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Chapter 1

INTRODUCTION

CONFORM is an automated mathematical modeling system that aids the
Army force planner in developing alternative theater forces. It is an
extension of the Modular Force Planning System (Battalion Slice) which
automates the theater combat force roundout process. Both the Battalion
Slice and CONFORM are operational at the US Army Management Systems
Support Ageancy (USAMSSA).

The usual Battalion Slice-CONFORM relationship involves the develop-
ment of an "unconstrained base case" force by the Battalion Slice, and
the modeling of that case plus the addition of specified resource and
relational constraints in one or more CONFORM models to generate alterna-
tives to the base case.

Specifically, CONFORM models are linear programming (LP) models.
The reader is assumed to be familiar with LP .in general and/or LP
modeling techniques. CONFORM variables represent such things as the
number of each type of Army unit in a force, and the amount of devia-
tion of that number from allocation rule requirements for that unit
and/or from a target value. The model equations represent such things
as the setting of combat units at desired levels in the force, Battalion
Slice allocation rules for support units, limits on the strength and
cost of all combat units, all support units, the totel force, and sup-
port units aggregated by functional area, and limits on the amount of
unit deviations from allocation rule requirements and targets. Alterns-
tive objective functions include the strength and cost of all combat
units, all support units, the total force, and support unit aggregates,
combat unit effectiveness indices, and unit deviations.

Preceding page blank 3



The solution of a CONFORMN LP model is & force that satisfies all
modeled conditions and constraints and wvhich is best among all such
forces with respect to a chosen objective function.

The specific LP model for each CONFORM run is automatically built
by the CONFORM LP matrix generator—CONGEN. The LP model is solved by
s commercially avajlable mathematical programming system (MPS)—currently
IBMM's MPS/360 at USAMSSA. The model solution as reported by the commer-
cial systems is not appropriate for force planner reports or convenient
for reading by the CONFORM operator/LP snalyst. Optional reports that
are readable by the force planner may be automatically produced from the
LP model solution by the CONFORM LP report vriter—CONREP.

The rajor sources of input data for CONFORM are the allocation
rule coefficients of tho'mtulion Slice model, cost data of the Force
Cost Information System (FCIS) which is also maintained at USAMSSA,
and user-specified constraints and options. The CONFCRM interface with
both Battalion Slice and FCIS is automated. The FCIS was formerly
called the Cost Analysis System (COSTALS).

Thus, CONFORM is an automated mathematical modeling system—LP
matrix generator, solution system, report writer—some of whose inputs
are actually other force-planning models or systems.

This volume is addressed to the CONFORM operators—those who must
translate the force planner's run schedule into an appropriate set of
CONFG:M runs, vho must prepare data and execute the runs, and vho may
be required to alter or further develop the model. This volume is &
detailed model description, casputer program documentation, and thus
an operator's guide. The reader is assumed also to be familiar with
the contents of Volume I of this report, which is a more general
description of CONFORM, intended primarily to give the f~rce planner
a general understanding of CONFORM and its use.



Chapter 2

DETAILED MODEL DESCRIPTION

INTRODUCTION

This chapter describes in detail the logic of basic and optional
CONFORM LP model structure. As an introduction the simplest model that
may be automatically genereted by the CONFORM LP metrix generstor,
CONGEN, is descridbed.

The simplest model {8 one vhose solution is identical to that of
a Battalion Slice run i{n vhich there vere no "optional,” "eaugrentation,”
"deletion,” or "msximum-sllowable” units. This model vould have one
variable or column for each cambat and support unit type. These
varisbles represent the numdber of each unit type in the force. There
vould be one equation or rov for esch cambet unit type, setting the
corresponding verisble to the right hand side (RHS) velue. There vould
elso be one rov for each support unit type, representing the sllocetion
rules for that unit, both sllocstion to combat end to support units,
and cquating the corresponding verisble to these allocation rule require-
ments. In addition there would be six resource lim{t rovs and six
aslternative objective functions—one of each for strength snd cost of
the combat force, support force, snd total force. The resource limit
rovs should not be constreining. BSince the casbat force {s specified
by RHS values and the support force {s specified by those values and
the allocation rules, there {s only one feasible solution to this model
(and 1t 18 the optimal one). One of the six alternative objective
functions still must be chosen aeg the one for the run, however; and
fts choice determines the type of marginal velue (nformetion that may
be obtained from the run. This point vill dbe di{scussed more fully in
the gection on Marginal Velues.
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where scy is the
XCy is the
NCOMBT is the
88y is the
XS, is the
force

NSUPRT is the
ccy is the
csy 1is the

¢y 1s the
force

8,y 1is the
combat

b,y is the

number of men in combat unit J

number (variable) of combat urits j in the force
number of combat unit types

number of men in support unit J

number (variable) of support units J in the

number of support unit types

cost of combat unit J

cost of support unit J

number (constant) of combat units J in the

numper of support units i required per one
unit J
number of support units i required per one

support unit J

scl is the
ssl is the
stl is the
ccl is the
esl is the
ctl is the

COMBAT UNITS

upper limit on total combat strength
upper limit on total support strength
upper limit on total force strength
upper limit on total cambat cost
upper limit on total support cost
upper limit on total force cost.

The number of combat unit types included in the Battaliom Slice
run on which a CONFORM run is based (or a number specified by the user
if the source of vasic CONFORM data is data hand-prepared by the user
rather than that autamatically prepared by Battalion Slice; see Chapter

3) is always modeled

in CONFORM.

At least one model column and one row are always generated for
each combat unit. The column represents the number of units of that

type in the force.

The name of the column is

["c",1,4,k],



where ijk is the DTM number of the unit. The row relates the column to
the RHS value of the row. Frequently this sets the column equal to the
RHS value. The type of each row is individually specified by the user.
The type may be

< RHS value

= RHS value

2 RHS value

unconstrained by RHS value.
The types of the rows are specified by input datum NCON. The nsme of
the row is the same as that of the column. Figure 1 is an example of
this simple structure. When the numbers of units are not fixed—-the
rows are not equalities—they may be constrained to some ratio or mix.
This is discussed in a separate section.

Deviations

The RHS values may be interpreted as target values in certain
applications. In these cases additional columns may be generated to
represent deviations from the target values. The amount of deviation
from the target values of individual units may be constrained, and
total deviations may be minimized. One coluun may be generated to
represent longfalls. These columns are dimensioned in numbers of units
Just as the basic combat unit columns. Shortfall and/or longfall columns
for all combat units may be generated. The choice of these options is
specified by input data CSSW, CLSW and following. These data require-
ments are discussed in Chapter 3. The names of the columns are

' "s"

["c",1,4,k, [ 1.

where ijk is the DIM number of the unit, and "S" and "L" are for short-
fall and longfall. Each column generated intersects the basic combat
unit row, and a special row that limits the amount of deviation. The
shortfall and/or longfall is limited in the model with respect to the
number of that unit type in the force. The deviations are usually
thought of with respect to the RHS value, then the number of units of

that type in the force would be at least 80 percent of the RHS value,
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and thus the shortfalls would be limited to at most 25 percent (%g)
of the number of units in the force. If the longfalls were limited to
at most 20 percent ¢f the RHS value, then the number of units would be

at most 120 percent of the RHS value, and thus the ltngfall would be
limited to at most 16-2/3 percent (1—'28) of the number of units. The

names of the rows that impose these constraints are

llsll .

)1 ,"P'],

where iJk is the DIM number of the unit, and "S" and "L" are for short-
fall and longfall. The types of the constraint rows, as well as tue

["C", i,J,k

percentages are individually specified for each unit.

Figure 2 is an example of the matrix structure for one combat unit
when shortfalls up to 20 percent of the RHS value are allowed.

Figure 3 is an example of the matrix structure for the same combat
unit, with the addition of the allowance of longfalls up to 10 percent
of the RHS value.

These deviation columns intersect the alternative objective func-
tion TDEV with all non-negative coefficients. Thus minimizing TDEV would
minimize the sum of absclute deviations. Shortfalls and longfalls are
individually specified to be weighted in the objective function by
strength (thousands of men), cost (millions of dollars), number of units,
or combat effectiveness. Combat unit effectiveness measures are dis-

cussed next.

Effectiveness Indices

Up to six Indices of combat unit effectiveness may be represented
in a single model. One row is generated for each index to simply
calculate its total. The 6-character name and the type of each row
as well as the individual coefficients of each unit for each index
are user-specified. When the type of a row is "unconstraining," the
row may be used as an objective function as well as to simply report
the total. Otherwise these rows may be used to impose real constraints
on the values of certain measures of combat units. The coefficients

of these rows are always non-positive in the model. In this way the

11
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Fig. 2—Example of Matrix Structure for a Combat Unit with Shortfall Allowed
up to 20 percent of the RHS Value
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Fig. 3—Example of Matrix Structure for a Combat Unit with Shortfall Allowed
up to 20 percent of RHS Value and Longfall Allowed up to 10 percent
of RHS Valve

12




standard sense of optimization of most MPS—minimization—will maximize
the value of the index. If the ruws are used as constraints, the RHS
values should be non-positive, and the row types should be reversed
from the conceptual type. The combat unit effectiveness index option
is selected by input dats NEFF, EFFLAB wnd EFF. ]

SUPPORT UNITS

The number of support unit types mentioned in the A-matrix of the
Battalion Slice run on which a CONFORM run is based (or a number
specified by the user if the source of basic CONFORM data is data hand-
prepared by the user rather than that automatically prepared by Battalion
Slice; see Chapter 3) is always modeled in CONFORM. Even if there are
no actual A-matrix coefficients for a unit, it is still modeled.

At least one model column and one row are always generated for
each support unit. The column represents the number of units of that
type in the force. The name of the column is

["s",1,d,k],
where ijk is the DTM number of the unit. The row is called the "alloca-
tion rule row" for the unit. It has a positive coefficient in the
column of every combat and supﬁort unit that "requires" some of the
support unit, and a "-1.0" in the column of the support unit. The row
is usually equal to zero, thus setting the number of each support unit
type in the force exactly equal to allocation rule requirements. The
type of all allocation rule rows is user-specified. The user may thus
state that all support units must be "at least" or "at most" equal to
allccation rule requirements. If a support unit requires "b" of itself,
then the coefficient in its column is "b-1.0" instead of "-1.0". The
names of these rows are the same as the corresponding columns. Figure L
1s an example of this basic matrix structure for support units.

Note that if a negative RHS value were placed on one of these rows,
then the number of support units of that type in the force would have
to be equal to (or at least equal to, etc.) allécation rule require-
ments plus the absolute value of the RHS value. If a positive RHS value
were placed on one of these rows, the number of support units of that
type in the force would only have to be equal to allocation rule

13



S194

c c S S S
9 9 0 0 1
1 1 0 1 9
4 ( 7 2 B

.036 .021 45 .5 -1

Fig. 4—Example of Basic Matrix Structure for a Support Unit

1L



requirements less the RHS value. RHS values of these rows can thus be
used to represent Battalion Slice optional, augmentation, and deletion
units. Optional and augmentation units would be represented by nega-
tive RHS values—units without allocation rule coefficients (optional
units) still have these rows. Deletion units are represented by posi-
tive RHS values. Battalion Slice maximum-allowable units may be
treated like deletion units in "base case' runs.

Requirements Deviations

Allocation rule requirements may be interpreted as only goals
rather than absolute requirements in some applications. In these cases
additional columns may be generated to represent deviations from the
requirements. These are called "requirements deviations." The amount
of shortfall and/ or longfall from requirements for individual units
may be constrained, and total deviations may be minimized. One column
may be generated to represent requirements shortfalls, and a second may
be generated to represent requirements longfalls. These columns are
dimensioned in numbers of units Jjust as the basic support unit columns.
Requirements shortfall and/or longfall columns for all support units
may be generated. The choice of these options is specified by input
data SRSSW and SRLSW and following. These data requirements are dis-
cussed in Chapter 3. The names of these columns are

78" 1,3,,"R", 5 ),
where ijk is the DIM number of the unit, and "S" and "L" are for short-
fall and longfall. Each column generated intersects the allocation rule
row and & special row that limits the amount of deviation.

The shortfall and/or longfall is limited in the model with respect
to the number of that unit type in the force. The deviations are
usually thought of with respect to the allocation rule requirements.
The conversion is straightforward. If the shortfalls of a support unit
are limited to at most 20 percent of total allocation rule requirements
for the unit, then that unit will be at least equal to 80 percent of
~equirements, and thus the shortfall would be limited to at most 25

percent (-Lg-g) of the number of that type of unit in the force. If

15



longfalls were limited to at most 20 percent of requirements, then the
unit would be at most 120 percent of requirements, and thus the long-

fall would be at most 16-2/3 percent (;58) of the mmber of that type

of unit. The names of the rows that impose these constraints are

Han
5 i ,"P"],

where ijk is tane DIM number of the unit, and "S" and "L" are for short-
fall and longfall. The type of the constraint row, as well as the
percentages are individually specified for each unit.

[ "S" , i,J,k, "R"

Figure 5 is an example of the matrix structure for ome support
unit type, when shortfalls up to 20 percent of requirements are allowed.
In the figurs, "I" symbolizes the allocation rule requirements. Notice
that a "2" row constrains the shortfall to be "<" some fraction of
requirements.

Figure 6 is Fig. 5 with the addition of the allowance of long-
fall up to 10 percent of requirements.

The constraining rows are always generated when the deviation
columns are generated. If one wanted a deviation column to be uncon-
strained, the percentage should be specified as zero, and the row type
as "<"., This would simply say that the column must be 2 zero—
unconstrained.

As with the combat units, these deviation columns intersect the
alternative function TIEV with all non-negative coefficients and mini-
mizing TDEV would minimize the sum of absolute deviations. Shortfalls
and longfalls are individually specified to be weighted in the objective
function by strength (thousands of men), cost (millions of dollars), or
number of units.

Force Deviations

Fixed numbers of units may be specified as goals or target values
for the actual number of support units in a force. These target values
may be the numbers of the units in a "base case run.” In this case an
additional model row is genersted for each support unit. The RHS values
of these rows are the target v;luu. Additiomsl columns are generated
to represent shortfalls and/or longfalls from the target values. The

16
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planner may desire the number of units of each type in an altermative
force to be as close as possidle to those in the bdase case. These
target values frequently define that base case or previous force. This
type of devistion is therefare called "force devistion.” The amount of
force shortfall and/or longfall for individual units may be constrained,
and total devistions may be minimized.

One column may be generated to represent force shortfall, and a
second to represent force longfall for each unit. These columns are
dimensioned in numbers of wnits, Just as the dasic support unit column
and the RHS target value. Force shortfall and/or longfall columns mey
be genersted for all units. The choice of these options is specified
by input data SFS8S5W, SFLSV and folloving. The names of these columns are

L8147, ¥ 1,
vhere {Jk is the DIM number of the unit, and “8" and "L" are for short-
fall and longfall. The name of the rov vhose RHE value {s the target
value {s

['8",1,.’,&,',‘},
vhere {Jjk {8 the DM number of the unit. BEach column intersects the
target value rov and an wdditionmal rov that limits the amount cf de-
viation.

The shortfall and/or longfall {s limited in the model with respect
to the number of that unit type in the force. The deviations ere
ususlly thought of with respect to the target value. The conversion is
streightforvard; it {s the same as for "requirements devistions” end
"combat unit deviations.” The names of these constreining rovs are

["8"‘DJ'k'.r’.:.D‘rlD
vhere {jk is the DIN number of the unit, and "8" and "L" sre for short-
fall and longfall. The type of the constreint rov, as vell as the per-
centages are individually specified for each unit.

Figure 7 is an example of matlrix structure for one support unit
type, vhen shortfalls up to 20 percent of the targst valus (10.0) are
alloved. In the figure "I" symbolizes the allocstion rule requiremsents
for the unit.
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Figure 8 18 Fig. 7 with the addition of the allowance of longfall
up to 10 percent of the target value.

As before, these deviation columms intersect the alternative objec-
tive function TDEV with all non-negative coefficients and minimizing
TDEV again minimizes the sum of absolute deviations. Shortfalls and
longfalls are individually specified to be weighted in the ocbjective
function by strength, cost or number of units.

Suppart Unit Aggregates
Up to 25 aggregates of support units may be represented in one

model. These aggregates may correspond to functional areas of support,
such as "medical,"” "engineer," "signal," etc. One unit may be included
in more than one area if it is meaningful to do so. The user defines
each aggregate by specifying the unit types to be included in each. At
least two model rows are gencrntgd for each aggregate. The rows total
the strength and the cost of the aggregate. The name and the type of
cach rov i{s user specified. The uames of the strength rows are
[.,b’nsn’nTn’an],
and the names of the cost rovs are
[‘,b'ncn’nsn’mrn],
vhere ab is a two-character identifier supplied by the user for each
aggregate. The row types are individually specified. If the type of a
rov {s "unconstraining,"” it may be used as an objective function. Other-
vise, the RHS value of the row —epresents a constraint on the strength
or cost of the aggregate., All coefficients in these rows are non-
negative.

If support unit requirements shortfalls and/or longfalls are repre-
sented in a model, two additional rows are generated for each aggregate.
These rows total the strength and cost requirements deviations of the
units. Shortfall columns intersect these rows with non-positive coef-
ficients, and longfall columns intersect them with non-negative coef-
ficients. Since these rows are designed for reporting purposes, they
are alvays generated as "unconstraining” rows. The names of these rows
are

[a,b, "S","T"’"R",”R","D"]
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1
and [B,b,"C","S","T","R","D"],
where ab 15 as for the basic support unit aggregate row names.

Likewise, if support unit force shortfalls and/or longfalls are
represented two additional rows are generated for each aggregate. They
report the total strength and cost force deviation of the aggregate.
The names of these rows are

[B,b,"S","T","R","F","D"]
and [a,b,"C","S","T","R" "D"]
2

where ab is as above.

COSTING

CONFORM represents one type of cost in a single model, That type
may be for example "total initial cost," "total annual operating cost,"
"initial plus ten years operating cost," or "initial plus ten yeears
operating cost discounted at ten percent," with an assumed distribution
of units at peacetime stations such as "5/6 in CONUS and 1/6 in Europe."
One cost factor or unit cost is used in a strictly linear fashion for
each combat and support unit type in model objective functions end con-
straints.

Basic CONFORM data, including cost factors, may be input auto-
matically from the Battalion Slice model or from data hand-prepared by
the user. If the user hand-prepares the data, he inputs the one cost
factor for each unit. If the data source is the Battalion Slice model,
its special extraction from the FCIS is the source of cost data. This
source contains cost factors for most units for 14 initial investment
and 18 annual operating budget categories. These are peacetime costs.
In addition the cost factors for some of these categories may vary by
peacetime stations. FCIS currently represents six peacetime stations.
Actually 132 cost factors are available for each unit. Table 1 shows
the budget categories and peacetime stations currently used. To con-
dense this data into the one cost type for each CONFORM model, the user
specifies a linear combination of the 32 budget categories and of the
six peacetime stations. Costs are dimensioned in dollars in the date
file, but are scaled in millions of dollars for use in CONFORM.
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Table 1

CURRENT BUDGET CATEGORIES AND PEACETIME STATIONS
OF FCIS

Budget Categories

Initial Investment

PEMA Major Equipment

PEMA Operational Readiness Float
PEMA Repair Cycle Float

PEMA Repair Parts

OMA Repair Parts . .
OMA Minor Equipment i
OMA Station Equipment

OMA Original Clothing

OMA Program L

OMA Program TS

11. OMA Accession and Training
12. MPA Accession and Training
13. PEMA Accession and Training
14, MPA Initial PCS

.

| ol
O\ =Y O\ FWw o

Annual Operating

1. PEMA Major Equipment

2. PEMA Repalr Parts

3. PEMA Ammo

L. PEMA Missiles

. OMA Programs 1 and 2

. OMA Base Operations

OMA Aircraft Operations
OMA Program 4

. OMA Program ™

1J0. OMA Program TS

11. OMA Program &M

12. OMA Program &0

13. OMA Program 9

14. OMA Accession end Training
15, MPA Accession and Training
16. PEMA Accession and Training
17. MPA (Annual Excluding PCS)
18. MPA (Annual PCS)

\O 0o O\\n
L]
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Table 1 (continued)

Budget Categories

2.

AN\ FWw
* @

Peacetime Stations

CONUS
Europe
Korea
Alaska
Southern
Vietnam

2k



The actual uses c¢f cost factors in the model are discussed through-
out this chapter.

STRENGTH AND COST LIMITS

Six resource limit rows are always generated. They are:

(a) TFSTRL. Total force strength, scaled in thousands of men.
(b) TCSTRL. Total combat strength, scaled in thousands of men. |
(c) TSSTRL., Total support strength, scaled in thousands of men.
(d) TFCSTL. Total force cost, normally sceéled in millions of

dollars.

(e) TCCSTL. Total combat cost, normelly scaled in millions of
dollars.

(f) TSCSTL. Total support cost, normally scaled in millions of
dollars.

The coefficlents of all of these rows are non-negative. The type
of each row is individually specified by the user. They are usually <

or = their positive RHS values. The types are specified by input data
set RESCON. |

UNIT MIX CONSTRAINTS

Several constraints on the ratios of the number of selected indi-
vidual units in a force may be specified. Each mix constraint may be
on combat and/or support units. A single unit type may appear in more
than one mix constraint. The most likely use of this option is to con-
strain combat units to a specified mix in CONFORM runs in which combat
units, men or dollars are to be traded for support units, men or dollars
(or vice versa), and in which the resulting combat force is not known

in edvance. Such & run would likely have one mix constraint on all

combat units.

The specification of each mix constraint involves the input to
CONGEN of the "mix or ratio entry" for each unit in the mix and possible
lower and upper deviations from that number. For example, two units
may be constrained to be in the ratio 3:2, or (3 + .3):(2 + .2). The
first ratio constrains the two units to values along a straight line,
The ratio with 10 percent tolerances only constrains the two units to
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values in the sector defined by the straight lines corresponding to the
possible extreme ratios—2.7:2.2 and 3.3:1.8. Figure 9 illustrates this
example. Tolerances are actually specified in terms of fractions of the
mix entry, e.g., the specification "2 + O0.1" defines the range "1.8 -
2.2.," The lower and upper tolerances are individually specified.

The number of unit mix constraints plus the total number of mix
entries can be no greater than 100.

One model column containing the mix specification is generated for
each mix constraint. One row is generated for each unit in the mix to
couple the variable representing the number of units of that type in
the force to its entry in the mix. 1In addition, one row and one or two
columns are generated for each mix entry that has a tolerance. One
column is generated to represent the amount of lower deviation from the
mix entry actually taken, and one column for upper deviation. One row
ties together the mix column and the one or two tolerance columns.

The name of the mix column is

("w","1","x",1,J,kl,
where ijk is the sequence number of the mix, from one to the number of
mixes, in the order input by the user. This sequence number is right-
Justified with zero fill. Thus the name of the column generated for
the first unit mix constraint specified by the user is "MIXOOl".

The name of the row coupling the variable for each unit to its
entry in the mix is

["M",4,3,k,"X",1,m,n,],
where ijk is the mix sequence number and lmn is the unit's DTM number.
These rows are equalities, and their RHS values should normally be zero.

The name of the row tying together the mix column and tolerance

columns is

["M":i:.jyk,"T":l’m:n]:
where iJk is the mix sequence number and 1lmn is the DIM of the unit on
whose mix entry tolerance is allowed. These rows are "less than or
equal to," and their RHS values should normelly be zero.

The names of the lower and upper deviation columns are

["M",1,3,k, ILI »1,m,n],
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3:2

NUMBER OF UMIT TYPE 2
IM FORCE

]

0  NUMBER OF UNIT TYPE 1
IN FORCE

a. Two-Unit Example of CONFORM Unit Mix Constraint without Telerance

2.7:2.2

3.3:1.8

HUMBER OF UNIT TYPE 2
IM FORCE

NUMBER OF UNIT TYPE )
IN FORCE

b. Two-Unit Example of CONFORM Unit Mix Constraint with 10 percent
Lower ond Upper Tolerance for Both Units

Fig. 9—Two-Unit Exomple of CONFORM Unit Mix Constraint without and with Tolerance
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where ijk is the mix sequence number, "U" and "L" are for upper and
lower deviation, and lmn is the unit's DIM number.

Figure 10 is an example of the matrix structure for an unit mix
constraint without any tolerance. In this example, combat units 901,
902 and 993 are constrained to be exactly in the ratio 10:3:5. Figure
11 is an example of matrix structure for the same mix constraint but
with the addition of tolerance on the mix entries. Here unit 901 is
allowed up to 10 percent lower and upper deviation, unit 902 is allowed
up to 5 percent lower and 20 percent upper deviation, and unit 903 is
allowed 50 percent lower and no upper deviation. In this case, there-
fore, the units are only constrained to be in the ratio 9-11:2.85-3.6:
2.5-5.

This logic is easily understood by looking for example at rows
"MOO1T901" and "MOOLX901". The solution value of "MOOLL9Ol" for example
can be no greater than .10 of the solution value of the mix column.
"The number" to which the solution value of "C9OLl" must be equal can
therefore be anything from 10.0 times the solution value of "MIXOOLl" to
(10.0 * MIXOOL - 10.0 * MOO1L90l) = (10.0 * MIXOOl - 10.0 * ,10 *
MIX001) = (9.0 * MIX00l). The same logic holds for upper deviations.
In general, only the lower deviation or the upper deviation columns will
have non-zero solution values.

Unit mix constraints are specified by input datum UMIXSW and
follewing. These data requirements are discussed in detail in Chapter

3.
ALLOCATION RULE COEFFICIENT TOLERANCE

Model structure may be generated to represent maximum permissible
lower and/or upper deviations from the values of individual allocation
rule coefficients. These tolerances are expressed as fractions of the
coefficients. Thus if "a" is a coefficient and "d," and "d," the
maximum lower and upper deviations, the effective coefficient in a
solution, /a\, may be between a - d4,a and a + d,a; z/a\ may equal a., This
generalization from a specific matrix coefficient is straighiforward;

it is, however, a large generalization.
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MO01X901

M001X902

M0O01X903

HOoOWwAaQ

-loo

N owa

-1.0

w o aQ

HOOMXMHZX

10.0

3.0

5.0

Fig. 10—Example of Matrix Structure for Three Combat Units Constrained to the Retio 10:3:5

MOOLX901
MOO1T901
MO01X902
MOO01T902
MO01X903
MOOLT903

~ O\ Q

-1

N oVwa

-1

wWwowan

-1

HooOMHX

10.0

-1
3.0

-1

5.0

HowtErooxX

-10.0
1/.10

300

HOoOWwWCaQroOoOOoOX

10.0

1/.10

M M
0 0
0] 0
1 1
L U
9 9
0 0
2 2
-3.0 3.0

1/.05 1/.20

WwWowWwHrHrooX

-5.0
1/.50

o O O O O o

Fig. 11—Example of Matrix Structure for Three Combat Units Constreined te the Retie 10:3:5
but with Teleronce s
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A single specified value of an allocation rule coefficient is very
restrictive. Figure 12 portrays a twvo-unit force. Unit "u" i{s the
independent variable, perhaps a cambat unit. Support unit "s" is
related to unit "u" by an allocation rule coefficient——the slope of the
line. The number of support units "s" in a force must be on the line
through the origin. When the number of type "u" units in a force is
given, the number of type "s" units is specified—1is a single point on
the line. This 1is restrictive and in same cases may be unrealisticelly
80.

Figure 13 shows that vhen lower and/or upper tolerance is allowed
on a coefficient, vhen the number of type "u" units is given, the number
of type "s" units is no longer a single point, but may be anyvhere on
the vertical line (without considering any other constraints). No
longer a single line relates the number of units of types "u" and "s",
but a sector of a two-dimensional quarter-space. If two different units
"u," and "ug" require unit "s", then the line of Pig. 12 hes become a
two-dimensional quarter space inclined to the "u," axis as its coef-
ficient and to the "ug" axis as its coefficient. Given values of "u,"
and "ug", however, "s" is still a single point. If tolerance is ellowed
on both allocation coefficients, the sector of the two-dimensionai
quarter-space in Fig. 13 has becane a sector of a three-dimensi:nal
quarter-space. No attempt is made to picture this or relations of
higner dimensionality. Also the case when unit "s" may require same
unit "s" (scame of itself) is not shown. This corresponds to & constant
increase of the slope of the line of Fig. 12.

One model row and one or twvo model columns are generated for each
coefficient on which tolerance i{s allowed. One column Yepresents the
amount of lower deviation taken in a solution, and one column {s for
upper deviation. Only one row i{s needed to tie these columns to the
coefficient.

Figure 14 shows the logic of coefficient lower tolersnce. Note
that B, < t;,, * B,, i.e., the tolerance used, or actual deviation in
a model solution must be £ the maximum specified—t,, .
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Unit J
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Unit 4 Allocation

is Based

Intersection with
Objective Punctions,
Limits, and Allocation
Rules for Other
Support Units

Oru

Column Vector
Representing Lower
Tolerance on Require-
ment for Support
Unit 1 Due to Unit J

iy

+ l/t“L £0

where
x".‘1 = number of support units of type i required per 1 unit
of type J
t = decimal fraction of r,, alloved as a maximm deviation
iJL 9
below r
&
pJ = golution value of that column vector, i.e., the mmber
of units of type J in a force
piJI. = golution value of the lower tolerance column vector—

actually the deviation below pd

Fig. 14=CONFORM Representetion of ¢ Suppert Unit Allocetion Coefficiont Lower Tolorance
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Before giving actual examples of this model option, the row and
column names will be defined. The names of the tolerance columns are

. 'luﬂ
II;J:R)"T"I,’”’“’ L ])

vhere ijk is the DIM number of the supported unit (the column of the
coefficient), lmn is the DIM number of the supporting unit (the row of
the coefficient), and "U" and "L" are for upper and lower deviation.
The name of the row is

(1,J,k,",1,m,n,"x"],
vhere {jk and Imn are as for the column names,

As an example, consider the coefficient of allocation of support
unit 2k to combat unit 902. Assume that 0.1419 units 24 are required
per one unit 902, Also assume that 10 percent lower deviation is
allowed, and that there is one cambat unit 902 in the force. Figure 15
shows the matrix structure of interest for this example,

In any solution of this model, the effective value of this alloca-
tion coefficient may be between 0.1419 and 0.1277 (0.1419 - 0,01419).
If the overall model structure and choice of objective function made L
attractive for this coefficient to be as small as possible, then the
solution value of column "902T0R2LL" would be 0.10 and the effective
coefficient would be 0.1277. Note that the tolerance column does not
{ntersect any other rows, and is thus not influenced directly by any
of the normal CONFORM objective functions. The representation of
permissible maximum deviation above an allocation rule coefficient is
analogous to that for lower tolerance. In Fig. 14 "t,, " would be
"tygo"s "Byy." would be "B,,,", and "- ry," in the tolerance column
vector would be "+ ry,".

Figure 16 is Fig. 15 with the addition of a column vector repre-
senting maximum deviation of 10 percent above thé coefficient.

Practically, only lower or upper tolerance on a single coefficient
will be used in a solution. Therefore it is correct to use only one
equation to couple both tolerance column vectors tc the combat module
column. Here model row "QO2TO2LX" specifies that the solution value of
column "902T02LL" plus the solution value of column "902T02LU" may be
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Fig. 15—Example of Allocation Coefficient Lower Tolerance
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Fig. 16—Example of Allocation Coefficient Lower ond Upper Telerances
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no greater than 0.1 of the solution value of column "C902". This does
allow lower tolerance or upper tolerance assumed in a solution to be
the maximum allowed (here 10 percent).

Input datum TOLRSW and following choose this option. These data
requirements are discussed in Chapter 3.

UNIT GROUP CONSTRAINT

One model row may be generated that constrains the ratio of some
attribute (strength, cost, etc.) of two groups of units. The two groups
of units may be all combat and all support, or the user may define them
by specifying the DITM numbers of the units to be included in each group.
The structure of the row when the ratio of all combat units to all
support units is constrained is

W Z aXy +wy I by 20,

all all
combat support
units units

where W, is a weighting factor (positive or negative) for all
combat units
a; is the attribute of combat unit j
X, 1s the number of combat units of type J in the force
wy 1s a weighting factor (positive or negative) for all
support units
by, is the attribute of support unit J
Y, 1s the number of support units of type J in the force.
Each weighting factor applies to the whole group, and a different
attribute may be used for each group, although only one attribute may
be used per group. Thus if it is meaningful to do so for example,
total combat strength may be compared to total support cost.
The structure of the row when the user defines each group is

L waX, + L wvhy 20,
all all
units in units in
group 1 group 2
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where Wy 1s the weighting factor (positive or negative) for unit
J in groﬁp 1
ay is the attribute of unit J in group 1
X, 1is the number of units of type J in group 1
vy, is the weighting factor (positive or negative) for unit
J in group 2
b, is the attribute of unit j in group 2
Y, is the number of units of type J in group 2.
Here the weighting factors and attribute selection are individually
specified for each unit in each group. One unit may only be included
in one group.

To clarify, an example of the use of this option is to constrain
total combat strength to be greater than or equal to some fraction of
total support strength. ’

The name of the row is

["G","R","0","U","P"],
and it is always a "greater than or equal to row". Its RHS value
should normally be zero.

This option is selected by iuput datum GRPSW and following, dis-
cussed in detail in Chapter 3.

SUPPORT UNIT SUBSTITUTIONS

Model columns may be generated to represent the possible substi-
tution of one support unit type for another in satisfaction of alloca-
" tion rule and other requirements for it. Other requirements include
the "optional unit" and "augmentation unit" concepts of the Battalion
Slice model. Up to 100 such substitutions may be generated; one column
is generated for each one. For each one 'l':he user must specify the DM
number of the unit that may be diverted from satisfaction of require-
ments for it, the DIM number of the unit to satisfaction of whose
requirements the first unit may be diverted, and the rate of substitu-
tion. The rate is expressed as the equivalent number of the new unit
type for one (1.0) of the diverted unit type.
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The name of these columns is
[1,3,k,"s","B",1,m,n],

where i1jk is the DIM number of the diverted unit, and lmn is the DTM
number of the unit to whose requirements it is diverted.

The matrix structure for one sample substitution is shown in Fig.
17. In the tigure, "Z,o" represents allocation rule requirements for
unit 212, and "L¢7g¢" represents allocation rule requirements for unit
478, The number of units of type 212 in the force must be equal to allo-
cation rule requirements for unit 212 plus the number of units 212 that
are diverted. The rate of substitution is .35. The number of units of
type 478 in the force plus .35 times the number of units 212 that are
diverted must be equal to allocation rule requirements for unit LT8.

Substitution columns do not intersect any rows other than the
allocation rule rows. Thus their solution values are not influenced
directly by any objective function, but only indirectly.

This option is chosen by input datum SUBSW and following, discussed
in detail in Chapter 3.

OBJECTIVE FUNCTIONS

There are several standard alternative objective functions in
CONFORM models., In addition some model rows not usually thought of as

objective functions may be so used in certain applications.

TFSTRN
TFSTRN is an objJective function that is the total force strength,
scaled in thousands of men. The coefficients of TFSTRN are all non-

negative. TFSTRN is always generated.

TCSTEN
TCSTRN is a function that is the total combat strength, scaled in
thousands of men. The coefficients of TCSTRN are all non-negative.

TCSTRN is always generated.

TSSTRN

TSSTRN is a function that is the total support strength, scaled in
thousands of men. The coefficlents of TSSTRN are all non-negative.
TSSTRN 1is always generated.
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s212 2212 -1 +1
sk78 2h78 -1 -.35

Fig. 17— Matrix Structure for Somple Support Unit Substitviicn
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TFCOST

TFCOST is an objective function that is the total force cost. Cur-
rently costs are in millions of dollars when obtained from the FCIS,
but the user-specified combining of budget categories into one cost type

may also scale the costs into s.. :thing other than millions of dollars.
The coefficients of TFCOST are all non-negative. TFCOST is always

generated.

TCCOST

TCCOST is a function that is the total combat cost. It is scaled
exactly as TFCOST above. The coefficients to TCCOST are all non-
negative. TCCOST is always generated.

TSCOST

TSCOST is a function that is the total support cost, scaled exactly
as for TFCOST above. The coefficients of TSCOST are all non-negative.
TSCOST is always generated.

TDEV

TDEV is an objective function that is the weighted sum of all com-
bat and/or support unit deviations modeled. TDEV is only generated when
combat unit shortfalls and/or combat unit longfalls and/or support unit
requirements shortfalls and/or support unit requirements longfalls and/
or support unit force shortfalls and/or support unit force longfalls are
modeled. The welghting factor types are individually specified for
each type of deviation. The weighting types may be strength (thousands
of men), cost (millions of dollars), number of units, and for combat
unit deviations only, each of the six possible combat effectiveness
indices. The coefficients of TDEV are all non-negative. Minimizing
TDEV is equivalent to minimizing the absolute value of unit deviations

from requirements and/or target values.

Combat Unit Effectiveness Indices

Up to six combat unit effectiveness indices may be represented in

a single model. One model row is generated for each. Both the name
and type of each row is user-specified. When one of these rows is

unconstraining (neither <, =, nor 2 RHS value), it may be used as an

39

@a>



objective function. The coefficients of all such rows are all non-
positive. Thus minimizing (the standard sense of optimization in most
MPSs) one of these functions actually maximizes the corresponding index.

Combat Units .

One basic row is generated for each combat unit in the mcdel.
These rows frequently set the number of each combat unit in the force
to their RHS value. However, the type of each row is individually
specifiable by the user. When one of these rows is unconstraining
(neither <, =, or 2 RHS value), it may be used as an objective func-
tion. The names of these rows are

("c",1,4,kl,
where 1Jk is the DIM number of the unit.

Support Unit Aggregates

Up to 25 aggregates of support units may be represented in a model.
These may correspond to function areas. For each one, two model rows
are generated. One is the total strength (thousands of men) of the
aggregate, and the other is the total cost (millions of dollars) of the
aggregate. The names of these rows are user specified as

[a,b,"s","T","R"]
and [a,b,"C","s","T"],
where ab is two characters input by the user. The type of each of the
two rows for each aggregate 1s user specified. When one of these rows
is unconstraining (neither <, =, nor 2 RHS value), it may be used as an
objective function. The coefficients of the%e rows are all non-
negative.

Support Unit Aggregate Deviations

The purpose of this section is to caution the user against the
selection as objective functions of some unconstrained model rows. The
rows described here are designed primarily for reporting purposes. If
support unit aggregates are represented and support unit requirements
shortfalls and/or longfalls are represented, two model rows are gener-
ated for each aggregate. One is the strength-weighted sum of shortfalls
(negative coefficients) and longfalls (positive coefficients). The
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other 1is the cost-weighted sum. These rows are always unconstraining
and thus could be used as objective functions. Note however that they
do not have all non-negative or all non-positive coefficients. Thus
if one were to minimize one of these rows, he would not be minimizing
the sum of the absolute deviations but would be minimizing the total
longfall and maximizing the total shortfall of that aggregate. Like-
wise, maximizing one of these rows would be minimizing the total short-
fall and maximizing the total longfall of that aggregate. The names of
these rows are

(a,b,"s","","R","R","D"]
and (a,v,"C","s","T","R","D"],
vhere ab are the same two characters input by the user for the basic
aggregate row names mentioned above.

Likewise, 1f support unit aggregates are represented and support
unit force shortfalls and/or longfalls are represented, two model rows
are generated for each aggregate to represent the strength and cost
force deviation of that aggregate. The names of these rows are

[a,v,"s","","R","F","D"]
and [a,b,"C","s","T","F","D"].

To actually minimize the sum of the absolute deviations of one or
a few aggregates, the user would have to structure a special objective
function which is a subset of function TDEV. He may do this through a
revised procedure of an MPS.

LP MARGINAL VALUES

The marginal values, pi-values, or dual activities of LP model
rows reported as part of the solution of a CONFORM model express the
rate of change of the objective function used in the solution, relative
to changes in the RHS value of the row. In general, a RHS value cannot
be changed arbitrarily without violating a condition of the LP problem.
The marginal values are generally only valid when interpreted one at a
time and over a certain range. The range of validity is frequently
small. It can be determined by use of procedures included in most MPSs.

Some special properties of the margiaal values have been verified
for CONFORM "base case runs." In a base case run, changing the RHS
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value of a combat or support unit changes the number of that unit and
possibly many other units in the force. If the oblective function is
total force strength, the marginal values express the rate of change of
the total force strength relative to a change in the number of one unit
type (as the lst-order effect). It is thus the marginal unit slice
strength—the marginal strength of the unit plus its support tail. It
has been verified that the range of validity of the marginal values of
combat unit rows is essentially infinite. Also, the marginal values of
combat units are mutually exclusive. Thus if the marginal value of
every combat unit type were multiplied by the number of that unit in
the force, and totaled, that total would be the total force strength due
to allocation rules. Any "optional," "augmentation," or "deletion"
support units, that is any RHS values of support unit allocation rule
rows, are not accounted for, however.

If the objective function were total force cost, then the marginal
values of the combat units would be the slice costs of units.

For support units, the marginal values still represent the unit's
slice strength or cost, and have a wide range of validity, but they are
not mutually exclusive. The marginal values of support units should
only be interpreted as valid one at a time.

For all CONFORM models, marginsl values present useful information
about infeasible, feasible and optimnl solutions. If a solution is
optimal, the marginal values indicate the sensitivity of the objective
function to changes in RHS values-——changes in allocation rules, re-
source limits, target values, deviation limits, etc. If a solution is
not feasible, the marginal values (relative to a special objective
function) express the sensitivity of the infeasibility to changes in
RHS values. Because the non-zero marginal values identify the rows in
which changes directly influence infeasibility, the analyst is often
able to localize model troubles quickly. He may find that one or more
RHS values were not input or were input with the wrong sign(s).

In some CONFORM applications, the question may be whether or not
a certain set of force-planning constraints and policies is feasible.
In these cases, an infeasible solution may be an acceptable solution,
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and not indicative of improper model fomulation/generation. Also in
these cases, the marginal values would be an indication of why the
answer is "not feasible.”

In general, marginal values are only compared to one another to

see their relative values, rather than interpreting their absolute
values.
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Chapter 3
MODEL GENERATION

INTRODUCTION

Chapter 2 showed that the CONFORM modeling logic implies a large
number of actual CONFORM LP models. The appropriate LP model for each
CONFORM run is generated automatically by a camputer progrem=—CONGEN.
CONGEN accepts input that defines a CONFORM LP problem and produces a
camplete LP problem file in a form acceptable by one of several com-
mercially available computer programs for the solution of LP problems.
CONGEN belongs to the class of computer programs usually called "LP
Matrix Generators.” CONGEN translates the defining input to a complete
problem file much more quickly and accurately than i{s ussidble by any
manual process. Of course, the development of CONGEN consumed more
effort than would have been required to manually produce a single CON-
FORM model. However, the finished CONGEN permits repid, accurate
generation of different CONFORM LP models as needed; a single manually-
produced model would have been cbsolete before it vas campleted.

The principal data sources for CONGEN are the allocation rule
coefficient data files, the troop iist, and the cost data file of a
Battalion Slice run to specify basic CONFORM model structure, and the
selection of modeling options by the CONFORM user. The principsl oute-
put of CONGEN iz the thousands of card-images that define the LP mod:l.
Typical CONFORM problem files have comprised 12,000 to 16,000 card-
images, 6000 of vhich are directly related to the Battalion Slice
allocation rule coefficients.

This chapter in general treats CONGEN es @ "dlack dox," vhile dis-
cussing its inputs and outputs in detail. Detailed discussion of CONGEN
itself {s deferred to its program documentation in Appendixes B and C.
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CONGEN EXECUTION

An LP model consists of msny verisbles (columns), and equetions or
constreints (rows). PEsch must be identified uniquely. The exact poei-
tion of any problem coefficient (matrix element) mey be specified by the
{dentifiers of the corresponding equstion and varisdle. COAGEN generetes
only the equations and veriables desired and supplies unique {dentifiers
for all equations and veriadbles genereted. An equally important, but in
many respects easier CONGEN role i{s the genersetion of sppropriate
numerical values of matr.. elements. The currently aveiladble LP solu-
tion systems do not require zero-valued elements to de included within
a problem file; sccordingly, CONGEN, with s few exceptions, is limited
to the non-null {nformetion defining a CONFORM LP model.

Fregquently, not only one but seversl different CONFORM LP models
may be genersted to sddress s force planning problem. Only one model
is genersted at o time, and the one produced is as chosen by the user/
snalyst. The many modeling options place s greater burden on the user.
The use of CONGEN requires the selection of one model from emong severel
reasonable and permitted designs. However, the options provide the
opportunity to address s vide veriety of force planning prodblems with
corresponding iLP models.

The output of CONGEN is readadble Dy en amalyst and by compercial
LP solution systems. An LP solution system for third generstion com-
puters is camonly identified as s Mathemstical Progremming SBystem, or
simply as MPS. OCOUNGEN {s operstionsl et USAMSSA on 1ts IBM 360/65
camputer system end at RAC on its CDC 6400 computer system. A either
installstion CONGEN mey generste matrices in e formst of IBM's MPS/360
or CDC's OPTIMA solution system.

Although some MPSs eccep” rendamly order mstrix input files, most
snslysts prefer to resl and check vell-ordered files. Metrix generetors
that produce problem files by expsnsion or repetition of date through
successive similer model submstrices or similesr vectors (columns or
rovs) may provide sappropriste colusn or rov order vithout sorting.
CONGEX generetes matrices column-by-column; the output file {s well
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ordered exactly as produced. The columm order (vith all options
exercised) is:

(a) Por each camdat unit type.

(1) The unit variadle.
(2) The unit shortfall variadle.
(3) The unit longfall variadle.
(b) For each suppart unit type.
(1) The unit variadle.
(2) The unit requirements shortfall variable.
(3) The unit requirements longfall variadle.
(k) The unit force shortfall variadle.
(5) The unit force longfall varisdble.

(¢) Por A-matrix (by cambat unit type) and B-matrix (by supported

support uvnit type) coefficients.
(1} . Allocation rule coefficiemt sower deviation variabdle.
(2) Allocation rule coefficient upper deviation variabdle.
(d) PFor each unit aix.
(1) The mix variadle.
(2) Pror aix entries.
(1) Upper tolerence varisdle.
(11) Lower toleranve variadle.

(e) BSupport unit sudstitution variadles.

There are three =<lies of imput co CONGENM. First, the besic
structural data defining allocation rules and unit identification
numbers, titles, strengths and costs may be autamatically read from the
outputs (and inputs) of a Bettalion Slice run, with the CONPORM user/
amlyst choosing other model optioms.

Second, the basic structural data used in e previous CONGEN run
may be restored for the current run by reading a data file produced
{n that previocus run, vith the user/amalyst choosing other options.

Third, all data may be hand-prepared dy the user. This mode may
be useful for addressing same prodlems by generating and solving _-_n
models—ones vith only a fev unit types. These unit types may de
notional units representing eggregates of actual unit types.
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The output of CONG&N is input to & MPS for solution; this solution
step is the subject of Chapter 4. Optionel reports mey be automstically
prepared from the LP solution by the CONFORM LP reporter, CONREP; this
step {s discussed in Chapter 5.

DATA REQUIREMENTS

For each LP model to be genersted, CONGEN requires date to define
in terms of cambet force and support unit sllocation rules the theater
to be modeled, characteristies of units, upper and lower limits on
verious strength and cost subtotals, values of any tolerances to be
employed, and the selection of other optional features. This data is
read by CONGEN from magnetic tapes and/or disk files and cards produced
by Battalion Slice, end cards punched by the CONGEN user snd/or produced
by & previous CONGEN run.

As previously stated, there sre three input data modes: (1) bdasic
structure specified by the output tapes of a Battalion Slice run, with
CONGEN-user-specified tolerances ard options; (2) basic structure
specified by a binary data file produced on a previous CONGEN run, with
user-specified tulerances and options; and (3) sll user-prepared data.

Each of these input modes is separately discussed. They ere com-
pared in Fig. 18, a schematic diagrem of the CONGEN input data process.
All data {s normally read from system input/cerd reader unless other-
vise noted.

Input from Battalion Slice Model

In this section each input date item for CONGEN matrix generation
based on Battalion S8lice output is discusse’ i{n the order in which it is
input to CONGEN. Where appropriate, data items are referred to by the
names of the corresponding CONGEN variables and arreys. Where space
permits, these namcs are repeated as card titles on the right hand side
of actual datea cards. Card titles are not reed by CONGEN; they are only
included to help document the data. Sume sample data values are given,
and a camplets sample data set is listed in Appendix A.

FRENAM. This detum {3 the name of the LP model to he generated.
It mey be from one to six chasracters, abiding by any specific naming
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conventions of the MPS in whose format the model is to be generated (see
data item LANGSW). It is written on the "NAME" card (for MPS/360) or
"FILE" card (for OPTIMA) at the beginning of the matrix row identifica-
tion file (unit 7).
Input format:

Ab,A2

one value, on one card, left-justified in columns 1-6,

always input.

A sample PRBNAM card is shown in Fig. 19.

LANGSW. The value of LANGSW specifies the MPS in whose format the
matrix is to be generated.

LANGSW = 1 ... IBM's MPS/360

2 ... CDC's OPTIMA.
Input format:
I2
one value, on one card, in column 2, alwvays input.

A sample LANGSW data card is shown in Fig. 19.

DATSOR. The velue of DATSOR specifies the source of the basic
structural data, and thus which of the three input dsta modes is being
used.

DATSOR = 1 ... basic structural dats is read from Battalion Slice

model output tepes and card deck

2 ... basic structurel data is hand-prepered

5 ««. basic structurel dete as specified for a previous
CONFORM run is restored by reading & binary file,
unit 10, of dats produced by that run.

Of course, for this mode of input, DATSOR alwvays = 1.

Input formet:

I2
one value, on one card, in column 2, slweys input.

A sample DATSOR card is shown in Pig. 19.

Bettalion Slice Model Outputs. Basic structursi data {s resd from
Battalion Slice model output (end input) tapes and solution cerd deck.
CONGEN reads the A-matrix (end other data) tape (Battalion Slice unit
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40 produced by APROG), a B-matrix tape produced specially for CONGEN
(unit 75 produced by BPROG), the Battalion Slice extraction from the
FCIS tape (unit 85), and the troop list card deck which is produced by
DPROG. The three tape files are assumed by CONGEN to follow one another
in that order on CONGEN unit 8. The troop list card deck immediately
follows the DATSOR card. CONGEN ignores some blocks of data on the A-
matrix tape and cost tape; and CONGEN execution is not impaired if there
i8 no cost data for some units. The following data is obtained from
the A-matrix tape:

(a) NCOMBT. The number of combat unit types. NCOMBT must be < 60.

(b) DM(i), for 1L = 1 to NCOMBT. The Battalion Slice DIM identi-
fication numbers (less 900) of each of the NCOMBT combat unit types.
CONGEN increments them by 900 before using them. Also the unit title is
read and passed to CONREP.

(c) Number of "parameterized" unit types and their DTM numbers.
CONFORM model logic treats the Battalion Slice parameterized units as
any other support unit.

(d) NSUPRT. The number of support unit types. This number in-
cludes the number of unique parameterized units. NSUPRT must be £ TO0O,

(e) Requirements for support units by combat units. For esch of
the NSUPRT support unit types, its DIM number and the number of units of
that type required by the number of each combat unit in the force is
read. Also the unit title, and SRC and TPSN numbers are resd and passed
to CONREP. The order of appearance of these NSUPRT support unit types
is the order in vhich they are modeled. Only requirements greater than
zero are stored. They are stored in CONGEN erray COEF(8000), starting
in word one. CONGEN variasble NANZ i{s a count of these positive coef-
ficients and those read below for the "paremeterized" units. It is the
number of CONFORM A-matrix coefficients. These coefficients are later
divided by the number of the appropriate combat unit type in the force
for use in the CONFORM model on @ per unit basis. "Paremeterized” units
are included here, but wvithout specificetion of any coefficients.

(f) Requirements for psremeterized units by combet units. Por
each parsmeterized unit, the number of units of thet type required by
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the number of each combat unit type in the force is read. Only coef-
ficients greater than zero ere stored. The coefficients are counted as
part of the NANZ CONFORM A-matrix coefficients and are also stored in
CONGEN array COEF(8000). These coefficients are also later divided by
the number of the appropriate combat unit type in the force.

From the B-matrix tape is-read the requirements for suppcrt units
by support units. Only coefficients greater than zero are stored, and
they are already on a per-unit-basis. They are also storec in CONGEN
array COEF(6500), starting in word NANZ + 1. NBNZ is a count of the
nunber of these B-matrix coefficients.

The next datea to be read from system input is the card deck troop
list from the Battalion Slice run. The entire deck as produced by the
Battalion Slice DPROG procedure, including the header card and "999"
terminator card is included. From this data is read the strength of
each unit and the number of each combat unit type in the run. These
latter values are used to convert the A-matrix coefficients into a per-
unit form. Sample troop list cards are listed in Fig. 20.

Next the Battalion Slice extraction from the FCIS i{s read. This
tape contains one record per unit in the data bank. Each record con-
tains the DIM number of the unit and 132 unit costs corresponding to 32
budget categories, the cost of some of which may vary by six peacetime
stations. Table 1 shows the budget categories and peacetime stations
currently used. Each CONFORM model has one cost function., It is a
linear cambinatior of the 32 budget categories and 6 peacetime stations.
Thus such cost functions as "total {nitial,"” "total eannusl opereting
cost,” "initial plus ten years opersting cost,"” and "initial plus ten
years opereting cost discounted at 10 percent” mey be represented, each
vith s particular assumed distridbution of units et peacetime statioms,
such as "5/6 in CONUS and 1/6 in Europe." To specify the cost function,
tvo data {tems vhich are prepared by the CONFORM user ere reed from
system input before the cost data tape is reed. They sre:

(a) AVGCST. A multiplier for esch of the 32 budget cetegories.

Input format:
1088.6
10 values per card (up to ten on the last card).
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(b) AVGSTA. A multiplier for each of the six peacetime stations.
These fractions should usually sum to 1 (1.0).
Input format:
6E8.6
six values on one card.

Sample AVGCST and AVGSTA data cards are shown in Fig. 21.

The cost tape 1s then read, and a single unit cost factor as speci-
fied by AVGCST and AVGSTA is stored for use by CONGEN. It is permis-
sible for the cost tape not to have data for some units modeled or to
have data for units not modeled in a CONFORM run. Costs are dimensioned
in dollars in the data file, but are scaled in millions of dollars by
CONGEN .

NEFF, EFFLAB, EFF. Up to six indices of combat unit effectiveness
may be represented in a CONFORM model. NEFF is the number to be repre-
sented. One row in the model is generated for each index represented.
EFFLAB 1is a six-character name and the type of each row. EFF is the
index value for each index modeled for each cambat unit type modeled.

Input format:

NEFF and EFFLAB are input on one card under format

(13,7x,6(Ak,A2,2X,A1,1X)).
The first field is the value of NEFF. The next six fields are the name
(A4,A2) and type (Al) of the model row for each index. The name can be
any six characters consistent with the naming conventions of the MPS in
vhose language the model is to be generated (see input datum LANGSW).
The value of the row type indicator may de:

"+" ... total value of that combat index £ RHS value.

blank ... total of index = RHS value.

"-" ... total of index 2 RHS value.

"F" ... total of index unconstreined by RHS velue.
One additional card for each cambat unit type modeled specified the
actual index velues on a per-unit-dbasis. ,If NEFF is zero, no additional
cards should be input. The format of these cards is

(10x,6810.6).




PI0) 298] VLSOAY PEP spue) 00 LSIDAY Spdmeg— |7 "G4

' ",uﬂ a1 uwnﬁ.ﬁn ' "Hnﬂn toes
’ " ... 9889 ....::_.. $0080: 0000000000000 ¢
Mm - Cu : _..wr: :wﬁuu..t e T
¥ w_..n : '] : YY) .&.. 538081 LA AR TR O 35230 N a..q-,.
wm _nn n_nn ”__nn"*— J_n JnnJon+nfn#nnunnn_u ﬂn# J.ﬂnﬂ nunn nﬂmnn+n _Jduu.a_oannnm
_ : .. . m”“:._.....”__..!.. ......... ..:.!.._ 1 T....“.. .._..._..wﬂ....:“...
‘ “d_.w o .::Z.: ._:. 6: :. g, :::. :._,n:_-. .ﬁ“:_:m.r:_ :-.u:: .-_:::."nz e g
_mﬂ.ma m. m trdezzzzeee :~: 1 :2~2_:~_2.m: 22 :._ tae :,:.—:L 2\_2~":~.~_:2~::
un.m”__m ST AL ,_:.::. ..__: ANy :_.u:.:.“:. ..._.:_:.::.."
AR oo eibases{ vl o
J"“ g ML B
teossones w_ o
§ L ‘hshn.ho -
H I UL
: ._ﬂ.J..y.um
SSSESESESEs i‘n}iﬁiﬂ_ﬂj
m...Z::._Z...:.,:E_.:;.!. :;; PRRRR RN NN OY .:..::::..:::.:..:::
m:::.: tleec ::+. :ﬁ. t .ﬁ ._” n__.. et : t :::.__: _:.r 4
t_«::::« 33 20T ez ez .. :::J._:b:;:
slfeedens cefuosinndin ”_“__ _:_:::._T. :: .:.::{::__ .__._.:
- ﬁn.u _ : :...._ _._-..._- ._-

..._Lr i III.HHU.}
NN AT W AR s A AR b s 5

5T



Sample NEFF, EFFLAB and EFF data cards are shovn in Fig. 22. 1In
the example, *the DIM nuwiber of the unit has been included in the first
three columns of each of the EFF data cards.

NCON. The values of NCON sjecify the type of the rov for each cum-
bat unit type.

NCON(L) = "¢" ... the number of units of combat unit type { €

the RHS value of {ts rov.

blank ... the number of units of combat unit type { »
the RHS value of {ts row,

<" ... the number of units of combat unit type { 2
the RIS value of {ts row.

“F" ... the number of units of cambat uniu type {
unconstrained by the RHS value of {ts row,

Input format:

J(A1,9X)
“OMBT values on NCOMBT/8 cards, alwveys input.

oomple NCON data is shown in Fig. 23.

RESCON. The values of RECCON specify the types of the six re-
source constraints.

RESCON(1) = type of constraint on total force strength, rov

“TFSTRL" .

RESCON(2) = type of constreint on total combat strength, row
“TCSTRL" .

RESCON(3) = type of constreint on total support strength, row
“TSSTRL" .

RESCON(L) = type of constreint on total force cost, row
“TPCSTL" .

RESCON(S) = type of constreint on total cambet cost, row
“"TCCSTL" .

RESCON(6) = type of constraint un totsl support cost, row
“TSCSTL" .

RESCON(1) = "¢" ... resource { € RHS velue
blank ... resource { = RHS vslue
“"-" ... Tesource { 2 RHS value
"F" ... resource i unconstrained by RHS value,
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Input format:
o(A1,9X)
six values on one card, always input.

Sample ‘RESCON data is shown in Fig. 2.

ALRTYP. The value of ALRTYP specifies the type of all allocation
rule rows.

ALRTYP = "+" ... all allocation rule rows £ RHS value
blank ... all allocation rule rows = RHS value
"-" ... all allocation rule rows 2 RHS velue
“F* ... all allocation rule rows unconstrained by

RHS value.
Input format:

Al

one value, on one card, always input.

A sample ALRTYP data card is shown in Fig. 2k,

TOLRSW. TOLRSW is an integer variable used as a logical switch to
specify whether or not tolerance on individual allocation rule coef-
ficients may be alloved at all in a particular model.

TOLRSW = 1 ... lover and/or upper devistions from coefficients
allowed; tolerances are specified below.
otherwise ... no coefficient tolerance is allowed; no
attempt is made by CONGEN to read any tolerance
specifications below,
Input format:
I2
one value, on one card, in column 2, always input.

Allocation Rule Coefficient Tolerance Specification. If alloca-
tion rule coefficient tolerance may be allowed at all (TOLRSW, above,
= 1) this data segment specified any allowable deviations from the
coefficient. This data segment must have a header card

card columns
1 - 7
COEFTOL
and a trailer card
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card columns
1 - 8
ENDCFTOL.
Between these, one card is input for each coefficient for which toler-
ance is to be allowed. Each card identifies the coefficient un which
tolerance is allowed by the DTM number of the supported and supporting
unit types, and the maximum allowable upper and lower deviation from
the coefficient in terms of decimal fractions. If tolerance is speci-
fied for a nonexistent coefficient, the tolerance is ignored, a diagnos-
tic message is written and CONGEN execution (data input) continues.
Sample coefficient tolerance data cards are shown in Fig. 25.
Input format:
(9x,13,2X,13,4X,5X,E12.6,E12.6)
four values (supported unit DIM number, supporting unit DIM
number, maximum upper deviation, and maximum lower deviation)
per card, not input if TOLRSW # 1.
SUBSW. SUBSW is an integer variable used as a logical switch to
indicate to CONGEN whether or not substitutions of support unit types
in satisfaction of allocation rules may be represented at all.,

SUBSW = 1 ... support unit substitutions may be rerre-
sented in the model; those allowed are
specified below

otherwise ... no support unit substitutions may be repre-
sented; no attempt is made by CONGEN to
read any substitution header, data or
trailer cards below.

Input format:

I2
one value, on one card, in column 2, always input.

Allowable Support Unit Substitutions Specifications. If substitu-
tion of support unit type in satisfaction of allocation rules may be
allowed at all (SUBSW, above, = 1), this data segment specifies any
allowable substitutions in this model. This data segment must have a

header card
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card columns
1 - 8
UNITSUBS
and a traller card
card columns
! - 7
EXDSUBS .
Between these, one card {s {nput for each allowable sudbstitution. Each
of these cards specifies the DIM number of the unit type vhich may dbe
substituted, the DIM number of the unit type for which it may dbe sud-
stituted, and the rete at vhich it may be substituted. For example,
DIM { mey be substituted for DIM J at the rate of x DIM J equivalents
for each DIM { substituted. Figure 26 shows sample support unit sub-
stitution input data cerds.

Input format:

(9x,13,2X,13,1kX, 5X,E12.6)

three values (substituted unit DIM number, replsced unit DIM
number, and rate of substitution) per card not input if
SUBSW ¥ 1.

UMIXSW, UMIXSW is an integer variable used as s logical switch to
indicate to CONCEN whether or not constraints on the mix of units may
be represented at all in a model.

UMIXSW =« 1 ... unit mix constraints may be represented;
those mixes desired are specified below

othervise ... no unit mix constreints are to be repre-
sented; no attempt is made to read header,
data or trailer cards below.

Input format:

12
one value, on one card, in column 2, always input,

Unit Mix Constraints Specifications. If any unit mix constraints
may be represented at all (UMIXSW, above, = 1), this data segment speci-
fies any desired in this model. This entire duta segment must have a
tiailer card
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card columns
1 - 8
ENDNIXES .
A header card
card columne
k-6
MIX
and a treiler card
card columns
1 - 6
ENDMIX
must be included for each unit mix constreint specified. One data cerd
is input for each entry in each mix constraint. Each of these cards
inputs the DIN number of the unit in the mix, its entry in the mix
(such €4 "x" {n "unit { 18 to unit J as x {s to ¥"), and the maximun
allovable upper and lower deviation from this entry in terms of decimal
fractions of the entry. The ratio of more than tvo unit types may de
controlled in any one constreint, snd one unit type may sppear in more
than one constraint. Figure 27 shovs some examples of unit mix con-
straint i{nput data. The number of mix constraints plus the total
number of mix entries must be € 100,
Input format:
(10x,13,5%,B12.6,5X,E12.6,5X,E12.6)
four values (unit DIM number, mix entry, allowable upper
deviation from entry, and allowvable lover deviation fram
entry) per card, not input if UMIXSW ¥ 1.

GRPSW. GRPSW is an integer variable used as & logical switch to
indicate to CONGEX wvhether or not a constraint on the retio of some
measure(s) of tvo groups of units {s to be included in e model.

CRPSW = 1 ... a constraint, specified in detail delow,
vill be generated relating the sum of some
measure, such as strengith, of all combat
units and of all support units.
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2 ... a8 constreint, specified (n detail below,
vill be genersted relating the sum of some
measure of one group of units and of
another group of units.
othervise ... no unit grouping constreint vill be gener-
ated; no attempt vill be made to read
header, data or treiler cards below,
Input farmet:
) €
one value, on one card, in column 2, alvays input.

Unit Grouping Constreint Specification. If a unit grouping con-
straint i{s to be included in a model (GRPSW, sbove, = 1 or 2), this
data segment specifies the constreint. In either of the tvo constreint
modes, a header card

card columns
L8
GROUP
and a trailer card
card columns
1 - 8
ENDGROUP
must be input,

For a Mode 1 unit grouping constraint, only two data cards need be
input—one for all combat units end one for all support units. Each
card inputs a positive or negative weighting factor and the code number
of the attribute of the group of units (all combat or all support) that
iz to be constrained. The attribute may be selected by

code number attribute
1 strength
2 cost
3 number of units
3+41i, fori=1¢t06 combat unit effectiveness index {.

The weighting factor is applied to the specified attribute of all com-
bat or support units. The constraint in this mode is structured as
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all all
cambat suppart
units units

vhere the v, are the wveighting factors and the a,, are the attributes
(such as strength) of the units. Figure 28 shows an example of input
data specifying a Mode 1 unit grouping constraint. That data specifies
that total combat force strength is constrained to be 2 0.449 total
support force strength.

For a Mode 2 constraint, the user defines the two groups of units,
for vwhich the ratio of the sum of the attributes is constrained. Onme
data card must be input for each member of each group; no unit may dbe
a member of both groups. The weighting factors and attribute selection
are individually specified for each member of each group. Figure 29 is
an example of input data defining a Mode 2 unit grouping constraint.
This data specifies that the str;:ngth of all units L46,448 and 450 in
the force is constrained to be 2 0.50 the strength of all units 271&,275
and 276 in the force.

Input format:

(20x,15,10X,E12,6,10X,I3)

the three fields are the unit DM number (only required for
Mode 2), the weighting factor, and the attribute selection
number. Not input if GRPSW # 1 or 2.

AGGRSW. The value of AGGRSW indicates whether or not support unit
aggregation rows may be represented in the model. These aggregates may
correspond to functional areas. A strength and a cost row is generated
for each aggregate; the row names and types are user-specified.

AGGRSW = 1 ... support unit aggregates, specified in
detail below, may be generated.

otherwise ... no support unit aggregates will be
generated.

Support Unit Aggregate Specifications. If support unit aggregates
may be represented in the model (AGGRSW, above, = 1), this data defines
the number and type of aggregates. Up to 25 aggregates may be repre-
sented. A single support unit type may appear in more than one
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aggregate. A header card for each aggregate and a trefiler card for the
entire segrent of data {s required. The formmt of cach header card (s
card columns
1 - 9 21.22 36 38
AGGREGATE label strength rov type cost rov type
vhere "label™ s tvo (2) alphanumeric charecters to be used {n the
ctrength and cost rov names of the sggregate, and the rov types may be
“e® es total sggregate strength or cost € RHS values.
blank ... totsl sggregate strength or cost = RHS values.
=" ... total aggregate strength or cost 2 RS values.
"F" ... total sggregate strength or cost unconstrained
by RHS values.
The aggregate {s further defined by one dsta card for esch support unit
type to be included {n the total. These cards imrediately follow the
corresponding header card. The format of each card {s
card columns
- 33
DIN number (right Justified).

Pigure 30 shows sample support unit aggregate data cards.

C8SW, CLSW, SRSSW, SRILSW, 8rssw, SFLSW. The values of thesc
variables indicate vhether or not various types of unit deviastions are
to be allowed i{n the model

CSSW is the svitch for combat unit shortfells from RHS velues.

CLSW is the svitch for cambat unit longfells from RHS wvalues.

SRSSW i{s the svitch for support unit shortfalls fram slloca-
tion rule requirements.

SRISW {s the svitch for support unit longfalls from alloca-
tion rule requirements.

SF8S8w 18 the switch for support unit shortfulls fram RHS
target values.

SFLSW 1s the switch for support unit longfalls from RHS
target values.
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SRSSW,SRISW, ) = 1 ... model variables representing the indi-
ST00, STLIN cated type of deviatioms will be genera-
ted; the variables will be weighted by
unit strength.
2 ... model deviation veriadles will be gener-
ated, veighted by unit cost.
3 ... model deviation variadbles will be gener-
ated, wveighted by 1.0 (number of units).

{ CSSW,CLSW,

{?g}- 1+3, for{=1toNEFF ... cambat unit deviation
variables vill be gener-
sted, veighted by combat
effectiveness index {.

SRSSW,SRLSW, » » othervise ... no unit deviation varisdbles vill

CS8W,CLSW, }
8FSSW, BFLSW

be generated.
Input format:
612
six values on one card, slwvays input.

Limits on the amount of deviation are defined ovelow.

Unit Deviation Tolersnces. If any of the urit deviation switches
above vere turned on, data must be included herw to define on s unit-
by-unit basis, limits on each type of deviation. First data {sg input
for C8SW {f turned on, then CLG6W, then BR8SW, etc. A rov type indice-
tor and & real numdber must be input for eech unit applicedble to each
svitch., Thus, for CSSW and CLSW, 3 jair of velues must be imput for
ecach combat unit type. For the other switches, values must be input
for each support unit type. The model logic for representing unit
deviations is discussed {n detail in Chapter 2, but a fcv notes here
mey be useful.

Unit deviation variables are limited wvith respect to the corres-
ponding unit solution varisble. Thus, if one vere representing su,nort
unit shortfalls fram allocation rule requirements end vanted this
deviation to be exsctly 20 percent of requirements, then the solution
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D Aunial

variable would be exactly 80 percent of requirements, and the deviation

varisble would be 25 perc:nt (-'-gg) of the solution variable. In this

case, the limiting row type would be specified as "=" (blank input
value) and the value as 25 percent (input value of .25). If longfalls
wvere being represented, and were wanted to be 10 percent of allocation
rule requirements (or a RHS target value), then the solution variable
would be 110 percent of requirements and the longfall variable would be

9.09 percent (-r'%-g) of the solution variable. Except for this difference

betwveen shortfalls and longfalls, the calculation of the value to be
input {s the same no ma‘ter the type of deviation of the type of the
rov. Table 2 lists values to be input for various deviation limits.

Table 2
INPUT VALUES FOR VARIOUS UNIT DEVIATION LIMITS

WHEN LIMIT IS EXPRESSED AS FRACTION OF
ALLOCATION RULE REQUIREMENTS OR RHO

TARGET VALUE
Input value
Limit Shortfall L 11
- *
0l 0101 . 0099
.05 0526 LOLT6
.10 1111 « 0909
.15 1765 <1304
.20 «2500 . 1667
25 3333 »2000
«50 1.0000 .3333

For this model logic, "devistions € some § of requirements or
target values” are represented by “2" rovs. Dntas must be input for the
units {n the order in vhich they are sodeled.
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As for other data i{tems, the row type indicator may be:
et ese S Trow
blank ... = row
A=t ces 2 TOW
"F" ... unconstrained row.
Input format:
10(A1,E7.5), data for one switch at a time, only input if
corresponding switch is turned on.

Sample unit deviations 2ata is shown in Fig. 3l.

Hand-Prepared Matrix Structure. During CONGEN execution, any
matrix structure that is hand-prepared by the user may be read from
system input and included in the matrix at the end of the autamatically
generated matrix structure.

No matter what the level of generality of a specialized LP matrix
generator, the need is foreseen for the inclusion fram time to time
of very special structures. The hand-generated matrix structure of

"handgen" concept provides this additional model generality. The uger
may hand-generate some structure that is additional to that generable
by CONGEN, or he may suppress the CONGEN generation of some structure
and hand-generate his own version of {t. During any future model logic
development, this cancept may provide the most efficient means to test
nev logic prior to inclusion {n the matrix generator {tself.

Matrix structure s read until a terminator card (s encountered.
The terminator card must @lvays be present. Handgen may be {nput {n
the form of nev row or column vectors. Reniam handgen input of the
coefficients of nev coluans {s not alloved. Additiomal coefficients
for "old” rows and columns may be {nput here, but the column name wi{ll
be duplicated in the list of column names output by CONGEN (unit 1).
Handgen must be prepared {(n a format of the MPS in vhich the matrix {is
being generated as specified Ly {nput data variable LANGSW above. These
formats are

MPS/360 (LANGSVW - 1)
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card column

1 5 - 12 15-22 25 26 - 36
rovw type column rovw algebraic sign absolute velue
ind{cator name name of coefficient of coefficient

(decimal point
in 30)

OPTIMA (LANGSW = 2)

card column

1 11 - 19.20 21 - 29 30 3l 2 - b2
rov type rovw neme column name algebraic absolute
indicator (decimal . (decimal . sign of velue of

point in point {n coefficient coefficient
column 17) column 27T) (decimal point
in 36)

The row type indicators are
'P‘ﬂnk ees B oM

" "

+ ces S TYOM

"o" ... 2 Trow

"F' ... type free, unconstreined row
The terminator card is simply @ cerd blank in the rov nase fleld,
Fig. 32 is sn example of & handgen input deta set.

RS, Bound, Range Data. RIS values of CONFORM model rows, upper
and lover bounds on model columns, and upper and lover renges on model
rov linesr forms (MP8/360) or logical varisbles (OPTIMA) represent the
values of many of the constrsints of CONFORM LP models. Seversl elterma-

tive sets of these velues moy be {ncluded {n e single model. The CONGEN

operstor must prepare sny such dets in the formet of the MPS in vhich
the matrix {s being generated (see inpu® detum LANGSW). These cerds
are {nput ss a separste data get after CONGEN execution, end sre cone
catenated vith the rov {dentificetion and matrix element files output
by CONGE) to form the complete LP probles file for input to the MPS.
This vhole dnta set must have at least 8 terminstor cerd:
"EXDATA" {n colusns 1-6 for MP8/360
or “EXDFILE" {n columns 2-8 for OPTIMA.
RHS values. For MPS/3G0 sny KNS velues should be preceded by s
~ard vith "RHS {n columns 1.3, The RHS values of CONPORM model rovs
represent:
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(8) The number of each combat unit type in the force. One basic
model row is generated for each combat unit type. The type of each
row is user-specified (see input datum NCON). Frequently these rows
are equalities, and one RHS value is input for each row to specify
the number of that type of unit to be in the force. The four character
names of these model rows are

[*c",1,3,%1,

where 1jk iz the DTM number of the combat unit. These RHS values should
be non-negative.

(b) The number of "optional" support units and/or the amount of
"augmentation” or "deletion" of support units. One basic model row
is generated for each support unit type, including dummy units, whether
or not there actually are any allocation rule requirements for it. The
type of these rows is user specified (see input datum ALRTYP), but is

"_nn

usually meaning exactly or "<" meaning at least as many units as
specified by allocation rules. Negative RHG values of these rows
introduce into the force that number of units in addition to any allo-
cation rule requirements for it. The units support tail is automatically
introduced also. Negative RHS values of these rows may thus be used
to represent Battalion Slice "optional" or "augmentation" units.
Positive RHS values of these rows delete that number of units from
whatever was specified by allocation rules. Support tails are also
deleted. The four-character names of these model rows are
[*s",1,4,k],
where ijk is the unit's DIM number.

{c) Upper or lower limits or fixed values of total combat, support
and force strength and cost. Six resource constraint rows are generated
in each model on:

(1) Total combat strength, row "TRSTRL".
(2) Total support strength, row "TSSTRL".
(3) Total force strength, row "TFSTRL".
(4) Total combat cost, row "“ICCSTL".

(5) Tota! support cost, row "TSCSTL".

(6) Total force cost, row "TFCSTL".
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The type of each of these rows is user-specified (see input RESCON).
Thus, RHS values of these rows may represent floors, ceilings or fixed
values on the corresponding resource, or may be unconstraining. Since
all coefficients in the rows are non-negative, these RHS values should
be non-regative.

(d) Upper or lower limits or fixed values of any combat unit
effectiveness indices. Up to six combat unit indices may be generated
in a model. The number and name and type of each is user-specified
(see input data NEFF, EFFLAB, EFF). Frequently these rows are only
generated as unconstraining for use as alternative objective functions
and/or to simply report their values. Since the standard semse of
optimization in most MPSs is minimization, and one would most often
want to maximize these functions, these functions’ are generated with
all non-positive coefficients. Thus if any RHS values are used, they
should be non-positive, and the actual row type should be the opposite
of the conceptual one.

(e) Upper or lower limits or fixed values of the strength and
cost of any support unit aggregates. Up to 25 aggregates of support
units may be generated in a model. Two rows totaling the strength and

" cost are generated for each aggregate. The names and types are user=-
input (see input datum AGGRSW and following). All coefficients in these
rows are non-negative, and thus any RHS values should be non-negative.
The rows may be unconstraining, to be used as alternative objective
functions or simply to report the totals. The row names are

[a,b,"s","T","R"] for strength
and [a,b,"C","s","T"] for cost,
vhere ab is a two-character identifier input for each aggregate.

(f) Target values for support units. If support unit force short-
falls and/or longfalls are represented (see input data SFSSW and SFLSW),
a special row is generated for each support unit type, including dummy
'mits. A non-negative RHS value of each of these rows represents a
target or goal for the number of each support unit in the force.
Frequently total deviations (short- and longfalls) from all such tar-
gets are to be minimized. The five-character names of these rows are

g2

—_—



[("s",1,3,k,"F"],
where ijk is the DIM number of the unit.

(g) Change RHSs. Frequently in advance of model generation and
solution, the CONFORM analyst will know the type or types of post-
optimal analyses he may wish to perform. If these include parameteri-
zation of one or several RHS values, he may specify in advance the
change RHSs needed and include them in this data set instead of waiting
until after model solution and using a MPS REVISE to set them up.
Parameterization of RHS values may be described by

effective RHS = RHS + ¢ * (change RHS), where the value
of @ is changed while maintaining primal and dual feasibility. Thus as
an example, the change RHS specified in MPS/360 format as

CRHS €905 = 3.0
would allow the increasing of the number of combat unit 905 above that
specificd in an original model RHS in increments of 3.0 units for each
increment of 1.0 in ¢.

Bounds. Eounds data specify upper and lower bounds on the solu-
tion values of model columns. For M‘Ps/360 this deta must be preceded
by a card with "BOUNDS" in columns 1-6. There is no standard require-
ment for bounds on CONFORM model variables. One way in which it might
be used, however, is to specify that certain units (for example combat
units) be held in a fixed ratio. In this case a single additional
model column is generated to represent the mix or ratio of units.
Bounds may then be placed on the level of this mix column. Another use
of bounds is to limit the number of individual unit types in a force.
This would be done by bounding columns "Ci k" or "C; k". The use of
bounds in this way should be in conjunction with the use of support
unit requirements deviations, to insure feasibility.

Ranges. For MPS/360 range data specify upper and lower limits on
row linear forms (L a,, x,). For OPTIMA this data defines limits on
the row logical variable (1gl, in £ a,, x, + lgl, = RHS,). For MPS/360,
this data must be preceded by a cai'd with "RANGES" in columns 1-6.
There is no standard requirement for ranges in CONFORM models, but it
is conceivable that they may be useful in some application.
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Matrix Coefficients. User-prepared matrix structure may be input
in this data file instead of or in addition to the "handgen" data set
of actual CONGEN execution. If it is, it should precede any RHS, bounds
or ranges data. See Fig. 33 for sample data set inputs,

Input from Hand-Prepared Data

In this section, each input data item peculiar to CONGEN matrix
generation based on hand-prepared basic structural dats is discussed.
As in the previous section, each input data item {s presented in {ts
order of input, but only those differing from the above description are
discussed. Same sampie data values are given.

PRBNAM. Seme as discussed adove.

LANGSW., Same as above.

DATSOR. Same as sbove, except that DATSOR alvays = 2 for this
wode of input.

Hand-Prepared Basic Structurel Data. In this mode, all dasic
model structurel dats is hand-prepared (is not the sutomated output of
any known theater force model) snd reed by CONGEN from system input.
There are three logicel sections of date:

(s) the number of combat end support unit types

(b) unit charecteristics

(¢) unit sllocetion rule coefficients and possidble tolerences.
Data items of these three sections ere discussed in their order of
fnput.

NOOMBT. NCOMBT is an integer varisdle that is the numdb.r of com-
bat unit types to be represented (n @ model. Figure 3k shows an ex-
azple of & NOOMBT dets card.

Input format:

I5
one value, on one cerd, right justified in columns 1-95,
slvays {nput.

NSUPRT. NSUPRT is sn integer verisdle that {s the nusmber of sup-
port unit types to be represented in e mudel. Figure 3k shovs en ex-
snple of an NSUPRT data card.




Buey 09C/SIN Ot 103 Seag slusy ‘puseg ‘guy Spdmeg—(g iy

[ | [ h.._
ot .L_

“ i L —.lhhh_ i
_ mf :.w.u [ 1
—————Wanoa_nn..—“dng _0_ --_'#-1
i A b
__ MSZ_Z 33 14 - 11 _:r:..n
____ u:.:_ Loy :HL..L.J..._...
: e R
___—__ -_ or;.—vn.-.-j-diuu ul.“d“.-“-- s s dgasaglnnan EHHHUWHU

4 b
} 1 ' A DO LR S, 2 S & pun
e © "booke ' Nierey Mg

[} 1 (] ] [} [N ] ] ] (¥ } ] i ] ] r [} ] U - ¢ [ ] ' AT fo m |

F ‘3006 I8 ¥ 1 ‘Hs

| ] [N ] | i ] ] (] ! ) [N ] ] L ] ] [N} 0 X r [] ]
_r L 1 e e T S T TR ..o.m... > ) o..Won nl&. .
m 0°21- SETS Mg

| ] 1! ] ) [N ] [} [N ] 1] 1! [ { | 4 T L L LA ¥ 1 4 L Y

o
@

85



e NSUPRY
[Inh'rd b ey o ol el o WS s s o s e o a @ e e mww-w.m%wammq

NCOMBT »
Eﬂmﬁaﬁﬂr&uﬁﬂm%hﬁu&wn—-d«d-lwuuvnundubcﬁm(ml‘v%

'ﬂl

OO TN R NN e YOOI RN AN A N DN AT T TR A TRV M),

& ) 2B} W§o
uTo 1008 00/000/000000000
IR R R RR BRI RI ERHERN

R R SRR B A R
lll||lll|ll|llllllllllHllllHlllllllllHll lllll :I
322 0000000000222 00003 2002 )H‘H "l?l-l!)" ll H HNH 11 311 Il.l!' !
lllHHHl 13333302 l’$l4:l CCREIRRIRRL TR l!ﬂl)‘il!'" Nﬂ) HNHE‘J!![ L 3
;

(¥
el &

R l‘:nf‘: + ::‘c::":"" "i c :‘:;:

£:==

Fig. 34—Sample HCOMBT, NSUPRT Dete Cords



Input furmet:
IS
one value, on one card, right justified in columns 1-5,
slwvays input.

Unit charecteristics. One data card must be input for each of the
NCOMBT + NSUPRT unit types modeled, specifying the unit's DIN (or other
3-digit tdentificetion) number, title, SRC number, strength, and cost.
The order of eppearsnce of these data cards is the order of the unit
types in the model generated. The data for the NCOMBT combet unit
types must sppear first {n this section of dsta. The structure of eech
dota card {s:
card column

2 - b T-34 3T - A7 50 - Sk 57-67
3-digit unit unit unit strength cost
{dentiftcution title SERC (lnupr,rlgm
nusber nusber Justified

Flgur: 35 is an example of unit chsrecteristics data cards.
13put format:
(I&,2X,TAL,2X,2AK,A3,2X,15,2X,E11.6)
five values per card, NCOMRT ¢ NSUPHT cards, slvays input.
Unit sllocation rule coefficients and tolerances. This data seg-
ment specifies the allocation rule coefficients and any permissidble
devistions from them. This segrent must have & header card
card columns
1 - 7
BEGCOOEY
snd & trafler card
card columsns
1 - 7
EXDOOEY .
One Jdata card is input for esch positive allocstion rule coefficient,
The structure of each of these csrds {s:
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card column

10 - 12 15 - 17 20-31 37 - 48 56 - 65
supported unit supporting unit coef- absolute absolute
identification identification ficient value value
number number of maximum of maximum
(right justified) (right justified) allowable allowable
upper lower

deviation deviation
(decimal fractions of
coefficient)

Figure 36 is an example of allocation rule specification data cards.
Input format:
(9%,13,2X,13,2X,E12.6, 5X,E12.6, 5X,E12.6, 5X,E12.6)
five values per card, always input.
NEFF, EFFLAB, EFF. Same as above,
NCON. Same as above.

RESCON. Same as above.
ALRTYP. Same as above.
TOLRSW. Same as above.
Allocation Rule Coefficient Tolerance Specification. No header,

data, or trailer cards are read here since any tolerances were speci~
fied along with the coefficients on the allocation rule data cards
above.

SUBSW. ©Same as above.

Allowable Support Unit Substitutions Specifications. Same as

above.
UMIXSW. ©Same as above.
Unit Mix Constraints Specifications. Same as above.

GRPSW. Same as above.
Unit Grouping Constraint Specification. Same as above.

AGGRSW. Same as above.

Support Unit Aggregation Specification. Same as above.
CSSW, CLSW, SRSSW, SRLSW, SFSSW, SFLSW. Same as above.
Unit Deviations Tolerances. Same as above.
Hand-Generated Matrix Structure. Same as above.

RHS, BND, RNG Data. Same as above.
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Restoration of Basic Structural Data Arrays
This section presents each input data item for CONGEN matrix
generation based on restoration of basic structural data arrays from

binary dumps of those arrays produced on a previous CONGEN run. On
every CONGEN run, a binary file (unit 10) is written. This file con-
sists of six logical records which are dumps of the values of certain
CONGEN basic structural data vartables and arrays. The records are:

(a) NCOMBT,NSUPRT,NANZ,NBNZ

(b) COEF(8000)

(e¢) KJCOEF(8000)

(@) Dm(T760)

(e) STRNTH(TE0)

(£) cosT(T760)
This data file may be saved. When a subsequent model will have the same
basic structural data this data may be quickly read, bypassing the
Battalion Slice output tapes and card deck, or some of the hand-prepared
input data.

PRBNAM. Same as above.

LANGSW. Same as above,

DATSOR. Same as above, except that must elways = 5 for this mode

of input.
Basic Structural Data. A binary file of six logical records (unit
10) defined above in terms of variable and array names, is read in its

entirety.

NEFF, EFFLAB, EFF. Same as above.

KCON. Same as above.

RESCON. Same as above,

ALRTYP. Same as above.

TOLRSW. Same as above.

Allocation Rule Coefficient Tolerance Specification. Same as for
inout in Bn Slice mode (DATSOR = 1).

SUBSW. Same as above.

Allowable Support Unlt Substitutions Specifications. Same as

above.
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UMIXSW. Same as above.
Unit Mix Constreints Specifications. Same as above.

GRPSW. Same as above.
Unit Grouping Constraint Spe:ification. Same as oove.

AGGRSY. Same as above.

Support Unit Aggregation Specifications. Same as above.
CSSW, CLSW, SRSSW, SRLSW, SFSSW, SFLSW. Same as above.
Unit Deviation Tolerance. Same as above.

Ha "d-Generated Matrix Structure. Same as above.

RAS, BND, 17 "~ta. Same as above.
CONGEN OUTPUT

The output of CONGEN consists of a one-page generation summary and
data files defining the LP model, & possible solution, and informaticn
about it that is passed to the LP reporter, CONREP. The specific out-
put is:

(a) One page of generation summary ctatistics, printed directly
on system output. Figure 37 is an example of this page.

(b) A card-image file of model row names. The first card is the
"NAME" (MJS/360) or "FILE" (OPTIMA) card. This is output on FORTRAN
wnit 7. Figures 38 and 39 are examples of this output.

(c) A card-image file of model coefficients. For MPS/360 the
first card is the "COLUMNS" card. This is output on FORTRAN unit L.
Figures 40 and L1 are examples of this output.

(d) A card-image file of candidate LP basis vectors, both row and
column, that may be used for advanced starts t. model solution. This is
output on FORTRAN unit 3. Figure 42 is an example of this output.

(e) A card-image file of unit DIM numbers, titles, SRC numbers,
and TPSNs which is passed to CONREP for use in the reports. This is
output on FORTRAN unit 2.

(f) A binary file of data to be passed to CONREP. This is output
on FORTRAN unit 11.

(g) A binary file of data that may be used on a subsequent CONGEN
run to bypass the processing of Battalion Slice data. This is output
on FORTRAN unit 10.

92
@A




COMFNRM

L® MATOIX GENEPATION SuMMARY
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Fig. 37—Sample Generation Summary Statistics Page of CONGEN Output
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Fig. 38—Example of Row ldentification Section~Unit 7-of CONGEN Output in MPS/360 Formet
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Fig. 39—Exomple of Row ldentification Section-Unit 7—of CONGEN Output in OPTIMA Format
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Fig. 40—Exomple of Matrix Coefficients Section-Unit 4~ of CONGEN Output in MPS/360 Format
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Fig. 41—Exomple of Matrix Coefficients Section=Unit 4—of CONGEN Output in OPTIMA Format
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NAME

XL C902
- Xt €909
XL C906
xL C907
XL C939
XL C919
XL C92¢C
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Fig. 42—Example of Advenced Start Basis-Unit 3—ef CONGEN Output in MPS/360 Fermet




(h) A card-image file of model column names. This has proved
useful in some solution strategies using OPTIMA, but most likely is
useless vhen using MPS/360. This is output on FORTRAN unit 1.

Normally after CONGEN executior, to produce a complete LP model
for input to the :[PS for solution, the row identification file (unit T)
the matrix element file (unit 4), and the user prepared RHS, bounds and
ranges data are concatenated to form a single data file,




Chapter &4

MODEL SOLUTION

The output of the CONFORM autcmated LP matrix generator, CONGEN,
is ecssentially a camplete statement of the model in cerd-image format.
The model {s input to & cammercislly availadble mathematical programming
system (MPS) for solution, and that solution {s input to the CONFORM IP
reporter to produce English-language reports for use by the force
planner. The NPS, available ot USAMSSA, is INN's MPS/360. The MPS at
RAC is CDC's OPTIMA. CONGEN can generete a mcdel in the format of
either MPS/360 or OPTIMA.

Through the use of the control statements of the NPS, the CONPORM

analyst converts the card-image model to an interms) form (more efficient

for computation), selects an objective function and & RHS vector from
alternative ones in the model, may input & starting poimt for solutiom,
applies a solution algorithm, and produces reports in the format of the
MPS. Figure b3 {s & listing of & sample sequence of NP8/360 control
statements used to solve a CONFORM model.

ADVANCED STARTS TO MOIEL SOLUTION

Insight to the logical end mathematicel formulation of an LP model
may be exploited to schieve improved solution efficiency. The enalyst
vould like to reduce the time and number of {teretions leeding to @
solution. Whatever the starting procedure, it too must consume time
and effort; the practical criterion of course i{s the total expended
ir preliminary and solution procedures. Stretegies for edvenced starts
to L® problems center on the selection of & subset of a prodlem's
vectors. A set of linearly-independent vectors that span the space of
a problem is called a bdasis. The conventiomal process of LP solution
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CONTROL PROGRAM COMPILER - MPS/36C Vv2-M10

onng
0°"2
cne6sS
J0 66
92567
7 68
0re9
ncro
(Thel J
0072
el
a7
ou7?S
orTe CON
onyy
2078
0979
IngO
ncal ourv
082
0283
onse
uces
J°86
one?
INVAL IO FUNCTI(N NAME,
ncee
7l 1) SAV
neen
0nhq) CON2
0c92
3093

PROGRAM( *ND?)

INITIALZ

MVADR({ XDOFREQL,SAV)
KFREQ1=5%)

XFREE=491%52
MVAOR { XDONF S, 0UT)
MOVE(XDATAy *USERTI?)

MOVE ( XPBNAME ¢ *TESTFOUR? )
MOVE({ XOLONAME, *TESTFOUR® )
MOVE (X08J,* TOEV®)
MOVE ( XRHS ¢ *RHS )
MVADR ( XMA JERR ,CON)
CONVERT( * SUMMARY? )

SETUP

MVAOR(XMAJERR ,CON2)
MOVE(XDATA, *TAPED?®) |
INSERT('FILF®,*TAPEY) |
PRIMAL

SAVE( *NANE® ,*TSTFUR')

SOLUTION

ASSIGNI'CODE ¢ *FTCTFCPrLY 40 COIMMY )
PREPOUTI*CODE*) |
SOLUTVION(*FILE®,°CODE®)

FREECORE

CONFILLS)

EXIY |
SAVE({ "NANKE?® ' TSTFUR?)
CONTINUE

STATUS

FX1Y

PEND

Fig. 43—Semple MP$S/360 Contrel Soquence
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proceeds from an initial basis through as many bases as necessary to
discover first a feasible and then an optimal one. The challenge to
the analyst is to pick either an initial basis that is "better" than
the MPS's own choice or to limit (at least temporarily) the MPS's
choice of bases so thaut the likelihood of early discovery of a "good"
basis is increased.

Experimentation was conducted on CONFQ?M models to determine
general rules for selection of a supericr si:arting basis. The rules
were kept uncomplicated and fairly general for easy incorporation into
CONGEN. Rules were discovered, and CONGEN outputs a candidate LP
bases vector list (CONGEN unit 3).

The experiments resulted in a generalized definition of a vector
class which cut total solution time—number of iterations of a primal
algorithm—to zero for a CONFORM "base case" or "calibration" run, and
by about 2/3 relative to starting points automatically chosen by the
MPS for more complex models. However, for a complex model similar to
one already solved, it is likely better to use the optimal basis to
the former problem as the initial bases of the new one than to start
from the CONGEN vector list. Unfortunately, the break even point at
which sufficient problem similarity ends and too much newness begins
is not predictable,

The general rules for selection of vectors (if generated) for
inclusion in the starting list 1is:

(a) For rows (logical vectors) add:

(1) All alternative objective functions and unconstrained
rows not usually thought of as objective functions.

(2) All strength, cost and effectiveness limits rows.

(3) The "unit group constraint row."

(b) For columns (structural vectors) add:

(1) The basic column for each combat and support unit type.
(2) The cambat unit shortfall and longfall columns.
(3) The support unit requirements shortfall and longfalls

columns.
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(4) The support unit force shortfall and longfall column
v.ctor.

(5) The allocation rule coefficient lower deviation columns.

(6) The unit mix columns.

These rules define a vector class that is generally equal in size
to the number of model rows—"m". When CONGEN is outputting the matrix
in MPS/360 format, it never produces a list greater than "m", and it
associates a row name not in the list with every column name in the
list for use by MPS/360's INSERT. For use with OPTIMA, the list is
input to the MAPIN procedure.

OUTPUT FOR CONREP

Figures Lkt and 45 are examples from MPS/360's "SOLUTION" report
procedure. Figures 46 and 4T are examples from OPTIMA's "RECORD"
procedure. The output produced by OPTIMA's "RECORD" is readable
directly by the analyst or CONREP. However, CONREP cannot read directly
the output of MPS/360's "SOLUTION". To produce output from MPS/360 that
is readable by CONREP, a small CONFORM program, CONFIL, has been written
that is called into execution from within MPS/360, reading the output
of "SOLUTION" and writing a file of row and column solution values that
can be read by CONREP. The CONFIL program is documented in Appendix D.
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Chapter 5

SOLUTION REPORTING

INTRODUCTION

The model solution report produced by the commercial solution sys-
tem is unacceptable to a force planner and is even inconvenient for an
LP analyst to read. Figures Ul to 47 in Chapter 4 show this. The '
CONFORM LP reporter—CONRER—is a computer program that produces any |
of several optional English-language reports of one or two LP solutions
from the coded reports produced by the MPS. This chapter provides in-
structions for their production. The data and parameters required for
CONREP before and during execution are discussed and illustrated by
examples.

CONREP is written in the FORTRAN language and 1s designed to permit
the CONFORM user to extract a wide variety of information from CONFORM'
LP solutions obtained under IBM's MPS/360 and CDC's OPTIMA and from the
model itself. The production of a CONREP report is subject to program
logic, to the values obtained in one or two LP solutions, to data
passed from the CONFORM LP matrix generator—CONGEN—and to a user-
prepared control deck.

The originai force planning problem was translated by CONGEN into
a coded form suitable for input to the MPS; the MPS solution is coded
identically. A retranslation is required if a solution 1s to be
expressed in the terms of the original problem. CONREP is an efficient

solution decoder. _ .
There are seven optional reports or subreports. These are listed

in Table 3.
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Table 3

SUBREPORTS PRODUCIBLE BY THE CONFORM
LP REPORTER
(CONREP)

Force Summary
Peacetime Cost Summery
Troop Deck

Troop List

Unit Allocations

Unit Deviations

Unit Support

EXAMPLES OF CONREP SUBREPORTS

This section contains examples of the optional CONREP subreports
with explanatory text. The discussion of each subreport includes a
section, "Request". Request keys the corresponding argument of &he
CONREP control verb REPORT for reference to the discussion of that
particular argument in the next section on control verbs and data
requirements.

Force Summary Report
Request: REPORT SUMMARY
Purpose: To summarize on one page force strengths and costs,

canbat unit effectiveness indices, and rtrength and
cost values of the alternative and force deviations

and requirements deviations for support unit aggregate.

Example: Figures L8 and 49.

Comment : In Fig. 48, the top line on the page is information
relating the report to the specific LP solution. For
repofting of LP solutions produced by OPTIMA, this
information is automatically extracted from the
solution. For reporting MPS/360 solutions, 132
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characvers are input by the user for each LP solution

input to CONREP. The next line is a constant CONREP c
heading, plus the report page number. The five lines

of comments below the subreport title are input by -
the user for this subreport on five cards. The number

of division force equivalents (DFE) is input by the

user for this subreport, and is used to calculate the

streng:th and cost per DFE. In the support functional |
areas, force short- and longfalls are the result of

comparing this alternative to target values actually

in the model or to another LP solution. This example
is for a CONFORM "base case" or "calibration run," i
and thus there are no force short- or longfalls.
Requirements short- and longfalls are the differences
between actual eallocation rule requirements for support
units and the number of those units actually in the
force. Figure 49 is a Force Summary Report for an .
alternative to the base case reported in Fig. LS. )
First note that there are two lines of information at
the top of the page. "Cace 1" is the alternative,
and "Case 2" is the base case to which it i{s compared.
Notice that force and requirements deviations are
reported for the support aggregates of this altermative.
Negative numbers are shortfalls and positive numbers
are longfalls.
Limitations: Although the LP matrix generator CONGEN allows 0-6
cambat effectiveness indicators of any type, CONREP
alwvuys looks for six and labels them as shown in the
figure. CONREP does hovever use the names that the .
user Input to CONGEN to retrieve the values. A simple
CONREP program change is required to change the ladbels.

Peacetime Cost Summary
Request: REPORT COSTSUM
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Purpose:

Example:
Comment:

To report the cost of the cambat, support and total
force by each of the budget categories of the FCIS, and
by certain subtotals and totals.

Figure 50 (two pages).

This is a two-page report. The first page reports the
total of each of the li initial investment and 18 annual
operating budget categories currently represented in the
COSTAL model for the cambat force, the support force
and the total force. Same subtotals and totals are also
reported. The second page reports initial investment
plus 10 years operating cost for acme representative
discounting rates. Total strengta is also summarized on
this page. The numbers shown i1 this report are calcu-
lated based on the fractional troop list a2d the cost
factors in the special Battalion Slice extraction fram
FCIS. S8ame of these cost factors may vary by peacetime
station; six peacetime stations are represented. The
CONREP user specifies an assumed across-the-board dis-
tribution of units at peacetime stations as input data
to this report. This distribution is noted at the
bottam of the second page of the report. In this example,
all units are assumed to be in CONUS. The report may be
executed several times vith different distributions.

Troop Deck Report

Request:
Purpuc ¢

Example:
Camment :

RYPORT TROOPDCK

To report the troop list in e card-image format identi-
cal to that produced by Battalion 8lice (DPROG).

Figure 51.

From left to right, the informat{on reported here is the
DIM number, title, SRC rumber, TPON, unit strength, and
fractional and integer nuaber of each combat and then
each suppert (including dummy) unit in the force. The
format {s the same as that of Battalion Slice, except
for the amission of the header and trailer card. Also

e -~
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CONREP includes all units that are in the model, even if
they have a solution value of zero. The output of this
report may be punched or simply printed. The report is
several pages long; this example is extracted from the
middle of it.

Troop List Report

Request:
Purpose:

Example:
Comment:

REPORT TROOPLST

To report the troop list in a full-page format, showing
total and per-unit strengths, support and total slice
sirengths; cost, number of units, or some other measure
be substituted for strengths.

Figure 52 (three pages).

This subreport is most useful in conjunction with a
"base case" or "calibration run." The example is taken
from a "strength base case", i.e., a run that reproduced
a Battalion Slice force and in which the objective func-
tion was total force strength. The first page of the
figure is the first page of the subreport. It reports
the combat units. Subtotals are taken.

The subtotal "total fractional slice strength" is equal
to the total force strength due to the combat force and
the allocation rules only. If there are any optional,
augmentation, deletion, or maximum allowable units in
Battalion Slice terminology, or any support units with
nonzero right hand side (RHS) values in CONFORM termi-
nology, this total will differ from the true total force
strength. The second page of the figure shows that the
report contin es, reporting the same type of information
for the support units. The third page of the figure is
the last page of the report. It shows that the report
continues through the dummy units, reporting support
unit subtotals and grand totals. In the grand totals,
fractional and integer total units strength is equal to
fractional and integer total force strength. In the

o )
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support subtotals and the grand totals, "Total Support
Strength" and "Total Slice Strength" are not meaning-
ful.

Per-unit slice strengths are actually obtained from the
LP marginal values or Pi-values. Thus, if the CONFORM
run had been a "cost base case", the slice values would
have been measured in cost, and unit cost would have
been used instead of unit strength to fill-out the rest
of the report. The CONREP user specifies whether to use
strength, cost, number of units, combat unit effective-
ness, or "other" as the unit of measure. The report
headings as well as the calculation of values varies
according to this specification. The section on LP
Marginal Values in Chapter 2 discusses these values in
more detail.

Unit Allocations Report

Request:
Purpose:

Example:

Comment:
/

REPORT ALLOCATN

To report the units that require each support unit,

based on sllocation rules, and the amount and sensi-
tivity of each requirement.

Figure 53.

This report will probably be most useful when produced
once for the "base case" of a CONI'ORM exercise or run
series. and not for any alteinative forces. "The :~port
is produced by "supporting unit", including dummy units.
The DTM number, title and number of each unit in the
force is shown. For each of these units, every unit
that requires it is listed—its DTM number, title, and
solution value—along with the coefficient of allocation,
e.g., "x supporting unit per supported unit". The
number of units and men of the supporting unit actually
required for the number of each of the supported units
in the force are reported in the "SUPTING UNIT SUB TOTAL"
and "SUB TOTAL STRNTH" columns. These columns are

= >
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totaled to show the total number of units and men of
the supporting unit required in the force, based on
allocation rules. This example is a base case. The
number of supporting units in the force does equal the
total of supporting unit subtotal column. If this were
an alternative force run, one might expect the number
of supporting units in the force to be less than (short-
fall) or greater than (longfall) the allocation rule
requirements. The LP marginal value of the supporting
unit is reported. . In this example the objective func-
tion used in obtaining the LP solution was total force
strength. The marginal value for unit 2 is 20.319, in-
dicating that deleting one unit 2 from the force would
remove 20,319 men from the force—unit 2 plus its sup-
port tail. This marginal value checks with the per-unit
slice strength of unit 2 shown on the second page of
Fig. 52. The positive marginal value here is inter-
preted in the deletion sense, because positive LP model
RHS values for support units represent deletions, while
negative RHS values represent augmentations. More pre-
cisely, the LP marginal value i1s the rate of change of
the objective function per a change of one (1.0) in the
corresponding RHS value. For CONFORM base cases, the
rate of change of the objective function with respect
to a change in the RHS is the same as with respect to a
change in the number of units in the force. The final
column of values reported are derived from the sup-
ported unit marginal value and the solution values of
the supported units. These values show the sensitivity
of the solution—the force—to changes in the individual
allocation rule coefficients. For example, the first
value, -.338, indicates that if the coefficient allo-
cating unit 2 to unit 901 were to be increased by 10

123




percent, 338 men would be added to the force. These
coefficient marginal values are calculated based on

3
LTRSS

where J 1s the objective function
8,y 1is the matrix coefficient in the ith row
and jth column
™ 1s the LP marginal value of the RHS value
of row {
X, is the solution value of column J.
In this example, these values show that this solution is
about twice as sensitive to changes in three coefficients
that sllocate unit 2 (to units 901,902 and 905) than it
is to any of the others. As an option the CONREP user
may speed up this. report by suppressing the (search for
and) printing of the unit titles.

Unit Deviations Report

Request:
Purpose:

Exanple:
Comment:

REPORT TRPLSTX

To report unit-by-unit deviations from target values
(force deviations) and from allocation rule requirements
(requirements deviations).

Figure 54 (two pages).

This report is most useful for reporting on other than
"base case" or "calibration" runs. For each combai and
support unit, including any dummy units, is reported its
DIM number, title, SRC number, unit strength, unit cost,
LP marginal value, and in terms of both number of units
and strength the fractional and integer number of the
unit in the force, its force deviation 2nd requirements
deviation. As for the Force Summary Report, force devia-
tions may be comp::ted from structure within this altern-
ative, or by comparison vith another LP solution. In
this example this alternative (case 1) is compared to a
base case (case 2), as indicat~d by the top two lines of
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}
the page, to compute force deviations. Only one type of

deviation may be modeled for cambat units. This {s lire
the force deviation of sipport unite—thus the "XN/A"
under requirements devi..ions for combat units, as shown
on the first psge of the figure. As for the Force Sum-
mary Report, negative deviations are shortfalls and
positive deviations are longfalls. In this report zero
values are dblanked-ocut. Notice that {n this example all
combat unite have force longfalle—the combet force vas
augnented adove the base case. The first page also
starts the support units. Tha gecond page of the example
continues into the support units. No totels are taken
in this report. Also as for the Force Summery Report,
the five lines of comments 'nder the subdbreport title ore
fnput to this subreport on five cards. The unit strength,
unit cost, and unit LP sarginal value are reported as
indicators of the sensitivity of the solution to changes
in pumbers of individual units. For example, 1if a force
planner vere looking for "most significant” force or
requirements devistions, he might scan one of these three
columns for the lergest values that also had the type of
devistion he ves interested in.

Unit Support Report

Request:
Purpose:

Exanple:

Camment:

REPORT SUPPORT

To report the units that are required based on alloce-
tion rules by each combat and support unit, any devia-
tions of these supporting units from total requirements
for these, and the sllocetion of the devi~’:ms to the
individusl supported units.

Pigure 55 (tvo pages).

This report is useful for reporting e vwide variety of
both "base case” end "altermst ve force” runs. Pirst,
note that we for the Unit Allocstions Report, the
printing of the unit titlee may be suppressed by the

m @.




t10°- 082 02
°00°- 198 e
380°- 06 e
08°- O ]
038°- % 40t
000°? ot [ )]
108°- ¢ 114
808> o L)
000°- of 03]
008°~- 008 (4]
100°- 18 1 1)
198°- ¢ [
090°- ¢ 0
000°- § ¢
tee°- 148 131
$08°- 41 6us
000°- ¢13 g
000°- 3 L ]
180°- 04 (2]
teer o3 o33
080°- 008 (12
100°- ¢ L
ee8°y ¢ *
60 ¢ ’
430°=  ogg 0
®o- 4 w32
089~ 13 i
e ¢ L
"0ec- o | J
000°- ¢ s
00ec- 4 é
r50°- ¢ te
4%t 4348
300°- 40 40
180°- = -~
Wec- Wt us

MW 420 O30 ®4Ade
WIsvs satelnn 830 o
0989 cocoe

gve°
gy9°
gv0°
te0°
(3 . 0
(32 2
te°
(4. 0
g0
1 3.0 2¢
tIe°
soe°
$28°
gte°
g0
tte°
g0
gse°
gte°

g10°
428°
1¢0°
130°
| &1 Ad
94
[ 3.1 3
g19°
gv0°
£%0°
§%0°
(1, 0

830 838 ®0)0
s3lsinn 030 &

§te°
| 51 0
[ 3004
t99°
g30°
ot0°
14, M
gte°
tie°
13 M
gte°

[ 1 La4
g30°
g30°
gse°
(3. 0
gt
gte°
et
[ .1 g
489

$39°
gie°
g0
g%0°
gie°
gi1e°
gte°
13 2
(3 hd

*3°e 0t i mieis

silna

ugli930%W ilna 10010

1Mt Iwang

WS wAuiied WEIW

Sny ot

2cepo ey
esgigect
eegoeeesy
222e22°

2epg0e"t
o2e2¢°

eee9seet
LT
gogoerey
9993%¢ey
eeatsey
48893

s3eeree

2°9930°8
eogig-ey
£yeeseey
seqeyrey
s3¢ 2ot
0o9°3¢°8
...*-.‘
oegere

142192

seegtce

seavegey
.‘".“.-
*933°0°t
0°3026°¢
se2eaeey
segoeeet
s932o0ey
82929¢°8

§oagecey
3c399¢0°1
egreect

L 23]
*9397%
80 230

2479 9°1 nOISHIA ¢3000

A364F 80

sedey yeddng sy ojdueg wey sidedng—gg S1g

L L 3.5¢
0 °
19°
Mo

28 °
489°
s..

n e
el

*e°t
st
"e*
"o
et
™S
“g
pyece
22
st
us°
’...
eegee
:..
2Ie°1
2982
et
T
"ee
€3
sor°g
[ S04 |
“.‘.“
[ B34 ]
L i1 34}
“eos
£32°
*9cy
[ L A LT ]
o
a$ e
»ee
%24%¢

% °
0yy°3
P ]

130
4ian

"2 9o 239
8T 0°9  ge9
[ 1Y oca (Y LYY ]
L] ece 30¥°°
s 9°°3= g9t
0 0 g
g L 34 §ooce
(3 ] A4S,
48 ey 14 20d ]
32 °°0 099
4 e °¢9°s
[ {34 ) 1092
‘ ‘I. Space
° g 3e9°°
% 0 °ge-e
(324 g 000
” eiely 0t
4 | 3 . St
L 7 (24 ] 993
a8t [ A ] aogee
12 e ) it ey
? 2°9 (3. At
? -9 oppe e
L] ooy [T 2 A4 4
et ooy egeee
b TR L L Lk
(] 3°9 2993
] [ 3 ] L ot bl 4
‘- ..- “.‘..
Y ey spyee
¢ (38 ) e9°e
( 7] £°93« gol°.
(1, €03 (P2~
43 gee opase
'} [ER) apgee
17 BT ILEEE R
uags indale
4IMA ccosvcccvsvcoccs

(41 04
9o
(31 o
o24° 68
bE 3
..’. L ]
13 4 08 )
[ L ol ]
(41 M
(41 M
cso
32 M
480°s
[ 41 0
2%%0° 2
cte*
e20°t
L LTS
gte°
tte°
[ 24 AR 1
186° 2
O...
"0t
(41 M
L T
[ 41 0
489
igo°t
gtee
(41 A
ke 1 04
gre°

ste
L 2] A4
(2] o

Jnves
aveg

S50 4Be L30eens ) Imn

W B M

£ 00A WOIINYS 0 LuCeTv welsnd)d
WINsIIIMe) * € o €9 == IIIVS B0 S0 /2244

TP EGD COCPTIE COTOCOPROCOCTIPCCTIO TN OTTCCCOP D SO S

N
203i938C 8

eso oo covccsoso snocrrrosce s sane

NI w2

128



3
[
]
LEL XYL L X X T J
L LYY LT XX X NN J

2
.Q.Q..Q.‘..“Q:.
LI L L L X X XXX RN J

L 1] 043

LLL ALY 1 " § 388

(110 (4 2ae
09g°r 000°0
2%0°F  °00°?

see°  sge°
00t oet°
ge8°  gote
LT Y 1
800 ge0°
Tee:  eer

L] .
gtec  gte°
ogee  agee
eves  ge°

§99°¢  go8°¢
088°C  ep9°°
099°¢  *pQ°e
00e°s  080°°
"We's 000"
90°¢ geece
08¢t re9ce
290°¢  oeece
0eg°C gfe°Y
200°t %0 °r
080°¢ 09> °9
.’." ‘:..
200°t 0g0°Y

WA A0 O30 miADS

WMIWL up0sinn O30 6 w¥BsINA 00 OB

438 030 N340

4399 eceee coe
‘e 0t niMJuLS S4inn
N034VI0TW LAINR L0010

31 veang
38 DIve
WE wRalies WESD Sa2stus

|||Illllli

(. 1w0) podoy ueddag iop ojdmeg wesy sidsedrcx—gg- Bey

008100° agee 36° (1} eee [ B4 L4 118t [ ¥]
48800 P° [ 1 Lhd [ ok A4 J t ] ees yopce 4%4° % [ ]
“$100°  elT°  geecp 3 P°e  Jgece  egece 006 -
"we° et Y oee  3e9ce  peees e
2609 pu°c Mcce g "9 eegep  gvect ”e
sPaezee 9°9°e  eegeg 9 9es  egece  gedey %
(3 { IS L0 400° [ 4 Ad 4 3 L A8 ] kL4 Ad ] 100° 2 [, ]
302780 499° 089 ] °d bl aad 840 ”e
843900 [ 1 ) Ad [ b4 34 4 [ ] [ A ] g3 °%9°¢ 406
00028 °° L. 1 A (o1 A ] b} 3°9 [ 14 24 L1, 04 %
491090° [ 13 Ad L T3P [ Y4 4 Lad | [ 1 Sl 3829 L 1]
[$1 ) Aldd L, 14d et % [ L] LL1e A 13 2 34 ¢ | ¥}
4731 {44 [ 24 Ad %99 % 2°9 qeoacy 4%94° %% [TTY
0843%¢° (14 &4 *99°e b} e°s [ 14 Add 9%6°9 (4 [
849°  oFTe  geg  °e  sgser  gepey Q2
[ 11]1¢45d L4 i A pages [} [ A1 4 [ 44 24 ] 9te° 2 ue
‘a0 980 ca0° 09I °e e L &b ] L1 adad S 4266 0%
3426°2° 99° 09 S seg3 [ L4 AL ) L 1§ %4 496
P 11144 [ ¢ 784 299%°Y ] | A ] J09°0 4%9°¢ "o
048000° 0% w3t 9 £oe 9e9°c  tes* W ey
TS2LTET o3 e99ce 9 eey  a0ecy  eze%y " m,
18643°°  0$1° e3ecq pes  esgee  otgeg e
igegte [, 1 34 c3°°0 [ ] oce L 14 A 4 999°£t L 1Y
L 281144 [14 &4 w2 (% 4 Qre [ 1 L add 42°9 L 1)
ed44820° L L P -1 344 [ Y] g e Ll [ a2 t18°t [ ¥
[T Y L1 N 4d [ .1 A4 (o4 Ad 4 % gee L & A4 ] 4%4° %8 [ 1Y
099823 [ 33 4 [ S ddd . i’ 1 {4 A ] [ ;1% ) L 1Y
49992 ¢° b R 09993 % [ b} 2991 [ LT o] {3 1Y
J00° [ 4% Ba ) . [ 44 ] Ll s 44 ] bk b | ote
89800t 10° e [ £ 34 [ A } t 44 A4 (44 M (1 ¥}
wel, e 1309  muS iNdWe JAWA  IMm Mnn =0
-930 %W weld %0 _J 43BN ecccvcoccscrens a0
40 4303  <vee #011v1020 e
S43un 9al 130eens
1380 ¢ Diuseens
S0400 1904enS § Ben
2479 9°% NOISNDL O DDNODY SWE BOILAWE B LU0 O MmO
2304000 | [TV} ¥ ] WMWIeJViMmel * € ¢ E% ~~ PINS N 40D 2472272 IuIL 243088



user to speed up the report. The first unit in each
group is the supported unit, end the ones immediately
following it are the ones that support it. Thus on the
first page of the example, unit L18 {s a supported unit,
and on the second page units 419,420 end 421 ere sup-
ported units. For all supported and supporting units,
their solution value, any requirements deviation, and
their unit strength, unit cost, and LP merginal value

are reported. As for the Unit Deviations Report, these
last three values ere reported to key the "most important"
units. Next the coefficient that allocates each support-
ing unit to the supported unit is listed. Any require-
ments devistion already reported to the left is with
respect to total requirements for the unit—not neces-
sarily only due to the supported unit of the group.
Whether or not each supporting unit hes any requirements
deviation, its allocation to the supported unit {s first
calculated assuming no deviation with respect to this
supported unit, and then assuiing uniform or across-the-
bosrd distribution of any deviation to all units that
require it (including this supported one). This is done
both in terms of number of units and number of men. For
example, look at supporting unit 312, under supported
unit 418, There are .650 unit 312 in the force, which is
.163 fewer than total requirements for it, besed on sllo-
cation rules. This shortfall is 20 percent of those
requirements. If none of this shortfall was allocated

to unit 418, there would be .813 (63 men) of unit 312,
Just due to the presence of .813 unit 418. Thus, in this
example, unit 312 is only required by unit 418; and it is
therefore quite correct to.allocate the same percentage
deviation (20 percent) to this requirement as to total
requirements for unit 312. When this is done, only .650
(51 men) of unit 312 are in the force due to unit L418.
The allocation of men to unit 418 is totaled at the top
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of page two of the figure. The 10 percent allocation
rule coefficient margiral values are reported to indi-
cate the sensitivity of the solution to changes in them.
These values are calculated and interpreted just as for
those reported in the Unit Allocation Report.

CONTROL VERBS AND DATA REQUIREMENTS

The user chooses fram the optional CONREP reports and specifies
parameters for those reports with thiree CONREP control verbs and
associated data. The verbs are:

(a) LP.READ
(b) REPORT
(c) ENDREP.

Each of these is discussed in turn, and then other data requirements

are discussed. These other data requirements are satisfied directly by
the output of CONGEN—the user need not prepare other data. The control
verbs and their parameters are the user-prepared data for CONREP. It

is read from FORTRAN logical unit one.

LP.READ
An LP solution or two LP solutions must be read by CONREP, as the
source of model column solution values, and row slack, RHS and marginal
values, For reporting on solutions produced by CDC's OPTIMA MPS, CONREP
reads the output of OPTIMA's "RECORD" directly. For reporting on solu-
tions produced by IBM's MPS/360, CONREP reads the output of the post-
processor CONFIL, whose input was the output of MPS/360's "SOLUTION".
All CONREP subreports report on a "case 1". Two of the subreports
have the option of camputing some information based on comparison with
some values in a "case 2". LP.READ may be executed twice in one CONREP
run to read two LP solutions as two "case 1s" or a "case 1" and a "case
2",
The format of the LP.READ control card is:
Col 2 Col 10 Col 21 Col 2k
! i !
LP.READ {MPS/360} { 2} {1}
OPTIMA 12 2
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There are three parameters, each of which may assume cne of two values.
The first parameter specifies the MPE that produced the solution. The
second parameter specifies the FORTRAN logical unit from which the solu-
tion is to be read. The third parameter specifies whether the solution
is to be stored as case 1 or case 2.

If more than one cagse is to be stored, each case must be stored in
natural order. An attempt to store case 2 first produces unpredictabdble
results. The storage of case 1 destroys any previously stored.cases.

Run title information for printing at the top of each page of the
reports is obtained autamatically fram a solution produced by OPTIMA.
At present the MPS/360 LP solution files do not contain run title in-
formation. Therefore, when a MPS/360 solution s to be read, the user
must input this information. He does so on two cards following the
"LP.READ MPS/360" card. Any legitimate symbols may be used and are
read under (1X,17AL/1X,16AL) format.

All cases read are used with the one set of other data which is
described at the end of this chapter.

Report
There are seven uptional CONREP subreports. REPORT is a request

to produce a subreport. The verd requires a non-blank argument to
designate the specific subreport to be produced. The production of
some subreports requires no parameters, but from one to several parem-
eters are require.d for others. Parameters may be carried in the REPORT
card or in following data cards.

The report argument may be any one of seven values; it must be
punched starting in column 10 exactly as listed:

(a) SUMMARY

(v) COSTSUM

(c) TROOPDCK

(d) TROOPLST

(e) ALLOCATN

(f) TRPLSTX

(g) SUPPORT.
Each of these arguments is discussed in turn in the following sections.
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REPORT SUMMARY. This is a request to produce the one-page Force
Surmary Report. Two parameters input on a following card, and five

following cards of comments to be printed in the report are required.
The format of the parameter card is
Col 1-10 Col 20
NDFE I

"NDFE" is the number of division force equivalents (DFE) assumed for
the force to be reported. "NDFE" must include a decimal point. "I"
is an indicator as to how to calculate support unit force deviations.
A value of "1" means to calculate them based on corperison of unit
solution valuegs in case 1 and case 2. Any other value is an indication
to determine force deviations from structure within the model-—case 1.
The next five cards may have any legitimate characters, and are printed
as five lines of comment near the top of the report.

REPORT COSTSUM. This is a request to produce the two-page peace-
time cost sumary report. B8ix parameters are required; they are input

on a single following card. The six numbers &re fractions (from 0.0
to 1.0) usually summing to 1.0, vhich specify an assumed distribution
of all units at the six peacetime stations of the FCIS model. These
stations currently are:

(a) cCoNUS

(b) Eurcpe

(¢) Korea

(d) Alaska

(e) Southern

(£) Vietnam.
The six numbers should be punched in card columns 1-10, 11-20, ...,
51-60. In addition, this report requires the special Battalion Slice
extraction of cost factors from FCIS.

REPORT TROOPDCK. This is a request to produce the card-image,
Battalion Slice-format troop list report. No parameters or arguments

are required.
REPORT TROOPLST. This is a request to produce the full-page troop
1list report. One parameter is required; it is input in column 21 of
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the REPORT ca:u. The value of this parameter indicates how to inter-
pret the LP marginal values for use in this report. Different parumeter
values imply different modes of calculation and the printing of differ-
ent report headings.

Parausete) = 1 ... marginal values are to be interpreted as
unit slice strengths, as in a "strength
base case" run; report headings say
"STRNTH" .

2 ... marginal values are to be interpreted as
unit slice costs, as in a "cost base case";
report headings say "COST".

3 «s. marginal values are to B¢ interpreted aus
number of upits; report headings say
"UNITS".

b ... marginal values are to be interpreted as
combat eflectiveness index number 1;
report headings say "IFP". .

5 +o. other marginal values are not reslly inter-
preted in the report; report headings sev .
"OBJCON" for "objective function contri-
bution".

REPORT ALLOCATN. This is a request to produce the Unit Allocstions
Report., One jparameter {s required; it i{s input in column 21 of the
REPORT card. If a "1" is input, the search for and printing of unit
titles is suppressed. This suppression significantly speeds up the

report.
REPORT TRPISTX. This is a request to produce the Unit Deviations
Report. One perameter input in column 21 of the REPORT card, and five
cards of comments following the REPORT card are required. If the
parameter is "1", cambat and support unit force deviations are computed .

by comparing this force—case l—to a case 2 LP solution. Otherwise,
force deviations are computed based on information in case 1 alone.,
The five camment cards may contain any legitimate characters, and are
printed as five lines near the top of each page of the report.
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REPORT SUPPORT. This is a request to produce the Unit Support
Report. One parameter is required; it i{s input in column 21 of the
REPORT card. If a "1" is input, the search for and printing of unit
titles is suppressed. This suppression significantly speeds 1} the

report.

ENDREP
The verb ENDREP is a request to terminate the CONREP run. No
arguments or parameters are required. The format of the ENDREP card is
Col 2

!
ENDREP

Other Data

Three files of other data are input to CONREP. One of thege is
optional. All three are autamatically prepared by other computer
progranms.

CONGEN prepares two of these files., The first is a formatted file
of unit UM numbers, titles, SRC numbers and TPSNs. This is produced
on CONGEN FORTRAN logical unit two (2), but is read by CONREP on unit
ten (10).

The second file is a binary file of model data—DIM numbers, unit
costs, unit strengths, allocation rule coefficients, etc.~prepared dy
CONGEN on unit ten (10). This file is read by CONREP on unit four (4).

The third file is only required if the Cost Summary Report is re-
quested—REPORT COSTSUM. This file is the Battalion Slice extraction
of cost factors from the FCIS. This is the Battalion Slice unit 85 and
the third file on CONGEN unit eight (8). It is input to CONREP as
unit 1l.

Whatever LP solution cases are read in a single CONREP run, they
are all interpreted using this set of "other data".

For sample listing of control cards see Fig. 56.
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Fig. 56—Listing of Semple CONREP Contrel Cords ~Unit 1
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Appendix A

COMPLETE LISTING OF CARD-IMAGE INPUT DATA
FOR A SAMPLE CONGEN RUN

Direct CONGEN Input 138-153
RHS Values 154
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8ASE-

9)2 9 N PECH IN OlV/SEP EOE SP.e54,20,.C
95 ¢ DN TaNK 174351204
906 ) SOON CAy *#ECw/sA® Oly 1R 4%L L MEIPL
Q)7 0 SNIN CAV Av/ARY%/YIKF CIV L7395k 4,00
939 ) 1P CAY SEO Insvser e0€ € A78.7M30 4L
919 ) BN 15¢ SP MICw/eEM) IV U 2111 PP FIE4
92. J BN 5% SP S{P w/nQ QCE CoYISM,27.¢C
Q246 9 9N CHLPARQAL-VULCAN OX28H (L.
928 ) BN 15% SP (NON-D]V) vOu584 Ly
929 ) N 8 INCH SP (NON-CIV) [ 1111340
932 9 8% LANCE (NON-DIV) - (659%7.2.9%
936 0 BN 8-IN (DIV) COIIBHCILLY
963 9 ARMD CAY SQOM TRICAP v 32138145450
Q9 0 SOCM ATK MEL TRICAP 17205720.99
91 9 CO ATK WEL 17148m. 240
29 HO 11 WHC THEATER AQwy TOAPLNOARAA
-39 AR 11 HHT AIPD CAY QFGY - -- 1728240 )y
S 9 IN 311 HC SEP LT INF BOE PPLL2MILO 0
6 9 HO 11 wnC CORPS 9 $2C316985v0 -
8 9 AR $1 MHC ARIMORED OIVISION 173062005
17 9 AR 13 HHC B2E ARMQ OIV - - 17962443500
16 9 IN 11 CO LONG RANGE PATRCL LP187G8LuGL
2% 9 IN 41 HHC SEP weCH BCE a4 $7 { '] .01 1s
6 9 FA 11 HMD OIVAFTY IN/ZAR/PECH (63C2ML030)
26 9 FA 11 MHD ARTY GRCUP Coeu1GOLLIG
39 9 FA 11 HHA COFPS APTY L653166J)00
32 9 FA 11 STRY SEARCHLIGHT — -—-- 0655966040
36 9 FA 13 ON TARGFY ACOLISITION M LY. {4 b
858 9 AG 11 CO AG AR/ZIN/MECH O1vV- 12407H0¢ 29 -
$7 9 AG 131 CO PERS SVC Ty A 12067671:..0
$8 9 AG 11 CO PERS SvC Ty ¢ L2ca7672iLC
60 9 AG 11 CO PERS SVC TY C 12067673200
62 9 4G 31 CO PERS SvC Ty O 12067674000
66 9 AG 41 CO PERS SVC TY E 12067675000
-66,9 AG 131 AND -APMY G2-PIECE-- ———121y76081Ci0
Py 9 AGC 13 hH) PERS/ZANMIN 2FASCC¥e 12)60069204C
T2 9 AG 85 DET AD™IN SVC 2FASCOMe 1257069174y
76 9 AG 55 DET SPECIAL SvC 1203160694066
78 9 AG 11 OEY REPL REG - -- - - 12560690.66
89 9 AG 131 DEV AIMY POSY OFFICE 1255.,69FFL6
-84 9 AG-14-0ET ARMPY POST -OFFICE -- -1255CGYFNh6 -
83 9 AG 11 CO POSTAL GS 1255, 59ACVE
86 9 AG 31 CO POSTAL GS e = 12550696166
88 9 AG 11 MHO PEPL 2£G CO 1256069AN)1
89 9 AG 44 HHD SOPECIAL SvC CO 12010G9AAyL
9% 9 AG 11 AGCY PERS AND ACMIN 291 12MJ0vIC
92 9 AG 11 HHD PERY/ZADMIN N TA - 12566598Ccs — -
Q4 9 AG 55 CO AJDMIN SVC 2ASCCMe 1257.692320
172 I AG 55 HHC PERSONMEL COMMAND 29114m26,80,
106 9 MI 131 CO SUPPGWT (SEP BOE) J2ubLHLILCoy
138 9 MI 11 HWMC ASA 8N 2CCRPSe 320566645 0L
112 7 FI 11 CO ASA DIV SPY ARM 32.57G82G049
113 9 MI 11 CO ASA AVIATICN-ARDF - - - 32,6664,340
116 3 MI 11 CO ASA OP A 32.67G87 .0
- 119 9 M1 14 CO ASA PROCESSING——--—- 32:7767ve i
12, 9 M1 13 CO ASA SCCURITY 322785uL40C
123 9 AV 11 €O ASLY HFL — - - ——-—— -UPISTH, 2. 40
134 9 Ay 11 CO ARMCP JIVISICH 17687H.CLUP
@S 138

—— -

TESTING USAMSIA 8 CIVISION PRAP THPUT OECK

LANGS M

Shea - —————————0ATSOR —
2223 009 22,408 - 22
2.72% $73 S$6..3¢ L )
3626007 859 - 4,400 —— o
05%. 900 L1 [ YY $19 [ 1
13:6937 161" 8oyl ——w—
osCLlie See 21.00¢0 ”
Lol uis €14 - G bed——¢
el &30 589 t R T 14 4
2406C ¢ L 1% 0.0 ——4¢
21063 $¢s 32,040 12
21469 I 3,020 -

vajcee S29 10.430 19
dulute? 690 —TF.030 r-

03069 oy 2.1 4
207964y 230 17.000 —2F
363y a8 1.020 1
20740 --- 226-—2,vi¢ ——0—
1500C% 296  1.000 1
3(43%500 - 2% 4,090 —— -4 -
02,6021 192 7.420 r
0290036 116 - 24009 ——021
2220509 216 1.598 1
s —=34C00 200 —4 00—

03.608¢ 228 r.00¢ ?
2380640 134 Jo034 —4-
218( 3ve 212 1.0)¢C 1
2169639 156 - 1,000 ——¢-——
2187230 7€9  1.060¢ p
V2006l - - 265——70,000 ——F—
30613 71 1.000 1
30684, 122 7.€9% ----§ -
JubgSoC 152 7.¢98 )
3)616CC 1880 - 7,695 —¢-
3361740 220  7.698 ¢

© 3001900 — &3---2400y-—2—
JouL70C $2 1.000 1
3560 - 47 ---1.030 — — §—
3.593). 26  8.162 )
3u595ul 39284006 -~—A8—-
3152( 04 36 S.706 L]
3652020 -— -20 29,964 — — 3 —
3ce72.9 ¢ 1.0 1

- 307200 - 45 —-4,§99 ——8 -
359<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>