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ABSTRACT

This paper is a report on an interactive production control training

model for a Naval Air Rewnrk Facility (NARF) Shop. The system is an inter-

active shop simulator which allows production control decisions to be made

by the user. The objective is to provide a training vehicle for production

control decision making. The report includes a "users' manual" and program

listing.
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the Naval Arr Reworlk Facility (HARF)Y st Jscbzunville Hzo=0

Air Station 1s =n induetrizt slant with come 3000 emrloveer~.
Tt 12 one of g1 similisr NARY ‘s located i the United States.,
Tos: menasement officials are Naval officers and the remsinrien
S1e vl lians, The civilian wnyl force includes ansinesr
clzrmersy zaminiastratorsy and mechanics rerresenting over 49
dirfferent hishly skilled trades.

Tive MNARF miz=aion includes maintensnce ensineering 2nd hes .
“derot) mairtensnce of military seronautical i1tems rangsins froo
comelerte ziveraft to srare comronents. Bw rolicyry NARFK
mzintenance ore all item:zs 1s 3 selective rrocess which involves
drzsnosis of 1tem conditions urdating with latest required
chsngesy znd limited mesintenance rework to recondition the 1ten
tor apather reriod of service.

The MNARF 135 orssnized by surrort gservices (Endineerings
Ourlity Assurances FPlarnmingy etolsdend the Froduction lDerartmernt.

The Production Derartments with some 2/32 of the civiliazn
workersy 1 made ur of over 100 different showrs. These shorcy
tio hardurre sroducing elementes ot the rlenty are ordanized!
zome b= rroviuct (radio shor)y come by rrocess (clezrming 2nos) s
=nd some v function (sssembhla), The chors form z=n interrelated

\ netwark thraugh which sroducts flow as the ma3inienance rrocess
rroreerin,

Mo NARF sroduct worklosd consists of about S0% zirteraft.

. The oircraft are ewsmined (dissnosed)y zsngd discrscsembled 3s
recuired to rermit shor comroment rrocessing. A< 3 matter of
sroduction rolicys the rrocessed comronents are ucend to
rezszemble the agircratfty which 1s then flight tested. Abhout 157%

! af the NARY worklozsd consists of sirecraft endines (which enter

3 the rlant az such) and zre overhauled znd returned to the Nave

zurele sustem for iscue and reuse. ariother 15%% of the workload
is made ur of miscellsneous srare ceronsutical coureonents which ,
thave heen in use =nd are sert to NARF for reeuired maintenance.
After being reconditioned bw NARFy these are returned to the
Mavy surerly sustem for reissue and reuse, The remaining 204 of
N&RF workload ie of 2 miscellzneous nature including such
unrlanned items 2o zireraft rersir (rerair of damaded zirerzaft),
cuctomer service fon demand)s and field medification.

I1. THE NARF SHOFS

This rarer desls with 2 turical NARF shor. The shors under
stnde belons to a class of shors which have the fo'llowindg commen
rharacterictics?

1 The bulk of rrocessing on .Jobs entering each such shor 1s
confirned to that c<hor, This measns that a shor function=z
as a rerair station rather thamn s disassemhlwy routinds
and rezssembly <hor.,

2) A shor of this ¢lass ic manned by 3 substamtial number
of mechanics whose interchandeable sk1lla mike it rossible
to work on 3 varietu of Jobs in backlod.

| ‘ 3) Jobs in these shorg have indiviaual work content which
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is small relative to the totsl load in the shor. Sirnce
work content is small it is also denerallu true that a
sinsle worker 3t 2 time rrocesses each .Job.

4) Shors in this class are not hishly derendent on

eauirment caracity a3s limiters.

From a rroduction control viewrointy the shor is comrfoserd of
three basic elements! the workable backlod arear the
nonworkable backlod arear and the rFrocessindg area (see Figyre 1).

Jobs arrive 3t the shor and rnormally are entered into the
workable backlods to await Frocessing bw an available worber.
Ify for some reasons 3 Job cannot be rrocessed "as is»® it is
entered into the nonworkable backlod, Usuzlly Jobs will be
slzced in the nonworkable backlos because fo the mona3vailability
of a8 comronent rart recuired for rrocessindg or technical data
recuired for rrocessind. Once the nonavsilability is satisfieds
the Job returms to the workable backlod.

Jobs move from the workable bzcklos to the rrocessing arez
ac needed, Sometimes, during the 1nitisl disasssembly of a Job»
1t is determined that anm additiomnal comrornent rart(s) will he
necessary to comrlete the Job. If the comronent rart(e) is not
zvailablesy the Job is entered into the rnornuworkable backlog (see
Figure 1), When srocessing is comkleted on 3 Joby it lezves the
.,“COF' .

Mansdement has at leasst two methods buw which thew can
exercise control over the shor on 2 week to week basis., Firsts
thew can increase the shor caracity bhw moving euslified workerc
into the shor from other shors in the NARF, or thew can decrease
the shor caracity in the same marnner. Cecondr they can incresse
zhor cerscity b working the existing shor manrower overtime.
Hanadgement control of the shor is exercised with the ohdective
of rerforming the mission of the shoss arnd inmcurring the least
=ozsible cost, Clearlyy these two nhiectives are somewhsat in
conflict. Comseauentlyy 3ny rational control! rolicy 1c formed
2 trzding nf mission rerformasnce Wwith cost of aorevation,

The vse of overtime increaces the orerrsting cost ot the
Sernt em. In zddition to an increased labor rater overtime word ‘
vagelle 18 rerformed st 3 lower effidiencs rate tharn that of :
ztyzicht time worl, It would seem initizlly that 1rncreasing the

bos ceracity by bringing in more workere would be sreferable to
swertimes but, thast zlso results temrorarily in increzsed cocote
czused rrimarily by two factors, Firsts there is an
srimintatrative cost for moving workers. Secondy and more
tnrortanty workers moved into 5 shor take time to learn their
i andy consecuentlyy work a3t 3 reduced rate for s reriod
rmmedletele after zesindment to the shor (assuming that the
wother 13 aualifiedy this sgerioda of lowered efficirency maw laast
e to three weeks),

The cmount of work in the system is of corncern to managsement .
Vo bEcklos levels maw cause 1refficient manrower utilization.
it the worksble bhacklod is desleteds the workers im the shor
will be nle. Arrother roszssibility is that if the worbatle
ek Tos nezrs derletiony the workers’ etficiency will derrezces
trherebz recultins in an arrlication of Fsrbvinson‘s Law. I z2r-
~want the effect nn the sustem is the same, Its effiriencu 1+

e e,
If backlogie zre too lsrder management alse has rescson tof i
Fearr, Lardge brobkloss result in 1ncreased flow time for nohe
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in the system. 1f 3 Job has come from an aircratt beind
reworked a3t the NARF, an excessive delszs of the Jdob in the shor
will cause the rrocessing of an aircratt to be delaved, This

will result i1in 3 real cost for NAKE,
surrly systemr an excessive delaws of
derletion of the Navuy inventorwe whict

arounding of a3 fleet aircratt, Irn eather casey the result 15 5

It 5 Job 15 for the MNavy
the .Job will cauce a
Y may result in the

reduction of the rumher of orerational sircraft asvairlable to tie

Navu,

The shor model rsrodram was written to srovide 3 hish
feedback envirornment for training rroduction control rerconnel.
Use of the model should zllow besinming rervsonnel to get 3

tetter understanding of the dunamics

ot the shor,

111, FROGRAM STRUCTURE

Irn order to discuss the internal

structure of the shor model

srosram 1t 1s first necessary to describe the differect raths

that & aob can tabe throunh bhe show

)

1) The Job enters the shor and 15 rlaced on the workasble
backlod, It is then worked aorny comrleted, and lesves

the shor.

2) The Job enters the shor and is rlaced on the nonworksble

tacklos for some non-availlani
non~avallability 1s satisfied
workstble backlod. It is then
angd leaves the shor.

Lityg, L.ater when tie

the uob is rlaced on the
worked ony comrletedy

2) The uob enters the shor and 15 ®laced on the workable
backlosg., It 1is then worked omn but rnot comrleted due

to lack of rartz or ckill=s.
ronworksnle haclklos antil the

avasllables when 1t 10 slaced back aon the workashle

thacklod, The Jobv 1& then com
4) The Jobh enterse the shos and 1
nack lns. Aftter the necessard
zztistied vt igs rizced on the
thern worbten on tat not comele
or <killx, he Job 16 slaceil
bhack lodg, tater the ogobh 1 i
back logay worked ons comsleted
Thoeoee sothe can be seen 10 the shos
cam=l1cite 2 further reference to
Fer the numbers given abhove,
bvaminzgtion of these raths reves
nebes 1t sozsible to wrate the rrodgr
zether on the backloss red

o1 e eyt
e O
e =roaram stoares the backlosss
Choon g s aneste Tanbed biat, Thys 1
poest Bt geer wisnes to o anrugt the
roocrom o cElles sanrtoatine THEUT, (i=t
aorentaine UATA Lo aneat Bhe anformas
by 1ther case the wrosram awust the

Too s subraatanes czlonl)ztas bhe two n
rorwm b anle el taame drstribution
st sy meeaaation,

Tier rodram Aot eve s ateady atzt

The uob is rlzed on the .
~arts or skills are

Fleted and leaves the <hor .
s ®lared on the nonworkshle
conditions have been
workahle hacklos, 1t
ted e to lack ot rart:

on the nonworkable

t. back o the workabhle

y ana leaves the shor.
achemstic in figsure 1. b
the mifterent rathe will o

l many similarities. this
am 0 that the Jobs are
ardless of the route thew

event listy and the wort epy
eaguires the astorage of tin
information divectly the
ionallw the =rogdarsm ool L-
tion trom a stored datos th e,
nocall zuabrovtine FPakam,
penen rarameters of the

from the 31ven mean =m0

e conditions by roanmine oo
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model for twen.y weeks( rg. 2B ), These weeks use 3 tardet
value determined by the numher of men in the shos at the start
of the simulation. After the <hor has been initialized the
rrodram outruts the current shor status  See Arrendix C )y ane
sromets the user for informai.on rewured for the urcoming weel .,

The 1nformation r1equired is the 1nduction tardet values amount
of overtimes anid the numher of worbere teransferrins an or out of
the <hor., The workers’ efficiency ratindgs are then uyrdated for
the urcoming week, After adding or deletind workers the rrozZram
is readw to simulate the week.,

Jobs are dgenerated snd girven exronentially distributed Job
¢imees ( rd. 4B ). A certsin sercentade of theose Jobs are thern
vlaced on the ronworkable bhacklos and the rect one the worlkstle
backlod, When a Job 1s s=laced on the ronworkshle backlod the
srosram calls subroutine DELAY to calculaste the delzy time. HES
delzw time distribution 1s 3 tuwo-stage deneral erlansz
distribution. The subroutine comrutes the delaw time so that
the Job’s event time is not during the night. When s Job is
rlared on the worksble backlog the srodram ¢alculates ten
rercent of the Job size and stores this value. This enables the
~rodram to chechk the Job after ten rercent hss been comrleted.
Trmie rrocess continues until the totzl zmount of work dgenerzted
e.ceeds the tardget value.

The =rodram rlaces an event on the event list to mark the
end of the regular work dau. Idle workers are given Jobs to
rumiber on which the first and lazst entries of each sererate 113t
=re locsted, Eaeh entry must anclude tie row rumher of the ne t
entrg on the list, The lirmken lict i¢ comrosed of =130 sererszi.
vectors, THe information stoved 1o the vectare varies derengios
uran the rarticular list and soath the ot 15 on. Far a comete
neccrirtion of the informetion stored in the vecrtars see 4., 00

Tyore oFrerstion rerformer D bt madel requrres an entry o
Yoben off =2 licl snd thern slscen Loclt oo o List, lhirs is
crmieved e suncoutines TAKE o O pearectivel . Fach of
tisse sunroutines Entries sre sluses Leben off dhe front ot
LIRS N The <cubrouvtine mu=t be ey v, thne Jocstinng nf the firved
e laet entre on the Yist, Cut.romtane Takr =ete o tlas when
toe lezst entre of a3 list ose been TEmOVon. A et vy mas e
Fl=cend on the trants b=el s o minglse ot = li1at, rtries slace.
1. Lhe mudnle of & list <o darectle an front of the entre with
borser wiloe ane vector BEVENT, Suatviogtine PUT aloo remuipen 10
Yoeatyorn of firct and lezt entrics ot thie L1zt Adrirtionally
e sunrvoutine necds the method af vnty o o lacement . Both
~tmrantines gae 30 tnteser vector S tuo resl corrantlen to
trorster the yntormatiors to the main srooram,

With these two tools and otiners wintoen willl e dracu e whe o,
reederds 1t 13 rossible to bhedin the dizcus=10n ot hinw tie
rrosram orerates, All references 1n this section refer 1o the
Togic flow diadgram in Arrendisx K, The sroaram farst abt=ins

lyges of the various shor sarcmeterey dnitizlices the lainben
Ti-te sets rointerss and then rune the cho to renaon atesns:
crare connrtions O opg. YRy Faom tias roant the saamulstainn

toceede e weelb st tomes cobane tor weelk le o antarmationn o
cosboartang thee weed cn o Teentte L Aitrer Y camt st oo s aces

o

torrg matenlates snep matrat - et [N S UTNELE B TS )
IETEE TN IS A YA S SEW SYSINNENS F SO WY SURTINL SERUREI TSI SR B SRS DA I SR Y tring-

peas ters o TF e e w e tes e ot the andtormat ton e b
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the rrodram calls subhroutine INFUT. Ostionally the rrodgram
calls subroutine RATA to inrut the information from a3 stored
data file, In either case the -rodram must then call subroutine
FARAM., This subroutirne calculaties the needed rarameters of the
nonworkable delay time distribtvrtion trom the drven mean and
starndard deviation.

The model is then oreraterd for twenty weebts to hring the
«hor to stezdy state conditions ( =5, 24 ). ARfter the shor nac
beer initislized the current shor status is autrutted ( See
Arrendix C ). The rrodram then sromrts for the information
required to simulate the uscouming weel, The information
reqauired is the irnduction target values zmount of ovértimes znd
riumbher of workers tramsferring in or out of the shar, The
efficiencw rzting of each worker 15 urdated bwe orne week.,
Transfer of workers in or out of the stnar occure 26 this Froint o
3 33 Yo

Jobs are dgernerated and given an ewronentiaslle distrituted
Job size ( rgy 3B ), A certzin rercentasge of these Jobhs are
thern rlaced on the ronuworkashle hacklodg and the rest are rlzced
ari the workable backlod. When 3 Job ie rlaced on the
rnonworkable backlod the rrodram calls subroutine DELAY to
comrute the delay time. The delav time distribution i1s &
two-stage erlandg distribution. This delaw time iz added to the
current clock value and zadiusted so that the move time 1¢ not
when the shor is closed for the right., When Jdobe zre slaced corn
trie workable backlog the rrodram comrutes ten rercent of the
ci17e and stores this value with the entrwe. Johs are dgernerated
until the total smount of work senerzated evceede the inrutten
tzr3et value.

The Frosram besine the cinulstion hw slzcing zn entre on tir
event. list to indicste the eng a1 tie daw. Newt the workers
tnst zre a1dle are diven Liobhs from the worksble backlod, Move
time for these .obs are coetermined by zdding Lhe current claoct
crluye to the zrxrorriste amuunt of the Jobh iz, Tnis value
cather ten rercent or 90 sercent derending on wiether the onh
Foe bean 1n process before (1.0, Job o i1s on oraths 3oor 4), Thio
vorter: efficierrv r3ting 15 uead bo andust the move time to
roflect the zaditionsl time nesded by =dagsting workers. Wirie
vior b tabes 3 aob brs oadle taime s comeunted boo o cgproagtine Tt
Tivis contirges: ant1l ei1thner no wortters =re 31dle or no iobs
reansin on the workotle bark Los,

Samualztion =roceeds oy csettin the clock ecnsl to the mooe
tame af the farzst entra on the soont liet, Thic ontry as

Temnced and the Frosram rnecke o cer ghet thie nest orerataron
s, BB O 1t the ol 1y com=leded then tho srodram must
nrdzte the arervorriaste atztaztycs ang connters. Then cubro *tar:

MEWIDE 15 callend to sive the treed worlter scnother oobh 1 f ore
ilathle, Whern rmo dobs are av:aatable the worber 15 flagged
1991e untal ome becomes 3varlashle, NMtherTwri e the o ye ertii

Zoans from the nonvorbzole to the worbzoole backiods or an
stocess with tern rercent comrleted. Ire the firet c=ze the oon
1z =laced on the workable hacklos directlw 2f slrezds 1m0 160 F
hetarer and 1f not then the tern rercent valus ot the aob =10
determined and stored with the entry on the workabhle hacklon.
I the second czoe the srodgiam will cend the aob to the
rcnorkabhle ok b o Sivern rorcoentasge ot e tames Wi de tiae

f

v b candtarmeee to b oyarbedg o et b comr arre s T bt
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rossibility is that the end of oy indicator is tavern off the
event list, Until this occurs the srodram loors bioobv and tabes
the next event off the event 11i-.t.

Whern the end of the das incdhieator 1o taton ot the event
lict the grogram must do several tirmse O g4 &R ). e firct
thindg 1s to rut the ernd of daw 10 ator tor thne nect day onto
the evernt list., Aatter doing this the rrotiream then determifres
whether or mot workers gre to v overtime and now muach, 1t rfo
overtime is available the move times of Johs being worked on »re
auousted to occur during the next daw. s recurres that +he
gabh first e found It 15 not oecessarvile tne firat centry on
the event list ) ond then placed Sack o witin the adousted moos
time, Sutwroutine RESORT 1s nsed to rerform both of there
o-~erations. If overtime is available the the Job 1% #~ither
worked on for the overtime interval znd then adinzteadr or
comzletea freeind the worker, when & Job 1e comrleten ditrarne
avertime 1t is tresten caactly 3¢ before znd the worber 1g s ern
z new dob 1f 1t 13 aveillable. It the worker receives z new ol
Auring the overtaime =eriod 1ts move time 1s immediotelw adoaznted
to the rnext day. This means that & worker ozn not comrlete moro
than one Job in eny single pvertime gerionn. After o1l the
workers have been deslt with the erodrom ztarie anoiher 43w,
This contimues until five dags or 3 weebk nave bheen comrleteda.

When = full werl weel has heen cimulzied the Frodgrasm ontrg:
tre caontents of tihe backlo=gs, Tncluded in this ontegt are tine
worker idle times work comsleted, averzce flov timesy snd ndmi s
ot workberz 1in tihe shos ( P S I Tniz 1nformotion with thoe
socertion of the zversses flow btime 1s nrd2tea counticnnougly z2r

1= svaolleaeble st zres time, The pverzde t1ow time i@ somrutes  *
the end of the wenth, The motrar e doterasted b suba cstine
OUTEnT, The =rogsram wi1ll thern ot 9t srother weol - fno e
il ated.

Whern no o wore woebs o0o to ne imul cteo fre sroen o camErn b

e ey a2 st amdderat devr bty o of bt tlaw o tame oo b
TLRE Cutrroantine FINAL 1z then called Lve Ly st m ot aon
Yo owiih o the tobtal 1adle Limes iobe cosn e Terts o gt
camierleted are outegtteon, I'e cubrrout e 3l:o comrntes the "
effi1ciencs znd ontegts b too. trasrat crveab v g L ren
iminzted. ’
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ine mhar tre2aning crosrem was o wrttrtoen 1o o nse o braynine
croaprctron control seroonnel) s Tiver moope nivaiepetyye 35 o et
ey reel for hut the ohiose oreratoec, It 1 roccande to
e i tect s 0t ovarious Coheduling Sec1srions on the shors,
‘ troasrsm SHOE was internded 25 2 learning teool sor 2hiould be
: tre st as cnch,

? Tiw =hor 14 comrozen nf three Dasic elements! the worb: til.
ik los areay the nonvorkable backlod #=reay and the sroces1rm
pen reee =g, 10D, Jdobhe arrive at the shor and normallse are

enterea into the workable bachblogs to puait Frocessing Dy an
svE1iable worker, Ity for some reszony o Job ranmot be
crocessed "zs 1s.t it 15 entered into the nonuwarkbsble backlos.
‘ H=pallwe Jobs will be slaced in the nonworbahle bhzeoklos beczu-

aof the nonavrilabilite of 3 rart or techniczsl datz requiren for

srocessindg,. Once the rmonavailanility ie satisfied, the ok

returns to the workable backlos.,

Jobtz move from the workshle hacklos to the =rocessing =re

y e needed,  Sometimesy durins thie initiz)l discecemhlye of ~ 0%
f 1t is determined that an zdditionsl rarti(s) i¢ neosded to
comrlete the dob, If the rart(s) is not zvailahley the Jnh 1=
entered into the nonvorbkanle backlod (zee Fisure 1). Wher

1
F USEMAN = i
“,
|
t
:
\
1

I
b

% rrocessing 1s comrleted on a2 dobsy it lesves the zhor.,

| This menuzl i1s 2 tesr by ste~ discristion for oserzting oo

{ mrofrem "*SHOP', The srodram is & simnlation model of = turicad

i HeARWF. shor, To turn the srodsrem ture 17 *RUN SHOP®, I the
following text srogsram instroctions znd dierlavs zre identifien
e (PROGH InrFut to the srodgram ie receuired when wou see (1SFR,

At the bedinning of the rrodrem wou must chocse zm ortion

for entering the initisl rarasmeters,
(FROGY DO vyOU WISH TO INFUT PARAMETERS YOURSELFT L[Y/NI]

' (USERY If gou enter "N* the the sarvametere will be rezd from =2

storverd data file.

If wou choose to inrut the raremeters wvwourself then the
rroeram will sromrt for the information as seern in the next
section. 1 wou choose to read the values from 3 storeqg file
trern sb1e to the section after the second line of asteribs(kxxx),

FE KR FAORRKOFOKK KK AOKOKOKOK K KK KOKOE K KKK KKK KK SKOKKOK SR K SKOK K KKK K ROKIOKROK KOk £ ¥k v &

CPROGY INFUT FROBPABILITY JOB IS DETERMINED NON-UWORKABLE URON
ENTERING SHOF. i

(USER) Ernter the rrobabrlity as 3 decimal ruwher betweernt 0,0 zand 1.0,

(FROGY INFUT FROBARTILITY J0OB GOES NON-WORKABLE AFTER START OF
FPROCESSING.

(HIGER) Same 25 above,

(FROG) THEDT MEAN DELAY TIMiL TH DAYS.

CHOEFRY Number must include decimzl roint. i
2] '

sk = g




CREOGY OINFRYT STANDARD PEVTATIGH OF T LA ViME .

PHSERY Same w9 above,

CPROGY TNPUC TNTEGER (OLL) SEED FOR KRANDOM NiMek R GENFRATOR,
(VOER) Seed must be an odd inteder between -92Y znd 299,
CPROGY TNFUT AVERAGE J0OBE SIZE IN STaAMNDARD mMAMN-HODRS,

(USEFR) Enter number.

(PROG)Y INFUT MUMBER OF WEEKS UNTIL TRANSFERFD FERSONNEL ADJSUSTE R
AND WORKING FULL EFFICIENCY.

(UNSERY T1f wnrker 16 at full efficiency during third weel then
enter a3 ‘3",

(FPRNGY TNFYUT EFFICIENCY RATING OF TRANSFERED WORKER FOR FIRST
WHEK TN SHOF.

HISERY 1€ the worker 1is exrected to worb at HOX efficirency thon
anter 0,8,

(FROG)Y INFUT LFFICTIENCY RATIMG FOR NFXT WEEK,

(NSFRY The sragsram will sak for efficiency ratands for 311 bt
the lasi week of the acoustment reriod. The srosram
suses thistl the last week in the rerics is done at full
efficiencyy so 1t =2s2idns =z rating of 1.0,

XK KK AOK TR A SOKFOK R HOCKOR K SOK IO KKK KRR KR HOE KKK KKK KR AR KRR KKK KKK Kk &k ¢ 4
(PROGH INFUT NUMRER OF WORKERS M SHOF aT START OF SIMULATION,
C(UZER)Y Enter numbher.

At error in the inrut dats will recsult in the uestion
being rereated. If wou choose to rezd the sarameters from the
data files the srodgram will <till rromrt wou for the rnumber of
men in the shor.

After the rarameters are entered the srogrsm initislizres the
O Thnis is sccomrlisned bw orerzting the chor for twenty
weets,

(MROG) MODEL BEING INITIALIZED

The inmitialization rrocecs causes s short delaw after which
the rrocsram diserlavs information on the bhacklods, The
information 1+ disrlaved in the followirng format.,




UOEMAN 5o e

CHEOGY RFESUL TS FOR WEFN O
KAUKL 06 NO. OF JOBS NO. OF HOURS OF Wok
WORKAELF XXXX XXXX o X
NON-WORKARLE XXXX XXXX WX

WORKERS WERE THLE  XXX.X HOURS.

WORK COMPLETED THIS WEFEK TOTALLED XXX.X HOURS.

AVERAGE FLOW TIME XXX.X DAYS.

NUMEBER OF WORKERS IN SHOF IS XXX.

FThe pro<ram will then s=romrt vou for the information on the
nrromings week,

(FROGY SUFFLY INDUCTIONS T0 SHUP FOR UFCOMING WEEK,

(USER) Enter the tardet value for the weelk in hours,
(FROG) INFUT QUERTIME HOURS AVAILAERLE THIS WEEK,

(USER) Enter the totsl zmount of overtime hours available.
(FROG) INFUT NUMBER WORKERS TRANSFERRING TO/FROM SHOF,

(USER)Y Enter 3 rositive numher if transferrimz into the shor
snd a2 nedative number it leaving shor.

The srogram will then disrlay the results for the week in the
zame format as asbover and assk if wou wish to continue.

(FROG) D0 YOU WISH TO OFERATE ANOTHER WEEK? L[Y/NI]

(USER)Y Erterindg a "N* results in ouwtrut of final statistics
and termination of rrodram.

Final results of the simulation are outrutted in the
following format.

- 7% -




I||||||||llllllllllllllllllllllllI------llllllI---tvfzvﬂ-c:;

§ HSEMAN  raae 4
;g

i CERUG) FINAL RESLL TR FOR XX WEF 4

: XXX JORSG W RE COMPFLETED TOTALLING XXX X HOMIRS OF WORK.

% AVERAGE FLOW TIME WAS XX.X DAYS WITH A

: STANDARD DEVIATTON OF XX.X

F WORKERS WERE IDLE FOR XXX.X HOURS

E SHOF OFERATED AT XX.X %

E There are two conditions which will cause the srogram to

terminated srematurely.

(1) Number of Jobs in shor exceeds the maximum riumber of
Jobs zllowerd,

(2) Last worker inm cshos is trensferred out,

It chould be rnoted 2t this roint that the maJdor factor
sttecting the overall oreration of the shor is the status of the
vorleble backlod. Qereration of the model for z reriod of wee!l -
<hould show that worker idle time increazses when {the conternt of
this backlog is low. Ane increase in idle time will lower the
efficiency of the shor, At the same time it ic imrortaent that
the worksble backlog dees not become to full, This would result
in 3 larder non-workable baclklog which in turn increzces the
storsde srace needed,
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PORTRAN TV Volne FRL 171 R Y IR a4 SFST S
S e CHORP=GHOF

[AIRTe N
i)

3
IS IAR]

CURERRRKKREFRRXRKKKKKN  RRKKKKOKRERRK CRKKKKKE G b I KRB SRk F R v e kbbb ey -
LKk FROGRAHAF N RYS 0N © GILMOUK v
P Kk THUM ) HODIGSON x
i kX THDUSTRIAL AND SYSTEMSG FRGTHEEEING DRV, ‘e
(R § UMITVLRGSTITY OF FLORIDA T
KK GATHESUTLLF s FLORIDA 20411 o
(XK TELEFHONE ($04)397- 13444 .-
C R AR OO O AR R KKK KK K KOO KCKOKR K OR KKK KRR KKK KK KKK R R H A k¥t 4 b1 v
"k THE FOLLOWING FROGRAM IS A SIMULATION MOTFL FOF & TYFTL A -
CHE NGAKR.F. SHOF., JORS ARE SCHEAULET EY STANUAKTT MANHOUR v
Cx%  COMTENT. [HE FOLLOWING IS LIST OF THF MaJOR UAKIAELES ’

Ckk  AND THEIR DEFTINTTIONG, .

Uk F1 = PROBARILITY J0R WTLL GO NON-WORKABLFE UFON ENTRY TO .
(4% SHOR, .

Nk P2 o= FROBARILITY JOR WILL GO NON-WORKABLLE aFTER FROCT S .
DXk ING HAS EBEGUN, v
CHK LAML 2 LAM? = PARAMETERS FOR DELAY TIiHF TISTRIBUTION. .
CXE MHIOE = AVERAGE JUESIZE IN MANHOURS. .
Ck¥ DMEAN = MEAN DELAY TIME. ‘-
(5 3. NSTHFY = STANDARD DEVIATION OF DELAY 1TME. ’e
L*¥ NWK = NUMEBER OF WEEKS UNTIL TRANSFERED FERGONNE . ART e
CXk FULLY AIUJUSTED, v
CEK MORMFM = MO, OF REGULAR WORKERS IN SHOP, :
C¥k ADDMEN = NO. OF WORKERS TO BE TRANSFERET IN OR OUT e
0K OVRTM = HOURS QOF NUER TIMF AVAILARLE FUR WEFK, .
CXE HOUR = TARGET VAl UE FOR SCHEDULING JOES FOR WERN, .-
£¥k EMFTY = ROW NO, OF FIRST EMPTY ENTRY. +
Kk WOF = FIRST ENTRY IM WORKABRLE QUELE, '
Ckx WRL = LAST . . . ., .
CXX NWQAF = FIRST ENTRY IN NON-WORKAELF QUFUF, 'y
CXX NWOL = LAST . . . <, ‘4
Cx X WRKF = FTIRST FNTRY IN WORKER LIST. b
CXX WRKL = LAST . . . -, 4
CxX I1 & I? = SFENS FOR UNTFORM RANIOM NUMRER GENFRATOR. £
CXX CLOCK = TIME SINCE SIMULATION STARTED, %
CXX TIMER = . *  WEEK STARTED. v x
CH k& MAXLST = MAXIMUM NUMEER OF ENTRIES IN LIST %t
CXx  FOR EACH J ks
DXk JOESIZ(J) = JORSIZE IN MANHOURS FOR A JOR OR EFFTECENCY "
C¥K EATING IF 4 WORKER. v
kX EVENT(J) = TIMF TILL JOR MOUVES IN MODEL. -4
CHX REMATMN(.)) = TIME REMAINING IN JOR, e
C kK DIRKFET() = NEXT MEMEER IN LIST AFTER MEMEER J e
TEy WORK () = STORFS WORNER NO. AN OTHER FLAGY. X
CHe FLOWC)) = TIMF JOR ENTERED SHOF, tx
£éx JORCYY = DNIFFFRENT ELEMENTS OF ENTRY TO LIST, X+
XK EFF()) = EFFICIENNY OF WORKER IN WFEK J AFTER TRANSFER. ¥
LEXx OTHER UARTARIES ARF USED TN VARTOUS SECTIONS OF THE FROGRAM 1x

AR RN R KK 00O KON KK KKK KKK KKK KR R % %
TMFLICIT INTEGER®D (R-0yS-2)
THTESEE REMATN AJIIHEN
KEALYXR AUFLOW, SDFLOW
RFAL EVENT Py P2y MNJOEyLAML s LAM2CL OCK» TIMESEFF (6) » INLTH»
X HRWK 3 HRNWK » HRTIONE. ¢ THRDNE » CHRUNE » TOT TIN_ 9 F 1O

- 26 -




iy e .. . I S R UTVIE B U SRR VAW IS R A V) FabLk V0w

SH()P ’ .)HOF =SHOv

Q005

(QITOYS
OO/
0008
IRIRTALN

0010
ot

SRR
vl d
a1 4
Dy,
v

X TOTFLO»FREFLO,SQFLOW
COMMON EVENT (1000) y FLOW(1000) 5 JOBS1Z (1000) y KEHAIN(1000)
x DIRECT (1000) » WORK (1000) » JOE (3
LOGICALX1 ANS»REFLY»YESyNO
DATA YES//Y’/sNO/ N’/ HAXLET/ 1000/
CALL ASSIGN(6s’TI%")
CALL ASSIGN(3y DATALDIAT )
£ RO IOR KKK KKK XH KK XK K KKK KKK KKk 4K K K KOk KK KK & K
CKX INFUT FARAMETERS AND CUNSTRAINTS X
CXRKK KRR KKK KRR KKK KKK KK OORKK IR K KKK JOOKK KKK A A0 KKK F %
TYFE 4 :
4 FORMAT (10(/) 20X 25C %) /20Xy "% NLARF . SHOP MODEL X7 /20X,
25( %) //
‘0 THIS FROGRAM IS A COMPFUTER MOLEL OF A TYFICAL ‘/
* N+AJR.F, SHOF, TO INITIALIZE MODEL CERTAIN‘/
 FARAMETERS ARE NFEDED. THE FROGRAM ALILOWS DIRFCT‘/
* INFUT OF FARAMETERS OR READS FROM A STORFD’/
* DATA FILE *DATA.DAT*. TO USE THE FROGRAM’/
INFUT THE INFORMATION FROMFIET FOR., THE FOILOWING'/
* INFORMATION IS FROVIDED EACH WEEK: COMTENIS OF ‘/
* BACKLOGS, HOURS WORK COMFLETEN, HOURS IDLE, ANDC/
© AVERAGE FLOW TIME. FINAL RESULTS SHOW HOURS WORK’/
* COMFLETED» HOURS 1DLE» AVERAGE FLOW TIME, STAMNIAKL/
" DEVIATION OF FLOW TIME, ANI SHOF EFFJCIENCY.’/)

I I I I I e I I I K

30 TYFE 6
& FORMAT (/7 WANT TO INFUT FARAMETERS YOURSELF? LCY/N1 ‘+%)
READ! (&6935yERR=20) ANS
35 FORMAT (AL)
IF(ANS.NFL.YES) GO TO 40
CaLL INFUTC(FISF2»T1I2,IMEANYDSTDEY s NWK y MNJOE » NORMEN s tFF )
GO TO 4%
40 IF(ANS . NFL.ND)Y GO TO 20
CAlL TATA (F1eF2y T 12y DMEANYDICTNF UV NWK s MN OBy NORME N, FF )
35 CAtL PARAMI(DMEANSDSTDEV.LAML L AM2)
TYFE 46
FORMAT(10C(/)y 7 MODEL BEING INTITALIZEN/ »10(/))
t*#tt#t*x*#*#*************x*******x****#**??Y*********x*x**x*x#x##t*ttt
%% ITNITTANL LIST IS EMPTY k4
RS 2223032303328 350332383 ¢8 333300030383 3¢33033¢33 3333332203222
MX1.5T1 = MAXLST--1
Iy S0 M=1yMxLLST1
iy DIRECTO(M) = M+1
DIRECTI(MAXLST)Y = 0
IR EEEERS 202235333030 838333830240232383303033¢3 338333 3¢ 33¢3¢¢33 3RS
f£% TMITIALIZE POINTERS Y
(LTSS STESE2 PSRV T2 2303832800003 30833383303834430202% 3RS R2RRSRRRS;
FLaG = 1
intE = 0
HOJO0E = 1
NWQF 0
Nl 0
UOF = O
wer - o
WREL = O

I)

L]
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Ul TRAN T VOo2.,2 ) FRE 12~ JUN I PR A4 FanGE o

Sy SHIQE = SHOE

PR WENF = 0

RS EMbET 1

RS WEENK = ¢

g g JORWE = O

RTOR: HRWK = 0,0

Gy JOBNWK = 0

ISy P HENWKR = 0,0

OTas CLOCK = 0,0

ATAR I HEDIONF = 0,0

w04’ THRIMFE. = 0.0

VAR TOTFLO = 0,0

RISE Y SOFLOW = 0,0

NS0 SUM = NORMEN

RTCLTS ITR = MNORMEN
RS FEOE LSS IEL LSS ST EET 2000333028033 8342222203 820 SRR RNNE R RN
CEX GENERATE WORKERS £t
(IR EES S22 5325208033303 2280325023303803¢2330033023832¢332333333224040RARRN

it 0o A0 K=1,MORMEN

AR JORCL) = NWK

D4 TIME = 1.0

CIEY JORC2Y = -1

COsL JOECZ) = O

(ATA bt FNT = EMPETY

SR CAlt, FUTIWRRKE sWREKL «Os TIMFE RVLOW,EFMETY)D

NOSY LD CONTTINLIFE

200 HOURS = NORMEN®400

RIS | OVRTH = O

N0SH2 ADDMEN = O

DOEZ 9D TF(WEEK.EQ.20) FLAG = O

O0ED WEFK = WFEK+1

(086 IF(FLAG.EG, 1) GO TO 200

0068 WEEK = 0O

0049 CAlL OUTFUT (JOBWK y HRUK »y JORNWK » HRNWK » CHRIINE y WEEK » SUM»

X IDLTMs AVFLOW

0070 RHOUR = HRDONF

0071 JCOMP = O

0072 JEWK = 0

0073 10T, = 0.0

(074 WFLOW = TOTFLO

ON75 REQFLO = SOFLOW
D SCERERPFSCIEPIPEL2028258000¢20033¢3824840230383 2233333433533 80RRTET IS
Cx% TMPUT DATA FOR UPCOMING WEEK L
TARRLKIOR KRR K KRR KER ORI KR KK KKK AKX KKKk Kk k kk kb &

nn74 100 WEFK = WEFK+1

Q077 INLTH = 0.0

0072 1 116

RIS AL
GOLN
IR
Q082
GOR Y
QISR
19121288
OO

115 TYPE
114 FORMAT (/7 SUPPLY INTHICTITONS
FFANCSH 117 ERR=11%5) HOURS

1O SHOF FOR MNEXT WFEK (HOURS)

¥

~—
N

1y fORMAT (T
HOURS = HOURS%10
Lo TYFE 121
o FORMAT (/7 INFUT OQUERTIME HOURS AVATLARLE THIS WEEK. 7»%)

FEANICAS 1175 FRE=120) OURTH

[’ YRR 1246




«_-_,——

i URTHAN TV Vo, 21 FRI 12-JUN-81 0%i46107 Fract e
. “."!«'f"l!llf"v-""_:HUF.

Pre FORMATC OTNPUT NUREER WORKNERS TRANSEERKTRG TRZEROM SHO L 10
% COEFOSITIVE MHMEER TF TRANGEERRTMG L0 SHOf, abn
% CONEGATIVE NUMREER TF 1 FAUING SHOE et

KEAUCas 11 75 ERR=125) ADIMEN
IRES SRS NS SERAS 3034803303353 2838 2002020822222t tARAtAsdRRENRNARE

¥k UEDATE WORKER STATUS o
R 2t 2302202220332 33 3383333723333 3333383832323 3313133213221
HOUT 0 PNT = WKNF
T 150 IFCIORSTIZ(ENT)Y JFOQLNWEY GO T 140
AYRIEES JOESTZ(FMNTY = JOLSTIZ(PNTIIL
D, EVENT(PNTY = EFF(JI0BSTZ(FNT))
AN LA FMNT = DIRFOT(RNTD)
Dt TECFHLLNELO)Y GO TQ 150
R L i ittt s tttT2327%2233%3123%222%33%3513333712233% 222222 RN
C¥¥ AD OR LELFTE WORKERS e
28220ttt 232223222 2883823333223323322323232323 33 X2 RRERRRE
O SUM = SUMIADDMEN
T IFCADDMEN,.EQ.O)Y GO TO 200
GO0 TECALRDMENLLT.0) GO TO 175
; G102 00O 170 K=1,ANUMEN
: g JORCL)Y = 1
g Copi TIMF = FFF(1D)
; SRR JOB(DY = -1
f Do JOE(ZY = O
D10 IDLE = IDLE+1
D Los FNT = EMPTY
10w CALL PUT(WRKF yWRKL +O» TTHE »RFLOW EMFTY)
110 CALL TIDLE(SUMsCLOCK yOsFPNT»IDLTMs ITRTOTIDL ) 1
0111 CALL NFUJDR(PNT »WRF » WOL s NWRF s NUQL »EMFTY » JOEWK » HRWK »
X CLOCKyNOJOEs TOLF ySUM IDLTM, ITRSTOTIDL)
G112 170  CONTINUE
"1 GO TO 200
S L i T I Tt e22TT2TT333333333332333333333¢33¢3332322222aRN:
CAX DELETE WORKERS -
C A% RO AR F K KR KK IO KT 4K KKK KKK K KO K AR KO K AR K RO KORKORR KKK KR KK F Kk ¥ s
0114 175 ADDMEN = -ADDMEN
011y 0 180 K=1yADNDMEN
N4 CALL DELFTE (WQF s WQI » NWQAF » NUAL s WRKF » WRKL y EMFTY s CLOCK » THILE »
¥ JORUWK » HRWK)
"1 Y 180 CONT TN
3232338333833 232333382333 332233232808 32883333323342433323332323333332%¢%
Xk GEMERATE INCOMING JOES v¥

03223583303 323233800022202223333 0333338333333 020¢03033323022222 0NN
ati o 200 THOURS .= O

R B IF CHOURS,.ER.O0)Y GO TD 240
- U2 S B BV MAXJOBE = JORWK+IOBNWK$SUME I
. 6122 IF (MaXJOR(GE MAXLST) GO TO 810
‘ 01224 JOB(L)Y = —ALOGIRANCILI»T2) )YXMNIORX1O0
o1y [FOJORO) L E0,0) GO TO 210
AD L RFLOW = CLOCK
R D TFARANCTL»TI2) G781 GO TO 220
2220323533303 3332352 2323222250303 833303 0030830020822 233 20020382280 00000
Chx ENTER NON-WORKABLF QUFUE 1 8 4
KKK KKK JOKOK KK KKK KK K KKK KK OK KOR KK KK K 30K0K KO8 8 88 88 3OK 8 R XK R ROK KR KKK K K K &




AR
oy
[IRIE

cr .
b

T I

Ny T
SRS
oI
DTG
1 an
a4y
SRR

(S B
D) As

¥ ¢
3 NS
)53
10
Ol A
Oy
0157
0140
141
0162
01464
N1465
N1 &b
1148
. 0170
i G172

T TR T sy ey

G173

“1/4

Chttle e

ORBTIE FRRNTRNRY: Vet 2o s CAnoT Brda oo
Vit SHOP

JORCES 1
JOBHWE = JOENWKA
HENWK = HENWKA JORCL)
CaAtl DFPAY(TIMF» 1Y« T2y LAMI»LAM2,yCLOCK)
CALL FUTONWQF s NWOL s 2 TTHE sRFLOWSEMPTY)
GO YO 270
IS ER22 2322222332223 ¢ 2332300223333 33¢803334 3023238332334 222800 A
bk ENTER WORKAELE QUFELY ¥
IEARESES SRS P28 2202200220202 30 8300333000833 ¢SSt RaRn sl
200 JORUN = JOBWK+4L
HEWK = HRWK+JOE(1)
NOJOE = O
[tk = JORC1IY/10
TLME = [JOR
JORC2Y = JOBRCL)-DIOR
JORCEY = 0
CALL FUTCWRF»WRL O TIME s RFLOWYEMPTY )
D0 THOURS = THOURS+JOEC(1)
IF (THOURS.LEGHOURS)Y GO 10O 210
RS20 2 0023V 220023 5432800008838ttt setTstIIsNIRRRARE:
C¥X STaRT SIMULATION v
RO OO O KOKORORKCCKOR IO OR KR KOR XOR KK OIOR K R R KK KORK KRR Kk kv b r b v by
a0 nay = 0
TIMER = O
IF(CLOCK . NELO.0)Y GO TO 280
RSS2 2202202823203 3383083320020t ittt sesststst ittt s R iRy
r¥¢ FUT END OF DAY INDTICATOR O EVENT CHAIN Bt
R A2 222 2S LTI 223302520033 022200 0832338020 3333338¢0 3332l AN
JOEC(L) = -1
TIME = 80.001
JOB(2)Y = O
JORCE) = 0
CAall PUT(NWAF s NWQL » 2 TIME S RFLOWEMFTY)
280 FNT = WRKF
290 IF(REMAIN(ENT) WNE.~1) GO TO 3060
CALL TIDLE(SUMsCLOCK Oy FNT» IDLTHM» ITR»TOTIDL)
INLE = IDLE+41
200 FNT = DIRECT(FNT)
TF(PNTLNELO0) GO TO 290
310 FMT = WRKF
no 215 J=1,5U4
IFCIDLE LJEQ.0) GO T0O 320
IF(NOJOE,EQ.1) GO TO 320
IF(REMAIN(FNT)Y NF.-1) GD TD 315
caLL NEU!UR(FNTyNQF;MP(yNUPT;NNPl9FMFT\;’U}whrHRUhr
X CLOCK Y NOJOR» ITTLE » SUM» TUL TMy TTR» TOTIDL)
315 FNT = DIRECT(FNT)
TR K AR A OO KO OKIOKKAOKIOROK KRR KKK KRR OO OR KKK KRRk KR KR KK KKK b &
Fxk UFDATE CLOCK %3
FACK RO X 30K R KOKFOORKOKCKOKORKOK ¥ HOOKKOIOK 0K K AOKOR KK K KOO OOOK KK OK KK R KKK KKK Kb Kk Kk k&
00 LLOOCK = EVENTONWOF)
CAXKKIOK KKK AR KRORKRRCK KR KKK KR A AR KRR RKOE KR KKK RR KRR KRR KRR A Kk Kk ¢
¥ TAKE FTIRST EVENT ANDU TEST FOR TYPE bt
£ K KKK KK KKK KK AOKIOR KR AR K ORI OO OO K AR OR SOKOKIOKRK KRR KR Rk k¥ v ¢
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TETTEwE S T

(AW PRA
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NINE
OT06
[N
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070G
10

(RIS I

AR B

AR

el b Ve, PET 17 1y 21 0%t g0

lorpr s e

R S N N RN S TN BT I B O 1 2 T 3 B R LU B ) S SR AV N
[t tOBCLY L F0O -1 G T S0
TFC MR CLy b, -1y G0 T 40
TF by b0, O) GO 10 408
[F o 1t Ty (e -2Yy 1l TN S0
IFCRaN YTy TOY LT DY GO T 450
LIRS AR 224232332222 SRANRES SRR AR SRS LS ENEES SN NA NN
[ S 3 JOR GOE S NOMN-WOREGELE FROR Te FPEOCESS
IRSEEAL LS SEETEEESSCRASRAARER TSRS ERARRSESSERAARE S SN S ST
ENT = R E)
JOBRCEY - 2
CAll TFLAY(TIME T 2oL aMl s LAM2 T 05K
JOBENUK = JOBNUK4 1
HEMWK = HEMNWUKY IR O2)
CAl Ll FOTONWQRE s NWOQL » 29 TTME P FL O EMETY)Y
G0 10 3%0
ISP ERERRATESSESERSEFESTOCEENEISEEDRSEALC ST AL FD LSS N NNEE NN EEA
¥ JOEBE GOES FROM MOMN-WORKABLE TO WORKALLT L
C R ERF R AR KRR R KRR KRR F KR R B R RN ER Rl PV R R R ra v b 0r 0y
405 IR = MR1)/10
TIdE = DIOE
JOBC2y = JORECLY-0U0R
OR8N s JORNWK -1
HEe W = HENWK- RO 1)
Lot PUTOWARF WO o4 o TIME s FHL O FMPTY D
MOJOE = O
AJOBWKN = JOBRWK4 L
HEWR = HEWSA OB
GO TO 31
CRERXKKRKE KK KKK KR KRR KRR KRR OK KRR RO R RO KR KKK E KKK KR kK Y bt
Cx¥ JOBE STAYS IN FROCESS UNTIL COMPLETION bt
(IR E33 203322 EF T2 ¢330 ¢3 ¢85435 0233000302030ttt FEe S ERNEREN
450 DUMHY = JORC2) JEVENT CIOR(E))
TIME = (CLOCK4DUMAY
JOBRCD2Y = 0
RFMAINCIOR(Z))Y = EMPTY
CALL FUT(MNUAF s NUAL « 2+ TIME+RFLOW EMETY)
GO TO 320
£ AOK KKK AR K KK OROKOK R OK KKK KOK KK KK KOO RO R K KR O R KR KKK Rk ke b ¢
Cx« JOE IS COMPLETED L 8
(IRSEEF22222308 0208288383380 83302230 ¢3 03823830 ¢320S2333¢3333¢F3 R3S RN
A7 BT o= 003D
HETIONE = HRUONF 4+ 10R 1)
JOOMP = JCOMP+1
TOTELOD = TOTFLOMCLOQOR KR OW
SOFLONW = «SOFLOWS ) QCK-RFL QW) %2
BEE23332333 2333333308333 ¢223383 03¢ R38R0 ES003008¢8303 5023888802308
MYt GIVE FREFD WORKEFR ML JOE LA
IREAES SR S22SSSES22SSSR0 0S¢ ATNNES O FERKKKHEE RN KKK RKRRAKR KKK v h ot
ANEE FIMATHOENT) =
ITnLE - IThLE+41
CALL TTRLFC(SUMsCLOCK» Qs FPNT» IDLTHy ITRyTOTIDL)
CaAll NFWIOBR(FNTs WO » WL s NWQF » NWQLy EMFTY » JORWK s HRWK »
X CLOCKy MO JORs ITILE 2 SUMs TIHM THy TTRHYTOTIDL)
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nI50
N2G2
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ST
Nnoeo
A, O
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SRV
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IR AN NN

Gy Ty A0
IEEEEL TS REAL S LSS RASARTEEL0 ISR CARAT RSSO SRR RS2SRSS ERER RN IE NS
R B JU RFJURMS FRO 0N WORKABLE GUEUE PR Lonb P TTON voe
RSS2SR RSS2SR NS SES RS RLSR RS AR CANE EAR ST ES SRR AR NN EERREEAE
ton Catdl PUTCUARF »WOL « 1 - TIME s REFLOW s EME Ty

NOOE - O

Jopgut - JOBENWER -1

HENWER - HEE WA - O 03

A0DUN = JOBWR4

HERWKR == HEWR Y J0RCT

GOy 210
A2t E8S32E23 3333333522523 S22 ESARRLRSR AR RACES Sl NA R NI

vk SHIFT 19 OUVER .
R a1 i 2233215332223 1313332 N R R RN TR S S TS R R S R
3 OFTEEMINE OUERTIAE HORS :

RS2 FS 2SS SENA S50 AS SRS RA SRR RSN SARERE LRSS R REY S SN NN NI
Seth DAy = DAY 4L

vTeib ke - TIHERAED

DHER = NUETH, Sed

V4 S AN N Y

TFCUHRE L GT (4~ Dayyy 21 = 20

[EME = (R4 240, 0

CAbl b al cMUQE s NURE « e TTad o0 PO M T 7

LLOCE = 1 NCK-0, 001
3R 32222220 22223 333822233233233222223333 3 15T RRRRRRY
FAE FINTOH WORK FOR THE DAY |

PRERRXKERR R AV KRR KKCEXF KRR XA R PR PR KRR AR PR K v i bt
ENT = WRRE
ne &40 M=1»5UM
RTIME = CLOCK
IF(REMAIN(FNT) L EQ. 1) GO TO 450
IFCOVRTHM.EQ LY 210 = 10
IF(OVRTH.EQ.0) ZI8 = O
RTIME = RIIMELZTH
WROW = REMAIN(FNT)
RDIF = EVENT(WROW)-CLOQCK-Z1F
OURTM = OVURTM-ZIF/10
IF(RNIFLLEL.O0.0) GO TO 5350
[F(WROW.NEJNWQAF )Y GO TO 930
Call TAKE(NWAF yMNNQL s TTME s RFLOWsEHFTY s STATUS)
TIME = TIME4160-Z21F
CAatl PUT(NWRF yNWRL s 2y TIHE S RELOW EHETY)
N T0LAO

%320 FNTI = HNWQAF
535 FNT2 = DIRFCT(PNTL)

[FORFMATNCENT) JEQLENTS) GO TO 540

FNT1 = PNT2

6O TO 535
540 TIME = FUENT(PNIZ)L140-.T

CALL RESORTCENT PNTTENTIERETY o NWGOF o NW L TTHF)

Lo 10 460
KK OO ONOOOON OO KOR K KK OOE R B XA 0 £ OO R KK KX E A X s
LK JUE IS COMPLETEN DHRING OUERTIME HOURS +
LS OKOOO0OEE 00000000 KK OO0 100§ OO0 OO OO0 KE KR K ¥ 4
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ty
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' A
Lo,
(AR R
[

N A0
AL R

(v 50,

4G
ARTAN,
[R5 I
oAt
AN

totae [ NI RI P A TR PR RS S T 0 B B (YR L
(S U S IO SR SN XYW A N7 I TN T B O L VR S B TR ST I B S A I A
[RIA E A T A
B TR WO
LAY AT A L I S S TR I B
RV MG TNCENTDY BN ENTDY GO 10 D70
{5 0 I R S I
RS S L
o DYy b epNTY Yy = OINECTOPNT Y
MIRECTOENTD Y = EMETY
FHF Ty - PNTL
st e DONE = HRDONE 4 JORS T2 CWlcdibn)
JUomMe o 1 0Me 4
TOTHE O = TOTFLOE CLOCKA 710 -1 O CWEO)
SOFLOW = SQFLOMACCLOCKE ZTF - PO CWROu) y ¥
FEMATHNMNTY = -1
TIHE = THLF+1
AatIMe = CLOCKYZTFARDTE
Cattl T1IH S UMeATIME v O P P LU TM T TR -TOT TN
Catl NEWIORCENT y WRF s WAL » NWEF » WS s TR TY » JORME s HRWE
¥ ATIMESNOIOBE TOLE o SUMy 1L TM TTR.TOITTIRL)
IRZ223205422233478233 333303223223 44333 22080 N R SRt ERARR SRS RE NI
[ N 4 HONEL ASSUIMES THAT THE PROBABTLTTY OF & 0 DE NG STale b i
i A AHED COMTEE TED DN THE <art QUEFRTIME PRRTOD T a0
RS ER A F S S 2 R E SRR SRS SR TASSSESSE NS PSS SRS AR NNERR SRS S AN AN RIS
HOORFHATNOENT ) JEG HNWEE Y 10 TO &30
IF R MG TN CRNTY JEY, =10 GO T 450
FHTY = il
L10 Friz = DIRECTPNTTY
TV CREMaTHOTONTY JEQ.ERTD)Y G TO 620
FNTT = PNTD
GO THh 10
LHD0 TIME = EVENTENT2)H140,0-71F
CALL RESORTOPNTyENT T RTyEmMEPTY » NWUE » NUGE, T1IMED
GO TOH A0
£HL0 Call TARKE(NWAF yNWRLy TTME s RELOWSEMPTIY s STATUE)
TIMFE = TIMF+160,0-21%
CALL PUTO(MWAF s NWQAL» 2 TIHME s RFLOWSEMFTY)
G0 TO 460
&40 Call TIDLF(SUMYRTIME s 1, RT» I0LTH ITTR FOTTIIND
ThLE = TIME-1
RIS FRT o= DIRFCTORNT)
CLost = CLOUN+140,0
TFOTIMERLFGL1040) O Y0 700
IR = TTMFER+1H0
GO T 220
CHF KRR KRF AL R KKK KRR KRR KRR ER KL AR R KRR R R KRR KKK KRR
¥x WETK 1S 1IVER * %
I RPN ST T2 2222223342333 3423 R F S TR e RN R RSN S ERNSE TSP eV ARl REN
A0 CHEONE = HRIOONE - THRItHE
FHELINF Hik DIOME
AVEL O -
PV CDONAE G HE PR Y CVOi b oe s a2t iEb- JBEMRNDY /240, 0
PREFLI = TOTHLO
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Pansrbdde 1R R N Lo ol b gst Bl

G S G 0

AR METIN L N B ] &
R TFCFL o b 1Y 60 70 20
(RN T Cab L Ty b OB s HRWR y JOBNUN s HENUE  CHE TR G Wi b roy by
* 1L TH s AVE L OW)
! IRt 1O IYFE 11
‘ DR 71 FORMAY (/77 DO YOU WISH TO OFERATE aNOTBEY WIFEY [y ) 7.t
‘ e ACCEFRT 7V7,REFLY
oL E Eanry FORMAT (A4
IO IF(REFLY.EQ.YESY GO TO 100
AL IF(REFLYZEQ, NOY GO 1O 200
AN GO TO 710
ey 200 RHOUR = (HROONF-FHOUR)Y /10,0
I AR TOVID. = TOTIDL/710.,0
3 (LA AUFLOW = (TOTFLO-RINMFLOUY ZCACOMF %240, ()
A SDFLOM = SUKYT ((SEFLOM-RSGFLO-JOUMPY CTOTE LO- RTEL 0 )
X CICOME-1))/7240,0
) CALL PTHAL COCOME SRHBOURs TOTTDL o WEE Ry AT QR SS1E V10U
SN
110 MAaX R = JORWEY JOBEMWK
WRITE(Ayits) MAXIOR
2y FORMAT CZOMAXTIMUTIM JOB LIMIT EXCEETED,. <5 T4, 7 JOFS TN o0

A0 S10F
Ni49 END
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A o U A N AP S A Fr e o ELTEN M RE e o ik R

L S A A U, [ e A Y A T A L U b

R L e N o I O I O e I N T AT L B S R I N R o R TN AN

R A AR A R RS S R S S S A S AN A AR RS RS E NSRS RREEE S NI A I

A BEA R S R TR N 2 B S T N B O U 1 A I Y R T A IR N E I S Ao BRI N 1S B O BN R
A ] okl L RS AaNTE Cart TR T
Co s R S A1 3 S I I AT 2 Y S I S U V'Y I VY 1 O B B T § SUR TR S A N BT PO

R AT 21538133382 283333333 s T I Iy

BEal L antel At MNIOE
[UR I U AA Y VA S A B P
TPFF
PORMHAT L INPUY TRaeanl L LYy im0 D T sl edt o
* PO - WOT R ARLE Dl o e e e, o1
FEADCaA Ly ERE =YY b
N FORBAT(E a0
TyFE 16
FORMST A THMEUY CRODRABTL PTY  HGE b  pdl Wt e gt
t AETELY STAakT DF e soobeas, 1
BEATCS s 10y ERR=15Y 00
S FYFE
S [N S =S AR S v RS B S S =Y SR A K0 S S SR SV | PR F L 1 O Rt B S I
¥ G AL B T G B R RN S AT SO N S Pt U & B B A TR BRI S 1L I -1
RE ST A, s P R0y TIFE AN
TR T I A SRS
Tyt
FORMAT < ITNEOT STAMNDAII DU e T b b v Yo o cmtin
¥ COTNCU R eIy iy ko
REAL Ay D7 ERE=S ) B TIE Y
LR N A |
- Fotkmn 0O/ THNEUT ITNTEGER Oy b b p ok rarin
3 CORUMBER GEMERATOR. o2 FORMATEY - 91
Rt Aabos, 32 ERR=20) 1L
FORma 1y
1 = 11
A0 TYre 4t
41 FORMaT /7 TNFUL SVERAGGE JOR S1Z2E 1IN STANDARD Mat-HOows
* Sornua T THCLULRE DECIMaL TOITNTY i
REARCO» 40 ERR=4C) HNJIOL
45 FORMAT (F a2
L0 TYRE £A°
&1 FORMAT (/7 TNFUT NUMEER OF WERKS UNTIL TRANSFERED FERSONNEL ‘.
% COATDUSTET AND WORKING FULY, FFFICIENCY. (I3 FORMET)
FEATL (A 32y ERR=40) NUWK
L5 TYPE &6
sk FORMAT (/7 TMNPUT EFFICTENCY RATING OF TRANGFERED WORKER "/
¥ ORI FIRST WERERKOIN GHOB L. (TE WORKER In7 s
¥ COEXPUCTER 10 WORE A 070 bt FTCTENCY TR NS/
¥ CEFFICTENCY RATING T[4 O.80 .
REANCAV1O0,ERR=6%) FHE (L)
M = 1
14 T CHMafr ot 1 60 1y 27
Moo= M
N [N 2 I
- ORMAECo FRUUT LR LET oy fen LG E 0k Vb st URER, 7o
REANR G- TO =200 b Ey

CTR I 5

T

arE




CHO
" IYHE 8
L 1 FORMES O
GOl BTy
[ ' L HE ONWE
3 £ TYPE %1
"y 4l FOIRMAT O/
%

vy REATIC Ly 30
RN KTTTURN
NN

[T EHELCLENC T AT ENG P ol wbie gdiedt, ol
= 1.0
FNEFUT MUMEBER OF WOREERS DN SHOP AV STakT /7,
O STMUE ATTION, V4 FORANSTY Pyt
SHER=G0)Y NORMERN
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PORTRAN LV Vo2, 1 FRI 12--JUN-81 051462131 (IR BRI

SHO »

[ATRISN]

[ATCION
AOOO3
Q0043
G005
OQ04
QOO7

ITTe:
VOOY
001y
D012
2013

o014
SO1%
D014
017
018
001y

020

SHOF=SHOF

SUBRDUTINE DATAF 1, P29 T1 L2 IIMF AN DCTREV s NWK y MN IOy [BORAN O 11
CRORR OO KR X0KKOKROR KK K OR KKK KKK K KKK KRR KK KR F AN A v by e

(B ¢ SUERRQUTINE DATA 1S USET 70 INFUT THE INETIAL FritAMETE RS ty
(B S ¢ FROM & STORFD DAla FILE, vy
CXX FOR A DEFINITION OF THE VAKRIABLES SFE THE HAIN PROGKAA. ¥

IR EES SIS SECETE ¢T3 333333283393333323232933333 333320033300
REAL MHJOR
DIMENSION EFF(6)
REAV(I»SyERR=25) PLyP2yIMFANyTIISTDEV » NWK» MNJIOR

% FORMAT (2C2XyFD.40 214X 2(2%F10.2) 92Xy 129 2% 1 6.2
REATICZ» 10 ERR=20) (EFF () s f=10 4D

10 FORMAT(2X s &FALDD

(RI222323 2333833 ¢23832022 884323233329 2339333233333322333332222 282000

Cxx USE CLOCK TO FINII RANTIOM SEET FOR RANDOM NUMRER GENFRATOR L

RS2 3SSS 2232802222232 0332300232¢ 082330832233 2239333 003223322 taRRRE
I1 = SECNDS(0.)/3.0
IF(HODCI1,2) ,EQ.0) 11 = TI1 + 1

12 = 11
159 TYFE 16
14 FORMAT (/7 INFUT HUMEBEER WORKERS IN SHOF AT STaRT OF 7,

X TSTMULATION, “» %)

READ(H» 20y ERR=15) NORMEN
20 FORMAT(IS)

RETURN
25 TYFE 226
26 FORMAT (/7 ERROKR IN FILE *"DATAJDAT®s CHECK FILE. ")

STOF

END
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FORTHRAN IV AR | Frt

-
283
T
T
.a

Frail

SHNE Y SHOEP=SHOE

OO0

GO0
i3Q03

Q0 GA
0005
0007

O009
0010
0011
0012
0013

QoA
0015
00146
no17

0018
0019
0020
0021

GUEBROQUTINE FOARAMIMEAN DSTIREVsLAML oL AR
(S22 02222392323 8¢033520¢¢322¢ 02232202 SRRt sttt
Ctx SUEBRODUTINE CALCULATES THF FARAMETERS Fuk TP DELAY T oF
Cxx DISTRIBUYION, i
(522233232333 9333333333233333332338¢330 3RS 423 303 tRtaRRRtl R

REALX8 AR

REAL LAaMLi,LAMD
BESES2303350200220030223¢02200030320223223 0300238383323 ¢0¢823¢SXRRRRNERR
Cxx CALCULATE COEFFICIENT OF VARIANCE xt
232333 ¢$¢3333333333333333233332322332228023 ¢33 3333232220 SRRRRRR

COVAR = DSTDEV/IMEAN

IF(COVAR.GE,0.99) GO TO 20

IF(COVAR.LE.Q0.71) GO TO 30
3333333233333 33333333333033 5020222385323 332308 2000002230280 RN RN
CkX FIND FPARAMETERS OF GENFRAL TWO-STAGE ERL ANG ¥e
CRRREK AR KRR RKKOR K KOK R K KKK R K KR KRR KKK KRR R KRR Rk b d e v 44 b -

A = DMEAN/ (DMEANXX2-DSTREVRX2)

E = SERT(2ADSTOEVERRD-DMEANSXD) / (DMEANYRT-DGET BEVEXD)

LaMi = aA-B

LAM2 = A4R

RETURN
KK KKK KKK HOK K KKK KKK K KK KOK K KOR K KOK K KK 0K JOK KOK K KK ¥R ¥k KKK KOR KK KKK K Y p € ¥ eV F v
(%X FIND PaFaMb TERC OF IXPONINTIAL vy
(IR 2230233333320 0393800383302358300838040283083308000CA0402 08¢ EARNEE N RN
20 DUMT = 1,0/70MEAN

LaM2 = 100, 0%xDUMI

LAM1 = LAM2/(DMEANXL &M2-1.0)

RETURN
(RSS2 F 3384382243383 833330532003 ¢3383¢¢23¢33¢3323033¢33¢ 3342220080/
Cxxk FIND FPARAMETERS OF SPECIAL TWO-STAGE ERLANG. ¥k

C 3ROk KRR KKK 0K KK KR 30K KK KK K KK R OR KKK RO KOO KR KKK KRR RKRK R ¥Rk kd b
30 LaMl = 2,0/DMEAN

LAM2 = Latl

RETURN

END
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P ORTRAN TV Vo, 21 FRI 12 JUN-81 05144037 Progr
SHOE SHOF=SHOP

Ciy SUBEROUTINE NELFTE CWEF 9 WQL s MWQE » NWEL s WIREF s WL o8 MPT 700 G0
£ THLE » JUBWK » HIRWK )
R Rt t T T ST ST 823333833332333332332222232223323223233722325anx!
¥ SURROUYINE DELETES WORKERS FROM THE SHOF ANT DO (i uos: .
| k% LEFT BACK OH THE WORKARLE EBACKL0OG. b
223323333333 2333238323 3833333383322233233333383222233771 ¥
YT IMFLICTT INTEGER (A-Z)
B0 REAL EVENT»CLOCKy TIME » HRWK s F LOW» KF L.(1W
0004 CUMMON EVENT(1000) s FLOW(1000) » JOBESTZ (1000) sl nalt (1000,
X DIRFOT(1000) yWORK (1000 » JOEC L)
VRTINS LE CWRKE JEQVWRKL) GO TO S0
B2t 2223282233333 3232882323 8333333383822 3 333333323333 3223332228200RRE:
rEx FIND WORKER S LOCATION IN LIST. '
TR KK KKK KOK K KKK IOK KKK KK KKK AOK SOKROKACKOE K OE KKK KK X E AR KKK KKK R K ks K v s e
AT FNTA = WRKF
. ST FNTE = DIRECT(FNTA)
OOy TE(DIRFCTOPNTE) LEQ.0) G0 10 10
STIRRY P'NTA = PNTE
STIR g GO TO &
B S s R 2T P P38t e 2028382332883 3383323230333 33¢3tt3tIIII Y
Ckk REMOVE WORKER AND UFLATE FOINTERS, * -
e S22 33388833 1338333332833228328282282282372 31y 2T
0013 10 DIRFCT(FNTA) = O
(0014 WEEL = PRTA
0015 DIRFCTY(ENTE) = EMPTY
no1é EMETY = PNTR
0017 IF(REMAIN(ENTE)Y LER. 1) GO TO 40
0019 FNT1 = REMAINCENTE)
0020 TFCPNTLLEQ.NURF) GD TO 2%
0022 FNT2 = NWOQF
i 0023 1% FNTZ = DIRFCT(PNTS)
5 00724 IF(FNIZLEQ.PNTLY 60 10 20
I 0024 FHT? = FNT3
] 0027 GO TO 1%
£ X AOOKKOK KK KOOROOKOR KRR JOK KO KKK IOK KKK K KKK KK HOE KKK KOKKOR K KR KR KR KR KKK KRR Ry 1 v b ¢
(528 3 FUT UNFINISHED JOB BACK ON WORKAEBLE BACKLOG. i
TSI et eT2eTe82 2383283832833 833233833333¢¢872333223%22
00re D0 JOEC(1) = JORSIZ(FNTI)
0029 JOB(2) = REMAIN(FNTZ)
0040 JOR(Z) = WORK(FNT3)
0031 TIME = EVENT(FNT3)
HOID RELOW = FLOW(FNTZ)
003 DIRECT(ENT2) = DIRECT(PNTZ)
0034 DIRECT(FNTIZ) = EMPTY
' 0035 EMPTY = FNT3
: 0034, IF(LIRECT(FNT2) (EQ.0) NWGRL=FNT2
' 0038 GO0 10 30
0039 05 CALL TARF (NWAF s NWOAL s TIME y RELOU EMPTY »STATUY)
00AO 20 TIMF = TIMF-CLOCK
041 DUMMY = TIMEXEVENT(JORB(3))
0047 1IF (JOR(D).EQG, Q) GO TO 35
0044 TIME = DUMMY
-0045 JOR(3) = -2
0044 CALL FUT(UWAF WRLy s TIMEZRELOWIEMPTY)

- 39 -

atenanet N L s e

[ S




; §
I O TRAN LY Vos e VN0 054800 40 [T S
SO S = SHOF
et JONUK = Ok + 1 ¢
IR HRWK = HRWUEFJOE(L) '
iy e RETURN

Ve KA JOECH) = NUMMY
NI JOBCry -
0OL? CALL FUT(WRRF WQL + 1 » TIMEYRFLOWSEMPTY)
0DO% 2 JORWNK = JOBWK+1
0054 HRWK = HREWFK+JIOECT)
QOLY RETURN
A PSS SERAT ISP CEPECET 0020333583333 3 20283333 3¢¢23333 8233224 ER,
e 3 WORKER WAS TIDLE., k&
PSS PP SRS TS 3382020232383 30¢2 0308330308333 33333333¢3¢EsTTERANTE
00%é A0 IDLE = IINLE-1q
D057 RETURN
NOER 50 TYFE o1
0o%e 5 FORMAT (/7 AL WORKERS DELETET,  FROGRAM (FRMINATED, )
R T X4) STOF
I TAY- | ENU
i
1




FORTRAN TV Vo, 21 FRI 12-JUN-81 05:46:41 FAGE
GHOE y SHOP = GHOF

[RYATAR]

0007
0003
DOON
0004
Go07
0e09
G110
AIOE!

net o

SUBROUTINE DFLAYC(TOYAL » Iy 0y PART yFAR2» TIME)
CROOOKAOOR R RO KKK KKK R KRR KKK KX Kk h kb v b v v v s

XX SUBROUTINE DETERMINES RELAY TIME FOR A& JOB ENTERING THF LR
I 3 NON-WORKARLE QUEUE, DELAY TIME IS ADNJUSTEDN SO THAT M) T
Ckx JOBS CAN COME OFF THE QUEUE AT NIGHT, te
kX VARIARLFES ARE AS DEFINED IM MAIN FROGRAM. LR
(RSS20 2002202 3033033023033 053480233 3¢23¢23¢3¢232332¢2342¢34¢833333333322 %
] INTER = (-ALOG(RAN(I» ) /FARL-ALOG(RANCI, 1)) /FAR2Y X240

IFCINTER.GT.4800) GO T 5
TOTAL = INTER+TIME
REM = AMOD(TOTAL»240G.0)
IF(REM.GT.80.0) GO TO 10
KRETURN

10 TOTAL = TOTAL+240-REN
RETURN
ENT

.
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[REATEN]

aOG 2
0003
Q004

OO0s
07

0009

001l
an12
n014
AO15
0017
0019
0020

0021
0022
0023
0024
0025
0026
0oz7
o0°e
029
0030

N0
0032
0Nzl
00734
001s
0036
0037
0038

P ORTRAN
SO CHOP=OHOE

v

SUEROUTTINF PUT G 0 LROW SO REAL s RELOWY SHACE )

UK KK KKK KO JOK OR0KKOR SOK KKK KKK K KOR KK KK RORKKCROR KRR K KKK KRR KRk bk v v e
kK SUBROUTINE PUT 1S USED TO #UT AN ENIRY ONITO THE LIGY. EMIF.
CkX CaN BE INSERTED ON EITHER ENL OF THE LIST Ok INTO THE #lpefd6.

AR & ¢ SURT = VARTABRLE WHICH DETERMINES TYFE OF INSERTION,

XX IF O THEN ENTRY IS FUT ONTO EBACK OF LIST,

Cxx IF 1 ‘ ‘ T " FRONT DF LIST.

Cxx IF 2 ENTRY IS SORTED INTO THE LIST S0 THAY IT Tw
C¥x FRONT OF THE FIRST LARGER ENTRY.

SS9 33 2223032283 033320¢ 0200882233 00233 3332282030333 5230833 8F S RNNN

IMPLICIT INTEGER (A-Z)

REAL EVENT»FLOWsREAL»RFLOW

COMMON EVENT (1000 »FLOWCL000) » JOEBSIZ (1000) y REMAINC1000D 0,
* BIRECT (1000 s WORK(1000) » JOECI)

Tt

3% KOKOKOK KOK KK KKK K K KKK KK K K KK K ORKKKROKKCKF RO RR KRR b bbb et

CxxX DETERMINE WHERE ENTRY GOES:FIRSET»LAST»UOR SORTED,

IR $282233283 332333202380 32820802223380323200033¢5333022 8¢Sttt ininnRRi

IF (FROW,.EQ,0) GO TO S50
IF (CORT.EQR.OY GO TO 40
IF (SORT.EQ.1) GO TO 30

(R ER2S 2222282300820 0 0022002503 032023 8003800333230 ¢S el

¥ X SORT LIST TO FIND WHERE ENTRY GUES.

tx
[

CoEKAOR XOK KKK ROR K OKOK K OK KK KKK KOO ACKKCKORROR RO ROORR EKKF H O ROR K R KR Ak ks b b v

FNTT = FROW

TE CEVENTOPNTL) WGT.REAL ) GO T 3¢
10 FNT2 = DIRFCTC(FMTL)

iF (FPT2,EG.0) 60 TO 20

IF (EVENT(ENT2) JGT.REAL)Y GO TO 20

FNT1 = FNT2

60O 7O 10

0022332338833 35233233303222320 0200002002200 2¢ 03232223320

CxX FUT ENTRY INTO MIDDLE OF LIST,

[ 3

CR AR KRR KOKOK KR RO KK KKK KK KKK ROK KKK KOO CK R OR R CK OO RROE KORRORRRKRKKRF R kK ¥ Kk

20 JOBSIZ(SFACE) = JOEC1)
EVENT(SFACE) = REAL
FLOUC(SFACE) = RFLOW
REMATN(SFACE) = JOB(2)
WORK(SFACE) = JOR(3)
ZZ = SFACE
SPACE = DNIRECT(SFACE)
DIRFCT(FNTYL) = 27
DIRECT(Z7) = FNI2
RETURRN

30K OKOK R KKK K R OK KK KKK KK KK K ORKOKK R KORKOK KKK KK KR KRR KRR KKK KK KRR KA ke b ey

Cx% FUT ENTRY ONTO FRONT OF LIST.

20 FHT = FRNOW
FROW = SFACE
JOBSIZ ROV = JOR(1)
EVENT(FROW) = REAI
FLOWCFROW) = RFLOW
REMAIN(FROW) = JOBCD)
WORK(FROW) = JORCI)
SFPACE = ULIRFCY(SPaACE)

T
(B E33¢3 3333032233223 3888333023 033333338002 2323 333 Pt P30 2332 e ninil




FORTRAN 1V VoD, 21 FRE 12 JUN-81 05146144 Fatt nu
SHIE SHOF = CHOF
A BIEECTOFROMY = FN
g RETURN
; TR R KRR KR ORI R OR IR KR OKH KKK  KEACOKOR KRR KRR KK KK F K $ ¥ b v kvt
Uk FUT ENTRY ONTO END OF 1 [sT. ‘o
KR KKK KK KOKOE R KKK KOKK KKK KKK KK KKK KKK KR K KKK KKK K & K KK KKK KK F KKK KR F b b s vo -
o3t A0 FNT = RO
08 LROW = SFACE
YL JOESTZ (LROW) = JORCL)
A4 A FUENT (LEOW) = KFAL
E Dgh FLOWCLROW) = RFLOWY
G4 REHAINCLROM) = JOR(D)
4 Y. WORK (LROW) = JUE(H)
G CFACE = DNIRFCY (SPACE)
ISR GIRECT(PNT) = LROW
(G NIRECT(LKOW) = 0
ANy KE TURN
PR ¥ KOO OK KK KOKAOK O K KKK KKK KK XK KKOK KKK KK KK KK KKK KK KKk kb s b §y v
D ¥k ENTRY IS FIRSYT IN LIST SETUF IS REQUIREDN., Ve
1K OR R OKOKOOKKOR KKK KKK KK KKK O KKK KK KKK KR KK A KA F KW ket 40 o
D059 5O FROW = SPACE
} N0 LROW = SFACE
» DOt 4 JOESTZ(FROWY = JOR(1)
B0, FUFNT (FENWY = KEA
Gite FLOVCFROW) = RFLOW
GE, 7 REMATNCEROWY = JUE(D)
A0S WORKCFROWY = JOE(3) q
NSy SEACE = DIRECT (SFAGE)
BOAD NIRECT(FROW) = 0O
KNYS! RETURN
0067 END




FURTRAN TV Vo2, 01 JUM U1 05040, PALE 0}
“HUER y SHOFP = SHOEF

a0t SUBKOUTINE TAKL (FROW: LROWsAREAL SRFLOW S aCESTATUS)
EKCROKKOR R ROKOKIOR KKK KKK KOKOK KK KCKCKOIKOK K KK KKK KR KRR KR KRR R KK KR KK kv v vt b b
(kX SUBROUTINE TAKE IS USERD TO REMOVE AN ENTRY IN THF LIST, LA
XX VACANCY IS THEN DESIGNATEDN AS FIRST AVAILAMLE EMETY SEACH. LN
kX STATUS IS A FLAGs WHEN THERE ARE NO JOBES IM THE LIST IT 1& 1
CxX SET TO "0, OTHERWISE IT IS SET TO *1°*. te

B 22E202 33233002233 220332322033302300032333333¢233333330003¢82333¢¢033 833223
0002 IMFLICIT INTEGER(D-2Z)

0003 REAL EVENT,FLOWsRFLOW
0004 COMMON EVENT(1000)FLOW(1000)» JOBSIZ(1000) +REMAINCL1QO00),
X DIRECT(1000) sWORK(1000) » JOE(Z)

0QQ% STATUS = 1
OO0& IF(FROW.EQR.,0) GO TO 15

CxXkkk TRANSFER INFORMATION ON ENTRY XKKXKRKERKKKKKKKKKKKKEX KK ¥ ¥ ¥4
0008 JOER(1) = JOBSIZ(FROW)
a00e AREAL. EVENT (FROW)

o

Oul10 RFLOW FLOWCFROW)

0011 JOR(2) = REMAIN(FROW)

012 JOR(3) = WORK(FROW)
CRRXRRK DFDIATE POTNTERS XRKOKKHCKIONE KRR K KKK K KRR KKK KRR KK Kk 7 4

0on13 FNT = DIRECT(FROW)

0014 DIRECT(FROW) = SFACE

TO1E SFACE = FROW

D014 FROW = FNT

A 0 IF(FROWLEQ.O) GO TO 195

0019 RETURHN

DO20 15 STATUS = O

2021 LROW = O

0022 RETURK

0023 END
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FORTRAN TV vo2,2-1 FRI 12-JUN-81 051446300 Bl iy
SHOEF e SHOF = SHOE

IR

a0
ek
00N

OON
O
Qa0
DNNG
Q010
[RTR I
(AR e

1014

OO0l é
001y
cotLe
Nnot1e
Q20

002t

NG

0023
0024
0025
D02

SUBRUUT INE NEWJOBCENT s WRF s WRIL s NWRF s NUQL s EMETY » J0RWR s HEWE

X CLOCK s NQJOE s IDLE»SUM» T THs TTRY TOT I 5
£ 3 0K K KOK ROK KK SOK 0K KK 0K KKK OK K KKK K KOI0K K I0K K KOICKKOKOK K A KOO KR ARk kv ¥ r -
(KX SUBRRCOUTINFE GIVES WORKER A NEW JOR FROM THE WORKAELE QUENE. v
Cxx VARTIARLES ARF AS DEFINED IN THE MAIN FPROGRAM, L

2830222233335 8833323283303 323¢8¢83323300222323030223383 332230t aRant RN
IMFLICIT INTEGER(A-Z)
KEAL EVENT>TIMF,CLOCK, IDLTM» HRWKyFLOW s RFLOW
COMMON EVENT (L000) yFLOWCI1000) » JOBSTZC1000) st MATNCLOOO
X DIRECTC1000)Y s WORK(1000) » JARCZ)
IF (NOQUOR.EQ.1) RETURN
Call TIDLE(SUMsCLOUKs 1 sFNTsIDLTM ITR»TOT LI
IME = IDLE-1
CALL TARE (WQRF s W s TIME s RFLOWSEMFTY»STATUS)
IF(STATUS,EQ,0) NOJOE=1
JOBWK = JOBWUK-1
HEWK = HRWK-J0E (1)
IFCJOECT) JNE, 260 70O 20
CAOKKRORKKOOOK KO OK R OIOK KOO IO KR KOOKOE RO KO F FCCRRRR KR KRR KRR Ak b e h b
CXX JOE HAS Al READY BEEN IN-PROCESS BEFORE L
(KKK KKK KK AOK K ROR $OKKOKKOICKOKK OK R ORI XK KRR KRR KR KKK KR F ¥ d v i s e v by
DUMHY = JOR(2)/EVENTY(FNT)
TIME = DUAMMYCLOCK
JOEC2) = 0

19 JOECE)Y = PNT
KEMAIM(FNTY = EMFTY
CALL FUT (NUGF yNWRL s 2 TIME »RFLOWSEHFTY) 1
RETURN '
B33 933333333 330832380 8¢033832383229233323233223232228232323222800 RN
CXx JOE HAS NOT REEN IN-FROCESS BEFORE X«

CHHROKKRRE KKK OO0 KKK RO KOO KOO0 £ E &
20 DUMMY = TIME/EVENT(FNT)
TIME = DUMMY+CLOCK i
60 TO 10 j
ENII :




FORTRAN TU VoL, e I 12 ©1 ¢t anisy Pant oo
CSHNE L SHOP=SHOR

| GO

0007
0o03
Q004

0005
Q004
Q00D

001Q
0011
Q0132
a014
0015
0016
nO17

001y
DOie
G0
A1 Na)
Ol

£ 0023

SUBRQUTINE TIDLE (SUMyCLOCK s FLAGLs FNT» TTHL THy L TR 1O LY
RS2 S22 0220223023233 00 333233223833 333 8202333838328 ERNSRRAR
Cxx SUBROUTINE DETERMINES AMOUNT NF WORKEER TDLE TTIML, e
UESS S 22280202333 2333 2333223328333 323023203233 32320ttt ININN
IMEFLTCIT INTEGER (D-2)
REAL IDLTMsEVENT» TOTIDL »FLOW
COMMON EVENT (1000 s FLOWC1000) s JOESIZ (1000 yREMAINC100D)
X DIRECTC(1000) yWORK(1000) » JORC3)
DIHENSION IFLAG(100) yBTIME(100)
IF(SUM.GTLTRY TITR = SUM

o IF (FLhGL1JEQ.1) GO TG 20
232232233208 3320223¢032¢0302323¢232323238320333233333433¢233F3FSR2222REN
XX WORKER STARTS IDLE FPERIOD. L&

RSS20 2¢2 2323332323333 33233003000030283023323332283¢2333 832V ERSERN
o 10 1=1,ITR
[FCIFLAG(D) W EQ.Q) GO TO 15

1¢ CONTINUE
s IFLAGC(IY = 1
BTIMEC(I) = CLOCK

WORK(FNT) = T
RETURN
(RS 2222220322 2002282323 2230 3203333823200 8003553¢03333¢0320¢ 38R RN NaR

kX WORKER EMDG TDLE PERIOD ¥
OO RO OO R OIOR IO ORI OR KRR KK KR KRR KKK KK KR F R ¥t ¢ »
"0 I = WORK(FNT)

IDLTM = 1B TM4CLOCK-BETTIMEC(T)
TOIIDL = FOYIDL4CLOCK-ETIMF ()
IFLAGCIY = ©

RETURN

EN
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I URTRAN 1Y Vo2, 2--1 PRI 12-JUN-HT 0554484
SHNE, SHOEP =GO

‘ tre | SUBROUTINEG RESORTENTyPNT T o RT 2o ME T o NWOT » HWELy TIME
5 U R KRR EORROKOR KOO ROKOR R KRR KKK R R KKK R KRR KK KRR KRR F KKK Ayt be- b,
? (¥xX SUEROQUTINE TAKES THE ENTREY Al ROW *FHTC® » CHANGLS FHE =
f . C¥X EVENT TIME AN THEN INSERTS IT BACK OMTO (HE LL1=ST,
| IR ES 2RSS 5338339833083 33¢333883 2322203803020t RNty NN NN
RTATRIN IMFLIFCIT INTEGER (A-2)
STRTRR REAL, FUENT TIME FLOWs RELOW
004 COMMON EVENT 1000 yFLOWCTI000)Y » 1M 7 (1000) s REMAINCLOOO 1,
b 3 DIRFCTC1I000) s WORK (1000 ) 9 JOF 50
VI, JOECT = JOBSTZ(PNT2)
e, JOBC2)Y = REMAIN(EPNT?)
OQQT JOECY = WORK(FNT2)
DO P RELOW = FLOW(FNTZ)
TR DIRECT(RNTL) = DIKECT (ENTID
GOto DIRFCTOPNT2)Y = EMPTY
SN EMPTY = PNTZ
DGy IFCPNT2.EQ.NUQL) dWEh, = P'NTE
0014 CALL FUT(NWARF +NUOL s 2y TIME s RFLOWy EMETY)D
001 REMAIN(FNT) = PNT2
OO1 A FETURN
017 END
bt
32
1
%
!
1




T

FURTRAN 1V VO, D D UN-RL Ot T Bl
SHOE Y SHOF=SROF

N

aQOe?
o003
G0OVY
RN OS]
IR I P
IRERTE I
AGOR
OOy
0010
Ot g
IRRGR A
0012
0014
O01Y
140 W)
GGl
RIS EH
[BIAR )
D0
(180 |
QorR
0022
0024
Q025
Q024

SUERQUTINE OUTFUT CJOBWK y HRUWK y JOENUK » RN » LIOME s WEE oy Stlirie

X THLTH, AVFLOW)
(BES 2SS 2220803382203 32228 8200233220230 Nt as it e as R REl RN
%X SURRQUTINE OUTFUTS THE STATE OF ITHE SYSTEM A1 (HE ENT G fr !
XX WEEK., VARIABLES ARE AS DEFINFD IN THE MAIN FROGRAM, '

(A0S 3232335033 5822332000032 230022323 03333033 ¢3 000302238 RN ERIREEE
IMPLICIT INTEGER(A-Z)
RtAal. EVENTyCLOCK» THLTHM s HRWK s HRNWK s IOML s WLIONFE o HLUy pINW
REALXE8 AVFLOY
WOONE = DONFE/10.C
IDLTHM = INMLTM/10.0
HW = HRWK/10.0
HHlW = HRNWK/10.,0
WRITE (& 1O)WEEK

10 FORMAT(10C/) 915Xy "RESULTS FOR WEEN»T4//)
WRITE (&5 15)

15 FORMAT (SX, *BACKLOG » 10X, “NO, OF JORS N OF HOURS oF e
WRITE(6,20)

20 FORMAT(SXy ‘=======/ 310X 11 (/=) 5%, 200 =7
WRITE (65 25) JOBWK s HIdy JOBRNWK » HNW

S FURMAT (S5Xy “WORKARLE s T18sF 19,1 /75X,y "NONWORKARLE " s T15,F1%.1
WRITE (&35 TINTH

3% FORMAT(SXy ‘WORKERS WERE 1DLE ‘“sF&,1+7 HOURS /)
WERITE (& 20X WDONE

30 FORMAT (55X “WORK COMPLETEN THIS WEEK TOTALLFIY “oF 7.1y 7 HOUR, '
WRITE(&»36) AVFLOW

Jé FORMAT(SX» “AVERAGE FLOW TIME “»F6.197 DAYS )
WRITE(&240) SUM

40 FORAAT (SX» “NUMEER OF WORKERS IN SHOF IS 14/
KETURN
END




P RAR LY Vol ot FRL 1o JUN=821 05140t S
ol s GHA R = CHO

3 GUEROUTINE F INAL CIUGHE CRHOUR (O TRL y (U0 R AU L Sk
R A ey A e SR F N SRR T T Y A R R R
CEE SUBKUUTINE OUTREUTS THE GTaTk OF THE SYS106 Al THE Lol OF b ar
Utk SIMULATION, SEE MAIN FROGRAM FOR DEFINI(LUN OF VARIAELES, X
TR OO0 OO0 KOO0 ROCKOOKK K K KKK R KKK K KKKk b e b
SR REALXS AVFLOW, SOFL (14
RIRIE WRITE(6,10) NWEEN
Gona 1o FORMAT (1O (/)5 10% "FINAL KESULTS FUR T3+ WLERSY /)
N, WRTTE (49 15)  JCOME s RHOUR
IR FORMATCL10»© J0BS WERE CUMCLETER TOTALLTBG oF 2 1,
% £ HOURS OF WORK? )
U WRITE (45163 AVFLOW, CIFLOW
SOUEEEE FORMATC/7 AVERAGE FLON TIME Wit b 701y 0 Dids Wi A0
X CoSTANIART NEVIATTON OF 7417, 1)
G WRITE (45200 V0L
Node FURMAT (/7 WORNFRS WERF TILE FOF - F7,1s 0 BOtks )
ity CTAT = RHOUK/ (RHOUEFTOL I Y K100,0
AR WRITE (4570 STAT
ot FURMAT (/7 SHUF OPLEATED A1 /5FS1e % /70 0
IRER FETURN
RN FNT
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