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HARNESSI NG SI MULATION FOR THE NAVAL activities as subjects for sinulation
SHI PYARD estimate the investnents required to
perform sinulation, and project the

Managers in the shipKard_environ- potential benefits.
ment, no [ess than any other industry,
want a reliable and cost-efficient
method for analyzing_information and
guldlng decisions. ~The bottomline is
|spover|n?_the most productive utili-
zation of linmted resources for the.
mai ntaining of nation's defense. Wth
personal conputers on the desks of many
techni cal managers and industria
engi neers, conputer simulation has be-
cone a realistic and valuable tool for
pl anni ng, eval uating, and inplenenting
industrial processes.

Sinmul ations make it possible to
study the behavior of systens so com
plex that known anal ytical nodels
cannot represent them accurately.

Simul ations nodel real systems. The
nodel s capture the keg relati ons amng
el ements of systens. screte-event
model s represents processes as sequences
of independent events. Discrete-event
simulation projects and eval uates the

i npact of changes that could be nmade to
a system without incurring the expense
and risk of trial and error within the
system itself

Si nul ati on devel opnent systens for
the mcroconputer offer analysts and
managers tools that can fit any nunber
of decision support uses. Sinulation
software is being used by the nilitary,
civilian governnent, and private enter-
prise for applications ranging from
transportation, warehousing and
materi al s resource planning to Flexible
Manuf acturing System uses. These tools
are proving Invaluable for the eval ua-
tion of proposed systens or policies.

Si mul ati on provides Naval Shipyard
personnel an inportant opportunity to
utilize existing hardware to neet new

challenges . The approach has been
applied only minimally in the shipyard
envi ronnent . The Sinul ation Wrkshop

planned for md June in the Washi ngton
D.C. area, will provide an opportunity
for nmanagers and engineers to explore
the uses of simulation to nmeet rea
needs. This workshop will prepare
participants to eval uate shipyard
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HARNESSI NG SI MULATI ON FOR THE NAVAL
SHI PYARD

. THE CHALLENCE

The Naval Shipyard presents a full
spectrum of nmanagenent chall enges and
engi neering applications. Wrk packages
that include detailed specifications and
time schedul es nust be prepared. Consi -
der the headaches of berth scheduling,
on-board ship maintenance, inspections,
conponent di sassenbly, refurbishment and
reassenbly in the shipyard nachi ne shop,
materials handling and transportation.

Al'l of these demand careful distribu-
tion of resources: space, equipnent,
tools, labor, and skills.

Where are the potential bottlenecks
in your new assenbly l|ine design? Do
you need eight forklifts or ten? How
often does such and such a piece of
equi prent fail? Wuld an extra shift
be a cost-effective nmeans of inproving
performance? The botton line is dis-
covering, within the confines of tine
and budget restrictions, the nost pro-
ductive utilization of limted resources
for the maintaining the nation's de-

fense. Acconplishing this ongoing task
requires the analysis to vast anmounts of
i nformation.

Managers in the shipyard environ-

ment, no less than any other industry,
want a reliable and cost-efficient
nmethod for analyzing information and

guiding decisions. W naturally turn
to conputers. They can help us make
deci sions by gathering, organizing,

eval uating and displaying information
in forme we can assimlate and under-
st and. Conputers have long been faml -
iar to us as managers of information,
whet her for our personal checkbook
accounting, the autonobile dealers'
parts inventory, census data, airline
flight schedules, or, of coursethe
IRS. As sophisticated software tools
have been devel oped, conmputers have be-
cone an integral conponent of every
mej or weapons system Conputers al so
have becone prominent in manufacturing
for process control, plant managenent
and engineering desi gn. In recent years
conputers of ever-increasing power and
speed have becone available to |ower
costs. The microconputer explosion has
pl aced personal computers on the desks
of many technical nanagers and engi-
neers. This trend is providing access
to a conputer tool trenendous potential
benefit to the Industrial Engineering
Wrld. The tool is Sinulation.

Conputer sinulation is serving
mlitary and civilian government, and
private enterprise. The specturm appli -
cations range from determning a realis-
tic launch schedule for the Space Shuttle
to optimzing service at MDonal ds.

Si mul ati ons have been used to anal yze
air traffic control, telephone switching
systens, and factory layouts. The
illustrations are abundant. For ex-
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ampl e:
o Hughes Aircrait used sinmulation to
hel p determ ne equi pment and per-
sonnel needs as well as the factory
| ayout for their ADCAP Torpedo
production facility.

° Caterpillar, Inc. has sinmulated the
i npact of two FMS (Flexible Mnu-
facturing Systen) design alterna-
tives, and the transportation of
parts by van versus flatbed.

° The U S. Arny used sinulation to
eval uate and validate the capacity
and |ine balance of production
activities and work station
sequences for new facilities at
the Red River Depot.

1. THE APPROACH

To examine conputer sibilation as
a valid approach to industrial analysis,
we need to consider a general descrip-
tion of what simulation has to offer.
Secondly, we can better envision the
potential of sinulation through a
practical illustration of a discrete
event simulation nodel. Thirdly, wth
the illustration in mnd, we will [ook
briefly at the basic nethodol ogy., and
finally, survey the potential Qutput.

A GENERAL DESCRI PTION OF SI MJLATION

Sinul ations differ from many com
conputer applications Inthe view they
present. They enable us to view what
can be, rather than what has been.
Sinmul ations make it possible to study
the behavior of systens so conpl ex
that known anal ytical nodels cannot re-
present them accurately. Analytical
nethods fail to provide answers to
many of the questions that managers
have to ask when making real decisions.
Si mul ati on nethods help anal ysts and
managers organize their intuitive
understandi ng of industrial processes

that involve conplex interactions and
uncertainties. In turn, better under-
standing of industrial processes |eads
to strategies for inproving operations.
Si nul ations nodel real systens.
Typi cal subjects include queueing net-
wor ks, non-linear, nultivariable stoch-

astic processes, and feedback in net-
wor ks. The nodel s capture the key
relations anmong el ements of the real
systens . W may believe, for exanple,
that a parts bin behaves as a queue
and down time of a machine has an ex-
ponential distribution. W may have
data describing the behaviors of these
el enents, but no idea of how they affect
each other or the |arger process. Sim
ul ati on hel ps us understand the inter-
actions involved. It may also show us
how to change the elements to improve
the larger process.

The dynami cs of some processes can
be sinmulated by continuous sinulation
net hods, others by discrete-event
met hods.  Continuous nodel s represent



processes as systems of differential
equations. DiScrete-event nodels re-
present processes as sequences of in-
dependent events. A checkout counter
and its custoners are a "discrete event
systenf'; a swinging pendulumis not
Continuous nodels are determnistic;
they assune that rates of change re-
main fixed over tine. A discrete-event

nodel may be stochastic. That is it can
accormodat e random variables. This
allows us to study the behavior of the

systemas it is influenced by random
events of different nmonents in tine.

B. PRACTICAL |LLUSTRATION OF A DI SCRETE
EVENT MODEL

To understand the potential useful-
ness of a discrete-event nodel, let's
exam ne a discrete event system that
nas}wpeople have experienced: a typical

ell™. "W'll call ours Phlasch's Deli.
A deli is the culinary equivalent to a
custom machi ne shop.

The nanufacturlng grocess of a
sandwi ch surely shoul e famliar to
the shipyard manager: getting conponents
from inventory, processing products to
preci se tolerances (onIY.go den brown
toast), maintaining quality control of
materials and workmanship, and avoiding
rework. (It's not appropriate for the
deli operator to sanple or test the
finished product before delivering it
to the custoner). Then there is
assenbl ing and §ack%g|ng and_ i nt ai ni ng
qui ck turnaround. her simlarities
come to mind: irregular ordering
schedul e, process bottlenecks, equip-
ment breakdowns.  Sound fam|iar?

Qur task is to nodel this tota
system we know as a deli. To define
t erwyd we must:

0

Describe the del
I dentify the processes

0 Define the variables
1. DESCRIBING THE DELI

If we asked someone to describe

Phl asch’'s Deli, they mght respond
"Phlasch's Deli. ..d little shop on 34th
and 8th, good hot or cold sandw ches,
okay salad, a great bratwirst, quick
service".  Accurate enough -- if you
are a potential customer. But not the

right Perspect|ye if you want to nodel

he deli as a discrete event system
Qur description of the de

be expressed in terms of events,

nmust

actions, processes, and elenents that
cause or 1nfluence them
PHLASCH S DELI

Just off the beaten track; mixed resi-
dential and office; near a_ subway
station busY period from m d-norning
through early evening; frequent surges
of customers; most peoF
rpon1for_on|¥ ten people
l'ine inside the shop.

e in a hurry;
to wait in
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THE MENU

Al sandw ches
require toast;
baki ng; soups,
pared in quiet

J.J. PHLASCH

made from scratch
sone hot meat; sone
sal ads, bratwurst pre-
peri ods.

sone

Owner and sol e enpl oyee; order taker

sandw ch maker; server; and cashier.
(This is a very small deli.)

THE EQUI PMENT

Toaster; steamer for heating neats; oven
for baking subs with nelted cheese; one
hot plate each for soup; bratwirst, and

sauer kruat .
2. | DENTI FYI NG THE PROCESSES

From these descriptions of_systew
el ements, we nust identify the inforna-
tion that has a bearing on the occur-
rence of events. Wth this information
we can identify the interaction of the
elements in terms of system processes
or sequences of events.

PHLASCH s DEL

The real itemof interest here is
6custonErs", specifically: )
how frequently custoners arrive
0 homglong custonmers are willing to
wai
0 what custoners order

Ve can gather this data by observing

the del1 for a few days and recording
what we see (in the form of distribution
tables.) We wll record the intervals
between customer's arrivals, the nunber
of custoners not joining or leaving a
line (when it's one, two..or twent
peopl e long), and which items on the
menu are ordered how often.

how often

THE MENU

A custoner's order begins a sequence of
events that is determned by what the
custoner chooses from the nenu--the
order type. Oders are typed according
to the -actions and_equi pnent required
to prepare them The order types are
sequences of tasks processed by J.J.
Phl'asch.  Reubens and steak and cheese
subs are of a type that requires
assenbly actions and use of the oven
to melt the cheese. The order type
including egg salad on whole wheat and
roast beef with lettuce and mayo on

punperni ckel, requires only assenbly
act 1 ons.

J.J. PHLASCH

J.J. executes the tasks and arbitrates

the priority of tasks when two or nore
tasks are $resented si mul taneously. He
is governed by a set of rules that can



These

be determined from observation.
when

rules mght include being sure
ever there is a line, that at |east x
nunber of custoners have. given their
orders. A custoner that has given his
order is less likely to |eave. Another
rule mght be that the cash must be

coll ected as each order is served, no
matter how many customers are waiting.
These rules tend to "Batch" J.J.'stasks
but they do not necessarily make the
most efficient use of the equipnent.

THE EQUI PVMENT

The toaster, steamer, and oven each re-
P(esents a potential bottleneck as a
inmt on the souce of supply at any
one time. For each one, we need to
know the process duration (length of
time it takes to toast, nelt cheese,
etc.) and the capacity (the maxi mum
nunber of items that can be handled at
one tinme). W also need to know the
mexi mum nynber of servings the con-
tainers of salad, soup, bratwurts
and sauerkraut will hold, and the Iength
of time it takes to replenish the supply
when the containers are enpty.

3. DEFINING THE VARI ABLES

Now we can express the system

Phlasch's Deli, as a set of specifica-

tions:

0 Custoner's arrival interval

0 Custoner's tolerance (likelihood
of joining the waiting |ine)

0 Customer's nenu preference

0 Task sequence for each type of
menu sel ection o

0 ProceSS|n%)ruIes by task priority
for J.J. Phlasch .

0 Process duration and capacity for

each item of equi pment

W nust collect observations for each

of these variables and construct tables
of sequence of values. Qur nodel wll
require distribution tables for customer
arrivals, customer orders, custoner
tolerance (for waiting in line), order
type processes, the duration and
capacity of the equipnent, and any ot her
variabl es we have defined.

¢. BASIC METHODOLOGY

The conputer program that woul d
execute the deli rnodel we have just
described has three parts. The first
is a programthat generates a schedul e
of customer arrival's. W choose a
"period of interest" to model, for ex-
anple, 11:00 a.m to 2:00 p.m The
program begins by setting the nodel
clock. The starting tinme nust be
earlier than the period of interest
so the nodel can reach a steady state
To model the hours of 11:00 - 2:00, the
clock will start at 10:30 a.m

The program selects the first ran-
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dom nunber between 0 and 99. The node
clock is noved ahead by an increnent of
time. The increment is determned by
the Customer Arrival Table accordin
t he range of random nunbers in which the
sel ected random nunber falls. The pro-
cess is repeated until the nodel clock
time exceeds 2:00 p.m, the time of day
we have chosen as the end of the period
of interest. The list of customer
arrival tines that has been created by
the program "prines the punp" for the
model

The second and central conponent of
the nodel, the event processor, starts
with the first customer. It uses the
Custoner Order Table plus the random
number generator to determine an order
type. The events generated by ordering
a nmeal are meshed chronologically wth
the arrival of custoners. The process
rules that represent J.J.'s decisions
about which events take priority are
executed as program logic. The rules
m ght include deleting a custoner from
the input queue if the nunber in line
exceeds the custoner' tolerance for
waiting (determined by a role of the
dice and the Customer Tol erance Table).
The event processor will reschedule an
event that needs a piece of equipnent
that has reached its capacity.

The event processor docunments the

to

occurrence of key events that wll con-
tribute to the nodel analysis. For ex-
anple, custoner arrival, meal selection

and selection tinme. Optinmum process tine
(if this were the only custonmer) and rea
process time will be documented, as wel
as the delay tine for events waiting on
full equi pment or a busy J.J. _

The third conponent” of the systemis
a program that gathers up the output of
the event processor, and aggregates the
data. Reports from this component can
be used to identify the loss of custo-
nmers due to line lengths, and the delay
time due to J.J., or to each piece of
equi pnent.  The products of the entire
nmodel could be represented as a single
report or could be input to a statisti-
cal or graphics applications for further
processing and display.

D.  POTENTI AL QUTPUT

A single execution of a discrete
event nodel such as our deli model woul d
create one arrival schedule and one set
of output data. This single iteration
woul d not shed much light on system per-
formance. For the output data to be
useful, the nodel needs to be executed
against a randonly generated schedul e
for arrivals. Then performance charac-
teristics can be observed under different
Ioadln% conditions. The nodel is vali-
dated by matching specifoc sets of ob-
servabl e data against observed sets of
results. _

Qur operational model
the efficiency of the deli.
data tell

will measure
The out put
us how close to optinumtine



customers are processed through the
deli. The two factors within the nodel
that inpact the efficiency are resource
limtations (J.J. and his equipnent),
and process conplexity (menu options).

Qur nodel can be used to exanine
the inpact of resource changes, such as
addi ng another toaster, bringing in
J.J.'s brother-in-law to work part
time, etc. It can be used to evaluate
t hei npact of various changes in the
nenu.

~In other words, the benefit of this
discrete event sinulation is to project
and eval uate the inpact of changes that
could be made to the system w thout
incurring the expense and risk of tria
and error within the systemitselt.

The random el ement "in our nodel has
been introduced in the input queue of
custoners and meal selection. But ran-
dom events such as equiprment failure
or dropout rates, could be incorporated
as well. The value of discrete event
simulation is the capability of evalua-

ting the system under changing |oad
condi tions or unusual sequences of
events

[11. RESOURCES

~ As useful as sinulation may be,
is it accessible to the shipyard mana-
ger or engineer, and is it affordable?
To answer the question of resources,
we will survey conputer technology
possi bilitires, and describe the—soft-
War € avall apl e.

A COWPUTER TECHNOLOG ES

"Simulations use up all the noney
and all the tine. .", Bjarne Stoustrup
AT&T researcher and former simulation

addict, explains to an audience of pro-
rammers.  Stoustrup says that he deve-
oped the first versions of the C++
conpiler, the subLect of his popul ar
sem nar, because he had used up the
departnent’s monthly conputer budget
during one series of sinulations.  The
C++ conpiler hel ped nmake it econonmically
feasible to performthe simulations on

a powerful majnfrane. 1

P Many of the.nanagers %ho have tried

to keeﬂ sinulation projects within bud-
gets share Stoustrup's assessnent of

mai nframe sinulation technology. Wile
useful for sone applications, mainfrane
sinul ation prggrans can easily get out

of control. wever, many of” today's
engi neers and technical managers have
personal conputers available to dedicate
to sinulations and other operations

pl anni ng tasks. _ _

Conpl ex simul ations which run

smoot hly on upgraded versions of desk-
top conputers provide distinct economc
advant ages over their minframe ances-
tors. or one thing, the mcroconputer
programs cannot drain conputer resources
away from other users. Just as inpor-
tant, users find the prograns much nore
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accessible than the mainframe sinulation
| anguages. The wide range of nicrocom
puter products available for devel oping
sinulations offers the potential user a
choice of capabilities and costs. And
alternative and conpl enentary nodeling
systens further extend the user's op-
tions.

B. SOFTWARE PACKAGES

. A nunber
tions devel opnent

si mul a-
™ crocom

of vendors offer
systens for

puters.  Four of the nost widely used
are:
SI MAN' Cl NEMA by Systens Mbdeling
Cor por ati on
SIMSCRIPT 1.5/ SI MANI MATI ON/ SI MFAC-
TORY by CACl
SLAM |/ PC ANl MATI ON by Pritsker end
Associ at es .
GPSS/H by Wl verine Software Cor-
poration

These are conplete devel opment systens
that produce separate program nodul es
for model and experinent. They are
capabl e of supporting discrete-event

and continuous sinulations, sequences
and tine schedul es, graphs and ful
animation. They include varying com
binations of capabilities including
macro sub-nodel ing, dynanic nemory

al l ocation, program devel opnent tools,
special functions for materials handling
and robotics, support for autocad and

ot her popular software, real-tinme and
interactive animation, and EGA bit-
mapped graphics. Some pernit the trans-
fer of microconputer nodels to mni and
mei nframe conput ers. . . o

. Devel oper programing is requisite
with these systens. Theg conpil e sinu-
lation prograns witten by a devel oper
and display the sinulation program out-
put in graphic node. A sinulation

devel oper typically needs from one day
to one week of formal sinulation
training, some program ng experience,
and operations analysis experience in
order to get started. Conplex node
devel opment requires nore training and
experience. The manufacturers usually
offer free technical support for varying
lengths of time, support users' groups
and distribute newsletters.

These systens run on an |BM AT or
conpatible with 4-6 MB of fixed disk
space, an 80287 or conparable floating
poi nt nuneric co-processor, an EGA
Eggﬁhlcs card and display, and a

RAN conpiler version 4.1. These
total software systens sell for $5,000
to $15,000. , ,

Cost of sinulation devel opment and

use var mﬁdeby; so do benefits. The
costs of the devel opment packages we are
discussing actually seem low, relative

to purchase and |ease fees for mainfrane

software. Often these costs exceed the
costs of the mcroconmputer software
1 Bjarne Stoustrup - C++ Sem nar



and hardware conbined. Replacing nain-
frame simulation devel opment systens
with mcroconputer systens usual
| owers the cost for the same result.
Devel opnent of large sinulations

from scratch realistically requires a
week of formal training for each devel-
oper, a week or nore o progrann1n?
tine, a mninmmof several weeks of data
col lection and a week of running the
sinulation and analyzln? the results.

~ Large-scale projecis with substan-
tial benefits for inprovenents provide
the best justification for the set up
costs of sinulation. However, a sinu-
| ation devel opnent system set up on a
PC largely dedicated to sinulations,
but shared by several users, would bring
costs down to an appropriate level for
smal|l projects. Cost efficiency can be
increased by using the PC s for denon-

strations, planning exercises and
training, as well as for simulations of
operati ons.

V. APPLI CATI ON

M croconput er simulation devel op-
nent systens offer analysts and managers
tools that can fit any nunber of deci-
sion support uses. Sinulation progranms
are valuable to manufacturers, who have

a strong interest in Flexible Munufac-
turing System (FMS) applications. They
are used for transportation, warehousing

and materials resource planning 1NRP)
applications. And they are invaluable
for the evaluation of proposed systens
or policies. _

By replacing the usual flow dia-
granms_and schedules with conputer
ﬁraphlcs and worksheets, sinulation

el ps analysts to quuantify work flows.
Simul ation” adds another dimension to
conmput er graphics and displays. |t
lets analysts introduce effects of un-
gertalnhy OR work flows and gchedullng.
SAPSFedes R’ #5u8] PHCt RLOYSH19or
Optim sed Production Technol ogy" (OPT)
depends on uncertainties in t emﬁroduc-
tion process, simulations work wnhen
neghods based on certain know edge do
not .

Sinulation can help streamine and

i nprove any oEeratlng plan that requires
a formal "walk through" before inplemen-
tation. Animated sinulations show ob-

jects on a screen behaving as actua
objects should. A gane based on sinu-
| ation can help train a person to
identify radioactive contaninants
Pl anners can study how on-site assenbly
mght interfere with installation opera-
tions. Simulation can help us cope with
conpl ex interactions among uncertain
events. . _ _
Simul ation provides Naval Shipyard
ersonnel an inportant opportunity to
ilize existing hardware to neet new
challenges. The tool has been applied
only minimally in the shipyard environ-
ment. NAVSEA 07's PIERS product has
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produced a test version of a product that
approaches sinmulation. It is program
using a Lotus 1-2-3 worksheet and macro
that sinulates the effect of variability
and al l owance factors in the conpletion
of work packages. The work packages in-
clude tasks involved in inplenenting an
industrial process. Though useful, the
program provides only a preview of the
conpl ex simulation available through the
full simulation devel opnent packagés we
have discussed.

B. NEXT STEPS THE WORKSHOP

~ From exanpl es of successful appli-
cations of sinulation we can begin to
aﬁpre0|ate the potential results that
this tool mght yield in the shipyard.
However, the investment in conputer
resources, simulation software and user
training is not insignificant. The
Naval community needs to continue to
explore the possible range of applica-
tions, the potential value, and the
means for acquiring this capability.
This exploration is the purpose of the
Sinul ation Workshop planned for md June

in the Washington D.C. area. (2)
~ The workshop will bring together the
shipyard experience of Industria

Engi neer and the nodeling experience of
the simulation ﬁrodupt specialist. The
real needs of the shipyard will be ex-
am ned and eval uated as candi dates for
sinmulation.  Shipyard nmanagers and
engineers will have the opportunity to
exanine the technology first hand.

. Busy managers and engi neers engaged
with the everyday workload are hard

ressed to take a creative look at pro-

lem areas, nuch less at Ionﬁ;range
solutions.  But unless our shipyard
personnel identify needs, they cannot

use simulation to discover inprovements
in their working processes. The work-
shop will provide an objective environ-
ment for exchanging information and
brai nst orm ng.

At the end of the workshop managers
and engineers will be able to view the
shipyard environment with a nodeling
perspective. They will learn to recog-
nize where sinulation could be useful
and what sort of results they can except.
They will also have a better under-
standing of the software tools avail-
able to them and the resource invest-
ment required.

This workshop will prepare parti-

cipants to:

0 Eval uate shipyard activities as
subjects for ‘simulation _

0 Estimate the investments required
to perform sinulation

0 Project the potential benefit

2 The Simulation Workshop was stil

of this
( |T be conpleted
is paper is presented.

pl anned as of the wwitin?
Baper, and hogefully wi |
y the time t



The synergy of a workshop exchange
can lead to new understandings of the
potential of sinulation and construc-
tive planning for its utilization. Qur
goal I1s to develop a conmtnent to
sinulation as an approach to problem
solving and a consensus for a coor-

di nated approach to its use in the
Naval Shi pyard.
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Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-763-4862
E-mail: Doc.Center@umich.edu




	For more information
	The challenge
	The Approach
	Resources

