
LAi\4BDA

REPORT 3

AN OPTIMIZATION STUDY OF
BLAST SHLLTER DEPLOYMENT

I).i�'jd L. Mitchell

VOLUME III

Appendix H - BLAST The Computer Program

September 1, 1966

OCD Contract PS-66-113, Work Unh 1632A



LAMBDA REPORT 3

AN OPTIMIZATION STUDY OF BLAST

SHELTER DEPLOYMENT

by David L. Mitchell

VOLUME III: APPENDIX H - BLAST - THE COMPUTER PROGRAM

Septcmber 1, 1966

PREPARED UNDER
IDAll INSTITUTE FOR DEFENSE ANALYSES

SUBCONTRACT 138-5

FOR

OFFICE OF CIVIL DEFENSE
OFFICE OF THE SECRETARY OF THE ARMY

WASHINGTON, D.C. 20310

CONTRACT OCD-PS-66-1 13
WORK UNIT 1632A

THIS REPORT HAS BEEN REVIEWED IN THE OFFICE OF CIVIL DEFENSE AND
APPROVED FOR PUBLICATION. APPROVAL DOES NOT SIGNIFY THAT THE
CONTENTS NECESSARILY REFLECT THE VIEWS AND POLICIES OF THE OFFICE
OF CIVIL DEFENSE.

LAMBDA CORPORATION
1501 WILSON BOULEVARD

ARLINGTON, VIRGINIA 22209

THIS DOCUMENT HAS BEEN APPROVED FOR PUBLIC RELEASE AND SALE.
ITS DISTRIBUTION IS UNLIMITED.

Best Available Copy



iii

TABLE OF CONTENTSiiill ! Pag.__e

1. Introduction ...................... . ... . 1
A. Generation of Defense. .......... 2

B. Evaluation of Defense. .......... 6
C. The Bounding Procedure ........... ..... 7

I II. Use of the Program.............. . 9
i A. Basic Program Operation............. . . 9

B. Catalog of Run Options . .. .............. .2
C. Glossary of Variables in Common...... ... 43
D. Input Data Sequence Definitions. ..... ... 51

{ E. Values of Important Program Constants..... . . 6?

Ill. Sample Deck . . ......................... 63
A. Basic Data Deck . .................... 63

B. Shelter Input Deck .............. ..... 72
C. Sample Run Deck *1.. . . ... .. ........ 83

D. Sample Run Deck 2.2 . . ................ 92

E. Sample Run Deck wl3 ................... 98
F. Sample Run Deck #4 . . . .............. 101
G. Sample Run Deck:* 5......................104

IV. Subroutine Descriptions .................... 107G.Sml u Det 0

i

I

i



I. INTRODUCTION

The basic tool for the blast shelter study is a computer program, BLAST.

This program performs three functions which operate independently, but are contained

in the sarrie program so that subroutines and data may be shared and so that any common

parts will bJe consistent.

The first function of the program is to generate a blast shelter defense posture of

a specified cost level for whatever population data is supplied, and then to calculate

the fatalities which that posture permits for a range of attack levels. The second func-

tion of the program is to compute, for any cost level specified, upper and lower bounds

for the optimum defense performance at each attack level - the bounding procedure.

The third funCton is to evaluate independently the cell model by comoaring results

using the cell model with results using a separatc iaydown method - the targeting model.

Since the targeting model is used quite separately 'rom the rest of the program, that por-

tion of the program is discussed in Appendix B.

The program itself has the same three divisions with a driver program which controls

the selection of the program to be run. I f the driver data is read in, parameters are set,

and then the portion of the program containing the desired program (called an overlay) is

read in. The desired program is executed using subroutines in the main portion of the

program plus the prc',per overlay.

The next three sections describe how to use the program in detail. The first

describes the options and parameters to be set, the second gives sample data decks for

the different runs and the data sequences for all possible types of runs, and the third

describes the operations of the subroutines.



A. GENERATION OF DEFENSE

The p.rogram is designed to fiind a defense which minimizes fatalities, subject te

a cost constraint. Each possible defense for each individual cell is tested under an

attack optimized agoi-st that cell with that defense posture; and it is this optimum kill

that is minimized by the program for a given cost. How the program does this is described

later in this Appendix. The purpose here is to discuss the paramneters which may be used

to vary that defense.

Aside from the population data and the shelter and hardness data, only three

parameters concerning the defense need to be set. The ;iist is TCOST, the cost of the

nationwide posture. The second is IFILL, which is the shelter occupancy or filling

mode. IFILL = 1 is an optimal filling mode; i.e., fill shelters starting with the

hardest until either people or shelters run out, and assign any remaining pooolation

to the lowest shelter category. IFILL = 2 is a different filling mode, which assumes

that some specified fraction of the population is alerted. Those alerted fill shelters

in proportion to the number of spaces available; that is, if the shelters are underfilled,

each shelter is filled to the same percentage.*

To understand the third parameter, we need to give consideration to what choices

may be made for the defense or, each cell.

*A third possibility for IFILL, for use with balanced defense, has no interpretation as
a filling mode; rather it was the most convenient method for implementing balanced
defense.
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The defense options are a number (15 or less as the program stands) of local

shelter mixes available for use on each cell. Each shelter mix defines the percentage

of the population in that cell to be assigned each type of shelter. The entire nationwide

defense consists, then, of a set of numbers (from 1 to 15) specifying which shelter

mix is assigned to each cell. The point of this discussion is that sincc tifere are two

popul3tions considered in this model (night and day), it must be specified which popula-

tion is to be used for each cell in determining how many shelters is meant by some

defense optiornk. The rule for selection of the population, IDPOP, to be used across

the nation serves as a basis for determining the number of shelters to be assigned to

each cell. Of the many possible rules, four are available in this program:

IDPOP = 1 in each cell, select nighttime (resident) population-called NIGHT

2 in each cell, select daytime population:called DAY

= 3 in each cell, select whichever is larger, night or day;called MAX

= 4 in each cell, select whichever is smaller, night or day:called MIN

Although TCOST, IFILL, and IDPOP are the only three parameter choices which

need to be made concerning the defense, it must be observed that if the program is to

minimize fatalities in an optimized attack, some assumptions need to be made about

the aims of the optimized attack. Note that this is not the same as specifying an

entire attack in advance; this is merely specifying the qoals to be achieved in the attack

optimization. There are three major assumptions to be made.

The first assumption about the attack is an assumed time of attack. This choice

is made by setting the variable IAPOP. The values for IAPOP are 1,2,3 and 4 with

*For example, if defense option 11 is 700/. of the population supplied 100 psi shelters,
and if cell 58 has 100,000 people in the day and 53,000 at night, we need to know
whether defense option 11 means assign 70,000 shelters or 37,100 shelters.
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the same definitions as for IDPOP. "n contrast to IDPOP, of course, the attacker

cannot really choose a mixed rule for selecting population, such as values 3 or 4; his

only choice is to select a time of attack, night or day. However, these "mixed rules"

for IAPOP generate defenses which may be of interest; hence, they are included as

possible values. To create a defense, one must set, in addition to other parameters,

both IDPOP and IAPOP. Selections for these parameters are written in the form

MAY/DAY, meaniog the choice for IDPOP is 3 and to, IAPOP is 2.

The second assumption about the attack concerns the objective of the attacker.

The attacker optimizes his payoff, which may be either population or industry, or any

iinear combination of the two. The program can handle up to 10 of these linear com-

binations, and these are referred to as the attack objectives, each of whicn is defined

by a population multiplier POPMULT, and an industrial multiplier, VINDMULT.

Then, in making the shelter deployment, the defense may assume any one 3f those

attack objectives or he may assume any number of them with a weight or confidence

attached to each. This confidence is defined in an array WDAOB, the weight the

defense assigned to each attack objective. See the sample run decks for examples

of these attack objectives.

The third assumption the defense must make about the attack concerns the attack

level, or total number of equivalent megatons expected to be delivered. A defense

optimized against a few megatons is vastly different from one optimized against 10,000.

There is, however, a problem with this assumption. The basic population data and

weapon effects model is constructed on the basis of separate and independent cells.

Only in this way can a defense be found to minimize the maximum number of fatalities
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using the double Lagrange technique; hence, any assumptions made about the attack

level must be in a separable form also. Instead of assuming an attack level, the double

Lagrange technique assumes a lambda to determine the shelter allocation. This lambda

is the attacker's marginal or minimum required fatalities per megaton. The attacker

attacks each and every cell in an amount so that the marginal number of fatalities per

megaton equals lambda. The double Lagrange method does insure that the defense

obtained is best for whatever attack level results from the lambda used.

The program is more flexible than the strict double Lagrange technique. In order

to obtain a defense which is good against a range of attack levels, the defender is

allowed to assume a number of lambdas (DLAM's) and to assign to each a weight

(WDLAM's). This corresponds tr finding a defense which tries to be good against a

number of attack levels, since each lambda corresponds to some attack level. Or the

defense may choose a number of lambdas and try to minimize the fatalities at the worst

lambda--the minimax selection of defense.

As to exactly how the lambdas are chosen--a small amount of trial and error with

the aid of an evaluation or a bo-inding run provides sufficient information about what

lambdas correspond to what attack levels, and the exact values of the lambdas appear

not to be important. As for what mixed lambda combination (lambdas plus weights) or

minimax combination results in good stabilized defenses, no simple procedure was

found. It may be useful to experiment with small data first, and to apply a good com-

bination to the large-scale data. Or perhaps a few trials with the large-scale data may

find a sufficiently good combination. It was found that two lambdas for either the mixed

lambcla or minimax technique seemed to be sufficiently flexible and much easier to handle
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than a larger number of lambdas.

One last statement about these assumptions--the justification for any defense

is in the evaluation. Any method of finding a defense includ.gny writing down random

numbers is valid if it gives desired results in the evaluation. All the above parameters

with the exception of TCOST and IFILL need no justification besides that test, a:id

hence one need not worry, for instance, if the attacker really will have a mixed attack

objective, if that assumption gives good results against the various possibilities of

attack.

B. EVALUATION OF DEFENSE

When a nationwide defense has been computed or entered into memory from cards,

the next step is to evaluate the defense. For each of a number of attack levels (total

delivered weapons in terms ef one-megaton equivalents), the program finds the optimum

Atack against the nationwide defense and computes the payoff (combination of population

and industry) and the population and industry killed. Most of the same parameters

need to be set as for generation of the defense; however, the interpretation is different--

"they are now actual objectives attributed to the attacker. The selection of these ob-

jectives and parameters is independent of what was assumed by the defense.

The first parameter is the actual time of attack, which is set in IAPOP, but which

differs from the previous use of IAPOP, which was only for the purposes of generating

the defense. Only two realistic choices exist for actual time of attack: IAPOP = 1 for

nighttime attack and IAPOP = 2 for daytime attack. In order to evaluate a defense,

both times of attack are usually used in turn.

The second parameter is the attacker's objective--the relative weighting of popula-

tion and industry killed. The attack objectives are defined by one or more values in

6



the arrays POPMULT arid VINDMULT, each combination corresponding to one attack

objective. Only the relative size of POPMULT and VINDMULT matters here, and not

the absolute values.

Also, for another evaluation of a defense one might vary IF ILL from optimal to

fractional filling modes, (See the previous section.) Other evaluations might be made

for softer shelters (via the PERTURB opion), for variations in the definition of un-

sheltered population, or for different height of burst selections.

C. THE BOUNDING PROCEDURE *

For any size defense budget, we would be interested in knowing to what level

the defense can hold fatalities. When this minimum is determined for a number of attack

levels, the result can be called the optimal curve. It represents (for some set of para-

meters) the lowest level of fatalities the defender can achieve against an optimized

attack of known total size. We cannot actually compute the optimal curve, but we can

find upper and lower bounds for it, and these can be made as close together as desired

for some expenditure of computation time. The method for the computation is described

in Appendix A.

There are not many parameters to set for the procedure; cost, of course, is the

important parameter. IDPOP and IAPOP need to be set; the actual time of attack

will always be the same as the assumed time of attack. Any attack jbjective may be

*The bounding procedure described here was originally conceived as a method for checking
solutions generated by the double Lagrange procedure to see if they were spurious. How-
ever for a defense which is to be stabilized rather than optimized for a single set of para-
meters, a solution is not spurious if it gives desired results. A standard of performance
is stillI needed, and that standard is provided by the bounding procedure.
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selected, but since the payoff to defender and attacker inust be the samne, the ort!y

attack objective which will indicate population fatalities is a pure population objective.

All other parameters which need to be set have to do with program operation and have

no larger significance.

'1
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Ii. USE OF THE PROGRAM

A. BASIC PROGRAM OPERATION

There is considerable freedom allowed in the operation of the program, as can

be seen by consideririg Figure 1, a flow chart of the basic structure of the program.

The option selector merely selects the operations to be performed; all input, output,

and computation is performed in the option portions of the program.

Although all the options are shown in the flow chart having equal status, they

vary drastically in how much they perform. Some options merely set a single constant

and others may compute for an hour or more. As each option is completed, control

returns to the option selector and the next option card is read. Normal termination

is by reading a STOP card; however, the program will also terminate if an option

card is read which the option seiector does not recognize.

Because of the way the program is constructed, any sequence of options is

allowed. After each option card, the data sequence for that option is read and that

option is then performed. Hence the data deck structure is as shawn ir Figure 2:

the basic data deck, followed by a sequence of option cards each with its data deck,

terminated by a STOP card. The data sequences for each option may kc large (see

for example the shelter input deck, which is the INPUT option) or the particu;ir option

may not read any cards at all. The data sequences for all the options are specified

in Section II D of this Appendix.

The typical mode of operation is as shown in Figure 3. This mode of

operation is simply a special case of the pattern of Figure 2. The shelter input

9
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Figure 1. Flow Chiart of Programn BLAST
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STOP

LLst Option Data Deck

Last O ption C ard /,,

mm/ I

_ _-/ / ii__

/ I /
" t /

Second OptionData Deck '''''7

Seond Option Card ,"

____ _ S gFirst Option Data Dec~k _

/ First Option Card

/ Basic Ot-a Deck

Figure 2. Data Deck Structure

deck is an INPUT card followed by an INPUT option data sequence (an example of

a shelter input deck is given in the Sample Data Deck section). The run deck is a

sequence of option cards, each followed by its own option data deck (examples of run

decks are shown in the Sample Data Deck section). And, as always, the STOP card

terminates the deck.
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STOPiiiii, _ Run Dec.k

Shelter Input Deck

-Basic Data Deck

Figure 3. Typical Operation Sequence

As can be seen, it is the options and the option cards which control whether

the program performs large computations or small (or even no) computations. Hence

the next two sections define what the options do and what data is required. The point

of view will be strictly as a user; the subroutines are discussed in Sect :on IV.

B. CATALOG OF RUN OPTIONS

1. Primary Computation Options

Run Type SIMPLE

This is U'e basic option of tLhe program -- it allows one to generate a

defense and to evaluate it. There are many parameters to be set before entering

SIMPLE where the defense is generated. Then the defense will be generated in

SIMPLE on the basis of whatever values were chosen for the parameters. If the

program is directed to go ahead and evaluate Ute defense, the same parameters will

be used for the evaluation. If the defense is not evaluated immediately, after
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generating the defense in the SIMPLE option control returns to the option selector,

where the parameters may be reset and an evaluation performed.

Parameters which are to be set before eruering SIMPLE are the cell

population data, the population bases IDPOP and IAPOP, the shelter data, the

shelter filing mode (IFILL), and the lethal areas, heights of burst, the attack weapon

density quanta , and the attack levels for the evaluation portion of SIMPLE. The

population data is set in the basic data deck or in run type LIVEDATA; run type

OPTIONS is used to set IDPOP, IAPOP, and IFILL; the shelter data, lethal areas,

and heights of burst are set in the basic data deck or in run type INPUT; and the

attack density quanta and attack levels are set in the basic data deck. In addition,

two decisions concerning the generation of the defense need to be made before enter-

ing SIMPLE--first, if a punch output of the defense is desired option PUNCH should

be entered, and second, if minmax lambda stabilization is desired option MINIMAX

should be enter.,:

In run type SIMPLE, the following parameters are set explicitly:

TCOST Shelter program cost

NDLAM Number of defense lambdas

DLAM's Lanmbdas assumed by the defense

NAOB Number of attack objectives

POPMULT's Population multipliers of the attack objectives

VIN DMULT's Industry multipliers of the attack objectives

*Recall that in the defense optimization every defense is attacked optimally; hence
these attack parameters must be set.
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For description of prpcisely how the above parameters may be input see

the Data Sequence Definition section. Since no weights on the attack objectives

(WDAOB's) have been read, the proqram uses whatever has been stored previously.

(As set initially in the program constants, W0AOB places the entire weight For the

defense on the first attack objective; i.e., the defense assumes thiý first attack

objective urn!ess otherwise set -- subsequently in SIMPLE or in run type ATTOBJ.)

At this point the program will generate the defense and, if it has been called

for by option PUNCH, it will retain the defense on a punched card deck.

The defense is now fixed and fuily defined and may, for instance, be plotted on

maps. The defense is defined by one of the 15 defense options for every cell plus

the split cell information fat the one cell which must be split to achieve exact cost

closing, together with IDPOP which defines the population basis to determine the

number of shelters in ea',h cerl. The chosen defenses are stored in the memory ini

packed form along with the cell population data. The next step is to evaluate the

defense.

The next card to be read by option SIMPLE determines whether the defense

will be evaluated immediately or control will be returned to the option selector.

If control is returned to the option selector then the defense which is defined in

memory may be evaluated later using ootion EVAL, or it may be analyzed using

OUTPUT, or used for time phasing studies in TiMEFAZE, or the run may simply

be terminated., If the defense is to be evaluated immediately, t'.e progam will

evaluate the defense for each of the NAOB attack objectives, printing the result

after each evaluation.
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The evaluation consists of optimizing the offense using a one-sided

Lagrange multiplier maximization, adjusting the lambdas in the maximization until

sufficiently accurate calculation is made of the fatalities for each of several attack

levels. The offense parameters required are the density quanta, the attack levels, and

the attack objectives, and these have already beeu set.

After each evaluation a print like Figure 4 is made, identifying the

"run recording the parameters and giving the results of the evaluation. The first

line of Figure 4 identifies this as a run type SIMPLE. The key number in the

next line is assigned during the time the punched card deck is being made. The

same number is assiqned to both the printout and the punch deck so that there is

no confusion about matching the two*.

The next bWock defines the parameters used to determine the defense--the

population bases IDPOP and IAPOP, the shelter filling mode, the cost for the shelter

program (TCOST), and the mu found which achieves that cost. Next the lambdas

assumed by the defense are given together with either the weights for the mixed

lambda case or the statement that minimax stabilization was used. The last parameter

of the defense is a listing of all attack objectives which have nonzero weights

(WDAOB), i.e., all attack objectives considered by the defense.

The next block defines the parameters used by the offense--the attack

density quanta and the attack objective used by the offense for this evaluation.

Next the payoffs or fatalities are given for each attack level. The attack level

is given in equivalent megatons. The payoff killed is the fraction of the total

* The number assigned is the first five digits of the fraction of the split cell

which is assigned to the primary defense for that cell. This number is unique to
each run.
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payoff killed by the attacker, or the sum of the population killed and the industry

killed, weighted by the population and industry multipliers used by the offense. 1

h.

.f S. oDE•.Sr_!t4-AS. GEEN..ASS I GNEDOE.YLNUM aER- 7729.-.

DEFENSE SET USI NG..TIIESE. .PARAmFETERS,.-, _ .
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vGF1';S- 13I!VED AT-T.~r.ET.-COST--USTN'GVJ xUs,068
02FE'ISE WE I4TS ArTTACKLE1,S ,,AMLODAS AS FOLLOWS.1 .1:V30.AS .: 4..0 000 _.. . 25 00 .. .. . . .. ... . . . . . . . ... . . . . . . .. . . .. . . . .

G -. GIdrS 0.6300 0,3300
C-,. :- : f:I5:i•!S rrACKEtZS O1JrC0"IVI.S AS FOI.i.OWS

;O?U1,3 . r 1 '.U:IULr .,L I GIIrs
1,000 - .. -. 0,000 ......................
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it otjsir-Y LIj-ViCtS ARItS* 0100 6n~f2 0.05 0,10 0.95 0150
t100 2,00 4.00 J,.00 t6,00

:,fr.=:. .3 Fjf: vtIV IS IAO13 I L - PO-'P:ULT 1 1,000, I1JU1UL.r 0,000

PAyOrFS (IN MILLIONS) FOF PROCGPt., COSY 5,0O0 UILLION

ATTA:K LEVEL. PAYOFF KILt[D PEOPLE KILLED INDUSTRY KILIED LArI'(.
0,0 .O... ,s o...... 21,34 .6,29 41L69(

500 0o14 29,67 27,10 20J491,;"
100.0 . 0,#,8 37,17 36,73 11 67,,'I
200,0 0,22 4',91 46,56 7168(,P•,
500,0 0,2s9 61 ,26 58,69 4J4,6:. ,1.3 I.

1000,0 0,39 81,48 66,18 35372,80
7000,0 so -. 0,52? - .. ...... .1 H 70 .. ... .75,34. 19355,03 -
5000,0 0,68 141,95 85,68 7518,00

10000,0 .. a.. 0.00 .. .. 167,07 .. 9.. 89,84 . 3354,71

TAIL CLit.S D,:rE!SF..AN._ ATTAC ... ..................... .. .
CELL NO, DEFENSE ATTACK LEVELS

3123 4 1 1_. 1 2 2 2 2 4 5
3124 4 1 1 1 1 2 2 2 4 5
3125 4. 1 - 1 1 2 2. 2 3 5
3126 4 1 1 1 1 1 1 2 2 4
3127 .2_2 3..1...1_ 11_233 ... ..
3128 1 1 1 1 1 1 2 2 3 3
3129 1 1 1 1 1 1 1 2 2 3
3130 1 1 1 1 1 1 1 2 2 S
3131 1 1 1. 1 1 1 1 1 2 3
3132 1 1 1 1 1 1 1 1 2 2

Figure 4. Sample of SIMPLE Output
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In this case simce the attack objective is pure population, the payoff killed is

the fraction of total population killed. The population killed is in millions for a

total of some 209,000,000; the industry killed is in billions of dollars of

manufacturing value added for a total of $97,000,000,000.

The lambda column gives the larnbdas found for each attack level in

the evaluation with no scale factor. This gives the marginal return in payoff

for an additional megaton of attack. Thus, at attack level of 5000 megatons an

additional megaton adds approximately 7500 fatalities.

The final block of the SIMPLE print indicates what happens in the tail

cells--the low density aggregated cells. For each cell the defense option is

given together with the attack quantum for each attack level considered in the

evaluation. For example, in the figure, tail cell number 3128 was undefended

(defense option 1) and for attack level 5000 it received .05 megatons per square

mile (attack quantum 3).

After making this print, the evaluation is repeated for the remaining

attack objectives, and a similar printout is made for each. After that a card is

read to see if new WDAOB's are desired. If so, then the WDAOB's are read, and a new

defense is generated and evaluated for all attack objectives. Because of running

time, this last option was not used on the large-scale data runs in this study. When

option SIMPLE terminates, control returns to the option selector.

There are no error exits or messages for option SIMPLE; only two

abnormalities may occur: if the defense is unable to spend all its target cost for
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the initial mae's, then it saturates at some cost and evaluates the defense

for that cost. The achieved cost is printed along with a statement that the

defense saturated in the block of the SIMPLE print which defines the defense

parameters. Secondly, if in the evaluation the offense is rot able to achieve

the highest attack levels with lambdas greater than 1.0, then the number of

attack levels is reduced and the highest attack level is dropped. No message

occurs, but this truncaticn is obvious in the printout.

When the SIMPLE cptiorn card is read, control is transferred to a

portion of a driver program called OVLYDAVE, the first overlay of the progam.

At that point subroutines in the main portion of the program and in the first overlay

are available for use. After the data is read in OVLYDAVE, the program then calls

DEFOPTG to generate the defense, DEFPUNCH if the punch output is desired,

EVAL to perform the evaluations, and ANSPRIN to print the results of each

evaluation. For discussion of the methodology of these subroutines refer to the

section on each subroutine.

Run Type EVAL

This is the option which evaluates any defense stored in the cell data in memory, no

matter whether computed or input. This enables one to evaluate a defense for new attack

objectives, iinme of attack, or fil•ing mode.

EVAL itself reads no data and sets no parameters. The entire defense, all

objectives, and all other parameters must be set before entering option EVAL. (Because

of program construction these parameters will always be set to some value, but they
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must be set to desired values). The following parameters must be properly set before

EVAL:

1. The cell population data together with the defense to be evaluated (JDEF

defined for every cell)

2. The shelter data, lethal areas , heights of burst

3. IDPOP is presumaTly already set to the proper basis

4. Shelter filling mode (IFILL)

5. Attack weapon density quanta

6. Attack levels

7. Time of attack (IAPOP)

8. Attack objective (POPMULT, VINDMULT, and IAOB)

With the above parameters set, when the program reads the EVAL option card,

optimized defenses will be generated for each attack level, and the result will be printed

out. As in SIMPLE, the procedure is the Lagrange multiplier method. When the defense

is evaluated, the result is printed in the same form as the SIMPLE output (Figure 4),

except that the key number is not assigned. The parameters for the defense are whatever

remain for those variables, and these may or may not be meaningful. The time of attack

(IAPOP) is indicated in the second line of the first block. The offense parameters are

those which have been used for the optimization, and the results are printed as before.

Option EVAL terminates after making the printout, and control returns to the option

selector.

There are no error exits or messages from option EVAL; as in SIMPLE, if the

attack cannot achieve the highest attack level, that attack level is dropped. The
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EVAL option is performed from OVLYDAVE and uses only two subroutines, EVAL

and ANSPRIN.

Run Type BALDEF

This option enables one to compute and evaluate "balanced" defenses for

given cost levels. The procedure uses both an upper hardness limitation and a lower

hardness cutoff

Before entering BALDEF one should set the population data, IDPOP, and

IAPOP; shelter data may be entered in option BALý,EF or previously. The data

sequence section indic•,tes the parameters to be set to define the balanced defense

shalcer options; the variables have the same meaning as in the INPUT sequence.

After the initial shelter data are set, one reads in the costs and attack levels to be

evaluated, The final parameters are PSIMIN, the lower hardness cutoff, PSIMAX,

the upper hardness rutoff, and WMIN, the lethal area corresponding to WM!N.

All shelter cost data is computed in subroutine BDCELL using an analytic

approximation to the cost data, and heoce any changes must be made to the function.

The function used for FINAL shelters is:

Cost per person = 112 and 13.5N-'•

the degree of fit is shown in the section on balanced defense.

Lambda Research Memorandum 2 indicates the effect of cutoffs and has a general
discussion of balanced defense.
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The output after the evaluation has the same format as the SIMPLE printout, and

all the quantities have the same meaning. The program then prints the computed lambda

value; this lambda gives the hardness of any cell according to the equation

Lethal area = A
Population Density

After the balanced defense is computed, it can be evaluated changing any parameters

desired. The exception is that the filling mode must remain at the artificial value of

IFILL = 4.

This option is performed in OVLYDAVE in subroutine BALDEF2, and the

evaluation is performed in EVAL.

Run Type BOUND

This option, which computes upper and lower bounds for the optimal curve as

a function of attack levels, is the implementation of the boundary procedure described

in the methodology section of the main report. For any specified cost the bounds can

be generated as close to each other as desired; the payment for the accuracy is in com-

putation time.

Before entering BOUND, the two population bases IDPOP and IAPOP should be

set. Here the actual attack time is the same as the assumed attack time. The attack

objective may be set, but pure population is the only attack objective which gives the

aaswer in population fata!ities; the attack objective will already normally be set to pure

population.

There are several modes of operation available with run type BOUND; however,

only three were found at all useful; the others are described briefly in the data sequence
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definition section. All tiie modes require the following data:

MODESW This is the switch which selects the mode of operation.

F?0Us 20 mus are used for the boundary procedure. These mus should
be chosen carefully ,o that resultant costs are close to the desired
budgat level.

TCOST This is the target cost foi deployments.

HSAT This is the total possible payoff (for pure population o~bjective, it
is total popilation).

One of the keys to oetting good accuracy from this procedure is to choose the mus

properly. If most of the 20 mus can be selected in a region where they will give costs

close to TCOST, then the cost closing will be quita good arnd the bounds will be good.

As many as possible should be ccnrertrated in the region of interest; however, some mus

should be available at extreme values so the cost will always be bracketed. Previous

bound runs and defenses genevated provide information for the mu selection.

With the above parameters required for all modes, we now discuss them individually,

Mode 1 . This mode finds upper and lower bounds for the optimal curvie by sweeping

through all lambdas, starting from some point in the middle for efficiency. The procedure

continues until it has swept through all lambdas from 10.0 to 1,000O000O.0. Two

additional parameters are required:

DLAMM1 - This is te initial lambda used to compute the initial point and
begin the sweep,

EPS - This is a parameter controlling the separation between the lambdas
chosen, and hence controls computation time and accuracy.
Approximately, it is the distance between upper and lower bounds.

After reading the data, the program computes the initial point from the initial lambda.

It then computes 20 lambdas and does one pass through al.I the Cells, finding solutio:ns of
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the Lagrangian those lambdas with defenses of cost approximately TCOST. The lower and

upper bound theorems are applied to the solutions, and the bounds are computed. A new

set of lambdas is chosen to extend the range, and the process continL-4 until the bounds

are gienerated.

Figure 5 shows the initial point used for a bound run, the payoff, weapon expendi-

ture, cost, lambda, and mu. Figure 6 shows the output after the second pass through the

cells. The 20 lambdas are shown, together with the mus giving the closest cost, and the

INITIAL PINT~~ IS--._____

UKIL L .b .srozy~ r LAM 8?4U

S ,U . / 17.!Q. 12 1 01 ).Z.' P 'ý.U 4 5.', 1 _n P3

"nSAT I*,. .--

MOESW "t 4U -nij IV ALEVMAX

Figure 5. Output for Run Type BOUND
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Figure 6. Lagranglan Solutions for Pass Number 2
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payoff, weapon expenditure, cost, TCOST, and for each bounding line the intercept

and saturation point (HO and AO in the methodology section). After each pass the

bounding lines are computed and the lower bound lines are punched onto cards. For

example, for lambdas number 1 and 2 in Figure 6, the following card was punched:

I.

WC-to I WO 2 fl 0Rt3 0wono 01 0DS f woe eqj WOP,' wOC 8

ii]6• drTI1 oo'i1iTrf1,ro-r'oiiFroIio-••60o" a1ol-' moto !noo'.o~o,,aooo•nr'e gise'io~ se.oo••
~iI !llilt Ilii llH 1,ll-I ~ l l llll IItI l l Iii i i l::iI;lll t 111 111 11l1.tl 1:l l t11111 ,llllll,1 ,111 I

222 22:2 222,2 2212222'22,22,2222 4,,':22?,""2? :" 22:22 ?" "' 77?2 " 2 " ? '"" '

I aw

3333 333 3333 313331'3-333:3333111333. 13133-33 33 3 33 3:3 333 3)"1111111333331-
4 A`4 4 4 44 4 414 4:4 44 44 4 444 8'~4.4 44 44 4 4a4 44 4 4 4 44 4 44:4 4 A 14 4 44 44 4 .4 4 4 4 11 3 1 14 A 414 It I A I

0: 11 ' , 6 . - IGC6I

'l'aa 1 0 II aalla1 S I I 1.11 34 1 11111 11 S II I#':a1 IIr111V s1 oi i4.? l iltS lllle,;I

I S 3, III I 1 1 jlt1 i It 1 I3d' . rll, ; .Ni * i 2 a31A•) ,•JA1.4 mJ)U4$. ,, 3 ,, ., * . ,

The first number is the intercept of the lower bound line for zero attack level (in millions);

the second is the slope of the line (in thousands). The third number is TCOST, the

fourth and fifth are the two lambdas used (in thousands). Now, this bounding line is the

lower bound for points on the optimal curve with slope between the two lambdas; the entire

lower bound is the lower envelope of all such lines. We will use this fact when it comes

to fill in lambdas (mode 5). And lastly, the upper and lower bounds generated (values

in millions) are shown In Figure 7

The only error return occurs when the defense saturates In the computation of the

Initial point. An error message Is printed and the run terminates.
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Figure 7. Upper and Lower Bounds for Lagrangian Solutions

Mode 2 is exactly the same as Mode 1, except that the initial point is read in, not

computed. This point is used only for lambda selection and not in the bound computation

itself, so if a Lagrangian solution is approximately known, it would be useful to use this

mode. The following additional parameters are required:

BKILL(2) - Initial payoff

BWEP(2) - Initial weapon expenditure

BCOST(2) - Initial cost (this replaces TCOST)

BLAM(2) - Initial lambda (this replaces DLAM(1))

BMU(2) - Initial mu

Outputs are exactly as in Mode 1.

Mode 5. It may often be useful to specify lambdas for the bound generation, rather

than having them computed. This mode performs one pass with lambdas which are input

and computes the bound from solutions from those lambdas.

The chief use for this mode is to Improve the accuracy of a Mode 1 or Mode 2 run.

To do this, suppose that for some portion of a run, the error is unacceptably high. The
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proceaure is as follows:

"1. Select two lambdas from the previous run which define the inaccurate section.

2. Select 18 lambdas spread between those two limits. The 20 lambdas thus
found will be the lambdas (DLAM's) for the new run.

3. From the printout of the mus chosen for lambdas in the bracket, select 20 new
mus. It should Le possible to have very good cost matching for these closely
chosen mus.

4. Perform mode 5 run

5. Upper bound at each point is now the lower of the upper bounds from the two mus.

6. To find the lower bound, recall that we must have bounding lines which represent
the entire lambda range, Thus, we discard those output cards from the first
run which cover the lambda range between the two limit lambdas chosen above,
and we substitute the output cards from the second run (which cover the same
range). The composite deck still covers the entire range, but the accuracy
will be improved The lower bound is then the lower envelope of the bounding
lines.

The bounding procedure is performed in OVLAY3 with s;ubroutine PPEBND as a

monitor and input program. The lambda selection is done in PICKLAM, the Lagrangian

solutions are found in DEFOPTG, and the bounds are computed in BNDSET.

Run Type STATCOST

This option implements the generation of defenses under the constraint of

allocating the defense budget to states by population and optimizing each state individually

for its portion of the budget. All the same parameters are set in option STATCOST as

in SIMPLE; in fact, the two data sequences are identical (they are read from the same part

of the program). The only difference is that instead of a single optimization in DEFOPTG

in the SIMPLE option, the STATCOST option does the optimization in subroutine

"; It is possible to use all Lagrangian solutions in the critical range to find new bounding

lines using the theorem, but the above procedure is simpler and quite adequate.
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STATCOST; however, subroutine STATCOST also does evaluations, and that necessitates

changes to the run deck if extra evaluations are not to be performed. First, however, we

will see what STATCOST does.

The data input for STATCOST is precisely the same as option SIMPLE--all the

variables have the same interpretation with the exception that TCOST is now to be

divided among the states and each state optimized individually. Figure 8 displays the

first portion of ihe STATCOST print, and it shows, for instance, that Connecticut's

share of the total budget is $160 million. Connecticut, and every other state, is then

optimized in DEFOPTG for the allotted amount of money. For each state the optimization

is performed using those cells which have been explicitly stored in memory (and hence

nieet the population density requirement).

Now for the mus used in the program, it may not be possible to spend the entire

amount allocated to a state on the cells which represent that state*. This is indicated in

Maine, for instance. When that happens, a message is printed, and the defense is set for

whatever amount can be spent. This means that there will be some money unspent out of

the initial budgeted amount. What can be, and has been done, is to redo the calculation

using a slightly higher initial cost to bring the total amount spent to the desired amount.

This added amount to be budgeted can be found as the unspent money multiplied by the

ratio of the initial total budget to the money allocated to the unsaturated states. This

will then give the proper amount spent on the second pass if no new states saturate. As

shown in the figure, it took a budget of 10.38 billion to achieve 10 billion spent.

This saturation is with respect to the mus and in consideration of the attack which is
assumed; i.e., if a state is attacked very lightly even without shelters, it may not be
possible for it to spend its budgeted amount.
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Figure 8. Sample of STATCOST Output

After finding the defenses for the 51 states, subroutine STATCOST also punches

out the defense (with no tail cells) and then evaluates the defenses two ways, both with

IAOB = 1. The first way is with no tail cells; i.e., an evaluation of the cells stored

in memory. The second way is with the tail cells included, but undefended. This

second way is what is useful for comparison with unconstrained defenses. Answers are

printed for both evaluations in exactly the same form as the SIMPLE output. After this,

the evaluations normally performed ir SIMPLE will be performed if the NOEVAL card is

not used. Also, an additional punch deck may be obtained with the PUNCH option.
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Because of the way the evaluations are performed, certain modifications must be

made to the run deck if only pure pupulation evaluations are desired. A sample is as

follows:

LIVEDATA 10. 375653
OPTIONS 2
1A P "2 78850.0 7885.0
ATTORJ 2

2 0.7 0.3
1.0 0.5 2
0.0 1.077 1.0 0.5
0.0 1.0 0.0 1.077
PUNCH NOEVAL
STATCOST STOP

"This sequence will generate the defense, punch two output decks (one with

tail cells, one without), and do two evaluations (one with tail cells, one without).

There are no error exits or messages in STATCOST. STATCOST is executed

in OVLYDAVE, and after reading data, subroutine STATCOST is called, which then

makes use of DEFOPTG, DEFPUNCH, EVAL, and ANSPRIN.

Ryun I T IIMEFAZE

This option enables one to find a defense which is time-phased with a larger

defense. Before entering TIMEFAZE the larger defense should be entered into memory

by computation or by DEFSPEC. Calling option TIMEFAZE then sets that old defense up

for time-phasing. Next the routine determines which combinations of defenses are excluded,

as is shown in Figure 9 (the l's are excluded combinations). To find the new defense one

then uses option SIMPLE in the normal manner; those defenses excluded in the table will

not be allowed when the new defense is optimized. This routine requires no data; it is

executed in subroutine TIMEFAZE, which prepares DCONSTR for proper functioning.
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Figure 9. Output for Run Type TIMEFAZE

Run Type UNSHEL

This is the option which enables one to compute unsheltered populatiorn fatalities

(or in fallout shelters only, or whatever is used for defense option number 1). This

option is merely a special case of the EVAL option, and almost all parameters which

are set there for the attacker should be set for LINSHEL (the exception is IFILL, which,

of course, has no significance here.) No data is required in UNSHEL; as in EVAL, all

parameters must be set previously.

Th~e procedure used for UNSHEL is to set all cells to JDEF = 1 (normally

unsheltered defense option) and to evaluate in subroutine EVAL. The print (from

ANSPRIN) is exactly as the SIMPLE printout, except that much of the information does

not apply. Then a correlation printout is given which is like that in option OUTPUT,

and option UNSHEL terminates.
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2. Input znd Parameter Options

Run Type ALERT

This option enaoles use of the alternate filling mode IFILL = 2. This mode

enables one to specify a fraction of the population alerted. Only one parameter is

read--FALERT, the fraction alerted. Then the IFILL parameter is set to 2.

Run Type ATTOBJ

This option enables one to change the attack objective. Four variables are

set--NAOB, the number of attack objectives; POPMULT's, the population multipliers

of the different objectives; VINDMULT's, the industry multipliers; and WDAOB's, the

weight the defense assigns to the attack objectives.

Run Type DEFSPEC

This option, for all its input data sequence complexity, is really just an input

procedure enabling one to specify a defense for evaluation cyi analysis. An input deck

may be made up according to the definition in the next section for any defense desired

whatever; however, the primary method of use is for reading in the defenses saved on

cards via the PUNCH option.

The input sequence for DEFSPEC includes almost all parameters needed to define

a defense and evaluate it. One that is not defined is IAOB, the index of the attack objec-

tive. It may be sct to a desired value before using DEFSPEC; if not set, it normally has

a value of 1.

The last card of the input sequence gives one a choice of either evaluating the

defense immediately using all parameters as set or not eva.iating. In the latter case one

may evaluate after changing parameters, or one may have other purposes. In either case,
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the printout has the same form as the ones in INPUT and SIMPLE, and the purpose is to

present the parameters for the Oefense.

Previous to using DEFSPEC the ceil data will presumably have been entered. If

the number of celis in the data is not equal to the number defined in "he defense, an error

message is printed, but the program continues. If the number of defense -; too few, all

remaining cells are set to unsheltered postuic.

DEFSPEC is expected in OVLYDAVE u.sing subroutine DEFSPEC and, if evalua-

tion is desired, subroutine EVAL.

Run Type !NPUT

This option is the primary means of entering shelter data into the prograrn. It

defines lethal areas, shelter data, and defense options, as described in the data sequence

section and the sample deck section.

The printout veiich indicates the data that has been entered is in Figure 10 . This

output corresponds to the data in the sample shelter input deck for the FINAL shelters.

FINAL-2 is simply a name for the defense data, as are NFSS, 10 PSI, 30 PSI, etc.

names for the shelters defined in the data.

INPUT is executed from OVLYDAVE and is performed in subroutine DEFPRNT,

which uses SHELINP.

Run Type LIVEDATA

This is the option which enters the population-industrial data for

the 2 sq.nm. cells into memory, The data is read from a data tape whose

format wvill be described. No parameters need be set before using

LIVEDATA; they may be set before or after. However, rption LIVEDATA

destroys any defense stored in memory.
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Figure 10. Printout of Data Entered through Run Type INPUT

33



The data filc must be a single-reel, binary buffered file with 900

words per physical record. The file is unlabeled C-nd the terminal record

is to be filled with the -actual word 7777777777777776 (octal) in all 900

words. The file is read oni logical unit nuimber 31. ELich record contains

data for 100 cells, eCdh' Of whichi has the followkiui format:

Word 1 Sector niiriber.Format:

IL LLLIL LIL Lnirnimrmrnr, where

L Latitude of lower right corner in seconds, fixed point.

mn Longitude of lower right corner in seconds, fixed point.

2 State and city code (BCD) Format:

SSCCCCCC, where

S State code, BCD

C City code, BCD

3 City center and SMSA indicators (BCD) .Formiat:

OOOOOOCS where

C city center indicator

S SMSA indicator

4 Nighttlime population, fixed point

5 Daytime population, fixed point

6 Industrial outpuit, floating point

7 Area of sector, floating point

8 Population density of sector, fixed point

9 Number of tracts in sector, fixed point
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Each cell read is tested to see if the population density is greater

than MINDEN and if the industrial density is greater than MININD. If

either is above the cutoff the cell is stored into memory; if not, the cell

is accumulated into one of 10 "tail cells" according to its maximum pop-

ulation density. MINDEN and MININD are read in the basic data deck.

If sense switch 3 is on, the program gives a printout of the stored cell

data irn a form corresponding to the above format. This can be of two types,

depending on the variable NAMEC, the last card in the basic data deck.

If NAMEC is blank, all cells will be printed. If NAMEC is some city code,

then only that city will be printed.

When the termina' record is recognized,, unit 3 is rewound, and

control returns to the option selector.

Run Type LVCTDAT

This is the option which reads in the populatior' tract data for use in

the targeting model. Again the data file is a single-reel, binary buffered

file, this time with 996 words per phyaical record. ihe file ii- unlabeled

with the actual word 7777777777777776 (octal) in the terminal record. This

file is read on logical unit number 4. Each rec:ord contains data for 83

tracts in the following format:

Word 1 Sector number. Format:

LLLLLLLLmmmmmmmm where,

L = Latitude of lower right corner in seconds, fixed point

m = Longitude of lower right corner in seconds, fixed point
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Word 2 Tract latitude in degrees, floating point

3 Tract longitude in degrees, floating point

4 Standard location code (BCD)

5 City center and SMSA indicators (BCD). Format:

OOOOOOCS where

C city center indicator

S SMSA indicator

6 City code (BCD)

7 1965 daytime population, fixed point

8 1965 nighttime population, fixed poit

9 1970 nighttime population, fixed point

10 1970 daytime population, fixed point

11 Area of sector, floating point

12 Industrial output, floating point

The city whose code is NAMEC, read in the ;asic data deck, will be

that used for the data for the targeting model.

Run Type MINIMAX

This option enables one to control whether defenses are to be generated using the

mixed lambda (or single lambda) procedure or the mininiax procedure. Both procedures are

defined in the description of subroutine DEFOPT. Tie mininimax approach tries to limit

the excess kill over what could be achieved for each of: several lambdas.

Only one parameter needs to be set to change to minimax operation; that is the

switch, MINIMAX := 1. It is suggested that a smaller number of mus be used and that
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NNEW, the number of mus used on second and subsequent passes, be of the order of five

or ten for program efficiency. The input definitions are in that section, and sample values

for these are shown in Sample Run Deck ,2.

Run Type OPTIONS

This run type is used to set one of the parameters IDPOP, IAPOP, IFILL, or IAOB

to any value desired. For the format, see the data sequence definition; for exan pies see

the sample run decks.

Run Type PERTURB

This option changes the lethal areas according to any desired assumed change in

hardnesses, although the change should be small, since partial derivatives are used to

change the areas, The parameter which determines the change is DELTA, the positive or

negative fractional change in hardnesses. After reading this parameter, the lethal areas

are adjusted, and a revised lethal area table is printed. PERT URB is performed in sub-

routine PERTURB in OVLAY3.

Run Type TRIMTAIL

This option enables one to set NCELLS to any desired value. It can be used

for such things as evaluating a defense without the tail cells being included.

3. Output Options

Run Type OUTPUT

This option enables one to obtain additional information about the defense and

the attack on the defense. The routine does three breakdowns--defenses vs. population

density, attack vs. density, and attack vs. defense. Figure 11shows how the population

density categories are set up, with the number of people in each category. Next, in the
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same figure, an important breakdown of defenses by population density. It is interesting

to note, for example, that defense options 3, 5, 7, 9, 14 and 15 were never chosen.

Figure 12shows the distribution of the different attack densities over the popuilationi

density brackets and over the defenses. No data is required; the option card alone calls

for the print. This routine is executed in subroutines POPQUANT and CORELATE.

Run Type PUNCH

Inclusion of a PUNCH card before generating a defense enables one to obtain a

card output deck. This contains all the defenses assigned over the country for future

reference, and may be used as an input for DEFSPEC. No data is required for this option;

the punching is executed in DEFPUNCH.

.PLSiSI T T 40* X 1 2 3 4 67 9

DOýiSITV -C51'9S.,7, 70U0- 9700- 13A00- 18900- 26400- 36d400 51400- 71730 100000-

97g0 .06a 16900 -2400 3601 ifl 10 000 .V

-~~ -6 -~ -~i -41 44

?FaZ1IJ T CL L 5 '..12b 4.179 0.106 Mr.--07 --9 070-45 0.023 0.O1j -- r.M -J014-

- ---- -. - -b 9Vk-NS0S VS 0- ITY

DENSITY G0i-~d.Y- 101)(- 9700- 13800- IA9)O- 26400- 36000- 51400- lbO 1J0

070 -___ 13600 - 18.900- -2640-0- S " 3 00 - 51400 - 7100 - 1a0 - AJV

0!!E%SE OPt~o .8 - .a .00 -004 .0 .0

I J..579 0.246 0.107 0.8 0.1 ,4 0.02' 000 a.ab
2 j.O.0O 0.n04 0.000 0t.n04 0.000 0.000 0.000 P0.00 0.000
3 j.O

0
3 0.0 0.000 0.000 0.040 .00 0.000 0.000 0.000.

4 U .-).$a .a . 0.0.31 V_ 0.004 0.000 -0.0.00D 0.000-- 0.000 0.000,
5 UjO 0.0n 0.000 P.000 0.000 0.PQ0 0.000 0,.000 0.000
6- " 'i U :.n34 10,015 a0. 10U4 -0.021 M.000 0. 000 -0.000 0.000

? , 10 1 .0 0,0 0.10 0.n a U.004 0.0 0 Ua .000 0.0)0C0 3.4000
S ~ ~ i 0017 0.90 '.1004 A,0... 7..4 0.00 .000 9 .000

9 V. o0 10 .4011 0,000 0.000 01000 0.000PU 0.000 0.000 3.000
t0 5. "~~ .. 11044 0.4% P,n17_ Q,3)4d 0-.n41' 0.000- - 0. 000 J0.000

-- X 1"~1 1.2 0243 0.752 0.163 A,121 0.a .l7 .0
12~~ ~~~~ On100 .. 9. oo o 0,00- 030. 0.0 0.00 0.00 0.0

13 4.1d0 0.41S 0,541 0.639 0.77.3 0.781 0.902 0.929 1.000
__14 :... j.a0 ____ _n.00 Ja Ono n.0 P 0 ajj.* 0.ou. 0 0.000 0.000 J.000

IS V UV .1
0
0 0 .000 0,0 o~o .000 0 .000anu 0.000 0.7000 ).U000

Figure 11. Population Density Categories
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Figure 12
4. Auxiliary Computation

= " Run Type CROSSCOR
I +" This option sorts the cells into population and industry density brackets

and keeps tallies of the marginal distributions as well as the joint distribution.

The parameters to set are indicated in the data definition section. The population

density brackets are given in population per square nautical mile; the industry

den_•ity is tb.usands of dollars per square nautical mile, and the marginal distribu-

tions for these brackets are included in the heading. The correlation table

accumulates industry in each population density-industry density "box" and

normalizes by the total amount of industry in each industry density bracket.
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Run Tyne EXERCISE

This option enables one to obtain tuned (single lambda) defenses for a number

of cost levels and lambdas, evaluating each of them for all attack objectives. More

importanltly, it then uses the !ambda which generated the defense to find an attack against

the dcfense, thus obtaining a "solution to the Lagrangian" in the sense of the theoretical

section above. Otherwise its usefulness is mostly for small scale data in exploration on

the behavior of different lambdas for different costs.

Before entering EXERCISE, all the same parameters need to be set as ill SIMPLE;

in addition, the attack objectives must be set (presumably using ATTOBJ). EXERCISE

uses subroutine WORKOUT, which reads an array of costs, and of lambdas, and of

attack levels. For each cost and defense lambda, DEFOPTG is called, and then

DEFPUNCH, as well as EVAL and ANSPRIN for every attack objective. Then for every

attack objective the attack using the defense lambda is obtained, in OFFDPTZ, and

that "solution of the Lagrangian" is printedl.

Run Type MIXLAM

This option enables one to observe the effect of changing the relative weights of

two lambdas in generating defenses. The routine explores defenses plus evaluatiras for

combinations of the two lambdas in steps. Its use is in small data analysis, for the

computation time is very large otherwise. The routine first tries an (unsuccessful) method

of guessing the mixed lambda combination and then, if desired, scans all possible combi-

nations of the two lambdas in steps of .05. After each defense is found, an evaluation

is performed, and an output is made which is identical to SIMPLE. For input data, see

thle input sequence definition section.
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III - Rpm. li

Run Type TABLDENS

This option tables the optimum attack densities and payoffs as for different values of

P/, where P is the population (or ray:)ff) density. This data is for information only--it

is not used in the program. Figure 13shows a sample table for the first defense option.

For example, for P/x less than .312 but greater than . 102, the optimum attack density

is .06 and the payoff is .615 with the height of burst being 6 (air burst). This printout

is repeated for all the defense options.
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Figure 13. Sample Table for the First Defense Option
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C. GLOSSARY OF VARIABLES IN COMMON

Basic

A (12) Value (to attacker) of each payoff component

ACOST Actual cost spent if defense saturates

ALPHA Weight on offense cost in defense Lagrangian

AREA Current cell area (sq. n.mi)

AREAMAX Normalizing constant for cell area

ATTCORR(20, 15) Frequency count for 15 defense options and 20 attack densities
in CORELATE

ATTLEV(20) Attack levels (in equivalent megatons)

ATTPAY(100) Total attacker payoff for each current lambda

ATTPAYZ(20) Best estimate of attacker payoff for each attack level

ATTSPRED(10,20) Frequency count for 10 density brackets and 20 attack densities

in CORELATE

BASEPOP Base population selected by IDPOP.

BDLAM Lambda for current balanced defense calculation

BDPSI Shelter hardness assigned to current cell for balanced defense

CDEF (300) Cost of optimum defense for each mu, total over cells

CDEFCL (300) Cost of optimum defense for each mu, current cell

CDLAG (300) Optimum Lagrangian for each mu, current cell

CELLCOST Balanced defense cost for current cell

CITPOP (650) City population

COSTPER (15) Cost per person of defense option (shelter mix)
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CSTSHEL (10) Cost per shelter 5pace of 10 shelter types.

D (20) Possible attack density quanta (equivalent megatons/sq.n .ml.)

DCOST Defense cost in dollars for current defense option

DEFEXCL = 1 if current defense is excluded (set by DCONSTR)

DLAM (22) Lambdas considered by the defense

ERMEAS (20) Error measure (fraction ,of attack level) for each lambda in EVAL

EXCLUDEF(15, 15) Used in time-phasing; for each possible final defense option
EXCLUDEF is 1 for each excluded intermediate defense option,
otherwise 0.

FDEF .. 0O,15) Fraction of population supplied one of 10 shelter types for each
of 15 defense options.

FINL; Industrial value of current cell

FINDMAX Normalizing constant for cell industrial value.

FKIL (12,20,15) Fraction of 12 hardness components killed by 20 attack densities
at 15 heights of burst.

FLAM (100) Initial set uf offense multipliers for evaluation

FLAMLEV (20) Best estimate of lambda for each attack level

FLAMX(O0) Set of offense multipliers for any call to OFFOPT

FLAMZ(O00) Te•.;porary array for new lambda generation

FMU (300) Values for current iteration

FMUX(300) Iritial mu values

FRACP (300) Fraction of split cells' areas on primary defense

HLAG(100) Optimum offense Lagrangian for each lambda, current cell

HOB (15) The 15 possible heights of burst

HOPT (100) Optimum payoff for each lambda, current cell
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IAOB Index of attack objective

IAPOP Population basis at attack (second and third population bases):
1 - night, 2 - day, 3 - maximum, 4 - minimum

ICBEG Index of first cell of group to be optimized

ICEND Index of last cell of oroup to be optimized

ICELL Current cell index

ICOMP(12) Hardness level of e..ch (non-empty) payoff component

ICT1 (650) Starting index in cell data for city

IC7 2(650) Ending index in cell data for city

IDEF Index of defense shelter option

IDENS Attack density index

IDFOPT (300) Index of optimum defense for each mu, current cell

IDOPT(I100) Optimum attack density index for each lambda, current cell

IDPOP Population basis for defense option (first population basis):
I - night, 2 - day, 3 - maximum, 4 - minimum

IF ILL Shelter filling mode: 1 - optimal, 2 - partial alert,
4 - balanced defense

IHI (20) Index of bracketing lambda (large of two lambdas) for each attack
leve! in EVAL

IHIDLAM Index of lowest (variable misnamed) lambda

IHOB Height of burst index

IHOBOPT (100) Optimum height of burst indes for each lambda, current cell

ILODLAM Eauivalent to IHIDLAM

ILSAVE Index of closest (lower est.) mu in cost closing

ISAT 2 if defense cannot spend TCOST, otherwise = 1

ISPLCO (300) Cell index of split cells
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ISTi (60) Starting index in cell data for state

IST2 (60) Ending index in cell data for state

ISW1 Setting both 1: allows changing cell data

ISW2 Normalizing constants FINDMAX, AREAMAx, POPMAX

JDEF Defense option, current cell

JDEFSP (300) Secondary defense option of split cells

JPOPDENS(I0) Population density brackets in POPQUANT

KDEF Aux ilIiary de fe nse opt ion (for constrai nt purposes)

MAPHOB (15) Indices of heights of burst --canned

MINDEN Population d-ensity cutoff for cells stored in memory

MINIMAX =1 for minimax selection of cell defense Lagrangian over lambdas

M!NIND Industry density cutoff for cells stored in memory

MMAOB Originally for minimax over attack objectives, not now used

NAHOB Actual number of heights of burst scanned

NALEV Number of attack levels

NAMVCIT (650) City names (BCD)

NAMSTAT(60) State names (BCD)

NAOB Number of attack objectives

NCE LA(5000)
Packed cell data, to be unpacked by RDCELL

NCELB (5000)1

NCELLS Number of population cells

NCIT Number of cities
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NCOMP Number of hardness components in payoff (non-empty)

NDEF Number of defense options

NDENS Number of attack density quanta

NDLAM Number of lambdas considered by the defense

NHOB Number of height of birst options

NLAM Number of attacker Lagrange multipliers

NLAMX Nur:iber of current offense multipliers

tNMU Number of initial mu values

NIAUX Number of mus in current iteration

NNEW Number of mus used in second and subsequent passes in DEFOPTG

NPOPDEN(1O) Number of cells in dernsity bracket in POPQUANT

NPSI Number of hardness levels

NSPLIT Number of split defense cells

NSPLTOLD Number of split cells in previous defense (for time-phasing)

NSTAT Number of states

NSTYP Number of shelter types

PAYIND(100) Total industrial value destroyed fGr each current lambda

PAYINDZ(20) Best estimate of industrial kill for .ach attack level

PAYPOP(100) Total population kill for each currert lambda

PAYPOPZ(20) Best estimate of population kill for each attack level

PKILL(100) Optimum population kill for each lamtda, current cell

PKP Daytime population of curreit cell

PMAX Maximum population of current cell
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POPACT Actual current cell popuiation

POPCOUNT( 0) Population in density bracket in POPQUANT

POPMAX Normalizing constant for cell population

POPMvULT(1O Factor to convert p~opulation kill to attacker value

POPSH(10) Population sheltered in 10 shelter types, current cell

POPUL(12) Popu lation in each hardness component

PSI(15) The 15 possible ps levels

PSIMAX Upper cutoff psi for balanced defense

PSIMIN Lower cutoff psi for balanced defense

PUNCH Setting = 1 gives punch output

RES Niqhttime (resident) population of current cell

SHLSPRED(1C.,15) Frequency count for 10 density brackets and 15 defense
options in CORELATE

SPACES(10) Spaces available in 10 sheller types, current cell

SPREAD (12,10) Fraction of population in each nf 10 shelter types assured
vulnerable at each of 12 hardnesses.

SPRIND (12) Fraction of industrial value at each of 12 hardnesses

STATE Setting z-1 gives STATCOST defense

STPOP(60) State population

SWITCH Variable read by option selector

TCOST Target cost of defense investment for group of cells

TOLERR Tolerable percent error in attack level

VALIND (12) Industrial value in each hardness component
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VINDMULT(I0) Factor to convert industrial value killed to attacker value.

VKILL( 100) Optimum industrial kill for each lambda, current cell

W( 15 ,15) Lethal area for each height of burst and hardness

WDAOB(l0) Weight defense assigns to each attack objective

WDLAM(15) Weight defense assigns to each lambda

WEPEQ(100) Optimumn weapon expenditure for each lambda, current cell

WMIN Lethal area corresponding to tipper psi cutoff, balanced ddfense

\NPEXP(100) 'rotal weapon expenditure for each current lambda
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Glossary (continued)

Bounding Procedure

BCOST(3) Cost at beginning, middle, and end of iambda sweep

BKILL(3) Payoff at beginning, middle, and end of lambda sweep

BLAM(3) Lambda at beginning, middle, and end of lambda sweep

n3MAX Upper bound values

BMIN Lower bound values

BMU(3) Mu at beginning, middle, and end of lambda sweep

BWEP(3) Weapon exp. at beginning, middle, and end of lambda sweep

CUMCOST(20,20) Cumulative cost for 20 lambdas and 20 mus

CUMKILL(20,20) Cumulative payoff for 20 lambdas and 20 mus

CUMWEP(20,20) Cumulative weapon expenditure for 20 lambdas and 20 mus

CURCOST (20,20) Current cell cost foý 20 lambdas and 20 mus

CUR LAG (20,20) Current cell Lagrangian for 20 lambdas ind 20 mus

CURWEP(20 ,20) Current cell weapon expenditure for 20 lambdas and 20 mus

EPS Parameter controlling separation between lambdas chosen

HILAM Maximum larmbda which need be considered

HSAT Ma•imum payoff possible

JJCHOZ(22) Ind(:.x of closest mu for each lambda

MODESW Selects mode of running verification

NENO Number of end limits reached on lambda sweep

SATWEP(22) Weapon expenditure at saturation, line upper boundary payoff

SLOPE (20) Slope of line lower boundary payoff
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VER IFY Setting = 1 turns on verification procedure

YCEPTLO(20) Intercept of line lower boundary payoff

YNTCEPT(22) Intercep't of line upper boundary payoff

D. INPUT DATA SEQUENCE DEFINITIONS

Thi3 section contains the definition of the data sequences for the various run

options or types and for the basic data deck; the data must, of course, appear in this

for-;,. The data for each option begins with the option card, shown at the top of each de-

finition, and continues or branches according to the defined sequences.

The formats are all exactly as they appear in die various subroutines; the subscripts

on all subscripted variables are dummy variables in the program and are shown here as

I orJ.

In addition to the options given here, options EVAL, LIVEDATA, LVCTDAT

OUTPUT, PUNCH, STOP, TABLDENS, TIMEFAZE, and UNSHEL have no data

cards except the option card itself. Option STATCOST and SIMPLE have the same

data sequence, but STATCOST allocates money to states by population and then

optimizes the nationwide defense state by state. Option WIGGLE has been dismantled

and if used, has the same effect as a SIMPLE card.
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BASIC DATA DECK INPUT SEQUENCE

FORTRAN Variable Format Explanation

NDENS (8110) Number of attack density quanta.

D(O) (8F10.2) Density quantum levels.

NHOB, NPSI, LACOMP (8110) NHOB is number of heights of burst C 15).
NPSI is the number of hardnesses ( 6 15).

If LACOMP t 0, lethal areas are computed from
lethal radii.

HOB(J) (8F10.2) Here read NHOB heights of burst.

PSO(l) (8F10.2) Here read NPSI hardnesses.

If LACOMP pt 0 ski-, to * in sequence.

WU,I) (8F]70.2) Here read lethal areas (sq. n.mi) by HOB (on
single cards) and PSI.

Skip to ** in sequence.

* W(J,l) (8Fl0.2) Here read lethal radii (kilofeet) by PSI (on single
card) and HOB.

• * NAHOB (8110) NAHOB is the actual number of heights of burst
to be scanned ( e. NHOB).

If NAHOB = NHOB skip next card in sequence.

MAPHOB(J) (8110) MAPHOB(J) are the indices of the NAI40B h•;ght
of burst scanned.

• PdSTYP, NDEF (2110) NSTYP is the number of shelter types.
NDEF is the number of defense options.

FDEF (1,J) (8F10.2) Here read fraction of each defense option J composed
of each shelter type I by defense option (opt sinqle
card) and shelter type.

SPREADUI ,J) (8F17 .2) Here read fraction of each shelter type J at each
hardness I by shelter type (on single card) and
hardness.

SPRIND (I) (8F10.2) Fraction of Industrial Value assumes to have each
of NPSI hardnesses.

CSTSHEL(I) (WF10.2) Cost per person for each of NSTYP shelters.

FINDMAX, AREAMAX, POPMAX (3F10.2) Maximum industrial value, area, and population
over all cells.

ICELL,RES, PKP, FIND, AREA,
JDEF, KDEF (110, 4F10.2, 21]0) ICELL is the cell number, RES is nighttime popula-

tion, PKP is daytime population, FIND is industrial
value, AREA is area, JDEF is defense option and
KDEF is for constraint purposes. Continue reading
these cards (cell data) until ICELL: 0.

NALEV (8110) Number of attack levels ( < 20).

ATTLEV(I) (8F10.2) Here read NALEV attack levels.

MINDEN, MININD (2110) Lower population density and industrial density cut-
offs for a cell's inclusion Into memory. A cell is
included if MAX I PKP,RESJ/ AREA ,MINDEN or
FIND/AREA A MININD.

NAMEC (A8) If NAMEC is blank, the cell printout in option
LIVEDATA will list all cells; if it is a city code,
the listing will be of that city only.
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Data Sequence for Run Type

Fortran Vartaies Fur-tat Explanktlion

FALERT (87-10.2) Frict;on of ;xpulaton alerted.

Data Sequence for Run Type (ATT'0-i

Foatra," Variables Format Exolanatlon

NAOB (li1) Number of attack objectives

POPMULT(I) (SF 10.2) Here read population kill muiulters
for NAOB attac' objectives.

VINDMULT(I) (8F10.2) Industrial kill multipliers.

WDA08(I) (SF 10. 2) Here read *eight defense assigns to
NAOS attack objectives,

Data Sequence for Run Type BALDEF

Faolttan Varvabie Format ExpIanat or

DEFSAML. dJEWDAfA IAS,2X,I10) DEFNAME is any 8 character code for the balanced defense.

If NEWDATA = 0 skip to ** in sequence.

The following lethal area data (down to ") needs to be
specified for unsheltered posture only.

NHOB, NPSI, LACOMP (8110) NHOB is rnumber of heights of burst 1 15).

PPSI is t'*e number of hearsesses I 15).

If LACOMP # 0, lethal areas are computed from lethal radii.

HNo (J) (8F10.2) Here read NHOB heights of burst.

PSI(D) (8F10.2) Here read NPSI hardnesses.

If LACOMP 1 0 skipto * in sequence.

WiJ,1) (8F10.2) Here read lethal areas (sq. rvn ) by HOB (on single cnds)
and PSI.

Skip to • in sequence

* WfJ,) (SF10.2) Here read lethal radii (kilofett) by PSI (on single card) and
HOB.

ANAOB (8110) NABNOB is the actual number of heights of burst to be
scanned ( !L NHOB).

If NAHOB z NHOR skip next card in sequence.

MAP HOB(J) (8110) MAP HB(J)M me the indices of the NAHOB heights of burst
scand.
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BALDEF, Cont.

Fortran Variables Format Explanation

NSTYP = 2 (8110) Two shelter types -- unsheltered and variable hardness sheltered.

NDEF = 2 (8110) Two defense options.

SHLNAME, CSTSHEL, NHARD, XK :A8,2X,F10.2, Here read unsheltered e".-
I10,F1O.2) SHLNAME is the name of the unsheltered posture.

CSTSHEL is the cost per person of the unsheltered
posture (usually = 0.0)

NHARD is the number of hardnesses of the unsheltered
posture.

If NHARD = 1 then XK is the hardness of the unsheltered
posture in psi and skip next card.

If NHARD A 1 then XK may be blank and read next card

to obtain hardness spread. Hardness must appear in PSI
array.

HARD (1), FRAC (1), HARD (2), FRAC (2),... (8F10.2) Hardnesses of unsheltered posture in psi and fraction of
population assumed to have each hardness.

SHLNAME, CSTSHEL, NHARD, XK (A8,2X,F1O.2, Here read variable hardness data.
I10,F1O.2) SHLNAME is arbitrary.

CSTSHEL is arbitrary or blank (it is not used).
NHARD = 1.
XK should be one of the hardnesses used for the unsheltered

posture.

- . '3110) These two cards define the defense options for

! , I I balanced defense.

S1: 2. (3110)
I

SPRIND(I) (8F10.2) Fraction of industrial value assumed to have each of

NPSI hardnesses.

NCOST (110) Number of costs for which defenses will be computed.

COST (I) (-9PF10.2) Here read NCOST costs (in billions of dollars).

NALEV (110) Number of attack levels.

ATTLEV (I) (8F10.2) Here read NALEV attack levels (in equivalent megatons).

PSIMIN, PSIMAX, WKIIN (8F10.2) PSIMIN is the lower PSI cutoff. If balanced defense assigns

hardness below this level, then unsheltered posture is assigned.

PSIMAX is the maximum allowable hardness for a shelter.

WMIN is the lethal area corresponding to PSIMAX.
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Data Sequience for Run Typ*e BOUND

F-ri i W. V lr.v~~. Fa . EPdAntOU

VOIDESW -1101 This seects a --ode for the bounfimi
Procedure. Aftl' initial jata 4ý, I1I

Seuuence for mode desired.
N EWVu .110 If NEWMU A 0 read., n"e ., theryis,

skip he ,- de sellucne desired.

FiUwli 8 F10.2; 1 4
we read 20 new mus.

This -ode porpttes iitial pint f aoi d
III I cost and a lam~bda, then sweeps ldr'•bddý ffre

10.0 tO 1o00000.0 to generate bounds.

DLAM, jIFI 0.2) This is the initial lambada.

COST (F202 ) Total Cost of hlter posture (input in dollars).

94541 (F20.2) Total payoff (or population',

_PS F(10.2) Paiaineter controlling separation between
lambdas chosen. Appoximately it is the

distance between upper and lower bounds.

.sde This rmode reads in initial point, otherwise
I as in Mode 1.

BKILLi2), SWEP(2), BCOST 2), (F20 2, F10,2, F20,2, Initial kill, weapon expeenditure, cost,
BLAMI2], BMU(2) 2710.2; tambda, and mu.

HSAT (F20,2)

EPS (710.2)

i,.ode 3 This mode reads in initial point; then
lambdas are chosen to verify this int ai point,
and bounds are Set for the attack level of the
initial poia . The data seq-.utnce is exactly as
in Mode 2,

M'ode •4• This mode conputes initial point freon a cost

and an attack level, then verifies that point
as in Mode 3.

ATTLEVU IF1 (10. 2) Attack levelt for initial point.

TCOST (F20.2)

HSAT (F20.2)

IPS tF " F0.2)

ii Mode This mode reads larhdas and does one
Moepass, cosrodAing the bolndls for thocse

Iarndas.

TCOST (F20.2)

INOLAM (110) timtof L, I*t 20)

DLAhtI 18710.2) Here tei&. tL AMJ IAstdas (aweodirq order)

HSAT (F20,2)

-- -- 5 5



6 lbs "oreip *eass A 5.'x
Mode .. ,s PýtstAes for thit ýs '1iud At, -

using lamtdAs which Are rAil in.

BKILL(2), SWEPI2), BCOSTý2), (F20.2, F0,.2,F20.2, Kill, weapon expenditure, cost, ia,,hr,.

BLAMI2), BMU(2) 2F10.2) and-u.

TCOST WF20.2)

NDLAM (110) Numbe, of lambdas 1 6 20)

DLAM(l) (S`F10.2) Here read NDLAM lambdas (ascLufi!,ilfl order)

HSAT (F20,2)

7 This node for use when sweep typie rin
Mode (1 or 2) is terminated. Uses octu! din,r1)

to con~tinue compitation.

SKILL(Il), BWEP(l), BCOST(l), 4(016,4X) Lower attack level end of pxevioui sweeli.
BLAM(1), BMU(1)

BKILL(3), SWEP(3), BCOSTI3), 4 (016,4X) Upper attack level end of previou, nwei).
BLAMI(3, BMU(t.)

TC0,T, HSAT, EPS (-9PF 10.2, OPF 20.2,
-6PF10.2)

Data Sequence for Run Type CROSSCOR

Fortran Variables Format Explanation

NBOXES, IDPOP, INORM, (8110) NBOXES ,s the number of correlation

ICBEG, ICEND, MIN categories (I 31)-

;IDPOP is the population basis = 1,2.
or 3 for NIGHT, DAY, and MAX.

INORM is the norrrhlization mode
=1 normalized by cells in populatici; bracket
;2 normalized by cells in industry biacket
z3 norn:alized by noxulation in bracket
4 normalized by industry in bracket

ICBEG is me begqrnnei index of the grjup of
cells; ICEND is the end.

MIN is the lower cutoff of density brackets;
all cells below utis density are placed in one
category.
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A-

REV, TCOST NWELLS (10Xl10.20X,-9PF10 2, KEY is wy irtege, u- n er to ideniti the- de'ense
loX, 110) TrOST is the cot of the nefenie

NCELLS is the nu- w' of celis inckJied If NCELLSx
old NCELLS on error messaqe as printed and rera,ninq cells
are set to unsheltered condition

!DSPEC fl' !40121 Hc.-e readt NOELLS defgrse opt~iors, one !fo vac"! cell a!40
per cond. Each IOSPEC Cc NDEF except for split cells,
where index is 100 - defense Option.

NSPLIT t10,1 Nx--er o0 spft cells.

ISPLCtI), JDEFSPf(), FPACP(I) (2lO,F'10,8) Here read NSPLIT split cell data cards --- index of split
cell, secondary deferse of spitt cell, and fraction on pri-ary
defense.

IiiiiiiSKIP QUIT If this card is GO continue in sequence.
or or If this card is SKIP, skip to * in sequence.

If 'his card is QUIT skip to i in sequence.

IDPOP, IAPOP, IFILL, ISAT, (6110,,2L10) IDPOP and IAPOP are populatiori bases, IFILL is shelter
NOLAM, NAOB, MINIMAX, MMAOB filling 'node, ISAT is saturation indicator, NDLAM is nutber

of lambdas for defense, NAOG is number o! attack objectives,
and MINIMAX and MMAOB deal with miniraxr

TCOST, ACOST, ALPHA (-9PF 10.7, 10.7, TCOST is the shelter cost
OPFIO.8) ACOST is actual cost in case of saturatinn

ALPHA is normally 1.0.

DLAM(I) (F'10.2) Here read NDLAM larbda considered by defense.

WDLAMI, WDADB(1),POPMULT(I), (BF10.8) Here read NDLAM weights for lambdas and NAOS attack
VINDMULT(] ),WDAOB(2), POPMULT(2) objective weights, population multipliers, and industry

multipliers.

T i' -If this card is GO continue in sequence.
If this card is SKIP skin to *' in sequence.
If this card is QUIT skip to ' in Sequence-

Note that IAOG is not an input variable in this
data sequence. It may be put in using the
OPTIONS sequence-

NHOB, NPSI, LACOMP (8 110) NHOB is number of heights of burst ( 5 15).

"NPSI is the number of hardnesses ( 1 15).

If LACOMP t 0, lethal areas are computed from lethal
radii.

HOBWJ) (8F 10.2) Here read NHOB heights of burst.

PSI (I) (SF10.2) Here read NPSI hardnesses.

If LACOMP $ 0 skip to + in sequenice.

57



F san'vaaŽŽcr rn fvtr~r

Jl) ;BF1O 2) Here rzd lethal areas !sq. rrf by HQ0 Ion single
card% and PSI

Skip to 1 -4- in sequence.

4- W(J,I) (BF10.2) Here read ;eLhal radii (kilofeet) by PSI 'on single
card) and HOB.

-4---NAHOB (8 i 01: NAHOB is the 3ctual number of hefits ot butr
to be scanned 1 <5 NHOB).

Ii NAHOB = NHOB skip next card in sequence.

MAPHOB (J) (8 I 10) MAPHOS(J) are the indices of the NAHOB height
of burst scanneed

GO o ;N;E"W (S71 PIf this card is GO continue in sequence.

/f or / or If this card is NEW, insert entire INPUT sequence
(without INPUT card). Note that with NEWDATA - 0
it isnot necessary to repeat RDATT sequence. No "'ore data
required after that,
If this cad is SKIP or QUIT skip to * in sequence.

SNSTYP, NDEF (2110) NSTYP is the number of shelter types.
NDEF is the number of defense options.

FDEF (I,J) (8F10.2) Here read fraction of each defense option J composed of each
shelter type I by defense option (on single card) and shelter
type,

SPREAD (1,J) (8F10.2) Here read fraction of each shelter type J at each hardness
I by shelter type (on single card) and hardness.

SPRIND (I) (BF10.2) Fraction of Industrial value assumed to have each of
NPSI hardnesses.

CSTSHEL (I) (SF10.2) Cost per person for each of NSTYP shelters.

If this card is NOEVAL, no evaluation will/L be performed, otherwise DEFSPEC will evaluate
the defense with parameters as set.

Data Sequence for Run Type

Fortran Variable Format Explanation

NCOST (110) Number of costs for which defenses will be computed.

COST(I) (4F20.2) Have read NCOST costs (in dollars).

NWLAM (110) Number of lambdas for which defenses will be computed.

WLAAMDI) (SF10.2) Have read NWLAM lanmbdas.

NALEV (110) Number of attack levels.

ATTLEVII) (SF10.2) Have read NALEV attack levels (in eouivalent megatons).
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4L -. , •, 4jGi, F7A#ý is "F M 6. a ,i3 iacterco'e for ",wter n"

If NC/DATA T 0 s•,p to - in sequence.

NHUf, 1%4z . LACOif i6 1 10) NHOB is number of heighu of burst 4 15j.

NPSI is the nurber of ha"dnrsses " 15).

If LACOMP s 0, lithal areas are computed fror lethal
fvad~i.

HOB 'J) 8F10.2, Here read NHOB heights of bunst.

PSi (11 iFIO 2) Hee read NPSP5 hdneses".

If LACOMP it 0 skip to * in Sequence.

1~~) (8FlCu-2) Here read ieth& -ya 
1sW-nr by H09 fri $tnglic CarS)

aid PSI.

Skip to in sequence,

W(Jl) (8F10.2) Here read lethal radii (kilofeet) by PSI (or sijiglo card) and

HOB.

NAHOB (8110) NAHOB is the actual number of heights of burst to be
scanned I f NHOB).

If NAHOB- NHOB skip next card in seqLance.

MAPHOB (J) (8 110) MAPHOB (J) are the indices of the PdAHOB height of burst
scanned.

NSTYP (1 10) Number of shelter types. I ' 10)

NDEF (I 10) Number of defense options. (C 15'

SHLNAME, CSTSHEL, NHARD, XK (AR,2X,F]0.2, SHLNJAME is the name of the shelter- any 8 characters.
NST1P I10,F10.2) CSTSHEL is the cost eperperson of the shelter
SfY INHARD is the -iJmber of hardnesses of the shelter.
ths If NHARD = 1 then XK is the hardness of the shelter in psi

these and skip next card.groups If NHARD t 1 XK 1ay be blank and read ne)$ý,d to obtainhardness spread. ardness must appear in I array

HARD (1), FRAC (1), HARD (2), FRAC(2),... (8F10.2) Hardnesses of shelter in psi and fraction of shelter assumed toL- have that hardness.

FDEF. NSHEL, KX (31 10) IDEF is the index of the defense option.
NSHIEL is t,•e numrber of shelters included in the option.

NDEF If NSHEL = 1 then KX is the index of the shelter type and
of skip next card. If NS'EL P 1 KX may be blaro and read next

these card for sheiter mix.
groups LSHEL (1), FRAC(1),ISNEL(2),FRAC(2), .... -1(O,F]O.2)h Indices of shelter, types and fractin ef mix composed of each.

SPRINt) (I) (SF 10.2) Fraction of industrial value assumed to have each of
NPSI hardnesses.

59

".



MINIMAX, MmAOB. NDLP4, kINI{lMAX I will cause D.FOPT to ritiv - i,.iAN

MILD (21LO. 6•l10 procedures: 0 oir nor'al procedwue

IMAOC 4or '•ni,'ax attack cbjecti'v.es, no' used --

skhold he hl.ir* of zero

If NODL. 0 •o r'ore data is reav'iid. If NDLOM is -
zero, i bwecoes NMU and next cad is read

If NMLD ,s no,-zeto it becones NNEW, the r'tet of 'ti's
c., tle second, casS in DEFOPTC.

FMU (I) (BE10.4) Here read NMU muS

Data Sequence for Run Type MILAM

Fortran Variable Format Explanation

XMLAM(I, XMLAM(2) [2F10.2) Two lambdas to be used for mixed-
lambda combinations.

TCOST (-9PF10.2) Total cost of defense posture 61
millions).

EXPLORE orIf this card is EXPLORE, Pruq•ra'i wilt
exolore rxed-lambda combirations in
stops of 0.05 after trying first mixed-
lambda gess.

Data Sequence for Run Type O ION

Fortran Variables Format Explanation

SWITCH, IVALUE (AM,2X,11O) SWITCH is examined to see if it ,s
IDPOP, IAPOP, IFILL, or IAOB.

IDPOP If it is, the program sets whatever variable it
is to IVALUE and reads thi next card. It it

or is not, Uhe run type teeftrnates, and SWITCH
is used as the nex. run type card.

_IA OPC1 APOP

Of

CIFILL

or
lAOS

DaW Sequence or Run Type PERTURB

Fortran Variables Format Explanation

DELTA (UF10.2) Fractioal dcarine in husinesses of
shelters. (positive or negative).
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Foltrai, Va'able Epa'*o

TCS '9f 10. 2 TOWa C'I nt Of heltt PLStufe (ifnput

NNDLAfA (110I NudW'-e of la'-)das to i)o considlired byi defeiise f 15)

11 NNDLAM -0 Vooga-' uses previous laý4das; swig to

i i~

CLAMOl) mrlo.2) )4efe read NNOLAM defense la"~bdas.

NWDLAM (110) If PiWOLAk4- 0 prograr assigns equal weights to Iantbdas;
Skto to - in sequence.

WD L AM - 170 ,2 ihave read P0N0LAM *.hs for defense lambdas.

'NAO8 (110) kNumbeir of Aattck objectlives f 10). If fdAOS 1,
F-0 M.Ne aiata is required,

POPMU LT( ) (8F 10. 2 Here read oiJpvafu ai~ iiý rultipliere for PJAQB attack
objectives

VI NDMUITt 1) (81F10 2) NAGB industrial kill multipliers. After reAding this
card the program generates the defense.

It NOEVAL card appears, no mtore dat~i is required andF- this run type terminates * thout ewiluating the defense.

-ýhEWDAOB 1110) If NEWOAOB 0. no imore data is requirev5. Otherwise,
read next card.

WDA0BII) l8F1O.2) Here read weights aefense assigns to NdAOB altack
objectives. Program generates new defense and
evaluates it for all attack objectives.

Return to in serý-ence.

Data Sequence For Rtn Type TITI

Fortran Variable rorrnt Explanation

NCELLS Ch11i) WCELLS is thie number of cells considered in the run.
The kiiiber may bp~ ciA down to exclude tail cells, or
"aly be set for any Wetr purose.
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E. VALUES OF IMPORTANT PROGRAM CONSTANTS

The following variable. are initially set in the program to the values indicated,

These may then be reset as desired using the input sequences.

IDPOP r- 1

IAPOP 1

IFILL 1

IAOB 1

NAOb = 1

NDLAM = 1

POPMULT(I) - 1.0

VINDMULT(I) 0.0

WDAOB(I) = 1.0

DLAM(,) = 2500.0

WDLAM(I) 1.0

TCOST = 10000000000.0
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Ill. SAMPLE DECK

A. BASIC DATA DECK

Most of the basic data deck exists only because the program grew over

a period of time, and this method of reading data once and then writing over it

insured that runs did not terminate because a parameter was unset. There is no

reason to ever change cards on most of this data deck; the important variables

(the ones which are not normally overwritten) will be noted so changes may be

made.

F• ° ' woP. 0 0..0

fl ORD WOD2 ORD 3 -0 ORD4 0 WORD S WORD 6 WORD 7 0WORDS8WORD ORD 3 in! o2.i C _

10WORD? 1l 0 2 f OL3aWRD' WORD S 0l .RD F, o wORD 7 0oo

WO(3D R 'l0 WORD2 f WORL 3 fl WORD 4 [1 WORDS fl WORDe f WORDo7 f WORDS

0 0 0 0 D
coooboaooa+-•oooo •,o oii o~oooo:aooaaooaaoaaoao:•oio oooaooaoa~oaa 0ooo~ooo ,005o5

il111 I , , ' I , 40 E

312 2 2 .222222 222 : : 1

3 3 3 3 3 3 -3 3333 3 3 1 3 33 3 3 :33 3 3 3 133) 3 3 3 3 3 3 3 3 3 3 '3 3 3 3 3 3 3 3333 333:3 33 3 3 3 3 3 ;3 3 3 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1

,4 4 4 4 4 4;4 4 4 4 4'4 444 444444:4444444144 44 4444 4' 4:44144 4 44444 4444444'4444 444444 4444 4

66 6 1 : 6 6 6 6 66 66 6 .6 6 6 666,66g 6 6 6:6 6 6

17,1 77 7 7 2 117 7 1 7 7 7 7 77 7 7~ IIll~ 7i: : v.in 1 17 7:7 7 77:7 7 7 177:7 7 77:7 7 7 7

5 5 5 5 I , ' ' ' ' ' ' '

: ,'asi* a'a: sas a asa saui st iaI 5515 ' a: i*ma , sss:: ,a
:;1 I's I I Oi 5 ' s I' I 1 1 14 9 1 g '. 1 111 I' s I: •g, 1 :1 tg111 1 8. 1 1 : 1 1 11 I'." 3 1 I's I I oll III I I r, I I l tI 1: 1 1g 1: 1 111• 81 1 1 I's I I I

99.9 99 9s9 99 gig 9.9 9 g :,9 9 1 991: 39 9 9 9 q 9!91 9,9 1 19's9 9 gig I V g919 9919 9'99119 39 1 gig I's 19 9.999 919 99s 9 9,991

First is read the number of attack density levels and the density quantity

themselves. These density levels (especially the minimum nonzero one) affect

the way the density model approximates the damage effects; the values here were

used on all the FINAL shelter runs except one. This data is not )verwritten,

and the attack density levels are set only in the basic data deck.
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%A -IRO Iý 1. 1.0 2 1l.OP WORD 4 91wRo WORD a WORD 7 WORD?8

0, RL A II,- n
OR WORD W OfD WORD III WORDO

WORD I W• R w 2 [ WORL),1 W OORD 4 [ WORD [ 0 WORD 6 WORD? [ WORO 8

-O- o o- o f oo
g,.g~ii~gCOODg 0 -06 098.0-f-0 i -0. 0OC8 oauosF rio-aoiao0 a38at000a80 o01080 8080 0 00

I I' :I S 1 I 1 1 HV 1:0 11 i 131,1 Ill 11.1 11. 1 3 I AV331": HA1! lA11 .1 . '1 0:0 1 "0 I h7 4 i "A 10 11ý 1 VA-V' W. I, ;111 ?M t111 1ý11 *i I13 1 14 e t

22 27 22,2 22 2142.22 2 2'2 22 :2 2227 .2 2 2 2222222222222222.7 22212?2i 2! I ' 2222222222222

il I 722.2 222j22s"2 2 2 I222'2lll• ~ i,•••••l'2 2 l 2 2 ?l•l? ?Ztr1733 3:333 "3133'3 3 3'3 3373131333333331331 33'333,31 33 3 331 33133'33331333113731333:337 313'3737 3 3'3333!

14444 44 44' 44 4'' 44 44 44 441 44 44: 44 '44 44 4 44-44414444444 144 44 14 : 44 44 ;44 44 44

5 5 55 5 S5 55'! 5 5S5 5 5ý55555 5'55 5 S5 5 -5 5 $15 5 55:55 555 5:5 55 65 5 5,55555 5 555555 5S5555515 SS5

1'7 ,1 7: t~7 7 777 7'i7 7 VI 7 7 7 177 117 1)7 17:71 7 1.17 1:7 1 7 1: 11 :7 7 1:7 1! 77 77 7ý7 1 7711717 7 7 7:77 777

II' II II mii 3.1 i .S 388 1 m 1t a Ial I a1 8 1 l 4. , $ 8 11 1 8 a I's 1 .:1 1 1 1i a m fi I't 8 I a a a A mI II I

1S II 1 11 9 1 1 9 91' 9 9 , 999' 9 919 9 9' 9 9:9 1 9 9:9 9 9 g gi g 9,1999999 1 99 9 S99 19 9•1 991 99 s:9 99'9 9 1 9!

These cards indicate one height of burst (= 1234.5) and 10 psi levels, and give

the quantities. The hardness data and small population data in this basic data deck correspond
to the data used in the analytic model in Appendix C.

WORD 1 0 WORD 2 [WORDJ [3 WOR~D WORDS [ WORDS r WORD? [3 WORC R

I o C ,,.o:oI,.,¶4'II4,3C '6 M .37J4,o '4i.: .,"o-o,3!d3~I I33 .I,9C' ,C IR . .,,o,,07I7'i lC, ,.

?: 222',?27z;2, 2 222•212,2.23222:)2:2',222'7222~f2•,972 ,222 2 •21222 22?22222212".212,22?22.

3 3 3 3 3 3 ,~ ~ Ii o',

,44444.444'4*44444,4444+4444414r4444I44'444 4'14444' 4,4444'41 4•4, 4 •44 4 4 14 44 4 144 4 14

| 5 5 5 5,55*55155,55555,•5!555~555'55',R5 55 5D

gio 'o ,60,000a000600daf a a a 0,0 ff ' 0 i

-5 . I' -

I h *;i2ii2,22i10 lethal are1 a 222 2eim2ighto 2. ur22st are next 5 622 theB28:712s22 62 s122s ute

7177 '1 77 :7 7 70 71 7 77 737 77,7 7!7 7 771 711!i 11771 1- 1 1 1:71 77 17 17 1 1 7 7 717,71 11'7V17 7 7717 717 7 7 r7 7'77 777

9 3 9 9 1,1 9913919 9 1 911 Is919 99119 9 9 19 1 g 9 9'gs 91 1 TO999 191 93tt99 9 II9 .9 19191111119 9 99 19s 91:9 9 9 19 9 9

The 10 lethal areas for the simple height of burst are next (these were computed
from L.A. = 121/psi).
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wONO I VC) W00 a w~o 3OL WORD 4ý1 ot %M a rOmt WORD 0 4*R

F7@ fcfif foci I# it ifffi f~o, of saftmoiftSMi

*~~~~~iT*~~~111 1111u11111 1,1111;!es saaseaeasslflll

jiIt $5 tU 4 n q5RM R' ', *ua U .. g. t )5 J1 115 5**VII t

111113 143 1,13 2,33 3121)332323 3 43,3 3 3)73 3 ?i3ll3 3 13 31313 37 33 111133 3)333 3.33 43ý33133333 31'.

;I I I17 J7? 1 171 1117f14 17717;Jltt,72.1117t11717?)711,4117W1III1777 I I£I

1110,111:13 its,,l 111,l5119)51 is VI 5,8 1) 9 9)111151491 of Slis &'felvo 1 $I5535555,15

THere is theaictual numbeer tfyheqhs anf burfese. ios

7: 7;6a



-r 5 - cO 4 WO :4u, -OR wur ýO 7 Wo'u e3 WORD 5 WORD 6 7 tQR 7 7 _ WOB 1

a0 000000000 3 0 a0 00030 0 aaC00a20000 0 a00 a0000 00 0 0G0 0300 000a0 0 a00 aa0 0 0 00 0
,t t J. I • 9 ;Al .A, U 5 -. , ,- 4,- - ,

1ll 11 t| Ill Ill 1 1|11 11111111 111111111111 1111tllI I! l 1 i11T 71 11111111|1 ii1111111

"222222222 222t222222222Ž222222?22272222222222222222222.2222222222222722222221

3 ,33303 3 3 33303333 3:3333331 3 3 3333333 333 3333333333 333 33 333333333'3 3333 33

55555555 5 5555555,5555'55515555 555 5 555555 55555"5 555 55, 555555555 55 555555 55555 5555;

h, 60 i OS 6 666 66 5 6 6 6 5 66 5 6 i. 6 56 6 65 6 6 66 56 6 60 6 a 666 6 6 6 5 6 6 6 56 6 6 66 656v 6 566666 66 66

1737 771 7•1 ••17 1 7177777777077777717771 I77 1 7777 1 77173771 777 71 7 7 77? 7 ?7 71 77 71

3 9" - f 3 3 3 9 ,3 9 3993qS3 9 339 3303q990 9 3 0 99 10 9 S 9 99 9 99 0 9 9 9 9 9 se 1 ' q 1 9 1g i99 9s9 4
I 1 7 v

This is the FDEF array; there are 7 defense options consisting of pure

deployments of the 7 shelter types.
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J~~~~~~~~~. .3I, 1:'acaoIi~TOI~O~~o,,oooo 1 ~orb;booo~ooo

L l WORD I WORD 2 01 wol 3 0 I7ll7777 4 l i777l 5 0 ;7i1D 6 0 ~I. a 7 WORD 87?

30, ~10 70, 100, 200 an00pi
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' . .. ,..,, L' u •i ',,CRV 2 . ",' r, : i WORD 4 WCf r.• 4", eo ,r •1 ,.o a '

' 0 ao c~ I o 0 a 0 , f D O OO00 a a 0 a0 0 a o000 0 0 0, 0 6 0 od ' O 0 -1 0 0oo o o o o ! n l a o o o oao o o o a a C 0 0 o'a 0 0'o0 0 0 n J 0 •

22722?2222232•27222.22222;222z2,".:.; '7222272212,2?227?2772'2?2722'22772272222222722272227/ *

33 3 33 33333 333:3 3333'33333 3 33331 3:3 3 1 1 3 3 3 33 3333?3 1 31 33333 .333 1J31 3 " 3

A44,44 4 4444 4 444 44 44 44 44444444 4 4 4,4 4 4 4 . * A 441 1 4 A.1 44 1 4 I 44 4 4 4 4 4 4 4 4 ,4444 41 444 4

5 5 55 5 5 55 5 5 .5 5 5 5 5 55 .15 5 ,. 1 5:. ,5 5 5. 5 5 5 .': ,'; -, ,•,. .,5 5 5,. 5,5 5, 5 ; 5,5•''

This is the SPRIND array - the definition of industrial hardness for this basic

data.

1z22-222222"22?222"'221?2"'?2 22272 22722 ?2I 2?i 1 2222222
. . . 0.

I i I 1 1 7 7 7 7 7 71 11 111 .o II177 '7773111 1 ? )7i 1 1, 1 1 1 1 1 I III 1 7l 1 7l 1 1 71 1 1 7 I 7 I 7 1 1 71 11 7 7 7 1 •a .

3 313.313133 33a3333333 333333333 Ia3333333 3333I3 p 3aA313 d3 333333a33333313333 a

441 44 44 -9 .4 44 4444444444'44444 9 9444 41 4 4 444444 4 41 44 444 44494444 '444444444444 , a 4 -

,,. ?5 5555' 55 5~5,5555 5 :55 555 555'5555'555i55 ,5 5 5 5 5 55 •3,• 5 5 Sb 5,5 5 5 5

;55 5 G5;GE6665, 6 & 66G$5 55 G66666;B'665bGa,5 b36 •.S6ub S66 C 5eG,6664466 B656gG •5

7?7I17177 77 17777777177777771777711 ]777711?71,I11D171777?;;1 llJ11717 "1117?17?7

4 i3l~~dO8I8.•l ,3888.888I*S8•8S.88I :818,888 g• 'a43lg4~d'S *8813J384 .,•;3983.!i4888SS

Here are the shelter costs and then FINDMAX, AREAMAX, and POPMAX

for the small cell data which follows.
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0,401 1 111 IIE 3 P. 0 MI 0111 1W 1 I' 5 WOR 6 O D I.OR

aooooo~o~oo,

u i I

222-R I :WR 2 2222222,2222222122WmD W,2? WR 2222222222 WORD? 22 72222222222228

13333333333333 31333~ 333333.3333333333333333333333330'

01144444144144444444 0 I000 O4I44d60041 6604iooc0 064*44 ;-- f00 0iF0fIlI 0 4 6-6 b44:044444444444,t*F

J)1iu l M" i

Her is th 12 cel1 l dat use I n Apeni C I thI tIm wit are Iin. 1 ' 1111 ý II11111

nautical mies There ar twelv cel andO for eac celWOeaC ,RED PKP

FIND, AREAJDEF, wom an KDEF The twlv are termiae bytebanad

This0 00 d'ata is 0- usfu for checkouta3 0, an explor 00 00atr runs. 31aV00 ' a0a aD' Daa0
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All the previous data except the attack density levels is normally reset to desired

lethal area, shelter, and cell data. The following cards are not normally reset and serve

as parameters for all programs run.

~ 6
44J80 0 al44SIS44 44 44 44 4 444 $4I5 4I 4 4a1 84 3 4J 5 Ia a 0 3 4 3,1 I 44 444 54U44

Here are the 12 attack levels (in equivalent m~egatons) used for evaluation and

verilication runs.
I 1 1 1 I I 77I 1 7 71 1 1 1 1 1 1 1 1171 11 11 11i 1I 7 7 11 1 1 1 1 1 1 11 1 1 1 • 1

433333,3Z33333333 333•333333•33•3333333)33344 .j• 5J 333.533333133333333333333•32 i333
4 1. a ds A a e I a s 8 a u b I , f a 35d4 d 5516a 3 a a I

These are paramtlters MINDEN and MININD, t( population density and industry

70
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density cutoffs. When the full scale data is read, a cell is included explicitly (rather

than in the tail cells) if either its population density is greater than 7,000 per sq .mi.

or its industry density is greater than 3,500 per sq.mi.

A" P ! VVq rL 4 IO!, ,• R I W,! L b. 6l I I - R a :1,

003 400a3 aO ODa0000 0 01000 ao 000000 a Ion 0aI 040 a0 0 aaG0000 000000000 0 00a 0 0 00aOD0C0 ' 200300000

,2. Z'•. 2• 2 1. 2 2 2 2 2 2 2 .2 2 2 ' 2 2 .2 • 2 2 2 2 2 , 2 2 2 2 29 2 2 2 Z 2 2 2 2 2 2 2 2 2 97 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ¢ 7 2 2 2 2 2 2 2 2 2 •

7 1 131 10 1331 3333333] 111311330]3 3 33 1 13111333 4 11112133- 3 3 3 3 ) 313333333301 333 111

4•404t444141 40444 I44444444444444t444441i4' 4444444144144444444444444444444444444444 .

555 '555555555555555 1555555555555 5555.5 •5 555555555 555 5 55 5 5

117 7 7 i 7 1 7 171277117 71111111 17171 1 1• ' Ii1iiIIii) 747 711 11 1 i I1721777 7 71777217

I I3215 9 100! 9 9 9 I 9 111 959 15 913019 9;9 , 9 9i !~ !g 1 55 9 g ag 919 g1 5 5 99 10 09 9 I
I 1 1:In : fl21.Z.3j' :..1* AhV 31S.dC 4.q&40. At4 89 44JiA.3 a" A

This card terminates the basic data deck. Its use is in the cell listing for option

LIVEDATA -- if the card is blank all cells avi. je listed, if the card contains a city

code (such as 22530005 for Washington, D.C.) only the cells in that city will be

I i sted.

-11

I
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B. SHELTER INPUT DECK

This is the deck which determines the shelter parameters to be used in the run.

The deck is optional inl that if this entire deck is removed, the program will run properly using

whatever shelters have bcoen input with the basic data deck. Thus, it is possible to simply

* use the basic data deck to set the shelter data. However, the particular form or input used

* in that portion of the program is inconvenient, especially if changes in shelter mixes or

definitions are made. All runs in the Study were made using this INPUT option, rather than

the basic data deck, to put in shelter data.

The shelter input deck shown here is the' data comprising the FINAL-2 shelters, which

were used for the bulk of the study. For a complete description of what is allowed for the

INPUT option, see the section which defines the data seqUences for the different options.

I, WO0 4 11- Vw0RUj3 WOO OO l WORC,~ n WORD W 1rVCVr' F1 II

I I II t IIllI I-iti' I t" '11 1111 I I 1,1 . ill 1il1 ItI IIII

2 2 22 2211 2 27 2' 211 2 1722! 2:22 21 2 1 2'2 72:2 22 212 2,22 2 7 ? 2 777 2i22;2 17222 2! 7 12!2 2 72?7 22172:2 2 22:2 222i

1 13333 3:3 33313 3:3 33 3133 3313 ~3 33 3 33 3 33133:3 3 3 33 33 313 33 3 3:3 3 3 313 3:3 33 3:33 3313 3:3 3 3 33 3 331333:3 3 33 3

S555S55SS5S555's 5 5 5 5 5 5 S' S 5 555. S 5,555 55 5 5~s 5 51 5 5 55 55 55 5 5 5 155I 555  5 s5 s5 5'S V5 55 5 5 5 5 5

666 6'6661 666 6 66 66666666 6; 6 666,666666666 6 66GIG6'6 6666666661666:6 666666'G:1 6 616566.6616 61

q' i150631 0 a I80 II'8 II0 1;3 85 01 1 1 l I I t o 8 :1 1 81 I.81 1 11 's I I ' II I'II$,II I gol gI ;I I' I II 88I818$'II88I818

This card causes the option selector to give control of the program to the INPUT

option portion of the program. After going through the entire data sequence for the INPUT

option, control will again return to the option selector.

72



, , , I - -

i . 1"177?1?7111771711771127?11.? 7tI11111I1 1171T •I1 1 1717?177177??11 I IIIt~l ! I l'l i

113 3 3-31 3 3 I 3-3 13 3 T']I 33 3 33 331 3 3 3T I I' I I I 13 1 V;3 3 3 3 1 13 1 3- V3 3" 3 3 1 1 1$. 31 I 3 3 1 3 3 3 3 1 II 3 34 3 3 311 V•

;44 4 4 4;&444A& 41 4 414 444 4 41#4 4 & 4 4 # 144 &41444:1 A 414 44 4 4 1 4 44 i4L:1 4 4 .t4 kl4 • • 1t4l!4

5S SS5
-I6 iii-8 11 si t1- & I| & # |16 # ,-$6 It l I' Il & l~ tt tit tt tl I a 1i-1 5 11 11 116-ii- i titiolf

9 91991 | 9 9 11111J~l 19$• • 1 9 |9191 9 g 1 9 • 9 9 | | 1JJ |lJJ9 1||19• 9 111 11 iO's|J •'| I 111 1 1 1 1 1

O r"his card FINAL-2 is a name for this shelter input deck. The 1 is a switch

which here inJicates that new hardness data will be read.

II R WORE) 2 WAORD S woL 'i wot0 s n woprJ a vv oRo -,9~

iII 0 I I -@I I I Io II 1 s I R fe I fit I II I '1 I li•-I I Iil -li-i''-1 1 -1-fll-''lii IIi a41 t

: 7?11221712 122.? 7ll ?1271 2?72 2'77 222 1217-27 12!2 212 2 2• 2 . 2:12 2 2 2 127 2 ?:227 2 27 1227 1

3 33 3 3 3333 3 3 31333 3333 3 3 3 333 3 3 3]3.3 32133 333')3] 3 3 3]] 3:1333 33 3 1333 33 333 3 3 313333 33l 33

,4 4 44444444444.444 444 444 4444444 '4414444'44444 44 44 4444444 4444444r44441 444444 44144444 4 -
is5ss s s5 5 5 5- 5 5 S VS5 5is 5" s ts :5'5s s |s5 5 's •s %55: 11 S sis i I 5-15 S:5 5 5 S:5 5 5 515 5,5| 15 5 5 5 $F $5'• 5, s 5 ss s 5 513 5's s I s 5 5 5 5

I i s $ ,Ji ts $J ||||Ic$ |' 1461 ts $ ', Itsl $-1 $4 6,66 $i 646| ' | 1tJ§il :11 $1 16 olj Ci 16 $ '1 6: 11 $4 16| ft I I| I o i ili | |JI i

7,1117:117 1111?1 T 77 177 7 21'?11:1177111:17 117:7 11 1:17 77 :?!
I I 11 :1 t1 1;1 11 1:s I I It:I-1II I's 1 I I1 sistI 1 a t I's I I I'stI I1 11 :11 1 oil 8•11 a $4 1 Ia I I1, I I s~ I I I's I s I I iI aI I I

I I! Is I II I I I I' I •S ! vs I 1911929959 1 1111111911 , 9 9 91 aSc I 1 1 1 I I I IgIs I II

Th ; card indicates 10 heights of burst and 12 hardness level. The 1 is a switch

h-t,;h indic tes that lethal radii will be read in kilofeet with all heights of burst for a single

!.drdness co, a single pair of cards.
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WO 1wou3n w0o rlwomDS0 f WORD~ ~~'I WORD [8

W~O Jao WO D 2 n, WC-P 3 1flOW w5a ri-- ao, wooe 0Fo0 C1 ,.2~ [j a

13 t3 3331333 3 3 333..3;33 : 313 1 133 .:3 3 3 313 3 3,3 3 3 A 3 3 33 3:3 3, 3,3 33 3313:3 3 . 3:33333333.313 3 3
144,444 4:44 4 ii, 14 1 ,:444444444. ,4 d" A 4: A , : : 444444444 ,

F55S 55 5 5 :5 :5 5555 5 5555 s 5 :SI5. 555:5 5 55155:. 555:5 555 .. :5 555:55 5 55 .: 5 ! 15s555ssS
is10966661 616Is6661 : ; : I 's I I a I I 1

1~t,1 1 71 7 7: 67 777 1 7 :77ss7 6sI~I;ss~:ss667, :Iss66,7767s6:76I sI7s7a7:7 7 7 7 :7 7 77s7ssss77 7 s66I,6II 7
I ý 381..11 1 I, ,II II 1881 i lI II I I'III iI

These are the 10 heights of burst in feet.
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:)RD i WNOR 2 W. O'RU 3 , 11110 WORD 5 WR jo 6 WORD 7 01 WORD 0

aoua'rT , !TI~IToI1 ooalo osaa Yfiti noooa em

W I I q I 1

3333321 0333~2I323331 33:1 1 01 03:333: d3322222 033

S555.5515:5555i55I + 5555 ss~
I a 101 Thes e Mo1'ffar~e the, 12f- ohardnes alevels, ranin From 500-7--i01 .4 ps or6490001 VpsI.

"I 1. 1 1 M l p.M I *: i o t il . 'n mI i x , n a t; I? ) r. N l l 1 . ' 1 9 -I I$ 1 3 4 ' l l il 0 6 6 : 1 U 0 N , n '

I - I -

5:I 3S15 ll 5l 5'5 misi 1'I 5 s 5I3 24 5 , I5IIII' mm5 13 55 5 33 5 S '3! asi 5 l l, 5I I15' 535:
S s I Is: 1o I I , ' I . 1 , :

411131ll l1 , 27A4 4444ni 44, L 44421 4i. e .,4 11nal l W114 M 1114 11,1111444444 "M SI M it 4,44444 4444 al,111 4u

i 9!, ,,gg,•l,:s',1'rs s g ,ssh'ssI515'!9995 gig's gs55:gggggI~s•sgg,:,,g5gg .', s,,,,,s' l',,,,,,",

These are the 12 hardness levels, ranging from 5.4 psi to 490 psi.

c ~ C I.
V.R)~ ,R l OR' ~ D~ OD6f ORD 6 flWORD 7 qIWORD 9

an o h ifrn hegt of burs. Teltard ii o h thr1 ad

nesses flw 2 O) 3 '1 WOpt Rn D a II WORDS o rst for a singl rde on a

aiOrD ofcrs hnmvn Othnetardnss Thes are sh OR Tal I .'ORO

te olwimdaeyatrtepeeingtw cards.

In 2 - On r

0 C

1322 2,2 227! 222 2 2 22 2 I 21 227 ': 22222222222 222' 227 222' 22 2: 222

::44::4:44144 444 : 444444 .444 41444444,444 4*444444 ,4444:444 444:4444'4444444,44 4 4444144 4444:4 4

5:15 5 s:5 5 5ls1 ss:5 5:5 5 551 s5 5 51S5 5.5 5.55 55 5:5 5 5 5 5 5:5 55 555:5 5 5 5 5 :sS05 5 55 5!5 5 5:5 5 5 5 15 5 5  5 55 55 S

6:6166 6:6 63661 oil 66 6 6616 666 6 6 6 6 66IS 6 6 -6 66 $6 6 16 6 6:6 66,66 6 66 6:66 6 616 61hf6:1uhlaa1sh6:666

7:7 7 7 7,J 7 7 7117 71312117 1 11 111 1 77777771 11,1 7 1 1 1117771 17 1 7771 7 7 11 7171i1 71

:1 1 1IlI itIIt 111 1e I$t ll1:,11I' Ial1: 11: i 11! ,11 ~ I111 : 1Ol 1 :" 3

These are the lethal radii for a one-megaton weapon for 5.4 psi hardness
and for the 10 different heights of burst. The lethal radii for the other 11 hard-
nesses follow in the same pattern, 10 heights of burst for a single hardness on a
pair of cards, then moving to the next hardness. These are shown in Table 1, and
they follow immediately after the preceding two cards.
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Table I Remainder of Lethal Areas

10.2 11.4 11.6 11.95 12.7 13.6 14.4 14.4

9.2 7.6

7.2 7.8 7.9 8.05 8.55 9.4 9.6 4.9

2.6 0.0

8.6 9.5 9.8 10.1 10.9 11.8 12.4 7.5

6.0 4.3

5.6 5.8 5.9 6.0 6.2 6.35 3.7 0.0

0.0 0.0

5.1 5.3 5.4 5.5 5.7 4.3 2.4 0.0

0.0 0.0

4.53 4.72 4.8 4.94 5.13 3.04 0.0 0.0

0.0 0.0

3.15 3.55 3.65 3.2 1.2 0.0 0.0 0.0

0.0 0.0

2.9 3.25 3.3 2.5 0.0 0.0 0.0 0.0

0.0 0.0

2.7 3.0 2.9 2.0 0.0 0.0 0.0 0.0

0.0 0.0

1.95 1.5 0.9 0.0 0.0 0.0 0.0 0.0

0.0 0.0

1.75 1.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0
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WODI WORD 2 Hi W1ORIJ 3 7 WORD A WORD s 5 WORODS WORD 7 r WORD S

f WORD, '- WORD 2 nfl .VORL3 3 n- WORD .J WORD S WORD 6 WORD 7 f WORDS 0

a 0i .0w@.o 640t 0 .0 1' a t'11 0001n11' 00 :4,a 04' Mt'l" ' o'. l ''a ':1111 1 ' e0c10110 ,1b1114 111111I;I

liIt' I ' i s Ii ', it A4 1, 6 a '

22 22 7 77 7liii77,7 77 7 7 , ',77 U7 77 I U7777; 7 7 I,7777 7 7 • 7•7771, 7777 717

I 00

I I t I I I I

•l'' , 'I I9l9g9• '•' l g 1 9. II lI ' 1 , II I 5S:5iSSS:SSSS9g'l 111 l!I

666 6 66: 6 6..s s::6 :6 s~6 6 6 6:6 66 6:6s666 61:4 .61 1 1 111 66 6,19 6 6 :6 66:6 166 6 u.6 0,.. 6 2: !

w o6 '6 1 o, 1 1 w1 ~ 1, • w o . w o , 1 w1• o w 1 o ' 1• w o

I I I I

Here it is specified that only two of the 10 heights of burst will be scanned

for attack optimization - numbers 1 and 6, or 0 and 5500 feet.

WOD.1 WoRD) 2 1`1 WORqi 3 q! WORD 4 fl1WOD1 WORDS WORD 7 WORDS8

I 33 , I 4 ' ,

WORDS ri WORD 2 fli WORu 3fl WORDA 4l WORD 5 WORDOG WORD 7 0WORDS8
I q n1

I'' I '• 3 ' ' ' U ,0, a,, 3 : 3 )3 3 3

""C 11," , 0 0Yoom booe 1 -1---4 0- i-O'Co-ohIoogirT ýDBFrdto' 0 0:0a10-0 1a 106 0-1 06014411:0s@111~ii~.

4,44'4 ?,4,2, 444,:2,22444 ,32I2,
2 2:222 2:2 2 222 2:2 22 2:2 222?7 :2 2 22,2 22 2 22:72 72:72 1 II21222 1 2212? 2 2 2 2 0722 2 2 !0 , 1 : :

4 I4:444:4 4 4 4 4 ! 4:4 4 4 4 4 4 ,444 :4 44£4:4£ 41:44A :4,Aa44 4£4A4444 4, 4:4 4 44 44A4444:4444 4
S5:5 S 5!5 5 5 $55 515 5 S 5 55 5 5 s ̀1 5 5 5 :SS 5~ s5 5S5 5 5 55, 5555,5 5 5 ,: 5 I 5 '5 5 S 5 Sg S5 IS!5, 5 1 S 46asssssis..1 "5s6sgsss,"6,~ ,se,ll,llll,gss,,ll :,ul,ul,ll,,,,

17: 717 777:7 7 77:7 7 7 7177777 7:7 777 :1471: 1 1 171 7 !1 711: ,77:7h17:1 17,71M7'77 7771 ,77 777777
I sI I I 1 ,: 1 1 111111111111111181 1111 eI11 : 1 1 ' :

I I"':,"'"IF"'11"'":'"61"'"8'"'38""81"'!" ... I..la.

' 1 :11 11310 18 ' I'IS .181 801.r"1 3222 : 1 n3. 3 9 37XV NM, t1 4'ts7 o1
III I III II I III II I III I I I

$i. £1ll llllll. • `• •••

Here are indicated 5 different shelters ( National Fallout Shelter Survey,

10 psi blast, 30 psi blast, 100 psi blast, and 300 psi blast) and 15 different

defense options or shelter mixes.
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* -. '. I 1 II.$

:'ioc't , .O, nl woj 3 WORD= L1 OR n oS 4 WORD WORDS e

WR I." ORO WORD

w!on, o 6 2 f oI. Ru 3 •fl w UR • 4 wORD Is f WORD S IFJ WORD UW•RD

WOR 4-- Jo

I.O' 00 0S ggl.:.,.Rn0,.lS JU) lM10j~ OVY;.,. 61R f i.d'cUU 10:0 O -dooooo 0,090io CO 3:03 @0 1ý

f l v I 0122.- 2 2' t22:*2 22 2 ;Z2? 1:2 2?22: 721222, 2 :22,l 7 2:2 7 2 27 7 27:2 2127 7 7 122227I2:7 12 22 2!2 7 7 :27?2 27 :2 2 2 2;2 22

P 1 3 3:33333j 3331333333 13 : 3 1 :323:333 233: 3 3,2 3:2333 3333:3 3333:333333 ;33 3- 333 3:33333 3 33 3 33 33 3 3
4 : 4444: 4444 1 :' 4 4444 1 14 4 d 44 44 A 444 44 44 4: 44 44 4 44
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Here is the de-Finition of the hardness spread for the NFSS shelter. The

name of the shelter is NFSS, the cost is zero, and the number of hardnesses is 3.

The second card specifies the 3 hardnesses and the fraction of the shelter assumed

to have each hardness; here one-third each at 5.4 psi, 10.0 psi, and at 19.5 psi.

The hardness specifications for the remaining four shelters follow. Note that for

each of these shelters 10 psi, etc., is just a name for the shelter, and that the

characteristics of the shelters are specified by the hardness spread and thence by

the lethal radii previously read.
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Here the shelter mix specifications begin. The first defense option is

specified by:
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19• 9 9,, 9,,9 9 4 9 9 9 9j 9 ý9 9 9 39 9 9 9 19 15) 9 9 9 1 A 's91 9 9 1q9'191 , 9 9'1•J 9'' 19 t.9 1 9 99 91
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The first number 1 is the index of the defense option. The second number

is the number of shelters in the mix for that defense option. If there is only one

shelter in the mix, then the third number specifies which of the shelters just read

is the one shelter type. Here for the first defense option there is one shelker in

the mix and that shelter is the NFSS type, shelter number 1.

FiC)
0070- Y0 6-0 0" 0 0-a0• O 00 " O' 06000"0 f o a o EO'Da0 O-e 0 0 'O0 0 C OO oooo O' o 0 o a 0 0 DC 00 0 00 D a rio a ao 0 o a a 0 0 4 o 0 1 i1

222 22222 22222222 2 ?222727?222222'22 7 212'222 2 •2,222722?22222 2227?2?227222722222 22
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i 44 4 4.4 4 4 44 4 44.4 4 4 4.44 4 4 4 4 4 i 4 4 4 A 4 4 4:4 4"4 A 4 4'4 A 4 4'4 4,4 4 4 4 4 A 4 4'4 44 4 4 4 4 4 4 4 4 i A 4 4 44 4 4 4 4 4 4 4 4 4 4 4 444 4

5 5 S 5 5 5 5 $ 551 5 55 5 555 5 55 5 5 5 5 5 S 5': 5 '5S5• 5 '.5 55 51 5 :5 55 5 5 5 S55 5• 51s 5 5 5 5 5 s5 5 5 S 5555 5 555 5 5 5 5 5 5 5 5 5

I - - -. sl ffl"}•': ",]4 .-• .O•• . - ;,l~ ]•e114;i~z ,I-£;,1.]d~ l0or? H 6 " I 1: : 4 t . ' I IN

For the second defense option there are 2 shelter types in the mix. When-

ever the number of shelters in the mix is more than one, a second card is read

which specifies the mix. Here the mix is 0.8 of shelter type 1 (NFSS) and

0.2 of shelter type 4 (100 psi). The shelter mixes for the other 13 defense

options are specified similarly, as ý,hown in Table II; they follow immediately

after the above two cards.
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Table II. Remainder of Shelter Mixes

3 2
10.5 20.5
4 2
10.5 30.5
5 1 2
6 3
10.3 30.4 40.3
7 2
20.5 30.5
8 4
10.3 30.2 40.4 50.1
9 2
20.8 50.2

10 1 3
11 2

10.3 40.7
12 2

30.5 40.5
13 1 4
14 2
40.5 50.5

15 1 5
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The last two cards define the hardness spread for industry by specifying

the fraction of the indusiry which has each of the 12 hardness levels. Here

industry is assumed to have the same hardness spread as the NFSS shelter type,

or one-third at each of 5.4 psi, 10 psi, and 19.5 psi. These two cards

terminate the data sequence for this INPUT option. Control now returns to the

option selector for whatever type of run is desired.
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C. SAMPLE RUN DECK #1

The purpose of this run is to generate a defense using the mixed lambda

technique and assuming 2 mixed attack objective and then to evaluate the deters,.

twice foi two different attack objectives. The defense in this sample dctA

found with IDPOP = 1 and IAPOP = 2 with the budget level at 10.0 bill:

The following data sequence is put behind the basic data deck -nd .

shelter input deck:

WIRE 2I -A Io r #I

' li 1 7 I 1 7 I 7 7 1'.1 1 1 7 11 1 1 7 7 1 1 1 1 1 1 1 1 1 11 1 I7 1 7 111 7) 1 1 1 1 i 7 7 I1 I I 1 I 11) 11 71 I 111 I t

7•2 222z222222277227727272•2•2?22?2?•22?227777? 722227272?•)•72 2222273z22222222 .
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"4444 444444 1A444a44444444444444n4a464Mab-41444444444444 I a44444444u4s444;44 44 4

3583

m 55~~~~ asusgis us ge i5a55 ts5355555 1115"5'[5 5 S565•? 55,6155' 515}5.5S. 5 li 1S 15651 ass gist55 as ags a5s

m 65 |i~~~s iil SSS9SIISS [, wi•t i¶9555.iii tii.i|iiiii g5I~tI 5g9 ,6509ti'S55555lsti1 iig6,,ggsi,$,gg,,i
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This cardcauses th 7 ro7'amto readthe poulatin datatape. ontro

i ~ ~ ~~~~~s Then retrnd tothes otiohelecgamto r. a h ouaindt ae oto
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9 9 1' ? 9 9 9.9 9 9 9'9 9 9 9 9 9,9 9 9 9 :9 9 19 9 .9 9 9 99 9 9 gi9 9 9 9 9,9 9 9g9 9"9 9 9 999 9 9 999 9'9 9 9 ?'9 9 9 9!9 9 9 9 99 9 9

These two cards set IAPOP = 2 (the program sets IDPOP = I).

The first card sends control to the portion of the driver which examines the sub-

sequent card for one of the parameters IDPOP, IAPOP, IAOB, and IFILL. If

the card is one of those parameters, then the parameter is set to the value in

column 20 and the next card is examined. If it is in the list, the value is set;

otherwise it is assumed to be the next card for the option selector part of the

program.
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This card sets a switch which, after the defense is generated, causes the
defense options selected to be punched onto cards for every cell. Also, the
parameters and shelter data for the defense are punched. This punched deck is
then a suitable input for further evaluation runs as in Sample Deck # 3. After
this card, control returns to the option selector.
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This card makes the program do run type SIMPLE, which is the basic run
type to generate a defense, and, if desired, to evaluate it. The entire flexibility
of the SIMPLE run type is described in the data sequence definition section; the
sequence presented here is one possible type which has considerable usefulness.
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This card sets the target cost for the defense (TCOST) to 10 billion dollars.
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These two cards input the lambdas to be a.-sumed by the defense (DLAM).

The first card indicates the number of defense lambdas; the second card contains

tile lambdas, one lambda per word on the card.
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These two cards set the weights for the lambda just read. The first card

may be any non-zero integer (if it is zero the program weights all lambdas equally

and the second card will not appear). The second card contains the weights for

the lambdas, the first for the first lambda read, etc. The mixed lambda combina-

tion just read is 78850.0 weighted at 0.6 and 7885.0 weighted at 0.4.
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These three cards read the attack objectives used in this run. The 'irst

card is the number of attack objectives, NAOB. If NAOB = 1, then the run is

performed using the attack objective set previously (the program sets this to pure

population in the beginning). Here, two attack objectives are read. The first

card gives the population Multipliers for the two attack objectives; the second

card gives the industry multipliers. The first attack objective is a 50/50 attack

objective (equal weightings of population and industry); the second is pure

population. The first weight on industry is 1.077 and not 0.5 because there is

2.154 times more total population than total industry; hence, that weight is

0.5 x 2.154 = 1.077.
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When the program generates the defense it will assume some attack objective

for the attacker. Since the weights on the attack objectives were set to 1.0, 0.0,

0.0, 0.0, .. ,the defense places all its weight on the first attack objective,

the 50/50 mix. Hence this defense is generated assuming a 50/50 attack objec-

tive. The second attack objective is not used in the generation of this defense.

At this point in dhe data secquence die orograr, will compute tde defense and

punch it onto cards for future use. The next card determines whether the program

will immediately evaluate the defense:

I Onc - *'rP -' -n~

6- ff- 1-,4

2 2722 2 272 22 222 7 2 7277?? 7127 2 71 727 7 7 77 77 7~ 27 777 7 77 7 7 7 1217 221? 7??22 7 22 7 2721272 2 2 2?????? ?

3] 3 3133 S3 333 33313 3333333333333 33131 1 333 3333333)33333333 3 3 | 11!I 3 3 3 3 1311133 1

444444 4444 444444 4 4 444 44 44 4144444 444 4d 4 A14441 AA 4 444 A 44 A 4AAA 44 4 44 4444444 4 44 44444

I1516 61656 6 6661645 616 16 61i16 6 6S6 6 616561 16 661S6 696 66 66 66 6 6 6 6 6 &6 6 616 6 61566 661566 6 66 6 666
1"1?317?721717 777311"1t17?111I?7317211?DI11??.I1l7-;I1?17?1112271,177177,1777771

If this card is anything ,ut th:e key word NOEVAL, then the progam will

immediately evaluate the defense it has generated for all attack objectives, one

at a time. There it evaluates for two attack objectives, the first 50/50, and the

second pure population.
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10 0aa000'00g00 007 D a 0 o en oo o0 a fa 0 0 a Ooofh000 0 O" d a -oo a g On 00 00 'o a5 o O 0 "0- a coon a 0 000 00390 aa

II .t !1 I Ii ¶I 1 1 I I | 11? 171 111t I 1? I1 I i ! 1 11111111111 11;i, Il l l i u!11 o11t

222222222 22222 2 2222 2222 2222?2 ? 22 122222?7 22 2 212!22 222 27 227222?22:2222222222 -

113 13 33413.3 3:3333331 3 3313-3 33 )13 333313 33 133,333 14 3 313 3'3333 Ba asJ 313 31113 J33-33333 3 3 3 3:3 333333.13333 3

4 44 4 4 4 44 4 4 4 44 4 4 44 4 A 44 4 4 4 4 4 4 44 4 4 A 4 4 A0 4' 4d4 4.44 4 4 414 4,4 4 4 4d 4 4 44 4 4 4 4 4 4 4 4 4

5 555555 55555555 5 5 555 %55 533. , 5 5i5 5 5 3 5 5'5 3 5 ,55 S5155555 5355 55 i 55 5 !. 5 55159535 55 5 5353

66650'00 606616666600 6 6 16 606 6 6 6 1 6 6 6666 6:, 06 6 .C66 6 6 661 6& 6&665666$606666 66 666 6 16 66 666

17717 7 1717'717717 7 -717 7 1711? 711 71 37711 1 :1 1711 71 I 1 71 7 7 7'1777771377111 ?71 7 7171 7 777

0Il l i #I I I #i I 113 8 11 II 1 ,11 14 1 11t18 1 $$ II o1il 6111111$11111118 116I i I;J ,ll 11 1

9339999s 99999999 999999 99 q 999999 5 939 9999995399999999999 99 9 99219 93999993

This card is a switch as to whether ihe program is to read a different set of
attack objective weights for the defense. Here tie zero answers negatively, and
this card terminates the SIMPLE sequence. If the card were any other number
then the program would read new attack objective weights, generate the defense
and evaluate it. Control now returns to the option selector.

V, A W WO' ID 3 WORUE F...'D-

a 0a 4 o.J 000 11Oa 00 0 0 o0 ol 000 0 -O0n 0 l 0 000gO 0a O 00 0 0 O0.0 0 9'O 0 0 a3Q aU 00000 a O0

I11 11 Ii I 1 I II I I I11li I i1 I I II I It lt ! 1 II111 1 : IIiI 11 ttI 11 t117 . I II I III 1 1 1 )7 1 t I I11 1II

2 22 2 2 2 272 2222 277 22? 7 22 2 272227:2 22227 2 222272222 2 7 2 22 2: 2 2 77 2 2 7V2?2222: ?2222222i2 2 2ý2 1 2 22 i2 22 2

"3 3333]33333133333 333)3333923333!333333)33333333339i3133'3313333'3333393333333313333333

44444444444 444 444 444444444-4444 44444'4 4 44:4 4-4 44 44444444444 4444 44'44 4 1444 4444 4 444 4

S 5,'s S 5 5 i 5, 5 5 S1 5¶5 S 5 5 5 5 5 S 5 5 5 5 5 5.5 5 N 51 53i 5 5 5 5 S 5 5i V5 5 5 , 5 5 5 5 5 $1 5 5 5:5 5 5 5 '5 555 5 5 5 5 .3555555

Oi 6 F1 S 6 6 G 6 6 E 6 6 66 6666666 6 6 65666i,66 6 66 666616666 66666,66 6 6 16666666666666665666

7117 17111711771171 11• •21 1 231 217 7 117 1 IP7,711771 , 7 '1 7117713I ) 1'1 1 711177277221 1

8$800 I8010 00081108 8 313,008311908I8alII680I 5110 IlI8I988I0 61 8l801114 I0 AI II

* 19 9999393 J 299 1990 999 99 999999.999t9999 919 99993999999909999.sS'99599539999999991
i :1 4:5 6341 Ai U. : 32N.4U 7A fl31,XI * Nn Dmruu' AN .-- Q 'U 144-144161' V W .4N A 5 Ut12 5A I .4 a4, IIN

This card is the normai termination for the program, taking the program out
of the option selector loop.
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Figure 14 shows the entire data sequence for this run type, with the

basic data deck and the shelter input deck indicated at the front.

W , II wORo 2 Wr D 3 Won u , i or- i wopD s woRD 6, r] WORE 7 r1 WORD a

rf-

11. -. i - II

ý0 A

%-v,, r 6 WOR 2 ti OD31 (D '1! WO~RD S [ I WORD 6 woN WOD7 ORD

r' 1 ;II

t0 0 0 0 0 0o• : • r. '

2 V4:Q vvP,4 1 V - I %VýR 6 o I 7 A

Shelter input Deck

Basic Data Deck

Figure 14. Entire Data Sequence for Sample Run Deck #1
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D. SAMPLE RUN DECK #2

The purpose of this run is to generate a defense using the minimax tech-

nique and assuming a mixed attack objective and then tc evaluate the defense for

both day and night pure population attacks. The defense in this sample deck is

found with IDPOP = 1 and IAPOP = 2 with the budget level at 10.0 billion.

The following sequence follows the basic data deck and shelter Input

deck.

I '.T ; • i I P 
11W wooNr 7o ill WO D

VC'- l 2 WOL) 3l wORD 4 0r

2212z 222•2?22. 222 •222? ?2222, 2?22i 72 22;222?27r2•2 ?22727? ,7:2222 722•:2 222 ??2?22 ?2222 ?2222 A

3V3,: 3 333333333333 j333~ 33333 '33 33333333333,333313 333J3'3 3 34 3 3 33333333133 ) a

S7 77 711 7 777!777 , I, 777 7?,717 l7 7.7P 7)77171 7 71771D ; 17 !7 77II 7 77777 177777

41 *i* t• i6• ;•8 ]`:.U .. A C.,l 4.:,I

As before, the first card causes the population data tape to be read. The

second card causes t~he third card to be examined, and then IAPOP is set to 2

(remember IDPOP = 1 already).
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SI"2 1- ( 'r Z . •;E ' 0 0 2 ,7 10 ". C; :O: iv . e 0. (i t .N: I':

S ,,* , .I ,'.l.'.'! :?:,5?.1. ..S I : " " " ,

liii, 11111! I iltIi 11111 I iii 171 11.10@2 P.(10.1 tl 1i 0. til ul tl ilit* I• "t j OI'_

' 22222 ORD 22 2222. 2 2woRU 22OR 2 4 2 ! WORD 2 WO2D a j W2222 7 01 WORDa:2 72 I

0 0c

4'44 L 4414441.444441444444 ,444 44 44 .44 .4 44 '41474 44 4:4 1 4•4 4 4 4 4 •: , , 5 5 5 5 '5 51 ' 5 5555 5 5 5 5 5 5 5 5 5 ,5 , , '5 i , , 5 1 3 5 ," 5 5 5 5 s7 5 • 5 i' 15" 5 ' 5 5 5 15$ 5" 5 5 5 5' 5 5

* , , , '., ,117717*7.7777277777"777.777'7777"~271721 )'lI77117i'll 717##,17977'i7771? 2,717771?727277777,
4 848 831 It 8 .IIII8188 II I 8 8 38 aI 8.813 8.! 8 813III883I8 ;.I88 5 II5 d ~ ,•li ll 817l 83 II8I 88 *I85 8 s I as Is a Iig

The MINIMAX card here enters that option for setting up the minimax

procedure. The second card sets the switch MINIMAX to 1 so the defenses will

be chosen according to that procedure. The next number means that 16 new mus

will be read on the following two car The last number sets NNEW = 5;

NNEW is the number of mus used after the first pass in DEFOPTG -- the value 5

helps speed the cornputation better than leaving it at 50 as it would otherwise be
set. The 16 mus read next are tailored to Fit the 10 billion budget; they needI

not be selected thus, but it will help computation time to do so.
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RD , wORD 2 0wORLU 5 0 WORD 4 iWORo WOR]Ov 6 n WORD WORD r

0 0,'0 1 D 1 0"00 a 0' " D0 fa 0 6F0 f IO d 0 00- 0 i 0 : 0 0 0:000 0" 0 0 0 ffo0 0 0 Y.0"7'0 6 1 -070-0 0 -0:66W60 000 ff0 6 0 90-00-60'1!0 I 0 a 0 6-0of0-f04

lilt I, t P11111111 Ioll i 11.111 `• 1 I 1 1 11 11 1ii1i tili| i i1i lil, I1 1 1 1 it ?1 1 0

2 2 2 2 22 2 2' 2 ? 2 22 2 ? 22 2 2ý 2 2 ?2 2 2 2:2 2 ? 2:72272 2 2 2?2 2,22 2? 212 2 72.2 2: 22 2;2222 2.2 2:2 2 2 2'2 2 2 2,2 2,2 2 2 2-2 2 22 .

4 4 4 '4 4 r4 4 4 4 '4 4 4 4 4 414 4 4 44 4 414 4.4 4 4 4'4 4 4 4 4 4,4 4 A4 4 4 4 41 4 4 4 4 4 i a 4a 414 4 4 4 '4 4 414 44 4 4 4 4'4 4 4,

5 5555555555555 55 55 55555555 55 5, 55555555555 555 5:5 5 551555 55 5s55555 5555 5555's 555

6 6 6 6 S S 66 666666 d'�666 ' ' 6 666'66

777777777777177 77 :7? '17777 17,17 777,717 1 1'7 . 7 7 7 '1: 77: 7 71 1I17'.7777 77?? 77'1777',7 71
ail 

IIII I I SI I ! all a a I 1 1.l8 1 1l 11 l: 1 1, 1 8 4 1 1So 8:1 1 II1 I ' 1 I 8 0!188 8 1 1.3 a a *. a I I I I !I S I I vs I I I I o I I I $

. ,I ¶| |''1•i• • |? ?*• i7?1 
, • I~ i 

, 7.7 Il ~ i i• , " 77777 .11 1

3 99 ~ss9 s 9si 9 19199Sol 99 9:99191 9 99'9 99 9!1 Sl9 1~ 919 99 9999 1119 19'9 9' 5 9's9 9 9'9 99 T9 9 919 99 9999

Again, this card causes the defense generated to be punched out for saving.

ORD 2 O 4 WRS WORD3 WOR0 7 WORDS
., 

[ ', 0'lj

S00•0 0Ooo•0000000• 
--OO 0 00 {i l O" 0-i" 0 a 0•'0 0 -0 0 0"0-0-- 0 ii0 0 ý0 0 00 0 0 Ii00 0 a 0 0 5 0aa,0---OOi V6 -O-Q 0 0 O

i1.11A111 11 1 I AI A i.tIt IIi i 11 %lll tI I II 11s1 I 1 itil Ai 111 .111 I I 1 1141111 ' 11 I I13 .

722222222222222 
•222 Z2222222122221222222222 

!122,2 •22 :2•2',22 •2222I'27222'222 
2222222222 122 .222 22222:,

313 3.3 3333 3 3313 3 33 13 33,3 33'33 3 3 3333 3 33 3331333 3 3 33 33333 3!3 31 33 3 33 333:313'3 33 3:33 333 V33 3 33 3333,

4 ,A 4 4 4 4 4 4 4 4 4 4444444444 4 A 4 4 4 44 4 4 4 4 4 4 4 A4 4 4 4,4 A4'4A 4 14 4 A 4 A4 4!4 4.4 4444 4 4 14 4:4 4 4 444 4

5 - z 55 . 5 5 5 5 5 5 5 5 5 5 55 5 5 5 5 5 5 ý55 5s 5 5 5'5 5 55 5' 5 5 515 S': 55'5 5 5 5'5 1 SS S 5 555 5 5 5 5 55 5 5 1

6 • 666 666666666656666666666 6'6 6 6 6;S 6 6 6 6 5 666 6 6 666666 6 6 6 6 66 6 6 6,6 6666 6 i 6 VI
77,7 77 7 77 7 77 1 7171'•7 7 7 777• 7•7 1;?• 71? 1117 171? 71 1 12 7 17?7777?• ;' 7777 '7 ;i

8I3 9 1 1 a a I a a 88 A I I 8 1. 1 1 1 1 84 I I I I 88 I I 88 I I Sol Sol I I 1 8 8 8 8 1 1111 I 's I I 8I Il I's I I a

9 9 99 ,9 99 9  4 9 9 9 9 9 9 9 9 5 9 9 9 '1 9 8 99'9599•9V'99999 9999 '9' 99 99 9 g 9 g 99q 9 9999999999 99 19 S9 9 99

The SIMPLE option follows the same data sequence as always and here

set.s TCOST = 10 billion, and reads the two lambdas to be used.
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'"o I) l WORD 2 [J WORU) 3 1 WORD 4 0WORD S al WORD A 11WORD 7 U1~ WORD 8 a

0 +00 0 0 00 0 0

S2 2 21 Z :2.2222'2 2 22'2 272 222" 212j22 ,:, 212 2.2 222 2- 22 222 22221222222 2222,2222'422227,2 21

3 )33I1 33,'333 3 3 3 3 ' 333333 3 3333 33 3333333333333133333 3333333333333333
4 44 : 4' I4 , 4444S4 4 41 4,4444 4

555555555 555 555,5 S'S 5 5 5 15555555 ; 55 M 5555, 5 55 5 5 5 5 55 555555 5555. 5 1 ' ' 555:5 5 5 5 55
•65 558 6666| 6 I' 6 ' j, 5 8• 5 •5 5 :56 IG,5 6 ' + t +

66116666 6 £6166 6 6 1666616 6 666666666 6b6 C 66 65 6;6 6 1666 '66666556166 '6 6 6 6.6 6 6 6 66 6666 6

7777•777177 77 73 7 7 2 1 711 11177111,1111 1) 1 7 1,1 1111 111:7 71 717 7111 .1711117 7 7717'7 17,72727!

CII 00! ao s 011311 II'dl001001 0 00l030'000400:00000080:800l0840 i 0100181101, IIllllrlll!

9 39 3• 9•399 9 999919 9 99 4 9 9 9 9 9939119'99499 9199 191 9999 3 9 9 1 9. 9 999999999999999
4~~~ ~~ " •. I' '.. .It ý- nMIt 31 M A ",•l.3J. ,:0 .5l %.1 4l ,0 lo U. ) !I•Il4+L 4 4 11 -1' 1. I 1 1d? :'+ A"11 0.116 l 6 s 1boUm•H r ,Pl ) ;It 74 Is 9 ' ý: of

This card causes WDLAM to be set to 0.5 for each lambda (equal weight).

Even though the lambda weights will not be used, the data sequence must be main-

tained, and this is the simplest method here.

2 N

:':n.. 'a . . "A"A I I 0 ?1

4 4 24 4 4 4 44 4:4 4444 44 04A4 4 4ý44 44;4 44 4 4 4A44'444 4 44:4J 4 4l4 44 4 4 .1;4 4 44 4 44 4 4'J4 4 44 44 4 44,44 44 -

5 ! : , 5') 5 5!J5V 55 5 5-55 5 5 555 5 55) ! '5 5 55 55 55 5 5 5 5 55 5 5

6 £6 6 6i 6 6 61 6 66 61 6 66166,6 6 6 :C b VG 6-66 66 6 66 GI5 6£ 66 6'G 6 66 ibG6 6 6 6106 to6 13l 6 6 6 E G6 661,1166 6'36~6

S.. .... : +:o , +° , °° .. '° o .o , :, .. . ,° °

, U~~3 O 3 4 J4 Il8 OC0a -OO0aOOOO0.00" 0÷o0ooo'00000lI onoo8d03oo0 8lo00oaono00001oO0"00I0J0l0I0
ai1 ! 1 1 1 1` 11 I1 Aad 1 JeSI1 a131 C91 a8 03 1 1 1 1 83 1

9 :.jI l l ~ l l 3l l~ l l ll1 q9 1 9.91 9 9 l 9 9 9 • ',ll Il 'J 3 91 9 V 9.9 1J] 31 91 9 9 11 9] 9 r 319 5 ) 9 9 + 19 199

The same three attack objective cards as for Run Deck #1.

At this point the program will generate the defense using the minimax

procedure and assuming a 50/50 attack objective. It will then be punched onto

cards for future use.

95

441 4 . 1it.1 ; 4 44 1 4 4' 4 44•4!4 : 41 + 41 4 ' 44 44 '+; 4 44 4 ' 4 4 44 4 4 4

S *, 1

-I7 •7 / +• ' ~ ~ ' 7 ]l i l ??7 7P 1 7 17• I T+ • 'I # ! L; I I I ' ?| I t 7 ! 7+ 7I+ +



-t
.I, ' D 2 .i 1i WORDS 6 Wo. w , ,+ " ,,

• a ' " :9 d 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0! O' 0 070 0 a 0ý0 a1 a 0 0 0 .0 0 o0 D D0'o o o 0 ,o a O o' a aO 0 a o a o o al' 0 0 0 0 0 0 o o0'.

S:22222223222232�2222 -22222222 1 2 2 212 22 2222222:22 2222222212222? 2
.,.I33 33•333333•3333•33•333•3333333333333333333133:333333 13333 3333.3•133•3333333333313,

I4 I I

44 44 4441 * 4 4444 444 44 4:4144 4A 44 44144444 4 414 44 4 4,4 1a I 4.4 44 44 4 4 4!4 4ý4444 4444' :44444444 .4444 4

i 3 15 F $ a 6 6 6 6 6 6 6 6'5 6 6 6 656 6 6 6 616 6 6 6 66 G, 6:6 6 6 6 6 5 G '6 6 6 6. 6 6 6 64 6 6 6 9 6 6 5 6 16 6 6 6 66 d6G 6

717 t7 ? 711 71 777 7 7 7 / 7 7 71 77 1 t 7 711 • l I ' lIII II '71 71 11 ' I 1711 !7 7 7 77 17 1 7 1

Id Ie . I J 9 3 ! B I 'a 3 A II a11 A1ii $1 a I.I I I I I d 1 38 1 1 8 1 l: 1 P. AIa : 3 s 981 1 b8 I '1 581 I I aI88II' II I a 3 li 9 8 d8 8.

311.1939 9 9 99 9J9 99 9 9 3 9999999 9q99 t9 9 999991 9, A 9I 94 9 999 9 9 993999999999 9999

This NOEVAL card terminates the SIMPLE option without doing the
evaluation. Control returns t,) the option selector.

I WVO L. + WR.Ld F ; W.JI r41 WORD R.

+0 ' _I1'ý

71 I 1 7 7 7 1 1 1 7 7 7 1 1 1 1 7 I 7 1 1 1 .1 7I 1 I 7 l 1,I I 1 111 1 1 1 77I V7' 1 I I1 117!. 1 7 1 1 I 1 7I 7 7 3'1 7 171

'''22' *''22222222222222222222222 p22;?2222?2•2•222222???222/22•2222 22

, ~~~ ~ i 7 , f+ , +

93•+j4`14,¶44 44414•4444444 4 44•44I4•4•4444I4I+4144•4i44•444444444 44444[£I I

6. 5 ,65G665666 . 6666666666rS 66Ss 6. 656556'5656 ' 6666 Sb6i6666Jt;So6G.656S6566!666666666I6 1
2 77 17277 17177771211711231 7 11113.1737 13 ii? 1.7 2123 311t77 717277.7772717

6!8I6l91118141 183S9 88198ISI04 988 8898883888

339" 999 199799:79999•999939 q9939 19 q 9999199 9 9993999: 91.9 9999399999993 22 9 3999)q 99999999'9:

These three cards cause the attack objective to be set to IAOB=2, which

is pure population and an evaluation to be performed on the defense just gener-

ated for the pure population objective. Now the point of jumping out of SIMPLE

and doing the evaluation this way is simply that we avoid evaluating the defense

for the 50/50 attack objective, in which we may not be interested.
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11 -,RL I IjWORD 2 WORL) 3 [" ORD 4 JWRD is [JJOR-I F WORD 7 01WORD 8

I S " `1 I I II I !

I I- Ir ; ; - I I

1 11 1 1 1, 118 1 1 14 f , ' I 1 ,,1 1 111 1 1 1 0, ,1 1 &1 1 1 I's ,,1,311: 1 ,1,,1 , 1 ,198 1 1 938811'111a1I1: I I,

,, + 22 • 2 122 :22•• 22222•22'?22.22:2`272?2,22•2?? 2 2•2 2 ? 2 22.2. 2 2 .? 7 2 22.222212'222•221221 •

3 4 . q3 339 9'333 33193 9 339'339 .33.133'3133 3 9 93 99 9 v3 93 13 9 1 3 9 9• V, $ 9 933 9 99

4 M.1 4444 n.1 44 44444444444'444444444 444144 4 444 Ii44 C IS 1 4.64 _V 11 t 4444 Q 4. 4444444 0H4444

55555 555535555555~~~~~~~~~~~~~55:555555555 55 s555 55S555555555S'sssss

5666656 6'6666 .666;666666'6 56,166 l5666664. 56 66'6656 6+? • 655G6 .•• ; O6 6•66' 5 55S G$6S6666 E6 666 ,66 666

1~q ]]~q95•:9 9. 9. 3q 9999 1'9q19'30959'99993359 1 99qi99 '910h• 9gl

These cards change the time of attack to night (IAPOP = 2) and cause a new

evaluation. The attack objective remains at pure population, and all other parameters

stay fixed.

• ,, ~I W.+• •
1WORE) 2 "ORE WORD RD5'1 WI6ADO WORD 7 WORD 0'!O

* u [ B! U] '"

+ ! 1 1 1 1' 1111/ 111111~t~, 111111111;1.. 1 ,'2.$ 1 111,11 1~ .A 0 " '0 4011 .11, 1 1I 1 1 1 11 1 1 . 1 i ' 1 11 1 1

1 22222222222'22 2 21 222122:2222,222 21 22: 2222222 22 2 22227 1222222'222?? 22 2 222?222 22 22 22 2 22 2 2

33 . 33 3 3 33 313 3 33:33333 3 3 '3 3 3 3)3 33313 3 33:3 3 3]!13-3 3333:33111:1 3.333f]3 3 3,331 3 3333:3 3 333 3, 3 3~ 3' 13'I;.. . ' "
4 4 ~41, 4' 444144 44444444 5 ' :44A444 414 444 44:4 ! 4 4 4: 4 4414 4-4 4 :4 414 4

5 5 '5 5 5 5 5 5 5 555 ,5 S 51: 555 56 5 v s 5 5:5 5 I S 5 ss 5 5 5 5 555555 s5 5 5'5 5 5 5 s 5

I" I6 6 66 66 6 6G6 666 6'6 1 , 6 566 6 6 6 GS666 6ý6 6 6 66G6 6 6646 56SGE6 66G6 S S6 6 36 66.6 66666.66 6 6

S•; I $ 8 I 1 : 8 8 1•' 1 1" 1 a 8ý a! I' I I Is a IJ a I a I It a 31 15 a (1,1 a I a a 1.1 a a I I Il * i I B 8 q 8 11 1 1 I's I I I "l

q 10 9 !q9 9 9090 00.9 1 9 i9109 9 9,9 9 9 9 9 919: 9 9119:9 9 99!1 94 19'sq 9!0 9:9 , .10o 9 1 6 9 900 099 950
I a6 6 1 .0". )1. Is f 1 15,: .* 3.11. 11 AlI:J .I 431M M1 2 IS 4~ "6.10. -5- J . 2,2I- ' J$ S6 6U - A,~' j . 1 6'

The OUTPUT card obtains the printout described in the OUTPUT section,

and, finally the STOP card terminates the run.
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E. SAMPLE RUN DECK #3

The purpose of this run is to read in a previously generated defense and to

evaluate it for a 50% alerted nighttime population in a pure population attack. The

"defense to be evaluated is contained on a punch deck, exactly as it came out from

some previous run. Since shelters are stored on that output deck, we need have only the

basic data deck in front of the following cards:

' I WORD 5 WORD 6 WORD 7 I WOR D ,A

"NA C, WORD 2 WCRD) 3 0. WORD... wof os l W 7 WOW-) 8

0 1 0 as 3 C0 0 aIa0 a 18 00 -0 CC oi i fi'1i io oc a o - 0 01j6 0- 0 0-00a-0oi b~o 010 90 3aa0 0 n000 a000
II 1*I I I 11 I s21n I 1S n1 It 111 M111 , IVI ," . I IS IM 111'1 I.5 0,I a' " 1: ISI II 1! 1 Ii I I I I U1S &1

2722222 2 12,22 27222222:2 2 2772 22 22 222? 71? 2:2 22 2272 2ý2:22.12 2222 2 2 272 27222

3.? 3 3 3 J33333'33331333333 3333 33,333'33 3 333 33,33 333133:33 3 1.1 3333333 33333 3333 3333 3 3 3 333

4 44 4 144 4. 44 44 444 444 44 A44,44 444 44 4141 .4 I 414 44:44 4444 ,.144 44 4 , 4 44 444 414 444 44.4444 44444, 4 4455I I , i I.,,
5 5 1 5 5 5 5 5 55 5555 5 55 5 5 5 5 5 S'S5 %5 5 5 5 5 5 1 5 5 5 5 5 5 5 5 ý S 5 5: 5,5 5',5 5'5 5 5 5'5 5 55 S5 5 5 5 5 i 5'5 5 5 • 5 5 55 51

56 6 S 6 6 5 6 6666666 G 6 66 6 6616 6 6 6 6 66•6'6 6 66666 S '55 6 16 6 S6 6 6 66 3 6 66'6G6 6 6 6 G G 6'I. I

•77177777777 77777717,7777777777?77111 11777171711,.7, 1777173:77777777?7777773;1

8~ ~~ 11 a a I a8 $ 111 1" 198 8 88 8888 8 18 A 3 6• 1 88 8 a 8 8.88 1 1 ' 8 1 .aq Fl g 08 C 8 8 a 1$ FJ I' a 18 1118:8 88 88 a 38 a

9 9 2- 9 9 9qls 9 S -9 9 ' 5 9 9 199 91q I g159 9 a1 9q999 9g 19 1J 9 2. 9 9 9•' 4 S g~ T9911 9 19 19 9 3g 9 gg 9 9 9 9 ~ 9'9 9 • 91 9

The LIVEDATA card brings in the population data, and the DEF'SPEC card

causes the program to go to the portion which reads the punch deck next:

/Puched out-
put from previous
Run

For a description of what is contained in the punch deck, see the data sequence

definition for DEFSPEC.
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WR D t WORU 3 WORD 4 WORD S [r WORD C WORD 7 11I wOORLD 8

0 00 0 D3000 0fo a0,Il0aa0-10 0 0 0 0 070ou a0 0aoo'oo 0Ito 01o l'*o oofore- a 0111 0 0000.00 U I . it0 aoo 0oooa 0 06 b80 0It 0 00 0

I I I I lit I'1 I I 1 1 1 1 11 .1 1 1 I'.l I I 1:1 1 1 1 1 111 1:1 1 1 1;I I 1 11 I',1 1 : 1 1 1 Il II I I I I 1 l !I I 1 11 1 1 IIa

2222?22 21 122!2??.? 2 '2722 2 2 2)722 2 22:2 22 712 2'22 2 2 2222 2.2722'2222 2? 22 2122 2 22 2[ 2

3 3 33 3 3 1 J 333 1 3 3:3 3 3 33 31333 3:3 33 313 3.13 3 33:333333 313;3,333 113 J!3 31 3 3 3 33333333,11 3 33 31 3 3 3 3'3 33:33 33' w-

4 4 4 4 4 1 4 44 4 4 4 4 4'1 4 4 4ý4 4 J 4 4 4! 4444,44 A44 4 A 4 4 4-4 4 4 C4 4 4 4 44 44 4 4 4 4 4 4 4 4 4-4 4 4 4 1

5 51 5 5 5;5 S'S 5 5 5,5 5 5 I5 51 .5 5 5 5 1 55s 55,5 5 5 5 55 55 5'.5 5 515 ,5 5 ss 55 5 5 5 5 5 5 s i 5 5 5 5 5 5•

3 6 6 66 6 6 6,6 6 66 6: 6 6 6 SIG E, 5 6b,6 6 6 6 G!6 6 66 666 66 666 6 6, .6 6 66S 64 5 6 C C 6'6 5 6 , 6 b 1;6 6 6661 6 6 G 6566

1177 71 ? 7P7 7 1 77777 11 M 1 :17711 I17777 17' 1 17 1 Il? I I I 1 ,; 37721 7 7,7 171777 77 77 77,7777

808888,48,1814181188 8046~484£48118018088
3 4 9 9 99 9 9 9 9 .9 9 9 9 9 9 5 9 9 1959 9 1 9:9 9 gg 9 99935 9 9919 9. s 1, A q 3'. 9 e 1 9 9 9 9 9 9 9 9 9 9 9.9 J 9 , 9 9.

I 7" I

This NOEVAL card causes DEFSPEC to not evaluate the defense;
otherwise, the defense would be evaluated with parameters as they were set.

S L- I I I I I61

Vk :)RDI 10'WORD 2 0WORL) 3 P:WORD 4 111 WOPOS 5l n ORD 6 71: WORD 7 -ý1 W ORD 8

0 0 _- o 6--: 0 I * a 09

110. a~l 80900 8 C, ~ Iii&O~~ 1ie0 0 lO8 o 00 0 60 60 a0 Co 0 0 0 O~~0 0Obm85 0 1 a0a000
I 1 1 3 twil l 4-. . ill,,X,,r*7:I.?%5 . I V, 1,1n~~.4,i~lB X % '4.i. I& U %~,~7,

1111111 I I I I 111111 1 II1 1 I 1 II II I:1 1i11 I' l 11 ' 11 | l I I I I' I11, III 1 I I I 1 I I I I1

2 2 2 2 2,. 22 2'?2 2 2 2'2 2 2 22 2 22 2 2 2 .2 2 1 2 2 2 :2 7 7 2 '2 2 2 2? 2 2 ,2 2 2 2 12 2 :2 222 2 2 2 21 2 2 222 2 2 22 2 12 22? 22 2 2 2 2 2:,1333 3 33 I,' '3 '

3 3 3 3 3 3 3 3 3 13 3 3 33 3 31 3 3 33 3 3 3,3 3 3 33 3 33 3 3 133 3 3 3'3 3'3 3 3 3 :3 3 3 33 33 333 3 3 3 3 3 313 133 I'3l3 333'

A ' 1 4:4 44 4 44 4414 4!4 44 4 f4 4 44 4' 484 41'41 A 4 14:4-4 4:4'414 4;4 4A4,I4144 414 4:4 4 4 414 44 414 4 4 44 41 4444 0

5 5 5 5 ,5 5 5 5 :5 5 ,5 5 5 515 5:5 5 ', ::5s 5 1 s ,sis 5: 5 5 5: 5 5 5 5 5 55 5 5 5 5 5 55 5 5 V5 5 5 51
6 6C 666666'6666 6 6 6666666:6666 66 6666 66666 6 S666566 66666 666666"6616 666 6i

88 8 818 8 a 8I8a 8 885 1 S 8's I 8 I I 111 811 1 1 8188 1 I8l 8 I II I I I 8 I

99 9 9 9 1 ' 9 9 gg9 9'9 9 99 ! 9 gi 9 89 98 91 q 9 3 9 1 9 151 9:9 9 • 9 1 1 9 9 9 9 9 9 9 9 99 99 9 9 I 9 9 *9

These cards set the time of attack to night and, we will suppose, the
attack objective to pure population (if the defense we are evaluating is like the
previous sample decks, this would be pure population). Although the punch deck
saves most parameters and, indeed, saves the POPMULT and VINDMULT
arrays (and, hence, the attack objectives), it does not save the particular attack
objective, IAOB, leaving that to be set before the evaluation.
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(0 R 0 D 2 WOR 3 11WORD A ODS H WR ] WR

,' WOR 2 n C. J A • V 0oRD A wo, 5 WOL, I WORD " 'IA RE) .A 
WORD 

S f 
W 

RL 

WORD' 

7 

"o 
F

00 00 0076 0000000 000000 0 0100 0 0 00000a000 00000000000 0 00000 0 0 0 11 ýý1
W771 3 0" - 4 0 1*1 ".' sy 6*~ SU3 6. 65M 6, 0 .'g 1 7 A -03-SI 7I1 1111117 11111 777 11 1 111111 lII 1,11 Iil1111 11 11 111II1 1117 I 72I 111 :11,7 1 1- It 7 111111111 1 I,: ,-

2• Z : 2 Z : Z •2 ,2 ? • 2 2• 2 2 2 7 2 7 7 . i 2 2 2 2- 2 7 2" 2 2 2 2 2 2 7 2 2 •221 2 2 22 ,2 2 2 2 2 2 2 2 1 2 2

1 33 3333333333 33 3 •3331 3 3 3333333 33333':33"3333 33313 3133333333333:3 333333? 333 3 3 3

4A 40 A44 4 4V4 4 4 4 4 444 4 414 4 a 4444 C44 414 4 .4 4 444 4 4! 4 44444444 4 4 4 4 4 444 4,4444
iI,

6 $ S 6 6 6666 6 56 6 G6 66 66 6 6 6 66 76 6 66•6 6 6 66 6 6 6616 66G 666 G 6 6 6666666 6 6 6 6B 66666 6 16 6 6! 6666666

77771 77 77777 7 17 771 717 1777 1 1 ? 1 7 7 17 1 77 77771 7717,7777,77 17'77.7777 717777 711 7 1 777

8 1 30 10a1! I3I0I3I3 I9 180 18 11 11110100 0 all0 ao II7 II0 Id1a3 8 0118 1 0 88 aI'188a8a1888 UsIaII 8
ot g~33•gggq 0039700q930!00009000g0g99.;ggg 03000l~g:3939~ggggg390993g•~9g939.1C

These two cards set up tCe fractional filling mode and define the fraction

alerted - 0.5. All parameters are now set for the evaluation.

-%ORD 2 WORD IW RD A 'II -' VORR q

o, o..oooo ,

a r o oao Ia000-0 0 0000"0oo0 0a0"000000"000-0a0000 aa00a00 000 0 0a 0000 0000000000000000 0

17 7711 7111 117111 11 711111111 11111111111111 11111111111111 711111111117711111111

333 3333333333333333333333333333 333333 3333 33333333333333 3 333333 33

4444444444.4444444444 44444 4444 44444 4 4 44444444 444444 4 414 4 44444 4 4 A444444444 44444 4 44444

53S555•55•55555555555555'~0555'i55•5•, 555555•~~5V55,5•5555•55555s55ss55s5sss5

6 66 6666666666666666666666 66066666666666 66666666 666F6666666666666666 666666 666666

,177 7 777717717 77 171777 17777 177717 7777 1777 771 1 177 117 177771771 177 7717 777777777777

00 0 0 993 0090 31 19 03 30 00 9 0900000000 9 99 009 0 9 0009 9 30 0 9*9 9000099 910 :9 0 90 9 q 90 9 4 0 q 9oo 9 099 00000 99 90q 9'
! ! -* 1'. ,,Is .9 x7 7.,I . 1 ;7 nx] I .1;1, 9 i .' I ,I 19.

As a last step we evaluate the defense using the new parameters and conclude

the run.
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F. SAMPLE RUN DECK #4

The purpose of this run is to find the upper and lower bounds for the optimal curve

for $20 billion defenses. Following the basic data deck and shelter input decks are the

following cards:

li-FEF c

2- L),, W R 3 WL)- 4 WOR S U Vi)Rfj 6 WOR 7 IlWow1) a 1
L) I' -c WO, WC'I I I IO

L, 00 5 6~o,10 o'oo0o0 o'ooo' 0 J10000 00:I 00' 0 00 00 0:00a0 0 000090 00a0A00 010 0 .0 0 0 tf0,00 i 5 8000a00 01
1 .01 INI*J ~1.15 11 .*!jII:?NI,.j., lnI-I . II- .1 .ILAIl - -' C,-) l~4I4a . ;4,) "'I

("Vt t,- I lI III

I I I l 1 1, 1 1 ll I 1 1: 1 1 ll 1: 1 1 11 1 1 I I I I 1 1:1 1 1 1: 1 1 1 1 ,1 i- 1 1 I II f l l •

2'2222,2•227 2"712 2 222 2 22 2222'222 2222222 2 2:22 .

j 3' 3 3 3,3 ] 3)ý 313 3:33 3 3:33 3 3, 3 3 3 .13 3 3) 3:1 1 3 3,3 33 3,3 3,33 3 3133 3 3

4 4A 444 4. 44 4414 ' 4 14 444,44 1 .. 1 .14 4 4 4'4 4 * '4 C1 4444 1 4 44444, 4444 4 44 4$4, 44 44,144444 4 1,4444 '0

I I

1il 7 71 171 7 7Y1 77 1.771,' 27 7 71 217 71 1 4 i 10 1. 1 1 1!7' .1'.7 .: 17 V 7'1 171 727 11 ý7' 1 77 7 1 111

3 I3 I d I440I001 68Il 's130Ill018 140 A , i j 0 d'sU j .:a 03.0 b'' d! 1; 40 d I ' 03 1 a a~ 0ý 4 ~ I' s Z" I 0aI
to to 9 15 ,, V 9 1 1 9 I' S 9, 9 9t : 9 9 9 9

These cards call in the population data tape and set IAPOP = 2

N(1 Pr I t Ii
Iv, D -o 1 , W ORo 2 0 W UO 3 0 W O RD 4 [.0 W ORD S s w o R0 fl W OR5 0 rW 6 o0R

n1 0 [,0I- I---. - - Jo6 0, o'0 Wo d~o I-o i oTo-0Ce, ORfe- - 0 j-o 0 o ,T 0 0 o -0 o-oo,o a fo -00ia-0o : o 1 y •, 0 o 6 6-o61 000a 0o o a o 0 .1 a o 3 a o a a o 0- o oo o,o 0, -o F0 oC
I , 1 I I It 1713 811 1,1l11:3I, I Vl3lllll6 I I 1'MY4 1 11,1)45h- 4.111 '?.1 N -1 .1 7, I-I Mall ~ l 1 1 llIl ll i•,00' sai• •?• ' •I .

21722 '2 : 22;2?2:2 22, 22 2 2 2 2!2 222? 2 2 2 2-222 22 2 2 2:2 22 22'????2:2 2222 2, 2 .2I .. 2 2 22 21222222222 I.•
I 3 33I` I I•3 • • 1 3• • 3 • . 33 ) ' , , l , 4=

44 4 4:4444144,44.04,44441404,44•4444;444,4444 1t$4tt4'1•t444lt14444 *4444440144444
441I 4 A 4'44 4.14 4 4,4 4 4l It 44 I 44 444

,I' : ' I 'IiS , 5 5,:5 S 5 515 5,5 s 5 S'S5 5 S' 5-5 5, 5 5's' 5 5 5 5: ' S. S ,5 55 5 S5!51. 5' 5 5- 5 S s 51.3 5:1 5 5, 5. 5 5 ;5 s51 3 5 5 3 5 5 5,5 S'S 5 5-5 5 5 5

6 6 o 9. , 6 5 66,6 1 $6 • 6 6 5065" G 'S 6 GS' S 6 666'G 6 6 5G 5' 6 SA GbS6 E 66666! 6,6 6S 6 6 S 1 5 6S55 $¶6 6 666

77 771 :7N77 ?7777717117 7 7'7 71V 1:7 1 77 71 7 L71 17 1 ! 7 7 I 7 1 7 , 1 7 7 7 7 7 71

These cards turn control over to the bounding routine and set the mode switch to 1..
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0 0

2:'? 2 2 2222 222 222. 1 122 22222 22 2ý22222 2i2'2:222 2122 72229 2222ý -2222:2? 2,22. 22222 2 222 2?

3 3333 3 3 3111 3 2 3 V3 3 3 33 : 331 33 3'3 333 3 3: 3 3 3i3l 3 3 33 3: 3 3 1 313 3 3313 1,3 .13 333 3.13 313 3 1 3:3 3'33 331313 33 J433 Y,

4 4 44 4-4 4 4 41.4 4,4 4 4 4 A4 1 4:4 4 4 4: 11 4A 4 '4 4, 4 I 4 ,54444 i 44444- , 44444 4

K6 65S 6 SA U6 6 6ý6 66 66 66 6 6616 6 b6 6 666 6S6 6G:G6 6C'6:66 6 6156;6 6'66'666t6 6 fSCSfG C 4 6 .64 6V6 6

These cards read in the new mus. Notice t hat although the entire range
is six orders of magnitude, a number of the mus are concentrated in what is the
expected region for the $20 billion level.

'
3

( I2 . IjD - ý WO D O

C, WORD 2222?222222222222.222?'2?2 012222 22222222222 3 'OD OR

3333 i

00::0 00 *;:11 0 4'; 0 44,441 a~ 44 go~ 4a 0 0 a0 C0 00 00 00 00 00 00* 3a 00 00'aa 30 - 0 330 33 30

.4 A 4 4 11 4 414 4'4 : 41 4 4 154 44 4 414 4 41 4.4 : 3 4 44,4 4,4 4 4 :44 4414 41414 4 444 4 4A 4 44 A414 1 4 A 44 44 4 4 4 4 4 4

3 5 5 5 5 555 5 5 5 55 5 15,5 5555 5 S! 5:55 5'55 siý 5:5 S 5 5' 5 55;55:55 55's5 5 S 5155 55 555 5 3 S' 5 5 5 15 5:
56 6 6 6666 6 66 65G6696 6 66 6'6666 6'66 5 616 6u66 6 66 6 66 66 66 6 666S6 6'66 C6 66 16 5 SG&6 6 6C F 696 C6 66 665 661SS6G

7 i : ! I. I I'.
7; 7. 71 7'7 ~ 77 7 7 1 7 7 1 7 77 7 77:7 7777 77 7 77 1- 7 77 7 P? 7111 1'?r7 7 7 1Vý77 7 7771 7 777I 7 7 71117 7 77:7 77 7 771 777

97 i 9 C49 9 9 993199 " 1 9 q 9 9 49 9 9 9119 T9 99 9 9 ý9 I9 99!9 9 9 19 9 939 5 9 99 919 9 191 91 4 1 1 1! a 1 f 1 41

Here thie initial lambda is 30,000, TOOST is $20 billion, and HSAT
I.is 209,473,668 , the total daytime population (since no attack objective was

set, it remains at the program setting which is pure population attack; hence, the
total payoff is the total population).
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A I~4I I~ , ORD WGR' WOR OD~H WORD) WORE w r WORL:) a

'!'il II I 11111 7I 11:1.13 oi lIT l~l 1 111,iIII : Qi 10 11 1 1,1.11:1M,

1 44 4 4 14 44 ;4'44 44A 4 4.4A 4 4A441 4 1 4 144 .4 4 AI 1 41 4344 44 4 014 4 'S 4 4 4 A 44A 4, 4 4 4 44 4 4 44 4 44'-

I 3171 7 1 1 7 ,7 17, 17 177: 1 .1 1 1 77 1fr :1 T7l 71 ?.1 111:7 1 11 1 17 1I1 1; 11 7.7.1 1 1 3 7 1i I I'.7 7 7 117 f I

This is EPS, a parameter which controls separation between the lambdas in the

sweep, and hence run time. This value of 2,000,000 was used in all runs and gave

good results, although some runs (as this one did) required extra computation in Mode 5

for desired accuracy.

WOF01 flRD 23 WORD r)41 WORD 5 WORL, W*. , VV-

aa00 0 0 00 C 40 0 '1 0 0 a0 0000 JO00 0 90 000 1 0 400a0 a 6 0 0 00a000 010 0'Ua0 Q 0 0,0 0 000 0 0j0 ftl. 000 ai al4 00

32 32(1 J~ 343 3 3 3'33 13 3J 333 3 3 J 13 3 3 3 33 ,13 3333 3 3 13 3'3 33 331 3J 34 J3J1 3 33 3 J13 3 33J 331 13

5 3 5 5,5555 5 S3 5% 553 53 5 S3'* 3 3 5 J15 55 5 5 155 15 55 5 5 515 5ý5 55 i 5 S

-I U. 4

And stop.
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G. SAMPLE RUN DECK #5

The purpose of this run is to find additional data to decrease the distance between

the upper and lower bounds of the previous run.

•,-Fc; , C- PI t' L•

L• '.,. , 2 I I

21 2?' 21 ?2 1 2 222

I .. Ij 17 1 I 11 11 1I. 1 I I Il I I1I I? I 'I 111 l 1 11 11 1 ,2 1 I 7 1 I I I I1 7 1 711 7 7 7 1 71111

,, 1 , , . . .

O' a as # 88 85 8 886 S.S a3I a a! a su A. as I3 a I8 aas a 8s a A A8 13, 8 34 d23 U : j 91882a 2 A 8

it `72g tI** 9. 9 9I 9 ,,II:I !]22 2 2 :45 3 >..9 27 3 • 2 ?? 9 1 A 5, '!1tI. 9AI 2 2'! 9 1) t? 1 1! 1 q 9qt 3 .

The same beginning.

VORD 2 JWORD 3 OR 4 f' Want, o i ,

S' I I ,

,IT,

2 ' 211122 I iI 1212 I I 2 1 2IB I 8 i I2li 2 2 24 I Z 2 81) 2 i•2 72 'l ,1 2 ? 1:2 2 2 2 2 2 J2

q1 3 3 3 13 3 3 3 3133 3 3 313,3 j1J33:3 13 3; 3 3 313 1 1 3 j3 JJ143 3ljJ A* 1 33 3 J 11113 ~3 3 3 33 3 33 3 3 33 34

• "I

41 4 4 4 4 41 4 4 4 4: 4 4 4 4 4 1 4 4.4 1 414 4;. 44 44 ¶ 4 4 43 4 44 4444 494814 -

' 71 1127 11'7 111 7! I1 , 1 7:7 I7 l 1-) 77 1 12 1 1112 1 1212 771 12 7 /1727

j I j331i1 2Sjj9j1 [9 d] I, i d! C; 1' i} t' 6. 0 R1 8 8 I -. I

Bounding procedure, Mode 5.
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.004 .0 P. 002 '14
C f • .o .- cc 64S e I •. (j • VIC! C o17 I p.C I v p. I,.+ r. 02? , en 2 .'. 0233 0 O 4 • 00243 0;. 002 5, 

e000 s !u+ : 4)
DI WORD2 fl WORD 4 WORDS [WORD W ! a

0 0P * 0 6 4 0 a j s 3.0 P O0'0 O 0 0 0!;j 0 ' 0 0 0 1; of) I! U!l 0'a 60"0 I:0 i o a ff - 0-O O O 0I;0 10 0 n:1 a0 0O O 11l 0u 04 O al ,0 01 0'k @ 0 8 1 8 1 01%0

S, +• , Z 2 •2 + ,. 2 2- , + .) 2 2 2 I !2 ? , ;) ;2? . > ) 2 2 I ': u . ,2 2 7 . t,1 2 2 27 2 q z 2 7 2 2 ' ,2 2~ 2 , , i ? ! ? / i2: z ? : 2 2 2 1 2 2 ,2 2 2 2 ,2 2 2 2 ,

• , 3 j3 ,.. , U3 3 f33, 3 3 3 3 3 13 Jt 33 3 33,3 3 i i,, 33•. 13=3333 3~333 3 3'3 33.33331 3 A
hi.4I t 4144 =4,4 4 4 4 1 4¶4 4 444,4444 44+4 4 ' :'44,4 44:14444 t4.444 t4444I44,4444:444,14

5555555 5, ~ ~ . 5,55s ' t ' . 55 ss ' s I . ,

, 6 1 - , , ,! - 14 1- , . ' . . 0K q

I, . . .. .i:- 6 6 sý ,6 '6 6. , b: 6 '

Notice that this new set of mus does not cover the entire range that the previous
set does. That is because from the previous computation we know what region the mus
will fall, so a smaller range can be used, enabling better cost matching.

W~ I [ WORD 2 [ O1, f WORD ~ flVORD . WORD SrI"n 6 WORD 7 7WORD 8

Df- D, 01 01

I1 11 I 1 11 ll I ll I ll I1 11 1111 11 I 11I, 111 I+II1I I I I:' llli iI 1.11111i i I I il1 11i 111 ;lI !i'• Ii~ l l Ii i.'l

22?2 I '2222 2 2 22 122 2: 22
22 222 ,2, 222 2 222 .2222 22 7 22,? ? 22122 222 2 2 7 " 2r2 2 2• 2 2 2 2 2 2.7 22 V'77 •2 !++i,,33333i3 3 '3333 .333,3333333311.33Z3313333333 333331 13333,3333 31 331 3 3; 3 , 3 3: 3 3 +3 3! 3 33 .)3? 3. 13' 3: 3 .3 1 3- 1 11 3 3 +3 3!J 3 3 31 ý1 3t 3 13.' 33 1

4444441 444!; 1,414444444144:4444.4444 4144,4444:A 444444A444 4'44 4 141 44 44 4s4 4 4!4 44 444:4444 44!41 4.:4 44J!
'5 5' 5 5 5!. 5' 5 5 5 51 5 $5.- 5 .5 5 .S' 5 5 5 5 5 '5 5 5 r , 5 5 5 + 1 51 5 5 S , 5 , 5 51 5 ,5 5 5 5- 5 5 5 Sil 5,5 5 s , 5 • 5 i' 5,! 5 S- s 5 5 s 5* s 5 5:t 5 5 5

6' 6 6 i1 1 6: :.1!I' 6 6 66S661V:1 ; '61 1 :5(6'i 6 16•

I I I ! J7 7 
71 1 1 1 1 1 I

I I l l :7 1 7 7,7 7 7 717 7 7 1 7 7717 7.7'[ 1 7.7 7'7 1'7 "'7 717•?'-77 17777 Y? 7 7 7 797 7 1'771

TCOST - $20 billion again.
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-2oo. n . ,A. n P40r.. 0 700C.. 0 0oooo.0 1
000.0 0000.0 0- 1 PFAI 10. 0 0.F4UU u.

034. 9 Mo0C.0 -500.0-00 . 5 00.0 1-000.0 000.0 Z000.0

W O RDOR W ORD 2 0 w o.. 0 W O RD 4 0 W O RD S 0 w.,4? w 0D wO RC) a

0 0

,1 1 hf11 1:1 1 1 II1:1 1 , 1 1 !1 1 1 UI

1772?2?722'.2,22'2222'2222 ,22:2222'2 22222:2222:2212222:2222.7217122'222221?2"272'.22 2 2.2 2 22ý222 2 2 2; ?

!'133 333133,3333'333333'33 3 33333333333 333 3 S 33 3333 3 3 33, 331333 333 33 3 3 3 3 3

44.4444 4444144:4444444444:4444444 4444'44h444 44444 *4 4444 A 44 444"4144! 4444444'444 4444 4

.s~s.•sss~s!ss ~sssssssss~ssss~ss~s~s sssssss ssssss~ssss•s•s~s~s~ssss~s~s~ssssss

I I I . .. I ' '6S 13 666 9 6 6,6 6:66161116,66:6666666 6 s 666 S E6 6 6:6 66 6 56 6 6 16 61686j1616 6 3 6 6 66,16 616 66666s6

1 I ,II I3 I 1 :8 :1 ! II 1 11 I I ,I I s a I 1 1 a is a a .l a, I I I s II I al 1: 18 11 3 3 3331 1

t1-2g s,9 g ! g 9! !! .9 1g .! i ,!gg. ! s t I s 3 9 1 9' 3 9 ! 9' s ?19 4 91 9 9 99I 9I 9 9 9*9 9 1 91 .i: 9 1 To! is 1 : 9 9 9s 99'9 19 9:

These are the 20 new lambdas. The two eiids (2034.69 and 30000.0) were

lambdas used in the computation of the previous case. The object here is to fill in a
fI

number of lambdas over the same region as before to improve the accuracy. The other

lambdas are simply spaced.between the ends.

And to complete the sequence: L

.4 3 e. Jul '

WOOI 4WORD 2 WORU 3 0 WORD 4 U WORD WORD 6 WORD 7 WORD e-

SU M , A S ' 2 0 ,

2:2'22 2:2 2 2 2 '2 2 2 2:2 2 2 72?2 22:2 2 222 2:22 22:2 2 2 2 2:2 2 22:7 2 77'2 2 2 2 :?22 72 27, 2 VI ' 12222223133 3, 33.1333333:3333 33:333:3333,3333 333 33333 :33 3 333333 33 3 3 3333

44, 4 44444 ' 4 : A 4 , , , 4 , 44 A

5,5 35 5 5355 55 5.55 555 55 .55 55 5 s s 5 ,s 5:$ ,S : 5 5 5 55 5 5 55.55 5555 5 5 5 55 5

,6'666,,6,, 66,666 6:$66 C6 66 66'6;6866 6 666 n 6 6 :6S6666 66 6: 66 6 666 1 6;6656,6666 6 6 6'6 ,66 S6 1

177 7 7: 771 77 7771 1:777771 7 7 71 7 7 17 :1 77 17:1 77 7:7 h7 7 7 :1 7i7 : 11 1 Ill 7:7 • • 7 7 - 7 1

'1 -5 I! 3 1i: a:. a 618 '3 1 .:c 1 1/Il13 1 I E,
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IV. SUBROUTINE DESCRIPTIONS

The program is divided into a monitor program (contained in program DRIVE

and the overlay programs) plus subroutines. The discussion of these routines is

contained in this section.

One brief word about the flow charts will be included here. Iterative loops

will be indicated as follows:

V Cell _,,

The symbol V means "for every," and the example means that the

indicated loop is to be performed until all cells have been exhausted. The following

indicates a table lookup process of locating the variable FIND in the table RANGE:

FIND

RAN0E7
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Program DRIVE

DRIVE reads the basic data deck (in doing so it calls RDATT, DEFINP, and

RDCELDT), and then reads option cards and turns control over to the proper overlay.

In this capacity it acts as part of the option selector; the same function is perform,,cd

in the first overlay.

Subroutine ANSPRIN

This is the basic answer printing rcutine; its output is discussed under

Run Type SIMPLE.

Subroutine BALDEF2

This is the driver for balanced defense computation. It is similar to

DEFOPTG, in that its task is to close to the proper cost for the defense, and it

indeed uses similar code. The individual cell computation is done in BDCELL.

Figure 15 indicates the flow chart for BALDEF2.

This progjram computes the balanced defense for a niumber of costs, and

evaluates each defense.

The defense computation is done for a range of lambdas, for here the

attacker's lambda is tile driving parameter for cost closing (see Appendix A).

Subroutine BDCELL

BDCELL is used in the balanced defense procedure and finds the hardness and

cost for a given cell according to the balanced defense formulation*:

AREALETH = LAMBDA * AREA

which assures constant return for the attacker over a number of cells. The hardness is

See Appendix C for the formulation.
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BDCELL (continued)

computed from*

BDP~~~l 8.1416 01-.1
[0.92491 * (AREALETH)O 1 5 - 0.5]3

and the cost from t
BALCOST = 112.0+ 13.5* ýBDPSI

Saturation is checked at high psi (against WMIN) and low psi (against PSIMIN) and the

highest psi is assigned in the one case and the unsheltered posture in the other (the

unsheltered posture is signaled with BDPSI - -10), and costs adjusted accordingly.

Subroutine BNDSET

This is the portion of the bounding procedure which applies the upper and lower

bound theorems. After the program has been through DEFOPTG to find the kill, weapons

and cost for all the lambdas and mus, the following are performed in BNDSET:

1. For every lambda the solution with cost closest to TCOST is selected. The
intercepts are then computed, and a printout is made of this information.

2. To find the upper bound the bracketing mus are used to interpolate an upper
bound at cost TCOST.

3. Between each adjacent pair of lambda solutions, it is decided which lower
bound theorem gives the best bound -- Pugh's primary oound, his secondary
bound, or the lower bound found in this report. This problem is merely a
geometric one and has been reduced to tests on the intercepts. The lower
bound line is then stored.

4. From all bounding lines the current lower envelope is computed.

Subroutine COLLAPSE

This subroutine collapses the hardnesses available into a new lethal area table

which has no unused hardnesses.

* From H. 0. Horn, Nuclear Weapons Effects: Approximations of the Phenomena.

t An approximate analytical fit to the FINAL shelters data.
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Subroutine COMFKIL

COMFKIL computes

FKIL (0,K,J) = 1.0 - exp - W(J,I) * D(K) W

for every hardness I, attack density K, and height of burst J.

Subroutine CORELATE

This subroutine prepares and prints the following tables by sorting through all

cells:

1. Distribution of shelter mixes over the population density brackets.

2. For each attack level, the distribution of attack density over the population
density brackets. This is done using the lambdas remaining from an evalua-
tion.

3. For each attack level, the distribution of attack density over the various
shelter mixes, again using the lambdas.

For samples of these outputs, see the discussion of Run Type OUTPUT.

Subroutine CROSSCOR

See Run Type CROSSCOR.

Subroutine DCONSTR

DCONSTR checks to see if the current defense for the current cell is excluded

and sets DEFEXCL accordingly. Normally it returns DEFEXCL =: 0 (not excluded).

During time-phased runs it sets

DEFEXCL = EXCLUDEF (IDEF, KDEF)

where IDEF and KDEF are the current defense and defense used for time-phasing;

EXCLUDEF is computed in TIMEFAZE. If KDEF signals a split cell, DCONSTR

computes the number of spaces of each shelter type and checks defense option IDEF

against it; again returning DEFEXCL = 1 (excluded) or 0 (not excluded).

DCONSTR also has entry ABORT for all improper terminations of the program.
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Subroutine DEFCOST

DEFCOST co,,iwtes the defense cost:

NSTYP
COST CSTSHEL (I)* SPACES (I).

I•-i

Subroutinc DEFINP

DEFINP is an *•piit routine which reads shelter parameters, defense options,

rand industry hardnesses. The routine directly reads FDEF, SPREAD, SPRIND, and

CSTSHEL, and corrixtes COSTPER for each defense option. Since tie input is iII a

difficult firm , this routine is used only for Vie basic data decks and for reading shelter

data on the pinch decks.

Subroutine DEFOPT

Subroutine DEFOPT optimizes the defense for a single cell for a range

of current mnu's (FMUX's) and fills CDLAG. the cell defense Lagrangian, IDFOPT,

tie optimum defense option, and CDEFCL, the cost of the current optimum defense

option for each FMUX. It may operate in one of three modes - mixec lambda, mini-

max lambda, and verification.

In the mixed lambda mode, the task of DEFOPT is to choose one of the 15

defense options for every FMUX so as to minimize the defense Lagrangian:

NAOB N1rA-MX
DLAG E WDAOB(IAOB) WDLAM() * [PKILL(I) -

IAOB=I r-1

ALPHA OFFCOST] + FMUX(J) * DCOST

where WOAOB and WDLAM are defense weights on attack objective and lambda,

PKILL and OFFCOST are the population kill and offense cost returned by OFFOPT
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DEFOPT (continued)

from the optist attack for attack objective 1AOB and lambda I, and DCOST is the cost

of the defense option Linder consideration. OFFCOST is given by

OFFCOST = FLAMX(i)* D(KDENS)* AREA

where FLAMX is the lambda, D(KDENS) is the optimum attack density determined by

OFFOPT, and AREA is the area of the cell. ALPHA is always 1.0 for the double

Lagrangian procedure.

For each defense the population kill and offense cost is computed for an optimum

attack. This is done by first calling GENSPAVE, to compute the number of shelter

spaces defined by the defense option; next DEFCOST is called, which calcuiates the

cost of the defense option for that cell. The shelters are filled with the population of

the cell according to the desired filling mode in FILSPACE, and PAYCOEF then puts

the payoff (population and industry) into a form easily usable by OFFOPT. The optimum

defense is generated by OFFOPT for a number of lambdas, and this repeated for all

attack objectives so that the defense Lagrangian in the above form may be computed.

For each mu DEFOPT records the defense Lagrangian CDLAG and the defense

cost CDEFCL of the cell for the optimum defense chosen for that mu. Figure 16 shows

the flow chart for DEFOPT in the mixed lambda mode.

In the minimax mode DEFOPT operates as shown in Figure 17. In this mode

the object is to consider several lambdas for the attacker, and to choose a defense which

minimizes the worst excess of what is achieved for a lambda compared to the best that

can be achieved. DEFOPT first finds the defense with the lowest Lagrangian for every

lambda -- it then computes the delta or difference between the Lagrangian which each
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Figure 16. Flow Chart of DEFOPT, Mixed Lambda Mode
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DEFOPT (continued)

defense achieves for every iambda and the lowest Lagrangian for that lambda -- it then finds

the highest delta for every defense -- and picks the defense which minimizes the highest

delta. The only other computatior is to precompute the offense Lagraingian for every lambda

and for every defense.

DEFOPT, in this mode, picks a defense to minimize

DELTAMAX (UDEF) I Maximumrn I DELTA (ILAMX, IDEF)}
ILAMX~

where

DELTA(ILAMX, IDEF) z DEFLAG (OLEF) - MEFini (IDEF)M
IDEF DEFLAG OE)

and

DEFLAG (IDEF) = OFFLAG (ILAMX, IDEF) + FMUX(J) * DDCOST (IDEF)

NAOB

OFFLAG (ILAMX, IDEF) = f PKILL (ILAMX) - ALPHA* OFFCOST
IAOB=I

This procedure is repeateu for every mu until optimal defenses are found for the cell for

every mu.

The verification mode of DEFOPT is shown in Figure 18. This differs from the mixed

lambda case in that a number of single lambda Lagrangians are computed, and the lowest one

selected. The best defenses are not saved, but only the Lagrangian, cost, and weapon

expenditure. The Lagrangian which is minimzed for every lambda and mu is

CURLAG (1, J) = Minimum {HLAG(l) + FMUX(J)* DCOST•

where HLAG is computed by OFFOPT and is the maximum offense Lagrangian.

There are no abnormal returns from DEFOPT.
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Subroutine DEFOPTG

DEFOPTG has as its purpose to optimize the defense for a group of

cells, indices ICBEG and ICEND, to a total defense expenditure TCOST. If it

is unable to spend this amount (saturation), it spends most possible and exits with

ISAT:2 (which is otherwise 1) and ACOST equal to the actual expenditure.

Actually, this is a much too lofty statement of the function performed by

DEFOPTG. In order to optimize the defense for a group of cells, DEFOPTG

requires the services of an extremely able assistant, subroutine DEFOPT. Recall

that on a single cell DEFOPT finds the optimum defense for a number of mu's

(or externally set values for the marginal number of people saved per dollar). It

is the task of DEFOPTG to drive DEFOPT with a fixed set of mu's once for each

cell in the group of cells, to accumulate the total cost of defenses optimized for

each mu, and to pick a new set of mu's to bring the achieved defense cost closer

to the target cost TCOST. DEFOPTG supplies the mu's to DEFOPT, which then

returns the cost of the optimal defense found for each mu (other information is

available, but DEFOPTG uses only the cost), and DEFOPTG uses this information

to pick a new set of mu's after each pass of optimizing all cells. Thus we see that

DEFOPTG contains only the cost closing mechanisms for adjusting the defense for

the group of cells to a precise cost. Since individual cell optimization is done in

DEFOPT, the various options and strateqems such as expected attack levels, attacker

objectives, and defense constrains are reflected in that subroutine. Actually

DEFOPTG is a general routine, suitable for any separable resource allocation problem,

and in no way considers the defense aspects of the problem.
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DEFOPTG (Continued)

The procedure for cost closing, shown in the flow chart of DEFOPTG

in Figure 19, is to find the optimal defense for each cell for a number of mu

values. The initial mu's are pre-chosen program constants or input quantities;

a first pass is performed, optimizinq each cell for this initial set of mu's. If

a cell has the same optimum defense for the entire mu range (this is unlikely

on the first pass, but this is an extremely important mechanism on subsequent

passes), its defense is frozen, an6 the cost of its defense is added to the frozen

cost. After the first pass the two mu values whose costs bracket TCOST are

selected and a new range of mu's is set between those two values.

All subsequent passes follow the same procedure as the first pass: each

unfrozen cell is optimized for the range of mu's and the costs are noted for each mu.

If the optimized defense for a cell is the same for the entire mu range, tile defense

for that cell is frozen and the cost of the defense is added to the frozer cost.

Then after the pass is completed the bracketing mu's are found and the mu's

reset between them. On the second and subsequent passes, an error quantity is

checked to see if the procedure can be ended.

The desired outcome of the procedure is to have an optimal defense which

is within some small amount of costing precisely, TCOST. However, it may not

be possible to get sufficiently close in by this procedure. It may happen that for

very small change in mu a group of cells or one sufficiently large cell may change

in cost enough to make exact cost closing possible. Thus it is reasonable that the

error criterion is DLTMU * DELTC z 0.000,

ERRZ FMULOW TCOST
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DEFOPTG (Continued)

where DLTMU is the change in mu between upper and lower values, and

FMULOW is the lower mu value, DELTC is the fractional change in mu and

DELTC/TCOST is the fractional change in cost for the two values. Thus if

either fractional quantity is small, i.e., if either mu closing or cost closing is

close, then the iterating will cease.*

When the error criterion has been satisfied (but the cost is still not

closed exactly), two mu's have been found, one with too high a cost and one

with too low a cost. Most of the cells will have the same defense for both mu's,

and will have been forzen. Since the cells which have not been frozen yet are

flipped, one by one, from the lower cost defense to the higher cost defense, and

the additional cost for that cell is added to the amount spend in the lower cost

defense. This process of flipping cells to the higher defense is continued until

the cell is reached where expended cost exceeds TCOST. Then this cell is split,

putting part at the higher defense andpart at the lower defense. Finally, all

remaining cells are set to the lower cost defense (again, between choices generated

by the two bracketing mu's), and the defense is set for the entire group of cells.

If after the first pass, the costs computed for the initial mu range do not

encompass TCOST, one of two things happen--if the computed costs are too low,

the saturation indicator (ISAT) is set and all cells are set to the defense with the

highest computed cost. If the computed costs are too high, the mu range is expanded

*ERRZ has a more theoretical justification: DLTMU* DELTC is an upper

bound on possible difference is fatalities between the two points generated by the
two mu's in question (from the definition of mu), and FMULOW* TCOST is a lower
bound on the number of people saved )y a shelter program of cost TCOST. Hence
ERRZ is an upper bound on the fractional error in fatalities from using either one of
the mu' s.
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DEFOPTG (Continued)

by 10 and tha first pass is repeated.

For the operation of DEFOPTG in the verification procedure, see Figure 20

In this procedure the idea is to find optimum defenses for a range of 20 lambda's

and 20 mu's, and to save the total kilt, weapon expenditure, and cost expenditure

for each of the 400 lambda-mu combinations. For verification, exact cost

closing is not required; hence this mode of operation is not iterative in DEFOPTG;

the subroutine makes one pass through all the cells, accumulating totals for each

lambda-mu combination, and that is all that is required for verification.

There are only two abnormal returns from DEFOPTG. One is in the

verification procedure--if more th-, 20 lambdas or mus are used, the program aborts.

The other is shown at the very end of Figure 20 : if, because of rounding perhaps,

all the cells are flipped and set to the upper defense without finding the one to split,

then if the upper defense cost is close to TCOST then the routine returns normally

(with all cells flipped to the higher defense). If the upper defense cost is not close,

the routine aborts.

Subroutine DEFPRNT

This is a print routine responsible for printing the defense when it is input; for

a sample print see the discussion of Run Type INPUT.

Subroutine DEFPUNCH

This subroutine punches a defense onto cards for saving. First, a header is

punched, and then the defense options, 40 to a card. Next, split cell information, and

all parameters and shelter data are punched. For a list of the parameters punched see

DEFSPEC in the data sequence definition section.
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Subroutine DEFSPEC

See Run• Type DEFSPEC for functions of this subroutine.

Subroutine EVAL

The task of EVAL is to find the optimum attack against all cells for a rarge of

attack levels and compute the attack payoff, population kill, and industry kill for each

attack level. Although EVAL is used to evaluate a defense for different times of attack

(IAPOP), attack objectives (AOB3), and filling modes (IFILL), these parameters are not

reflected in EVAL but rather in FILSPACE and PAYCOEF, which are called from

OFFOPTZ. The flow chart of EVAL is show in Figure 21.

The portion of the evaluation task performed in EVAL is to select iambdas to

drive OFFOPTZ , finally selecting lambdas which give weapon expenditures close enough

to the desired attack levels. For the initial preset set of lambdas OFFOPTZ finds the

optimum offense, returning weapon expenditures for each lambda. if the range of expendi-

tures does not encompass the desired attack level range, the lambda range is increased

and the initial pass is redone. When the weapon expenditure range encompasses the

attack level range, the procedure is simply to find the lambdas with expenditures bracketing

each desired attack level, setting lambdas linearly between the bracketing lambdas, and

finding a new set of optimum attacks in OFFOPTZ. After each pass the kill at each

precise attack level is estimated from the bracketing values for each, and an error bound

is determined. If the error is small enough, the procedure terminates; otherwise, new

lambdas are set linearly between the bracketing lambdas and a new set of optimum attacks

is found in OFFOPTZ, until the error is small enough.
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EVAL (continued)

Fatalities

Error
Fe

Achieved Des i red Achieved
Weapon Expenditure Attack level Weapon expenditure

Al Ae A2

Figure 22. Estimation and Error for Kill at Desired Attack Level

Figure 22 shows the estimation procedure and error criterion for EVAL.

F (A ) and F2 (A2) are two fatality levels corresponding to lambdas which bracketed

the desired attack level Ae. The estimate used for fatalities at Ae is the linear inter-

polation between F1 and F The point Fe is a lower bound on fatalities at Ae since

the payoff curve is convex . The lines upper bound #1 and upper bound #2 have slopes

-if the bracketing lambdas (see the section on double Lagrange theory for why they are

upper bounds), and these lines provide an upper bound for the payoff at any attack level.

To provide an upper bound for the payoff at Ae, we simply take the lower of the two

upper bounds. The possible error is thus as indicated, and this error is converted into

an error in attack level using the lambda value of the upper bound.

*Convex because of decreasing returns and because the attacker could spiit attack

among cells to achieve any intermediate point.
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EVAL (Continued)

The decision to term mote the iteration is made on that quantity. For information purposes,

the lambda value at Ae is estimated as (F 2 - Fj)(A 2 - AI).

There is only one abnormal return from EVAL and it can occur, as it turns out,

if on the first pass the lowest attack level is precisely equal (to the last bit) to the

lowest weapon expenditure.

Subroutine FILS PACE

FILSPACE first determines the number of people in the cell at time of attack

(from IAPOP) and then fills the shelter spaces in one of three modes -- IFILL = 1,

2, or 4 -- optimal, fractional alert, and balanced defense. The routine begins with

the SPACES array and fills the population into the POPSH array.

Optimal filling mode fills the population into the hardest shelters first, working

down until either population or space is exhausted. Any remaining population is placed

in the unsheltered category.

The fractional alert mode assumes 'that some fraction of the population has received

the alarm. If the alerted population is more than available space, all spaces are filled.

If the alerted population is less than available space, each shelter is filled the same

fraction of capabity. All unalerted population, of course, is unsheltered.

The balanced defense mode is not really a filling mode, but rather a way of

implementing the variable hardness requirement for balanced defense in the evaluation

process. If the cell is unsheltered, operation of FILSPACE is normal. If not, subroutine

BDCELL is called which computes the proper hardness and its lethal area. FILSPACE

then sets the proper kill fractions by calling COMFKIL, and operation is then normal.
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Subroutine GENSPACE

GENSPACE computes the number of shelter space- in a cell indicated by

each defense option. It first finds the base population BASEPOP using IDPOP and

then computes each shelter space from

SPACES(I) = FDEF(I, IDEF) * BASEPOP.

Subroutine GETCELL

This subroutine reads cell data in the form shown in option

LIVEDATA.

Subroutine LAMSET

LAMSET uses FLAM(I), and FLAM(NLAM) and computes intermediate

FLAM's in an ascending geometric series. LAMSET also contains a diagnostic print

routine as entry LOBNDZ.

Subroutine MIXLAM

See Run Type MIXLAM for this subroutine.

Subrout ine 01.-"'

OFOQPT generates the optimum attack density, height of burst,

population kill, and industry kill on a single cell for a set of NLAMX attdck

Lagrange multipliers (FLAMX's). The flow chart is shown in Figure 23.

The basic task of OFFOPT is to find the attack density index and the

height of burst index which maximizes the offense Lagrangian
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OFFOP F" V i nrt~l.,ed)

NCOMP
Maximum A(L) * FKIL ICOMP (L), KDENS, JHOB]

I |JHOB :1

- FLAMX (ILAM) * AREA * D(KDENS)

for every Lagrange multiplier FLAMX (ILAM). See the glossary for definition

of terms. For every optimum attack so found, OFFOPT saves the optimal

attack density IDOPT, height of burst IHOBOPT, payoff HOPT, offense

Lagrangian HLAG, population kill PKILL, industry kill VKILL, and weapon

I(-.penditure WEPEQ.

Three time saving short cuts were added to this procedure: 1) FKIL

is not used as a three-dimensional array but rather as 15 two-dimensional

arrays; 2) in the attack density scan, if the optimum height of burst is ground

burst, all subsequent hivcfer densities are ground burst also; 3) in the attack

density scan, if for the lowest (and hence all) lambda the Lagrangian reverses

arid starts decreasing, all subsequent higher densities will have lower Lagrangians,

and the scan is terminated.

There are no abnormal returns from OFFOPT.

Subroutine OFFOPTZ

OFFOPTZ finds the optimum attack for all cells for a range of externally set

lambdas (FLAMX). OFFOPTZ is a simple routine and for a normal (unsplit) cell, the

procedure is to read the cell, and next

CALL GENSPACE
CALL FILSPACE
CALL PAYCOEF
CALL OFFOPT
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OFFOPTZ (Continind)

and lastly to accu,;utatC the total attacker's payoff, potulation kIl, industry kill,

and weapons expuiled for every lambda. All the payoffs and kills are returned fromi

subroutine OFFOPT.

All cells are processed in the above manner except for the split cells, of which

there is Ususally one in a defense. (The split cell is cienerated by DEFOPIG for final

cost closing.) OFFOPTZ processes that cell twice, weighting the kills for the iwimary

and secondary defense by the fraction of the cell at each defense. Figure 24 shows the

flow chart for the entire procedure.

There are two abnormal returns from OFFOPTZ: if a cell has defense option

zero, the program aborts; and if a cell has a negative defense option (indicating a split

cell), but the cell is riot contained in the split cell list, the program aborts.

Subroutine PAYCOEF

PAYCOEF first computes the industrial value and population in each hardness

component (using POPSH computed in FILSPACE) and stores these in array VALIND

"and POPUL. It then computes the value at each hardness component for the current

attack objective using POPMULT and VINDMULT, and stores the attacker's value

!_ at each hardness in a compacted array A (having no zero components), using an array

ICOMP to store the hardness components represented in A.
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RETURN

Figure 24. Flow Chart of OFFOPTZ
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Subroutine PERTURB

The purpose of this subroutine is to adjust a i lethal areas in response to a

fractional change in hardness of DELTA. The equation used is

W(Ul) = W(J,l) - DELTA* PSI(l) * 2 * WJ))
BETA * PSI(l) - X

whereX .00001875 * HOB(J) * ALPHA

(0.34303* ,W-7jVi] BETA-0.75

where ALPHA is 8.7 or 10.0 and BETA is 2.28 or 2.), depending on whether the

lethal area is greater or less than 3.03. The above equation is found by taking partial

derivatives from

SALPHA [1.0+HOB2+A(1-.25DO -"5)]*
DBETA

where here A and D are height of burst and distance in kilofeet for a 1 kt weapon.

Subroutine PICKLAM

This subroutine is responsible for choosing the lambdas for the bounding procedure.

The procedure used is exactly that described in the theoretical section on the bounding

procedure. The lambda sweep begins in the middle and extends both directions; hence

two sets of 10 lambdas are chosen sweeping In opposite directions from the previous ends

of the sweep.

The controlling parameter for the separation between the lambdas is EPS; it

enters strongly into the expressions for the new lambdas.

* From R. 0. Horn, "Nuclear Weapons Effects: Approximations of the Phenomena".
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SLJt ')ta11lU POPQUANT

This subroutine generates nine population density brackets and sorts the cells

into the nine brackets, accumulating totals. It is a prelude to subroutine CORELATE;

an example of the printout is the first block of prnt in Run Type OUTPUT.

Subroutine PREBND

This is the driver for the bounding procedure. From the flow chart in Figure 25,

it can be seen that the basic cycle is

1. Select lambdas in PICKLAM

2. Find Lagrangian solutions in DEFOPTG

3. Compute bounds in BNDSET

4. Repeat

The variations on this theme are in the different modes: these modes are described in

the section on run type BOUND.

Subroutine PRNTBLK

PRNTBLK evokes the entire range of diagnostic block print routines from

ATTOBJZ to SPLITDAZ.

Subroutine PRTOCT

PRTOCT is an octal print routine with entries PRTINT for integer print

and PRTDEC for decimal print.
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Read Input Data

Mode I Mode 2 Mode 5

C0ompu---te Initial
IF -Point

SPass through
Scells with X's

and 's in
DEFOPTGJ

i

Compute bounds
in BNDSET

Pick new X's No. Time Mode
in <oEd?5

-PICKLAM
S• yes

'•--•__Print

~Anlswer

FigLre 25. Flow Chart of PREBND
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Function RANDN(X]

RANDN is a pseudo-random number generator.

Subroutine RDATT

RDATT is the input routia1e which reads heights of burst, hardnesses and

either lethal areas or lethal radii. It then reads Lhe actual heights of burst to be

scanned and prints both the entire lethal area table and a reduced table with heights

of burst to be used. The input format is included in the INPUT data sequence definition.

Subroutine RDCELDT

RDCELDT is used in reading the basic data deck, 3nd it reads variab'.es

FINDMAX, AREAMAX, POPMAX, and then reads the cell data for each cell.

Subroutine RDCELL

RDCELL unpacks tht basic ell data for cell ICELL from storage in NCELA

and NCELB and stores it in usable form in common block CURCELL.

Subroutine RDCTDAT

This subroutine reads trac' data in the form shown in option

LVCTDAT.

Subroutine SHELINP

This subroutine reads in shelter data in the form specified in the data sequence

for R,',m Type INPUT.

Subroutine STATCOST

See Run Type STATCOST for a discussion.
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Subroutine SPLITDAZ

SPLITDAZ contains 20 of the diagnostic block print routines, each under a

separate entry point.

Subroutine STCELL

STCELL packs the basic cell data for cell ICELL into NCELA and NCEIB

from CURCELL in a form usable by RDCELL.

SubrouLine STCELLDT

This subroutine tests the population and indistrial density rf cel;s

read in GETCELL and either stores the cell or accumulates it into tail

cells.

Subroutine TABLDENS

The function of TABLDENS is described in that Run Type discub.l.... The

/A breakpoint between two attack densities is

/ . D(1) - D(2)
ATTPAY1 - ATTPAY2

Where the D's are the attack densities and the ATTPAY's are the fractional kills.

Subroutine TABLE

This is a table lookup subroutine.

Subroutine TIMEFAZE

Discussed under Run Type TIMEFAZE.

Subroutine WORKOUT

For discussion see Run Type EXERCISE.
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