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FOREWORD

The research was performed under Program Element 62601F, Project 8809,
Task 09.

Inclusive dates of research were 1 September 1971 through 1 October 1973.
The report was submitted 18 January 1974 by the Air Force Heapons Laboratory
Project Officer, Major Arthur R, Geldbach (SAB).

In the development of the user's manual for the QUANTO code, the experience
and advice of Mr. William Peay and Mr. Eugene Omoda have been invaluable in
deciding what information to include, in clarifying the user instructions, and
in making the code easy to use efficiently.

This technical report has been reviewed and is approved.
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SECTION I
INTRODUCTION

The QUANTO computer code and its mathematical model were developed within
the Analysis Division of the Air Force Weapons Laboratory (AFWL) to study the
effects of a sea-launched ballistic missile (SLBM) nuclear attack on targets
consisting of a flushing aircraft force. Using the technique of Lagrangian
multiplier optimization, a near-optimal allocation of SLBMs to targets is
procuced. In addition, the submarine positions or the aircraft beddown are
optimized if requested. The code has considerable flexibility in the type of
input data it will permit through (1) its automatic consideration of snecific
values of aircraft hardnesses, flyout profiles, level-off altitudes, and kill
values and (2) its treatment of an attack by multiple types of SLBMs, which
are described by differing missile trajectories, yields, launch intervals,
reliabilities, und numbers of missiles per submarine.

The rep.ri contains information which enables the user of QUANTO to con-
struct a data deck and make a successful run. In addition, the limits on the
numbers of dzta arr.y elements currently permitted in a QUANTO run are
described. However, the user is provided instructions for redimensioning
arrays to accommodate larger problems or %« reduce core requirements for
smaller problems. The most recent version of tlie program is listed in
appendix I. Sample control langvage and comments concerring several of the
input parameters are also included.

This document is intended =7 a supplement to the AFWL Technical Report
AFWL-TR-73-242, "QUANTO--A Code to Optimize Weapon Allocations," which
describes the mathematical model and methods of optimization used by QUANTO.
An example of an input deck, its output, and brief descriptions of the major
subroutines appear in the referenced report.

22
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SECTION II
USING THE PROGRAM

The user of QUANTO must construct a data deck and verify that the dimensions
of arrays ir DIMENSION and COMMON statements are sufficient for the problems
described. The format of the input data will first be described. Then a discus-
sion will be given of the DTMENSION and COMMON statements of concern when problem
size forces enlargement or adjustment of array sizes.

1. STRUCTURE OF INPUT DECK

The input deck for a single problem is arranged in sections in the following

order:
a. Initial data card
b. Beddown data
c. Aircraft parameters
d. Submarine positions
e. Missile data
f. Aircraft profile and nuclear effects parameters
g. Convergence parameters
h. Initial allocation

When multipie problems are to be run in a single job submission, the data decks
for all problems may be stacked and input in a single stream.

a. Initial Data Card

The first card of any input problem contains basic data necessary to
describe the problem. This curd is described in table 1. Table 2 shows options.

b. Beddown Data

The aircraft beddown data is input as a set of cards for each base
capable of having alert aircraft of any kind. The first card(s) of the set
identifies the base. Each target (base) identificetion is followed by a take-
off sequence list for alert aircraft on that hase. The formats of these cards
are described in tables 3 and 4.

B I T
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Progrem
v variable
Columns name
1-5 NTGTS
6-10 NSUBS
H 1-15 NTYPES
16-20 MXRWAY
21-25 MTYPES
t 26-30 10UT
v 31-35 I1SOPT
/
36-40 IVOPT
A
41-45 NCASE
L 46-50 MODE

Table 1

INITIAL JATA CARD FORMAT
(FORMAT (1415))

Description
Number of basas in the list of aircraft beddown.

Number of candidate positions for submarines in the
list of submarine positions.

Number of types of aircraft.

Maximum number of runways on any one base.
Number of types of missiles.

A control variable to limit output.

If I0UT=2, intermediate multiplier and allocation out-
put, usefu! for debugging, will be output during the
convergence to the optimal laydowns.

If I0UT=1, the intermediate cutput mentioned above
will be suppressed.

A control variable to control whether or not optimiza-
tion of submarine positioning among the candidate
positions is performed.

If ISOPT=1, submarine positioning will NOT be optimized
among %2 input submarine locations.

If ISOPT=2, submarine positioring will be optimized.

A control variable to control whether or not the bed-
down of ~ircraft will be optimized among the given
bases.

If. IVOPT=1, the beddown will NOT be optimized.
If IVOPT=2, the beddown will be optimized.

NOTE: If both ISOPT and IVOPT are set equal to 2, the
submarine positioning is optimized first, then
fixed in these locations for the beddown opti-
mization,

%

An arbitrary "case number" which the user may use to
jdentify his problem.

A multipurpose control variable which is used to
specify one of several operational modes. Tahle 2
describes the mode options.

3
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Tahle 3*

TARGET IDENTIFICATION CARD(S) FORMAT
(FORMAT (3F10.4, 15, 5X, 3F10.4/(7F106.4)))

Program
array
Columns name Description
1-70 TGTLAT Latitude coordinates of the base's brake release point

(start of take-off roll), in degrees (northern hemis-
phere is assumed).

i1-20 TGTLNG Longitude coordinates of the base's brake release point
(start of take-off roll), in deqrees (west of Creenwich
mean line is assumed).

21-30 DTCENT Distance from brake release point to the centroid of
the dispersing aircraft, in nautical wmiles (M),

31-35 NRWAYS Number of runways, used to determing: takexcfé ntoivals
between aircraft on this base.

41-50 VAL Number of aircraft of Type 1, then Types 2, 3, ... ,

51-60 until the numbers of all typzs of aircraft on this

61-70 base have been listed.

Following card{s) if
necessary in 7F10.4
format.

*Note that if only three or fewer types of aircraft are included in the problem
and nc base has more than 70 alert aircraft, then only two cards will be
necessary for each base, so the beddown data will consist of consecutive pairs
of cards, one pair per target.

Table 4*

TAKE-OFF SEQUENCE CARD(S) FORMAT
(FORMAT (7011))

Program
array
Columns name Description
1,2,3,... ISEQ The type numbers of the alert aircraft on the base, in
70 the order cof take-off, for as many cards as reeded.
Wy os .

*Note that if only three or fewer types of aircraft are included in the problem
and no base has more than 70 alert aircraft, then only two cards will be
necessary for each base, so the beddown data will consist of consecutive pairs
of cards, one pair per target.
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¢c. Pircraft Parameters

The point values assigned to cach aircraft, brake release times (for
each type of aircraft if first to take off), aircraft hardnesses, and take-off
intervals follow the beddown data in the input deck. First, one card per air-
craft is input, in order by aircraft type number, giving the first three of
these items; this card will be called the "aircraft card." Then the take-off

intervals are listed in a specific order on the subsequent card(s). The formats
of these cards are described in tables 5 and 6.

Program
array
Columns name
1-10 RELVAL
11-20 BRTIME
21-30 PS1I
31-35 ICAL
Program
array
Columns name
1-10 DELTAC
11-20
21-30

etc., througn
70; then repeat
on subsequent
cards.

Table 5

AIRCRAFT CARD FORMAT
(FORMAT {3F10.4, 15))

Description

The number of value points each aircraft of the given
type is worth to the enemy when killed.

The time between launch of the first SLBMs and the
brake release time (start of take-off roll) of the
given type aircraft, if that type aircraft is the virst
to take off at any base, in minutes.

The number of psi (pounds per square inch) of over-
pressure which kills the aircraft.

The number of cal/cm? of incident free-field thermal
energy which kills the aircraft.

Table 6

TAKE-OFF INTERVALS CARD FORMAT

(FORMAT (7F10.4))

Description

The take-off intervais between each ordered pair of
types of aircraft, for bases with each possible number
of runways, are listed in specific order. First, for
single runways, the intervals between the aircraft-type
pairs (1,1),(1,2),(1,3),...,(1,NTYPES),(2,1),(2,2),...,
(2,NTYPES),(3,1),...,(NTYPES,NTYPES), are input in that
order. A set of intervals in this order is then input
for dual runways, then triple, etc., until all numbers
of runwavs which occur on input bases have been covered.

7
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d. Submarine Positinns

One data card is input per candidate submarine location. A submarine
location is characterized not only by the type of missile (or submarine) which
may be located there, but ty the number of missiles on that type of submarine.
Type numbers are applied to submarine locations to indicate the type of sub-
marine which may be located there. In the automated relocation of submarines,
shifts of submarines may occur only between locations which may have like tvpes
of submarines. So the numbering of submarine types may be constructed so as to
prevent submarines from moving to certain points or jumping from one ocean to
another. If more than one type of submarine can be at the same location, that
point must be input once for each candidate type of submarine. The format of
the submarine location card is described in table 7.

Table 7

SUBMARINE LOCATION CARD FORMAT
(FORMAT (2F10.4, 315))

Program
array
Columns name Dascription
1-10 SUBLAT Latitude coordinates of the candidate submarine loca-
tion in degrees [north hemisphere is assumed).

11-20 SUBLNG Longitude coordinates of the candidate submarine loca-
tion in degrees (west of Greenwich mean iina is
assumed).

21-25 ISUBS Number of submarines stationed at the submarine loca-
tion, prior to submarine relocation (if requested).
This may be zero.

26-30 NMPS Number of missiles on all submarines at the locatic:
which will be dedicated to aircraft kills.

31-35 MTYPE Type-number of the submarines (or SLPMs) which may be

located at the point.

e. Missile Data

The type numbers appearing in the submarine location input refer to the
type of submarine. Since each submarine can zarry, at most. one type of missile,
the submarine type is equivalent to the missile type. For each type submarine,
parameters describing the SLBi1 must be inbut. Sets of cards describing each

e e
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SLBM are input sequentially by submarine type ..umber. Each set of cards for a
single SLBM contains

(1) The SLBM parameters card
(2) The missile trajectory card(s)

If two different submarine type numbers are used for the same type SLEM merely
to prevent submarines from shifting tc certain points, the set of cards
describing that SLBM must be input twice. The formats of these cards are
described in tables 8 and 9.

Table 8

SLBM PARAMETERS CARD FORMAT
(FORMAT (7F10.4))

Program
array
Columns name Description
1-10 DELTM The time interval between salvo launches for successie
missiles of the given type, in minutes.

11-20 RELML The launch reliability of the missile (i.e., the
percent which launch successfully on the average).

21-30 RELMF The in-flight reliability of vhe missile (i.e., the

, percent which successfully reach the target area on
the average).

31-40 RELMYH The warhead reliability of the missiie (i.e., the
percent which successfully detonate upon reaching
the target on the average).

41-50 RNGMIN The minimum range of the missile, in NM.

51-60 RNGMAX The maximum range of the missile, in NM.

61-70 YIELD The assumed yield of the missile warhead, in KT.

The tabular time/distance pairs of table 9 are used to compute missile

arrival times on each target, with four-poirt Lagrangian interpolation supplying

times for distances not appearing in the table.

Bt
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Table 9
MISSILE TRAJECTORY CARD(S) FORMAT
(FORMAT (15, 5X, (6F10.4))) .
Program
variable ¢
or array
Columns name Description
1-5 MPR Number of time/distance pairs which describe the times
associated with the missile trajectories to various
distances. These pairs immediately follow MPR.
11-20 FMTIME The flight time, in minutes, which the missile requires
to reach a target a given number of NM from the launch
point, where this distance is given immediately follow-
ing this time on the input card.
21-30 FMRNG The distance, in NM, ccrresponding to the preceding
missile flight time.
31-40 FMTIME Succeeding time/distance pairs, in ascending urder by
41-50 FMRNG time, which describe the missile flight times.
51-60 FMTIME
61-70 FMRNG

Succeeding cards in (6F10.4) format until all MPR pairs have been input.

f. Aircraft Profile and Nuclear Effects Parameters

A set of cards is input for each aircraft type, with the sets in order
by aircraft-type number. Each set consists of the following:

{1) Altitudes cari
(2) Count card
(3) Aircraft flight profile data cards
(4) Control variables card
(5) MNuclear effects parameters card
(6) Lethal radii cards
The formats of these cards are Jescribed in the following tables.
(1) Altitudes Card

This card indicates the final level-off altitude of the aircraft
of the given type and the height of burst (HOB) of the SLBMs. Both of these
altitudes are relative to the ground. Thus, if each base has only one type of

10
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aircraft stationed there, different HOBs may be selected for each types aircraft.
Yowever, this will cause misleading results if a base has more than one type of
aircraft, since the lethal area computations for one SLBM against two different

types of aircraft will be based on two different HOBs for the single weapon.
The format of this card appears in table 10.

Table 10

ALTITUDES CARD FORMAT
(FORMAT (6F10.4))

Program
variable
Columns name Description
1-10 AZ The final level-off altitude of the aircraft in its
flyout profile, in feet above the ground.
11-20 HBL The detonation height of SLBMs used in computing
Tethal areas for the aircraft, in feet above the
ground.

(2) Count Card

The count card indicates only the number of cards following it
which contain the aircraft profile information. Columns 1 through 5 of this
card should contain this integral number of cards, and the remaining colunns
may be used for comments.

(3) Aircraft Flight Profile Data

The aircraft flight profile data is input in a set of data cards
which describe the aircraft movement in time and space. The flight profile
for a given type of aircraft consists of values for distance, time, altitude,
and the horizontal components of velocity and level-off acceleration (as a
function of altitude). These values are specified for a nonturning aircraft.

Distance and time values are measured relative to brake release,
the point at which the aircraft begins moving on the runway for take-off. The
values for altitude are measured relative to ground level and must be non-
decreasing. The level-off altitude may be specified as any altitude less than
or equal to the maximum (i.e., las ) altitude value of the aircraft flight
profile. The vaiues for velocity, distance, time, and acceleration of the
aircraft when it levels off are obtained through interpolation among the

1
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altitude values of the profile-based on the input level-off altitude. The
parameters asscciated with level-off are used in the standard equations of
motior to ~-crlerate the aircraft to its final escape velocity. The final
escare dv, is assumed to be the maximum velocity, expressed as Mach number,
whi.F . tvs in tre input aircraft flight profile data, although it is input
separutely as FMACH in the control variables card to be described next. An
exception to this rule is made when XATI=0.0 (in the contro® variables card--
see next paragraph), in which no acceleration takes place afier level-off.

The user is required to input values for altitude which are nondecreasing, and
these values are automatically adjusted, if necessary, to ensure strict
monotonicity for purposes of interpolaiion. The aircraft flight profile
description should consist of approximately the maximum of 50 cards currently
permitted by array dimensicas in QUANTO. The format and content of each card
are described in table 11.

Teble 11

AIRCRAFT FLIGHT PROFILE DATA CARD FORMAT
(FORMAT (3F15.8, 2F10.6))

Program
array
Columns name Description
1-15 F The ground range from the brake release point, in feet,
indicating the distance traveled in the folliowing time.
16-30 G The time from brake reiease, in seconds, at which
the aircraft reaches tne preceding distance.
31-45 A The altitude of the aircraft, in feet above ground
elevation, at the preceding time.
46-55 VEL The Mach number describing the aircraft's ground
speed at the time indicated in this card.
55-65 ACCEL The acceleration, in feet per second per second at

which the aircraft would accelerate to itz final
escape velocity if it leveled off at a lesser
velocity at the altitude on this card.

(4) Control Variables Card

This card supplies the values of variables which control the
operation of generating a completed aircraft flight profile for use in the

12
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program. The format of this card is described in table 12, and additional
informatior concerning the variables is in the following narrative.

The variables, rALTCM and FMACH, are determined by the input air-
craft flight profile. The aircraft is assumed to follow the input flight
profile until the level-off altitude is reached. If ¥ATI>0.0, the aircraft is
then accelerated to its final escape velocity which is assumed to be the
maximum Mach rumber which occurs in the input profile and is specified
separately as FMACH. The lowest altitude in the input profile data at which
the aircraft reaches this final escape velocity is specified by FALTCM. If
the level-off altitude is less than FALTCM, then the velocity upon levelirg
off is less than FMACH. The standard equations of motion are then used to
accelerate the aircraft to its final escape velocity, if the variable XATI is
greater than zero.

The variable XATI specifies the number of points which QUANTO
generates in accelerating the aircraft to its final escape velocity. If XATI
is equal to 0.0, then the velocity upon leveling off is used as the final
escape velocity, and no acceleration takes place. The variable XATI should be
chosen such that a sufficient number of points of distance and time are
generated for the acceleration phase to permit reasonably accurate interpola-
tion.

The distance associated with the point that the aircraft achieves
its final escape velocity is usually not great enough for the lethal area
determination routines to use in computing lethal area of the most distant
SLBM weapon detonations. The variable TI{I) is used to extend the profile to
the greatest distance needed. This is the greatest distance from the centroid
that is necessary to compute lethal area for the placement of the last
potential weapon arriving on that target.

The choice of TI(I) and XATI must be made <n that the complete
aircraft profiie is generated with sufficient spacing in che data to accommodate
four-point Lagrangian (cubic) interpolation. An upper limit of 99 tptal data
points in the complete aircraft flight profile is permitted by the present
array dimensions in QUANTO. Currently used values for TI(I) and XATI are 60
seconds and 10 points, respectively.

13
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Table 12

CONTROL VARIABLES CARD FORMAT
(FORMAT (3F15.8, 2F10.6))

Proaram
variable
Columns name Description
1-15 FALTCM The altitude, in feet above ground elevation, from the
aircraft flight profile, at which the aircraft first
reaches its final escape velocity.
16-30 FMACH The final escape velocity of the aircraft, expressed
as Mach number, from tie aircraft flight profile.
The aircraft will not exceed this velocity during
flush.
31-45 YI(I) The time interval, in seconds, at whrich data points
for distance will be generated after the aircraft
(of type I) reaches “ts final escape velocity.
46-55 XATI The nurter of equally spaced points in time for which

distances will be grnerated to accelerate the aircraft
from its velocity ut its lewvel-off altitude to its
final escape velouity.

(5) Muclrer Effects Parameters Card

This card contains parameters which indicate the environment in
which the nuclear detonations take place. These parameters are arquments
required for the nuclear effects subroutines SABERCM and SNAPTCM. Table 13
describes the format of this card.

(6) Lethal Radii Cards

If the lethal overpressure radius and time of shock arrival and/or
the lethal thermal radius are already known for the hardnesses of some or all
aircraft types against some or all missile types for the case in which the
aircraft has reached its terminal altitude by the time it encounters the lethal
region, some of the computations of SABERCM and SNAPTCM may be bypassed by
inputing the necessary values in cards following the nuclear effects parameters
card. A pair f cards, the "overpressure card" and the "thermal card," must be
input for each combination of aircraft type and missile type. These pairs are
input in ascending order by aircraft type and by missile type within aircraft
type. These cards must be fnput even if the values are not known, but the
cards may be left blank. The card formats are in tables 14 and 15,

14
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Prog: -m
€ variable
Columns name
1-10 HTE
11-20 BETIND
21-30 RHO
31-40 VIS
A}
41-50 Pz
51-60 HSL
Program
variable
Columns name
* 1-5 ISABER
6-20 HORF
21-35 TSA

Teble 13

NUCLEAR EFFECTS PARAMETERS CARD FORMAT

(FORMAT (6F10.8))

Description

The assumed ground elevation, in feet above sea level,
of the target 1ir bases from which this aircraft flies.
This currently must be zero since QUANTO's computations
of lethal areas are not reaccomplished for each base.

The "neta ID," an indicator which the subroutine SNAPTCM
requires to compute the effect of thermal energy on the
aircraft by considering the aircraft as a horizontal
panel (when BETIND=0.0) or as a panel oriented for
maximum perpendicular incident thermal energy (when
BETIND=1.0). QUANTO uses BETIND=1.0, assuming some
panel of the aircraft is in the worst orientation.

The itoedo factor, which is the fraction of incident
the .al energy which reflects off the ground. For a
SAC Normal Day, the albedo is 0.3. A worst case
abnormal day has a higher albedo.

The visibility in miles; 10 for a SAC Normal Day.

The water vapor in the air, in millimeters; 5 for a
SAC Normal Day.

The altitude in feet above sea level of the top of the
haze layer; 10,000 for a SAC Normal Day.
Table i1

OVERPRESSURE CARD FORMAT
(FORMAT (15, 2F15.8))

Description
An indicator of whether the following two fields of
this card are to be used. If ISABER=1, the values are
to be used; otherwise, input ISABER=0 and QUANTO will
compute the values.
The lethal overpressure radius, in feet.

The time of shock arrival, in seconds.

15
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Table 15

THERMAL CARD FORMAT
(FORMAT (15, 2F15.8))

Program
variable
Columns name Description
1-5 ISNAPT An indicator of wheth. ~ the following field on this
card is to be used. 1f ISNAPT=1, the value is to be
vsed; otherwise, input ISNAPT=0, and QUANTO will
cempute the value.
6-20 SZ The lethal thermal radius, in feet.

g. convergence Parameters

Scveral parameters may be input to control the terminatien of QUANTO's
iterative procedure for converging the Aij's in computing the cptimal laydown.
As described in AFWL-TR-73-242, the procedure teruwinates (1) when the xij
matrix is ccnverged to some tolerance €, (2) when the expected kill does not
significantly increase for a given number of iterations, or (3) when the number
of iterations reaches a maximum specified by the user. The convergence param-
eters are input by the user in the format described in table 16 to indicate the
final tolerance e, the number of kills used fcr testing for a "significant
increase," the interval of iterations over which the kill increase is measured,
aind the maximum number of iterations. Current values of the parameters listed

in table 16 are 0.01, 20, 100, and 0.0001, in the order of the table.
h. Initial Allocation

A missile Taydown must be input to QUANTO to start the iterative pro-
cedure for improving the laydown. The initial allocation of missiles to
targets is input submarine by submarine. The submarines are in tf. order of
the submarine locations, with all submarines at one location p. ceding the
first submarine at the next location. One or more cards, in the format (1415),
are input for each submarine where the numbers on the cards are the ‘“arget
numbers to which the SLBMs from that submarine (in ascending order by salvo or
launch time) are allocated. One card per submarine is sufficient if each sub-
marine has 14 or fewer missiles; otliciwise, multiple cards per submarine are
needed with a new card started for each new submarine.

16
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Table 16

CONVERGENCE PARAMETERS FORMAT
(FORMAT (F10.4, 2I5, F10.4))

Program
variable
Columns name Description
1-10 CHGKIL The number of kills used to distinguish between a
significant ki1l increase (in ITCUT2 iteraticns--see
below) and an insignificant increase.

11-15 ITCUT The maximum number of groups of ITCUTZ iterations {see
below) which will be accomplished by QUANTO in any lay-
down optimization procedure before the iteration pro-
cedure is terminated by QUANTO.

16-20 ITCUT2 The number of iterations in each grouo, where the
increase in expected kill resulting from each group of
iterations is tested against the amount CHGKIL to
determine if the increase was large enough to warrant
continuing the iterations through another group.

21-30 EPSCUT A tolerance quantity used to test for corvergence of

the Aij matrix. QUANTO actually converges the Aij

matrix to tolerances of €=.1, then 0.01, then 0.001,
etc., until convergence to a tolerance e<1.5 times
EPSCUT is achieved.

2. SPECIFICATION OF ARRAY DIMENSIONS

Since array dimensions as currently set in QUANTO may not be sufficient for
some types of problems, the arrays which have dimensions of interest to the
user are listed in table 17 with the problem-dependent dimensions indicated as
program variable names described in table 13. Only two of these program
variabies, MXTGT and MXWPNS, actually appear in the QUANTO code and must be
set in the QUANTO main program (in a DATA statement). The others cross-
reference the two tables and represent constants which may need to be changed
(in the routines indicated) for problems which require more capacity than the
constants of table 18 permit. In the execution of QUANTO, the maximum index
of elements accessed in tha arrays is controlled by program variables, so the
constants specified in the DIMENSION and COMMON statements must be at least as
large as (but may be larger than) the controlling program variables input
through (or comnputed from inputs in) the data deck. Complete descriptions of
those variables directly input may be found in the description of the input
deck.

17
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To conserve core, the user may want to reduce the array dir<nsions to the
minimum required to run his problems. Furthermore, if only one type of air-
craft occurs in his problems, the arrays FLAMB and FLAMEI may be equivalenced
in the main program QUANTO,

3. SAMPLE QUANTO FUN CONSIDERATIONS ’

The Tisting of QUANTO in appendix I is the most current one &s of the time
this report was produced. For convenience, references to the lines of the
program will use the aiphatmmeric identificrs on the right side ¢f each line.
Thus, the first line of the program is line QUA 10. This section will present
the reader with the required considerations for several typical prcolems.

a. Considerations Concerning the Number of Aircraft Types

As the program is listed in appendix I, up to 2?5 bases, 168 weapon

groups, one type of aircraft, etc. (in accordance with the figures of table 18)
are permitted in the problem(s) to be run. MNote that only one aircraft type
is permitted since the arrays FLAMB and FLAMBI are equivalenced in line OUA 160.
In view of this fact, core requirements could be reduced (when the problem has
only one aircraft type) by changing the dimensions in 1ines QUA 3G, QUA 50,
QUA 70, and QUA 110 to the following, respectively:

1 SURV(3%,168,1),FLAMBI(35,168,1),

3 VAL(35,1),PROD(35,1),VKILL!35,1),

5 RELVAL(1),BRTIME(1),PSI(1).ICAL(1),PKCIR(1),PKAN(1),

9 QPTS(30),QAREAL(30,1,4),QRLMX(30,1,4),DELTAC(2,1,1),JFLAC(2,1)
The user may quickly determine all of the occurrences of dimensions permitting
two types of aircraft by searching table 17 for all occurrences of the dimen-
sion MXNTYP. In the QUANTO version in appendix I, MXNTYP has the value 2
wherever it occurs. Besides the above four lines, MXNTYP also occurs in the
COMMON's labeled DISTIME, ACFTS, and NUCLER. Unfortunately, changing the
dimensions in these labeled COMMON statements requires changing several lines
since the COMMON statements appear in multiple routines, as listed in table 17.
The user will orobably want to weigh the inconveniences of changing QUANTO
program statements against the core savings to be gained. For instance, the
Jjust described changes of 1inas QUA 30, QUA 50, QUA 70, and QUA 110 account
for core savings of 11760, 105, 6, ana 247 1r-~ations, respectively. The dimen-
sions which appear in the QUANTO version in app ndix I are intended to be
adequate for most problems. If all these dimens. ns are adequate for the user's

18
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problems, but the problem has two types of aircraft, the user need only delete
the EQUIVALEMCE statement (1ine QUA 160) for QUANTO to run the problem.

b. Changing the Numbers of Targets and/or Weapon Groups

By studying the first 16 Tines of the CUANTO listing in appendix I, the
user may determine that core reguirements are most critically dependent on the
numbers of targets, weapon groups, and types of aircraft. In particular,
changes in lines QUA 20, QUA 30, QUA 150, and QJA 160 will usually bring the
greatest payofs in core savings when the problems to be run have fewer than 35
targets, 168 weapon groups, and/or two types of aircraft. The considerations
concerning the numbers of types of aircraft have already been discussed in
pairagraph a above.

When the problem has fewer than 35 targets, core savings will result
from substituting the number of targets for 35 wherever 35 occurs in lines
QuA 20, QUA 30, and QUA 150. In addition, if more than one type of aircraft
is used, then the dimensions of the arrays VAL, PROD, and VKILL in line QUA 50
must be made consistent with the dimension changes in lines QUA 20, QUA 30,
and QUA 150. Of course, the dimension MXTGT occurs elsewhere, as may bDe seen
in table 17, but relatively small core savings result from changes eisewhere.

Likewise, the number of weapon groups (which is the sum of saivos from
separately input submarine locations) may be reduced from 168 by changes in
lines QUA 20, QUA 30, and QUA 150. These are all the lines in which the
dimensior. MXWPNS (of table 18) occurs.

Changes in the dimensions must be consistent with other changes in the
input deck. Dimensions must be at least as large as required by the input, or
results wili be unpredictable. A change in the number of targets will be
reflected in the initial data card and the beddown data. A change in the
number of weapon groups will be refiected in the initial data card, the number
of submarine pcsitions or salvos from those positions, and the initial alloca-
tion of SLBMs.

c. Output Options

The variable IOUT input in the initial data card indicates when an
expanded output, sometimes useful for debugging, is desired. This cutput
should never be requested for production runs and is only occasionally useful
to the programmer analyzing program operations. Consequently, I0UT=1 should

19
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always be input for production runs. Even then, voluminous output will be
produced if beddown optimization is requested (i.e., IVOPT=2), and considerable
output is produced by many other types of problems. Therefore, microfiim
output is recommended until the volume of output is well known.

d. Distance to Centroid Computations ?

A side computation is requir~d bevore the distances to the centroids
may be estimated ard input to QUANTO. The centroids of the areas of dispersing
aircraft are dependent on the flyout profile and the geometry of turning. A
rough approximation of the centroid location, for aircraft departing a single
runway, may be obtained by computing (1) the location of an aircraft which
turns 180 degrees following take-off a% the time at which the aircraft reaches
its terminal velocity, and (2) the location of that same aircraft after the
same period of time, assuming it had not turned. The midpoint of these two
locations would then be the approximat2 location of the centroid. A program
is under development which will compute the centroid location giving equal
weight to each poscible aircraft location for turns of from O to 180 degrees
in either direction. As the user might guess, considerable information about
the flignt characteristics of the aircraft is necessary for this camputation.
If multiple types of aircraft are used, the user must select one type as the
one determining the centroid location.

20




T - 'Z‘T"‘ Yo

AFVL-TR-74-20

v 4

A.

e

w5

\
-

10.

11.

12.

185

. R ——— e -Q e e et g 7 e o e =

Table 17

ARRAYS OF QUANTO WITH PROBLEM-DEPENDENT DIMENSIONS

Array name
and
dimensions

Arrays not in COMMON

ALOC (MXTGT, iXHPNS)

FLAMB (MXTGT,
MXWPNS)

SURV (MXTGT, MXWPNS,
MXNTYP)

FLAMBI (MXTGT,
MXWPNS, MXNTYP)

TGTLAT (MXTGT)
TGTLNG (MXTGT)
DTCENT (MXTGT)

NRWAYS (MXTGT)

NWALOC (MXTGT)

VAL (MXTGT, MXNTYP)

PROD (MXTGT, MXNTYP)

VKILL (MXTGT,
MXNTYP)

ISEQ (MXTGT, MXAC)

Array contents
(and routines which have constant dimensions for
array in COMMON or DIMENSION statements)

The nij allocation matrix (in routine QUANTO).

The Aij matrix, whose definition depends on the
number of aircraft types (in QUANTO).

The Sij survivability matrix for all aircraft
types (in QUANTO).

The Aij

QUANTC).

matrices for all aircraft types (in

The latitudes of the targets (in QUANTO).

The longitudes of the targets (in QUANTO).

The distances to the centroids of the areas of
dispersed aircraft leaving the targets (in
QUANTO).

The number of runways at each target (in NUANTO).

The number of weapons allocated to each target
(in QUANTOD).

The value of the aircraft of each type on each
targe* (in QUANTO).

The survivability products

HWPNS n..
1]
=1

for each target and each type aircraft (in ;
QUANTO). ' i

The value of the aircraft of each type killed

for each target (in QUANTO). ﬁ
The take-off sequence on each base, as indicated ¥
by an ordered 1ist of aircraft type numbers (in &
QUANTO) . i
Y

S
£
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16.
{745
18.

19.

21
22.
23.
2.
25:

26.

-TR-74-20

Array name
and
dimensions
BRT (MXAC)
RELVAL (MXNTYP)

BRTIME (MXNTYP)

PSI (MXNTYP)

ICAL (MXNTYP)

PKCIR (MXNTYP)

/AN (MXNTYP)

SUBLAT (MXSUB)
SUBLNG (MXSUB)
ISUBS (MXSUB)
NMPS (MXSUB)

MTYPE (MXSUB)

ITGTNO (MXM)

e SR

Table 17 (cont'd)

Array contents
(and routines which have constant dimensic.s for
array in COMMON or DIMENSION statements) *

A working area used to compute the brake release
times for each aircraft on a base (in QUANTO).

The point value assigned to a single aircraft of
each type (in QUANTO).

The brake release times for each type aircraft,
if that type takes off first from any base (in
QUANTO).

The hardness of each aircraft type to overpressure;
used to distinguish between kill and nonkill (in
QUANTO).

The hardness of each aircraft type to incident
thermal energy; used tc distinguish between kill
and nonkill (in QUANTO).

A working area used to store the computed Pk for

each aircraft type when the aircraft arzs assumed
to be uniformly distributed within a circle (in
QUANTD).

A working area used to store the computed Pk for

each aircraft type when the aircraft are assumed
to be uniformly distributed within an annulus {in
QUANTO).

The latitudes of the submarine locations (in
QUANTO).

The longitudes of the submarine locations (in
QUANTO).

The number of submarines at each submarine loca-
tion (in QUANTO).

The number of missiles on each submarine at each
submarine location (in QUANTO).

The type of missile on each submarine at each L
csubmarine location (in QUANTO).

A working area usea to store the target numbers ' i
to which the missiles from a single submarine
are initially allocated (in QUANTO).

e L
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27.

28.

29.

30.

31.
32.
88
34.

35.

36x

3.

38.

89.

40.

41.

Array name
and
dimensions

DELTM (MXMTYP)
RELML (MXMTYP)
RELMF (MXMTYP)
RELMWH (MXMTYP)

RNGMAX (MXMTYP)
RNGMIN {MXMTYP)
YIELD (MXMTYP)

FMTIME (MXTRAJ,
MXMTYP)

FMRNG (MXTRAJ,
MXMTYP)
MPROF (MXMTYP)

QAREAL (30, MXNTYP,
MXMTYP)

QRLMX (30, MXNTYP,
MXMTYP)
DELTAC (MXRWAY,

MXNTYP, MXNTYP)

JFLAC (2, MXNTYP)

ALHOLD (MXTGT)

Table 17 (cont'd)

Array contents
(and routines which have constant dimensions for
array in COMMON or DIMENSION statements)

The launch interval of each missile type (in
QUANTO).

The launch reliability of each missile type (in
QUANTO).

The in-flight reliability of each missile type
(in QUANTO).

The warhead reliahility of each missile type (in
QUANTO).

The maximum range of each missile type (in QUANTO).

The minimum range of each missile type {in QUANTO).

The yield of each missile type (in OUANTO).

The times that are input in describing the trajec-
tories of each type missile (in QUANTO).

The ground ranges that are input in describing
the trajectories of each type missile (in QUANTO).

The number of time/distance pairs describing the
trajectories of 2ach missile type (in QUANTO).

A table of lethal areas for 30 distances of the
detonation from the centroid for each aircraft
and missile combination (in QUANTO).

A table of distances from detonation point,
describing the farthest reach of the lethal area
in a direction away from the centroid, for 30
distances of the detonation from the centroid for
each aircraft and missile combination (in QUANTO).

The take-off intervals between each pair of air-
craft types from bases with each possible number
of runwavs {in QUANTO).

A working area used to store pointers to the
first and last aircraft (of each type) departing
a base (in QUANTO).

A working area used to integerize the weapon lay-
down (in ALINT).
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] . Table 17 (cont'd)

Array name Array contents
and (and routines which have constant dimensions for
dimensions array in COMMON or DIMENSION statements) *
42. VHOLD (MXTGT) A working area used to integerize the beddown (in
VINT). £
43. SUMAC (5) A working area used to compute the number of air-
craft of each tvpe on a single target for up to
5 aircraft types (in TGTKIL).
44, SUMACK (5) A working area used to compute the number of air-
craft killed of each type on a single target for
up to 5 aircraft types (in TGTKIL).
45. LOHOLD (16) Working areas used in relocating submarines and
MXHOLD (16) assigning their SLBMs to new targets, for up to
LOTEMP (16) 16 missiles on a submarine (in SUBADJ).
MXTEMP (16)
LOH (16)
MXH (16)
B. In COMMON named DISTIME (arrays appear in routines QUANTO, PROCESS, DETAREA,
BAKUP, TIMERAD, DATAGEM, and TIMEGEN with constant
dimensions)
1. FOTIME (MXPROF, The times that are input and/or generated in
MXNTYP) (also describing the flight profile of each type air- !
called S) craft.
2. FORNG (MXPROF, The ground ranges that are input and/or generated
MXNTYP) (also in describing the flight profile of each type air-
called D) craft.
3. NPROF (MYNTYP) The number of points of time and distance input
(also called and/ov generated for the flight profile of each
NUMDATA) type aircraft.
4, CV (MYNTYP) The final velocity reached by each aircraft type. ;
5. TI (MXNTYP) The time inteival used in generating profile
points for each aircraft type.
C. In COMMON named ACFTS (arrays appear in routines PROCESS and DETAREA with
constant dimensions) s
1. A (MXPIN, MXNTYP) The altitude values input for each aircraft
profile.
2. F (MXPIN, MXNTYP) The ground range values input for each aircraft
profile.
3. G (MXPIN, MXNTYP) The time values input for each aircraft profile.
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Array name
and
dimensions

VS (MXPIN, MXNTYP)

VEL (MXPIM, MXNTYP)
ACCEL (MXPIN, MXNMTYP)

NDATA (MXNTYP)

Table 17 (cont'd)

Array con:ents
(and routines which have con;tint dimensions for
array in COMMON or DIMENSI(N statements)

The velocities of sound for altitude values input
for each aircraft profile.

The velocities input for each aircraft profile.

The level-off accelerations input for each air-
craft profile.

The numter of input vets describing each aircraft
profile.

In COMMON named NUCLER (arrays appear in roucines PROCESS and DETAREA with

, 6.

S
< 7
8.

FLRP (MXNTYP, MXMTYP)
FTSA (MXNTYP, MXMTYP)
FLRT (MXNTYP, MXMTYP)
BURST (MXNTYP)

DISMIN (MXNTYP)

VPSI (MXNTYP)
VCAL (MXNTYP)
VYIELD (MXMTYP)

constant dimensions’

The computed letaal radii for overpressure for
each missile tyse against each aircraft type.

The computed times of overpressure shock arrival
for each missile type against each aircraft type.

The computed lethal thermal radii for each missile
type against each aircraft type.

The heights of burst for each type aircraft.

The computed horizontal ground distances traveled
by each type aircraft before it reaches its
terminal altitude.

The overpressure hardness of each type aircraft.

The thermal hardness of each type aircraft.

The yield of each type nissile.

.‘,N: e oane
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Table 18
PROBLEM-DEPENDENT DIMENSIONS IN QUANTO

Current

Variable OUANTO
dimension Description dimension
MXTGT The maximum number of targets. 35
MXVIPNS The maximum number of weapon groups. A weapon group

includes all potential missiles of the same type

launched from the same point at the same time. The

total number of weapon groups in a given problem may

be computed easily by summing the numbers of missiles

per submarine (NMPS of table 7) over all separately

input potential submarine locations. 168
MXNTYP The maximum number of types of aircraft. 2*
MXAC The maximum number of . ‘rcraft on any base. 34
MXRWAY The maximum number of runways at a base. 2

| MXSUB The maximum number of submarine locations. 28

MXM The maximum number of missile, on a single submarine. 16
MXMTYP The maximum number of missile types. 4
MXTRAJ The maximum number of time/distance pairs input in

describing missile trajectories. 15
MXPROF The maximum number of time/distance pairs input

and/or generated in describing aircraft flyout

profiles. ' 99
MXPIN The maximum numbe+ of input sets describing an

aircraft profile. 50

*Although two types of aircraft are permitted by the dimension statements in
QUANTO, the "EQUIVALENCE (FLAMB, FLAMBI)" statement in QUANTO must be removed
before running a problem having two types of aircraft.
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SECTION III
TIPS ON THE UTILIZATION OF QUANTO

This section describes the flow of information to and from the program
QUANTO and presents the user with the job control language (in SCOPE Version
3.2) required to execute QUANTO on the CDC 6600 computer system at the Air
Force Weapons Laboratory (AFWL), Wirtland AFB, New Mexico. No attempt is made
to describe the job control language functions in detail, but the reader who
is familiar with some computer operating system should be able to generate
similar operations by referring to his own job control language manuals and
the discussion and examples presented here.

1. INFORMATION FLOW

The term QUANTO has been used to refer to the aggregation of all routines
required to make optimization runs. The user deals with the program (making
modificazions, changing dimensions, etc.) in its source code form (i.e., the
FORTRAN statements). This source code must be converted into machine-usable
instructions called object code. If many sets of data are to be run independ-
ently, so that no run is dependent on the successful completion of a previous
run, the source code should be compiled once into the object code, which is
called QUANTOC, and recompilation avoided for consecutive runs. In figure 1
the information flow to and from this object code is shown,

NORMAL INPUT |__TAPES TAPE6 NORMAL OUTPUT

QUANTOC

RESTARTABLE INPUT
(if applicable)

RESTARTABLE QUTPUT
(if generated)

TAPE7 TAPES
|

Figure 1. General Flow of Information
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The identifiers TAPES, TAPE6, TAPE7, and TAPES@ shown in figure 1 refer to
input/output (1/0) devices which may be referenced by I/0 unit numbers in the
FORTRAN READ and WRITE statements in QUANTO. These four identifiers are listed
in the first statement of QUANTO, the program header card, shown here:

PROGRAM QUANTO(INPUT,OUTPUT,TAPE7,TAPE8, TAPES=INPUT,TAPE6=0UTPUT) ’

The "normal input' (figure 1) is data cards or "card images" from a data
file. This card inpuf. is read from the TAPE5 input device. The amount of
input required from this device depends on the MODE option to be used, as
described in table 2.

“Normal output" (figure 1) is that produced by QUANTO during the processing
of a job and is continually transmitted to an output buffer (disk storage),
identified as TAPE6. Tris output is subsequently disposed to a printer or a
microfilm output device.

"Restartable output" (figure 1) may be generated by certain jobs to permit
a subsequent ‘uu to continue processing using the results of the first job as
inpus. As described ir table 2, all information necessary for the continuation
of processing may be requested after the initial computations (survivabilities
and expected kill) by inputing MODE=1 or may be obtained only on the condition
that a job is within 30 seconds of its time 1imit (when MODE=2 or 3). The 7
latter obtion prohibits jobs from terminating at the time limit without saving
the results of the last computation cycle in a convenient form. The restartable
output is transmitted to tre output device indicated as TAPE8 and ultimately
is saved on a physical magnetic tape. Jobs which create a restart tape may be
continued by reading the created restart tape as input with a MODE=2 job. The
restartable input (figure 1) is read from the magnetic tape input device
identified as TAPE7.

The creation of restartable I/0 has several purposes: (1) it prevents jobs
from terminating at the time 1imit, due to an insufficient user time estimate,
without saving the results of its computations; (2) it eliminates the necessity
to reinitiate the problem with an increased time 1imit; and (3) it allcws the s
user to analyze intermediate results to assure himself that the job is progress-
ing properly before he risks a greater expenditure of computer time.
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2. J0B CONTROL VARIATIONS

Job control language provides a means to exercise control over the manner
in which a particular job is processed by a computer system. Information
' - sources are directly (or indirectly by default) specified through control cards.
4

The following examples offer various schemes for using the QUANTO program on
the AFWL computer system. Bracketed upper-case Latin letters are used in Tine
with the control cards to indicate information in punched cards, e.g., the deck
containing the QUANTO source code. Each example is followed hy a brief
description of the overall process.

a. Example I

JOoBID,P2, T1000,CM240000.
TASK(MILLER,00000000-0XX ,0RGANIZATION, TELEPHONE)
REQUEST TAPE7. XX000 RING CUT

REWIND(TAPE7)
REQUEST TAPE8. XX001 RING IN
REWIND(TAPES)
RUN{A,,, INPUT,OUTPUT,QUANTOC,377777)
PRESET.
QUANTOC(LC=377777 ,INPUT ,0UTPUT ,TAPE7 ,TAPES)
. REWIND(TAPE7)
; RETURN(TAPE?)
REWIND(TAPES)
' RETURN(TAPES)
EXIT.
DMP(240000)
7/8/9
[QUANTO SOURCE CODE PUNCHED CARD DECK]
7/8/9
, [DATA PUNCHED CARD DECK]
p 6/7/8/9
il
Example I illustrates job control language which runs QUANTO in batch
processing on the AFWL computer system. In the job card a core requirement of
240,000 (octal) words and a time 1imit of 1000 (octal) seconds are specified.
These Timits will be sufficient for most individual problems run by QUANTO. In
particular, the core is sufficient for the array sizes indicated in table 18.
As each tape request card is processed, a flashing message appears on the
- computer operator's console. The operator then mounts the tapes identified by
XX000 ana XX001. This example assumes the presence of restartable input |

(TAPE7) and the possibility of generating restartable output (TAPE8) which is ’
to be saved. If either of these conditions is absent, all references to the
| corresponding tape should be removed from the job control language.
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The RUN card requests compilation of the QUANTO source code into the
object code file called QUANTOC. The LC=377777 in the line requesting execution
of the QUANTOC code removes the line count limit on output. This is frequently
required since QUANTO currently generates considerable output for many types of
problems and values of the input parameters. A compiled listing of the program
statements and the program would appear on paper using the job control language
of example I. The DMP card requests a dump of the entire core segment if an
abnormal termination of the job occurs. The notations "7/8/9" and "6/7/8/9"
indicate cards having multiple numeric punches in column one which translate
to "end of record" and "end of file," respectively, on magnetic tape.

A major problem with the previous example is that it ties up two tape-
drive units for the duration of the program run. Example II affords a means of
transferring information to and from QUANTO via disk storage, again assuming
that both tapes (TAPE7, TAPE8) are necessary and contain informaclion.

b. Example II

JosID,P2,T1000,CM60000.
TASK(NAME,00000000-0XX ,0RGANIZATION, TELEPHONE)
RFL(10000) REDUCE TO 10K FOR TAPE HANDLING
REQUEST TAPE7. XX000 RING OUT
REWIND(TAPE7)

COPY(TAPE7 ,DISK7)

REWIND(TAPE7)

RETURN(TAPE7)

RFL(100000) FOR COMPILE
RUN?A,,,INPUT,OUTPUT,QUANTOC,377777)
RFL(240000) FOR LOAD

PRESET.

REWIND(DISK7)
QUANTOC(LC=377777 ,INPUT ,FILMPR,DISK7 ,DISK8)
RFL(10000) -
REQUEST TAPES. XX000 RING TN
REWIND(TAPES)

REWIND(DISK8)

COPY(DISK8,TAPES)

REWIND(TAPES)

RETURN(TAPES)

EXIT.

DMP (240000)

7/8/9

[QUANTO SOURCE CODE PUNCHED CARD DECK]
7/8/9

[DATA PUNCHED CARD DECK]

6/7/8/9
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Note that the job card requests 60,000 (octal) words of core memory to
conform with the AFWL priority system but that the needed core is adjusted
throughout the job control language by RFL cards. The output from the execution
of QUANTOC is placed on microfilm duc to the FILMPR entry on the QUANTOC execute
card.

A major drawback of the first two examples is the punched card handling,
since the QUANTO source deck contains approximately 4500 cards. A method for
handling large jobs is available under the AFWL computer system and is shown in
the next example.

c. Example III

JOBID,P2,T1000,CM60CS0.
TASK(NAME 00000000-0XX ,0RG, TEL )
RFL(]OOOO) REDUCE TO 10K FOR TAPE HANDLING
REQUEST TAPE7. XX000 RING OUT
REWIND(TAPE7)
COPY(TAPE7,DISK7)
REWIND(TAPE7)
RETURN(TAPE7)
COMMON ( SABCEM)
RFL (40000) FOR UPDATE
UPDATE(Q,P=SABCEM,D,L=A1)
RETURN (SABCEM) ,
RFL(100000) FOR COMPILE
RUN(A,, ,COMPILE,OUTPUT,QUANTOC,377777)
RFL{240G00) FOR LOAD
PRESET.
REWIND{DISK7)
' QUANTOC(LC=377777 ,INPUT, FILMPR,DISK7,DISK8)
, RFL(10000)
y REQUEST TAPES. XX001 RING IN
REWIND(TAPES)
REWIND(DISK8)
COPY (DISK8, TAPES)
REWIND(TAPES)
RETURN(TAPES)
7/8/9
*COMPILE QUANTOT
7/8/9 -
[DATA PUNCHED CARD DECK] ;
6/7/8/9

"~

For this example, the QUANTO source code is assumed to be previously

r . built as an update file called QUANTOT and placed in the COMMON file, SABCEM.
The AFWL update system coy]d create temporary changes to the QUANTOT file if

; these changes appeared after the *COMPILE QUANTOT card; for instance, array

¥ sizes could be changed by replacing the appropriate DIMENSION statements. Such

3
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changes, if any, are made when the UPDATE card is encountered in the job control
language. The resultant updated program, in source code form, is placed in a
file named COMPILE by the UPDATE step. Thus, COMPILE appears in the RUN card
instead of the usual INPUT.

For production purposes the object code QUANTOC could be saved on disk
as shown in example IV. Then multiple executions of QUANTOC could be requested
for multiple sets of data without requiring multiple compilations of the source
code.

d. Example IV

JoBID,P5,T177,CM40000.

TASK(NAME ,00000000-0XX ,0RGANIZATION, TELEPHONE )
COMMON( SABCEM)
UPDATE(Q,P=SABCEM.L=A1,D)
RETURN(SABCEM)

RUN(A, ,,COMPILE ,OUTPUT,QUANTOC,377777)
COMMON (QUANTOC)

RETURN(QUANTOC)

7/8/9

*COMPILE QUANTOT

7/8/9

6/7/8/9

Obviously many variations of job control language are possible, but
the preceding examples should suffice to demonstrate the basic means of running
QUANTO.
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SECTION IV
SUMMARY

This report has described the input format, array dimensions, and job
control language of concern to the user of the program QUANTO. It should be
expected that occasional problems with the program will occur as the user
attemps runs with new combinations of parameter values. Such difficulties
should be brought to the attention of the authors, who will advise and instruct
the user of QUANTO, or the Air Force Weapons Laboratory. As QUANTO is used,
modifications and improvements are inevitable. The most current version of
QUANTO and the documentation may be obtained from the Air Force Weapons
Laboratory.

The mathematical model used by QUANTO would be appropriate for applications
other than SLBM attacks on flushing aircraft, with slight modifications. For
instance, if the survivability of any target from any weapon can be quantified,
a weapon allocation may be obtained from the optimization model. A complete
description of the mathematical model and its assumptions may be found in AFWL
Technical Report AFWL-TR-73-242.
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APPENDIX I
CURRENT LISTING OF GQUANTO SOURCE CODE

PRIGRAM QUANTOD (INPUT DU PUTTAPE7 s TAPEE 2 TAPES=INPUTTAPZ6=0UTPUT) QUA

DIMENSION ALOC(35+168)s FLAMB(354168), QuA
1 SURV(35416842), FLAMBI:35416842), QUA
2 TGTLAT(35) yTGTLNG(35) \DTCENT (35) y NRHAYS (35) yNHALOC (35} QUA
3 VAL(35,2) sPROD(35,2} 4 VKILL(3542) QuA
& ISEQ(35,34),BRT(34), . QUA
5 RELVAL (2) 9 BRTIME (2) 4PSI(2) 4ICAL (2) yPKCIR(2)+PKAN(2), QUA
6 SUBLAT(28) SUBLNG(28) ,ISUBS(28) yNHP3(28) ;MTYPE(28) +ITGTNO(10)y  QUA
7 DELTH(4) yRELML (1) yRELMF (4} yRELMAH (4) yRNGHAX (1) yRNGMIN (4) o QuA
8 YIELD(4) FMTihe(15,4) JFHRNG(15¢<) yNPROF (4) 4 QuA
9 QPTS(30)9QAREAL (3092945 QRLMX (3):254) 4DELTAC(24292) 9JFLAC(292)  QUA

COMMON /DISTIME/ FOTIME (3942) s FORNG(39+2) yNPROF (2) 4CV (2} 4TI(2) 4JTYQUA
APEINTYPES,MISTYP 4 HT YPZS yRL MAX Qua

DATA RDPOEGVERYHI(PI/4017453292514)3+300 3014159265/ QuA

DATA MXTGT,MXMWPNS/ 35,168/ QUA

EQUIVALENCE (FLAMB,FLAMBI) QuUA

I0UT=1 SUPPRESSES INTERM:OIATE MULTIPLIER AND ALLOCATION OUTPUT. QUA

OTAERMWISE SET IOUT=2. -. QUA

IF ISOFT=1, SUB LOCATIONS WILL NOT B OPTIMIZED AMONG INPul SUB  QUA

LOCATIONS. QUA

IF ISOPT=2, SUB LOCATIONS WILL B OPTIMIZiD. QUA

IF IVOPT = 1, BEDDOWN WILL NOT 8 OPTIMIZZO. QUA

IF IVOPT = 2, BEDODWN WILL BE OPTIMIZZD. , QuA

READ 890y NTGTS¢NSUBSsNTYPES,MXRWAY 4NTYPES,I0UT9130PT, IVOPT 4NCASE sQUA
1MOOE aua

IF (ENDFILE 5) 800,20 QuA

CALL DATE (IDATE) QUA

CALL CLOCK (ITIMZ) QUA

CALL PAGE () QuUA

PRINT 900, NCASEyMODE,IDATE,ITIN: . Qua

PRINT 910y NTGTSyNSUBSNTYPZS,MTYPES QUA

CALL PAGE (2) QuUA

IF (MODE.NE.2) GO TO 3¢ QUA

READ (7) NWPNS,;NCOL,ITERyITCUT1,ITCUT24MOVLSsMOVEV sMOVEST4EPS,cPSCQUA
1UT,08HOLDDELOBY; SUBOBJ,CHGKIL QuA

READ €7) (((SURVI(IyJyK)gI=1yNTGTS)J=19NHPNS) 4K=14NTYPLS) . GUA

READ (7) ((ALOC(I4J);I=19NTGTS) +J=1sNHPNS) QUA

READ (7) ((VAL(I4J) ¢I=1yNTGTS) sJ=1eNTYPES) (RELVAL(I) 9I=1,NTVPLS) »QUA
1 (ISUBS (I)sNMPS(I)NTYPE(I) 4I21,NSUBS) QUA

PRINT 922 QuA

CALL PAGE (1) QUA

GG TC 610 . auA

00 50 I=1,NTGTS QUA

READ 930, (TGTLAT(L),TGTLNG(I),DTCENT(I) NRHAYS(I) o (VAL (I,JTYPL)y+JQAUA
LTY?E=2141: YPES)) QuA

NAC=0 Qua

DO 40 JTYFE=14NTYPLS QUA

NAC=NAC+VAL (I4JTYPE)+4G1 Qua

RZAD 940, (ISEQ(I,IAC),IAC=1,NAC) Qua

READ 950, (RELVAL (JTYPE)BRTIME (JTYPZ) 4PSI(JTYPE) o ICAL (JTYPL) »uTYPQUA
1E=1,NTYPES) ‘ QuA

25
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62

7

8d

90
100

112

120

READ 960¢ (((DELTAC(IRWoJTYPE ¢+KTYPE) oKTYPE=14NTYPES) oJTYPE=L¢NTYPEUWVA H2u
15) s IRW=1,MXRWAY) QUA 534
PRINT 971} QUA 543
CALL PAGE (3) QA 55§
0D 70 I=L1sNTGTS Qua 564
NAG= GUA 57
DO 60 JTYPE=SL,NTYPES QUA 58§
NAC=NAGC+VAL (I ,JTYPE)+.(1 WJUA 53¢
FNAC=NAC WA 6Ll
NLINES=(FNAC=14)/30Cs QUA 61(
CALL PAGE (-MAX0 (24NTYPES)=-NLINE3-2) UUA 020
PRINT S80y I TOTLAT(I)oTGTLNG(I) sNRWAYS(I) OTCENTLI) o (JTYPLyVAL(I,QUA b3y
LITYPE ) yJTYPE=1 yNTYPES) QUA 64y
PRINT 999, (ISEQ(I,IAC),IAC=1,NAC) QA o©54
CALL PAGEZ (-NTYPES-3) QUA ool
PRINT 1900, (JTYPEJRELVAL (UTY' ) ,BRTIME(JTY L) PSISJUTYPZ) yICAL(UTYWUA B73
1PE) +JTYPE=1,NTYPES) QUA 68y
CALL PAGE (=-MXRWAY*NTYPES* .S+3) QUA 59¢
PRINT 1010y C(((IRWoJTYFEsr 1rcoDILTACIIRW o JTYPLE W KTYPE) oKTYPL=1,NTYQUA 700
1PES) ¢ JTYPE=1NTYPES) ¢ IRN=L 4MXRNAY) QUA 7is
NWPNS=0 QUA 721
NGCOL=0 GUA 73.
D0 80 I=1,NSUBS QUA 740
READ 10209 SUBLAT(I)oSUBLNGI(I) I3UBS(I) NMPS(I) MTYPE(I) QUA 754
NWPNS=NHPNS+NMPS(I) QUA 760
IF (ISUBS(I)eNELG) NCOL=NCOL+NMP3(I) QUA 770
CALL PAGE (-NSUBS=2) GUA 784
PRINT 10309 (I SUBLATU(I)sSUBLNG(I) ¢ISUBSCI)NMPSII) JMTYPE(I) I=1yNQUA 790
1su8sS) QUA 6&ud
CALL PAGE (-MTYPES*2) QUA 810
00 100 J=1,MTYPES QUA 820
NSUBT=0 QUA 83.
D3 93 I=i,NSUBS QUA 8wy
IF (MTYPE(I)EQeJ) NSUBT=NSUBT+I3UBS(I) QUA 850
PRINT 1040, JoNSUBT . QUA 86¢
00 110 I=1,MTYFES QUA 87¢
READ 960y DELTMUI) ¢RELMLUI) ¢RELMF(I) RELMWH(I) yRNGMINCI) yRNOMAX(I)GUA 88§
1,YIELOD(I) QUA 830
READ 105)y MPRy(FMTIME (JoI)+FMRNG (U9 1) 9J=14MPR) QUA 9.
MPROF (1)=MPR QUA 913
CALL PAGE (=-MTYPES~-3) QUA 9o
PRINT 1060¢ (JTYPEDELTMUJUTYPL) oRILMLIJTYPE) ¢RELHF (UTYPZ) ¢RELMWH(JQUA 930
LTYPE) oRNGMINC(JTYPE) RNGMAX(JUTYPE) ¢ YIZLO(JTYPED yJTYPZSL 4 MTY?:S) QUA 94y
D0 120 JTYPE=1,MTYPES QUA 95§
MPR=MPROF (JTYPE) QUA 950
CALL PAGZ (=MPR=2) QUA 97¢
PRINT 10709 JTYPE (FMTIME (I yJTYPL) JFHRNGC(LyJTYPL) 9I=19MPR) QWUA 984
CALL PROCESS (PSI,ICAL.YIELO,NCASEMODE) QUA 99,
IF (MODE.EQ.Q) GO TO 1¢ WUALwu
QUA101d
‘ QUUALu2e
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c COM2UTZ SURVIVABILITIES, QUAL63y
c CONVERT LOCATION DEGREES TO RADIANS. QUA L4y
DD 130 I=1,NTGTS QUALD53
TGTLAT(I)=TGTLAT(I)*ROPD:G QUALLb.
130 TGTLNG(I)=TGTLNG(I)*ROPGEG QUALL7 Y
00 140 I=1,NSUBS . QUAlu8u
SUBLAT(I)=SUBLAT(I)*ROPDEG QUA1L9.
140  SUBLNG(I)=SUBLNG(I)*ROPDEG QUA114G
c SET-UP FOR BUILDING TABLES OF LETHAL AREAS, QUALily
DO 150 IQ=1,30 QUA112.
IF (IQ.LE.11) QPTS(IQ)=IQ~-1. QUAL13L
150 IF (IQeGTe11) QPTS(IGI=(IQ-3.)%5, - QUAll4u
0TZ0LD=~1, ' QUAL154
DO 5308 I=1,NTGTS QUAL116&
CPKTIM=VERYHI . QUA117v
OTCNENW=DTCENT (I) QUA11as
IF (DT3NEW.EQ.DTCOLD) 6O TO 18§ QUA119¢
DTCOLD=DTCNENW _ QUAL2us
c GENERATZ TABLE OF LETHAL ARZAS FOR N:iW DISTANCE TO CocNTROID. QUAL121.
DO 160 IQ=1,30 QUAL220
00 1606 JTYPE=1,NTVPES QUA123.
DO 160 MISTYP=1,MTYPES QUAL124L
QAREAL(IQyJTYPE,MISTYP)=DETARCA(AP TS (IQ) o DTCNEN) QuA125¢
160  QRLMX{IQ,JTYPEMISTYP)=RLMAX —  QUA1260
CALL PAGZ (D) QUAi27.
PRINT 1080, DTCNEW QUA128uy
CALL PAGE (1) QUA1293
DO 170 JTYPE=1,NTYPES QUA1300
DO 170 MISTYP=1,MTYPES . Quai32.
CALL PAGE(=33) —
170 PRINT 10309 JTYPE MISTYP, (QPTS (Id) 4QAREAL (IQeJTYPE,MISTYP) yURLMX (TUUAL33(
1Q,JTYPE  MISTYP} , 1Q=1,38) QUA1340
CALL PAGE (0) QUAL35.
180  NAC=0 QUAL 36y
09 190 JTYPE=1,NTYPES QuUA1374
190  NAC=NAC+VAL (I,JTYPE)+.01 . QUA1380 o
c COMPUTZ BRAKE RELEASE TIMES OF ZACH ALRCRAFT, QUA139. ‘
ITYPE=ISZQ(I,1) QUAL4d
BRT (1) =BRTIME (ITYPE) QUALG4LL !
IF (NAC.LT.2) GO TO 216 QUA1420
B 200 IAC=24NAC WUA1430
NWY=NRWAYS () . QUA 144G
ITYP1=ISEQ(I,IAC~1) QUAL454
ITYPE=ISCQ(I, IAC) QUA1460
200 BRT(IAC)=BRT (IAC=1)+DELTAC (NWY,ITYPL,ITYPE) QUAL47 |
CALL PAGE (~NAC=2) QUAZL 48U ]
210  PRINT 1100, I, (ISEQ(I,IAC) 4BRT(IAC)sIAC=1,NAC) QUA143y ;
c LOCATE FIRST AND LAST AIRCRAFT OF EACH TYPE. —~ . QuAis60
DO 220 IAC=142 QUALS1L <
00 220 JTYPE=1,NTYPES GQUA152,
229 JFLAC (IAC, JTYPE) =0 QUA153L
37




00 2706 JTYPE=1,NTYPES QUA154y

00 230 IAC=1,4NAC QUA155¢(
JAC=IAC WUAL500

IF (ISEQ(I+JAC)EQ.JTYPE) GO TO 240 QUAL57¢

23} CONTINUE QUAL154dL
c NO AIRCRAFT OF THIS TYPE FOUNOD, QUA1590
60 To 279 QUA16dY

240 JFLAC(L,JTYPE)=JAC QUALe1Y
00 250 IAC=1,NAC QUAlB2y
JAC=NAC+1~-]IAC QUA1630

IF (ISEQUI JAC).EQ.JTYPE) GO TO 200 Qualowy

250 CONTINUE , QUA165y
c WE WILL BE ABLE TO FIND ONE OF THIS TYPE IF We 6T TO THIS POINT, QUALdel
c BUT ANYHWAY... QUALe70
60 To 279 QuAlbsy

260 JFLAC(2,4JTYPE)=JAC QUA169L
270 CONTINUE Quai7Ju
c COMPUTE TIMES OF FLIGHT AND ARRIVALS IN MINUTES, IF DISTANCc IS QUAL710
c OUT OF RANGE, MAKE FLIGHT TIME VZRY LARGE. QUALT726
K=3 GUAL73C

00 520 KSUB=1,NSUBS QUAL7 vy
DISTT=DISTU(TGTLAT(I) yTGTLNG(I) ySUBLAT(KSUB) 4SUBLNG (KSUb)) QUA1750
MISTYP2MTYPE (KSUB) QUALT7ée.
RELM=RELML(MISTYP)*RELMF (MISTYP) *RELMHH (MISTYP) QUAL774

IF (DISTToLToRNGMIN(MISTYP),OR,DISTT GT+RNGMAX (MISTYP)) 6O TO 280 QUAL78u
TFLT=ALAG(DISTToFMRNG (1 yMISTYP) o FMTIME (1 4 HISTYP) s MPROF (MISTYP)) QUAL79¢

GO TO 2990 QUA18d4¢

280 TFLT=VERYHI QUAL81U
230 PRINT 1140y I KSUByDISTT,MISTYP,TFLT QUAL82¢
CALL PAGE (2) QUAL83¢
NMIS=NMPS{KSUB) QUAL1d4y

00 528 KSAL=1,NMIS QUA1854

K=Ke4 QUA186L
TOAT=TFLT+(KSAL=1) *DELTM(NISTYP) QUAL874

IF (TOAT.LT.VERYHI) GO TO 310 QUAL186¢

NO 300 JTYPE=41,4NTYPES QUAL189¢

333 SURVIIyK,JTYPE)=L, QUA1904
60 TO 520 QUA1L910

310 RF31=0. QUA192é
RFCL=9999, QUA193s

c COMPUTE RANGE OF FIRST AIRCRAFT AND LAST IF PK SWITCH INDICATES QUA194y
c ANNULAR PK COMPUTATION MAY STILL BE NECESSARY, (TOAT.LE.CPKTIM) QUA1950
00 320 JTYPE=1,NTYPES QUA196(
JAGC=JFLAC(1,JTYPE) QAL197C

IF (JAC.EQ.Q) 60 TO 32¢ QUA198u
RTOA=TOAT=BRT (JAC) QUA1990
RFC=PROFLU (RTOA,FOTIME (14 JTYPE) y FORNG (24 JTYPE) 4NPROF (UTYPE) ) ~DTCENQUAZUIL

1T(I) Qua20146

IF (RFC.GT.RFC1L) RFC1=RFC Quaziel

c COMPUTZ ONLY RADIUS OF FIRST AIRCRAFT IF SHITCH FOR CIRCULAR PK QUA2030
c COMPUTATION IS SET, QUAZL 4
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326

331

340

350

333

IF (TOAT.GE.CPKTIM) GO TO 320
JAC=JFLAC(2,4JTYPE)
RTOA=TOAT=-BRT (JAC)

QUA2LS.
QUAZCBL
QUARGT

RFZ=PROFLU(RTOA,FOTIME (1, JTYPL) sFORNG (L1, JTYPE) sNPROF (JT TP ) ) =DTICENQUAZLSY

1T

IF (RFC.LT+RFCL) RFCL=RFC

CONTINUE

IF (RFCL.GE.RFC1) RFCL=RFC1-.01

IF (RFCLeLECUs) RFCL=0,

IF (KSALJNEJ1) &5 TO 330

PRINT 1123s KeIsRFCL

CALL PAGE (1)

RFC1SQ=RFC1*RFC1

RFCLSQ=RFCL*RFCL

ISJM=0

IF (TOAT.GEZ.CPKTIM) GO TO 400

COMPUTZ LARGEST LETHAL RADIUS FOR CENTERED WEAPOK,
CELRMX=C,

D) 340 JTYPE=1,NTYPLS
CELR=SQRT(QAREAL(1,JTYFEysMISTYP)/PI}

IF (CELR.GT CELRMX) CELRMX=CELR

IF (RFC1.GT,CELRMX) GO TO 380

IF (RF31.6Tedes) GO TO 368

DU 350 JTYPE=14NTYPES

SURVEIsKeJTYPE)=1,=RELM
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>