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ABSTRACT

A computer simulation program has been written in IBM's
GPSS V to model the issue processing functions of U.S.
Naval Supply Depot Yokosuka, Japan. The results of simula-
tion experiments that may be conducted with the model can be
used by analysts in the Planning Division of the Naval
Supply Depot to predict actual Depot performance under
conditions of surge demand.
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I. INTRODUCTION

A. THE PROBLEM

The U.S. Naval Supply Depot Yokosuka, Japan (NSD
Yokosuka), 1is tasked with providing logistics support to
U.S. Navy fleet units and shore activities in the Japan and
Northern Pacific operating areas. As the major U.S. Navy
logistics installation in Japan, NSD Yokosuka is the primary
source of logistics support for all Navy and Marine Corps
shore activities based in Japan. Fleet units supported by
NSD Yokosuka include eleven homeported ships as well as
deployed ships of the Seventh Fleet. - Although NSD
Yokosuka's major function is material support, it also
provides essential supply services. The Freight Terminal
Division is responsible for transshipment to the requisi=-
tioner of issue priority group one material received from
stateside Naval Supply Centers and Defense Logistics Agency
(DLA) activities. The Depot also manages a variety of other
support services including contracting, data processing,
accounting, disbursing and personal property shipment.

In addition to its basic fleet support role, NSD
Yokosuka is tasked with tri~service support responsibilities
for fuel and subsistence. NSD Yokosuka 1is the DLA
Designated Specialized Support Point for provisions in
Japan, providing subsistence support to all fleet units, DoD
commissaries and troops in the Japan operating area. As the
DLA agent for fuel, NSD Yokosuka operates the largest fuel
complex in the Pacific. The Fuel Department provides bulk
petroleum products to all military activities in the Western
Pacific and maintains Prepositioned War Reserve Stock (PWRS)

AR R
Py

»

gl
»

or

Cartarn S’

inventory levels to meet the anticipated combined require-
ments of the services in that area.
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NSD Yokosuka is strategically positioned to support
contingency operations in the Far East. Any conflict in the
Northern Pacific, Korea, or other Southeast Asian country
requiring extensive deployment of ships, aircraft and troops
will result in a surge of activity for NSD Yokosuka. If the
conflict is not short-term in duration, the increased oper-
ating tempo could be expected to result in new manpower
requirements, multi-shift operation of the NSD and its
detachments, possible expansion of physical storage facili-
ties and the acquisition of additional material handling
equipment. NSD Yokosuka's ability to respond to a surge in
demand for logistics support brought about by a period of
increased tension or open conflict 1is a critical issue to
planning military operations in the Far Eastern theater. The
NSD's effectiveness in this type of scenario hinges on its
ability to escalate operations in a short time frame.
Counter to the rapid response required of NSD Yokosuka in a
contingency situation 1is the relative difficulty of mobi-
lizing the necessary manpower and other resources on short
notice. Planning specific requirements in advance and iden-
tifying sources to fill those needs is essential to main-
taining supply readiness at NSD Yokosuka.

Predicting future resource requirements of the Depot is
a primary function of the Planning and Comptroller
Department, more specifically, the Planning Division. In any
operating environment, NSD Yokosuka seeks to minimize the
processing time associated with issuing material to
customers while maximizing the availability of other support
services required. To this end, the Planning Division
projects the volume of demand that the Depot will be
expected to support in various operational scenarios, 1i.e.,

positioning of an additional carrier battle group or a

. build-up in troop levels. Divisional requirements in
support of those levels of operation are estimated. The
E'v 8
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cansolidated requirements of the Depot are quantified and
plans outlining the allocation of resources among divisions
' are formulated.

B. THESIS OBJECTIVE
~ The objective of this thesis is to provide a predictive

~ and quantitatiye;1 tool EP support the contingency planning
A N RN S NI RN PR ) )
fort N k Ka'y/ VA o) ter program modeling the
efforts of/\( ISD)\Yo osu 3% S mpu p qr/'.ﬂ//_ g

issue processing functions'of the Depot wiii be constructed.

) The program will be written  in IBM's General Purpose
? Simulation System V (GPSS V). The completed program may be
used to conduct experiments simulating Depot performance
under conditions of surge demand. The information gathered
in a controlled series of experiments with the model can be
used to help formulate operating policy and resource distri-

bution plans to cope with contingency situations™\

C. SCOPE

The scope of the model will be limited to those func-
tions of NSD Yokosuka in direct support of issue processing
operations, from requisition receipt to the point of avail-
ability of the issue for shipment to the regquisitioner (or
the point of actual delivery to the requisitioner in the
case of bearer walkthroughs, quick picks and issues deliv-
ered to Naval Base Yokosuka activities by NSD tractor
trains )NA detailed list of the actual processes to be simu-
lated is ovided in Chapter 1IV. Other Depot operations
have been excluded for the following reasons:

1. The complexity of a model can be expected to increase
as the scope of the system to be simulated is
expanded. imiting the scoge of the system to main-
stream issue processing functions will provide impor-
tant information to “analysts while eeping model

modification and exgerimentation_within the capability
of personnel without extensive simulation experience.

.
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2. The. scoge of the system to be simulated is also
limited .the capabilities of the software and hard-
ware on which it is implemented. The memory require-
ments  of a rogram written to simulate all "major
functions of the Depot would exceed the maximum amount
of memory addressable by GPSS V
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3. Model design and validation imposes substantial data
collection_responsibilities on the NSD Plannin
Division. Depot personnel resources were taxed to mee
the data_ requirements imposed during development of
the model of "issue processing functions.

4. Some functions of the Depot are sufficiently complex
to form the basis of major simulation projects by
themselves. Inventorg ontrol Department, Data
Processing Service Center &DPSC) and Freight Terminal
Division operations are all candidates fOor separate
simulation projects.

5. DNot all systems can be simulated with discrete simula-
tion methods. The Fuel Department manages several

rocesses that are best modeled by continuous simula-
ion methods.

D. LIMITATIONS
1. Data Collection
Construction and validation of the model was
hampered by difficulties experienced by the author during
data collection. Due to the physical separation of NSD
Yokosuka from the Naval Postgraduate School, the data
collection effort was managed by the NSD Planning Division.
Personnel from cognizant divisions of the Depot were tasked
with collecting the data from retained records or by obser-
vation of the physical processes. The time-intensive nature
of random sampling slowed the process of data collection.
This was aggravated by competing operational requirements in
the Inventory Control and Material Departments. At the time
of this writing, the collectien of service time samples for
the Packing Section and half of the material storage areas
remained incomplete.
2. Microcomputer Simulation
The initial objective of this thesis was to model
NSD issue processing operations on a microcomputer. Efforts

in that direction were blocked by the memory requirements of
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the program. The technical details of this limitation are
discussed briefly in Chapter II of the thesis.

E. ORGANIZATION OF THESIS

The balance of this thesis is devoted to the examination
of simulation as a logistics planning tool and to the devel-
opment and validation of a program to be used for simulation
experimentation. In Chapter II1, the suitability of simula-
tion and other operations research disciplines to supporting
logistics planning efforts is reviewed. A description of
issue processing at NSD Yokosuka, the system to be modeled,
forms the basis of Chapter III. Chapter IV utilizes GPSS
block diagrams to explain the simulation program structure.
Program verification and a discussion of program validation
are presented in Chapter V. Guidance in experimentation
techniques and a discussion of simulation experiments
conducted by the author are included in Chapter VI.
Recommendations and conclusions in Chapter VII will address
further simulation experimentation and the observed benefits

of simulation in supporting logistics planners.

11
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II. MODELING TECHNIQUES

A. OPERATION RESEARCH

NSD Yokosuka's ability to provide the level of logistics
support required by DoD activities in the Japan operating
area is a product of the combined efforts of several work-
centers. The DPSC Department and the Customer Services,
Requirements, Storage, Labor and Equipment and Freight
Terminal Divisions all perform tasks integral to the
processing of requisitions received by NSD Yokosuka.
Because a decision made in one division may affect the oper-
ations of another, the performance of individual divisions
must be evaluated in terms of their contribution to overall
Depot performance. This interaction between functional areas
must be taken into account by the Planning Division during
the formulation of operating strategies for surge demand
environments. Operations research technigues incorporate
the systems approach and can serve as an important logistics
planning tool.

Operations research 1is a collection of mathematical
tools that may be applied to solve practical decision prob-
lems within a system [Ref. 1]. The aim of operations
research analysis 1s to evaluate the probable consequences
of decision choices. These choices are typically concerned

with the allocation of scarce resources within the system.

Most methods of operations research use models to study the
actual system [Ref. 2: p. 4]. Models represent objects of

Py

interest within the system as entities, the characteristics

of entities as attributes and the interactions causing
‘ change within the system as activities. Models are employed
when experimentation with the actual system is not a prac-
tical approach to analyzing operations. Accordingly, formu-
lation of a model 1is a suitable method of predicting the

12
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performance of a supply depot under conditions of surge
demand.

Specialized operations research techniques have evolved
to handle certain well-defined <c¢lasses of systems problems.
Network analysis may be used to solve transportation prob-
lems. Inventory algorithms are used to make inventory
control decisions. These techniques are well suited to
narrowly-defined problems and are regularly employed by the
military to solve logistics problems. The study of broader,
less well-defined systems require more generalized mathemat-
ical techniques.

Mathematical analysis is applied to systems management
problems by representing attributes of the system as vari-
ables and activities as mathematical functions that interre-
late the variables [Ref. 3: pp. 8-9]. Mathematical analysis
is a sophisticated operations research technique that can be
used only by analysts with extensive backgrounds in mathe-
matics. It is not always possible to formulate a complete
mathematical model of a complex system. The combined effects
of uncertainty, dynamic interaction between decisions,
interdependency among variables and the representation of
processes over long time horizons are difficult to represent
mathematically and may require alternative methods of
research [Ref. 4: p. 142}. Stock point analysis problems
fall into this category. The stochastic nature of requisi-
tion arrival and processing times, overlap between the oper=-
ations of separate divisions within a supply depot, the
relationship of requisition priority and type to the
processing procedures followed and the need to observe oper-

ations over extended periods of time all support the use of

computer simulation as a research tool.

B. SIMULATION
Simulation is the process of designing a model that
duplicates the dynamic behavior of the essential

13
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characteristics of a system for the purpose of studying that
system [Ref. 5]. It is a popular technigque among operations
research practitioners. In a survey by Weston [Ref. 6] of
1000 U. S. firms, it was the most frequently employed
gquantitative tool. Simulation is also used extensively by
the military to evaluate weapons and logistics systems.
Because the structure of a simulation model bears a close
relation to the logical structure of the real system, model
development is simplified. Schmidt [Ref. 7] notes that the
level of mathematical sophistication required to develop a
simulation model of a complex system is generally less
extensive than that required to develop a mathematical
model, underscoring simulation's relative ease of use. It is
this simplicity that makes simulation intuitively popular to
analysts.

simulation is a versatile operations research technique.
It may be used as a descriptive tool (to describe a current
system) or as a predictive tool (to explore a hypothetical
system or design improvements to a current system).
Simulation is also flexible with respect to changes in the
actual system. Variables can be modified before a simulation
is run, or dynamically, to align the model with real system
conditions.

There are drawbacks to the use of simulation. Simulation
does not optimize in the sense that calculus-based analyt-
ical methods do [Ref. 3: p. 38]. Optimal solutions may be
obtained only through repetition of simulation experiments.
Simulation models produce less precise results than does
mathematical analysis [Ref. 2: p. 13]. Due to the probabi-
listic nature of simulation, the results of simulation
experiments repeated in succession can be expected to vary
and the sensitivity of a simulation model to changes in the
value of input variables is not subject to exact measure-

ment. Simulation models experience the same problems as

]
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models employed in other techniques of operations research.
They may éppear to accurately reflect the real system, when
in fact, they do not. Simulation models, as all others, will
yield incorrect results if they are not validated carefully.

There are two major types of simulation, continuous and
discrete [Ref. 4: p. 143]. Continuous simulation is
concerned with systems that change continuously with respect
to time and with measurements that are not restricted to
integers. Refinery operations and rocket trajectories are
examples of systems that are studied by the use of contin-
uous simulation. In discrete simulation, the simulated time
advances in a stepwise discrete fashion. A discrete simula-

tion is time-oriented if the simulation clock is updated at

regular time intervals. If the <clock is wupdated by the
scheduled occurrence of events, the simulation is termed
event-oriented. Discrete event simulation 1lends itself

especially well to the modeling of gqueuing systems and,
therefore, 1is generally applicable to modeling the perform-
ance of service organizations that can be represented as a
collection of service facilities and queues [Ref. 8].

Discrete event simulation is frequently used to model
military supply depot operations. The use of discrete event
simulation as a forecasting tool offers several advantages
to logistics planners. Queue statistics gathered during the
simulation pinpoint processing bottlenecks that may be
exXpected to occur. Server utilization statistics collected
for each functional area may be used to support resource
allocation decisions. System throughput data can be quanti-
fied by measuring the processing time for the different
classes of requisitions passing through the system. In
addition, the model may be easily modified <to reflect
increasing levels of demand, changes in net effectiveness or
the addition of personnel.

15
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C. SIMULATION LANGUAGES

Discrete event simulation programs may be written in a
general purpose programming language like FORTRAN or PASCAL,
or in a special purpose simulation language. As computer
simulation evolved as an operations research technique in
the late 1950s, all simulations were written in general
purpose or specific-machine languages. As researchers began
to recognize the fact that many situations being simulated
were composed of functionally similar processes, the need to
develop special purpose languages 1in which single operators
would perform common functions became apparent. Emshoff and
Sisson [Ref. 9: p. 116} enumerated the functions common to
all simulations that distinguish simulation languages from
general purpose programming languages:

1. create random numbers

2. create random variates
3. advance time, either by one unit or to the next event
4. record data for output
5. perform statistical analyses on recorded data
6. arrange outputs in specified formats
7. detect and report logical inconsistencies and other
error conditions
Kiviat [(Ref. 10] <cited programming convenience and

concept articulation as the two major advantages of using a
simulation language as opposed to a general purpose
language.

Concept articulation refers to the ability of simulation
languages to communicate the structure of a system being
modeled through the use of a descriptive vocabulary. This is
especially important to analysts in the model development
phase. It also improves communication in that simulations
are more easily explained to management and other non-
programming oriented users.

The programming convenience of simulation languages is
evidenced by the reduction in both program length and

16
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development effort required. Jennergren [Ref. 11l] concluded
that simulation programs written in PASCAL average twice the
length of their simulation language counterparts. Emshoff
and Sisson [Ref. 9: p. 117] estimate the savings in model
development effort resulting from the use of simulation
languages to be on the order of a factor of 10. Several
factors contribute to the programming convenience of
simulation languages. The subroutines provided as standard
features of simulation languages provide programmers with
simple tools to represent simulation-unique functions and
concepts. The ease with which simulation languages define
classes of system entities, differentiate among entities
within those classes and permit adjustment of the number or
type of entities in the system is also helpful. The
convenience of simulation languages is not achieved without
sacrifice. The structuring of entities and activities in
simulation languages increases their flexibility in that
changes to the system require only simple modifications to
the program. These generalized structures, however, limit
the ability of simulation languages to represent system
detail. Though simulation languages automatically collect
and display data generally desired by analysts, they are
less flexible than general purpose programming languages
with respect to the variety of output formats. Finally,
programs written in simulation languages can expect to
experience slower execution times than general purpose
language programs.

The initial concern of most organizations in the process
of selecting a simulation language is ensuring that the
chosen language 1is compatible with installed hardware and
that its use is within the capability of the organization's
analysts. Other gquestions should be answered in the second
phase of the selection process. The relative ease of

learning, availability of users manuals, machine

17
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portability, quality of error diagnostics, language

SO

efficiency and cost of the languages under consideration
should be explored. Finally, the ability of the chosen
simulation language to naturally describe the system in

gquestion should be studied. The suitability of a simulation

1N LA

language to a given problem may be assessed by examining its
"world view."

The world view of a simulation language is the way that
it conceptualizes the entities of a system, the attributes
that further describe those entities, and the interaction
' between those entities and the activities of the gsystem
. (Ref. 12: p. 17]. World views of simulation are grouped
: into two schools of simulation thought, one emphasizing the
use cof flowcharts to describe models, the other relying on
program statements.

Flowchart languages are regarded by users as somewhat
: easlier to learn and interpret, while statement oriented
f- languages are more flexible [Ref. 12: p. 18]. Statement

oriented languages are characterized by three world views--
Eﬁ activity, event and process. Flowchart oriented simulation
~. languages adhere to the transaction world view. The trans-
~ action world view models systems by tracing the flow of
transactions through specialized activity blocks. Simulated

time advances as transactions pass through the blocks which

- are used to represent actual processes or real system deci-

sions. Users familiar with flowcharting techniques and the
; system being modeled find the transaction view convenient to
: use and easy to learn. IBM's GPSS is the predominant .

- language in this category.

D. GPsSS

- The transaction world view of GPSS 1is structurally

N similar to the complex queuing problems posed by requisition ?
N flow in a supply depot. GPSS uses block diagrams to visu-
\

alize transactions moving from process to process within the

PO
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system. Each GPSS block is implemented by a code segment
representing an action relative to the system simulation.
The close relationship between the block diagram and program
code to the logical structure of the system being simulated
makes GPSS easy to use. System throughput, resource utili-
zation and queuing statistics collected as standard features
of GPSS may be tailored to support the information require-
ments of the logistics planner.

GPSS 1is particularly attractive +to the inexperienced
user. The block diagram structure reduces the complexity of
model development and communicates an understanding of the
simulation program to users. Statistics gathering and
display require minimal effort on the part of the user.
Because GPSS i1s the most popular and widely used simulation
language [Ref. 13], numerous companies market GPSS products
and provide comprehensive documentation. In addition several
academic texts on GPSS have been published, offering another
source of information to users.

Minuteman Software has developed a microcomputer version
of GPSS, marketed under the name of GPSS/PC, to take advan-
tage of the increased CPU and memory capacities of modern
microcomputers. Designed for use on IBM compatible microcom-
puters, the structure and syntax of GPSS/PC are nearly iden-
tical to that of the mainframe version, enabling it <to
retain its attractiveness as a discrete event simulation
language. The primary advantages of wusing a simulation
language designed for the microcomputer are reduced software
expenses and the convenience to the analyst of working on a
dedicated microcomputer. While the general design of GPSS/PC
is suited to the simulation of supply depot operations, it
is constrained by its inability to to address more than 640
kilobytes of random access memory, a limit shared by all
applications programs running on IBM's Disk Operating System
(DOS). Due to this inherited limitation, GPSS/PC is not
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useful in the simulation of 1large queuing systems such as
NSD Yokosuka.
Discrete event simulation, wutilizing GPSS, c¢ould be

s % S

hd

effectively used to support 1logistics planning efforts of

') -

NSD Yokosuka. Note the following points:

1. Issue processing procedures at  NSD Yokosuka are
permeated with the type of queuing Ehenomena that
discrete event simulation languages, PSS in partic-
ular, are designed to model.

5 J:‘.

2. The standard format of discrete simulation output is
suited to the information requirements of Depot
planners.

YN A

3. Experimentation, including minor modifications, with
exlisting slmulaﬁlon models is_within the ¢apab111ty of
analysts in the NSD Yokosuka Planning Division.

4. The block diagram structure of GPSS improves user
understanding of program structure, easing the process
of maklng.gpogram modifications required by changes in
NSD facilities or procedures.

5. Owing to its popularity, GPSS documentation, training,
%ﬁd Nggunlcal assistance are all readily available to
e

While discrete event simulation can be a useful tool to v
logistics planners, its disadvantages must also be recog- 'g
nized. Drawbacks to the use of computer simulation in logis- :
tics planning include:

1. Validating ,a simulation model requires substantial -
effort and is a continuing process as the model must .
be maintained to reflect real system changes. If the L
basic model does not accurately reflect actual system o
operations_ or supgorting data is erroneous, simulation R
results will not be useiul.

2. Though experimentation and minor modifications are .
within the capability of NSD Yokosuka personnel, major z
revision would require outside training or assistance.

[

3. Because the simulation model 1is a simplification of
the actual system, detail useful to planners is_ lost.

In addition limiting the scope of the model leaves
langers without information on other essential Depot =
unctions.

The practical limitations of discrete event simulation must

be accepted before it is employed as a 1logistics planning -3

tool. In combination with other operations research

techniques, discrete event simulation using GPSS can be an -

.

& effective method of forecasting NSD Yokosuka performance

:
under conditions of surge demand. N
&
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III. IHE SYSTEM TO BE MODELED

NSD Yokosuka's main administrative offices and storage
facilities are located on U. S. Naval Base Yokosuka, of
which the NSD is a tenant activity. Figure 3.1 shows the
physical layout of NSD facilities on Naval Base YokosukKa.
Yokohama Cold Storage, located approximately 20 miles from
Yokosuka, is the only modeled activity of the NSD not
located within the confines of Naval Base Yokosuka.

NSD Yokosuka has 54 U. S. Civil Service and 905 Japanese
National employees in addition to the 176 military personnel
authorized. Normal working hours are 0800 to 1645 Monday
through Friday with a 45 minute lunch break. Non-duty hour
processing of issue priority group one (IPGl) requisitions
and IPG2 Dbearer walkthrough and Casualty Reporting System
(CASREPT) requisitions 1is handled by the duty section on
weekends and by the Customer Services Division evening and
midnight shifts during the week. DPSC maintains seven day a
week, around-the-clock computer center operations in support
of issue processing.

The Depot receives an average of 43,000 requisitions a
month, of which approximately 90% are for standard stock
items. Of the total demand for standard stock items, NSD
Yokosuka typically makes 30,000 issues per month from its
$43,000,000 inventory of over 78,000 1line items. 75% of
those issues are for material stored in the general storage
locations of the Depot. The remaining 25% are for provisions
stored in Yokosuka Cold Storage (Building 1390), Yokosuka
Dry Storage (B-47) and Yokohama Cold Storage.

Figure 3.2 is a basic flow diagram of NSD Yokosuka
issue operations. Requisition input to the system arrives
in two forms, hard copy or online. Online requisitions are
received via Automatic Digital Network (AUTCDIN), Disk
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Oriented Supply System (DOSS) and 1local customer remote
terminal entry. The requirements of activities without
installed remote terminal entry equipment and all perishable
provisions (9MP/9MB), ships store stock (1Q) and bearer
requisitions are received in hard copy form. Requisitions
for 9MP, 9MB and 1Q material are initially routed to the
Requirements Division for stock check. IPGl requisitions,
IPG2 bearer walkthrough, CASREPT and quick pick requisitions
and all 9SMP, SMB and 1Q requisitions (regardless of
priority) received by NSD are entered via remote terminal in
Customer Services. All other requisitions are transferred to
DPSC for entry. Requisitions are handled throughout the
Depot on a first come, first served, within priority level
basis. Priority levels, from highest to lowest, are as
follows:

1. IPGl bearer walkthrough all other IPGl

IPG2 bearer walkthrough

IPG2 CASREPT (not bearer walkthrough)

IPG2 quick pick

all other IPG2

all IPG3
Regardless of their origin, all IPGl, CASREPT, bearer
walkthrough, quick pick, dry provisions (9MF) and 1Q requi-

[o )N V2 Y S S VI N

sitions wait 1in a queue file to be processed by Uniform
Automated Data Processing System (UADPS) programs UCO02 and
UC96. The queue file is emptied frequently (every 5 minutes)
into UCO02/UC96 for processing. Issue documents for material
determined to be in stock are output immediately in Customer
Services. 9MP and 9MB requisitions are entered under local
procedures and issue documents are printed on the Customer
Services printer. The balance of IPG2 and all IPG3 requisi-
tions are processed in batch mode by UC02,/UC96 and local
programs LCO6, LCO7 and LCOS8. Issue documents for material

determined to be in stock are output in Storage Control.
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Issue documents for provisions are output in Customer

Services. Demand exceptions are reviewed by exception clerks
in Customer Services and re-entered into the system.

All issue documents printed in Customer Services are
annotated or stamped as appropriate (quick pick, CASREPT,
etc.) and are routed for further processing. Provisions
issue documents are delivered to the Storage Office. Issue
documernts produced for bearer walkthrough reguisitions are
released to the bearer to be hand carried to the warehouse
storing the material. All other issue documents are deliv=-
ered to Storage Control.

Storage Control personnel sort those issue documents
printed by the Storage Control printer and those received
from Customer Services by warehouse and deliver the document
batches by bicycle messenger to their respective storage
locatiouns. Provisions documents received 1in the Storage
Office are also sorted by storage location. Issue documents
for provisions 1in Building 1390 and B-47 are delivered by
the bicycle messenger. Issue documents for perishable provi-
sions stocked in Yokohama are delivered by a truck that
leaves Yokosuka at 0900 on workdays, arriving in Yokohama
later the same morning.

Upon receipt of issue documents, warehouse personnel

pick the requisitioned material, attach copies of the issue
document, and segregate it by destination. In general
storage locations, material is staged separately for

delivery to the Publics Works Center (PWC), the Ship Repair
Facility (SRF) and the Packing and Shipping Sections of the
Freight Terminal. In provisions warehouses, the majority of
material is staged within the facility to be delivered
directly to the requisitioner. Provisions issues for off-
base delivery or bearer pick-up are staged separately. All
bearer issues are turned over to the customer at the ware-

house. Warehouse refusals are annotated as such on issue
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documents which are returned to Customer Services for
processing (i.e. investigation, transaction reversal,
referal or cancellation).

Material segregated for delivery in general storage
locations to PWC, SRF, or the Freight Terminal is trans-
ported by Labor and Equipment Division tractor trains to its
next destination. Tractor trains run on two separate routes
at 0815, 1015,1300 and 1400 on workdays. Material requisi-
tioned by PWC and SRF is delivered enroute to Building J-39.
All material requiring packing prior to shipment is unloaded
in the Packing Section of J~39. The remaining material is
delivered to the Shipping Section. Tractor trains run on an
as required basis to deliver provisions from B=47 and
Building 1390 to the Freight Terminal.

Material transported to the Packing Section is packaged
for further transportation to the customer. Three basic
types of pack are used--light, parcel post or heavy--as
appropriate to the material. When packing is completed the
material is delivered to the Shipping Section, adjacent to
the end of the packing line, for further processing.

The Uniform Material Movement and Issue Priority System
(UMMIPS) treats issues received in the Shipping Section as
available for shipment to the requisitioner and issue
processing statistics maintained by the Depot do not record
handling time in the Shipping Section. Shipping Section
operations, beyond receipt of material, are not modeled in

the simulation program.
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Iv. IHE MODEL

A. DEFINITION

The computer program is written in IBM's GPSS V. Thre
program simulates all NSD Yokosuka functions that directly
support issue processing operations, from regquisition
receipt to the point of availability of the issue for ship-
ment to the requisitioner. Specific functions simulated
are:

l. Requirements Division stock check of perishable provi-
sion and ships store stock requisitions.

2. Customer Services and DPSC remote terminal entry of
hard copy requisitions.

3. Customer Services demand exception and warehouse
refusal processing

4. Customer Services and Storage Control issue document
printer operations

5. Storage Control and Storage Office sorting and
handling of issue documents

6. Delivery of 1issue documents to Yokohama Cold Storage
and Naval Base Yokosuka storage locations

7. Warehouse pick and stage operations (and shipment
preparations in provisions storage locations)

8. Tractor train delivery of issues to SRF, PWC and the
packing and shipping sections of the Frelght Terminal

9. Packing operations

10. Duty section and late shift operations
A copy of the program code 1is provided as Appendix A.
Listings of program variables, functions, transaction param-
eters and storages referenced during the simulation are all
included in the program code. A GPSS block diagram of the
program structure is provided as Appendix B. The succeeding
section refers to segments of the GPSS block diagram to
relate the structure of the simulation program to actual
Depot operations.
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B. STRUCTURE

GPSS simulates actual system performance by generating
requisitions (referred tc as transactions) at time intervals
modeled after real system arrivals and permitting the gener-
ated transactions to proceed through block paths repre-
senting real system processes. Each GPSS block executes a
subroutine which may delay, modify, remcve or control the
flow of the entering transaction. In a large system composed
of separate workcenters, such as NSD Yokosuka, transactions
move through a variel series of processes before an issue
results. Although these processes differ physically, many
are logically similar (e.g., transactions enter a work-
center, wait for service, are processed and then leave the
workcenter for the next processing step). Consequeﬁtly,
GPSS is able to simulate a wide variety of processes with a
relatively small vocabulary of blocks.

GPSS can also generate control transactions in separate
modules to alter system status (i.e., control storage avail-
ability, trigger scheduled events). The generation of
control transactions and their flow through the program
blocks is timed to coincide with operating schedules cf the
Depot. Time is divided into units of .0l hours in the simu-
lation. The reader is therefore reminded to carefully inter-
pret simulation time in the program (i.e., 30 minutes is
represented as 50, 8 hours and 45 minutes as 875, etc.).

This section of the chapter groups logically similar
processes into categories and references modules in the GPSS
block diagram in Appendix B to demonstrate how actual
processes are modeled 1in the program. All GPSS blocks
discussed in this section appear in upper case to set them
apart from the text. Assumptions made in modeling the real
system processes are presented as are special programming
details that may not be apparent to the user. An under-

standing of this section will improve the reader's
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comprehension of the program code. It will also serve to

assist the user in making program changes for the purpose of
system experimentation or reflecting real system changes.
1. Requisition Generation

Requisition generation and priority assignment 1is
modeled in the requisition generation module of the program.
GPSS V limits each model to 32,767 concurrently active
transactions. To remain within that limitation during simu-
lation experiments, the number of transactions generated has
been reduced by structuring the program to permit a single
transaction to represent three requisitions. All succeeding
program modules, with the exception of the duty section
module, process each transaction as if it were 3 separate
requisitions to maintain an operational pace equivalent to
actual Depot operations.

The number of demands generated in one week of simu-
lated time 1is computed by multiplying <the monthly demand
level input by the user by a factor of .231 (based on an
average of 4.33 weeks per month). The daily distribution of
those demands is determined by function ETHNN which 1is
derived from daily demand data supplied by the NSD. The
daily demand level is then divided by 3 to obtain the number
of transactions generated during each simulated day.

Daily requisition arrival rates wutilized in the
simulation are constant over the weekend, but are computed
to force generation of 89Y% of weekday demands during normal
operating hours, consistent with the pattern of workday
requisition arrivals actually experienced by the Depot. As
data supporting an alternative distribution of requisition
arrivals is not available at this time, transactions are
allowed to proceed into the model at a uniform rate.
Although the clumping of requisition arrivals expected
during actual operation is not duplicated, requisition flow

similar to that experienced by the NSD is restored early in
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the requisition processing cycle by the simulation of the
batch printing of issues documents in the printer gqueue
handling module.

The first +three requisition generation subsections
of the requisition .generation module are responsible for
generating requisitions on weekdays--before, during and
after normal operating hours respectively. The fourth requi-
sition generation subsection generates weekend arrivals. The
GENERATE block in each subsection creates a single trans-
action each simulated day at the beginning of its assigned
time period (i.e., 0001 for the AM subsection, 0800 for the
operating hours subsection). Because all of the requisition
generation subsections create a single transaction each day
of the week, transactions generated in the weekday genera-
tion subsections must be terminated on weekends and trans-
actions generated in the weekend generation subsection must
be terminated on weekdays. The TEST blocks permits the
generated transaction to proceed on workdays in the first
three subsections and on weekends 1in the last subsection.
Transactions failing that test are transferred to the
TERMINATE block labeled RQTRM and removed from the model.

All transactions that are not terminated continue
through the requisition generation subsections. The SPLIT
and ADVANCE blocks combine to transform the previously
generated single transactions into a uniform flow of trans-
actions representing the arrival of requisitions at the NSD.
Transactions entering the SPLIT block are split into the
number of transactions expected during the period. The
ADVANCE block then permits the newly created transactions to
pass to the next block at a uniform rate, where they are
transferred to the ASSIGN block PRIAS. The ASSIGN block

references function FONE and stochastically assigns an

integer value representing requisition priority to parameter
1l of each transaction. The following PRIORITY block copies
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the parameter 1 value to assign transaction priorities
referenced during program execution to determine processing
order. All transactions are then routed by their parameter 1
value through a path of SAVEVALUE blocks that serve as
requisition counters.

2. Work Scheduling

Operating schedules for Depot workcenters during the
normal workday, the late shift and duty section, the issue
document printers and the tractor trains are all managed by
control transactions in schedule control sections. With the
exception of normal workday scheduling, which is controlled
in separate modules, all schedule control sections are
located in the module whose operations they control.

As an example of how work scheduling is managed by
the program, the schedule control section of the duty
section module is explained below. The first block in the
section generates a control transaction at the beginning of
each day. On weekdays the control transaction proceeds
through the module, alternately entering ADVANCE blocks to
simulate the passage of time and UNLINK blocks positioned to
coordinate the flow of transactions with the operating
status of the duty section. After 1675 time units have
passed, marking the end of the normal workday at 1645, the
control transaction 1is terminated and the process 1is
repeated at the beginning of the next simulated day. On
weekends the control transaction is routed directly to the
TERMINATE block 1labeled DTEND and removed from the model,
permitting the duty section to remain in continuous opera-
tion over the weekend. Scheduling of the issue document
printer and tractor train operations differ only in that
control transactions are created at more frequent intervals

during the day to trigger the repetitively scheduled
processes.
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3. Workcenter QOperations
NSD workcenters supporting issue processing opera- :

tions are represented throughout the program as storages. A :
storage is an entity prcvided by GPSS to simulate homogenous
parallel servers, that is, personnel working side by side : -
performing similar duties at similar rates of speed. Each 5
storage referenced in the simulation is included in the . '
storage definition section where its symbolic name, capacity
and description is provided. Storages that have been thus
defined may then be referenced in the program to simulate
the actual processing of requisitions.

SKCK is the symbolic name of the storage referenced
by the requisition receipt module. It simulates the stock
check of perishable provision and ships store stock requisi-
tions in the Requirements Division and has a defined
capacity of two personnel. Storage references are commonly
accompanied by two Dblock pairs, QUEUE/DEPART and
ENTER/LEAVE. The function of the QUEUE and DEPART blocks is
to collect statistics regarding the time spent by trans-
actions waiting for the storage to become available and
related queue data. The ENTER and LEAVE blocks perform the
function o¢f controlling access to +the ADVANCE block,
limiting its current contents to the defined capacity of the
storage. After a simulation is run, statistics detailing
the time spent waiting for service and the active processing >
time at each defined storage are presented. See Chapter V .
for a more detailed description of output statistics.

The time that it takes to process a single trans-
action 1in the Requirements Division 1is simulated in the
ADVANCE block labeled SKCK. The ADVANCE block delays each
transaction for an explicit period of time equal to the
value of the variable V$SKCKS named in the A operand. In
recognition of the fact that each transaction represents 3

regquisitions, the service times used in the model are
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computed by summing 3 individual service times. Individual
service times are drawn from functions containing frequency
distributions of service times observed during actual opera-
tions at NSD Yokosuka. The service times of workcenters for
which frequency distributions were not available to the
author are computed from mean service times provided by NSD
and are assumed to follow the negative exponential distribu-
tion. These included all provisions storage locations and
the main warehouse (F=-157). Mean service times were also
used for all Requirements Division, Customer Services
Division, Storage Office and Storage Control requisition and
issue document handling processes due to the brief and
uniform nature of those functions. Mean service times were
not available for paéking operations, so Packing Section
service times employed in the model were computed by
dividing the manhours recorded for each pack type on the NSD
Yokosuka Uniform Management Reports by the number of issues
packed.
4. Requisition Flow Control

Most modules modeling workcenter operations begin
with flow control sections that serve two primary purposes.
First, program execution efficiency 1is improved by placing
transactions that are about to attempt entry into a storage
on a "user chain" until the storage has available capacity.
Managing waiting transactions in this manner frees the
computer from continuously scanning each transaction
attempting to enter a storage. Secondly, the unlinking of
transactions from user chains at the end of the workday
provides positive control of high priority requisitions that
require transfer to the duty section module for processing
after normal operating hours.

Though flow control sections in the program differ
slightly in structure, the flow control section in the

Requirements Division module is representative of the basic
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structure employed throughout the program. The first three
TEST blocks following SKCKQ route transactions that have
joined the gqueue. Transactions entering during lunch are
transferred to the LINK block labeled SKCKL where they are
placed on the user chain SKCKC. Transactions entering
outside of the normal workday are transferred to the TEST
block SKCKT which routes transactions based on their
5 priority. High priority transactions (those handled by the
g duty section) are assigned a progress indicator in parameter
3 that marks their stage 1in processing. They are then
removed from the QSKCK queue and are transferred to the duty
section module for processing. Low priority requisitions
(those not handled by the duty section) are transferred to
the advance block labeled SKCKA where they are delayed a
single time wunit to avoid an endless loop of 1linking and
unlinking. The transactions are then transferred to SKCKL
and placed on user chain SKCKC. Those transactions arriving
during normal operating hours proceed directly to the ENTER
block labeled SKCKE if the  storage SKCK has remaining
capacity. Otherwise, the transactions are transferred to
SKCKL and placed on user chain SKCKC. Those entering during
working hours when the storage has no available capacity
proceed to the LINK block labeled SKCKL where they are
placed on user chain SKCKC.

During normal operating hours one transaction is
unlinked from the user chain to enter the storage for each
transaction leaving the storage, maintaining full utiliza-
tion of the storage as long as transaction