
TITLEK1 
FREFER,P 
C(15,7>, 
X(9,15), 
9,7} ,7B 
>,BETB,B 
CFX(9,15 
6,7),BET 
CSX(5,M 
CF2H(in, 
eEX(5,6) 

OEL(I:;> 
NJJ,NM,NK 
,I3,I<*,I5 
NU7,NU8,N 
2) ,FF0P(6 
15,7)    ,AR 
5) »PBUJt 
RFFIN,°RF 
CBUC,15) 
0(9,7),EN 
(2,U),F( 
ET 
,15) ,0F0( 
BP(2),9ET 
fnsnc5,7) 
5,7), 
,0880(5,7 

,   ACieOflu?) ,NV,MC,MN,*P1,NM1 
,NL,NI1,NJ1,NI2,NJ?,NIIJ,IEX,IE0,IEN 
,I6,I7,NDEFS,NC0FFS,NI^,NU1,NU2,NU? 
01,N02 
),FP0P9(?),0L(9,7) ,ENL<1C),RB(13), 
(U,15),6(?,1J),0E(2,1C) ,EM(15) , 
15) ,AN(15,7),SS(5,6),LU(15) 
INC,PREBET,B1<9,5),R0(5) 
,ELNS(5,6) 
(10,0(9,5) ,U(9,7) 
9,15),S(1G),FB(2,lC),eETA(8),Y(6), 

9,15,7),BETP<6),0YX(6,15),0EX(6,15) , 
PP(6),9FTBPP<2J 
, DF1X(10,5,6) ,0F2X(1G,5,6), 

DYEX(2,5,6) ,PYBP(2,5,7) 
) 

C 
C 
C 

•   COMPUTE   FRACTIONS   F,S,AND   FBÄR   ,BET A,PET APAR,   flLSC   Z   ZEAR  Y   YBAR 
— -  IF   NO  ATTACK   ON   DEFENSES   BYPASS   THIS  SECTION   - - 

IF(ND.LE.O)   GO   TO   7 
00   5   1=1,Nil 

— -  NO"  REPLACES   NK   IN   EQUIVALENT   INSTRUCTION   OF   RAC-CP-^7   PART   IV-B. 

10 

2r< 

30 

<♦(} 

5r' 

6J 

00 
0( 
no 
oo 
su 
00 
Z( 
00 
Z( 
IF 
su 
IF 
IF 
F( 
00 
no 
su 
oo 
Z( 
00 
Z( 
IF 
SU 
IF 
IF 
F( 

5   K= 
I,K) 

3Ü   J 
3?   I 

M = 0. 
2ü   K 

I,K) = 
in L 

I,K) = 
(Z(I, 
M=   SU 
(SUM 
(SUM 
I,J) = 

6?   I 
6C   J 

M = 0, 
5C   K 

I,K) = 
<*0 L 

I,K) = 
(Z(I, 
M = SUM 
(SUM 
(SUM 
I,J) = 

♦   EXP(81(I,K)*U(I,K)) 
1,NC 
=   OL(I,K) 
= 1,NJ 
= 1,M 

= 1,NK 

= 1,NJ 
ZCIfKI   +   XXCIyL)*ANCLfK) 

K).LE.C.)Z(I,K)=1.E-1C0 
Mf   C(J,K)*0(I,K)/Z(I,K) 
.LF.-l^n.)suM   =-l<*0. 
• GT.i«#t.) SUM  = 1<*<\ 

EXP(SU^) 
»KIltMII 
=1,NJJ 

= 1,NK 
1. 
=1,NJJ 
ZCIfK)*   XX(I,L)*AN(L,K) 
K)•LF.n.)Z(I,K)=l.E-lcÜ 
fC(J,K)*D(I,K)/Z(I,K) 
• Lf .-l^OSUM   =-lun, 
.GT.lUu.) SUM   :li»f, 
EXP(SUK) 
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<r 

12J 

1?J 

IVi 

150 

2«. 

25 

3.r 

00   ICt 

oo gs 

S.   =SUM 
•;F(SUM 

i'FCSUM 
sai = 
no luc 
00 1*»2 
SU"2=i 
no i?r 
sur*i=c 
00 12l 
SUMi^SU 
ZP<L,N> 
IF(2B<L 
SUM?rSU 
IF(SUM* 
IF(SUM? 
FB(L,M) 
BET=c. 
00 201 
Y<I>='. 
no 15C 
Y(I)=Y( 
IF(Y(I) 
TERM=AA 
3ETÄCI) 
3ET=BFT 
SET9=C. 
oo 3„r 
YBCLMC 
00 25i 
YP(L)=Y 
IF(YP(L 
YCUL) = 
TFR^= A 
RFTABCL 
3ET3-PE 
RETURN 
ENn 

1=1,NI 

J=lfKJ 
♦XXCT,J)»FCI,J)»ELNS(T,J) 
/EMI! 
.LF.-; 
•GT.i- 
RR(I) 
l = i,M 
M=1,N» 

) 

.<♦%>SUV   = l<*r, 
*   FYP(SUM) 

JM 

N=1,NN 

K=1,M 
Mi4S(K)*EN(K)»Art«,N) 
=   FFOPP(L)*   SUM1 
,N)«LE.C.)Ze(LfW)=l»E«l?fJ 

M2+CR(KfN)*CP(L,N)/Z°(L,N) 
.Lc.-l<*n.)SUM2=-i<*C. 
.GT.it»U.) SUM2=1<*C. 
=EXF(SUV2) 

1 = 1,M2 

J=1,NJJ 
I)*F(NH>I,J)*XX(NI*I,J> *PK(J) 
.LEtO.»Y(I)=l.£-l^; 
(I)*SORT(Y(in 
=1.-(1.+TERM)*EXF(-TEPM) 
♦   FFOFfT)*EPTA(I) 

L=1,NL 

M=1,NM 
P(L>*   FeCL»P)*S<M)*EN(M)*rK9(M) 
) .LE.'H.)YP(L)=l.r-l.] 

FFOFB(L)    *   Y°(L) 
AB(LI*SORT(YB(L>) 
)=l.-(l.fTFRM)«EXr(-TFRM) 
TB   ♦   FP0PP(L)*9FVAf>(L) 

CAM) B-20 

— ÜÜ 



c 
c 
c 
c 

SUBROUTTNF OFRB 

— THESE COMPUTICNS ARE THE SAME AS THCSF OESCRTBEC IN RAC-CR-<*3 PART 
— IV-3.    WITH EXCEPTIONS AS NOTEO IN THE COMMENT CAROS   

C»' 

CGMMCN/SHARE/ X(ilG), 0 
COMMON/ONE/NI,NJ,NII,NJ 
ltIEUfIEXl9IEXEN9IlfI2fI 
2fIBlfNO ,NU<4,NU5,NU6,NU 
C0M0N/TWC/AA(6),AA3(2) 
lFKB(iC) ,TITLEE(iC) se(15 
2E(15),FK(15),TIUE1(15) 
CGMMCN/THPEE/PPFFER,PRc 
COHMCN/FOUR/ C(15,7),CB 
C0MM0N/FIVF/XX(9,15),C( 
C0M0N/SIX/Z(9,7) ,ZB(2 

13ETAR(2>,YE(2),?ETn,BET 
CO*HGN/SEVEN/DFX(9,15,1 

10YD(C>,7),CB0<6,7),?ET9P 
COM^ON/EIGHT/OSY(5,6),n 

lOFlGdC ,5,7) ,DF2r(lQ,5, 
COMMON/NINE/Oeex(5,6) ,D 

COMPUTE^   FIPST   DERIVATIVE 
no   Zr   1=1,M 
00   3C   J=1,NJ 
00   K   L=1,MJ 
SUM = ri# 

oc  z:  K=1,NK 
SUM=SUM+C<J,K)*n(I,K)*A 
DFXiT,J,L)=-SUM*F(I,J) 
00   6?   I = M1,NTI 
00   Si!   J=1,NJJ 
00   6C   1 = 1,NJJ 
SU* = l. 
00   51;    K = 1,NK 

5"   SUM = SUM*C (J,K)*n(IVK>*A 
62   OFX(I,J,L)=-SL^*F(I,J) 

EL (luu),   A(lj*?,imfNV,MC,KN,NPl,NMi 
J,NM,NK,NL,NI1,NJ1,NI2,NJ2,NIIJ,IEX,IE0,IEN 
3,I**,I5,I*,I7,NDEFS,NCCFFS,NN,NU1,NU2,NU3 
7,NU8,N0i,NO2 
,FP0P(6>,FP0PP(2),0L(9,7>,ENL(1C),RB(ia), 
,7)    ,AB(lü,15),n<2,lC>,DP(2,lC>,EM(15>, 
,PBU<3,15) ,AN(15,7),SS(5,6),'-U(15) 
FIN,FREINC,PRE^ET,ei(c,5),R0(5) 
(lti,15) ,ELNS(5,6) 
9,7) ,EN(1?,>,G(9,'5) ,1(9,7) 
,iü) ,F(9,15) ,S(1G) ,FB(2,1C),EETA(6),Y(6), 

5) ,DF0(9,15,7>,BETF(M,DYX(6,15) ,0BX(^,15) , 
(2),9ETPP(f>),BETBPP(2) 
SO (5,7), 0F1X(1Q,5,6> ,CF2X(10,5,6), 
7), nYBX(2,5,6) ,CYBC(2,5,7) 
B9D(5,7) 
S  OF   3FTA,   ALSO  DFRS.   OF   F     *»* 

2ü 
7" 

C 
C 
C 

C 
C 
c 

N(L,K)/Z(I,K)**? 

N(L,K)/Z(I,K)**2 

---   IF   NO   ATTACK   ON   OEFENSFS   OYPASS   THIS   SECTION - — 

IF(KO.LE.t)   GC  TO   85 
00   7»   1=1,M 

  NO REPLACES NK IN EQUIVALENT INSTRUCTION CF PAC-CP-^ PART IV-B, 

00 7L J=1,NJ 
DO 7« K=1,N0 

7" OF^(I,J,K)=F(I,J)*C(J,K)/Z(I,^) 
n0 8- I-M1,NII 
oo a: J=I,MJJ 
oo sr K=1,N0 

a: OFn(i,jfK)=F(i,j)»c<J,K)/z(i,K) 
85 00 9u I = !.M? 
9: BET°(I)=AA(I)**2*EXP(-AA(I)»SQRT(Y(I)) )/?. 

00 12L 1 = 1,NI2 
00 12r J=1,NJJ 
SUM=C. 
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11" 

120 
C 
C   —. 
C 

C 
c  —- 
c 

13? 

1<K 
150 

DO   lie   K=1,NJJ 
SUM=SUM+XX<MI*I,K)*DFX<NI+I,K,J>   •   EKCK) 
OYX(IfJ)=SU*   «FCNItlj» J) *EMJ) 
0By<I,J)=FF0P(I>*8ETP(I>*0YX<I,J> 

IF   NC   ATTACK   ON   tEFENSES   BYPASS   THIS  SECTION     

IF(ND.LE.C)   GC  TO   15C 

NO REPLACES NK IN EQUIVALENT INSTRUCTION OF RAC-CP-*»3 PART IV-B« 

00 141 K=1,NP 
00 1<*G 1 = 1,NI2 
SUH=:. 
00 133 J=1,NJJ 
SUM=SUM4XX(NI*I,J)*CFO(NH-I,J,K) * EK(J) 
OY0(I,K)sSUM 

OBO(I,K)=FFCP(I)»BETP(I)*OYO(I,K) 
RETURN 
END 

— 



c 
c 
c 
c 

SUBROUTINE OrRBB 

— THESE COMPUTIONS ARE THE SAME AS THOSE OESCRIPEC IN RAC-CR-<*3 PART 
— IV-B.    WITH EXCEPTIONS AS NQTEO IN THE COMMENT CAROS   

10 

20 
C 
c 
c 

c 
c 
c 

COMMON/SHARE/ X( 
COMMON/ONP/NI,NJ 
l,IFU,IEXi,IEXEN, 
2,IB1,ND ,NU<*,NU5 
C0MMCN/TWC/AA(6) 
1EKR(1L),TITLE2C1 
2^(15),EKU5),TIT 
COMMON/THREE/FRE 
COMMON/FOUR/ C(l 
C0M10N/FIVE/XX(9 
C0MCN/SIX/Z(9,7 
1BFTAB(2),YP(2I,Q 

COMMON/SEVEN/CFX 
1DYD(6,7),CBD(6,7 
COMMCN/EIGHT/CSX 
1DF1D(1G,5,7),CF2 
C0MM0N/NINF/0R8X 
HO 3C M=i,M 
DO ?o J-i,NJ 
SUMr:. 
00 IS 1 = 1,NJ 
SUM=SUM+XX(MiL)* 
SU*=SUM*F(M,J)*E 
OSX(M,J)=S(M)*SU 

(IOC) 
NM,NK 
1^,15 
NU8,N 
POP(6 
) ,AB 

LEK15) ,»B(i:, 
N,PRE 
o,15) 
7) ,EN 
w) ,F( 

111), DEL 
,NII,NJJ, 
T1,I2,I3, 
,NU6,NU7, 
,AA?(2),F 
C),P<15,7 

FER,PREFI 
5,7),CH(1 
,15),0(9, 
) ,ZB(2*1 
ETB,BET 
(9,15,15) 
),8ETBP(2 
(5,6) ,nso 
0(10,5,7) 
(5,6),D8B 

,   AdüC, 
,NL,NI1, 
,I6,I7,N 
Oi,ND2 
),FFOPB( 
(1C15), 
15),AN(1 
INC,PRE* 
,ELNS(5, 
(10,0(9 
3,15) ,S( 

,0F0(9,15,7), 
),8ETPP<6),BE 
(5,7), 
t 
0(^,7) 

lCn),NV,MC,MN,NP1,NM1 
NJ1,NI?,NJ?,NIIJ,IEX,IE0,I£N 
DEFS,NCCFF*,Nh,NUttKU2,NU3 

2),DL(9,7),ENL(1U),RB(10), 
B(2,1C),06(2,1C),FM(15) , 
5,7),SS(5,e),tU(15) 
^T,31(9,5) ,R0(5) 
6) 
,5) ,1(9,7) 
1*) ,FB(2,1C),EFTA(6»,Y(6), 

«ETF(6),0YX(6,15),0BX<6,15), 
TBPP(2) 
0F1X(1U,5,6) ,0F2X<1C,5,6), 

OYBX (2,5,6) ,0YBD(2,5,7) 

11' 

111 

112 
12J 

OFX(M,L,J)*ELNS(M,L) 
LNS(M,J) 
M/EN(M> 

— -   IF   NO   ATTACK   CN   CEFENSES   BYPASS   THIS   SECTION 

IF(NO.LE.j)   GC   TO   80 

—  MO   REPLACES   KK   IN   EOUIVALENT  INSTRUCTION   OF   RAC-CR-<«3   PART   IV-8. 

00   <♦'.   K=1,ND 
SUM=&. 
00   3u   L=1,NJ 

3:   SUM=SUM*XX(M,L)»rFC(M,L,K)»ELNS(M,L) 
kl   OSC(M,K)=S(M)»SU^/FN(V) 
80   CONTINUE 

00   12c   L=1,NL 
M=i,N* 
1 = 1,NI 
J=1,NJ 

DO   12C 
00   120 
00   12C 
SU*=„. 
DO   110   NM,NN 
SUH=SUM*CB(M,N)*CB(L,N)»AB(I,N)/Z9(L,N)**2 
SUM=-FP0PB(L)*FR(L,M)»OSX(I ,J) »EN (11*SUM 
GO   TP(111,112),L 
DF1X(M,I,J)=SUM 
GO   TO   12C 
0F2X(M,I,J)=SU* 
CONTINUE 
IF(NO.LE.C)   GC  TO   195 
DO   1UC   L=1,NL 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

00 1<»1 M=1,NM 
no u? 1=1,Ni 

— - NO REFLACFS NK IN EQUIVALENT INSTRUCTION OF PAC-CR-*43 PA*T Itf-R. 

13; 

131 

132 

195 

211 

212 
?2: 

23J 

DC 1 
SUM = 
DC 1 
SUM = 
SUM = 
GC T 
0F10 
GO T 
DF20 
CONT 
00 2 
00 2 
DC 2 
SUM = 
nc 2 
GO   T 
TFMP 
GO T 
TE.MO 

SU" = 
su*= 
0Y6X 

«•0 
c. 
3C N 
SUM* 
-FPO 
0(13 
(M,I 
0    i<4 
(M,I 
INUF 
3£ I 
*ü I 
?c   J 

K=l,Nn 

= 1,NN 
CB(K,N)*CB(l,N> *AB(I,N)/ZB(L,N>**2 
PP(L)*FR(L,M)*rSn(I,K)*FN(I)   *   SUM 
1,13?>,L 
,K)=SUW 

P 

,K)=SUM 

= 1,NL 
= 1,NI 
= 1,NJ 

2C   M=1,NM 
0   (211,212),L 
=0F1X(M,I,J) 
0  22P 
=DF2X(M,I,J) 
SUH+-TEMP*S(M)*EN(*) *PKB(M) 
SUMfFF(l,I)»OSX(I,J)*EN(I)*EKB(I) 
(L,I,J)=FPOPn(L)*SU^ 

---   IF   NC   ATTACK   CN   CEFENS*"S   PYPASS   THIS  SECTION 

IF 
00 
no 
DO 
su 
00 
GO 

2kt  TE 
GC 

2<*2  T? 
25.:   SU 

SU 
2V   OY 
295  00 
33u   RE 

no 
00 
SU 
no 

3UJ su 
35:   OR 

(NC.L 
26C 
26j 

Mr;, . 
25: 
TO   ( 

MP = DF 
TC 2 

M? = OF 
P = SUH 
MsSUM 
BO(L, 

3.C 
T3P(L 

35 C 
35'J 

Hir, 
3<*f 

M = SUM 
RX(I, 

E.C)   GO 
L=1,NL 
1 = 1,M 
K=1,NT 

TO   295 

Ms 

2^ 
in 
5C 
?0 
♦ T 
♦ F 
li 
L = 
) = 
1 = 
J = 

ltNM 
1,2*4?) , L 
(M,I,K) 

CH,I,K) 
CKP*S(M)*EN(M> *FKB(M) 
B(L,I)*DSC(I,K)*EN(I)♦FKB(I) 
K)=FFCPF(L)*SUM 
1,NL 
AAB(L)**2*FXP(-AAB(L)»SORT(Y^(L)))/2, 
i,NI 
1,NJ 

L=1,NL 
fFFOFe(LI*BETnc(L)*nYnX(L,I,J) 
J)=SUM 

---   IF   HC.   ATTACH   CM   CFFENSrS   BYPASS   THIS   SECTION 

IF(ND.Lc.w>   GC  TC 
nO   373   1 = 1,NI 
00   37C   «=l,Nn 

SUM=C. 

IJJ: 
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380  SU^-SUM*FP0P9(L)»BET8P«t»#nY9nCLfItKI 
373  Oa*QCI,K|sSU* 

1SÖ0 RETURN 

¥ 
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SUBROUTINE OE*2B 
c 
C — THESE COMfHJTICNS ARE THE SANE AS THOSE DESCRI6E0 IN RAC-CR-%3 PART 
C — IV-B.    WITH EXCEPTIONS AS NOTED IN THE COHMENT CAROS —  
C 

COHMON/SHAPE/ XU0O),   OELdüD»,   AI1ÖC, lut) 9Ntf ,HC9fN9M»l ,NH1 
COMM0N/0NE/NI9NJ«NII9NJJ9NM9NK9NL9NIl9NJl9NI?vNJ29NIIJfIEX9IEO9IEN 

l9IEU9IEXl,I£XEN9Il9I29I39I<»9I59I69I79NOEFS9NCOFFS9NK9NUl9NU29NU3 
2,IB1,NC   ,NU<i,NU5,NU6,NU7,NU8,N01,NO? 

COKHCN/TMC/AA16) 9AAP(2>9FO0F(6l,FP0PB(2l9nL(S97)9ENL<lö>9RB(ni9 
l£Ke(10>,TITLE2CU),F(l5,7)   9AB CIO 9i51, B(2,1C ) f 06 (29 1C) f EH (15) f 

2E(15)9EK(15),TITLE1(151fPB(10,15),AN(15,7),SS(5,6*,lU(15i 
CC*HCN/THREE/FRFFES9PREFIN9PREINC9PREBET9B1(995)9R0(5) 
COMHON/FOUP/  C(15,7),CB(1U,15) ,FLNS(5,6) 
C0MMCN/FIVF/XX(9,15),0(9,7),EN (1C),C(9,5),0(9,7) 
C0MM8N/SIX/Z(9,7)   ,ZB(2,lu),F(9,15),S(lö),FB (2,10),BETA(6),Y(6>, 

1BETAB<2>,YB(2I9BETe9BET 
C0Mi0N/SEVEN/0FX(9,15915),0F0C9,15,71,BETP(6),0YX(6,15),0eX(69l5), 

10Y0(697)90Bn(697)9BETBPI2)9BETPP(6)9BPTBPP(2) 
CQ*MCN/EIGHT/CSX(5*6),0S0(5,7), 0FlX(lu,5,6),CF2X( 1C ,5,6) , 

19F10(1C,5,7),0F20(1C,5,7), 0YBX(2,5,6),CYB0C2,5,7) 
C0HHON/NINE/09BX(5,6),OBB0(5,7) 
COfMGN/ELEVEK/OBXX(9a,15),DBXO (90,71,0300(30,5) 
COMiON/THFLVE/0SXX(3i*,6l,DSXO(3G,7),0SD0(6,<5) 
COfMON/FeUPTK/0BBXX(3C,3u),3BBX0(3Ü,35),DPB0D(3C,30),02Y8(2) 
00 5 1=1,NI2 
TERH = SQRT(Y(D) 
IF(T€RM)(»,3,<» 

3 8FTPP(I)=-l.EUüC 
GO TO 5 

k   9£TPP(I)=-AA(I)**3*EXP(-AA(I>*TERM) f   «f.nER*) 
5 CONTINUE 

00 7C I = M1,NII 
00 6- J=1,KJJ 
MN2 = ( J - 1 ) *NT2 ♦ I - NI 
00 3C KR=1,NJJ 
SUM=n, 
00 2C K=1,NJ 
NN1*(K-1)*NII*I 

2J SUH=SUMfDFXX(NNl,J,KR)* XX(I,K) ♦ EK(K) 
IF(NJ.EQ.NJJ) GO TC 26 
00 25 K*NJ1,NJJ 
NN1=NIIJ+(K-1-NJ)*NI2TI-NI 

25 SUH=SUMfDFXX(NNl,J,KR)»XX(I,K)*EK(K) 
26 O2YXXsSUM+0FX(I,KRfJ)»EK(KR)+DFX(I,J,KR) *EK( J) 

III=I-NT 
30 OexX(NN2,KR) = FPOP<III)MBETPP(III)*0YX(III,J>*DYX(III,KR)+BETP(III 

1)*02YXX) 
C 
C   —   IF   NO  ATTACK   ON   OFFENSES  BYPASS  THIS SFCTION     
C 

IF(NO.LE.r)   GO  TC  6^ 
C 
C   —- NO  REPLACES   NK   IN   EQUIVALENT   INSTRUCTION   OF   RAC-CR-^3  PART  IV-B. 
C 

00   5c   KR   =   1,N0 
SU"=C. 
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00  W  K*1,NJ        : 

kZ   SUHsSUMfCFXO(NNltJ',KR)»XX(IfKI»EKC<> 
IF(NJ.FO.KJJ)   GO  TO <** 
00   <i5  K=M1,NJJ 
NNUNIIJ^CK-1-NJ> ^12*1^1 

US  SUH=SUM*OFXOfKNlfJ,KRI»Xy(I,K)»EK(K) 
«♦6  D2YXD*SUfHDF0(If J,KR)»EK(J>   ., 

K = I-M 
5w   D9X0<NN2fKR>-FP0P<K)MBETPP(K)*0YX(KfJ >*DYO< K, KM ♦BETPtK) »D2VX0I 
60   CONTINUE 

C . : 5 5 

C  —   IF  NO  ATTACK, ON   OEFENSES   BYPASS'THIS SECTION  
C ' 

IFCNC.U^.t)   GC  TO  ?C 
00   56   K=i,NO 

C i 
C —- THESE ARE SECCKO PARTIAL ,0 CROSS 0 QFRIVATIVES WHICH QIC<KÖT 
C — APPEAR IN RAC-CR-43 ]BUT ARE 0ESCRI3E0 IN THE PRESENT REPORT —r—- 
C ; 

NN?=(I-1> • NC * K - NO * HI 
00 56 KR*1,ND , '     * 
SU"=J. 
00 5U  J=1,NJ5 ' 
NN1  *   CJ  -   1)   »   Nil  ♦   I. 

5<f   SU^SUM   ♦   0F0C(NN1,K,KP)   * XX(I,J>   ♦  EKCJ) 
IF(NJ.Ed.NJJ)   GO   TC  53 
00   52  J=NJ1,NJJ 
NN1   =   NIIJ   ♦'   (J-l-NJ)   *   NI2   ♦   I   -  NI i 

52 S.UMsSUM   ♦   DF0CCNN1,K, KP>   *   X*(I,J)   »  EK(J) i 
53 02Yan=SUH !        • ! 

Ills   I   -  MI 
56  0BD0<NM2,KR>   a FFOF (I II >MBETPP<III >»DYO < III ,KI *CYO (III ,KR> *BETP< I 

HI)*02Y0n) , 
70   CONTINUE > 

RFTUPN      ' 
ENO 
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Q 
C 
c 
c 

•SU°«CUTIKE  0ER2S 

   THESE  rOMFUTIONS   ARE   THE   SAME   AS  THOSE  DESCRIBEC   IN  RAC-CR-«*3   PART 
•—  IV-^. WITH EXCEPTIONS   AS NOTED  IN THE   CCHHENT   CARDS    — 

COMHON/SHARF*'  XC1CGI, 
CO*HCN/CNC/NIfNJ,NII, 

l,IEU,IEXi,IEXEN,11,12 
2,IB1,ND   »WU<nMJ5fNl6f 

C0MHCN/TW0/AAC6) ,AAB( 
1EKP(1C),TITLE2C1,:),P< 
2£(15),EK(15),TITLE1(1 
CO*MCN/THFEE/FREF£R,P 
CO^MCN/FOUP/ C(15,7>, 

J C0MH0N/FIVE/XX(9,15), 
C0**0N/SIX/7(9,7) ,Z* 
lflETAB(2),YB(2),BETe,B 
C0Mi10N/SEVEN/CFX(9,l5 

;1DYD(6,7),080(6,7),BET 
CO*MON/FIGHT/CSX(5,6) 

10F10(H,5,7),CF20UG, 
C0KM0N/NINP/GBnX(5,6) 
C0M0N/tLEVEK/0BXX(9C 
O0*H0N/TWELVE/0SXX(3ü 
COMMON/PCUPTN/QBeXXC7 

00   t*t   M*1,NI 
00   kr.   K=1,NJ 
NN?=(K-1)*NI+M 
00   kt   L=1,NJ 
IF(S<M)-C.)2C,2f,25 

20   0SXX(NN2,L)-':, 
!    GO   TO   <*3 

25  SUM=C. 
Od   10   J=1,NJ 
NNistJ-l)*NlI*P 

3w   SU*=?UM*XX(M,J)»PFXX( 
nSXX(MN?,t)=OSX(H,L)* 

10FX(K,L,K)*EtKS(^,D* 
UC   CONTINUE 

lll),NV,MC,fN 
NJ1,NI?,NJ2,N 
OEFS,NCOFFS,N 

,NPl,N*i 
1IJ,IEX9IE09IEN 
N,NU1,NU2,NU3 

1,0L(9,7),EN 
.(2,1G),0E(2,: 
5,7),SS(5,6),I 
ET,ei(9,5),R0 
6) 
,5) ,U(9,7) 
1Ü),FB(2,1C),I 

BETP(6),0YX(6 
TBPP(2) 
DF1X(10,5,6) 
0YeX(2,5,6! 

L(lO),RBtin), 
1C),EM(1<5), 
LU(15) 
(5) 

EETA(6),Y(6>, 

,15) ,DEX<6,15) , 

,OF2X(10,5,6), 
,0YB0C2,5,7) 

PDP(30,5) 
00(6,5) 
),OPP00(3C,3Q),O2Y8(2) 

NN1,K,L)*ELNS(M,J) 
CSX(M,K>/S<M> + S(M)MDFX(M,K,LMFLNS(*SK)f 
SUK)/EMM) 

C 
Ci 
C 

C 
C 
C 

— - IF NC ATTACK CN DEFENSES BYPASS THIS SECTION —  

IF(NO.LF.D GO TO ior 
00 9c M=1,NI 
DO 7t K=1,NJ 

...  NO   REPLACES   NK  IN   EQUIVALENT  INSTR  CTION   OF   RAC-CR-<43   PART   IV-B. 

.^N2=(K-1)*NI*K 
00   7u  L=1,N0 
IF(S(M)-C.)<«5,<*5,5C 
OSXOCNN?,L)   -   f». U5 

50 

6: 

GO,TO   73 
SUMsQ. 
00   6C   J*1,NJ 
NNi*(J-l)«NII*M 

sSUHsSU^*XX(M,J)*OFXO(NNi,K>L)*ELNS(H,J) 
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c 
c 
c 
c 

0S*D<NN2fL>sOSD<M,L>»0S)MMfK>/S<M)*StM>M0FD(MfKfll*ELNS<r'fK>* 
1SUM>/EN<M> 

70 CONTINUE 

— THESE  ARE  SECCND  PARTIAL   U  CROSS  U   DERIVATIVES   NHICH  OIC   NOT 
— APPEAR   IN  RAC-CR-<»3  BUT   ARE  DESCRIBED   IN   THE   PRESENT  REPORT 

72 

75 

78 

8* 
90 

100 

DO   35   K=1,ND 
MN2  *   CH-i)   *  NO   ♦   K 
00   8C   L=lfNn 
IF(S(M|-t.)72t72,75 
DS09(NN2fL)   =   C. 
60   TO  80 
SUM  s   c. 
HO   78  J=lfNJ 
*JN1MJ-1>   ♦  Nil   ♦   P 
SUM  =   SUM   ♦   XXCM,J)   *   DFOO(NNl,K,LI 
3SD0tNN2fD   =  DSD(H,L)   *   DSO<M,K>   / 
CONTINUE 
CONTINUE 
RETURN 
END 

*   ELNStM,J) 
S(M)   ♦  S(M> *  SUM /   EN(M) 
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?VE«?OVTIKE  PF*?»? 
c 
c — 
c — 
c  

THESE  CQHPUTIONS   ARE   THE   SAUF   AS   THOS? 
IV-B. WITH  EXCEPTIONS   AS  NOTED   IN  T 

DESCRIBED  IN *AC-CR-<»?  PAgT_ 
HE   COMMENT   CARDS FHE   COMMENT   CARDS     

>13;;>fNVtHCf»NyM»ltN»'l 
>NJltNIS,NJ?,NIIJ.IEX«IEr>,IE 
^DEFS,NCOFFSfNKfNUlfNU2,NU3 

COMMON/SHARE/  VCiCu),   DEL<1)*),   Ml^f 

CCH1QN/CEE/NItKJ,NII,NJJ,hMtNK,NLtNIl, IEN 
l,IEU,IEXl,irX£N,Il,I2,I3,I<*,I5,I6fI7,N 
?«in,NQ   ,NU*»,NU5,NU6,NU7,NUS,NP1,N02 

C0MM0N/TWC/AA(6),AA8C2),FPOP(*),FPOPBC 
l£KB(lC)fTITL£2(U),PCl5,7)    ,AB( l_LtL?li 
2£(l31fE<<15lfTITLEK15),PQ(U,15),AN(1 
C0m0N/THPE?/PR£FEE,°RFriN,«REINC,PRE3 

2),0L(9,7),ENL(lC)fR9(13lf 
9(2,1Ü),P9C2«1C),EH(151, 
5,?),SS<5,61,IU<15> 
ET,BH9t5),RD<5) 

COrt*ON/FOUR/ C(15,7),C8 
C0rM0N/FIVE/XX(9«15),C( 
C0»H0N/SIX/Z(9,7 

ldFTAR(2),YB(?),3 

(10,15),ELNS(5, 
9,7) ,rN<lw)tOC9 

61 
t51,U(9«71 

CO*HON/SEVEN/0FX(9,15,1 
lf)Yn(6,7),DED(6,7)tqET8P 

)   ,Zn(2>U),F<q>15>fS<lO)fFP<2,lt),BETA(6)>Y<6), 
£T9,9ET 

51 ,0^0(9,15,7"), 
(2)»3£TPP(6>,?€ 

BETP(6),0TX(6,15),DEX<6,15), 
TRPPC2)  

C0M0N/EIGHT/CSX<5,6) ,0SQ(5,7) , 
13F10(1%^,7) ,CF?P(i:N5,71 ,  
COüHON/NINF/nBPX (5,6) ,H 
CQHMQN/gLEVEK'/CPXX (9j ,1 

BB0(5,7) 
5 >,0aXQ(9M,7),DdPn<3?,5) 

0F1X(1<*,5,6) ,0F2XtlGf5,6), 
0Y3X(2,5,6),CVBC(2,5,7) 

),DSXQ(3?,7)^DS 
3,)»0Q9X0(?j,35 

COMHON/TWcLVE/0SXX(3u,6 
C0MH0N/FQURTN/03PXX(3.i, 

00(6,51 
),0nBÜC(3C<3;),02YB(2) 

DO   5   L   =   1,NL 
T£RMsSQ3T(Yg(L>) 
IFCTERH-l.)<«,?,<♦ 

_i£nPP(L1*-l.E*l -•j 

GO   TO  5 
3ET3PP(L)   -   -AAa<L)»»3»EXP<-AA3(L)»TrRM)/U.«TES») 
CONTINUE 
OQ   65   1=1,NI 
HO   65  J=1,NJ 
'JN?x(j-iin»I   fT 
DO   6?   «=1,NI 
r>o  3:   KR=1,NJ 
NIN?   =   ( 
DO   21   L 
SUH=w. 
00    l"   M 

KR   -   1) 
sltNL 

♦   NT   ♦   K 

= 1,NM 
JNl=(L*l)*NifW 

1?   SUHaSUH»PFeXX<h!Nl,NN?,NN3?»S(H)»EN(M)»EKB(H) 

.11 
GO   TC(1 

TER*2L* 
GO   TO   1 

2,U),L 
0F1X(K,I, J) 
HFlXCIfK, KR) 

!<♦ TEPUL- 
TERM2L* 

0F2X(K,I, 
0F2y(I,K, 

J) 
KR) 

15  TERM?=TcRwlL*nSX(K,KR)*EN(K)*eKB(K) 
TERM5sTEPM2L»C5X II_y J) »EN(D »EKBID 
TERt^ = „« 
IF<I«EC.K)TF,*M<*=FB(L,I)»EN(I)*FKe(I1»0 

2* 02Y3(L) 
SUM*C. 

=FFOPe<L)*lSUH^THRK2*TERM3.*TER^ 
SXX(NN2,KR1 

00   25   L=lfNL 
2C  SU^SU^frFPOPtHL)MPETQPP(L)»DY^X(L,I,J)»HYPX(ttKfKR)+BETBP(L1»  

~s-3fr- 



102VB(L>) 
30   JPbXX(NN2»frN3)=SUM 

IFCND.LE..)   GC  TO  f^ 
90  j:   Kg=lfNC  
J&5   =   CK-ll   *   MD 
no a, i«)tM 

♦   KR 

SUHs% 

'IKls(L-l)»^f« 
SUM=SUM+QFSXC(NNl,KN2tNN3)»S< HJL*IMS M)»FKPCHI 
GO  TOU2f*M ,L 

<»?  TFRMlLsQFlX(K,I,J) 
vr-r-wj<-ii_rtr>.*f*#*      1/      1*1-1 TFP^2L=HFlC(r,K,KRr 
GO   TO   US 

<*U  TFR*1L=0F2X(K,I,J) 
TERM2L*!3F2H(I,KtKR)  

k5  TER*2=TERPiL   *OS^(K,KR) ♦£*( K) ♦FKBCO 
TERM3gT£P*2L *CSX(I,J)»EN<I)»EKB<I)  
TFRM^r;. 
IF(t.EG.K)T£RMirrFB(LtII»£N<I)»EK8(n»0SXn(NN2»KE) 

5C   OaY^CD-fFOOQCLMCSUM+TFRHZ+TFRHT+TERM^I 

OC   55   LM,NL 
55  SUH=SU*»FPQPP(U M9£TPPP(L>»nYeX(L,I,J)»0Y80a,K,KR)»8ETqP<L)« 

1D2Y3CL)) 
6*:   J9PX0(NN2tNN3)=Sl^  

C 
JL 

C 

T 
c 

<S? CONTINUE 
55  COMTINUF 

C 
c 

— IF NC ATTACK CK CEPENSFS BYPASS THIS SFCTION   

IFCND.Lg.*) GO TO 1JC  

— THESE   ARE   SECCNQ   P ARTIAL   0_ CRO SS„ 0 J) ERIVATIVFS   WHICH  QIC   NOT 
 APPEAR   IN   RAOCP-<*3 

DO   9-    1-1,NI 
00  9C   JstiNO 
HH2  *   (1-1)   *  NO 
riO  9'.   K=1,NI 

♦   J 

00   9*   KR   =   l,Nn 
IN3  a   (K-l)   »  NO f   KR 
00   3r   L=1,NL 
SU*»i. 
00   7L   MslfKM 
NINls(L-l)»N»HM 

7?   SU^sSUHfCFP0n{N^ifNN2,NN3)*SrM)*EN(H>>rKB<H> 
GC   T0(72,7<«),L 

72  TE*MU=1Fl0<KfIf J> 
TFPH2L   s   0Ft0CI,K,KR) 
GC   TO   7«? 

7k  TEPHlLgCF2n(K,I,J)  
TERi2L-0F20(I,KtKR) 

75  TFR12=TERM1L   »0SOCK,KR)»EN<K)»£KR(K) 
TERt*3a:TEPH2L 
TfRH^C. 

•os^(i»j)*EN<r)»rKOci) 

IF(I.E0.K)TER*'«»sFB(l,I)*ENCI)*EKrCI)*OS0rCNN2fKR) 
0?Y^(L)sFr0PH(l>»<$UM»TERM2»T£RM3»TFRM4) 

*Z2L 



m2Y3CLn 
9J   08ö10<NK2,KN?>=SU* 

<5*§> 
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c 
c 
c 
c 

FUNCTION OFXO(NNl,LfKS) 

THFSE COHPUTIONS ARE THC SAME AS THOSE OESCRIBED IN RAC-CR-«f3 PART 
IV-8.   WITH EXCEPTIONS AS NOTEO IN THE COHMENT CAROS   

C 
c 
c 

COHMON/SHARE/  XC1Ö0),   Oa(lJO),   AC1ÖU 1100 ) 9NV9MC9 
C0MH0N/0NE/NI9hJ9NII9MJ9NM9NK9NL5NIl9NJl9NI29NJ2 

i9IEU9IEXl9IEXEN9Il9I2,I39I<»9I59I6,I79N0EFS9NC0FFS 
29I81,ND   ,NU^9NU59NU6,NU7,NUdfN01,NO2 

C0HM0N/TW0/AAC6)9AA3(2),FF0P<6),FF0P9(2) ,0L(c,7), 
lEK«(lli)9TITLE2(10)9P(i597)   9AB(10915)9B(291G)9OB( 
2F(15)9EK(15)9TITIE1(15) ,PB< 1C 9 15) ,AN(1597) ,SSC596 

C0MM0N/ThREE/PREFER9PREFIN9PREINC9PRE9ET9BK995)9 
COMHON/FOUR/  C<1597>9CB!U915) ,FLNS(5,6) 
C0PH0N/FIVE/XX(9,15)f0(9,7),FN(1C)9C(9,5),U(997) 
C0MM0N/SIX/Z<9,7)   9Z9(2,1Q),F<9,15>9S<10 I9FR<2910 

lBETAe(2)9Ye(2)9BETB9BET 
C0MH0N/SEVEN/CFXC99i5915l90FO(991597)9BFTP(6),OYX 

1DYO(697)9OBD(697)9BETBP<2)9PETP<M6)9BETBPP(2> 
C0MM0N/EIGHT/CSX(5,6)90S0C5,7)9 DF1X(1095, 

1DF10(1C,597),CF20(1095,7), 0YBX!2959 

COMMON/NINE/0BBXt596),OB80<5,7) 
COMMON/ELFVEM/09XX<9u915)9OEXD(9C,7),OPOO(3095) 
COMMON/TWELVE/0SXX(30f6>,DSXn<3Ci,7),0S0D(6,5> 
COHMON/FCURTN/nBcXX (30,33) 9 CBBXD(3J 935 I ,OeBOC (3C 9 

HN9NP19NH1 
9NIIJ9IEX9IE09IEN 
9NK9Nlil9NU29NU3 

ENLdü)fRP(lO), 
2,10),EM(15) , 
>,tU(15) 
R0C5) 

)9BETA(6)9Y(619 

(6,15),0eX(6,15) , 

6)90F2X(109596), 
6)9QYB0(29597) 

30)|O2YB(2l 

—  IF   NO  ATTACK   CN   DEFENSES  BYPASS  THIS  SECTION   —  

IF(NO,LF,C)   GC TO   l?n 
IF(NN1-NIIJ)8,8,7 

7  J*NJ   ♦   (NN1-NIIJ-D/NI2   +   1 
I=NI   ♦   (NN1-NIIJ)   -   (J-NJ-1)*NI2 
GO   TO   9 

9  J-(NNi-l)/NIIU 
I-NN1-(J-1)»NII 

9 SU^O. 
00   7C   K=1,NK 

70  SUf=SUMfC(J9K)»0(I,K)»AN(L9K)/2(I9K)*»2 
0FX0x-0F0(I,JfKS1»SUM-F<I,J)*C(J9KS)*AN(L>KS)/Z(I,KS)*»2 

IC J   RETURN 
ENT 

B-33 <$*$> 
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c 
c 

C 

FUNCTION. CFDP(NN19L9KS) 

THESE ARE  SECCNO PARTIAL  0 CROSS  0  DERIVATIVES  WHICH OID NOT 
APPEAR IN RACHSR-M BUT ARE  DESCRIBED   IN THE PRESENT REPORT 

COHiON/SHARE/ XUCu),   OFLtlOO),   A(1039 10T*9NV9NC9MN9NP19NM1 
COHHON/0NE/NI|NUtNII9KJJ9NM9NK9Nt9NIl9NJl9NI29NJ?9NII4fIEXtIEO9IEN 

l,IEU,ICXl,IEXEN,Il,ia,I3,I<»,I5,I69I7,N0EFS,NC0FF$,NK9NUl,NU2,NU3 
2,191,NO   ,NU<»9NU59NU69NU7#NU89N0i9N02 
C0HH0N/TH0/AAC6),AAB(2) ,FP0P(6) ,FPOP8( 2) , OL( 9f7> ,ENL(10 ) f RBCiQ ) , 

lEKa(iC>,TITLE2!lC>,PU597>   9AB (10 915l 9 B(291Q ) 90B (2910) 9EHC15I 9 
2E(15>,FK(15),TmEl(i5»,°8(lG,15),AN(15,7),SS(5,6>,UUU5> 
CCM0N/TH°EE/PREFER9PPEFIN9PREINC9PREBET981(995)9R0(5) 
COHHON/FOUR/   C(1597)9CBI1J915)9PLNS(5,6) 
COMMON/FTVE/XX(9915)9Of997)9EN(lö)90C995)9ü(997) 
C0MM0N/SIX/Z(9,7)   97B(2910)9F(9915)9S(10),FB(291C)98ETA(6)9YC6)9 

1BETA«3I2)9YB(2I9BETB9RET 
C0MS0N/SEVEN/CFX(9915,15I,OFO(991597)98ETP(6)90YX(6915)90BXC6915)9 

inY0(697)9CBOC697)98ETePI2)9BETPP(6)93ETBPP(2I 
COMON/EIGHT/CSX(5,6),OSO(5,7), OF1X(10,5,6) ,0F2X(10,5,61, 

10FiO(109597>,OF2n(10,5,7), 0YBX(2,5,6),0YBO(2,5,7) 
COMMON/NINE/0B8X(5,61,0880(5,7) 
COHMON/ELEVEN/OBXX(90,15),08XO(90,7)9OBOO(3095) 
C0HH0N/TWELVE/0SXX(3C,6)90SX0(3a97),OS0D(695) 
C0HM0N/F0URTN/0BPXX(3*J9 33) ,OBBXO(30 935) 908800(30 930>9O2Y8(2) 

C 
C  —  IF  NO  ATTACK   ON   OEFENSES  BYPASS  THIS SECTION     
C 

IF(NQ.LE.C)   GC  TO   IOC 
IF(NN1-NIIJ>8,8,7 

7 J=NJ  ♦   (Ma-MIJ-i)/NI2   ♦   1 
I = NI   ♦   (NN1-MIJ)   -   (J-NJ-1)*NI2 
GO   TO   9 

8 J«(NN1-1)/NIX*1 
I*NN1-(J-1)*NII 

9 OFCO =  F(I,J)*C!J,t)*C(J9KS)   /   (Z(I9L)♦Z(I,KS)) 
100  RETURN 

FNO 
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FUNCTION OFBXX(NNI9NN29NN3) 

C — THESE COMPUTIONS ARE THE SAME AS THOSE DESCRIBED IN RAC-CR-<*3 PART 
C — IV-3.       WITH EXCEPTIONS AS NOTED IN THE COMMENT CARDS ——  
C 

COPHON/SHAPE/   X(ICÜ),   OEL(13C)9   A<1309 it 0 ) ,NV, MC, *N 9 NPl 9NM1 
C0HN0N/0NE/NI|NJ,NII9KJJ9NM9NK,NL9NIlfNJl9NI2»NJ?9NIIJ9IEX>IEr)9IEN 

19IEU9IEX19IEXEN9I19I29I39I<»9I59I69I79NDEFS9NC0FFS9NK9NU19NU29NU3 
29IB19N0   9NU<*9NU59NU69NU79NUd9NCl9N0? 

C0HH0N/TWC/AA<6)9AA6(2)9FP0F(6)9FP0PB(2)90l<c97)9ENL(10)9RBC10)9 
lEK0(lt),TITtE2iiC)»P<1597)   ,AB(IC915)9B<2,1C)90B(29U) 9E*(15)9 
2E(15)9EKU5)9TITLE1<15) ,PB(U,15) 9ANC1597) 9SS<5,*)9CU(15) 

CON10N/THREE/PREFER9PREFIN9PREINC9PREbET9Bl<995)9RO(5) 
COMMON/FOUR/   C(1597)9CBI10915)9ELNS(5,6) 
C0MM0N/FIVE/XX(99l5)90f997)9ENU?l9Q(995)9U<997) 
C0MMCN/SIX/Z<9,7>    ,Z£(2 ,10»9F(9 ,15),S(10),F*(29iC>,BETA(6)»Y(6), 

i9ETAB(2)9YB(2)9BFTB9BET 
C0MH0N/SEVEN/CFXC9915915)9OFO<99159719BETPt6)9OYX(6915)90BX<6915)9 

10YD<697>90B0C697)9eETBP<2)9«3ETPP<6)9BETBPP(2) 
C0KHGN/EIGHT/CSXt596)9OSO(597l, DF1X(109596)9OF2X<1095,6)9 

10F10(109597)9CF2D(109597)9 DY8X<29596)90YBOf29597) 
C0MM0N/NIN€/DPBX(596)9DBB0(597) 
C0MMCN/ELEVEN/OBXX(9ü915)9OeXD(9r97)90BODC3095) 
COMMON/TWEIVE/OSXX (30 96 ), 0SXO<3*> 97) 9OSDD t695) 
COMMON/FOURTN/OBBXXC30933)909BXDf30935)9OBBO!?C3C930)9D2YB<2) 
Ls(NNl-l)/NM+l 
M*NNi-U-i)*NM 
Js(NN2-l)/NI*l 
I*NN2-(J-1)*NI 
KR*(NN3-1)/NIH 
K*NN3-<KR-1)»M 
SUMl*f. 
SUM2«C. 
00   10   N*1,NN 
TERH*Cfi<M9N)»0B<L9N)*AeCI9N) 
SUM1=SUH1*TERM/ZB(L9N)*»2 

10  SUM2*SUM2+TERM»AB<K,N)/ZB{L9N)••? 
TEPML=0F1X(H9K9KR) 
IFU.F0.2)TERHL=0F2X<M9K9»<R> 
TEPM1=-TFRHL»0SX<I9J)*EN<I)*SUM1 
TERM2«C. 
IF(I.E0.K)TERM2=-FCCL9M)»0SXX<NN29KR)»EN(I)»SUM1 
TERM3=2t»FP0Fe(t)»tN(I)»EN(K)»0SXa9J)*DSXCK9KR)»FB(LfM)»SUM2 
0FBXX«FPCPBCL)»(TERM1*T€RM2*TERM3) 
RETURN 
END 

B-35 



FUNCTION PFÖXn(NNl,NN2,NN3) 

! — THF5E CCMPUTICNS ARE THF SAME AS THOSE OFSCRIf?£0 IN RAC-CR-<*3 PART 
*   .„. IV-*,    WITH EXCEPTIONS AS NOTEO IN THE COMMENT CARDS 

CCMMCN/SHARE/ X(l&0)t H 
COMMON/ONf/NI,NJ,NII,NJ 
1,IEU,IEX1,IEXEN,11,12,1 
2,I«!,ND ,KU<»,NU5,NU6,NU 
COMMON/TWC/AA<6),AA9(2) 

lFKe<10l,TITLE2<U),P(15 
2£(15),FK<15),TITLE1(15> 

COMMON/THRtE/FREFFR,PRF 
COMMON/FOUR/ C(15,7),C8 
C0MM0N/FIVE/XX(9,15),D< 
C0KMCN/SIX/2(9,7)   ,7R<2 
13ETA9(2),Ye(2>,BET9,BET 
COMMQN/SEVEN/QFX (9,15,1 

10YC<6,7>,OeO(6,7),SET8P 
C0MM0N/EIGHT/CSX<5,6) ,0 

10F10(1G,5,7I,OF2C(10,5, 
COMMCN/NINE/0BPX(5,61 ,0 
CCMMCN/FL£VEN/CBXXC90,1 
C0M1ÜN/TWELVE/nSXX(3ü,6 
C0MM0N/F0URTN/0BBXXC3Ü, 

»100),NV,MC,KN,MP1,NM1 
,NJ1,NI2,NJ2,NIIJ,I£X,IE0,IEN 
IDEFS,NC0FFS,NK,NU1,NU2,NU3 

2),OL(9,7>,ENLtlG>,R8<101, 
B<?,lU)fOO(29101f EMU5I, 
5,7),SS<5,6),LU(15* 
ET,BK?,5>,R0<5> 
6) 
,5),U(9,7) 
10),FB(2,1C),BETA(6),Y(6), 

5) ,0FO(9,15,7),&ETP(6),OYX<6,15),0eX(6,15), 
(2),9ETPP(6I,BETBPP(2) 
SH<5,7), 0F1X(10,5,6),DF2X<1C,5,6), 
7>, nY8X(2,5,6l,OYe0(2,5,7) 
BB0(5,7) 
5>,0eXD(9C,7),0S0D(3P,5> 
i,DSXO(3C,7),nsnO(6,5) 
33),OBBXD<3Q,35>,OBBD0<3li,30>,D2YB(2) 

C 
C 
C 

C 
C 
C 

— IF  NO   ATTACK   ON   DEFENSES   BYPASS  THIS  SECTION   ——— 

IF(NC.LE.W)   GO TO   100 
L*(NNi-l)/NM*l 
MsNNl-U-l)*NM 
Js(NN2-l)/NI+l 
I=NN2-(J-1)*NI 

— NO  REPLACES   NK  TN  EQUIVALENT  INSTRUCTION   OF   RAC-CR-«i3 PART  IV-8. 

K=   (NN3   -   1>   /  ND   ♦  1 

— ND  REPLACES   KK  IN   EQUIVALENT  INSTRUCTION   CF   RAC-CP-<<3  PART  IV-8, 

KR   =   NN3   -   (K-1J   *   NO 
SUHl*3. 
SUM2*C. 
HO   ^C   N=1,NN 
TERMsC«CM,N)»06(L,K)»A«>CI,N) 
SUM1=SUM1*TERM/ZB(L,N)*^2 

3d  SUM2sSUM2*TERM»AB(X,N)/ZB<L,NM»? 
TEPHL*0F10(M,K,KR) 
IFCL.E0.2)TFPf*L*DF20(M,K,<R) 
TERM1=TERML*0SX<I,J)»EN1I)*SUM1 
TERM2*C. 
IF<I,EG.K)TERM2«FB(L,M)»OSXO(NN2,KR)»EN(I)»SUM1 
TERM35-2.*FeCL,M)»EN(II»EN(K>*0Sy(I,J)»OSD(K,KRI*FP0PBCL)»SUM2 
0FGXC*-FPCP(ML)MTERM1*TERM2*TERM3) 

1U  RFTURN 
END 

t«»^ ^^di 



FUNCTION   DF800(NN1,NN2,NN3) 

:   — THESE   APE   SFCCNO   PARTIAL   0   CROSS   0   CERIVATIVES   WHICH  OIC   NOT 
:  —  APPEAR   IN  RAC-CR-M  RUT   ARE  DFCRIBEO  IN THE  PRESFNT  REPOOT  « 

C0*MON/SHARE/  XClüü),   DEL 
COMiON/ONE/NI,KJ,NII,NJJ, 

1,IEU,IEU,UXEN,11,12,13, 
2,181,NO «NU<fr,NU5,NU6,NU7, 
C0*MGN/TK0/AA(6) ,AA9(2),F 
lSKP(lü),TITL£2(ir) ,P<15,7 
2E(15),EK(15),TITLE1(15),P 
CQHKON/ThREE/PRFF£R,PREFI 
COMMON/FOUR/ C(15,7),CBU 
C0MMCN/FIVE/XX(9,15>,0(9, 
COHMON/SIX/7(9,7) ,Z8(2,1 
19ETAB(2),Y6(2l,BFTe,BET 
CCHMON/SFVFN/CFX(9,15,15) 
10Y0(6,7),0B0(6,7),BETRPf2 
COMHON/EIGHT/OSX(5,6),OSO 
19F10(1€,5,7),OF20(10,5,7) 
COMMON/NINr/rBBX(5,61 ,DB8 
COMMQN/ELEVEK/OPXX(9Ü,15) 
CO«*ON/TWFtVE/OSXX(3c ,6) , 
C0HM0N/FCURTN/DBBXX(3f?, 3J 

(ICC) , A(iGu,i 
NM,NK,NL,NI1,!> 
I<»,I5,I6,I7,N[ 
NUB,N0i,N02 
POP(6),FPOPB(2 

') ,AB(lCfl5l,«: 
>f?(U,15),AN(l! 
CN,PREINC,PREBf 
U,15),FLNS(5,l 
,7),EN(1C),C(91 

U>,F(9,15)»SC 

luG),NV,*C,HN, 
NJ1,M2,NJ2,N1 

IOEFS,NCOFFS,N* 

12),CL(S»7),ENt 
»B(2,10),06(2,1 
L5,7),SS(5,6),l 
>ET,B1(9,5),R0' 
61 
,5),U(9,7) 
10),FB(2,10: 

,NP1,NM1 
IIJ,IEX,IE9,IEN 
K,N(J1,KU2,NU3 

L(lw),RB(lQ>, 
10),EH(15), 
UUC15I 
(5) 

>t EETA(6),YI6), 

,15),0BX(6,15I , 

,OF2X(10,5,6), 
,CYBC<2,5,7) 

,0Fn(9,15,7),PETP(6),0YX(6 
),9ETPP(6),BETBPP(2) 
(5,7), OF1X(10,5,6) 
, 0Y8X(2,5,6I 
H(5,7) 
,0BXO(9r,7),OBDn(30,5) 
nSX0(3C,7),0S0O(6,5) 
),CPBXD(33,35),OeEOC(3C,20),O2YB(2) 

-   ...  IF   NO   ATTACK   ON   DEFENSES   BYFASS  THIS   SECTION 

35 

10' 

IF(NC»LE.tl   GO TO   1JC 
La(NNl-l)/Nl**l 
M*NNi-(l-l)*NM 
I   s   (   NN2   -   1)   /   NC.  ♦   1 
J   s   NN2   -   (   I   -   1   )   *   WO 
<s   (NN3   -   1)    /  NP   ♦   1 
<R   *   NN3   -   (K-l)   ♦   NO 
SUMIO. 
SU*2=0. 
00   3Ü   N*1,NN 
TFRHrCB(M,N)*On(L,N)*AB(I,N) 
SUMl5SUHl+TERM/ZP(L,N)*»2 
SUw2*SUM2»TER^*AB(K,N)/28(LiN)**? 
TERML«0F10(M,K,KP) 
IF(L.EC.2)TERML*DF2n(M,K,KR) 
TERil*TERML*OSO(I,J)»EN(I)»SUMl 
TFR*2*C. 
IF(I.FQtK)TERK2*FB(l,M)»0S00(NN2,KQ)»E^I)»SUMi 
TERH3=-2.#FB(L,M)»EN(I)*EN(K)*DSD(I,J)»0S0(K,KR)*FP0PB(L)*SUM2 
0FP00*-FP0PB(L)MTERMl*TFRM2«.TfRM3) 

RETURN 
fNn 
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„._ -  SUBPniJTiNf ..stwj?. ...... ..        „,._.....   

e 
  C.OWMQtf/SHAPE/ JK (It0) •  DEL (1G 0) ,   A (löÜ,.100) »NV.#KC.».HftUII?l^!L?ll.„ ■._ 

CNWWP /MT , NJ, NT I ftiJJ > NM 9 WK , NL,NI1, N Jl , NI2 , N J? , NTTJ, IFX, X FD, IEN 
.. ^.   _JL*.tEU*IEXiaEX^^^„ 

2,TP,i,M0   9Mm».9NU5t.W6fNU79NUP'9'fll.01tMn2 
_ &OHKSi^Jl^/iÜfiJ *AAfi J2) tF.90° <*> tFPQPB.12),DL (9,1) *£NL(10UfifiJUJ)^u..» 

lFKn(l0)»TITlF?(lj>fP(i5f7)   fABfl»9151 ,*(2910)90*(2,13>9EM(15), 
:...       2E-U5UEKU5) »IITLEl (15) ,PB(1C,15>, AN (15,7) 9SS(5,6), UUI15)  

C0MV0N/THPFF/PPFFFPtoPFFTN,PPETwr,PPEBFT,31(9,5),PD(5> 
I. COMKON/EOJIP/   C(15,7),0B(ie,15),ELNS(5,6)  __    

CO*MON/FTVF/XX(Q,T5),0(9,7),FN<1C),Q(9,5),U(9,7) 
n0^wmi/SIX/7(9,7)    97*(2,U) ,F(0,i5) »S(15)9FB(?,lt)«gETa(|)ty(6>, 

1«ETAPV2),Y^(2)»PETR,PET 
 C0HHf»M/SEVENI/DF)<fo9l«,15) ,0FD(Ofi5,7),9ETP(6),-CYX(6915)9D3Xi6915)9 

inyn(6f^)fDnn(6,7),PETPP(2),PFTP°<6),0ETno:>(2) 
 _     CQM^QNZEIG?it/!lSX(5,6),OS0(5,7), DF1X (10 ,5,6) ,0F2X (U.,5,6) , 

inFir>(l0,«?,7),OF2n(l0,5,7), 0Y*X(2,5,6) ,0YBD (2,5,7) 
L^::^lJC^fi«Hai/«ZH£/QeB.X{ft6}t09?D(S»7) - --      __ „ - 

COMMON   /OUTTM/   pnP(?-),7Mi(?;),7N2(?G),RAT(1C) 
....... C9SÜ0M  /EQAL/   M,H1,M7  

HT^FMSTHM  ALL( lb) 
ktf «. PPFf^£T/(opEFFP  ♦ pprnFTj 
cr = i. - cv 

_. -SMJiL&.ai..... ....  .       
FLi   =   FLOAT(MTI>/rLriflT(Nmi> 

 FL_?   =  FLr>AT(N.I2)   /  FLOAT (NT?  ♦   1) 
P>   V}   J=1,MJ 

 JU    ALL(J)      =   FL1     ♦    £MfJ) 
GO   ?C   T=Mi,"TT 

 _._. Jjn. 1SI.J=N:JJ-JMJ4 . .... .        .._..._ 
2U   XX(IrJ)   =  F*(j)   *  Ft?  *   pooP(r-NI)   +   S^ALL 

C  .    .    -       -  
C   —.   TF   NO   ATTftCK   ON   nrPFMSFS   p/PflSS   THTS   SECTION     
C 

TF(NO#UF#0)   r'0   TO   50* 
  JEJUfKiSfltlL ^0 TO..?,;p   _ _     

r,o TO   ni,«iO,5G,6C) ,Mf?l 
„.. . Jj .SU*«3*J ...... ...    

On  if*  Ksi,Ni 
ALL/*)  = ALL(<)  /.?... o      „ 
00   *?   T=1,MT 

 JL2. üittJU   s.. .C£..!L_ AIL (X)  /      FLOAT(.NT)   ♦ ;W%ll             
00   ?U   T=NI1,NTT 

.     _3.*JJlItKI..*,   TV  *     ALL«)..»  FPOo(r.wt)     +  S^LL   .   .  ..     
H   CONTTNUF 

...    .  £0 .JO 523  
<0   ALL(l)    s  ALL(l)   /   3.9 
 1LJ-J&L.?  AU ( ?). ../  2.U. . „   __  

ALL (V)    =  ULC?)   /   2.^ 
   .00..**. J*li?     . ... 

on   «•?   T^1,NT 
.....   « U(IjJ)    -     ALLd)   *   Cr   /      FLOAT(NI)      +   sniL 

00  ill»   T=VT1,NTT 
_.3A.UasJl^^JLLCl)  ». CV.♦ FPOP(T-NT) _   
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k* 

U7 

/*« 

DO   k?   I=1,NT 
U(T,?>    =  ALL(?> 
U(T,<0    ~   ALtCJ) 
pn    £,«    IrMTl.MU 

UCIf3) =   ,ALL(?) 
!J(T   «f)r      ALLM) 
GO   T^   "5Jj 
UL Ills   ai.L(t)/ 
ALL (?) =   <JLU?)/ 

* ^F   /     FLOATCMT) ♦   SMV_L 

• rF   /     FLOAT(MT) «•   SMALL 

*   CV   ♦     FPOP(I-NI)      ♦   SHALL 
»   ^V   *     FPf)O(I-NT)      +   SMALL 

2.0 
on 
no 

4=1,* 

56 

57 

q* 

^? 

6<5 

20 0 

a<J*4 

21; 
SJ: 

UCTfJ) =   rtLL(l) 

00   5/4   I = MI1,MII 
U(T,J)    -   «LLCi) 
CONTINUE 
no   *7   1=1, MT 
UCI,*)   =  ALL(2) 
DO   «?«   T=^!Ilf MTT 
U(I,<0 =     A.LL(2> 
GO   TO   «5 03 

.AlLUVr   ÄLL(l) 
DO   FA   j=|,NO 
DO   A?   T-t,VT 
U(T,J) =   ALL(l) 
no fsu i=f'ii,Mrr 
U(T,J)=   ULM ) 

CO   jo   q(]i 

ALL <i)    =   ftLLCl) 
ALLC?)    =   ALLf?) 

K'i 
DO   ?19   J=l»<» 
TFfjt<;T#?)  <=;? 
DO   2C2   T=1»NT 
UCT,J)    r  ALL(K) 
QO   ?D<f   T=MT1,MT 
U(T,J)    =  4LLCK) 
CONTTW^ 
DO   *CJ   J=   1,MJ 

* OF   /  FL^ATCMJ)      ♦   SMALL 

* OV   *   OOP(I-MT)   +SMALL 

* CF   /  CL^AT(VI)        ♦   S*ALL 

* rv   *   Fnpo(T.NI)      ♦   SMALL 

♦ T   /   FLOAT CM)    +   SMALL 

♦ rv   *   FonP(i-Mi)   +   SMALL 

7 J.) 

713 

(*   »• ■■ 

DO   *?S    1=   1,M" 
xvil,j)= OF «   ft 
DD   C50   T=NTi,NT 

*XC7>J>a  CV   *   A 
COMTTMljC 

rrn 73$  T=I_,MIT 
no 7:3  j=ifMj 
M=(J-1)*WTT  *   7 
V(M) =   XY(T,J) 
D^   7i'j   J=i,MJ2 
DO   713    T=1,MI? 

Ns .N.TIJ .♦ U-l) 
V(W)=XX(NT+I,N)J 

* HF / CLOATCMT)  ♦ SMALL 

* CV * FOfa(j.Mj) + SMALL 

11(J)    /   FLHATCMI)   +   SMALL 
T 
I.LCJ)    *   FonPfT-MT)      «■   SMALL 

*   MT2   f   T 
+J) 

TF   NO   ATTACK   HNJ   DFFF\IS?S   oyDftSS   THIS   SECTION 

TF(NP.L^.O.G)   HO   TO   1CJJ 
DO   724  I-lf^TT 



00   721   K=1,MH 
W=   rryt  +   fT-i)*K*n  * 

l^}   P5TUPM 
ENH 
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SUBROUTINE  REAOOU   (KT) 1*75(1' 

   THIS  SUBROUTINE   SUMMARIZES   THE   RESULTS  OF   AN  EXCHANGE    

COMMON/SHARE/  X<J.0C>f   DFL(l)G),   A(lCl,1Q04,NV,MC, 
COHMON/ONE/NI,NjvNII,MJJ,NM ,NK,NL ,NI1, NJ1,M 2,NJ2 

1,IEU,IEX1,IEXEN,I1,I2,I3,I<»,I5,I6,I7,N0EFS,NC0FFS 
2,IB1,ND   ,NU*»,NU5,NU6,NU7,NU8,N01fN02 
C0Mi0N/TWO/AA(6),AA9(2),FP0P(6) ,FPOFB( 21,0L(9,7>, 

l£K8(ie),TITLE2(U),P(15,7) ,AB(10,151,Bf2,10),OE( 
2E(15),EK(15) ,TITLE1C15) ,°B(ia,15) ,AN(15,7),SS(5,6 
C0Mi0N/THPEF/PREFER,PRFFIN,PREINC,PRE8FT,81(9,5), 
COMMON/FOUR/  C(15,7),CBf1C,15),FLNS (5,6)   , 
C0M10N/FIVE/XX(9,15),0(9,7),FN(IC),0(9,5),U(9,7) 
C0*M0N/SIX/Z(9,7) ,Z8(2,lw),F(9,15),S(1C),FB (2,1C 

1BETAB(?),YP(,2),9ETP,BET 
COMiOM/SEVEN/DFX (9,15 ,1.5) ,0F0e9,15,7> , BFTP<6) ,OYX 
10YO(S,/),080(6,7>),8ETBP12),PETPP(6),BETPPP(2) 
C0Mi0N^EIGHT/CSX(5,6),0S0(5,7), HF1X(13,5, 
10Fin(lt,,5,7),0^20(13,?,7) f 'DYBX(2,5, 
COMM0N/NINP/0BBX(5,6),DBBÖ(5,7) 
OOttHON /OUTIN/ RBB(2w),ZNK2u),ZN2(2w) ,RAT(1L) 
DIMENSION   XK2Ü) ,X2(2e) ,X3(2:) ,X<* <2Q), X5( 20)',X6(2 
WRITE (6,655) 
WRITE (6,660) i 
GALL IOENTV 
CALL FRACTS 

95J FORMAT( //1CX, ?CH***** 
955 FOPMAT( //IJX, 30H****» 

WRITf (6,<*?5) 
WRITE<6,95£)ÜETB 
WRITE(6,955)PET 
WRITE (6,Uin 
WRITE (6,<*9i) 
WRITE(6,825)(TITLE1(J>,J=l,NJ> 
DO   955   1*1,NI    • 
00   8<»Q   J=1,NJ 

FN,KP1,NK1 
9NIIJ,IE,X9IE0,I^N 
,Nh,Nlfl,NU2,NU3 

ENL(1G),RB(13), 
2,10), EH (15), 
),LU(15) 
R0(5) 

J,EETA(6),Y(6), 

(6,15),0BX(6,15) , 

6),0^2X(10,5,6), 
6),0YB0(2,5,7) , 

i    i 

DAMAGE, 
DAMAGE 

TO 
TO 

SIDE 
SIDE 

ONE 
TWO 

*,#¥*» 
**♦*♦ 

F5.3) 
F5«3) 

15<*C0 

15UC5 
159Ü5 

XKJ) 
X2U) 
XKJ) 
XMJ) 
X5(J) 

/   R93.J) 

7NKJ) 
F(I,J) 
EN(I) 

8<*J 

85* 

XY(I,J) 
XX(I,J) 
X2(J)   » 
XT(J)   • 
XMJ)   / 

IF(X5(J) .GT.1UC.)   X5(J)=1^C. 
X6(J)   *   SS(I,J)   ♦*   X5(J) 
WRITE(6,8C5) (XKJ) ,J=1,NJ> 
WRITE(6,8i;)(X2(J),J*1,NJ) 
WRITE(6,815)TITLF2(I),(X3(J),J=l,NJ) 
WRITE(6,8K) (XM J) ,J=1,NJ) 
WRTTE(6,82w)(Xe;(J) ,J*1,NJ) 
WRIT*(6,8?*)(X6<J),Jst,NJ) 
CONTINUE 
WRITE(6,655). 
WRITE   (6,5*»'?) ' 
IF(NJJ.LE.12)   Ml   =   NJJ 
IF(NJJ,GT.12J   Ml   r   12   : 
WRITE(6,8^C)(TITLE1(J),J^1,H1) 
00   896   1*1,NI2    • 

16195 



N 

11 =   NI   ♦   I 
HC   885   J=i9*l 
XKJI  =   XX<II9J>   /  RBB(J) 
X2U)   *   XXCII,J) 
X3(J)   s   XX(II,J)*FCII,J) 

885  XMJ)   -   X3CJ)   »EKf J) 
MRrTn6f81t)CXl(J)tJsi,Mi) 
WRITE(69895>   If(X2(J1,J=l,Mi) 
WRITE(69Mu><X3<J>9J~19P1) 
WRITE<^98ii,i (XM j>9Jrl9Ml) 

896  CONTINUE 
IF(NJJ.LE.12) GO TC 905 
WRITF(6,825>(TITLF1(J)9J=139NJJ) 
DO 9 t 1=1,NI2 
00 389 J=139NJJ 
!X » NI ♦ I 
X1CJI = XX(II,J) / P9G(J) 

, X2(J) = XX(II,J) 
X?(J>   =   XX(II9J)»F<II,J> 
XMJ)   =   X3(J)   *F.K(J) 
WRITE(6983CI (XKJ) ,J=1?,MJJ> 
WRITE<69895>   I9<X2(J>9J=139NJJ) 
WRITE(6981C><X3(J)9J=139NJJ) 
WRITE(6f 81?! <XM J> 9J=139NJJ> 
CONTINUE 
CONTINUE 
WRltE<6,65«;) 

889 

930 
9G5 

|l 

—   IF   NC   ATTACK   CK'   CEFENS^S   BY°ASS   THIS  SECTION  

IFCNn.LE.?)   GC  TC   787 
'WRITE<6,^75) 
WRITE(6,835>    (K9K«19ND) 
DO   78C   I»1,NII 
00   77f   M'sl,NO 
X1(M>   =   UCIfMI   /   RB8(M) 
X3(H)   =   OL(IfK)VROCK) 
XM1)   =      C(I9M)/RD(M) 

77;   X2(M)   =   U.(I»") 
,WRITE<6,83i> (X1(M),M=1,N0) 
WRITE<6,895>    I,(X2(M) ,M=lfNO) 
WRITE<6981»> (X3(M)fHri,fgn> 
WRITE(6,8 It) <XMm9H*lf ftffl) 

78C  CONTINUE 
787  CO^TINUF 

;     WRITF(6,655) 

75ü 

WRITE 
00   7*0 
00   75-j 
XI (M) 
X2(M> 
>3(MI 
XMM) 
X5M) 

!695<»5i 
LalfNL 
HslfNH 

EMM) 
ENCMM  S(M)   /   PP(M) 
X?(*>   *   RR(M) 
X3<K>   ♦   FB(L9*> 
X'liCHI   •   FKB(M) 

WRITE<69825>(TITLE2(M),Prl9NM> 
WRITECF,8?C)(Xl(M),M*1,NMI 
WRITEC6f895)   L,(X2<*)fM*i9N*> 
WRITE(6,81w)(X3(M)9M*19NHI 

162«»5D 
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mmmmsmmmsmmmm* ^SJCIWW**»*'^^ 

WRITE(6,810ICX*(M),M=l,NM) 
WRlTE<6,81u) (X5(M) ,M=1, NM) 

760  CONTINUE 
NU8   r   NU8   ♦   1 
IF(NU8.GT.NU*)   KT  =   2 
IFCNU8.GT.NUU)   RETURN 
IF(RAT(NU8   ).GT.1.E*7) 
IFCRATCNUe   ).GT.l.E+7) 
IF(RAT(NU8   > .GT.l.F+7) 
PREFER  =   1C1. 
PRESET   =   PREFER   »   RAT(NU8) 

>35       FORMAT   (*7X,30HSTRATEGIC   ANALYSIS  OF ^CHANGE) 
»1«.        FORMAT   (/5üX,3CHNEW  SIOE   CNF   ARSENAL ) 

835 FORMATC   //IS X,12(*X,I2,*X)) 
575  FORMAT(   35X,   *7HSICE   CNE  COUNTER  OFFENSE   STRIKE 

1     23X,   9JHSI0E   ONF   (ALLOCATIONS)   ON   OFFENSES   OF 

PREBETslOC. 
PPEFER=0. 
GO  TO  100C 

CHARACTERISTICS/ 
RESOURCE   TYPE   CROW 

2S) DEFENDED   BY   OFDR.   TYPE 
3 90HSICE  TWO   (   OR IG. 
*S) ATTACKED   BY   OFFS. 
5 9LHSIDE  TWO   (   SURV . 
6S) ATTACKEO   EY   OFFS. 

(COLS.>/29XfiCH(ARRIVALS)/2CX, 
NO.   )   OF   OEFDRS.     OF   RESOURCE   TYPE   (ROW 

/20X 
NO.   )   OF   DEFDPS.     OF   RESOURCE  TYPE   (ROW 

) 
50 

► 55 

>9C 

FORMAT (/35X,57HAGGREGATE COUNTERVALUE DAMAGE CHARACTERISTICS OF E 
1XCHANGE//*5X,50HTOTAL NUMRER OF ALLCCATFO (COLUMN) CN (ROW) CITIES 
2/10X,18HINTEPPPETATION OF , 17X ,**HNUM8FR OF ARRIVING (CCLUMN) ON ( 
3ROW) CITIES /ltX,2CHEACH SET OF FNTPIES ,15X,38HNUMEER CF IMPACTIN 
*G (COLUMN) ON (ROW) /*5X, 58HNUM&ER OF 1 MT. EQUIVALENTS ON (ROW) C 
5ITIES   FRCM   (COLUMN)   ) 

FORMAT (/20X,8HMISSILES,2üX,7HeOMeERS,2L'X,5HSLn^S,2Cy,ilHPERCENTAG 
IE   /75X,13HSIOE  TWO   ONLY,12X»6H0AMAGE) 

FORMAT (*5X,*6HSIDE ONE COUNTERFORCE STPIKE CHARACTERISTICS //30X 
1,56HMISSILES CF TYPE (COLUMN) ALLOCATED AGAINST TARGET <RCW)/3CX,5 
22HMISSILE CF TYPE (COLUMN) ARRIVING OVER TARGET (ROW) /5X,18HINTER 
3PRETATIOK CF ,7X,55HWARHEAOS OF MISSILE TYPE (CCLUMN) ARRIVING OVE 
*R TARGET /5X,?üHEACH SET OF ENTRIES ,5X,60HWARHEADS OF MISSIL* TYP 
5E (COLUMN) IMPACTING CN TARGET (ROW) /3"X,66HWAPHEACS OF MISSILE T 
6YPE (COLUMN) IMPACTING ON EACH MISSILE (ROW; /30X,73HSURVIVAL PROB 
7.   OF   EACH   MISSILE   TYPE   (POW)   FROM  ATTACK   PV   MISSILE   (COLUMN)) 

FORMAT (//25X,67HNUM9ER OF EACH SIDE TWO MISSILE TYPE SURVIVING CO 
1UNTERF09CF  STRIKF   ) 

FORMAT UGX,*6HSIDE ONE COUNTERVALUE STRIKE CHARACTERISTICS //30X 
i,61HWEA°0NS CF TYPE (COLUMN) ALLOCATED AGAINST CITY CLASS (ROW) / 
26X,18HINTERPRETATI0N CF ,6X,56HWEAP0NS OF TYPE (COLUMN) ARRIVING 0 
3VER CITY CLASS (ROW) /6X,2CHEACH SET OF ENTRIES ,*X ,*8HWE APONS OFT 
*YPE (COLUMN) IMPACTING ON CITY CLASS /3CX,7*HN0. OF 1 MT. EQS. FRO 
5M   WEAPON   TYPP   (COLUMN)   IMPACTING   ON   CITY   CLASS   (ROW)   ) 

FORMAT   (*1X,39HSI0E   TWO   SECOND   STRIKF   CHARACTERISTICS   /?JX,68HN0. 
10F   SIDE   TWO   WEAPONS  OF   TYPE   (COLUMN)   BEFORE  COUNTERFORCE   STRIKE  /3 
2GX,71HN0.   OF   SIDE   TWO  WEAPONS   OF   TYPE   (COLUMN)   SURVIVING   COUNTERFO 
3RCE  STRIKE   /6Xf18HINTERPRETATION   OF   ,6Xf62HNC.   CF  SICE   TWC  WEAPONS 
*   OF   TYPE   (COLUMN)   ARRIVING   OVER   CITIES   /6X,2ÖHEACH   SET   CF   ENTRIES 
5,*X,7LHN0.   CF   SICE   TWO   WEAPCNS   OF  TYPE   (CCLUMN)    IMPACTING   ON  SIOE 
60NE   CITIES   /3'?X,7CHN0.   OF   i   MT.   EQS.   FROM  EACH   WEAPCN   TYPF   (COLUMN 
7)    IMPACTING   CN  CITIES      ) 

655  FORMAT   (1H1) 
66^  FORMAT   (29X,62H»*»»»»**»*STRATEGIC   WEAPONS  EXCHANGE   MOOELS   (SWFM) 

!♦♦*♦♦»♦♦***,//*5X,3*H ALLOCATICN   OPTIMIZATIOI^   MOCEL   ) 
6a J        FORMAT    V/1X, <tHCITYf5Xf 12 (*X, A6)/1X ,5HCL ASS) 
805       FORMAT   1/iCX , 12(2X,F6.1,2X)) 

>35 

5«*C 

5*5 

1677G0 

168350 
168*09 
168*50 
168500 
168550 
168600 
168650 
163700 
169050 
169100 
169150 
1692J0 
16925C 
169300 
169350 
169*00 
169850 
169900 
169950 
1730Ü0 
17JH50 
170100 
170150 
170200 
170250 
17J300 
170350 
170*00 
170*50 
170500 
170550 
1706C0 

B-43 
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810       FORMAT   (1CX912<?X9F6«1,?X>) 
815       FORMAT   (2X, A6 ,2X,12<2XfF6.1,2X)) 
820       FORMAT   <i"Xl12C2X,F6.3f2X)) 

825 F05HATC   //13X, 12 UX,A6> ) 
833       FORMAT   </liiX f 12( 2X ,F6.1,2X)) 
895       FORHAT   UX,I2,<»X , 12(2X, F6.1,2X)) 

IQu"   IFCNU1.EQ.1)   CALL   STARTS 
RETURN 
FNO 170 6545 
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D CROSS D SECOND PARTIAL DERIVATIVES 
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Appendix C 

D CROSS D SECOND PARTIAL DERIVATIVES 

These derivatives are used in the allocation model for attacks 

on defenses and were not documented in RAC-CR-U3. 

S2Fli    =  .     cJr   clt 
(1 =1,...,II)      (J = 1,...,D) 

(k = 1,...,D)        (n - 1, ...,D) 

a3e _ p   /a»ß,    ay, dy,   + dp,        aay, 
^i+tr ^i+i»      l Irr sr-  W. 

kdy»     MI+.r     V       ^      «I«- «1^ 

where 

ö3
yi JJ /       d2F 

*!«,  ^ 
=    z 

J-dV^I+ir   ^I+ik 
^—      XI+iJkj! 

d3S. as,    x    as. 
+ — ddar dd,k    3    öd.r    s.   ^7       n, 

J     *.j   *FaJ        e^Smi\   if    S.A) 

*.r *.k 

0 if S.=0 

d3F !■ 
ddri  ddlk 

-P(l) 
öFj.      aSi_ /  N     cBn diB  atI 

ddr-      ödj, 
n, il   Z 

Z? in 

< . *     aasl + F 4> "S3 £3—     n«    (sum above) ddrB  ddlk        1 

c-i 

■     c.. d*« au a« 
I   3 

I- 2P( 0 J- „r 

■till     1   



s*F d%   äy,   ^*      «*«      a8y< 

«cr^-i^l ^T *• ^  *. ^^ 
where 

d'yt 

3d,, <»,„ PU) = Israr: S'a-K r *z *z Rtt 
m^l 

+ ÖFit      dSt 
d2Si 

H;:   3d^ niKi^Fii adri adlk  
n'Kl 6*' 

cgj^> 
C-2 

iie^wi.Hj-■■■,-: „ :... 



Appendix D 

PARTIAL GIßSSAEY OF MODEL NOTATION AND FORTRAN NOTATION 
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Appendix D 

PARTIAL GLOSSARY OF MODEL NOTATION AND FORTRAN NOTATION 

Independent Variables and Computed Functions 

MODEL NOTATION 

« 

Hi 

B 

. y 
4 

»1 

Pi 

FORTRAN NOTATION 

XX(I,J) 

U(I,K) 

D(I,K) 

DL(I,K) 

EN(I) 

F(I,J) 

Z(I,K) 

S(I) 

ZB(L,N) 

FB(L,M) 

Y(I) 

BETA(I) 

BET 

YB(L) 

BETAB(L) 

BETB 

FPOP(I) 

FPOPB(L) 

D-l 
C5*5) 



MODEL NOTATION 

•SET 

AT 

a8! k 

a83. 

o»Hjj oOCih 

oTu 

oFt, 

^17 

FORTRAN DOTATION 

DYBD(L,I,K) 

BETBP(L) 

3>BBX(l,j) 

DBBD(l,K) 

DFXX(NN1,L,KS) 

NN1 depends on 1 and j 

NN1 depends on i and j 

DBXX(NN2,KR) 

NN2 depends on i and j 

DBXD(NN2,KR) 

* NN2 depends on i and j 

D8SC(K32-.0 

KN2 depends on a and k 

Delate,!,) 
NN2 depends on m and k 

DFX(I,J,L) 

DFD(I,J,K) 

»   £ 

i 

<&> 
D-2 



MODEL NOTATION FORTRAN NOTATION 

^ DBX(I,J) 

i&— DYX(I,J) 

^ST6- DBD(I,K) 
Ik 

|&— DYD(I,K) «C Ik 

H*- DSX(M,J) 

g*- DSD(M,K) 
^•k 

I&A.  . BETP(I) 

apA. r DFIX(M,I,J) if jui 

*** \   DF2X(M,I,J) if i-2 

.- ( DFUt)(M,I,K) if Iml 
dFA» < 
3dJ7 I DF2D(M,I,K) if Z-2 

&l rYBX(L,I,j) 

D-3 

DKBXX(NN1,NN2,NN3) 
NN1 depends on I and m 
NN2 depends on i and j 
NN3 depends on k and r 



MODEL NOTATION FORTRAN NOTATION 

«i- 
DFBXD(NN1,NN2,NN3) 

■i,  w - NN1 depends on I  and m 
NN2 depends on i and j 

NN3 depends on k and r 

* X& DBBXX(NN1,NN2) 
° r,  ■ ma depends on i and J 

oXkr °x*j ^2 depends on k and r 

daf DBBXD(NN1,NN2) 

ddkv dXiY NN1 depends on i and j 
NN2 depends on k and r 

^u 

^ti ^n 

DFDD (NN1,L,KS) 
NKL depends on i and j 

ö3g DBDD (NN2,KR) 
_ NN2 depends on i and j 

ddT        ddTj_ WI+ ir     1+  lj 

dpS. DSDD (NN2,L) 
NN2 depends on m and k 

ddtl ddlk 

ö3p DFBDD (NKL, NN2, NN3) 
  NN1 depends on i and m 
ddkr ödl3 NN2 depends on i and j 

NN3 depends on k and r 

oaI 
Mkr odu 

DBBDD (NKL, NN2) 
NN1 depends on Jt and m 
NIC depends on k and r 

<£5g> 
D-fc 


