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ABSTRACT

The computerised Quick-Reacting General War Cazing System (QUICK) will
accept input data, automatically generate global strategic nuclear war
plans, provide output umaries' and produce tapes to simulator subsys-
tems external to QUICK. QUICK has been programmed in FORTRAN for use
on the CCTC HIS 6000 computer system,

The QUICK Maintenance Manual consists of four volumes.: Volume I, Data
Management Subsystem; Volume 11, Weapon/Target Identification Subsystem;
Volume I1, Weapon Allocation Subsystem, Volume IV, Sortie Generation
Subsystem. The Maintenance Manual complements the other QUICK Computer
System Manuals to facilitate application of the war gaming system. This
volume, Volume I, in 4mn parts, provides the prosramer/analyst with a
technical description of the purpose, functions, general procedures, and
prograu•ing techniques applicablo to the module@ (programs) and subrou-
tines of the Data Management subsystem. Companion documents ares

a. USERS MANUAL

Computer System Manual CSM UM 9-77, Volume I
Computer System Manual CSM UM 9-77, Volume II
Computer System Manual CSM UM 9-77. Volume III
Computer System Manual CSM UM 9-77, Volume TV
Provides detailed instructions for applications of the system

b. TECHNICAL MEODANDUM
Technical Memorandum TM 153-77
Provides a nontechnical description of the system for senior
management personnel
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SECTION 1. GENERAL

1.1 Purpose

Thin volume of the QUICK Program Maintenance Manual describes the mod-
ulea which are parc of the QUICK Weapon/Target Identification subsystem,
detailing the modules, subroutines, and funutions which it comprises.
The information contained heroin in presented on a module-by-module
basils. The module-by-module discussions are structured so that a main-
tenance programmer can understand the program functions and programing
techniques.* The comuter subjects are structured to Inform the main-
tenance programmer of overall system programming techniques and conven-
tions.

Subsequent subsections present general descriptions of the overall QUICK
sysu.m sand Weapon-Target Identification subsystem.

1.2 eea ecito

The Weapon/Target Identification subsystem of QUICK selects and proc-
oases the Red and/or Blue forces which are prespecified for a partic-4
tiler plan. The subsystem consists of modules JIM, DEMOD, INDEXER, and
PLANSET, an shown In figure 1, Figure 2 shows the relationship of the
Weapon/Target Identification subsystem to other QUICK subsystems in
terms of procedural and information flow.

The modules of this subsystem are used to assemble selected target data
.-from the COXC JAD files, and reformat the data in a manner which is
acceptable to QUICKs Integrated Date Uase and to further develop a plan
for allocation.

Yodules within this subsystem are excecuted In the order of- JLH, DBMOD,
fliDIMl, and PLANSET. All modules perform updates to the Integrated
Data Base; no other data files are used (other than internal temorary
scratch files).

The first module, JIM, builds the target portion of the data base. Note
that the remaining data bass is created by modules within the Data Man-
asmant subsystem. These modules may be executed at any staep of the
entire QUICK processing, i.e., before or after XNDEOA, etc. An order
of module execution pertains only to modules not defined within the
Data Management subsystem.
The next module normally run is DUGOD. Its primary purpose is to alter
the content or characteristics of a data base to the specific scenario
for which the plan is being deve loped, in accordance with prespecified
user input.

Module MINDWE Iis designed to assign Index mabers (attribute MNEWN)
and perform tha task of forming complex targets.

W. PJ.,- 1' rm 4 1IV A IF
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Figure 1. Major Subsystems of the QUICK System
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2.8.3 Subroutine TOPZDI

1911: ~Print the Assigument table as built by thi input
clause.

ZOM PAUAMlS I WHAT - ' ALPHAS' or PLAYERS'

I QnR3UflS tA=II: IDNDI IAD, FINDSIDE, NEXITr, RETRY

ASSIGN

Tu generation of print reportr Is tie aly fwdon of TOPJ'i Cfi.gazo
8). The flow is subdivided into sections according to the two possibla
input clauses. In either situation, the Assigument table is chained,
smmarizing values collected and reports produced. The outline of each
report is given in Users Manual, Volume 11, section 2.

40
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2.9.2 Subroutirs DEFAULT

PURPOSE: Set default values into cocou block C30

MOI ~AN T : RECORD: r'ecord name

CI0, 020, C30

MU__0TM3L CAMLL: BEAD, RXT

AMTONASE

Local arrays RZCNAN3 and VALUE hold the record nose and the default
value for the attribute, Also arrays LIM and LOC contain either a
link to the start of the record description (0, If no more records are
described) or the locatiou of the attribute in common C30,

When DEFAULT is called, the RECNAHZ array is queried using the corms-
ponding LIM value until the record uns passed is found or the entire
list queried.

If the record m is not found the RCTf chain is traversed in an
effort to find the record name passed. When found the ,LLW and
AZLM chains are traversed to find the default value for the attribute
and its location in C30. These values are added to VALUE and LOC fol-
lowing the record name. In any case the values in VALUE and LO between
the record snd the next record are used to move the value in VALUE into
the location in cocon C30 specified by LOC,

Subroutine DEFAULT is illustrated in figure 11.

64
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Table 3. Module INDEXER Internal Coamon Blocks

VARIABLE
BLOCK OR ARRAY DESCRIPTION

CYZILD SYIELD(2) Yield, in megatons, used in forming complexes.
Value is user determined.

IOPRT IOP1T If zero, nonstandard prints are suppressed.
User determined.

FIRST If true, causes initialization complexing
logic to be performed.

NOBASE If true, Implies that &a complexes are formed,
they will, not be saved on the data base.

KEEP As used within INTMOD, contains local con-
trolling parameters (used to reduce core
space). As used within oubroutine COMPLEX,
contains varying definitions of target data.

INCLAS Contains the class name for tho NUMTBL record.

9"H
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4.7 Subroutine 11ftMOD

PURPOSE: Read user inputs, calculate and store complexing
lethal radius, determine attribute INDEXNO end
control flow of supporting subroutines

DTY POZ1[: ENTMOD (first subroutine called when overlay link
INDEXER is executed)

Fo0AL PARMf RS I Humn

COMMON COCKS: CO, C13, C25, C20, C30, CYZELD, IOPRT, KEEP

LW.ROUTINIS CA•LED: COMPLEX, CRTBLE, DIRECT, HDFND, HEAD, INSGET,
ITLE, MODJY, NEXTTT, RETRV, SETVAL, VLADP

CALLED BYt COP

Nethod:

Module INDEXER begins (figure 17) by reading (through utility subroutine
INSOET) and storing user input parameters. ?ollowing this, individual
targets are chained in x specified manner and modified to include attri-
bute INDWO. As individual targets are chained, subroutine SETVAL is
called for all missile and bomber classes for possible time value decay
calculations. Then for each unique vulnerability contained within the
data base, a complexing lethal radius is calculated and stored. After
querying targets, subroutine COMPLEX is called in order to form target
complexes and upon completion processing is terminated.

INDE[ initially uetrieves record type 'INUNTL' in order to define the
attacking (ASIDE) and defending (DSDE) side. Thess attributes were
stored in the data baitse by module DBIOD. Following side definition,
the user ivputs are retrieved and needed values stored.

If the verb is correct (comparison to local parameter IND) processing
continues; otherwise an error message is printed and processing stops.

Existence of adverbs WITH, VNOPTION, ONPRINTS, and RICALC are checked
for. Use of adverb ONPRINTS with a value of I (OPRMiTS 1), Implies
uoustandard prints are to be producedi ONPIINTS 2 implies that initial-
ima&Ion logic in CoNPLhX is to be uscouted, ONPfZITS 3 will make NO0ASE
.TRVI., implyin that as aompluaa are formed, the match key ICOHPL will
not be codified. Adverb VW1PTIOC $mplies that compleing lethal radius
is to be obtained from hardaoded tables. In absence of the VNOPTION
clause, compl•ealn is performed with an asemed weapon yield of one
megqaton. The user may override this yield through a clause introduced
by the adverb VITH, Both attributes YXILD snd SIDI are included within
the WMT clause. Use of the IECALC adverb will cause target cosplexing
by a call to CCWLEI.
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gomploging Lethal Radius Calculation

For each unique vulnerability defined within the data bass for the defend-
Ing side, a complexing lethal radius is calculated and stored within
local array CLR which contains a maximum of 255 entries. Calculations
are performed either In subroutines VLRADT or CRTBLE depending upon user
requests, After each calculation, results are printed and DIFFLAT is
rechecked for definition of the softest target among targets to be
queried. DIPYLAT is stored on the data base by being equivalenced to
qEuWMB in C30 to facilitate restart.

Vulnerabilities (attribute VULN) are collected under header 'VNTKHD'
anJ are contained within chain 'IVNTKS'.

Attribute n 0DEX140 and Time Value Assiammnts

Individual targets are now processed in a defined manner in order to
assign index numbers. For target classes called missiles or bombers,
time value factors are generated. Also, the stored complexing lethal
radius (array CLR) is defined within each individual target record based
on attribute VULNl.

Index numbers will be assigned sequentially for all target records that
have a similar value for attribute TYPE for a given class and side
combination. For a given target class individual target records are
collected for one side followed by all records for the remaining side,
if TYPEs exist for the second side. Within a collection of records for
a given TYPE value, items are queried according to the order in which
they appear in the data base.

Target class names that are stored within the data base may be found by
querying record chain 'RCTYP' of the organisational data. Each class
nisms encountered under chain IRCTYP' is locally stored in avrray RERF.
Storage 'is on a side basis. The existence of a class nme for one side
does o guarantee an entry for the other side.

InDXHO assignemnts begins by picking a target class (header TGTHD) for
side 1 (local parameter IT-1) and further picking a target type record.
Now for a target class, side, target type combination, all of the indi-
vidual targets are chained and flflEMtO, compleaing lethal radius, and,
if necessary, tfua value factors are stored.

After a given TM?3 record is processed, tbe next TMs are processed for

the saes class and side. Upon exhausting a clas and side combination,
aide 2 (?A-2) is Investigated for all T?! records. 7ially a new

F target class for side I is obosen aud cited processing is repeated.

Attribute TYPE and the record type ahain called 'TOTT 'I are not neces-
gsrily in one-to-one correspondence. That is, for a value of TM there

i I105 CiI-3



may exist more than one 'TGTJTP' record. This in possible esnce the
attributes defined in the 'T•GTP' records may have different values for
a TYPE value. For instance, for TrPE-KMIII there could be two entries
for attribute CNTM (country location), say US and CA. For this con-
dition two 'TMPI' records vwil exist and both have attribute T!MPewi.
Therefore upon chaiing TGTT2', the entire list must be checked for
maltiple occurrences of the ame TYPE value.

After the last class entry for side 1 is processed, checks are made to
ensure all aide 2 entries have been processed. This is. necessary since
the major processing is for all side 1 entries and the fact exists
that class names may be defined for side I but not side 1. Local array
rCM is set to nonzero as each side 2.class nime is processed.

109



4.8 Subroutine COMPLEX

PURPOSE: To form complex targets

ENTRY POINTS: COMPLEX

FORMAL PARAMETERS: None

COMMON BLOCKS: C1O, C15, C30, IOPRT, KEEP, NKCLAS

SUBROUTINES CALLED: DIRECT, DLETE, HDFND, KEYMA1E, GLOG, MODFY, NEXTTT,ORDER, RuTmV $LOG, STORE, TIMEME, TTWUT

CALLED BY: ENTHOD (of overlay link INDEXER)

Method:

Individual target records are queried in order to form target complexes.
If any two targets are geographically located within one half the sum of
the complexing lethal radium of each target, they belong to the same com-
plex. For each new complex formed, a complex number (parameter ICOMPL)
is sequentially updated, stored under record 'COMPTCG' and each individual
target belonging to the complex is stored on the 'CMPTGT' chain.

Each target stored within the data base is retrieved, sorted on increas-
ing latitude (methodology outlined in next subsection), and final results
written onto data file unit number ZR. Data file IR is then read, target
data stored in working arrays /KEEP/, and complexes formed.

Complexins Algorithm

The search for complex targets begins by comparing differences in lati-

tude for consecutive targets sorted by increasing latitude, beginning
with the first noncomplax target. When a distance between the first se-
lected target (associated with latitude LUTZ) and any other individual
(latitude CLATJ) that has not as yet been complexed is loes than one half
the aum of the lethal radius of each target, the target associated with
latitude CI£TJ I@ said to belong to a comlex associated with latitude

CLATI. Array LCM is updated to record this occurrence.

Target CIATI continues to be tested against subsequent targets in the
sorted file until a difference in latitude greater than parameter
D1FFLAT is encountered. DUIILAT Is the saximia compleuing lethal radius
defined within the game. Targets included in the list LCOKP are now
compared in the sem way to find additional mmbers of the complex. The
process Is repeated until all tarSgts in the list LCOMP have been inves-
tigated, and the complex is completed. The complex then is assigned the
next value of ICOWL and each uember within the complex are properly
chained.

110 CH-3
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Target Latitude Sort

Data based stored targets are sorted on increasing latitude in order to
simplify the complexing burden. This reordering is performed by a basic
sort/merge technique and is as follows:

o Retrieve a data base target record

o Store target latitude in array KEYl and target reference code in
array WEY3.

o When working arrays are filled branch to label 9000 to sort the
arrays and merge with any previous sorts. Arrays are sorted via
the standard QUIICK subroutine ORDER. If there were multiple
calls to label 9000, results were written onto file unit IR.
This file is read and results merged with contents in working
arrays.

o After sort/me.ree has been completed, flip data read end write
files (ZR and IW) reset pointers to initial conditions and con-
tinue IDS query.

After this process is complete data unit IR contains all target records
in latitude sort. Each record contains two words: target latitude and
target reference code.

Tarast Data Retrieval

After targets are sorted, complexes are formed by querying data file ZIR
and retrieving additional data base information. The size of QUICK's
data bases mandates that %DS interface be mininal, Therefore needed tar-
get data is stored In working arrays KIY1, KEY2, KEY3, Latitude and the
fraction portion of lethal radius is packed in KEYT1 Longitude, complex
fleag indicator, and the integer portion of the lethal radius is packed
in KZY2; and the reference code is stored in KEY3. Up to 3,800 indivi-
dual targets may be contained in the working arrays.

As complexes are formed informition is obtained from the working arrays
as directed by the controlling pointer INDEX. When INDEX exceeds array
li•its, complexing must temporarily halt and working arrays must be red*-
fined. At this juncture, processhng has been completed for all records
starting with the first entry into the working arrayw up to incaticn
LCOWt(l) sainus one (recall that LCO1. contains the indexes of potential
complexes). Wtth this knowledge, wovkfn* arTays are compressed, file
It read, and worktng arrays filled vith additional target date. This
process begtns at label 565.

Code must honor the condition where arrays can no longer be compressed
(LCOMP(l)wl). If this occurs, target data is written onto an indexed
random file (ISAMUN) and query, then, in from that file.
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Restart and NOBASE Options

A restart capability is available in INDEXER to allow a user to save the
data base just prior to an abort caused by insufficient processing time.
A series of small jobs can be run with a save after each. The complexing
can be continued from any of the saved data bases. This capability is
implemented by the ONPRINTS 2 switch (FIRST). If the switch is on all
initialization is accomplished. If the switch is off the old complexes
will remain and any uncomplexed targets will be complaxed. The variable
VOZ is used to store complexing status in the data base between jobs.
A value of -1 indicates the target is complexed and a value of -2 indi-
cates the target will not complex with another target. Complaxing can
also be accomplished without storing the final complexes on the IDS data
base. This option greatly reduces run time and should be used when
experimentation with coaplexing parameters is being done. This capabil-
ity is Implemented by the ONPRINT 3 switch (NODASE).

Subroutine COMPLEX is illustrated in figure 18.

* ,
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4.9

JP=92: To calculate coplexing lethal radius

12MKA PARAMETM: qVN, vulnerability

mC IN LmS: None

SEDIOUTM4ES CALLED: VLRADP

.CAM a ENTOD (of overlay link INDEXER)

Based on input parmeter (VYN) complexing lethal radius is obtained by
proper indexing into hard coded arrays (Q and P) which is the letter
portion of vulnerabilities, Defining a yield as equaling the first
two Integers (in megaton) of IVM, subroutine VLRADP is called to find
an adjusted VN which in turn is used as the index into the P and Q
arrays.

Punotion CRTILE is illustrated in fiure 19.

Il
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4. 10 Subroutine BETVAL

PUROSE: To add tim dependent valuc curves to missile
and bomber target bases

ZNM 5•£ -SVAL

COMONBLO•-: CIO, C15, C30

S1MWMTINES CA=LD: DIRECT, HDFM, ITLE, NEXTTT, RETRY

ENThOD (of overlay link INDEXER)

ETYAL (figure 20) sets the• values of FVALTn and Tn attributes accord-
in& to the attributes NOIPERSQ, NtALIRT, ALRTDL, NLRTDL, LCHINT, and
SULUN for missile and bomber bases. The value curve is calculated so
that the value of the item is equal to the fraction of the vehicles
remaining on base at any time.

The generated value curve considers the following time points:

Ti - Alert delay (ALRTDL)
T2 w TiL= of last launch of alert vehicle
T3 - Nonalert delay (NLRTDL)
T4 - Tim of last launch of nonalert vehicle

On the first call to SETVAL all weapon types are chained and their
associated Reference Codes stored along with attribute TYPE (arrays
ITAITP end M•Ltur). Following this storage, SETYAL begins by retriev-
ing total vhileas (HOPElSQ), umber of vehicles on alert (LWZRT),
alert delay time (ALRTDL) and nonalert delay time (NLRTDL). If there
are no vehicles available (NOPERSQ), attribute VAL (target value) is
met to zere and a RETURN Ls emeouted. Tor this situation, the value
curve weed not be generated. Attribute TI is set to alert delay and
YVALTI is set to 1.0. If there is no launch interval (LCONIT), a
RETURN is weacuted; otherwise T2 and FVALT2 are calculated. T3, T4;
STVALT3 and FVALT4 are calculated only if T2 is less than the nonalert
delay.10-
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SECTION 5. PL PW#T MDULZ

5.1 Punj

PLAXNT prepares the target list for ALOC, oollput&s and nOrmalizes the
class value factors, calculates the reprosentative attributes for com-
plex targets and foems weapon groups.

5.2

With the exception of geographic related records, the entire remaining
structure withi• the ntegrated data bise will be queried. This includes
records end chains to define the targets, complexes, weapon charactaris-
tics, payload data, and weapon Mase locations.

User commands select targets and weapons to be used within the allocation
definition. In addition, •nformation is supplied for value scaling
calculation plus data for representative complex target setting.

5.3 Output1

The major objective of PLANSET involves the formation of weapon groups
and the definition of a Ilut of target numbers as demanded by the allo-
cation system. Also, Inclvidual target records are modified to reflect
values as scaled through user inputs.

Each weapon group is a WRPNGP record on the WEPRP chain. Each weapon
group has a chain, BYSQDN, that links together the MSUM records for
each bass in the group. With regard to processing the data base it should
be noted that the individual launch sites assigned to each missile
squadron are grouped together; and that the value of the attribute ISITE
(site number) is set positive for the record representing the site. Cor-
responding records that are missile squadron@ within the site have ISMTE
set to a negative value. When input in this anneer, the missile squad-
rons are viewed as one launch base durLng plan generation.

Generated w1thin PLANSIT is the chain, LIIT]X of target number records,
TAlUSE, which is headed by record TARUN. This chain. contains a list
of reference codes that points to target records In a sort order proper
for ALOC processino. There are two types of targets:

.Ik I one target elsmnt.

b. Qilou %mnil: several target elements within the lethal
radius of a single weapon so that they umst be treated as a
single target complex
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The list of reference codes, then, contained within TARCDE records
stores simple target references which point to one target element (called
representative targets) for each complex. Individual elemonts of com-
plexes are not referenced by chain LISTXX; therefore only the represen-
tative targets are viewed by the allocator.

Prior to PLANSET termination, each complex has its elements chained
under a COMPTG record. The maximum number of complexes has been defined
by I )EXER.

Each TARGET record selected must be modified to include the correct
normalized target value as well as the lethal radius for both air and
ground bursts. If necessary there are lethal radius calculations for
tvo hardness components.

5.4 2?nceyt~ of eration

PLANSET performs the followingi

o store umer input parameters;

o calculate the weighting value of each selected target class;

o calculate the lethal radius of all selected targets;

a for each complex, choose the rapresentativ2 target and calculate

the necessary attributes;

o normalize the value of each target so that the Same total will
be 1,000 points;

o randomly assign target numbers (and eventually sort) to selected

target records;

o form weapou groups from weapon launch bases;

o adjust the number of alert bomber refuels based on the number
of tankers available;

o finally, supply prints.
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The controlling subroutine (called ENM40D) reads and stores user requests
end theu executes subroutines GRPEH (for grouping), SRTTGT (for target

amber definition), and PRITGP (for printing). Each of these three sub-
routines performs the desired objectives.

5.5 Identiflication of Suboutine Puncti-ons

5.5.1 Bubroutine ADJUISTG. This subroutine is called by GRPE2 after
weapon groups are formed. ADJUSTOP alters the number of 2omber refuels
so that it is less than or equal to the muber of tankers and resets
yields for each weapon group.

5.5.2 Subroutine CALCOMP. Whenever subroutine SRTTGT encounters a
complex target, CALCOHP will define the representative target element
for that complex as well as determine necessary attributes for the com-
plex as a whole.

5.5.3 Subroutine GRPEam. The user selected weapon system tý,pas are
chained along with their associated missile and bomber bases and weapon
groups are foried. A weapon group is simply a collection of individual
weapons (or reentry vehicles) that have similar destruct capability and
are located within defined proximity of each other. Therefore, a weapon
group consists of a TYPE (an attribute) of weapon that has the same alert
status, payload indicator, region code, and for bombers, Tefuel capacity.

5,5.4 Subroutine SUTTT. In order for the allocation procass to func-
tion properly it is best for the target list to ba arranged in a random-
ised fashion. This necessity is dictated by the fact that if targets
were arranged with like characteristics, the allocation algorithms in
sensing how processing is proceeding would very likely interject biases
This subroutine, than, sorts the target list and for each complex, calls
s~ibroutine CALCOMP for proper chaining.

A second major function is the modification of the target value for in-
dividual records. Targets for which the input class value ts sero (i.e.,
an exemplar target is not defierd for the class or the exemplar target
is amsiguLd a value of saer) are not to be included in the plan and
hence are ignored in the processing. Other-ise, the data base attribate
VAL (relative value within class) for each item is accumulated within
its class. For each exemplar target specified 'y the input data, the
value factor

d.ta 001d value 991 exmnslU ee
Sdata base VAL for -elar target

is caloulated. After the entire data base has bisn read, .the accumulated
value (VALe), together with the value factors for each olass, are used to
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compute the final normalized class value factors.,.. Also, the summation
of the VALs for each record is so scaled such that its result equals
1000. This scaling allows for allocation evaluations between various
data bases.

5.6 Internal Common Blocks

All of the common blocks used by module PLANSET are given in table 4.
Comnon blocks which coununicate with the COP are given in appendix A
of Maintenance Manual, Volume I.

1A
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Table 4. Module PLANSET Internal Commuon Blocks (Part 1 of 2)

VARIABLE
BLOCK OR ARRAY DESCRIPTION

CPRIOR MAXDSG MAxmaum number of input DESI1s alpha
portions. Used for representativu
tawgst definition

MAXTASK MmxI== number of input TASKs. Used
for representative target definition

ITSK Number of entries in array IMTSK

MDSG Number of entries in array IPDSC,

XPTSK(48) Stoma TASK Inputs for defining repre-
sentative target of CQmplazes

IPDSG(200) Stores DESIG alpha portion input for
defining representative target of
complexes

ISUBT Flag indicating whather TASK inputs
at* 1 or 2 characters long

EXCLAS UCLASS(15) Sto.-a namea of target classes for
defending side

UCREF(15) Stores reference codes for target
class headers for defending side

VALFAC(15) Stores scaling factors for each
targpt class

INZ I1, 12, 13 Local storage for INSGET's processing

KEE Local storage whose meaning varied
during the computation process.

MASK MASK1 Tenting parameter for attribute TASK

NASK2 Tee.ting parameter for attribute TASK

PBLOK PBLOK(31,1O) Used in SRTTGT for target designator,
number print and in PRINTCW for weapon
and group prints

ARRAY(750) Tamp storage
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Table 4. (Part 2 of 2)

VARIABLE
BLOCK_ OR ARRAY DESCUIPTION

PRTZ LPRTZ(6) Contains user dtrected computational
options. If,

LPPrT(l) ; 0; Suppress DESIG/Number
Print

LPRTZ(2) > 0; Suppress TARGET/COMPLEX
Print

LPRTZ(3) > 0; Ignore grouping
IIRTZ(4) > 0, Renormalize target value,

nothing else
LPRTZ(5) > 0; Suppress FLAG/DESIG

Print
LPRTZ(6) 0 0; Group only

SET RANGEMOD Ftaction of weapon systen range for
grouping usa

RETARGET Nonzero for missile retargeting capa-
bility

CCRSB(20) Command and control reliability for

region$

NCCIML Nunber of input values for CORED

TARCLAS MAXCLAS Muxiumm number of target classes

N;CLAS Number of user selected target classes

INDESi(15) DESIG of exemplar target for selected
clean

IXPVAL(15) Value of selected ezemplar target

WEAPON KAXW Hazii:nm mmbe, of weapon systems
permitted for processing

IVUP Number of user selected weapon systems

$NWIZ (l0O) Name of user selected weapon systems

IRZIM(lO0) Reference codes of user selected
Weapon systems

ICLAS(100) Zero if TYPE MISSILE
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5.7 SubroutiVe EN=

ZM JSE: Read and store user inputs and control flow of
supporting subroutines

s: ZNTHz D (first aubroutine c•.lled when overlay link
PLANS is executed)

7.ORMAL NAA4T~g O"e

S•MMN BLOCKS: CPRIOR, INZ, PRTZ, SET, TARCLA, WEAPON

RO0UT21!S CALLED: CINSO.T, GVEN, INSGOT, PIMNTW, SRTTGT

QWD BY:COP

In addition to controliing the flow of supporting subroutines, EW2TOD
mainly reads and stores user input data (figure 22). Th. verb and
adverbs recognized by thits moule axe:

o PLANSET - W.he verb that causes execution

o SETTING - the adverb vbich introduces a clause to set param-
eters RANGMOD, RETARGET or CCREL

o PRIORITY I. thi adverb which introduces a clause to set criteria
for choosing representative targets of oumplexes. Criteria
Is ordered lists of TASK and alpha-portion of the DESIG

o ATTACKERS - the adverb which introduces a clause to select
weapon system inventory. Input is a list of values for
attribute TYPE

SDZEMDERS - The adverb mhich Introduces a clause to select
target classes. Inputs are a pair uf words for DESIG (end
hen*e the target class that the DESIG defines) and emuplar
value of mach 13SIG.

o CNPRINTS - the clause which permits the user to control the
computational flow. Since PLANSET is normally executed many
times for one scenario, many of the calculations and prints
are redundant. This clause provides a means of suppressin,
outpute and, hence, increasing throughput time.
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produces Cho smallest slope is grouped together with its neighboring
value point. Hence the length of the TAU array is reduced by one. The
TAU ar•ay is repetitively collapsed again, and elopes recalculated until
there are five or less points remaining.

Once the elimination process is complete, the fractional value is com-
puted for the first two componeuts from the sums now stored in V(l)
through V(5). These fractions, together with the time components in
TAU and the total number of components (M), are stored in array ITAR.

The lethal radius for air bursto must be recalculated for a uniform
height of burst for all elements within the complex. This is r'equired
wince the air lethal radius as calculated from VLRADP (called from
PLANSET) assumed an optimal air height of burst for each target, Clearly,
one height of burst is required for an air burst over a complex. That
height of burst is de4find in CALCh1W as the optftal scaled height of
Wret associated vith the hardest element in the complex. The smallest
Uound lethal radius is defined as being the hardest element in the
coumplax.

Calculation continues to determine the hardness components (HAZ, UGZ,
HAZ2, HGZ2) and the corvesponding tractional value (FVULNI) which
represent the complex. VOZ, IVUM, and the hardness number (1 or 2)
are also recalculated based on the defined scaled height of burst.
The complement of IVUL=1 is found to represent the secoud hardnass
component. If either fractional value is nonzero, It is multiplied by
VOZ to get %he actual value at that hardness. After all targets hrve
been considered, the lethal radii are separated into radii belongiag
to hard targets (radii loss than 1.5 nautical at.les) and rudii belong-
in& to soft targets. The average lethal radius, weighted by the
actual value at the correspondng hardness, is calculated for both hard
and soft targets for those radii. Similarly, the actual value a. each
hardness (VHARD or VSO0F) is accumulated. If there are no hard targets
(i.e., VHARDwO), IVULNI is set to 1; otherwise the fraction of actual
value for hard targets (NMA3D/VTOT) ii assigned to PVVLN1.

After all targets in the complex have been processed an above, the
atored values awe defined with the target record called 'CMIMTG'.

See figure 24 for the logic flow within CALCOP.
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5.10 Subroutine GRPDI

PURPOSE: To form weapon groups

ENTRY POINTS: GRPEH

PORMAL PARAMETERS: Naoe

COMMON BLOCK$: CIO, C15, C20, C25, C30, KEEP, SET, WEAPON

SUBROUTINES-CALLED: ADJUST, DIRECT, DLETE, HDYND, HEAD, ITLE, MODFY,
NEXTTT, PRINT, STORE, TANKER

CALLED BY: ENT!U)D (of overlay link PLANS)

Method:

GRPEM forms weapon groups by chaining the user selected weapon type
records ('WEPTYPI) and for each type, the individual weapon launch
bases are chained ('MSDMTIG'). Each base record then is tested for
proper definition under weapon group heading. The grouping order will
be performed in the same sequence as the user selected weapon types are.

The attribute IDHOB (which occupies the same position in common C30 as
GRPTLG) will control the weapon grouping as follows:

IDHOB a 0 - Group according to PLANSET algorithms
= I - Group alone
- 2-99 - Group with weapons having similar IDHOB.

Tankers are not grouped but are collected and reformatted within sub-
routines TANKER and ADJUSTGP.

In the case of a missile weapon system, GRPEM checks the retargeting
flag (3ZTARGET). If on, the user has requested that the data base attni-
buts IRM be considered for all missiles. GRPEH then calculates and
stores for the current missile type, the factors that later will be used
to modify the number per squadron, number on alert, alert DEL probability,
a&W reliability for all missiles of the type.

After weapon type data has been selected and defined, missiles and bombers
are aggregated to form weapon groups. A weapon group consist. of weapons
f rom up to 150 bases. If all the weapons on a g;Iven base are nonalert,

I weapons of the. same, type are considered as one group. Otherwise, a group
comprises those weapons on a base which have the same alert status, type
(attribute TYPE), region, and payload. Bombers must also have the same
refueling Index. The mazimusi number of warheads allowed per group Is set
at 1,000. Also, for missile classes the maximum number of weapons per
sAlvo Is set at 15; if exceeded, a new missile group is formed.
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Only those records are processed that define the first site of a
squadron (ISMT positive).

BOtBZR units which do not refuel and missile sites must lie within a
geographic region which, for alert weapons, has a radius equal to a
certain percentage of the range of the weapon. This percentage is
read into the variable RMI40ND at the beginning of the prograu; if
the percentage is not specified in the data cards, it Is assumed to
be 15%;. For nonalert weapons, the distance criterion is automatically
doubled.

In order to form a weapon group, the required radius is expressed in
terms of latitude (DLAT) and longitude (DLONG), and the number of bases
(NTOTBAS) is counted. If some bombers are to be used as tankers for
refueling purposes (i.e., if U•IUZL.2), the number in comuission end
the number on alert are cut in half. The number of weapons and total
yield of the warheads carried by each vehicle on the base then are com-
puted. Up to 250 groups can be formed for use in plan generation.
However, PANSET processes and prints information for up to 260 weapon
groups to enable planners to adjust their data base should more than
250 groups be formed.

When a new group is started group data are retrieved and stored under
record 'WEPNGP'. For each weapon launch bases, the base record ('HSBMTGI)
is modified and linked to the group header. As each new base is added,
the group centroid is adjusted accordingly. If there are both alert
and nonalert bombers on a given base, the alert bombers are tested for
group assignment first using the distance criterion RANGEIOD; the non-
alert bombers then are tested using the criterion 2 x RANGEM(OD.

Subroutine GRPZM is illustrated in figure 25.
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5.11 Subroutine PRINTGP

PURPOSE: Print standard tables

ENTRY POINTS: PRINTGP, PRINTW

FORML PARAMETERS: Nona

COMONO BLOCKS: CIO, CiS, C30, EXCLAS, KEEP, PBLOK, PRTZ, WEAPON

SUBROUTINES CALLM DIRECT, HDFND, HEAD, ITLE, NEXTTT, RETRy

CALLED BY: ENTMOD (of overlay link PLANS)

Hethod:

This subroutine is called twice: once prior to weapon group and target:
processing (Fntry PRINTGP) and one after all processing has been com-
plated (Entry PRINTW), becution through Entry PRINTGP permits the
collection and print of the Warhead, ASH, Payload, Weapon Type Charac-
teristics Tables, and weapon systems characteristica for missiles and
bombers. Weapon grouping requires payload parameters. Therefore, during
the collection process these parameters in addition to being printed will
be saved (in /KEE/ arrays) for use within subroutine GRPD(. After
processing, Entry PRINTW causes the printing of weapon groups and complex
lists.

Subroutine PRINTGP is illustrated in figure 26.
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5.12 Subroutine SRTTCT

LuuE=: To process user selected targets

ETRY P04TS: SRTTGT

FORMAL PARAMETERS: None

COHMON BLOCKS: EZRCOM, CPRIOR, C10, C15, CZO, C25, C30, EXCLAS,
KEEP, MASK, OOPS, PBLOK, PRTZ, TARCLAW

SUBROUTINES CALLED: CALCOMP, DIRECT, DLETE, HDFND, HEAD, IGET, IPUT, ITLE,
KEYMAKE, MODFY, NEXTTT, ORDER, RETRV, STORE, VLRADP

CALLED BY: EfMOD (of overlay PLANS)

Method:

6ArGT begins by counting the number of characters in the task inputs
(used for choosing representative targets of complexes in CALCOMP) a;%d
setting ISUBT to 0, 1, or 2 if the task inputs are one, two, or three
characters long, respectively,

Next the exemplar target DESTGa And corresponding values are processed.
For each targes; class to be considerad by the allocator, a DESIG and a
corresponding value are entered. The DESIG pertains to a target within
the targse clams and the value is its target value before the sum of
target values are uorualized to 1000. All targets within that class
will have their data base values adjusted by a similar ratio before
normalizatimon The ezxmplar targets are retrieved directly on the CALC
chain.

Two passes are made through the entire targset list. During the first
pass target values are accumulated for each target class, lethal radius
stored for individual targets, and counts of individual targets and nun-
bar of elements in each complex collected. The number of elements in
each complex is stored in array NILEM indexed by attribute ICOMPL. The
second pass over the target list will usa these .ounts. ParameLets re-
lated to optional prints are also stored during this pass. Attribute
DESIG is tomporarily stored onto scratch file ITLW if the Target DESIG/
Target Number print was selected. If directed (Print option six equals
rero), attribute@ LA and DESIG are packed into one word stored in work-
ing array KEYI, and eventually sorted using a generalized sart/merge be-
ginning at label 9000.

Before the second pass, scaling factors which will adjust relative target
values end normalize the sum of target values are somputad. Also, param-
eters for assigning randomised target numbsrs are computed.

I After the first pass over the target list is completed, elemerts of com-
plexes not selected by the user (through the exemplar target technique)
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are traýsferraed from the complex chains they reside on to the simple
target chain. When all such targets are tranoferred, each complex that
has one element remaining is also transferred to the single target chain.

The second pass over the target list assigns the final target value, the
randomized target number, and forms representative elements of complexes
by calling subroutine CALCOMP.

Upon processing each target record, the target number can be immediately
calculated and stored. The calculation is: a sorting index (LEAD), which
is a function of the total number of targets (NTAR), is determined by the
formula:

LEAD = 2TR(2

To start a cycle, a beginning index (IBEG) is designatad and assigned to
the target being read. Initially I IEGLEAD. The index for the next tar-
got (IND) then if found by incrementing the previous index (IAST) by LEAD.
If the result exceeds NTAR, the cycle is reset by subtracting NTAR from
IND. When a cycle is completed (i.e., when INDoIBEG) the next cycle is
begun by incrementing IBEG by one and proceeding as above. Thus, a
unique nonsequential index (TGTNUfB) is assigned to each target as it Is
read. TGTNUMB along with the target reference code (TGMFCD) is
temporarily written onto scratch file IF4 for eventual sort and final
storage.

Each complex must be processed (by CALCOKP) once after each element in a
given complex has its target value assigned. The first pass updated
array NELEM (later transferred to KLTI) to define the number of elements
in each complex. The second pass updates a second array (MEYC) in the
same fashion. By comparing the counts between KEY1 and KEYC, CALCOHP may
be executed at the appropriate time.

During the second pass, each target record is written to a random file.

The record number and corresponding DESIG are written to a scratch file
and the resulting elements are sorted in alphabetical order according
to DISIG. The Scratch file is rewound and as each DESIG (now in alpha-
betical order) ts read, the corresponding random record number is obtained
and that random file record is printed to produce an alphabetized target
sort lis..

After the second pass, optional prints are provided by readitg files IR
and ITEIMP. Also, file 174 is read, sorted on TGTr"- "d the TARCDE
records created.

Current data base sites demand that all interfaces with IDS be kept at a
minim=m. To accomplish this, common block KEEP is constantly being
redefined as worki storage array@ that holds pertinent data. Since
mixing is open-ended, arrays contained in /KEEP/ must provide for spilling
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its contents onto scratch files in the desired sort order. Logic begin-
ning at labal 9000 Initiatos code that performs a basic sort/merge prot-
oss. Working arrays, are sorted via the standard ORDER subroutine and
are merged in sorted order with the information stored on scratch files.
This sort/merge process is open-ended and processing is efficient.

Subroutine SRTTGT is illustrated in figure 27.

161,1 CC-3



STAI�T

Set ISUBT
AccordLng to

Length of I
TASK Ir�puta J

-�

5et ER�COM
Paam�,taw.

XV
lasa Heade�: I

Target
erence Codt�ci

� 100 for mach Tjone

I,

is Figure 27. Sub"outina SITTOT (Part 1 of 12)

j I, 161.2



First pass
T h r ou~g h T a rg at 

A?

1600

yes Trget2. (at2o 2

162u Ratio

00?~

~ 7' *No



Accvumulate
Total Value
for Class
(CUKVAL)

Pack DESIG
S- - nd Store on

Scratch File

Pack FLAG

into the
DESIG Word

FaWorkin end127
S8Store Packed

r Figure 27. (PMrt 3 of 12)

163 C-



complex umber' of
ElemntTargBets

IIs

|Currentlyi
F ound

pdte Targ.e.t
Count andNumber of
E l e m en t s

'ron

to store

Figure 27. (Part 4 of 12)



Do 1750 for Done CalcUlAte
lath Class w- NorualiZ•ins

Ratio

0*
Value by Class Do 1780 for Do g

Value Ratios Each 5Class -

for,.doised

Accumulate Multiply Class

SNow Total Value Value by

Values Worma1lizinSu

S~Print/
pClass

~Values

parameters =1=

f~or R~andomizedTreso ,l

71gurs, V. (Part 5 of 12)

165 CH-3



II T~rst Ch II
RoIetri:eve

Taret Chaina

Scall NM =TT I

2000 to Retrieve

frNe xt Comle

7 lgu e 2. 1at 6of 12

1 6co rd.I

Edo C ha in? ye l 2180 --

fo Nextt 
,

. t~omplexo. I

t, 
Yt End 2 of ( hain?, o2060El m n in Yu o p e



2060

'Nmero N al lDYt

mof complex

yes NoElement~s

21000

Re]Umove Last

J(if.ny) from i• o

6p7lex Chain

to Remove
complex
Record.

J. Filuro 27 . (Part 7 of 12)

S167 CH-3



Second Passbrou• ap
Throuagh ýTarget - 2180

Retrieve
Target Number
dhain Header

Do 2400 for Done
Each Clams

Do
!U

Tarsatyes Iat Ratio

-070

Retrieve

&Nader

Call MSXTTT'
for Next End of

Terge TypeChmin?

Targe?.

Figure 27. (Part 8 of 12)

167.1 CH-3



Multiply
Value BY

class Value
Ratio

l Call KOD,

argot value

Target in1

360 N Comp3ex

as

update Count
of Elemonts
Processed Pa

So• Camp lax

kle-an!

I Pigur~a 27. (Part 9 of 12)

167.2 "-cE-3

2240,..



POLI

I P~u~ 27 (P~t 0 oN12

165 O1M



tore Total$
for Targets
It Totals

Rlecordsa

0 0

Print
-R LAG-DESIG

L Listing

ReAd 'Film
IUP tend

Sort

nt Ter-

Target Rum
ber Listin

led File
,l4 and
sortt

Create
Target
Niumber
Rcords

Figure 27. (Part 11 of 12)

i~i]169 CH-3



Define Sort File

List (KEY2) C IR

I
Write

Records on No Target
File IW? Data in

sort orde

am

903 Flip Data
File Unit

I Numbers

Read a
File Target
IR Record

Update
Pointer ýý) 905
into /REY/

Return to
CallLnS Loca- All Records
tion Based Procesced?

an IBACK
0

sort From yet write .r
File IR CT /KrIP,
/Imy/ Sozt Record

0

Write

Low Record
PC= vile

ViSuTs 27. (Part 12 of 12)

170 CH-3



THE CONTENTS OF PAOES 171 AND 172 INTENTIONALLY DELETED

171 CH-3

lip



A

IREFUEL >0? • e ,

t i 0NoO

y• IREFUEL '

20

130

to Obtain REFUEL - O? •Number of
DESIG from •TankersTarget Recordn_ 

°

Massage /Tankers

.J to got I

Figure 28. (Part 2 of 2)

271



CONTENTS OF PAGIS 176-178 INTENTIONALLY DELETED

176 CU-3



APPENDIX A

ANALYTICAL CONCEPTS AND TECHNIQUES

This appendix describes the major analytical concepts, techniques# and
algorithms employed within modules JLM, INDEXER, and PLANSET. Topics
of discussion consists of explanations of weapon grouping, missile
reprogramming, target list preparation, and missile time of flight cal-
culations.

A.1 Weapon Grouvint

The initial phase of plan development provides an allocation of weapons
to targets. To reduce the amount of processing required during this
phase, the offensive weapons are aggregated into "weapon groups" which
for the purpose of the allocation, all weapons within a group are
treated identically. This phase of processing is then followed by the
sortie generation phase during which the specific missile and bomber
plans are developed.

Grounin2 Criteria: On the basis of user input, which specifies the type
(TYPE) weapons to be considered, module PLANSET processes the indexed
data base and assembles the individual missile and bomber units (items
in classes MSLWEP and B1MWEP) into weapon groups.

A weapon group is defined as a set of weapons which are assigned to de-
livery vehicles that are located in the same geographic area and have
like characteristics. Specifically, to be In the same noup, these wea-
pans must be of the same type; i.e., the attribute TYPE must have the
same value; they must have the same alert status (alert or non-alert),
originate in the same geographic region, and have the same payload.
Bombers must have the same refueling index (IMEFUEL). In order for mis-
siles or nonrefueling bombers to be grouped, they must lie within a Seo-
graphic area which, for alert weapons, has a radius equal to a certain
percentage of the range of the vwapon. This percentage is a parameter
RAVGZOD specified by the user for input to program PLANSET. If RANGEW)D
is not specified, it is assumed to be 15 percent. The EAMOEMCD value

A weapon is defined here as a warhead plus the characteristics of its

delivery vehicle.

A single set of delivery vehicle characteristics is associated with
all weapons of a given type. These characteristics include attributes
(for all weapons) AL.TDLY, CEP, MUNCTI, LCHINT, NLRTDLT, PLADT, RANGE,
13L, SINWUN, SPEED (for missiles only), hLRTDB (if IRV greater than
zero), IREP, WSIT, PDE$. P1P7, PINC, RlUWIN, TOPIIN R 1111MO, PRABT,

AN9O-EC, 3AGER, and SPDLO.
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used for alert weapons is automatically doubled for nonalert weapons (to
reduce the proliferation of groups). Under this criterion, it is appro-
priate to think of the weapons of a given group as being capable of attack-
Ing the same set of targets.

If the weapons are to be used exclusively against naval targets (a player
option), all the weapons in the group must have the same value for the
attribute PXHAV (the single shot kill probability for these weapons
against targets of class NAVAL).

Grou z.S , U•L: As a new base is added to a group, the letitude and
longitude of the group centroid are adjusted so that the final values
reflect the true group centroid. That adjustment is affected as fol-
lowv.

Let NG - The number of bases included in the group prior to
this addition

LSTLAT a Latitude of centrold before addition
LTLONG = Longitude of centroid before addition
LAT - Latitude of the weapon being added
LONG w Longitude of the weapon being added

Then for the now centroid latitude (NEWLAT),

NEWLAT - (NO*UTJTAT)+LATNG+1

To determine the new centroid longitude (NEWLONG) an intermediate quan-
tity (GLONG) is calculated. If GLONG < 0, NEWLONG a GLONG + 360; other-
wise N -,LONG a GLOW. 01014 is calculated as follows:

1. If -180 i (LSTLONG - LONG) 19 180 then GLOW
= [(NO * LSTLONG) + LONGl[NG + 1

2. If (LSTLONG - LONG) > 180 then GLONG - ((NG * [LSTLONG
- 3601) + LONGJ/t3 + 11

3. If (LITLONG - LONG) C -180 then GLOG = ((NO * LSTLONG)
+ (LONG - 360)]/ING + 1]

Iasis Xield (3ombersa: One of the composite characteristics calculated
for a bomber Sroup is its basic yield per gravity bomb. That value is
obtained as follows. Define the following variables:

3O1M61 Number of bombs of type 1
iOD002 Number of bombs of type 2

YTIXLDI Yield of type I bomb
11J1J2 Yield of type 2 bomb
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A.2 Hissile ReDrogrsahinh

Each missile type in the data base has an associated attribute IRP which
indicates its reprogramming capability. Missiles may be retargetable,
for instance, if other weapons in the squadron have been destroyed before
launch, during launch, or in powered flight. The reprogramming capabil-
ities considered within the Plan Generator are:

No reprogramming capability (IMP-1)
Reprogramming for not in commission (IREP-2)
Reprogramming for destruction before launch (IRUP-3)
Reprogramming for failure through launch (IREP.4)
Reprogramming for failure through powered flight (IREP-5)

During QUICK plan generation, this reprogramming capability is exercised
only if the user specifies a REARGET option in program PLANSET. The ef-
fects of missile reprogramming during plan generation are to: 1) decrease
the number of vehicles per squadron; 2) reduce the DBL probability for
alert vehicles to zero for those missiles which reprogram for this fail-
ure mode; and 3) Increase the reliability factor for reprogrambable mis-
siles. In computing replacement values for these parameters, the data
base value associated with the following attributes is considered.

PINC: Probability that the missile is in commission
ALRTDB: Probability of DBL for alert vehicles

SPLABT: Probability of a launch abort
PFPF: Probability of failure duving powered flight

Table 5 shows the method of calculating replacement values for each level

of reprogramming capability. To illustrate the reprogramming calculations,
let N be the original number per squadron, R the original reliability for
any missile squadron, and S be the probability of survival before launch.
If N' is the reduced xumber of weapons, K' the increased squadron relia-
bility resulting from reprogramming calculations, and S' the modified sur-
vival probability, N''*S' *ill still equal N*R*S. The new values, how-
ever, reflect the probability, with retargeting, of striking the N' high-
eat priority targets to be assigned to the squadron. For example: for a
non-SUM (submarine-launched ballistic isesile) missile squadron with
attributes IREP-3, PINCw.8. ALITDIam.l, PLAT-.2, and PFPI-.3, and a num-
bar per squadron of 30, tha = attribute values assigned (see table 5)
are:

Numbar per squadron u PIIC(I-ALITDS) (N)
- (.8)(1-.1)(30) w 21.6, truncated to 21

New ALRTDB - 0
S(1-PLAT)(t-PFPF)

Reliability - (1-.2)(1-.3) - .56
Had reprogramming not been consoidere, the values would have been:

Number per squadron - 30
ALRTDI a .I
Reliability - .3(l-.2)(1-.3) -. 48
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Table 5. Computations for Rsprograzuable Missiles

Nov
ep105wuvin ALRTM
Capability Now number per squadron for this

Index -(N aowiuinAl number)--. type Reliability for this tvvo

IkZ? a I N ALRTDB Pfl4C *(l4PLABT)*(l..PFPF)

IREP a 2 PINC * N ALRTDB (I-PLA3T)*(l-PFPF)

Non PIE *(~ALTD0 (l-PLAiT)*(l-PFPF)

SLIM *N

Ron PINC *(I-L4AT) 0IPP
SLIm *(3..ALRTDB)

SUIM PINC *(l-?LA5T)*N ALRZDB l-PFPF

son PINC *(l-AL5ThI) 0o
SLIM *(l-PpUJT)*(.l-PyP)hlq

SLIM PIN *(f..?U3T) ALRTDB
*(l..IFPI)*N

#Reprograming for destruction before launch i.s not applicable to sub-
marine-launched weapons since the destruction of ones launch site do--
trays all remaining missiles in the squadron.
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A.3 Target List Preparation

The information provided to the Plan Generator consists of information
on the target system which is to be attacked and on the available weapon
systms which have been provided to deal with the target system. The
weapon allocator (module ALOC) receives its targets an a shuffled target
list; that is, a list of targets that are arranged in a random order.
To be discussed are: target categories, time dependent target, target
value, methods of complexing, and target shuffling (or randomizing).

Tarset Catesories: From a computational point of view, QUICK considers
two categories of targets: simple targets, and complex targets. Target
numbers are assigned to all simple targets, and complex targets in
classes 1-15 for both sides, one side at a time. A simple target is a
single data base item with a single unique geographical location.

The second category of target, the complex target, allows the Plan Genera-
tor to deal with targets consisting of several elemants and to treat them
as a single simple target during the weapon allocation phase. Complex
targets are formed by the Weapon/Target Identification subsystem (INDEXER)
and consist of target elements (up to 99 data base items) in which each
element is separated from some other element in the complex by a distance
not greater than one-half the sum of the lethal radii of the two elements
from a given weapon yield, considering the vulnerabilities for each of
the elements. The complexing yield assumes a default value of one-
megaton ot any user input value. Also, at user discretion complexing
yield may be obtained through query of VN and associated table look ups
(see subsection under target complexes). Under either criterion, the
complex target is input to program ALOC as a single element target with
characteristics which are representative of the complete complex. The
procedures used in identifying and describing this representative target
element are discussed later in this chapter (see subsection Complex
Targets).

I"
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With the above simplifications, the method of allocation used ýy program
ALOC can be essentially the same for both types of targets.

Tims-Renendent Ternet Value: The relative value of the targets considered
during plan generation is established on the basis of two sets of input
data supplied by the user. In the data bass ach potential target is
assigned a value (VALUE) which establishes its relative worth within its
assigned class. Then, the user provides data, for input to module PLANSET,
which establish the target's value relative to all other potential targets
in the Sams base (see Target Value, this appendix).

Since the relative strategic worth of a target may degrade over time (e.6.,
the value of a missile launch site before and after launch), the ti&A de-
pendence of target value must be considered in developing the attack plan.
In QUICK, this relationship is established on the basis of data supplied
by the user and included in the data base. The user can specify up to
five separate time components which represent specified fractions of the
total target value. For each of the five components, the user specifies
the time (in hours) at which the value changes, T(I), and the fraction
of the target value that is removed at that time, FVALT(I).

In using these data, the system (module PLANSET) automatiually assumes a
standari uncertainty in times specified. Figure 30 illustrates the time
dependence of target value. As a result of the "value escaped" method
of target damage calculation and the launch interval timing considera-
tions, target value cannot increase at any time.

Tarte Value: The Plan Generator allocates weapons so as to maximize the
target value destroyed. To accomplish this, the relative importance or
value of the targets to be considered must be established. These target
values reflect the major strategic objectives of the war plan which is
to be generated. They must, therefore, be established by the user within
the context of a specific gam scenario.

The QUIK system uses a two-step procedure to input the user Judgmental
data required for target value calculatious.

1. In the data base, each potential target is assigned a value cal-
culated to reflect its relative worth within its assigned class.

2. To generate a specific plan, the user must also provide data to
the Plan Generator (module PLONT) which determine the relative
value of the target classes, and hence all targets, for the cur-
rent plan.

For the date bass, a reo..nuably good Judgment can be made of the relative
values of the sargate within each target clasa (such as missile, bomber,
urban/industvial, or navel classes.). The values my be based, for in-
stance, on relative population or industrial importance for urban/indus-
trial targets. For missile and bomber classes, the user will probably
select target values which take into account each veapon's effective
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10egatounate, range, and CEP. Each potential target in the data base
must be assigned the attribute VALUE, and the value associated with this
attribute must establish the target's relative worth within the class
to which it Is assigned.

The value Input is completed with data cards input to modulo MWASET.
Rae, when generating a specific plan, the useer must input his judgment
as to the relative valu.es, of the target classes. This is communicated
to the Plan Generator by the selection of an exemplar (or typical) tar-
got from each target class which is to be included in the plan. To that
exemplar target, the user assigns a new value (NEWVAL). NKIWVAL, then,
is used as follows:

Le VALCLASS(J) a NMAL for the exemplar target in class JVALUE for the exemplar target in class J

and (ThWAL (J) a the sum of the VALUES of all the targets

in class J

Than the total valua of the targets in class J is

WMVALI'(J - CUMVAL(J * VALCLASS(J

These target class values are then scaled so that the sum of all target
values is 1,000, thus facilitating comparative analyses of differing
plans. This scaling is done by setting

5TUIVALX a l004/(1 cUMVALF(J))

and establishing the final value factor for all Items in class J by

V.ALFAC(J w BWVALX * VALCLAS8(J

VALVAC(J), then, is the multiplier used to derive the new value for each
target in class J from its data bass value, VALUE; i.e.. the target's
value for this-plan w VALPAC(J) * VALUE.

The QUICK value scheme allows the user to reflect a relative Judgment be-
tween the worth of two specific targets in different classes, rather than
to decide the total distribution of VALUX which is to be apportioned be-
tveeon those two classes. This Judgment is mob more analogous to the
umviLl strategic decisions. It is generally easier to specify the rela-
tive worth of Moscow vs. on 50-9 missile site, than It is to specify the
fraction of value that will be associated with urban/industrial targets
vs. missile sitiss. In order to better illustrate this exemplar value
scheme, a simple set of four targets is shown in table 6. In this table,
one exaemplar target from each class is assigned a value. The final cal-
culated values used In the allocator sus to 1,000 and maintain the orig-
inal data, base ratios within each. class. Alsof the ratio of values be-
tween. the examplar targets is the same as the ratio between the user inputs.
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Table 6. Sample Exemplar Target Value Calculation

TARGET TARGET DATA BASE USSR INPUT FINAL
CLASS 10" VALUE LrM1LPAR VALUE CALCULATED

(19AL) (NEWAL) VALUE

U/I Moscow 8s 16 400

U/I ziev 60 300

Missile Ipich 5 10 250

Missile Aag 1, 50

Total 1,000

Tho intermediate calculations used to derive the final calculated values
above are:

U/I CLASS MISSILZ MLASS

VALCLASS 16/80 - .2 10/5 - 2

CUKVAL 80 + 60 140 5 + 1 6

CU ,ALF .2(140) - 28 2(6) - 12

VALWAC* .2(25) 5 2(25) s0 4

%he:e SUVALX - 1000/(28 + 12) - 25
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Complex Target: A complex target consists of target elements in which
each element is separated from some other element in the complex by a
distance not greater than one-half the sum of the complexing lethal
radii of the two elements. A complexing weapon yield plus the rulner-
abilities of each target element determinso the lethal radii. A single
global use. input weapon yield (a default of one-eegaton is assumed)
a&a be used for complex determination. That is, for each target olement,
the same weapon yield will be used for lethal radius datarmiuation. A
second optional method of lethal radii calculation is permissible which
employs table lookups of hard coded values. Through observation of the
VN of each target element a yield is obtained from the table, then an
adjusted VN is calculated and, finally, from the yield and adjusted VN
tables are entered and lethal radii obtained. After lethal radii deter-
mination the collection of target elements and setting of target attri-
butes (Ree below) is identical.

The potential target list input to module ALOC reflects the complex
target as a single elament. The target attributes for this representa-
tive target, calculated In module PLANSET, are derived from the target
data associated with the individual elements of the complex. The largest
target radius associated with any element of the complex is assigned as
the radius* (TGTRMD) of the representative target. Similarly, the maxi-
mum value of TARDEF (local bomber defense potential) is assigned to
represent the complex. The target value (VALUE) and the number of ter-
minal defense missile interceptors (NTINT) assigned each element are
accumulated and the-.r totals assigned to the representative element.
MIILL (the minimum kill probability required) and KAIKILL (the maximum
kill probability desired) are weighted (by VALUE) averages of the element
attributes. The time dependence of the value of the complex, which is
due to the time components of its elements, is approximated by at most
five time components. That approximation is accomplished as follows.

Firit, the list of time components is checked for equal values. If any
are found, the corresponding values are added together, and all but one
of the equal components are removed from consideration, along with any
sere components. If the number of remaining entries does not exceed
five, the time dapendeane of the complex is approximated by these time
components. Otherwise, an elimination procedure to reduce the number
of entries to five is performed. For this, the slopes (change in value
per change In time) are calculated for all remaining value points and
the value point that produces the smallest slope is grouped together
with its neighboring value point, Bence the number of entries is reduced
by one. If msre than five entries still rmain, the above accumulation
process is repeated, until so more than five time components remain.

This technique represents an oversimplification. Nowever, computing an
adjusted radius, based on the geographic locations and dimensions of
each target element, would not necessarily be an improviment. In order
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to provide a significantly more accurate treatment, a much more detailed
analysis would be required of each complex target, which should take
into account the yield and accuracy of the available weapons as well as
the number, hardness, and geographic distribution of target elements.
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Air lethal radius for each target in the complex must be determined for
a uniform height of burst over the complex. Air lethal radius associated
vith simple targets are calcualted assuming an optimal height of burst
based on the target's vulnerability. Since a complex may be comprised
of targets with differing vulnerabilities, it's necessary to define one
height of burst over the entire complex. Accordingly, the height of
burst for the complex is defined as the optimal scaled height of burst
associated with the hardest target in the complex. Using this defined
air height of burst, the air lethal radius for each target in the com-
plax is computed.

Similarly, the hardness components (VULIl, VULN2) and the corresponding
fractional value (FVULN1) which represent the complex are determined by
first taking, for each target of the complex, its VALUE, FVL`LN1, the
number of hardness components (1 or 2), and the lethal radius correspond-
ing to each hardness. The complement of FVULN1 is found to represent
the second hardness component. If either fractional value is nonzero, it
is multiplied by VALUE to obtain the actual value at that hardness.
After all targets have been considered, the lethal radii are separated
into radii belonging to hard targets (radii loes than 1.5 miles) and radii
belonging to soft targets. The average lethal radius, weighted by the
actual value at the corresponding hardness, is calculated from both hard
and soft targets for those radii, and the result (HHARD or HSOFT) is
assigned to the complex. Similarly, the actual value at each hardness
(VEARD or VSOFT) is accumulated. If there are no hard targets (i.e.,

VHARD ' 0), FVULNI for the complex is set to 1; otherwise the fraction
of actual value for hard targets (VHARD/VTOT) is assigned to FVULN1.
This FVULNl, then, and the corresponding number of hardness components
are assigned to the complex.

The 'idex number (INDEXNO) and the target designator code (DESIG) asso-
ciated with the representative target will normally be the INDEXNO and
DESIG assigned to the first member of the complex (i.e., the first element
of the complex encountered when processing the game data base). The user
may, however, establish criteria for selecting the representative INDEXNO
and DuSIG (a control feature used in TUSOP development). The procedure
for exercising this option are outlined in the Users Manual (module
PLANSET).

Target Shufflins: During the allocation phase of plan generation, the
rate of allecation for each weapon group is monitored as the targets are
processed. To prevent those rates from being biased by a large number
of similar targets considered consecutively, the basic target list is
shuffled.
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Since similar targets appear together in the data base (by class and
type), target shuffling randomizes the order in which various types of
targets are encountered. Thus the rate of allocation provides a good
estimate of whether a group is being over-allocated or under-allocated.
The agorithm used to achieve the required shuffling is accomplished in
the following manner.

Consider the target indices (I) an equally spaced points on a circle,
with targets in a particular class occurring consecutively. If the Ith
point is displaced along the cire .e to the index

1 (3 - V -)C* (I) mod C

where C is the number of points on the circumference of the circle, the
result will be the desired distribution. To accomplish the corresponding
reordering of the discrete list of target.s, each index must be multiplied
by

where N is the number of elements in the list, and then reduced by modulo
N. A direct application of this procedure, however, will result in some
cases with the same final index being assigned to more than one element.

Therefore, the following algorithm is used by program PLANSET to assign n
new indices to the elements of the list in such a way that the above
criterion is satisfied and each index from 1 to N is assigned exactly
once.

Let L be the greatest integer such that Ls (3 -. /) N

where N Is the total number of targets.

Let P - J - L,

where P a the beginning index of the current cycle, and
J a the index number currently being assigned.

As each list element is processed, J is replaced by J + L to obtain the
next index number. If J becomes >N, J is replaced by J -N. If 3
becomes - P. a new cycle is to be started; 1 is added to P and to J,
and the procedure continues as before.

191.1 CH-3



CONTENTS OF PAGES 192 THROUGH 198 INTENTIONALLY DELETED

192 CH-3II



DISTRIBUTION

Addressee Copies

CCTC Codes
C124 (Rfar-nce andR ecord Set). . . . . . . . . ...... 3
C124 (Stock) ............... . . . . .. . 6
C126 . . . . . . . . . . . . . . .. . . . . . .. . 2
C313 . . . . . . .. . . . . . ....... . .. 1
C314 . . . . . . . . . . .. .. . . . . . . . . . . . . 7C630 . . . . . . . . . . . . . . . . . . . . . . . . . . . I

DCA Code205 . . . . . . . . . . . . . . . . . . . . I

EXTERNAL
Chief, Studies, Analysis and Gaming Agenoy, OJCS

ATTN: SVD, Room 1D935, Pentagon, Washington, DC
20301 . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Chief of Naval Operations, ATTN: 0P-654C, Room BE781
Pentagon, Washington, DC 20350 . . . . . . . ....... 2

Commandar-in-Chief, North American Air Defense Command
ATTN: NPXYA, Ent Air Force Base, CO 80912 ............ . 2

U.S. Air Force Weapons Laboratory (AFSC)
ATTN: AFWL/SUL (Technical Library),
Kirtland Air Force Base, NM 87117 . . . . ........

Director, Strategic Target Planning, ATTN: (JPS), Offutt
Air Force BaSe, ME 68113 . . . . . . . . . . . . . . . . 2

Defense Tachnical Information Center, Cameron Station,

Alexandria, VA 22314 ..... ............. . . . . . . . 12

199 M-3



UNCLASSIFIED
SE-CURiITY CLASSIFICATION OF THIS PAGE lwhen date entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE UPCME COMPLETING FORM

1. REORT NMBER. GOVT. ACCESSON NO. &. RECEIPIENT'5 CATALOG NUMIER

4. TITLE lWn Subide) S. TYPINOF REPORT A PHRIOD COVERIED

THE CCTC QUICK-REACTING GENERAL WAR (eA24IG SYSTEM.
(QUICK), Program Maintenance Manual, Weapon/Target L PERFORMING ORO. REPORT NUMBER '

Identification Subsystem

7. AUTHOR Is) B. CONITRACT OR GRANT NUMBER Ws

Dale J. Sanders, Paul F. M. Mayicrautz, Jim M. Hierrin,
Edward P. Bortson DCA 100-.75-C-0019

9. PERFORMING ORGANIZATION NAME &ADOREN 10. PROGRAM ELEMENT, PROJECT. TASK
System Sciences, Incorporated AREA & WORK UNIT NUMEERS

4720 Montgomery Lane
Bethesda, Maryland 20014

11. CONTROLLING OFFICE NAME & ADDRESS 12, REPOIRT DATE

Command and Control Tec~hnical. Center 1 June 1977
Room BE-685p The Pentagon I& NUMBER OP PAGES
Washington, D.C. 20301

* 188
14. MONITORING AGENCY NAME & AODOPIS= Ifi diflmornt from ControllIng Office) 111 AECUnITY CLANS. (ot this regon)

UNCLAjSSIFIED-
Ifa. OECLABUIDOWNGRADING SCHEDULE

0. DISTRIBUTION STATEMENT (of this reoI)

)ISTRIS11UTIONd IATEMENT lot 0 she aa entand In bWoek 20, it allifesont fronmw'prt I

pproved for public release; distribution unlimited.

IS SUPPLEMENTARY NOTES

10. KEY WORD110 lentinve en oma side if naeumvy uW idntif by bkock nusnberl

War Gamngu, Resouarce Allocation

21X AIMTACT (sontirne on tw~ W side If nesumy Wns idntit by block nw,*et)

The computerized QuIck-Reacting General War Geming System (QUICK) vili accept
input data, automatically generate global, strategic nuclear var plans, provide
statistical output sumeries, and produce input tapes to simulator subsystems
external to QUICK.

DD ~l~ 1473 EIO ~ O ~O@StT A8ID0-

USourITY @LASNPISAT"Go OF MeI PAGEN (06e dewm meatved



UNCLASSIFIED
SECURITY CLASIFIPCATION OP THIS PAGE (whEn dota etmtred)

20. ABSTRACT (Continued)

The Program Maistenance Manual consists of four volumes which facilitate
maintenance of the war gaming system. This volume, Volume 1I, provides the
programmer/analyst with a technical description of the purpose!. functions,
general procedures, and programming techniques applicable to the modules and
subroutines of the Weapon/Target Identification Subsystem.

The Program Maintenance Manual complements the other QUICK Computer Manuals
to facilitate application of the war gaming system. These manuals (Series 9-77)
are published by the Command and Control Technical Center (CCTC), Defense
Comunications Agency (DCA), The Pentagon, Washington, DC 20301.

14

202 "CLASSIIZID CH-3

.. RITY ,LMSIPUATSV 0 THIS PAGl 4whon dZts eate .ta


