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I. INTRODUCTION

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

This program performs three functions which operate independently, but are contained
in the same program so that subroutines and data may be shared and so that any common
parts will be 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 sounding procedure.

The third function is to evaluate independently the cell model by comparing results
using the cell model with results using a separatc iaydown method - the targeting model.
Since the targeting medel 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 selectisn of the program to be run. |f the driver data is read in, parameters are set,
and then the portion of the program containing the desired program (called an averlay) is
read in, The desired program is executed using subroutines in the main portion of the
program plus the proper overlay.

The next three sections describa 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 program is designed to find a defense which mimmizes fatalities, subject te
a cost constraint, Each possible defense for each individual cell is tested under an
attack optimized agai1st 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 parameters which may be used
to vary that defense,

Aside from the population data and the shelter and hardress data, only three
parameters concerning the defense need to be set. The fiist 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 poo:lation
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 proporticn 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 o 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.




The defense options are a number (15 or less as the program stands) of local
sheiter 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
uefense 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 since there are two
populations considered in this mode! (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 optior, 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 ineach cell, select nighttime (resident) population-called NIGHT
= 2 ineach cell, select daytime population:called DAY
= 3 in each cell, select whichever is larger, night or day:called MAX
=4 ineach 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 goals 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 707% 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, in 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, riight or day. Howezver, these "mixed rules”
for IAPOP oenerate 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, meamig the choice for IDPOP is 3 and tor JAPQP 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
tinear 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 which is defined
by a population multiplier POPMULT, and an industrial multiplier, VINDMULT,
Then, in making the shelter deployment, the defense may assume any one of 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 weidht 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 tota! 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




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 lamhda to determine the sheiter aliocation. 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 lambhda used.

The program is more flexihle than the strict double Lagrange technique. v order
to obtain a defense which is good against a range of attack levels, the defender is
allowed to assume 2 number of lambdas (DLAM's) and to assign to each a weight
(WDLAM's), This corresponds te 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 bounding run provides sufficient information about what
lambdas correspond to what attack levels, and the exact values of the lambdas appear
ot 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

lambda or minimax technique seemed to be sufficiently flexible and much easier to handle




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 including 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, aud
hence one need not worry, for instance, if the attacker really will have a mixed attack
objective, if that assumption gives good resuits 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 cf one-megaton equivalents), the proaram finds the optimum
wttack 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 IAPQP = 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 .
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the arrays POPMULT and VINDMULT, each combination correshonding to one attack
objective. Oniy the relative size of POPMULT and VINDMULT matters here, and not
the absolute values.

Also, for another evaluation of a defense one might vary IFILL from optimal to
fractional filling modes. (See the previous section.) Other evaluations might be made
for softer shelters (via the PERTURB option), 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

wiil always be the same as the assumed time of attack. Any attack abjective 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 spuricus if it gives desired results. A standard of performance
is still needed, and that standard is provided by the bounding procedure.




selected, but since the payoff to defender and attacker inust be the same, the on'y

attack objective which will indicate population fatalities is a pure p2pulation objective. !
) All other parameters which need to be set have to do with program operation and have
.
o ne larger significance. i
1




1. 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 hasic 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.

Aithough 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 aption seiector does not recognize.

Because of the way the program is constructed, any sequence of options is
allowed. After each option card, the dzta sequence for that option is read and that
option is then performed. Hence the data deck structure is as shewn in 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 ke iarge (see
for example the shelter input deck, which is the INPUT optinn) or the particuiar option
may not read any cards at all. The data sequences for all the options are specifiad
in Section H 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

-
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.

Figure 1. Flow Chart of Proaram BLAST

10

L
e




{/STOP

/"Last Option Data Deck |
/Lasl Option Card //
/ Ve
7
// /’ /
e | 4
Vd i P 4
s i
/ // /7 /

\h
~
N
~
~

/ Second Option Data Deck e
! L

Second Option Card p

First Option Data Deck

/ First Option Card
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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). Ang, as always, the STOP card

;- terminates the deck.
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sTop

e
l/ Run Deck
/

/ Shelter Input Deck

e

Basic Data Deck /

/J

Figure 3. Typical Operation Sequence

As can be seen, it is the options and the option cards which controi 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 Section IV.

B. CATALOG OF RUN OPTIONS

1. Primary Computation Options

Run Type SIMPLE

This is the basic option of the 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 evaiuate the defense, the same parameters wili

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 eriering SIMPLE are the cell
population data, the population bases !DPOP and 1APOP, the shelter data, the
shelter filling mode (IFILL), and the lethal areas, heights of burst, the attack weapon
density quanta*, and the attack leve's 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 Lambdas assumed by the defense

NAOB Number of attack objectives

POPMULT's Population multipliers of the attack objectives
VINDMULT'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.

13




For description of precisely 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 program uses whatever has heen stored previously,
(As set initially in the program constants, WDAQB places the entire weight for the
defense on the first attack objective; i.e., the defense assumes the first attack

objective unless otherwise set -~ subseguently in SIMPLE or in run type ATTOBJ,)

At this point the program will generate ihe 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 deferise options for every cell plus
the split cell information for the one cell which must be split to achieve exact cost
closing, tooether with iDPOP which defines the popu!ation basis to determine the
number of shelters in each cell. The chosen defenses are stored in the memory in
packed form along with the cell popuiation 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 option EV'AL, 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, the program will
evaluate the defense for each of the NAOB attack objectives, printing the result

after each evaiuation,

14




The evaluation consists of optimizing the offense using a one-sided
Lagrange multiplier maximization, adjusting the fambdas in the maximization until
sufficiently accurate calculation is made of the fatalities for each of several attack
levels. The offense parameters reaquired are the density quanta, the attack levels, and

the attack objectives, and these have already been 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 runtype SIMPLE. The key number in the
next line is assigned during the time the punched card deck is being made. The
same number is assigned to both the printout and the punch deck so that there is
no confusion about matching the twox .
The next block 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 hy the defense are given togelher with ejther the weights for the mixed
lambda case or the statement that minmax 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,

15




o

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

THIS DEFENSS _HAS BEEN. ASSIGNED _XEY_NUMBER__7229

DEFENSE SET USING.THESE. PARAMETERSs»-

POPULATION_3ASTS_EOA_SHELTERS_{S_IOPOP_ = 1 -+ RES__POPULATIPN.
ACfUAL POPLATION AT ATTACK S [APOP 3 2 s- DAY
SHELTER FILLING _MODE. IS_[FILL_3 1 _== OPTIMAL _

payoff killed by the attacker, or the sum of the population killed and the industry

TARGET COST FOR SHELTER PROGRAM ]S 15,00 BJLLION

BEFENSE AR1YED AT _TARGET COST_USING MU = _0,002648%

DEFENSE WEISHIS ATTACKER#S LAMBDAS AS FOLLOWS.

[HEDRE
~E1GUTS

0.,6500

20000 _2500
0:3500

LEIFGENSE WELSHTS ATTACKERS ORJECTIYES AS FOLLOWS
WEIGNHTS

202441

1

CFEENSE SEP USIHG TiESE pPARANG[CGRSezer
WL ALFACK DIuSEIY LEVELS ARE

SEFACC JRJESTIVE 1S 1408

N00

fupHULT

0

,000

1,00

e Ae000

0,00

0,02
2,00
L ew POPMULT = 1,000, [NDBULT = 0,000

0,05
4,090

PAYOFFS (IN MILLIONS) FOR PROGR2I COSY (5,00 BILLION

ATTAZK LEVEL

20,0 ..

50,0
100,0
200,0
500,¢

1000,0
2000,0
$006,0
10000,0

TAIL CELLS DJFENSE_AND ATTACK . _
DEFENSE

CELL NO,
3123
3124
3125
3126
3127
3128
3129
3130
313t
31482

- NA LA

|
l

e s bt s b o e pa

. S A e a b pa b b

D14
D38
0422
029
0,39

0,57

0,66

CPAYOFF KILLED
0480 __

.. 0,80

i
‘

T S O
]

A pa b bA b s e e )

Lol S NV IS |

[ N

AN NS N DN

e AONNAONOON

PEOFLE KILLED

ATTACK LEVELS

NNPNEENU L

21,34
29,67
37417
45,91
61,2¢
81,48
.. 108,70

141,95

167,07

i
t
)

NGt G AN

POPULATION

0,10 1,25

3,00 16,00

{
i
]
]

0,50

INDUSTRY KILLED

16,29
27,10
36,73
48,506
58,69
66,10

S75,34,

85,68
89,84

Figure 4. Sample of SIMPLE Output

16

[ YH X
442869,00
203491 0
1150698,y

TL600,20
43467 ,L3
372,80
1935%,03
718,00
34354,71

-

.-

>

E I
.



In this case since 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 tambda column gives the lambdas found for each attack level in
the evaluation with no scale factor. This gives the marginai 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 WDAOQOB's are desired. If so, then the WDAQB'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

ahnormalities may occur: if the defense is unable to spend all its target cost for




the initial ma'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 not 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 cption card is read, control is transferred to a
portion of a driver program called OVLYDAVE, the first overlay of the program.
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, iime of attack, or filling 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

18




must be set to desired values). The following parameters must be properly set before

EVAL:

o

. The cell population data together with the defense to he evaluated (JDEF
defined for every cell)

. The shelter data, lethal areas, heights of burst

. IDPOP is presumably already set to the proper basis
Shelter filling mode (IFILL)

Attack weapon dens ity quanta

Attack levels

Time of attack JAPQOP)

O ~N o v b w N

Attack objective (POPMULT, VINDMULT, and IAOB)

With the above parameters set, when the program reads the EVAL option card,
optimized defenses will he generated Vor 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
(IAPQP) is indicated in the second line of the first block, The offense parameters are
those which have been used for the optimization, and the resulls 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 oplion 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 enabies one to compute and evaluate "balanced" defenses for
given cost levels, The precedure uses both an upper hardness limitation and a lower
hardiess cutoff*.

Bafore entering BALDEF one should set the pupulation data, IDPOP, and
iAPOF; shelter data may be entered in option BALEF or previously. The data
sequence section indicotes the parameters to be set to define the halanced defense
shelter optiens; 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
evaiuatad, The final parameters are PSIMIN, the lower hardness cutoff, PSIMAX,
the upper hardness cutoff, and WMIN, the lethal area corresponding to WMIN,

All shelter cost data is computed in subroutine BDCELL using an analytic
approximation to the cost data, and hence any changes must be made to the function.

The function used for FINAL shelters is:

Cost per person = 112 and 13,5\IPS| ;

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

* Lambda Research Memorandum 2 indicates the effect of cutotfs and has a general
discussion of balanced defense,




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 QVLYDAVE 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
answer in population fatalities; the attack objective will already normatly 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 the modes require the following data:
MODESW This is the switch which selects the mode of operation,
FMUs 20 mus are used for the boundary procedure. These mus shoutd
be chosen carefully zo that resultant costs are close to the desired
oudgat level.

TCOST This is the target cost for deployments.

HSAT This is the total possibie payofi {for pure population vhjective, it
is total popuiation) .

One of the keys to getting good accuracy from this procedure is to choose the mus
properly. f most of the 20 mus can be selected in a region where they will give costs
close te TCOST, then the cost closing wili be quite good and the bounds will be good.

As many as possible shou!d be ccnrentrated in the region of interest; however, some mus

should be availahle at extreme values so the cost will always be bracketed. Previous
bound runs and defenses generated 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 curve by sweeping
through all lambdas, starting from some point in the middle for efficiency. The procedure
continues until it has swept through all {ambdas from 10,0 to 1,000.000.0. Two
additional parameters are required:

DILAM(1)} - This is the initial lambda used to compute the initial point and
begin the sweep.

EPS - This is a parameter controtling 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 ali the cells, finding solutions 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 continLas until the bounds )4
are generated.,

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 POINTY IS== . .. e e o e e 1
BNDOAY e e e eemmm ]
BRIty Halb b SRR T L AM 8MY
| 1 6,901440/ 1/99,32 1,9210°yl0 2.990004 2,991-003
2 6,901eL0 7 1799,92 1,97000%) QN UsnnA 2,891 00F e —e
3 0,901/ 1709,485 1,9 Jeul) 2,070%5%4 ¢,991-00C3
WMSAT T T T ew® T iy hae T WlLART T T T I e e e e
_.2,0952008 2,000eN08 37 1,800k
MOCESW NESU sty BLEVMAK e e
1 v L [
Emid - (i U U R

Figure 5. Output for Run Type BOUND
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Figure 6. Lagrangian Solutions for Pass Number 2
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payoff, weapon expenditure, cost, TCOST, and for each bounding line the intercept
and saturation point (H® and A9 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:
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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
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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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procedure is as foilows:

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

2. Select 18 lamhdas spread hetween 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, seiect 20 new
mus. It should be 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, hut the accuracy
will be improved*. The lower bound is then the lower envelope of the bounding
fines.

The bounding procedure is performed in OVLAY3 with subroutine PPEBND as a
monitor and input program, The lambda selection is done in PICKLAM, the Lagrangian
solutions are found in DEFQPTG, 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 porticn 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.




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
meet 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 .

27




TOTAU BUDUET OFE 10,98 WILLIUN #SSTGVFU TO STATES AS FULLOWS

Conm == % 160,0 MILLION .
WA[NE  =~= 3 52,y mILLION SATURATEU <= n 40T SPEND MORE TWAN § 42,8 RILLION
MASS -+ 8 290,2 MILLION
REN HAA «- ] Ja, b AILLION SATURATED«=AMNOT SPRND HORE THAN € 34.5 AICLTON
NJ el $ _ 3A0,9 mILLION
NY .- S Yua,s 4AILLION
L1 == % 4,5 AlLL]OW N
VER - ] 21,0 MILLLION SATURATEU-=CANNOT SPeND MORE THAN § 11.3 MILLION
_DEL bl 29,6 NILLION . _
DC - [ $4,06 aluL10N
XY - 3160, AILLION
nD .- $ 19y, d ALLION
OWIO == §  99¢,7 mILLION
PENN -- » 007,88 AILLION
_ya == __$ 43%,u MILLION _
WY va - < 02,1 ILLIOA SATURATYED==CAVNOT SPEND MORE THAN § 52,3 ATLLTON
ALA e Y172, MILLION
FLA .o 3 J69,9 AlLLiOn
GA me. .3 210,4 MILLION
niss o t 114,1 AILLICN SATURATED=~CANNDT SHGND MORE THAN 40.5 MILLION
N CAR_ == 3 244,48 NILLJON SATURATED~~CANNOT_SPEND MORE TAAN $_ 179.9 SILLION
$ CAR - £ 129,88 MILLION SATURATEU-~0AMNOT SPEND MORE THAN ¥ 59,2 NILLIOM e
YENN == % 14%,4 nlLLION
[1%Y - % 297,4 MILLINDG
AN en  # 2A1,2 MILLINA
nicwH .- $ 4du,8 MILLING
(JLL] se_$ 192,90 _8lLLION
Nis - s 228,/ AlLLon
ARK et b3 80,7 olLL10ON SATURATED=--CANNQT SPEND MORE THAN §  %572,8 MILLION
LA - » 195,10 mILLION
NEN _MEX - & 6S,¢ A{LLIQN_
OXLA - 127,93 AlLLiCy
~JEXAS =~ 8 onheh MILLLION ———e
coL - S 10o0,1 MILLION
10%A e % 340,80 RMILLLON SATURATEN=-CAVNOT SPEND MORE TWAN § 125.9 MILLION
KAN .- v Ath, 4 HTELION
.m0 -- (T X 10 S L TS T D e - . ——
NEYD .- . 72,8 MILLION
N Dax es B S.wonitLION SATURATED == 40T SPEND MORE_THAN 15,7 M{LLION
S VAK b k3 34,0 o0 SATHRATLD==CAINOT SPEND MORE THAN § At MILLION
AL e % im.n sILLila o SATUKATED==CANNT SPLMD _MORE THAN $_ L1.2 41LLION
AR]Z .- * 194,8 NILLLION
_CaL o ee % to7S, U pLLioN e — e e e e
MawpAl) - [ 4.7 K11 NN

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

JAOB = 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 normaliy 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
IAPOP 2 78850.0 7885.0
ATTORJ 2

2 9.7 n.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.

Run Type TIMEFAZE

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 DEFSFEC. Calling option TIMEFAZE then sets that oid defense up
for time-phasing. Next the routine determines which combinations of defenses are excluded,
as is shown in Figure 9 (the 1'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 populatior: 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 UNSHEL (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 .

The 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 Farameter 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 ubjectives; POPMULT's, the population multipliers
of the different objectives; VINDMULT's, the industry multipliers; and WDAQB'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 deiense for evaluation or 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 objac-
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 evaluating. In the latter case one

may evaluate after changing parameters, or one may have other purposes. In either case,

31




the printout has the same form as the ones in INPUT and SIMPLE, and the purpose is to
present the narameters for the defense.

Previous to using DEFSPEC the ceil data will presumably have been entered. |f
the number of celis in the data is not equal to the number defined in the deferise, an error
message is printed , but the program continues. If the number of defense s too few, all
remaining cells are set ‘o unsheltered posture.

DEFSPEC is expected in OVLYDAVE using subroutine DEFSPEC and, if evalua-
tion is desired, subroutine EVAL.

Run Type !NPUT

This option is the primary means of entering shelter data inte the program. It
defines lethai areas, shelter data, and defence options, as described in the data sequence
section and the sample deck section.

The printout which 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 PS1, 30 PSI, etc.
names for the shelters defined in the data.

INFUT is executed from OVLYDAVE and is performed in subrowine 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 will be described, No parameters need be set before using
LIVEDATA; they may be set before or after, However, crotion LIVEDATA

destroys any defense stored in memory.
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Figure 10. Printout of Data Entered through Run Type INPUT
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The data filc must be a single-reel, binary buffered file with 900
words per physical record. The file is unlabeled and the terminal record
is to be filled with the actual wora 7777777777777776 (octal) in all 900
words. The file is read on logical unit number 3. E.ch record contains
data for 100 cells, cach of which has the followiii format:
Word 1 Sector ninmher.Format:

LLLLLLLL mmmmmmmm, where

L = Latitude of lower right corner in seconds, fixed point.
m = Longitude of lower right corner in seconds, fixed poini.
2  State and city code (BCD) Format:
SSCCCCCC, where
S = State code, BCD
C = City code, BCD
3  City center and SMSA indicators (BCD) .Format:
C00000CS where
C = city center indicator
S = SMSA indicator
Nighttime population, fixed point
Daytime population, fixed point
Industrial output, Hoating point
Area of sector, floating point

Population density of sector, fixed point

N I e - I

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-
wlation 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 ir 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. f 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, The file ic unlabeled
with the actual word 7777777777777776 toctal) in the terminal record, This
file is read on logical unit number 4. Each record 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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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;
000000CS where
C = city center indicator
S = SMSA indicator
6 City code (BCD)
7 1965 daytime population, fixed point

8 1965 nighttime population, fixed point

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 dasic 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 minimax procedure. Both procedures are
defined in the description of subroutine DEFOPT, The minimax 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. 1t is suggested that a smaller number of mus be used and that




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 tyge is used to set one of the parameters IDPOP, IAPOP, IFILL, or IAQOB
to any value desired. For the format, see the data sequence definition; for exan ples see
the sampte run decks.

Run Type PERTURB

This option changes the lethal areas according to any desired assumed change in
hardnesses, altliough 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 enablies 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. Qutput 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 population ;
i
density brackets and over the defenses. No data is required; the option card alone calls
H
i
for the print. This routine is executed in subroutines POPQUANT and CORELATE. L
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; S
' i.t
i
the punching is executed in DEFPUNCH. oo i
ion
o , - e
DENSITY INDEx 1 2 3 . 5 6 ? LI L :
DENSITY CATEGURY 7000+ 9700~ 13400- 18900- 26400- 36300~ 51400~ 71700 100000
T T T T TG 13600 18900 Zhang 36809 S14n0 71700 100000 +AdOVE :
CELLS TIN CAVeuOAY YL ELT 338 288 T T T T Tray TR T TR T T 7T e I X : 3
TRaCYIION TelLS Velt A, 179 0,108 D.,076 0.045 6,023 0,013 T.004 7~ By L
PEQPLE TR Cateulny 14230178 154876800 12705085 12007420 11753189~ ~AOA4SAS TTAN9988 3322109 bviv281 ] i
FRACTION VEURLE v, uhd 0.074 7.081 7,057 TURTERET T AR T TOLEYE T T e T T T0003Y ‘. ;
H f;
U, . e e e R * i
_' DEFENSES vS, CENSITY HER
IS i e e e e e e - - i 3
— DENSTYY CatraOrv~ 7040~ 5700= 13600~ 1A930~ 26400~ 36800~ 51400~ T1730 103000
I VIuN__ . 13600 18900 26400 __3aH0O . 51400 71700___ _ tgo000 *AJOVE ‘
DEFENSE OPTION ) o o o !
T 1 0,379 T g 246 T T 6,107 0,080 T 0,014 o.n41 T 0.024 7 " o,n00 0.000 *
2 J,90?2 0,04 0,000 f,Nn4e 0,000 a,.ngo 0.000 n.neo 0,000
3 u, vy 0,006 0,000 n.oun 6,009 u,000 0.000 9.000 g.000 .
. E 0,029 0,038 ___ 0,004 _ 0,000 0,000  _ 0.000 _ _ 0.000 0.000 :
s U,wdy 0,000 0,000 0,N00 0.0u8 0,000 o.p00 0.000 0,000 :
® veulds v.n34 0,015 92,000 0,021 0,000 0.000 0,000 3,000 .
- w,un0 n,ng6 T To,0m0 T e.oud’ T 0,000 0,000" " " o.p00 0,060 3.900
s 400 1,012 0,600 2,004 0,000 n,014 0.000 0.000 %.000_
v Vv [l 0.000 o.000 0,000 a,000 0,000 o.00¢0 J.u00
R 1 LS8 T N,03A8 0,041 . . 0,017 Q,J78 _h,nay 0.000 0.000 J.000
31 J,en1 2,728 0,268 0.2%2 0.168 n,128 0.073 g,n71 2.000
12 Cevly _ 9,090 _9.V0Q0 ___ o,000 _ _ 0,030 0,0 0.000 n.,000 n.000
13 FPELT) 0,115 0,54} 0.639 0,774 a,781 0.902 0,929 1.000
—34 e K1) LA 0,039 h,Ngn 0,000 _h,ouo 0.000 0.000 J.9000
15 veuly 0,000 g,u00 0.009 p.000 a,nyo 0.000 0.000 J.000 ~

Figure 11, Population Density Categories
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4,00 T, ulb 0,000 0,0 . 000 50 . . .
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0,006 v,47¥ @,00n u,000 n,019 o.ufo 0,000 0.000 ¢.0v8 0.00C0 0,124 y.0nQ 6,000 0,110 0,000 0.008 3
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7.7 GokUu B,9L0 U, ULy A,600 Q.,ur0 H,0un u.J00 v.0u0 €.000 0,000 J.0n¢ 0,000 0,000 0.000 0.000 |
1.00 wenlbu_ N,000 0,000 0,000 0.0P0 A,NON 0,000 0.000 0,u00 0,000 0.0ung 0.000 0,000 0,000 0.000 j
1,50 weoly HBYYT T, 000 W, RO 0.l 0,000 0.000 0.0u0 0,000 0,000 0,000 0,000 0.000 0.000 0.000 (
2,00 3,000 A.000 9,000 9.000  0.0PQ__#.000  0.080 0.0uM 0,030 0,000 _0.000 0.000_ 0,000 0,000 0,000 3
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Figure 12 § E

4. Auxiliary Computation

. Run Type CROSSCOR

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
dencity is thousands of dollars per square nautical mile, and the margina! 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, i
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Run Tyne EXERCISE

This option enables one tc obtain tuned (single lamhda) defenses for a number
of cost levels and lambhdas , evaiuating each of them for all attack objectives, More
importontly, it then uses the lambda which generated the defense to find an attack against
the defense, 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 in 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 lamhda is obtainad, in OFFOPTZ , and

that "solution of the Lagrangian" is printed.

Run Type MIXLAM

This option enables one to obs2rve the effect of changing the relative weights of

two lambdas in generating defenses. The routine explores defenses plus evaluaticos for
combinations of the two lambdas in steps. lts 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

the input sequence definition section.
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Run Type TABLDENS

This option tables the optimum attack densities and payoffs as for different values of
p/x , where » is the population (or payaff) 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 #/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.

NPTIMYP ATTACK DENSIYIES FOR IDEF s ¢
ATTACK DENSITY FOR RHO/LAMHNA LESS THAN ATTACK PAYOFF, LOWER DENSITY HOR ATYACK PAYOFF, UPPER DENSITY NCD
BP0 00167 0.00008 [ 8.81422 4
0,06 : 0,31234 0,01471 0,81482 D)
0.13 §,7403% 0.,81482 (] 0,94229 4
0,25 5,02160 0,94229 ) 0499208 [
_. 0S50 _37,1%224 - - 0.99208 ¢ . 0.99080 4
8,75 246.87702 0,99880 . 0,99982 [}
1,00 e em. . . 2805.03997 0.99982 - 1.80000 .
1,50 semree reeee 1.00000 ° 1,00008 *
20 wevesrr see 1,00000 & 1,00p00 'y
.00 5.00000 1.00000 ) 1,00000 . 1
n,00 _..0,00090 .. As00000 . __  ___ __ & _ ~ la00000 i

Figure 13, Sample Table for the First Defense Option
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C. GLOSSARY OF VARIABLES IN COMMON

Basic

A(12)

ACOST

ALPHA

AREA

AREAMAX
ATTCORR(20, 15)

ATTLEV(20)
ATTPAY(100)
ATTPAYZ(20)
ATTSPRED(10,20)

BASEPOP
BDLAM

BDPSI

CDEF (300)
CDEFCL(300)
CDLAG (300)
CELLCOST
CITPOP (650)
COSTPER (15)

Preceding Page Blank

Value (to attacker) of each payoff component
Actual cost spent if defense saturates
Weight on offense cost in defense Lagrangién
Current cell area (sq.n.mi)

Normalizing constant for cell area

Frequency count for 15 defense options and 20 attack densities
in CORELATE

Attack levels (in equivalent megatons)
Total attacker payoff for each current lambda
Best estimate of attacker payoff for each attack level

Frequency count for 10 density brackets and 20 attack densities
in CORELATE

Base population selected by IDPOP.

Lambda for current balanced defense calculation

Shelter hardness assigned to éurrent cell for balanced defense
Cost of optimum defense for each mu, total over cells

Cost of optimum defense for each mu, current cell

Optimum Lagrangian for each mu, current cell

Balanced defense cost for current cell

City population

Cost per person of defense option (shelter mix)
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CSTSHEL (10)
D (20)

DCOST
DEFEXCL
DLAM (22)

ERMEAS (20)

EXCLUDEF(15, 15)

FDEF .10,15)

FINL
FINDMAX
FKiL (12,20,15)

FLAM (100)
FLAMLEV (20)
FLAMX(100)
FLAMZ(100)
FMU (200)
FMUX(300)
FRACP (300)
HLAG(100)
HCB (15)
HOPT (100

Cost per shelter space of 10 shelter types.

Possible attack density quanta (equivalent megatons/sq.n.m.)
Defense caost in dollars for current defense option

= 1 if current defense is excluded (set hy DCONSTR)

Lambdas considered hy the defense

Error measure (fraction of attack level) for each lamhda in EVAL
Used in time-phasing; for each possible final defense option
EXCLUDEF is 1 for each excluded intermediate defense option,

otherwise 0.

Fraction ot population supplied one of 10 shelter types for each
of 15 defense options.

Industrial value of current cell
Normalizing constant for cell industrial value,

Fraction of 12 hardness components killed by 20 attack densities
at 15 heights of burst,

Initial set uf offense multipliers for evaluation

Best estimate ¢f lambda for each attack level

Set of offense multipliers for any call to OFFOPT
Teiiporary array for new lambda generation

Values for current iteration

Iritial mu values

Fraction of split cells' areas on primary defense

Optimum offense Lagrangian for 2ach lambda, current cell
The 15 possible heights of burst

Optimum payoff for each fambda, current cell
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IAOB
{APOP

ICBEG
ICEND
ICELL
ICOMP(12)
ICT1 (650)
ICT 2(650)
IDEF
IDENS
IDFOPT (300)
IDOPT(100)
IDPOP

IFiLL

IHI (20}

IHIDLAM

IHOB

IHOBOPT (100)
ILODLAM
iLSAVE

ISAT

ISPLC (300)

Index of attack objective

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

Index of first cell of group to be optimijzed

index of last cell of aroup to be optimized

Current cell index

Hardness level of each (non-empty) payoff component
Starting index in cell data for city

Ending index in cell data for city

Index of defense shelter cption

Attack density index

Index of optimum defense for each mu, current cell
Ontimum attack density index for each lambda, current cel’

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

Shelter filling mode; 1 - optimal, 2 - partial alert,
4 - balanced defense

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

Index of lowest (variable misnamed) lambda

Height of burst index

Optimum height of burst indes for each lambda, current cell

Eauivalent to IHIDLAM

Index of clcsest (lower est.) mu in cost closing ,

= 2 if defense cannot spend TCOST, otherwise = 1

Cell index of split cells




IST1 (60}
IST2 (60)
ISW1

ISW2

JDEF

JOEFSP {300)
JPOPDENS(10)
KDEF
MAPHOB (15)
MINDEN
MINIMAX
MININD
MMAOB
NAHOB
NALEV
NAMCIT (650)
NAMSTAT(60)
NAOB
NCELA(5000)
NCELB (5000)
NCELLS

NCIT

Starting index in cell data for state

Ending index in cell data for state

Setting both = 1 allows changing cell data

Normalizing constants FINDMAX, AREAMAX, POPMAX
Defense option, current cell

Secondary defense option of split cells

Population density brackets in POPQUANT

Auxiliary defense option (for constraint purposes)

Indices of heights of burst scanned

Population density cutoff for cells stored in memory

= 1 for minimax selection of cell defense Lagrangian over lambdas
Industry density cutoff for cells stored in memory
Originally for minimax over attack abjectives, not now used
Actual number of heights of burst scanned

Number of attack levels

City names (BCD)

State names (BCD)

Number of attack ohjectives

Packed cell data, to be unpacked by RDCELL

Number of population cells

Number of cities
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NDENS
NOLAM

NHOB

NLAM

NLAMX

NMU

NIVUX

NNEW
NPOPDEN(10)
NPSI

NSPLIT
NSPLTOLD
NSTAT
NSTYP
PAYIND(100)
PAYINDZ(20)
PAYPOP(100)
PAYPOPZ(20)
PKILL(100)
PKP

PMAX

Number of hardness components in payoff (non-empty)
Number of defense options

Number of attack density quanta

Number of lambdas considered by the defense

Number of height of turst options

Number of attacker Lagrange multipliers

Nuirber of current offense multipliers

Number of initial mu values

Number of mus in current iteration

Number of mus used in second and subsequent passes in DEFOPTG
Number of ceils in density bracket in POPGQUANT
Number of hardness levels

Number of split defense cells

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

Number of shelter types

Total industrial value destroyed fcr each current lambda
Best estimate of industrial kill for cach attack level
Total population kill for each currert lambda

Be st estimate of population kill for pach attack. level
Optimum population kill for each lamtdz, current cell
Daytime population of current cell

Maximum population of current cell
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POPACT
POPCOUNT(10)
POPMAX
PCPMULT(10)
POPSH(10}
POPUL(12)
PSI(15)
PSIMAX
PSIMIN
PUNCH

RES

SHLSPRED(10,15)

SPACES(10)
SPREAD (12,10}

SPRIND (12)
STATE
STPOP(ED)
SWITCH
TCOST
TOLERR

VALIND (12)

Actual current cell popuiation

Population in density bracket in POPQUANT
Normalizing constant for cell population

Factor to convert population kill to attacker value
Population sheltered in 10 shelter types, current cell
Papulation in each hardness camponent

The 15 possible ps levels

Upper cutoff psi for balanced defense

Lower cutoff psi for balanced defense

Setting = 1 gives punch output

Nighttime (resident) population of current cell

Frequency count far 10 density brackets and 15 defense

options in CORELATE

Spaces available in 10 shelter types, current cell

Fraction of population in each of 10 shelter types assured

vulnerable at each of 12 hardnesses.

Fraction of industrial value at each of 12 hardnesses
Setting = 1 gives STATCOST defense

State population

Variable read by option selector

Target cost of defense investment for group of cells
Tolerable percent error in attack level

Industrial value in each hardness component
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VINDMULT(10)
VKILL(100)
w(15,15)
WDAOB(10)
WD LAM(15)
WEPEQ(100)
WMIN

WPEXP(100)

Factor to convert industrial value killed to attacker value.
Optimum industrial kill for each lambda, current cell
Lethal area for each height of burst and hardness

Weight defense assigns to each attack ohjective

Weight defense assigns to each lambda

Optimum weapon expenditure for each lamhda, current cell

Lethal area corresponding to upper psi cutoff, balanced defense

Total weapon expenditure for each current lambda




Glossary (continued)

Bounding Procedure

BCOST(3)
BKILL(3)
BLAM(3)

SMAX

BMIN

BMU(3)

BWEP(3)
CUMCOST(20,20)
CUMKILL(20,20)
CUMWEP(20,20)
CURCOST (20 ,20)
CURLAG(20,20)
CURWEP (20,20)
EPS

HILAM

HSAT
JICHOZ(22)
MODESW

NENO
SATWEP(22)
SLOPE (20)

Cost at beginning, middie, and end of iambda sweep

Payo:l at beginning, middle, and end of lambda sweep
Lambda at beginning, middie, and end of lambda sweep
Upper bound values

Lower bound values

Mu at beginning, middle, and end of jambda sweep

Weapon exp. at beginning, middle, and end of lambda sweep
Cumulative cost for 20 lambdas and 20 mus

Cumulative payoff for 20 lambdas and 20 mus

Cumulative weapon expenditure for 20 lambdas and 20 mus
Current cell cost for 20 lambdas and 20 mus

Current cell Lagrangian for 20 tambdas and 20 mus

Current cell weapon expenditure for 20 lambdas and 20 mus
Paramcter controlling separation hetween lambdas chaesen
Maximum lambda which need be considered

Maximum payoff possible

Index of closest mu for each lambda

Selects mode of running verification

Number of end limits reached on lambda sweep

Weapon expenditure at saturation, line upper boundary payoff

Slope of line lower houndary payoff
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VERIFY Setting = 1 turns on verification procedure
YCEPTLO (20) intercept of line lower houndary payoff

YNTCEPT (22) Intercep’. of line upper boundary payoff

D. INPUT DATA SEQUENCE DEFINITIONS

This 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
forri. 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 the various subroutines; the subscripts
on all subscripted variables are dummy variables in the program and are shown here as
lorJ.

In addition to the options given here, options EVAL, LIVEDATA, LVCTDAT
QUTPUT, 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 3 SIMPLE card.




BASIC DATA DECK INPUT SEQUENCE

FORTRAN Variable Format Explanation

NDENS (8110) Number of attack density quanta.

D (8F10.2) Densily quantum levels, £t
NHOB, NPS1, LACOMP (8110} NHOB is number of heights of burst (& 15) .

NPSI is the number of hardnesses ( ¢ 15).
If LACOMP £0, lethal areas are computed from

lethal vadii,
HOB() (8F10.2) Here read NHOB heights of burst,
PSID (8F10.2) Here read NPSI hardnesses,
If LACOMP #0 skiv to * in sequence.
w b (8F10.2) Here read lethal areas (sq. n.mi) hy HOB (on

single cards) and PSI,
Skip to ** jn sequence.

* W0 (8F10.2 Here read lethal radii {kilofeet) by PS) (on single
card) and HOB.

*+ NAHOB (8110 NAHOB is the actual number of heights of burst
to he scanned ( £ NHOB).

1f NAHOB = NHOB skip next card in sequence,

MAPHOB(J) (8110} MAPHOB(J) are the indices of the NAHOB height
of burst scanned.
** H3TYP, NDEF (2110) NSTYP is the number of shelter types.,

NDEF is the number of defense options,

FDEF (3,0 (8F10.2) Here read fraction of each defense option J composed
of each shelter type | by defense option (on single
card) and shelter type.

SPREADU ) (8F10.,2) Here read fraction of cach shelter type J at each
hardness | hy shelter type (on single card) and
hardness , .
SPRIND (1) (8F10.,2) Fraction of Industrial Value assumes to have each
of NPSI hardnesses.
CSTSHEL(D (8F10.2) 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, 2110} JCELL is the cell number, RES is nighttime popula-
tion, PKP is daytime population, FIND is industrial
value, AREA is arca, JDEF is defense option and
KDEF is for constraint purposes, Continue reading
these cards (cel! data) until ICELLSO.

NALEV (8110) Number of attack levels ( < 20),
ATTLEVID (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 cellis
included if MAX { PKP RES}/ AREA 3 MINDEN or
FIND/AREA > MININD,

NAMEC (AB) 1f 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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Fgriran Variables

FALERT

Fortran Variables

NADB
POPMULTID

VINDMUL T(O)

WDAOB()

Fortran Variable Format
DEFNANE, NEWDATA (A8,2X,110)
NHOB, NPSI, LACOMP (B11 M
HOB () (8F10.2)
PSitD (8F10.2)
If LACOMP # O skip to * in sequence,
W, b (8F10.2}
Skipto ** in sequence
* WD (8F10.2)
= NAHOB (8110
MAP HOB(J) (8110

Data Sequence for Run Type ( ALERT

Fomat

87 10.2)

Explanation

Fraction of poputation alerted.

Data Sequence for Run Type ATTOBJ—

Format

1H10)

8F10.2)

(8F10.2)

(8F10.2)

Data Sequence for Run Type
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Explanation

Number of attack objectives

Here read population kil multipliers
for NAQB attace ohjectives.

Industrial kill multiphers,

Here read weight defense assigns to
NAODB attack objectives,

BALDEF

Explanation
DEFNAME is any 8 character code for the baianced defense.

If REWDATA = 0 skip to ™* n sequence.

The folowing lethal area data (down to *™*) needs to be
specified for unsheltered posture only.

NHOB 15 number of heights of burst ( = 157,

NPS1 is the number of hearnesses ( = 15). 2
i LACOMP £ 0, lethat areas are computed from lethal radii.

Here read NHOB heights of burst,

Here read NPS! hardnesses.

Here read iethal areas {sqg. nm )} by HOB {on single cards}
and PSL,

Here read iethal radii (kilofett) by PSi (on single casd) and
HOB.

NAROB is the actuai number of heights of burst to be
scanned { = NHOB!,

If NAHOB = NHOB skip next card in sequence.

MAP HOB(J) are the indices of the NAHOB heiglis of burst
scanned.




v

BALDEF, Cont.

Fostran Variables

NSTYP

"
~n

NDEF = T2

SHLNAME, CSTSHEL, NHARD, XK

Format

(8110}

(81107

{AB,2X,F10.2,
10,F10.2)

HARD (1), FRAC (1), HARD (2}, FRAC (2),...{BF10.2)

SHLNAME, CSTSHEL, NHARD,

T yTrT

-

]

oD
[

SPRIND())

NCOST
COST ()
NALEV
ATTLEV (1)

PSIMIN, PSIMAX, WAUN

XK

110,F10.2)

a3no

(3110)

(8F10.2)

mno
(-9PF10.2)
1o
(8F10.2)
(8F10.2)
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Explanation
[ ]
Two shelter types ~= unsheltered and variable hardness sheltered. .-

Two defense options.

Here read unsheltered ¢zt
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.
It NHARD # 1 then XK may be blank and read next card
to obtain hardness spread. Hardness must appear in PSI

array.
/
Hardnesses of unsheltered posture in psi and fraction of .
population assumed to have each hardness.

(A8,2X,F10.2, Here read variable hardness data,

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.

These two cards define the defense options for
balanced defense.

Fraction of industrial value assumed to have each of
NPS! hardnesses.

Number of costs for which defenses will be computed.
Here read NCOST costs (in billions of dollars).

Number of attack levels,

Here read NALEV attack levels (in equivalent megatons).

PSIMIN is the lower PSI cutoff. If balanced defense qssign;
hardness below this levei, then unsheltered posture is assigned.

PSIMAX is the maximum allowable hardness for a shelter.

WMIN is the lethal area corresponding to PSIMAX.,



Mode

Mode

Made

Mode

Mode

Fortran Vaighio
PASLAL AL A AN

MODESW

NEWAY
g

" 1

i

DLAM ]

TCOST

HSAT
EPS

’ 2
BKILL(2), SWEP!2), BCOST 2},
BLAMI2], BMU(2)

HSAT

EPS

{ 3

|

ATTLEV (1)
TCOST
HSAT

£EPS

! S
TCOST
NDL AM

DLamn
HSAT

10

‘8F10.2:

(F10.2)
(F20.2}

(F20.2)
(F10.2)

tF2G.2, F10.2, F20.2,
2F10.2:

(F20.2)
(F10.2»

Fl1o.
F20.2)
{F20.2}
F10.2)

F20.2}
(10

{BF10. 21
(F20.2)
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Expranation

This setects a ~ode for the bounding
oracedure. After imitial data 4o 1o
seqguence for mode cesired |

it NEWAIU 2 O read new e atheryise
skip to -~ ade sequence deswed,

Here read 20 new mus,

This ~ode corpites mitial point fror
cost and a lambda, then sweeps lamhdas fror
10.0 1t 1000000.0 to generate bounds .

This 1s the imtial lambda .

Total cost of shelter posture (input in dallars).

Total payoff (or population;.

Pararieter controlling separation betwaen
iambdas chosen. Aporoxsmately it is the
distance between upper and lower bounds .

This mods reads in imitial point, otherwise
as in Mode 1.

Initial ki, weapon enxpenditure, cost,
tambda, and mu.

This mode reads ini 1nitial point; then

tambdas are chosen to verify this instiai point,
and bounds are set for the attack lever of the
itial point. The data seguence s exactiy as
in Mode 2,

This mode computes initial paint fror 3 cost

and an attack ievel, thenverifies that point
as 1n Mode 3.

Attack tevei for init:al point .

This mode reads lambdas and does one
pass, computing the bounds for thase
fambdas .

Number of i+ < (S 20)
Heve read NUL AM lambdas {ascending ordes)




oy Yo e

6
Atqde

BXILL(2), BWEP(2), BCOST(2),

|ﬁ

(F20.2,F10.2,F20.2,

BLAM(2), BMU(2) 2F10.2)
TCOST (F20.2)
NDLAM o
DLAMD (8F10.2)
HSAT (F20.2)
(7_
Mode
) BKILLA ), BWER(1), BCOST(1), 4(016,4X)
BLAM(1), BMU(1)
BKILL(3), BWEP(3), BCOST(3), 4(016,4X)

BLAM(3), BMU(2)
TCO:\T, HSAT, EPS

Fortran Variables

NBOXES, IDPOP, INORM,
ICBEG, ICEND, MIN

(-9PF 10.2, OPF 20.2,
«6FPF10.2)

Data Sequence for Run Type [ CROSSCOR

Format

8110
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t_l B LY BRES

This mage reads 3 point 159 b verdi ' then
V3 pakes Aounds for that Lol and diianr leved
using lamhday which are read in,

Kiti, weapon expenditure, cost, hamhe.,,
and mu.,

Number of lambdas ( § 20)

Here read NOCLAM Jambdas (ascenting order}

This mnde for use when sweep type run
(1 or 2) s terminated. Uses octal dump
to continue computation,

Lower attack tevel end of previous sween.

Upper attack level end of previous sweep.

NBOXES s the number of correlation
categories {S31).

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

INORM is the nonraiization mode
=1 normalized by cells in populaticy bracke!
=? normalized by ceils m industry lwacket
=32 norralized by noulation 1n bracket
=4 normalited by industry in hracket

ICBEG is the beginminy index of the geavp of
cells; ICEND is the end.

MIN is the iower culnff of denssty brackets;
all cells below Uiis density are placed in one
category .




[ LT 2F .1

KEY, TCOST, NCELLS

IDSPEL

NSPLIY

ISPLCH), JDEFSP(), FRACP()

GO ¢ SKip QuIT
| o | o |

10POP, IAPQP, IFILL, ISAT,

TS Thind i

¢ orma

(10X ,110.20% ,-9PF10 2,
10x, 113

4012t

H10}
(2110.F10.8)

(6110,2L10)

NDLAM, NAOB, MINIMAX, MMAQB

TCOST, ACOST, ALPHA

DLAM()

WOLAM(I), WDADB(1),POPMUL

(-9PF 10.7,10.7,
OFF10.8)

(8F10.2)
T, (8F10.8)

VINDMULT(1), WDAOB(2), POPMULT(2)

[ GO l SKIP ' Quit
o or

NHOB, NPSI, LACOMP

HOB
PSH(

(8110}

(8F10.2;
(8F10.2)

i LACOMP £ O skip to + in sequence.
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J——
e seer

é-ci analon

KEY is iy integer tu~3er to ident .ty the defense

TCQST s the cost af the defense

NCELLS 15 the nu~ ger of celis included 1 NCELLS -
otd NCELLS on error message is printed and rema.ning cells
are set to unsheltered condition.

Hice read NCELLS deferse options, ore for each cpt! 2 40
per cond. Lach IDSPEC % NDEF except for split celis,
where index is 100 - defense option,

Nu~ber of split celfs.

Here rrad NSPLIT spfit cell data cards =~- index of split
cell, secondary deferse of spist cell, and fraction on primary
defense.

1 this card is GO continue in sequence.
If this card 15 SKI®, skipto * in seguence.
1t this card is QUIT gpyp to = 1n sequence.

IDPQF and IAPOP are population Hases, IFILL is shelter
fitling mode, ISAT s saturation indicator, NDLAM is nurber
of lambdas for defense, NAQ B is number of attack chjectives,
and MiNIMAX and MMAOQB deal with minimax .

TCOST is the shelter cost

ACOST is actual cost in case of saturation

ALPHA is normally { 0.

Here read NDLAM tambda considered by defense.

Here read NDLAM weights for lambdas and NAOB attack

cbjective weights, population multipliers, and industry
multipliers,

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 IAQB is not an input variable in this
data sequence. N may be put in using the
GPTIONS sequence.
NHOB is number of heights of burst ( € 15),
NP S is the number of hardnesses { <15).

It LACOMP £0, lethal areas are computed from lethai
radii.

Here read NHOB heights of burst.

Mere read NPSI hardnesses,




DEFLPET Do

£ ovtran Vag:ane
————————

L W}

Skip to <- < n sequence .

- W, h

++NANQOB

MAPHOB (J)

GO NEW SKIP Quit
or or or

* NSTYP, NDEF

FDEF (1,5

SPREAD (1,9
SPRIND (1)

CSTSHEL

NOEVAL r
or

Fortran Variable
NCOST
COSTn
NWLAM

WL AMD)
NALEV
ATTLEV)

e ot

i8F10.2)

(8F10.2]

(811¢:

8110

no

(8F10.2)

(8F10.2)

(BF10.2)

(8F10.2)

W m— vy

£ epipnaeon

Here riad letha! aeas !sq. nm ) by HOB (an single
cards and PS5t

Here read iethal radii (kitofeet) by PS! ‘an singte
card) and HOB,

NAMOB is the actual number of hepiats of burst
to be scanned { < NHDB).

i NAHOB = NHOB skip next card n sequence.

MAPHOB(J) are the indices of the NAHOB height
of hurst scanned .

If this card is GO comtinue in sequence,

If this card is NEW, insert entire INPUT sequence

{without INPUT card). Note that with NEWDATA - 0

it isnot necessary tc repeat RDATT sequence. No more data
required after that,

1f this card is SKIP or QUIT skip to *** in sequence.

NSTYP is the number of shelter types,
NDEF is the number of defense options.

Here read fractian of each defense optiun J composed of each
shelter type | by defense option (on single card) and shelter
type,

Here read fraction of each sheltes type J at each hardness
| by shelter Lype {on single card) and hardness.

Fraction of Industrial value assumed to have each of
NPS! hardnesses,

Cost per person for each of NSTYP shelters.
if this card is NOEVAL, no evaluation will

be performed, otherwise DEFSPEC will evaluate
the gefense with parameters as set.

Data Sequence for Run Type I EXERCISE

Format
110
(4F20.2)
D)
(8F10.2)
(110
(8F10.2)
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Expianation
Number of costs for which defenses will be computed,

Have read NCOST costs (in dotlars).

Number of lambdas for which defenses will be computed,
Have read NWLAM lambdas.

Number of attack levels,

Have read NALEV attack levels (in equivaient megatons).




INE LT

R Y L L

P cax faea Erpranation
‘ LiF N NISLATA Sda, ZA, LG OEF NAML o3 any A character code tor sheder snput

It NEWDATA - O ship to ™™ in sequence.

NhOB, NFO LACOME ‘Bil10) NHOB 15 number of heights of buest € € 151,
NPS1 s the nurber of hardnesses * & 15),
If LACOMP ¢ Q, lethal aeas are computed fror letha!

rada,
HOB ‘M (8F10.2) Here reacd NHOB heights of burst .
PeL RE10.2) Here read NPSH hardnesses
It LACOMP £ 0O skipto * in sequence.
Wi (BF10 .2} Heee read iothal areas (sg_n™) by HOB ‘on sindie cards)
and PSI.
Skip ta ** in sequence.
" OWGL,D (8F10.2) Here read lethal radii (kilofeet) by PSI (om singi= card) and
HOB.
»+  NAHOB (8110) NAHOB 15 the actual number of heights of burst to be

scanned ( < NHOB).

HNAHOB- NHOB skip next card in sequence,

MAPHOB ()} 8110) MAPHOB (J) are the indices of the NAHOB height of burst
scanned.
> NSTYP (110 Number of shelter types. | = 10)
NDEF 110 Number of defense options. (< 15)
‘SHLNAME, CSTSHEL, NHARD, XK (AR, 2X,F10.2, SHLNAME i5 the name of the shelter- any 8 characters.
NSTYP 110,F10.2) CSTSHEL is the cost per person of the shelter.
b KHARD is the number of hardresses of the sheiter.
':’ If NHARD = 1 then XK is the hardness of the shelter in psi
;r:::s and skip next card.
I MHARD # 1 XK may be blank and read ne: d to obtain
hardness spread. ﬂaydness fMust appeadr in*gfanay
L_HA\RD (1), FRAC (1), HARD (2), FRAC(2),... (8F10.2) Hardnesses of sheller in psi and fraction of sheiter assumed to
have that hardness.
IDEF, NSHEL, KX 34110 IDEF is the index of the defense option,
NSHEL is the number of sheiters included in the option,
NDEF If NSHEL = 1 then KX is the index of the sheiter type and
of skip next card. If NSHEL £ 1 KX may be blanx and read next
these card for sheiter min.
oups )
o USHEL (1), FRAC(1),ISHEL(2),FRAG(2), .. (4(110,F10.2) Indices of shelter, types and fractinn ¢f mix compased of each.
SPRIND (B (8F10.2) Fraction of industrial value assumed to have each of
NPS! hardnesses.
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. ST
Diyta Seque~ce ‘w R~ T, p ( A
" Farlran Vs T Expiangtion
P ,'f MINIMAX , MMADE, NDLMA, RAINIAIAX 1 will cause DEFOPT 15 run 10 = 1oi ax
NMLD (2L10. 61100 procedures: O for normal procedure

MMAOB for minimax attack chjectives, nat used --
shoutd Se hiank or 2er0

1 NDLAY - O mo ~ore data s eeguired. 1f NDLY s son-
zero, & hecores NMU and next card is read

t MMLD 15 nan-2e10 1t becomes NNEW, the rumher of ~u's
cn the second pass in DEFOPYG,

FMU (D (BE10.4) Here read NMU mus.
Data Sequence for Run Type [ MIXLAM
Fortran Varable Format Explanation
XMLAM(1), XMLAM(2) (2F10.2) Two lambdas to he used for mixed-
tambda combinations .
TCQST (-9PF10.2) Total cost of defense posture (1n
mithons).
EXPLORE o ( If this card s EXPLORE, program will
I exolore mixed-lambda combinatians in
stops of 0.05 after trying first mixed-
lambda guess.

Dawa Sequence for Run Type f OPTIONS

Fortran Varables Format Explanation
SWITCH, IWVALUE (A8 ,2X 110} SWITCH 15 examined to seef 1t s
IDPOP, IAPOP, IFILL, or 1ADS.
10POP IF 1L is, the program sets whatever varabie st
15 to IWALUE and reads the next card. ¥f 1t

is not, Uie run type tenninates, and SWITCH
is used as the nex: run type card.

or
(W

o
r_tnT'

or
(_Eba_
Data Sequence for Run Type (»:Tru'ia' :

Fortran Variables Format Explanation
DELTA 8F10.2) Fractiomal change in haninesses of

shelters (positive or negative).

&0




STatTGst

~
T2 Sense ce e R T e ! Coagl f B

Fortran Vaabie Foreat ErEuu-on
: TCGST =P 10 Total cust of shelter poustare finput 10 5iiligns
NNDLAR 10 Nurer of tarhdas (0 e considered by defense ( £ 16)

. 1 NNDLAM = O program uses previous lambdas; skip to
* n sequence

; oLAMM) (8F10. 2} Here read NNDUAM defense lambdas.
+
i NWDLAM 1o 1 NWDLAM = 0 prograr: assigns equal weights ta lambdas;
: skipto * in sequence.
E WDt ant (8F10.2i Have read NNDLAM weght's for defense jambdas .
}
: *NAOB (110} Number of attack objectives (< 10). If NAOB = 1,
fip More 2o e renywad
POPMULTID (8F10.2 Here read popu’atisn xi:i multipliers for NAQB attack
objectives
VINOMULT(D (8F10.2) NAGB industrial kill multipliers. After redding this

card the program generates the defense.,

NOEVAL or If NOEVAL card appears, no more data is required and
this run type terminates w thaut evriuating the defense.

~*NEWDAOB mo tf NEWDAQB = 0, no more data 1s requred. Otherwise,
read next card.

WDAOB(I) (8F10.2) Here read weights vefense assigns to NAOB attack
objectives. Program generates now defense and
evaluates it for all attack objectives.

Return to ** in seq ence.

Data Sequence for Run Type TRIMTAIL
Fortran Variable Format Explanation
NCELLS aw NCELLS is the number of cells considered in the run,

The number may b c:t down to exclude tail cells, or
may be set for any otter purpose.
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E. VALUES OF IMPORTANT PROGRAM CONSTANTS

The foltowing vaniable. are imitiatty set in the program to the valtues indicated,

These may then be reset as desired using the input sequences.

IDPOP =1
IAPOP = 1
IFILL = 1
1A0B =1
NAOE = 1
NDLAM = 1

POPMULT() =1.0
VINDMULT(D = 0.0
WDAOB() = 1.0

DLAM(N = 2500.0
wDLAM(D) = 1.0

TCOST = 10000000000.0

62

o




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 i< 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.

FoC Y M 5.0
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STANDARD 8 WORD CARD
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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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to the data used in the analytic model in Appendix C.
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The 10 lethal areas for the simple height of burst are next (these were computed
from L.A. = 121/psi). -
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This is the actual number of heights of burst.
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This is the FDEF array; there are 7 defense options consisting of pure

deployments of the 7 shelter types.
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This is the SPREAD array, indicating 7 pure shelter types at 3, 10,

30, 70, 100, 200, and 300 psi.
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This is the SPRIND array - the definition of industrial hardness for this basic
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Here are the shelter costs and then FINDMAX, AREAMAX, and POPMAX

for the small cell data which follows.
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Here is the 12 cell data used in Appendix C ; this time with area in

nautical miles. There are twelve cells and for each cell is read ICELL, RES, PKP,
FIND, AREA,JDEF, and KDEF, The twelve are terminated by the blank card.

This data is useful for checkout and exploratory runs,
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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,
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Here are the 12 attack levels (in equivalent megatons) used for evaluation and

verification runs,
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These are paramcters MINDEN and MININD, the population density and industry
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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 areater than 7,000 per sq.mi,

or its industry density is greater than 3,500 per sq.mi.
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This card terminates the basic data deck, Its use is in the cell listing for option
LIVEDATA -- if the card is blank all cells vxi, Ge listed, if the card contains a city

code (such as 22530005 for Washington, D.C,) only the cells in that city will be

listed,




B. SHELTER INPUT DECK

This is the deck which determines the shelter parameters to he used in the run.
The deck is optional in that if this entire deck is removed, the program will run praperly using
whatever shelters have bcen 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 of 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.
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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.
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On *his card FINAL-2 is a name for this shelter input deck. The 1 is a switch

which here indicates that new hardness data will be read.
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Th:s card indicates 10 heights of burst and 12 hardness level, The 1 is a switch
whirh indic tes that lethal radii will be read in kilofeet with all heights of burst for a single

Lardness ¢: a single pair of cards,
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These are the 10 heights of burst in feet.
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These are the 12 hardness levels, ranging from 5.4 psi to 490 psi.
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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 |, and

they foll

ow immediately after the preceding two cards.
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Table { . 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 79 8.05 8.55 94 96 4.9
2.6 0.0
8.6 9.5 9.8 10.1 109 11.8 124 7.5
6.0 4.3
56 58 59 60 6.2 6.35 37 0.0
0.0 0.0
5. 53 54 55 57 43 24 0.0
0.0 0.0
453 4.72 48 494 5.13 304 00 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
29 325 33 25 0.0 00 00 0.0
0.0 0.0
| 27 30 29 20 0.0 00 0.0 0.0
I 0.0 0.0
195 15 09 00 0.0 0.0 0.0 0.0
00 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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Here it is specifiéd that only two of the 10 heights of burst will be scanned

for attack optimization - numbers 1 and 6, or 0 and 5500 feet.
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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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Here is the definition 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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The first number 1 is the index of the defense option. Tihe 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 shelcer in

the mix and that shelter is the NFSS type, shelter number 1,
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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 shown in Table Il; 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 defirie 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.

82

T U ) [ 1 I | i . \
T WORD n] WORP 2 1 ¢RIy R woORD & n]i wWORD & rn WoRLC 6 I WORD 7 T woORD @ ’!:

. s DI et i iCor T OB
(i WORD + [ WORP 2 ACRL A t AORD 4 '3 WORC 5 “( NVORD &8 |‘l NORO 7 " VORD B 1

edtea.u




C. SAMPLE RUN DECK #1

The purpose of this run is to generate a defense using the mixed iambda
technique and assuming a mixed attack objective and then to evaluate the deter:..
twice foi two different attack objectives. The defense in this sample deck
found with IDPOP = 1 and IAPOP = 2 with the budget level at 10,0 nill:

The followiny cata sequence is put behind the basic data deck and - -

shelter input deck:
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This card causes the program to read the popuiation data tape, Control

is then returned to the option selector.
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These two cards set |IAPOP = 2 (the program sets IDPQOP = 1),
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 assumed by the defense (DLAM).
The first card indicates the number of defense lambdas; the second card contains

the 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 Yirst
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

0.5x 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 to1,0, 0.0,
0.0, 0.0, ..., the defense places all its weight un 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,

Al this point in the data seguence the program will computle the defense and
punch it onto cards for future use. The next card determines whether the program

will immediately evaluate the defense:
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If this card 12 anything uut tic key word NOEVAL, then the program 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

secend pure population,
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This card is a switch as to whether ihe program is to read a different set of
attack objective weights for the defense. Here the 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 ootion selector.

(i i , | ! .
i AR o £2 R S AL WL R} VWORD a4 wWORD & m WCORD 6 Ty o wosRD : M Cifel
1 - ° .

Il

HIDGUUUﬂﬂ““UUUBOUUO00000030ﬂ0000ﬂO0000000000000000000000000006000@00J000000000
:l o4 > N RS A R FUITR T B IR A T HE B R TIRHE TR CNIY W RLRLIL IR R SRR S SRR R B S S SRS N R S AL It B B B O Y 't e
||1‘1vv|1||\l||1l|3]l|lllll||‘|I|Illl1|‘ I|li|ll|ll||l1|1\l|l|lllall!ll\!llllll!
22272I2121212’227717?72222"2222272?777?7277222?72?2727277772?77?27’17"!222:2221

|
R 33333333313333333333313!33311333!1313]3333333!3!13%3!33]‘3133133313333333!3311

$TM.L:.RC B &R CAR(

‘l“‘lll‘40444ll4lllll£ll¢llllllllOlll44‘ClIllllIlllllllllllldllllll‘llll‘lllll‘
,55555555551555555555555555555h555555555555555555555555555555555!5555 L9559955%
48 ISFSSGSGiitaSo555558555565555555556566555566SGGiiGGSiEiiiiiiGSiiiSﬁGGiﬁ555555
W!T 177117!11711)771717l7171771177J??'lH)777717111017177J1177?1771“171‘1117)7111

i Ea g

lSQBl&I!I.Ilalllllllallallllll lll!'lllllﬂll!!ll lSlSlllllllllll!ll!llli‘llll!ll

3995?339939 )ng ! ! 953399335y 9!9 5!5!53!59535i!!&!!!i!!jlﬂ 3939993999333
PPETE ANABTINNIDDADRT . TP TY IR J

\ R I L LR unangyeawry Iiiﬂul‘\élf?i‘ﬂ‘t"..l:'l""l

This card is the normai termination for the program, taking the grogram out
of the option selector loop.



Figure 14 shows the entire data sequence for this run type, with the

hasic data deck and the shelter input deck indicated at the front,
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Shelter Input Deck

Basic Data Deck

Figure 14, Entire Data Sequence for Sample Run Deck #1

91

ERUPS P B

BTSSP SRR



o AR

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

both day and night pure population attacks., The

found with IDPOP =1 and IAPOP = 2 with the

then tc evaluate the defense for
defense in this sample deck is

budget level at 10,0 billion,

The following sequence follows the basic data deck and shelter input

deck.
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As before, the first card causes the population data tape to be read, The

second card causes the third card to be examined, and then IAPOP is set to 2

(remember IDPOP =1 aiready).
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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 computation 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 need

not be selected thus, but it will help computation time to do so.
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Again, this card causes the defense generated to be punched out for saving.
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The SIMPLE option follows the same data sequence as always and here

sets TCOST = 10 billion, and reads the two lambdas to be used,
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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.
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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.
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This NOEVAL card terminates the SIMPLE option without doing the
evaluation. Control returns to the option selector.
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Q.

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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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.
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The OUTPUT card obtains the printout described in the OUTPUT section,

and, finallv 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

i
i

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:
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The LIVEDATA card brings in the population data, and the DEFSPEC card

causes the program to go to the portion which reads the punch deck next:

4

Punched 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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This NOEVAL card causes DEFSPEC to not evaluate the defense;
otherwise, the defense would be evaluated with parameters as they were set.
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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, 1AOB, leaving that to be set before the evaluation,
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These two cards set up tie fractional filling mode and define the fraction

alerted - 0.5. All parameters are now set for the evaluation,
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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:
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These cards call in the population data tape and set IAPOP = 2.
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These cards turn control over to the bounding routine and set the mode switch to 1.
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These cards read in the new mus. Notice that 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.
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Here the initial lambda is 30,000, TCOST is $20 billion, and HSAT

. is'209,473,668, the total daytime population (since no attack objective was

X set, it remains at the program setting which is pure population attack; hence, the
tota!l payoff is the total population).
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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.
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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 hounds of the previous run.
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Bounding procedure, Mode 5.
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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 tablfe RANGE:

RANGE(1)
FIND *
RANGE(N)

107




Program DRIVE

DRIVE reads the basic data deck (in doing so it calls RDATT, DEFINP, and
RODCELDT), 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 perforried

in the first overlay.

Subroutine ANSPRIN

This is the basic answer printing rcutine; its output is discussed under
Run Type SIMPLE.
Subroutine BALDEF?2

This is the driver for balanced defense computation. 1t 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 BALDEF 2,

This program computes tive balanced defense for a number of costs, and
evaluates each defense.

The defense computation is done for a range of lambdas, for here the

attacker's lambda is the 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 = ‘-Agsgép’%%&ﬁé_ .

which assures constant return for the attacker over a number of cells, The hardness is

X
See Appendix C for the formulation.
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Figwe 15. Flow Chart of BALDEF2
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BDCELL (continued)

computed from*
8.1416

[0.92491 * (AREALETH) 0-15. 0.5]3

BALCOST = 112, 0+13.5%* VBDPSI

Saturation is checked at high psi (against WMIN) and low psi (against PSIMIN) and the

BOPSI =

and the cost from T

highest psi is assigned in the one case and the unsheitered posture in the other (the
unsheltered posture is signaled with BDPSI = -10), and costs adjusted accordingiy,

Subroutine BNDSET

This is the portion of the bounding procedure which applies the upper and fower
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 bound, his secondary
hound, 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
hound 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 (1,K, ) = 1.0 - exp { - W(J,I) * D(K) }
for every hardness |, 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 lavel, 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. Normaily 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 O (not excluded).

DCONSTR aiso has entry ABORT for all improper terminations of the program.
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Subroutine DEFCOST

DEFCOST corputes the defense cast:

NSTYP
DCOST = 3. CSTSHEL (N * SPACES (1.

Subroutine DEFINP

DEFINP s an wput routine which reads shelter paramelers, defense options,
and industry hardnesses. The routine directly reads FDEF, SPREAD, SPRIND, and
CSTSHEL, and corputes COSTPER for each defense option. Since the input is ina
difficult farm, this routine is used only for the basic data decks and for reading shelter
data on the punch decks.

Subrottine DEFOPT

Subroutine DEFOPT optimizes the defense for a single cell for a range
of current mu's (FMUX's) and fills CDLAG. the cell defense Lagrangian, IDFOPT,
the optimum defense option, and CDEFCL, the cost of the current optimum defense
option for each FMUX. It may operate in one of three modes - mixe¢ lambda, mini-
max lambda, and verification.

In the mixed lambda made, the task of DEFOPT is to choose one of the 15

defense options for every FMUX so as to minimize the defense Lagrangian:

NAOSB AMX
DLAG =Z WDAQBWUIADB) * WOLAM(®) * {PK!LL(I) -
IA0B=1 I=1

ALPHA * OFFCOST] + FMUX() * DCOST
where WDAOB 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 optinum attack for attack objective 1AOB and lambda 1, and DCOST is the cost

of the defense option under consideration, OFFCOST is given by
OFFCOST = FLAMX(i) * D(KDENS) * AREA

where FLAMX is the (amhda, D(KDENS) is the optimum attack density determined hy
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 GENSPACE, 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, Inthis 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 iambda compared to the best that
can be achieved. DEFOPT first finds the defense with the lowest Lagrangian for every

lambda -- it then computes the deita or difference between the Lagrangian which each
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Figure 16, Flow Chart of DEFOPT, Mixed Lamhda Mode
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Figure 1. Flow Chart of DEFOPT, Minimax Mode
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DEFOPT (continued)

defense achieves for every iamhda and the lowest Lagrangian for that tambda -- it then finds
the highest delta for every defense -- and picks the defense which minimizes the highest
delta. The only other computation is to precompute the offense Lagrangian for every lambda

and for every defense.

DEFOPT, inthis mode, picks a defense to minimize

DELTAMAX (DEF) = ’:”lf‘::\'ﬂ";m { DELTA GLAWX, IDEF) }
where
DELTA(ILAMX, IDEF} = DEFLAG (IDEF) - :"'D‘g:,'"“'" {DEFLAG (DEF)]
and
DEFLAG (IDEF) = OFFLAG {ILAMX, IDEF) + FMUX (J) * DDCOST (DEF)
NAOB

OFFLAG (ILAMX, IDEF) = Z PKILL (ILAMX) - ALPHA * OFFCOST
IAOB=1

This procedure is repeateu for every mu until optimal defenses are found for the cell for
every mu,

The verification made of DEFOPT is shown in Figure 18, This diflers from the mixed
tambda 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 minimized for every lambda and mu is

CURLAG (1,J) = Minimum {HLAG(I) + FMUX (J) * DCOST}
|

where HLAG is computed by OF FOPT and is the maximum offense Lagrangian,

There are no ahnormal returns from DEFOPT .
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Figure 18. Flow Chart of DEFOPT, Verificatica Mode
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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 oroup 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
DEFOQPT, the various options and strateuyems 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 probiem,

and in no way considers the defense aspects of the problem,




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, optimizing 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, and 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, the 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

lt . H
error criterion is DLTMU * DELTC . g4 go01

ERRZ = pyutow TCOST
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DEFOPTG (Continued)

where DLTMU is the change in mu between upper and {ower vatues, 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 guantity is small, i.e., if either mu closing or cost closing is
ciose, 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, une 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 amcunt 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 iower 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 tco 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 Jy 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 kill, weapon expenditure, and cost expenditure
for cach 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 abnormai 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 alt 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 sheiter 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 tc evaluate a defense for different times of attack
(IAPQOP), attack ohjectives (JAQB), and filling modes (IFILL), these parameters are not
reflected in EVAL but rather in FILSPACE and PAYCOEF, which are called from
QFFOPTZ. The fHlow chart of EVAL is shuwn in Figure 21.

The portion of the evaluation task performed in EVAL is to select tambdas to
drive OFFOPTZ, finally selecting lambdas which give weapon expenditures close enough
to the desired attack levels., For the initial preset set of lambdas QFFOPTZ finds the
optimum offense, returning weapon expenditures for each lambda, !f 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 ihe
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 QFFQPTZ, 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 lingarly between the bracketing lambdas and a new set of optimum attacks

is found in OFFQPTZ, until the error is small enough,
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EVAL (continued)

Fatalities A N4 -
& ¥
}
2 1
et 5W i
W= ?%/Error |
/ Fe :
- i
]
< ! '
i
X t
i i
Achieved Desired Achieved
Weapon Expenditure Attack level Weapon expenditure
Al Ae A,

Figure 22, Estimation and Error for Kill at Desired Attack Level

Figure 22 shows the estimation procedure and error criterion for EVAL.,
Fl (Al) and F2 (AZ) 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 F2. 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
~f 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 pessible error is thus as indicated, and this error is converted into

an error in attack level using the {ambda value of the upper bound.

* Convex because of decreasing returns and because the attacker couid spiit attack
among cells to achieve any intermediate point,
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EVAL (Continued)

The decision to terminate the iteration is made on that quantity. For information purposes,
the lambda value at Ae is estimated as (F5 - F1)/(A5 -~ A1),

There is only one abnormal return fram EVAL and it can occur, as it turns oul,
if on the first pass the lowest attack level is precisely equal (tc the last bit) to the

iowest weapon expenditure.

Subroutine FILSPACE

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 avaiiable 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 shefter spaces 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) * BASEPOQP,

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.

-

Subroutine OF - *'7 1

OFTOPT generates the optimum attack density, height of burst,
| population kill, and industry kill on a single cell for a set of NLAMX attack
o Lagrange multipliers (FLAMX's), The flow chart is shown in Figure 23,

The basic task of OFFQOPT is to find the attack density index and the

height of burst index which maximizes the offense Lagrangian
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Figure 23, Flow Chart of OFFOPT
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OFFQFT Lontinied)

NCOMP

Maximum . ]
imum %" AL+ FKIL | ICOMP (L), KDENS, JHOB]
L-1

- FLAMX (ILAM) * AREA * D(KDENS)

for every Lagrange muitiplier FLAMX (ILAM), See the glossary for definition
of terms. For every optimum attack so fourd, OFFOPT saves the optimal
attack density IDOPT, height of burst IHOBOPT, payoff HOPT, offense
Lagrangian HLAG, pooulation kill PKILL, industry kil! VKILL, and weapon
e«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 hicher densities are ground burst also; 3) in the attack
density scan, if for the lowest (and hence all) lambda the Lagrangian reverses
and 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). DOFFOQPTZ 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 (Continued)

and lastly to accunulate the total attacker's payolff, population kill, industry kill,
and weapons expuided for every lambda. All the payoffs and kills are returned fron
subroutine OFFOPT

All cells are processed in the above manner except for the spiit celts, of which
there is ususally one in a defense. (The split cell is generated by DEFOPIG for final
cost closing.) OFFOPTZ processes that cell twice, weighting the kills for the wimary
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 not contained in the split cell list, the program aborts.

Subroutine PAYCOEF

PAYCOE 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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CALL OFFOPTZ

Attack generator for range
of lambdas (OFFOPTZ)

Clear ATTPAY

PAYIND ,PAY-!

POP, WPEXP

v Ceil

SPLFCT =1

SPLFCT =
Cell Split? ).Y&Y fraction on

primary. Set

Q - -
LI wzx!éeﬁ!ze

Generate shelter spaces (in
GENSPACE);Fill shelter spaces

it STATR Egpge !
CALL OFFOPT]

|

v a accumulate ATTPAY,
PAYIND , PAYPOP , WPEXP
all weighted _by SPLFCT.

SPLFCT =

L] fraction on secon- Cell Split?
dary. Set
secondary defense No

Figure 24. Flow Chart of OFFOPTZ
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Sutroutine POPQUANT

This subroutine generates nine population density brackets and sorts the cells
into the nine brackels, accumulating totals, it is a prelude to subroutine CORELATE;

an example of the printout is the first block of print in Run Type QUTPUT.

Subroutine PREBND

This is the driver for the bounding procedure. From the flow chart in Figure 25,
it can be seen Lhat the basic cycle is

1. Select lambhdas in PICKLAM

2. Find Lagrangian solutions in DEFOPTG

3. Compute bounds in BNDSET

4, Regeat
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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Figure 25. Flow Chart of PREBND
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Function RANDNX)

RANDN is a pseudo-random rumber generator.

Subroutine RDATT

RDATT is the input routine which reads heights of burst, hardnesses and
either lethal areas or lethal radii. It then reads the actual heights of burst to be
scanned and prints noth the entire lethal area tahle 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 hasic data deck, and it reads variables

FINDMAX , AREAMAX , POPMAX, and then reads the cell data for each cell.

Subroutine RDCELL

RDCELL unpacks ths basic ell data for cetl 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 Run Type INPUT.
Subroutine STATCOST

See Run Type STATCOST for a discussion.

137




Subroutine SPLITDAZ

SPLITDAZ contains 20 of the diagnostic block print routives, each under a

separate entry point.

Subroutine STCELL

STCELL packs the basic cell data for celi ICELL into NCELA and NCE!B

from CURCELL in a form usable by RDCELL.

Subrour’uine STCELLDT

This subroutine tests the population and industrial density cf celis
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 Tyne discuss.c... The

p/x breakpoint between two attack densities is

D(1) - D(2)
ATTPAY1 - ATTPAY2

P/IN =

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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