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Executive Summary

This project was performed by the University of Wshington to
provi de conputer assistance for choosing optinmal |ocations for
toolroons in shipyards. The tool used to acconplish this task
is a conputer program entitled Conputer-Assisted Toolroom
Design (CATD). The CATD program is executable on the | BM AT
and the |IBMPC with an 8087 co-processor chip. Its operation
and mai ntenance is outlined in the user and technical manual
encl osed in the report.

The CATD proqram provides the user with the ability to analyze
a shipyard with respect to the utilization of its resources in
reqards to toolroom | ocations. By determ ning optinmal toolroom
| ocati ons, the user gains an insight of the system and the

systens possible inprovenents by varying t he | ocations.
Fut her nor e, proposed toolroons can be tested in the programto
determne their economc feasibility for expansi on. An

application of the program was perforned at Ingall’s Shipyard.

The program wll be nost applicable at shipyards that have
l[imted resources in workforce? toolroons and equipnent. Ten
to fifteen percent cost savings. based on the craftsnen
unproductive tine spent queueing and traveling, can be
estimated for shipyards from the prelimnary analysis.
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REPORT To MANAGEMENT

1.1 I ntroduction

CATD is a conputer programwitten in Fortran77 that runs
on the |IBMAT and is accessible on the IBMPC with a 8087 Co-
Processor Chip. It is designed to provide conputer assistance
for choosing optinal | ocations of toolroons in a shipyard.
CATD program provides a solid basis for a continued research
system and can be used with little difficulty. Docunentation
for the CATD program includes two nmanual s: (1) User Manual (2)

Techni cal WManual .

1.2 Description of Docunentation

1.2.1 User nmnual

The wuser nmmnual describes the operations of the CATD
program Conpl ete procedures for wusing the personal conput er
Is subsumed, where the nmmnual assunmes that the indiviua
operating the system has little experience prior to wusing the
conput er. Fut her nor e, its intended audience is an individua
who will be using the tool by entering the necessary data to

get statistics about the toolroorm and their optimal |ocations.
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The manual provides a brief tutorial that wal ks the user
t hrough the program and indicates how the data is entered. In

addi tion, the program checks for m styped data.

l1.2.2 Technical Manual

The technical manual provides the necessary information
for maintaining and upgrading the CATD program It was witten
for an individual responsible for maintaining the software at a
shipyard. The individual should have experience in designinqg
nodul ar proqrans and know Fortran77. The appendices contain
the data flow diaqrans, data dictionary, process specifications
structured charts and source listing that describe CATD
program  The desiqgn of the programcan be referred to and is
fol | owed by a structured analysis and structured design
net hodol ogy as described in Structured Analysis and System
Specification by Tom de Marco (1) and The Practical Guide to
Structured Systens Design by Meilir Page-Jones (2). The nmanua
describes the desiqgning process in the book and reconmends the

procedures for upqradi ng the CATD proqram

1.3 The CATD PROGRAM

CATD program provides a user with the ability to evaluate
toolroom |locations for present and future uses. The proqram
characterizes the tool room environment by analyzing the traffic
of workers in the toolroom The nodel | asunes that the workers
who are served will randomy arrive at the toolroom therefore,

a mathematical serving or queueing nodel can be applied in this
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tuation. The cost of serving the toolroomis determned as a
function of the productivity of the craftsnen. Their  work
efficiency is decreased through unproductive tine spent in
traveling to and queueing at the toolroons. Wien the work
areas of the <craftsnen is specified, the CATD program
determ nes the optimal location of the toolroom Hence, the
program is able to postulate the efficiency with which the
systemis currently operating and the level to which it can be
i mproved by varying the tool room | ocations.

The program also exercises flexibility by estimating the
consequences or benefits of a proposed deci sion. For exanpl e,
it allows the user to evaluate the feasibility of an additiona
or future toolroom wthout actually inplenmenting. In this
sense, the nodel can be nodified superficially in order to
determ ne how the system woul d respond to changes in the nunber
of tool roons.

The required input for the CATD programis obtained fairly
easily. An actual illustration of the programis capabilities

was tested at Ingall’s Shipyard.

1.4 Applications

1.4.1 Ingall’s Shipyard

The data gathered at the Ingall’s Shipyard consisted of
four phases: financi al travel, wor kers, and gueuei ng
information. The financial data consisted of the building and
inventory cost for each toolroom plus the average worker’s

wage. The travel information includes the distance between the
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tool room and service areas, and the wal king rate of a normal
worker . Lastly, the worker and queuei ng data can be tabul ated
simultaneously by the attendant who records the nunber of
wor kers being serviced in the toolroomand the tine taken to
service them The technical manual provides a mninmm data
listing and its nmean for acquisition

By inputting the data into the CATD program it was
determined that shipyards could anticipate a considerable
savings by optimzing the locations of their toolroons. The
user’s nmanual tutorial section has the print-out of the
sessi on. For the existing toolroom Fabric Shop Toolroom a
cost reduction of $62.90/day was estimated. Feedback was
attained at the Inqgall’s Shipbuilding while denonstrateing the
use of the programto their Supervisor of Tool Control, Section
Manager of Qperations Data Control and various Industria
Engi neering staff. There existed a concensus that the tool
could provide a savings brought about by increased productivity
of the craftsmen and that it is useful as a deci si on- maki nq
tool in providing evidence to support the inplenmentation of

changes in the location of the tool roons.

1.4.2 Ceneric Mbdel

The CATD program proved to be successful in the
Ingall’s Shipyard, and can be effective when applied to other
shi pyards. The programis potential will depend largely on the
shi pyard setting and its operating characteristics.

Shi pyar d environments that have limted avai |l abl e

resources wll benefit nost fromthe nodel, where limting
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resources include  workforce, t ool r oons, and equi prrent .
Shipyards that are subjected to a confined nunber of toolroons
in proportion to its needs wll find the CATD program can
determ ne optimal | ocations for the toolroom and aid in
deci si on-maki nq of additional toolroons. An estimated ten to
fifteen percent of the craftsnen’s unproductive tinme is the
anticipated cost savings based on the prelimnary analysis.

Shi pyards that have a sufficient nunber of toolroons that are

centrally located within the service areas will find the nodel
l ess useful . In addition, shipyards who distribute the tools
permanently at the service areas wll find t he node

unappl i cabl e.

1.5 Potential Expansion

The CATD program provides a conmputer system that can be
integrated into the shipyards. Personal conputers ara powerfu
enough for supporting conplicated sinulation applications and
expert systens. The algorthim used in determning toolroom
| ocations by calculating centroids of service areas can further
be enhanced wth a continuing deqree of sophistication.
Appendi x A includes a listing of reading with applications to

further sinulations that can conplinment the CATD proqram

1.6 O her Applications

The following section discusses research and conputer

applications in the shipbuilding industries and rel ated
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i ndustri es.

1.6.1 Shipbuilding Industry

Conputers were first used in ship desiqgn. Developnment in
this field over the past tw decades has allowed a full
structural analysis to be perforned on marine vehi cl es.
Conputer graphics has played a major role in updating the
tradi tional methods.

In consideration of prelimnary design, the conputer is
used primarily for producing a range of feasible designs.
However , problems lie in the selection of «criteria for
eval uati ng t he design. Advanced technology provides the
desi gner with conputer-aided-desi gn and manufacturing ( CAD, CAM
for revising final drawi ngs used for the production process.
Preparation-effort and drafting tine has been greatly reduced
by these nethods. In addition, Hull Surface Generation has
devel oped into three mmjor approaches: Conputerization of the
Graphi cal Method, Mathenati cal Fai ring, Surface Generation.
Each approach is essentially a fitting process within specified
par anet ers.

Conput er sof tware is presently, being developed for
facilitating decision-making and the control of production.
The packages are yet to be fully satisfactory. Many nmateria
billing, inventory control and purchasing software have been
devel oped, but its practicalities will depend on the qgoal of
the conpany. It is clear that there is still further
devel opment in the application of conputers. Sone exanples of
conputer integration and research for shipyards are found in

Appendi x B.
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1.6.2 Other Industries

The conputer is fully accepted as a tool for achi eving
efficiency and cost-effectiveness in a l|arge nunber of
industries such as autonotive, aerospace, and manufacturi ng.
These industries are analogical to the production process in
shi pbuil ding for these industries produce |arge scale assenbled
products. The car assenbly line is a good exanple of robot use
in the manufacturing industry. Robots have not yet come into
wi despread general use in the shipbuilding industry because of
problens with the large geonetry of the woirk pieces. Geater
automation in the shipyard is expected to increase and devel op.
In Appendix B, there are articles supplenmented with brief
descriptions to gain anoverview of what other industries are
doing to increase production through research into conputer

applications.
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Appendi x A

Potenti al Expansions
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Diesslin, R L. “A Survey of CAD/ CAM Technol ogy Applications in
the U S. Shipbuilding Industry.” National Shipbuilding Research
Program report 0188, Departnent of Transportation, Washi ngton, DC

Sunmary: '
This paper presents a conprehensive survey of CAD/ CAM
equi pmrent installed and planned for installation in US

shipyards. The main enphasis of the paper was rating the
various applications for quality of software and effectiveness
of applications in executing the assigned tasks. Future
devel oprent s sought by the shipyards were described and
probl enms with acheiving these goals were di scussed.

Exanpl e: _
none given

Appl i cation:

This survey gives a good overview of the installed
conputer base in U S. shipyards as of 1981. The general trends
and problens of CAD/CAM are well defined. Recent inprovenents
in mniconputers work stations and software nost likely make
the specifics of this report obsolete.
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FortenBerry, J.C.; Cox, J.F. “Miltiple Giteria Approach to the
Facilities Layout Problem” int. J. Pr od. Res., vol .23, no.4
(JUL/ AUG 1985) p. 773

Summar y:
This paper describes an algorithm for facility |ayout

The prior algorithns for facility |layout optimzation used
wei ghed flow and closeness values to determne best [ayout.
Wights were determined through enpirical experience. This
algorithmuses the A E1,Q U X evaluation devel oped by Mither,
flow, transit distance between activities, and the assunption
that all entities are of equal size. The author clains that
t he assunption of equal size is reasonable in application. The
use of a negative X value for entities that should be separated
is nore effective than the O or 1 value wused by other
al gorithns.

Exanpl e:

The exanples given are the proof exanples from the other
nmet hods considered. In each <case the “transit cost” was
reduced by the authors algorithm No full scale applications

wer e descri bed.

Appl i cation:

This approach provides a reasonable general alqorithm for
shipyard facilities. The equal entity size assunption may make
this algorithm usel ess for the optimum tool shed problem  but
assignment of flow linmts in addition to flowrates could
change the output sufficiently to give a good representation.

Since no discussion was provided in the paper of
limtations on either the flow or transit distance values;i't
appears the algorithmcan not include linmts. This can be
overcone by using sinmulation to nmodel the algorithm and
limtations.
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Goemanov, L.A “I'ndustri al Production Sinulation System
Theoretical Approach” ACTA Pol ytech. Scand. no. Ma31 (1979),
pqg. 66- 70

Summar y:

This paper presents a stochastic nodel for simulating
i ndustrial processes. The stochastic elenment of this nodel is
created by Markov descriptions of network.

Exanpl e: _
none given

Appl i cation: _
This paper provides a theoretical nodel for process
simul ation under stochastic conditions. The nmat hemat i cal

representation is conplete and other papers describing the
application of this nodel to manufacturing are cited. This
paper provi des proven approaches for consideration in
stochastic nodeling.

Simul ation of shipyard procedures is wusually done on
di screte, determnistic data. Detailed analysis of real world

procedures will require sone stochastic elenent to nodel the
uncertainties involved in any major construction project.
Specifically the use of stochastic mnodels in just i n tinme

inventory nanagenent s necessary since the effect of random
environnmental influences can be a critical influence on just in
time inventory managenent operating in the diffuse U.S. supply
system (as conpared to t he geoqr aphi cal near ness of
managenent.) O her applications for stochastic nodeling include
standard work package optimzation and initial construction
facilities.



G aves, R J.: Sinmh, J M; Kerbache,lL. “Mat eri al Hand 1i nq
Problem Analysis Using Queueing Networks.” Proceedi ngs of the
Annual [ ndustri al Engi neering Conference & Exposi tion
Louisville, KY (1983) P.269

Summar y:

This paper describes a queuei ng network deconposition for
planning a nanufacturing facility. The algorithm wused is
di scussed in Smith "85 A network with two subnets was used to
describe the system One subnet is the circulation network for
non-i nst ant aneous transitions of product. The other subnet is
an activity, nmachines, and departments network. An open
gueuei ng nodel is used in the representation.

Exanpl e:

The exanple wused in this paper describes the facility
| ayout process used for converting an historic building into a
factory. The building shell was preserved as nuch as possible
for aesthetic reason. This caused constraints on t he
distribution of activities and types of transportation systens,
enpl oyed.

Appl i cation:

The facilities layout algorithm devel oped by Snmith et.al
is denonstrated in a manufacturing environnent. Al though this
is an analytical algorithmvs. sinulation nodel it does show
flexibility and depth in this application and prior 1library
problem the nodel described could be used as the basis for a
simul ati on nodel, as an alternative nmethod for illustrative
purposes, or as a nmacro level procedure in a planning
hi er ar chy.
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Karpowi cz, A'S. and Sinone, V. “A Contribution to Conputer
Sinmulation Methods, Application in Ship Production Process.”

Conference Proceedings of Ship Design and Automation Meetings,
North Hol | and Publicati on. pg. 69-79

Summar y:

This paper is a description of one attenmpt to wite
conputer code for optimzing the scheduling of a product work
br eakdown system of ship construction. The sinulation was
based on two variables; material in tons, tine in nonths. The
nodel was determnistic.

The program was found to be useful but |acking in detail.

Exanpl e:

The simulation of a ship’'s construction is wused to
denonstrate the program The input was found to be to sparse
for accurate simulation. Truncation of tine units when lenqgth
of a process was not exactly a nultiple of one nonth caused
errors in tine of process estimation. The material wunits did
not allow qualitative distinctions.

AoDl i cation:

The program described in this paper does not have a
sufficiently detailed field of variables to be used on the tool
shed pl acenent probl em The product unit, referred to as
mar ine technology wunits (MIUs), is consistent with nodern
shi pbui l ding practices and proved usedful in the denonstration
program A nore data rich MU would have to be used on the
t ool shed problem
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Knapp, S M “A Floor Space Simulator for Shipyard Steel.”
Procedi ngs SPC/ | REAPS Techni cal Synposium (23-25 AUG 1983)
p. 501

Summar y:

This paper is a description of a conputer programt hat
simulates the landing of steel parts on a ship under
construction. The program is a SPAR planning program which
Wil | interface wth PERT-PAC scheduling prograns wi t hout
nodificaiton. It is discrete and deterministic. Only mninal
theory is presented.

Exanpl e:

This paper describes the approach taken in nodeling the
activities to be sinulated in the program The program
requires the programmer to define spaces, sub-spaces, and

prohi bited spaces in a relative 3 dinensional space(XY,Z),
These spaces are filled wth the parts and subassenblies
defined by the programmer

Appl i cation:
The program descri bed has i nmediate application potential
in the shipbuilding industry. Its output includes information

on activity site, order, and duration for optim zed production.
Wien installed on a mainfrane conputer, the program can be used
to pl an new schedules in mnutes after receiving new
information on the work conpl eted.
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Levy, F.K; Thonpson, GL.; West, J.S “Mul ti-Shop, Workload
Snmoot hing Progranf. Naval Research Logistics Quarterly, VOL. 9,
no.1l (1963)

Sumary:

This paper describes a schedule leveling program The
critical path nmethod is wused wth all events schedul ed for
regular early start (D). The program seeks the hi ghest nmanhour
demand day, selects events with slack manhour and del ays these
events. The result is a reduction in peak |abor demand. This
process is iterated until no inprovenent is made thru del ays or
no del ays are possible for selected day.

Exanpl es
The exanple, and proof, was based on fabricated data
projected from historical val ues.

Appl i cation:

The general approach is simlar to some facility |ayout
algorithns in it’s sinqgle conparison nmethod of iterations. The
nature of the calculations allows scale of snmoothing level to
vary i.e. operational, tactical, strateqic. This can be
achieved by creating a hierarchy with the nodes representing
wor k packaqes, then bl ocks, then conpleted products.

The wuse of this paper in the toolroom optinization
program would be limted to the discussion of hierarchies since
t he program does not allow the depth of detail for eleqance of
execution that nore nodern al gorithns include.
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Lewis; WP. and Block, T.E. “On the Applications of Conputer
Aids to Plant Layout.” International Journal of Production
Research VOL.18, no.l1 (JAN FEB), pqg.11-20

Summary:
This paper describes a procedure and conputer program for
optimzing facility [layout. Various prograns for facility

layout are discussed. The two basic divisions of the prograns
are: 1) construction layout, and 2) optimzing |ayout.

Exanpl e:

No exanple is qgiven, however the program descriptions
i ncl ude met hodol ogy for each prograns facility |ayout
algorithm  The basic approach is to switch nodule sites then
test to see if the systemis nore efficient. This approach can
be very expensive conputationally since it is exhaustive. Sone
di scussion of conputation costs is included.

Application:

The concepts for the algorithmdescribed in this paper
can be easily applied to shipyard use.

In the tool room optimzation problemthe basic approach
this algorithm wuld take is; sinulate a given feasible set of
toolroom and work site locations to determne tinme spent on
tool distributions next - toolroomrelative size or site would
be nodified to sone feasible value and the new | ayout woul d be
sinmulated to determine tinme spent on tool distributions the
layout with mnimal distribution tine would then be sel ected.
This process woul d be exhaustively iterated within the feasible
bounds and step sizes. _

Wien using a linmted set of feasible layouts in a job
shop this approach can provide a rapid | ayout optim zation.
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Masri. S. and Modie, C “Using an Electronic Spreadsheet to
Anal yze Manufacturing Flow Systens.” Conputers and | ndustria
Enqi neering VOL.9, no.2 (1985)

Sumary:
This paper describes the use of a mcroconputer based

spreadsheet to create small scale conputer simlation. Desi gn
of the nodel assunes the system described is a flow system

Job shop sinulation can be acconplished by adding constraints
to the nodel.

Exanpl e:

The paper uses a nmanagenment resource planni ng node
(MRP) for developing a bill of materials. The exanple program
was oriented toward inventory managenent. A discussion of the

relative nerits of mainframe sinulation VS. this spreadsheet
based program is included in the paper

Appl i cation:

Thi s paper has no direct application in the resent study
of shipyard use of sinulation

Future consideration mght be given this Ilow end
approach to simulation for on site nodification of process
scheduling. The approach nmay provide sufficient conputational
ability for regular application of sinulation to snall shop
oper ati ons.
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MGnnis, L. and Gaves, R “A Decision Support System for the
Qutfit Planning Problem” Wshington, D.C., Departnent of
Transportation (1980, 1982)

Sumary:

This paper describes the work done to wite a conputer
code for ship oufitting optimzation. The outfit problemis to
maxi mze outfitting at the unit levels with on block outfitting
considered next, and on board outfitting as |east desirable,
while operating wthin scheduling and facility constraints.
Conputer code, theory, and test data are included. Conputer
code is experinental, i.e. it is not optimzed. A useful
bi bl i ography is included.

Exanpl e:

The exanple given in this paper is based on a conputer
generated nodel of a ship constructed in a product work
breakdown structure environnent (PWBS). The nodel gives a
reasonable proof of the ability of the conmputer programto
optimze an outfitting problem

Appl i cation:

This paper offers a great deal of i nformation on
formulating progranms of shipbuilding sinmnulation. Si x basic
assunptions are made about the feasible range of values and the
assunpti ons are shown enpirically reasonabl e. Suf fici ent
vari abl es are described to provide detailed siniation.

The optimzation is approached by running a selection
programto find the optimumplan with no labor or facility
scheduling constraints considered. The next step is to take
the selected plan and check for vi ol at ed schedul i ng
constraints.
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Ckayama, . and Chirillo, L.S. “Product Work Breakdown
Structure.” National Shipbuilding Research Programreport 0164,
Washington D.C., Departnent of Transportation (DEC 1982)

Summary:

This paper is a report on the managenent met hodol ogy used
by IH shipyard in Japan to classify and organize work so the
the large construction project of shipbuilding can be divided
into manageabl e work packages.

Exanpl e: _
This report is an explanation of an operating nmanagenent
system There are no illustrative exanples given.

Replicati on:
The information in this report is the “state of the art”

for shipyard managenment methods. It is a report on the
met hodol ogy used to successfully enmploy group technology in
shi pbui I di ng.

The PWBS provides a f or mat for organizing work
assignments. The basic breakdown is 3x2 matrix of work type.
One side of the matriz is hull, outfitting, and painting work,
the other side of the matrix is fabrication and assenbly.
These definitions form a 6 wunit vector which is the third
di nension added to the 4x4 product resources and product
aspects matrix. Product resources are: mterial, manpower ,
facilities, and expenses. Product aspects are: systems area,
zone, stage. By defining all work packages Wwth a 6x4x4
matri x, information about the work is rationalized and
manageabl e.

The tool room optimzation project can use this work
breakdown to define work package tool needs. The PWBS is
readily conputerized and rich in detail.
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Smith, J.M and Bouanada, B. “ Queueing Network Deconposition
and Facilities Planning.” Conputer & Operations Research vol. 12,
no.1l (1985) pg. 1-16

Summary:

This paper describes a network based facilities planning
optim zation nodel. Two networks are fornulated to created the
model; one for product, one for facility. Two transaction

| evel s are used, t he aggregate between mmjor nodes, det ai |l ed
for within major nodes.

The algorithm is analytical and therefore faster than
traditional simulation. However, it is also less detailed than
sinmul ation

Exanpl e:

This paper uses the optimzing of a library facility as an
exanple. The M\ET V network |anquage was wused along wth
Fortran V.

Appl i cation:

The algorithm in this paper is probably not directly.
applicable to large scale problems encountered wth t he
tool room design problem The network formulation may provide
insight to the use of multiple networks to describe a single
facility.

The paper was well docunented, both on a theoretical and
application experience |evel, it may provide leads to other
approaches to the facility | ayout problem
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Appendi x B

O her Applications
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Shi pbui I di ng

(1) Roper, Robert R “The Shipbuil ding Technol ogy Transfer
Program” Levingston Shipbuilding Conpany, Orange, TX File

Brief Description:

Levi ngston  Shi pbui | di ng Conpany has established a
Technol ogy Transfer Program (TTP) wth Ishikawajima Harima
Heavy Industries (IH). The objective of the programis to (1)
study IH system nethods and techniques (2) conpare practices
and identify their applicability to American Shipyards (3)
i npl ement changes. The TTP is a third of the way through the
program and has been researching in the areas of Engi neerinq

Desiqgn, Planning and Production, Quality Insurances, and
I ndustrial Engineering. The utilization of conputer-aid desiqn,
st andar ds, jigs and fixtures, and accurate controls are a few

of the significant findings of discrepancies.

(2) Wite, Stephen G and Keyte, James H. “Conput eri zed
Shi pboard | nventory Minagenent: The STIMS Project”. Mar i ne
Technol ogy VOL. 21, April 1984, pg. 170-5

Brief Description:

The Sun Transport Conpany isS a marine transporting
conpany. The conpany’s Material s Managenent departnment began a
process to automate its inventory functions. The conputer
system streanlines operations and also provides required
managenent inforantion to Miintenance, Operations, and other
departments. The project focuses on shipboard inventory
control, restocking and spare part control, The conputer
provides a process control systemthrough a data base, where
each part is labeled with a nunerical coding system

(3) Dr. Kuo, University of Strathclyde and Dr. MacCal | um
university of Strathclyde. “Conputer A ded Applications in Ship
Technol ogy”. Conputers in Industry. May 1984, pq. 211-219

Brief Description:

The article is a very good overvi ew of shipyard know edqge
and conputer applications. The conputer applications are cross-
referenced to specific journal in a very useful bibliograpy.
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Aut onot i ve

(4) Bergstorm  Rabin P. “Conputer-Aided SQC Makes |npact on
Pontiac”. Manufacturing Engi neering, My 1985, pqg. 71+

Brief Description:

The Pontiac Mtor Division has devel oped a conputer-aided
gaging information and statistical quality control (SQO)
program  The systemrequired an interface of nmechanical gaging
operations and mni-conputer production nonitoring network at
local levels. The system reduced, <cost in scrap, warranty
cl ai s, oper at or i nefficiency and elimnated 1long hand
statistical quality control paperwork because the system spots
the problemat its source.

(50  Mullins, Pet er. “Perkins Aims at Fully Integrated
Manufacture ing”. Autonotive Industry vol:164, January 1984, pq.
32

Brief Description:

Perkins produces diesel engine and has conputerized nost
facets of the company. Conputer systens currently being used
i ncl ude: Conput er-Aided Design and Manufacturing, Data Base
systemlinked to IBM and ASPRO (Assenbly Programming). The
system was nost rewarding within the central conmputer system
such that information can be translated quickly for continous
nonitoring of materials.

(6) “Advanced Manufactuing Technol ogy”. Tooling and Production
V01: 50, Septenber 1985, pg. 96

Brief Description:

Chrysler assenbly plant is applying control systenms by
usi ng m cr o- processor based resistance welding controls
manuf act ured by Medar I nc. Farm nqton Hlls, M. The expected
benefits are reduced downtime by hel pi ng nai ntenance personnel
qui ckly pinpoint problens.

(7) Society of Aut onot i ve Engi neeri nq. “ Conmput er - Ai ded
Engineering :a Step Beyond”. Autonotive Engineering . VOI:92
March 1984, pqg. 30-3

Brief Description:

A general article that describes how conputers can assi st
design efforts and manufactui ng. However , the article’s main
enphasis is on technology selection, which is rather useful.
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Aer ospace

(8) Witing, Frank T. “Conputer Systems”. Astronauts and
Aer ospace VO01: 21, Decenber 1983, pg. 59+

Brief Description:

The article describes a nunber of conputer systens wth
special interest in the conputer-aided design systenms. Upon
adaption to the system the biggest savings appear to cone from
t he design revisions and data base. The data base al |l ows quick
retrieval of information and feedback on the design.

(9) “From Design to Flight, Conmputers (Quide Aerospace
[ ndustry”. Avi ati on Week and Space Technol ogy V01:120 Auqust
13,1984, pg. 89-148

Brief Description:

Conputer systens are integrated into controls, desiqn,
and inspection. The article discussed the CAD systens as being
useful tools in simulating aircraft superstructure stress. In
addi tion, the aerospace industry is increasing their use in
m ni -conputers and mcro-conputers because of their grow nqg
capabilities.

Manuf act uri ng

(10) Advanced Manufacturing Technol ogy. “Comput er Proqranmm nq
Pays O f”. Tooling and Production VO1:121 Septenber 1984

Brief Description:

Preci se Tool and Mdl d Conpany, a manufacturing conpany for
the plastics industry, has used conputers to assist in nold-
maki ng and devel oping NC tapes quickly and efficiently. The
article describes how they installed a conmputer qraphic system
into a fairly small conpany.

(11) Qinian, Joseph C “Fl exi bl e Assenbl y-manufacturing’ s
newest frontier” Tool and Production VO01:121 Septener 1984 pq.
33

Brief Description:

The article defines three forns of robotics: cell,
flexible and FDS. It dicuss the benefits and cost of
robotics and how a conpany my approach integrating such
equi pnent .
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User’'s Manual

2.1 Introduction

The following is the CATD User’s Manual for the |BMAT
Conputer and the IBMPC with 8087 Co-Processor Chip. [t will
provide the user with a step-by-step guide for operating the

conputer and runni ng the CATD program

2.2 Qperating the Conputer

2.2.1 How To Get Started

(1) Turn on the power to the systemunit by flipping on
the red rocker switch which is located on the power strip. The
power strip is the plug-in device for the conputer. The strip
is wusually attached to the underneath side of the desk, or
behi nd the conputer. If you have problens finding the strip,
just follow the cord of the conputer to the strip. The rocker

switch will be lit when the systemis turned on.

(2) If the unit is already on, but the display or screen
is blank, turn the top knob to the right of the screen

cl ockw se.
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knob

® o0
/
Q

[y

Screen

(3) Insert the disk containing the CATD executable into
the disk drive. Diskettes are |oaded into the drive Wth the

| abel -side of the disk facing the light of the disk drive.
Turn the lever over the disk slot to secure the disk in the

drive.

Drive A Lift Losd Lever

Diskstte Note Pesitien
of Lebs}

D sk Drive

(4) The conputer screen will display A:/\> or C\>  Wwhich
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indicates that the conputer is ready for you to type sonething
in.  You want the conputer to display A\>. Hence, if C\>is

di spl ayed, sinply type A

(5) Once you have received an A:\> on the screen. type

DR which is the disk directory. You should see:

CATD EXE 97608 7-28-86 7:28P

If you do not see CATD EXE listed in the directory, you either
have the wong diskette or the CATD Program is |listed under
anot her name. In any cases, consult your technician concerning

t he diskette.

(6) If you wish to get a print-out of the program Yyou
must activate the printer before You actually run the program

See the next section on How to Get a Print-Qut.

(7) To Start the program wi thout a print-out just type

CATD and hit return.

2.2.2 How To Get A Print-Qut

(1)  Turn on the power to the printer by flipping the on-

switch which is located on the right-hand side of the printer.

(2) The power panel is located on the front of the
printer, in which there are three controls and three |iqghts.

The lights indicate the foll ow ng: Power On, Paper Qut, Ready.
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The power on light and the ready light must be 1:1¢ éo start the
printer. If the ready light is not con. press  the thin key

directly below the ready light to reset the printer.

5,

Printer \
© O ©
Pgn‘.a' P%g- Ready

Line | Form| oniine
£ L

Controls

(3) Type CATD, but before hitting the return, press the
Cntrl key and the Prt Sc key simultaneously, and then hit

return. At this. Point the printer will print all the
characters ov the screen until You inactivate the printer. A

di spl ay of the keyboard is shown on the next page.

tﬂnlllﬂ@uuﬂuﬂtﬂ\u@iﬂ\ﬂ@;&

| \ai"ﬂﬂ ﬂll ﬂ;!ﬂ @!—mm
’%ﬂ" ] "'@ raf;i
i lr!Qu@u@@- o

Keyboar d
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(4) Youshould see the beginning of the program and hear

the printer running. If the printer is not operating, exi t
fromthe Programand try typing CATD Cntrl PrtSc again. I'f you
have difficulties ask your technician for help. It is

possible that the printer is not working correctly.

(5) After you are through using the program press OCntrl

and PrtSc keys to stop the printer.

(6) Toget the paper out of the printer, press the paper

cut button on the power panel of the printer.

2.3 Running the Program

2.3.1 Entering Data

Once you have the CATD program started, the program will
pronmpt You for all the needed input. The follow ng section
shows you how to enter Your data into the program

The program will ask vou to choose one of the follow ng
options:

1- TOOLROOM STATI STI CS
2- TOOLROOM ECONOM CS
3- OPTI MAL LOCATI ON
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The first option gives statistical serving  or queueing
information for the toolroom The second option finds the cost
of Serving each toolroom Lastly, the third option determnes a

best location for the toolroom

The screen will next display:
| NTECER
ENTER :

The ENTER pronpts you for an input. The | NTEGER indicates
that the nunber you type in must be a whole nunmber, therefore
exclude the decimal point. For exanple, if you were to choose
option two and typed in 2.0 instead of 2, the screen would
di spl ay:

***ERROR***M STYPED DATA

1- TOOLROOM STATI STI CS

2- TOOLROOM ECONOM CS

3- OPTI MAL LOCATI ON

| NTEGER

ENTER :
The program gives you your options again and pronpts you for
an input. Hence, vyou nust type |,2,or 3.

After each input, the conmputer displays:

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE
This statenent allows youto change the data you just entered.
Suppose you choose option tw, and therefore typed in 2.
However, you realized that vou made a nistake and wanted

option one. Youwould sinply type a 1 after this command and

the programwould |ist your options again. If you wish not to
make any changes just hit return and go on to the next input
statenent.

After choosing an option, the programw || ask vou:
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I NPUT THE NUMBER OF TOOLROOVS

| NTEGER

ENTER :
Type in the nunber of toolroons you want to analyze. The
program can handle ten different toolroons, So You shoul d
enter a whol e nunber between 1 and 10.

The program wll ask vyou questions Concerning each

t ool room

I NPUT THE NAME OF TOOLROOM #1.:

CHARACTER

ENTER S
The CHARACTER ENTER tells you that the conputer want s
al phabetic input. The conputer can hold 20 letters. Hence,
if you type nore than 20 letters, the nane will be trunaicated
after 20 letters. If the first toolroomis called track-3,
type TRACK-3. The Conputer will ask YOQU questions about the
first toolroomor track-3:

I NPUT THE FOLLOW NG DATA FOR TRACK- 3

NUMBER OF W NDOW\G

| NTEGER

ENTER
YOU WoUl d type in the nunmber Of windows in the
remenbering tht integer indicates a whole number input. Yyou
will next be asked to input:

NUMBER OF ATTENDANTS

| NTEGER

ENTER
Again, just enter the appropriate data, and hit return. Next ,
the conputer will display:

MEAN SERVI CE
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REAL

ENTER :
This input request is different than the previous request in
the respect that the programis asking for a real nunber input.
This means that a decimal nunber is expected. For exanple, if
the nean service rated is 1.48, you nust type 1.48. [f you
were to type 148, the programwould not give You an error
messaqe. However? you would be entering in msleading data,
since 1.48 is not equal to 148.

Finally, youw Il be asked to enter the nean arrival rate.

Just enter the your data, keeping in mnd what type of data is
to be inputted: integer, real, or character. This is the
m ni num anmount of input required to run the first option. |If
you had chosen option O0ne, the program would print out the
statistical data for each toollroom After the print out of
each tooroom the conputer wll ask

CHOOSE THE FORM TO DI SPLAY P(N)

1- TABLE

2- CHART
The first option will give you a listing of the probability of
the nunber of units in the service area. The second option
prints out a bar graph of the probability.

After all the statistical data is printed out the conputer

w Il display:

ENTER ONE OF THE FOLLOWN NG TO

1- CONTINUE WTH THE MODEL

2- RETURN TO STARTUP NMENU

3- QUT
The first option will give youthe statistical data again wth
your option of display. The second option will return vouthe
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to beqginning of the program The third option wll exit vyou
from the program If You choose to start the program again to
anal yze the economcs or optimal |location of the toolroom the
program Wwll save the data You have already entered. The
Computer wll display:

THE NUMBER OF TOOLROOMS IS 2.

ENTER 1 To CORRECT ELSE <RETURN> TO CONTI NUE
If the data is incorrect or you wish to change the data? type a
1. The programw ||l ask youto enter the correct input:

I NPUT THE NUMBER OF TOOLROOVS

| NTEGER

ENTER :

The programwill ask you various questions about each

tool room depending on what options, you choose. The foll ow ng

is alist of data requirenents for the different options:

Al | Options

* Nunber of Tool roons

* Name of Tool roons
For Each Tool room

* Nurmber of Attendants

Mean Service Rate

* Mean Arrival Rate

Option Two
* Nunber of Service Areas
* Names of the Service Areas
Di stances between Service Area and Tool room

* Building Cost
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* Inventory Cost

* Wage of Workers

* Nunber of Wbrkers

Option Three

* Nunmber of Service Areas

* Nanes of Service Areas

*

Coordi nates of the Service Areas

You shoul d have all of this data prior to using the CATD
program However ,based on the results of the analysis you may
be asked to gather additional coordinates of the infeasible

ar eas.

2.3.2 otaining Coordi nates

In order to, determne the coordinates of the areas, Yyou
need a drawing or Jayout of the shipyard that has all the
bui | di ngs specified. Younust locate all the service areas and
i nfeasi bl e areas on the layout. Once you have found the areas,
choose an orgin or a common starting point from which you wll
neasure all the distances of the service areas. The origin is

best placed in the lower lefthand side of the service areas to

avoi d obtaining negative coordinates (See|Fiqure 1)

In| Fiqure 1, |the orgin is located on the bottom of the

layout and is |abeled zero. Lightly pencil in the two [lines!

where one line runs horizontally and the other vertically. |If

grid lines are not already drawn on Your Jlayout, it may be
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advi sable to pencil the grid lines in for scaling purposes. [
this exanples the grid lines are 1 inch apart representing 200
feet in distance. The scale to right indicates that 1“=200

which establishes the dinensions of grid lines. Youshould

al so establish the size of vuow ui1u 1i1es wivih  viie scaie  on

Your |ayout. In|figure 1, | the coordinates of the service area

was found by | abeling the corners of the service area and
measuring the distances. To find the »—cocordinates, take a
ruler and measure the distances from the horizontal line tco
cormer 1 and corner 3 and record the inches. Next. convert the
inches intc feet with respect to the specified scale. Hence,
the si—cecordinate of the right mest boundary is 1100 Tfeet, and
the u—coordinate of the left most boundary is 825 feet
find the y-cocordinate measure the distances between the
herizental 1ine and corners 1 and corner 2. The y=coordinate
of the top most boundary is 875 Teet. and the bocttom most
boundary is 800 feet. You will need toc find the coordinates for

each service area and infeasible area.
2.3.3 Tutorial
The following section is a tutorial from an actual

sessi on. It may be helpful to use this tutorial as a visual

aid during your first sessions with the CATD.

2.

12



R R O 1 & T 1 T T N WSSV A
* %% CATD* %%

Ko K o e Fe I I e 6 I 36 I I I H I I I I I I 36 I e I I I I I e 3636 I I I6 I I I I 3 K I I IE I I I I I I I I J I I I I I I I P K e

*LEASE ENTER THE AFFROFRIATE INTEGER

TO CHOOSE ONE OF THE FOLLOWING OFTIONS
1 - TOOLROOM STATISTICS
2 - TOOLROOM ECOMOMICS
3 — OPTIMAL LOCATIONS

INTEGER

ZNTER:

1

INFUT NUMBER OF TOOLROOMS
INTEGER

INTER:

L

IMTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE

IMFUT MAME OF TOOLROOM # 1:
ZHARACTER

ZNTER:

AERRGC SHOP

INTER 1 TO CORRECT ELSE <RETURNX> TO CONTINUE

IMFUT THE FOLLOWING DATA FOR FARRIC SHOF

HUMBER OF WINDOWS
INTEGER
ZNTER:

2

=

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE

NUMEBER OF ATTENDANTS
INTEGER
INTER:
{

IMTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE 2.13



MEAN SERVI CE RATE
REAL
ENTER
1.25

ENTER 1 TO CORRECT ELSE! < RETURN> TO CONTI NUE

MEAN ARRI VAL RATE
REAL
ENTER :
201

EMTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE

*** STATI STICS FOR FABRI C SHOP

ER IR R b S b I bk b I S b S b S R b b S S S S S b b b b I b S S b S R Rk I b b b S b S b b S b S

MEAN SERVI CE RATE - 1.25

MEAN ARRI VAL RATE - .20

MEAN TI ME SPENT WAI TING I N LI NE — 3.84
MEAN TI ME SPENT WAI TI NG I N SYSTEM - 4.64
PROBABI LI TY OF EMPTY QUEUE - 5.22

UTI LI ZATI ON FACTOR — 16

EXPECTED NUMBER OF UNITS I N SYSTEM - .93
MEAN LENGTH OF QUEUE - L T7

ER R IR S S b b S b b b S S b b S b b I S b b S S R R S b S kR S b S b b S kb S S b I Rk kb S b b b S S S b S S

CHOOSE THE FORM TO DISFLAY F(N)
1 - TABRLE
2 — EHART

NUMBER OF UNI TS PROBABILITY OF OCCURRENCE

8392

1349
. 01217
. 0035
. 0006

adHrwn—

ENTER ONE OF THE FOLLON NG TO

1 - CONTINUE W TH MODEL
2 - RETURN TO STARTUP MENU
3- QUT
| NTEGER
ENTER :

2

PLEASE ENTER THE APPROPRI ATE | NTEGER
TO CHOOSE ONE OF THE FOLLOW NG OPTI ONS
I — TOOLROOM STATI STI CS
2 - TOOLROOM ECONOM CS
3 - OPTI MAL LOCATI ONS
| NTEGER
ENTER: 2.14
2



CURRENT NUMBER OF TOOLROOMB IS 1
ENTER A 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

TOOLROOM NAME | S FABRI C SHOP
ENTER 1 TO CHANGE ELSE <RETURN>. TO CONTI NUE

| NPUT THE FOLLOW NG DATA FOR FABRI C SHOP

NUMBER OF WNDOWS |S 2

ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

NUMBER OF ATTENDANTS IS 1
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

MEAN SERVI CE RATE IS 1.2500
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

MEAN ARRI VAL RATE I S . 2010
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

BU LDl NG COST
REAL

ENTER :
44000.

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

I NVENTORY COST
REAL
ENTER :
99000.

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

WORKERS AVERAGE HOURLY WAGE
REAL
ENTER:
15.0
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ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

AVERACGE WALK RATE OF WORKERS
REAL

ENTER :
210

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

| NPUT NUMBER OF SERVI CE AREAS
| NTEGER

ENTER :

3

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

I NPUT NAME OF SERVI CE AREA # 1:

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

I NPUT NAME OF SERVI CE AREA # 2:
CHARACTER

ENTER:

SHELL SHOP

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

I NPUT NAME OF SERVI CE AREA # 3:
CHARACTER

ENTER :

PANEL SHOP

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

I NPUT THE AVERAGE NUMBER OF WORKERS THAT USE FABRI C SHOP
REAL

ENTER

97.

ENTER A 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

ENTER THE AVERACGE DI STANCE BETWEEN:
TOOLROOM FABRI C SHOP
%EARI\_/I CE AREA: FAB SHOP

ENTER :
800. 2.16



ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

TOOLROOM FABRI C SHOP
SERVI CE AREA: SHELL SHOP
REAL

ENTER :

400.

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

TOOLROOM FABRI C SHOP
SERVI CE AREA: PANEL SHOP
REAL

ENTER:

450.

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

***STATI STICS FOR FABRI C SHOP

W3 36363 I I I I eI Ko F e K I I I IE N2 IE I I I T6 63696366 I6H 36 IE 66 J I I U K H I I I I I I F MR KRN RN
MEAN SERVICE RATE - 1.23
MEAN ARRIVAL RATE - .20
MEAN TIME SPENT WAITING IN LINE - 3.84
MEAN TIME SFENT WAITING IN SYSTEM - 4.664
FROERARILITY OF EMPTY QUEUE - S.a2
UTILIZATION FACTOR - .16
EXPECTED NUMBER OF UNITS IN SYSTEM - .93

MEAN LENGTH OF QUEUE - «77
e T3 P I I I I Fe I I I I I eI IEIEH I IEIEIE I I F I I H I I HE I IEIE I 2 e F I I I H I I I I I3 93636 I I I

CHOOSE THE FORM TO DI SPLAY P(N)
1 - TABLE
2 - CHART

FLOT OF P(N) - PROBABILITY OF N UNITS IN SYSTEM

1G0

369 36 3 2626 36 36 3 36 9
SO 3% X393 36 %
FROBARILITY 369636 96369636 9 3636 3
{PERCENT) F 396363363 36 2 6
363 333336 3 96 I
92396926
23 e e 2 I
GOV 3336 3363 6 %
P9 3 6336 53 K K
36 96 36 366 26 30 3 396 3
I K 3 3993 36 3
2969463636 96 3 3 39 %
5 2 36 2 233 23 I 3
4 Q3 36 3 93 36 3 36 36 3 2.17
96 3 2369 36 3 96 3
I3 2636



36 3 3 9 9 I I I 6 6%
¥ 96U I I I U I W
ka2 2222221 T 2
S0 % 3 3 3 3 3 I I 3 3 %
F 3336 9 I3 ¥ % 3 %
e I I 36 3 I I 36 I 36 I I 363 I I I I W% %
W 3 I I I I I I I 96 I 36 I K F I KK
e I e I 36 I 36336 36 I 3 36 3 I W KWW %
I3 36 I ¥ I I I I I 3 I I I I I I I I %
1 2 3 4

(&)

UNI TS

3 He I e He e I 3 I I I I I I3 I I3 H I I I I I I I I I I I I I I I I I He I I I I I I I 3 I I I IE I I I Fe I I I I I I I I I I I ¥ X

OPTIMAL MEAN SERVICE RATE - 1.1839

WAITING COST PER UNIT - S57.67
SERVICING COST PER UNIT - 12.00
TOOLROOM COST DUE TO QUEUEING- 20655.58
TOOLROOM COST TOTAL - 163655 .60

e e He I I e e e I I e I I I I IE I I I I I I I I I I I I I I I I I I I e I I I 6 He I I6 I IE I I I I I W He I I I e e I I I I I I N

FOR ALL TOOLROOMS - 163655. 60

khkhkkkkkhkhkhhhkkkhkkhkhhhkkhkkhkhhhhhkkhkhdhhhhkhkkhhhhrhkkhkhdhhkkkhdhdhhhkkkhkkhdhhhrxkkrddhhxkk,d d kkx*x****kx*x**%

ENTER ONE OF THE FOLLON NG TQO
1 - CONTINUE WTH MODEL
2 - RETURN TO STARTUP MENU
3- QUT

| NTEGER

ENTER :

2

PLEASE ENTER THE APPROPRI ATE | NTECER
TO CHOOSE ONE OF THE FOLLOW NG OPTI ONS
I — TOOLROOM STATI STI CS
2 - TOOLROOM ECONOM CS
3 - OPTIMAL LOCATI ONS
| NTEGER
ENTER :
3

CURRENT NUMBER OF TOOLROOMS IS 1
ENTER A 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

TOOLROOM NAME |'S FABRI C SHOP
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

| NPUT THE FOLLOW NG DATA FOR FABRI C SHOP

NUVBER OF WNDOWS |S 2 2.18



ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

NUVBER OF ATTENDANTS IS 1
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

MEAN SERVI CE RATE IS 1.2500
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

MEAN ARRI VAL RATE IS . 2010
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

BU LDI NG COST IS 44000. 00
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

I NVENTORY COST | S 99000. 00
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

I NPUT NUMBER OF WORKERS
| NTEGER

ENTER:

97

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

WORKERS AVERAGE HOURLY WAGE | S 15. 00
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

AVERAGE WALK RATE OF WORKERS | S 210. 00
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

NUMBER OF SERVI CE AREAS |S 3
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

IMFUT MNAME OF SERVICE AREA # 13
CHARACTER
ENTER:

cAn cunes



ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

I NPUT THE FOLLOWN NG DATA FOR SERVI CE AREA: FAB SHOP

X-COORD. OF LEFTMOST BQOUNDARY
REAL
ENTER :
150.

Y- COORD. OF BOTTOMMOST BOUNDARY
REAL
ENTER :
1050.

X-COORD. OF RIGHTMOST BOUNDARY
REAL
ENTER :
600.

Y- COORD. OF TOPMOST BQUNDARY
REAL
ENTER :
1700.

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

| NPUT NAME OF SERVI CE AREA # 2:
CHARACTER

ENTER :

SHELL SHOP

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

I NPUT THE FOLLOW NG DATA FOR SERVI CE AREA: SHELL SHOP

X- COORD. arF LEFTMOST BOUNDARY
REAL
ENTER :
825.

Y- COORD. oF BOTTOWMOST BOUNDARY
REAL
ENTER
800 .

X-COORD. ©OF RI GHTMOST BOUNDARY
REAL

ENTER :
1000.
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REAL
ENTER:
P25,

ENTER 1 TO CORRECT ELSE <RETURNX> TO CONTINUE

| NPUT NAME OF SERVI CE AREA # 3:
CHARACTER

ENTER :

PANEL SHOP

ENTER 1 TO CORRECT ELSE <RETURN> To CONTI NUE

I NPUT THE FOLLOW NG DATA FOR SERVI CE AREA: PANEL SHOP

X- COORD. OF LEFTMOST BOUNDARY
REAL
ENTER :
200.

Y- COORD. OF BOTTOVMOST BQUNDARY
REAL
ENTER:
500.

X-COORD. OF RI GHTMOST BOUNDARY
REAL
ENTER
1025.

Y- COORD. OF TOPMOST BQUNDARY
REAL
ENTER:
600.

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

THE AVERAGE NUMBER OF WORKERS THAT USE FABRI C SHOP
IS 97.

ENTER A 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

I NPUT THE NUMBER OF WORKERS | N SERVI CE AREA FAB SHOP
| NTEGER

ENTER:

22

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

INFUT THE NUMBER OF WORKERS IM SERVICE AREA SHELL SHOF 2.21
INTEGER :

ChRTED «



15
ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

| NPUT THE NUMBER OF WORKERS | N SERVICE AREA PANEL SHCP
| NTEGER

ENTER :

13

ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE

| NPUT THE NUMBER OF | NFEASI BLE AREAS
(1 NTEGER)

ENTER

1

NUVMBER OF | NFEASI BLE AREAS | S 1
ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

| NPUT THE FOLLOW NG DATA FOR | NFEASI BLE AREA # 1
X-CO00ORD. OF LEFTMOST BOUNDARY

REAL

ENTER:

200 .
Y-COORD. OF BOTTOWOST BOUNDARY

FREAL

ENTER:

S50.
X-COORD. OF RI GHTMOST BOUNDARY

REAL

ENTER:

S50,
Y-COORD. OF TOPMOST BOUNDARY

FEAL

EMTER:

P50,

| NFEASI BLE AREA # |'S BOUNDARI ES ARE:
X- COORD. OF LEFTMOST BOUNDARY IS 200. 0000
Y- COORD. OF BOTTOWOST BOUNDARY | S 550. 0000
X-COORD. OF RI GHTMOST BOUNDARY |'S 550. 0000
Y- COORD. OF TOPMOST BOUNDARY |S 950. 0000

ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE

***STATI STI CS FOR FABRI C SHOP

***OPTI MAL LOCATI ON 1S (438. 7500, 950. 0000)

¥ Yo 3 Yo Fe 6 3 F K I I K309 3 3636 I 363 363636 I 690 I3 I I I I I I3 26 I 36 T 36 I I I I I I I I H I I I I I I I AWK FK R RN R IR R

MEAN SERVICE RATE - 1.25
MEAN ARRIVAL RATE - .20

MEAN TIME SPENT WAITING IN LINE - 3.84 2.2
MEAN TIME SFENT WAITING IN SYSTEM - 4,564

ooADATTI TTV A CMODTV NIl = 29



AN L e d ) ) Wit —t 2t LAt S W B LS I IR SN

UTILIZATION FACTOR - .16
EXPECTED NUMBER OF UNITS IN SYSTEM -— .93
MEAN LENGTH OF RUEUE - .77

*******************************************************************************

CHOOCSE THE FORM TO DI SPLAY P(N)
1 - TABLE
2 - CHART

NUMBER OF UNITS  PROBABILITY OF OCCURRENCE

1 . 8392
2 . 1349
3 . 0217
4 . 0035
5 . 0006

B I He K 3 I Fe W N e KT I He K I K K K K I I I I K KNI KNI T K I I I I W W I I H TR RN

OFTIMAL MEAN SERVICE RATE - 1.1839
WAITING COST PER UNIT - 57 .67
SERVICING COST FER UNIT - 12.00
TOOLROOM COST DUE TO QUEUEING— 20585.74
TOOLROOM COST TOTAL - 163585.80

W o He e W K H K K Fe K K I K I H I H W I I F I I K I I I K I K I I K I I I K W I W I I I I eI I I I I I I WK I R H

COST FOR ALL TOOLROOMS - 1563585.80
R I I K I W KWWK HEREHHEEEEKEEEEEXERETEEEERLEEEEERERRERLEEER LR LR ERN RN RENHR

ALL TOOLROOM LOCATI ONS ARE OPTI MAL

ENTER ONE OF THE FOLLON NG TO

1 - CONTI NUE WTH MODEL
2 - RETURN TO STARTUP MENU
3 - QUT

| NTEGER

ENTER :

3

Pause.

Pl ease press <return> to continue.
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2.4 Interpreting the Results

Once vyou have run the program it is inportant to
interpret the output data. |If You are analyzing the optinma
| ocation of a present toolroom the user should conpare the
cost of queuing for the optimal toolroomand the present
toolroom to estimate the possible savings. If you are
evaluating the feasibility of an additional toolroom you

shoul d note the Cost of queuing for each alternative.
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Technical Manual

3.1 Introduction

This is the CATD Techni cal Manual . Its purpose is to
provide the details necessary to naintain and upgrade the
CATD program The intended audience for this manual is a
person wth a few years of software experience knows
FORTRAN77 and fam liar with running and devel opi ng software on
m croconput ers.

The CATD tool is to be wused as an aid for choosing
optimal |ocations of toolroons in a shipyard. Its limtations
shoul d be understood since the results of the program can be

no better than the inputted data.

3.2 Dexiqn Procaco

The design of the program followed structured analysis
and structured dagiqn mothodologies z2m described in Structured
Analysis and System EpecifTication by Tor de Marco (1) and The
Practical Guide to Structured Svetems Desgiqn by Meilir Paqge-

Jonae

{(3)
Vas m

CATD program was designed using structured design

methods. These methods improve the quality of the software
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and reduce the nunbers of errors that can surface during test
and debug periods and later during maintenance. They i nprove
the probability that the software will perform as required.
The witing of the software consisted of three phases:
requirenments design, and code. Each of these phases use
different aspects of structured nethods and are described in

the follow ng sections.

3.2.1 Requirenents

The use of structured analysis nethods assist in
defining the problem and its solution. The designer nust
first consider the overall function of the system In this
case, the function of the system would be choosing opti nmal
toolroom | ocations. After the function of the system has been
determ ned, the system can be broken into sub-systens. These
sub-systens should put sinmiliar items into blocks. For this
reason, the system has been broken into five blocks or
nmodul es: (1) Get Valid Input (2) Set Up Shipyard Mdel (3) Do
Queui ng Theory (4) Cal cul ate Cost of Shipyard Mdel (5) CQutput
Shipyard Mdel, and Statistics. FEach of these nodul es can be
broken down further and further until a sinple function is
processed.

To limt the conplexity of each nmobdule, the nodules are
refined into even smaller nodules that serve only one
function. Upon establishing what nodules are required to
serve each sub-system data flow diagrans are used to show the
flow of data through the system In Appendix A, you will find

data flow diagrans for the entry system and for each sub-
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system In addition you will see a data dictionary which

clarifies the abbreviated nanes of the data. Deconposition of
the data flow diagram | evels the design allow nqg the designer
to portray the system at various levels of detail. This
deconposition prevents overly busy diagrans and aids in

gui ckly grasping what is going on in the system

3.2.2 Design

The use of structured design nethods assist in
transformng the data flow diagrans that represent the concept
of a systeminto the code. During this phase, data flow
di agr ans are t ransf or ned into structured charts. The
structured charts are encl osed in Appendi x B. From the flow
di agr ans, the designer is able to see the data dependency of
each sub-system and its nmodul es. Hence, contro
characteristic can be wuncovered and help define interfaces

bet ween the nodul es.

3.2.3 Code

Once the structured charts are drawn, a psuedo-| anguage
format is first used to develop code. The designer describes
each nodule depicted in the structured charts using the
psuedo- code. This phase is found in Appendix C  and is
referred to as process speci fication. The process
specification outlines the algorithmof the system where the

order of the nodules are determ ned by the structured charts.
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After the algorithm is devel oped the psuedo-code is
translated into the target |anguage in this cases, Fortran77.
Each part of the algorithmnmnust be translated into a group of
Fortran statenents. The final code is included in Appendi x D,

where each nodule is docunented for clarity.

3.3 Correcting a Discovered Error

Wil e structured nethodol gi es decrease the chance of bugs
occurring, they cannot conpletely prevent their occurrence
When an error is discovered, the technician has various ways
to approach the problem depending on the type of bug and the
tools available for debugging. If a synbolic debugger is
avail able, the error can be traced relatively easily. Wthout
such a tool, adding wite statenents to output variables at
different steps in the programcan be used. Wen the reason
for the error is discovered, the technician should correct the
error and docunment its correction. It may be necessary to
change the structured charts, the data flow diagrans, and/or
the process specifications depending on the severity of the

error.

3.4 How to Imsprove or Change a Feature

When it becones necessary to tailor the program for
particular needs or enhance the program to increase its
applicability, one must begin with the data flow diagrans. It

is strongly suggested that the person responsi bl e for
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modifying the code follow these steps: (1) Identify the domain
of change on the data flow dilaqrams. (2) Define the suqggested
chanqe using the data flow diagrams and data dictionary. (3)

Insert the change into the previous data flow diagranms, and
note any changes to the leveling of the system (4 Carry
this design change through the structured charts. (5) Beware
of dependent data nodul es and interface t he nodul es
accordi ngly. (6) Carry this design change through the process
specifications and finally, Fortran7/7. It is advisable that
the actual code be the last thing changed in this situation.
Tanpering with an involved system carel essly could | ead

to errors that are difficult to detect.

3.5 Data

Prior to using the CATD program t ool room data needs to
be gathered. The data can be broken into four categories:
financial, travel, worker and queueing information. Care nmnust
be taken when gathering data to avoid msleading results of

t he program

3.5.1 Financial Information

The financial data primarily consist of building and
i nventory cost of each toolroom Al so, any possible
expansions to the toolroom shoul d be docunent ed. In addition,
the average salary of the workers should be determned for

each toolroom including fringe benefits.
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3.5.2 Travel Information

The travel data is based on the distances between the
t ool room and each service area. You shoul d keep all di st ance
nmeasurements consistent, in which rounding to the nearest tens
of feet or neters is acceptable. I ncl ude the average wal ki ng
time of a normal worker, where allowances for fatigue,
per sonal and delay factors should be considered. The wal ki ng

rate will be in units of distance/tine or feet/second.

3.5.3 Wrrker Infornmation

The average nunber of workers or custoners who are
serviced in the toolroomduring one day should be recorded.
Depending on the traffic in the toolroom the queuing study
and the nunber of custoners being served could be tabul ated

at the sanme tine.

3.9.4 Gueusing Infaormation

A queueing study should be perforned for each tool room
This is nost easily done by the attendant and a stopwatch.
The attendant needs to record the follow ng: (1) Arrival Tine
at the Toolroom (2) Arrival Time at the Wndow (3) Departure

Time from the window (4) (origin of the Customer. Again, if
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all of the customers who enter the tool roomcan be recorded,
the queuing study and nunber of customers being serviced can
be done at the same tine. Once enough data is processed, the
average nunber of persons arriving at the w ndow per minute
can be deternmined for the nodel. The nodel assunes that
arrivals are randomy distributed, which characterizes a
Poi sson distribution. Hence, the average arrival rate and

nmean service rate are the only rates needing to be cal cul at ed.
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Appendi x A

Data Fl ow D agrans

Data Dictionary
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cate
file

)

\

requast for dats
tirers, s~uas

arers,
erhicn, srhugs, awise, s, lebds, wikrt gut valid
input
1

 ntires, CUirrms), wraezs,
atregs, sikrt, oeisa, Dldest,
st

nerdeg, NEtNts, e,
| ambde

witirs, odsalys

00 LEVIrD
THECRY

i, e, Po ‘ \/

M, o, L3, La
-, lombos .

atrion, durerk,
asate, edtirs

orwsr, Qrest,
tirast, totost

v

UTRUT
b allagas)

moR. RO
STRTISTICS

3 ) .
/
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Proc;sa *Got Valld Input® data flas dlagram

data or user
file

ntiras, tirans,
notnts, otnegs,
bldest, invest,
srunee, sopris, nerkes,
wrkegs, awflsa, su, laabda, elkrt

got valld
Input
1

ntires, (tirmas), eriegs
atrwgs, wikrt, awfsa, b
frwest

»
Idest,



LL°€

Process ‘Set up Shipyard Model® data flow diagram

get valid
input
t

nervar, nerkrs, srkien,

saprim, ntires, yrdpra,
strien

suggested changas

SET WP

SHIPYARD
reply to sugpasted changes 100EL.

2

atricn, direrk,
odsatr, edtira







Process ‘Do Queuing Theory" daia flow diagram

get valid
input
1

DO QUEUING
THEORY
3
Hq, Hs, Po
Pn, rho, Ls, Lq
au, lambda
Hq, Hs
OUTPUT
il
MODEL
STATISTICS Eg;, opTE
100DEL
S
4
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nwndws, natnts

mu, lambda

DOMULTI-
CHANNEL -

SINGLE PHASE
Q'ING THEQRY
3.2

3.14

DO SINGLE
CHANNEL

SINOLE PHASE
Q'ING THEORY

33

P(0)




data flow decomposition of Process %3 3

P(0)

P(n)

rho

fambda, mu Ls

Lq

Ws

Wq
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lernbda,mu,s

MW MeCU Mg meeca e = = e

RHO

rho

a
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€
Tembda, mu
P(n)
P(0)
P
wq
Wwaq ws
mu
lambda, mu Ls e




Process ‘Calculate Cost of Model® data flow diagram

get valid
i nput
1

ntires, (tirnes), srkegs,

atregs, wikrt, awfsa, bidest,
irvest

opwsr, qtrest,
tircst, totest

OUTPUT
SHIPYARD
HODEL M0
STATISTICS

DO QUEUING
THEORY
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CALCULATE
OPTIMAL MEAN
SERYICE RATE

FOR TOOLROOM
4.3

wrkwgs, wikrt, ntirms,
onwfsa, (atnwgs), watlrm,
adsetr

ntirms tolest
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N

Process ‘Output Shipyard Madel and Statisiics' daia flow diagram

get valid

Input atrlen, direrk,

adsatr, wdtire

DO QUEUYING
THEORY

opmer,
ttrest,

qtrest,

totest



Toolroop Dotg
* ntiras $tocoircoas
% tirans toolrooa naae
% nendes Sgindows
% natnts Sattendants’
* au mean service rate for a toolrooa
% loabda mean arrival pate for a tooclroos
* strlen® *¥suggested toolroos locations
atricn actuai tooirooa iocation
ptricn ‘perfect' toolroom location
* bidcst building cost
* inucst inventory cost
* anefsa ‘average ® workers that use
tooircom froa particuiar
service area’
* atnegs attendants' wages
Shipyard Qatg
* yrdpra* *shipyard periscters
Horker Qlatg
* nerkrs Ssorkers
* wrkicn workers' locations
* wrkegs workers’ sages
wrkrsa sorkers' service area
% pikrt salk rate ft/ain
Service fireg Dotg
% nsrvar Sservice areas
% srunas service areas' naaes
% saprin service area periacters
nerksa Ssorkers In o service oreaos
cntrd ‘centroid’ in a service area
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g aean time spent salting in line
mean time spent saiting in system

Po P(0) probability of empty queue

Pn P{n) probability of n units in
queus

rho utilization factor

Ls expected Sunits in systes

Lq mean length of queus

opasr optinal mean service rate

qtrest queuing toolroom cost

tircst total toolrooms cost

Ce waiting cost per unit

Cs servicing cost per unit

Other Qatg

dtrerk distances between toolrooas
and sorkers

adsatr average distance from service
areas to toolrooms

wdtira weighted average distance to
each tooiroon

totcst cost for all toolrooms

s % of parailel channels

statistical history display of all statistics
and data to make sense of statistics for each
Iteration

d noticeable differences
stc suggested toolroom changes
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Appendix B

Structured Charts
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structure chart 8}

contrel of flow fer main program

computer tool
for choosing
toolroom locations

LY

get analyze output
valid shipyard shipyard model
input toolrooms data and
statistics
e P ’\g
c(n QI 1; ?k&
{ h

set up do _calculate

shipyerd queing cost of

model theory model
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-structure chart

ntiras, tirana, nendes, natnts, au, lambda, stricn, bldcst,
invcst, anefsa, atnegs, yrdpra, nerkrs, erkicn, srkegs, nsrvar,
srunes, saprim, wikrt

nendes, natnts, su, lambda, nerkrs, srkicn, sapris, ntiras,

yrdpra, stricn, srkegs, atnegs, slkrt, anwfsa, bidcst, invcst,
tirana

Hq, Us, Po, Pn, rho, Ls, Lq, mu, lambda, atricn, dtrerk,
adsatr, wdtira, opasr, gtrest, ttrcst, totcst

{eU{ tirana, srunas }}

nsrkrs, srkicn, saprim, ntiras, yrdprs, stricn, opasr, qtrcst,
nsrvar

wdtira, adsatr, atrlcn, dtrerk
. nsndes, natnts, au, lombda, ntiras
Hq, Ms, Po, Pn, rho, Ls, Lg

wdt ire, adsatr, Ug, Hs, ntiras, wrkegs, atnegs, slkrt, anwfsa,
bidcst, invcst

asrvrt, gtrcst, ttrcst, totcst
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find ®eorkers ond
‘centroids’ of
workers in
service area

STRUCTURE CHART =2
‘Set Up Shipyard Hodel® madule

control of flow

Pe .o\&

setl up
shipyard
node|

creote
choose di
toolrooa atance

sotrix
locations

caiculate average
distance from service
area to toolroon

calculate weighted
average distance traveied
to toolrooa
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nsrvar, opasr, qtrcst }

{ £ U { nerkrs, wrkicn, ntiras }}

{ dtrerk }

{h U { ntirms, nsrvar, nerksa }}

{ adsatr }

{j U { ntiras, nsrvar. nerksa } }

{ wdtirm }
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calculate
s

STRUCTURE CHART 8

=5

{ nendws, natnts }

{ s}

do queuing
theory
statistics

£,

do multichannel
single phase
queuing theory

{b U { au, lambda }}

{ Po, Pn, rho, Ls, Lq, Us, Hq }

{c \Db

}

3.27

3

(OR"
e

5

do single channel
single phase
queuing theory




i:

STRUCTURE CHART =4

do multichannel
single phase
queuing theory

calc
rho

P(0)

calc,

calc

P(n)

calc
Hs

all are inline

{ lambda, mu, s }

{ rho }

{ Po}

{ a U { lambda, mu } }

{ Pn}

{ g

{ Ls }

U { lambda, mu } }

K:

m:

3.28
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{ Hq }
{ k

{ Us }

U { lambda, mu } }

U{ms}}




e

STRUCTURE CHART 2§

do single channel
single phase
queuing theory

calc.
P(0)

cale

P(n)

cale calc
rho Ls

all are inline

{ lambda, mu }

{

{

Po }

Pn }

rho }

Ls }
Lq }
Hs }

Hq }
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calculate
Cs -

oe°¢

calculate

STRUCTURE CHART * b6

calculate cost
of current model

£\°Phr 10

Cw

calculate optimum cailculate
mean service rate queuing
for toolroom tootiroom costs

kO

calculate total
toolrcom cost

sum tota!
toolroom costs




structure chart 36
data deacription

{ Us, Hq, ntirms, srkegs, atnegs }

{ Cs}
{ Uq, ntiras, erkegs }

{ Ce}

{d UDb U {ntiras } }

{ opasr }

{d UDbD U{ ntires, erkigs; slkrt,ansfsa, wdtirs, adsatr}}

{ qtrcst }

{ h U { ntiras, bidcst, invcst }}
{ ttrest }

{j U {ntiras}}

{ totcst }
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structure chart 37

» get valil
input

o

P,

get toolroom
data

%

c

get worker
data

get service
area data
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Appendi x C

Process Specification
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PROCESS SPECIFICATIONS

1 GET UALID IHPUT
ask the user to Input the information that is designated
as input in the data dictionory. e.g. toolroom data,
service area data, etc. '
2.1 FIND CENTROIDS OF UQRKERS 1IN SFRUICE ARERS
2.2 FIHD ® UORKERS IH EACH SERVICE RAEA (combined)
for each worker ioop
for each service area loop
if worker is in service area then
increasnt x-coord location of workers
increaent y-coord location of sorkers
Incresent counter of sorkers In ldentifled service
area
increaent number of workers in service areas
end If
end loop
end loop

x-coord of service area's centroid is the sum of worker's
x-coord location divided by ® workers in service area
y-coord of service area's centroid is the sus of worker's
y-coord location divided by % workers in service area

3.34



ﬁ [} [ ]
IF ®service oreas == $toolirooss

THEH

assign locations of toolrooas as of service areas
centroids
ELSE IF $service areas > %toolrooas
sort service areas - heaujest first

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

partition weight of service areas based on the
nusber of toolrcoms left
assign a toolroom to the first set of service areas

shose total wsight is equal to partioned seight
tociroom is locoted at the centroid of the

set of service areas
end loop
for last toolroom assign toolroon's location to the

centroid of the set of remaining service areas
ELSE IF %service areas < S$toolrooss

assign to each service area’s centroid a tooiroos
for allocating the remaining toolrcoms follow the

algorithm used shen the $service oreas > 8 toolroons
cun I
U Ir

2.4 CREATE DISTANCE NATRIY
FOR each toolrooa LOOP
FOR each .worker LOOP
calculate distance between worker and toolroos

using follosing foraula:
distance =

sqrt((sorkers' x - toolrooms’ x)**2
+ ( (workers' y - toolrooms’ y)*s2)

EHD LooP
END LOOP

LATE AY 1 AR
I0_T00LAQONS
FOR each toolrcoa LOQOP

FOR each service area LOOP

use distance formula to calculate distance between

centroid of service area and toolroos location
end loop

end loop
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JOOLAOON
FOR each tooirooa LOOP

FOR each servics area LOOP
calculate the following foraula:
(ssorkers in a service area/%workers)
s querage distance fros service area to toolrcos

END LOOP
END LOOP

3.1 CALCULATE S

IF Sattendants > %sindows

THEN
s := %gindows

ELSE
s := %gttendants

END IF

CALCULATIONS FOR MULTICHANNEL QUEUING THEORY

3.2.1
P(0) =

1

s-1
CA/HHN (A/H> -1
(Y =20 s (1 - =)

n=0

3:.2:.2

)n
P(n) = ZL2p(0) 0 ¢ cs

A n
. ’,Ei,’p(m N2

3.2.3
p=A/su
3.2.4
Ly - POXA/K) &
s(1-e)°
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3.2.9
WQ = Lq/?\

3.2.6
We =Wq +(1 /1)

32,1
LS:Lq +{A /)
CALCULATIONS FOR SINGLE CHANNEL

3.1
P(O)= T~ (A/u)

3.3.2
P(n) = P(0)caA/pHD

3.3.6
Ws = 1/(R-2)

.37
Wq = A/Z[RIK-2)]

4.1 CALCULATE Cs

Cs = (Hs - Uq) * (attendants' wage + worksrs' wage)
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4.2 CRALCULATE Ce

Ce = iiq * (workers’ sage)

opt. mean = lambda + agrroot(!aabda®*Ce/Cs)

A A NNOL NI ASE wmme Smmmas m oo e

ch i
FOR each tooircos LOOP
FOR each service area LOOP

cost for | sorker to satk to toolroom =

2%avg.dist to toolrcom (ft) /
valkrate (ft/ain) * wage/hr/60 min./hr

total cost = total cost +
%workers from service area * cost for | worker..

EHD LOOP
tHD LOOP
4.5 CAL T g 1
FOR each toolrooa LOOP
queing cost + building cost + inventory cost

4.6 CALCULATE COST FOR ALL TOOLAOOMS

FOR 1..%toolroons LOOP

total toolroos cost := total toolroom cost +

tooiroon(}) cost
END LOOP

5 anrnany nHanﬁan MAREI MAATA AL Acassoms o

output all statistics with appropricte data to -

enable user to understond stotlstics
query user for finish

IF finish THEN

quit
ELSE

perfors another iteration
EHD IF
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Appendi x D

Fi nal Code
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CCCCCCerceeeoeeececeecececeeococececeerececocececeeeccceeceeecececcceceeccececececet

COVPUTER TOOL FOR CHOOSI NG TOOLROOM LOCATI ONS
PROGRAM MAI N
SW TCHES 1 PRI NT BANNER + 4 DELETE AFTER PRI NTING + 16 PRI NT PAGE
HEADERS + 64 APPEND A FI NAL FORM QUEUE
PROGRAM MAI N( SW TCHES=85)

| NTEGER NTLRVS
CHARACTER*20 TLRVNM 10)
| NTEGER NWKNDWS( 10) , NATNTS( 10)
REAL MJ 10), LAVBDA( 10)
REAL STRLCN( 10, 2)
REAL BLDCST( 10), | NVCST(10)
REAL ANWESA( 10), ATNWGS( 10)
REAL YRDPRM 4)
| NTEGER NWRKRS
REAL WRKLCON( 100, 2)
REAL WRKWGS
REAL \LKRT
| NTEGER NSRVAR
CHARACTER* 20 SRVNMB( 20)
REAL SAPRI M 20, 4)
REAL WY [ O), Ws( 10, PQ(10)
REAL PN(50, 10
REAL RHO(1 O, LS(10), LQ 10
REAL ATRLCN( 10, 2)
REAL DTRWRK( 10, 100)
REAL ADSATR( 20, 10
REAL WDTLRM 10)
REAL OPMBR( 10)
REAL QTRCST( 10)
REAL TTRCST( 10)
REAL TOTCST
REAL CS(10), CW 10
| NTEGER NWRKSA( 20)
REAL CNTRD( 20, 2)
REAL PTRLCN( 10, 2)
| NTEGER NTI MES
INTEGER QUITIT
| NTEGER MNUVAR
| NTEGER OPTI MES

DI SPLAY ACTIVITY OPTI ON MENU

WRI TE(*, 1)
FORMAT(/ /71,1 X 80("*" ),//,33X, ' ***CATD**** [/,8Q'* ), //I])

OPTI MES = 1
VRl TE( *, 3)
FORMAT(| X, ' PLEASE ENTER THE APPROPRI ATE | NTEGER )
VRl TE( *, 4)
FORVAT( 2X, ' TO CHOOSE ONE OF THE FOLLOW NG OPTI ONS')
VRl TE( *, 5)
FORVAT(10X,’ 1 - TOOLROOM STATISTICS )
VRl TE( *, 6)
FORMAT(10X,’ 2 - TOOLROOM ECONOM CS' )
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WRITE(%,7)
FORMAT(10X,’3 — OPTIMAL LOCATIONS?)

WRITE(*,8)
FORMAT(1Xs>INTEGER”,/,1X, ’ENTER:?)

READ (%, 9, ERR=10)MNUVAR

FORMAT(14)

GOTO 11

0 WRITE(%,15)
GOTO 2

1 CONTINUE
WRITE(%,13)

3 FORMAT (/)
IF (MNUVAR.EQ.1)COUNT=COUNT+1

QUITIT = 1

NTIMES = 1

DD 14 1I=1,10

STRLCN(I,1)= -999.

STRLCN(I,2)= -999.
SRVNMS(I)=* ~*
SRVNMS(I+10)=" *
4 CONTINUE
] FORMAT(, /51X, ’ #%#*ERROR*###*MISTYPED DATA®,/)

GET VALID INPUT ) .
CALL GVLNPT(NTLRMS, TLRMNM, NWNDWS, NATNTS, MU, LAMBDA,

+ STRLCN,BLDCST, INVCST, ANWFSA; ATNWGS , YRDPRM, NWRKRS,
+ WRKLCN s WRKWGES  WLKRT , NSRVAR s SRVNMS
+ SAPRIM,MNUVAR,OPTIMES)

WHILE NOT ( USER RERUESTS ENDING OF PROGRAM )
ANALYZE SHIPYARD TOOLROOMS

2 CAaLL ASTLRM(NTLRMS, TLRMNM, NWNDWS,NATNTS, MU, LAMBDA,
STRLCN,BLDCST, INVCST , ANWFSA, ATNWGS , YRDPRM, NWRKRS,
WRKLECN, WRKUWGS , WLKRT s NSRVAR ; SRUNMS , SAPRIM,
WaQ, WS, PO, PN, RHO, LS, LG, ATRLCN, DTRWRK , ADSATR,
WDTLRM,0OPMSR,QTRCST, TTRCST, TOTCST,CS,CW,

+ NWRKSA, CNTRD, PTRLCN, NTIMES, MNUVAR, OPTIMES)
OUTPUT SHIPYARD MODEL
CALL OSMDAS (NTLRMSs TLRMNM, NWNDWS ; NATNTS,, MU,

++ + 4

+ LAMBDA,BLLDCSTy INVCST,, ANWFSA ; NSRVAR s SRVNMS , WQR
+ WS,PO,PN,RHO,LS,LQ,ATRLCN, DTRWRK, ADSATR,

+ WDTLRM,OPMSR,QTREST,, TTRCST,

+ TOTCST,CSy»CW,y NWRKSA, MNUVAR)

CHECK TO SEE IF OPTIMAL LOCATIONS ARE CHOSEN OR IF USER
WANTS PROGRAM TO END
NTIMES=NTIMES+1
CALL ISEND(NTLRMS,ATRLEN,PTRLCN,QUITIT,MNUVAR)
OPTIMES = OPTIMES + 1
IF (QUITIT.EQ@.1) GOTO 12
IF (QUITIT.EQ.2) GOTO 2
PAUSE
END

CCCCCCCCereeececeececececeeoeoeecoeeeeeoeeceeeccceceeeoeeeeceeoeeececeeeeeeeeeceee

GET VALID INPUT
SUBROUTINE GVLNPT(NTLRMS, TLRMNM, NWNDWS,NATNTS, MU, LAMBDA,
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+
+
+

STRLCN, BLDCST | NVCST, ANWFSA ATNWGS, YRDPRM , NV\RKRS,

VRKLCN, WVRKWGS , WLKRT, NSRVAR, SRVNIVS,
SAPRI M MNUVAR OPTI MES)

QUTPUT
| NTEGER NTLRVS

CHARACTER* 20 TLRWMNM 10)

| NTEGER NWKDWS( 10), NATNTS( 10)
REAL MJ( 10), LAVBDA( 10)

REAL STRLCN( 10, 2)

REAL BLDCST( 10), | NVCST(10)
REAL ANWFSA( 10), ATNWGS( 10
REAL YRDPRM 4)

| NTEGER NVRKRS

REAL WRKLCN( 100, 2)

REAL WRKWGS

REAL WLKRT

| NTEGER NSRVAR

CHARACTER* 20 SRVNVE( 20)

REAL SAPRI M 20, 4)

REAL ATRLCN( 10, 2)

| NTEGER MNUVAR

| NTEGER OPTI MES

GET TOOLRCOM DATA

CALL  GTRDAT( NTLRVS, TLRVNM NVWNDWS, NATNTS, MU, LAVBDA,
+ STRLCN, BLDCST, | NVCST, ATN\WGS , MNUVAR, ATRLCN , OPTI MES)
GET WORKER DATA
|F (MNUVAR GE.2) THEN
CALL  GWKDAT( NVIRKRS, WRKLCN, WRKWGS, W.KRT, MNUVAR, OPTI MES)
END | F
GET SERVI CE AREA DATA
|F (MNUVAR GE.2) THEN
CALL  GSADAT( NSRVAR, SRVNVS, SAPRI M MNUVAR, OPTI MES)

END | F
I F (MNUVAR. GE.2) THEN
DO 90 I=l, NTLRVB
| F (OPTIMES. GT. 1. AND. AWFSA( 1).NE. Q. 0) THEN
4 WRI TE(*, 35) TLRVMNM_ 1), ANFSA( 1)
5 FORMAT(//, 1 X, THE AVERAGE ,
+ * NUMBER OF WORKERS THAT USE ‘ A20, /,
+ * 1S ', F8.0)
VRl TE( *, 36)
6 FORMAT(/, | X,” ENTER A 1 TO CHANGE ELSE <RETURN> TO CONTI NUE' )
READ( *, 37, ERR=38) |11
7 FORMAT( | 2)
GOTO 39
8 VR TE( *, 91)
GOTO 34
% CONTI NUE
IF (I11.NE. 1) GOTO 90
END | F
4 VRl TE(*, 45) TLRVMNM( | )
5 FORMAT(//,1X,’ INPUT THE AVERAGE ,

+ ' NUMBER OF WORKERS THAT USE ‘, A20,/,1 X, ' REAL’,
+ /,IX ' ENTER ")
READ( *, 50, ERR=51 ) ANWFSA( )
0 FORMAT( F8. 0)
GOTO 55
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1 VRI TE(*, 91)

GOTO 44
5 VRl TE( *, 56)
o FORMAT(/,1X,” ENTER A 1 TO CORRECT ELSE <RETURN> TO CONTI NUE')
READ( *, 58, ERR=59) |11
8 FORMAT( | 2)
(GOTO 60
9 VIR TE( *, 91)
GOTO 55
0 CONTI NUE
IE (I11.EQ1) GOTO 44
0 CONTI NUE
END IF
1 FORMAT(/, | X, ' **** ERROR****M STYPED DATA', /)
END

CCCcCccccecececececececccecececccececccececcceccecccececccececccceccccecccceccccecccccccccccccccccccc

ANALYZE SHI PYARD TOOLROOVB
SUBROUTI NE ~ ASTLRM NTLRWMVS, TLRMNM NVWADWS, NATNTS, MJ, LAVEDA,
+ STRLCN, BLDCST, | NVCST, ANWFSA, ATNWGS, YRDPRM , NVRKRS,

u VRKLCN, WVRKWGS, WLKRT, NSRVAR, SRVNMS, SAPRI M
+ WO W5, PO, PN, RHO, LS, LQ ATRLCN, DTRWRK , ADSATR,
+ WDTLRM OPMSR , QTRCST, TTRCST , TOTCST, CS, CW
+ NWRKSA, CNTRD , PTRLCN, NTI MES, MNUVAR, CPTI MES)
I NPUT

| NTEGER NTLRMVB
CHARACTER* 20 TLRVNM 10)

| NTEGER NWADWS( 10), NATNTS( 10)
REAL MJ(10), LAVBDA( 10)
REAL STRLCN( 10, 2)

REAL BLDCST( 10), | NVCST(10)
REAL ANWESA( 10), ATNWGS( 10)
REAL YRDPRM 4)

| NTEGER NWRKRS

REAL WRKLCON( 100, 2)

REAL WRKWGS

REAL W.KRT

| NTEGER NSRVAR
CHARACTER*20  SRVNVS( 20)
REAL SAPRI M 20, 4)

OUTPUT
REAL WY1 O, Ws( 10, PQ(10)

REAL PN(50, 10

REAL RHO(| O),LS( 10, LQ10).

REAL ATRLCN( 10, 2)

REAL DTRWRK( 10, 100)

REAL ADSATR( 20, 10)

REAL WDTLRM 10)

REAL OPNBR( 10)

REAL QTRCST(10)

REAL TTRCST( 10)

REAL TOTCST

REAL CS(10), CW 10

| NTEGER NVRKSA( 20)

REAL CNTRD( 20, 2)
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REAL PTRLCN( 10, 2)
OTHER | NPUT

| NTEGER NTI MES

| NTEGER MNUVAR

| NTEGER OPTI MES

SET UP SHI PYARD MODEL
|F (MNUVAR. GE.2) THEN
CALL  SETMOD(NTLRVS, TLRVNVE STRLON, YRDPRM NVRKRS, VIRKLON.
NSRVAR, SRVNVB, SAPRI M ATRLCN, DTRWRK, ADSATR,  WDTLRM

+ OPMSR, QTRCST , NWRKSA, CNTRD , PTRLCN,
+ NTI MES, MNUVAR , OPTI MVES)
END | F

DO QUEUI NG THOERY
CALL DQTHRY(NTLRVS, NAKDVE, NATNTS, M., LAVBDA,
WQ, W8, PO, PN, RHO, LS, LQ)
CALCULATE COST OF CURRENT MODEL
|F (MNUVAR GE.2) THEN
CALL  CSTMOD( NTLRVB, LAVBDA, VIQ) 8, BLDCST, | NVCST,
ANVFSA, ATNWGS, WRKWGS, WLKRT, NSRVAR, ADSATR, WDTLRM
; OPMBR, Gl TRCST, TTRCST, TOTCST,
¥ CS, CW MNUVAR)
END | F
END

CCccccceceecececececccecececccececccececccececccececccececcceccccecccceccccecccecccceccccccccccccc

QUTPUT SH PYARD MODEL
SUBRQUTI NE OSVDAS( NTLRWVS, TLRVNM NWNDWS, NATNTS, MJ,
+ LAMVBDA, BLDCST, | NVCST, ANWFSA |, NSRVAR, SRVNWVS, WQ,
W5, PO, PN, RHO , LS, LQ ATRLCN , DTRARK, ADSATR
WDTLRM OPMBR, QTRCST, TTRCST
TOTCST, CS, CW NVIRKSA, MNUVAR )

+ + +

| NTEGER NTLRVB

CHARACTER*20 TLRWMNM 10)

| NTEGER NVNDWS( 10), NATNTS( 10)

REAL MJ(10), LAVBDA( 10)

REAL BLDCST( 10), | NVCST(10)

REAL ANWESA( 10)

| NTEGER NSRVAR

CHARACTER* 20 SRVNVE( 20)

REAL WY(10O ., Ws( 10, PO(10)
REAL PN(50, 10

REAL RHO(I O),LS( 10, LQ 10

REAL ATRLCN( 10, 2)

REAL DTRWRK( 10, 100)

REAL ADSATR( 20, 10)

REAL WDTLRM 10)

REAL OPMSR( 10)

REAL QTRCST( 10)

REAL TTRCST(10)

REAL TOTCST

REAL CS(I0), cw(I 0)

| NTEGER NVWRKSA( 20)

| NTEGER MNUVAR
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INTEGER INCR(10)

CHARACTER GRAPH(30,60)

DO SO0 I=1,NTLRMS

00

05

IF (MNUVAR.GE.1) THEN

WRITE(#*,10) TLRMNM(I)
FORMAT(//431X, " ##%STATISTICS FOR ’,A20,)
IF (MNUVAR.GE.3) THEN
WRITE(#,15)ATRLCN(I,1),ATRLCN(I,2)
FORMAT(//,1X,’###0PTIMAL LOCATION IS (?,FB.4,’,",F8.4,7)?)
END IF
WRITE(%,20)MU(I)
FORMAT(//,80(’%%),/,5X,”MEAN SERVICE RATE - ’,F8.2)
WRITE(#*,30)LAMBDA(I)
FORMAT(SX, ’MEAN ARRIVAL RATE - ’,F8.2)
WRITE(*,40)WR(I)
FORMAT(S5X, >’MEAN TIME SPENT WAITING IN LINE - ’,FB.2)
WRITE(#,350)WS(I)
FORMAT(S5X, >MEAN TIME SPENT WAITING IN SYSTEM - ’,F8.2)
WRITE(#,60)P0O(I)
FORMAT(5X, ’PROBABILITY OF EMPTY QUEUE - *,F8.2)
WRITE(#,70)RHO(I)
FORMAT (S5X, >UTILIZATION FACTOR - ’,FB.2)
WRITE(%,80)LS(I)
FORMAT(S5X, >’ EXPECTED NUMBER OF UNITS IN SYSTEM - ’,F8.2)
WRITE(*,83)LACI)
FORMAT(5X, ’MEAN LENGTH OF QUEUE - ’,FB.2,/,80(*%’))
WRITE(*,%0)
FORMAT(//,1X,’CHO0OSE THE FORM TO DISPLAY P(N)?’)
WRITE(*,93)
FORMAT(10X,’1 ~ TABLE’)
WRITE(%*,100)
FORMAT(10X,’2 — CHART?)
READ (%, 103) I0PT
FORMAT(12)
END 1IF

PLOT OF PN

07

06

10

WRITE(%#,107)

FORMAT(/)

SUM=0

ZERO2=0

JJ=0

ZERO=0

DO 106 M=1, 30

DO 106 N=1,40

GRAPH(M,N)=> ?

CONT INUE

DO 110 K=1,50

SUM=SUM+PN(K, I)

IF (SUM.GE.0.99)2ERO=ZERO+1.

IF (SUM.GE.0.9999)2ERO2=2ERO2+1.
CONTINUE

UNITS=50.-2ERO

IUNIT=50.-2ER0O2

IF (UNITS.LE.S5.)J=S

IF (UNITS.LE.10.0.AND.UNITS.GT.5.0)3=10
IF (UNITS.LE.20.0.AND.UNITS.G6T.10.0)J=20
IF (UNITS.LE.30.0.AND.UNITS.GT.20.0)3=30
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P VUINL D einic s WVeVelMiNiJ e WA Vel ¢ ™\ g V1 Jd—Jd\J

IF (IOPT.EQ.1) THEN
WRITE(%,115)
FORMAT (1X,’NUMBER OF UNITS’,3X,’PROBABILITY OF OCCURRENCE?,/)
DO 150 K=1,IUNIT

WRITE{#,125)K,PN(K,I)

FORMAT(BX,12,10X,F12.4)

CONTINUE "
END IF

ICHAR=INT(&0./J)

IF (IOPT.EQ.2) THEN
ICHAR=INT (60./J)
DO 165 M=1,J

DO 165 N=1, ICHAR

JI=JJ+1

DO 165 K=1,30

IF ((K%#3.333).LE.(PN(M,I)*100)) THEN
GRAPH(K,JJ)= ’%’
ELSE
GRAPH(K,JJ)= *> ~
END IF
CONTINUE
WRITE(%*,167)
FORMAT(1X,’PLOT OF P(N) — PROBABILITY OF N UNITS IN SYSTEM’,/)
WRITE(%*,168) .
FORMAT (/)
N=35
IYAXIS=120
ICOUNT=J+ICHAR
DO 190 L=30,1,-1
IF (L.EQ.(6*N)) THEN
N=N-1
IYAXIS=IYAX15-20
WRITE(#,170)IYAXIS, (GRAPH(L,M) ,M=1, ICOUNT)
FORMAT(16X,13,T20,60A1)
ELSE IF (L.NE.(&%N).AND.L.NE.23.AND.L.NE.22) THEN
WRITE(#,1735) (GRAPH(L,M) yM=1, ICOUNT)
FORMAT(T20,460AR1)

ELSE IF (L.ER.23) THEN
WRITE(*,178) (GRAPH(L ,M) sM=1, ICOUNT)
FORMAT(1X, ’PROBABILITY’,T20,60A1)

ELSE IF (L.ER.22) THEN
WRITE(%,179) (GRAPH(L,M) ,M=1, ICOUNT)
FORMAT(2X, > (PERCENT) ’> , T20,40A1)

END IF

CONTINUE
DO 193 N=1,J
INCR(N)=N
CONTINUE
IF (J.EQ.S)WRITE(#,194) (INCR(N),N=1,3)
IF (J.EQ.10)WRITE(#*,195) (INCR(N),;N=1,J)
IF (J.EQ.20)WRITE(*,195) (INCR(N),N=1,J,2)
IF (J.ER.30)WRITE(#,195) (INCR{N),N=1,3,3)
FORMAT(T26,12,10X,12,10X,12,10X,12,10X,12)
FORMAT(T22, I12,4X,12,4X,12,4X,I2,4X,12,4X512,4X,12,4X,12,4X,12,
+4X%X,12)
WRITE(*,194)
FORMAT(/,T48,’UNITS?)



END IF
IF (MNUVAR.GE.2) THEN
WRITE(%,255)0PMSR(I)

55 FORMAT(//,80(’%’),/,1X,’0PTIMAL MEAN SERVICE RATE - ?,Fl12.4)
WRITE(#,260)CW(I)

60 FORMAT(1X,WAITING €OST PER UNIT - ’,F15.2)
WRITE(%*,263)CS(1)

&5 FORMAT(1X,>SERVICING COST PER UNIT - ?,F15.2)
WRITE(%,270)QTRCST(I)

70 FORMAT(1X,>TOOLROOM COST DUE TO RUEUEING- ’,F15.2)
WRITE(*,280)TTRCST(I)

80 FORMAT(1X, > TOOLROOM COST TOTAL — ?,F15.2,
+/,80(°%%),//)
END IF

00 CONTINUE

IF (MNUVAR.GE.2) THEN
WRITE(*,3510)TOTCST

10 FORMAT(1X,’C0OST FOR ALL TOOLROOMS -’,F15.2,
+/51%X,80(°%%),//)
END IF
END

CCCCcCCCCCCCCCCceecececoececececeeceeceececeeceececeoceeoeeeoccecoeececececeoceceeecececececceeccece

CHECK 7O SEE IF OPTIMAL LOCATIONS ARE CHOSEN OR IF USER
WANTS PROGRAM TO END
SUBROUTINE ISEND(NTLRMS,ATRLCN,PTRLCN,QUITIT,MNUVAR)
REAL ATRLCN(10,2)
REAL PTRLCN(10,2)
INTEGER QUITIT
INTEGER MNUVAR
INTEGER CNTR
CNTR=0
IF ACTUAL LOCATION = PERFECT LOCATION THEN
IF (MNUVAR.GE.3) THEN
DO 10 I=1,NTLRMS
IF ((ABS(ATRLCN(I,1)-PTRLCN(I,1)).LT.0.01).AND.

+ (ABS(ATRLCN(I2)-PTRLCN(I,2)).LT.0.01)) THEN
CNTR = CNTR + 1
END IF
(o} CONTINUE

IF (CNTR.EQ.NTLRMS) THEN
TELL USER ALL LOCATIONS ARE OPTIMAL
WRITE(%,13)

S5 FORMAT(1X,’ALL TOOLROOM LOCATIONS ARE OPTIMAL’)
END IF
END IF
ASK IF USER WANTS TO QUIT SESSION
9 WRITE(%*,20)
0 FORMAT(//,1X,’ENTER ONE OF THE FOLLOWING TO:”)
WRITE(*,21)
1 FORMAT(10X,’1 — CONTINUE WITH MODEL’)
WRITE(*,22)
2 FORMAT(10X,’2 — RETURN TO STARTUP MENU’)
WRITE(%*,23)
3 FORMAT(10X,°’3 — QUIT”)
WRITE(*,24)
4 FORMAT(1X,’ INTEGER’,/,1X,>ENTER:”,/)



READI Ry yENRR=COIWUIL IR

S FORMAT(I4)
GOTO 27
& WRITE(%,28)
GOTO 19
7 CONTINUE
8 FORMAT(,/ 31X, ’ ##*ERROR***MISTYPED DATA’,/)
END

CCCcCCcCcrcecececoocececceeccecececcccCCcccececeeecececceececreocecececeecececceoeceeceecceeeeec

GET TOOLROOM DATA
SUBROUTINE GTRDAT{(NTLRMS, TLRMNM,NWNDWS,NATNTS,MU,LAMBDA,
+ STRL.CN,BLDCST, INVCST , ATNWGS, MNUVAR; ATRLCN,OPTIMES)

OuUTPUT

INTEGER NTLRMS
CHARACTER%*20 TLRMNM(10)
INTEGER NWNDWS(10) ,NATNTS(10)
REAL MU(10),LAMBDA(10)

REAL STRLCN(10,2)

REAL BLDCST(10),INVCST(10)
REAL ATNWGS(10) -
REAL ATRLCN(10,2)

INTEGER MNUVAR

INTEGER OPTIMES

GET #TOOLROOMS
IF (OPTIMES.GT.1) THEN
WRITE(*,2)NTLRMS _
FORMAT (//,1X, ’CURRENT NUMBER OF TOOLROOMS 1S’,13)
WRITE (%,3)
FORMAT(/,1X,’ENTER A 1 TO CHANGE ELSE <RETURN> TO CONTINUE’)
READ(#,4,ERR=5)I11
FORMAT(12)
60TO &
WRITE(%,1000)
GOTO 1
CONTINUE
IF (III.NE.1) GOTO 17
END IF

WRITE(*,8)
FORMAT(//,1X,’ INPUT NUMBER OF TOOLROOMS ’,/,1X
+, > INTEGER? 5/, 1X, ’ENTER: )
READ(#,2,ERR=10)NTLRMS

FORMAT(14)
GOTO 11
0 WRITE(%*,1000)
GOTO 7
1 CONTINUE
2 WRITE(#*,13)
3 FORMAT(/,1X,’ENTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE’)
READ(#,14,ERR=15)I11
4 FORMAT(12)
GOTO 16
S WRITE(#,1000)
GOTO 12
b CONTINUE
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7

DO 999 |=1, NTLRVS

GET TOOLROOM NAMES

00
35
36
38
39

40

| E (OPTIMES. GT. 1) THEN
VR TE(*, 100) TLRWNM )
FORMAT(//, 1 X,” TOOLROOM NAME 1S, A20)
VR TE(*, 136)
FORMAT(/, | X, "ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE')
READ( *s 138, ERR=139) 1|
FORMAT( | 2)
GOTO 140
VR TE(*, 1000)
GOTO 135
CONTI NUE
| F (111.NE. 1) GOTO 200
END | F
VRl TE(*, 175) |
FORMAT(//,1'X," I NPUT NAME OF TOOLROOM # ', 12, :",/, | X,’ CHARACTE

+/,1X,' ENTER ")
READ(*, 180, ERR=181 ) TLRMNM )

80 FORVAT( A20)
GOTO 182
81 VRl TE(*, 1000)
GOTO 150
02 CONTI NUE
87 VRl TE( *, 189)
89 FORMAT(/, | X,” ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE' )
READ(*, 190, ERR=191)11 |
90 FORMAT( | 2)
GOTO 192
91 VRl TE(*, 1000)
GOTO 187
92 CONTI NUE
IE I11.EQ1) GOTO 150
00 WRI TE(*, 205) TLRVMNM 1)
05 FORMAT(//,1X,” I NPUT THE FOLLON NG DATA FOR , A20)
GET #W NDOS
| E (OPTIMES. GT. 1) THEN
WRI TE(*, 330) NVWKDVS( | )
30 FORMAT(//, 5X,” NUVBER OF W NDOWS | S', 13)
35 VR TE(*, 336)
36 FORMAT(//, 1 X,” ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE' )
READ( *, 338, ERR=339) | | |
GO TO 340
39 VRl TE( *, 1000)
GOTO 335
40 CONTI NUE
30 FORMAT( | 2)
IE (I11.NE. 1) GOTO 499
END | F
99 VRl TE( *, 400)
00 FORMAT(//, 5X,” NUVEER OF WNDOWS' ,/, | X, ' | NTEGER ,
+/,1 X, ENTER ")
READ( *, 401, ERR=402) NWKDVS( | )
01 FORVAT( | 4)
GOTO 455
02 WRI TE( *, 1000)
GOTO 399
55 VIRl TE( *, 456)
56 FORMAT(/, | X,” ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE' )
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READ(%*,438,ERR=459) 111

S8 FORMAT(IZ2)
GOTO 460

59 WRITE(#,1000)
GOTO 455

&0 CONTINUE

IF (111.EQ@.1) GOTO 399
GET #ATTENDANTS

99 IF (OPTIMES.GT.1) THEN
WRITE(#,S00)NATNTS(I)
00 FORMAT(//,5X, >NUMBER OF ATTENDANTS IS *,1I3)

IF (MNUVAR.GE.2.AND.ATNWGS(I).NE.O.0) THEN
WRITE(#,322)ATNWGS(I)

ae FORMAT(/,5Xs " ATTENDANTS HOURLY WAGE IS ’,FB.2)
END IF ’
35 WRITE(%*,536)
36 FORMAT(/,1X,’ENTER 1 TO CHANGE ELSE <RETURN> TO CONTINUE?)
READ(%,3538,ERR=539) 111
38 FORMAT(I2)
GOTO 540
32 WRITE(#%*,1000)
GOTO S35
40 CONTINUE
IF (III.NE.1) GOTO 599
END IF
G4 WRITE(#*,550)
50 FORMAT(//,5X,’NUMBER OF ATTENDANTS ’,/,1X,’INTEGER?,

+/351X,’ENTER:?)
READ ( #,5351 ,ERR=552)NATNTS(I)

51 FORMAT(1I4)
G50TO 553

=1=4 WRITE(#*,1000)
GOTO 544

33 CONT INUE

GET ATTENDANTS WAGES
IF (MNUVAR.GE.2) THEN

54 WRITE (#,3555)
515] FORMAT(//,5X, ’ATTENDANTS HOURLY WAGE *,/,1X,’REAL’,
+/51X,’ENTER:?)
READ (% ,556,ERR=557)ATNWGS (1)
56 FORMAT(FB.0)
GOTO 558
37 WRITE(*,1000)
GOTO 554
58 CONTINUE
END IF
o9 WRITE({*,360)
60 FORMAT(/,1X,”’ENTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE’)
READ(%#,561,ERR=3462) 111
61 FORMAT(I2)
GOTO 563
&2 WRITE (#,1000)
GOTO 559
&3 CONTINUE
IF (III.EGR.1) GOTO 544
99 IF (OPTIMES.GT.1) THEN
WRITE(%#,600)MU(I)
00 FORMAT(//,3X,>MEAN SERVICE RATE IS’,F8.4)
35 WRITE(%*,636)
36 FORMAT(/,1X,’ENTER 1 TO CHANGE ELSE <RETURN> TO CONTINUE?”)
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READ (%, 4638,ERR=639) 111

38 FORMAT (12)
GOTO 640
39 WRITE (%, 1000)
GOTO 635
40 CONTINUE
IF (III.NE.1) GOTO &99
END IF
GET MU
by WRITE(*,645)
45 FORMAT(//,5Xs MEAN SERVICE RATE ’,/,1X,’REAL’,

+/51X,’ENTER:?)

446 FORMAT(FB.0)
G070 650
47 WRITE(%,1000)
G0TO 644
50 WRITE(#*,46536)
Sé FORMAT(/,1X,’ENTER 1 TO CORRECT ELSE! <KRETURN> TO CONTINUE
READ (#,658,ERR=4659) 111
38 FORMAT(1I2)
GOTO 660
39 WRITE(*;1000)
GOTO 650
40 CONTINLE
IF (I11.EQ.1) GOTO &44
GET LAMBDA g
9% IF (OPTIMES.GT.1) THEN
WRITE(%,700)YLAMBDA(I)
Q0 FORMAT(//,5X, ’MEAN ARRIVAL RATE IS ’,FB8.4)
35 WRITE(%*,736)
36 FORMAT(/,1X,’ENTER 1 TO CHANGE ELSE <RETURN> TO CONTINUE?)
READ (%,738,ERR=739)1I11
38 FORMAT(I2)
GOTO 740
39 WRITE(%*,1000)
GOTO 73S
40 CONTINUE
IF (III.NE.1) GOTO 799
END IF
44 WRITE(#,750)
30 FORMAT(//+3X, > MEAN ARRIVAL RATE ’,/,1X,’REAL’,
+/51X,>ENTER: )
READ (*,751 ,ERR=752)LAMBDA( 1)
S1 FORMAT(F8.0)
G070 733
=1=4 WRITE(%,1000)
GITO 744
33 WRITE(*,7546)
Sé FORMAT(/,1X,’ENTER 1 70O CORRECT ELSE <RETURN> TO CONTINUE®

READ (%, 738,ERR=7539)I11

CADMATZI TN
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GOTO 760

s9 WRITE(#;1000)
GOTO 753

&0 CONTINUE

IF (II1.EQ.1) GATQ 744
GET BUILDING COST
99 IF (MNUVAR.GE.2) THEN
IF (OPTIMES.GT.1.AND.BLDCST(I).NE.Q.Q) THEN
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WRITE(%,800)BLDCST(I)

00 FORMAT(//,5X,’BUILDPING COST IS ’,Fi4.2)
35 WRITE(*,836)
36 FORMAT(/s1X,’ENTER 1 TO CHANGE ELSE <RETURN> TO CONTINUE?’)
READ(*,838,ERR=839)I11
38 FORMAT(I2)
GO TO 840
39 WRITE(#*,1000)
GOTO 8395
40 CONTINUE
IF (III.NE.1) GOTO 899
END IF
44 WRITE(%,850)
50 FORMAT(//,SX,’BUILDING COST ?,/,1X,’REAL?,/,1X,’ENTER: )
READ(%*,8351,ERR=852)BLDCST(I)
Sl FORMAT(FB.0Q)
GOTO 853
52 WRITE(#,1000)
GOTO 844
33 WRITE(*,854)
S6 FORMAT(/,1X,’ENTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE?)
READ(%,83B,ERR=859)111
58 FORMAT(I12)
GO0TO 8460
59 WRITE(#*,1000)
GOTO 833
60 CONTINUE
IF (III.EQ.1) GOTO B44
GET INVENTORY COST
9Q IF (OPTIMES.GT.1.AND.INVCST(I).NE.O.0Q) THEN
WRITE(#,200) INVCST(I)
00 FORMAT(//+5X,’ INVENTORY COST IS ’,Fi14.2)
35 WRITE{%,923&}
36 FORMAT(/51X,?’ENTER 1 TO CHANGE ELSE <RETURN> TO CONTINUE?)
READ( 938 sERR=939)I1I1
38 FORMAT(1I2)
60TA 940
39 WRITE(%*,1000)
G0OTO 935
40 CONTINUE
IF (III.NE.1) GOTO 999
END IF
44 WRITE(%*,950)
50 FORMAT(// 95X, > INVENTORY COST ’,/,1X,’REAL’,/41X,’ENTER:7?)
READ(#,951 ,ERR=952) INVCST(1)
31 FORMAT(F8.0)
GOTO 955
52 WRITE(%*,1000)
GOTO 944
S5 WRITE(#,936)
Sé6 FORMAT(/,1X,’ENTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE?’)
READ{#,958,ERR=959)111
58 FORMAT(I2)
GOTO 9460
59 WRITE (%, 1000)
GOTO 9595
60 CONTINUE
IF (I11.EQ.1) GOTA 944
END IF
99 CONTINUE

)
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000 FORMAT(/ 51X, ’ ####ERROR**##MISTYPED DATA’,/)
END

CCCCCCCCCCeooccecoccceceeccecococcecoocecoceocececececeoceceeoeeeecceececeeeeeeeceeceeceeee

GET WORKER DATA
SUBROUTINE GWKDAT (NWRKRS ; WRKLCN, WRKWGS

+ WLKRT s MNUVAR,OPTIMES)
SuTPUT
INTEGER NWRKRS
REAL WRKLCN(100,2)

REAL WRKWGS
REAL WLKRT
INTEGER MNUVAR -
INTEGER OPTIMES
GET #WORKERS
IF (MNUVAR.GE.3) THEN
IF (OPTIMES.GT.1.AND.NWRKRS.NE.O) THEN
WRITE (%, 10)NWRKRS

0 FORMAT(//s1X,’NUMBER OF WORKERS IS ’,14)
S WRITE(*,36)
) FORMAT(/31X,’ENTER 1 TGO CHANGE ELSE <RETURN> TO CONTINUE?®)
READ(%#438,ERR=39) 111
g FORMAT(I2?
GOTO 40
? WRITE(%,900)
GOTO 35S
(o] CONTINUE
IF (IIT.NE.1) GOTO 599
END IF
44 WRITE(%,510)
10 FORMAT(//451X, > INPUT NUMBER OF WORKERS ’,/,1X,’INTEGER’,
+/51%X’ENTER:?)
READ(%*,511,ERR=512)NWRKRS
il FORMAT(1I4)
GOTO SS55
12 WRITE{%,900)
GOTO 444
35 WRITE(*,356)
56 FORMAT(/,1X,’ENTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE?’)
READ(%,558,ERR=559)111
58 FORMAT(I2)
GOTO S5&0
S9 WRITE(#,900)
GOTO 555
&0 CONTINUE
IF (ITI1.EQR.1) GOTO 444
END IF
99 IF (MNUVAR.GE.4) THEN
DO 699 1=1,NWRKRS
GET WORKER LOCATIONS
wRITEI& L':A, T
30 FORMAT(1X,? INPUT FOLLOWING FOR WORKER #’,14)
WRITE (%*,435)
35 FORMAT(S5X, ’LOCATION?)
GET SERVICE AREA PERIMETERS
WRITE(%*,540)
40 FORMAT(7X,?>X-COORD.?



READ(#,645)WRKLCN(I, 1)

45 FORMAT(F8.0)
WRITE(#,650)
50 FORMAT(7X,>Y-COORD. ’)

READ(#, 653)WRKLEN(I,,2)

FORMAT(FB.0)

55
99 CONT INUE
END IF

GET WORKERS WAGES

IF (MNUVAR.BE.2) THEN

IF (OPTIMES.GT.1.AND.WRKWGS.NE.0.0) THEN
WRITE (#,700)UWRKUWGES

00 FORMAT (//,5X, >WORKERS AVERABE HOURLY WAGE I1S’,F8.2)
35 WRITE (%,736)
36 FORMAT(/,1X,’ENTER 1 TO CHANGE ELSE <RETURN> TO CONTINUE®)
READ(*,738,ERR=739) I11
38 FORMAT(12)
BOTO 740
39 WRITE(%*,900)
GOTO 73S
40 CONT INUE
IF (III.NE.1) GOTO 799
END IF
44 WRITE (%,745)
45 FORMAT (//,5X, *WORKERS AVERAGE HOURLY WAGE ’,/,1X,’REAL’,
+/51X, ’ENTER: )
READ ( * , 746 , ERR=747 ) WRKWGS
46 FORMAT (FB.0)
GOTO 755
47 WRITE(%*,900)
GOTO 744
55 WRITE(%,756)
56 FORMAT(/,1X, ’ENTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE?)
READ ( %,758,ERR=759) 111
58 FORMAT (12)
GOTO 760
59 WRITE(%,900)
80TC 755
&0 CONT INUE
IF (II1.EQ@.1) GOTO 744
GET WALK RATE IN FEET/MIN
99 IF (OPTIMES.GT.1.AND.WLKRT.NE.C.0) THEN
WRITE (*,800)WLKRT
00 FORMAT(//,5SX,’AVERAGE WALK RATE OF WORKERS 1S’,F8.2)
35 WRITE (*,836)
36 FORMAT(/,1X,’ENTER 1 TO CHANGE ELSE <RETURN> TO CONTINUE?)
READ ( %,838,ERR=839) I 11
38 FORMAT (12)
GOTO 840
39 WRITE(*,900)
GOTO 835
40 CONT INUE
IF (II1.NE.1) GOTO 899
END IF K
44 WRITE(%,845)
45 FORMAT(//,5X, ’AVERAGE WALK RATE OF WORKERS *,/,1X,’REAL’,

+/51X, ’ENTER: ”)
READ ( #, 846, ERR=847) WLKRT

A ENOMATICO AN)Y
=4 PN VN Doy

GOTO 855
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47 WRITE (#,900)

GOTO 844
55 WRITE(*,854)
56 FORMAT(/,1X,’ENTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE’)
READ(%,858,ERR=859) I 11
58 FORMAT(I2)
GOTO 8&0
59 WRITE(#*,900)
GOTO 855
60 CONTINUE
IF (I111.EQ.1) GOTO 844
END IF
99 CONT INUE
00 FORMAT(/,1X, * #%*ERROR**%*MISTYPED DATA’,/)
eND

CCCCCcCcccoceecereoccececeeoececeeececoecceoeececeeeeceeeceeeeeeeececeeeeeeeeeeeeeee

GET SERVICE AREA DATA
SUBROUTINE GSADAT (NSRVAR; SRVNMS, SAPRIM, MNUVAR,OPTIMES)

INPUT QUTPUT

INTEGER NSRVAR
CHARACTER#20 SRVNMS(20)
REAL SAPRIM(20.4)

INTEGER MNUVAR

INTEGER OPTIMES

GET #SERVICE AREAS

IF (MNUVAR.GE.2) THEN

IF (OPTIMES.GT.1.AND.NSRVAR.NE.O) THEN

WRITE (#,30)NSRVAR

o

) FORMAT(// 51X, ’NUMBER OF SERVICE AREAS IS ’,13)
S WRITE(%,36)
& FORMAT(/,1X,’ENTER 1 TO CHANGE ELSE <RETURN> TO CONTINUE’)
READ(#,38,ERR=39)I11
8 FORMAT (12)
GOTO 40
9 WRITE (%,401)
GOTO 35
0 CONT INUE
IF (II1.NE.1) GOTO 99
END IF
4 WRITE(#,50)
) FORMAT(//,1X,* INPUT NUMBER OF SERVICE AREAS ’,/,1X,’ INTEGER’,
+/51X,’ENTER: )
READ ( *,51 , ERR=52 ) NSRVAR
1 FORMAT(14)
GOTO 55
WRITE(8,401)
60TO 44
WRITE (%,56)
FORMAT(/,1X,’ENTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE’)
READ(%,58,ERR=59) 111
8 FORMAT(12)
GOTO &0 i
9 WRITE(*,501)
GOTO S5

O

CONTINUE

w
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IF (111.EQ 1) GOTO 44

END | F

9

I F (MNUVOR GE. 2) THEN

DO 600 |=I, NSRVAR

GET SERVI CE AREA NAMES

00

35
36

38
39
40
44
50
51
52

55
56

58
59
60
99
00

| F (OPTIMES. GT. 1. AND. SRVNMS(1).NE.' ') THEN
VR TE(*, 100) |, SRVNVB( 1)
FORMAT(//,1X,.’ NAME OF SERVI CE AREA # ', 13,
¥ © 1S ¢, A20)
VRl TE( *, 136)
FORMAT(/, | X, "ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE')
READ(*, 138, ERR=139) 111
FORVAT( 12)
GOTO 140
VRl TE(*, 601)
GOTO 135
CONTI NUE
IF (111.NE. 1) GOTO 199
END | F
VRl TE(*, 150) |

FORVAT(//,1 X, INPUT NAME OF SERVICE AREA # ',12,":" ,/,IX

+ ' CHARACTER ,/,| X, 'ENTER ')
READ(*, 151, ERR=152) SRVNVS( 1)
FORMAT( A20)
GOTO 155
VRl TE(*, 601)
GOTO 144
VRl TE(*, 156)
FORMAT(/, | X,” ENTER 1 TO CORRECT ELSE <RETURN> TO CONTI NUE' )
READ(*, 158, ERR=159) 11
FORMAT( | 2)
GOTO 160
VRl TE(*, 601)
GOTO 155
CONTI NUE
IF (111.EQ 1) GOTO 144
IF (MNUVAR GE.3) THEN
VRl TE( *, 200) SRVNVB( 1)
FORMAT(//, 1 X, I NPUT THE FOLLOW NG DATA FOR SERVI CE AREA:

GET SERVI CE AREA PERI METERS

01
02
03
04
35
36
38
39

40

44

|F (OPTIMES. GT. 1.AND.SAPRIM 1,1).NE. O 0) THEN
WRI TE(*, 201) SAPRI M1, 1)
FORMAT(5X, ' X- COORD. OF LEFTMOST BOUNDARY IS ', F8.4)
VR TE(*, 202) SAPRI M 192)
FORMAT(5X, 'Y-COORD. OF BOTTOMMOST BOUNDARY IS ', FE. 4)
VRl TE(*, 203) SAPRI M 1, 3)
FORMAT(5X, ' X- COORD. OF RI GHTMOST BOUNDARY IS ', F8. 4)
VR TE(*, 204) SAPRI M |, 4)
FORVAT(SX, 'Y-COORD. OF TOPMOST BOUNDARY IS *,FS.4)
VRl TE(*, 236)
FORMAT(/, | X,” ENTER 1 TO CHANGE ELSE <RETURN> TO CONTI NUE' )
READ( *, 238, ERR=239 ) 111

FORMAT( | 2)

GOTO 240

VRl TE(*, 602)

GOTO 235

CONTI NUE

IF (I11.NE 1) GOTO 600

END | F
VRl TE( *, 245)
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42 FURPIRE L/ /53X, ° X~-COORD. OF LEFTMOST BOUNDARY ’,/,1X,’REAL’,
+/31X’ENTER: *)
READ (#,246,ERR=247)SAPRIM(Is1)

46 FORMAT(FB8.0)
G0 TGO &4%

47 WRITE(*,4601)
GOTO 244

49 WRITE(%#,250)

CMMNMATYLC 21 &Y A V] Yl » ’/’ 1X s HERL

FORMAT{(//+SX,?’Y-CO0ORD. ©
+/491X5 ’ENTER1?)
READ(%*,2355,ERR=254)SAPRIM(I,2)

4
(o]

55 FORMAT(FB.0)
6070 259

=13 WRITE(*,601)
GOTO 249

59 WRITE(*,2460)

&0 FORMAT(//+5X,”>X-CO0ORD. OF RIGHTMOST BDUNDARY ’s/51X,’REAL?,
+/31X,’ENTER:?) - e
READ (#,245,ERR=266)SAPRIM(1,3)

65 FORMAT(FB8.0)
GOTO 269
b6 WRITE(#,5601)
GOTO 259
69 WRITE(%,270)
70 FORMAT(//,5X,’Y-COORD. OF TOPMOST BOUNDARY ’,/,1X,’REAL’,

+/4y1Xs ’ENTER: )
READ (#,271,ERR=272)SAPRIM(I,4)

71 FORMAT(F8.0)
60TO 275
72 WRITE(%,501)
GOTO 269
75 WRITE(%,27&)
76 FORMAT(/,1X, ’ENTER 1 TO CORRECT ELSE <RETURN> TO CONTINUE?)
READ(%,278,ERR=279)I11
78 FORMAT (12)
60TO 280
79 WRITE(#,401)
60TO 275
80 CONT INUE
IF (I11.E@.1) GOTO 244
END IF
00 CONT INUE
END IF
o1 FORMAT( /51X, > ***ERROR***MISTYPED DATA’,/) )
END
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SET UP SHIPYARD MODEL
SUBROUTINE SETMOD(NTLRMS, TLRMNM,STRLCN, YRDPRM, NWRKRS , WRKLCN,

+ NSRVAR, SRVNMS , SAPRIM, ATRLCN, DTRWRK y ADSATR,, WDTLRM, OPMSR ,
+ QTRCST s NWRKSA, CNTRD , PTRLCN, NTIMES; MNUVAR , OPTIMES)
INPUT

INTEGER NTLRMS

N PAFYA M L s

CHARACTER#20 TLRMNM(10)
REAL STRLCN(10,2)

REAL YRDPRM(&4)

INTEGER NWRKRS
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REAL WRKLCN(100,2)
INTEGER NSRVAR
CHARACTER#20 SRVNMS(20)
REAL SAPRIM(20,4)
QuUTPUT
REAL ATRLCN(10,2)
REAL DTRWRK(10,100)
REAL ADSATR(20,10)
REAL WDTLRM(10)
REAL OPMSR(10)
REAL QTRCST(10)
INTEGER NWRKSA(20)
REAL CNTRD(20,2)
REAL PTRLCN{(10,2)
OTHER INPUT
INTEGER NTIMES
INTEGER MNUVAR
INTEGER OPTIMES
FIND #WORKERS IN AND CENTROID IN EACH SERVICE AREA
IF (MNUVAR.GE.3) THEN
CALL FNWCNT (NWRKRS , WRKLECN,NSRVAR, SRVNMS ; SAPRIM,
+ NWRIKSA, CNTRD , MNUVAR, OPTIMES)
CHOOSE TOOLROOM LOCATIONS
CALL CTRLCN(NTLRMS,STRLCN,NSRVAR,ATRLCN,OPMSR,
+ QTRCST s NWRKSA » CNTRD,, PTRLCN,NT IMES , MNUVAR)
CREATE DISTANCE MATRIX
IF (MNUVAR.EQ.4) THEN
CALL CREDIS(NTLRMS,;NWRKRS ;s WRKLEN,; ATRLCN,
+ DTRWRK)
END IF
END IF
CALCULATE AVERAGE DISTANCE FROM SERVICE AREA TO TOOLROOM
IF (MNUVAR.GE.2) THEN
CALL CAVDIS(NTLRMS, TLRMNM,NWRKRS,; WRKLCN;NSRVAR,

+ SRVNMS s SAPRIM, ATRLEN, DTRWRK , ADSATR,
+ NWRKSA, CNTRD, NTIMES s MNUVAR, OPTIMES)
END 1IF

CALCULATE WEIGHTED AVERAGE DISTANCE TRAVELED TO TOOLROOM
IF (MNUVAR.GE.3) THEN
CALL WAVDIS(NTLRMS,NWRKRS,NSRVAR,
+ ADSATR,; WDTLRM, NWRKSA)
END IF

END

CCCCCCccecccecroeecocceecocceeccececceeeccececeeeeeeececcecececeeeececceeeeececeeeeeececee

DO QUEUING THOERY
SUBROUTINE DRTHRY (NTLRMS, NWNDWS,NATNTS,MU,LAMBDA,
+ W, WS PO,PNsRHO,LS,LQ)

INPUT

INTEGER NTLRMS
INTEGER NWNDWS(10)
INTEGER NATNTS(10)
REAL MU(10)
REAL LAMBDA(10)
OuUTPUT



REAL WR(10),WS(10),PO(10)
REAL PN(50,10)
REAL RHO(10),LS(10),LQ(10)

INTEGER S(10)

DO 10 I=1,NTLRMS
IF ((NATNTS(I).GT.1).0R.(NWNDWS(I).GT.1)) THEN
CALCULATE S
CALL CALCS(I,NWNDWS,NATNTS,S5)
DO MULTICHANNEL SINGLE PHASE QUEUING THEORY
CALL MCHQTH(I,S,MU,sLAMBDA,
+ PO PN,RHO,LS,L.A, WS, WR)
ELSE
DO SINGLE CHANNEL SINGLE PHASE QUEUING THEORY
CALL SCHQTH(I,MU,LAMBDA,
+ WR,WS,P0,PN,RHO,LS5,LQA)
END IF
o CONTINUE
END

CCCCCCoccoccecececceecceeececcecccecreecocecoceeceeeeeceeecoceeecececcececececececceeeeecececee

CALCULATE COST OF CURRENT MODEL
SUBROUTINE CSTMOD(NTLRMS,LAMBDA,WR,WS,BLDCST, INVCST,

+ ANWFSA s ATNWGES , WRKWGS , WLKRT s NSRVAR , ADSATR, WDTLRM,
+ OPMSR,QTRCST, TTRCST, TOTCST,
+ CS, CW, MNUVAR)

INTEGER NTLRMS
REAL LAMBDA(10)
REAL WQR(10),WS(10)
REAL. BLDCST(10), INVCST(10)
REAL ANWFSA(10),ATNWGS(10)
REAL WRKWGS
REAL WLKRT
INTEGER NSRVAR
REAL ADSATR(20,10)
REAL WDTLRM(10)
REAL. OPMSR(10)
REAL QGTRCST(10)
REAL TTRCST(10)
REAL. TOTCST
REAL CS(10),CW(10)
INTEGER MNUVAR
CALCULATE CS
CALL CALCCS(NTLRMS,;WR,WS; ATNWGS , WRKWGS,CS)
CALCULATE CW
CALL CALCCW(NTLRMS,WQ,WRKWGS,CW)
CALCULATE OPTIMUM MEAN SERVICE RATE FOR TOOLROOM
CALL COPMSR(NTLRMS,LAMBDA,0PMSR,CS,CW)
CALCULATE QUEUING TOOLROOM COSTS
CALL CQTRCS(NTLRMS, ANWFSA, WRKWGES , WLKRT , NSRVAR , ADSATR
+ WDTLRM,QTRCST,CS,CW)
CALCULATE TOTAL TOOLROOM COST
CALL CTTRCS(NTLRMS,BLDCST, INVCST,QTRCST,
+ TTRCST)
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SUM TOTAL TOOLROOM COSTS
CALL CSTALL(NTLRMS, TTRCST,TOTCST)
END

CCCCCCCCCeeceeecececeecocececceeeceececercecoceeeecceeeeocceeecececeececcccececeeeccececececee

FIND #WORKERS IN AND CENTROID IN EACH SERVICE AREA
SUBROUTINE FNWCNT (NWRKRS ; WRKLCN,; NSRVAR; SRVNMS, SAPRIM,
+ NWRKSA, CNTRD , MNUVAR , OPTIMES)

INPUT

INTEGER NWRKRS
REAL WRKLCN(100,2)

INTEGER NSRVAR
CHARACTER#*20 SRVNMS(20) s
REAL SAPRIM(20,4) =
ouTPUT

INTEGER NWRKSA(20)
REAL CNTRD(20,2)

INTEGER MNUVAR

INTEGER OPTIMES

INTERNAL VARIABLES

SUM OF WORKERS THAT ARE IN SERVICE AREAS

INTEGER SUWRKSA

SUMS OF WORKERS XCOORDS AND YCOORDS
REAL XSWRK(10),YSWRK(10)

THE PRINCIPLE USED TO FIND THE CENTROIDS WORKS

ON THE X AND Y DIRECTIONS SEPARATELY o

IT ALSO TAKES MULTIPLE WORKERS AT THE SAME LOCATION

ZERO OUT VARIABLES

DO 10 I=1,NSRVAR
XSWRK(I)=0.
YSWRK(I)=0,
NWRKSA(I)=0

(0] CONTINUE

RECORD #WORKERS IN SERVICE AREAS AND SUM X AND Y LOCATION VALUES

IF (MNUVAR.EQ.3) THEN
DO 100 I=1,NSRVAR
IF (OPTIMES.GT.1.AND.NWRKSA(I).NE.O.O) THEN -
WRITE(#,30)SRVNMS(1),NWRKSA(I)

(o] FORMAT(//,1X,>NUMBER OF WORKERS IN SERVICE AREA ’,A20,/,
+ > IS ’y14)
S WRITE(%*,36)
& FORMAT(/,1X,’ENTER 1| TO CHANGE ELSE <RETURN> TO CONTINUE?)
READ (%, 38,ERR=3?)II1
8 FORMAT(I2)
GOTO 40
9 WRITE(*,401)
GOTO 35
0 CONTINUE
IF (IIT.NE.1) GOTO 100
END IF
4 WRITE(%*,50)SRVNMS(I)
0 FORMAT(//,1X,? INPUT THE NUMBER OF WORKERS IN SERVICE AREA ?,

+ A20,3/31X,>INTEGER? /51X, ’ENTER: ?)
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READ(%*,31,ERR=35S2)NWRKSA(I)

1 FORMAT(14)
GO TO S5
2 WRITE(#,401)
GOTO 44
S WRITE(#*,54)
2 FORMAT{/,1X,’ENTER 1 TO CORRECT ELSE <(RETURN> TO CONTINUE®)
READ(#,57,ERR=58)1I11
7 FORMAT(I2)
GO TO S9
8 WRITE(*;401)
GOTO S5
S CONTINUE
IF (II1.EQR.1) GOTO 44
00 CONTINUE
END IF

CALCULATE CENTROIDS OF SERVICE AREAS

IF (MNUVAR.EQ.3) THEN

DO 350 I=1,NSRVAR
CNTRD(I,1)=(SAPRIM(I,3)-SAPRIM(I,1))/2 + SAPRIM(I,1)
CNTRD(I,2)=(SAPRIM(1,4)-SAPRIM(I,2))/2 + SAPRIM(I,2)

50 CONTINUE

END IF

00 CONT INUE

END IF )

o1 FORMAT (,/,1X,’ #%%ERROR*%**MISTYPED DATA?,/)
END

CCCCCCcceoceeococceccececeoceeeroeoeceeeeeeeeeeeeeeeeceoecoeececeeeeeeeeeeeeceeen
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CHOOSE TOOLROOM LOCATIONS
SUBROUTINE CTRLCN(NTLRMS,STRLCN,NSRVAR,ATRLCN,0OPMSR,
+ QTRCST ,NWRKSA ; CNTRD , PTRLCN s NTIMES , MNUVAR)

INTEGER NTLRMS
REAL STRLCN(10,2)
INTEGER NSRVAR
REAL ATRLCN(10,2)
REAL OPMSR(10)
REAL QTRCST(10)
INTEGER NWRKSA(20)
REAL CNTRD(20,2)
REAL PTRLCN(iO,2)
INTEGER NTIMES
INTEGER MNUVAR
OTHER VARIABLE
INTEGER CNTR

REAL D(10)

CTINTERER CTCC10)

AVS Y ba Dkl W)W N AN S

IF FIRST RUN THEN
IF (NTIMES.EQ.1) THEN

CALCULATE PERFECT TOOLROOM LOCATION
CALL CPTRLN(NTLRMS;NSRVAR;NWRKS

+ PTRLCN)
IF (MNUVAR.EQR.3) THEN
DO 10 I=1,NTLRMS
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ATRLCN(I,1)=PTRLCN(I, 1)
ATRLCN(I,2)=PTRLCN(I,2)

0 CONTINUE

END IF

IF REPEAT ITERATION THEN
ELSE

CHANGE LOCATIONS TO MAKE MORE OPTIMAL
CALL CHLCN(NTLRMS,NSRVAR,ATRLCN,0OPMSR,QTRCST,D,STC)
CALL TLKUSR(NTLRMS,STRLCN,ATRLCN,PTRLCN,D,STC)
END IF
END

CCCCCCCCCcoceoooeoccocececcroeooccoeeceeeoocoocecececeeeoeeceececeeccceceeeeecceccececccecece

CREATE DISTANCE MATRIX
SUBROUTINE CREDIS(NTLRMS,NWRKRS;WRKLCN,ATRLCN,
+ DTRWRK)
INPUT
INTEGER NTLRMS
INTEGER NWRKRS
REAL WRKLCN(100,2)
REAL ATRLCN(10,2)
OUTPUT
REAL DTRWRK(10,100)
FOR EACH WORKER LOOP
FOR EACH TOOLROOM LOOP
CALCULATE WORKERS DISTANCE TO TOOLROOM
END LOOP
END LQOP
DO 200 I=1,NTLRMS
DO 200 J=1,NWRKRS
X2=(WRKLCN(Js1)-ATRLCN(I, 1)) %2
Ya=(WRKLCN(J,2)-ATRLEN(I,2) ) *x2
DTRWRK(1,J)=8SRART(X2+Y2)
00 CONTINUE
END

CCCCCcececceeooeeocoeoeeceoeceooceeeceoeceeececoeeeeeceeeccecceecceeeeececececeeecececee

CALCULATE AVERAGE DISTANCE FROM SERVICE AREA TO TOOLROOM
SUBROUTINE CAVDIS(NTLRMS, TLRMNM, NWRKRS, WRKLCN,NSRVAR,

+ SRVNMS, SAPRIM, ATRLCN, DTRWRK , ADSATR
+ NWRKSA s CNTRD , NTIMES , MNUVAR, OPTIMES)
INPUT

INTEGER NTLRMS

CHARACTER#*20 TLRMNM(10)
INTEGER NWRKRS

REAL WRKLCN(100,2)
INTEGER NSRVAR

CHARACTER#20 SRVNMS(20)

REAL SAPRIM(20,4)

REAL ATRLCN(10,2)

REAL DTRWRK(10,100)
QUTPUT

REAL ADSATR(20,10)
INPUT
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INTEGER NWRKSA(20)
REAL CNTRD(20,2)
INTEGER NTIMES
INTEGER MNUVAR
INTEGER OPTIMES
INTEGER COUNT
FOR EACH WORKER LOOP
FOR EACH TOOLROOM LOOP
ADD TO SERVICE AREA THAT WORKER IS IN ’S DISTANCE
(SERVICE AREA, TOOLROOM MATRIX)
END LOOP
END LOOP
FOR EACH SERVICE AREA LOOP
DIVIDE SUMMED DISTANCE BY THE NUMBER OF WORKERS IN THE SERVICE AREA

END LOOP
IF ((MNUVAR.EQ.2).AND.(NTIMES.ER.1)) THEN
WRITE(%*,10)
0 FORMAT(//,1X,’ENTER THE AVERAGE DISTANCE BETWEEN:’)

DO 100 I=1,NTLRMS
DO 100 J=1,NSRVAR

4 WRITE(*,1S5)TLRMNM(I) ,SRVNMS(J)
S FORMAT(1X,’TOOLROOM: ’,A20,/,1X,’SERVICE AREA:’,A20,/4,1X,’REAL’,
+/31X3’ENTER:?)
READ (%*,20,ERR=21)ADSATR(J, I)
0 FORMAT(FB.0)
GOTO S5
1 WRITE(%,401)
G0TO 9
5 WRITE (%,56) _
b FORMAT(/,1X,’ENTER 1 TD CORRECT ELSE <RETURN> TO CONTINUE?)
READ(#,38,ERR=59)I1I1
8 FORMAT(I2)
GOTO &0
Q WRITE(#,401)
60 7O 535
o CONTINUE
IF (III.EQ.1) GOTO 14
00 CONTINUE
END IF

IF (MNUVAR.ER.3) THEN
DO 200 I=1,NTLRMS
DO 200 J=1,NSRVAR
X2=(CNTRD(J,1)—ATRLCN(I,1))*%x2
Y2=(CNTRD(J,2)-ATRLCN(I,2) ) #x2
ADSATR(J, I)=5GRT(X2 + Ya)

00 CONTINUE
END IF
00 CONTINUE

DO 400 I=1,NTLRMS
DO 400 J=1,NSRVAR
IF (NWRKSA(J).NE.O) THEN
ADSATR(J,I1)=ADSATR(J,1I)/NWRKSA(J)

END IF
00 CONTINUE
END IF
01 FORMAT(,/ 51X, ’ #%x*ERROR***MISTYPED DATA’,/)
END

CCCCCcCceeeceeececceececcecerecreceeececeecececcecoreeeeeceeccececccecececececececccccecececeecccecec
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CALCULATE WEIGHTED AVERAGE DISTANCE TRAVELED TO TUDLRDOM
SUBROUTINE WAVDIS(NTLRMS,NWRKRS,NSRVAR,
+ ADSATRy WDTLRM,; NWRKSA)

INPUT

INTEGER NTLRMS

INTEGER NWRKRS

INTEGER NSRVAR
REAL ADSATR(20,10)

QUTPUT

REAL WDTLRM(10)
INPUT

&Ny W

INTEGER NWRKSA(20)
FOR EACH TOOLROOM LOOP
FOR EACH SERVICE AREA LODOP
CALCULATE THE FOLLOWING FORMULA:
(#WORKERS IN A SERVICE AREA/#WORKERS)
*# AVERAGE DISTANCE FROM SERVICE AREA TO TOOLROOM
END LOOP
END LOOP
DO 200 I=1i,NTLRMS
DO 200 J=1,NSRVAR

TE IANIDL/ D AT AN Tl ll-ll

&0 VINWIRRIRO s IND s VU 7 1 N
WDTLRM(I)=(NWRKSA(J) /NWRKRS) *ADSATR(J, 1)
ELSE
WRITE(%*,18%5)
85 FORMAT(1X, ’SUBROUTINE WAVDIS DETECTS # WORKERS IS 0O’)
END IF
00 CONTINUE
END
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AL M

CALCULATE &
SUBROUTINE CALCS({1,NWNDWS,NATNTS,S)

INPUT
INTEGER 1
INTEGER NWNDWS(10),NATNTS(10)
OUTPUT
INTEGER S5(10)

IF #ATTENDANTS > #WINDOWS THEN
IF (NATNTS(1).GT.NWNDWS(I)) THEN
S = HWINDOWS
S(I)=NWNDWS(I)

ELSE
ELSE
S = #ATTENDANTS
S(I)=NATNTS(I)
END IF
END IF
END
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DO MULTICHANNEL SINGLE PHASE QUEUING THEQRY
SUBROUTINE MCHRTH{I,S,MU,LAMBDA,
+ PO,PN,RHO,LS,LO,WS,WR)
INPUT

INTEGER T

AIS ) bmdhel VA

INTEGER S(10)
REAL MU(10)
REAL LAMBDA(10)
ouTPUT

REAL PO(10)
REAL PN(S50,10)
REAL RHO(10)
REAL LS5(10)
REAL LQ(10)
REAL WS(10)

REAL WR(10)

REAL LOVRMU
INTEGER E

RHO(I) = LAMBDA(I)/{(S(I)*MU(I))
A =1 - RHO(I)

B = 1/A

LOVRMU = LAMBDA(I)/MU(I)

T

D = LOVRMU #% S(1)

E = IFACT(S(I))

F = (D/E)*B

SUM = O.

DO 10 J=1,(S{(I)-1)
PN(J,I) = (LOVRMU*%J) /IFACT(J)
SUM = SUM + BN(I,I)

0 CONTINUE

G;Qulhqqi-l:

PO(I) = 1/G

IF2 = IFACT(S(I)

LISRJIS=0

LIPROD=0

DO 20 J=S(I1),50
2L I=LOVRMU**J
IEXP=J-5(1)
ISRIS=S(1I)**IEXP
IPROD=IF2#1ISRJS
IF ((ISRJS.LT.LISRJS).OR.(IPROD.LT.LIPROD)) THEN
DO 16 K=J,50
PN(K,I)=0.0

6 CONTINUE
GOTO 21
END IF
PN(J,1)=2LJ/1PROD
o CONTINUE
1 DO 30 J=1,50

PN(J,I)=PN{(J,1)#P0O(I)
CONTINUE

N (o]
r
]
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Y = .92088019613
LR(IY = 2 = Y
LS(I) = LA(I) + (LAMBDA(I) / MU(I))
WacI) LR(I) /7 LAMBDA(I)
Ws(I) WR(I) + (1/MUCI))
END

CCCCCCCCCCcCcececececececeecceecececccccoccceCCCCCCeccoeoeeoececeeeeeececececeeeceeceecece

DO SINGLE CHANNEL SINGLE PHASE QUEUING THEORY
SUBROUTINE SCHATH(I,MU,LAMBDA,
+ HQ)NS,PD)PN;RHD,LS,LQ)

INPUT

INTEGER I
REAL MU(C10)
REAL LAMBDA(10)

ouUTPUT

REAL WR(10),WS{10),PD(10)

REAL PN(50,10)
REAL RHO(10),LS(10),LR(10)

OTHER VARIABLES
REAL LOVRMU

IF (LAMBDA(I).NE.MU(I)) THEN
LOVRMU = LAMBDA{(I)/MU(I)
PO(I) = 1 - (LOVRMU)
PN
pgo 10 J=1,50
PN(J,1)=PO(I)*((LOVRMU)*%J)

o CONTINUE
RHO(I) = LAMBDA(I) / MU(I)
LS(I) = LAMBDA(I) / (MU(I) ~ LAMBDA(I))
LA(I) = (LAMBDA(I)*LAMBDA(I))/ (MU(I)*(MU(I)-LAMBDA(I)))
WS(I) =1 / (MU{I)- LAMBDA(I}))
WQR(I) = LAMBDA(I) / (MU(I)*(MU(I) ~ LAMBDA(I)))
ELSE
DO SOMETHING TO NOTIFY USER OF ERROR
END IF
o CONTINUE

END

CCCCCCCCcCCrreerereeeoerecceeceeceeceoeeeeeeeoeeceeeeeeeceeeceeceeeeceeceeceee

CALCULATE CS
SUBROUTINE CALCCS(NTLRMS,WR,WS, ATNWGS ; WRKWGS,CS)
INPUT

INTEGER NTLRMS
REAL WR{10),WS(10)
REAL. ATNWGS(10)
REAL WRKWGS
REAL CS(10)

CS = (WS - WR) * (ATTENDANTS WAGES + WORKERS WAGES)
DO 100 I=1,NTLRMS
CS(I) = (WS(I) — WR(I)) * (ATNWGS(I)+WRKWGS)
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(919) CONT INUE
END

CCCCcCCCeLeeeceoceccocooceceoecececoocececeeceeeecoeeeeeeceeeeeeeececeeeeeeeeeeceececceee
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NE CALCCW(NTLRMS,WQ;WRKWGS,CW)
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INTEGER NTLRMS
REAL WR(10)

- YWWR S &

REAL WRKWGS
QuUTPUT

REAL CW(10)
CW = WR * WORKERS WAGES
DO 100 I=1,NTLRMS
CUW(I) = WA(I) * WRKWGS

00 CONTINUE
END

- C 0
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CALCULATE OPTIMUM MEAN SERVICE RATE FOR TOOLROOM
SUBROUTINE COPMSR(NTLRMS,LAMBDA,0PMSR,CS,CW)
INPUT -
INTEGER NTLRMS
REAL LAMBDA(10)
ouUTPUT
REAL OPMSR(10)
INPUT
REAL CS(10)
REAL CW(10)
OPMSR = LAMBDA + SGERROOT (LAMBDA*#CW/CS)
DO 100 I=1,NTLRMS
XX=CW(I)/CS(I)
XX=LAMBDA(I)*XX
IF (XX.6T.0.) THEN
OPMSR(I) = LAMBDA(I) + SERT(XX)

ELSE
OPMSR(I) = LAMBDA(I) + SART(-1#XX)
END IF
00 CONTINUE

END
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CALCULATE QUEUING TOOLROOM COSTS
UBROUTINE CQTRCS (NTLRMS,ANWFSA, WRKWGES , WLKRT s NSRVAR,
+ ADSATR,WDTLRM,ATRCST,CS,CW)
INPUT
INTEGER NTLRMS
REAL ANWFSA{(10)
REAL WRKWGS
REAL WLKRT
INTEGER NSRVAR
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REAL ADSATR(20,10)

REAL WDTLRM(10)
QUTPUT

REAL QTRCST(10)
INPUT

REAL CS(10),CW(10)

DO 10 I=1,10
QTRCST(1)=0.

0 CONTINILIE

adad A R EE R A L4

DO 300 I=1,NTLRMS
DO 300 J=1,NSRVAR

CALC TOTAL DIST A WORKER WALKS
A=2#*ADSATR(J,I)

DIVIDE BY WALK RATE TO SEE HOW MANY MINUTES IT TAKES
B=A/WLKRT

CALCULATE WAGE PER MINUTE
C=WRKWBS/&0.0

COST FUR ONE WORKER
CSTa1=B*C+CS(I)+CW(I)
QTRCST(I)=QTREST(I)+CST41*ANWFSA(I)

Q0 CONTINUE
END

— A
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CALCULATE TOTAL TOOLROOM COST
SUBROUTINE CTTRCS{NTLRMS,BLDCST, INVCST,QTRCST,

+ TTRECST)
INPUT
INTEGER NTLRMS
AL ™ NMEOTZZI Ny Al )

h 4 —o
RoHL. DLLULOI VLIV I/ y liINVLO

REAL QTRCST(10)
OUTPUT
REAL TTRCST(10)

TTRCST = QTRCST(TOOLROOM) + BLDCST(TOOLROOM) + INVCST(TOOLROOM)
DO 100 I=1,NTLRMS

TTRCST(I) = QTRCST(I) + BLDCST(I) + INVCST(I)
00 CONTINUE

END

SUM TOTAL TOOLROOM COSTS
SUBROUTINE CSTALL(NTLRMS,TTRCST,TOTCST)

INPUT
INTEGER NTLRMS
REAL TTRCST(10)

OUTPUT
REAL TOTCST

FOR I=1..#TOOLROOMS LOOP

TOTCST = TOTCST + TTRCST(I)

END LOOP
TOTCST=0.0
DO 100 I=1,NTLRMS

TOTCST = TOTCST + TTRCST(I)
00 CONTINUE ' Lo e



END
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CALCULATE PERFECT TOOLROOM LOCATION
SUBROUTINE CPTRLN(NTLRMS,NSRVAR,NWRKSA,CNTRD,

+ PTRL.CN)

INTEGER NTLRMS

M AMOPUAND
N NoRvARn

NWRKSA(20)

REAL PTRLCN(10,2)

ATUER uaADTAD O
Wiy VAN L P

TOTAL SERVICE AREA WEIGHT

INTEGER TSAWGT

IV S

SORTING ARRAY (SORTED BY WEIGHT) HEAVIES FIRST

INTEGER SRTDWT{(10)

ER A R ==Y nt

NUMBER OF TODOLROOMS UN ASSIGNED
INTEGER TLRMLFT

[ =g e =11

WEIGHT OF THE CURRENT PARTITION
INTEGER PRTUWGT
AVERAGE WEIGHT OF SERVICE AREAS
INTEGER AWGT
WEIGHT THAT HAS BEEN ASSIGNED TO A TOOLROOM
INTEGER WGTASS
SERVICE AREAS LEFT THAT HAVE NO TOOLROOM ACCESS YET
INTEGER SALEFT
POINTERS
INTEGER STARTI,LASTI
IF HSERVICE AREAS == #TOOLRODOMS THEN
IF (NSRVAR.EQ.NTLRMS) THEN
DO 3 I=1,NSRVAR
ASSIGN LOCATIONS OF TOOLROOMS AS THOSE CLOSEST TO CENTROIDS
OF SERVICE AREAS
PTRLCN(I,1)=CNTRD(I,1)
PTRLCN(I,2)=CNTRD(I,2)
CONTINUE
ELSE IF #SERVICE AREAS > #TOOLROOMS
ELSE IF (NSRVAR.GT.NTLRMS) THEN
ASSIGN LOCATION OF TOOLROOM BASED ON WEIGHTING CENTROIDS, I.E.
LOCATION FOR EACH CENTROID AND EXTRA TOOLROOMS NEAR *HEAVIEST?

CENTROIDS (MOST WORKERS)

SIMPLE BUBBLE SORT WITH HEAVIEST COMING TO THE TOP
DO 3 I=1,NSRVAR
SRTDWT(I)=1
CONTINUE
DO 10 I=1, (NSRVAR-1)
DO 10 J=(I+1),NSRVAR
IF (NWRKSA(SRTDWT(I)).LT.NWRKSA(SRTDWT(J))) THEN
ITMP=SRTDWT(1I)
SRTDWT(I)=SRTDWT(J)
SRTDWT(J)=1TMP
END IF
o CONTINUE

TSAWGT=0
DO 12 I=1,NSRVAR



I QFIWS = OFWNI ] TINWIOKD A L)
e CONTINUE
I=1
WGTASS=0
SALEFT=NSRVAR
TLRMLFT=NTLRMS
S AWBT=(TSAWGBT~WGETASS) /TLRMLFT
STARTI=1
LASTI=1 )
PRTNGT=NNRKSA(SRTDNT(1))
o I=1+1
IF (PRTNGT+NNRKSA(SRTDNT(I)) LT.AWBT) THEN
PRTUWGT=PRTWGT+NWRKSA(SRTDWT(1))
LASTI=I | e . -
GOTO 20 - -
ELSE IF (PRTNGT+NNRKSA(§?TENT(I)) EQ.AWBT) THEN
PRTUWGT=PRTWGT+NWRKSA(SRTDWT(I))
IF
IF (STARTI.EG.LASTI) THEN

PTRLEN{TLRMLFT, 1 )=CNTRD(SRTDWT(LASTI), 1)

PTRLCN( TLRMLFT,2)=CNTRD(SRTDWT (LASTI) ,2)
1
X=0.
Y=0. N
DO 25 K=STARTI,LASTI
X=X+NWRKSA (SRTDWT (K) ) *CNTRD ( SRTDWT (K) , 1)
Y=Y+NWRKSA (SRTDWT (K) ) *CNTRD ( SRTDWT (K) ,2)
5 CONT INUE
PTRLCNC(TLRMLFT, 1)=X/PRTWGT
PTRLCN(TLRMLFT,2)=Y/PRTWGT
END IF
TLRMLFT=TLRMLFT~1
IF (TLRMLFT.BT.1) THEN
WETASS=WGTASS+PRTWGT
SALEFT=SALEFT~(LASTI-STARTI+1)

END
| ~8]

GOTO 15
ELSE
IF (TLRMLFT.ER.1) THEN

X=0.

Y=0.

DO 30 I=LASTI+1,NSRVAR
X=X+NWRKSA(SRTDWT (1)) *CNTRD(SRTDWT(I),1)
V=Y+NWRKSA{(SRTDWT (I} }*CNTRD(SRTDWT(I),2)

o . CONTINUE
PTRLCN(1,1)=X/PRTUWGT
PTRLCN(1,2)=Y/PRTWGT
END 1IF
END IF

ELSE IF #SERVICE AREAS < #TOOLROOMS
ELSE IF (NSRVAR.LT.NTLRMS) THEN
ASSIGN TOOLROOM LOCATION BASED ON WEIGHTING CENTROIDS
DO SO0 I=1,NSRVAR
ASSIGN LOCATIONS OF TOOLROOMS AS THOSE CLOSEST TO CENTROI
OF SERVICE AREAS
PTRLCN(I1,1)=CNTRD(I,1)
PTRLEN(I,2)=CNTRD(I,2)
o CONTINUE
SIMPLE BUBBLE SORT WITH HEAVIEST COMING TO THE TOP
DO 60 I=1,NSRVAR

SRTDWT(I)=1



o LCUNT INUE
DO 100 I=1, (NSRVAR-1)
DD 100 J=(I+1),NSRVAR
IF (NWRKSA(SRTDWT(I)).LT.NWRKSA(SRTDWT(J))) THEN

P WAATY_ AT I P

ITMP=8SRTDWT({I)

SRTDWT(I)=SRTDWT(J)
SRTDWT(J)=ITMP
END IF
¢1¢) CONTINUE
TSAWGT=0
DO 120 I=1,NSRVAR
TSAWGT=TSAWGT+NURKSA(I)
20 CONTINUE
I=NSRVAR+1
WGTASS=0

SAL EFT=NSRVAR
TLRMLFT=NTLRMS-NSRVAR

S0 AWGT=({TSAWGT-WGETASS) /TLRMLFT
STARTI=I
LASTI=I
PRTWGT=NWRKSA(SRTDWT(I))

00 I=1+1%
IF (PRTWGT+NWRKSA(SRTDWT(I)).LT.AWBT) THEN

PRTWGT= PRTNGT+NNRKSA(SRTDNT(I))

LASTI=1I
GOTO 200
END IF

IF (STARTI.EQ@.LASTI) THEN
PTRLCN(TLRMLFT, 1)=CNTRD(SRTDWT(LASTI), 1)
PTRLCN(TLRMLFT,2)=CNTRD(SRTDWT(LASTI),2)
ELSE
X=0.
Y=0.
DO 250 K=STARTI,LASTI
X=X+NWRKSA(SRTDWT (K) ) *CNTRD(SRTDWT(K) , 1)
Y=Y +NWRKSA(SRTDWT (K) ) #*CNTRD(SRTDWT{(K) ,2)
50 CONTINUE
PTRLCN(TLRMLFT,1)=X/PRTWGT
PTRLCN(TLRMLFT,2)=Y/PRTWGT
END IF
TLRMLFT=TLRMLFT-1
IF (TLRMLFT.BT.1) THEN
WGTASS=WGTASS+PRTWGT
SALEFT=SALEFT-(LASTI-STARTI+1)

ELSE
X=0.
Y=0.
PO 30C I=LASTI+1,NSRVAR
X=X+NWRKSA(SRTDWT (1)) *CNTRD(SRTDWT(I),1)
Y=Y+NURKSA{(SRTDWT{ I} }*CNTRD{(SRTDWT{1),2)
00 CONTINUE
PTRLEN(1, 1)=X/PRTWGT
PTRLCN(1,2)=Y/PRTWGT
END IF
END IF
ADJUST FOR INFEASIBLE AREAS
CALL AFINA(NTLRMS,PTRLCN)
END
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CALCULATE FACTORIAL
INTEGER FUNCTION IFACT(N)

INTEGER N
IF ((N.EQR.O).OR.(N.ER.1)) THEN

PICAMT - 4

ALt = 3
ELSE
IFACT = 1
DO 10 I=1,N
IFACT=IFACT*I
0 CONTINUE
END IF
RETURN
END

CCCCCCCCCCLcococeccrcroooercocececrocececroeoococoeceececeoecececcoceceoecereceeccceceececce

ADJUST FOR INFEASIBLE AREAS

SUBROUTINE AFINA(NTLRMS,PTRLCN)

TAITIOMITE MTD M
ANIEOER VI RLiQ

REAL PTRLCN(10,2)
LOCAL VARIABLES

[T o I S A AT T al=l =)

INFEASIBLE AREAS
REAL INFSBL(S,4)
NUMBER OF INFEASIBLE AREAS
INTEGER NINFS
GET NUMBER OF INFEASIBLE AREAS
WRITE(%*,10)
o FORMAT(//,1X,’ INPUT THE NUMBER OF INFEASIBLE AREAS’,/,1X,
+’ (INTEGER) ’, /51X, ’ENTER: ’)

READ(%*,20,ERR=21)NINFS

0 FORMAT(13)
GOTO a4
1 WRITE(%,901)
G070 S
4 WRITE(#,25)NINFS
S FORMAT(//7,1X, NUMBER OF INFEASIBLE AREAS IS: *,14)
7 WRITE(#%*,30)
G FORMAT{(/,1X,7’ENTER 1 TO CHANGE ELSE <RETURN> TO CONTINUE®)
READ(#*,40,ERR=41)111
0 FORMAT(12)
GOTO 42
1 WRITE(#*,901)
GaTOo 27
2 CONTINUE
IF (I11.EQ.1) GOTQ S
FOR EACH INFEASIBLE AREA
DO 900 I=1,NINFS
GET CORNERS OF INFEASIBLE AREAS
99 WRITE(%,200)1
00 FORMAT(//,1X, > INPUT THE FOLLOWING DATA FOR °’
+ »> INFEASIBLE AREA #’,12)
GET INFEASIBLE AREA PERIMETERS
04 WRITE(*,205)
0S5 FORMAT (5X, *X-COORD. OF LEFTMOST BOUNDARY ’,/,1X,’REAL’,
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+/31%,’ENTER:?)
READ(#,210,ERR=211) INFSBL(I,1)

10 FORMAT (FB.0)
GOTO 214
11 WRITE(%,901)
GOTO 204
14 WRITE(%*,2135)
15 FORMAT(SX, ’Y-COORD. OF BOTTOMMOST BOUNDARY ’,/,1X,’REAL’,

+/,1X, ’ENTER")
READ(#,220,ERR=221) INFSBL(1,2)

20 FORMAT(F8.0)
GOTO 224
21 WRITE(#,901)
GO TO 214
24 WRITE(%,223)
29 FORMAT (5X, > X-COORD. OF RIGHTMOST BOUNDARY ”,/,1X,’REAL’,

+/51X, ’ENTER: )
READ(#,230,ERR=231) INFSBL({I,3)

30 FORMAT (F8.0)
GOTO 234
31 WRITE(%,901)
GOTO 224
34 WRITE(#%,235)
35 FORMAT(SX,>Y-COORD. OF TOPMOST BOUNDARY °,/,1X,’REAL’,

+/51X,>ENTER:?)
READ(%*,240,ERR=241)INFSBL(I,4)

40 FORMAT(F8.0)
GAaTo 299
41 WRITE(#,901)
GOTO 234
99 WRITE(#,300)1
00 FORMAT(1X,’ INFEASIBLE AREA #’,13,°S BOUNDARIES ARE:’)

GET SERVICE AREA PERIMETERS
WRITE(#,301)INFSBL(I,1)

o1 FORMAT{(S5X, >X-COORD. OF LEFTMOST BOUNDARY IS ’,F8.4)
WRITE(#,302) INFSBL(I,2)
o2 FORMAT(5X, ’Y-COORD. OF BOTTOMMOST BOUNDARY IS ’,FB.4)
WRITE(#,303)INFSBL(I,3)
03 FORMAT (SX,>X-COORD. OF RIGHTMOST BOUNDARY 1S ’,FB.4)
WRITE(%*,304)INFSBL(I,4%)
04 FORMAT(SX,’Y-COORD. OF TOPMOST BOUNDARY IS ’,F8.4)
35 WRITE(%,334)
36 FORMAT(/,1X,>’ENTER 1 TO CHANGE ELSE <RETURN> TO CONTINUE?)
READ(%*,338,ERR=339)1I11
38 FORMAT(12)
GOTO 340
39 WRITE(#,901)
GOTO 335
40 CONTINUE

IF (111.E@.1) GOTO 199
CHECK EACH TOOLROOM
DO 800 J=1,NTLRMS
DISTX1=INFSBL(I,3)-PTRLCN(J,1)
DISTX2=PTRLCN(J,1)-INFSBL(I,1)
DISTY1=INFSBL(I,4)-PTRLCN(J,2)
DISTY2=PTRLCN(J,2)-INFSBL(I,2)
IF TOOLROOM IN INFEASIBLE AREA THEN
RELOCATE TOOLROOM ON EDGE
END IF
IPTRX=0



IPTRY=0
IF (DISTX2.GE.0.) THEN
IF (DISTX1.GE.O.) THEN
IF (DISTX1.GE.DISTX2) THEN
XLESS=DISTX2
IPTRX=1
ELSE
XLESS=DISTX1
IPTRX=3
END IF
IF (DISTY1.6E.0.) THEN
IF (DISTY2.GE.O.) THEN
IF (DISTY1.GE.DISTY2) THEN
YLESS=DISTY2
IPTRY=2
ELSE
YLESS=DISTY1
IPTRY=4
END IF
IF (YLESS.LT.XLESS) THEN
PTRLCN(I,2)=INFSBL(J, IPTRY)
ELSE IF (XLESS.LT.YLESS) THEN
PTRLCN(I,1)=INFSBL(J, IPTRX)
ELSE
PTRLCN(I,2)=INFSBL(J, IPTRY)
PTRLCN(I, 1)=INFSBL{(JsIPTRX)
END 1IF
END IF
END IF
END IF
END IF
00 CONTINUE
00 CONTINUE
o1 FORMAT (,/ 51X, ’ #**ERROR*#*MISTYPED DATA’,/)

END

"
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