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ABSTRACT

This paper is a report on an interactive production control trainings,

model for a Naval Air Rework 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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I I .N I I" n DI I C I 1

I hp N.::,, 1 'ii' F'r-erP Fac iIit? (0VMF) at, Jrc rivi IIe Nl'
i'ti r S t izt o r i s r, i ri riu . r i a I ri 1 -; ri t w it h s. r)F a, r , () 0 1-n, I o,4P1

T t is Orle of -0 s si ntii 1 i NAKF s located ire i hp LIrlit (-d St at-,
C, : R nrISga Pofe 1-rt off i C i as are Nam.-I off i ers Prid t hp renail rir

-i Ii rf - I he ci vj I i -or w rvi i f o r ce i r, c Iude' F- rri ri FP T

F 1 , ,ri Ers r1j~ m~ r, ,t r , o r v zirid mpcF r, ri cs I'PP -(-erifi ri' ove r
,,ffri i shlIF;P si I ePd traTd e .

T f e- N V A 1 y. e; i o rg i r, 1 1id1 ri n, i r, tcr, Rr, rce en rec4i ri PPee riA ord hoe
F-, o t ) ni1-5 i ,fr. er ari ce o f n, 1 i t 7sr vy ar ori a u t t alI i teFm fs r a r qi r f i r;.
niv 1- IPf P F.i rC I-E.ft to0S sarT -. r Cof,P ori Pri, t~ e ol ievy NARF

fft-jritpri-rirci ort all. jt.em-g is a selective Process which ivle
o r is.)f itic-n, coridi tior it dtii with 1 t~est 1'eui red
h~rieT ,me= i ni edm C- ritriffic TF!Woi to recoridijtior, the item--T

to)r 7.r! -1t ihe r F. Ti o d of' se r vi.ceP
The NARF is orsan-,iized by FIueOrt Ser-vices (Frrciirieeriri,

0w i tyssi-'nc Plaririirisl, ec 1adthe Productior, [ieeaPrtmr. 4r-
Thc, Pr7-6uct iont rler-artierit. with some 2/3 of' the ri vil1i sri

wc-,kVv-Ysf is nmode,-r of' ov,-v 100 dif'fererit shoyr--s T'heP-,e ; h c- r
Sonrd --& T- r o l i c i ric! e irirt, o t the f- -I csoit, a=r e o -c3rari7 i :

QCn! P L-) 2 F-1-0, 1tI Ct ( r rmdi o c, ho f- ) , nr-: , b,. , pr-c es s ( c:I = e rio r s( h oe
ri d mom, r- 6 fo11r t i onr vmeni h I Y The shops form an r iritar ret .-Aec

nato-crorc.I which r rodiicts- flo-w as the mi~rac rcs

rh-, I1AR~F T-or-jct. workload coricists of' aboiut 50% ai rrraft.
Ihe- ,i rcraft are exami;jred (io;riosed)v , rid disa ssenibled as
renli red to PErmiit sho--e conoecreenat v-rocessiric-. A~s a nmatter of
roelectiori n-o] i cv the r'ocessed corneorierits are uised to

ressmbethe aiLrCi.;f't,, which Is; there fli~ght tested, Ahoijt I15%
of thr NAR! wocrklo;ad conisists of' airrraft ericiries (which eniter
thcE P-I rit 5 c such), arid ;:reP( overhau..l E-d a3rid returried to the Na-v,,

UIIIPI-:y s~ist .- f'oi iscsue. 7arid reu-se. Ariother 15% of' the workloadi
is ifT:sde ue of miisaellaricy-ous sp-are iaeronaeutical cohnir-orients which
have beer, ire uSP rid are spr-t to NARF for rpnquire-d mrairiteriarice.
After bF-iriq rur-oriditieried by NARFr these are returnied t~o the
Nav-y 1 ijF, J PIV t PtIi for T re is s u P anrid r eu1Jse, The reffairin~ 20% of
NARF workloa3d is, of a misce-Il1aricouS; nature iricludirc. esu.ch
urmel 3riried ;tr--' -i rcrzaft repair ( r rn-,a ir o f d a noa e d Ei r cr aft,)
civ~trniror -ervice i'ondean) arid field ffiodificatiorn.

I I . 01F NtR~F (MhOPS

This P-aper deals with a tqv-ical NARF shop. Ihe shoe-s unider
s2tiidy belonim to a class of shops which have the f o 11ow iric. cowine;ri
c-ha racte r i st ir cs

1) The biulk of' erocessir,! ore Jobs eriter-ir ezach such shoe 1is

corifired to that ,shop. 1 his mfenris thit q shop funections
as a rf-pair stationi rather thsri :- disassewhlyv routire~,
arid reassemfblv chov,.

2) A shoer of' thi; (-1a3-s i-, manned by a siubstanitial riumbier
of' ,iehariics whose iriterrharicipable sill at-s iie it. eas,,ile
to work~ one a var jet i o, Jobs, 1ri baf- I o~i

3) Job- irn tho-se chops hsvo iridivj<ia-1; work cortrit which



is small relative to the total load in the shop. Since
work content is small it is also generallw true that a
sin.ile worker at a time Processes each Job.

4) Shops in this class are riot highly dependent or,
euipmer,t capacity as limiters.

Fron, a Production control viewpoint, the shop is comFosed of
three basic elements: the workable backlol area, the
roriworkable backlog area, and the Processir, area (see Figure 1).
Jobs arrive at the shop and normallv are entered into the

workable bpcklog, to await Processirng by ar available worker.
If, for some reason, a Job cannot. be Processed *as is," it is
entered into the rionworkable backlog. Usuallq Jobs will be
F-laced in the nonworkable backlog because fo the ron'vailability
of a component Part reauired for Processin- or technical d.ta
reouired for rrocessin,. Once the noniavailabilitu is satisfied,
the job returns to the workable backlog.

Jobs move from the workable bzcklo,_ to the processing area
a needed. Sometimes, durin the initial disassembly of a job,
it is deterined that an additional comFonernt Frrt(s) will be
necessary to complete the Job. If the component part(s) is riot
a vailable, the Job is entered into the nionorkable backlog (see
Fiture I). When processirn! is completed or a Job, it leaves the

>hor

Mara!emert has at least two methods by which they car,
exercise control over the shop or a week to week basis. First,
they cart increase the shop capacity by movinst Qualified worker-
into the shop from other shops in the NARF, or they cart decrease
the shoF capacity in the same manner, Second, they czr, increase
Tho7 c2Tacitt_ by working the e:istir, shop. manpower overtime.
MriaEefert control of the shor is exercised with the objective
cf r-erforaiirs the atissior, of the sho-., and ircurrir-e the least
-r,=sible cost,, Clearly, these two ohjectives are somewhat in
C jrf 1i c t Conseouert ly, n.Y ri tionl cort rol I ol icy is f0rmed

tr_- dir, of nissiora erformance with cost of o-ert.lori,
Th(-, ,ise of overtime increases the or'r.rtiry cost of the

,tem, I, Fdd] t i on to ar, ini e;sed 1abnr rate, overtime wor

,all- is -erforn, d at a lower, effidienc, rste th,-n that of
_tiai_ ht time work. It would seem nr, iti ,1 Jv that ircreasir , tf p

, caFacit _; by brir, iri ir more workers would b n-referable t,,
::''rt in.e, but, that, al1so resjlts temroraril.. irt incTe,7.ed costs

, ised PTimarily b_ two factors. First, there is ar
,Iri ri lst rat ve cost for movir,0 work.ers° Second, ard more

imp ortart , work ers moved inrto a shop take time to learn their
and, coriseouertvy, work at a reduced rate for a Period

1 ac-d i ;t.el vafter assir, mc . to the shop (a-stialinq that the
f r I tT = a .ifted, this Fpe Lo,.Q of lowered efficiency mla lr< .t

r. to three weeks),
T ir. :, ,t ef work i, the systen, is of corcerr to areaaeer .
S.-, 1 f-c vs leve as a y cause rieffi cient an ripower it, 11 i-nt ior

It the workable bhcklog is depleted, the worlers in the shoz
Ir I I t-e Idle. Another Possibilityq is that, if t.he wor.able

-- ,,sne rrs derletion, the workers' efficiercy will der-e .r.,
tmreb, resultir,s ir, art ar-plicatiori of :'a[kiri sor,'s Law. Ir, Pr,-

-rt the effect ,-,ri the system, is the same, Its effirierr'- i-,

I f b7rl lolAs Ere too liarge marasiemer t also has rez-sof, t or
r, entrr, L arge back Io-lo , result in rcreased flow t ime fo i,:,h-

&
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in the svstem. If a job has come front arn aircraft beiric-
reworked at the NARF, arn excessive dela-'j of' the Job in, the shop
will cauise the Frocessinq- of ant aircraft to be dela'9ed. ih 1,:
wil11 result in, a i ea cost for NANF. [V i job is for the Navv
sul~jFl sqsterity ant excesFsive delav of' the Job will cause a
depletiorn of thve NAvL3 iniventorv which ilay result in the
lrauridiris of' a fleet airr.r3ft. In~ either caser the result isa
redurt ion, of' the, ri'.iiher of operati onal1 ai rraft fniabe$ ti-ti
N a v -.

The shop model proc.ram was written, to Provide a high
feedback erivi ronimeit for trairiiri, rroductiort control personnrel.
U ;e of' the model should allow bet-irnrid personnel to Clet
better inderstariijir'. of thc -1 -rjatiiics of the shop.

I I I . PROG'cRAM STRUlCTRE~

In order to discuss the internial struceture of the, shnoe fndc'i

Fr vo,.ram it is first niecessary to rieccrih&-- thea iufferruf,; *. rt, hs

$hit a ..oLb cart take th roi..rh IUhe .h',
1 ) lhe job enters the shop arnd is p r-m.ed on the- work able

b ic [,Io,-4. It i.s then- worked ori cormr etend, arnd lezrves
the shop,

2) The job enters the shop arid is Placed or the rionwork alble
baCl0g fo' someI riori-ava labi I.it,4. Later wher the
rior-vaiia1-bilitv is satisfied the job is placed on the
workable bpckloi. It is then worked or., completed,
arid leaves the shop.

.3) The job enters the shop arnd is Placed on the work ab].e
back bo , It is ther, worked orn but n~ot completed du-e
tO IF 5ck of Part.7s or T4iis 1he joh is leed on the
nrnwork iIAbl hck i iti 1 the portS or sk sare

~va~abiewh ?ri it. i: e-1-4ced back. on~ the workaFble
b'ark. I oI-. 1 he ~Joh is L heri '~lr I. -i . rid leaves the c hnl,,

4) The j(-h entt e'r- thC. Shor. sr is pla(--re on the rioriwork s-h Ic,

ca~bs A~f ter t areess ooridiitioris have beer,
Ti efj ; It 5 t~C0 O h wo o h r hac(-k I I Lt,

t hert work cr1d iri blit rio--t compe CtC''i ir.tolc ofpr
C. I.k L I I- I hF:- jar' is7 plazce.d ori the nicriwoTV.able
bh ,(-q I'klo . t. er the , joh i a it boil o-)rt the wo rkablr
h sI us ,i wo r I e i on, * c crripe te ;r1 ,.rid .1 ca vi-c the - hoeF,

~~~~ r.chscorh eer i i the shop sc-hem -:t.ic Cin fi1 11re 1.
.fnlit-1 itt- rv firthe r r~ferTerice t~o t he.. rj 1ff(e merit paths; w i.I bi:

ht he riumhe rs 5 1 venr abo1-.v e
L,-a rriirt i o ri o f t hePse paz.st hs r ev ealz ia r I v sim ilaPr it ies, I hi:

ri I. f ' ipsi to write the pr-ocrani so that the jobs or-ce
-, rdtn-J at her- or, ths had'.. I.o"ST'iard. of the rou-te- the'-

r, F a v- t '1 -c r eca t heI. h ac:k I c.~ * e -e t. L i s t. , rd t he (7 L - T I Cl T

I T& (,.- ir.I 1iie I I v*t, hi eii F' the -to ra~ zi I'l
h''i jar W,,ip t o innr-it the ln ~iion iiri directl1- the)--

J. 7 11 bT 011t i ri:- Ndrll H .:t i ori. I k-; theF er ogia r c;. I I C
tr I t I FiO IV, I 1 re)II -Itt It, hPi-r- tilo Trria t In C) oi a s 1 )TRdI d Ft,: t

1 1 t h- I (c.P-E t he P - r, . -ni m itust. t h en- r -II. 1 ~ih r kiitt ire AP F 4.M
It 1 1i h -i1t 1 re I iI the 1-, .r ioerseu ;C-OT arTi~t3T a c-f t

- t I r h Pfi I- T It b 1i ' hi t 3 ori fr oii sther 5 ' fyi ne'ri iCi

10 ~ ~ ~ ~ ~ ~ r r) r,3 d-n ii iiiVR Icdcto rri. i. o r hb rii r ,ri na I

-4-
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model for twenbv weeks! PM. 2BC) These weeks usie a target
valu se dete rminred by- the rnumherT of nmnri irs the Esho-, at. the start.
of the simgulation. After the 'hoy h, beer, inuitialized the
Prog ram, outpuits the cur rent shn! stat.,i ( Sre Vyr endi..- C )v , ar
Prompints the user for iriforniat.o jrenuOiIred for- the Ur'conr week.

The ingform~atior i oouirod is the inrdu..ction tiar'lot vril ue, amounr-t,
of overtimpo, and' the n~umb~er of iwotVr'.o, t rar r ~iii in 1r or out (it
the shop. The workers' efficipnc rj-t~ricln are thern urdated for
the up-comiri week.* After adidiisf or ~tltir~workers, the Pro!-:raa
is readw to simulate the week.

Jobs are slerie rated arnd iiven P.-r'onenrti a I 1' di str ibjted Job
as( r- I. 414 ). A cc rt , in re oiaeof these jobs ajre tht:'r,

Plo: ,red or. the noruworkable b~c'l~and the rest or, the work.I e
back iow. When a j.ob is p laced orn the rnorwork able back lol thp
Proaran calls sujbroutine DIELAY to calculate the delav tine *

dlr tirnie di!r-tributiori is a two--stasse enueral er10ng
dlistributiorn. The subrou-tine comrutes the dplay% ti lyie so th7at.
the job's event time is riot d..ITinr the ndt*Whern a job is

Ii-oed orn the workable backlo!l the crlal :aicul ates te n
Frcent of the lob size arid stores this value. This enables thr-

a rogrami to check the job after ten percenit has beer, completed.
-T;-iis Process continues urntil1 the total amount of work slrnerate
e. ceeos the target value.

The Pro!:ran Places an. event. or, the event list to mark the
end of the re.-ular work dp!, Idle workers are-- -iiver, jobs to
riurrihe-sr or. which the first arid l ast entries of each seperate 1i*- t
t*re located. Each entro yo-ist include thei row nuiiber of the ni.-
Prtrv- or. the list.* The 1 i.riker 1 st. is corvr, osed (of ' i,, secer-1
vectors., rho irnf o r iBt i on ris o T.or in ct C i ,,, (w vct o r va e.ri -s d eFcf p P i6
"on t he Particul ar lLSt arnd Path the job is or. F"" a compftr
doscri. ion of the iniforriatin srt 4ored in, the vri 4 rq see n-M V:

Fer-. op--ration n-erf orrner by t ho [oK runui -5 art erntry
fVer off F Ic& arid ther r 1- o h-I -nc a Limt, iis is
rh-ievedi by subrouines IAKF rid Hii .rc-4-t tvp I-". Fach of

+ 4e SIO MI.ri~t n;. Enitries. ar F .4' CT i : ~r i i i r port o f
!-+. Ihe Soh roit ire nil t be' iC n!~h o t1 r thfe ti r
i A last Mrsr or the list. nithrroht ii&t liJ fi' tlas whon

to lot enry ofr : a li st no Wr a voniv(Fi . Ar eqi, 0 r- a bfe
1Cr~ Or. the t rort.. bmc' *Or MIddlo nt o 11t ir k~ icrie pan~-

K tho~ middile Mt a list, no dirert'A in f r-crit of the enrtry wita-
I 0 TP lo! 1 .r ,e cto()r [E EN I . C;K I j-, o 1.JIr 1 f., LIII k j, I I I fr., -a'-.

1 -: 't OT I of r T-t 8arid I P t o rit !iO o )t th ic i t. ivr d i tiorrcI I
ti,- 'inrroitine Preos the mrethod -f' 1 1It I-i -)aCePrII-.t B oth
r,t in i i e. s ,n - cv i nit1.E ~ e9 r VeC tor -n f. 1 t)T P -I .'J 17 * ie~ t

i c-rat r thin inforiatior. Ao the IT.31n r i, -i -v Ro.

With fhexe-- two tools arid Ot hers which 411 11 hao dine,, d wi,
rCpoe.o it is Fos sibl1e t o besi r the du ; -ai -ori c-f how t ;.r
r-ro-rTn. opeorates.* All refereren inr thi s iec-t i refer tn th-
1 o~jr flow di agrami in Arn-endis P. * 1ho Frsr :r first uht ~inrt

..- iex of t he- .. r i ois r- p r:n tor r roi p 1:o tw he in ri'
I it - set;- Pnnrt--s, mnr' thtin y'n ihp - in re.>rh Ar?

~ c rdI F1 h i * I: br n I -f, t0 h I n l atM io

Tr i J I ! T W . - I i t , Clo t I f, ' I . , c . I In I . t J ;K i , 1, I I r.( , I or
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the Program calls sujbroutinie INPUIT. Or-tiorially: the Pro-iram
callis subroutine DATA to inp'ut the irnformatiorn from a stored
data file. In either case thf -i;oIiram moist, then call subroutine

AFAM. This subrouitirie caiculialp,, t hr. rirc-dpll Parameters of the
rionworkabi e di] av time di str it. 1 Onr, t rum the - I VOl nie3r, arid
standard deviation.

The model is ther, opera7ted for twerit- wool' ; to briroA ther
s5hop to steadj state con~ditions ( p~ct '?A ). After the shop hac
beern initial ized the current shop statuis is ouitrutted ( See
ApFpenidix C ). The pro~raoi ther, prompts for the irnformnation.
renuired to simulate the ui-r cjmrn, week, The information
renui red is the iniductiorn tsrslet value, rmourit of overtime,~ Fand
riluniher of workers trarnsferriis in or ot of the shoe-. The
Pfficieric~d ratin!9 of each workerP is updazt ed b,, orie week.
Tra~nsfer of workers in or ou~t of' the-- shrv1F ocrurs -t t his Pflirt

r-.3E' ) .
Jobs are ! ererated arid §iveri art e-eorentiall1-' distriblted

job siz-.e ( r'5. 313 ). A certain r-ercerta,-e of' these Jobs are
then, Placed on the noriworkab].e ba3ck lo!: and the rest are Placed
ori the workable backloct. When, a ,.ob is P-laced or, the
rionworkable backloA the erociram cal is suibrocutine DEFLAY to,
corrute the delay%- time. The delay.- time dis-tribtiri is a
two-stase erlari! distribution. This dl-?tingie ir- added t~o th-
CurrTent clock valuie arid adJusted sothat. the move tim??e ic. notA
wher, the shop is closed for the rL.Aht, When job-, are F-laced C-r
the workable back iocs the Pro-fran, coniy'uf e; torne. rT-cEn)t. of the E-

i ze arid stores, this vnl '..e wit~h the enitry. Jobs a-re rEIPrierated
ur7t ii the total dnourint of work. ,erierati-ed e-~cceeds the irlieutt-r
t-=r set. vaIlue.

The Pro~nrata bes!1iris the ilBtinri h Flacir, ian enitry or, ti--
o-.enit. li st t~o iridic ,tp the orid c-I t he da Ne'<- t the work ers
tc- z~tare id-le zarp tli Yer f>trom the woTV.-blFe bGCV.1o). Mov) .e-
+ mte for these -jobs arTe riot Prnlirad b-., --ddir,8 Lhe currnt, clod
V- jo to the F,- reFr i ate : tAniuri -f t. he J?.io - I hi; sva Ii us
it heT t ner Prcil or 90 -re rit i 'rdrson .t e the '

br he r i r, p r (- c bsPnf o i i -o i cb i onF ratfra 3 or 4). 1 h-1
t. oTI e r e ff i Perr r 3 t i ris 1 i jQ tc 4ar;ji t the nio'.'e timye t c
r - I prct th e n (Id it i ori;3l t i ,e r- cE--r. h,. 'd,)u.i t i r, I w or '-.trs,. Who

W! I r C - = ~1 rb h i' ,t, -;I E: t 1 1, -I- h'ui'jhr - 11hT01( t irice I P'!
T fL cr : r irtue; lti 11 pthOTri w.eT 1, P r- "T i iLe C-7 noc iobs
rii. * r, on t he WC IIr t 1e 17,3(- 1,1C-o.

7 i a- o rpcepd,. brW ett. lr, t hc c Icl nO P-, a 1 t. o. the FTn

I Tr, h P f1. f , et r-4o r ,n th c r-.'t li - t 11hi rtrV is
T f-DI ',Ed n the r ro or -ri c I)-~ pf kl' A t t- i- ri o t orer rat, 1 or.

I~ f t hr C Jl - i tcn r' i t hs-n t h:' I-- I 4 r W AT m mus +
S1.-Ae thep PrT-To: rri ti:Ols- i,%t- -t~ti~ I0 rrrtr hen, subru ir-

O'F W 1.1 I F C. 1 1 1 ohr- to s i e t hv-i T-1%-h WOr ' r ' " rioithei '1h I f %IF
i abhle, When, no Joibs ar-n I-' I .--h I ot ih U- d W p 0sI , f t -s-'o;

iria frm the nrioorl tbl I t hp WOnt rc'b- t a-c I sOr in
r T- C eca-S witfh t on riF ?r c -,rift . onir'-le~ted t, i he f frsTt c c, t he c

i I riac ed n t he w or V.a b 1 - h bc.o 5 di r e ct I- it ire d, rn TO
(hct orep arid if niot, thort the t er, Percent va- I' e'1t rr
rternuilried a-nd stored with t hr, ent.rv. on, t ho F, r W aT-- C I a n!;.
Ir, th1- , eF- ns c rIr -. Fo- t h, - c,- -l il II -ndv te ioh tn c. h-

I I. ~12~ F ~na-5 onIr t rnlp A.



cossibilitv is that, the enid of da3-i irdir-ptor is, takcri off trie
event list.* Unt il thiEs occio rs UIC hr r rnl ran 3~ looF-S b~ arid tao ec
the next event off' the eventi, I i'.

W he ri the end of' the? u3-3 ini (-,- tor i- t FA on c-i t thieen
Ii I t the r ro _q ,uift must do secver&] t Iro. r- .16. . I he fi r-.t
thinsl is t~o eutA thp end otf rjay if~,( to A.C) rC t.hP r i('t, d i3- oft J0
the evenit list. A fter oi ridA this !hF.-~rd a thern deternauric
whether or niot workerS: OT- to '' overt ime and now atiich. It rc
overtime is available the muovp tintes of' jnhb; bpintS worked oni 're
aiitst ed to occur durnc§ th-e nip. day . rhbi T eWu Pea that +I;-
..- b f'irst 'L-e fol-nd ( It ii , riot. ric s lI :! t re f-f i ,t. er it ra cr
the event list) r then, ral (cd bakor- with the t 'sedn .

i, m!I 47 Sluroutire FSOF"T is lsed to e rfornm both of t he- p
o-ercatioris. If' overtime is avpailFable the the Jo[- ia_ ithr

wo rked on, for thp overt i o i ntpirval srid ther, adi 1-te,? or
rc~--Lr eterl f reeir,, the wclrk er * W h Cr i jo: b I (O 0nL e .It (7e di rjI l'ir.:
roverti no it. is ,re decc v3 before =.rid the wojrkF-r is

new Job if it I s -3v a iIa ble I .f the workeor receives E, new j(
iriLws thc- ov.ert iai2 -eriod its move tine is rine-ie l aj

± a the riea.t da3 .3 11-11s meanis that a- Worker c.-in riot, C -i ete ncr
+.h3ri onep job in, anyv siriqle over-timel F-Period, After i7l1 the
workers have breri ries'It. with the Prol-ra:ni sa s.rohrdy
1-hiE conttinijes unt il five 6---3s or a week h-vc, bIFer _OnRIletec.

W'heni _ full wc-1k. wek.- has been, s intul 5ocd the Praic ramn oit rij,
t hIe Coritents (If , w a)e 1 ic1 ided inr thi a o i are tUir
we rI a i dle time?. work, c-offiT 1 et-d avr- a o~c fl ow1 tifl -, nd nria"

tf w or P r i the s ho im F, 71. T . r i i- of ri aati o, w it h t h -
eat. Ei oF Tf t73 Sve Pca f 1 w O e cnH o cat n oj uv s at

' availeblf? 8t arxtime. Tihc fc I ow t j mty, acrtr
f I ic enid of' the wp-k. , ho rou .-r 1 . - Icrr v c t (? et h)a i 0 I t i reF

W Pt' f (.-i I 1,ne c~ie ml i ri c ; rul c 4rr

latet ar dirt Tr he L ht 1M 04 Wj t I h

tf hre r t j 1h jtC t fi0 Ira a, i -1 t I p;

nirct E1.Z -u ,1 . -c)l. !c t c

f~ ~ ~ ~ ~~~~~- 1-- .r :- tc i11o lF



APPENDIX A

ShoF Uchenmat Ct *.i.n

(lemo r. S;to P3~
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VCr ctot tConten~ts tor erotr ri

EV I 1 en rercert, of the icob7

FL I OI VF:I'jp of clocPJ wher,
*Joh ws.c clrteraio'r1

JOIIS I Z Joh si7p

F MA IN Niniety Percenit of' J.ob
s ize

D. I F'E U Row of' rie,-<t entry4 oni
Workable back~loq

WOR K 0 if' riot beiric- worked
on arid the worker #
if it is

-9-



o n t (.r,4  t n cr en t T- r) r,
Ce to C)r N ori n W ~ C)Tl7z I~ ;I I 1fi

1:V F.N f 1 m f i ti 1 job ain,.'' ,-:

E .4V~ 1. u eof r I oclr k.Ih Pri

Job wp ereFte

.J 0 S 7 Job sj~e

rti w R- C i 'ow of' r, ext p n t r 3 n
Normworkcabi backlo-e

W 0 R --21 if' f'ron in Process
1 if' riever in~ -rocres=

-10-



Corterts for- P t.r or,
Vector WorPker list

EVE.NV Ffficier, s r~tir,. for
ciJrrert week

FI OW

JOBISIZ Number of weeks
work.er has beer,
irn the shop

RFMAIN -1

ItI RE CT Row of next ertry ort
WorKer list

WORK - --



~FlFEo J w I is ri T
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I P

0
StaBrt4

/Choose

Inut

Oferator IpFuts F'aramneters Irputted
P-arzmeters From From Stored tlate

The Termirnl File

[Ielpi Time Dist.

Fa'rameters Are
Calculated

Initializ-e F'ointersi,

Lists, and Statistics

Initial Workforce
Generated ard Placed
on, List

" i - 'l -2



mleteruire Target
Value for Inductions

Ste~'dH Sti tc

It, PUt ShoRra Model for
Status One Week; See

Reset Statistics
ard Counters

- 14 -
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3

Triut In~ductionr
'ravnset Valuer
Overtirneg ard
I rersfe rs

Update Workers'

l(-Workers'

Listesfrm

'5 _____or__ ____ic Ppr 1 _____________________



Generate Tinome J

oresJob

Goe

Nonwo-k16 -

A ~ZLYeJ



IT a.e Fi rst Event
jOff' Event List

odCharip Clock

N o

Determine Statusof Job -I__

JGoes from ofsCorfte
Noiorkable t Io Job__is__Completed_

Wo(0)rb ka bl1e Ftklo--Is

Give Freed Worker
a New Job if One
is Available

Job Goes Jo b Stavs,
Noriwork able InaProcess
from Irirroc'ess Till1 Done

- 17 - _ _ _ _ _



GveFrtiee WrI:r

AdJut Coffipletior

Ftme N (7

aJob ifac One List

F'18ce- 18 -te



artd Totals

KOtFUt Shop- Statu-s

Oi..trut Fin~al Shop

Totals anid Efficierict,

rrii r.2 t e

-19 -
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J.SF M~r t) 0 -,

j 'l -il~ ? T,' I ro I I I ti r< n Z , , : W W~f 1, f' (f 1 1 I - rl I ,',] l

11,,': + I( f q nit T C)| 1 0 r ir I C , Te !117 !f l , l '( f I'/
"  

- f : '

I f C) T i I(-,( i tJht. T-, ttl...

>gil , rI',:It 1 r 5 tI.It i I i rc C. L ,cr; I : t . r.i i r i c t c

tc ,r -m H *H ' w 7s irt ren r le .rr ir 5 tor , . r-, shod i
t f:, f I C tirh,

1 r) F- ho i rs C c e, ,of t.h' ., rep hss , e eierit. : t he wor. ,
r ) 7o r"( , the rorwo T' Ik ab. I ;7, S e , rid t h(7 P,. C E'. r

7:, q-e 1 ), Joh . rrivu, at. the tho r rid roria ]' rt
r r rd ir t c the workale hacklol* to h bSiCt n rc tp ;s:ir, h-. 2r

, :i 1-ble wOrk r IfT for so e re . rI-, r . ,nr, ot be

oeed ........ ," it, i ente red in ri the no-rl, o able b, c I
1l 1 -2J jobs Will be Fr ac'ed ir the norwoTkaT i e haI-i k 1 VIz he r-

at e t rhe nori avn 1 bi 1 ity ttf prt or t echric- I d-t2 T nui red for
r7 nrcessj ri,.. Ornce the roriavai lbility, i. st' isftied, the joh

Tetirris to the workable hack lo5.
.Jobs Move fToni the workh'Ie ha-ckio5 to the r-.rocessin 1 7

r needed, Soret. imes , d IIT iF thejp irit i -1 dit, s.n1h 1 of ....
it. is determined that an a-dditioral part(s) is: riter'-ed to
romp lete the Job. If the Fart(s) is. not Z.vail.h-le, the job i

entered irit o the norworka.ble ha-. o (ac.ee F iAure 1) W her,
r roressin.s is complete~d on a job, it leves the ahoF.

ihis Tnual is_. ste b. ste. discr tior far ocer.at i f.

r- cl:nih 'SHi-f". The Prorram is a si ;].-t ion mo el of a t,;: .-.
P ,,F. shop, To run the r-ro -r~a type i 'P0I4 S"RPN q In, t ,

f:Y lowiri te'r-t Proam irst rrctiors arid wc- re -se.-p
At tF heG) b fI it i t o f the Fro4,Iam is o mue st.re uhonr, o s e(rl-F"

for erterinr, the initial pa-rameters.

(FJ,!r)G) IM OUo WISH TO INP'UT FPARAMETERci YnL!RSE1. F? [YIN]

(MJFR) If you enter "N' the the pczrameters will be read from
stor.d data file.

If '.0J choose to inpur't the rarcimeters yourself then the
rrooram will eromet for the infoTmation as seer in the ne-'t
section. If yo'. choose to read the values from a stored file
t-,r~n -s, i" to the section after the second line of asteriks(****)

PROG) INPUT PROBABILITY JOB IS DETERMINED NON-WORKABLE UPON
ENTERING SHOP.

(USER) Enter the pr-obabi ity as a decimal rntmber between 0.0 ard I . 0.

(FOG) INPUT PROBABIITY JOB GOES NON-WORKABI. F AFTER START OF
PROCESSING.

IIMF R) Same as above.

PRO[) 1411 IT MF (IN PI.AY I!Mi IN HAYS.

(IlI,! R ) N', iTer '..st. in, cljde decimal Point.

I - :f l - I - ' -2!-



a 7F['~~ IT) o ove

PCM T NPU I TN rF -E* 01[ . 11 ) SED1. FOR 1k"NTIOM NI IM t:f P< GFOV f,'r 61COR

I J'- F") eed- musJt be an odd irntegoicr between -.91,- s i 95Q

PFKO(G) , I1 AVEFRAGE JOE: SIZE IN ST(IANDARr MAN - [I)! Ih

I I FR E- tirct- n u iv he T

F'ROG') I NPUT NUMBER' (if WFtIS UiNT IL I F\AUSFEFEf~ VFF rNNFL AF'IJW,1VJr
ANDI W(1RKINC F-(I L EFFICIELNCY.

I 15FF') TIf wnrkP.e r i; -. at fil .. 1 e f f ic i e r c c --- ur irn t h i ri- w e 1. t h r
enter a '3'.

FRlG) INFIJI EFFICFIENCY RATING3 OF TRFANSFERFri WORt FF FOR FIW T
Ut-EK TN SH-OP.

I17E.P I ff t he- work pr is txe:td~o work rt.. 80% effjrc nic- th-n
ert,r ' 0. F',.

(F f:,OG' INP1JI1F ICTFNCY RkWT01,N FflF: NFEX1 WEEK.

!(, R T he P -T r ra, atthj 1. 1 V- fp (-)r ef f ic, i e n c 4 .r, fo r s I1I b 1 1

the lss. week. of tihe acL."-rrtmeri Per in,. The Proiram
s'.; le- ii the I1 it wF-kl,. i.n the! F*eric a is done at flil I
efficiency,.t so i t ssin~ rs=ie of 1.0.

(-Ii3INPI NU.MBER OF WORKER'S JJ) MICIP AiT STAIRT OF STM1IILATION.

II2EF<) Ernte r numher.

Ain,~ error in~ the input data will re'',jlt in the osustior,
beir,-1 repeated. If co hoose to rea-d the Parsmeters fromt thri
data fileit the proc-rar will still Prom-rt qouj for the niumber of
mn in the shop.

After the paramneter- Drc, entered the proc-i'amv initializ'ec t
~hop. 1 -iis is accompiejsheri by rrsir the .hop fortw t'

+FROG3 MODIEL FFING INITIAL.IZED

The initialization Procece, catisps a short delav after which
t he ;eroc.rFir di seflo e' inrfori,7sti or or the hce's*1 he
nitoryncition i cislla,' irn the followincl. format.



OHIJ M4IN r

F ft '(' RF ;tJ[TS FDiR W1JFK (

IiACi I 06 NO. OF JOiS NO. OF' HOURS OF ! F'

WORKA:LF XXXX XXXX. x

NON-WORKABL E XXXX XXXX. X

WOKF:KF S WEFf1 li.F XXX. X HOURS.

WORN COM'LETE1i THIS WFEK TO'AILLE') XXX.X HOURS.

(AYFRA(3F F L OW TTIME XXX.X D'AYS.

NUMP!ER Of' WOP'RKER. IN! SHOP IS XXX.

Ihp poT'olram' wi'l 1. then rTronfpt you for the iiformation or, the
iiF c o l ,ri week.

(fROG) SUFFL.Y INDUCTIONS TO SHOF FOR UFCOMING WEEK.

(USER) Enter the tar!get value for the week in houTs.

(FROG) INPUT OVERTIME HOURS AVAILABLE THIS WEEK.

(I)SER) Erier. the total amount, of overtime hours available.

(FROG) IN PUT NUMBER WORKERS TRANSFERRING TO/FROM SHOF'.

(USER) Enter a Positive number if transferrirn in-to the shoF,
rid a r,eslative number if' leavins shop.

The proliram will then display the results for the week in the
same format as above, and ask. if you wish to continue.

(F'POG) DO YOU WISH TO OPERATE ANOTHER WEEK? [Y/N]

JUSER) ErterirS a "N" results in output of final statistics
and terminatiorn of Pro_-ram.

Final results of the simulation are oututted in the
followir, format,

- '21 -



F~dib F INCAI Rf* '4 IF, F:OR XX WF '

~XX JOBS~ 44 kJ-. LOM01PIF:TEl' TOTALL.ING XX2<. X HCHIFS OF WORF

AVERAGE. FLOW- TIME. WA(- XX.X PAYS WITH A
51 ANBARE' 1EV TAT TON OF XX, X

WORKERFS W[RF ID)LE FOR XXX.X HOUIRS

SHOP OPERATED AT XX.X 7.

There are two conditions which will ceuse the croiran to
4 ermirtated ?rematur-elv.

(1) Number of' jobs in shop exceeds the n~is-,imu number c~f
Jobs allowed.

(2) Las~t worker in Fhop is tr-risferr-P'i tit .

It, -hould be rnoted ntt this Point, that. the ma-jor factor
-~f f ect inq the overal]I operation of' the shop,- i s the status of' +.t
on P ible back 10,4. 0Oner;--tion of' the utodel for za reriod of wet-1
-hould s-hnw that worker idle time increases when t he content. of
this backlkn- is low, Artyg increase irn idle time, will lower the
pf'ficienc'y of' the shop. A~t the same time it is irorI anit that
the workable backlol doei riot 'become to full. This would result

ia lar!:er non-workable hacklo- which in turn increases thce
stor-ige space needed.

-24 -
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) f-"f)t I V I F R. 1 ' I

P ~ROGRA6 i1 i BY J II N C' GIL.MOUR
I tIuM j HODOr(oN

I * * ~~INVUiSTRCN. ANDI 5.f'*; IT F t~ JIN I IPNh D.I PI
UNIUVk.lE Y (IF FLNIDIA

L.** TFE IIi:H(N17 (704i) 39 1464

F * 1 IHL FOLLOWING PROG-RAM IS A SIMU.L AT ION M001[ 1 F 1-, A I rf PTI'
9* * N.*A. R.,F. SHOP. jD: AlE:F SCHF C'LA Tl BY F:1ANI'ARB MAN[IOUR'
C* wc CONEN . fHF FOILL.OWING I1S LIST OF 14-HF MAiJOR VAR I BL ES

r, ** AND' THE:IR tDEFINIT EONES
U ** P1 POBAB ILIT JO i'j WTLF.L 60 NON -WORKAI:'4F UPOt N F Ii'

C.- * P ROBAB4IL ITY~ JOB W IL 6o NON-WORKABVIE AFTiER FROF
C**ING HAS BEGU.IN

[.A M 1 LAM2 = PARAMETERS FOR DELI.AY 1'TIMF RiI S IR I liI ON.
1,** MNJOIB -AVfE.RAGE .!tBSIZE. IN MANflOURIC
1-** DMEA0 MEAN D'ELAY TIME.
C** DiSTBlFV STANDARD. DEVIATION OF' DEL-AY 1 TIMF
f- *NWK = NUJMBER OF WEEKS UNTIL. TRANSFLRE r f FR flNwi E

C**FULLY ADJ.USTED.
C NORMFN = NO. OF REG~tUL.AR WORKERS," I N SHOP.
1>4* ADLIMFN =No.* OF' WORKERS TO BE TRANSFFTl I N OR nill
fll**JVRTM = HOURS OF OVE4R 1 [MF AVA EL.A-LA. FOR WEEK.,

HOUR = TARGET VAL.UE FOR SCHF DLL ING JODBS FOR. WErK.
C ~EMPTY = ROW NO. OiF FIRST EMPTY FN 1E:Y.
C** WOF =FIRST ENTRY TN WORKABLE OUEUE,
C * *W O L = L A T a a 0
C**NWOF =FIRST ENIRY IN NON-WORK ABL.F E LIE.F

*C** NWQL =LAST a a a

C** WRtF =FTRST FNTRY IN WORKER LIST.
C** WRKL .- LAST I I 5

C** Il & 12 = SEEDS FOR UNIFORM RANDOM NUMf:ER GENERATOR.
C** CLOCK =TIME SINCE SIMULAT'ION STARTED.
C** TIMER 6 a WEEK STARTED*
C** MAXL.ST MAXIMUM NUMBER OF ENIRIES IN LISI

C7** FOR EAf!9H J
C* JOPSI Z(J) = JOBiSIZF IN MANHOURS FOR A J 0 13 OR EF FIECENCY

C9**RTN IF A WORKER. t
CE VENt (J) =TIME TILL JOVB MOVES IN MOrIFL. t~
** RFMAIN(J) - TIME REMAINING IN JOB. it

r, * * DIRFr:T (J) =NEX MEMB-ER IN LI ST AFI1ER MFMB.ER J
C*4* WORK 3) =1 SOF* WORKER NO. ANT, OTHER FLAGS *

(9* k F LOW (,.) - ITMF JOP F Ni RED SHOP. it
C0 JO ( J) riTE F.F NT EL EMENTS OF ENTRY 10 LI ST.**

(9** EFF (1) LEE IdIE9NY OF WORKER IN WEEK J AFTER T R ANS F F
i * * OTHEF'R VAR FAPI E-.S ARr UJSEDi IN VARIOUS SE.CTIONS OF THE FROGsi3Km 4

IMPl-ICIT TE3F7IJ,-
QC,('iN 111'514F RE MATIN?,Al I 1hFlLN

,)93 PF AL*R AVF LOW, StIFLOW
RE:FAl. EVE).NT, F,P2, MNJOPB,.AMlLAM;',COCKT-IMEEFE-(6),ID.-TM.

HF FK RNWK , HRr'ONF 1 I RIINF Y (AIR.NE , 1*1 1 IDL vE Fl01l

-26 -



SHiOP, SHOF-SHOP

TO TFLX, PREFLO Y SUF LOW
0 005 COMMON EVENT( 1000) vFLOW( 1000) .J10ilZ (1000) KFMAIN( 1000),

* DIRFCT(1000) ,WONK( 1000), JO.I:(3")
(1k)06 LOGI'AL-* 1 ANSvRFFLYyYFS, NO
o0o7 DIATA YES/'Y'/PN0i/'N'/,MAXLSI/1000/
0008 CALL ASSIGN(6v'l'I:')

CAL L. ASSIGUN (3, ' hA IA * Ar'

C*INPUIT f*'ARAMETE.RS AND CONS IRAINIh *

0 10 TYPE 4
't 11 4 FORMAT (10(/) ,' 20X, ?.5( '* /) /'2X ' * N. A.*R . F SHO[' M0I'FL I *' OX

to' THIS P'ROG3RAM IS A COMPUTER MOLILL, Of' A TYFICAI '/
* ' N.A.R.F. SHOP. TO INTTIAI1ZE MODiEL CERTAIN'!
*/PARAMETERS ARE NFF.JIED. THE PRO6RRAM ALLOWS tITRFCT'/
* 'INPUT OF PARAMETERS OR READS FROM A SIORED'!
*'DATA F IL E 9 DATA 4DAT' 2 TO USE THE:' PRF'.OGRAM'/
* /I NPUJT THE I NFORMAT ION PROMPI ET1 FOR.* THE FIJ 01 O.! M" I
* ' INFORMATION IS PROVIED EACH WEYK: CONTEN IS OF '/'

* ' /EBACKLOGSP HOUR~S WORK COMPLETED', HlOURS IDLEY AND'/
z AVERAGE FLOW TIME. FINAL RESULTS SHOW HOURS WORI'/

* - COMPLETEDp HOURS IDLE, AVERAGE FLOW TIME, rN:cd*
* ' DEVIATION OF FLOW TIMF, AND SHOP EFFIENCY.'/)

30 TYPE 6
F13 6 FOMAT(/' WANT TO INPUT PARAMETERS YOURSELF? LY/N] $
READ (1 ,35YERR=30) ANS

* ''V 35 FORMAT (A1)
(1/. IF(ANS.NF.YE'S) GO TO 40

1 CALL. I NPUT (PFPll PI I.p 12p EIMEAN 9 DSTDIEV Y NWK v MNJO13 P NORMFN 9 Lf
GO TO 45

I IF(ANS.NF,.NO) GO TO 30
C~ A .L 11A Pl Pr2? I I 12?p, :M E AN PiF, F , NWI K M NJ : P Nr1R M N, Ff F

* '.1TYPE 46
'F 0~ R M A T(0(/ p MOD:EL. B~EING INT I lAl..TZFrI' p 10(/)

** TNITIAI. LIST IS EMPTY *

MXIST1l = MAXLST--l
lii'',M=1 ,MXLSTl

[IE:FF (M) =-M+l
UIjRF.l;(MAX! ST) = 0

f *4 INTTIAIZ P7 OINT[RS *

I'0JOB I

NWIJF=

LIou 0

-27-



NfkrJ l 'lt ) V022 l' IFR! tIi! J NId (

~~ P', FU

.JOF!WI, 0
k,'.'FtIkWK 0. 0

JOUNLJN 0
HRNWK =0.0
CL. 0CK 0.0

"'-IPIIRIONF 0.0
'047 THROW = 0.0

ro rEl.O 0.0
1()OC 4h = A 0.0

S~UM = N(11&1EN
''0'.)ITR = NORMFN

f* GENERol F WORZKER.S

EO 60 K=rI, NORMEN
Jfl F! ( 1) NW

*~ '4lIME 1.0
* ,, )L~~tj 1(31 P ) -

''U"-JORi(3) 0
N NT =EM PT Y

C AL L F' T ( W1RKFV 41 RN 1. 0 T I MFF RL 0W I- M Ml Y
~~'~,C 0C C NTTIIUF.

''060 Hilt) FS rNOF'MErt4G'(
0.1 DYRIM 0 C
062ArllMFN =0

'06 3 0Q IF (WEEK. ED. 20) FtI AG = 0
uOAS WEEK = WEE H 1

0066 IF (FlAG.* [0.1) G0 TO0200
0.068 WEEK =0
0069 CAL L OUTPUT ( JO4WN P HRWN7r JOBCNWK ,HRNWK CHRr'NF vWEEKv SUMP

* IELTMTAVFLOW)
0070 RHOUR =HRDJONE
0071. JCOMP =0
072 JBIJKN. 0
0073 lTriOL = 0.0
0074 ECIFLOW = TOTFLO

7rgceFI. 0) = O:FLOW

C**INPUT11 DATA F- R UPCOMING WEEK 4

0076 100 W EEK WE1 E KN-fl
0 077 IIILTM = 0.)
075 115 1 '(E 11 6

Ou7 it FOMT ''UPPLY NiwNICIT ON!. 10 SHOP, F~OR NExT WEEK (HOURS)' $

0 C)$ 1 1t R;: m (MA 1 (1
008:? OURSl HOURS* 10C
(,Q A 2' TYPE 1 21l

o0,, I.-I F:ORMAI ' INFPJT O1VERT IMF IOURF AVAIL ABLE iTIS WEEK. /v$

r, of FFl6 i7 H12 IRM
6 i '(FL 2
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uti-iAN TV~ V 0. 1 VRI l?-JUN-A~ ~ 0.

I F t~~~fF'GA I t~lVf R WUU kt'F N If-u' I I ~ AYf' P.M ;
P0 11,~ 1I RME N = 1 2"iN: )~ A' I'' M 1

$~ ~ I P11,~ A TE IMP ' k i E R. Sv T ~ i AUii f

0 (. PN T W P ,F
17' '.0 IF Z f51( PNT)F . NWNc") (4) 10 t 60

J BS 1 (.,NJ T J 0 l, 7. ( P N.F )I
F:V LN IP (N I) F F ( , US IZ ( FNi)

1~T 4, N Q I D i f (R C ( PNI
T F ( PP I .NI.0) GO TO 150

C* Aji 0 [,0 '[1 _I FIE W 0RF:.P R.

o SUiM SUM-lIDfMEN
I IF (*MItMF N, EU .0 (Go T0 200

I ~ IF'(ATPMfjN L .) 0 OTC 1 7S
'1 C DO 170 K=1 ,AffI!.IMFN

T FM -[FF( I

I~ (it ~E' I IIL.E + I
''1 NT I [=IMPTY

1 0 Q CAI I.. fur ( WFKFit.J Il. .'f 0, MF ,FFL..OWr EMPTY)
0110 CAL.L T IDLE (SUM tC.LOCK P0 9FNTP,. TM fI TR ?TOT I ILL

Q' I I I ~ C.I NIEWJOF (FNT , WPf , WOI. , NUDEP (, NUOL EMPTYPJOF:LJN ,WK9

1 170 CONTI NUE
ni 13GO TO 200

C** DELETE WORKERS

01 14 1 7' AFDMEN :n--ALITJiEN
1. 1i 11 O 180 IK=1 vAE'rMFN
116 CALL ['El TE ( WOF P UQ_ Y NWQF P NWDI.. ,WRKF WRKL EMPTY~ CL.OCN'K iTIL.

JOPWkK P 1IRWK)
f 11 c. is NTOr iN F+

GF*NFERcTF INCOMING JOB~S

1, '100 TIIOUPS-0
.17IF ( HOURS . ID Q* 0 ) 6D f1T0 24 0
u12 t 10 MAYJO = JOBWIK+JOB~NWK+SUM+1I
0122IF(MAXJOP.GE4MAXI.ST) GO TO 810

0124 JOP(t) -(.O(71(1I))MJ81

0 12 RFELUW r: (I.OCK
It Fz(N I I~i'(1 .(-1 F* P ) ( I o 2,(0

C** ENTER NON- WORK0BI.F r OFUE
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t I JO!NWf _IOLPNWK- I1
H k NWK lt~i -I PNW OU4J ( 1
C* VI liFtI nY( TIIM V ,l 1 1.-I2LA MIpL AM 2,tCJL0K)
CALI-L f 'I Jf( NW&JF Y, NWOI. , 24) IJMF, RF I-.OW, FMF'T'Y
610 TO '?T..

4 N ETEF.R 4)O0R K A U F 01LIF1.F i

~ % JOPKItK J 0E;WNKI4 1
o i3 HRWN HR4IK+J30E (1)

N10f.3 0

A I .0 TOR TJOB+JB Jo~)-1)

I 1'i IF ( HOHSL n.)RS) GO0 TO 2 10

IF(CLOCN.NF.0.0) GO 'TO 280

F Ft 4PUT ENE' OF DAY INDITCATOR" ON E VENT CHAINt

('151 JOB(1) =-[ ~ 152TIME =80.001
(;JL, 101(2) 0

JOF(J) 0
('ITSCALL PIIT(NWOEqNWOI. v2qTIMEiRFLObJEMPTY,)
6 2') F'NT =URKE*

'n ) 90 IF ( REMA I NPFN T NE. -f GO TO 300
0'1 j CALL TIrILE(SUMICL.OCKP0PP'NTPIDLTITlRPTIDL1,.)
0 160 IDLE IDLF+t

''11 00 PNI = TtIR"\FCfPNT)
0162 IF(PNT.NF.0) GO0 TO 290

01 3)Al 10 FN T =W RK F
0165 DiO 315 J=1,SUM
.')1e6 I I(IE'LLV F0. 0) GO TO 320
o6 8 IF(NOJOF.EG.1) GO01TO 320
170 I F (R FM AI N(PNT) *NYF.--1. ) GO T0 3 15

elCALL NEWJOB ( NT WQF* We140.., NUOlF v NWOI ,EMPTY~ 1014WK HRWNK
4CLOCK P NOJOU, It'l 9 SUM , 1 i. TM 9 T TR TOT I DL

Cl -3 3 15 [NT =DIRECT(PNT)

F UPDiAiF CI RFCA 4

Y'4 :') L 11 .(.K F:VEN ( NWI)F

(.4* TANI' f TRS F Vrt) AND I-EqlT FOR TYPE4
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F F" T I IN 21 ~ t

, I.' * [ I,'f I r, 0 (.1.
" if jnT:,, 1 .r 4.-] ii i !1 L.:',t.,

I' 1 , 10 u

jL II II ( A 1 . F. F: ': Fl r I C"

'iiP T 00 112

SCAI I Fl ,(ny TIM ) H 1 fi I2 .. M *. -L f(IM .i'I. Ml'
,' :-"P F N ..(~PNWK + 1

I [F'' W . r H K', j1K 4 J :
" -T CAI1. I'FI.T1N !0 ,'UMII , ,TI ,FT.A 0.lbJ F- yiY

G (O 10 't,

I.* GO ) 0l(1[ F F P N No f .- 0 :fK 1 Tu, . [7 1 0 P.JPV(I.'1. 1

,. '','.,' 4 'wI Pot.- - I, : ,.1 10o
'I IV l J PI JO:

,J rfi , .J . . (t.1 , N W K- I
N W: KJI ~ J~ I 0 W -.JI: L K 1:' I .... FIFfe'JI\ :: If, NWN--..I: . [ )

I .t": I.7Wl. 'Ul ( )F ,W() , Of t1. 1 1 , lb, N I i F M I Y
'C" ."; JrJ(.u : C: )

' J(.1 bU W0 .JOIIK+.I
I ' L , FPWI<.': 4 JOt: ( I.

'"' ." 'GO] TO 151'..

C * J)s BTAYS' IN FO 0NI(-I C ES S, U NT1L C OMF'LFT 10 N

4'5 .4) MII.OMY ' JOB ( /2 E [N I( JOB () B ) )
(010 TIOF:: -- (L.CK .[Dt.MMrY
0urs JO I2) 0

0O 6RFM I N JOB (3) ) = EMPTY
o,:'' / PlI t I tJW F NWll 1-. T I M" F Cl OW, F MPI* Y

?"'.,('2 -N J F:)
I 1J 10 T NE [OF HPRUO0N F + lO P (1)
JT7OMP =JC"OMFP+ 1
T , I . I T R 0 .(J ()KF' F l

Io I",'ll 1 L 1.) W I I' EF'. OW) *

' CG IVE NF El OFKFI'l W' JOB
'1..'.**fF*** ***F' * * 1:

"'' , If t f -I ]iLF 4 - I

i t l L. TIILF(;LIMFCLOiCK ,0,F'NTr IIILTM, ITR 'TOTIIIL.)
CAI I NF U IOP ( F' OT, Wi,, 401., ,WOF:, NI4 .T EMPTY 9 JO IK , HRIK
SCLOCK, N.lO, i'r.[ :LE 9SUMT ITl.TMP 1 tI, TO T I [DL

- '11 -



,I F ., ( , ( t

'~~~R UL Il~'kh -F, ttrII ITHI'-I(H:N:

t* 

II, 

t' + I( v f f

C *I I Iii U~ 1 II) 11F F F"101 1 'Ii dl'li: 1 MJ~ F Nlf f Lj~ 01 1( M FI

i Pfl N 1 0 11- I

II I jI NF I 4' '04.0,A- 4 Ip

.t" ': F <Wt K ; HIFt ..J[Jf:( I ,
* ' F (,IN 4' II, JJ11(I't

F+!: UN'FIF.FJ I H I

I T fFlt- 1, 1' 1iO 1 L $-
II [IF IF oF] O ..ikE. Ii (IL FluiFk'

,. I' -riLI;' - II t L[ l.:(

* iFI n ','rm=i n sumW

/ F" N 1:G
I F (LIFIF.1, (M -"IA 1 iF
I, I M E I L 1 It.

, * ,$ f'( ,il ri 'NtIUF , NUJ141 *<'.i1c1 '1 , vu ru, ' f'I '

2 4 O RT nflk'- Z '10

0 8.(.I R D F-. L. .0*0 fl T'.-50

0-: F 10111 F'.PK F NEk N|F. ) UlgH 1

I)..? ['NT UI<N. F

rir L ITA: o M = 1 S M
pRTIM CLOCK

IF (RFH I IB ) .-i ) £3 TO 6.50
, 4 0 IF((JVPTM.F.1) iF r 10
o.., "  IF (O)VPT I [9.0) ZIP' -' 0

1,15 7IMF I F [M TBt
,U 4L WROW =REMAiIN(F'Ni )
<'145 RI'IF = E!VENI (LJROWd) -L CK'..,--ZIP'

0"247 OVRIM = YVFIM--1IF/1 0
02:'48 I F ( RDtIFL. .0,0) 6H). TO 5,.50

5 [F ( WROW I NE. NWOF ) 6) 1 1 5(:
"2.52 ft I_. TlKE ( NWOF 0W[01.., i'TIF, RF~LOW yEMPT"IY , STAT'US:

''2.5.T3 TIME 1 TML+60-LIF
"'254 Oft I. B:IIVI(NWO F,NWI t t I'IMF:,R;F'Ld~,LMFY)

GO TO60

7' ..., . P.. O 'T? =: i'IWL i T1
JI FEMAN' OT)'77(. OT') 0,0-4(

,., . F:'T 1 :: F V E N T ( V ' N 1 16 o
, ,I CC) 1lD L?-,=

rI /. 540' TIME -:: :VEI'l(F:'I.' -14>O Zr'

/ 3 CAL.. FFSORT(F I T FNI1 I i 11-tiF'Y NWOf ,NW'I.,1IMF)
(''A ~ ~ n I .)(1

JO F , ,+.tOMF.1 1 I' I IkI 1 0 PI 11 01/,F..M l,
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: ,'AtI I' N. I f P1 .f. U i . ,,

ft) 1 P

I hH P 1 -

-, I 1 f,'II 1 N I 1. 1.J)1.1 1

,J - MI 't tii P, f I.

IlFF I I 'f () I I 1:J ) f, '1 L ().'FI~l,,) F'q ) PF.t. WN C 0C K ' .. i j t(. 4)-, ,(

' lA1 f t 1 F'j . + I

*'' '.,1 IT" '.OrJ 1)1 ;P L )Ij (lir" tI([(+ 'T.[;' (' ( ff U.'))*

* ' fl M1r -t ( 'N)"'

.ilft - I JAIIW I.II.+ 1i,,P.1

' 1 .(I}ML iI.l.; l 1F~1

. I -a.f l - IIfM f) I "I'. '(Ih )

N 4 4 )) YJ iF (IN r 9 WI- .F l( I NW-f.F W .1 .VMib .I  Y I PI-f' l I RW
A I I Mr t (I F ' I fIjI * .' , 1.A[IL P1. IP f il T= IL

* * * * t *i~~ *i'~ I F *F~ 1f 1 * * * * Ft t I * f * *f *I * * ji P tpTIi I I:f IF (I I I I I - _I 1 1 I P ,' I'

1, fFE j,' ['()1N *H1" 1 1 15 'TTi)j !' jj I f
,. .... F. t I. t H 0fLI-[ - R , I fI. ,foI I

P F /) I N, .11. i fj.41 G . i 1 f

1 ,( I ' NI I .L .P'. I ) M 1Nr TO . 11T

P f m 1 I L'Ni
'.'! :'" <~ I I P N (F N 1 2)i,. " ,'j71T'

HI ItI 0

C). , AF' I 1 " 1 '",11 ',' N 1 91' 1 .

"f ...'[0 T I 1 0>

C, ,",A1 r;i L.. 1 I A KF ( NW()F , NWI.., I T M: F.0 1(0 E F" Y P 1 (T ' - I

0301 11 MF = TIME--160.O-ZF1 P
() -';:C)"? -ALl.. FIJi ( NWOF v NWQI.., 2 T 1. MFI , R.F:.OW 9EMPTY)

GO TO 6 60
. A l..L I [EI F JM,F T9 I , ,'INT, 1. Di. MI T R 10 1 1I1.)

I DrIf. Tfitl F- I7 1;. ,, f,1*IJ.F. :I i| F " I (N
l ~ ~ ~ ~ ~ P I , " -,.,' 'T : I Pf':'C T ( FNT

',;!if I [ . I ; t -i V. ; 16*1 . l, k 1 . O -,
" :,0: IF (I lr' ILP,[.f),1.(),AO() li(f 110 10(

tQV I' I1 FF' I TMF --I1. 60

, r , 1 V 0F I .S F R.:*

,, I ! .;'0 r Fi"'tlli NFl
.  = HIIOI.} I IIP "IiNFf-

I 

I 

I 

II W/
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L IC I I, , ; I."1. .. . -: I. t ".

,:.Lv TF(FI(',.Il ) G(O i)

, ,!! 1'Ci I.. n I. vII I ( JtJ[:'iiKi IIhWN ,, ~J Ui ,,HI. P~blIK , (" -FT 'JF b, L ii r . 1.~',

IrL TM, AVF 1. O )
, IYF'E ' I 1

,"',C,' 1 1. FRMAI(/' ['(.1 Y l II H TO0 CPf:.R i A ) In HL I I P W ,

A .CC E.FP 777, R FPL Y
FORMAl(A4)
IF ( REl F. L. y E . 0 10 100

IF "F:'PLY F . NO) (.1 ' () 0 -.O
GO TO 71.')
R HI 0.1.,) RH R = (F\). lONf-_- R'H-1U R)I10 0

s-i'") F.~H0I () I JIO DL IHF)/ 10 0, :. •rlf It*. T l(II:IL./1O()

A, -) :. 1F .0W I (f l F: I .0 -R 'I 0 1.. -.- CO M., V1/ 4 C

'-.1W L -1W = F ( ( WI UF A.(- I D W f -R-...FT Ii MF P f Of Li- -U IFI I,) I
*( JCO F'-- 1) )' / ( *. 4 n)

IAI.L f I . ( JCOMF . f'HOUR TOT 11 DI. , jfItIAVF W IT 1,il -I .LI
(!. , (,,SlCJFI

1; 10 JX, ' - .J 'BWf"'I O1'NW K
-1,fin IE ( C)., :: 15 ) MAX...I :

, , 0'-)k M li,1 M (M-XIM Iir1 J DB L. IMl1' E X:1TiTrrr.I. ,F4, TJiIFIt; T 4 J0 :'
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'I 
9
9',iJ *9j l~jt , ' ] F f,. I ". :tIl) f'1 '.% "1 , ' ,

... .. t!! .)t "'

r t ' ll .lAtl I'' [ r*9 Il t iq I i . Il, ! I !iI I, ! I If I f - I l ] ~ ,

$ i''[,, ff b'} !
, c:  iNr[

'  
i i',! cI,'i li1l

II!' A ['F F jI I . IN iil IF!' I, Y.. ', I~ I eJ F ,r ,,<

IF nI I N1 ,I. iMN',i FNIC;

' .,F t . 1 1 1

SfIb AT, ."- [ NF' i f,' : 1" , I { li: . 1K F-; .i I k i r~ I:

' ~~F:F I' ( , 1 ':, 1 F' .,5 II'
I 1

I t I FF I6

T Nf .I ) I I I M I I .

:F IlkI , ! fA 1 )tl I F. . II;. + I '

*P F .
I T'b 91 t IFI ,J~rI N - FI

T N " F )l t F I N t F -.., t"I

NF UT M Y.: E 1" lu. R' Ir 1 0 P 1-, I1

;1 ,' 1I4fF t" 1
' .'I fI )V A iir ,F ' " 1 hFJ ".l FIF f-F t~. i ft I -, ' I' il , " ',b I ,  ,',I:I.I. ]<J :,t"t.

F J: F. r t I Z. F I N W "l RD " , 0H , •

I U T F [ F-, D1

T ' "l(I: llI Iil [FIIIF rI r'L [M . jO N , !:)

l'F A1 ( , 4, , E. P1' 40. ) FN 1 1i ;

I F i'-fil (,/ I F. -U 1 N 1.) F ,E R IL[ LE V. K O N I I I RA N : E F! P P"SfNN[i
A T1 ~ rJJ U 5T T A ~Nr D W C)R,. I NI FIJIL. I . [[FF I C I F,Y N (l f 13 FF)rO R 0 A9

I F1 N.P)U ' I t. T L N F 'M R A I t: L I T N

fI~ 0 f- I R.'7+;1 Wf:I E,. fN I ICII ' fI f 0lOP '\I Z
F. ' FL I ED 10 41[rf ri: 0i 711 1. 1~ C. F F ~ N;Y F) N'

-' .-F F I E N C Y R A I I

'"4" i<I"Ai- r(. ..... 1.Fi H, ....

.9 ". . , ' r{ NilA (I
,,021,t' I ~ 'l 4

4 F1K I ./ J1 GI I I -

I iI O l ... I f[ . ( IF ,nI: )

' :,'< h' AII ; 4 .F~, -43) :.I[ -

A" ' ", 4 ] ;M 1 F ,_." , ,:
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I ORIRIAN IV YO2 . - 1 F RI 1> l.)(JN 81 W05:46:31 f,(];(-l

SI.f:ROIITINF ti1A(f'i 0'2v 11 w 12 11MF ANY1I TriEY.NWK ,MlJJ0i1tJ11ii v 1f19'01

C tt SLJIROU T I NF DIATA ISF USL.Ti 10 1 NrULT 1 HE I NI IIl At. fvtRAME I Pt f* t

tt FROM A STORFPD [IA FILE. -

ttFOR A ri:FFINIT'ION OF' 11HE' VARIAF:L.ES S'F1: 1411' MAIN PROf4Pr

Ooo K F*AL MIJJOI:
() 0 03 11IMLNS1)ON EF (6)
00014 Rf Ae D5 ( 3 i rRR=25 ) 1. 7 12, E iffAN de9 1: 1 I-V , WK p MljoL[I
COO05S5 FORMA ( 2(2XFS.4 ) lAX,2(2X,1 10.3) t2X , 3,2Y.F 6.2)
O006 RFADI(371OFRR-25) (CFl E(J)YJ=pf,6)
00(17 10 FORMAT ( 2X r61-F 42)

Ct USE CLOCK 10 F I NI' RANDIOM SF.F.!' FOR RANTIOM NUMPER I3LNF ~Rn Vp

00,,11 = S4UNfS(0.)/3.0
'09IF,(MllT( I[1 92) .1ED. 0) 11 11I + 1

001 1 12 = :11
00()12 1itS TYPE 16
0013 16 F'ORMAT (,'' I NPWT NUMBF:R WORKER'S IN SHOP AT START OF'/

I S SIMULAlII ON. ' /

00 14 REAE' (,20, ERR= 15) NORMEN
f'0 )15 2;-10 FORMAT(T5)
0016 RETURN
9017 25 TYPE: 26
0018 26 FORMAT (& ERROR IN FILE *. I'ATA .11AT' CHE:CK IIL
0019 STOP
'020 [ND'
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F ORTRA7N IV VF? R1 E 12 i :PA.

00!\ bIJBRPPO r IMP PARAM ( EIMFAU , r'si 0EV, L AM I , tN'

C t SiJDRL)tJ IN CM ALCULAITES THF PARAMETERS [:11 TI1 DL.AY TIMt
C** EISTRIBIJTION.

o00 RFEAI*B APB
.003 REAL LAMI,L4M2

CA! CUL AlE COEFFIIlE NT OF' VoRIANCLI

0 4 covAR =TiSTIEV/IIMF:AN
0005 IF(CDVAR.(3E0.99) GO) TO 20
0007 IF(COVAR.LE.0.71) 60 'TO 30

C**FtID PARAMETERS OF 6ENFRfL. FWO-ST(rnor ERLA401

0009 A = LME AN/ (L'MEAN**2-- LSTI.'EV* *2)
0010 B: =SOT*ETE*--ILN*/(DMfN*-iclBV*2
00 1.1 LAMI = -

* 0012 LAM2- P
0013 RE.TUJRN

** ~F IND PAPAML IF. (I1 F I IIN' NNTiAl,

01 .1 20 ['IMI =1 ,0/I'MFAtI
0015 LA112 = 100,0*LUUJMI
0016 LAMI LAM2/(DLA*AM2-. 0)
0017 RETULRN

C**FIND PARAMFEES OF SPECIAL TWO-STAGE ERI.ANt3.

* 0018 30 LAMI = 2.0/EIMFAN
00 19 LAM2 = LAMi
0020 RET~URN
0021 END



I 'FIPAN IV V02.'.2 1 FNI 1I JUJN-81 0~i: 46:3,'

MI HI II N1I'[i I F TE k WOF v UI NW(uF I Nwul. , WRd~f , I I MP tI I , l

T I'LE v,J01}WK' v fkWK)

* -,'if1l.Ii IINf D'ELETESir WORKEK PS FRPOM TH S101 00 Ili HiF ON I . Jf
L. f. LF I :ICK ON T1I1I. WORK ABI.E BACKI. 06(

IM*LI(.ITl INrE(f3ER (A-Z)
RF A I EVENT 9CLOC.t' v I I ME P H RWK , FLOW 7 R1 LOW

o0k)0 .1 COLMMON EVENT ( 1000 ) F [.0.W( (1000 ) J.)} 12 (1000 v)V PA CIN 1 1000
* I RECT ( 1000) WORK ( 1000) JOBi

It E ~' f).WRKI-) GO "TO 50

F ** FIIND LUiRKE'S~ LIJC( ION I N LIST.

rnPNIi A WRKF'

0 f D PI RII(P 'F 0 )- [GN 010

.* * CIIMOVE WJORKER uni' O~T0E fJI NI ERS

001,- 10 DIRFC (P'NIA)=

0014 P~C PNTE A IF r

00141 EMPTY Z:PNIB
0017 IF (NIMAIN(P"NT3) .171-I) 60i 10 40
0019 FNT1 = EMIN(PNIP)
0020 Tfi(F NT~1.*F:Q.N IWQF') GO( I'D 2,5-
0022 PNT2 = NWOF'
0023 15 FNT:3 =DTRF'CT (p:J I")
0024 1 F ( PI3. EL) PNT 1) GO0 'In 20
0024 F*NT2 =PNT3
0021 ('0 101 15

F'L PU tINEINISIEI JOB) PACK ON WOPhAIBL.V BACLO.03*

( 0L~ 2Q JOP' ( I JOBtS I? (FPN'T3 )
0029 JOB~(2) =REMIAIN (FPNT3*7)
0030) Jim(3) =WOR ( PN1 3)
0031 TIME EVENT(FN'3)
60o32 :! LOW =FLOW~J( FNT3)
0033 III I PECT (FPNT2 ) =:l~( f(PT
0034 IFC T(P13) =EMPTY

0 0 3'#E M PT Y = VN T3
0036 IF (DIRECT (PNST2) F P0.0) NW1..=F'N 2
0 0 3$ GO TO 30
003Q 5 CALL 1 N WW~NP.,TM:,R O,fUMFIYvs ATLI)
0040 30 TIME = TIME -CLOCK
0041 [it MMY =TI ME*EVENT(CJOB (3')
0042 1F(JOBi(2).EQ,0) (30 TO 35
0044 TIME = IIMMY

00 4t;JOIP(3) = -2
0044 CI-L FNJI'(UOFWPL, 1t 1IMF:FLOWEMI:'ly)
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I~~~~~~~'I~J . I It 4- F 1t-v2t) 2~~f*f

(:1)49 ~ R F. IPl R l N Oj 1

I JOP(~
k)0 2 L- AL L 10, (j WF (.f: W 0I. 1 1 tIME' FL.O0W F"Mi 1 Y)

o ,;J0i14I; *"4K Bt-I
09 ~ HRWN HFI:W v< + J 0 1)

rt * WFJgLF< WAS J tIl F
L-**************************************)***********************t.**1 t+ii

0 0 D1 11LE F ifID F-- I
5 7 ET URN

f)o'-9 I1 F0R'M A 1F ( 1- 1 WO0R K F R S 1.1 F: T F F.: 0GR!A M [FFIfM I N A If-i E D
0 0 0()SO

0 1 ENT,
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FOR<PA IV V02 .2-- FRF.I 1 Z1-JUN-81 05:46:41 FPIA4'-,

cHflP9',flOF':-FHOF'

(i P R0U T' [NF ['FLAY (TO31 Al p I F J Y PARI , P AR?, 11 MVF)

SUI4ROUJ1INF LE'EEMINFS t'~ I AY TIME FOR A JOE, EN1'F+TJGf rHF
f-,* * NON- W0F<NAFLE OUILIE. [ELAY I JMF IS AD'JUSTED 55O THAT NOt

Cl** JOBS CAN COME OFF THE_ WEIJ UE AT NIGHTr.
VARIAPLES ARF AS DEFINED IN MAIN PROGRAM.

Oe~ 5 INTER (--Al.OG( RAN(J) )/r-ARI--A.O(3RAN I J /PAR2 )4(0
0003 IF (I N1TEF .GT.4800) GO0 TO 5
O00'r TOTAL =INFER+T*IhF

000A REM = AMOLI(TOTAL, p'40.)
IF(RFM.131'.80,0) GO TO 10

("(09 RETIURN
('01o I TOTAL. T01TAl_42)40--KF1

'~(f" F T 1.IJR N
~C 1 7END
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! t iflAN IV VoW:,: 1 f~'T 1°? (Pt: 'vo:. ,i';r-

11061 NFRl PI INF Flit ',U 11,P L ROW SORx ,f f.L A I. 0 1 14 f A

(-4*% S.-lUIOIt Nf I IN It IS USED TO PUT AN E N HIY 010 1!HE L. IS. NIf

C , CAN UE INSE-R F:I ON E-ITHER E'ND OF 'THE. L.]ST Of,' INTO 1I1F hil'(I .
4*~i( ,-;OP I VARIABLE WIllH DE.TERMINFS TYPE. OF ]NSFR I ('N.

C* IF: 0 THEN ENTRY IS PUT ONTO PACK O)f I... I S I
C*t IfV 1 R FRONT OF L.[ST.
(* * IF 2 ENTRY IS SORT'El.' INFO THE LIF (i I IWO "h IT T'-.
C** FRONT OF TIE FIRST LARIER ENTRY.

00 IMPL ICE I INTEGER (A-Z)
0003 RFAI EVEN1 ,FL.OW, REAL.., FL0 W
o004 COMMON EVENT ( 1000) FLOW ( 1000),, JOBS Z( 1() , REAN ( 1000

* DIRECT (1000), WORK (1000), J[DB (3)
C****t*****tt**)********t**tt* I**ttt**tt*::*: : (t*.*tttt* '

11t DETERMINE WHERE ENTRY GOES.; FIRS T,LASI , OR SON I' f"

"'05 IF (FROW.EO.O) GO TO 5,0

C0 T  IF (SORT.0*0) G TO 40
0009 IF (SORT.EQ,1) GO 10 30

SORT LIST i0 FINtl WHERE ENTRY GOES,.

*: C*t* *t***t** tt*******tt*Zt *tttt******t* ** t tttt tt** * ** * *

001 20 FJNI : ) FJRW
0012 F r ALGNrF. . A I . (;
0024 R0 'NPT)2 =J Df:)CT(FNTi
0015 WF- ( f-'T2,E1'. ) G( ) 10 "0
0027 F (EVEN ( PNT2 GI.RE'At. GO 1T0 20
0019 DFNT1 --- FN2
o02 0 GO TO 10

C** PUT ENTRY INTO MIDDLE OF LIST. *

00? 20 JOBSIZ(SF'ACE) JOB(1)
0022 EVENT(SPACE) = REAl
00 23 FLOW(SPACE) RFLOW
0024 REMAIN(SACE) = JOB(2)
0025 WORK(S'ACE) = JOB(3)
0026 ZZ = S'C

002 SPACE = LI[RFCT(SF'ACF)
0 0 2 8T = ZZ
C'0299 DIRECT(ZZ) = PNI2
0030 RETURN

C** PUT ENI'RY ONTO] FRONT OF' LIST'. '

10. -40 FPOT = FRfOW
00-31- FROW = SP'ACE
0013 -JOE'SI,(f ROW) = JOB(1)
007,A EVFNI(FROW) =RV AI.
(0A5 F'I.IW(F:R41) ::REL[IW
0036 RE.MAIN(FR1%OW) = J(]B(2)
0037 WORK(f"ROW) :: JOB((3)
0038 SPACE = DIURCT(SF'ACE.)
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F OP IAN IV V012* 2-I" I Ii t0I0 S4~

I,, 11 1 CI01RN) N

itt PUT EWR ON Fl W0 EMI) of: Li s I

01 40 [N I L-t ROW
LROW =S5PACF:

',I) S J IBSZ ( L RO W) .J0PI{1

45FL OW(IROW) =P11 OW
('0'PMA IN' [ROW) = JO( 2li.

PA4 (I 'f : = II R FL1 ( PACE.
D74 LI F:.'CI ([F'NT) I IR0W

(,.LQ 1iRFE'i (I [NoW ) 0

vs tENTRY IS FIRSIF IN L 181T SETrUP IS REOU)IRTEV

00W) LQ FRObJ = SPACE
LRjOW = SPACE

60" FCI V F.N 1 (1 TOW) R FAI
0' 6 F L 0 1!. ([ROW 0tj) =" F I0W

Rl / R I llN ( [<0ROW = .J(11:(.:.)

0059WL'f<N(F POW t) =JOB ( 3
('(~,QS'PACL. = D'IRE'CT SPACIE
* '240DI RF 1 (FROUJ) =0
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I L I b! fA N I V V ()2.2 JULiN , 0S 4. *F'.F()

~'o SJEROUI INF:' TAKI.. (FRL'W LROW ? AREL At- RFLOU S.rt; Al~ t.Ku

F** SUi<OU'TI NF TAKEX I S USED' TO REMOVE AN EN IVY 1N 1 HF 1 ...i s F
** VACANCY IS THFN EIESIGNATErf AS I IFRSI' AVAILAIIL:. [EMFlY c"PAL

(2** STATUS IS A FL.AG, WHEN THERE ARE NO JOB~S IN THE LIST' If i:.,
C* SE.T TO *' OTHERWISE IT IS SET * T1 mi.

0 0:..)IMPLICIT INTEGER(EI-Z)
0003 REAL EVENTrvFLOWPRFLOW
0004 COMMON EVENT(1000),F*LOW(1000),JOES4SI(1000),REFMAIN(100(1),

* EIRECT(1000),WORK(1000),J14(3)
STATUS =I

o(06 IF(FROW.EO,0) GO TO 15
C***** TRANSFER INFORMATION ON ENTRY ***************

00~ JOIB(1) =JOBFSIZ(FROW)

'~009AREAL. EVENT (FRObJ)
Io 1 C RFLOW =FLOW(FROW)

~0i1JOB(2) =RFMAIN(FROW)
~01?JOFB(3) WORK(FROJ)

F,*****UPDATE POTNTERS ************~****~#v*
0013 PNr = EIRECT(FROW)
0014 DIRECT (FROW~) = SF'AUF[
^015 SPACE F FROWS

00 16 FROW PNT
(., '.17 IF(FROW..EIU.0) GOl TO lbi
00"19 RETURN
1.,00 l') STATUS -0

0 021 1LRDW = 0)
("022 RETUJRN
0023 F:N D
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LOI 1 [AN IV VO 21FR 1 146U-i(Mv:~ o ( Li'

f: NL tUt( I I [I N t. W Jl 0 (I N UI WU0F WU L NUWOPF N 4 QI E Mi:, Y J 0u 1!1 'K VP W 1
C LLOC KN 0JUEP11L LIS'U.1MIIITM II1R ,1O0ftI 

(4* SLJBROUI INF. GIVES WOR<KER A NE-W JOB FROM 1HF WORK A BI F. U JF I Ii-. 4

C** VARIABLES ARE' AS DEFINEr' IN THE MAIN P:ROG.RA)M.

02 IMPLICIT INTEGER(A-Z)

0 03 -7 AL EVE NI , 1 IME ,CLOCK, IlL'TM, HRFWK , FLOW4,F t OWI)1
W014 COMMON [Vi NI ( 1000) YFLOW( 1000) PJOBSIZ (1000) 'I~iMAI(102

LltINC 1(000),WORK(1000) ?JUB(3)
ow'I IF ( NOJOB . L0. 1 ) Ri I UiN

C7CAL L Ti L'LF. ( SUMSv CLOC.,K, 1 P EN rq, I rlL.TM P I I*R P TO 11 D-
IDLE =IDLE.-i

o01 )IF (SI AH(US *Lo 0) NOJOB-:1
(I 1 JOWN JOBWl& 1-

HRWK URU 'K- JOB ( 1
014 i(,JOP(3) *NF- -2)G(3 '10 20

JOB HAS Al lv AllY BE:EN lori- PROCECS [F (F

0016A DUMMY ==JB()/VN [T
017 TIME I'iOMMY-ICL OCtK

I'1 JOE.(2) 0
Ol19 10 JO0B (S3) EN I

90,20 NFMAIN(PNT) = E:MPTY
u U? I CAL L FPU' ( NWdE , NWQI.. 2 f TI ME RELOW 9 F NV' lY)

C) RE TURN

**JOB HAS NOl BEE N IN-PRO0 17CSS BEFODRE * *

0023 20o ['UMMY = TIMF/EVEN1 (FENi'
0024 TIME = DUMMY+CLOC"K
0025 GO TO 10

0026 END
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I tIFlkON 10 V.'.2-'1 I 12- J(t) '. '1 ( ' :4"." l'Aol ...

I,, SUFF.OI INF IE'LF (JiMCLOCKf L AGIi,F'N 1 ,ii. IM, I if',. Ii LI.11

C** SIBROUTINF DIETERMINIES AMOJNI OF WRlEKE IDL.E IMP_.

IMF'T(LII INTELGER (LI--Z)
0003 REAL I DL I M, EVEN 9101I [L, FLOW
0004 COMM('N EVE N T( 1000) , FLOW (1000) JO I7 7(1. 000) RFMA I W. 100)

* IRF-CT ( 1000) , WORK ( 1000) , JOB (3)
0005 D MENS ION I FL AG ( 10 ), Ir I ME (I 0 )
o006 IF(SUM.GT .1 11) I]R i SUM
(.1 08C, t. IF (FL GI .-. , 1 ) G0 '1 '20

tu * WORaR ST'.. VS I DLP FFRIODI. ,

00) 'DO I0 I=ITR
0011 IF(IFLAG(I)°*EO,0) GO TO 15
0013 10 CONT INUE
014 15 IFLAG(i) 1

0TIMF(I) = CLOCK
0016 WORK(FNI) I
,0 17 RE TLIRN

F. * * WORK F F.: F $ E T IL _Fi ITI I F ra

I0018 '0 1 = WOFK(PN1)
11f -IL m 1, I'M4CLOCK--UTIME(I)

c" ,0 TO f Dl I DI 1 1.J :I. CK -, II M F I
0fluo If LAG(I) = 0

, 2  RELI URN

0023 END
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':[R'lh 1111 F I k()R 1(E 1 41E 'I2,L MI'll NW~lf Ot4L(A, I [I 

~U:~II NE 1TAKES, 111'.E [N 1y (ii A U IHI P . *L. IWNL 1H
C EVE N f IIMI. AND HE II'F JNSER~ I 'II iBiC' (Jrl TO I H L II

* P Illd IT G ( 00 --Z'~)

EVE'iF: (1 1J0 ) . I ri fF Itj I)
OW 100( I'. ( 1

J 0 1 2 V'MAN(F'Ni.

'F RF TLOll=FLW N

(.C t0 111 K VC I (tN 1 ) = .M I Y l ( N ?

11 [MPTY F PNr'..
"'?IF(FlNI?,E'.NWOI ) OWUI . PNIl

)0 1 4 CALL PUIT ( NWI.F ,NL4PI. T I~ lME , bF LOW, E;.['I Y
(f() f -- ~M AI N ( Ni ) PNr2-:

( 1'.7 U' rN JFD
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F ~~~8UPRFOU11Nr 'l PUT (JOPWdK ,HRWKJ~ Y.JOEBNLO * l!WUIII 'IM WF1,
1 DIL IM vAVF'LOW)

C* * SUPFROUrI NE OUITPUTS THF STATE OlF iH fR)Y:~ ty81 11-11 1 ti(iI 1
C.** WEEK. VAR~IAB~LES ARE AS [lEEINF , 1 IN THE MA I N FJU

o002 IMPLICIT INTESER(A--Z')
0 () 3 RI'AI. EVE..NT, 9 tL.OCK v I L.LTM ,HF*%WK HKNWK D rOW. W ION At -11HU ,j

0 01 REAl .*8 AVFL.Otl
05 WDIONi = [ONF/10,C:

ILIM : .IrL.TM/1O.0
~ 7 11W HRW/1*

COB 11W HRNWK/10.0
CI0 kWWRI1E(6vI)WUFK

001)10 10 FORMAT( 10(/ ) ,15XY RSIt FOR WEEKJ' ,14//)

k'cl12 15 F ORMAT(5 Px AC iOKI..OB' v IlOX ,'NO.* OF JOB S fll*OJ jjfllJI< 11 Li

0013 WRITE(6p20)
(1014 20 FlMT_,)--/olX,1('~~),X2(''

0 1 jWRITE(6,2-5)JOBWNHWJJOBNWKPIINW
kC016 25 F fRM A I( 5X v 'WO R K A B L F' 9 11B fF 19 . 1/SX v ' N 0N WJ0R K ADL F ' I I5F,I;I

(, I -,, W<I TLU (6,3t)) III
0 : 35 F1.1R M 0 1 (x 5 X ' WO0R K FrS W FF 'r F D 1 /1-F F 6 .* 0 . 1 F\' ,IB

'0 3) FO RFMA 1 ( 5>:,, W OfPK CO0MPL I.-f.* E TI TiH S WFE K 10 T ALLF 1! ' V I p
0 0: 1 WFP'ITL(6w,36) AVFLOW

002 36 FDRMAT(5X. 'AVERAGE FLOW TIMF/,7 'EIY/

02)3 WRITE(1,Y40) SUJM
C)02 4 40 FOREIAT(5X,'NUMY'ER OF' WORKERS IN SHOP IS '714/)
0 025 K E T U F*N
0 026 E N F
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i qil+'!R~t' LL' VO.'", 1\ I: I 1 :...JUN-+ :1 0h'+ '+ " F''+

.tll;Fd.lI t IF F I I tU I S I F 1-.* 1 1 (It I i lL riO' . IA I Iii *, -F I HkI M4L

* *! SAJI<!UJ t NF. O)Ii1PUt1S IHE.: S -ILI (.11 Uh-F S;Y. Ii rf r, uhIF 01'! (i- i '+

'* SI MULT EON. SEE MAI N PFROUFhiM F IJ FF IN I I UN OF VAR' I A P'-.

RF.AI..* 8 A VF! 1 0 I , [IFl 'iW
WRfIE(6,10) NUWEF

...1 I0 F:(]r ,(to(.') ,OR.MA 'F 1i0.1 0FFSI.IL. i0 FR.) ' , L', II URiI..1 ,' )
:. ~ ~ ~ ~ ~ ~ fI ( ,t ,1,< WFA f, "1 Ml I' 6, 10 U_ R J O FI 'l

. F:)RMAI .110, -101:S Li:'kT. C : L h 'L. F. I I OI 0 I L I ,, ' 1.,
' IInIU) O 0 ltf"K. ')

,R I -IFr ( e , 16) V IF LI , I t [. 0 ,
1',,' ~ rF rIft' + / ' At..i , F. ~t rI [ A,. iPI' UJTh, FI , i,1 1i~f I W 11 A',7

*,' 7, P,'.0 IA, P FI ,. T(' I I I/.
' ',t , F:LhMli A~ ( / Wr.)hF, IFS- W :F [l.L Fl ' +F. 7,!., !tl..,

,:, ,.+ I S ; :Al = ,'II R / ( rfltI I L ;'4fl. i * 1 ; .)0

,,",N -. ,] . I(,6 ,, ') $1 , 1

F <MA I (IHP FI.- r I .D o .
f F: 11. P FK JN
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