Rl T Nor— N SS/o9 /85T

LOUGHBOROUGH
UNIVERSITY OF TECHNOLOGY
LIBRARY

| AUTHOR/FILING TITLE

ACCESSION/COPY NO.
00788 E Jor

VOL. NO. " TcLass MARK

‘ LLoAn Cal

Q00 7855 02




AN ANALYSIS OF STOCKING'STRATEGY IN A MULTI--
ECHELON- ASSEMBLY SYSTEM BY COMPUTER MODELLING

T T e T A e o e T T e e S e e A B e e T
e a4 T T

VOLUME II







1- o _ - 278 -

- . APPENDIX B

 FULL PROGRAM DESCRIPTION

.[*uThe stru;ture-of,the.simu1ati0n:mOdéTfiéédestribéd,in detail-
-' to;provide‘armore:comp1ete_defihitionkthan in:thg~main,text
~ .and permit later maintenance and modification if required.

Réfefénﬁé.Sthld.be ﬁade to
vAppendix C | -- fi]e-Descriptions
-and |
Appendix D - - Data Dictionary
-.for certaindef%nitionst

The programs are defined by a narrative summary, logic
- flowchart, the program source 1isting and sample output
prints where app11cab1e.
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" B1 - MASTER PROGRAM STOCKMODEL -

_.-The‘master STOCKMODEL program_performS'five primahy'tasks;

' a)?def1n1t1on of the: probab111ty den31ty funct1ons utilised by

the model.
"-b)_estab11shment of the parameters contro]11ng each exper1ment
.- known as the run parameters. '
-c):select1on of the. seeds requlred by the pseudo ‘random number o
. generator.. S .
.d) -establishment of the 1n1t1a1 status of ‘the model.
'}e)'contro1 of"the,s1mu1at1on_experlment.

Probability Density Functions

A total of twelve probability density functions are used by the
model, being either frequency histograms.defined by parameter and

~. relative freguency, or horma] distributions defined by the mean

and co-efficient of variance. Histogram definitions are contained

-within the DATA statement, and normal. distribution parameters are

' spec1f1ed as an arithmetic express1on.

NOuprobability'density function may change'its‘.characterist{cs

_during the execution of a simulation experiment, and the para-

meters may only be changed by a]ter{ng~the source program.

Run Parameters

'The'parameters controlling each. experiment are presented to the
‘program as external data at the start of each simulation exper1ment

The parameters may be classified as either simple or complex,
according ‘to their impact on the model Togic.

. Complex parametersfl have defined as those substantially altering

the processing logic. For example, the mode of manufacture may. be
speéified as make to order only, make to stock only, or mixed

_ production._The phﬁority rules for selection of orders from-each-:
- queue may.be specified-as first-in-first-out or due date priority.
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Simple parametefs are those which affect an element in an

arithmetic expression'but'do-not‘diredtly influence the‘processing

.1ogic 'Examples include the buffer stock parameters, order book
- planning rules, schedule response period, capac1ty ut111sat1on
“and order mix trends. '

Randdm Number-Seeds .

~The?seeds;requ1red'tofinitiatewthe-pseudo~rangom)number streams are
‘;-presented to the“prOQram as extérn&] data. The'performance of -each’
- sampling activity is controlled. by providing a. separate seed for
‘each activity and ma1nta1n1ng the identity of each seed throughout
the s1mu\at1on_exper1ment

‘The pseudo random number generator has been designed .to accommodate

negative seeds where antithetic sequences are required and, in.some

" jnstances, will cause a switch from stochastic to deterministic mode
-on presentation of a zero seed,

Initial Conditions

Two types;of'initia1"conditioﬁs are required by the program. Certain

parameteré which control the internal operation of the mode are

.interna]1yﬁinitia1ised;'eXamples"inc1ude the timing mechanisms'and
‘performance indices. Externally specified initial conditions

describe the status of the system files at the commencement of each

‘experiment, Specification of the initial cond1tzons fulfils two

purposes. Firstly, to enable certain iog1ca1 processes which are

dependent upon previous periods, and secondly to reduce the time
" to achieve steady state conditions.

-whereﬁer possible, the various system files are created froma

common - source of input -data to ensure “integrity of dispersed data.

‘Initial conditions are classified as orders related, or parts

related. Ordersrelated files are-all -derived from the Orders Placed

"File (OPFILE) and include the queues (ALLQ, LINEQ, TESTQ), assembly

and test work-in-progress (IFILE), order book {(ORDBK) and total’
order load {TOTAL). The orders received history. (ORDHIST) is

‘created by simulating a twélve month order input pattern, using the

order generation logic contained in subroutine ORDERS. This en-
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sures consistency with the subsequent simulation.experiment.

Parts related conditions include the line running rates (R) and .
the previous materia1 plan (ONP) for products, the previous sub-

-aSsemb1y‘programme (SUBFILE) and sub-assembly queue (SUBQ) for
*sub-assemb11es, and the supplier schedule (SCHEDULE) and material
input file (INPUT) for components.u;

Products~and sub-assemblies in-allocation cause the reservation
of components in IFILE. The initial stock status is contained within
the item master file, which also defines a number -of ‘static para- ..

~meters-and relationships  defining each product or component.

Experimental Control -

- The master STOCKMODEL programlprovides‘executive control over each

simulation experiment, The simulation environment is first
estab]ished-by reference to the run parameters, initial conditions
and-sampling profiles, following which the start conditions

may, optionally, be displayed,

The execution of the simulation experiment is by cycling through
the three primary execution segments; QTREVENTS, MONTHEVENTS and
WEEKEVENTS, The quarterly and monthly activities are by-passed if

‘the appropriate control timers are not zero. The control timers -
-(TQTR, TMONTH) are reset by their dependent segments.

Following each cycle, the -control timers are decremented, ‘as is
the timing field in each of the product gueues. The week counter
is intremehted;and the eTapsed.simulation_time\compared with the
pre-defined run time. Completion of the simulation experiment
causes an “end of run" message to. be displayed and the run to be
terminated.
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HMASTER
- \STOCKMODEL

Set run
| paraneters

Set initial
conditions

) New
) Quarter?
Y

Quarterly SUBROUTINE
Routines QTREVENTS

Monthly SUBROUTINE
Routines _ MONTHEVENT
Weekly SUBROUTINE
Routines WEEKEVENT
Reset
Timers

‘

Summarised Flow Chart- Master Program Stockmodel
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PROGRAH(STKN)

COMPRESS INTEGER AND LOGICAL

INPUT $=CRO

OUTPUT 2= LPO

END '

MASTER STOCKMOBEL _ _
REAL AFILEC25,3),TREND(7),PRODMIX(7) :
INTEGER TABLE1L7,2),TABLE2(?72T,TABLE3(?, 2>.TABLES(? 2)TTABLEG(7,2

1), TABLE?(7, 2):7ABLE8!2;2)'TABLE11(2:2).IFILE(ZS 23) ;0CFMIN,OCFNOM,
2RESPONSEYEQUBUFR/PCBBUFR7COMPRUFR/RUNTIME,ORDHIST(¢ 5+12) rONP(40+T)

'37a<10,10);suar!LE{12?26)750HEDULE(25?13>,INPUT(ZS.sz)ZOPFIL£(125,5
L75,10),0RDBK(5,527 ZO"S)pTDTAL(SrS2)rCOL(10 7)Y+ WEEK,REFWEEK, "EXF

SILE(25,52). REQPILE(25752) ,ORDCOUNT,DELPLANC 5,52) ,ALLQC12,50,6) /L1
GNEQ(5,5075)» TESTQ{S.SD:S):EQUPERF(10.30) ITEMPERF(10+30) rORDPERF (
72,30) , NETPLAN(S,;S52);PIPELINEC20,6,4)  DUETQYY,TIME,ORDNO, ITEMNOD, CAP
BTLEADTM(S;SZ)cSUBQt50:4)?DIAGFILE(1072),ICOUNT(ZS),ISHORT(ZS)

DATA TABLE1(1,1)/e4/TYABLEY1¢2,1)/=3/, TABLE1(3,9)/=2/, TABLE1(&,1) /"
11/ TABLES(S, 4)70/7TABLE1(6,10/4/ ,TABLE1C?,9)/2/ ,TABLE1(1,2)/1/,TAB
2LE1€2,2)) 3/5TABLEA(372)7 975 TABLEY1(4,2)/2%/ TABLE1(5,2)/63/TABLE
31(6,2)/93/, TABLE1(7,2)/100/7TABLE2(172)/195/+TABLE2(2,2)/30/,TABLE2
4(3,2)/807,TABLE2¢A+2Y/ 95/, TABLE2(5:2)/100/+TABLE2(6,2)/900/+TABLE
52¢7,2)/100/, TABLE3C(1,2)/ 5/, TABLE3(272)/45/,TABLE3(3,2)/30/,TABLES
6C4,2)/50/ ) TABLEZ(5,2)/75/,TABLE3(6,2)/90/,TABLEZ(?,2)/100/,TABLES(
74,2)/357, TABLES(2,2)/65/ 7 TABLES(3,2)/85/, TABLES(4,2)/95/ ,TABLES(S]
82)/100/7TABLES{6,2)/900/ YABLES(7,2)/7100/,TABLES(4,2)/40/,TABLEG(2
§32)/65/7TABLEGES,2) /807, TABLES(4L52)/900/, TABLEG(5,2)/900/, TABLEG(E
A72)/10077TABLES(7,2)/900/,TABLE?C1,%)/1/,TABLE7(2,4)/2/,TABLET(3,1
BY/S/ TABLEP (A, 4)/40/ 7 YABLE?(S5,1)/725/ , TABLE?(6¢13/50/+TABLETP(T ,1)/%
COO/, TABLEZ(1,2)/10/ TABLE7(272)/25/,TARLE7(¢352)/50/,TABLE?¢4,2)/70
D/ TABLE7(5,2)/85/TABLE?(6,2)/ 95/, TABLE7(7,2)/100/, TABLES(1,%)/1/
EYTABLEB(2,9)72/,TABLEBC172Y7/25/ ,TABRLEB(2,2)/100/,TABLEY1(i,1)/4/.,T
FARLET1¢271)/2/5TABLES1{172)720/ TABLE11(2,2)/100/ ,BLNK/?Y v/

SET LEVEL OF BIAGNOSTICS

CALL PNMFCREATECAFILE,IFILES
S READ(Y,190) (DIAGFILECT, 1), 181,10, (DIAGFILECI,2),121,10)
110 FORMAT(10I5/1015)
WRITEC2,112)tDPIAGFILECT,1),121,90),(DIAGFILEC(I,2),1=1510)
112 FORMAT(1H1,6X,1DIAGNOSTIC PROFILE'I/&X.'HEEK':?X:1014!6X:'DIAG LE
AVEL' y2X740147)
1PRINY=DIAGFILE(152)
WRITE(Z2, 111)!PRINT '
111 FORMAT(1HO,6X, IDIAGNOSTIC LEVEL SELECTED =':!1//6X. DIAGNOSTIC CH
101CE IS:=1//6X7'% DETAIL DIAGNOSTICS/WARNINGS'/6X,'2 TRANSALTION
2 DETAILS/WARNINGS1/6Xs '3 WEEKLY SUMMARIES/WARNINGS'/6X7'4 MONTHL
3Y SUMMARIES/WARNINGSA/6XT'S QUARTERLY SUMMARIES/WARNINGS'/6X,'6
4RUN. SUMMARY/INITIAL CONDITIONS#/6X,'7 RUN SUMMARY ONLY'////)
WEEK=0
REFWEEK=0"
MONTH=3
- ORDCOUNT=D
900 READ(1,940)MODE, ISORT
910 FORMAT(211)
1F(MOBE,EQ.0)GO TO 2000
-~ GO TO (520,5407960) /MODE
920 WRITE(27930)
930 FORMAT{(1MD,6X, YMODE SELECTED 1S MAKE TO STOCK ONLY')
GO TO 965
940 WRITE(27950)
950 FORMAT(1HO,6X, IMODE SELECTED IS MIXED STOCK AND ORDER!)
GO YO 945
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960 WRITE(2,970)
970 FORMAT(1HD,»6X: 'MODE SELECTED IS HAKE T0 ORDER ONLY ")
965 1=ISORT+1
GO TO (974.975),1
971 WRITE(27973)
‘073 FORMAT(1HO, 6X+1PRIORITY RULE IS FIRST- 1K= FIRST ouT")
GO TO 979 :
975 WRITE(27977) |
977 FORMAT{(1HO,6X+'PRIORITY RULF 1S DUE DATE")
979 DO 980 I=1,5 |
CIRCIFILECIA41).GT. 1060 TO 280
IFILECIT16)=0
980 CONTINUE
990 DO 10 I=1,7
TABLE2(I.1)
C TABLER(1.Y1)
TABLES(C1,%)
10 TABLE6(I 1)
© AVGE4=S5.0
CVARNG=0.3
AYGES =004
CVARNS =0, 3
AVGE10=4"

LLI I ]

g i e

NWW

bo 12 1=
TCOUNTC(T) =4
42 ISHORT(1)=0
IF(IPRINT.GT.6)Y GO YO 120
WRITE(2715)
15 FORMAT(YHO,6X,'SAMPLING DISTRIBUTIOKNS:='/) :
WRITEC2720) (TABLET (U 1), J=177), (TARLE1CJ,2),021,7)
20 FORMAT(1HO,6X, 'NORMAL INPUT!//6X,7110//6%X,7110//)
WRITECZ2:30) (TABLE2(ITN) U= e ) 5 {TABLE2CY»2)1d=1.7)
30 FORMAT(1HD,6X, 'ARREARS INPUT'//6X,7110//6X,7110//)
WRITE(C2,40YCTARLE3CIT1),U=1,7), (TABLEZ(J, 2>.J=1 7
40 FORMAT(1HO,6X, "EXPEDIYED INPUT'//6X,7110//6X77110//)
WRITE(2750) CTABLES(J 1) 7 uz127) s (TABLES(J+2Y¢JE1,7)
50 FORMAT(1HO,6X,INUMBER OF ITEMS!//6X,7I110//6X77110//)
WRITE(2760) (TABLEA(JIY 1) 4 =1, 7Y+ (TABLEG(J,2),451,7)
60 FORHAT(1H0.6x.tpaooucr'{/6x2?11OAlax.7:10/I) -
WRITE(2770)Y (TABLEP (U134 J=1a7) s (TABLE7(J2)rd=1,7)
70 FORMA7£1HO.6x;!QUANT:TY!//&X??I1nllﬁx.?110//) ‘
WRITE(2780)(TABLEBCIT1) ,U=4,2),(TABLEB(J,2),J=1,2)
80 FORMAT(1HO,6X,tPART SHIP = 47 NO PART SRIP = 2'//6X,2140//6X,2110/
17}
WRITE (2, 90)(TABLE11(U 1)79=172) ) (CTABLE11(J,2)0J=1,2)
90 FORMAT(1HO,6X,'REJECT INpurilféx.2110//6x.2110//)
2R175(2.500>AVGE& »CVARNATAVGES, CVARND, AVGE1D.CVARN1DaAVGE12:CvARN1
1
100 FORMATCIHO,6X, 'NORMAL DISTRIBUTIONS'/ISOX.!AVERAGE'.éx.'co-EF:.OF
IVARIANCE'//6X+'NO OF ORDERSIZI10X,FR.2/90X,F8,2//6X+'REJECT PERCENT
2V,8X F8.2,10X,F8.2//6X s \RESCHED. INPUT!,B8X,F8,2,10X,FB.2776X,tP1CK
3ING TIME', 10X F8.2,10X F8.2/7/7)

o
C . ESTABLISH RUN PARAMETERS
€

120 READ(1,13D)OCFMINIOCFNOM,RESPONSE, EQUBUFR,PCBBUFR, COMPBUFR,UTTIL,
1CTREND () ,U=10T)
IFCIPRINT.GT.6YGO YO Y44
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WRITE(Z2,1%5)0CFMIN,OCENOM, RESPONSE,EQUBUFR,PCDBUFR, COMPRUSR,UTIL

435 FORMATCAHO,.6X, YRUN PARAMETERSY/ /76X "MINIMUM ORDER BOOK (OCEMINY=IY

116//76%, YNOMINAL ORDER BOOGK(OCFNOMY=%,16//6X+"SCHEDULE RESPONSE TIM
ZE IN MONTHSC(RESPONSEY=',16/7/6%X:"BUFFER STOCK WEEKS FOR!//42X, 1EQUL

C 3PMENTS=E 16//12X  1SUBASSEMBLIES=Y,16/ /12X, *COMPONENTS2Y y 14/ /6% 1P
4,C,B, CAPACITY UTILISATION = 1,F4.2)

444 TFCIPRINTLGT.6YG0 TO 146

WRITEC2,/14SYLCTRENDCSS 02,7 '
145 FORMAT(1HO,6X, TTREND PARAMETERS',7(5X,F5.2))
%6 PRODMIN(I)I=TABLES(1,2)

DO 147 J=1¢b

447 PRODMIXCI+1)=FLOATCTABLES (U1, 2)~TABL56(d;2))

IO

YAy

1FCIPRINT.GT,6)60 TO 137
WRITECZ, 148 {PRODUINXLIY 4 I=10D)
148 FORMAT(IHD . 6X, TPRODHIXY/1O0XS7R7.2)
137 DO 170 1125
LEVEL=IFILEC(T,91)
IFCLEVEL.EQ.0YGO TO 170
, GO TOC140,450,1557160),LEVEL
160 IFILECY,20)=EQUBUER
60 TO 470
150 IFILE(1,20)=PCRRUER
GO TO 470
155 IFILE(1720)=0
GO TO 170
160 IFILECYIT20)=COMPBUFR
{70 CONTINUE
READCY,180)RUNTINE
180 FORMAT(1S)

SELECT RANDOM HWUMBER SEEDS

85 READ(1:410)ISEEDY ISERED2TISEEDS ISEEDL, ISEEDS/ISEENG, 1SEED7, ISEEDS
17ISEEDYISEEDAO, ISEED1ﬁuISE?D12

10 FORMAT(1YCLI&/)16)
wnITEc2Ia50)£1i1=1.12>.IsEED1.!SEEDET!SEEDS,ISEEDA,ISE£DS,ISEE06.!
18EED7, IGEEDR Y ISFEDG  ISEERTNTISEEDTY,1SEEDT2

450 FORMATCAHD 6% r YRANDOM NUMBER SEEDSY//6X 4217776 X:1217)

ESTABLISH INITIAL CONDITIONS

CALL INITODSCORDHISTYTABLES, TABLEG, TABLE?, ORDCOUNT, PIPELINE,ISEE
104, ISEEDS, ISEEDG ISEED?, AVGEA, CVARNAYIFILE, TABLES, 1SEEDB, IPRINT)
IF(IPRIN? Gr:63Y60 TO 200
WRITE(2,190)
190 FORMATCIHO6X VINITIAL CONDITIONS*////)
200 READCY.210)TYPE
210 FORMAT(A®)
, IF(IPRINT.GT:6) GO TQ 217
WRITE(2/215TYPE

- 215 FORMAT(IHD,6X,A8/)

217 CALL COMPBCTYPRE,RLNKJIT)
60 TO(300,220)17
220 CALL TRANSLATE Z(AFILE(TYPE/N, &9000)
LEVEL=TFTLE(N,11)
G0 TO(230,250,2507270)LEVEL
230 READ(1,240) CONP(M, D)4 dz1,7) 0 (R(NL Y, US1,10)
240 FORMAT(715/10I5)
CIFCIPRINT.LGT.L63GO TO 200
WRITEC2,245) CORDRISTINGJY (d=1,12), CONPIN, Y, 21,7, (RINTI) 4 J=1,10)
245 FORMAT(1HO,GX, 1ORDER HISTORY',16X,1215//6X, \PREVIOUS MATERIAL PLAN
THe?Xe 715/ /6% "RECOMHENDED LINE RATESH ?X01015//)
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GO T0.200
250 READPC(1,260) (SUBFILE(N:J)TJI=1116)
260 FORMAT(16I5)

IFILE(N,18)=D

J=0

262 J=2)+1 *

READCY ,263) ORDNO, ITEMNOD, DUETQTY, TIME
263 FORMAT(51%)
1F(QTY.FQ.0)YGO TO 264
QUTPUT =FLOAT{TIME)
TMAX=1
M=N.
‘CALL STKALLCIFILEZGTY M, ALLQY oaa~o ITEMND:DUE:DUTPUT:ICDUNT;I%HORT
1 IPRINTVIMAXTAFILE &264)
IF¢JLLEUSOYGO TO 262
264 J=l

265 J=d+

CJF{JL.6T.50)6G0 TO 272
TF{SUBQ(J,1).NE,0)GO TO 265
READ(1,275) (SUBQCI KY 2 K5244)

275 FORMAT(315) :
IF(SUBQ(J,3Y.EQ.03G0 YO 264
SUBGQ(J,1)=N -
IFCIPRINTLGTLIIGO TO 269
WRITE(2,268)YAFFLE(NTTY (SUBQ(I,K),KB2, 4)
268 FORMAT(1HO,.6X,YITEM ADDED 7O SUBG FOR PRODUCY ',AB/6X,
- USBUE = '515,'Q1Y = i“:S.lT!ME: ',15)
269 IFILE(NA4B)Y=RFYLE(N,;18)#SUBQ(S,S)
GO YO 265 °
272 TFCIPRINT.GT.65G0 70 200
266 WRITE(27267)(SUBFILEIN,JY, J81,16)

267 FORMAT(1HO,6X,VSUBmASSY PROG',10X,1615)

¢
¢

GO TO 200
270 READ(1.,280) (SCHEDULECUN)JY»d52,13) CINPUTIN,J) rd=14,26)
280 FORMAT(1215/13L5)
IFCIPRINT.GT.6)G0 TO 200
CWRITE(27200) (SEHEDPULEAN,Y),J=1743), CINPUT(N,J),3544,26)
290 FORMAY(1HD,6X,VSUPPLIER scHEDULE~.10x.1315:/ex,vnATEn1AL INPUYT1,13
1%,1315)
60 70 200
300 CALL OPFCREATE(OPFILE,ORDBK;TOTAL,ALLQ,LINEQ;TESTQ,ORDCOUNT,REFWEE
1K, 1IFILEVISEEDATICOUNT ISHORTYIPRINT/AFILE,SURQ)
TFCIPRINT.(GT,63G0 TO 400
CALL OPFPRY(OPFILE,AFILE}
CALL ORDBKPRY(QRDBKFAFILE,IFILE,TOTAL, REFWEEK)
CALL AQPRINTC(ALLQIWEEK/AFILE/REFWEEK)
CALL LQPRINT(LINEQ,WEEK,AFILE,REFWEEK)
CALL SQPRINT(SUBOQYWEEK,AFILEVREFWEEK)
CALL TQPRINT(TESTQ, NEEK,AFILE,REFUEEK)
CALL PNMFPRINT(AFILEVIFILE)

STARY SIMULATION RUN

400 TQTR=0.0

TMONTH=0.0

500 IF(TQTR.GT.0703G0 YO 6400
CALL WEEKPRINTLICOUNT:ISHORTEQUPERF,ITEMPERF,ORDPERF,IFILE,AFILEY
1REFWEEK WEEK, LEADTM)

550 CALL QTREVENTSCORDHIST,AFILESIFILE,IPRINT,COL/ONP,R,RESPONSE,1SEED

11-TABLE171SEED?»T&BﬂEZ:OCFMIN;OCFNOH?SCHEDULE:lNPUT:OPF!LE.ORDBK.T
20TAL/WEEK/REFWEEK, TQTR/EXFILE,REQFILE.DELPLAN/NETPLAN,1COUNT,1SHOR |

3Y,CAP,UTIL, LEADTM, TREND, TABLEA, PRODMIX,ALLQ,MODE,EQUPERF:ITEMPERF,

'
3




LORDPERF ,EQUBUFR) _
600 IF(TMONTH.G6T.0,0)G0 TO 700
CALL MONTHEVENTC(AFILE,TEILETREQFILE,SUBFILE, WEEK,ORDHIST IPRINT,THM
TONTH MONTH, OPFILESDELPLANSNETPLAN, QCFMIN,ORDBK/ALLR, TOTAL)
TFCIPRINTY.GT.AYGO TO 700 '
CALL WEEKPRINTCICOUNT: ISHORTYEQUPERFSITEMPERF(ORDPERF, IFILE, AFILEY
1REFWEEK JWEFKYLEADTM)
700 CALL WEEKEVENTEAFILETIFILE,TARLES, TABLES TABLEG, TARLE7/TABLETY,AVE
SEhL, CVARNG, AVGED, CVARND , AVGET10, ISEEDSTISEEDAISEEDS, ISEEDG, ISEEDT ]
‘ 2CEEDR, ISEEDO ISEEDIO ISEFEOT1Y/ISEEDI2, TABLES,AVGET2,CVARNTI 2, CVARNIOD
T ORDLOUNT PIPELINEDELPLAN,OCFHIN,WEEK«TOTALYORDBK , OPFILE,ORDHIST,
| LINPUT,EXFILE,SCHEDULE,REQFILE,ALLQ, LINEQ,TESTQ,SUBFILE, EQUPERF,ITE
| SMPERF ,ORDPERFNETPLAN(REFWEEK, IPRINTYICOUNT, ISHORT ,CAP,LEADTM, ISOR
6T, SUBQ,DIAGFILE,MODEYRUNTIME)
WEEKSWEEK+1
TQTR=ETRTR=-1.0
tMONTHaTMONTH=%,0
DO 800 I=1:12
he 800 J=1,50
ALLQCT 07 S) =ALLGL{],d75) 5
800 CONTINUE
ba 810 1=1,5
0O 810 J=1.50
TESTQ(L, I 5)=TESTQ(L 4505
LINEQCY, JV5)SLENEQ(IT I 5) 5
810 CONTINUE
820 SUBQR{J,4)=5UBRLESA)~5
TF((REFWEEK+WEEK) LT, RUNTIME)GO TO 500
WRITEC2,1000)
1000 FORMAT(IHO 46X YEND OF RUN')
GO TO 800
2000 stap
END
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\ | ' B2 - SUBROUTINE ALLOCATE

| . Subrout1ne ALLOCATE is the order release mechanism which determines
]the guantity and timing of a factory order.

The process described demonstrates one of the basic differences
between the procedure currently employed and a full M.R.P. approach.
In M.R.P., order release is recommended by the system as planned
orders become due; and the detail of each shop order in terms of:
gquantity and timing is calculated to support the Master Production
Schedule and ultimately, the customer order commitment. The present‘
system does not support a customer order bock nor ., by defi-

r? nition,-é'Master Production Schedu]e'which'ref]ects'the known
customer order commitment in a dynamic manner. Customer orders are
contained within a factory order book which is manually maintained,
and supporting procedures are required to interpret the factory order
book into time phased order releases, or "allocations".

The subroutine has been separated intq two distinct sectors; the
logic required to support sub-assembly manufacture, and the logic

‘required to produce equipments.

a) Sub-assemblies

Each sub-assembly has a new programme re-generated at the
time of the quarterly planning process, as defined in sub-
routine EBQ and SUBPROG. This weekly programme is reviewed
each month to accommodéte any déviation from plan which
results in excess or lack of stock.

Since the weekly programme SUBFILE maintained by subroutine

SUBPROG is considered to be always current, the requirement of

subroutine ALLOCATE is to search for items which are due for
~order release and initiate order release action.

The sub- assemb1y-programme in SUBFILE contains make quantities
against the week that they are required to be completed and
available in stock. Thus the subroutine must search for items
with a due date equal to or less than the current week plus
the manufacturing and component picking lead time, Items due
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for release have the sub-assembly reference, quantity and due
date passed to subroutine STKALL for allocation to take place.

b) Equipment

kY

. The procedure for equipments differs substantiaily from that
for sub-assemblies. The requirement to allocate is not available
in a time-phased plan because of the inability to maintain
a factory order:book'within the system. The factory order book
must be scanned each week to search for cuStomer orders which |
are due for release, some of which may be recent additions to theé
order book. | |

The segment for equipments is further sub-divided for ease of
processing into two parts; a segment for overdue products and a
segment for due products. The logic in each case is similar,

For each manufactured batch, the first requirement is to
determine the guantity and timing of the order release. The value
of work in progress is compared with the nominal queue (or lead
time) contained within IFILE. If the queue is less than the
“nominal queue plus one week extended by the plan rate within
REQFILE an order release will be recommended, The quantity
recommended for release will be two weeks worth of requirement..

The next stage is to determine which customer orders are due for
allocation, The product order book contained within ORDBK is
searched by due date to identify a requirement which has not yet
been dispatched, The corresponding orders placed file record
contained within OPFILE is then retrieved to identify any
requirements which are still in "open" status.

Orders may be satisfied from two sources; semi-finished stock or
make to order. Semi-finished stock is held between the line
assembly and test activities and serves two purposes. Firstly,
to buffer the production Tineé-against the unstable order input

~patterns, and secondly to offer a shorter delivery lead time
than fully make to order.
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The free stock for the required product is checked and, if the
full item quantity required can be satisfied from stock, the
allocated stock will be augmented by the required gquantity and
the OPFILE status changed from "unallocated" to "ex-stock",

- 'If the item quantity cannot be satisfied from stock, the order
will be wholly or partially satisfied from the next batch to be
manufactured.

Orders eligible fér.manufacture are a110cafed in subroutine
STKALL until the full allocation quantity recommended for order
release has been taken up. Items thus-é1located-are moved from
"open" to "on-line" status in OPFILE.

- The order book is searched for customer requirements up to two
weeks beyond the normal allocation. date. If sufficient customer
orders are not available withih this period, a stock order is
initiated to take up any balance in the allocation guantity. The
stock order is assigned a negative order number to differentiate
it from customer orders, since no ORDBK or OPFILE records will
be created for stock requirements.
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ALLOCATE

cy 3 Y

SUBROUTINE ALLOCATF(IFILE REQFILE,ORDAK,STKORD, WEEK, OPFILE, I1SFEDY2
1 ALLQ, tCOUNT, ISHORT , SUBFILEFAVGET12, CVARNT2 , REFWEEK, IPRINT,AFILE.DI
ZAGFILE,MODE, RUNTIMEFLINEQ)

REAL AFILE(2S8.,3)

INTEGER WEEK/REQFILEL25,52) 7 IFILEC255 230 WIPSALLQTY,STKORD(20),2,0
1RBBKC 5,52,20,5) OPFILECI2525,5/10),0RD,ALLQ(12,50,6),QTY,SUBFILE(
292,26) s DDATE Y REFWEEKY DIAGFILECTI0,2Y » RUNTIME  ICOUNT(25) fISHORT(23)
ITLINEQ(S750.5) .

TE¢IPRINT.GTL1IGO TO 4

WRITEC2,400)

400 FORMAT(AHO6X et % w & ALLOCATE & % % *1//)
1 Do 200 1=4,12 '

TAVALL=D

1sTK=0

DO 4 ¥X=1,50 _

TECALLQCY K, 1).GELOYGO TO 5

. ISTKSISTHK+ALLQEY 1K, 4A)
5 Tec¢LINEQCT K1), GE, QNGO TO 4

ISTK=TSTK+LINEQ(TaKs4)

L TAVAIL = JAVAIL ¢ ALLG{ITK,&)

1AVAIL = TAVALIL + IF!LECI,18)

Te=tEILECT.11) i

GO YO (872,2%200).1F

T

SEGMENT FOR SUB=ASSEMBLIES

2 OrRDHNO=(
ITEMNORG _
TECIFILECT15).EQ,1)G0 TO 200
IDATESUEEK+IFTILEC(Y 12 +1+REFUEEK
QTY=SURFILE(I,HEEK)
IF(QTY.EQ.0YGO TO 200
TMAX=0
OUTPUT=8.0
IFCISEENT2.EQ.0)60 TO 7
CaLL NORMALCAVGE12, OUTPUT.xsEFD12.cVARN12)
IFCOUTPUT.6E.0,00G0 TO 7
QUTPUT=D.D
7 CALL STKALLCLFILEZQYY,I, ALLQ  ORDNO, TTEMNO, IDATE, OUTPUT,ICOUNT.ISH
10RT,IPRINT,IMAX,AFILE, &200)
60 TO 200

SEGMENT FOR EQUIPMENTS

£y Oy

& ALLQTY=0
1PLAN=D

CHECK FOR HIGH #_I.p™ & IN ALLOCATION

Y O

MzsWEEK+]1FILECI7120 2
00 10 J=WEEKyM

10 IPLANSIPLAN#REGFILECI )
TFCTAVAIL.GECIPLANYGO TO 200

ESTABLYISH ALLOCATION QUANTITY(ORDER NUMBER & TIME

< 3 O

JMAX =4
PECALLQCITM. G LE, IMHAXIGO YO 15
THAX=ALLQCYI, M, 0) ‘
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15 CONTINUE _ :
IMAX=IMAX+1
C QUTRUT=8.0
TFCISEEDYI2.EQ, OJGO TO 19
CALL NORMAL(AVGEYZ, OUTPUT.!SEED12.CVARN12)
1e(QUTPUT.GE,0.0)G0 YO 19
QUTPUT=0.0
19 b0 20 M=WEEK+2, WEEK+3
20 ALLQTY= ALLQTY*REQFILE!I&M)
IF(IPRINT.GT, 2360 10 21
WRITEC2,300)AFYLECI 1) (ALLOTY, IMAX, QUTRUT |
300 FONMATAHO/ 6X.'PRO0UCT —';Aarzx:'ALLOCATXON QTY =t 1672X,tSHOP O
1RDER='31632X1'TIMER“!cFﬁ 1)

N = ORDNO M 2 ITEMNO J = QTY K = WEEK DUE
24 TF(ALLGTY.LE.0YGO TO 200
- SEGMENT FOR OVERDUE YTEMS

po 100 k=1.52
- 00 100 L=1.,20
IFCORDBKCE (KiLY4)EQ QGO TO 100
DOATE=Kw»52
TEC(ORDRKCY, K7 LY3), EQ,0)3G0 10 100
NzORDBK (17K ,L+1) :
M=ORDRK{17K,L,2)
J=ORDBK (YK, L/3)
DO 25 KEYNO=1,125
TECOPFILECKEYHNO,171710),EQ, u)cu TO 27
25 CONTINUE
GO T0 33
27 DO 30 Ju=1.5
. TECCOPFILECKEYRO, M, d s 3)~REFWEEK) ,EQ, DDATE)GO TO 40
30 CONTINUE
33 IFCIPRINT.LGT.S)GO To 100
WRITEC2,35)NIM, DDATEYOPFILECKEYNO, M, JJ,3) ,REFWEEK
25 FORMAT(AHO,6X, 1INCONPATIBLE DATA IN OPFILE FOR ORDER NO. ',Il4,' IT
1EH NO_t,14,' DUE WEEK ', 14/6X,VACTUAL WEEK '414,2X, "REFWEEK ',14)
IPRINT=1 _
ﬁﬂ 3? 1251110
37 DYAGFILE(CTIZ,2) =1
RUNTIME=REFUEEK+WEEK+ A
GO TO 100
4O TFCOPFILE(KEYNO,MTIJ,4)Y.EQ, 060 TO 100
1;F(9PF!LE(KEYN0 JHTITAY GT (IFILECT,18)+ISTK=TFILECI, 1720260 TO
)

TAKE FROM STOCK

IFILECT, 1?)~IF!LE(I TATIHOPEILECKEYNOY M S U 4)

OPF!LE(KthO M,dJd75)=0PFILE(KEYNO, M, Jd,5)+0PFILECKEYNO, M, JJ.a)
OPFILECKEYNOTM,Jd74)y=0

GO TO 100

MAKE ON LINE

50 IF(MODE EG.1YGO TO 100
IFCALLAQTY. LE.OPFILECKEYNO,M7dJ,4))YG0 TG 150
QTY=0PFILECKEYNO, M, 0 4)
INATE=QPFILECKEYND, HYdd, 3D
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CALL STKALLCIFELETQTY I1/ALLQYN M/ IDATE, OUTPUT 1COUNTISHORT (1PRIN
17, IMAX/AFILEY8100) B ) ' :
OPFILE(KEYNO:H?JJ:G)=0PF!LE<KEVNO:M:JJ-6)+QTY
OPFILECKEYNOTMTSITAY =0

ALLQTY=ALLQTY=QTY

CONTINUE

SEGMENT FOR DUE ITEMS

po 142 K=t WEEK+13

Do 140 L=1,20

DDATE =K N

IF(ORDBYKCTKTLTAYEQ.1IGO TO 140

LFCORDBKCI KiL,s3), EQ.0YGO TO 140
NsORDBKCIVK, L 1)

MzOQRDOBK{I, K, L2

J=0RDBK(!’;K1L13)

po 110 KEYNO=1,125
I1F(OPFILECKEYNG,171710)EQ. H)GO TO 145

CONTINUE

60 YO 125

bo 120 JJ=1,5 ‘

1FC(OPFILE (KEYNO, M, JJ 3)RREFUEEK) . EQ,KIGQ TO 130.
CONTINUE

IFCIPRINT.GT.5YGD TO 140 _

MRITE (2,35 N M DDATESOPFILE(KEYNO, M Jd,3)  REFWEEK
IPRINT= :

Bo 127 12=1.,10

127 DIAGFILECIZ,2) =1

RUNTIME=REFWEEK+WEEK+4
GO TO0 140
TECOPFILECKEYNO, MY JUYA) JEQ.B)GO TO 140

IF(OPFlLE(KEYNQ;H:JJ?&).GT.(IFILE(I;16)+ISTK;IFILE(IF1?)))GO TO
1435 '

TAKE FROM STOCK

IFILECI A7 =1FILECI AT #0PFILEC(KEYNOTH, Jd,4)

OPFILE(KEYNOYMIJULE) sOPFILE(KEYNOY M, JUi5)+0PFILECKEYNO, Modd i h)
OPFILECKEYNOYM, WIS 4) =0
Go 70 140

MAKE ON LINE

IF(MODETER.1YGO TD 140 '

TFCALLATY. LELOPFILECKEYNO, MV, 4))G0 TO 150
QTY=OPFYLECKEYNO M, Jd e b)
IDATE=OPFILECKEYND, M7 JJ, 3)

CALL STKALL(IFILEYQTY,l,ALLQ/N,M,IDATE, OUTPUT,ICOUNT,ISHORT,IPRIN

1T, IHAX,AFTLEYE140)

OPFILECKEYNOTM, JJ 76 =0PFILECKEYNO M, JJ,6)+QTY
OPFILECKEYNO, MY UJdT4Y=0

ALLQTY=ALLQTY~QTY

Ie(MODE EQ.3)GN TO 140

I1F(K, GE WEEK®6YGO TO 145

CONTINUE

CONTINUE .

IF(MODE EQ.3)GO TO 200 -

3 STKORD(I)=STKORD(1)1

M=1
N=STKORD(L)
IDATE=WEEK+4+REFWEEK
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NEGATIVE ORDER NUMBER DENOTES STOCK ORDER

Go TO 180 .

150 IDATE= OpFILF(KEYNO MTdd 3D
180 CALL STKALLCIFILE,ALLATY I, ALLQ,N? M IDATE, OUTPUT,1COUNTISHORT /1P
TRINT JHAX,AFILE,8200)

IF(NJLE.OYGO TO 200

OPFILE(KEYNOY M, JJY L)EOPFILF(KFVNO My JdJdedd=pALlLATY

DPFILECKEYNOI M UI 6)Y = OPFILF(KEYNO Medd s 6)Y+ALLGATY

CONTINUF

IECIPRINT.GT,3YGO TO 500

CALL AQPRINTCALLASWEEK/AFILE/REFWEEK)

RETURN
~END
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. B3 -~ SUBROUTINE AQPRINT (LQPRINT: TQPRINT: SQPRINT}

Four print routines are available as diagnostic aids to réport
the contents of the queues; ALLQ, LINEQ, TESTQ, SUBQ.

Each queue may be reported at any time, and is identified by
the week number provided by the calling segment.,

Details of each queue are presented in product sequence (except
for SQPRINT), but only for each product with a finite queue
content. SQPRINT presents the contents of the sub-aﬁsemb]y queue
An the sequence defined in SUBQ. Summary values indicating the
quantity in each independent queue are displayed for ease of
analysis,
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SUBROUTINE
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Summarised Flow Chart - Subroutine Agprint
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AQPRINT

SUBROUTINE AQPRINT(ALLG,WEEKTAFILE,REFWEEK)
REAL AFILE(25.,3)
INTEGER ALLQ(12,50,6) WEEK,REFWEEK
YDATE=WEEK+REFWEEK
WRITE(2:10) IDATE
10 FORMAT(1HO J6X,VITEMS 1IN ALLOCATION FILE FOR wEEK!,161110x.10RnER
TNOL !y SX YITEM NOL !, 5Xs 'DUE DATE':SX:'QUANTITY'aBX:'TIMER',SXo
2ISHOP ORDERY//Y -
PO 200 121,12 -
1aTY=0 '
IFCALLOCT 1,4) EQ,0)G0 TO 200
WRITE(Z2,20YAFILECL 1)
20 FORMAT(1HO,6X,AB)
po 00 J=1,50
TFCALLQCTIG I, A) . EQRLO0YGD TO 100
IQTY=IQTY+ALLOEI J . 4) .
WRITECZ2,30)Y CALLQCT,JTK) s K=156)
30 FORMATCEAH ,S5X.6(7Xi16))
400 CONTINUE
WRITE(2,150)1QTY
150 FORMAT(AH+,00X7ITOTAL =1716])
200 CONTINUE
RETURN
END

TTEMS IN ALLOCATION FILE FOR WEEK 19

ORDERNO. ITEH NO, DUE DATE QUANTITY TIMER SHOP ORDER
MFEEAM 01 :
-2 1 21 : 86 0 4
23 | 28 50 g g
6 4 2% 25
53 1 23 111 ® 5 TOTAL = 272
MF&AM 02 ' : : . .
-3 1 21 4T . -3 4
24 2 28 ? -3 4
24 3 28 33 9 5
A 1 23 47 9 5 FOTAL = 169
MESAM 03 :
-4 1 ) 22 L& 2 -5 TOTAL = L6
AT12345 .
0 0 21 160 - _ 2 0 TOTAL = 169
AT12801% : :
0 0 . 22 100 1 0 TOTAL = 100
ATI2802 \ o ) .
0 3 - :
g 0 22 92 8 0 ., TOTAL = 184

Sample Allocation File
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LQPRINT

SUBROUTINE LQPRINT{LINEQ,WEEK,AFILE/REFWEEK)
REAL AFILE(25,%)
INTEGER LINFGQCS,50,55 ;WEEK, REFWEEK
INATE=WEEK+REFWUEEK
WRITE(2.10) IDATE
10 FORMAT(IHO lax.verHs IN LINE QUEUE (WIP) FOR WEEK'%14//710XsV0RDE
TR NDY5%,YITEM ND.I75X,tDUE DATE!, Sx,!QUANTITYr,Sx,'TIMLR!IIJ
bo 200 1=1.,5 - :
Iaty=0
xrcLlqutt.q“aa EQ. 0560 TO 200
WRITECZ2,20)YAFILECY, 1)
20 FORMAT(1HO,6X/A8)
bo 100 JU=1.50
IFC(LINEQCI,Ji4). EQ,0)G0 TO 100
IQTY=IQTY+LINEQCIL S, 4)
WRITECZ2,30) CLINERQEI UFKYFK=178)
20 FORMAT(1H +S5X.5(TXs16}) :
100 CONTINUDE
WRITEC2,95010TY
150 FORMAT (1H+,80X7 'TOTAL 21714
200 CONTINUE
RETURN
END

1TEMS IN LINE QUEUE (WIP) FOR WEEK 19

ORBDER NO, 1TEM NO, DUE DATE QUANTITY TIMER
MEGAM 01 \
: 14 1 19 20 “12 "
-1 1 19 87 - .7
1" 1 20 - Y -2
14 1 20 39 -7
2 1 L2 86 3
16 3 27 Y . .7
_ .23 1 28 _ 50 3 TOTAL = 328
MEGAM 02 .
15 1 19 10 “12
-2 1 19 78 -7
14 1 20 - . 25 : -2
-3 1 21 73 3
13 1 25 2 "7 :
24 2 28 7 '3 TOTAL 2 195
MEGAM 03 :
-2 1 19 32 Y
"3 1 20 46 -2 TOTAL = 7R
ACY5PY
i1 2 18 18 -7
15 2 19 4 -7
45 2 19 46 -7
15 -2 20 20 -7
- 1 29 10 -2
15 2 . 21 8 -7
15 2 21 12 -2 , _
16 4 27 22 -2 . ToTAL = - 110

Sample W.I,P. File
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TQPRINT

(= N o N

SUBROUTINE TOPRINT(TESTQ WEEK,AFILE,REFVEEK)
REAL AFILE(25,%)
INTEGER TESTQ(S,50,5) WEEK,REFWEEK
IDATE=WFEK+REFWEEK
WRITE(2,90) IDATE
10 FORMATCIHO /76X, VITEMS IN TEST RUEUE (WIPY FOR WEEK',16//10X,'ORDE
1R NO.'+5X, 'ITEM NO, 175X, 'DUE DATE',S5X, VQUANTITY ', 5X, 'TIMERY//)
po 200 1=1.5
16TY=0 ,
1FCTESTQLL,1746),EQ,0)60 TO 200
WRITEC2,20)AFILECY 1)
20 FORMATCIHO,6XAB)
o 100 J4=1., 50
IF{TESTQCI,Ji4),EQ,00GO0 TO 10n
1OTYRIQTY+TESTQ(I I, 4)
ua!TE(2:30)<TESTQEITUIKi?x=1?5>
T0 FORMAYCAH L SX 5(7%,16))
100 CONTINUE
WRITE(2,150)1QTY
150 FORMATCAH+, 80X 'TOTAL =1516)
200 CONTINUE
RETURN
END

ITEMS IN TEST QUEUE (WIP) fOR WEEK 19

DRDER NO, - 1TEM RO, DUE DATE QUANTITY TIMER

MEGAM 01 ) ' .
2 5 17 20 «12
41 1 17 25 2
5 ki 17 25 f
11 1 " 18 19 -2
11 k] 18 43 ~f
11 1 .18 © 13 -2
14 4 49 5% -2
19 1 L 20 3

MFEAM 02 ’

: 5 & 17 10 ~12

14 1 18 15 -2
14 5 18 10 . -7
15 4 48 10 -7
14 1 AL 25 -2
45 1 20 10 g
15 1 19 10 -3

MFESAM 03
9 1 16 8 w22 .
9 i1 16 7 -{7
5 ] 17 16 -57
5 ¥ 1? % -12
13 1 §8- 5 12
13 2 18 5 -12
i3 3 LE:] [ 12
i3 I 18 4 «f
13 4 18 5 n?

AC15PU

o 41 4 47 20 -2
11 2 18 2 -2
1" 2 18 18 3
i5 2 19 4 3

Sample Test W.I.P. File
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SQPRINT

SURROUTINE SOPRINTC(SURBQIWEEKTAFILE,REFWEEK)

REAL AFILEC25.,3) ,

INTEGER WEFK,SUBQ(S0YA) /REFWEEK

IDATE=WEFEK+REFUWEEK

WRITE(2,10) IDATE )

10 FORMATCAHN/G6X PITENS IN SUB=ASSEMBLY V.1, P FOR WEEK'V16//10X,

11 pART NO.':JXJIDUE':JX:'QUANTITY’!SX:'TIMER’//)

IoTy=0

po 100 J21.50

1E(sUBQS,3).EQ.0)GD TO 100

1QTY=1QTY+SUBQCS, 3

IpROD=SURBQCI 1)
WRITEC(Z, 50)AFILE(IPROD 130 (SUBQCL I NYTNE2,4)

80 FORMATCIH 10X ABTAXT L4 6%, 14,8X,14)
100 CONTINUF

WRITEC2,150)1QTY
150 FORMAT(4H+, 60X:'TOTAL sty 16}

RETURN
END
1TEMS IN SUS=ASSEMBLY W,1.P. FOR WEEK 19

PART NO, DUE QUANTITY CYIMER
AT12801 18 62 ~12
AT12802 18 . 92 w2
AT12345 18 160 -7
AT12345 1% 160 -2
AT27896 20 §22 "{2
AT12345 20 160 -2
AT42804 20 100 -2
AT42345 24 160 3 .
AT12802 21 92 3 TOTAL = 1108

°

Sample Sub-assembly Queue
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B4 . SUBROUTINE ARRIVAL

The receipt of purchased items is simulated in the subroutine
ARRIVAL. The pattern of receipts for each part number has been
derived from the supplier schedule in subroutine RECEIVE and
~contained in the file named INPUT,

The week number is available to the subroutine, thus the expected
receipt for each component for the appropriate week can be.
derived from file INPUT. ‘

Subroutine ARRIVAL spans the events from receipt at the receiving
bay to location in stock. The facility to audit quality is pfovided
within the logic, but the quantity received complies with the data
specified in file INPUT.

The quality audit logic follows the process outlined below:

a) A histogram is sampled to determine the presehce of poor
qua]ity, Items which pass this test will proceed to the stock
update phase,

b) Items which fail will have a second sample taken to determine
the size of the reject quantity. If this is less than 5%, the
reject items are returned to the supplier, The remainder will
update the stock file. Reject quantities of greater than 5%
cause rejection of the complete batch.

c) Quantities which have been rejected are rescheduled in file
INPUT by'samp1ing from a histogram defining the number of
weeks required to recycie the batch,

A finite vreceipt quantity will cause two actions:

- update of the physical stock field in IFILE
- adjustment of the supplier schedule.
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Receipts are assumed to downdate the file SCHEDULE in chronological
sequence, starting with any arrears where applicable. Maintenance

of the supplier schedule status is important to the correct function-
ing of the quarterly material planning logic and the relative
stabi]ity of the supplier commitment.

© The sampling profiles employed by subroutine ARRIVAL are:
(i} Probability that a reject batch has arrived, Histogram

contained within TABLE 11, :
Value 1 (Fail) 2 (Pass)

Relative
frequency 20 80

{i1) Proportion of batch rejected,
Normal distribution as defined by AVGE9, CVARNI
(eq. average = 0,04; coefficient of variatioa= 0,3)

(1i7) Numbér of weeks rescheduled.
~ Normal distribution as defined by AVGE10, CVARN1O
(eg. average = 4.0; coefficient of var‘iakiun= 0.3)
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SUBROUTINE ARRIVAL
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SUmmarised Flow Chart - Sub-routine Arrival
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ARRIVAL

SURROUTINE ARRIVAL(SCHEDULESINPUT, TFILE, WEEK, IPRINT,AVGED,CVARND A
1VGE10,CYARNYIO, ISEEDOTISEED10,1SEED1Y, TARLE11 ,AFILE)

REAL AFILE(25,3)

INTEGER SCHEDBULEC25713) ,INPUTC25,52) T1FILE(25,23) ,MEEK] TABLE11(2, 2
1Y, REJECT :

TFLIPRINT.GT.EYGO TO 350

WRITE(2,400)

FORMATCAIHO, 6% b+ % w» w  ARRIVAL % % % %'//3

bo 100 4=1,25 -

IPCIFILECS.11).NEVAIGO TO 100

LFCINPUTCJ WEEK) LERTOYGO TO 100

SAMPLE FOR REJECTS [ ,....,PASS=2  FAIL=1

1ECISEERI1.EQ.0)GO TO 8
CALL HSAMPLE zczseeni1fnumaaa TABLE11)
GO TO €1,8),NUMBER

DETERHINE REJECT PROPORTIONT,......GREATER THAN 5 PC REJECTS FULL BATCH

IFCIPRINT.GT.2)GO TO 2

WRITE(2,410)

FORMAT(1HO,6X4 IBATCH FALLED AT INSPECTION?)
CALL NORMALCAVGFO S OUTPUTYISEEDO +CVARNG)
IFCQUTPUT.LT.0.05YG0D TO 3
REJECT=IHNPUTLS,WEEK)

Go TO 4

REJECT= NINT(FLOAT(INPUT(J uEEKT)*OUTPUT)
IFCIPRINT.GT,.2Y GO TO 5
WRITE(2,500)0UTPUTREJECT

FORMAT(IRO,6X, 1OUTPUT = Y, R6,4,6X, "REJECTS,16)
CALL MHORMALCAVGETQ+XYISEEDIOYCVARNIO)
NaNINT(X)

INPUT(J  WEEK+NY =INPUT{J (WEEK*NI*REJECT
INPUTCI S WEERY SINPUT (Y WEEKYmREJECT
TECIPRINT.GT.23GO TO 9
WRITE(Z/7IREJECT N, INPUT(J,WEEK)
FORMAT(1HO,»6X, 'BATCH OF ', 162X, "UNITS RESCHEDULED BY'r14,2X, VWEEKS
TPLEAVINGY , 1SS YUNITS IN THE CURRENT PERIOD')
GO 70 9

IFCIPRINT.GT.L2YGO TO §

WRITE(2,420)

FORMAT(AHO 46X YBATCH PASSED AT INSPECTION')
IFILECI 16 = FILEC 716 INPUT (L WEEK)
TFCIPRINT.GT,2XG0 T0O 40
WRITEC2,200)AFTLECI 1Y, IFTILECU,16), INPUT(J WEEK) JWEEK
FORMATCAHO, 6%, "PRODUCT Y, 2X, A8, STOCK ', 15,' INPUTHY, IS5t WEEK!,I1%)
ba 50 k=1,13
IFCINPUTCS WEEK) (GESCHEDULECS,K)YGO TO 20
SCHEDULECJ,KY=SCHEDULEC(I YK mINPUT (S, WEEK)
INPUTCS  WEEKY =0

GO TO &0

INPUT(IINEEKY RTNPUT (Y NhEK) :SCHEDULE (44 K)
SCHEDULEC(J . X) =0 \
- CONTINUE

TECIPRINT.GT,3)GO TO 100
WRITEC(Z2,300)(SEHEDULECI KY, K=1,13).
FORMAT(AHO , OX, 'REVISED SCHEDULEN//76X71315)
WRITE(2,600) CINPUTCIYKY 4 K=1720)

FORMATCIHO 86X tREVISED INPU?'//ﬁX:EOIg/!/)
CONTINUE

RETURN

EMD




QUTPUT = 0.0239 REJECTH 2
?ﬂﬁTCH 133 2 UNITS RESCHEDULED BY 6 WEEKS,LEAVING QRBUNITS IN THE LURRENT PERIOD
PRODUCT PN56043 STOCK 1348 INPUYT 08 WEEX 2 - .
REVISEDR SCHEDULE -
2 450 450 0 0 49 440 440 440 330 110 0 450
REVISED INPUTY .

0 0 0 450 0 0 A5C 2 0 0 0 0 - 0 0 o 0 0 4% 0

BATCH PASSED AT INSPECTION
PRODUCT PN49746 STOCK 1670 INPUT 450 WEEK 2 .
REVISED SCHEDULE
0 450 450 493 660 760 760 . 750 880 380 880 880 450
REVISED InPUT
6 o 0 0 0 450 0 0 493 450 0 0 660 0 o ' 0 760 0 760

Sample Receiving Report
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B5 ~ SUBROUTINE DELPERF

Subroutine DELPERF extracts the base data for delivery performance
to be calculated and summarises the statistics in histogram form.

Delivery performance statistics are held at three Tevels; equipment,
item and order. Each delivery transacted in subroutine DESPATCH

will cause a delivery performance assessment to be made, The data
required for delivery. performance calculation is the quantity
despatched and the delay in weeks compared with the original due

date,

b)

The despatch point is taken as the movement from test to the

commercial warehouse, or despatch department. Negative'delays'repfe-
sent early deliveries.

Each histogram will accommodate delays of up to 19 weeks and early
deliveries of up to 8 weeks in weekly increments. Deviations in
excess of these Timits are held in two further categories; 20 weeks
or more overdue and 9 weeks or more early.

a) Equipments

Equipment level records are held separately for each product
to enable comparison to be made between products subject to
different influences {egs. order mix trends, stock policies,
Jead times). As each delivery is made, the appropriate delay
interval is augmented by the quantity of equipments despatched.

Items

The item level record represents the performance achieved in
despatching a complete order line against each due date, Thus,
an item containing a quantity of equipments phased over five
weeks will be analysed as five independent deliveries. Each |
completed delivery will increment the interval representing
the final delivery by a quantity of one, Item level records

are held for each equipment type.




¢) Orders

Order statistics are maintained separately for "part shipment”
and "no part shipment® orders. For "part shipment" orders, a
completed delivery is acknowledged when all of the order line
jtems for a particular week due have been despatched. "No

part shipment” orders will not be acknowledged as despatched
until the final delivery batch regardless of delivery phasing.

The order performance logic performs a second important function, When
the delivery criteria have been met and a delivery initiated, the
equipments will be removed from "in despatch" status in the orders
placed file (OPFILE) signifying shipment to the customer, Until the
final delivery against an order (or delivery week in the case of |
"part shipment") has been made, the equipments already despatched will
remain in stock in the finished goods warehouse.

The ‘magnitude of this "marshalled" stock is a function of the
delivery performance and the degree of part shipment pgrmissib]e.

The subroutine DELPERF is activated each time a delivery is
registeréd in subroutine DESPATCH. The delay is determined by com-
paring the clock week against the week due held in the order book
(ORDBK), alilowing for overdue orders which have been velocated in
ORDBK for reasons of file economy. The delay is truncated to the
range ~20 to +9 inclusive and modified to index a file with a range
of 1 to 30.

The equipment performance is registered by augmenting the file
EQUPERF for the appropriate equipment type and calculated detay
by ‘the quantity despatched. Each quantity delivered will initiate
a check against the orders placed file (OPFILE).

If the quantity in "despatch" status is equal to the total item
quantity for the delivery week, the histogram representing item
performance, ITEMPERF, will have the interval for the appropr1ate
equipment and delay incremented by a quantity of one. Since the
performance is measured by order 1ine item and week due, the delay
is identical to that used to determine equipment performance.
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Failure to achieve a complete item delivery will result in an exit
from the subroutine. A completed item will move into the order
performance segments. '

Orders which have been designated "part shipment permissible® may
be shipped when all items promised against a common due date have
been moved to despatch, In practice there are many different rules
for part shipment, ranging from monthly deliveries, or to meeting
certain transport line schedules.

The essence of part shipment is whether the customer will pay for
the goods he receives, which is often related to the usefulness of
the cohsignment. Consignment and subsequent invoicing with little
chance of receiving payment moves the financial burden from commer-
cial stock (valued at factory costs) to debtors {at sales invoice
value). The compromise adopted by the model, of shipping complete

- weeks worth of equipment across all order lines, is-reasonable in
terms of customer acceptability.

The "part shipment" performance is established by searching OPFILE
for all order lines with the same due date as the last despatched
gquantity. If all items with the common due date are in despatch,

a shipment may be made and the performance statistics incremented
accérding?y. The de1ay'is again idéentical to that used to determine
equipment and item performance,

“"No part shipment® performance follows a similar logic to "part
shipment" performance, except that the full order is checked for
"despatch" status. If the order is completed the delay is then
calculated, being the difference between the calendar week at the
longest due date on the order.

For "part shipment" orders, a shipmeht will cause the ORDBK record
for the constituent products to be cleared, Shipment of a "no

part shipment" order, and the final shipment of a part shipment
order, will cause both the applicable ORDBK and OPFILE records

to be cleared,
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DELPERF

I O

SUBROUTINE DELPERF(ORDBKIOPFILE, pnou KEYKO,1TEM, DUE,WEEK, M NeT1PRIN
17T EQUPERF, ITEMPERF, ORDPERF,QTYY

INTEGER ORDRK( 5.52,20,5),0PFILEC125,5:5,10),PROD, ORDNOaITEM PUE W
1EEK, EQUPERF(T0,30) , ITEMPERF(I0,30),ORPPERF(2,30) ,DELAYSQTY
IFCIPRINT.GT.13G0 TO 5

WRITE(2,7)

FORMAT(IHO,6X, tw % % % DELPERF % w & %V//)
ORDNO=QRDBK(PROD,DUETN 1)

L=DUE

v~

DETERMINE DUE DATE

Yy OIO

IFCORDBKCPROD, DUETNZ &) (EQ.0)GO TO 10
- DELAY=WEEK+52~DUE
GO TO 20
10 DELAY=WEEK~DUE

DETERMINE EQUIPMENT PERFORMANCE

[ N o I o]

20 IDELAYSDELAY
IFC(DELAY.LE.20)G0 TO 30
IDELAY=20
30 IF(DELAY.GE.=93GO TO 40
IDELAY=~0
_ 40 TDELAY=21-IDELAY
EQUPERF(PRODTIDELAY)=EQUPERF(PROD, IDELAY)Y+QTY
TFCIPRINT,GY.2)GO.T0 45 )
WRITEC2,43YPROD, DELAY Y QRDNO;ITEM;OPFILE(KEYRO;ITEM.HGS)FQTV : )
43 FORMAT(AHO,6X  YEQUIPHMENT DELIVERY PERFORMANCE FOR PRODUCT NO,t. 16,
12X0 "DELAY = VL, 016/6X 7 ORDERYZIS2X VITEM! y1542X, ' DUE!
2515, 2% TQTY 1415, 2%, 'DESPATCHED ")

DETERMINE ITEM PERFORMANCE

o OO

45 ITFCOPFILECKEYNO, ITEH M, 2y  NELOPFILECKEYNO,ITEM,M,8))G60 TO 190
ITEWPERF(PROD, IDELAYY=ITEMPERFCPROD, IDELAY Y+
TECIPRINT.GT.2YGO TO 49
WRITE(2,47)YPROD,DELAY
47 FORMAT(1HO,6X,VITEM DELIVERY PERFORMANCE FOR PRODUCT NO.',56,2Xe'D
TELAY = +,16)

CHECK FOR PART SHIPHENT
1F¢ORDBK(PROD DUETN;5} ,EQ,2)G0 TO 60
DETERMINE ORDER PERFORMANCE = PART SHIP

IDUE=OPFILECKEYNO, ITEM, 1, D)

Do 50 I=%,5

DO 50 J=1:5

CIFCOPFILECKEYND, I7J73),NE, IDUEYGD TO 50
IFCOPFILECKEYNO, 1/ J 2 NE,OPFILECKEYNO,T1+d,9))G0 T0 100
CONTINUE _

ORDPERF (1+.1DELAV)=ORDPERF(1:IDELAY)Y#1

IFCIPRINT.GT,2)GO TO 56

WRITE(2,55)DELAY

FORMATCAHO.6X, YORDER PERFORMANCE (PART SHIP) ¢ DELAY =tr16)

SHIP GOODS
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WRITE(2,200)0PFILECKEYNO,ITEM, M, 10),1DUE

FORMAT(1HO,6X, TORDER NO,Y,1692X e YDUE uEEK'.IécZXn'DESPATCHED')
po 57 1=4,5

DO 5? J=1:5 . -

1FCOPFILECKEYNG, 15J73)Y . NELIDUESGO TO 57

OPFYLECKEYNOYI,J,9)=0

CONTINUE '

CHECK 1F ORDER IS COMPLETE

laTy=0

po 59 1=21,5

bo 89 J=1,5

DO 58 K:ﬁfg
10TY=T1QTY+0PFILE(KEYND,17d,K)
TECIQTY. NE.OYGO YO 100
CONTIKUE

GO0 TO 90

DETERMINE ORDER PEREORMANCE » NO PART SHIP

IMAX =0
bo 70 1=1,8

Do 70 J4=1,35

70

73
77

80
300

90

110

105

CLECOPFILECKEYNO, G J,?) NE,OPFILECKEYNO,I,J, 9)>Go TO 100

YFCOPFILECKEYNO, 174, 3), LE, IMAXIGO TO 70

THAXZOPEFILECKEYNOY 1 V3D

CONTINUE ‘

IDELAY= DELAY+0PFILE(KEYNO TTEM, M, 3 e THAX

TFCIDELAY.LE.20)G0 YO 73

IDELAY=20

!F(IDELAY.GE;wQ)GO T0 77

IDELAY 2~

IDELAY= ?1 IDELAY

ORDPERF(2,IDELAY)= 0RDPERF(2;IDELAY)¢1

TECIPRINT.LGT. 23GO TO 50

WRITE(2,80)DELAY .
FORMAT(AHO,6X, VORDER PERFORMANCE (NO PART SHIP) , DELAY =1,16)
WRITECR,300)OPFILE(KEYNOYT,15710)

FORMATCAHO6X, FORDER NOL Y, I672X s 'DESPATCHED!)

CLEAR DOWN OPFILE AND ORDBK

bp 110 1=1,5

PO 110 J=1.5

oo 110 K=1.,10
OPFILECKEYNOYI I KIAO
bo 120 I1PROD=1,5

06 120 L=1.,52

DO 120 K=1.,20
IFCORDBKCIPRODS LK) NE.ORDNOY GOTO 120
DO 120 1=%,5
CROBKCIPROD, Lo K,19=20
CONTINUE

RETURHN

END
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B6 - SUBROUTINE DESPATCH

Equipments which have been tested are moved to the warehouse, which
is regarded as commercial stock, by subroutine DESPATCH, Two
alternative priority rules which determine the sequence of processing
are available; first-in-first-out or by due date. | -

Equipments for despatch are contained in the file TESTQ, Selection
of the due date priority rule will cause TESTQ to be sorted into due
date sequence priof to processing. Bypassing the sort segment will
result in first-in-first-out logic. '

The size of the delivery batch is determined by the delivery plan
contained in file DELPLAN for the appropriate period, assuming
that sufficient eQuipments are eligible for delivery. If the delivery
capacity is under-utilised due to insufficient eligible equipments
in the queue, the excess capacity is considered lost and cannot

be carried forward into future periods,

“Ttems are selected sequentially from TESTQ, and the appropriate‘
OPFILE and ORDBK records located, Equipments are not eligible for
delivery within a minimum period of three days of entering the
test queue, recognising a realistic expedited throughput time,
Each item selected will have the whole or part of the batch quan-
tity despatched, this quantity being dependemtlupon the balance
of the delivery p]anoavai1able. '

Successful despatch of a quantity'ﬁi]T cause a humber of files to
be updated, reflecting the changed status of the order.

a)‘TESTQ will have the quantity balance reduced by the quantity
despatched.

b) OPFILE will show the despatched quantity as having moved from
TEST to DESPATCH status.,

c) ORDBK will show a reduction in the outstanding balance by the
- quantity despatched.
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d) TOTAL will show a reduction in total Toad for non-overdue

orders.

e) The balance of the delivery plan, DELPLAN, for the appropriate
week will be reduced by the despatched quantity.

If a finite delivery plan balance remains the next item will be
selected from TESTQ. If TESTQ has no further eligible orders, or
the delivery plan has been exhausted, TESTQ will be reset by
removing fully despatched items and consolidating the balance

of the file, '
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DESPATCH

[+ Xe N ol

SUBROUTINE DESPATCH(TESTO,OPFILE,WEEK,DELPLAN,IFILE,ORDBK,EQUPERF,
4 YTEMPERF,ORDPERF,TOTAL, IPRINT,AFILETREFWEEK, TSORT,DIAGFILE,RUNTIN
2E)

REAL AFILE(25,3)

INTEGER TESTQ(5,50,5),0PFILE(425,5,5710) ,WEEK/DELPLANC 5,52),1FILE
1¢25,23) ,0RDBKC 5,52720,5) EQUPERF(10,30),ITEMPERF(10,30) +ORDPERF(2
2730) ¢ TOTAL(S5752) /REFWEEK, QTY (DIAGFILE(10/2) rRUNTIME '

TF(IPRINT.GT,.1IGO TO 1

WRITE(2,2)

2 FORMATCAHO 16X 1% w % % DESPATCH % » % w'//)

SORT TEST QUEUE

3O

1 ¥ (ISORT.EQ.O0XGO TO 4
“pbo 3 1I=475 :
Do 3 J=1,49
po 3 K=Jj+1,50
TFCTESTQCY.KV4).EQ.0¥G0O YO 3
TFC(TESTQeI JN3Y. LE.TESTQR(I,KF3})GO TO 3
BO % L=1%5 .
M=TESTQ(I,J L)
TESTQCY, J, LYSTESTR(ITK, L)
TESTQCI KT L)Y =H
CONTIHUE
po 200 1=1.,5
TP¢IFILECI,11) . NEC1IGO TO 200 :
TF(DELPLANCY /WEEKY . LE.0)GO 70 200
IFCIPRINT,GT.2)GO TO 5
o WRITE(2/52MAFYILECI 1Y s DELPLANCIZWEEK)
520 FORMATCAIHO,6X, 'DELIVERY BATCH FOR v,A8,0 = 1,15)
5 bo 60 J=1,50 :
TECTESTQ(I A4 5).67.0)60 TO 60
TFCTESTOCI,JY4Y . EQ.OYGO TO 40
10 JASTESTOCI 441}
JRETESTOC(T J)2)
JC=TESTQ(I,JW3)
DO 15 KEYHO=1,125
IFCOPFILECKEYNG, JB,1710),EQVJAYGO TO 17
15 CONTINUE
G0 TO 25
17 b0 20 M=1,5
IFCOPFILECKREYNA,JB.NY3),EQ,JCYGO TD 31
20 CONTINUE
25 IFCEPRINT.GT.5YGO TO 640
NRITE(2-30}JAJJBrJCJOPFILE(KEYNO-JHth3)fREFUEEK
30 FORMATCAHO,6X,1 INCOMPATIBLE DATA IN OPFILE FOR ORDER NO,',14,'1TE
1M NO, ', 14, tDUE WEEKIFT4/6X, TACTUAL WEEK ', 14,.6X,"REFWEEK ',14)
IRRINT=1 .
be 29 172=1.10
29 DIAGFILEC(IZ,2)=1
RUNTIME=REFWEEK+WEEK+4
60 TO 60
T4 NOD=0 ‘
1F(JC.GT.REFUEEKYGO TO 32
NOD=52
12 ID=JC=REFWEEK+NOD
1FCORDAKCT,JID,N,1) HE,JAYGO TO 33
TFCORDBKCY,UD N, 2).EQ,JBIGO TO 4O
33 CONTINUE

=
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TFCIPRINT.GYT,S5G0 TO 60
WRITECZ,35)JA.J0AFTLECT Y dC :
FORMATC1HO,6X: VINCOMPATIBLE DATA IN ORDER BOOK FOR ORDER NUMBER',!
16.2X¢ 'DUE WEEKY,16,2Xs 'FOR PRODUCT NUPBER':AS-EX:'ACTUAL WEEKY,16)
IPRINT =1

ba 37 1z=1,10

DIAGFILECTZ,2) =1

RUNTIME=REFUEEK+WEEK+4

60 TO 60 _
TF(TESTQUI, 47AY. LT.DELPLANCI WEEK))IGO TO 45
QTY= DELPLAN{IJWEEK) -

GO 1O 50

TESTQ(I /&) =TESTQCITS e Y =QTY
TFILECY, 1) =TFILE(L 19)mQTY
OPFILECKEYNO, JB, M, 0 =0PFILECKEYNO, JBYM,934QTY
OPFILE(KEYNO,JB, M, 8Y=0PFILE(KEYNO, JB,M,8)~QTY
ORORK(I D, NTII=0RDBKLEI D, NTZ)mQTY
IFCORDBKCY,JD, N, 4).EQ,1)GD TO 55

TOTALCL, dD)=TOTALCI,IDImQTY

CALL DFLPERF(ORDBK,OPFILE, I KEYNOQ, JBYID,WEEK M, NoIPRINTYEQUPERF, 1T
TEMPERF,ORDPERF,QTY)
DELPLANCI,WEEKY=DELPLAN(CI, WEEK) =QTY
TF(DELPLANCITWEEK) . EQ,0)G0 TO 150

CONTINUE

TFCIPRINT.GT.L2YGO TO 150

WRITEC2,510)AFILEC(L 1)

FORMATC(AHO,6X, YEXHAUSTED ORDERS IN TEST FOR PRODUCT',2X,A8)
DO 160 MM=1, 49

CTF(TESTQCI, MM, 4) . GT 0G0 TO 160

bo 153 n-cvr+15 50

IF(TESTQCT NY4Y. GT. 0G0 TO 155

CONTINUE

Go TO 200

Do 458 N=1,

TESTQ(I.HM NY=TESTQ(I 147N

TESTQCY, My =0

CONTINUE

CONTINUE

CONTINUE _

IFCIPRINT.GT.3XGO TO 250

CALL TQPRINTC(TESTQ.WEEK,AFYLE,REFNEEK)

RETURN

END
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B7 - SUBROUTINE EBQ

Sub-assembly programmes are based on forecast quarterly demand
and use a simple "Economic Batch Quantity" formula to determine
the size and frequency of batches within the quarter.

" The total quarterly demand for the sub-assembly is derived from
the file REQFILE, following which the number of batches in the
quarter is calculated. The number of batches per annum is derived
from the standard EBQ formula.

i

N = [ee— where r = demand/annum
3 C] holding cost/unit
C3= set up cost

1

If q is the quarterly demand and C' is the unit value, it is
assumed that the interest rate is 10% and the set up cost is £10.%*
‘Thus '

N = fiq x 0.1 x CF
2 x 10

=,0.02qC'

The unit value is derived from IFILE by summing the material
and labour value. The number of batches per quarter is thus

n= 1/4 ,/o.ozqc=

Since it is required to phase the batches evenly throughout the

thirteen week period, only integer values ofl, 2, 3, 4, 6 or 13
are permissible as the number of batches (n').

The nominal “economic batch quantity” is the quarterly demand
divided by n'. The cycle time between batches is 13/n'. Both para-
meters are retained in IFILE for subsequent use in the sub-
assembly programme SUBPROG.

* Note: Values currently used in practice,
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EBQ

SUBROUTINE EBQ(REQFILE,IFILEYIPRINT,AFILE,CAPACITY,UTIL)
REAL AFILE(25.,3)

INTEGER IFILE(25,23)YREQFILE(25,52) ,WEEK, DEMAND,CAPACITY
tc=0

Do 306 1=1.25

TFCIFYLECT A1), EQ 2 0R IFILECY,11).EQ.3)GO TO 5

60 TO 30

DEMAND =0

00 10 J=1,13

IRCIFILECT,15) . EQ, 1)60 Te 10

10=TC+REQFILECE,J)

DEMANDSDEMAND+REQFILECL»J)
NaNINTCSQRT(DEMAND® (CEFILECTIL I FILECL 1422w 0,023/4,0)
TE(N,GT.DYGD TO 45

N=1

Tp(N,LE_4)GO TO 20

IE¢N.GT.EYGO TO 97

Ned

GO TO 20

N=13 _

IFILECT,21)=DEMAND/N

TETLECT,22Y=NINTCA3T0/N)

IF(IPRINT.GT,.4)GO TO 30

WRITE(2,SOYAFILECY M) YFILECT,R21) , 1FTLECT,22)
FORMATC1HO,6X/ 1SUB=ASSY NO. ',A8, 6X.‘EBQ‘.15:6K:'CYCLE TIMF':I&)
CONTINUE _

CAPAGITY=IFIX(IC/UTILY

TECIPRINT.GT,3IGO YO 70

WRITE(2,60)1CUTIL,CAPACITY :
FORMATCAIHO . 6X, TP .CLB, CAPACITY . . . . CAPACITY REGD =1,14/27X,
ATUTILISATION =1,F4.2/27K 1GROSS CAPACITY =1,16)

RETURMN _

END
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- B8 - SUBROUTINE EXPEDITE-

Under normal conditions, the assumption has been made that material
will arrive from the supplier according to the call-off schedule
modified by a probamlistic element within the subroutine RECEIVE,
Within the logic of the model, the assumption is maintained

provided there is a finite level of free stock to service production
requirements. If, however, the level of free stock falls below
zero, the item concerned is considered to change from the normal
"unexpedited" mode to "expedite" mode.

The prime objective of a material expeditor, or "progress chaser",
is to obtain shortage items at the earliest possible opportunity.
This success will depend, for example, upon whether or not the item
can be procured through secondary sources, the current load on

the supplier, the notice given to the supplier to respond and any
other items that could possibly be "unexpedited” to release capa-
city for the urgent ijtem.

In practice there are three levels of expediting:
a) the item is a "Tline hold", which signifies that a batch of
material with a known (or subsequently discovered) shortage

is in work in progress and is a probable line stopper.

b) the item is a "shortage to allocation", which implies that
free stock has’ become negative.

¢} the item is in arrears to the supplier call-off schedule.

A1l three conditions may exist concurrently.

The 1ine hold situation is considered in the model to be covered by
the shortage to allocation activity. Any item which becomes a line
"~ hold but was not identified as a shortage to allocation previously
would normally be as a result of incorrect material being issued, a
stock record error, a bill of material error, a late engineering
change or a scrap problem.
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X Noreof these eventualities has specifically been addressed by
the model.

The arrears to schedule situation has been considered in the
establishment of an input profile within subroutine INPUT.

Subroutine EXPEDITE, therefore, considers only the shortage to
allocation, or negative free stock situation,

The‘stdck file record within the item master file, IFILE, is
scanned at the start of a weekly cycle. The existence of
negative free stock for a bought-out (Ievel 4) part, will cause
the expediting sequences to be invoked,

The quantity short, which is calculated as allocated stotk Tess
physical stock, is compared with the forward input schedule,

When an input batch has been identified, file EXFILE is inter-
rogated to ascertain whether the batch has been subject to pre-
vious expediting activity. The assumption is made that a batch

may be expedited once only.

If the batch is not a]ready'subject to expediting action, the

next step is to determine the amount of time that the batch can

be pulled forward., Factual information upon which to base an
alogorithm is highly complex, depending on such factors as the
component type (proprietory item "ex stock® or made to order),

the imminence of the next schedule receipt, the existence of a
schedule arrear, the existence of a supplier order, the expeditor/
supplier relationship and many other considerations.,

The objective of the model was to arrive at a reasonable and
quantifiable algorithm which could be simply applied, The first
stage is to sample from the histogram defined in the table below.

. Expedite Histogram
‘Value 1 2 3 4 5 6 7
Frequency 5 10 15 20 25 15 10
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The value generated is the "degree of success" of the expediting
effort.

The time remaining before the next batch is due to arrive is
divided by the above factor to determine the number of weeks
pulled forward. For example, if the current week is 4 and the
next batch is due week 8, the time remaining is 4 weeks. If the
value sampled is 2, the number of weeks pulled forward is 4/2,
j.e. 2 weeks.

The 1nput'séhedu1e is then modified to reflect the pull forward
action and file EXFILE is correspondingly tagged to inhibit any
further activity on the expedite batch.

If the first batch is insufficient to satisfy the shortage,
further batches are sought and actioned following the same logic.

If no input batch can be identified for the next 13 weeks, the
assumption is made that any item can be procured on an eight week
lead time. This i1s a prime assumption, since no account is taken
of the type of commodity and the degree of urgency, but is not
unrealistic as an average (assuming that the item is not relating
to a new product.) '

Where expediting action is required and a batch (br batéhes) has

- already been subject to a previous expedite, the value in EXFILE
for the appropriate week is incremented by one. Thus, the modeller
may access the number of times that a part is expedited as part of
the analysis of simuTation results,
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SUBROUTINE
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Summarised Flow Chart - Sub-routine Expedite
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EXPEDITE

£ > 3

SUBROUTINE EXPEDITE(IFILngEEK:INPUT:ISEEDSJTABLE3:IPRINT.EXF!LErﬁ

1FILE}
REAL AFILE(25,3)
INTEGER IFILEC2S,23)5INPUT(25,52) SHORT, WEEK Y TABLE3Z(7%2) +EXFILE(2S
1952)
TECISFEENZ. FQ,0)G0D TO 250
TFCIPRINT.GT.TYGO YO 10
WRITE(2,20)
20 FORMAT(IHO, 46Xt w % % EXPEDITE % % % w?//)
40 bo 100 124,25
TFCIFILECY ¢11).NELAYGD TO 100
SHORT=IFILECT A7) IFLLECT,16)
TE(SHORT.LE.0)GO Y0 100

FIND NEXT BATCH INPUT

(o B o N o]

DO 50 J=WEEK,WEEK#13 .
TECINPUTCL Y EQ.0)GO TO 50
CIFCEXFILECE,J).EQL0XG0 TO 30
EXEILECIY I =EXFILECI ) #1
IVALRINPUTCIV )
IFcIPRINT 6T.2)60 TQ ]
WRITEC2,200)AFILECT 1) ¢4
200 FORMAT(AHO,6X, TRATCH FOR PRUDUCT'.ZX“Aa,éx.'DUE WEEK'r15¢6X: YALREA
1DY EXPEDITEDY) .
Go TQ 40
30 CALL HSAMPLE 1(ISEED3ITNUMBER; TABLEZ)
KedwNINTCFLOAT(J=WEEK) /NUMBER)
TE(IPRINT.GT 2360 TO 32
WRITE(2, 450 AFTLECT 1Y+ s SHORTAINPUTCT +J) NUMBER,K
150 FORMATCIHO,GX, V1=t , AB, 3K at, 14,3%, LSHORT=Y /1A, 3X, P INPUT(T, d)=",]
16 ,3X, "NUMBER= 14, 3% K51, 14)
32 1ECK,GT 0)GO TO 35
K=1
35 JVAL=INPUT(1:J)
INPUTCLL K =INPUT (T, K) #IVAL
EXFILECIYKY SEXFILECIYK) +1
INPUTCIS DY =INPUTCE, I niVaL
40 SHORT=SHORT~IVAL
LF(SHORT  LE.0XGO 1O 100
80 CONTINUE
100 CONTINUE
250 RETYRN
END
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B9 -~ SUBROUTINE EXPLODE

The parts explosion, or Material Requirements Planning logic,
is contained within the subroutine EXPLODE,

The subroutine has access to the basic‘re1ationship and stock
status data held within the item master file, IFILE, The prime
input data is the requirements file, REQFILE, for each part.

To ensure that all reguirements have been registered for a part

before subsequent explosion takes place, a “"low Tevel code” is
" held in the item master file indicating the lowest level that
the part is to be found in any product, Level 1 denotes the top
Tevel product, levels 2 and 3 are intermediate sub-assemblies
and level 4 denotes purchased parts.

The requirements planning process takes place on a level by level
basis, starting at level 1.

For each item, the free 'stock s calculated and a net plan derived
from the subroutine NETTING. Since the requirements data for a

top level product {level 1) is the off-line plan and does not in-
¢lude finished equipment stock, the available stock is taken to

" be work-in-progress only.

Following the netting process, the resultant plan is off-set by
the Tead time for “in house" manufactured items. Any "overspill"
is held in the first period of the plan. '

Each component part of the assembly is then found by reference to
the item master record and the requirements file for the component
is increased by the generated requirement extended by the quantity
per.

The above logic is a reasonable approximation to that incorporated
into the existing computer system, with the exception that any
netting of intermediate sub-assemblies must be manually input to
the system as net + or - value,
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An example of the requirements planning logic is shown below.

Free stock = 20 ) Available = 40
PARENT "A" W.I.P. =20 ) Lead Time = 3
1 per 2 per
Avail=20 o ' nen ) F.S. =10 ) Available = 20
=%, [COMPONENT "B COMPONENT " ] 1"275. 210 § Lead Time = 5
PERIOD o
PART "A" 12 ]3(alslel7)8 ]9 |10

REQUIREMENTS 1011 (1010410 {10 (7)1 {10 |10

NETPLAN d- |- {1 ~-11w0 {01011 {10

PERIOD
PART "B 112 ]34 5 ]6]7 1819 |10
REQUIREMENTS (- |10 |10 {10 [10 |10 [ 10 {10 |10 |10
NET PLAN 1= 1-1-1twlwolw{w]|w]|0 |10

" LEAD TIME OFFSET| - |10 |10 J10 110 {10} 10 b0 {0 |10

PERIOD
PART *C" 1 {23 |alslel|l7]8 ]9 |10
REQUIREMENTS |- |20 |20 {20 {20 |20 |20 |20 |20 |20

" NET PLAN 1| - 20  20 120 {20 {20 |20 |20 |20
LEAD TIME OFFSET|80 |20 |20 |20 |20 j20 {20 |20 |20 | 20

LEAD TIME OFFSET{~ {10 |10 {10 [ 10 {10 [ 10 ] 10 110 |10
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Summarised Flow Chart - Subroutine Explode
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EXPLODE

YD

SUBROUTINE EXPLODECAFILEYIFILE.REQFILELIPRINTALLQ)
REAL AFILE(25,%) :
INTEGER LEVEL IFILEC25,23) ,BUFFER/AVAIL,REQFILE(25,52),QTY,WORKFIL
TE(52) ,ALLQC12,50,6),ALLATY
LEVEL=1 '
10 DO 100 1=1,25
TRCIFILECT, 1) NE,LEVEL) GO r0 100
IFCLEVEL.EQ. 4)00_70 30
ALLQTY=0
DO 20 J=1,50
20 ALLOTY=ALLQTY+ALLQCI7 s 4)
30 DO 40 J=1,52
LO WORKFILECJIY=REQGFILE(T ) s
18CIPRINT.GT.IXGO TD 50
. WRITEC2,500)AFILECY, 1) ,
500 FORMATC(1HO(12X% "REQUIREMENTS FOR PART NUMBERV/I2X ) AB/,1 * w & % 1)
WRITEC2,510) (WORKFILECJIS yd=1740)
510 FORMATCIHO.1€XV'REQUIREMENTST//6X,2015//6X,2015)
50 IFC(LEVELINE.1)YGOD TO 55 '
AVAIL=TFILE(I,18)
BUFFER=0
GO TO 57 _
55 BUFFER®IFILEC!,20}
AVAITL=TFILECY 96 FILECT 474+ FILECT,18)+ALLATY
57 CALL KETTING(BUFFER,AVAIL,WORKFILE)
TF(IPRINT,GT, 260 TO 59 ‘
WRITE(2/520) (CXFILECIZIY 1 J=16718), ALLATY  AVAILBUFFER, (WORKFILE(J)
17d%1,20)

520 FORMATCIHO,M2XT VPHYSICAL STOCK =¥, 1572X, YALLOCATED STOCk =, 15,2X%
AYWIP =1, 15,2XsVIN ALLOCATYION =t o15/12X: "AVAILABLE =',1572X,
2YBUFFER =%, 15,1 WEEKS'///12X7'NET PLAN'//6X,2015)

59 1F(LEVEL,FQ.4)G0 TO 95
M=82alFILEC(IT12)~2
DO 60 K=t IFILEC(LIT12Ye2

60 WORKFILECK#1)=WORKFILE(K+1)*#WORKFILE(K)
DO 70 K=1.M

70 WORKFILFC(K)=WORKFILECK+IFILECT12)4+2)
IFCIPRYINT.GT2YG0 TO 75
WRITE(Z,530)IFYLECI 12, (WORKFYILECS) id=1,40)

530 FORMATC(AHO, 12X 1OFFSET FOR LEAD TIME =1!,15,2Xe'plLUS ALLOCATIO

AN %EAD TIME OF TWO WEEKS'//6X,2015//6X,2015)
75 L=
80 M=IFILEC(I,L)
IE(N,EQ,OIGD TO 94
QTY=IFILECT, L+1)
Do 90 M=%,52
%0 REQFILE(N.M)ﬁREQF!LE(N:H)+NGRKFILE(H)%QTY
29 L=L+2
IF(L GT. 9GO TO 100
GO TO 80
95 bO 97 J=1,52
97 REQFILE(I,J)=WARKFILE(J)
100 CONTINUE
LEVEL=LFEVE LY
IF(LEVEL.LE.&)G0 T0O 10
120 RETURN
END .
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B10 -~ SUBROUTINE FESALL

Customer orders are selected, in subroutine ALLOCATE, to be taken
from stock or to be made from components, Items to be taken from
stock are moved to "ex-stock" status in OPFILE and the free stock
of the appropriate product is reduced,

Subroutine FESALL will subsequently "allocate" ‘a stock equipment

to the customer order and move the order to "test" status in OPFILE.
The level of finished equipment stock will also be reduced as stock
is moved, | '

The logic within FESALL is to select each product in turn, and to
follow the identical processing sequence twice; once for overdue
orders and again for due orders.

For overdue orders, the search horizon is set to 52 weeks and the
processing index set to "1", ORDBK is searched for any outstanding
orders with the flag set to overdue. If an order is found, the true
- due date is calculated and the corresponding record selected from
OPFILE. If the record cannot be located in OPFILE, an ervor con-
dition is veported, the diagnostic level set to full detaijl and

the simulation run terminated after a further few weeks, Successful
Tocation of the correct record in OPFILE is then followed by a
check on the order status. If an ovrder is found in "ex-stock" status,
the following activities are initiated, otherwise the search con-
tinues to the end of the search horizon,

For orders in "ex-stock" status, the quantity required is compared
with the physical stock for the product as held in IFILE, The
quantity is set to the lesser of the requirements and the physical
stock;

- the quantity is moved from "ex-stock" to "test" status in
OPFILE.,

- physical stock and allocated stock are reduced by the quantity
moved. | |

- test work in progress is augmented by the quantity moved.
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- a record is added to TESTQ, defining the order number,
item, due date and quantity.

- the TESTQ timer is set to the minimum throughput time of 3
days.,

The above process is repeated until either stock or available
~orders within the search horizon are exhausted.

The process is repeated for due orders, where the index is set to
"0" and the search horizon is set to the current week plus two,

SUBROUTINE
FESALL

* REPEAT

SELECT MEXT
PRODUCT

i

l B

| |

L [Fiw ourstanone
|

I

t

(

l

|

ORDERBOOK GQTY

|

SELECT 1TEM
IN OPFILE
WITH ALLOCATED
TO STOCK STATUS

[

SELECT TEST
QUEUE LOCATION

Summarised Flow Chart - |
Subroutine Fesall |

CHANGE OFPILE
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t
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REDUCE STOCK
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<<
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1) OVERDUE ITEMS
2) DUE I1TEMS
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FESALL

SUBROUTINE FESALL(ORDBK,OPFILE,WEFEK,IFILE,AFILE,IPRINT /REFWEEK,TES
170, DIAGFILE,RUNTIME)

REAL AFILE(25,3)

INTEGER ORDEBKC 5+52720,5),0PFILEC12575,5,10),0TY,DUEDATE,JORDND,ITE
1MNO, TR LEC25723) + TESTACS75075) hREFWEEK ) WEEK, OTAGFILECT10,2) 4 RUNTIME
TFCIPRINT.GT,IYGO TO 300

WRITE(2,320)

FORMATCIHO GXy T w « ®  FESALL e & % »v//)

po 200 1=21.58 :

AREXY

INDEX =4

bo 60 J=t,dJ

IFCORDBKEY JYKV3Y,EQ.0)G0 TO 60
IF(ORDBKCT,JFKid) (NE,IRDEXYGO TO 60
DUEDATE=J

YFCINDEX.EQ.0)GO TO 2

DUEDATE=JmS2

ORONO=ORDBK(Y,d, K1)
ITEMND=ORDBKLY,J K, 2

bo 4 KEYNO=1¢125
TECOPFILECKEYNO, 171,102, EQ.ORDHOYGO TO 3

CONTINUE

6o 10 7

DO § L=145

TFCCOPFILECKEYNO, ITEMNO L, 3Y=REFWEEK) : EQ, DUEDATEIGO TO 20

CORTINUE

TFCIPRINT.GT.5Y60 YO 60

WRITE(2,10)ORDNO s ITEHNO; DUEDATE OPFILECKEYNOY ITEMNO, L7 3) ¢ REFWEEK
FORMAT (180, 6Xs 1 INCOUPATIBLE DATA IN ORDEK AND OPFILE FOR ORDER!,16
TR2X  VITEMY, 162X VWEEK! ¢ 16/6X, VACTUAL WEEK ', T4, 6X, 'REFWEEK ',14)

IPRINT =1

be 15 17=4,10

DIAGFILECIZ,2)=1

RUNTIMEZREFNEEK+WEEK+4

GO TO 60

LFC(OPFILECKEYNO, TTEMNO,LT5Y,EQ.0)GO TO 60

no 30 M=1,50

TPCTESYQLT MY 1Y.EQ,0)60 TO A4S

CONTINUE

TFCIPRINT,GY.5)GO YO 200

WRITE(2,40) 1

FORMATC¢IHO6X/ YEXCEEDED TEST QUEUE SYZE FOR PRODUCT!:16)
Go 7O 200

QTYSOPFILECKEYNO s ITEMNO, L,5)
TFCOPFILE(KEYNG, ITEHNO, L, S) LT . IFILECY16))6G0 TO 50
QTY=IFILE(CY,16) Lo
OPFILECKEYNOYITEMNO, Lo S)Y=0PFILE(KEYNO, JTEMNO,L,5)=QTY
OPFILECKEYNOSITEMNO L 8)Y=0PFILECKEYNO, ITENNO, L, 8)+QTY
YEILECI, 19 =T FRLELY,40)40TY

TESTQCY. M, 1y=0nDNO

YESTQ(T/ MY2)2ITEMND

TESTQ(L,MY3) = OPFILE(KEYNOr!TErNO L¢3}

TESTQ(I, M, &) =QTY

TESTO(I My 5)=3

IF!LE(!Q1?)=IF!LE(IT1?)~QTV

IPYLECI 16 =FILE(L,16) ~QYY

YECIPRINT.GTL2YG0 YO 55

WRITE(2,350) ORDND,ITEMNO,OPFILECKEYND,ITEMNO,L,3), AF!LF(1.1).QTY

350 FORMATCAHO(OX s YORDERY (T6TAXGYITERY 16, 4X *DUEY 16, 4X s "PROD, ' AB,4X

191QTY Y, 16, 2X7 "ALLOCATED AGAINST STOCK')
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55 IFCIEILECY,16).LE,D)YGO TO 200
60 CONTINUF
IFCINDEX.EQ.0YGD %0 200
JISWEEK+2 :
INDEX=0
GO TO 400
200 CONTINUE
RETURN
END




B11 - SUBROUTINE FORECAST

To support the preparation of the quarterly plan QPLAN, a
mechanism for forecasting the orders to be received in future
perjods is required.

The present method of orders received forecasting is to use as

the base a 12 month moving annual total modified by any specific
knowledge relating to markets, competition, large order opportuni-
ties and other considerations,

The model requires a simple form of forecasting mechanism which

may respond to moderate levels of variability and trend as introduced
by the orders generator. This mechanism is provided by a basic

Jinear regression method,

Linear regression will determine the "line of best fit" through a
number of points, where the "best fit" is that Tine which minimises
the square of the errors, The error is the distance between each
observation and the regression line.

If the equation for a straight line is given by

X = a+ bt

- demand

>
]

where
time

=
n

the square of the errors is minimised when

(£x . Tt2) « (£t . EX . 1) eevennis (i)

a -
(= - (=)
b = nEx.t-(Ex.Zt) cesveees (i)
(nEt?) - (£1)°
or a = x - bEt ceneenee (111)

n .
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The model calculates a regression line based on 12 monthly
observations derived from the order history file ORDHIST,

The observations contained within ORDHIST are the demand data,
considered in the model as "Y" axis observations. The "X" axis
observations correspond to time and represent periods 1 - 12
inclusive.

Following initialisation, the program calculates the sumé

i=12
SUMX = =i
i=1
i=12
SUMX2 = =2
i=1
i=12 where X; is the ith
SUMY - = SE:xi _ . :
i= observation from ORDHIST,
| , i=12
SUMY2 = = x4
i=1
: i=12
SUMXY: = Ziuxg
=1

These are then substituted in equations (ii) and (ii11) to give

12 . SUMXY - SUMX . SUMY

B = 2
12 . SUMX2 - SUMX

SUMY - B.. SUMX

12
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The equation of the regression line is then given by

Y = BX+A

This straight line is then extrapo]ated to provide a forecast

of orders to be received in future periods.

| I L1 11 i I | i |

1

23456 78 91011121314115:1617-18:19°20 21
S e~~~ (Month)

ORF(2) ORF(3) ORF(4)

-
X

The didgram. above shows  that the first period to be forecast

is for ORF(2) which contains months 13 through 15. Thus,
‘ i=15
ix'i
=13

ORF{2)

where x is the monthly observation given by
Y = BX +A

and X is the month numbgr.

Therefore,

ORF(2) = = :EZB i+ A



Similarly,
j=18
ORF (3) = S B.j+A
j=16 _
Ceteco

SUBROUTINE

FORECAST
SELECT NEXT

PRODUCT

INITIALISE
VARIABLES

i
CALCULATE

SUMS

1
CALCULATE

A,B

i
CALCULATE
FEW FORECAST]

E

Summarised Flow Chart - Subroutine Forecast



- FORECAST

Yy T

SUBROUTINE FORECAST(ORDHISTIORFIIPRINT,AFILESIFILE)}
REAL AFTLE(25.,3)
INTEGER ORF(10,7) ORDHISTC 5/12),1FILE(25,23)
IFCIPRINT.GTIIIGO TO 8
WRITE(2,200)

200 FORMATCIHO 6Xs 1% * % & FORECAST % % % w%t//)

CALCULATE REGRESSION LINE

Y £I>

|
|
‘ 5 po 150 M&1,S
| TECTEILE(H,11), NE,1)GD TO 150
| SUMX=0.0
SUMXZ=0,0
SUMXY=0,0
SURY=0. 0
SUMY2=070
Do 10 I=1,12 _
SUMX=SUMX+FLOAT(IY
SUMX2=8UMX2+FLOAT( ) *x2
SUMYSSUMY«FLOATCORDHIST(M, 1]) :
SUMY2=SUMY2+FLOAT(ORDHIST (M) Y %wp
10 SUMNY=SUMXY+FLOAT{ORDHIST(M I w1
Bx(f2+SUMXYRSUMX®SUMYY/(12%5UBX2aSUNXan2)
Az {SUMY-BwSUMXY /12
C=SyMy /12
IFCIPRINT.6T,2)G0 TO ?0
WRITEC2.20)AFILECH, 15
20 FORMAT(1HO,6X, VEQUATION OF REGRESSION LINF FOR PRODUCT Y,AB,' 1S!)
TF(AY30,50,50 .
30 WRITE(2,40)B%A
A0 FORMAT(AIHO,6X 1Y BITFOL1T'X ' +F6.1)
60 TO 70
SO WRITE(2,60)R7A
60 FORMATCIHO,6X 1Y =Y F617IX +1,F6,1)

CALCULAYE FORECAST

£ 00

706 bo 120 1=2.7
QRF(M, 1)=0
J=3xl+?
KeJ+2
o 190 L=J.K
190 ORF(M, 1) =ORFAMIIIIFIN(BRLEA)
TECORF(MSTY.G6FE.0XGO TO 120
ORF(M, Y=
120 CONTINUE
TECIPRINT.GT,3)GO TO 450
WRITE(2,130) (ORDPHISTC(H, 1), 1=1,12) ,CORF(M, 1), 122,7)
130 FORMATLAHO, 6X e VHISTORY (MONTHLY) Y/ /6X,1216/76K, ' FORECAST (QUARTERL
: IR ARNER I ST SN YEEND
150 CONTINUE
RETURN
END
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B12 - SUBROUTINE HSAMPLE

Subroutine HSAMPLE is used to generate random variates as defined
by a predetermined histogram. Two subroutines are available;
HSAMPLE 1 whiéh samples from a 2 x 7 array, and HSAMPLE 2 which
samples from a 2 x 2 array.‘

The arrays containing the histogram parameters are contained in
cumulative form,

The subroutine derives the array {or table) and the random number
generators seed from the calling segment, A uniformly distributed
random variate defined on the unit interval is eXpanded to the
scale 0 - 100 and the corresponding histogram interval is sought.
The value associated with the histogram interval is then returned
to the calling segment,

100

Cumulative a0
Probabitity " jeevec oo ] | 5
o 80

70
60
50
40
30
20
10

Thus, a sample from RANDOM of, say, 0.84 would provide, from the
histogram, a value of 5.
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10

10

HSAMPLE 4

SUBROUTINE HSAMPLE 1(J,VALUE,TABLE)
INTEGER TABLE(?7,2),VALUE

CALL RANDOMC(E. )

NUMBER=100+E

K=0 .

K K¢

IE(NUMBER,GT.TARLE(K?2))6G0 T0 10
VALUERTABLE(K, 1)

RETURN

END

HSAMPLE 2

SUBROUTINE HSAMPLE 2(J,VALUESTABLE)
INTEGER TABLE(2,2),VALUE

CALL RANDOMCE.d)

NUMBER=100%E

K=0

KoK+1

1 (NUMBER.GT.TABLECK?2))YG0 70 10
VALUE=TABLE(K/1)

RETURN

END

. 342 -
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B13 -~ SUBROUTINE INITODS

To minimise the time taken to achieve a steady state condition,
the start-up parameters have been selected, as far as possible,
from the conditions selected for the main model logic.

Subroutine INITODS creates the order history file ORDHIST by
running the order generator, subroutine ORDERS, for the
equivalent of one year and summarising the orders received
statistics by month. Thus, the basis for producing the orders
received forecast, and subsequent1y the manufacturing p1ans, is
consistent with the expected order input pattern.

It shou1d be noted that the random number seeds are carried _
forward to the main model logic, thus selection of a]ternative
seeds will change the start-up order history in detail,

(SUBROUTINE
TNITODS
!
RESET

ORDER HISTGRY
FILE

|

———— - SELECT NEXT
MONTH
. i
—————— SELECT NEXT
WEEK '
]
GENERATE | SUBROUTINE
ORDERS ORDERS
|
SELECT
-— PRODUCTS FROM
PIPELINE

I

" ADD QUANTITY
TO ORDER HISTORY

r
|
|
|
|
l
!

i
I
I
|
[
!
|
l

¥

[ S ,___;'_]

e mma)

(RETURN )

- Summarised Flow Chart - Subroutine Initods
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INITODS

SUBROUTINE INITODS(ORDHIST.TARLES.TABLEé;TABLE?.ORDCOUNT;PIPELIN
1E,!SEED&;!SEEDS:lSEEDénISEED?:AVGFA:CVARNL:XFILE;TABLEByISEEDR.l_

2PRINT) - . -
INTEGER ORDHIST(5742) ;TABLES(7,2), TABLEG(T7,2)+TABLE7(742),0RDCOUN

1T,PIPELINEC20,6,4) IFILEC25,23) 4 YARLER(2,2)
bo 50 1=1.4 :
pe S50 J=1.12
50 ORDHIST(1,J)=0
DO 100 N=1v12

po 100 M=1.4
Cabl URDERS(TABLESaTABLEé:TABLE??ORDCOUNToP]PELINE,ISEED&;]SEEDS

AP tSEEDG, ISEED7 AVGEATCVARNAGTIFILE, TABLES  ISEEDE, IPRINT)

po 100 1=1,20

po 100 Js2,6

K=PIPELINECITJI,2)

IFCK,EQL0YG0 TR 100

ORDHIST(K,NY=ORDHIST(K, NY+PIPELINECIYJ,3)
100 CONTINUE .

RETURN

END
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B14 = SUBROUTINE ISSWIP -

Subroutine ISSWIP is the mechanism for issuing components from
stock to work in-process. Facilities are provided to select items
from the allocation file ALLQ in first-in-first-out priority or
by due date, and to present the resultant material movement in

familiar pick list format if required. |

ISSHIP selects items sequentially from the allocation file ALLQ. =
- The priority rule to be-sélected is determined by ISORT, . the value
~of which is pre=-defined for each'simu1ation‘experiment If ISORT

is set to due date’ priority, ALLQ will be sorted into date sequence;
f1rst-1n-f1rst-out priority is achieved by by-pa551ng the sort 10g1c. '
It should be noted that the sort.is by due date within product The
~priority by product is determIned by relative position in the

part number master file, IFILE,

- The quantity to be moved to work in-process is determined by selec-
ting an item from ALLQ, Sub-assemblies are moved -as individua)
batches ‘as defined-in-ALLQ and products are -grouped by totalling
~all batchesfwith'a common shop ‘order number,

~When the allocation quantity has been determined, each component
required to produce the assembly is checked for material availa-
bility, Items coded as "do not issue" are stored tempofariEy for
subsequent checking at the next lowest level. If any parts are
short, the next product or sub-assembly is selected from ALLQ.

Sub-assembly requikements that can be met from stock will be
transferred from the allocation file to work in process. This

“is achieved by créating'a new record in- SUBQ, increasing the

work in process quantity in IFILE and removing the record from ALLQ.

Equipment.fequirements_that can be met from stock are identified by -
the shop order number, Each batch is transferred to work in process .
by adding a record to LINEQ, incrementing'the work in process
record in IFILE by the batch quantity and removing the item from -
ALLQ. The status of the order in OPFILE is amended by moving



- 346 -

- the batch quantity from "in. a]locat1on" to "on-line®. The cumu=-
1at1ve quant1ty moved to work in. process isincremented for
subsequent use in the material jssue procedure. This procedure -
‘avoids errors occurr1ng if. the volume of LINEQ is exceeded.

_The tota1vquantity_mOVed“for the:prqddct'or~sub—assembly is then
- processed-by the issue 1ist segment. If required, a listing of =~
~_parts moved can be output in-the form of a piék‘Tist. The physical .

stock and allocated stack of each component part is reduced by =
. the quantity issued, .including lower level compcnents of "do not .
issue" assemblies,

'The allocation file, ALLQ, is then consolidated by remov1ng fu11y
. processed records.
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ISsWIP

 SUBROUTINE ISSUIP(IFILE,OPFILE,ALLQ, LINEQ, AFILE,IPRINT,REFWEEK,

320
350

g =

1SUBR,ISORTDIAGFILE,RUNTIME)

REAL AFILE(25,3)

INTEGER IFILE(25,23)70PFILE(125,5.5, 10Y,ALLQC12,50, 6) LINEQ(S5,50,
15) , REQDIMFESKIHOLDE5,2) QUANT!TY.DATO"DATEREQD REFWEEK,SUBQ(50, 4) ¢+ B
2IAGFILE(10,2) tRUNTINE

IFCIPRINT.GT,1YG0 YO 350

WRITE(2,320)

FORMAT(1HO!(§X1!* % k% !SSNIp ok *'/l}

CALL DATE(DATD)

SORT ALLOCATION QUEUE BY DUE DATE

1F(ISORT.EN.0)G0 TO 3

po 2 I=1,12

DO 2 J=1745

DO 2 K=J+1,50
TECALLOCT,K, &) EQ,0YGO YO 2
TecALLQeIN U, 3 LE,ALLGCIZK,31)60 1O 2
bo 1 L=1.6
THOLD=ALLQCIGJdF LY

ALLQCI dyL)=ALLQCT KL
ALLGCT, KoL) =THOLD

CONTINUE

CONTINUE

SEARCH FOR ALLOCATIONS THAY ARE BUE FOR RELEASE

DO 400 N=1,12
TFCIFILE(N,14).6Y,33G0 YO 400
TFCIFILEIN,11),EQ,0Y60 TO 400
LEVEL=IFILE(N,11)

INDEX=0

pn 300 wp=1,50
IFCALLG(N,NP74) . EQ,. O8G0 TO 300
TFCALLOCN,NPY5Y,GT,. 0G0 TO 300
GO TO(AL.656)YLEVEL

ESTABLISH ALLOCATION QUANTITY & SHOP ORDER NUMBER

4 QUANTITY=0

5
6

IMAX=ALLQ(N,NP,/4)

no 5 L.=NpP,50
TFCALLG(N,L,6) . NE,IMAX)GO 10 &
QUANTITY=QUANTITY+ALLAQ(N L4}
CONTINUE

6o 70 7 _
QUANTITY=ALLQ(N, NP, 4}

TMAXE0

7 YFCIPRINT,GT,2)G0 YO 9

WRITE(2. 8)AF!LE(N.1)"QUANTITY IMAX

8 FORMATCIHO,6X, VISSUE DUE FOR RELEASE FOR PRODUCT!,2X, AB 22X, PQUARTI

1Ty ¥, 14,2%,'qH0P ORDY 16D

O DATEREQD=ALLQ(H,NP,33nk

CHECK WHETHER ISSUE CAN BE [JADE

NhN=N -
K=0
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10 bo 60 1=479,2
TE¢(IFILE(NN,I),EQ,0)GO TO 40
1p=1+1
REQDEQUANTITY*IFILE(NN,1P)
L=IFILE(NN/I) _
TECIFILECL,15).EQ,1)GD TO 50
TECREQD. LE.TFILECLs16))G0 TO 40
fNDEX=1
IFCIPRINT.GT,23GO TO 60
WRITEC2.200AFILECL (1) /REQDIFTLE(L,16)

20 FORMAT(1HO,6X,'SHORTAGE OCCURRED ON ITEM',2X,A8,!

TEQUIRED = ',15,' PHYS STOCK = ',13)
G0 TO 40
50 K=K+1
HOLDC(K,1)=L
HOLD (K, 2)=REQD
60 CONTINUE
TF{K.EQ. 0)GD TN 100
NNaHOLD (K, 1)
QUANTITYSHOLD(K,2)
K=K~1
6o TO 10
100 IFCINDEX.EQ.1)GO TO 400

MOVE STATUS TO W.I.P.

SUB~ASSEMBLIES

GO TOC167,155,155),LEVEL
155 DO 157 L=1,50 '

TF(SUBQ(L,3).EQ. 0360 T0 163
157 CONTINUE

IFCIPRINT.GT.53GO TO 205

WRITE(2.,460)AFYLE(N,1)

WHERE QUANTITY R

t60 FORMAT(1HO,'EXCEEDED SUBQ SI1ZF FOR PRODUCT KNO,',A8)

GO TO 205

163 SUBQ(L.,1)=N
SUBQ(L,2)Y=ALLQIN,NP, 3)
SUBACL,3Y=ALLQLN/ NP,/ &)
SUBQCL,4) =3
TEILECN,18) =1 FILECN;18)#ALLQ(N, NP, &)
ALLQ(N, NP, 4)=0

165 CONTINUE
GO TO 105

EQUIPMENTS

167 QUANTITYR0
Do 200 wR=1,50
TFCALLQUN,NRY6) ,NE, IMAXIGO TO 200
170 po 175 1=1,50
TFCLINEQIN,LY4Y.EQ,0¥G0 TO 183

175 CONTINUE

IFCIPRINT,.GT,5)G0 7O 205
WRITEC2, 1B0YAFILE(N,T)

180 FORMAT(1HO,'EXCEEDED LINE QUEUE SIZE FOR PRODUCY NO.'7A8)

GO TO 205
183 JA3ALLQUN,NR/Y)
JREALLQ(N,NRT2)
JORALLQ(N,NRY 3
' o~
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1FCALLQ(N,NRT1Y LT, N0XGD TO 187
bo 184 KEYNO=Y.128
IFCOPFILECKEYNG,JB,1710),EQVJAYGO TO 186
184 CONTINUE
GO TO 195
186 DO 190 JJ=1.,5
IPCOPFILECKEYNG,ID:JJI3). EQLICYIGO TO 188
190 CONTINUE
G0 YO 195
188 OPFILE(KEYND,JB,JJ,7Y= ALLQ(N"NR.&)*OPFILE(KEYNO JB I, 7)
OPFILECKEYNOYJB  JJ 6YSOPFILECKEYNOJB,JJ 48 =ALLQIN,NR, &)
187 QUANT!TY=QUANT!TY+ALLQ(N?NR74)
DO 189 HE1 ’ [
189 LINEQ(N,LYMYSALLQ(NINR, M)
© LINEQ(N,L(5)23
TFILECN 18 =1FLECNT1RI#ALLG(N,NR, &)
CALLQEN S NR, 4) =0
60 T0 200 .
195 IFCIPRINT.GTUS5)GO TO 200
WRITE(2,/250)3A+JB SCYOPFILECKEYNO, JB, JJ:S):REFUEEK
250 FORMATCAHO,6X, TNO ENTRY FOUND IN OPFILE FOR ORDER', 14, '"ITEMU, 14t
1DUE WEEK',1476X, YACTUAL WEEK v, 14, 6X7V 'REFWEEK ',14)
IPRINT=4
Do 255 12=1,10
255 DIAGFILECIZ,2) =4
RUNTIME=REFUEEK+WEEKe4
200 CONTINUE

PRODUCE ISSUE LIST AND REDUCE PHYSICAL STOCK
105 K=0

110 JTECIPRINT.GT.3)GO TO 115
WRITE(2,500)DATODATEREGD, AFILE(N 1) QUANTITY

500 FORMAT(AHD,6X,1ISSUE DATE".ABII6X;'NFEK REQUIRED: Y 12/ /923X, taxwx

Twakxknt /76X, "ASSEMELY NUMBER P A8, T*', 46X, YQUANTITY REQUESTED:t,13
elz23%: !w*w*w***#k’//())(u "PART NUMBER? fM(:'DESCR!PTION‘ 14X 'REQUIRED?
3)
115 po 150 121,972
IFCIFILECN, 1) EQ. 060 TO 150
1p=lv
REQD=QUANTITY*IEILECN,IP)
L=1FILE(N,I)
IFCIFILECL,18).EQ,1)G0 TO 130
TFILECL,Y4Y=1RILECL,16)»REQD
TFILECL, A7) =IFYLECL, 1 7)»REQD
IPVIPRINT.GT.3)XGO TO 150  _
WRITE(2/120)CAFTLECLYd) +J=1+33REQD
120 FORMAT(AIHO.8X A8 e&Xs2A8,16)
GO TO 150

430 1FCIPRINT.GT.3)GO TO 945

WRITE(2., 1A0>AF1LE<L'1)
140 FORMAT(1HOS8X, A3 4X:'SEPARATE ISSUE LIST & % % » 1)
145 K=K+1

HOLDEK,1) =L

HOLD(Ks2)=REQD

150 CONTINUF

IFCK,EQLU0XGO TO 300
N=HOLD (K, %)
QUANTITY= HOLD(K.Z)
Kz Km1
G0 TO 410

300 CONTINUFK




205 Do 220 K=21.49
TFCALLQ(NYK,4),GT,0)G0 TO 220
DO 210 M=K+1,50
TFCALLQIN, M, 4).GT,00G0 TO 215
210 CONYINUE
GO YO 400
215 po 218 L=1,6
ALLO(N, K7 LY =ALLRIN,MTL)
ALLQ(N:H!L)=0
218 CONTINUE -
220 CONTINUE ,
400 CONTINUE
RETURN
END

ISSUE BUE FOR RELEASE FOR PRODUCT AT12802  QUANTITY 92 SHOP ORD
ISSUE DATEt15/12/484 '

WEEK REQUIREDi1T

Nk h “

ASSEMELY NUMBER *AT12802 » . QUAKTITY REQUESTED; 92
ChkkkER kT RR

PART NUMRER SESCRIPTION REGUIRED

BT4IBAY MAIN FRAME 92
PN10438 . RESISTOR 5K 04M 92
FY25000 PGWER TRANSISTOR 184

_Samh]e Issue List

&
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B15 - SUBROUTINE LIMIT

The subroutine QPLAN requires, as part of the decision process,
‘constraints within which changes can be effected, These constraints,
or Timits, may be labour or material related and, dependent upon |
~-the time horizon, ‘may be a maximum or.a minimum parameter.

The ‘labour constraint simulates the efféct‘of increasing the
planned requirement and represents the1maxim0m-p]an-in any one
quarter with reference to the previous quarter's activity.

The labour related rules incorporated into_LIMIT are:

* No increase in activity permissible in the current quarter, _
* If the previous quarter was zero, a maximum of 250 is permissible.
~* If the previous quarter up to 150, a maximum of 3 times the
previous plan is permitted. _ | |
- * If the previous quarter'up to 500, a maximum of 2.5 times
the previous plan is permitted. _ :
* If the previous quarter up to 2000, a maximum of 2.0 times
the previous plan. is permitted.
* If the previbus quarter more than 2000, a maximum of 1.5
times the previous plan is permitted. .
% It is assumed that there are no labour constraints on reduction
4n planned requirements, '

Material constraints have been calculated as a maximum and a
.minimum,iénd both are related to the Jead time available before
the change is-required and the likely success in achieving the
change within the ability of the suppliers to respond to the
requests. It should be noted that the parametefs chosen do not
necessarily reflect the aggregate internal and external lead times
{or response times), either in the model or the real world, but
are similar to those currently used in the manual plan deriviation.



- 353--

The rules are summarised-in the tab]e below:

PERIOD | - 1 2 3 & |
| maximom pLAN | Px100%  Px100%  *Px150% - No limit
' ~or:150
MINIMUM PLAN | Px100% Px100% Px50% 0

* whichever is the higher

..From'period 4 onwards there. is considered to be no material.
constraint (either maximum or minimum), thus the Tabour
constraint becomes the overr1d1ng factor.

In arriving at thelmdximum:plan. the Jower of the labour or
material constraint is used. '

Although the labour constraint is str1ct1y an “off-line"
- parameter, for simplicity the maximum and minimum are- deemed
to apply to the material, or on-line plan.




- 354 «

SUBROUTINE
LIMIT

S |
ESTABLISH

QUARTER
HUMBER

ESTAGLISH
. MINIMUM
MATERTAL PLAN

1

ESTABLISH
MAXIMUM
LABOUR PLAN

!

ESTABLISH
MAXTHMUM
MATERIAL PLAN

ATERIALS
LABOUR

; | . 1
MAXIMUM PLAN MAXIMUM PLAN
= MATERIAL PLAN

= LABOUR PLAN

INIMUM PLARS
MAXTMUM
PLAN

MINIHUM PLAN =
MAXIMUM PLAR

|

Summarised Flow Chart - Subroutine Limit
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LIMIT

SUBROUTINE LIMITC(PLAN/QTR ¥ MATPLN,PLNMAX, PLNMIN,CUMOIF)
INTEGER PLANTLADBMAXF QTR MATHAX MATPLN, PLNMAX)PLNHIN,CUMDIF

SEY MINIMUM LIMIT

6o TOC230,10720,30,40,407,403707TR
10 PLNMINzMATPLN
60 TO 50
20 PLNMIN=MATPLN
60 TO 50
30 PLNMINEMATPLN®G,S
GO TO 50
40 PLNMIN=Q

SET LABOUR CONSTRAINT

[ECATR=2)Y45, 45750
45 LABMAX=pLAN
. GO TO 440
50 IFEPLANYAD.60.70
60 LABMAX=250
GO TO 140
70 IF(PLAN«150)80,80790
BO LABMAX=pLAN=®3
IF(LARBHAX=250060,1407140
90 Yr(PLAN=S500)400,100,410.
100 LABMAX=PLAN®Z2,S
Go TO 140
110 I1r(PLAN=2000)120,1207130
120 LABMAX=PLANX2.0 .
Go TO0 140
130 LABMAXsPLAN*1,S

SET MAXIMUM MATERTAL LIMITS
140 GO TO(230.,150:160,170,150,190,190),QTR

150 MATHAX=MATPLN
GO TO 200

460 MATMAX=MATPLN®*4,.25¢CUMDIF .

GO TO 200
170 MATMAXZHATPLN*Y,75
TECMATMAX=15039807180,200
180 MATMAXS1S0
GO TO 200
190 MATMAX=LABMAX .
200 1F(MATHMAX=-LABMAX)21072104220
290 PLNMAX=MATMAX
GO TO 224
220 PLNMAX=LABMAX
224 TFC(PLNHIN-PLNMAX) 2872287226
226 PLNMIN=zpLNMAX
228 RETURN
230 RETURN 1
END



| | 816 - SUBROUTINE LOAD
|
| ' i

Customer orders. generated by subroutine ORDERS are entered in
file PIPELINE in preparation for order promising (assignment of
due dates), also known as-order loading. Subroutine LOAD per-
forms the task of due date?assignment-and-subsequently Creates
corresponding records in the order book, ORDBK and the orders
placed file, OPFILE. | | |

" Orders are extractéd;sequential1y from file PIPELINE and the
next availabie space in OPFILE is assigned. The PIPELINE record
will identify the order reference, the number-of items and
whether-part_shipment is permissible. For "no part shipment"
orders, the longest delivery lead time is determined by
searching for the item with the latest delivery date, the
available capacity being the difference between the committed

load as contained in file TOTAL and the delivery plan in DELPLAN,
If insufficient capacity is available to support the order, a 26

~week delivery Tead timesis selected on the assumption that the next
re-planning cytTe will accommodate the overload, Order line items

- are committed to the delivery plan by searching for the first
‘"available to promise® gquantity (differencé between the delivery
‘plan and total committed load) beyond the minimum loading date.
The minimum loading date is either the minimum order book para-
meter (OCFMIN).for “"part shipment” orders, or the maximum lead
‘time determined as above for "no part shipment" orders. |

A successful search will cause the order to be committed to the .
plan, in which case the total load for the appropriate week

* number will be incremented by the quantity loaded. The quantity
selected is either the full item quantity or the available to
promise, whichever is the smaller. If the full guantity cannot
be loaded, the balance will be carried forward for loading in
subsequent periods, up to a maximum of five periods in total.
In the interests of file ecohomy, quantities that cannot be
accommodated over five'periods cause the remainder of the
order quantity to be truncated,




If insufficient delivery plan is available, a 26 week delivery
| Tead time is selected for the full item guantity.

Fach guantity loaded will cause a corresponding record to be
created in the order book (ORDBK) for the appropriate product
and week number, and the orders placed file (OPFILE). The
delivery lead time achieved is registered in file LEADTM for
subsequent analysis if required, ' '
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Summarised Flow Chart - Subroutine Load
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SUBROUTINE LOAD(DELPLAN,OCFHIN,VEFK, TOTAL,PIPELINE,ORDBK,0PFILE,OR
TOHISY, IPRINTARILE, IFILE"ORDCOUNT REFHEEK LEADTM) .
REAL AFILE(25.3)
INTEGER DELPLANC 5,523, 0CFMIN,UEEK,TOTALC 5,52) ,PIPELINEC20,6,4),0
1RDBKC 5.52,20,5)+0PFILE(125,5,5,40),0RDHIST( 5:12):!PR!NT.0RDNG:IT
2EMCOUNT, TYPE"QTY DRDCDUNT:IFILEtas 23) REFWEEK ACTWK P LEADTM(S,52)
IFCIPRINT.GT,1IGD TO 7
WRITE(2,5)
5 FORMAT(IHO (6Xebn w w- % LDAD * w & »1//)
7 4230 _

NaWEEK+OCFMIN=Y
10 Jzs)2+1

IF(PIPELINECIZ,11%),EQ,0)Ga Ta 150

FIND NEXY SPACE IN OPFILE

DG 13 KEYNO=%1:425
TFCOPFILECKEYNG, 151100 ,EQ,0)G0 T0 17

13 CONTINUE
TRCIPRINT,GT5)6G0 TO 160

COWRITE(2,19%)

15 FORMATCAHO,6Xs 1EXCEEDED OPF!LE S1Ze1)
GO TO 160 - .

17 ORDNO=PIPELINE(JZII/ 1) ‘ ‘
ITEMCOUNT=PIPELINELIZ/1,3)
IFCIPRINT.GT.2360 70 25

© WRITE(2.20)NRDNO ’

20 FORMAT(41HO,12X5 TQRDER NUHBFR' 16,2X  VITEM! 6Xe " PROD ! ;2X7TQTY )

25 IFsPIPELINE(JZs1:2) - |
MAXWEEK =1 : ‘
GO TO(35726)1F

FIND LONGEST LEAD TIME FOR INO PART SHIPMENT!

26 D0 30 J=t,ITEMCOUNT

L+ ,

TYPERPIRELINE(SZsLs2)
 TF(DELPLANCYYPE, 1) .GT,TOTALLTYPE,1))GO TO 29
27 CONTINUE

IF DELIVERY PLAN I8 INSUFFICIENTT ORDER IS LOADED ON 26 WEEK LEAD TIM
MAXWERK=WEEK®24
60 70 33

29 YFC(ILLE.MAXWEEKYGO TO 30
MAXWEEK=1

30 CONTINUE

33 IFCIPRINT.GT,296G0 To 35
WRITE(2,1100)0RDNO, HAXWEEK

1400 FORMAT(4HO,6X, TNO PART SHIPMENT FOR ORDER NUMBER'Y ,15,6X7YYLONGEST L

TEAD TINE LOADED WEEKU,15)

35 ITF(MAXWEEK.GT.N)YGQ TO 39
MAXWEEK =N

30 Do 110 JM=1,1TEMCOUNT
LeJMed
ITEMERIPELINECSIZ L, Y)Y
TYPE=PIPELINE(IZ L, 2)
QrY=pPIPELINECIZ, L} 3}
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‘ FRC(IPRINT.GT,23G0 TO 50
WRITE(2,40YITEM, AFTLECTYPE,1),QYY,
40 FORMATUAMOD, 32XF1472X T A8, 2%, 14
50 ORDHISTCTYPEYT12)Z0RDHIST(TYPE,12)+QTY
M=Q
DO 100 I=MAXWEEK,52
1E¢QTY.LE. (DELRLANCTYPE I} TOTAL(TYPE,1)2)G0 TO 80
TFEDELPLANCTYPE, 1Y LELTOTAL(TYPE, I3)GO YO 100
NUMBER=DELPLANLTYRES IY=TOTALCTYPE, 1)
GO0 TO 70
BO NUMBERmQTY
70 DO 60 J=1,20
TFCORDBKCTYRE, Loy 1) £Q,0)60 TO 90
60 CONTINUE
TFCIPRINT.GY.5YGO To 100
1Z9REFWEEK+]
WRITEC2 65)AFILECTYPESAY 12
65 FORMAT(AHO, X, FEXCEEDED ORDER BOOK SIZE FOR PRODUCT',2X,A8:2X,tIN
TWEEK NUMBER'TI6)
GO TO %00
90 QTY=sQTY-NUMBER
%2 Do 95 M=1,5
IFCOPFILECKEYHO, ITEMTH, 1), EQ, 0G0 TO 99
95 CONTINUE
TFCIPRINT,GTY2)G0 TO 110
: WRITE(R2,400)
400 FORMAT(ARO, 6%, INUMBER OF WEEKS EXCEEDS FIVE, QUANTITY TRUNCATED')
GO TO 110
00 ORDBKLTYPE,IyJ,1)RORDND
ORDBK(TYPE«17d,2)=ITEM
ORDRK(TYPE,I7J+37=NUMBER
OQRORKC(TYPE 17 44) 50 _
ORDBKCYYPE 14 JOSIRPIPELINECIZ 142D
ACTWK=REFWEEK+T
OPFILECKEYNOSITEMIM, 1YSTYPE
OPFILE(KEYNO, ITEM, M, 2) =NUNBER
OPFILECKEYNOTITENT M, SYSALTWE
OPFILECKEYNOZITEMIM, L) =NUMBER
OPFILECKEYNOLSITEM M710)Y=0RDAND
LEADTMCTYPE, I=UEEK) =LEADTM(TYPE, I~ WEEK) +NUMBER
TOTAL(TYPE,1)STOTAL(TYPEY r)*numnea
YECQTY,EQL0YG0 TO 140
100 CONTINUE
TECIPRINT.GT.2)G0 TH 101
WRITEC2, 600)AFTLELTYPE,1),0RDNOD .
600 FORMATCIHO,6X, PEXHAUSTED AVAILABLE DELIVERY PLAN FOR PRODUCT NUMBE
1RV, 2X,A8/6%X, tORDER NUMBER 17I5,' LOADFED ON 26 WEEK LEAD TIME')

IF DELIVERY PLAR'IS INSUFFICIENT, ORDER LOADED ON 26 WEEK LEAD TIME

101 JL=WEEK#26
[E¢H,EQ.5)G0 TO 110
Mat+y
102 Do 103 J4=1,20
IF¢ORDBK(TYPE,JLiJs1Y,EQ.O0YGO TO 105
103 CONTINUFE
IFCIPRINT.GT,5YGO T soa
WRITE(Z2,65YAFILELTYPESY) I
104 JLsdlet
IE¢JL.GT.E329G0 TO 110
6o TO 102
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105 ORDBK(TYPE,JL, S, 1Y=0RDND

110
50

160

ORDBRK(TYPE,JL,J,2Y=1TEM
ORDRKCYYPE,JL, S, B =0TY

0RDBK(TVPE:JL!U!4’=O
QRDBK(TVPEIJL:Jp5>=PIPELINE(JZI112)
ACTWK=REFWEEK+JL

ORFILE(KEYNOYITEMIM1)=TYPE
OPFILECKEYNG, ITEM M, 2)=QTY
OPFILECKEYNO, ITEM M, 3)2ACTUK
OPEILE(KEYNOTITEMIMI &) =aTY -
OPFILE(KEYNOTIYEM  MJ10)=0RNNG

LEADTHCTYPE, JLaWEEKYLEADTH(TYPE,,JLAWEEK) +QTY
TOTALCTYPE, JLY2TOTAL{TYPE JLI+QTY

CONTIHUE

Go TO 10

TECIPRINT.GT.3IGO TO 140

CALL ORDBKPRTCORDBK,AFILE, IFILE,;TOTAL,REFUEEK)
CALL OPERRT(OPFILE,AFILE) :

RETURN
END
ORDER NUMBER 16 1TEM PROB QTY _
NG PART SHIPHENT FOR ORDER NUMBER 16 LCNGEST LEAD TIME LOADED WEEK
' 4 MFGAM D2 1
2 MFGAM 02 5

3 MF6AM D1 10

4 ACiSPU .25
5  ACASPU 2
ORDER NUMBER : 17 1TEM PROD  QTY
1 HF6AM 04 5
2 MEGAM 04 10

Sample Order Loading Report

14
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B17 -~ OSUBROUTINE LOADPLAN

Under ideal conditions, which implies that orders are received
as forecast and deliveries take place according to plan, the
delivery plan can be used as a basis for order promising.

When conditions are less than ideal, it is often desirable to
promise orders at a different level, to accommodate for example

- excess finished equipment stock

~ insufficient finished equipment stock
- excessive overdue orders

- poor performance to plan

The latter is not addressed by the model since it is'normai]y
evident by either excessive overdue orders or insufficient
finished equipment stock.

Subroutine LOADPLAN is used to modify the delivery plan derived
- from subroutine WEEKLYPLAN to reflect the above conditions.

. On'entering subroutine LOADPLAN, the modeller has the opportunity
to by-pass the subroutine logic by setting ILOAD to zero. This
will cause the delivery plan, DELPLAN, to be written difeCtly'
into the loading plan, NETPLAN. |

Setting ILOAD to "1" causes the delivery plan to be modified
according to the level of overdue orders and excess stock. The
overdue load is derived by searching theorder book file, ORDBK,

for the appropriate product for outstanding quantities which either
have the overdue flag set or are overdue in the current quarter,

Excess stock is the difference between the actual free stock
{physical stock less allocated stock) and one half of the
maximum authorised stock, all of which are contained within
IFILE, ‘

The net result of the overdue orders and excess stock is projected
to the minimum delivery lead time by comparing the difference
between the delivery plan (DELPLAN) and the committed load (TOTAL)
over the period.
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The resultant quantity is then used to modify the delivery plan.

A negative value indicates an overload condition and a positive
value suggests excess capacity. '

Overload conditions cause the loading plan to be reduced in the

earliest available week after the minimum loading period, to

a minimum determined by the existing committed Toad. Excess
capacity is accommodated by increasing the loading plan by a
factor of 15% beyond the minimum loading peried until the excess
capac1ty has been accounted for. This simulates the app11cat1on
of overtime working in the test departments {this cond1t1on is
normally as a result of excess stock).

The resultant modified delivery plan is writien into f11e NETPLAN

for subsequent app11cat1on 1n subroutine LOAD.
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SUBROUTINE
LOADPLAN

ESTABLISH
CALCULATION
PARAMETERS

CALCULATE
OVERDUE
LOAD

!

CALCULATE
EXCESS
STOEK

CALCULATE
METT RESULT
AT MINIMUM
LOADING WEEK

v

ADJUST
LOADING PLAN_J

RETURN

Summarised Flow Chart - Subroutine Loadptan
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LOADPLAN.

SUBROUTINE LOADPLAN(DELPLANG NETPLAN IFILE, IPRINT,WEEK,OCFHIN,ORDBK
17AFTLESTOTAL)

REAL AFILE(25,3)

INTEGER DELPLANC 5,52)NETPLANC 5,52), 1FILE(25,23),WEEK,OCFMIN,XST
10CK, ORDRK(5,52,20,5) TOTAL(5/52)

TO BYPASS LOADPLANT SET ILOAD TO 101

ILOAD=Y _
SECIPRINT.GT,15G0 TO 2

CWRITE(2.1)

FORMAT(AHO, 6Xrt% w % % LOADPLAN % % % %t//)

1£CILOAD.EQ. 1360 TO 4 ' - -
po 3 1=1,5 | -

bp 3 J=1,52

NETPLAN(I Jy= DELPLAN(I J)

CONTINUF

6o TQ 45”40

NeWEEK+OCFMIN=1

JASWEEKR

JRWEEK+19

TE¢IPRINT.GTL2YGO TO 5

WRITE(2,200)

FORMAT(IHO . 6X, lpanaucv'.ex lovannuss'.éx.'excﬁss STOCKY (6X, 'NET LO
1AD Y)Y

WRITE(2,250) ¢, d=JA7dB)

FORMATCAHO, 28X, 2014)

CALCULATE OVERDUE LOAD

pe 100 1=1.5
TECIFILECY,91).NEL1YGO TO 100
NETLOAD=0

PO 10 J=1,52

Do 10 K=1,20

17 (ORDBKCI,JVKT4)JEQ, 0060 TO 10
NETLOADENETLOAD~ ORDaKt:.J KT 3
CONTINUE

TF(NEEK.EQ,1)60 TO 30

Do 20 J=1,WEEKA1

NETPLANCI,J)=0

po 20 K=%1,15

IFCORDBKCT,JTKY LY, EqQ; 1)60 TO 20
NETLOAD= NETLOAD ORDBK(I;J x.3>
CONTINUE

IFCIPRINT.GT,2)G0 TO 40
WRITEC2,300)NETLOAD
FORMAT(IHO,18X,16)

CALCULATE EXCESS 8YOCK

XSTOCK=IFILEC(I 16Y=IFILECY,23)/2.0
NETLOAD=NETLOAB+XSTOCK

CALCULATE LOAD DIFFERENCE AT OCFMIN
0O 50 J=WEEKIN

NETPLANCYI,J)=DELPLANC(LI )
NETLOAD=NETLOAD+DELPLANCI 1 d)=TOTALCI/J)
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TFCIPRINT.GT.2)GO YO 60
WRITE(2,400)XSYOCK,NETLOAD
FORMATCIH*, 35X516,10%X:16)

RESET LOADING PLAN : .

IECNETLOAD. LEZ 0G0 70 80

Do 70 J=N+1,52
NETPLANCI,J)YZDELPLANCY d) %115
NETLOADSNETLOAD-NETPLANCY ,JI+DELPLANCIJ)
TE(NETLOAD.LE.0)GO TO 90

CONTINUE

GO TO %0

DO 87 J=N+1,52

1E(C(TOTALCI, U)wDELPLANCIZVIY) ,GT.NETLOAD)GO TO 85
NETPLANCTI, JY=DELPLANCTJY#NETLOAD

GO TO 90

NETPLANCI,J)=TOTALCLIT )
NETLOAD=NETLOAD+DELPLANCL /Y =TOTALLI V)

87 CONTINUE
90 1E¢J,GT.513G0 T0 95
bo 92 M=J'|'1 )52
92 NETPLANCI,MY=DELPLANCI.M)
95 IFCIPRINT.GT,  4YG0 TOo 100
WRITE(Z, 500)AF!LE(!.1>:(DELPLAN(I:J).J JAsdBY  (NETPLANCI, I3, =
1JA,J8B)
500 FORMATOAHO6X A8 SN, YDELPLANY, 2X 2014//20X, 'NETPLAN® (2X72014)
100 CONTINUE _
150 RETURHN

END
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B18 - SUBROUTINE MONTHEVENT

Subroutine MONTHEVENT controls the activities which are required

SUBPROG

STOCKVAL
PNMFPRINT

LOADPLAN

~ OHRESET

to be executed each month, all of which are independent moduies.

establishes the sub-assembly manufacturing
programme from the reguirements data and-
modifiers(EBQ, stock levels).

resets the orders received history file in

‘preparation for the acceptance of new data.

calculates and displays the value of stock in

.each category.

optional module displaying the status of the

-item master data.

establishes the pian to be used for order
loading.

“Two counters are maintained within subroutine MONTHEVENT; the first
establishes the actual simulation month and the second resets the
decremental counter which subsequently determines the time of
activation of MONTHEVENT. |
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_ ( CALL MONTHEVENT )

DETERMINE
SUB-ASSEMBLY
PROGRAMME

>

RESET CRDER
HISTORY FILE

7

CALCULATE STOCK
VALUATION

OIAGROSTI
LEVEL>3

PRINT
ITEM MASTER

-

e

ESTABLISH
ORDER LEADING
PLAN

RESET
MONTH COUNTER

{ RETURN)

Summarised Flow Chart - Subroutine Monthevent

SEGMENT NAME

SUBPROG

DRRESET

STOCKVAL

PNMFPRINT

LOADPLAN
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MONTHEVENT

SUBROUTINE MONTHEVENT(AFILEZIFILE,REQFILE,SUBFILE WEEK, ORDHIST, IPR
AINT, THONTH, MONYH, OPFILE, DELPLANSNEYPLAN,OCEMIN,ORDBKY ALLQ TOTAL)

REAL AFILEC25: D)

INTEGER IFILE(ZS, ?3) 'REQFILE(25, 52),UFEK.SUBF!LE(12 Zé)aORDHIST( 5
1912) OPFILECT125,5:(5,10), DELPLANCS,52)  NETPLANC 5,52, 0CFMIN:ORDBKC
25,52¢20,5) 0 ALLQCTI2 (50, 6).TOTAL<5¢52)

TECIPRINT,G6T.1YGO TO 20

WRITE(2,10)

10 FORMAT(1HO6Xeln w % & MONTHEVENT * % % w1//)
20 CALL SURPROG(REQFILE WEEK, IFILEsIPRINT,SUBFILE/AFILE/ALLR)

CALL OHRESET(ORDHIST)

CALL STOCKVALCIFILE,MONTH, OPFILE)
IECIPRINT.GT.3XGO TG 40

CALL PNMEPRINTCAFILEZIFILE)

40 CALL LOADPLAN(DELPLANSNETPLAN, IFILESJPRINT, HEEK UCFHIN:ORDBK; FILE)

1710TALY
Tuonrnuafo
MONTHsMONTH+ 1
RETURN

END
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B9 - SUBROUTINE NETTING

The subroutine NETTING is used to-adjust; or “net®, the require-
‘ments for each item for free stock and planned buffer (safety)
stocks.

The requirements for the item are presented to the programme as
a weekly plan over a 52 week horizon. The ‘planned buffer stock
'is maintained on the PNMF in-terms of weeks worth of stock and
the opening value of free stock is also derived from the PNMF,

Each month, the planned level of buffer stock at the end of the
month is calculated by summing the next "x" weeks of plan, where
ng is the number of weeks worth of buffer required, A net
quantity is derived, being the difference between the previous
buffer (or actual stock in the first periqd) and the revised
buffer. The resultant net quantity is then offset against the
gross requirements plan to provide a net requirements plan.

Two examples of the Togic are shown below:

A

WEEK 1 2 3 4 5 6 7 8 9 W 11 112 13
Gross Plan 10 10 10 10 10 10 10 10 10 15 15 15 15
Planned buffer 40 £5 60*.
(4weeks) .\—-_-~,,__,‘;_)
Opening stock | 20 ‘j
Net Value +20 +15 +5. -
Net Plan 30 10 10 10 25 10 10 10 15 15 15 15

*Assumes constant 15 pw



WEEK

Gross Plan

Planned Bu

Net Value
Net Plan

Opening Stock | 5 | “k’)

- T - - - -
ffer | - -.- = 2 « - - 0 - =~ = 0
;—-——v-\__)

+20 -25 0

20 « - = = e e e e =

SUBROUTINE
NETTING

-

e - SELECT
NEXT PERIOD

¥

CALCULATE
REQUIRED
BUFFER

CALCULATE
NETT ADJUSTHENT

4

1 apausT
PLAN

{
|
|
{
i
i
!
{ ' 1
T
{
|
|
|
i
{
!

Summarised Flow Chart - Subroutine Netting
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NETTING

GUBROUTINE NETFING(BUFFERWKS,STOCK,WORKFILE)

INTEGERRUFFERWKSSTOCKSNETOTY,OLDBUFFER,WORKFILE(52)
OLDBUFFER=STOCK

bo 100 1=1,49,4

TE{BUFFERWKS,.GT. 0360 TQ S

BUFFER=0

Go TO 30

CALCULATE BUFFER FOR NEXT PERIOD

BUFFER=0
Jzl+BUFFERWKS=1

b 10 L=l+b, 044
1f(L.GT.52)G0 TO 30
BUFFER=AUFFER+WORKFILE(L)

CALCULATE NET MOVEMENT OF RUFFER STOCK
NETQTY=BUFFER~OLDBUFFER
ADJUST PLAN

J=l+3

LE(WORKFELE(KY«NETQTY) 40750750
NETQTYzNETQTY+UORKF!Lh(K)
WORKFILE(K) =0

GO TO 640

WORKFILECK) =WORKFILECK)#NETQTY
NETGTY=D

CONTINUE
OLDBUFEFER=BUFFERNETQTY
CONTINUE

RETURN

END



B20 ~ SUBROUTINE NORMAL

Subroutine NORMAL is a general purpose facility for generating
normally distributed random variates. The subroutine is presented
with the mean and co-efficient of variance of the normal distri--
‘bution. A seed is alsc provided for use by the random number =
generafor RANDOM. . _ -

‘The normai variate generator is-based on the Centra] L1m1t
Theorem, which states ‘that the probab111ty distribution of the
sum of N independently and 1dent1ca]1y distributed random var1ates
Xy with respective means/u1 and variances o; 2 , as N becomes
very large, approaches the normal dlstrxbut1on asymptotically.
The resultant distribution has mean and variance: |

z |
M g E/U-i w
i=1 |
S = :gé;ggz
i i=1

The probability density function f(x) for a normal distribution . |
is given by; '

. 1. (x_:.&_) 2 |
| 1 e 2\U% £ |
f(X) = e ‘ Qr -W(X(QQ

If,uk = 0 and c&r= 1, the diétribution'function is known as the
“standard normal distribution", with density function ‘

A ————————

1 - Tzz - '
f(z) = e Z for. ~e0<z< 0o |
- Jem

To convert a normal distribution into the standard form

z = XMy

o |
O'X _




If we now consider the Central Limit Theorem,-@here T1s Foeaeadly
are independent random variables each having the same probab111ty
~distribution with expected value E(r }=6 and variance Var(r -02 then

_ , . b
. ér. - No
Tim P a<ciz=11 <b hf~

f
8
.
ﬁl-‘

NG

i

o /N
‘Where | E(é\._i .
i

Ne?

-
-
f’ﬁ—“\\w
M T
"3 ‘
N N~
. :

If we now consider the uniformlydistributed random variate, the
expected value and variance are given by

E(x) = % ,dx = _a+bh
2
Var{x h/. {x_~ ng)) (b - a[z'
b-a 12

If we assume that the intervals a, b are o, 1 respectively, the sum
of K uniformly distributed random variates r], Pessoly (where ry is
defined over the interval o.{_riéT).

e = = 172




Jfr712

Since z is the standard normal deviate, then

_ X
STV
oy i=1 '

ke

)
‘ 1/2
v e @) (Lr ) on
1

is=

This now provides the basis for generating random normal variates
‘given a series of K uniformly distributed-random-variates, and
the defined mean (px) and standard deviation (ck) of the desired
normal distribution,

The larger the value of K, the more accurate is the result,
especially at the distribution tails. However, a value of K = 12
simplifies the computation and provides reasonably accurate results
up to three standard deviations,

Thus, if K = 12

X = o/x(%r,l - 6) oA -.;.'...........;» (3)
i=1

The construction of subroutine NORMAL is therefore straightforward,
Given the definition of the normal distribution (u&,,pﬁ), twelve
uniformly distributed random variates are derived from subroutine
RANDOM, These are presented to equation (1) above, and the result
"x" is returned to the calling programme,




[ R B o

10

NORMAL

SUBROUTINE NORMALCAVGE X7JCVARN)
SUM=0.0

SVARSCVARN®AVGE

DO 10 1=1,12

CALL RANDOM(R,Y)

SUM=SUM+R

X=SVARw(SUM~6, . 8)+AVGE -
RETURN

END
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B21 - SUBROUTINE OFFLINE

The off-Tine point 1s.tékeh to be the movement between the assembly
X work-in-progress queue to either test or stock, dependent upon
. the type of item. Sub-assemblies and.equipmént stock orders will:
be moved to stock; customer orders will move directly to the
test work-in-progress queue.

Assembly work-in-progress queues are held in filés LINEQ for
equipments- and SUBQ for-subzassemb1ie$.Subroutine OFFLINE offers
the fdci]ity to sort each queue into due date sequence or default
to a first-in-first-out priority, in which case the sort segments

% ~ are by-passed. Each queue represents a Idgicale independent
manufacturing department, and no interaction between each gueue
is assumed.

The sub-assembly gqueue, SUBQ, represents the work-in-progress in
the sub-assembly department, the manufacturing capacity of which
is determined by the gross quarterly capacity requirement calcu-

" lation in-sub-routine EBQ. The capacity is measured in total _
sub-assemblies per quarter and must first be converted into the
equivalent rate per week, '

Items are selected sequentially from the sub-assembly gueue and _
compared with the available capacity. Items cannot be moved unless
the timer is set at zero or less, recognising the minimum through-
put time determined in STKALL. If sufficient capacity is available,
| ~ the item quantity will be removed from the queue and the item
physical stock is augmented in IFILE. The capacity balance is
then reduced by the quantity moved and the next item selected from
SUBQ. The process is continued until the capacity available for
the week has been ‘consumed or the work-in-progress gueue is
exhausted, SUBQ records which have been fulTy processed {zero
gquantity outstanding) are removed and the file consolidated.

Equipments are selected from each product queue and matched
against the manufacturing rate as defined by REQFILE for the
X appropriate week. The processing logic is dependent upon the




- LINEQ record being either a stock order or a customer order.
Stock orders will pass directly to stock on leaving LINEQ for
subsequent allocation to customer orders in subroutine FESALL.
Customer orders pass directly from LINEQ to the test work-in-
progress, TESTQ.. |

For each equipment type, LINEQ is accessed sequentially and the
order records with the time-set:at zefo or less are selected,

The quantity moved for each order is_the‘ordef-ljne'quantity

or the balance to:be moved off-Tine as defined by REQFILE for the
appropriate week. The orders placed file, OPFILE, is searched to
locate the corresponding order record, and a successful match
will cause the status to change from "on-line" to “test". The
"LINEQ data will be transferred to the first available record in
TESTQ for the appropriate product and the time set to the
minimum throughput time in test. c

.Stock orders wi11-by-pass the orders placed file transaction and
will augment the physical stock record in IFILE instead of moving
~ to TESTQ. Both stock and customer -order will cause the Tine work-
~ in-progress record in IFILE, the LINEQ record and the off-line
pian balance in REQFILE to be decremented by the quantity moved.

Orders will continue to be selected from LINEQ until the off-Tine
plan is consumed or the eligible work~in-progress is exhausted,
LINEQ records which have been fully processed are removed and

the file consolidated. '
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OFFLINE

SUBROUTINE OFFLINECLINEQ,TESTQ,OPFILE, WEEK,REQFILE, IFILE,IPRINT /AF
11LE,REFWEEK, CAPACITY,1S0RT,SURQ.DIAGFILE,RUNTIME)

REAL AFILE(25,3)

INTEGER LINEQ(S5,50,5),TESTQ(5,50, S).opF!LE(125.5.S 10) FWEEK,REQF]
TLEC25,52)Y, 1FTLEC2S, 233-REFUCEK.CAPACITY WKCAR SUBQ(S50,4) rQTYsDT
2AGF1LE(10:2)ERUNT!ME

WKCAP=CAPACITY /130 ]

TFCIPRINT.GT.4YGO YO 1

WRITE(2,560) _ ‘

560 FORMATCIHO,6Xst* % % w OFFLINE % % % #1//)

WRITE(2,570)WKEAP .

570 FORMATCAHO 6% TUKCAP B'2116)

SORT SUB QUEUE

1 TB(ISORT.FQ.0YGO TO 5§
ba 2 JI=1,49
PO 2 K=J¢1,50 "
TR(SUBQ(K,3).EQ.0YGO YO 2
lF(SUBQ(an) LE.SUBQL{K 2))00 0 2
DO 2 L=174
M=SUBQC¢J L)
SUBQ(J-L)“SUBQ(K:L)
SUBQCK . LY=M

e CONTINUE

- SORT LINE QUEUE

b0 3 I=1:5

DO 3 J=1740

bo 3 K=4+1,50

IP(LINEQCY K2b), EQ.0)G0O TO 3
TPCLINEGEY, 53, LE, LINEQCS,KY3Y)G60 Y0 3
po 3 L=1%5

M=LINEQ¢15J,L)
LINEQ(IIJ?L)ﬁLINEQ(I?KrL)
LINEQCITKY L)Y &M

CONTINUE |

IFCIPRINT.GT.3)GO TO 4

CALL SOPRINTC(SURATWEEK,ARILETREFUEEK)
CALL LQPRINT(LINEQ,WEEK,AFILE,REFWEEK)

L R ¥

SEGMENT FOR SUB~ASSEMBLIES

L b0 18 J=1,50

IF(WKCAP,LE.OYGO TO 18

IF{SURQ(S,3).EQ.03G0 ¥0 18

FF(SUBQES,4),6T.03G0D 1O 18

1PROD=SUBQC¢I YY)

IF(SUBQ(J,3),6T.WKCAPYGO TO 1?2

InTY=SURQ{J,3)

GO TO 14

10TYZWKCAP

WKEAP=SWKCAP-TQTY _
SuUBRCJ»3)=SURQLI 3)mIQTY "~
YFILECIPROD, 16 =IFILECIPROD AT HIQTY '
IFTLECIPROD,1BY=IFILECIPROD,Y 18I PIQTY

| oaea
F ool oV ]
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TFCIPRINT.GT.13GO TO 18 ‘
WRITE(2,16)YAFILECIPROD, 1Y, SUBNCY2)IRTY ' |
FORMAT(4HD6X ¢ 1SUR=ASSEMBLY ! #2Xs A8, 2X, 'DUE WEEKY 162X,
taTy', 142X, tMOVED TO STocxi)
CONTINUE
DO 180 MM=1,49 :
1£(SUBQIMM,3Y.6GT.0YGO TO 180
DO 170 MMM+t ,50
1p(SUBQ(M,2),GT.0)G0 T0 175
CONTINUF ‘
6o T0 10
DO 18ﬁ N=1t“

SUBQ (MM, N)Y=SUBQ(MIN)

SUBALM, NY=0

CONTINUE

CONTINUE

bO 200 1=1,5 |

IFCIFILECT 11).NE,1)G0 TO 200

SEGMENT FOR EQUIPMENTS

IFCIPRINT.LGT.L1YGO TO 30
WREITE(2,5500AFILECY 1) +REQFILECI,WEEK)

FORMATCIHO,EX, YOFFLINE QUANTITY FOR':2X (A8,2Xs*1S8',17)
IFCRENFILECIYWEEK) . LE,0YGO ¥0 200

bo 120 J4=1,50

IFCLINEQCT,JVWSY, GY,. 0G0 10 120

IECLINEQCT,J54) . EQ. QG0 TO 420

Arys=LINEQ(I, U, &) .
Ir¢LINEQCY,Jd54) LY. REQFILECIVWEEK)IGO TO 35

C QTY=REQFILECI,WEEK)Y

35

€3 0

40

45
50

55
57

60
65

70

75

TFCLINEQeT, 71y, LY. 080 10 100
SEGMENT FOR CUSTOMER ORDERS

bo 40 K=1,50

IF(TESTQ¢(I,Ki4Y. EQ.0)GO TO 50

CONTINUE :

TFCIPRINT.GTI5)GO TO 150

WRITE(2,45)AFILECT, 1) _
FORMATC(IHO6X tEXCEEDED TEST QUEUE $IZE FOR PRODUCT NO,'r2X/AR)
60 TO 150 ' _ .
JASLINEQCT,J5 1)

JBELINEQ(T, 7 2)

JEILINEQCL, )7 3)

DO 55 KEYNO=1,125

TF(OPRILECKEYND,JR,1740Q)5ERVJAYGO TO §7

CONTINUE

60 TO 4%

DO 60 M=105

IF(OPFILECKEYNG,JB,MY3),EQ,JCYGO TO B0

CONTINUF '

IFCIPRINT,.GT.5) GO TO 120
WRITE(2,70YJA+dBsJC,OPFILECREYND . JB/M,3)sREFWEEK

FORMATCAHO,6X, TINCOMPATIRLE DATA IN OPFILE FOR ORDER NO,',14,' ITE
T NO, Yselh,' DUE WEEK! 14/76% YACTUAL WEEK ', 146X, 'REFHEEK +,14)

IPRINT &1

po 75 !251110

DYAGFILECYZ,2) B4

RUNTIME=REFWFEK+WEEK*4

60 T0 420 .
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80 bo 90 L=1,3
20 TESTQ(1, K.L)=L!NEQ{I;J:L)
YESTQ(I,Ky4&)=QYY
TESTQ(YI,K,5)=3
TFILECT 19)=TFILELT, 19>*arv
OPFILk(KEYNO JJB,MT8Y = OPFILE(KFVNO.JB"M BY+QTY
OPFILECKEYNOSJB,M773s0PFILECKEYND JBYM,7)=QTY
Go 70 110 _
TFILECY  A6Y=1FILECI 16)40TY
LINEQCY J,4)=LINEQUITY 43 QTY
IFILECY,18)=IFILECLI;18)}rQTY
REQFILE(Y WEEKY=REQFILE(Y WEEKY®QTY
TFCIPRINT.GTV3IGO TO 115
WRITE(2,530) CLINEQCIT Y K).K:1 3y,aTY
‘830 FORMAT(1HO,6X, LORDERY 15, FENTVITEM .15, ZX;'DUE‘oIS;ZXr‘QTY',IS.
12X, "MOVED OFF LINE')
145 YF(REQFYILECIFWEEKY.LE,0)GO 70 150
120 CONTINUE
500 IFCIPRINT.GT.2YGO TO 50
WRITE(2,510)AFELECT,1)
540 FORMATLAND, 6%, VEXHAUSTED ORDERS IN W,1,P. FOR PRODUCT',2K,AR)
150 DO 160 MM=1,49 ‘
TECLINEQCT, MM, 4),GT 0G0 YO 160
PO 153 M=(MM+1),50
IP(LINEQCY . M74Y.GT,05G0 10 155
153 CONTINUE
68 TO 200
155 DO 158 N=1,5
LINEQET MM NISLINEQCI M N)
LINEQ(T /M, NY=0
158 CONTINUE
160 CONTINUE
200 CONTINUE
IFCIPRINT,GTL23GO TO 250
CALL TQPRINT(THESTQ,WEEK,AFYLE,REFWEEK)
250 RETURN ‘
END

ol el
—o
oo
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B22 SUBROUTINE OHRESET

Orders received history is maintained in file ORDHIRST,
and is used to prepare the orders received forecast in
subroutine FORECAST. ORDHIST is organised into twelve
monthly buckets per product as shown below,.

_ Current
Month
M{-11) M(-10) M{ -9) oM -2y M -1) M(0)

Product 1 _ | | ‘}_

P ——— L . — - —

|

- o v e mn e e W

Product ‘nt )f : ' : (

As orders are generated and entered into the order book in sub-
routine LOAD, the current month bucket in ORDHIST for the
appropriate product is augmented by the order quantity.

At the end of each month the file is reset in subroutine OHRESET
by shifting each entry in ORDHIST by one period, Values for
month (=11) are removed from the file and the current month is
cleared down in preparation for new orders received data,
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SUBROUTINE
HRESET (ORDHISTY |

ORDHIST (L,d)
= ORDHIST {L,K)

_____ —_—— e

ORDHIST. (LK)
= ¢

fow- - -

( RETURN )

Summarised Fiow Chart -~ Subroutine

OHRESET

SUBROUTINE QHRESETC(ORDHIST)
INTEGER ORDHISY( 5,12)

DO 20 L=1l5

bo 10 Jﬁ":""

KeJ+1
ORDHISY(L,J)uORDHIST(L.K)
ORDHIST(L.12)=0

RETURN

END

Ohreset
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B23 - SUBROUTINE OPFCREATE

 Subroutine OPFCREATE is used to create the initial cohditions,
where these are related to the orders placed file (OPFILE) records.

Customer order information is read from the source file and
creates an DPFiLE record, which subseguently is used to create a
corresponding order book (ORDBK) record for the appropriate

. product. The total load in file TOTAL is incremented by the
order quantity and items "to be allocated ex-stock" will incre-
ment the .allocated stock filed in IFILE. Items shown "in allocation”
status will cause the component stock to be allocated by making
use of subroutine STKALL which will also create a record in the
allocation gueue ALLQ. Items shown in "on-line" status will cause
a record to be created in file LINEQ and items in "test" status
will create a record in TESTQ. '
When the source data file has been exhausted, the work in progress
quantity for each product is derived by summing the quantities in
LINEQ and TESTQ, and the totals are entered in IFILE, The sub-
assembly work in progress, contained in file SUBQ is also totailled
for entry in IFILE. SUBQ is initialised in the main STOCKMODEL
“segment,



READ NUMBER
OF 1TEMS

-00
J = 1,NUMBER
1

L —

[
l
(
t
|
[
o
vy [ READ OPFILE RECORD }
Lo _
l : - |FIND SPACE IN ORDBK | ‘
I OROBK™SNY -
' : | bLb 2 —aom{ RETURN
R N
L | -
(| I _ [CREATE 0RDBK RECORD] -
t ! '
1 INCREASE
¢ : TOTAL LOAD {
1 ¥
_* [ INCREASE
t | ALLOCATED STOCK .
t 7 |
| .
;! _ ALLOCATE SUBROUTINE
;o - [OMPOMENTS STKALL /.
. to
oy FIND SPACE R
J : . IN LINEQ | _
L} ‘S '
o !
oy !
b !
i 1
b
1o
(I
T
by
Lo
P!
;!
;|
i I . maf RETURN

Summarised Flow Chart - Sub-routine Opfcreate
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OPFCREATE

SUBROUTINE OPFCREATF(DPFILF ORDBK:TOTAL:ALLQ;LIhEQ TESTQ, ORDCOUNTg'
TREFWEEK, IFILE, fSEEDATICOUNT ISHORT,IPRINTAFILE,SURQ)

REAL AFILEC(25,3)

INTEGER OPFILEC125,575,10),0RDBKC¢ 5,52,20,5)+0RDNO, I TEMNO, BUE,QTY,
TYOTALC 5752)VALLRE12750,6), LINEQ(S,50, 5).TESTQ(5,50,5):0RDCOUNT
2YPROD REFVEEK,IFILE(25,23),5URQ{50,4), ICOUNT(25>.ISHOR7<2S>

IFCIPRINT.GT . 1IGO TD &

WRITE(Z2.3)

3 FORMAT(AHO,6X, Y% % % % OPFCREATE % » % wt//)"
5 REFUWEEK =0 \

ORDGOUNT=D

0O 170 121,125

READC4.,10)KUMBER,IPS

10 FORMAT(215)

NUMBER=NUMBER OF ITEMS (KWKS®NUMBER OF WEEKS OF PHASING

YF{(NUMBER.EQ,0YG0 TO 475
bno 170 Js1,NUMBER
READ (1,45 NUKS
15 FORMAT(IS)
DO 170 K31,NWKS o ,
READC1, 20)topr1LE¢ITU?K.L>.L=1,10)
20 FORMAYT(1015)
ORDNO=0PFILECIsJdeK,10}
IFCORDNO, LE, onncouwr)so T0 25
ORDCOUNT=0ORDNO
25 ITEMNO=J _ |
QTY=O0PFILECI I Ki2)mOPFILELIZ/K,9)
DUE=QPRILECY I JsKe D)
PROD=OPFILECI, /K1)

FIND NEXT SPACE IN ORDER BROOK

IFCORDRK(PROD,DUETH, 1Y, EQ, 03G0 TO 50
30 CONTINUE
IFCIPRINT.GT.5)G0 YO 200
WRITE(Z2,40)PROD
40 FORMATCIHO.6X,TORDER BOOK 81ZE EXCEEDED FQR PRODUCT NUMBER',I6.,2X'
11DUE WEFK'/16) _
GO TO 200
50 ORDBK(PROD,DUE, .M 1)=0RDNO
ORDBK(PROND,DUE Me 2= ITEMND
ORDBK(PROD,DUE, M 3)=QYY -
ORDBK(PROD,DUE MsAY=0
ORDBK(PROD,DUE,M:+5)=]1PS
TOTAL(PROD:DUEY=TOTAL(PROD,DUET#QTY
1FCOPFILECT, Y, K,5),EQ,0)GO 1O B0

ALLOCATE COMPONENTS

LEILECPROD,17)=IFILE(PROD,47Y+OPFILECT,J,K,5)
80 TECOPFILECL,d,K,6).EQ,0)60 TO 90

MOVE TTEM INTO ALLOCATION QUEUE AND RESERVE COMPONENTS
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NR=OPEILECI,J K,6)%
IMAX=0
QUTPUT=0 .0 ' . ,
CALL STYAIL(IF!LE. NRYPROD, ALLQ,ORDNOYITEMNO, DUE, OUTPUT,ICOUNT
1P ISHORY, IPRINT, IMAXAFILE,R200Y
90 YF(OPFILE(Y,J/K,7),EQ,0)G0 TO 130

c
C FIND NEXY SPACE IN LINE QUEUE
¢

bo 400 L=1.,50
IFCLINEQUPROD,L,1Y,EQ,0)GO TO 120

100 CONTINUE
IFCIPRINT.GT.5YGO TO 200
WRITE(R,110)PROD ‘

110 FORMAT(IHO6X YEXCEEDED LINE QUEUE FOR PRODUCT NUMBER',16)
GO TG 200 ‘ ,

120 LINFQ(PROD,LY1Y=0RDNO
LINEQCPROD, Ly 23 =ITEMNO
LINEQ(PROD,Ly3)=DUE
LINEQCPROD, Ly AY=0PFILECIT S KFPY
LINEQ(PROD,L55)Y=0

130 IFCOPFYLECY,J.K,8Y,EQ,0)G0 TO 170

FIND NEXT SPACE IN TEST QUEUE

IO

DO 140 L=1,50
IFCTESTQ(PROD,L,1).EQ,0)G60 TO 144

140 CONTINUE
IFCIPRINT.GT, S)GO To 200
WRITE(2,150)PROD :

150 FORMAT(1HO.6X VEXCEEDED TEST QUEUE FOR PRODUCT NUHaER',Ié)
60 TO 200

160 TESTQ(PROD, L?1>=0RDN0
TESTQR(PROD, L7 2Y=ITENMNO
TESTQ(PROD, L2 3)=DUE )
TFSTQ(PROD.L.A) OPFILECISd,Kr8Y
TESTQ(PROND, Ly 5)=0

170 CONTINUE

LOAD WIP RECORDS

OO

175 Do 190 1=1,5 ,
TFCIFTLECI,11).NEVAIGO 7O 190
TEILECT,18) =0
po 180 J=1,50 |
TFILECYE, 18y =1FYLECI 18) LINEQ(L d,4)
180 CONTINUE
TFILECT,19)=0
bo 190 J4=1,50
TEILECI,19)=IFILECI10ImTESTQ(I ¢ d s d)
190 CONTINUE
bo 195 1=1,20 _ _
IPCIFILECT11).EQ,2)G0 TO 103
TECTEILECIL 1Y), NE,3)GD TO 195
193 po 195 J=1,50
YEC(SUBQ(J, 1) NE,TSGD TO 195
TFILE(T.18)=IFILECT 18)#SURACY s 3)
195 CONTINUE
- 200 RETURN
END
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- B24 - SUBROUTINE OPFPRT

Subroutine OPFPRT is used to display the contents of file OPFILE
for diagnostic purposes. Orders are displayed in the sequence
held in the file, which is quasi-random. Redundant entries which
have been cleared down are not displayed,

Data is presented as week due within item number within order
number, each line specifying the product type, ordered quantity,
week due and status information, '

A record Count is displayed each time the subroutine is activated,
to allow the modeller to remain within the file volume con-
straints of OPFILE. '

SUBROUTINE OPFPRT
(OPFILE, AFILE)

- ITEM LINE

!f'

. [Tsu = sum + 1]

—— e o

i

1

|

I

t

'

1

'

I .
: WRITE
l

]

I

1

¢

|

I

WRITE '
_RECORD COUNT
1

% e
Vo

7 ettt

o

Summarised Flow Chart - Subroutine Opfprt
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OPFPRY

SUBROUTINE OPFPRTC(OPFILEVAFILE)
REAL AFILE(25,3)

INTEGER OPFILEC125,575,10)
WRITE(2,200)

200 FORMAT(AHO6XstORDER FILE nETAva.sox,ISTATUS!Iléx.'ORDER NUMRER
1 ITEM . PRODUET QUANTITY DUE DATE OPEN EX=STK ALLN ONmLINE
2TEST DESP,'/) .

1suUM=0 ‘ :
Do 510 121,125 ]
TECOPFILECT. 1.1,10)VEQ.0¥GO To 110
WRITE(2, 2100 0PFILECIZ1,1740)
210 FORMAT(IH »10XVI5)
1SUMSISUM1
DO 110 J=1.5
Do 110 K=4.,5
IF(OPEYLECI,J,K, 1), EQ, 0G0 TO 110
WRITE(2,205)4
205 FORMAT(1H+,22X;13)
NeOPFILECI +diKe1)
WRITE(2, 220)AF!LE(N TAY L COPFILECIV LKLY s L=2,9)
220 FORMAT(IH+.31X7,A872197616/)
110 CONTINUE
WRITE(2,230)YISUM
230 FORMAT(AHO . 6x,!REc0RD COUNT 5'.16)

RETURN
END
ORDER-FILE DETAIL sTATUS
ORDER NUMBER ITEM  PRODUCT QUANTITY DUE DATE OPEN EX~STK ALLN ON-LINETEST DESP.
24 o MFGAM 03 4 26 o 4 0 0 0 0
1 MEGAM 03 21 27 o 21 0 0 0 D
2 MEGAM 02 34 26 34, 0 0 0 0 o
2 MFGAM 02 9 27 9 0 0 0 0 0
2 MEGAN 02 ? 28 7 0 0 0 0 o
3 KESGAM 02 33 28 3z 0 0 0 5} n
3 MEGAM 02 .7 29 a7 0 6 0 0 0
2 1 HEGANM 01 20 13 0 0 6 0 0 20
1 HF6AN 01 20 14 0 0 0 0 0 20
1 MEGAM 04 20 15 0 0 0 0 o 20
1 MFGAM 01 20 16 0 0 0 [ 20 i}
. ! HEGAM 01 20 17 0 0 0 0o 20 0
18 1 MEGAM 02 2 25 ) 0 2 0 6 0
27 1 MEGAN 04 13 29 13 0 0 0 o 0
1 HEGAM 04 12 30 12 0 0 0 0 0
2 CHEGAM 02 23 29 23 0 0 0 0 0
2 MFGAN 02 27 30 a7 0 b} ¢ 0 0
3 MF&AH 01 10 30 0 0 0 0 0 0
4 MEGAM 04 5 30 5 0 0 0 0 0
5 NEGAM 01 1 30 'R b 0 0 0 n
5 1 MEGAM 03 25 17 0 0 o 0 25 0
2 MF&AM 04 50 14 0 0 0. 0 0 o
2 MEGAM 01 - 50 is 0 0 0 0 42 8
3 MEGAM 01 50 . 16 0 0 6 6 50 8
3 MEGAN 04 25 17 ¢ 0 0 25 0 0
4 MEGAN 02 10 17 0 0 0 0 . 10 0
5 AC15PU 20 Y 0 0 p 0 20 0
28 1 ACtSPU 25 39 25 0 0 0 0 0
1 ACHSpU 25 34 25 0 0 0 0 Py
2 MEGAM 01 10 30 10 0 0 0 0 0
3 HEGAN 04 1 30 1 0 0 0 0 I3

Sample Orders Placed File
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B25 - SUBROUTINE ORDBKPRT

Subroutine ORDBKPRT is used to display the content of the ordef
book, ORDBK, for each product as a diagnostic tool.

The print format is arranged in product sequence and displays

~ as total values the overdue load and the total order load.

For dUe‘orders,‘the ofder.number, item number and quantity out-
standingfare:displayed,'with an indicator signifying:part ship-
ment or no part shipment allowed.

The pﬁint-format will. accommodate up to 20 weeks of 'due orders.
If_live orders exist beyond this horizon a further 20 weeks
horizon is displayed. Orders beyond 40 weeks are not considered
in ORDBKPRT. ‘

Each week in ORDBK can accommodate a maximum of fifteen entries.
_ORDBKPRT will suppress zero records, thus reducing the volume

of printed output. A counter is contained within the subroutine
to register the maximum record count, indicating to the modeller
~ the proportion of file ORDBK utilised during each simulation run,
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. B : SUBRCUTINE
ORDBKPRT

f

SELECT
[~ = e
RODUCT,

CALCULATE
TOTAL LOAD

1
PRINT
HEADER

R

* REPEAT

[
[

|

!

J

I

!

i PRINT
!

[

!

|

|

!

!

TOTAL

PRINT
ORDER NO,

¥

PRINT
ITEM NO,

i

PRINT
QUANTITY

i

]

!

!

|

|

| PRINT
| PS/NPS
|

|

!

[

|

|

i

1

INCREMENT
RECORD COUNT

1 * REPEAT * REPEATED FOR
e e e oo e — ;E 1. Weeks 1 through 20
* ' 2. Heeks 21 through 40
PRINT

RECORD COUNT

@

Summarised Flow Chart - Subroutine Ordbkprt
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ORDBKPRT

SUBROUTINE ORDRKPRT(ORDBK,AFILEIFILE,TOTAL,REFWEEK)
REAL AFILE(25,3)
INTEGER ORDRBK(S,52, 20.S)TIF!LE(£5:23).TOTAL(ScSZ)fREFHEFK
MAX2z0
DO 400 121,5
FECIFILELT,19)  NEJ15GO TO 100
WRITEC2,40YAFILECT 1)}
10 FORMATCINO,6X, 1ORDER BOOK DETAIL FOR PRODUCT NUMBER'.zx AR}
INDEX=D
15un=0
DO 20 J=1,52
bo 20 K=1,20
IFCORDBK(T,J7KIAY,EQ,0)GO TO 20
CISUM=ISUM+ORDBK(ITITKI D)
20 CONTINUE
L=t
L2=20
M=REFWEEK#1%
. N=REFWEEK+20
30 WRITE(2,50) (J,J=MyN)
S50 FORMAT(1HO. X, IWEEKT?4X,10/D7,2X,2014)
WRITECR2,53YISUM, (TOTALCIV I} T J=L1,L2)
853 FORMATCIRG,6X YLOADIY 3N, 14A,2X,2014)
MAXT=0
po 90 K=4%,20
DO 55 J=L1, LZ :
!FtORnBKtr.J K7 4). EQ,1)G0 TO 55
IFCORDBKCIJTK, 1Y, GT.0)G0 TO 57
55 CONTIMNUE
GO TO %0 o .
57 WRITE(2,60) CORBBK(IZUIK, 1Y, d=L1L2)
60 FORMATCAHO,6X: tORDNO, ¥ ,6%X,2014)
WRITE(2,70) (ORDBKCI;J Ks2),J=L1,L2)
70 FORMATLIH 66X VITEMULYBY,2014)
WRITE(2,/80) CORDBKCITILKY3)Y »d=L17L2)
80 FORMAT(IH 86X, iQTY1/10X,2014)
T WRITEC(2,85)Y(ORBRKEIZUK,5),J=L14L2)
B5 FORMAT(4HR +6X,V1=PS2uNPSY,3X,2014)
MAXT=MAX Y +1
90 CONTINUE ,
TF(MAXT LY. MAX2)GO TO 92
MAXZ2=MAX1
92 IECINDEX.EQ.1) GOTQ 100
B 25 J=2%,40
DO §5 K=1,20
FCORDBKC(I JIK,4)LEQ,TIGO TO 95
TF(ORDBK(I,JVYK,3), Eq,.0)GO TO 98§
MzREFWEEKS21
NzREFWEFK+40
15UM=0
L1m21
L2s40
INDEX=1
GO TO 30
95 CONTINUE
100 CONTINUE
WRITEC2,110)MAX2
110 FORMAT(AHO,6X, TMAXIMUN RECARD COUNT =v,16)
RETURN
END




ORDER BOOK DETAIL FOR PRODUCT NUMRER

WEEK /0
LOAD 0

' ORDINU.
ITEM

ety
1=p512aNPs

ORD,ND.
1TEM

GTY
1apS:i2=HPS

ORD,NO.
ITEMN

QTY
1=2P512=NPS

ORD, NG,
17EH

ety
12p5:2=RPS

NONY ocooo ©

14

OO0 SO o

nNOo N D [=]

-
w1

o000 o oo OO

16

L=J

KFEAM 02
17 18 19 20 21 22 23
10 35 35 35 25 0 34
S %4 14 14 b 0 x4
& 1 1 1 1 6 1
10 25 25 25 25 0 40
1 014 1 1 1 0 2
14 45 15 15 6 0 35
t ¢ 1 3 o o 2
0 10.10 10 0 0 264
i 1 L 1 1] 1] 2
o o o 0 0 0 0
© ¢ o0 0 o6 0 0
o o0 0 © & "0 o
o 0 o 0 0 0 0
6. 0 0o o 0 0 0
0 o0 0 6 0 0
® o o0 o0 0 0 o0
e o o6 0 0 0 o

Sample Product Order Book

L= =N N [= -+ R~ SO OO NN RV ~

fard
o

23

54

W M

DoOOOo COoOOoOO Wi W ™N N -2 o

26
34
24

~N

DO D DCOOQ o000

T Y]

(=R~ R~ -3 (== =] LV XV R [ B ot )

EL T Y]
= &

[\'3
-

29

f= = Do oo

OO0 [ B B o ]

3

30

14

35
26

Ea¥ )

L= I e N ) (= = ]

3z

- 40

35
i

30
29

2%

L=t A= oo oD == R s

33

KL

39

Ny



- 396 -

B26 - SUBROUTINE ORDERS

Subroutine ORDERS simulates the arrival of customer orders into
the order processing pipeline. The structure and profile of
orders generated is a reasonable -approximation to the pattern -
observed in the real world. '

~ The subroutine makes use of five sampling profiles,. determining .

- = the number of orders to be generated in each period
~ (simulated week)
- the number of order lines -
. = the produtt app1icab1e-t0 each order line
- the quantity of each product
- whether part shipment is permissible

The orders pipeline file, PIPELINE, is cleared down to accept

new orders and the number of new orders is determined by sampling
from a normal distribution in subroutine NORMAL, The mean and co-
efficient of variationof the distribution may be modified by the
modeller, but it should be noted that a mean in excess of 5.0 may
‘cause file volumes to be exceeded. '

For each new order, the number of items is established by sampling
from the frequency histogram contained in TABLE 5, using sub-
routine HSAMPLE 1. The "part shipment" or "no part shipment"
condition is determined by sampling from TABLE 8 in subroutine
HSAMPLE 2,

Two further frequency histograms are sampled for each order item
line; the product to be selected and the quantity required. Both
use HSAMPLE 1 and the parameters from TABLE 6 and TABLE 7 respec-
tively. The quantity for each product is extended by the unit
cost contained in IFILE to arrive at an approximate sales value
for Jater analysis if required.

The resultant customer order profile is entered as a new record
in the file PIPELINE for subsequent order loading,
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SUBROUTIHE
ORDERS

|
CLEAR
FILE
PIPELINE
4
EoanBLLSH SUBROUTINE
ORDERS NORMAL
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e e o FOR NUMBER
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| . _ .
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{ ESTABLISH) SUBROUTINE
NUMBER OF
| s | HSAMPLE 1
| i )
| [STABLISH SUBROUTINE
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Summarised Flow Chart - Subroutine Orders
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ORDERS

SUBROUTINE ORDERSCTABLES .TABLEG6,TABLE7 ,ORDCOUNT,PIPELINE,FSEERL, IS
TEEDS, ISEEDS, [SEED7, AVGEA Y CYARNG  IFILE, TABLES, ISEEDS, IPRINT)

INTEGER PIPFLINEC2076,4) TABLESC?,2) , TABLES(7+2), TABLET(7,2),0RDCO
TUNTPRODYQTY, IFILEC25:23) , TABLES(2,2)

CLEAR PIPELINE

bo S 1=1,20
DO 5 da1ié
DO 5 K=isb
PIPELINECT, JiKY=0

SET NUMRER OF ORDERS

CALL NORMALCAVGEAX7ISEEDA4, CVARNG)
TEC(X,GE. Q. 0060 TO 10

¥=0,0 . ‘
TF(X,LE20.0)G0 T0O 20

K=ZO;O i _ .

NUMBER=NINT (X)

PFCIPRINT.GT.YYGO TO 30
WRITE(2,500) YSEEDL. XY NUMBER
FORMATCIHD, 6X, Y1076%X5F10.5,6X%X,110)
DO 40 K=4.,NUMBER o S
ORDCOUNTSORDCOUNT 21

DEFINE ORDER CONTENT . . . » . « . NUMBER OF ITEMS

CALL HSAMPLE 11ISEEDS,ITEMCOUNT,YABLES)
PIRELINE(K,1,1)=0RDCOUNT

ESTABLISH WHETHER PART SHIP OrR NOT

CALL HSAMPLE 2¢ISEED8+NOYTABLES)
PIPELINE(K,1¥2)=N0
PIPELINECK, 17 3)=1TEHCOUNT

DO 40 I=1,ITEMEOUNT

L1+

DEFINE EQUIPMENT AND QUANTITY

CALL HWSAMPLE 1(¢ISEED&;PROD,TABLEG)

CALL HSAMPLE 1(ISEED7:QTY.TABLE?)

PIPELINE(K,L¥1) =1

PIPELINFUK, LY 2)=PROD

PIPELINECK L?y3)=QTY

PIPELINE(K L 42t Zw{ I FILECPROD,;13) %1 2+ 1FILEC(PROD,J4) 3,53 nQYY
40 CONTINUE

RETURN

END
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B27 -~ SUBROUTINE PLNPRT

Subroutine PLNPRT is used to display the contents of the orders
to be loaded pipe]ine, PIPELINE, for diagnostic use.

PLNPRT will display all new orders generated by subroutine
ORDERS prior to loading in subroutine LOAD, Only active
records containing new order numbers are displayed.

For each order number, PLNPRT will indicate each comprising

jtem number and details of the products and quantities selected.
The .value is also displayed if further analysis is required by
the modeller. Each order entry is accompanied by a statement
signifying whether or hot part shipment is permissible.

SUBROUTINE
PLNPRINT

V

WRITE
HEADER

' SELECT
NEXT ORDER .

1

WRITE ORDER
HUMBER

L
¥
1
{
I
t
'
|
I
1
'

f Summarised Flow Chart -

1
< FOR KUMBER _ ; t
OF 1TENS Subrout1ne Plnpr

? .

WRITE
ITEM NO,
PRODUCT
QUANTITY

VALUE

NG PART. SHIP PS/NPSY PART SHIP

WRITE WRITE
"NO PART SHIP" “PART SHIP"

(RETURN)

r'-ﬂ——-"—--'-—-‘—----—"-'-————-—"“‘-———-—-——-l-—-—-——-———
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PLNPRINT

SUBROUTINE PLNPRINT(PIPELINEYAFILE)
REAL AFILE(25.,3)
INTEGER PIPELINEC20,6:4)
WRITE(2.,10)
10 FORMAT(I1HO, 20X, *CONTENTS OF PIPELINEY,///6X,VORDER NO,T,6X, ' ITEM N
10,1, 33X VEQUIPMENT !, 33X "QUANTITY !, 3X, ' VALUE!)
Nei
20 WRIYE(2,30)PIPELINE(N,1,1)
30 FORHATC(IHO,0X,13)
DO 40 I=1,PIPELINE(NTY+3)
L=1+19 '
K=PIPELINEC(NYL,2) ' '
40 WRITE(2, 50)PIPELINE(N;L;1) AFTLECK, 1), (PIPELINE(N,L,d),J=3,4)
30 FORMAT(AH ,23X713, ?x A3,6X,13,3%X716)
IEHECK=PYPRLINECNT172)Y
GO TO(HO, 80 ICHECK
60 WRITE(2,70) _
70 FORMATC(1H ,&X,'PART SHIPMENT ALLOWED?/)
G0 TO 95§
80 WRITE(2,90)
90 FORMATC(AH +6X,1HO PARY SHIPHENT ALLOWED!/).

95 N=N+1
IFCPIPELINECN, 1, 1) NE.OYGO TO 20
100 RETURN
END
CONTENTS OF PIPELINE
ORDER NO ITEM NO. EQUIBMENT  QUANTITY  VALUE
16 :
: 1 HEGAM 02 5 179
2 HEGAN 02 5 897
3 MFGAM 01 10 1795
‘ 4 AC15PU 25 2018
' : 5 -~ ACASPY 2 164
HO PART SHIPMENT ALLOWED '
17
‘ 4 MF&AN 01 5 897
MEGAN 01 10 1795

2
PART SHIPMENT ALLOWED

Sample Pipeline Contents Repbrt
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B28 - SUBROUTINE PNMFCREATE

The subroutine PNMFCREATE is the means of loading data into
the master files. The master dqﬁa is held within two files;
AFILE, which is a real array and IFILE, an integer array.

The data which is read into the master files is of three types:

- a) Fixed data, including structure relationships, cost data,
' operational parameters and descriptive information.

b) Semi-variable parameters, which may be defined prior to
- each simulation experiment (egs. Lead time, buffer level).

¢} Variable data, including stock and work-in-progress status,
input as initial conditions, '

The file detail is defined move fully in the file descriptions
for AFILE and IFILE.

SUBROUTINE
PNMFCREATE

\
SELECT ‘
- NEXT INPYT
RECORD

[

i 3

| READ PHMF
| - DATA

|

|

i ITEM NUMBER
!

j

[

| T,

RETURN

Summarised Flow Chart -~ Subroutine Pnmfcreate
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PNMFCREATE

SURROUTINE PNMFCREATECAFILEZIFILE)
REAL AFILEC25,%)

INTEGER IFILE(25,23)

DATA BLANK/! v

bo 30 1=1,25

b0 10 4=t,23

IFILECTIZd) =0

READ(1,20) CAFILECT, d)udpm1.3)7 (TFILELT, 51 =1i16)
FORMAT(3A8,1512,14)

CALL compacasxgﬁc1.1>;BLANK?!TEST>
60 TO (40,30)+iTESY

CONTIHUE

RETURN

END
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B29 -~ SUBROUTINE PNMFPRINT

The subroutine PNMFPRINT is used to format and present the detail
contained within the master data files AFILE and IFILE.

The master data will usually be printed at the commencement
of a simulation experiment to indicate the initial conditions
pertaining to each master item,

SUBROUTINE
PNMFPRINT
¥

HRITE
HEADER

1

p-~~={ SELECT NEXT
RECORD

|
|
\
I
| WRITE
i
I
1

RECORD

v
-

Summarised Flow Chart - Subroutine Pnmfprint

PNMFPRINT

SUBROUTINE PNMFPRINTC(AFILE,TFILE)
REAL AFILE(25,3)
INYEGER IFILE(25,23)

, WRITEC(Z,10) ‘

0 FORMATC(1HA,7X. 1PART NO, DESCRIPTION AD QY AD QY AD QY AD QY AD @
1Y LE LD MT LB IS PHYS ALLD LINE TEST BU EBQ €Y AFS'/64X.'TM CT CT
20D STEK STCK WIP WIP WK TH MAX )

) DO 20 1=1,25 :
0 WRITEC2, 30 1Y (AFTLECT T dma3) o CIFILECT+d),d=1,23)
;o FonMAr<1H0.1x.!2.2x23A8.1513?a15213.za.xs,:aa '

RETURN
END "
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B30 - SUBROUTINE QPLAN

The subroutine QPLAN‘simuiates the deriviation of a production
~plan from the orders received forecast, known order book and

stock

in 13

a)

b)

status. -

‘The programme is recalculated at quarterly intervals and is stated

week periods. The_programme is derived by reference to a

number of pre-defined parameters, specifically;”

the maximum authorised stock, or the level of finished
equipment that is permitted to be held in stock in unallo-
cated (or "free") status. The level of stock is re-assessed,

‘within the Company, each 6 months, therefore, the model is

expected to reflect this review within the logic. It
should be noted that contention between the maximum autho-
rised stock and other parameters may cause a plian which

is temporarily in excess of the authorised level,

The opening stock is derived from the PNMF record for the '
product.

work-in-progress, which is considered to be the work-in-
progress prior to the off-line point (thus excluding any
test work-in-progress). The level of planned work-in-pro-
gress is derived from the manufacturing lead time as stated
on the PNMF. The Togic within the model will attempt to
correct any difference between the actual opening work-
in-progress and the nominal level and thereafter maintain
the nominal level as defined by the lead time.

recommended running Fate, or the weekly planned capacity of
the product, The rates will normally reflect the resource

in labour and plant to fully utilise a working week, although,
for simplification, an assumption has been made in the

model as an approximation to reality.



d)

a)

b)

c)

d)
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It is further assumed that:

(i) the rate cannot be changed within a period;
(11) any rate change will be immediate (a step function);
(ii1) all periods are & full 13 weeks with no adjustment
for actual working days due to holidays.

minimum order bobk,_which is the least number of orders that
can be supported in the order book at a given capacity level.
Typically, due to crystal lead times, this tends to be 6

weeks on-a frequency conscious product and 4 weeks on a non-

frequency conscious product.

nominal order book, or the number of weeks worth of orders

{on average) that is set by policy to maintain a reasonable

working backlog of work. Since there is no feedback from the
final aggregate plan for all products which reflects variances
against budgetted output or capacity, this parameter is often

pre-defined in practice to offer some degree of control over
~ the level of the plan in response to a variable orders

received forecast.

The variables which are used in the calculation include:

opening wprk-in-progress as defined above, from the PNMF;
opening stock as defined above, also from the PNMF;

previous material plan, which is carried forward from the
previous quarter’s material plan for the product;

current order load, or the phased order book for the product

~adjusted in time to reflect the demand at the off-line

point, (Thé plan makes no allowance for abnormal .test work-

in-progress). The "brought forward” figure represents

delinquent performance, or overdue broducts (at the off-

line point).
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~Using the-relationship discussed in the main report nafrative,
‘namely:

- Orders carried forward = orders brought forward + orders
received forecast - production to be allocated

- Closing,stock = opening stock + off-line plan - production
to be allocated

_-_'Closihg work-in-progress = qpenihg:work-in-progress + material
plan - off-Tine plan.

The forward projection may be derived for the three reference plans:

- production to be allocated, which is used for order loading

- off-line plan, the plan against which main equipment shop
schedules are geared

- material plan,. the input to the purchasing and material
scheduling routines.

The logic in developing the plan has been kept as simple as possible
without destroying, as far as possible, the reality of the simu-
lation. Thus, no facility has been included to regress to a pre-
vious period where the Tine running rate is changed, to avoid
frequent rate changes, In practice this situation does not arise
because the plan is derived manualiy and the planner is able to

view the complete planning horizon as the decisions are made,
Further, simple rules have been incorporated to reflect critical
situations, for example, a sudden change in forecast which results
in a temporary overstock or éxcess work-in-progress.

In the real worid the planner may use some judgement in terms of
a trade-off between stock of finished equipments, sub-assemblies
or components. '

The module QPLAN makes use of a secondary module LIMIT, which
defines the constraints within which any changes to a plan may be
made.




[INITIALTSE
FILES

1 SET START
CONDLTIONS

CALCULATE
OPENING
ORDER LOAD

—l

INCREMENT
COUNTER
QUARTER

1

- SET PLAN SUBROUTINE
CHANGE LIMITS LIMIT

SET FLAG = 0

Sy

OFF-LINE PLAN
= DPENING WIP
WiP = 0

r

SELECT NEXT

RUNNING RATE

?:

CALCULATE
OFF-LINE PLAN

ZERC
RURNING
RATE?

¥
CALCULATE

WIP AND
MATERIAL PLAN

MATERIAL
PLAN 2 MIN

Y N
MATERIAL PLAN
= MINIMUM

~TEW WIP
<OLD WIPZ

INCREASE
RUNNING RATE

SET FLAG = ]

REDUCE
- | RURNING RATE

Cont. over.
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| JcALCULATE
STOCK

STOCK
INCREﬂSING

WEW S '
= OLD $TOCK ] ,

) ' TALCULATE
PROD, TO BE
ALLOCATED

CALCULATE
NEW ORDER
LOAD

EGATIVE
ORBER?LOAD

IRCREASE STOCK
BY ORDER LOAD
SHORTEALL

REDUCE STOCK
BY OVERLOAD

CALCULATE
: : PROD. TOQ BE
* ALLOCATED

Cont, aver.




CALCULATE
WIP AND
OFF LINE PLAN

URRENT REQUIREMENTS
>CURRENT AVAILASLE
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CST FOR

NEXT PERIOD

OFF-LINE PLAN +
STOCK + WIP

EW VIP =

N

{

OFF-LINE PLAN
= PREVIOUS RATE

OLD WIP - * 13
REQUIREMENTS
: NEW STOCK =
0LD STOCK
¥
NEW WIP NEW STOCK gEE%EA%EDBE
} = OLD STOCK| orr-LINE PLAN
: : ]
=NERNE DﬁlﬂREERVELO{\SD WIP - PREVIOUS
-QOLD ﬁlg RATE % NUMBER
; OF PLANNED WEEKS
STOCK =
OLD STOCK -
NEW ORDER LOAD
o
CALCULATE
PROD. TO BE
ALLOCATED
Y
CALCULATE
OFF-LINE PLAN
I A
f=
CALCULATE
MATERIAL
PLAR
¥
SET RURNING
RATE

]

CALCULATE HNEW
ORDER LOAD

Y,

i/

®)

Cont. over.
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ORDER LOAD
<HOMINAL

INCREASE
STOCK TO
BALANCE LOAD ]’

¥

ORDER
EOOK BELOW
MIN.?

INCREASE STOCK
TO BALANCE
LOAD

]

CALCULATE
PROD, TO BE
ALLOCATED

* CALCULATE
ORDER LOAD

2t

° . L

. ' FIX RUNNING
. . RATE

O

Summarised Flow Chart - Subroutine Qplan
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QPLAN

SUBROUTINE QPLAWCORFTCOLIFESYWIP,10NP, R, AFSMAX,O0CFMIN,OCFNOM, ONP,P
CAA,0CF,0FP,RRs%, TFILETYREQFILE/TIPRINT,MODE,EQUBUFR)

INTEGER ORF(10,7)7COLCI0C7IZFES(I0,7),WIPC10,7), IONPCI0,7).RE10,10
13, AFSMAX(10) TOCFMINTOCFNQM,ONPC10,7),PAC10,10) +FLAG,OCF(10,7),0FP(
290.7) (RR{A0,11) (ONPHAX (ONPHIN, TFILE(25,23) REQFILE(25,52),CUMDIF
ZEQUBUFR

RESET REQUIREMENTS FILES

Do 5 1=1,25
po 5 Jd=1,52

5 REQFILE(I,)=0

00 200 t=1,10 .
TECIFILECL,11).NEL1IGO TO 200

SET START CONDITIONS

CUMDIF=0

10 IONPCL,1Y=0NPC(L,I)

© FES(L,TY=I1FILE{L,16)

WIPC(L 1Y RTFILE(L,18)
OFP(Lei3=10NPCLATY
IF(MODE NE.3)GD TO 12
IFTLECL, 23) =0
6o T0 99

12 K=0
0o 15 J=2,5

.95 KeK+ORF(L,Jd) '

TFILECL,23) =K*EQUBUFR/S52,0
. §ET FIRST QUARTER LOAD AND CALCULATE OPENING ORDERS

19 AFSMAX{LY=TFILECLZ23)
coL(L,2)ecoLiLy2)eCOLEL, 1)
'06F(Li15-’-‘0
po 20 1=2,7 . .
20 0CF(Ls1)=0CFLLIN#COLELTE).

RESET QUARTER COUNTER

N=1

30 N=N#+1
NN=N=1
NpsN+1
IFENP,.LE.7IGO TO 40
Np=?7

SET PLAN CHANGE CONSTRAINTS

40 CALL LIMITCOFPLL NNYYN,R17071ONPCLAN) (ONPHAXYONPMIN,CUMDIF)
IFCIPRINT.GY.1IGO TO 55
WRITEC(2,50) LINTONPMAX S ONPMIN :
50 FORMATCAHO,6X,'PRODUCT = V,15,6XT'PERIOD = ',15,6X,'ONPMAX = v 157
16X, YONPHMIN = '415) '
55 FLAG=0
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CALCULATE INITIAL OFF=LINE PLAN

J=0

J=d+t
1PCd,LE10)GD 70 70
JzJ=1

GO TO 101

OFPCL NIYSR(LY I3, 0

CHECK FOR ZERO RUNNING RATE

IP(R¢L,JY.GT.OVGO TO 80
OFP(L, ) aWIPC{LINN)
WIP(L,NY=0

ONP(L,NYSO

GO TO %0

CALCULATE NOMINAL WS I;P. AND ONmLINE PLAN

WIPCL NY=IFILECLIt2Y«RCLYJ)D
ONP(L NY=0FPCLIN)nWIPCL, NN WIP(L,N)

CHECK AGAINST MATERIAL PLAN CONSTRAINTS

IFCONPCL,NY.LE.ONPMAXIGO TO 100 , .
FLAGEY ' :
IF(J.EQ.1YGO TO 100

Jedmt .

GD TO 70

ELAG IS SET TO 1 WHEN MAXIMUM MATERIAL PLAN IS REACHED

IFC(ONPCLINY .GE.ONPMIN) GO TO 101
IECFLAG.EQ.OY GO TO 60

ONP (L, NY=ONPMIN
TR(NIP(LINNYLGT . WIP(LANYYGD TO 102
ENEY I _
WIP(L,NYSIFILECL 12 %R(LT D)

OFPCL NYSONPLLYNIRWIPLL NN)=NIPC(L,ND

CHECK FOR ZERO FORWARD REGUIREMENT

TECORF(LINP) .GT.0)GO TO 110 -
TECCOCECL, NN +ORFCLIND Y, 6T, CRRCLINN) w13+ FESCLeNN) #WIPCLTNN))IGO TO

1107,

103

105

107

U!P(L.N)éu!P{LTNN3~OCF(LTNNSFORF(L.N)
TECUIPCLINY L LE.0)GO TO 103

FES (L NYSFES (L, NN)

6o TO 1050

WiP(LN)=
0és<L.N)=GCF(LTNN5+0RE(LTN)auIP(L.&N)
FES(L NYEFESCL,NNY=OCFCLYNY
YF(FES(L,NY.GT.0)GO TO 103

FES(L,NY=D )
PACLeNY=OCFCL,NNY#ORF(L,N) h
OFP(L:N)SPA(L-N)*FES(L;N)HFES(L:NN)
Go TO0 109

CEP(L,N)SRRCL, NNI 13

FES(L NYSFESCLRN)

PACLIHYSOFP L, N)
HIP(L:N)wRR(LrMN)*!FILE(L:12)
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ONPLL,NY2OFPLLINIRUIPLL, N)=WIPCLINND
RRELNY =RROLTNN) .
OCF(LsNYSOCFCLINNY+ORFCL, NImPACL, N2
GO TO %62 |

CALCULATE STOCK AND PRODUCTION TO BE ALLOCATED
FESC(L,NY=IFILECL.23)/2,0
IS STOCK INCREASING

IF(FESCLINY _LE,FESCLYNNDIGO YO 120 .
YF(OFP(L,NY.GT. (FESCLZN)AFESCLNNIIDIGO TO 120
FES(L,NY=FESCLTNNY _
PACLINY=0FP (L, N)=FESCL/NI#FESCLANND

OCE(L NY=O0CEFLLINNY+ORFILYNInPALL N
IFCOCF(LINYIT124,126126
FESC(L/NIBFESCLINImOCFLLN)

6o TO 120

CHECK FOR OVERLOAD

IECCOLLLYNY . LE.PACLLINIIGO TO 140

1e(FLAG ER.0)GO TO 60 o
TEC(COLIL, NMY=PACLINYY ,GTLFESCL,N))GO TO 130
FESCL,NY2FESCLYNY mCOLCL, NY#PACLSN)

GO TO 120

FES(L,N)=0

PACL NY=OFP(L RY*FESCL/NN)

CHECK FOR INCREASING ORDER BOOQK -

YF(OCFCLENY . LT.OCENOM®R(L, 43260 TO 150
YE(FLAG EQ.0)GO TO 60

CHECK EOR 1ST QUARTER UNDERLOAD

IF(N.GT.2Y60 TO 155 _

TECPACL,NY  LELCOLELTIO+TFINCORECLANI % (13~0CFMIN)/13,0))G0 1O 1453
FESCL,NY=FESCLIN) #PACL, N)=COL (L N)=TFIXCORFC(L/NY*(13-0CFHIN) /43,02
60 10 120

CHECK FOR MINIMUM ORDER BOOK

TECOCF(L.NY.GT.OCEMIN®ORFCLINPY /43.0)G0 TO 160
FES(L NYZFES(LIN)ROCFMIN®ORFCL,NP)/13,0-0CF(LeN)
PACL MY =0OFPCL/NY=FESCL/N)I+FESCLNN)

OCF (L, NY=OCFCLINNYORFCULYNYmPACL, N
RRELANY=RCL, D

IE¢N,GT. 3Y60 TO 165
CUMDIF=OUMDIF«IONP(LYNY=ONP{L,N)

Ip(N, LY 7)G60 TO 30 o

CONTINUE

RETURN

RETURN 1

END
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B31 - SUBROUTINE QPLANPRINT

The subroutine QPLANPRINT serves two purposes:

a) to portray the new quarterly production plans resulting
from the subroutine QPLAN;

b) to present the information in a readily readable form, -
which includes a calculation of the actual order load in
weeks, This data is not required as part of the model logic,
but completes the plan presentation format as used within
the Company and permits diagnostic analyses.

In addition to the presentation of the quarterly based file contents,
QPLANPRINT also identifies the parameters applicable to the quarterly
plan calculation. ‘

i ' SUSROUTINE
{ - \ QPLANPRINT

CALCULATE
ORDER LOAD
IN WEEKS

WRITE
REPORT

A

S
(reTuRy) -

Summarised Flow Chart - Subroutine Qplanprint
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QPLANPRINTY

SUBROUTINE QPLANPRINT(ORF,COL,FES,WIP, 1ONP,RY AFSMAX.OCFMIN OCFHONG
10NP,PALOCE.OFP,RRYAFILE,IFILE)

REAL AFILE(25,3)

INTEGER DRF(10??):CDL(107?)7FES(10.?}aWIP(10¥7):IDNP(10&?).R(10:10
1Y AFSHAXCT0) (OCFMINFOCFNOM,ONPC10,7)PACI0,10) ,0CF(10,7) OFPCA0,T)
29RRC1G,11), PASUM,OCFWKS(7),IFILE(25,23)

po 100 k=1.10

TECIFILE(K,11) . NEJ1YGO TO 100

WRITEC2,30)AFILE(K, 1) :

FORMAY (1K, /7/76X7YQUARTERLY PLAN FOR PRODUCT TYPE'.2Xs1A8///}

CALCULATE WEEKS WORTH QF ORDERS CARRIED FORWARD

COLCK, 2)=COI(Ka2)rCOL(K 1)

Do 80 N=1,7 -

IsN

PASUM=D

IEER!

IECY,LE ?)GO TO 50
PALK, 1Y =PALK, I=1)
PASUM=PASUM+RALK, I)
SEC(OCFLK»NY.LE, PASUMYGO TO AD
1pC1, LT 40060 YO 40
PASUMSROCT (X, W)

Go 10 70

PASUMSPRASUN=RATK, 1)
Ig:PA(K;!).GT.O)GD TQ 75§

Mz

GO T0 80

MzPACK, 1)

OEFWEKS(NY=(ImN= 1)*13+<0CF(K.N)~PAQUM)w13/M

WRITE RERORT |
WRITE(2:310) COCF(K, 12512173 ¥ (OCFMKSCI) 124,70 1 (COL(KAT) 4T=1,7) ¢ (0

TRE(K 1) /122, 7) s (PACK{T) (1227 T7YSCFES(K, )5 1=1,:T), (OFP(K 1),1=22,7),¢
2WIPC(K, 1)Y= 1”?).CRR<K 1)7 Iu?.?):(ONP(K;I)-I 2.?)

310 FORMAT(1H0 6Xr VQUARTERY, 21X, "RZF !, 5XY '01'.Sx.'Q?':SX.!QS!.SX,'QA':

15X, 7Q5 15X, Q61 /6%, 1ORDERS CARRLIED FORWARD',4X,717//6X%,'ORDER BOOK
2 (WEEKS) ', 8X7717//76X7VCURRENT ORDER LOAD',8X, 717//6X+1QROERS RECE!
IVED FORFCASTYOXs617//6X, ' PRODUCTION TOQ BE ALLOCATED')7X, 61?//6x.!
LSTOCKY 24X 7177 /6X, 0FF=LINE PLANY,20X+617//6%, 'WORK IN PROGRESS!Y
510X, 717/76%, YLINE RUNNING RATEY 16X, 617//76X, fMATERIAL PLAN' 20X ,6]1
6771
1wnzTE(2?320)(IDNP(KTJh.Jn2.&>,AFSHAX(K>.OCFMIN,OCFNON;cRck,J).J=1;
10)

320 FORMATCAROAX "NOTES ..o 7'/ /711X "PREVIOUS MATERIAL PLANT,?7X,317/1

101X YMAXTIMUM AUTHORISED STOCKY,18//11% FMINIMUM ORDER BOOK?!,?7X.17/
2/49%,YNDMINAL ORDER BOOKt, 77Xy 17/ /7141X7 'RECOMMENDED RUNNING RATES',5
317/756%,517)

100 CONTINUE

RETURN"
END
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QUARTERLY PLAN FOR PRODULT TYPE MF6AM 02
QUARTER s a1 Q2 a3 ad 05 (Y3
~ ORDERS CARRIED FURWARD 310 3485 372 347 319 262 _ 212
! ORDER BODOK (WEEKS) 9 9 ? 8 7 8 5
| CURRENT ORDER LOAD 25 285 0 T 0 0 0
! ORDERS RECEIVED FORECAST 518 507 495 483 472 4614
PRODUCTTION TO BE ALLOCATED YA 520 520 520 520 514
_ sToCK 0 77 77 7717 77 86
 GFF-~LINE PLAN o 520 520 520 520 520 520
WORK IN PROGRESS 80 80 80 80 80 80 80
LINE RUNNING RATE - 40 40 40 40 40 40
MATERIAL PLAN o 520 520 © 520 529 520 520
NOTES. ...,
 PREVIOUS MATERIAL PLAN 520 520 520
MAXIMUM AUTHORISED STOCK: 154 '
% . MINIMUM ORDER B0OK P
| NOMTHAL ORDER 800K 10
RECOMMENDED RUNNIHG RATES ¢ 2 ' .5 12 T 18
25 40 70 110 150

Sample Product Quarterly Plan
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832" - SUBROUTINE QTREVENTS

Subroutine QTREVENTS controls the sequence of the quartef]y
activities, the majority of which are dependent modules.

a) Dependent modules

QTRRESET . - resets the planning and execution files in
preparation for the next guarterly cycle.

FORECAST - calculates the quarterly orders received
forecast from the order received history.

QPLAN - establishes a new quarterly pTan in response
to the new orders received forecast.

QPLANPRINT - optional module permitting the result of the
' planning process to be examined,

WEEKLYPLAN - converts the time base from quarterly to
weekly planning data, '

EXPLODE - generates nett requifements for Tower level
‘parts by using the product structure
relationships.

SCHED - establishes the supplier schedule for component
items.

RECEIVE - determines the actual input pattern of material

against the planned supplier schedule.
b) Independent modules

TRENDI - modifies the product mix data when orders re-
ceived trends are introduced into the model.

EBQ - calculates the "economic batch quantity" to be
used in the sub-assembly programme determination.



(CALL GTREVENTS)

RESET SYSTEM

FILES

L

RECALCULATE
PRODUCT MIX
TREKD

!

ESTABLISH NEW
FORECAST

|

ESTABLISH -
PRODUCTION

PLAN
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ESTABLISH
WEEKLY PLAN

!

CALCULATE
MATERIAL
REQUIREMENTS

1

ESTABLISH
BATCH SIZES

!

ESTABLISH
SUPPLIER
SCHEDULES

l

OETERMINE
MATERTAL INPUT
PATTERN

- SEGMENT _NAME

QTRRESET

TREKD I.

FORECAST

QPLAN

QPLANPRINT

WEEKLYPLAN

" EXPLODE

EBQ

SCHED

RECEIVE

Summarised Flow Chart ~ Subroutine Qtrevents
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QTREVENTS

SUBROUTINE QTREVENTSC(ORDHISTFAFILE,IFILE,IPRINT,COL,ONP,R,RESPONSE
1 1SEEDY TABLEY,1SEED2, TABLE2YOCFMIN, OCFNOM, SCHEDULE, INPUT,OPFILE,O
2RBBK, TOYAL, WEEK, REFWEEK, TQTRYEXFILE,REQFILE, DELPLAN,NETPLAN, ICOUNT

TISHORT CARPACITY ) UTIL:LEADTHITREND,TABLEG6,PRODMIX,ALLQ/MODE,EQUPER
LE, 'TEMPERF,ORDPERF, EQUBUFR)

REAL AFILEC2S5:%),TRENDL(?),PRODMIX(?)

INTEGER IFILE(ZS:23)"DRDHIST( 5,12),0RF (10, ?):COL(10:?):FFS(10 ax
TWIP(10,7), YONPEIOT7ITR(10,40) (AFSMAX(10) +OCFMIN,OCFNOMIONP(10,7) 4P
2ACI010)70CECIO 7Y 0FP(I0, 7Y YRRE1011) +REQFILE(25,52) /DELPLANC 5,45
32)CAPACITY, RESPONSE,TABLE1(7:2), TABLFZ(?;Z):ISEFD1p!SEEDZ SCHED
GULE(25,13), INPUT(25/52) ,OPFILE(125,575,10),0RDBK( 5,52420,5)TOTAL
5¢5,52) JUEEK, REFUEEK] EKFILF(?S 52), NETPLAN(S:SZ) LEADTM(S5,52),TABLE
.66(?:2) ALLG (12,507 6):EQUPERF(10:30)'ITEMPERF(10p30)-ORDPERF(Z 30)
PP 1COUNT(25), ISHORT(25) +EQUBUFR

IFCIPRINT.GT.1YGO TO 8§

WRITEC(Z2, D)

T FORMAT(AHO, 6Xot% % % * QTREVENTS % & * #1//)

§ CALL QTRRESET(OPFILEVORDBK,TOTAL,WEEK,REFWEEK/TGQTR, EXFILE,IFILE/AF
T1LE.COL. SCHEDULE + INPUT, NETPLANYQONP,OFP, IPRINT:ICOUNT:ISHORT:LFADTH
2 EQUPERFESITEMPERFFORDPERF)

- CALL TRENDI(TABLEG:PRODMIX,TREND,IPRINT)

CALL FORFCAST(ORDHIST;ORF IPRINT,AFILE,IFILE) -

CALL QPLANCORF, COL, FES/WIP, IONP, R, AFSMAX, OCFMIN, , OCENOM; ONP,PA,OCF
10FP,RR,£100,1FYLETREAFILE,IPRINT MODE,EQUBUFR)

TFCIPRINT,G6T.53GO TO 10 _ .

CALL QPLANPRINT(ORF,COL,FESTWIPJIONPYR+AFSMAX¢QCFMIN,OCFNOM,ONP,PA
140CFsOFPRRS AF!LE.IFILE) '

10 CALL WEEKLYPLAN(OFP/REQFILEZIFILE,PATDELPLAN, IPRINT,AF!LE)

- CALL EXPLODE(AFILE,1FILESREQFILEVIPRINT ALLR)

CALL ERQEREQFILE,IFILESIPRINT,AFILE,CAPACITY, UTIL)

CALL SCHED(REQFILE, SCHEDULE.RESPONSE:IFILE.AFILE IPRINT)

CALL RECEIVE(SCHEDULES;INPUT, ISEEDT,TABLEY/1SEFD2, TABLE2,IFILE, PRI
INTSRESPONSE,AFILE)

100 RETURN
END _ .
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B33 - SUBROUTINE QTRRESET

" The prime planning files are reset each qUarter by subroutine
QTRRESET, thus limiting the amount of redundant file space in
the model, QTRRESET also initialises a number of files and para- -
meters used for performance measurement and diagnostic ana1ysis.'

The quarter counter is reset to 13.0 weeks.and the component ser=-
vice level status variablesareinitialised in préparation for the
next quarterly cycle. For the first simu]ation.cycle only, the
off-line plan, OFP, is loaded with the material on-line plan, ONP.
The parameter REFWEEK is incremented by 13 weeks, indicating the
last week number of the previous quarterly period,

The following files are then reset as indicated.
a) ORDBK

" The equipment order book cannot be simply advanced by thirteen
weeks, since the overdue orders are still required to be
serviced, In the interests of file economy, these records
are transferred to the *tail end” of the file and identi-
fied with an "overdue" flag as shown.

Orde# Order
Load . 1 Load

—>
7 =N

' Q1 Q2 Q3 Q4 Q1 Q2 @3 Q4
Overdue ' — - '
Period Overdue
Time _ Time
Now Now

Resetting ORDBK




b)

d)
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ONP

The material plan, which is carried forward to QPLAN as a plan
constraint, is reset by moving the data forward by one period.

TOTAL, NETPLAN, INPUT, EXFILE.

The total load, .loading plan, material input and expedite
“files are each organised into 52 weekly periods. In each

case the overdue periods are discarded and the file contents
advanced by 13 periods.

SCHEDULE

The schedule file contains twelve monthly periods plus a

- gross overdue, or arrears, value. The residue of the current
~ quarter js added to the arrears total and the file advanced

f)

in three periody 1ncrements.

The current order load is derived by searching ORDBK for
undelivered quant1t1es and loading these into the fz]e coL
for subsequent use by subroutine QPLAN.

The files containing order performance statistics are
cleared down in preparation for the next quarterly cycle.




SUBROUTTNE
QTRRESET

RESET-
QUARTER, WEEK
COUNTERS

RESET SERVICE
LEVEL COUNTERS
AND LEADTIME

ITNCREMENT
REFERENCE WEEX

1

ADVANCE ORDER
BOOK ONE
QUARTER

B

ADVANCE MATERTAL
PLAN, TOTAL LOAD,
EXPEDITE AND
INPUT FILES

ADVANCE
SCHEDULE
FILE

¥

CALCULATE
CURRENT ORDER
LOAD

RESET DELIVERY
PERFORMANCE
STATISTICS

r
RETURN

Summarised Flow Chart - Sub-routine Qtrreset
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QTRRESEY

SUBROUTINE QTRRESET(OPFILE,ORDBK, TOTAL WEEK,REFWEEK, TQTR, EXFILEY
1IFPILE,AFILE,COL,SCHEDULESINPUT,NETPLAN/ONP,OFP,IPRINTJCOUNT,I1SHOR
2T, LEADTH EQUPERF ITEMPERF, ORDPERFE)

REAL AFILE(Z25,3)

INTEGER IFTLEC2S,23)0PFILEC125,5,5,10),0RbBKE 5,52,20,5),T0TAL( 5
1452) WEFK, EXFILE(25,52),C0L¢10,7),REFWEEK,SCHEDULE¢257,13),INPUTY
225, 52):NETPLAN(S:SZ)"OFP(10.?) ONPC10.7) s IHOLD(S) s LEADTM(S5,52) +EQY
3PERF(10,30), ITEHPERF(I0} 30).0RDPERF(2 30),1COUNT(25),ISHORT(25)

TF(IPRINT.GT.1IGO TD 3

WRITEC2,1) : '

FORMAT(4HO, 6X;!* % %8 GQTRRESET w # * *' /1)

Tarr=13.0

WEEK=1

po 2 1=1925

ICOUNTEr) =1

ISHORT(1)=0

bo 4 1=1.%

DO 4 J=1752

LEADTMCT,4)=0

IF(REFWEEX.GT,0) GO TO 5

Do 243 N=1.5

DO 243 J=z1.7

OFP(N,J)ZONP(NTY)

REFUEFK=REFWEEK+13

RESET ORDER BOOK

bo 80 ! 1.5

TECIFILECIL11).6GT,1)G0 TO 80

DO &0 MA=%4,13

MezMA+ 30 '

MGEMA+ 24 ' . '
be 80 MD=1,20 ' :
Do 50 ME=1.5 _

IHOLD(ME)Y=0RDBK (I TMATMD ,MEY

DO 60 MB=MA,MG,13

MesMB+13

DO 60 ME=1.,5

ORDBK(Y,MB M0, MEYmORDBK (Y ;MC/HD ME)

CONTINUE

bo 70 ME=4%,5

ORDBKC(I,MF,MD(ME)=IHOLD (ME)

IFCORDBK(I,MF,MD+3)ER.0)GO TO 80

ORDBKCY,MF,MD &)=Y

CONTINUE

RESET ON LINE PLAN

Do 120 1=4.10

pe 120 Jz1.,6

K=J+1

ONP(E,J)YRONPCT LK)

RESET TOTAL LOAD,EXPEDPITE FILF AND INPUT FILE

bo 174 =1 ' 5
Do 1?0 J=1,39
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K=J+13%"

NETPLANCY,J)YSNETPLANCI,K)

TOTALCY, DY =T0TAL(L,K)

bo 172 4=40,52

NETYPLANCE,J)y=0

TOTAL(I,J)=0

CONTINUE . '
IF(IPRINT.GT.3)GO TO 1?: .
WRITEC2.,110)REFWEEK

FORMAT(1HY,6X VFILES RESET AT END OF QUARTERY//6X,'REFWEEK=';14)
CALL ORDBKPRT(ORDBKIAFILE, IFILE, TOTAL,REFWEEKD
IFCIPRINT,.GT,4)G0 TO 179

WRITE(2,176)

FORMATCIHO - &X, TEXPEDITING FREQUENCY'/)

Po 478 1=1.25

FFCIFILECI, 1Y) NELAYGD TO 178
WRITEC2,/17P)YAFTLECT 1Y CINPUTCI U) Jds1420) , CEXEILECTJ) 7  1,20)
FORMATC(IH »6X,AB,2015714X,2015)

CONTINUE

DO 190 1=1.25

IFLIFILECT,11).NETAYGD o 190

bo 180 41,39

Ked+13

INPUT(17d)Y= INPUT(I:K)

EXFILECI,J)=EXFILECITK)

b0 183 u4=40.52

INPUTCY, 3)=0 - '

EXFILECIZ Y)Y =0 ' .

CANTINUE

RESET SCHEDULE FILE

bo 185 J4%2,4

SCHEDULE(T,1)= SCHEDULE(I TI+SCHEDULECI ,J)

bo 186 (=2,10

K=L+3

SCHEDULELT,LYSSCHEDULE(T K)

IF(IPRINT GT. 360 TQ 190

WRITE(2, 18?)AF!LF(I AV CINPUT (L ) 1,200, (EXFILE(I:J)oJ 1;20):(8

TCHEDULE(I,4)7d=1,13)

FORMAT(1HO., 6X:'PRODUCT.... FTAB///6Xs VINPUTY 8K 2015/ /76X, VEXFILE! 7

1X,2015//76X:'"SCHEDULEt;1315)

CONTINUE
CALCULATE CURRENT ORDER LDAD

TFCIPRINT.GT,3)GO TO 205
WRITE(2,203)CJ,J=4,6)
FORMATC(AHO/6Xs YCURRENT ORDER LOAD'.ZX,'OID':SX 603X 'QY 1))
Do 250 1=1.,5

IFCIFILECT,11)  NEV1YGO TO 250
col¢l,1)y=0

bo 210 L=1.82

Do 210 M=1,20

1P (ORDBKLT,LY M'A)'EQ 0360 10 210
coL{l,1y=coOL(I; 1)m0RDBK(IuL M, 3
CONTINUE

bo 230 Jﬁ2.5

CoL(I,dy=0

Ke{Jul) w13

NaK~12
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po 230 LaN,K

bo 230 M=1,20 |
1FCORDBKI(I,LyM74)EQ,LY) GO TO 230
COLCI,J)=COLCT,JIRORDBKCI,LIM,3)

230 CONTINUE

TECIPRINT.GT.3YGO TO 250
WRITE(2,/220)AFSLELTI1), (COLUL, D5 Un1T7)
220 FORMATCIHO,10X,A8,6XT15,3%,615)
250 CONTINUE

RESTT DELIVERY PERFORMANCE STATISTICS

bo 260 121,10
bo 260 4=1,30
EQUPERF(1,J) %0
ITEMPERF(I,J) =0

260 CONTINUE .

Do 270 12,2

bo 270 Js=x1,30

ORDPERFE(1,J)=0
270 CONTINUE '

RETURN

END



B34 - SUBROUTINE RANDOM

The generation of pséudo-random number streams is required'
to support the various sampling tables and distributions
accessed by the model, '

Two factors were considered when selecting a suitable pseudo-

random number generatdr design:

- the génerator should be capable of accepting an
external seed, which could be returned for future
use, This facilitates the identification of a unique
stream of seeds with a particular sampling facility,

- the generator should be capable of accepting negative
seeds if antithetic sequences are required,

The design chosen is a multiplicative congruential method as
described by Naylor et al (1966). The model is designed to run
on an ICL1904S computer, which is a 24 bit word machine.

‘The number of bits available for number definition is 23..

The modulus, m = 2b, where b 15 the number of binary'digits |
(bits) in a word. This m = 2P = 224

The value of "a" which is retatively prime to "m* is given by
the congruence relation

which may be expressed as
a=8t+3
where "t" is any positive integer. "t" should be chosen to give

"a" close to 2b/2’ or 2048 (for a 24 bit machine). Hence a value
of 2048 - 3 = 2045 was selected.
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A starting value Mo (the seed) is selected, which should be
relatively prime to Zb, a condition which is satisfied by any
odd number.,

The product an will consist of 2b bits, the lower-order "b" bits
- representing.nl. This value is returned as a seed for subsequent
-use, The subroutine returns *1» which is a uniformly distributed
variate defined on the unit interval, where ry = n]/zb = n1/223

r The subroutine will produce a series of random ﬁériates Fieeol)
_ which will repeat after 222 = 2097152 numbers.

The subroutine depends upon the standard FORTRAN compiler logic,
where an integer multiplication instruction automatically discards
the high order b bits. The compiler "XFAT" will not normally allow
‘this condition (which results in the overflow register being set),
thus an error trap has been introduced to suppress an error exit
on overflow condition. The error condition is re-established on
1eav1ng”the.sub-routine. '

The subroutine is based on an IBM library program modified to
comply with the above parameter‘défihitions; A SequenCe to accommo~
date negative seeds has been included to provide the facility of
antithetic streams, '

The'output of the pseudo-random generator has not been tested by
any of the standard statistical methods. Sequences of numbers
have been visually checked as"a uniform distribution and after
application in a random normal deviate generator, Both instances
provide acceptable results in the context of the model, If a
rigourous analysis of results is required, including meaningful
tests of significance, appropriate statistical tests must be
applied.
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SUBROUTINE RANDOMEETYY \

EXTERNAL OVER , . ‘

CALL FTRAP(OVER) ' '

IF(JY60,40,10 : ’ :

J=220645+4

TRCJYZ20,/ 40,30

Jed+8388607+1

E=J/B83886408.0

CALL FRESET

RETURN

WRITE(2,50) :

FORMATCAHO, 6%, VZERO RANDOM STREAM')

STOP

J=2045%y

1RCJ)YBOL40,70

JmimB8388607-1

Ez{.0+J/8388608.0

CALL FRESET

RETURN
\
\
|
|
|
|
|

END

ERROR TRAP

FRROR TRAP

SURROUYTINE OVER(ID)

IF(I,EQ.S0YGO TO 100

WRITE(Z2,10)1

FORMATCAHO,6X, YEXECUTION ERROR »!',13)
PAUSE EE

RETURN

END
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B35 - SUBROUTINE RECEIVE

The schedules of planned deliveries from the supplier are
established "in subroutine SCHED and maintained in month)y

buckets in file SCHEDULE. The actual deliveries will tend

to conform to a pattern-around the planned receipt date, -Subroutine
RECEIVE establishes the deviation from.the planned receipt date

and creates a new f11e, INPUT, which contains the weekly pro-
gramme of actual material receipts.

The schedule response time, which is the'peribd during which no
changes may be made to. the supplier schedule, is also applied

to the input file. This ensures that the two files, SCHEDULE and
INPUT are consistent. The response time is stored in months

for use in SCHED and is converted to an equivalent weekly value
for use in RECEIVE.

The schedule of supplier deliveries is maintained in SCHEDULE as
a series of monthly quantities due in the last week of the month.
Subroutine RECEIVE determines, for each scheduled receipt, the
actual delivery week, Two sampling tables are used to determine
the spread around the scheduled date; the first is applicable

to normal deliveries beyond the schedule response time, and

the second is applicable to "arrears" to schedule, |

The file INPUT is re-created each quarter following establishment
of the file SCHEDULE in subroutine SCHED. A1l data in file INPUT
is cleared down beyond the schedule response time and the data
within the response period is carried forward, No further changes
to the data curréntly within this period are permissible.

File SCHEDULE is interrogated for finite scheduled receipts.
The actual receipt date of the batch is determined by sampling
from TABLE 1, which is a frequency histogram defining the
deviation from the pianned date and is of the form shown in
(a). The relative frequency for each interval is shown in {b}.
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] CUMULATIVE - . RELATIVE
FREQUENCY FREQUENCY

100 | . 40

T,

301 -

50 . 20

10

1 1

3 -2 101 2 3 .3 -2-10 1 2 3
~ DEVIATION (WEEKS) ' DEVIATION (WEEKS)

‘Thus, the actual delivery date is equally distributed around the -
_p1anned date with a maximum deviation of 3 weeks. The scheduled
batch is assumed to be delivered in one shipmenf, thus the scheduled
‘quantity may be loaded into the appropriate week in file INPUT,

Within the schedule response time, the gross value of schedule
receipts is compared to the actual input batches in file INPUT
for the same period to arrive at a net value. This net value is
treated as a schedule arrear, Arrears inputs augment the normal
réceipt batches, the receipt dates being derived by sampling
from TABLE 2. TABLE 2 is a cumulative frequency histogram
defining the actual delivery week as shown below.

| (a) o (b)
| CUMULATIVE ' JRELATIVE
FREQUENCY - A FREQUENCY
100 : 50
40
30

50

20
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File INPUT is, therefore, created from three elements:
a) Previous INPUT data; within the response period;

b} Arreérs to schedule, being the difference between the
schedule batches and the actual input within the
response period;

¢) Normal schedule receipts beyond the response period.
SUBROUTIKE
RECEIVE

CALCULATE
RESPONSE TIME
IN WEEKS

SELECT
NEXT 1TEM

CLEAR TNPUT
FILE BEYORD
. RESPONSE TIME

f

CALCULATE
DIFFERENCE BETWEEN
INPUT AND SCHEDULE

OVER RESPONSE TIME = NETVAL

I

DETERMINE

WEEK NUMBER QF SUBROUTINE
SCHEDULED DELIVERIES HSAMPLE 1

BEYOND RESPOMSE TIME

Summarised Flow Chart -

Subroutine Receive

]
REDUCE
NEXT INPUT
’ BATCH
_ Y
DETERMIKE REDUCE
WEEK T0 ADD NETVAL
QUANTITY

ADD NETVAL
TO INPUT

| fﬁ—
RETURN
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RECEIVE

"SURROUTINE RECEIVE(SCHEDULE?INPUT.!SEED1ZTABLE1.ISEEDZ;TABLEZ,!FIL

1E,IPRINTIRESPONSELAFILE)

FIRST BUCKET OF SCHEDULE IS ARREARS
EIGHT WEEKS OF INPUT IS FIXED

REAL AFILE(25,3)

INTEGER INPUT(25,52)F8CHEDULEC25713), TABLE1(7;2) TABLEZ(? 2) ¢ TFILE

1¢25,23) ,RESPONSE

TECIPRINT.GT1YGO 1O 400
WRITE(2,420)

FORMAT(IHO 16Xot% w w % RECEIVE % % % w!//)
M=RESPONSEx*4 :
IFCIPRINT,GYT, 3360 TO 1

WRITEC2,200)
FORMAT(1HO// /76X, "MATERIAL INPUTH)

DG ?0 N=1025 ]
TFCIFTLECNST1).NEVAYGO TO 70

DO 5 JsM+1.52 .

INPUT(N,J)=0

NETVAL=0

Do 10 Js1,RESPONSE#
NETVALSNETVAL+SCHEDULECNTJ)

DO 15 J=1.,H4 _
NETVAL=NETVAL=TNPUT(N,J)
FECIPRINT.GT.13GO TO 46
WRITE(2,100)NETVAL
FORMAT(1HO 66X INETVALE $714)

PO 30 J=RESPONSE#2,43

Kebr(Jr1)nl

IF(SCHEDULE(N,4) . EQT0YG0O YO 30
NUMBER=0

IFCISEEDT.EQ.0YGO TO 20

CALL HSAMPLE 1(¢ISEED1sNUMBERYTABLEY)
TP C(KeNUMBERY . LE,LS52)G0 T0 20
NUMBER=52~K

INPUT (N, K+NUMBERY SINPUTLN , Xt NUMBERY#SCHEDULE(N, J)
CONTIHUE

TE(NETVALY&LD? 65,35

NUMRER=2

IFCISEEN2.EQ.0)GO TO 37

CALL HSAMPLE 1(ISEED2;NUMBERYTABLE2)
I=NUMBER+M

GO TO &0

PG 50 [=M+1,52

IFCINPUT(N, 1), GE, JABSENETVAL)YGO TO 60
NFTVALaN&TVAL+!NPUT(N.I)

INPUTUN, 1) =0

TECILGT.52) GOTO 4§
INPUT(NZI):INPUT(N-!)*NETVAt
YFCIPRINTY.GT.3YGO TO 70
WRITEC2,300)AFYLECNYA)Y  CINPUTCIN, I) w1 ,40)
FORMATCAHO 6X s AB42X,2015//16%,2015)
CONTINUE

RETURN

END

m
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B36 - SUBROUTINE SCHED

The subroutine SCHED converts the requirements plan for a pur-
chased part into a monthly "call-off" schedule for the supplier.

The prime input to the subroutine is the net requirement for the
part, which is presented to the program in weekly. detail. The
previous call-off schedule is used as a réference._With,any
backlog appearing as a single "arrears" value, Eéfly deliveries
will appear as a negative arrear to schedule.

‘The existing scheduling system logic employs an eight week
“frozen period®, or schedule response time, during which the
previous schedule is maintained. Any prospective change to the
schedule thus applies immediately beyond the fixed period.-.

In practice, any changes required during the fixed period and
any significant changes beyond the fixed period, would be dis-
cussed between the Purchasing Department and the supplier and a
schedule revision is agreed, The final schedule is input to the
system and is used to monitor supplier performance. No formal
procedure is present to feed back the revised information and
evaluate the implications on the plan,

The simulation model uses an input parameter to determine the
response time before schedule changes are effected and assumes
that: '

a) the "frozen" period is inviolable;

b) no manual intervention may take place;

c) purchase order cover is available to support the reguired
call-off schedule. '
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The final schedule returned to the model will thus reflect:
(i)} the previous schedule arrears;

(1) the first "x" call-offs of the previous schedule, where
X is the response time in months;

(iii) the following new requirement in monthly periods based on
- the net requirements. '

- . ( SUBROUTINE )
: SCHED

WRITE
HEADER

]

SELECT NEXT
1TEM

WRITE
PREYIOUS
SCHEDULE

CONVERT
REQUIREMENTS
DUE T0O MONTHS

Summariséd Flow Chart -
Subroutine Sched

CALCULATE
DIFFERENCE BETWEEN
REQUIREMENTS ANO
PREVIOUS SCHEDULE
= NETVAL

REDUCE
REQUIREMERT
BEYDND
RESPONSE TIME

ADD TO
REQUIREMENT
BEYOND RESPONSE TIME

=

WRITE NEW
“| SCHEDULE

ma s bt e bl
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SCHED

SUBROUTINE SCHED(REQFILETSCHEDULE,RESPONSE, IFILE,AFILE,IPRINT)
REAL AFILE(25,3)

INTEGER NETPLANCY2), JOLDSCHED(13Y,SCHEDULEC25,13) yRESPONSE, REQFILE(
125:52),1FILE(25,23)

NOTE THAT FIRST PERIOD OF SCHEDULE IS ARREARS

IF(IPRINT GT.1Y6G0 TO 400

WRITE(2,420)

FORMATCAHO . 6X e % % % ®  SCHED % % % xt//)
1FCIPRINT.GT.3)G0 7O 1t

WRITE(2,150)0 L, Ju=1,12}

FORMATC(AHO/ /6%, VCOMPONENT qcnrDULFs'//16x.'ARREARS'.1218>
DO 70 N=1,25 - ,
xs(IFiLE<N.11>;NE:a)Go TO 70
1FCIPRINTY.GY.33G0 TO 2
WRITE(2,250)AFILE(NLT)Y 1 (SCHEDULE(N,JY,d=1,43)
FORMAT(1HO/6X, VPARY NUHBER'/2XsAB//6X,'0LD SCHED',18,2X:1218)
DO 3 J=1,13

OLDSCHEDCI)=SCHEDULE(N,J)

DO 5§ J=4.12

NETPLANCS) =0

Mzgws)m3

DO 5 KsMiM+3
NETPLANCIY=NETPLANCJI*REQFILE(N,K)
SEHEDULE(N, 1) =0LDSCHED (1)
NETVALSOLDSCHED (1)

IF(RESPONSE.EQ, 0G0 TO 20

PO 10 J=2,RESPONSE+1

IFCJ,GT 12)G0 YO 70
NETVALRNETVAL+OLDSCHED (J)=NETPLANCI=%)
SCHEDULELN,J)=0LDSCHED(J)

K=RESPONSE

KoK+

TF(NETVAL. GT NETPLANCK) GO to 40
SCHEDULECN, K+1)=NETPLAH(K)-NETVAL

60 70 50 _
NETVALSNETVAL~NETPRPLAN(K)

SCHEDULE(N, K+12=0

IF(K,LT.12)60 Y0 30

IF(K,GE.12)60 TO 70

Do 60 L=Kk+1,11

SCHEDULF(N,Le1}= NETPLAN(L)
IFCIPRINT,GT, 3)GO 1O 70 )
WRITE(2,350){SOHEDULECN, I) ,d=1,13)
FORMATCIHO/6X o PNEW SCHED?T,1892Xr1218)
CONTINUE

RETURN

END
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B37 -~ SUBROUTINE STKALL

Orders which have been selected in subroutine ALLOCATE are moved
from "open" to "allocation" status in file OPFILE and have their
component requirements allocated against stock. This is per- -
formed by subroutine STKALL, '

Entry into the subroutine is followed by a check that a free
record is available in the allocate queue, ALLQ, for the required
product, If the file is full, control is retufned-to-the calling
programme. ' ' |

The allocation queue record is created by writing into the next
available space the order number, item number, due date and
guantity. The minimum lead time that the order must remain in
ALLQ for material preparation is determined by a random normal
deviate derived from the calling program. The shop order number,
which 1inks quantities of the same product, is also derived from
the calling programme. |

For each -product requirement entering the subroutine, the com-
ponents -are allocated by extending the quantity fequired by the
component relationships contained within IFILE, The allocation
procedure consists of incrementing the "allocated stock" field

in IFILE for each component by the grassrequirement;'Each require-
ment will increment a "required" counter, ICOUNT, and each
shortage encountered (where allocated stock exceeds physical
stocks) will increment the “shortage" counter, ISHORT. These

status variables are subsequentiy used for service level reporting.

Where a non-stocked item (identified as "not to be issued" in
IFILE) is encountered, a further level of allocation is per-
formed on the components of the non-stocked item.
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FIND NEXT
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N PRINT
WARNING
MOVE BATCH
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ANY MORE .
COMPONENTS?

TNCREASE
ALLOCATION COUNTER

¥
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|
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HEXT FROM
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STKALL

SUBROUTINE STKALLC¢IFILE,QUANTITY,N, ALLQ ORDNQ,ITEMNO, PDATE, QuTPUT
17 1COUNT Y ISHORTFIPRINT IHAX, AFILE.*)
REAL AFILE(25.3)
INTEGER QUANTITY,IFILE(25,23),REQD,HOLD(7,2)  ALLQC12,5076),
- YDDATE,QRDNO, ICOUNT (253, ISHORT¢25)
TE(IPRINT.GT.1YGO TO 3 _
WRITE(2,%)
1 FORMAT(AHD,6Xstx » w ®« STKALL w ® # #1//) N
3 K=0
~ IFCIPRINT.GT.1360 TO 5
WRITE{(2,200)0RBNOITEMNO,DDATE . QUANTITY

200 FORMAT(IHO,6X, 1ORDNO= '416,2X, VITEMNO= ', 14,2X, 'DDATE= "y16.2X,"'QU

TANTITY= 1,16)
~FIND NEXT SPACE IN QUEVE

5 00 10 J=1,50
TFCALLQEN, J, 4) JEG, ,0)G0 YO 30
10 CONTINUE
IFCIPRINT.GY,5YG0 YO 440
WRITE(2,20)AFILE(N,1) _
20 FORMAT(IHO.6X VEXCEEDED ALLOCATION QUEUE SIZE FOR PRODUCT NO.',2X?
1A8)
GO TO 140

MOVE ITEM INTO ALLOCATION QUEUE

30 ALLQ<M.J“1> =ORDNO
ALLQEN 072Y=T1TEMNO
ALLQ(M_J?3) DDATE
ALLGCN J74) =QUANTITY
35 ALLQ(N'J“sa NINTCOUTPUT)
ALLQCN, aY6Y=tIMAX
I¢ (IPRINT.GT.2)GO TO 40
WRITECZ2,3BYAFTLE(N, 1) T (ALLACN,J M), M21,6)
38 FORMAT(1HD,6X/ PITEM ADDED YO ALLa FOR PRODUCT',2XsAB//6X,'ORDNO',!
16,2Xs VITEMNOY /164 2X, Y DDATEY /167 Zxa'QUANTITY'aié 2Ry VTIMEY ,1642X ¢S
2HOP ORDTY,16)

ALLOCATE COMPONENTS

40 Do 110 u=1,972
IFCIFILEIN, ) EQ.0XGO TO 910 .
LeIFILECN,J) |
1COUNTCLY=ICOUNT (L)1
I EREY
READHAUANTITYWIFILE(NZIP)
TRCIFILECL,15) . EQU1)G0 TO 50
TFILECL A7) =1FILE(L;17)#READ
TFCIFILECLA16).GEVIFILECLA17))GO TO 110
ISHORT(LY=1SHORT(L)Yw%

GO TO 140
B0 Kz=Ka
- HOLD(K, 1) =L
HOLDC(K, 2)Y=REQD

410 CONTINUE

TF(K,EQ.0YGO TO 120




NeHOLD(KT1)
QUANTITY=HOLD (K, 2)
KeKmq

GO TO 40

RETURN

RETURN 1

END .

- 440 -
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B38 - SUBROUTINE STOCKVAL

One of the key performance measures required of the model is to
monitor the investment in inventory. The evaluation of inventory

subroutine STOCKVAL.

S =

1.2M + 3.5L

across the varijous product1on stages is executed w1th1n the

Each product standard cost comprises fourfeiements; direct material,
material overheads, direct labour and labour overheads. The over-
head rates selected are fairly representative of the compo-
sition of a typical product., Material overheads are applied

(or recovered} at the point of issue to work in progress at a
rate of 20% of the standard cost of material. Labour overheads
are applied at the point of transfer to stock (or finished goods
warehouse) at a rate of 250% of direct labour,

Values held in IFILE are prime costs only, nett of overhead ele-
ments. At each level of assembly, the accumulated value of prime
costs, including the labour content for completion of the assembly
as a stockable item, is held, If "M" is the accumulated value of
direct material and "L" is the corresponding value of direct

abour, the total standard cost, "S", for the assembly is

(1)

Figures A/B below illustrate the assumptions used to arrive at a

reasonable approximation of the added value as the production

process advances.

A. Equxpments

P.C.B. LABOUR + LABOUR +
OVERHEADS - OVERHEADS
MATERIAL
 OVERREADAS
MATERIAL*
| W.I.P, _JTEST
EQUIP- COMMERCTIAL
MENT STOCK

STOCK
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.E. Sub-assemblies

MATERIAL OVERHEADS """{-

' LABOUR +
" OVERHEADS

MATERIAL o ’

The formulae used to value each category of inventory are derived
from the above profiles.

COMPONENTS

The value of stock is taken as the standard cost of material less
any material overhead contribution. The total stock value is

the product of the standard cost and the physical stock for each
-.component item,

SUB-ASSEMBLIES

Sub-assemblies held in stock -are assumed to be fully completed
including assembly and test labour. Thus, the standard value of
each item is given by the relationship in (1) above,

As sub-assemblies progress through work in progress, labour is
assumed to be applied to the material linearly. The standard

value is therefore given by the relationship

S = l.2M+ 1.75L ‘ (2)
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EQUIPMENT -

Equipment is valued at four levels. Stock which is ready for
despatch (commercial stock) is valued at the full standard
cost as given in (1) above.

Equipment in final test is assumed to have accumulated 95% of
the total labour effort, giving a standard value of

S = 1.,2M + 3.,3L ' (3)

Equipment-held in finished product stock is normally nett of
final.test labour, and has been assumed to have accumulated

85% of the labour value, Thus, finished equipment stock is valued
as '

S = 1.2M+ 3,0L ' (4)

Equipment in the. product assembly stage will have accumulated
the labour value of the comprising sub-assemblies plus a
proportion of the final assembly labour. This is assumed to be
70% of the full labour content, giving a standard value of

S = l.2M + 2,5L (5)

- A11 values except commercial stock are derived from the item
master record IFILE. Commercial stock is determined by scanning
the product record in the orders placed file OPFILE and summing
the items in "despatch" status,

The 'sum of each of the above stock categories 1nd{cates the
total inventory invesiment for the period.

4
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SUBROUTINE
STOCKVAL

SET- VALUES
TO ZERQ

P

. SELECT
NEXT 1TEM

© EQUIPMENT

Y 1 4

. INCREMENT INCREMENT
: FESVAL COMPVAL
WIPYAL
TESTWIP
l Pl
CALCULATE
COMMERCIAL

STOCK=CSvAL

Y

CALCULATE
TOTAL STOCK

WRITE
REPORT

1 :
. (RETURN )

Summarised Flow Chart - Sub-routine Stockval
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STOCKVAL

YOy Oy

SUBROUTINE STOCKVALCIFILE,MONTH,OPFILE)
INTEGER COMPVAL,WIPVALsSSURBVAL,FESVALYIFILE(25:23),TOTVALICSVAL,OPF
TILEC125,5,5,10)TESTWIP
CsVAL=0 -
COMPVAL=0
WIPVAL=0
SUBVAL=0
FESVAL=0
TESTWIP=0
DO 100 1=4,25
TFsIFILECT 1)
GO TO (10,20520.30),1F

10 FESVAL=FESVAL+IFILECI M6 »CYFILECT, 130 %1, 2% IFTLECT,14)%3,0)
WIPVALEWIPVAL+IFILECT /18 % CIFILECI 130 %1, 24 FILECT,14)%2,.5)
TESTWIP=TESTWIP+IRILECT (10w CIFILECI T30 %1, 2+ FILECY14)%3.3)
G0 TO 100 i

20 SUBYALaSUBVALHAYFILECI 16 »(IFILECT, 13091 2+ F LECT, 147 %3,.5)
WIPVALEWIPVAL®YIFILECT d 18 % IFILECI A0 % 1,2+ FILEC]I,14)%2,5)
GO TO 100

30 COMPVAL=COMPVAL+IFILEC! 163« IFILE(I,/13) : _

100 CONTINUE :
po 150 1=1,125 ' ‘
po 150 J=4.5
PO 150 K=1.,5 ‘ ’

TECOPFILE(T,J,K,9),EQ,0)G0 TO 150
L=OPFILECY,J7Ks1) ‘ .
CSVALRCSVALSOPFILECT o KyOIYw (IFILECLY13)%1,2 *IFILECLY14)%3,5)

450 CONTINUE
TOTVAL=COMPVAL®SUBVAL+WIPVAL+FESVAL+CSVAL+TESTWIP
WRITE(2,200)MONTH COMPVAL ,SUBVAL,WIPVAL,FESVAL,TESTWIP,CSVAL,TOTVA

1L ' _ :

200 FORMAT(AHO,///6XsSTOCK VALUES FOR MONTH'r15//42X, ' COMPONENTS = £1
1716/ /18X, 'SURB=ASSEMBLIES = €1 ¢16//6X,'WORK IN PROGRESS = £V,16//77X5
SYEQUIPHMENT STOCK = £' 16//11X, 'TEST W.1.P, = £',16//6X;'COMMERCIAL
X STOACK = £',16///15X7ITOTAL STOCK VALUE = E£1',18/7//71)

‘RETURN :
END
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839 -~ SUBROUTINE SUBPROG

The reguirement for sub-assemblies is derived each quarter from
the reguirements calculation contained in subroutine EXPLODE.
Since the recalculation is executed infrequent1y, some mechanism
is required to review and modify the sub-assembly schedule
according to the actual demand pattern and stock profile., This

- re-balancing is performed in subroutine SUBPROG.

The role of SUBPROG is twofold; to convert the requirements into
“economic batch quantities® and to adjust the programme for
unbalanced buffer stocks.

The required buffer at the end of the current period, which is
determined by the manufacturing lead time, is calculated as the
gross requirements extended by the number of weeks of planned
buffer, The latter is a prime experimental parameter.

The net result at the end of the period is derived by comparing
total requirements (planned buffer,‘gross demand, allocated stock)
with the total available stock (physical stock, work in progress,
quantity in allocation).

The nett quantity, if positive, will cause requirements to be
deteted untit the excess has been consumed. A negative nett
quantity will cause a batch to be planned in the current period.

' For the. period beyond the modified zone, batches are planned
according to the frequency and batch size contained in file
IFILE.

The resultant file, SUBFILE, is used to pian the manufacture of
sub-assembly batches, initiated by subroutine ALLOCATE.
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SUBROUTINE
SUBPRCG

T

oot |

ESTABLISH
NULL. SUB-PROG

CALCULATE
PERIOD END
BUFFER

i

CALCULATE
DEMAND BEFORE
NEXT- BATCH
-CAN BE PLANNED

ESTABLISH
DIFFERENCE BETWEEN
PLAN AND DEMAND
=NETQTY

l

PLAN BATCH
CURRENT WEEK

- REDUCE

PLAN

¥ ESTABLISH

REDUCE BALﬁﬁgﬁ OR
RETQTY | ‘b
] «3

|

1

|
I

i
!
|

!
|
|

I

I

|

|
-
|
= i
-
|

I
!
[
|
]

l
|.
i

l

|

Lo L . G

(RETURN)

Summarisad Flow Chart -~ Subroutine Subprog
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SUBPROG

SUBROUTINE SUBPROGC(REQFILE,WEEK,1FILE, IPRINT,/SUBFILE,AFILE,ALLQ)
REAL AFILE(25.3)

INTEGER REQFILE(ZS.SZ);IF!LE(?S:23) WEEK,SUBFILEC12,26)BUFFER, DEM
1AND  ALLOC12,50,6) FALLQATY

1FCIPRINT.GT.4YGO YO 1

WRITE(2,205)

FORMAT(1HO,6X, 1 SUBmASSEMBLY PROGRAMMESY)

DO S5O I=1.12

xr(IF:LFtI 11 EQU2TORVIFILECT(11).EQ. 360 TO 5§

60 10 50

IFCIFILECI, 15)  NE] ‘§3G0 TO 2

po 6 J=1.,26 : _

SUBFILECT,J) =0

GO TO 110

FIND QUANTITY IN ALLOCATION

ALLGTY=(0
DO 3 J=1750
ALLQTY=ALLATY+ALLOACIT Y1 4)

CALCULATE BUFFER AT PERIOD END
BUFFER=0

TFCIPRINT.GT.1)G0 TO 7
WRITE(2, 2000 AFILECI )
FORMATCIHO 60X/ V1 ='72x.A8:
KelFILECL,20)+WEEK*IFILECT,12) 4%
IFCIPRINT.GT.1)GO YO &
WRITE(2,201)K

FORMAT (1HO, 6%, 1K =1514)
TE(K,GT 5260 10 50
L=WEEK+TFILECIZ12¥42

pa 10 J=L,K
BUFFER=RUFFER+REQFILEC(L, J)

CALCULATE DEMAND BEFORE NEXT RATCH CAN BE ALLOCATED AND MADE

DEMAND=0

MaWEEK®TFILECI,12F ¢4

IFCH.6T.52)G0 T0 50

DO 20 L=WEEK,M

DEMAND=DEMAND+REQFILE(I L)

TFCIPRINT,GT,1)GO TO 25

WRITE(2,203DEMAND,,BUFFERALLOTY '
FORMATCIHO 66Xy VDEMAND =17 402X, 'BUFFER =1,1672X, YALLQTY =1,16)

CALCULAYE BATCH SIZE AND TINING

LeWEEK+12

TEC(L.LE.24YG0 TO 30

L=2é

Do 40 J=WEEK,L

SUBFILECY,Jd) =0

NETATY=IFILECT, 16)»1F LECE,17)=BUFFER+IFILECL¢18)~DEMAND+ALLGTY
IFCIPRINT.GT.1YGO TO 45

WRITEC2,204)NETQTY

FORMATCIRO,6X, INETQTY 217163
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NaYFILECY,22)

J=WEEK :

Y FCNETQTY.LT.0XGO TO 60

po 70 JeWEEKL ‘
1F(REQFILE(IVJIY.GE,NETRTY)GO 70 60
NETQTY=NETQTY=REQFILE(L. )
SUBFILE(Y,4)=0

CONTINUE

6o TO 140

SUBFILECYJ)=TFILECIY21)

K=J+N

1F(IPRINT.GT. 1360 TO 95
WRITE(2,5000K L, N

EORMAT (1RO, 6X 1K= 1714t Lalilés? Nat,14)
po 100 J=K,LoN

IF(K.GT.26YG0 TO 110
SURFILE(L,J)SIRILECTY21)
IFCIPRINT.GT.AIGD TO 50
wanE(z;éoO)AFiLE(xT1).(suasiLE(I.JbTJ=ﬁ.20)
FORMATCIHO, 6X A8 2X,2015)

CONTINUF

RETURN

END
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B40 - SUBROUTINE TRANSLATE 3

- An essential ingredient in the design of the model was to make
communication both to and fyrom the model as simple as possible,
The facility has been provided to define part number data in
alpha-numeric code rather than restricting the modeller to numeric
only coding, thus allowing the use of familiar code references

and simplifying the diagnostic routine interpretation, where

code numbers could easily be confused with parameters and

variable data. The only constraint in code numbering s that

the field length is restricted to eight characters.

. The subroutine accepts a real word from the calling programme,
and compares each of the eight characters with the type code
contained within AFILE by use of Tibrary subroutine COMP8. If a
successful match is made, the logical position of the AFILE entry
is returned as the equivalent numeric parameters defining the

SUBROUTINE

TRANSLATE 3

' |
' SELECT
- NEXT ITEM
= 1

i

code number,

COMPARE LIBRARY
CHARACTERS SUBROUTINE
WITH INPUT § - COMPS

1

WRITE
N ERROR MESSAGE ( RETURN)

A
{ RETURN \)

Summarised Flow Chart - Subroutine Translate 3
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TRANSLATE 3

SUBROUTINE TRANSLATE SCAFILETTYPE,NUMBER,*)
REAL AFILE(25,3),TYPE

bo 10 I=%,25 . 7

CALL COMPBCTYPE,AFILECIF1),ITEST)

GO TO (30.10)ITESY .

CONTINUE

WRITE(2,20)TYPE _

FORMAT(1HO,6X,A8, 118 AN INVALID PART NUMBER'")
RETURN 1 ' '

NUMBER = I

'RETUR_N

END



B41 ~ SUBROUTINE TRENDI

Subroutine TRENDI introduces a trend factor into the product mix
sampling histogram; Thus, the behaviour of the model under
conditions of sales growth and decay may be observed. Since the
subroutine modifies only the probabi1ity that a particular pro-

~ duct will be selected and not its quantity, the overall business
volume is not influenced.

The product mix parameters available to the customer order
generator, subroutine ORDERS, are held in the integer file
TABLE 6. The initial values of product mix are derived from
TABLE 6 and then translated into the real file PRODMIX for
subsequent processing.

X Trend pakameters may be maintained independentily for each product
and are located in file TREND. The trend values represent the
per unit increase {or decrease for negative trend values) in
product mix value per period. Subroutine TRENDI is activated in
the processing of subroutine QTREVENTS, thus each period
represents a three month interval. '

The direct application of trend modifiers to the file PRODMIX
will normally result in a difference between the sum of the

- product components. and the original scale of 0 - 100. Each
component is therefore modified back to this scale and the
cumulative mix results loaded into file TABLE 6.
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SUBRQUTIKE
TRENDI

— SELECT
[ NEXT PRODUCT

!
APPLY TREND
T0 PRODMIX

S
PRODUCT MIX

1
l
[
!
|

1
[
!
}
|
[

COBRECT
PRODUCT MIX
T0 100%

!
ADD TO

SAMPLING
TABLE

Summarised Flow Chart - Subroutine Trendi

TREND]

SUBROUTINE TRENDI(TABLESS v

REAL PRODHIX(?).?R!ND:?} PROBEIXSTREND, IPRINT)
INYEGER TABLES!7,2)

SuMz0.0

R INCIYRPROPMINCL) o (e

SUM=SUM+PRODMIX () P TRENRCE)
CONTINUE

IFCIPRINT.GT.3)GO YD 65
?:;;:;5.603(Pnonnxx(:),xaq,7)

1RO, 6X+ YPRODMIX WITH TREND®

IFCIPRINT.GT.1)GO T0 65 Fuptstox. 767, 29
WRITE(2,68)SUM
Fo:nnv(1uo.6x.isun wt  F7,2)
1=
b0 70 1x1.7
2eZ¢(PRODMIX(II«10070/SUM)
TABLEGCIZ2)=NINTLY)
IFCIPRINY.GT.3)GO TO §O

CWRITE(2,80) (TABLEGCI1), 18957y, (YABLEGCT,2),181,7)

FORMAT(AKO,6X, TREVISED TABLE' /710X, 716/10X,716//1)
RETURN
END
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B42 - SUBROUTINE WEEKEVENT

Subroutine WEEKEVENT sequences the weekly activities and links
the data transfer between segments, The sequence of each segment
within the subroutine is critical to the system performance and
integrity, since it must follow, as closely as possible, the |
real world,

The subroutine simulates the nett effect of a week's worth of
activities. No facility is provided to simuiate a shorter time
interval since such an approach would substantially reduce the
computational efficiency and would provide 1ittle benefit. The
main disadvantage is that no more than one activity may take
place on a specific order in one week.

The first activity each period is the generation of a new batch
of customer orders, which are filed in the.orders pipeline.
File PIPELINE may optionally be printed for diagnostic purposes.

Orders are extracted frbm‘the pipeline and loaded against the
delivery plan in subroutine LOAD.

Components which are short to allocation are expedited in subroutine
EXPEDITE and material receipts are simulated by subroutine ARRIVAL.

. Customer orders which are still in unplanned status are selected
for allocation against free equipment stock or for make to order
in subroutine ALLOCATE. Subroutine ALLOCATE will subSequent1y
cause components to be reserved and the order to be entered into
the allocation queue in subroutine STKALL, together with stock
replenishment orders as required to compiete a batch. Orders |
selected for allocation against stock will be moved into "ex--
stock" status for subsequent transfer into the test queue,

using subroutine FESALL, as the due date approaches.

Orders in the aliocation queue are moved into assembly work-1in-
progress by subroutine ISSWIP when all of the components are
available, making allowance for the component picking lead time.
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Orders which have completed the assembly process are moved out of
the assembly gueue in subroutine OFFLINE. Stock orders will update
finished equipment stock in preparation for allocation in subroutine
FESALL. Customer orders are moved directly to the test work-in-
progress quéue. : |

Subroutine FESALL selects orders in “ex-stock" status and compares

the'quantity.required with the physical stock of finished equipment..

Orders are subsequently moved into the test work-in-progress queue . . .

if stock exists.

Subroutine DESPATCH selects orders from the test work-in-progress
queue according to theipriority rules selected and transfers the
products to "despatch" status. Items transferred are analysed by
subroutine DELPERF which will:

a} determine whether the order, or part order may be despatched,
according to the part shipment ruies;

| b) update the delivery performance statistics.

Items which do not satisfy the part shipment rules remain in
"despatch" status until the part shipment rules are satisfied.

The status of stock in the item master file may optionally be
displayed at the end of each weekly cycle.
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SUBROUTINE
WEEKEVENT
DETERMINE

DIAGNOSTIC LEVEL
!
GENERATE
CUSTOMER ORDERS

DIAGNOSTIC
LEVEL 3

SUBROUTIN
ORDERS

;

N _
PRINT ORDERS SUBROUTINE
: PIPELINE PLNPRINT
B l‘_""'""—"-_""
i LOAD ORDERS]| SUBROUTINE
5 TO PLAR LOAD
: 1 '
EXPEDITE SUBROUTI NE
SHORTAGES EXPEDITE
)
RECEIVE | SUBROUTINE
MATERTAL ARRIVAL
v .
CREATE '
MANUFACTURING SEEESEX%QE
~ ORDER

ISSUE MATERIAL

MANUFACTURE

ALLOCATE
FINISHED
PRODUCTS

l

DESPATCH
PRODUCTS

DIAGNOSTIC
LEVEL> 2

N, .
PRINT

ISSWip

OFFLINE

SUBROUTENE
FESALL

SUBRQUTINE
DESPATCH

SUBROUTINE

ITEM MASTER
€

s
(RETURN )

Summarised Flow Chart - Subroutine Weekevent
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WEEKEVENT

SUBROLITINE WEEKEVENT(AFILE,IFILESTABLES, TABLES, TABLEG, TABLE?, TABLE
114, AVGEL  CYARNAAVGEG [ CVARNG FAVGEN O ISEEDS  ISEEDL ISEEDS 1SEEDG IS
2EEDT?, ISEED8, ISEEDD, ISEED10,ISFED11.1SEENT12, TABLES(AVGE12,CVARN2,C
IVARNTO,ORDCOUNTY,PIPELINEYDELPLAN,OCFMIN,WEEK, TOTAL,ORDBK,OPFILE,OR
LDHIST, INPUT, EXFILE ,SCHEDULE,REQGFILE,ALLQ,LINEQ, TESTQ,SUBFILE,EQUPE
SRE,ITEMPERF,ORDPERFNETPLANREFWEEK,, IPRINT, ICOUNT,ISHORT,CAPACITYY
GLEADYH, ISORTySUBQYDIAGFILE, MOnE,nUNTrME)

REAL AFILE(25,3)

INTEGER IFILE(25 23)TABLE3LT, 2).TABLES<7.2> TABLES(T7Y 2).7A3LE?(??
12)  TABLES(2,2)7TABLE1Y (27 2), ORDCOUNT"PIPEL!NE(ZO 6,4) DELPLANCS,52
2y ,OCFMINGUEEK ) TOTAL(S5,52) ,0RDRK(5,52:20:5) +ORFILEC12575s5,10) ,0RDH
ZIST(S,92), INPUT(25,52) v EXFILE(25,52) Y SCHEDULE(25+13) +REQFILE(25,52
4),STKORD(20) yALLQ(12750,6) ,LINEQRC5,50,5) ,TESTR(S,50,5) SURFILE(12
5,26) rEQUPERF(10,30) /ITENPERF(10,30) ,ORDPERF(2+30) +NETPLAN(S,52)/RE
6FWEEK, CAPACITY, LEADTM(S:SZ)-SUBQ(SO:A):DIAGFILE(10-2)pRUNT!M&.ICOU-
?NT(ES);ISHORT(ZS)

DO 5 fut,10

IF(DIAGFILE(I.1) GT"(REFNEEK+MEEK))GO TO 7

5 CONTINUE
7 IPRINT=DIAGFILE(Imt,2)
TFCIPRINT.6TL 16O T0 30
WRITE(Z2,10)
10 FORMATCAHO6X 1% ® % & WEEKEVENT * w . w% %1//)
30 CALL ORDERS(TABLES,TABLES,TABLE7,ORDCOUNT, PIPELINE.ISEEDA.!SEEDS;
1SEED6, ISEED7IAVGEL, CVARNASYFILE, TABLES, ISEED8,IPRINT)

FFCIPRINT,.GT.IIGO TO 40

CALL PLNPRINT(PIPELINE,AFILE)

40 caLL LOAD(NETPLAN QCFMIN, UEFK TOTAL, PIPELINE ORDBK, OPFILE ORDHIST,
TIPRINT, AFILEVIFILEORDCOUNT,REFWEEK, LEADTHM)

Call EXPEDITECIFILE,WEEK7INPUT,ISEED3, TABLESY IPRINT;EXFILE.AFILF)

CALL ARRIVAL(SCHEDULE,INPUT,IFILE,WEEK,IPRINT, AVGEQ CVARNG ,AVGE10Y
1CVARNYO, 1SEEDD ISEEDT10, ISEEDTY, TABLETT, AFILE)

CALL ALLOCATECIFILE S REQEILETORDRK STKORDWEEK+OPFILE ISEEDI2 e ALLAY
1ICOUNT, 1SHORT,SUBFILE,AVGE427 CVARNI 2, REFWEEK, IPRINT,AFILE, DIAGFRILE
27MODE RUNTIME ) LINEQ)

CALL ISSWIP(IFYLEZOPFILETALLA, LINEQ,AFILE,IPRINT,REFWEEK,SURQ,
TISORT,DIAGFILEYRUNTINE)

catbl OFFLINEtLINEQ TESTQA,0PFILE, wFFK”REQFILEfIFILE;IPR!NT AFILESRE
TFUEEK, CAPACITYY ISORT“SUBQ DIAGFILE,RUNTIME)

CALL FESALL(ORDBK;OPFILEYWEEK,IFILESAFILE,IPRINT,REFWEEK,TESTQ,DIA
16FILE, RUNTIME)

CALL DESPATCH(YESTQ,OPFILE,WEEK,DELPLAN,IFILE,ORDRK, EQUPERF, ITEMPE
1RF,ORDPERF, TOTAL,IPRINT, AFILE,REFWEEK, ISORT,DIAGFILE,RUNTIME) '

TFCIPRINT.GT,.2)G0 TO 20

CALL PNHMFPRINTEAFILESIFILEY

20 RETURN

END



- 458 -

B43 - SUBROUTINE WEEKLYPLAN

The timebase for the prime plan recalculation is three-monthly

(quarterly) periods, This time period is too coarse for detail

factory schedu]ing,-for'which purpose ‘the plan is expanded into
weekly "buckets" or time periods.

Subroutine WEEKLYPLAN performs this task at two levels, fol1owing
a common logic. ‘

- the off-line plan, OFP, is translated into a weekly plan in
- REQFILE | |
= the production to be allocated, PA, is translated into a
delivery plan, DELPLAN,

In practice, the computer logic within the Purchasing .and Scheduling
sub-system will cause the quarterly data to be divided by thirteen
and this provides an equiva1ent weekly plan.

The facility is available to modify the suggested plan by a
manual override where it is desirable to reflect significant
changes in planned activity through the period, or to more
clearly define batch produced equipments.

The subroutine WEEKLYPLAN combines the two requirements into
one operation.

Input to the subroutine is the quarterly plan derived from sub-
routine QPLAN. Based on the magnitude of the quarfer1y requirements,
the decision is then made on the frequency of manufacture according
to the table below. - '

QUARTERLY FREQUENCY OF MANUFACTURE
REQUIREMENT (x) 1 3 13

x £ 50 : v
50 < x £150 v

]50$X v
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The ‘programme will divide the quarterIy requirement by the
frequency of manufacture and schedule the resultant batch
to the first week of the sub-period.

Thus, a requirement of 40 equipments will be scheduled in its
entirety for the first week of the quarter; and a requirement of
120 equipments will be split into three equal batches of 40

(one a month) scheduled for the first week of each month. It
should be noted that, since the quarter does not conveniently
divide by 3, the months are defined as commehcing in weeks

1, 6 and 10 of each quarter,

- The resultant weekly plan for the equipment is held in an array
which defines the forward requirements over a 52 week planning
horizon,

Two assumptions have been made to avoid over-complication of the
logic, neither of which will have a s1gn1f1cant effect on the
operation of the model.

a) No account is taken of the actual number of working days
in each quarter, thus each quarter is assumed to comprise
13 equal weeks,

b) No attempt is made to even out the loading of batched
products, In practice, such a pdlicy would cause an
uneven capacity profile throughout the quarter, but this
is not considered to be a major consideration in the small
sub-set of products involved in the experiments,
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Summarised Flow Chart - Subroutine Weeklyplan




WEEKLYPLAN

PO

SUBROUTINE WEEKLYPLAN(OFP,REQFILE,IFILE/PA,DELPLAN,IPRINT, AFILE)
REAL AFILE(25.3)
INTEGER OFP(10;7)7REQFILE(25,52) 7 T1FILE(25,23),PACAQ, 10):DELPLAN( 5
1:52)
TFCIFILECK,T1).NEVYIIGO TO 60
M=1 _
N=13
DG 30 1=2,5
DO 20 J:MIM
TECOFP(KTIY.GT.503GO TO 40
REQFILECK,J)=0FP(K,I)
BELPLAN(K, J+2)mPACKS )
6o TO 25
10 TECOFPLKTIY.GT. 150760 TO 18
- DO 15 L=d,d+%.4
pELPLAN(K, Lw2)=PA(K,I)/3;0
15 REQFILE(K, LYSOFP(K,I2/3,0
60 TO 25 Cj
18 DELPLAN(K, ) =PA(KIY/13.0
20 REQFILE(K,J)=OFPLK,1)/1350
25 MaM+13
N=N+13
30 CONTINUE
JECIPRINT.GT,3)6Q TO 60
WRITECZ,50)AFILECK 1Y (REQFILE(K, 4) =4, SZ);(DELPLAN(K JY, J=1,52)
80 FORMAT(4HO///6X,'OFFALINE PLAN FOR PRODUCT REF, ', AB//6X,2614//6X
152614//76X ' DELIVERY PLANV//6X, 26141/6x.2614) .
60 CONTINUE
RETURN
END



~ 462 -

B44 ~ SUBROUTINE WEEKPRINT

Subroutine WEEKPRINT is one of the prime output segments, and
is used to calculate and display statistics relating to service
level and delivery performance,

The subroutine will be activated either weekly or guarterly,
. dependent upon the diagnostic level selected. The data files
and status variables analysed by WEEKPRINT are initialised
by subroutine QTRRESET, following the'quarter1y activation.

Component service level is defined as the number of times an
item can be supplied from stock as a ratio of the number of
times requested. Service level statistics are maintained and
presented both by individual item number and as a total for

all items, to permit further detailed analysis against the item
usége (i.e. common part or specific to an product type).

Delivery performance statistics are maintained in subroutine
DELPERF at three levels; équipment, item and order. Data is _
contained within frequency histograms which relate the delivery
date achieved with the number of instances, Delivery performance
- is ca]culated and presented in two alternative modes; proportion
delivered on or before the due date, or the average lateness.
The raw histogram data is availabie for further analysis if
required, '

Equipment performance is presented by product type and in total
for all equipments; item performance is by product type only.
Order performance is presented separately for "part shipment® and
"no pért shipment" orders.

A further measure of customer satisfaction, the quoted delivery
lead time, is also maintained in histogram form for further
analysis if required,




SUBROUTINE
WEEKPRINT

CALCULATE
WEEK NUMBER

i

CALCULATE
SUMMARY
EQUIP. PERFORMANCE
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SERVICE LEVELS

! CALCULATE .
EQUIPMENT
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| - i
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AND PRINT

Summarised Flow Chart - Subroutine Weekprint
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WEEKPRINT
SUBROUTINE WEEKPRIHNTC(ICOUNTTISHORT ,EQUPERF, ITEMPERFE,ORDPERF, IFILET

TAFPILE.REFUEEK/,WEEK,LEADTM)

REAL AFILE(25,3)
INTEGER EQUPFRF(1O 30)olTEMPERF(1O 30),0RDPERF{Z2¢30)9KK(30),1FILE!

125,23Y + REFWEEKS WEEK LEADTM(57152) TOTPFRF(‘O)l!COUNT(ZS):ISHOR7(253

10

20

40
50

60

130
200

140
150
160
170

173

1 =REFWEFK+WEEK

WRITE(Z,10)1 '

FORMAT(1H0 X% & « % SUMMARY FOR NEEK‘,I&,i * % x N1/
po 5 J4=1730

TOTPERF(J) =0

bo 5 I=1710

TOTPERFCII=TOTPERFCIICEQUPERF (144D

CONTINUE

IcrnT=0

1$70T=0

WRITE(2,90}

FORHAT(1H0//2X:’SERV!CE LEVEL ACHIEVEDY//10XsTITEM NUMBER',6X,

111TEMS REQUIRED',6X, LITEMS SHORT!,6X7'SERVICE LEVEL®)

bo 50 1=1,25

1F(1F1LE¢1.11).NE:4§GO TQ 50

16TOT=1CTOT+ICOUNTCT)

1$TOT=1STOT+ISHORY (L)

SERVE100«FLOATLICOUNT(I) S ISHORTCIYY/FLOATCICOUNT (I
WRITE(2, 40)AFILE(I:1).ICOUNT(!);ISHDRT(I):SERV
FORMAT(IHO, 11X  ABTA2X 187 12X716:12%,F6.,2)

CONTINUE

CSERV=100«FLOATL{ICYOTISTOTY/FLOATCICTOT)

WRITEC2,60)I1CTOTISTOTISERY
FORMATCAHO, 11K *TOTALY ¢ 15X, 16,12X,16,12X¢F6,2)
KK(1d=e20

bo 130 Js1.29

KECJ+1)=KK () +4

WRITE(Z2,200) (KK(JY,J=1,30)
FORIMATEAHO///6%, YDELIVERY PERFORMANCE'//30147/6X, 1EQUIPMENT!)
Do 180 121,10
IF(IFILE(I.11).NET1)GO TO 180
SUM1=0.0

SUMZ=06.0

SUM3=0,0

SUM4&=0,0

SUMS=0, 0

DO _140 J=1|30
SUMT=SUMI+EQURPERF (L, J)
IF(SUMYI.EQ,0.0)G0 TO 175

no 150 J=21:30
SUM2=8UM2+EQUPERF (1. )
SUM2=SUM2#+10070/SUMY

Do 160 J=18,30
SUMIISUMT+EQUPERF(I,J4)
SUMZSSUNI*100, 0/StuY

bo 170 J=15,30
SUMAZSUMA+EQUPERFEIT )
SUM4=SUML«100, G/ SUMY

po 173 J4=1,30
SUMS=SUMS+EQURERF (I, U) v
SUMS=21. 0=SUMS /UMY



179 WRITE(2,5003AFLLECY 1)
500 FORMAT(IHO.HX,AB)

600

700
180

185
187
189
191
193

195
197

800

240
250
260
270

273
275

280

1

WRITEC2,600)SUM2,SUNS SUM4, SUNS

FORMAY(1H#»,30X,'ON OR BEFORES!,F6.2:'% UWITHIN 3 WEEKS=';F6.,2,
t%  WITHIN 6 WEEKS=t7F4,2,1% LATENESSz!,F4.2)

WRITE(2,700) CEQUPERF(I Y+ J=1,30)

FORMAT(1RO.3014/)

CONTINUE

SUM1=0.0

SUM2=0.0

SUM3=0.,0

SUMA=O. 0

‘SUM5=0,0

po 185 Js1.,30
SUMI=SUNI+TOTPERFEJ)
IFCSUMITEQ.0,0YG0 TO 4165
po 187 J4=21.,30
SUMZ2=SUM2+TOTPERF ()
SUM2=SUM2+100,0/SUM1
60 189 J=18,30. _
SUMITSUMB+TOTPERF(J)
SUM3=SUMI%100,0/SUM1
Do 191 4=15,30
SUML=SUMA+TOTPRPERF (J)
SUMASSUML*T 00, 075U
ba 193 4=1,30 -
SUMS=SUMS+TOTPERF(J) #d
SUMS=21 . 0~SUMS/SUMY
WRITE(2,197)
FORMAT(AHO . 6X, Y TOTALYY

CWRITE(2,60038UM2,8UM3 SUME, SUMS

WRITE(2, 700)(TOTPERF¢J)'J=1I30>
WRITE(2,800)
FORMATC1HO, 6X, VITEMY)

DO 280 121,40

FECTIFILECIL 1) NETAYGO T 280
SUMI=0.0

SUM2=0.0

SUN3=(0, 0

SUMLE0, 0

SUM5=0.0

Do 260 J=1l30 ’
SUMI=SUMI+ITEMRERFELI T )
IF(SUMYTEQ.D.0)YG0 TD 275

" Do 250 4=21,30

SUMZ2=SUM2+ITEMPERF (1Y)
SUM2=SUM2% 100, 0/ SUM1

Do 260 J=218.30
SUMI=SUM3SITEMPERE(I7 )
SUM3=SUM3«100,0/78UKY
po 270 4=15.30
SUMASSUML+ ITEMPERF (M)
SUMA=sSUMA«100, O/ SUMY

bo 273 54,30
SUMSESUMS4 I TEMPERF(LTU) %Y
SUMS=21 0nSUMS ISUMY
WRITE(2,500)AFILE(Y}1)

CWRITE(2,600)SUM2/SUMZ,SUML, SUNS

WRITEC2, 7000 CIFEMPERF(T120) 4 d=1,30)
CONTINUE



900

340
350
360
370
373
171
372

374

376

378
380

300
450

470
490
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WRIYECZ2,900)
FORMAT(1HO.6X+ YORDERS!)
DO 390 1=21,2

SUM1=0.0

SUM2=0.0

SUM3=0,0

SUM&L=0, O

SUMS5=0,0

po 40 J=1u30
SUMT=SUM1T+0RDPERF(1,J)
IF(SUMITEQ.0.0)G0 TO 371
SUM2=SUM2+0RDPERF (1)
SUM2=SUHM24900.0/5UMY

Do 360 J=48,30
SUM3=SUM3+0ORDPERF (I J)
SUMZZSUM3*100.06/SUM1

Bo 3?@ J=15030
SUMA4=SUMA+ORDPERF (1Y)
SUMAL=SUML»400,0/SUM1

DO 373 4=1.30 ‘
SUMS=SUMS+ORDPERF (I 7Y *d
SUMS=21.0=5UMS/SUMT

60 T0(372,376)71
WRITE(2.374)
FORMATCIHO6X, 1 PART SHIPY)
GO TO 340

WRITE(2,378)

FORMATLCAHO6X o IND PART SHIPH)

WRITEC2,600)SUM2,8UM3,SUML,SUMS
WRITE(2,700)ORDPERFCI J) +Jm1,30)

CONTINUE

WRITE(2,450)¢J,d=1,52)

FORMAT(IHO//6X, YLEAD TIME ACHIEVEDY/2(/5X,2614))
DO 490 I=1,5 o

TFCIFILECTI,11) . NEJ1IGO TO 490
WRITEC2,470)AFILECIY1) 1 CLEADTM(L,d),¥=1,52)
FORMAT(IHO6X A8/ 205X 2614))

CONTINUE

RETURN

END

FINISH
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420 o415 =18 417 =16 15 =94 ~43 =12 =11 =10 =9 -8 -7 <8 =5 -4 <3 -2 ~4 0 1 2 3 & 5 &6 ¥ & %
EQUIPMENTY
Hrdak 01 s ON OR BEFORI= 0.00% WITHIN 3 WEEKS=100,00% WITHIN 6 WEEKS=100,00% (ATexZss= 1.37
ooooo‘oaoaoooooonnosr.uoaooooboooo

NF&LM 02 GN OR BEFOREw $2,50X WITHIN SIWEEKSl100.OGX WITHIN & WEEXS5=100,00% LAYENESS2 1,04

¢ "¢ ¢ 1] o o .00 o o3 D 0 ¢ 0 . 0 0 6 23 96 17 0 0 0 0 0 0 [+ ¢ 0

MEGAM 0% 0N OR SEFORE& Q,00%X WITHIN 3 WEEKS=100.00% WITHIN 4 WEEKSw100,00% LATENESSw 1,82
oooopoooooaooo0005461700"000500_00
ACYSPU ox OR BEFURE® 0,00% WITHIN 3 WEEXS#100,00% WITHIN 6 WEEKS®A00,00% LATENESSw 1.%7

.

! 0 0 [ e 0 0 [ 0 o ¢ 0 0 0 o 0 0 t2 0 0 O [\ I 0. 0 0 0 ¢ 0
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1TEM .
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b ¢ 0 o ¢ o & o o 0 -0 0 0 e 0 o6 o O % § 06 © 6 o 0-0 0 o0 & &
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GRDERS

PART SHIP © O

OR BEFOREx ¢,00% WITHIN 3 WEEKS=100,00X WITKRIN 46 YEEXSEIN0, 00X LATENESSs 1.73
o ¢ o o o o6 6 o 6 0 © 6 0 o o 0 o 1 & I 0 0 o 0o O 0 0 0 o O
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o o 5 © © O 9 0 6 4 o5 ©0 9 o ¢ o o € o o 6 0 6 0.0 0 0 O ¢ 0

Sample Delivery Performance Report
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SERVIEE LEVEL ACHIEVED
ITEM NUMBER ITEMS REQUIRED 1TEMS SHORT SERVICE LEVEL

RUG9873 A 0 400,00
RU10034 80 0 100.00
BT49863 -3 0 100,00
PP4L2906 5 0 100,00
PNG0006 3 0 160,00
PN1 0633 1 0 100,00
PN10630 IR 6 0 100,00
PNS6043 ' 2 : o 100,00
PNEQTLG - T o 0 S 100.0;'
ET12345 \ 3 ' 0 100,00
FU10000 : 2 0 100,00
FV25000 S 3 0 100,00
. FS66000 : 2 0 100,00

TOTAL 61 0 100,00

Sample Component Service Level Report
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FILE DESCRIPTIONS

Each file required by the simulation model is defined for ease
of maintenance and analysis. The definition comprises the
following information.

File Description: Briefly describes the content and
use of the file,

File Content: The name of the file as used in the simu-
lation program, and the definitions of the
use of each array subscript.

* File Size: The dimensions of the file.

File Type:  The file will contain either integer or
real (floating point) values.

Program Segments: The subroutines which contain the file.
This information is required if the file
sizes require modification.

Special Notes: Any important information concerning the
' structure, content or use of the file,



File Name:

File Description:
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AFILE

Item Master File (Part)

Contains descriptive (text) part of the Item Master Record, used
mainly for ease of communication between the modeller and the system. -

File content:

FiTé size:
File type:

Program Segments;

Special Notes:

AFILE (a, b)

a = file address

b =1 qitem number (up to 8 alpha-numeric characters)
2) item description (up to 16 alpha-
3% numeric characters)

AFILE (25,3) = 75

Real

STOCKMODEL, ALLOCATE, AQPRINT, ARRIVAL, DESPATCH,

EBQ, EXPLODE, FESALL, FORECAST, ISSWIP, LOAD,
LOADPLAN, LQPRINT, MONTHEVENT, OFFLINE, .OPFCREATE,
OPFPRT, ORDBKPRT, PLNPRINT, QPLANPRINT, QTREVENTS,
QRTRESET, PNMFCREATE, PNMEPRINT, RECEIVE, SCHED,
SQPRINT, STKALL, SUBPROG, TQPRINT, TRANSLATE 3,
WEEKEVENT, WEEKLYPLAN, WEEKPRINT

File contains static data which is created prior to
program execution and is not modified in any way
during the simulation run,

The internal system logic will refer to items by a
numeric key, which is equivalent to the address
of the item in AFILE.
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File Name: AFSMAX
File Description: Maximum authorised stock

‘Contains the maximum-permissib1é finished equipment stock level per

product,
File Content: | AF#MAX (a)
a = product key/quantity
File Size: AFSMAX (10) = 10
File Type: Integer

Program Segements: QPLAN, QPLANPRINT

Shecia1 Notes: Used to'convey data between QPLAN and QPLANPRINT
} ~ ' for presentation of parameters,




~ File Name:

File Description:
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ALLQ

Allocation queue

Contains a queue of requirements which have been allocated to stock
pending release of parts to work in progress,

Fite content:

File Size:

File Type:

Program Segments:

Special Notes:

ALLQ (a, b, )

a = Product key.
= Position in file
1 ... Order number
2 v... Item number
3 .... Due date
4 ,... Quantity
5 .... Timer
6 .... Shop order number

ALLQ (12, 50, 6) = 3600
Integer

STOCKMODEL, ALLOCATE, AQPRINT, ISSWIP, MONTHEVENT,
OPFCREATE, QTREVENTS, WEEKEVENT

File is organised into a number of separate queues,
one for each assembly number, each containing a
sequence of material issue requirements. The file
will be accessed sequentially, thus permitting a
choice of priority rules; sorted by due date
(utilising a sort pre-processor) or "first in first
out", After processing, the file is always consoli-
dated, and new entries are added to the tail of the

file,




File Name:
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goL

File Description: Current order load

Contains the nett order load at the commencement of a quarterly

period,

File Content:

File Size:

File Type:

Program Segments:

Special Notes:

coL {(a, b)
a = 'product_key
b = 1 .... quantity overdue

2-7 .. quantity due in periods 1-6
coL (10, 7) = 70
Integer
STOCKMODEL, QPLAN, QPLANPRINT, QTREVENTS

None



File Name:
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DELPLAN

File Description: Delivery p?anr

Plan of proposed deliveries from the‘factory to the commercial
warehouse, used for order promising and relief of test work in

progress.,

File Content:

File Size:

File Type:-

Program Segments:

Special Notes:

DELPLAN (a, b)

- Product key
1-52 .... Plan quantity per period

o o
n

DELPLAN (5, 52) = 260
Integer

STOCKMODEL, DESPATCH, LOAD, LOADPLAN, MONTHEVENT,
QTREVENTS, WEEKEVENT, WEEKLYPLAN

File is organised into weekly buckets, each con-
taining the planned delivery quantity for the period.
The file is reset each quarter by replacing the
planned quantities such that the first bucket is -
the current period, '
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File Name: DIAGFILE
File Description: Diagnostic Selector

Contains instructions which set the level of diagnostic output for each
simulation run,

File Content: DIAGFILE (a, b)
.a = position in file 7
b=1.... week number (actual)

2 ... diagnostic level
File size: DIAGFILE (10, 2) = 20
File Type; Integer

‘Program Segments: STOCKMODEL, ALLOCATE, DESPATCH, FESALL, ISSWIP,
' OFFLINE, WEEKEVENT ‘

Special Notes: The use of DIAGFILE permits the resetting of the
diagnostic level at any week number during the
simulation run, thus permitting a detajled analysis
of a particular time frame during the run.

The file is organised as follows:

Week No 1T 14 20 22 60 999 0 O

0 0
Diag level 1 5 2 4 &6 0 000G
The above example will set the level to '1' for the
initial conditions and then reset to '5' for
periods 14 - 19 inclusive. The level will then
revert to '1' for periods 20/21, reset to '4' for

periods 22 to 59 and '6' to the end of the run.




File Name:

File Description:
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EQUPERF

Equipment performance

Contains statistics relating to the delivery performance achievement
at equipment level.

File Content;

File Size:
File Type:
Program Segments:

Special Notes:

EQUPERF (a, b)

product key
Y =~ 30 .... frequency histogram over the range
'20 tO +9 °

o o
1}

EQUPERF (10, 30) = 300
Integer

STOCKMODEL, DELPERF, DESPATCH, WEEKEVENT, WEEKPRINT

_ File is organised as a frequency histogram, for
- each product, containing 30 intervals. Each

product batch despatched augments the appropriate
interval by the batch quantity. Delays over the
range -20 to +9 weeks are converted to the file
range 1 to 30 as data is captured, and re-con-
verted to represent the correct delay factor for
subsequent analysis.
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File Name: EXFILE ' ‘

File Description: Expedite tag

Contains a counter in each week that an item has been subject
to expediting action.

File Content: EXFILE (a, b)

a = 'product key
b = 152 .... weekly buckets containing expedite
~action counter : '
File Size: =~ EXFILE (25, 52) = 1300
‘File Type: Integer

Special Notes: File is reset to zero each quarter. The appropriate
weekly bucket is incremented each time that a
receipt batch is subject to expediting action,
‘thus providing a measure of the expediting effort

\
l
l
\
Program Segments: STOCKMODEL, EXPEDITE, WEEKEVENT | |
required.
\
\
\
\



Fi]e'Name:
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FES

File Description: Finished Equipment Stock

" Contains the planned level of finished equipment stock per.

quarterly period.

File Content:

File Size:

File Type:

Program Segments:

Special Notes:

FES (a, b)

product key
1 .... opening stock (actual)
2-7 .. planned closing stock for periods 1 to 6

FES (10, 7) = 70
Integer
QPLAN, QPLANPRINT

None
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File Name: HOLD (also IHOLD)
File Description: Tempora?y workfile

Workfile used to store the item number and quantity of lower level
assemblies during material explosion sequencies.

File Content: HOLD (a, b)

a = -position in file
b = 1 ..., Item number

2 eees Qqantity
File Size: HOLD (5, 2) = 10
F%1e Type: Integer
Program Segments: ISSWIP, STKALL

- Special Notes: File is only required where the lower level part
is classified as issue code (1), which means that
the assembly should not be planned as a stocked
part, but should be broken down to its constituent
parts, i.e. a phantom assembly.
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File Name: IFILE
File Description: Item Master File (part)
Contains data related tq the item number.
File Content: IFILE (a, bj

product key
... Location of 1st component

1

2 «es. Quantity of 1st component'
3 +... Location of 2nd component
4 ,... Quantity of 2nd component
5 .... Location of 3rd component
6 .¢.. Quantity of 3rd component
7 eov. Location of 4th component
8 .... Quantity of 4th component
9 .... Location of 5th component
10 .... Quantity of 5th component
11 .... Low Level code (] - 4)

12 ...+ Lead Time

13 +... Material Cost

14 .... Labour Cost }'C°St Data

15 .... Issue Code ('1 normal

_ 2 = do not breakdown)
17 .... Allocated Stock Stock

18 .... Work in progress (assembly) | Status

19 .... Work in progress (test)

20 .... Buffer in Weeks

21 .... Economic Batch Quantity Planning
22 v Cycie Time between Batches Parameters
23 .... Maximum Authorised Stock

File Size: ~ IFILE (25, 23)

File Type: ~ Integer




Program Segments:

Special Notes:

-~ 481 -

STOCKMODEL, ALLOCATE, ARRIVAL, DESPATCH, EBQ, -
EXPEDITE, FESALL, FORECAST, INITODS, ISSWIP,

LOAD, LOADPLAN, OFFLINE, OFFCREATE, ORDBKPRT, -
ORDERS, QPLAN, QPLANPRINT, QTREVENTS, QTRRESET,
PNMFCREATE, PNMFPRINT, RECEIVE, SCHED, STKALL,
STOCKVAL, WEEKEVENT, WEEKLYPLAN, WEEKPRINT

File contains a number of segments relating to

“the item. Static data includes the product structure

relationships, cost data and planning parameters.
The stock status segment contains dynamic data
relating to stores and work in progress stocks.
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File Name: INPUT
File Description: Weekly material input,
Contains a schedule of the actual material receipts.

File Content: INPUT {(a, b)
a = product key
b = 1-52 .... Material input per period

File Size: INPUT (25, 52) = 1300
File Type: Integer

Program Segments: STOCKMODEL, ARRIVAL, EXPEDITE, QTREVENTS, .
QTRRESET, 'RECEIVE, WEEKEVENT. /

Special Notes: The file is reset each quarter by advancing each
data element by thirteen weeks.

Data in INPUT is periodically created within
QTREVENTS by subroutine RECEIVE. The contents of
INPUT may be modified in one of two ways;

. = batches may be advanced in time as a result

of expediting'action (subrohtine EXPEDITE).

- reject quantities (subroutine ARRIVAL) will
be re-scheduled to a Tater period.
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File Name: TONP
File Description: Initial On-line plan

Contains the on-line (material) p]an'priof to the quarterly
plan regeneration,

File Content: IONP. (a, b)
~a = product key
b = 1-6 .. on-Tine plan for periods -1 to 5

inclusive,
7 «+s. not used

File Size: IONP (10, 7) = 70
File Type: Integer
Program Segments: QPLAN, QPLANPRINT, QTREVENTS

Special Notes: None




File Name:

File Description:

- 484 -

ITEMPERF

Item performance.

Contains statistics relating to the delivery performance
achievements at order line level,

Fite Content:

File Size:

File Type:

Program Segments:

Special Notes:

ITEMPERF (a, b)

product key
1-30 .... freguency histogram over the
range -20 to +9

o o
n

TTEMPERF :{10,30) = 300 -

Integer

STOCKMODEL, DELPERF, DESPATCH, WEEKEVENT,
WEEKPRINT.

File is organised as a ffequency histogram for
each product, containing 30 intervals. Each

~completed item 1ine will augment the appropriate

interval by one.



File Name:

File Description:
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LEADTM

Lead time

Contains data for compiling a frequency histogram of quoted delivery
lead time for each product,

File Content:

File Size:

File Type:

Program Segments:

Special Notes:

LEADTM (a, b)

product key ‘
1-52 .... frequency of achieving each value

o W
1}

LEADTM (5, 52) = 260
Integer.

STOCKMODEL, LOAD, QTREVENTS, QTRRESET, WEEKEVENTS,
WEEKPRINT.

As each order is loaded, the delivery lead time
bucket for the appropriate product is augmented
by the quantity loaded,
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File Name: LINEQ
File Description: Assembly Work in Progréss

Contains a queue of customer and stock orders for each product
type at the main assembly location,

File Content: LINEQ (a, b, c)

=  Product key
= Position in file
c = .1 ..., order number
2 «... item number
3 .... due date
4 .... quantity
5 vee. timer

File Size: LINEQ (5, 50, 5) = 1250
File Type: Integef‘
Program Segments: STOCKMODEL, WEEKEVENT, ALLOCATE, ISSWIP, OFFLINE

Special Notes: File is.organised into a separate queue for each
o product type (sub-assemblies are located in
SUBQ).

New entries to the file are always placed at the
end of the queue, Two priority rules may be
utilised; “first in first out", or by due date -
in which case a sort routine is activated. After
processing the file is consolidated by removing
fully processed records.,



File Name:
File Description:
- Contains the order

Fiie Content:

File Size:
File Type:

Program Segments:

Special Notes:
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NETPLAN
Order loading plan. _ ]
Toading plan for each product type.

NETPLAN {a, b)

produ;t key
.1-52 .... Weekly order loading plan

NETPLAN (5, 52) = 260
Integer | | ‘

STOCKMODEL, LOADPLAN, MONTHEVENT, QTREVENT,
QTRRESET, WEEKEVENT,

The gross delivery plan is contained in file
DELPLAN, The net delivery plan is derived from
the gross delivery plan with modifications re-
flecting the level of overdue products and the
difference between the planned and actual stock

Jevels. The resultant plan is loaded into

NETPLAN and used as the basis for order promising.



File Name:

File Description:
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OCF

Orders carried forward

Contains the customer order load per period for each product.

File Content:

File Size:
Program Segments:
File Type:

Special Notes:

OCF (a, b)

product key

1 «... overdue load

.2-7 ., forward load for periods 1 to
6 inclusive

QCF (10, 7) = 70
QPLAN,‘QPLANPRINT, QTREVENTS
Integer

None



File Name:
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OCFUKS

File Description: Workfile

Contains the orders carried forward (order load) in equivalent
weeks worth of production, ' '

File Content:

File Size:

File Type:

Program Segments:

Special Notes:

OCFWKS (a)

~a = .1-7 ,. gross Toad in weeks for each period

OCFWKS (7) = 7
Integer
QPLANPRINT

Used to present information on the equivaient
weeks worth of order load for each period in

' QPLANPRINT,



File Néme:

OFP

File Description: Off-line Plan

Contains off-1ine (assembly) plan for each product.

File Content:

File Size:

File Typé:

Program Segments:

Special Notes:

OFP.(a, b)

product key

b = 1 .... not used

2-7 .. off line plan for periods 1 to 6
1nc1usive

OFP {10, 7) = 70
Integer
QPLAN, QPLANPRINT, QTREVENTS, WEEKLYPLAN.

None
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File Name: OLDSCHED
File Description: -workfi1e

Temporary fi]e‘used to retain the previous schedule when
formulating a new supplier schedule.

File Content: -OLDSCHED (a)

a = }.c.. schedule-arrears
.2-13.. monthly cali-off

File Size: OLOSCHED (13) = 13
File Type: Integer
Program Segments: SCHED

Special Notes:  None



File Names ONP
File Description: On-line plan

Contains the on-Tine (mate?ia])'plan for each prbduct.

File Content: ONP (a, b)
a = broduct key
b = 1.... not used :
.2=7 .. On=-1ine plan for periods 1 1o 6
“inclusive,
 File Size: oNP (10, 7) = 70
- File Type: ~ Integer

Program Segments: STOCKMODEL, QPLAN, QPLANPRINT, QTREVENTS, QTRRESET

Special Notes: None
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File Name: OPFILE
File Description: Orders placed file

Contains detail of each customer order, inciuding data relating to
product requirement, due dates and state of completion,

File Content: OPFILE (a, b, ¢, d)

= file address
= item number (up to 5) _
de]ivery‘phasing'(up to 5 batches per item)
eess product type

a0 oo
]

1 ‘
2 +es. quantity required {total) |
3 see. week due (actuaT)

4 .... quantity unallocated

5 .... quantity to be taken from stock

6 .... quantity in an allocation '

7 ... quantity on-Tine

8 .... quantity in test

9 .... quantity in despatch

10 .... order number ' -

File Size: OPFILE (125, 5, 5, 10) = 31250
File Type: Integer o | '

Program Segments: STOCKMODEL, ALLOCATE, DELPERF, DESPATCH, FESALL,
: ISSWIP, LOAD, MONTHEVENTS, OFFLINE, OPFCREATE,
“OPFPRINT, QTREVENTS, QTRRESET, STOCKVAL, WEEKEVENT.

Special Notes: OPFILE contains all live (i.e, not fully despatched)
- customer orders and is organised in a quasi-random
sequence. Early orders will tend to be sequential,
Tater additions will be inserted in the first
available free position. Thus, the file will tend |
to have a high occupancy at the head, thus improving
processing time, |
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The file is organised into two partitions;

static data describing the order. content
(products, quantities, due dates) and dynamic
data reflecting the state of completion of the
order (status information).

Orders are removed from the file and the position
is made available for new orders when the final
delivery of all item lines has been made.



File Name:
File Description:
Contains a summary

File Content:

File Size:
File Type:

Program Segments:

Special Notes:
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ORDBK
Order Book
of the orders due per period for each product.
ORDBK (a, b, ¢, d)

= product key

= week due (relative)

= position in file

= 1 .... Order number

2 eo.s item number

3 auns quantity outstanding
4 .... 0 = due

o 0O O o
I

overdue
part shipment permissible
no part shipment

_ i
5 veen
2

ORDBK (5, 52, 15, 5) = 19500
Integer

STOCKMODEL, ALLOCATE, DELPERF, DESPATCH, FESALL,
LOAD, LOADPLAN, MONTHEVENT, OPFCREATE, ORDBKPRT,
QTREVENTS, QTRRESET, WEEKEVENT

The file is reset each'quarter by avancing each
data element by thirteen weeks, Orders with
quantities outstanding in the first thirteen weeks
prior to re-setting are overdue. To reduce file
space, overdue orders are “tagged” and re-located
at the tail of the file, Thus, an order which was

_originally located in period 8 and would normally

be relocated to (8 - 13) = -5 is placed in period

(39 + 8) = 47,

Orders are removed from the file when all item
Tines have.been despatched.



Fi1e Name:

File Description:
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ORDHIST

Order History

Contains monthly orders received history for use'in forecasting.

File Content:

File Size:

File Type: )

Program Segments:

Special Notes:

ORDHIST (a, b)

'product key _
1-12..... monthly orders received volume

"ORDHIST (5, 12) = 60

Integer.

STOCKMODEL, FORECAST, LOAD, MONTHEVENT, OHRESET,

- QTREVENTS, WEEKEVENT.

File is reset each month by advancing each data
elements by one period and clearing the final
period, Orders received data is captured from
sub-routine LOAD and augments the final period
in ORDHIST.



File Name:

File Description:
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ORDPERF

Order performance.,

Contains statistics relating to the delivery performance achievement
at .complete order level,

File Content:

‘File Size:.
File Type:
Program Segments:

Special Notes:

ORDPERF (a, b}

1 ..e. part shipment order

a =
"2 .40 nO part shipment order
b = .1-30.. frequency histogram over the range

. =20 to +9

ORDPERF {2, 30) = 60

- Integer

STOCKMODEL, DELPERF, DESPATCH, WEEKEVENT, WEEKPRINT
File contains two ﬁarts, part shipment order and
no part shipment order statistics, each containing
30 intervals,

For part shipment orders, despatch of every
item iYine: on an order with a common due date

will increment the appropriate interval by one,
For no part shipment, all item lines on an order

- must be completely despatched for the file inter-

val to be incremented. Delays over the range -20
to +9 weeks are converted to the range 1 to 30

as data is captured and reconverted to represent
the correct delay factor for subsequent analysis.



File Name:

- 498 -

ORF

File Description: Orders received forecast

Contains orders received forecast consolidated into quarterly

-buckets;‘

File Content:

File Size:

File Type: -

. Program Segments:

Special Notes:

ORF (a, b)
a = product key
b =1 .... not used

.2-7 .. forecast for periods 1 to 6
ORF (10, 7) = 70
Integer
FORECAST, QPLAN, QPLANPRINT, QTREVENTS

None
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File Name: PA

File Description: Production to be allocated,

Contains the planned a11ocat1on of equipments from assembly or
stock into test.

File Content: PA (2, b)
a = product key
b. = 1_.... not used

2=7 .. product1on to be allocated for
periods 1 to & inclusive
.8-10.. contains duplicate of period 6.

File Size: PA (10, 10) = 100

: Fiie Type: Integer

PrégramSegments:.-QPLAN, QPLANPRINT, QTREVENTS, WEEKLYPLAN

Speciai Notes: For planning purposes, the test load is assumed
constant, therefore the production to be allocated

may be considered as the equ1va1ent of the delijvery
plan. ‘

'The.content of periods 8 through 10 is used for
data presentation purposes in QPLANPRINT.



File Name:

File Description:
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PIPELINE

Orders Pipeline

Contains orders received from the order generator pending order
- promising (Toading).

File Content:

File Size:
File Type:
Program Segments:

Special Notes:

PIPELINE (a, b, ¢)

position in file
1 .... order header
¢=1.... order number
2 .ees 1 = part shipment permissibie
2 = no part shipment
3 .... number of items
2-6 ...Item detail

¢c=1.... item number
2. ..., product type
3 ..., quantity
4

eees value
PIPELINE (20, 6, 4) = 480
Integer |
STOCKMODEL, INITODS, LOAD, ORDERS, WEEKEVENT

Temporary file used to organise orders
introduced by the order generator in preparation
for the order promising (order loading)

process. When orders have been successfully
loaded, order detail is transferred to OPFILE
and summarised in ORDBK.,




File Name:
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PRODMIX

File Description: Product Mix

Contains product mix data modified for trend pridr to updating
the product mix table (Table 6).

. File Cbntent:

File Size:

File Type:

Program Segments:

Special Notes: -

PROOMIX ()

- a = product key/data

PRODMIX (7) = 7

 Real

STOCKMODEL, QTREVENTS, TRENDI

The file is intitially loaded from Table 6
with the starting mix values. Subsequent
application of trend will modify PRODNMIX

~values, which must be corrected to the range

0 - 100 before updating Table 6.



File Name:
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R

File Description: Recommended production rates

Contains a sequence of fixed production rates for each product.

File Content:

File Size:

File Type:

Program Segments:

Special Notes:

R (a, b)

product key
. 1-10 .... Series of rates (units/week)
in ascending order

R (10, 10) =100

Integer
STOCKMODEL, QPLAN, QPLANPRINT, QTREVENTS

None



File Name:

File Description:

REQFILE

Requirements File

Contains the weekly gross requivements for each item,

File Content:

Eile Size:

File Type:

Program Segments:

Special Notes:

REQFILE (a, b)

[a1]
u

product key

o
u

. 1-52 .... weekly regquirements
REQFILE (25, 52) = 1300
_.Integerr
STOCKMODEL, ALLOCATE, EBQ, EXPLODE, OFFLINE,

QPLAN, QTREVENTS, SCHED, SUBPROG, WEEKEVENT,
WEEKLYPLAN

File is recreated each quarter as a result of the
quarterly planning and requirements calculations
routines,
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File Name: , RR
File Deséription: Running Rate
Contains the selected production rate per period for each product.

" File Content: RR (a, b)

n

product key

1 .... not used

2-7 .. production rate for periods 1 to
6 inclusive

8-11". not usédr

File Size: RR (10, 11) = 110
File Type: Integer
Program Segments: QPLAN, QPLANPRINT, QTREVENTS

Special Notes: None



File Name:

File Description:
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SCHEDULE

Supplier Scheduie

Contains monthly delivery requirements from the supplier, including
a gross arrears value.

File Content:

File Size:
File Type:

Program Segments:

Special Notes:

SCHEDULE (a, b)

item key

o @
1]

= 1 .... arrears value
-2-13.. monthly requirements for periods 1-12

SCHEBULE (25, 13) = 325
Integer

STOCKMODEL, ARRIVAL, QTREVENTS, RECEIVE, SCHED,
WEEKEVENT

SCHEDULE contains the gross monthly delivery
requirements from the supplier and includes

a simple gross value for the outstanding arrears.
Actual deliveries against-the schedule are derived
from subroutines RECEIVE and located in file
INPUT. '
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File Name: STKORD
File Description: Stock Order Number

Contains the last stock ordef number allocated for each item
type. '

Fi]e Content: STKbRD (a)
a = item key/last order number assigned
File Size: STKORDl(ZO) = 20
F%1e Type: Iﬁteger
Program Segments: ALLOCATE, WEEKEVENT

Special Notesé¢ None



File Name:

File Description:

SUBFILE

Sub-assembly Programme

Contains the sub-assembly programme derived from the requirements
file and incorporating economic batch ruies.

File Content:.

File Size:

File Type:

Program Segmenis:

Special Notes:

SUBFILE (a, b)

item type
1-26.... weekly sub-assembly programme

n

SUBFILE (12, 26) = 312
Integer

STOCKMODEL, ALLOCATE, MONTHEVENT, SUBPRQG,
WEEKEVENT

SUBFILE contains the schedule of sub-assembly
deliveries to stock and is the basis for material
allocation and subsequent manufacture. The
schedule is derived from REQFILE'and is modified
to take account of economic batch rules,

buffer stock and shortages.



File Name:

File Descriptioﬁ:
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SURQ

Sub=assembly Queue

Contains a queue of sub-assembly orders in manufacture,

File Content:

File Size:

FiTe Type: -

Program Segments:

Special Notes:

SUBQ (a, b}
a = ‘position in file
= 1 .... part number
2 asae due date'(actua])

3 .... quantity
4 .... timer

SUBQ (50, 4) = 200
Integer

STOCKMODEL, ISSWIP, OFFLINE, OPFCREATE,

- SQPRINT, WEEKEVENT

File SUBQ represents the queue of work in the

‘sub-assembly manufacturing department. The queue

contains a mixture of sub-assembly types and may
be organised in "first~in-first-out" or due

date priority by utilising a sort pre-processor.
The file is consolidated after all order
completions have been processed in subroutine
OFFLINE, ‘
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File Name: TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE

- 0~ O W N e

1
‘File Description: Sampiing‘Tab]es
Contains histogram definition for use in sampling routinés.

File Content: Table (a, b)

position in file
1 .... parameters

2 .... cumulative frequency

File Size: TABLE (7, 2) = 14 (for TABLE 1. through TABLE 7)
 TABLE (2, 2) = 4 (for TABLE 8, TABLE 11)

File Type: Integer

Program Segments: TABLE 1 . -  STOCKMODEL, QTREVENTS, RECEIVE
' TABLE 2 . -  STOCKMODEL, QTREVENTS, RECEIVE
TABLE 3 = -  STOCKMODEL, EXPEDITE, WEEKEVENT
TABLE 5 . - STOCKMODEL, INITODS, ORDERS, WEEKEVENT
TABLE 6 . -  STOCKMODEL, INITODS, ORDERS, QTREVENTS,
TRENDI, WEEKEVENTS

TABLE 7 . - STOCKMODEL, INITODS, ORDERS, WEEKEVENT
TABLE 8 -  STOCKMODEL, INITODS, ORDERS, WEEKEVENT
TABLE 11 -  STOCKMODEL, ARRIVAL, WEEKEVENT

Special Notes: Files (TABLES) contain static data which is pre-

defined for each simulation run. The histograms held
in each table are cumulative over the range 0-100.
The general format is as below:

Parameter -1 2 3 4 5 6 7

Cum, freq, 10 20 35 50 75 90 100




‘."uA
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This equates to a frequency histogram as
depicted below:

FREQUENCY
20 -
10 |
10 [10{15{ 15|25 |15 |10
1 2 3 4 5 6 7

PARAMETER

File content is as fblTows:

TABLE 1

TABLE 2
TABLE 3
TABLE 5
TABLE 6

TABLE 7

TABLE 8
- TABLE N

n

1§

1]

Normal input - profile of material
deliveries around the scheduled
receipt ddte.

Arrears input - profile of schedule
arrears receipts, -

Expedited input - profile of the
relative success of expediting action,
Number of items on the customer order.

Product'type of selected item on order.

Quantity of product per line item on
order, ‘

Part ship/no part ship indicator.
Reject input - profile of reschedule
for material rejects.



File Name:
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TESTQ

File Description: Test-Qdeue

Contains a queue of products which have been moved into the test
department pending despatch.

‘File Content:

File Size:

File Type:

Progrém Segments:

-Spécia1 Notes:

TESTQ (a, b, c)

= product key
b = position in file
¢ = 1 .... 0rder pumber
vees item number
«+.. due date
eees quantity
eees Limer

N B W M

TESTQ (5, 50, 5) = 1250
Integer

STOCKMODEL, DESPATCH, FESALL, OFFLINE, OFFCREATE,

 TQPRINT, WEEKEVENT

File is organised into a separate queue per
product, each representing a manufacturing
resource area.

New entries will be added to the tail of the file
and the file is accessed sequentially from the
head, Thus, the implicit priority sequence is
"first-in-first-out”. The file may be sorted by
due date (utilising a sort pre-processor) if

a due date priority is required.



File Name: -
File Description:
" Contains the gross

File Content:

o
n

File Size:
File Type:

Program Segments:

Special Notes:

TOTAL

Total Load

order load per week for each product.

TOTAL {a, b)

1]
Ik

product key

.1-52 .... order load per period
TOTAL (5, 52) = 260
Integer

STOCKMODEL, DESPATCH, LOAD, OPFCREATE,
QTREVENTS, QTRRESET, WEEKEVENT

File is augmented as orders are loaded in sub-

routine LOAD and decreased as orders are moved
into despatch in subroutine DESPATCH.



File Name:

File Description:

TREND

Trend Data

Contains the order mix trend for each product.

File Content:

File Size:
File Type:
Program Segments:

Special Notes:

TREND (a)
a = lproduct key/data

TREND (7) = 7

- Real

STOCKMODEL, QTREVENTS, TRENDI

The file contains a parameter for each product,
used to modify the product mix ratios in the
order generator sampling routines, Thus the
relative proportion of the total orders received
for each product may be changed without affecting
the overall gross volume, The trend data is the
per unit increase (or decrease) per quarter.



File Name;

WIP

File Description: HWork in Progress

Contains planned level of assembly work in progress per quarterly

period.

File Content:

File Size:

File Type:

Program Segments:

Special Notes:

WIip (a, b) -

product key
1 vees-Opening w,i.p. (actual)
2-7 .. planned closing w.i.p. for periods
1 to 6. :

wie {10, 7) = 70
Integer
QPLAN, QPLANPRINT, QTREVENTS

None



File Name:.  WORKFILE

File Description:, Workfiie

Contains transient information used in the plan explosion netting
process.,

File Content: - WORKFILE (a)

a = value per period
F%]e Size: NORKFILE (52) = 52
File Type: Integer

Program Segments: EXPLODE

Special Notes: None.
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DATA DICTIONARY

The data dictionary describes the variables contained within
the program segments as an aid to maintenance and program
modification.



ACTWK
ALLQTY
AVAIL
AVGE
BUFFER
BUFFERWKS

CAP/CAPACITY

COMPVAL
COMPBUFR
CSVAL
CUMDIF

CVARN
DATO
DATEREQD
DOATE
DELAY
DEMAND
DUE (DATE)
EQUBUFR
FESVAL
FLAG
1COUNT
IPRINT
ISEEDI-12
ISHORT
1TEMCOUNT
ITEMNO
MODE
OCFMIN

OLDBUFFER
ORDCOUNT

ORDNO
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DATA DICTIONARY

Actual week {simulated)

Quanfity in allocation status

Calculated available stock

Average _

Calculated buffer level

Weeks worth of buffer

Capacity '

Component value

Component buffer Tevel (planned) in weeks
Commercial stock value

Cumulative difference between new and previous
material plans

Co-efficient of variance

Actual calendar date

Date required

Due date

‘Delay between current week and due date

Calculated period demand

Due date {general application)

Equipment buffer level (planned) in weeks
Finished equipment stock value

Indicator used in quarterly planning process
Number of items required

Print key set by diagnostic file

Random number seeds

~ Sort key, used to determine priority rules

Number of order item lines

Order 1ine item number

Planning mode (order, stock, mixed)

Minimum value of orders carried forward,
expressed in weeks

Previous buffer level

Counter indicating the next available customer
order reference

Customer order number



PASUM
PCBBUFR

PROD
QTY
REFWEEK -

REJECT
REQD
RESPONSE
RUNTIME
SHORT
STOCK
SUBVAL
TESTWIP
TIME
TOTVAL
TYPE
VALUE
WEEK

WIp
WIPVAL
WKCAP -
XSTOCK
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Sum of production to be allocated

Printed circuit board buffer level

(planned) in weeks

Product key

Quantity (general application)

Reference week, used to derive the simulated
calendar week (or actual week) '

Quantity of rejected batch

Quantity required

Schedule response time in months

Runtime for each experiment in simulated weeks
Calculated component shortage

Opening stock

Sub-assembly value

Test work in progress value

Not used

Total value

Product key

Value selected from histogram

Simulation week, relative to first period -
reset each quarter

wOrK‘in pfogress

Work in progress value (assembly)

Weekly capacity (derived from quarterly value)
Excess stock '






