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JOINT CONVENTIONAL AMMUNITION PROGRAM
COORDINATING GROUP

REPLY TO

ATTENTION OF: Rock Island Arsenal, IL 61201

ANALYSTS' MANUAL
FOR THE
ITEM ACQUISITION PRODUCTION/TRADE-OFF MODEL

FOREWORD

In the Department of Defense environment, there is a need for the capa-
bility of evaluating the cost effectiveness of inventory acquisition
and production trade-offs in the procurement process. This cost effec-
tiveness is based on the optimum procurement plan for achieving a
specified readiness. This plan is achieved by the utilization of
component stockpiling and industrial preparedness measures (IPM's)

and modernization investments.

To determine these optimum plans, based on joint specification by

the Military Services, the Item Acquisition/Production Trade-0ff Model
was designed under the auspices of the Joint Conventional Ammunition
Program Coordinating Group. This model has been successfully demon-
strated by the Military Services.

This Analysts' Manual and a companion document, The Users' Manual,
comprise an export package which will permit the Military Services
to install and use this Item Acquisition/Production Trade-Off Model.

The Analysts' Manual consists of an explanation of the Item Acquisition/
Production Trade-Off Model concept, along with appropriate uses of the
model. It also describes in detail the input variables and how they
are entered and arranged. Included also are descriptions of the model
output and sample formats with descriptions of data input and output.

Configuration management of the model is retained by the Joint Conven-
tional Ammunition Program Decision Models Directorate. Proposals for
modification of the model and inquiries with respect to the model
application and operation should be addressed to the Director, Joint
Conventional Ammunition Program Decision Models Directorate, Rock
Island Arsenal, IL 61299. Telephone inquiries should be addressed

to the Chief, Item Acquisition and Materiel Planning Division,
Decision Models Directorate, AUTOVON 793-5980.
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JOINT CONVENTIONAL AMMUNITION PROGRAM
COORDINATING GROUP

Office of the Executive Director
Rock Island Arsenal, IL. 61201

ANALYSTS' MANUAL
FOR THE
ITEM ACQUISITION/PRODUCTION TRADE-OFF MODEL

This Analysts' Manual and a separately published Users'

Manual provide detailed instructions and information for

, the Item Acquisition/Production Trade-Off (IA/PT) Model.

i The IA/PT Model was designed, developed, and demonstrated

f by the Joint Conventional Ammunition Program Decision
Models Directorate in response to requirements established

| by the Military Services. The model has been accepted for

¢ their use as described herein.

Although the Item Acquisition/Production Trade-Off Model
was designed to assist managers in the ammunition produc-
tion base area, it is applicable to any commodity when

the effects of inventory acquisition and production trade-
off must be evaluated by decision makers.

EDWARD J. JORTA
Executive Director
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ABSTRACT

The JCAP Item Acquisition/Production Trade-Off Model is a computerized
decision model written in the FORTRAN, MPSX, and COBOL computer
languages. The model is designed to develop an optimum cost-readiness
relationship for an end item considering all available trade-off
options that might meet requirements specified by logistics guidance.
The model uses integer programming to identify specific optimum cost-
readiness points either by maximizing readiness for a given cost or

by minimizing cost for a given readiness.

This volume contains:

(1) General background information to assist in understanding the
environment for which the model is intended.

(2) A mathematical description of the model.

(3) A description of how the model is exercised.

(4) An appendix with computer source listings.
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SUMMARY

In May 1972 the Joint Logistics Commanders (JLC) established
the Joint Conventional Ammunition Production Coordinating Group
(JCAP/CG) and gave it the authority to coordinate and take action
on all conventional ammunition production base activities and pro-
grams delegated by the respective commanders. The JCAP/CG basic
charter was expanded in October 1974 to include conventional ammu-
nition logistics programs and activities; and the name of JCAP/CG was
changed to Joint Conventional Ammunition Program Coordinating Group.
Under the sponsorship of the JCAP/CG, the Joint Conventional
Ammunition Program Operating Group (JCAP/0G) has the responsibility
for administering the Coordinated Management System for the DoD
Conventional Ammunition Logistics Activities and Programs.

As directed by the JCAP/0G, the JCAP Decision Models Director-
ate (JCAP-DM) designs, develops, tests and provides guidance for
implementation of all decision models, both economic and non-
economic, required in the joint management of conventional ammunition
logistics activities and programs.

The Joint Panel Report which led to the formation of JCAP
states the motivation for development of the Item Acquisition/Produc-
tion Trade-0ff (IA/PT) Model: "An economic madel(s) is needed that
enables the determination of the most cost effective manner to pro-
gram the ammunition production base so as to minimize the amount
of inventory required while maximizing the responsiveness of the
production base to meet wartime needs."

There are two ways of reducing inventory or inventory costs
through use of the IA/PT model. Speed of production response to
mobilization demands may be improved; or ammunition components may
be stored instead of storing end items only. The IA/PT Model
compares costs of increasing component and end item inventories
with production response alternatives and identifies the least-cost
alternative for improving readiness for management use.

The following table lists some of the end items studied during
model development. The potential savings are found by comparlnq the
IA/PT Model solution to buying end items only.




POTENTIAL COST

AVOIDANCE

STUDY ITEM ($ in millions)
JCAP MOBILIZATION CBU58B Bomb (Air Force) 67.7*
LEADTIME STUDY MK82 Bomb (Navy) 77.5
APRIL 1975 105mm HE, M1 (Army) 298.0
ARMCOM COMPONENT 81mm, M374A2 (Army) 212.0
STOCKPILE STUDY 155mm, M107 (Army) 201.0
APRIL 1975
JCAP MOBILIZATION 5"/54 Full Charge (Navy) 21.2
LEADTIME STUDY, 5"/54 Projectile FCC (VT) (Navy) 20.7
SUPPLEMENTAL 76mm Cartridge HE-IR (Navy) 19.3
DECEMBER 1975
JCAP CBU 58B STUDY CBU 58B Bomb (Air Force) 42.9
MARCH 1976
JCAP AMMUNITION MK84 Bomb (Air Force) 205.0
REACINESS STUDY FOR CBU MK20 Rockeye (Air Force) 4.8
THE AIR FORCE FY79  30mm API (Air Force) 6.7
BUDGET ESTIMATE 30mm HEI (Air Force) 54.9
JULY 1977 20mm HEI M56 (Air Force) 105.6

TOTAL $1,269.6

*Total does not include first CBU 58B study

This IA/PT Model Analysts' Manual contains basic model concepts, a
mathematical description of the model, a program listing, and
information needed to make computer runs. A companion IA/PT Model
User's Manual describes input data and input data formats used in
the model. For further information about the IA/PT Model and its
application, the point of contact is Mr. George Martin (JCAP-DM)
AUTOVON 793-5980, Commercial (309) 794-5980.

vi




DISTRIBUTION LIST

Department of the Navy

Office of Assistant Secretary of
the Navy (IaL)

ATTN: Dir, Ordnance Programs

Washington, DC 20360 (1)

Chief of Naval Operations

ATTN: O0P411 (1)
0P411C (1)

Washington, DC 20350

Commandant

US Marine Corps

ATTN: LMG

Washington, DC 20380 (1)

Chief of Naval Materiel Command

ATTN: MAT-02 1
MAT-0242D (1)

Washington, DC 20362

Commander

Naval Sea Systems Command
ATTN: 04J

Washington, DC 20362

Commander

Naval Air Systems Command

ATTN: AIR-05 1
AIR-532 Q1

Washington, DC 20361

Commander

Naval Supply Systems Command
NAVSSC Code 042

Rm 706 Crystal Mall 3
Washington, DC 20376 (1)

Commander

Naval Facilities Enginecering Command

NAVFAC Code 202A
Washington, DC 20390 (1)

Commaﬁder
Naval Weapons Station Earle
Colts Neck, NJ 07722 (1)

Department of the Army

Office of the Assistant Secretary
of the Army

(Research, Development & Acquisition)

Washington, DC 20310 (1)

Office DCS Research, Development &
Acquisition

ATTN: DAMA-CSM : 21)
DAMA-CSM-P 1)
DAMA-CS2-A (1)

Washington, DC 20310

Commander

US Army Materiel Development &

Readiness Command

ATTN: DRCPA gl)
DRCCP 1
DRCPP IE
DRCSA-JS %1
DRCLS 1)

Alexandria, VA 22333

Commander
US Army Armament Materiel Readiness
Command

ATTN: DRSAR-DA (1)
DRSAR-PP (1)
DRSAR-PC §1)
DRSAR-PD 1)
DRSAR-IR (1)
DRSAR-MA (1)
DRSAR-QA (1)
DRSAR-AS (1)
DRSAR-TM (1)
DRSAR-SA (1)
DRSAR-1S (1)
DRSAR-HMS (1)
DRSAR-OP (1)
DRSAR- IL 51;
DRSAR-CP 1
DRSAR-PA (1;
DRSAR-MM (1
DRSAR-LE (1)

Rock Island, IL 61299




DISTRIBUTION LIST (Cont'd)

Department of the Army (Cont'd)

Industrial Base Engineering Activity

ATTN: DRXIB-IP

Rock Island, IL 61299 (1
Commander

Harry Diamond Laboratory
Washington, DC 20783 (1)

HQ

JUSMAG-K (Box 11)

ATTN: MKLO-S

APO San Francisco 96302 (1)

Commander

US Army Logistics Center

ATTN: ATCL-CG

Ft. Lee, VA 23801 (1)

Commander
US Army Armament Research &
Development Command

Dover, NJ 07801 (1)
Commander

US Army Research Office

P 0. Box 12211 ' (1)

Research Triangle Park, NC 27709

Project Manager

Munitions Production Base Modern-
ization & Expansion

ATTN: DRCPM-PCM

Dover, NJ 07801 . (3)

Project Manager
Selected Ammunition
ATTN: DRCPM-SA

Dover, NJ 07801 (1)

Director

Army Materiel Systems Analysis
Agency

ATTN: DRXSY-DI (1)

Aberdeen Proving Grounds, MD 21005

viii

Department of the Air Force

Office of Assistant Secretary
of the Air Force (I&L)

ATTN: SAF/ILP

Rm 4D862 Pentagon

Washington, DC 20330 (1)

Deputy Chief of Staff System
& Logistics

ATTN: AF/LG (1)
AF/LGYW §1)
AF/LGYWC 1)

Rm 4E262 Pentagon
Washington, DC 20330

Deputy Chief of Staff R&D

ATTN: AF/RDQ (1)
AF/RDP (1)

Washington, DC 20330

Commander

Air Force Systems Command

ATTN: SDZA (1)
JTCG/MD (1)

Andrews AFB, MD 20321

Commander

Air Force Logistics Command

ATTN: MMWM (1)
XR (1)
XRX (1)
XRP (1)
LO (1)
LOWM (1)

Wright-Patterson AFB, OH 45433

Commander

Ogden Air Logistics Center

ATTN: MMJ

Hi1l AFB, UT 84406 (1)

Commander

Armament Development & Test Center
ATTN: SDC

Eglin AFB, FL 32542 (1)




QISTRIBUTION LIST (Cont'd)

Office, Secretary of Defense

Office of Director of Defense
Research & Engineering
ATTN: Standardization and Support,
Rm 2A318 Pentagon 1)
Ammunition Programs,Rm 2B284
Pentagon (1)
Washington, DC 20301

DoD Information Distribution

Defense Documentation Center
Cameron Station
Alexandria, VA 22314 (12)

Service Schools

Industrial College of the Armed
Forces

Ft. Leslie J. McNair

Washington, DC 20319 (1)

National War College
Ft. Leslie J. McNair

Washington, DC 20319 (1)
Armed Forces Staff College
Norfolk, VA 23511 (1)
Naval Postgraduate School
Monterey, CA 93940 (1)
US Air Force Air University
Maxwell AFB, AL 36112 ()
Defense System Managcment College
Ft. Belvoir, VA 22060 (1)
Superintendent

US Military Academy
ATTN: COL A. F. Grum
West Point, NY 10996 (1)

ix

Service Schools (Cont'd)

Commander

US Army Logistics Management
Center

ATTN: SCAD

Ft. Lee, VA 23801 (1)

Commander

US Army Logistics Management
Center

Ft. Lee, VA 23801 (1)

JCAP Coordinating Group

Executive Director, JCAP/CG
Rock Island, IL 61299 (10)

JCAP Decision Models Directorate
Rock Island, IL 61299 (10)

Defense Logistics Agency

Commander

Defense Fuel Supply Center
Cameron Station

Alexandria, VA 22314 (1)

Director of Procurement
Defense Logistics Agency
Cameron Station

Alexandria, VA 22314 (1)




TABLE OF CONTENTS

Page
CHAPTER 1 INTRODUCTION
[0 R S S SR R R P g S e S 1
T2, "Backaromid .’ . "Lt o . e s i s e e e 1
a. Post D-Day Gonecapt . .+ < « & o fs o 5 & Dol el e i 1
b. Inventory Production Response Tradeoff . . . . . . s
¢, GostingrPalieies . « « 0 oo as e e e e 4
d. Period Considered in IA/PT Analysis. . . . . . . . 4
e. Model Application. . . . « o & & o @ s v o o « o 5
CHAPTER 2 MODEL
25 W T 0T T G RN R S A N N 10
2-2. ‘Definitionsof Variables. o < o v o i s ole . e . . 10
2<% olechniques USBd. igt v v o o & wlishe o o o Taoris s 12
2-4. CoSts Considewedir: & o ool it s Uit e e e, 12
2-5. ~Optvization S lanisd oo o o R e e e 12
2=6. 1 Constratimts o e e o o G e 12
CHAPTER 3 OPERATION
31, AnRroduEB O .o o v ie & v s 5o wefer e o b ek 15
3-2. Method of Operation: « - « « & = & & & oo« o 6 5 « & 15
3-3. Method for Obtaining Cost-Readiness Points . . . . . . 16
3-4. Additional Input Controls. . . « @ v e o a o o v o 16
3-5. Problem Size and Running Time. . . . . . . . . . . . . 18
APPENDIX A SOURCE LISTINGS AND JOB CONTROL LANGUAGE. . . . . . . 19
APPENDIX B COMPARATIVE RUN TIMES . . . . . . « . « « o v ¢« o .. 73




FIGURES

Figure 2. Production Rate and Consumption Versus Time

xi

Figure 1. Wartime Production and Consumption Rates Versus Time. . . .

------
------

------

...... 75

Figure 3. Determination of N-Day. . . . . . . .. . . ..

Figure 4. Component Trade-Off . . . . . . . . .. . . ..

Figure 5. IPM Trade-Off . . . . . . . . . .. i

Figure 6. Computer Runs for IA/PT Analysis. . . . . . . .
TABLES

Table B-1. Run Time as a Function of Problem Size . . . .

Table B=2. PrODIGM STEE . v <« v 4 s % @ % 4 % & » v % =

...... 76

Page

O N O W N

...... 17




CHAPTER 1
INTRODUCTION
1-1. GENERAL

This Analysts' Manual is one of two manuals for the JCAP Item Acqui-
sition/Production Trade-Off Model (IA/PT). It contains sufficient
information to permit the reader to operate the model. The companion
Users' Manual describes how to prepare the input and interpret the
output.

1-2. BACKGROUND

In planning to meet mobilization requirements, it is necessary to
consider the mix of inventory and production response. The IA/PT
model was developed to evaluate the trade-offs involved. The
following discussion provides a basis for understanding how the model
functions.

a. Post D-day Concept

(1) The post D-day (D-day is the day hostilities are declared)
concept is a planning method used for the evaluation of the capa-
bility of meeting combat requirements from inventory and production.
It provides a tool for ammunition planning that is independent of
the duration of the conflict, but which assures the defense planner
a reasonable degree of readiness to meet wartime consumption. The
classic inventory/production response trade-off is based on a known
demand for the product under consideration. Knowing this demand,
the planner establishes an appropriate stock level ?inventory
policy) and production response to meet the demand. Demand for
an ammunition item is supported from inventory procured before
D-day and from production after D-day. Combat ammunition uses
requirements rates which eventually level off at a constant value.
Since the production rate for an item will not be programmed to
decrease during a mobilization period, it is only necessary that the
IA/PT address satisfaction of the requirements up to the time that
the production rate meets or exceeds the requirements (this time is
called "P-day") or some earlier specified time.
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(2) Figure 1 illustrates projected ammunition consumption and
production for an item. The vertical axis represents a rate
(rounds/month) and the horizontal axis represents time (months).
Therefore, an area on the chart represents a quantity of ammunition.
The area under the production curve for a specified time period
is the quantity of ammunition produced (the "production offset"
for the period). The difference between what ought to be avail-
able for conflict (cumulative requirements) and what can be pro-
duced during conflict (production offset) must be stockpiled if
requirements are to be met.

b. Inventory/Production Response Trade-0ff

(1) Production rate decisions are sensitive to maintenance and
layaway policies, modernization programs, item and component inven-
tory, and production base activity. When the goal is to minimize
cost, the planner should select the combination of item and com-
ponent inventory and production response expenditures that incurs
the least cost and still meets the desired level of readiness. If
the funding level changes for these expenditures, the mobilization
production response rate changes and the inventory required to provide
a specified readiness changes.
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(2) Figure 2 portrays major events and activities involved in
the trade-off process. The end of the planning period and the
beginning of the Five Year Defense Program (FYDP) is designated as
T-day. Assets-on-hand (inventory) as of T-day are considered to
have been acquired with sunk funds (funds that have been committed)
and are not available for trade-off and so are not a part of the
current decision process. (Assets on hand contribute to current
readiness but can't be converted to funds to improve production
response). The production curve (solid line) can be moved as a
result of decisions made by the planner.

(3) To exactly meet requirements, initial assets plus production
must equal consumption plus quantity in transit (not shown in figures).
Because mobilization production cannot start immediately on D-day, a
large part of the combat requirements must be met by inventory. This
is illustrated in Figure 2. The inventory accumulated in peacetime
must be adequate to support consumption until mobilization production
can increase to support consumption needs (materiel in transit must
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be included). One of the trade-offs to be considered is improving
mobilization production response so that inventory may be decreased.
A second trade-off involves the comparison of production response
for components of the end item versus the end item production
response. When the end item production can increase more rapidly
than production of one or more of its components, component storage
should be considered.

c. Costing Policies

(1) The DOD Togistics guidance states that costs should be
minimized during the FYDP. There are two costing policies which
have a direct impact on the management of the ammunition production
base. They are peacetime costing and total costing.

(a) During peacetime periods, funds for inventory acquisition
and facility maintenance, retention, modernization, and expansion
are severely limited. Thus, the available money must be judiciously
allocated between inventory acquisition and production response to
achieve the maximum readiness. During the post D-day period, funds
are expected to be much more readily available and can be used to
accelerate production of ammunition to sustain combat requirements.
Therefore, this is the rationale for considering only peacetime
costs.

(b) Total costing involves determining the total discounted
cost of inventory acquisition and facilities modernization and
expansion for a specific time frame.

(2) Costing policies are significant in the management of the
ammunition production base, but they have 1ittle impact on the model-
ing techniques used. The IA/PT model is normally operated with
peacetime costing but can be modified for use with total costing.

d. Period Considered in IA/PT Analysis

Any planning period may be used with the IA/PT model. The period
following D-day for which requirements and production are included
in the analysis depends on the scenario desired for the study.
Since the post-mobilization period is variable, the model can be
used to perform short to long term planning. For the long term
situation, a 24-month period is normally used. There is no need

to consider post-mobilization periods extending past the point that
production exceeds requirements. The use of the FYDP period in
describing data inputs reflects the intended use of the IA/PT model
in FYDP planning, but the user should select the period appropriate
to the planning situation.




e. Model Application

(1) The IA/PT model makes trade-offs for a single end item at
a time; it selects a plan specifying a combination of plant response,
end item inventory, industrial preparedness measures (IPM's), and
component inventory. The model provides either the least cost plan
to meet a specified level of item readiness, or a maximum readiness
plan for a specified budget.

(2) Ammunition readiness is a measure of the availability of
an item relative to the requirements for that item. The IA/PT model
uses a readiness measure, the readiness ratio (RR), to indicate the
capability to support requirements following mobilization. The
readiness ratio for an item defines a planned asset allocation until
no assets remain (N-Day); subsequent requirements are supported only
by production. An equation for readiness ratio may be written as
follows, for each item:

5 N
AssetsT + I (Proc + Prod-Losses) + :  Production
1 D

RR =
N
z Requirements
D
Where
AssetsT Represents those assets for which funds
will have been committed by T-day
5
L Proc + Prod Total Peacetime Procurement and
1 Production unfunded at T-day
5
Losses Total of training and other peacetime
1 ammunition uses
N
z Production The production offset through N-day
D
N
L Requirements Represents cumulative requirements
D through N-day (including materiel in
transit)
5




e

(3) The use of the RR defined above is intended to apply only
in the 0.0 to 1.0 interval. A current RR is calculated to project
readiness obtained by using T-day assets and projected mobilization
production response figures in the above equation. At the two
extremes: 1if the "basic load", "ships stores" or similar stockage
cannot be met, then no assets will be available for trade-off
(N-day is the same as D-day) and current RR = 0.0; if assets equal
or exceed cumulative requirements to P-day then the current RR is
1.0.

(4) The period over which requirements are considered is
variable. This will be determined by the scenario or specific
study constraints but in any case, extending time past P-day will
have no effect on results from the model.

CONSUMPTION
REQUIREMENT

ALLOCATION OF ASSETS,/”
PLUS PRODUCTION A¥ PRODUCTION

RATE
RESPONSE
PRODUCTION
ET
N P

FIGURE 3. DETERMINATION OF N-DAY
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(5) Figure 3 shows how N-day is normally determined. Assets
are allocated so that the sum of assets plus production is a con-
stant fraction of requirements and there are no more assets when the
production rate equals this allocation rate. (Cross-hatching is
used to show that assets fill the area above the production response.)
N-day is the day inventory is exhausted, when allocation is made by
the above rule. If requirements are met without using up all of
the assets, N-day and P-day are the same and RR = 1.0. For RR less
than 1.0, the production rate continues to increase after N-day and
from N-day to P-day the ratio of the amount of ammunition available
to the amount required is larger than the readiness ratio. After
N-day, requirements are satisfied only from post D-day production.
If the period selected for the analysis is too short to permit the
production rate to equal the allocation rate at N-day, assets are
to be used up in the period and N-day is the end of the period.
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(6) The selection of component buy or end item buy depends on
the relationship of the component production to the end item pro-
duction (Load, Assembly, and Pack or "LAP") response. If, as shown
in Figure 4, a component production rate occurs later than the end
item LAP rate, requirements represented by the area between the
two curves can be satisfied by stockpiling components. These stock-
piled components would then be available to supply maximum LAP
capabilities. For one end item, more than one component may need
to be stockpiled. Lower costs associated with component storage
often make component stockpiling cheaper than end item stockpiling.
The model will select the lowest cost alternative.
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(7) An Industrial Preparedness Measure (IPM) is any action
taken prior to D-day to improve post D-day response. If the time
improvement resulting from the implementation of an IPM is as shown
in Figure 5, then the area between the two response curves is
equivalent to a specific amount of inventory. The IA/PT model compares
the costs of the IPMs to the cost of this inventory and selects the
cheapest.

(8) Depending on the objective of the user, the IA/PT model
selects either the least-cost solution or the maximum readiness
solution. In either case, the solution specifies the quantities
of components and end items to be procured and the IPM's to be
implemented.




CHAPTER II
MODEL

2-1. INTRODUCTION

The Item Acquisition/Production Trade-Off Model (IA/PT) is used for
a single end item and its components. For any specific readiness
ratio (RR), it yields the total minimum peacetime costs (or for any
dollar budget, it maximizes the readiness ratio) by specifying
quantities of end items and components to be stockpiled for use
following mobilization, and selects IPM's for selected plants and
production lines.

2-2. DEFINITION OF VARIABLES

a. Model decision variables used are:

X §.4.k amount of p production on line g with alter-
Ps9,1,3, native i in month j for use in month k

Y amount of p to be produced in FYDP to be

P.-1,k used in month k
¥ 2.k amount of p available at beginning of plan-
Pe=es ning period (T-day) to be used in month k

I j 1 if p is produced on line g using alter-
P9, native i, 0 otherwise
R readiness ratio (RR)

b. The coefficients and constraints used by the model are:

cp average unit cost to produce product p

E limit on available dollars

r ; cost for alternative i on line g to pro-
Ps9, duce p

Dk requirement for end item in month k

10




bp,g.i,j

1imit on procurement of p

peacetime requirement (5 year)

inventory of p on hand at T-day

during production buildup, the fraction of
the eventual maximum capacity to produce p
on line g with alternative i in month j

monthly capacity to produce p on line g
using alternative i

total storage capacity for p (including the
quantity of p already stored)

pipeline requirement (materiel in transit)

Subscripts and terminology used are:

P

p*

T-day

R-day
D-day

N-day

P-day

product may be a component or an end item,
p=1 represents the end item

end item or component that p supports
Tine

identifier for IPM alternatives

month of production

month of use

number of months from D-day to P-day

termination of current planning period (start

of FYDP)
end of FYDP
declaration of war or mobilization

day assets are exhausted when allocated
at constant readiness

day when production meets requirements

1




2-3. TECHNTQUES USED

The model utilized mixed integer programming optimization. Implemen-
tation of the current version is through the IBM MPSX software pack-
age.

2-4. COSTS CONSIDERED

Only two types of costs are considered. The first cost is for inven-
tory acquisition of end items and components. The second cost is to
implement each IPM. All costs are current year dollars.

2-5. OPTIMIZATION

The model can be run to obtain the lowest cost plan for some speci-
fied readiness "Mode 1" or obtain the highest readiness plan within
some fixed budget "Mode 2".

a. For the Mode 1 case, the objective is to minimize total cost.
— s
ks .y i i '
Minimize (%%cp o Z‘p%};rp,g,l Bigyi ) (1)

'This represents minimizing the sum of total component and end item
production cost in the FYDP (with peacetime costing, production after
D-day is "free") and the cost for those IPMs selected. Applicable
constraints are discussed in paragraph 2-6.

b. For the Mode 2 case, the objective is to maximize readiness:
Maximize R (2)
subject to a funding constraint in addition to the constraints dis-

cussed in paragraph 2-6. This funding constraint is a limitation on
production and IPM set-up costs in the same form as in 2-5a.

ZP% LRGSR %%; Phiat Tpgd = (3)

2-6. CONSTRAIMTS

The following discusses constraints which apply for both of the
optimizations above.

a. For each month, demand for the end item can be satisfied
from three sources: inventory on hand, inventory to be purchased,
and/or production before or during the month.
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Y + Y + Y > D «R (4)
IS PR %:;J:k 1,9,1,4.k = Ok

Ear kw § B8

b. For components, demand in a given month (k_) is the total
monthly production of the end item or component supBorted. There is
a minimum 30-day shipping period provided between component produc-
tion and utilization; component production must occur by month ko-l.

Y vy I MR B
p"zvko ps‘]yko g i Jfko'] psgolevko ] (5)

%%:kz;k xD".@.i,ko.k WRREaR P sk e o8
2k,

The left-hand-side (1.h.s.) has the same form as in the constraint
in paragraph 2-6a: the right-hand-side (r.h.s.) represents production
of the product support in month ko for use in k0 or after.

c. After P-day, demand at the level described by the RR must
be satisfied by production.

Iq:z; xl.g.i,sﬂ.sﬂ > Ds+1'R (6)

)'a‘}; PPN ng}; Xov,g,0,5¢1,581 ¥ DLrsssal  (7)

For relation (6), the 1.h.s. is total end item production on the month
following P-day: the r.h.s. shows the fraction of requirements which
must be supported. For relation (7), the 1.h.s. is the component
production in the month in which P-day occurs and the following month;
the r.h.s. shows the production of components supported.

d. The allccation of inventory on hand, by month, must be
consistent with total T-day inventory.

¥Yp.-z.k <Tp L g

e. To Timit procurement, the total FYDP period production is
constrained after the RR = 1.0 run (Constraint can be eliminated
if not applicable).

13
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)Evp,_],k < Q e (9)

f. For any month, production can be used in any later month
for each line (the 1.h.s.) and cannot exceed its buildup capability
(the r.h.s.).

égé P»g,1,J,k —-bp,g,i,j'wp,g,i'lp,g,i yPs951,J (10)

g. Insure that no unnecessary lines are opened to satisfy post
P-day requirements (constraints can be eliminated if not applicable
and may be overridden by redefining the right hand side to a fixed
value).

};Z]:qu, p,g,i = Ds+1 +21? LR vP (11)

The 1.h.s. shows the monthly capacity (not buildup) for a product;
the r.h.s. is the demand at P+1 month plus the smallest capacity
line producing the product.

h. At most, one alternative may be selected for each line,
the IPMs are mutually exclusive, only one can be selected.

ZI

i. The total inventory for a product (the 1.h.s.) is con-
strained by storage capacity (the r.h.s.) (constraint can be
eliminated if not applicable).

ZYp,-] k ZYP, 2,k < Yp vP (13)

J. The materiel in transit (1.h.s.) is filled at the same
level as the readiness ratio (r.h.s.).

Y Ao )

| Gl PR (14)
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CHAFTER III
OPERATION

3-1. INTRODUCTION

This chapter describes operation of the Mathematical Programming
System, Extended (MPSX) version of the model on the IBM 360/65.

Computer input must be prepared as described in the IA/PT Users'
Manual.

3-2. METHOD OF OPERATION

Four sets of Job Control Language (JCL), two FORTRAN Programs, and
three MPSX Programs are required to run the model. In addition, a
COBOL Report Generator is available for use in interpreting the
output. The listings for these programs are presented in Appendix
A. Operation of the model is a three-step process: generate the
matrix, solve the mixed integer program, and write a report.

a. MPSX program A is run with the first set of JCL. The input
information (as described in the Users' Manual) is processed using a
FORTRAN matrix generator called from MPSX program A. A matrix in
MPSX format is generated and then processed. This program can
terminate (the second FORTRAN program controls this) with one of
three conditions: (1) optimal solution found, (2) the specified
maximum time is exceeded with the optimal continuous solution not
found, or (3) the specified maximum time is exceeded with the optimal
continuous solution found but the optimal mixed integer solution is
not. The status of the solution is saved on tape using the problem
file.

b. MPSX program B and the second set of JCL are used to resume
solution if MPSX program A or B terminates before reaching an opti-
mal continuous solution. Using the problem file the program
restores the problem and continues processing until one of the
three conditions described in paragraph 3-2a is again reached.

c. MPSX Program C and the third set of JCL are used to resume
solution, if MPSX Program A, B, or C terminate because the maximum
time is exceeded after the optimal continuous solution is found but
before the optimal solution is found. Using the problem file, the
program restores the problem and then proceeds to termination under
one of two conditions: Optimal solution or time exceeded.

15
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d. Once the optimal solution is found, management reports
can be generated using the fourth set of JCL, MPSX program C and
the COBOL report aenerator.

3-3. METHOD FOR OBTAINING COST-READINESS POINTS
Running the model is portrayed in Fiqure 6 and is described below.

a. The first phase consists of two runs. One run is done
with Mode 1 with RR fixed at 1.0. This run determines the cost
as well as quantities of end item and components to be procured
and IPM's to be implemented to meet requirements. The other run
is done in Mode 2 with the budget fixed at $0.0. This gives the
current readiness (C.R.). The use of more than two sianificant
figures for the readiness ratio is normally not meaningful in
planning.

b. The second phase consists of up to three runs for inter-
mediate points (more runs may be done if time permits or conditions
require). Sugqgested intermediate readiness ratios to be run are
given by the relation CR + (1-CR) ° X, where X takes on the values

1, 0.3, and 0.6. For CR above 0.7, only the last two values
should be used. The uneven spacing is suggested to provide more
points where the cost-readiness relation is changing most rapidly.
For intermediate readiness runs, include only those IPM's selected
in the first phase. Procurement (Q_.) of the end item and components
should be constrained by the amountg obtained for RR = 1.0 to make
planning consistent with reaching 100% readiness.

c. If it is desired to obtain readiness versus cost information
with the restriction that component procurement is not permitted,
then the runs in the first phase must have this restriction. Inter-
mediate runs with this restriction are then run.

3-4. ADDITIONAL INPUT CONTROLS
In addition to the input described in the Users' Manual, the analyst
may use card B to specify run parameters. The card columns, format,
and description are as follows:
a. Column 50 (I1) - The mode (1 or 2); default is 1.
b. Columns 51-55 (F5.3) - The readiness ratio; default is 1.0.
c. Column 56 (I1) - A scaling factor expressed as an exponent

of 10. For example, 3 means all quantities will be converted to
thousands; default is O (units).
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d. Columns 57-58 (12) - Number of periods after D-day; 1
default is 24.

e. Columns 59-68 (F100) - Limit of post-P day production
permitted (Qp);zero means limit to be calculated, negative means
no limit; deBau]t is -1.

3-5. PROBLEM SIZE AND RUNNING TIME

Experience with the model is reported in Appendix B. For one set
of data, solution time is in excess of eight hours CPU. In two
others, it is in excess of one hour. MPSX is a high 1/0 program;
execution time is normally six to ten times CPU. Therefore, it
has been found prudent to run with a 60 minute internal time
control after which time the problem is saved and the next segment
can execute. There are two problem files in the second JCL
identified as OLDFILE and PROBFILE. OLDFILE contains the status
of problem used to restart and the PROBFILE contains the status

of the problem at the end of the run. It is recommended that if
three or more runs are required, then three tapes should be used
in rotation. In that way one tape is always off the system as ]
backup.
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APPENDIX A

SOURCE LISTINGS AND JOB CONTROL LANGUAGE
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APPENDIX B

COMPARATIVE RUNNING TIME
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COMPARATIVE RUNNING TIME

The IA/PT model may require a large amount of CPU time for items
with many components and IPMs. Table B-1 relates problem size to
run time. This table is provided to assist in estimating time to
solution. The most significant variable that affects running time
is the size of the problem as measured by the number of alternative
solutions. The run time estimate is made as follows:

(1) List the number of alternatives put in for each line
(including the current capability).

(2) Sum these alternatives and compare with the first column
(number of alternatives) in the table.

(3) Multiply the numbers of alternatives for each line and
compare them with the second column (alternative solutions).

(4) The third and fourth columns give observed run times for
Modes 1 and 2, respectively. These numbers should not be used as
absolutes but as general quidelines. The fourth item of the fourth
column (3.3 min) is for a solution for RR=0.0; if there were
assets, run time would be expected to be considerably Jonger. Table
B-2 provides further information about the mixed integer problems
for which the run times are shown.
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