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ABSTRACT

This manual is one of a set of two produced to document
the Ammunition Distribution System (ADS) as developed for use
in exercise PROUD SPIRIT/ MOBEX-80. The ADS is a development
effort of the Decisions Models Directorate of HQ, US Army
Armament Materiel Readiness Command (ARRCOM) as the Single
Manager for Conventional Ammunition (SMCA). 1Its purpose is
to provide assistance in planning for surge or mobilization,
assess plans, and provide operational assistance for
mobilization exercises. Therefore, ADS can assess planned
requirements (push) and walk-in requirements (pull) on a
daily basis. The depot and port capability can be assessed
according to predetermined constraints. This report contains
a discussion of model methodology, data base development,
interface requirements, and the operators guide. The second
volume of this report is the Programmer’s Manual which
consists of descriptions, logic flow diagrams, file formats,
and the FORTRAN code of all of the source programs associated
with the Ammunition Distribution System.




FOREWORD

ADS was developed over a period of two years in a
succession of incremental steps. At each step, additional
system capability was developed to satisfy a new objective
which was followed by immediate applications. The successful
adoption of ADS by the ammunition distribution functional
managers is due, in large part, to the employment of
heuristic rules to make the decisions of how to allocate
ammunition asset shipments at each discrete point in time,
These heuristic rules embody the collective, culled judgment
of many functional managers who have considerable experience
in manual distribution planning.

On 31 August 1981, the system operation was transitioned
to the Defense Ammunition Supply Directorate and the
Transportation and Traffic Management Directorate by
direction of the Commanding General. Decision Models
Directorate will continue to provide maintenance of the
system and operational assistance as required.

This report documents ADS as it was envisioned for
exercise PROUD SPIRIT/MOBEX-80. However, since MOBEX-80, the
incremental process of application/development continued and
the system described here is considerably enhanced. At the
time of the publication, plans are being made for even more
enhancements to satisfy increasing applications for ADS,
therefore, this document should be considered a record of
what capability was transitioned as of 31 August 1981.

This volume contains an executive summary overview and
an operator”s guide. It is intended to provide the
interested reader with an appreciation of the SMCA ammunition
distribution problem. The operator“s manual was included as
an appendix. Volume II contains the detailed program
listings and logic diagrams. It is intended for in-house use
at HQ, ARRCOM,

i1




et e T

ACKNOWLEDGEMENT

This report was prepared as the result of the con-
centrated effort of the entire ADS team (listed below) during
the MOBEX-80 which was underaken during October-November
1980.

ADS Team for PROUD SPIRIT/MOBEX-80

Name Role

Decision Models Directorate:

Stuart Olson Leader
Don Eckman Model Nucleus and System
Norman Hoesly Model System, Reports
Herman Tarnow Ship Manifest, Report
Byron White Preprocessor, Requirements
Al Patsche Preprocessor, Reports
George Stiles Preprocessor, Update Logic
Dan Turk Preprocessor, Requisitions
Ken Maly MOBMDR Extract, MIDAS Files
George Robinson MOBMDR Extract, MIDAS Files
Leonard Ambrosini, Jr. Ship Planning Messages

iii

e B s i, A »u-l,.:iwmng.w-




Program Analysis and Evaluation Directorate:

Lanny Wells Requisition, Ship Manifest
Editors

Management Information Systems Directorate:
Sue Sarlette Ship Planning Messages,
MILSTRIP Interface

Defense Ammunition Supply Directorate:

Greg Legare Defense Ammunition Sponsor,
P.0.C.

Transportation and Traffic Management Directorate:
LTC Lyman Walker Transportation Sponsor,

P.0.C.

Furthermore, the efforts of Mrs. Dottie Swingle for her
preparation of the logic diagrams for these reports and the
compilation of Volume 2 are greatly appreciated.

iv




ARRCOM Ammunition Digstribution System (ADS)
1. Executive Summary

The Ammunition Distribution System (ADS) is a joint
development effort of the Directorates for Decision Models,
Defense Ammunition Supply, and Transportation Management of
the HQ, US Army Armament Materiel Readiness Command (ARRCOM) .
ARRCOM is the DOD Single Manager for Conventional Ammunition
(SMCA). ADS is a powerful management tool for the SMCA as
well as a significant accomplishment in the science of
applied decision modeling and integrated model planning.
This report describes the operational version of ADS
developed for exercise PROUD SPIRIT/MOBEX-80.

ADS is also intended to assist SMCA management to
understand the complex interdependencies involved in the
distribution of ammunition from CONUS depots and production
plants to the overseas theaters during mobilization. This is
called the wholesale supply system because it addresses
aggregate demand and supply by major areas of use. The SMCA
must deal with many 1links in a complicated chain of
responsibilities assigned to various other organizations
outside the SMCA. For instance, most of the depots are under
the Depot Systems Command (DESCOM), the transportation system
is privately owned, the US ammunition ports are under the
Military Traffic Management Command (MTMC) or the Navy, and
SO on. ADS simulates ammunition movement through links in
the chain to highlight potential bottlenecks and the
conditions of their occurence. These provide the basis for
negotiations between SMCA sponsor and other agencies for
solution.

The scope of the system can be inferred from the diagram
in Figure 1. ADS consists of a variable-size network in
which the nodes represent points of change of transportation
modes and the resulting delays associated with the handling.
The arcs represent the time to move between the nodes by a
specified mode of transportation. The entities on the right
introduce a demand function of time into the network. The
entities on the 1left function to satisfy the demand in
quantities required and in the time required. A measure of
system performance or efficiency can be developed from the
differences between supply, on the left, and demand, on the
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right, for each point in time. The objective is to minimize
the differences, subject to specified conditions placed upon
the network.

An earlier version ot the network using only depot and
CONUS port nodes was addressed in a linear programming model
formulation. The number of nodes, arcs and constraint
equations was large. Optimal solutions were obtained using
MPSX on an IBM 360/65, but the system users were not
satisfied with the inflexibility of the model structure and
its slow, costly solutions. This prompted the development of
a model based upon heuristic rules for allocation of
ammunition supply assets through the network to satisfy
demand. Heuristic rules were developed from discussions with
managers familiar with manual procedures used during
mobilization exercises. Employment of these rules resulted
in machine solutions in minutes instead of hours or days.
Although no attempt was made to achieve optimum allocations,
the users were satisfied because the solutions were feasible
and better than those obtainable through manual procedures.

The model produces as an output a comprehensive,
transaction file, From this file, other programs are run to
prepare summaries and analyses for special information
reports as required. The fast execution, ease of access and
high availability of the ADS programs prompted the users to
request more "what if" capabilities. 1In turn, this caused an
evolution in model development to an on-line, more
interactive display, edit, update and execution of the model
in response to changing needs. Thus, the operational
requirements of 1live mobilization exercises could be
suppor ted easily in real time. ADS produces 30-day
allocation and movement plans several times a day. The
operators iterate their changes until a satisfactory plan is
achieved. Then special execution reports which serve as the
basis for issue and shipment orders are requested.

Referring to the functional diagram of Figure 2, ADS
operates from a master data file containing all item
inventory data, requirements, port and depot capabilities and
network data. The ADS model (ADM) is a stand-alone,
batch-mode processor which furnishes selective reports for
management review. An interactive capability is provided to
display results selectively and/or to edit and change data
for another run of ADM. During an operational exercise, the
system is used as shown in Figure 2 to study "what if"
questions and the effect of various changes. Once each day,
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it is run for the "plan-of-record” and saved in an audit
trail mechanism, thus adding a time dimension to the diagram.

Threat analyses performed by responsible Army
organizations result in projected weapon deployment densities
and firing rates for various theaters and contingencies.
Projections of planned combat consumption are compared with
actual assets on-hand and due-ins to estimate the amount of
ammunition that must be shipped from CONUS to meet the
demand. Amounts are summed up by item and by time period and
then the in-theater transit times are subtracted to translate
the requirement function to the ports of debarkation (POD).
ADS converts the so-called planned requirements into a large
set of MILSTRIP requisitions complete with address codes,
user codes, and required delivery dates (RDD’s). (MILSTRIP
is the acronym for the standard military system for
requisitioning and priorities.) Any unplanned requirements
received from overseas units during the MOBEX are added to
the top of the batch for priority processing as received
(these are called "walk-in"™ requisitions.) This becomes the
input demand function discussed in connection with the right
side of Figure 1. It should be noted that many such demand
functions can be analyzed simultaneously with ADS, including
those for different theaters.

Consideration can also be given by ADS to the problems
associated with the so~called "complete round." The
"complete round" is defined in functional terms as the
complete and necessary assemblage of separate-issue items
needed to fire a given weapon to satisfy a given mission
objective. In artillery, a complete round consists of the
projectile, fuse, propelling charge(s), igniters, flash
reducers, etc. The resultant complete round configuration is
conveniently referred to by its principal component, i.e.,
the projectile. Combinations of these components yield
configurations which can be fired from different weapons to
achieve various desired effects. It is easy to see that a
large number of combinations are possible. Not all
combinations can be fired from every weapon, nor would they
necessarily yield desirable firing effects. For given
weapons and missions, certain combinations are preferred,
Within the combinations, functional subgtitutions are
possible, yielding altered performance.

The ADS model must satisfy certain objectives when
allocating supplies of components to requirements. First, it
is desirable to 1load ocean cargo ships with a balanced load
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of components. Frequently, separate-issue components are
stored at different geographic locations. ADS converts all
pre-planned OPLANS requirements into standard requisitions in
MILSTRIP format. These requisitions are combined with
*walk-in" requisitions from the theater and are sorted
according to priority criterion specified by the sponsors.
Usually, the latter is selected by the theater required due
date (RDD). The allocation for distribution is based upon
this sequence and upon complete round configurations
required. When the number of pallet loads of each component
to be shipped is determined, ADS attempts to schedule their
arrivals at receiving ports such that the ships can be loaded
with components in such a proportion as required for complete
round configurations, This imposes a considerable
operational problem on the ports to sort incoming rail and
truck loads so that they may be loaded to the ships in the
proper sequence, Work on this problem is being coordinated
with the Military Traffic Management Command because port
operations are beyond the scope of ADS.

ADS can be used to assess plans. ADS can be described
as a type of "logistic wargaming,® in which the operations of
the logistics system under various mobilizations plans is
modeled and studied. ADS also has the capability to operate
in two slightly different modes: one is the requirements
planning mode and the other is the operational mode.

A given plan is specified by providing a requirement
function, an asset position, a list of ports and depots with
their associated capabilities and the system transportation
parameters. In the requirements planning mode, the assets,
locations and/or capabilities of depots or ports can be
released singly from specified values and allowed to "float"
or to seek values which correspond to the operation of the
system. Thus, ADS can answer questions such as -- "How many
assets are required to ...?", "How much depot outloading
capability is needed to ...?" and "How many berths should be
planned for at a given port?" ADS can also be used to
estimate the number of boxcars, trucks and ships which might
be required to execute a given plan.

ADS has an operational capability. Through the use of
the interactive capabilities of ARRCOM“s PRIME mini-computer
system, a semi-interactive set of process modules, linked
together by a powerful edit/operating control system, was
developed which is very responsive to user needs. With the
interactive capability to modify data files, to control fast
batch runs and to display selected model outputs, ADS is a
valuable tool to assist in mobilization exercises involving
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Class V materiel (ammunition).

At various stages in its development, ADS was used to
assist in distribution planning. This effort is
representative of the manner in which the development
process, itself, led to additional and useful applications.
Some of these applications will be summarized to show how the
process provided valuable "lessons learned.” These lessons
were, in turn, used to redirect modeling efforts so that the
system would be of the greatest benefit to the SMCA.

Recently, there has been much information printed about
the Rapid Deployment Joint Task Force (RDJTF). This is a
Joint Chiefs of Staff (JCS) responsibility administered by
the Joint Deployment Agency (JDA) at Macdill AFB. The JDA
plans logistics support for various Army, Navy, Air Force and
Marine deployment contingencies ranging from natural civil
disasters to armed hostilities almost anywhere in the world.
Some of the contingency plans require the deployment of
predetermined units with their basic ammunition loads. ADS,
because of its flexibility and responsiveness, is an ideal
system for planning distribution shipments for the portion of
the basic 1load in wholesale stock and for the resupply of
ammunition. Within a very short time after the deployment
conditions are specified, ADS can prepare a distribution plan
for analysis and/or execution by the ARRCOM SMCA managers.
The use of ADS in several exercises has pointed out that the
automation of requirements planning should be expanded.

Another significant application of ADS was in the system
assessment of ammunition depot outloading capabilities. In
this study, each depot was requested to assess its current
ammunition outloading capability and also its projected
capabilities in the event of general mobilization. ADS
proved invaluable in evaluating such assessments because it
could simulate the role and highlight the shortcomings of
each depot in its mobilization effort. The results were
routed back to the depot managers, affording them the
opportunity to re-evaluate their mobilization capabilities
expansion plans.

ADS is also used by SMCA management in the determination
of the best locations to store assets coming off production
lines. The purpose of this effort is to determine the
locations from which distribution made in response to a given
statement of requirements would yield minimum shortfalls in
supply. It was learned that it is sufficient to aggregate
the requirement tonnage across all items and treat it as a
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single, continuously-divisible commodity. When the proper
tonnages are backward-allocated to the supply depots by ADS
to best satisfy the requirement, refinements by item can be
made. This is a very simple process in ADS and vyields
excellent results,

The system dynamics of ADS may be clarified by reference
to Figure 3. This figure shows a graphical analysis of ADS
results in which all items are aggregated by tons to display
how ADS responds to a given requirements function. The
requirement function is plotted cumulatively along with the
responses of three variables in the system -- the depot
deliveries, the CONUS port arrivals and the theater port
arrivals. In this example, ADS is responding to a preplanned
requirement which explains why the depot shipment function
leads the requirement function. The port arrival function
lags the requirement function to account for rail shipment
time. In this version of the model, the availability of
boxcars was not limited. 1In reality, such availability may
be a serious consideration, given the reports of the state of
the US rail system,. ADS can print a report indicating the
number of boxcars loaded at depots each day and the number of
boxcars being utilized throughout the entire system each day.
These figures peak at alarmingly high values in some of the
plans studied.

The cumulative arrival of ammunition in the theater |is
also shown in Figure 3. The large time delay to achieve a
given requirement results from cumulative delays in wvarious
parts of the distribution system and in the nonavailability
of assets at the proper depot locations. The largest portion
of the delay is due to insufficient port outloading capacity
which, in the model, 1is proportional to the number of
available ship berths. 1In this version of the model, boxcars
arriving at the port must queue up to be offloaded. This is
unrealistic, and in the next model enhancement, the shipment
from the depot would be delayed if the boxcar cannot be
offloaded to a ship within five days of arrival at the port
facility. The effect of this constraint is expected to shift
the depot shipment function further to the right to absorb
some of the delay, but other complex interactions could occur
which could reduce the slope (movement rate) of the system
shipment functions as well,

ADS interfaces with the LOGNET systen, An interface
capability was developed in which ADS will provide, upon
demand, specific, preformatted answers to a set of standard
questions. These questions relate to the current status of
specific ammunition items in the system.

Page 8
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The remainder of the report is concerned with each of the ADS
subsystems -- the data base extract and MIDAS files, the
pre-processor, the distribution planning model, the report
generator and the execution/approval edit process.
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2. Overview,

a. General. As shown in Figure 4 - Detailed ADS
Functional Diagram, the heart of ADS is the Distribution
Simulation Model. The model processes and analyzes input
information and produces reports, shipping orders, and
information for source file amendment. The system is
designed to permit interactive and/or manual control by
functional managers for matters which require their review,
interaction and/or apwvnroval. In general, the system is run
daily during an operation with the input files updated by the
results of previous rins and from information added from
outside of the system. Deperding upon the nature of a given
run of the model, v:. 'rus assumptions, 1limitations, and
constraints are made c: imposed upon the system and its
operating paramete:rs.

b. Sou.ce Ffiles/Preprocessor. In general, all of
the source asset and parameter files are stored in the DARCOM
Commodity Command Standard System (CCSS) computer which does
not directly interface the PRIME computer. Such source files
are written in formats which are not handled efficiently in
the model. The model is written in FORTRAN and needs to
treat requisitions, ports, depots, etc. as simple integer
subscripts. Therefore, the operating parameters and asset
source files are transferred to tape and are entered into the
preprocessor which, in turn, creates intermediate work files.
The latter contain pre-planned requirements, walk-in
requisitions, transportation network configurations, complete
round and substitution information, depot out-load
capabilities, assets, etc. in FORTRAN format for efficient
model processing. The reports generator converts the model
output from internal FORTRAN notation to the original,
"real-world” format. ‘

The intermediate files, the preprocessor, and some
of the source files are designed to be up-dated automatically
or by interactive programs as the model 1is run through
successive iterations,

c. Distribution Simulation Model. In its most
general sense, the purpose of the ADS Distribution Simulation
Model is twofold. First, during peace time, it may be used
to simulate all aspects of the very complex wartime system of
distributing conventional ammunition to various retail users
throughout the world. Secondly, it is anticipated that
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during periods of actual conflict, it may be used to
efficiently guide the delivery of ammunition to augment
conventional, manual methods. The model is designed to be
sufficiently flexible that it can reflect changing scenarios.
ADS will primarily assist in the transition from peacetime to
mobilization.

The intermediate files created by the
preprocessor furnish all of the data needed during a model
run. Theater needs are presented in the form of pre-planned
requirements or in the form of walk-in requisitions which
reflect the day-to-day theater requirements after hostilities
begin. During a run, the model attempts to satisfy all
requisitions while simultaneously complying with the
parameters, constraints, and assets contained in the input
files. Allowable substitutions are selected as may be
required. Upon completion of a run, a number of output files
are created for further processing in the system.

d. Reports Generation. Upon either a selected or
routine basis, the functional managers are supplied with
status and other reports concerning the progress of the
system. These reports are prepared by a program which
utilizes the model output files with a correlated interface
to the intermediate work files, A list of the standard
reports includes the depot outloading schedule, depot 1lift
capability posture, ship manifests, item readiness analysis,
item shortfalls, theater shortfalls, Service shortfalls,
depot outloading by Service summary, port receipts schedule,
depot asset posture, port arrival workload profile, item
stratification by tons shipped, and analysis of late
shipments.

e. Ship Planning/Execution. Upon the completion
of a run, the model permits functional managers an
interactive review, edit and approval capability. Once this
capability has been exercised, the system prepares
appropriate shipping documents, corrects asset and related
files for items shipped, and initializes itself for handling
unfilled and/or unapproved requisitions during a following
iteration.

Once a functional manager approves a shipment,
the system prepares all documents needed for shipping the
item(s) from specified depots, the selection of the approved
transportation means, proper port designation, the ship
loading orders, etc.; all of which are tied to the
originating requisition. The functional managers, the
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original requestor, and other interested individuals are
advised of the shipment via reports and structured messages.

One output file, the open requisition file, is
produced which the the functional manager may use to
determine why a requisition was not completely filled (open
requisition). The functional manager is enabled to take
appropriate steps, through an interactive control program, to
correct or otherwise analyze the circumstance. It may, thus,
be possible to identify errors in the input data or to
identify critical items which require priority.

For day-to-day operations, the residual
assets, the depot 1lift capability, unapproved or unfilled
requisitions, modified network configurations, etc. are
utilized as input for the next iteration of the model.

3. Assumptions/Heuristic Rules

a. General., 1In order to establish a practical
operational environment within which the ADS model can be
most effective in meeting the needs of an exercise, the
system must be wunderstood and defined in terms of accepted
assumptions and the model must perform in accordance with
stated rules. These are detailed in the following
sub-paragraphs.

b. Assumptions. In order that the goal of a
particular exercise may be achieved and to add proper
perspective to the interpretation of the output reports which
are produced, the user must be aware of which 1limitations
have been placed upon the system for a particular run of the
model. These assumptions may be refined, added to and/or
amended depending upon the degree of enhancement desired.
The following are the assumptions which were made during
MOBEX-80:

There may be ten substitute items per item. These
are selected in the order encountered from the MOBMDR
extract from CCSS. There is no differentiation made as
to function. Substitutions are only made for end items,
not for complete rounds.

Items selected from the MOBMDR are identified by
National Item Identification Number (NIIN). Groups of
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related NIIN“s are identified by the DoD Ammunition Code

(DODAC). The model handles
DODAC level.

Allowable complete
substitutions are a
use.

round
function of
Two files are available -- one for

individual items at the

configurations and
theater and intended
Army planned

use and the other for SMCA recommended use.

Transportation data for
item at the subordinate NIIN

Although transportation
packs and pallet units is
unit data (weight, volume,
shipments are made in pallet

Only weight constraints
distribution shipment plans.
for volume, net explosive
mixed item shipments,

Planned requirement quantities are

code, item, service,
time periods are five (5)
ninety-nine (99) such time

a DODAC is taken from an
level.
data for unit items, unit

available, only the pallet
quantity) 1is used. All
load multiples,

are considered in the ADS
No constraints are applied
weight, hazard classes, or

given by plan

theater, and by time period. The

days each, and up to
increments may be selected.

Assets available for model shipment are summed over
related NIINs and are presented at the DODAC level.

All NIINs within the
codes and related to a
storage location, the
ownership/purpose codes.

allowable
given DODAC are identified by
DODAC, and the

set of condition

applicable

In walk-in requisitions, only the requested item is

shipped.

The ordering of depots,
allocation logic processing
their order of appearance in

Page

No complete round break-out is performed.

ports and destinations for
in the model is dictated by
the network file.
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The model processes requisitions in the order
given. If the order as given by the pre-processor is
altered before the model is run, complete round
shipments may be affected adversely.

The system may be started and stopped on any day
relative to a starting D-day, identified as “"pay 1."
Many standard reports are limited to runs over a period
from 1 to 180 days.

Only one depot outloading capability for each depot
can be accomodated for each day. An aggregation of both
rail and truck capabilities is assumed.

No depot processing time is assumed between the
source-selection/depot shipment decision and the time
the shipment occurs. Also, all shipments are assumed to
occur on one day.

Each CONUS port processes ship loading using
common, fixed parameters for ship loading time and ship
weight capacity.

Non-SM items requiring depot outloading are
pre-allocated from the stated depot outloading
capabilities before the model is run.

Requisitions for the same item going to the same
destination at the same time period are not aggregated.
This causes overshipments if small quantities are
required because of rounding-up of shipment qguantities
to full pallets.
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c. Heuristic Rules. ADS was formulated on
heuristic rules for allocation of ammunition supply assets
through the transportation network to satisfy demand. The
heuristic rules were developed from discussions with managers
familiar with manual procedures used during previous
mobilization exercises. The following is a 1list of such
rules utilized in ADS.

Requirements are processed sequentially from a
pre-ordered list. The ordering of the list reflects
assignment of priorities according to a given criteria.
Some of the criteria are: theaters, services, required
delivery dates (RDD), issue priority designator, item
designation, etc. The user of the system must specify a
priority ordering or the system will default to ordering
based upon earliest RDD.

Requirements with required delivery dates dgreater
than the established horizon for a given study (in most
cases, 180 days) are set equal to the end of the horizon
(i.e. 180 days). For planning purposes, the transition
from peacetime to war is 180 days. After this time, it
is assumed that depot supplies will be mostly exhausted,
and consumption will be supported by production
facilities and by distribution planning systems other
than ADS.

Depot shipments are timed so that arrivals in the
theater meet the requisition required delivery date
(RDD) or sooner. If the RDD cannot be met because of
distribution bottlenecks, an earlier shipment date will
be sought. If no earlier date can be found, the
earliest possible late shipment date will be found, and
the reason for the resultant late delivery date will be
noted. Late requisitions have priority over
requisitions with later original RDD’s,.

If it is determined that assets are available
within the system, all depots are searched to determine
the location of these assets prior to making a depot
shipment decision.

If an item specified on a requisition is not
available in the system, an appropriate substitution is
sought from a pre-selected, ordered set of substitutions
for the requested item.
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When two or more depots can meet the same delivery
time at a selected port, the most distant depot will be
selected. This tends to utilize the earliest 1lift
capability and preserve the later 1lift capability to
respond to priority requirements.

If a requisition is for a quantity which 1is not
equal to a multiple of a pallet equivalent, the quantity
required is increased to the next incremental pallet
equivalent.

Shipments of separate-issue items reflect the
objective of a balance of complete round usage in a
given theater for planned requirements. No complete
round balancing is performed for walk-in requisitions.

If the remaining assets at a given depot are less
than an equivalent unit pallet, no shipments are allowed
for that item.

A record of remaining outloading lift capability in
short tons per day is maintained day-by-day for each
depot. Shipments from a depot on a given day are
limited to equivalent unit _allets weighing 1less than
the available lift capability.

Processing of a requisition is terminated when the
required quantity is shipped, when assets (primary and
substitute) are depleted or when the lift capability is
exhausted at applicable depots.

If the transit time from depot to port is one day
or less, motor freight will be selected. For transit
times greater than one day, rail freight is selected.
(Other rules are available in the "Logistics Handbook
for Strategic Mobility Planning," MTMC PAM 700-1, Feb
1980, a Military Traffic Management Command
publication.)

Each overseas port is assigned an exclusive set of
geographic areas which are designated by the geographic
codes currently in use. A particular overseas port is
considered to be the intermediate destination for
shipments against requisitions referencing the assigned
geographic codes as the location of the requisitioner.
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CONUS ports serving an overseas port are selected
on the basis of sailing time. In cases where port
capacity is 1limited, the CONUS port with the next
shortest sailing time to the overseas port is selected.

When CONUS port constraints are invoked, they are
stated in terms of the number of berths and the loading
time. Currently, the loading time is five (5) days. No
holding and sorting of cargo at ports 1is considered,
although it is required that all cargo for the shipment
arrive at least one day prior to loading.

Shiploads are defined by imposing a minimum and
maximum tonnage. Currently, 8,500 and 8,750 short tons,
respectively, are used.

Ship destination is fixed by the required
destination of the first requisition for which shipments
are processed.

Ship berthing schedules are determined by the
required delivery date of the first requisition for
which shipments are processed.

If a ship berthing schedule is specified, it takes
precedence over scheduling by the required delivery
date.

I1f, for a give: requisition, no ship is scheduled
for the required destination, a ship will be scheduled
at a port and time with the shortest sailing time from
an available port to the required destination and
delivery date.

Subsequent shipments for requisitions to
destinations will be made in ships already sheduled for
those destinations within the specified time required.
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Incomplete shiploads (normally occurring when there
is insufficient demand originating at a particular
location) are flagged for action by the functional
managers.

Termination of the overall processing of
transactions in the model occurs when all shipping
activity has ceased.

Shipment will be made on the latest possible day
consistent with ship sailing schedules and the
requisition RDD.
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4. Data Base Development

a. General. The Data Base Development for ADS
congists of obtaining data from the Mobilization Master Data
Record (MOBMDR), building off-line files to initialize the
system, and the running of the preprocessor to set up the
files for the distribution module. The Distribution Module
operates on data converted from real-world formats to formats
for efficient and fast internal processing. The reports
generator re-converts results back into real-world format.

b. MOBMDR Data. The MOBMDR data base, developed
and maintained by ARRCOM”s Directorates of Defense Ammunition
Supply ({DRSAR-DSP) and Management Information Systems
(DRSAR-MSA) , Defense Ammunition Supply is located on ARRCOM”s
CCSS computer. It contains information for each end item,
such as its assets (quantity, location, condition code,
etc.), transportation data (weight, volume, quantity per
pallet, hazard class, etc.), substitution items, and
requirements.

The first step in establishing a data base for
processing through the ADS distribution module is the
extracting of required information from the MOBMDR file.
This information is loaded onto a tape, which, in turn, is
loaded into a file on the PRIME 550 computer system. Then
several programs are executed, and the complete round data
file (CRDPL) and the item file (MIDASI) are built., These two

files are used as input to the preprocessor program which is
discussed below.

The procedure to extract and process data from
the MOBMDR is found in APPENDIX A. The file formats are
found in Volume 2.

c. Initial off-line files. In order to establish
the scenario in which the ADS distribution module is to be
exercised, the functional user is required to build the
following files which initialize/describe the system:

PARAM]1 Parameter File

DEPOT1 Depot File

NONSM1 Non-SM Lift Capability Reduction
PORTO1l Port File

NETM81 Network File
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The parameter file identifies such items as the
period of time under consideration, minimum and maximum ship
weight, plans to consider, etc. The depot file contains the
lift capability by day for each depot location. The non-SM
lift capability reduction file contains the depot lift
capability by day for non-SM items, and which is subsequently
subtracted from the depot file to yield the lift capability
used by the ADS distribution module. The port file contains
the maximum number of berths for each port. Finally, the
network file contains the transportation mode and transit
times between each and every pair of sending and receiving
locations.

When these files are built and the MIDASI and CRDPL
files are built (see above), the files are ready for the
preprocessor as described in the next section. File formats
for these files are found in Volume 2.

d. Preprocessor. The main purpose of the
preprocessor is to take all available information, edit it,
and reformat it into the necessary work files for the
Distribution module. Input files to the preprocessor are
those discussed in part (b) and (c) above, along with the
file called WORKl4 which contains the walk-in requisitions.
These requisitions are received by tape from the Ammunition
Demand Automated Processing (ADAP) CCSS- system in an extended
requisition format. These requisitions are converted to a
format required by ADS and filed into WORK1l4. (ADAP 1is
currently designed for peacetime processing of requisitions
ADS is for mobilization.)

Figure 5, The Preprocessor Functional Diagram,
displays the input and output files along with a short
description of the computation involved. The preprocessor
generates output files WORK0O thru WORK1ll. The files COMO,
EXSRPT and EXCEPTIONS are created for double checking
purposes only. COMO 1is used to determine the reason when a
model run is terminated abnormally. EXSRPT lists any items
for which insufficient or erroneous data is given and
EXCEPTIONS is the same file after being sorted by DODAC.
EXCEPTIONS isc used by DRSAR-DSP to correct, update, or
otherwise modify the input files.

Page 22




The work files generated are:

WORKO0O0
WORKO1
format)
WORKO02
WORKO03
WORK04
WORKO0S
WORKO 6
WORKO?7
WORKO0 S8
WORK09
WORK10
WORK11

Model Parameter File
Requirements/Requisitions File (Model

Complete Round - Component File
Complete Round - Usages File

Item Information File

Substitution File

Depot Lift Capability File

Depot Information File

Asset File

Port Information File
Transportation Network File
Requisitions (MILSTRIP-like format)

The running of the preprocessor is shown in APPENDIX A,

and the file formats
in volume 2.

of all input and output files are shown
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S. Distribution Module

a. General. The Distribution Module was
formulated on a set of heuristic rules for allocation of
ammunition supply assets through the transportation network
to satisfy demand. The intermediate work files generated by
the preprocessor are used as input to the Distribution
Module. The Distribution Module produces a detailed
transaction file, along with files showing the status of the
system after the module completes execution. The status
shows such things as remaining assets, remaining depot 1lift
capability, ship status, port status, and a summary item
analysis.

Prior to the execution of the Distribution
Module, the coded regmisition file (WORKOl) must be sorted in
the sequence of proce sing priority. Currently these records
are sorted by increasing required delivery date (RDD)
however, other priorities might occasionally be considered by
the user (e.g. service, destination, plan, etc.).

An overview of the Distribution Module is
shown in Figure 6. Appendix A contains discussion on how to
run the model. Volume 2 contains the source programs for the
constrained and unconstrained model, phantom and command
files, logic diagrams, and format listings for all input and
output files.

b. Output Files. The output files of the
Distribution Module are briefly described below:

The ROUTES file contains all the transactions
generated by the model run. Each transaction contains all
data necessary to track a shipment of an item from the depot
to its final destination, This information contains such
elements as item identification, amount shipped, depot
location, shipping and receiving port data, final
destination, times for each stage, etc.

The WORK12 output file contains the remaining
assets and is 1in the same format as the initial asset input
file WORKO0S.
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DISTRIBUTION MODULE FUNCTIONAL DIAGRAM
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Figure 6 - pistribution Module Functional Diagram.
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The WORK13 output file contains the remaining
depot lift capability file and is in the same format as the
initial 1ift capability input file WORKO06.

A WORK20 output file contains the remaining
production capability and is in the same format as the
initial production capability input file WORK1S8.

A ship status output file, WORK19, specifies
each ship by port, berth, and ship number. Each ship”s cargo
is specified by weight, volume and explosive weight, date on
berth, estimated port departure time, computed destination
arrival time, and the maximum and minimum RDD’s of the
requisitions loaded.

A summary item analysis output file, ANALS1,
contains the total gquantity requested, total quantity
shipped, beginning assets by equivalent pallet quantities,
and ending assets by equivalent pallet quantities for each
owner/requestor and service combination.

c. Sequence of Operation. This section discusses
the internal workings of the Distribution Module with respect
to default values used and the order in which events are
processed.

The following program defaults are noted:

If the item description file, WORKO4, does not
contain all the required shipping data, the shipping data
contained in the record 1is displayed in the audit file on
screen by item sequence number and DODAC. The missing values
are then set to default values:

Unit weight
Unit volume
Pallet count

0.00050 stons/unit (1 1lb.)
0.00025 mtons/unit (0.0l cu ft)
one (1) item/pallet

If the record containing lift capability for a
given depot and day is missing from the lift capability file,
WORK06, the lift capability for that depot on that day
defaults to zero (0) stons/day.
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If the asset record for a given time, service
and location is missing from the asset file, WORK08, the
assets for that item and service at that depot default to
zero (0) quantity.

If a production file (WORK18) exists it 1is read.
If it does not exist all production defaults to zero (0).
Records contain identity, service, item, and quantity
available at a given time. If no record exists for the above
combination zero production is defined.

If a WORK15 file exists it is read. The existance
of a WORK1S5 indicates that ships may be pre-scheduled. The
records of WORK1S5 contain the ship parameters of the
pre-scheduled ships 1i.e. by POE and Ship Number, the berth
assignment, destination (POD), current load (in STONS, MTONS,
and explosive), ETA, DOD, DOB, and a flag indicating whether
that particular ship is available for further loading. Ship
numbering starts at the number following the maximum ship
number read for each POE. If a WORK15 fle does not exist all
ship parameter arrays are set to the null state and ship
numbering begins at one (1l). The intermediate files
generated by the preprocessor (WORKOO through WORK10 and in
addition WORK1S and WORK18 if they exist) are read, and their
contents are loaded into the appropriate arrays and words.
In addition to 1loading asset and production arrays with the
number of individual items for each service and location,
integral pallet quantities are computed for each item,
service and in the case of production by time. The
combination of beginning inventory and production
availability describe the potential assets for the location,
service, item combination.

In order to provide the desired priority in
selection of ports (POE) and depots, two ancillaiy arrays,
PTIME and DTIME, are generated. These arrays contain the
port and depot sequence numbers in the order of desired
selection for the required destination. The ports (POE’s)
are ordered by increasing sailing time to each specified port
of debarkation (POD). The depots are ordered by decreasing
rail shipment time to each POE.
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The requisitions are loaded into a buffer from the
the WORK01 file. As each requisition is read from the
buffer, the following sequence is followed:

Determine if potential assets {beginning
inventory and potential production) exist in the system at

any location in a quantity equal than the equivalent on one
pallet or greater.

If no potential assets are found for the
requested primary item, then a substitute item is selected
and the above is repeated. Substitutions are keyed to the

primary item and maintained in the desired order of
selection.

If, after searching all depots, no potential
assets are found for the primary item or any of its
substitutes, the next requisition is selected.

If there are potential assets than can be
applied to the requisition, a POE is selected. The selected
POE is searched to determine if a ship is in the process of
loading which (a) 1is assigned to the required destinatin
(i.e. POD) and (b) whose ETA will accomodate the allowable
receiving window for the requisition in question (i.e. how
early or late with respect to the RDD is receipt allowed).
If no ship 1is found in this port, then the next port in the
priority sequence is examined (Note: the port file must be
ordered in the desired priority). If no available ships are
found in any of the POE“s, then a new ship is assigned.

The POE with the shortest sailing time to the
specified POD is selected when assigning a new ship. If the
ports are unconstrained, the next ship number for this POE is
assigned with the specified POD as its destination, and the
ship parameters are initialized.

For constrained ports, the availability of a
berth with a 1loading window that will accomodate the
specified required delivery date (RDD) is determined. If a
berth is available, the next ship number, etc. is selected.
If a berth is not available, the next priority port, etc. is
selected. If no port 1is availabhle, the conditions are
relaxed by incrementing the RDD by one day, and the selection
process is repeated. If the day on berth (DOB) corresponding
to the berth and 1loading window exceeds the tolerance for
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late receipt for this requisition the next requisition is
selected for processing.

For the selected POE, a target day of receipt
(DOR) of material at the port is computed. This day is set
equal to the day preceeding the DOB of the assigned ship. If
DOR preceeds the first day of the planning period, it is set
equal to the first day of the planning period. Considering
the DOR at the POE, the depots are addressed in order of
decreasing rail shipment time to each POE.

If surface transport is selected for shipment
between the POE and POD, rail transportation from the depot
is attempted first and if no shipments can be made in this
mode then motor transportation is attempted. For air
shipment betwen POE and POD only motor shipment from the
depot are allowed.

If the rail transit mode is selected and the
transit time exceeds a preselected limit, it is assumed that
available rail transportation link between this depot and the
POE does not exist, and motot transportation is examined.

If a rail transportation 1link exists, a
shipping day (DOS) is computed based on the target receipt
day at the POE and the transportation time. If this day is
earlier, than the first day of the planning period, motor
transportation is examined, and the same tests are applied.
If either transportation 1link cannot be established or the
shipping day is too early, the next depot in order |is
addressed.

When assets are available, either inventory or
production for the period addressed, and a viable shipping
day can be established for a depot, the current state of lift
capability at the depot on the shipping day is determined.
If there is insufficient lift capability at the depot on the
shipping day, two possibilities can occur depending upon the
transportation mode being considered. 1If rail transportation
is currently being considered, motor transportation with a
recalculation of the shipping day will be attempted. 1If
motor transportation is currently being considered, the next
depot will be addressed.

The numerical minimum of the palletized 1lift
capability, assets, remaining ship cargo space, and remaining
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requisition quantity is then determined. If this minimum is
greater than zero (0), it 1is defined as the shipment
quantity. Shipment weight, volume, and explosive weight are
computed using the shipping data and the shipment quantity
for the items considered. Lift capability, ship cargo space,
depot assets, system assets and requisition are updated using
shipment quantity and weight where applicable.

A transaction record is written to the
intermediate transaction file, ROUTEP. This file contains:
locations (depot, POE, POD), ship number, berth used, times
(ETA, DOD, DOB, DOR, DOS), item requested, item shipped,
owner/requester, plan, requisition number, amount shipped
(quantity, STONS, MTONS, N.E.W.) and the transportation mode
for CONUS and -transocean. A running total of the amount
shipped by item and service owner is maintained.

The ship being loaded is examined to determine
if the minimum cargo weight has been exceeded. If it has,
the depot search is terminated and two possible conditions
are investigated. 1If the requisition has been satisfied, the
next requisition is read for processing, or if the system
assets have been exhausted, the next substitute is
considered. After action indicated by either of these two
tests or in the case where no action is required, the ports
are searched for a ship which is in the loading process or a
newly assigned ship.
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If:

(a) All depots have been examined and
(b) The requisition has not been filled and
{c) System assets exist and

(d) Transportation linkages exist between the POE
and one or more depots and

(e) The ship is not yet full,

the target receiving time (DOR) at the POE is decremented by
one day. This process is repeated until the target receiving
day equals the earliest day of the planning period. If the
target receiving day has been reduced to its minimum 1limit
and the requisition is still not satisfied as specified
above, one day is added to the RDD for this requisition and
the process is repeated.

The process of depot search continues until
the requisition is satisfied, assets (primary and
substitutions) are depleted or the adjusted RDD exceeds a
predefined limit on the DOR. A condition may exist where no
transportation linkage is available between depots with
assets and the POE. When this occurs, assets are first drawn
from the depots with transportation linkages. Then ano