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APPENDIX 1

DESCRIPTION OF THE COMPUTER PROGRAM
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Al = 1 Introduction

(
The computer program was written in 1900 CSL l), an ICL package for

simulation applications and ran in the Loughborough University

Computer Centre.

This version of CSL allows the user to provide his own statements and
routines in standard Fortran IV, 1f desired. Because the ICL package
would not provide for the use of antithetic numbers, there was =2
need to introduce routines and statements in Fortran within the CSL
program. Those statements are indicated by an F in the first column

of a statement.

The description of the simulation program will be made in four parts:

i) An explanation about the components (segments) of the

program (main program and subroutines)

ii) A list with explanations of the major variables in  the
program
iii) A series of flow charts corresponding to the main program

and subroutines LATLC, £BLLC and &£STCT

iv) The full listing of the main program and all subroutines

(1) - CSL manual 1s edited by ICL, as technical publication 3386.
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Al - 2 Components (segments) of the program

>

The CSL program is'composed of a main program (MASTER MACH) and
three subroutines (£ALIC , £BLLC and £STCT). Subroutines £ALLC and
£BLIC are both used to sequence the jobs in queue and to load them
into the machines. The difference between them relates to the fact
that £ALIC is used for the priority rules which are designed to
avoid setup times (FIFOM, FIFCMB, SLACKM and SPTM), while £BLLC is
used for the priority rules which do not avoid setup times (FIFO,
FIFOB, SLACK and SPT}. Subroutine £STCT iz used to control the

inventory when it is switched-on.

Apart from those four CSL routines which were written by the author,

a geries of Fortran subroutines and functions were incorporated

into the program in order to allew the generation of antithetic randem
numbers. Those routines belong to the NAG library of subroutines (2),
subgroup G05. They were slighly modified in order to serve the pur-

poses of this study.

Below ig a list of the Fortran routines adapted from the NAG library
with their modified names and corresponding original names (NAG

library names).

Modified Criginal NAG
name name (2) OBJECTIVE
FADF GO5 ADF To generate a random number from a

standard normal distribution

(2) For description of those programs see the NAG LIBRARY MANUAL
(Mark 4}, NAG OXFORD (Subgroup GO05).
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{cont.
Modified Original NAG OBJECTIVE
name name

FAEF GO5 AEF To generate a random number from a
normal distribution with mean AM and
standard deviation 8

FABF GO5 ABF To generate a random nurber from a

- uniform distribution in the range

A, B ' )

FACF GO5 ACF To generate a random number from a
exponential distribution with mean A

FAFF GOS5 AFF To generate a random number from a
lognormal distrzbution with mean A
and standard deviation B

FARF GO5 ARF To determine the reference wvector in
a discrete distribution

FATF GO5 ATEF To determine the cumulative distribution
for the discrete uniform distributicn

FAVF GO5 AVE To determine the'cumulatlve distribution
for the Poissgon distribution

FAWF GO5 AWF To determine the cumulative distribution
of a histogram provided by the user

FAZF GO5 AZF To return a pseudo random nurber from a

required distribution

Apart from these 10 Fortran rcutines whose detailed description can

be found in the NAG manual, there is an extra routine provided by the

author, which allows the generation of antithetic random number.

This

routine is called SUBROUTINE MYRAN (P, NSTR) and works by generating

a random number from the CSL internal random generator (Subroutine
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IRAN]1 in the Fortran translation), and calculating a random number
as a function of the value of P and NSIR. When P = 1 the routine
generates a stream of ‘'straight' random number, but if P = -1, the
routine generates an antithetic stream. The value of NSTR is used

to indicate which stream of random numbers should be generated.

The modifications introduced in the 10 NAG routines consisted in
creating a new argument (NSTR) to take account of the different

streams, and generating the random streams from MYRAN, instead
than from GOS AAF which is the internal random generator for  the

NAG library.

The main program and all the subroutines are stored in a filing
system, in binary version, with all the data also stored in another

file, In 1ts present version the program runs in the following mode.

i) The data which 1s on file is edited
ii) The program reads those data and executes three antithetic
pairs of runs in accordance with the sampling procedure
described in chapter 5
iii) The results of each antithetaic pair are output through
the line printer and to a file for posterior statistical
analysis

iv) If more than 3 pairs of antithetics is desired, the

program can be submitted again such that in each submission

the output of the program is stored in a different file

which can be accessed later such that all antithetic pairs

from different runs are put together for statistical

analysis.
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Al = 3 List of variables

In order to facilitate reference the variables will be divided inte
two groups. The first group is composed of the definition variables
(entities) which constitutes the major structure of the model., These
variables will be listed in order of their declaration in the main
program {(they are equivalent to their corresponding variables in

the subroutines).

The second group of variables is composed of the input variables
whose values are read as data. All data is read from the main
program. These varizbles are going to be listed in accordance with

the sequence in which they are input to the model (read).

Al - 3.1 Definition wariables (Entities)

1. CLASS TIME CRDER.300 (3) SET CUSTQUEUE BSET POOLB
The entity CRDER represents the customer's orders. During the
initialization all 300 entities are loaded in POCLB. It is
assumed that no more than 300 CRDERS will be in the system
at any one time. In case this happens the program is halted
with a message: 'POOLB IS NOT ENOUGH'.

Each ORDER has three attributes:

ORDER.I(1) = The product style required
ORDER.I(2)} = The number of different product sizes required
ORDER.I(3) = The total quantity ordered

(These three attributes do not need be initialized).



2.

3.
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CLASS JOB. 900 (4) SET INQUEUE, ATQUEUE BSET PCOL

Entities JOB represent the production batches for individual
product sizes; At the initialization of each run all entities JOB
are loaded in POOL, It is assumed that there will be no more
than 200 entities JOB at the shop at any time., In case  this
number is reached the program is halted with a message:

'POOL, IS5 NOT ENOUGH'. The sets 'INQUEUE' and 'ATQUEUE' are both
used to handle JOBS arriving in the shop. The former is used
during the arrival time of 'ORDERS' and the latter to keep
the JOBS which are waiting to be loaded at the machines.

Each JOB has four attributes:

JOB.I(1) = Identificatien numberof the ORDER to  which
the JOB belongs

JOB.I(2) = The product size

JOB,I(3) = The 'JOB* batch size

JOB.I(4) = The code number of the product represented by

this JOB, This code munrber is used to identify

the moulds which are able to manufacture the
particular product represented.

(Those values do not need to be initialized).

CLASS TIME MACHINE . 2(2) BSET IDLE, BUSY

Entities MACHINE represent individual multiple stations machines
At the initialization of each run all machines vwhich are in oper-
ation are lecaded into set 'IDLE'., Each machine has two attributes:
MACHINE , I(1) An on-off attribute to indicate whether or
not the machine is switched on in an experi-
ment. This value needs to be input at the

initialization phase (1 = ON), (0 = COFF)




-267-

MACHINE ., I(2) = A parameter used to iIndicate the number
of stations loaded in a given instant of
time, This variable is set at zero during
the initialization phase.

If a machine has all its stations loaded it is taken from set
IDLE, otherwise it remains in IDLE and BUSY. It is taken from

BUSY only when no station is loaded.

CLASS TIME STATICN . 24(5) BSED LOADED.2, ULOADED, 2

The entities 'STATION' represent the individual stations in the
multiple stations machines. In the initialization of each experi-
ment, 'STATIONS' numbers lto 12 are loaded into ULOADED.1l, mean-
ing that they belong to MACHINE.1l, while 'STATIONS' 13 to 24 are
loaded into ULOADED, 2.

The attributes of each 'STATION' are:

STATION.I(1) = The identification number of the JOB which
is loaded at the STATION

STATICN,I(2) = Identification number of the mould which is
mounted at the STATION

STATION.I(3) = A parameter used in order to cope with the
changing value of ‘'process cycle time'.
It keeps the value of the quantity still
left to be produced from each JOB at a
given peoint in time

STATIONI(4) = A parameter used to keep a time record
related to the instant of times in which
STATION,I(3) is measured

STATIONsI(5) = A dummy parameter
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Attributes STATION.I{1l) and STATION , I(2)} must be initialized.
STATION . I(1) is set to zero and STATION .I(2) is set to the
identification nmumber of a mould. It is assumed that there is

always amould mounted in each station.

CLASS TIME STYLE .3(4) BSET POOLA

Entities STYLE represent individual product styles. Their
time cells (T.STATION.I) are used to keep the value of arrival
time of the next ORDER at the system. At the initialization
period all entities STYLE are loaded at PCOLA.

The attributes of STYLE are the following:

STYLE « I{1)} = The number of product sizes in the product

range

STYLE .I(2) = Total quantity to be demanded in the next
customer order

STYLE , I(3) = Smallest product size in the product style

range

STYLE , I{4) = Largest product size in the product style
range

All four attributes must be initialized at the beginning. The
values of STYLE .I(1l) and STYLE . I(2) change during a run, while
STYLE , I(3) and STYLE.I(4) are maintained constant. The time

cells must also be initialized.

CLASS MOULD, 45(3) BSET PREE

Entities MOULD represent the moulds available in the system. If

a MOULD is not mounted in a station, it is in 'PREE'. At the




1.

4.
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beginning of each run all 'MOULDS' which are not mounted in a

station must be loaded in 'PREE'. The three attributes of MOULD

contain the code number of the product sizes which can be manu~

factured by that particular MOULD., A MOULD can be used in the

manufacture of up to 3 different product styles. The values of

the attributes are read as data at the beginning of each expe-

riment.

3.2 The input variables

NUEXP

PRICR

BORF

Sop

Used to indicate the number of the experiment being
conducted

Indicates whether to use subroutine LALLC or
£BLLC (PRICR = 1,use £ALIC; PRIOR = 0, use £BLLC)
Used in conjunction with PRICR, to indicate whether
to use FIFQ; FIFOB; FIFCM or FIFOMB priority

rules, in accordance with the following table:

PRIOR BOF PRIORITY RULE
0 0 FIFO
0 1 FIFOB
1 0 FIFCM
1 1 FIFOMB

Used in conjunction with PRIOR to indicate whether
to use SPT or SPTM rules. When SOF = 1, either SPT
or SPTM is used depending on whether PRICR 15 zero
or one. When SOF = 1, BOF and SLACK must be set to

ZEXro.



5.

6.

9.

10-

11.

12.

SLACK

EMPIRIC

STATISTIC

TSIMUL

STARPOINT

NMOULD

NRUN

SZRUN
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Used in conjunction with PRIOR to indicate whether

" to use SLACK or SLACKM priority rules. When SLACK

= 1, either SLACK or SLACKM are used depending on
whether PRIOR is zero or onejwhen SLACK = 1,

BOF and SOB must be zero.

Controls whether to use empirical or theoretical
distributions of interarrival times and demand. If
EMPIRIC = 1, use empirical date; if EMPIRIC = O,

use theoretical distributicns,

Used to establish the length of the stabilization
period for each run, which is measured by the number
of completed orders

A dummy variable

A dummy variable which was used to contrel the output
of messages from the program. Its value 1s set in
terms of simulation time units. If the simulation
time is greater than STARPOINT the program outputs
messages which are used as diagnostic information.
It must be unitialized with a large number (prefer-
ably above 4000 000), if the output is not desired.
Indicates the number of moulds to be used in a
particular experiment

Indicates the number of subdivisions if the run sub-
division method of xampling is used. If independent
runs is used, NRUN = 1

Indicates the length of a run in terms of number of

completed orders
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14.

15.

l6.

17.

18.

15,

20-

21.

224

TIRUN

NDAYS

NMACHB

VCONV

MAXLOT

NSTYL

GENSTR

NIRUN

MXMOULD

IPARM (I)
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Indicates the number of replication runs.

A pair of antithetic runs correspond to a value
of 2 for TIRUN

Indicates the number of working days per week.
During the study NDAYS was set to five

Indicates the number of machines defined in the
program; NMACHB = 2

Indicates the number of minutes per working days
Used to set the value of the parameter for the
splitting procedure. It indicates how large a
job should be before it is split into smaller
batches

Indicates the number of product styles (NSTYL =3)
A value used to initialize the different streams
of random numbers for the different runs. If
mere than one submission for the same experiment
is made, the difference between the values of
GENSTR must be at least 100 to avoid repetition
of the same stream

Is a counter to control the number of independent
runs. Used in connection with TIRUN.

Initialized at 1

Indicates the maximum number of moulds defined in
the program, MXMOULD = 45

Used teo hold the values of any integer parameters
of the theoretical probability distributions. It
has a dimension of 20. In the present version of
the program all values of IPARM = 0, as no integer

parameters are used




23,

24.

PARM (I)

CUSTARA (I,J),
CUSTARB (I,J),
CUSTARC (I,J)
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Used to hold the wvalues of real parameters of

the theoretical probability distributio s.

PARM (1) to PARM (3) hold the mean walues of

the interarrival times for each of the three
product styles. The unit used for the interarrival
times is hours. A typical value is 42.0 hours

for the case of a load factor of 85%, the average
size of order equals 1600, and 1 machine.

PARM‘(4) to PARM (6) are dummy parameters and set
to zero .

PARM (7) to PARM (9) are used to keep the mean
value of the distributuions of order size. Typical
values are 1600.0 and 1000.0

PARM (10) to PARM (12) are dummy parameters and
set at zero

PARM (13) and PARM (14) are used respectively to
store the values of the mean and standard deviation
of the (normal) distribution of setup times. The
unit used is minutes. Typical values used were 8.0
and 16.0 for mean values and 1.5and 3.0 for
standard deviation

PARM (15) to PARM(20) are dummy parameters and set
at =zero.

Are used to keep the values of the empirical dis-—

traibutions of interarrival times for each of the

three product styles. All three distributions have

a dimension (2, 9). The unit used 1s hours
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26,

27.

28.

29.

VOLDA (I,J)
VOLDB (I,J)
voLDC (I,J)

MACSET (I,J)

TDISA (I,J),
TDISB (I,J),
TDISC (I,J)

RTYLA (I,J,K)

SSTYLA (I,J)

STOCK (I,T)
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Are used to keep the values of empirical distri-
butions of order size for each of the three product
styles. The dimension of all three distributions

is (2,9)

Is used to keep the values of the empirical distri-
bution of setup times. The unit used is minutes.

The dimension of varisble is (2,7)

Are used to keep the values of the empirical distri-
butions of probabilities which are used to select
the distributions of proportions of demand for the
different product sizes in a range. Each array co-
rresponds to a product style,

Dimensions of each array is (2,4).(Used with
empiric distributions)

Array used to keep the various distributions of
proportions for each of the three product styles.
Dimengion is (3,3,15)

A control variable used to indicate whether or not
a particular product style should have its jcb split
into smaller batches.,Used inconjunction with MAXLOT.
If SSTYLA (i,j) = 1, product style i, size j is
considered for splitting, but if SSTYLA (1,j) = 0,
then the product is never considered for splitting.
Dimension of the array is (3,15)

A control variable used to indicate whether or not
a particular product size is kept in stock. If
STOCK (1,j) =1, product (i,j} is kept in stock. If
STOCK (i,)) = 0, product (i,j) is not kept in stock.

Dimensien for this variable is (3,15)
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32.

33.

34,

35-

36.

37.

38.

RPOINT (I,J)

EBQ (I,J)

MOULD. I(J)

BCMACHINE(T)

FACHINE (I)

RvOL (I,J)

ARATE

VRATE
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A variable used to keep the record of the reocrder
point for each one of the product sizes.

Dimension is (3,15)

Variable used to keep the values of the 'replenish-
ment orders' batch size, for each of the product

styles. Dimension is (3, 15}

. Attributes of 'MOULD' relating to the product sizes

it can manufacture. It has been defined already.
Dimension {45, 3)

Variable used to keep the value of the fixed part of
the 'process cycle time' of the stations of a partic-
ular machine (BCMACHINE = N x MC in equation 3.1 of
Paragraph 3.3.1, chapter 3.

Dimension of BCMACHINE is (2)

Variable used to keep the value of the variable part
of the 'process cycle time' (FACHINE = 'I' in equation
3.1 of paragraph 3.3.1, chapter 3).

Dimension of FACHINE (I) is (2)

A correction factor used to adjust the value of the
order size in function of the pattern of demand
{(proportions) generated. Dimension of this variable
is (3,3)

A correction factor used to modify the interarrival
time. It must be set to 1 as it is not used anymore

A correction factor used to modify the value of size
of orders. It must be set to 1 as it is not |used

anymore
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39. PROCUM (I) A Fortran variable used to store the probability
distributions of the pattern of proportions for
- demand. It is used with the theoretical distribu-
tions of interarrival time and teotal quantity for
demand. Dimensions of this variable 1s (14)
40. PERIOD A variable used as a counter of the number  of
_runs executed. It is initialized with a value zero
4]l. T.STYLE.I A time cell used to keep the value of the next
arrival of an order of style I. It is initialized
with any value larger than zero. The unit used
is minutes. The dimension of this variable is (3)
42. STYLA (I,J) A variable used to store the values of the proporm
tions that are required for each product size in a
given order. It can be initialized with any of the

patterns of proportions. Its dimension is (3,15)

43, STYLE.I(Z) Represent the attributes of the entities CLASS TIME

STYLE as defined before., It must be initialized at

- the beginning of each run to define the character-
istics of the first order arriving at the shop for
each preoduct style. Dimensicn of this variable is
(3,4)

44, QTSTCK (I,J) Variable used to keep the record of stock level for
each individual product size. It can be initialized
with any desired positive value. The dimension of
this variable is (3,15)

45. STATICON.I(J) Represent the attributes of the entities CLASS TIME
STATION, as described before. Its dimension 1s (24,4)

representing 4 attrabutes for each of the 24 sta-




46.

MACHINE.I{J)
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tions. Only attributes 1 and 2 are initialized.
STATION.I(1) is set to zero, indicating that
no job is loaded at STATION.I and STATION.I(2)
is set to the code number of different moulds.
Each STATION.I(2) must be initialized with a
unique code number

As described before this variable represent the
attributes of the entities CLASS TIME MACHINE.
The dimension of this variable is (2,2). MACHINE,
I(1) must be initialized with 1 or zero to indi-
cate respectively that the machine 1s switched-on
or off in the experiment. MACHINE.I (2) is set
to zero at the initialization or each run to in-
dicate that none of the stations in the machine

are loaded
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Al = 4 The flow charts

In the following pages five flow charts are presented. Figure Al - 1
presents the flow chart for the procedure which is followed during
the execution of pairs of antithetic runs in a single job submission.

Figure Al

2 presents the flow chart of the main program MASTER MACH.

Figure Al - 3 presents the flow chart of thz subroutine £ALIC.
Figure Al -~ 4 presents the flow chart of the subroutine £BLIC. Finally,

figure Al - 5 presents the flow chart of the subroutine £STCT.
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FICURE Al = 1

FLOW CHART Cf PROCFTURE FOLLOWED FOR THE EXECUTION CF PATRS OF ANTITHETIC RUNS

Initialize all variables
whose values are not modified
during the n

Start run with a fresh
get of random streams

-

Initialize all variables
Fy h values are changed
during the runs

h 4

Simulate a cycle of activities

Calculate ard store all *
relevant statistics

Use same randosm
stream as used

) 4

Clear all arrays which
in previcus r1un store statistics
-
Set the program for Yo
an antitethic run
(IP =sl)
Yes
Set the program for a
*atraight’ run (IP = 1)
End of
simulation
T Calculate the final statistics
Cutput the final by averaqing the results frem
statistics of palrs{® *straight’ runs with the results
of antithetic runs

from the corresponding antithetics
runa




Find the statlion
which completed
the {ob
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FICURE Al = 2

FLOJ CHART OF MATN PROGRAM

(MASTER MACH,)

Dafine all entities,
arrays, and comrons
through the sppropri-=
ate statements

b 4

Initialize and read
the data for all
variables whose values
are nrot changed
during a un

L 4

Have a fresh set of
streams for the
random  mwber
generator

@——u

Initialize and read
the data for all
variasbles whose values
are nodified during
the run., Output all
data read

.

h 4

Begin activities

Yes

Calculate and store
t all the statistics
for this run

¥

Take the zachine
from queve “busy'
and put it into queue
*idla’, Take the
station from queue
*loaded' and put it
into queus
*unloaded’

Yes

this tra end
of the stabilizatio
period

h 4

Siart to compute the
station and would
idla times

Clear all
histograns from
its statiztics

Ca)

Coros )

( o4 )

Find in 'POOLB' &an

entity ‘order' to

represent this new
arrival

h 4

Take nota of the
arrival time for
this ‘order*

L 2

Take ‘oprdez' from POOLD

put order 1n ‘custqueua‘

and record the following

parametecs related to

this crdar

(1) The product satyle

(2} The number of product
sizesrequired

{3) The total quantity

required

¥
Record the present
emount  fn stock for
statistical purposes




Put the entity
*3cb! back into
*PCCL',  calculate
the mean value of

‘process cycle tine',
ond store it in the
appropriate histogram

Adjust the stock

level, to take

account of the job
comnleted

Record the completion
of thiz stock

replend shrent order

Fird
entity *Job' to
represent a  stock
replenishment
crder

an ‘POOL' an

4

Take this job fron
'POOL', record its
attributea and send
it to ‘atqueue’

h 4

Put on record that
a8 stock replenishment
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PIGURE AY = 2 (CONTTHUATICN)

Choose a set  of
rendon  punders
strezms depending
on whether or not
this was an
antithetie run

Do X from Style I{3)
to Style I(d).

(Style I{3) = soallest
slze In the product
range)}

(Style I(4) ¢ largest

size in the product

4

Calculate all statistics
by averaging the results
from the pairs of
antithetic runs, and
output the results on
file and on the

order for this
product  giza has
been fesued
LA
v
GOTO §

line printer
r
END
-
Record the completicn

of a customer "iob’

Does
this job
conplete the requirements
of the ‘order’ to
wvhich it

belongs

j Lo )

Add the amount

requested to  the
statistics of

demand

Call subroutine for
stock control (5TCK)

Can
all the
requirements
for rproduct K he
satisfied from
stock

Is
product sire
K on the
‘splitting*

tix the no.

batches to 1

Calculate the no.
of batches in
which prodxt K
£ o H




GOTO 3
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FIGUPE Al = 2 (CCHTTNUATION)

Calculate the  sctual
throughput tize for
the order and record
1t on the  appropriate
histoqgraz

«

Add 1 to the nunber
of completed ordecrs

Y

Take the entity ‘erder®

from custqueus  and

put 1t back to
'PCCLB*

Record the total
production time for
he

Set C5R = 0 to indicate
that a machine has
completed a job

L 4

Call the appropriate
subroutine (EALIS o
£BLIL) in accordance

with the prlority rule

(19

BN
Do J freml to the

muber of Dbatches /

}

Find a Job In 'POCL?
to represent this batch

Take this job from 'POOLY
and record the following
attributes:

(1) The serisl no. of the
entity to vhi~h  this
Job belongs
(2) The size of product
this job represents
{3} The jcb's batch size
{4) The code mmber of the
product this
job represents

¥

Put this job at queue
Tinqueue® and  record
its arrival time at "inqueue’

in

operation

Generate next arrival
time, as well as the
quantity demanded

and proportions for
each product size

shich arrlved been

i

A 4

Organize the Jjcba ia

Transfer all Jobs stil}
in ‘inqueue’ to "atgueye’

*inqueue’ in accordance
with tre priority rule
in operation

&

|

Call subroutine
fALLC or £BLIC in accord-
ence with pricrity rale

in eperation

Set 'key' LS w1l to
indicate the arcival
of an _ order

Is

Set 'key' TSR = 1 to
indicate the arrival
of an order

there any
machine with
an idle
station

»

satisfied frono

Calculate tha statlistice
which refers to the
canpletion of an order

v

Take the order from
cuscquene and return
it o rocint
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FICUHE Af = 3

FLOS CHART ¢F SUBRCUTTNE ALIC FOR LOADDNG JCOD$S INTG MACHINES

START  SUBRCUTIHE

k

Set the verisble 'CSATUR®
which accumulates the

setup times to zero,
and count nunber of
idle stations

represent the comple~

Count the number of
jobs in finqueue' and
add the nunber to  the
histogram 'NJOBG* .

Was
the previous
activity an corder
arrival
{begin demand

Arrange the sequence of
Jobs in 'inqueue' In
accordance with the
priority rule in operatiom

[

Separate the stock re-
plenishment 'jobs' from
the customer 'jobs' by
- putting the former into +
*atqueue' and the latter
into ‘inqueue'. Set key
CSTCK to 1 to indicate
that 'inqueue' contains
only customer's job

Is
there
any unloaded
statlon at
present

this a
'aschine free!
activity

) )

‘ GOTO 4
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FICURE A1 = 3 (CONTTNUATION)

the poulds
nounted in the
‘uniloaded’ statiorns
is there any which is
able to manufacture
Job I

by the mould which
1s setup in the
station

there
any  more
Jobs walting

*inqueue’

Take job I from 'inqueue’,
calculate station idle tize,
take siation from 'unleoaded*
and put it into 'loadeq’,
Caleculate the expected
processing time for Job I,
and store this Information
in the tine cell

-~

Is
this a
*machine free’
ectivity

. Record the values of the

attributes of the station

(1} jJob identification number

{3) job batch size

(4) the present simulation
time

Calculate the mould idlas
tine, ard the waiting tine
in queue for this Jjob

Is
this a
‘customer's!

Ijml

Add  the value of walt=
ing time In queve to the
histograms used to

calculate its statistics

1

Ly| Record the time in which
production of this job
started

Is
there  any
‘free' rould which
can manufacture

Is
this a
stock replenishment
crder

this a
‘wachine free*
activity

Take note of tha station
in which this Job has
been loaded

£
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FIGURE A1 = 3 (CONTIMUATION)

_9?

Toke job J from *inueue’ and
station fram 'unloaded’, Put
station into 'loaded’ and change
ooulds, by takirg the cne in
station and putting it into 'PREE!

4

Set the attributes of station
(1) job identificatlion numher
(2) mould identification muber
{3) job batch size

(4) the present simulatlion time

1

Calculate mould idle time, station
idle tire, and walting time in
queue for thiz  job

Add setup times

to the time cell

of all loaded
stations

Generate a value for the

eetup time, and calculate the
estimated processing time

for this jeb. Store this
information in the tine cell,

Take pould selected from 'PREE'
record the time in which production
for this Job started

Put back in 'inguese’
both customer‘s and
stock replenichment jcbs,
Empty 'atcqueue®

r

Do M from first to
last machine in
*idle’

loaded stations in
this machine Dbeen
altered since th

Calculate the new "process
cycle tine', and adjust the
time cell for all stations
shich were already loaded
before this activity, taking
account of setup  times

Take note of
the statioa in
vhich this job

was

loaded

Add the value of waiting

time In queue to  the

hiatograms  used to calculate
ixs statistics

thers
any rmore jobs
waiting at
*inqueue’

being lomded
customer's Jcb
(CSTCK = 1)

Exchange cuctorer's job in
*inquens® with stoeck
repleni~hment jobs in
'atquenet., Set €K = O

Take this machine b
from the idle queuve

+

Find out which of the

stations has the shortest

production tine and set

the machine time cell

to this shortest valua

Put machine into the
‘busy queue’
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FIGURE Al ~ 4

FLOW CHART P SHRROUTINE BLIC FOR LOADING JOBS INTO MACHTINES

Start subrovtine

Set the variable 'CIATUP®,
ich accumulates the

setup times to  zero,

Set 'T" = 0 and 'N2' & 0,

where 'T' and Z' are

used to control the locade

ing of jecbs into stations

l

Count the mwber of
. unloaded stations

this activity
represent the com-
pletion of & job
{ "MACKINE FREE')

Is
there
any avallable

stations at
present

Count the rmumber of
Jobs in queve and  aa

any of the
avsllable stations
have a mould which
can manufacture
this

Yes

Arrange the

sccordance with

Jobs 1n *inqueuet in

sequence of

the

Is
there
any avallable

Yes

priority rule in operation

stations at
present

Put all the stock replend shy
ment Jobs in the back M
of the queus

Is
this a
‘MACHINE FREE*
activity




FIGURE Al = & (COCNTIMUATION)

Yeg

Load Job J to  this

the number
of unloaded stations
larger than

1

Is
there any
‘free' mould which
can nanufacture
job K

Take job K from  inqueuve,
Take mould from "PREE'
Subtract the mber of
available stations by 1

+

Add 1 to the value of 'T*
to indicate that an extra
Job was selected for
loading. Reserve a
mould for job K

setting "WM' and 'WQ' to
thelr respective wvalues.
Take mould from 'PREE®,

Bo I = 1,T
(T = no. of Jcbs ta
ba loaded)

b 4

Find in "WLOADED' an
unloaded station

h

Take statlon from 'ULOMED
and put it in 'LOATED®,
Set tha attridutes of
station

station, and subtract
the ne. of avallsble
stations by 1

NZ wKZ=1l

Teke job J frem lnqueve,

Calculate station idle

time, and uvpdate its
statistics

h 4

Take station from
"ULOADED' and put 1t
into *LOADED'. Calculate
the expected processing
time for job J, and set
the time cell of station.

Set the attributes of the

statlon

(1) jcb identification na.

(2} b batch size

{3) present simulation
time

L 4

Calculate mould idle
tine and job waiting
time in queue

Update the statlstics
of wvaiting time in queuve

L 2

Recard the starting
time for the production
of this jcb

-
“+

Is
this a
stock
replenishment
Job

Yea

Take note of the

{1) job Ldentification no.

{2} mould Lfentif, no.

{3) jcb batch ize

{4) present slmutlation
Sima

s.ation in which this

[ dob was laaded
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FICURE Al = 4_(CONTIMUATION)

» 5
-
Calculate mould idle time Do H from ficsk to
and walting time in last machine in X
queue for _ job tidla?

Add setup
times to the
time cells
of all
loaded
stations
Update the statistics
of walting time in queue
for this product &
Calculate the new 'process b
l cycle time’, and pdjust the
v time cell for all stations
Update the statistics of which were already loaded
station idle time, and before this activity. Take
get the time cell of the . account of  setup times
station to the >
programmed processing
time for this Job
Ara
all staticns
L L in thls
Generate a value for ':cor;z::

getup time and add
it to the histogram &
of setup times

Take this wachine 3
froa the idle queus

Y

Find out which of the stations

has the shortest productlon

time, and set the machine

time cell to this shortest [

value, Put machine into the
busy queve

Take note of the station
in which this Job
KT &

gaded

Is
there any
other
wachine in
idle

END




FLOW CHART OF SUBROUTINE
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FIGIRE A ) = 5§

(5T0CK CONTROL)

Sturt  subroutine

!

Calculate tha amount
required for this product

Is
the eamwount
in stock larger than
the amount
required

Withdraw the amount
required from stock  and
adjust the stock level

Update the statistics of

walting time In queve

and processing time for
this product

Set DSAT = 1 and subtract

1 from ORDER .Z (2} te

indicate that this request

has been satisfled from .
stock

Is
the new
stock level below
tha reorder
point

Is
there a
stock replenish=
went  Job for this
product already
in the
shop

Issus a stock replenlah=-
@—' ment Job with batch

size egqual to FBQ

Record all the attributes

for this job and set

TSHICB & J', te indlicate

that & replenichmant job

for this product has
been  lssued

Withdraw all that 1s
left in stock in
order to partially
satisfy the demand

h

‘Update the stock
level and set
*ALRSAT & 0' to indi-
cate & partisl fule
fillpent of the demand

Is

there a
stock replenish—
ment job for this
product already
in the

Set DSAT = 0 to indicate

that a customer

jcb will have to
be issued

Is
this Job
already  loaded

in a
station

Set DSAT = 0 to indicatd

that a customer
job will have to be
issued

Yes

Set DSAT « 1 to indicate
that jcb has been

Transfer the stock
replenishnent job to a
customer lob.

Adjust the batch size
and completicn time.
Update statistics of
swalting time In queue.
Set DSAT = 1  to indicate
that no extrs customer
jcb ghould be lssuad
for this product

satisfied from stock.

Put the surplus produced
into stock. Adjust ths
tize cell of station

RETURN

¥

200 1
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Al - 5 Listing of the main program and subroutine

The main program and all subroutines are listed in the following

pages. This listing is a straight copy of the job (deck of cards)

-

vhich was dumped in binary version into the filing system.



JO3 PFF3,JePFF 1759
VOLUME 750V

JORCORE 33K

EDIT SENFPROGDATA
SELECY A°PPLICATIONS
up 3

CSLTRAN ,SPL

CSLCOMP ,,8PL.01
SELFCT

USE CR:$EN/PRNGHATA
CREATE OUT

USE ¢P,0UT

RUN CR15¢DJy4rY), 1000
FOUMpP SEN/PEF§BY
GIVF QUT,$EN/PROGOUT
NFLIST SEN/PROGOUT
L2 X
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boC EDIY
£ 3 1:3
62% 1 1 ) 0
0 10004000000
5 2 529 9450 3
E 2 6:7
42.0 42.0 42.0
0.0 8.0 8,0
E 3 23:30
0 0 g 1 1
2 2 18 22 48
é 6 5S4 66 144
E 3 35:3%7
0 0 0 ] 1
2 2 18 22 48
[ 4 S4 66 144
E 3 42:44
0 0 0 1 1
2 4 13 22 48
[ [ 54 66 144
E 7 48:54
346 37 0 18 39
E 1 62:62
3 3 19 23 L9
E 1 65:65%
3 3 19 23 49
E 1 68:68
3 3 19 23 49
E 1 73:73
1 0 0 0
S
Tk hh

162

54
162

S&
162

55
5%
55
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204
40

49
49
9

57
57
57

180

60
180

40
180

61
61
61

33
33
33

3
n
n

i3
13
13

o o000 o000 O00 (=R =
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POC CSLCOMP
SHORTLIST
SEND TOCED,SEMICOMPUSER, AXXX)
DuUMP ONCED,PROGRAM USER)
WORKCED , WORKFILEUSER)
RUN
LIBRARY(ED,SUBGROUPSRCS)
LIBRARY(ED,SUBGROUPSRES)
PROGRAM(U006)
MIXED SEGMENTS
TRACE 1
INPUT 1,52CR0
QUTPYUT 2:6=LPO
OUTPUT 3,9=CP0
COMPRESS INTEGER AND LOGICAL
END




e
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READ FROMCED,POSTFILEUSER,AXXX)
LISt
FUNCTION FADF(X NSTR)
DIMENSION ISTR(10)
COMMON/MYR/IND,IP,ISTR
TFCIND=121,2.1
IND=Q

FADFaU*COS(Y)
1F(IP,GE.O0)GOTO 3

FADF= FADF#(=1,0}
CANT INVE
RETURN
IND21
CALL MYRANC(P,NSTR)
1FCIP,LT,0)GOTOD 5
P=q1,0=P
UzSQRT (=2, 0%ALOG(P))
CALL MYRANC(PINSTR)
TECIP,LT,0)G0T0 &
p=q,0=P
ve5,28318530717955»p
EADF=YwSIN(Y)
1F{1P LT, 03G0TQ &
RETURN
END




FUNCTION

FREF=S™
RETURN
END

=294~

FAEF(AM,$,NSTRY
FADF(XsNSTR)*AM




100

=295

SUSROUTINE MYRAN(P,NSTR)
BIMENSION ISTR{10)
COMMON/MYR/IND,IP,ISTR

pz JRAMICISTR(NSTR) 100001}
pe (P=0,993/100000,14
JECIP,.GE,0)GOTO 100
Paq,0-P

CANTINUE

RETURN

END
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FUNCTION FABF(A,B/NSTR)

CALL MYRAN(P,NSTR)
FABFZ(B=A)*P+A

RETURN

END




FURCTION FACF(A,NSTR)

CALL MYRIAN(P,NSTR)
FACF==-A*pALOG(P)

RETURN

END
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FUNCTION FAFFCA,B+NSTR)
FAFF=SEXP(FAEFCA.B,HSTR)Y
RETURN

END
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SUBROUTINE FARF(IA,1B,1D,CDF,IREFsIBAY,ID1)
DIMENSION COFCIRAYT)(IREFCIDY)
CDFCIpI=Y

Y=2),0

X=1,0/FLOAT(ID)

1IREF(1)=10

JEIA

IDONE=TD*1

DO 1 I=2+1DONE

Ju)=1

JzJ+l

IREF(L) =)

Ye¥4)

CONTINUE

RFTURN

END
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SUBROUTINE FATF(IA/IB 1D, COF,JREFAJITLIDY)
DIMENSIGN CDF(I11),1R€F(IDY)

IR=IB=1A+1

X=1;0/FLOATCIR)

Y=0.0

DO 1 151A,18

Y=Y+ X

COFCI+1)=Y

CONTINUE

TAQONE=]1AH

1BONE=1B+Y

caLL FARFCIAONE, IBONE,JO,CDF,IREF2JIY,IDT)
RETURN

END




SUaRQUTINE FAVF(RH
CIMENSION CDF(121),1
E=EXP{1,0)
F=RM/E

s=1,.0

KuRM

R2K

IF (K) 8,8,9
00 1 1=1¢K
P=1

S=S*F/ P
CONTINUE
TF(RM=-R32:+3,2
§S=S/EXP(RN=R)
ChOFLR+1) =S

IF (K} 553410
t=rk-1

Wat+1
s=S+W/RM
COFC(I+1)=S
1=)-1
TFCIdSelnd
S=COF(K+1)
KizK+1

00 & I1=k1.12

W=l
COF(I+1)=3SsRM/y
Sage«RM/W
CORTINUVE
s=CpF(1)
12p1=1241

0o 7 1=2,1291
s=S+COF(1)
COF(1)=S
CONTINUE
120NE=T24+%

CaLL
RETUPN
END

12+
EFL
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D CDFPIREFITIZIAIDY)
£

FARF(1,1ZONEsIDJCOF IREF,121201DY)
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SUBRUUTINE FAUF{IA,IB;10,PDFTIPEFILABITIDY)
DIMENSION PDF{IAB1)+IREF(1D1)

X3PDF(IA)

TIA1=1A+1

DO 1 I=1A1,I8

PDF(1)=X+PDF{1)

X=PDFCL)

CaLL FARF(IA,I1B,10,PDF+IREF,TABY,1D1)
RETUFN

END
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.

INTEGER FUNCTION FAZF(N,CDOF,TREF.N1,NSTR)

DIMERSION CDFCN),IREF(NT)

JO=IREF(1)

CALL MYRAN(P,NSTR)

Rzp

JIJERAFLOATCID)

M=IREF(JJJ+2) -1

Mz=Me+i

1F¢R=-COF(MY}2,1.1
FAZFEM=Y

RETURN

END
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FIN]SH

haw
POC CSLTRAN
LISTINGC(3)

SOURCE(CR,S1)
OBJECYC(ED.POSTFILEUSER,AXXX)

-



SaMmaTMmO
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MASTER MACH

CLASS ORDER.300(3) SET CUSTQUEUE asEy PODLI
CLASS JOB,900(4) SET INGUEUE,ATQUFYE BSET POOL
CLASS TIME MACHINE,2(2) BSET IDLE,BUSY

CLASS TIME STATIOM 24(5) BSET LOAPED.2.ULOADED,2
CLASS TIME STYLE.3(3) BSET POOLA
CLASS MOULD,45(3) BSET PRFE

ARRAY STNCK(3,157,CUSTARA(2,9),CUSTARB(2,9),CUSTARC(2+9),vOLDA(2.,9
1)UVOLDS(ZIQ)IVOLDC(eJQ)DMA('SE'I(207)lSTYLA(3|15)J]PARM(2O:IPARM(ZO)
ARRAY RerLA(.SlS"iS)JTDISA(Z;Q)JTD[SH(ZJ‘O)uTDISC(El‘)l’VJJOB(LS.})I
1CDEMAND (49) TIDLEST( 2y, TIDLFMD ¢4y, CTIDLEMD(45) ,FACHINE(2)

SaTSTEKSTL) yTIMSTLK(S),AVSTCK(S)

ARRAT CSATURL2),RYOL(Z,3),pRODTILS,2Y,8STYLA{I,15),KCD(45)
{,ROELAY(45) L(BCMACHINE(2),TJ0BC4002,QTSTCK(3,45),RPOIRT(S
2ERQ(Z,15),SHIOBC3,15),MCJ0BC3,15), TORDER(S0) STR(10)

T15),

OIMENSTION 2(20),UNTCUMCIT), TUNTINT (1), POICUMC3Y) ,TPOITINT(3),
1PROCUMCIL) »IPROINT (14, NC20,CMD(135,20) 4 IGENSTR(3D) :

HIST DELAY(40,0,1) WAITQUE.2¢(126,120¢70),SETIDLECAS,0.1),
1NJ0BQ(S0r2,3)

FLOAT STYLA,AVERA/SDV,.RSDV,COEMAND,LFACTYACPROD,ACSXQ,RSTYLA
1:RAVERA, TIDLEST TIDLEMDCTIDLFMD, FACHINE,CYCLE,RYOL,SOMXQ,WJ0B
FLOAT PRUDT,7,KCD+RDELAY/ARATE,VRATE BCMACHINE sAVSTCKTARDIRD

1 .PARM

COMMUN/ ALLOCATE/SETIDIE, MACSCT ,MOULD,PREE,CUSTQUEVE,
4POOLE,TIOLEST,IDLE,SUSY,ULOADEDNRBERPLAST (CSATUP,CYCLE,VEONV,
INJOBU,STARPOINT,TIDLEMD,CTIDLEMD

COMMON/ALLOCATA/OPHACH ,IPARM, PARM,EMPIRIL

COMMON/ ALLSTCK/JOB,STATION, ORNDER, MACHINEPOOL,LOADED,TORDER,TJOB,
18CHACHINE  FACHINE, CLOCK T MACHINE, T, STATION, T, S5TYLE ;T CHANGE
2rcyoa,WJoB

CONMON/STOCKCONTA/NTSTCK/RPOINTERQ¢SHIOB,Y STYLASPRODT,
ACOEMAND ,STYLE,TSTCXST,TIMSTCK,AVSTCK

COMMON/MYR/IND,IP, 1060
INTEGER FAZF

READCYH0INUEXP,PRIOR, AOF,SOF, SLACK,EMPIRIC
READ(A+19)STATISTIC, TSIMUL,STARPOINT ,NMOULD NRUN,SZRUN,TIRUN
READCT+10INDAYS NMACHB + VCONY  MAXLOT /NSTYL GENSTR/NIRUN MXMOULD
READC1,20YIPARM,PARM




T

8004
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READ{(1,11)CUSTARA

READCT#11)CUSTARS

READCT1211)CUSTARC

READC1,11)VOLDA

READ(1,11)VOLDS

READ{(Y.11)VOLDC

READCY 411 YMACSET

REABCI+11)TDISA

READC1,110TDISB

READC1+1%)TDISE

FOR I=%,NSTYL
READCT #15) CLRSTYLACT,J,KY,K=1,14),4=1+ D)
READCT211) C(SSTYLACTK), K51,14)
READCI 11 (STOCK (Y KI K1, 14)
READCT1,11)(RPOINT(TI,KY s Kat,14)
READC1,11)¢(EBQCT,K) K21 ,14)

READC1:16) (C(MOULD, T¢Iy J=1,%),1=%,MXMOULD}

FEAD(1+15)(BCMACHINE(YY, a1, NVACHS)

READCT v 45) CFACHINECL) , 121, NMACHB?

READCY »15)RVOL,ARATE,VRATE .

READP(1,15)PROCUM

po 8064 1103=1,30

1100=1100+1

FHENSTREET103)=110022+1

CONTINUE

WRITE(S,18)NUEXP

WRITF(H,19)STATISTIC, TSIMUL, STARPOINT ,NMOULD NRUN,SZRUN, TIRUN

WRITECS,10INDAYS NMACHBVCORV  MAXLOT NSTYL,GENSTR,NIRUN,MXNOULD

DIST CUSTARA,CUSTARB,CUSTARC,VOLDA,VOLOB,VOLDC, MACSET
1,TOISASTDISB,TDISC

CALL FAUF(1,06+6,PROCUM/IPROINT,13,13)
1P=1

1STOGEN=11Q0

ICRG=0

pumMMY

po 8003 1103=1,10
1JX=T1035+[CRG
1060CTIT103)=IGFNSTRCLIX)
CONTINUE

DUMMY

LOAD POOLA,POOLB.POOL,IDLE

WNRITE(G,19)YGENSTR,PERIOD
WRITE{6,19)5TR
TSIMULSTSIMUL®Y,0/520, +VCONY
INDEO

READ(1,12)PERIOD,CYCLE

FOR Iz1.,NSTYL



¢
4
F
c

10

11

12

13

14

15

16

14

19

20
c

ag02
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READCT, 12X T . STYLE I (STYLACL 3D, J=1,13)
READCY,T4)(STYLACT KY , K314,15),(STYLE,1(2),2=1,4)
READCYI,11)(QTSTCK(LI,x) sK=1,14)

Z=NMACHB*12

READCY #1353 C(STATION, T ¢I)#02%,2),1=442)
READCT 416 ((MACHINE.M(T)ei=172)sMzt)NMACHB)
NIRUN EQ 1 @ BROD2
WRITE(H,20)IPARM,PARM
WRITF(O,12)YPERIOD,LYCLE
WURITF{6,19)5TR
MRITECH,13)CUSTARA,CUSTARB,CUSTARC,VOLDASVOLDB/VOLDCMACSET
1.7D1SATDISB.TDISC
FOR T=1,NSTYL
WRITECO6¢12Y T.STYLE. T+ (STYLACI )+ d21483)
WRITECO 44 (STYLACT LK) vX2t4,15),(STYLELT(J) s d=1,4)
WRITECO 1S LLRSTYLACI I ), ¢21,44),J2173)
MRITE(O,11)¢SSTYLACT LK), K=21,194)
WRITE(O 11 (STOCK(I ,K)eK=1,14) -
WRITE(H,11)(ATSTCKC(Y X}, X=1,14)
WRITE(OH,11)CRPOINT(T ,K},K=1,14)
WRITECO,11)(EBQLIFKY K=1,14)
WRITECE 133 ((STATION,1(J),i=1,2).121,2)
WRITE(&,16) CLOMOULD,1(J),d=1,3),121,MXMOULD)
WRITELG, 16 C(MACHINE MCI),121,2) 31, NMACHR)
WRITE(O,16Y(PCMACKHINFCI) e 1=, NMACHR)
WRITECG,15)(FACHINEC]Y, =1 ,NHACHBY
WRITECS,15)RVOL,ARATE, VRATE
WRITEC6,15)PROCUM

FORMAT(OIS,FS,2.,415)

FORMAT(1415)

FORMATCIS,13F5,2)

FORMAT{14615)

FORMATC2F5,2.,415%)

FORMATC14FS, 3)

FORMAT(1415)

FORMATC// 45X, 11H EXP NUMBERGIS.//)
FORMAT(I017)
FORMATCI0ES,/,1015,/,10F7,1,4,10F7.1)

DUMMY

COMORD=0Q

ALRSAT=0O

FOR I=1,NvACHSB
CSATUPCI)=0
TIODLEST(1)=0

FOR 1=1,HSTYL
TSTCKST(1)=0




[r3x Nz Ny ]
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AVSTCK(1)=0
TIMSTCK(I)=O
FOR J=%1,15
MCJOBCT,J)a0
SHJIOB(1,4)20
STOCK(I«d) NE 0 D 24
TSTCKST(1)+0QTSTCKLL )
24 DUMMY
T.CHANGE=2400
CHAVE=0
FOR 1=21,NMACHR
K=12+1
Ja12e(1=1)+%
FOR L=J,¥K
STATION,L TO ULCGADED,!
DUMMY
FOR [=1,MMACHS
MACHINE,I(1) EQ 0 @ 21
FOR JRJLOADED,I
MOULD,{STATION.J(2X)C1) NE O 3 22
MOHULD, {STATION,J(2)) TO PREE
22 DUMMY
MACHINE.I FROM IODLE
21  DUMMY
17 DUMMY
K=1S*NSTYL
FOR I=1,X
CHEMAND(1)=0
TIOLE»D(1)=20
CTIDLEMD(LI) =0
FOR J=1,NSTYL
WI0B(1,J)=0
RDELAY(l)=0
FOR J=1,2
PRODT(T,J)}=0
DUMKY
JENMACHR*T12+1
FOR 1=J,NMOULD
MOULN.1 TQ PREE
OPMACH2(
FOR 1=1,4MACHA
MACHINE,T{1) NE O 8 23
opMACH+

23  DUMMY
DUMMY
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ACTIVITIES
BEGIN CHANGE OF PERIOD

COMORD GE SZRUN R 100
COMORD=D
PERIOD + 1
KF=1093:1101
LFeXF=1093+1106
WRITE(6,120)PERTOD,CLOCK
120 FORMAT(SH PERIOD=,13,7H CLOCK=,17)
CMD(L&,LF)=10N0
FOR 1=1.1
ACPROD=0
CxA=0
ACSXQ=0
FOR J=1,177.3
XAZYIELD(NJOBG,J)
PROD=XAWY
ACPROD+PROD
SOMXQA=XAX(J=*2)
ACSXQ+SOMXG
CXA+XA
AVERA=ACPRON/ (CXA*Y 0)
$oV=LACSXA=CCACPROD**2) /{CXA®#T,0)))/(CXAT)
SpVeSnVasp,5
R§AV35SDV/AVFRA
¢ WRITE(O6,410TYAVERA/SDV RSOV
C4103 FORMATC  26H AVER NO OF JOBS IN QUEUE=TFS5,1,3X,4H 5D0=,F5,1,3X,;SH
c 1 R$D=,F5.1 )
F CMD(T . LF)=AD6S
T.CHANGE=VCONV*NDAYS
c

Mmoo

CYCLE=D
FOR 1=1,0PMACH
ACPROD=0
CXA=s{
Atsxa=0
FOR J=125,1300,%0
XASYIFLBCWAITQUE, [,J)
PROD=XANY
ACPROD+PROD
SOMXQ=T1,04xA2( (1, 0%d)wa2)
ACSXQ+SOMXQ
CXA+XA
CXA LT 2 3 4917
CxA=2
4117 AVERAZACPROD/CXA
SDV=CACSXQ~C(ACPROD*#2) 7 (CxA%T,03))Y/(CXAnT)
SOV LT 0 @ 4124
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sovz=0
SoV=SHVexD,S
AVERA EO 0 @& 4118 '
AVERA=T
RSOVaSDV/AVERA
AVERA=AVERA/A0,
CYCLE+AVERA
sOVESOV/A0,
WRITECG6,4102Y1,CXA, AVERA,SDVIRSDY
FORMAT(/,50 MACH,T3,3X+21H NO OF JOBS PROCESSED,IS5+3X3164H AVER €
1YCLE TIME,F642,4H MIN,IXe4H SD=1F6.2+3XeS5H RED2,F6.2¢7)
AVERA=(
CYCLE=CYCLESOPMACH
CYD(2,LFY=A072
CHDLS,LFY=A066
JENSTYL+1S
FOR 121,
AVERA+CDEMAND (1)
LFACT=AyERA*CYCLE/CLOCK/Y2/0PMACH+100,0
WRITECH, 41061 LFACT AVERA

C41086 FORMAT(/+27H LOAD FACTOR OR THE SYSTEM3,F6,2¢3X,18K VOLUME OF DEMA

c

nn

aoom™m

4133

4125

4thb
4128

4155

TND=,F10,1,/4)
FORMAT(§6,2,F10.1)
CMDL4,LF)=AD68
CMD(S,LF)=A0SS

STARPOINT EQ 4000000 3 4155
FOR I=1,J
wi0a(r,2y LT 2 & 4125
CDEMAND(1)=0
TIOLEMD(TY=0
GOT0 4128
CPDEMANDC(I)=WIOBCT +3}/WIOB(1,2)/VCONV
TIOLEMOCI)=CWIOB (L e3)=(CUJORCT 1Y u42) 7 CNJOBCI 2N/ (NS0B{Le2)=1)
CDEMANDCI) LT 0.10 @ 41464
TIDLEMDLI)=]
GOTO 4128
TIDLEMDCT)=(TIDLEMDCT1}+*0), S)/CDEMAND(T)/VCONY
DUMMY
CMDCTIIN3+45,F)=A038¢1103)
CMD{ITN3+90, LFI=ADLO(IT03)
WRITE(S,4119) CDEMAND
WRITE(6,4119) TIDLEMD
pUMMY
ACPROD=Q
CXA=0
FOR J=0,544,1
XASYTELD{SETIDLE«J?)
PROD=XA®)
ACPROD+PROD
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AVERA=ACPROD*100Q,0/(CLOCK+OPMACH)
c WRITE(SH, 4105 AVERA
€4105 FORMATC(/+40H PERC OF MACHINE IDLE TIME DUE TO SETUP=,F6.2,/)
F CMb{6,LFI=ADSS
FOR I=1,UPMACH
RAVERASTIDLEST(I)*100,0/CcLOCK/12.0
[ WRITECG,4108)1 ,RAVERA
pUMMY
Ca1n8 FORMATC/ 5K MACH,I2/2%,71H PERL OF TOTAL AVAILABLE TIME THAT STATI
¢ TON 15 InLE DUE TO LACK OF JORS=,FA,2,/}
f CMDL7Z,LF)=ADTY
FOR I=1.1
ACPROD=O0
CxAz0
ACSXQ=D
FOR J=0,39,1
Xe=VIELD(DELAY(J)
PROD=XA*)
ACPROD+PROD
SOMXA=1,0#XA+((1,0%))442)
ACSXQ+S0MXQ
CXA+XA
LCOCI+1)=CXA
CxA LT 2 & 4114
CXA=2
4114 AVERA=ACPROD/ (CXA+Y D)
SOV (ACSXQ=C(ACPROD* 22} J(LXAx1,0)2)/7(CXA=1)
SOV=SpV*a0,5
AVERA EQ 0 @ 4147

AVERA =0.5
4147 RSDV=SDV/AVERA
[ WRITE(S,4301)1,AVERA,SDV,RSOVICXA
Ceim FORMAT(/,54 PRODSIZ,3Nr912H AVER DELAY=,F6,2,5H DAYS.3X, 4K SD=,
c 1F6,243%,6H RSOV=,F6.,2.3X+94H NO OF ORBERS3,14:/)
F CMO(B,LE)=AD4S
F CMDLP,LF)=A056
K=10
F {C=0
£15¢ TARDE0
spv=0
FOR J=K|39

TARD=TARD+ ((KCDN(JI~KCD CJ=13)Y/CARCI=K#1))
SpV=(1.0~CKeDp(K=1)/cXA))*100.0

¢ WRITE{6+4149)TARD,SDV
4149 FORMATC(/,12H TARD INDEX=,F4.2,10%,11H PERC LATE=,F6,2)
F 1C=1C+1
F CMOCIC*Y4,LF) =AGTT
F CHDCIC+21,LF)=2A066
K+2

K GT 22 @ 4150
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FOR t31t1
ACPROD=0
CxAz(
ACSXQ=0
FOR J=1,45,1
XA=RDELAY ()
ACPROD+(XA+1,0x(J=1))
CXA+XA
KCO(SI=CXA
AVERA=ACPROD/(CX4&*1 0}
WRITE(O,4141)1 . AVERA,CXA
L1419 FORMAT(/,5H PROD,I13,90X,94H REL AVER DELAY=,F8,2,10%,8H DEMAND=,
118,/)
CMDCT10.LFY=A08S
CMDL11.LFI=1113
k=10
¢ 1C=0
4152 TARD=0
§pv=0 ot
FOR J=K,45
TAPD=TARD+ ((KCDCJY=KCOC)=1))/CXA+CInK+1))
SOV=(1.0=(KCO(K=1)/CXA) Y3000
WRITE(S6,4149)TARD SOV
1C=1C4+1
CMDCIC+28,LF)=A077
CMDCIC*+35,LF)=A00S
K+2
TARD=0
X GY 22 2 4152
FOR 1=1,NSTYL
AVSTCKII)=AVSTCK(1}/CLOCK
F CHMDCETU3+19,LFY=A045CI103)
[ WRITE(S6,4148)1,AVSTIK(])
C4148 FORMATL(/.S50X,24H AVERAGE STOCK FOR STYLES13,F8.047)
CLEAR NJURQ,DELAY WAITQUE,1,WAITQUE.2,SETIDLE
FOR I=1,45
ROELAY(1)sO
100 DUMMY

T OOo

MmO
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BEGIN DEMAMD

FOR 1=POOLA
T.STYLE.1 Eq 0 3 1000
FIND.Z POOLS FIRST 1006 2 4005
WRITE(S,1007)
FORMAT(204 POOLB S NOY ENQUGH)
EXIT

YORDER(Z)=CLOCK
DRJER.Z FROM POOLB

OROCR.Z TO rUSTQUEUE
PRISET(4) CUSTAUEUE
ORDER,Z(1)=1
ORDER.ZC2Y=STYLF, 1(1)
ORDER.£L(3)=25TYLE,1(2)
STYLE,I1C(1)=0

pUMMY
AVSTCALI)I+( (1, O#TSTEKSTCIII w1, 0w (CLOCK=TIMSTCKCI)I))
TIMSTCK(I)=CLOCK
FOR K=STYLE,T1(3),STYLE,1(4)
JEK#15x (=12
STYLACI ,KY EQ O 1009 3 0O
COEMAND (Y +(STYLE, 1C2)*sTYLALI,K)+3}
STOCKCI,KY NE O B 1015
CALL €STCYC(I,K,B5AT,ALRSAT,Z,INQUEUE)
DSAT EQ 0 9 1009
SSTYLACI,K) £Q 0 & 1014
yel
6OT0 1012
TR(STYLE,T(2)*STYLACTIK)+3,0)/MAXLOT
yzi¢1
STYLACI  KY=STYLAL(I .K)/Y
ORDER.Z(2Y+{(Y¥~1}
FOR X31,Y
FIND J POOL FIRST 1003 & 1001

0
WRITE(6,1002)
FORMAT (204 POOL IS NOT ENOQUGH )

EXIT

DUMMY

JO8,J FROM POOL

J03,3{1})=2

JOB,J(2) =K

JOB, J(3)=STYLE. 1(2)*5TYLACT1,J0BFJ(2))+3<ALRSAT
JOB JL4)aK+15x(1m=q)

ALRSAT=0

DUMMY
JO8,J TO INQUEUE
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TI03CJr=CLOCK
DUMNY
DUMMY

ORDER,Z(2) FQ 0 & 1018

RDELAY{1)40RDER,2(3) .
ADD 0,DELAY

COMORD+19

ORDER,2Z FROM CUSTQUEUE

PRISET(4) CUSTAVEUE

ORDER,Z TQ e20LB -
CHECK Z,ORDER,Z2(2}

DUMMY

SOF NE O a 1014

RANX K INQUEUE(=-J08,X(3)}

Goto 1047

SLACK NE 0 2 1017

RANX £ INQUEUELJUB,K(3))

GOTO 1014

BOF EQ 0 1014 2 0 .
RAN: K INQUEUECJOB,K(3))

Ls=

"FIND M IDLE FIRST @ 1008

CSR=1

PRIOR EZ 1 1013 3 ¢

PRIOR EG 2 3 1013

CALL E3LLCCM,CSR,S,INQUEUE,LS)SOFISLACK)

6OTO 1008

caty EALLC(M,CSR,S,INQUEVE,LS,SOF,SLACK)

ATQUEYUE GAINS INQUEUE :

ZERO tNQUEVE

EMPIRIC EQ 1 3 1019

T,STYLE, I=SAMPLE(T,CUSTARA,STR(1),CUSTARB,STR(2),CUSTARCISTR(3))
STYLE.I(2)=SAMPLE(L,VOLNA,STR(L)Y  VOLDB+STR(SY VOLDCSTR(S)})
KeSAMPLECI«TDISA,STRC(B) . TDISB.,STR(PI,YDISC,STR{10))
G0TO 1020

puMmy

NSTR=[103

J=1103

N2(26+0103)=FACFCADT2¢() NSTR)

TFCN2(2A+T103)  EQ.QIN2(26+1103) =1

NSTR=1103+3

Jx1103+6

10917¢1103,2 =2FACF(ANZ2C ) NSTR}
TFCI0T7¢1103,2),.67.5000)1017¢1103,2¥=25000
TFCI017(¢1103,2), LT, 50)1017¢1103,2)=50

NSTR=1103+6

11053 FA2ZF (14, PROCUM, IPROINT 14 +NSTR)

pUMMY

T.STYLE I=(T.STYLE, 1) #*60,/520.+VCONVHARATE
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.

STYLE, T (2)xSTYLE. I {2)*RVOL(K,I)+VRATE
FOR Z=STYLE.I(3),STYLE,1(4)
STYLA(L,2Z)=RSTYLACT K D)
STYLA(L,Z)Y EQ 0 1010 3 0
STYLE,I1(1)#+1
1010 DUMMY
1000 DUMMY
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BEGIN MACHINE FREE

FOR M=aysSYy
T.MACHINE M EQ O & 2000
QUMMY
FINRD J LOADEN,M FIRST 2002 a 2001

T.STATION,) E2 0

WRITE(H6,2003)
FORMATC(IOH KO STATION KAS FINISHED A JOB)
EXIT
MACHINE ,M FROM BUSY
MACHINE M TO 10DLE
SYATION,J FROYM LOADED.M
STATION,J TO ULCGADED,M
CTIDLEMD(STATION, $(2))=CL0CK
Y=STATION,JCLT)
JOR.Y T0 pOOL
JOB_ Y(3Y LT 1 2012 a2 0
t2(CLICK=TJOR(YI)I*GD,/J0B.Y(3)
ADD L (WALTQUE,M
DUMMY
X=J08,Y(1)
DUMMY
X £EQ ¢ @ 2008
1=2J08,Y(4)/15.40,99 !
AVSTORCIY+( (Y, OTSTCKSTLI))# (1,0 (CLOCK=TIMNSTCKLI2)))
TSTEKST(I)*»308,Y(D)
TIMSTCKLTY=CLOCK
QTSTCKCT,J0R, Y(2))+#10B. YD)
sHJoB¢I, JoR Y(2)3=0
QISTCK(I L JOS,Y{2)) LT RPOINTCIJOB,Y(2)) & 2009
FIND K POOL FIRST 2010 3 0
WRITE(6,2011)
FORMAT(20H POOL I5 NOT ENOUGH ?
EXIT
Jog,.X FROW pOOL
JOB . X(1Y¥=J0a.Y (1)
JOB.K(2)=J0R.Y(2)
JOB,.K(3)=EBO([,JOB,Y(2))
JOB. K{&)=JOR Y (&)
CHECK JOB,X(1),K
J0B . K TN ATOUEYUE
TJOR(KI=CLOCK
SHJOB(E, 08, X(2))=K
MCJOB(I,)OB . K(2))=0
G010 2009
ORDER X (2)=1
ORDER,X(2) £0 0 B 2004
TORDER(X)I=(CLOCK-TORDER(X)) /VCONY
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KsTORDER{X) +1

X GY 45 3 2007

K=45
RDELAY(K)+ORDER, X(3)
ADD TORDSR({X),DELAY
COMORR*1

ORDER,.X FROM CUSTQUEUE
PRISET(4) CUSTQUEVE
GRDER,X TO POOLB

pUMMY

puMMY
PRODT(IOB.Y(A) s 1)+ (CLOCKeTIOR(Y))
PRODT{JOB,Y(A),2)+1
buMMY

pumMmy

5=y

C$R=D

PRIOR EQ 1 2004 3 O

PRIOR EQ 2 @ 2006

CALL £BLLC(M,CSR,S,ATQAUEVE/LS+SOFrSLACK)
GOTY 2000

CALL fALLCCM,CSReSsATAUEVE,LS,SOFISLACK)

DUMMY
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CHAVE Ea 0 3 3101
COMORD GE STATISTIC A 3101
COMORD=Y)
CLEAR DFLAY,SFTIDLE/NJOBR,WAITQUE. 11 NAITQUE,2
T.CHANGF=2400
PERIOD=D
FOR M=1,KMACHR
TIDLESTI(M)=0
FOR I=ULOADED,M
T.STATION,I=0
KaNSTYL*1S
FOR I=1,K
COEMANDLI)=0
TIDLEMn{I)=0
CTIOLEMD(1)=0D
FOR J=1.3
wioalt,4)=0
ROELAY(1)=0
FOR J&1.2
PRODT (I, J)I=0
J=NMACHR*12
FOR 1=1,4
STATI{ON,1(4)=0
FOR 121,400
TJoBCIY=CLOCK
FOR 1=1,60
TORDER(IY=CLOCK
FOR I=T,NSTYL
AVSTCK(I)=0
TIMSTCK (D) =0
cLOCK=0
CHAVE=1
3101 DusMmY
PERIOD GE NRUN & 9000
FOR M=IDLE
FOR I=ULOADED.M
TIDLEST(M)~T STATION,I
TIDLEMD(STATING, [ (2))+{CLOCK=CTIDLEMD(STATION,1(2)))
FOR 1=zPREE
TIOLEMDCI) +(CLOCK=CTIDLEMDCTY)
GOTO 4001

WRITECP . T1INUEXP NMACHS

FOR l=1,J
COEMAND(I)=CDEMAND(IY*CYCLE+100,00/CLOCX
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WRITE(S,4115)

FORMATC/+45%,39H LOAD FACTOR FOR INDIVIDUAL INSOLE SIZE.//)

WRITE(6,%119) CDEMAND

FORMAT(OFS,2,1,6F8,2)

;OR I=1JJ
CTIDLEMDCI)=TIDLEMDLI) *100.0/CLOCK
TIDLEMD(I}¥=100,0

WRITE(6,54109)

FORMAT(/ 45X, 24H PERC OF MOULD IDLE TIMEF/ /)

WRITE(6,56119) CTIDLEMD

WRITE(Y,41343CTIDLEMD

FORMATC(I5F8,2,1)

FOR T=21,d
PRODT(!,2) FQ 0 4129 32 O
TIDLEMD(S)=PRCDT(I,1)/PRODT(1,2)/VCONY
DUMHY

WRITE(6,4130)

FORMATC/ 145X, 44H AVERAGE PRODCT TIME FOR INDIV SIZES IN DAYS:H)
WRITE(6,4119) TIDLEMD .
FOR 1=1,J

TIOLEMD{1)+CDEMANDC(Y)

WRITEC(S,4131)

FORMAT(/ 45X ,380 AVEQAGE DELAY AT SHOP FOR INDIV SIZES,/)
WRITE(O,4919) TIOLEMD

WRITE(D,6134)TIDLEND

puMMY

NTRUN GE TIRUN 9006 2 0

1¢(1P,G6T,0) GOTO 9004

ISTOGEN=I100

IcrG=1CRO+10

Do 9009 1103=1,10

LIX=1103+1ICRG

1060{I103XcIGENSTR(IJX)

CONTINUE

1p=1

60T0 9005

[p==~1

NIRUN+1

IND=O

CLOCK=0

ZERO CUSTQUEUE,POOLB, INQUEUE,ATQUFUE,PDOOL,BUSY,LOADED,
2ERO LOADEN,Z2,ULOADED.1+VLOADED.2.PO0OLA/PREE
PE(IP,GT.0)G0TO 8003

1100=2ISTOGEN

6010 8000

DUMMY

1=VCONV/S?

WRITECS, L140YNUEXP, PRIOR,BOF,SOF+SLACK,CLOCK +STATISTIC/NMOULD,
11

FORMAT(// 140X ?7H EXP NOJIS,5Xs14H PRIORITY RULE,IZ,5XsS5H B80OF=,I3,
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15X.5% SOF=,13%,5%X:7H SLACKa2,13,//,5Xs158 LENGTH OF RUN=,17,5X,
2114 STATISTIC=,17,54,10d NO MOULD=,13,5%,15H HOURS PER DAY=z,I3)
po 4956 JF=21,1095,2
20 4156 KF=21,135
CMDIKErJEY=(CUD(KF,JFY+CMD(KF,JF+1))/2,0
4156 CONTINUE
B0 4157 JF=1,1095,2
20 4157 KF=1,135
CMDUKF 2 19)=CMACKF 19 ¢CHDUKFJF)
CMO(KF 20)=CMDCKF 200 +CHD(RF, JF) 2a2
4157 CONTINUE
JF21095100372
LFzJF=1
DO 4158 KF=1,135
CMDCKF 19 )Y2CMDIXF 19 /JF
CMB(KF,20)2(CMDCKF,20)=JF*CMO(KF 1 19)#e2) /LF
4158 CONTINUE
WRITEC(Y11)INUEXP
F URITE(9.*163)t(CMDtKF.JF).JF:1,IOOS¢2).KF=1.135)
F4L163 FORMATI(4F10,2) . .
F WRETE(D,4164)
F4464 FORMATC//,40XK.29H MEAN AND VARIANCE OF RESULTS» /)
F WRITECH,4965) CCCMD(KF,JFY,JF=19.,2n) 1KF=1,45)
FL155 FORMAT(30X,2F16.3,+/)
WRITE(H,4120)
4120 FORMATC/,45%,48H AVER WATTING TIMF AT QUEVE FOR INDEVIDUAL S51zES,/
1)
F WRITEC(S, 4119 (CHDIKF,19)2KF=46,90)
WRITELE,4121)
4121 FORMATC/ 45X, 28H RELATIVE STANDARD DEyIATION,//)
F WRITECS,4119) (CMD(KF19) 0 KF=91,135)
F JRITE(E,4161)
F4161 FORMAYC//,20X,32H RESULTS OF PAIRS OF ANTITHETICS /1)
EXIT
G000 DuMmY
END

mMTMT AT TMANT™ A VA M
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SURRCGUTIANE EALLC(M.CSRsSrINQUEUESLSISOFISLALK)
MOULD PRIONRITY RULE

CLASS ORDER,$00(3) SFT CUSTONEUE ASET POOLB
CLASS JOS.90U(4) SET INQUEUE,ATQUEUE BSET POOL
CLASS TIME MACHINE,2(?) BSET 1DLE,BUSY

CLASS TIMF STATION,24(S) BSET LOARED.2,ULCADED,2
CLASS TIME FALS,4(D)

CLASS MQULD,A5(3) BSET PREE

ARPAY MACSET(2,7)+d(2), TIDLEST(2),TIDLEMDI4S),
1CTIDLEMPCLS) yFACHINE(2Y ,MIORCLS5,3),C8ATUPL2) ,BCMACHINE(2)
Z+TORDERCOND ,TIOBLLOO) ,MCIOBC,15),STRCI0), IPARMC20)/PARM(20)

HIST SEYIDLE(4S5,0,1),N0000Q(60.,2,0)
FLUAT TIDLEST,TIDLEMD,CYIDLEMD,FACHINE,CYCLE, WJOB,BCMACHINE,PARM

COMMON/ALLOCATE/SETINLE, MACSCT,MOULDPREE,CUSTQUEUE -

1PDOLB, TTDLFST, IDLE,BUSYFULOADED,ORDERPLAST  CSATUP,CYCLE,VCONY,
INJORQ,STARPUINT, TIDLEMD,CTINLEMD

COMMUN/ ALLOCATA/OPMACH, IPARM;PARM,EMPIRIC

LOMMON/ALLSTCK/SOB,STATION, ORNER,MACHINE JPOOL, LOADED, TORDER, TJ0R,
1BCMACHINE (FACHINE,CLOCK ST ,MACHINE, T,STATION,T,FALS,MCJO0g,%J0B

COMMON/NYR/IND, 1P, 1039

DUMMY

FOR I=1,0PMACH
CSATUP(I)=0

NZ=0

FOR (=]DPLE
COUNRT € ULOADED.I
u{l)=z
NZ=NZ+N{1)

JA=S

CSR EQ O & 3023

COUNT K INQUFUE

ADD X,NilBGQ

BUMMY

LS E4 1 3 3028

SO0F NE 9 @ 3021

FANK X INQUEVE(~JOB.K{3))

GOTO 3028

DUMMY

SLACK EQ 0 3028 2 0

RANK K THAQUEVE ((JOB,K{3)%4,5)+(CLOCK=TJOB(K)))
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SPLIT J INQUEUE INTO ATRUEUE
Jog,J{1) £EQ ¢
INQUEVE "LDSES ATQUEUE
LS=)
CSTCK=1
For K=TNGUEUE
CSR EN 0 @ 3022
FOR [=1,3
MOULD, (STATION, JA(Z2)) (1) EQ JOBIK(4) 3023 & 0
DUMMY
GDTO 3003
puNMY
FOR M1 ={DLE
ULOADED, MY EMPTY a 3002
puMmMyY
GATO 3V04
pUMMY
FyR M12IDLF
H=M}
+tOR I=21,3
FIND JA ULOABED .M FIRST 3023 2 O
MOULD, CSTATION,JAL2))(T) EQ J08.K{4)
pUMMY
GOT0 300%
puUMMY
DUMMY
JOB,X FROM INQUEUE
SATUP=T
CSATUPC(M)+SATUP
ADD SATUP,SETIDLE
TIDLESY(M)~(T.STATION,JA)
STATION,JA FROM ULOADED M
STATION JA TO LOADED.M
COUNT Z LNADED,M
T.STATION.JA=JOB,K(3)*(BCMACH!NE(M)+FACH1NE(M)*Z)¢0.S
STATINN, JA(3)=JO0B.K(3)
STATIGH, JA(4Y=CLOCK
STATION, JAL1) =K
J & STATJION,JA(2)
TIOR(KI=CLOCK~TIOB{X}
TIMEMDC)Y+ (CLOCK~CTYIDLEMD(S))
JOB,X(1) NE O 2 3038
WJORCIOB, K(4) ,1)+TJ0B(R)
WJURCJOB, K(4), 20+
WIORCI0R, KCL)Y, Y4 {1, O*TIOR(KII 22
DUMMY
TI08(K)=CLOCK
JOB,K(1) EQ 0 & 3024
1sCJUB,K(4)=JOB, K(2)) /15,041
MCJOB{L,J08, K(2))=JA
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CSR Eq 0 3004 @ 3003
pUMMY

PUMMY
PUMMY
fSR FG O B 3027
M2 EQ Y @ 3010
$0R J=INQUEUE
FOR MIaIpLE
MeM]
FIND JA ULOADED,M FIRST 3005 2 O
nunmy
GOTO 3004
FO¥ [=1,3
FIND X PREF FIRSTY 3018 3 0
FOULD KC(L) EQ JOB,JC4)
putmy
GOT0 3008
JOB,J FROM INQUFUE
STATION,JA TO LOADED,M
STATION,JA FROM ULOADED,M
MOULD, CSTATION,JAC2)) TO PREE
STYATEUN,JA (1) =}
STATION, JA(Z) =K
TIDLEMDOKY+(CLGCK=CTIDLEMD(K))
TJUORCJ)=CLOCK=TIOBCY)
JOB,J(1) NE O 2 3037
WaoeCslB, J(A) 1)1 0B L)
WINRCIJOB, 2{4), 201
WIOBCJOB,JC4A),3)+{1.0+CT20BCY)) w22
pUMMY
THIBCJY=CLOCK
TIDLEST(M)~(T,STATLION,JA)Y
COURT Z LOADED,M
T.STATION,JA=JOB, JC3)« (BCMACHINE(MI+FACHINE(MINZ)+0,5
STATION JAC(3)=J0B,Jd(3)
STATION ,JA¢4)=CLOCK
EMPIRIC Ea 1 3 3039
SETUP=SAMPLE(1MACSETISTR(?))
GO10 30490
DUMMY
ULEAGLTI(13)3+A041¢14)3
LL=A0LTC13)=a041(14)23
1059=pAFFCADLI (13) , 40461 ¢14),10)
TRCI059,6T,ULYI059=yL
IFCI0S9,LT,LL) 10592t
CSATUR (M) +SETUP
ADD SETUR,SETIDLE
MOULD K FROM PREE
pUMMY
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JOB.JC1Y £G 0 & 3034
1=C0J0R.J(LY=JOR.3(2II/15,00
MCSOBCI,J0B,0¢2))2JA
3038 CSR EQ O 3004 @ 3006
3006 DURMY
3010 C5TCr EQ ¢ 3 3004
INQUEUE GLAINS ATCQUEUE
SPLIT J INQUEUE INTD ATQUEUE
JOB.$(1) NE O
INGUEUE LOSES ATQUEVE
CSTCK=D
GOT0D 3035
3064 TAOUEUE GAINS ATGUEVE
ZERC ATCUEVE
$0R MeIDLE
count 2 LOADED,M
MACHINE, M(2) EQ 2 3030 A O
FOR J=LOADED,M
CLOCF GT STATION,J(4) & 303%
STATlON.J(3)-((CL0CK-51A110N.J(A))I(BCMACHINE(N)+HACH}NE.M(2)
1+FACHINE(M)Y=D .5}
303 T.SIATION.J=STAT10N.J(3)t(BCMAtHlNE(H)+FACHINE(H)'Z)
1+ CSATUPIMI+D,5
STATIUN,J(4)=CLOCK+CSATUR (M)
MACHINE M(2)=2
6070 3032
3030 FOE KASLOADED.M
T.STATION XA+CSATUR(M)
STATION,KALL)+CSATUPL(H)
3032 ULOADFD .M E¥PTY § 3026
MACHINE M FROM IDLE
30726 pUMMY
FIND K LOADED.M MIN(T.STATION.K) & 3007
T.STATION,X LE 0 3 3011
T.STATION,K =1
3019 pUMMY
TIMACHINE M=T, STATIONK
MACHINE M TO BUSY
3007 pumMKy
RETURN
END
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SUBROUTINE EBLLC(M,CSR,»S+INQUEUELS+SOF/SLACK)
STRICT PRIGRITY RULE

CLASS ORDER,300(3) SET CUSTQUEUE RSET POOLB
CLASS JOCB.900(4)Y SEY INQUFUF,ATRURUE BSET POOL
CLASS TIME MACHINE,2(2) BSFT IDLE,pUSY

CLASS TIME STATIOA,24(5) BSET LOADED,2,ULOADED,2
CLASS TIME FALS,4(0)

CLASS MCULD,45(3) BSET PREE

ARRAY MACSET(2.7) CTIDLEMDLLS)LWOC24) ., WHI26)N(2)
1:TIOLESTC2), VIDLEMDLAS) ,FACHINE(ZY ,WJOBL&5.3),C8ATUP(2),
ZECMACRINF (2), TORDERCS0) ,TJORCLOO),MCIDBL3,15)5TRL10)

ARRAY IPARMC20),FARM(20)
HIST SETIDLECLS,0,1),84080(¢60.2.3)
FLOAT TIDLESTTIDLEMD.CTIDLEMDFACHINECYCLE WIOB,BCMACHINEPARM

COMMUNZ ALY QCATE/SETIOLE, MACSET,MOULD/PRFE/CUSTQUEVE,
1POOLB TIDLEST, IDLE/BUSY  ULOADED,ORDERPLAST CSATUP,CYCLE.VLONV,
2NJORG, STARPOINT, TIDLEMDCTIDLEMD

COMMON/ALLOCATA/QFMACH, 1PARM ,PARM,EMPIRIC

COMMUL/ALLSTCK/JOB, STATION, ORDERMACHINE;POOL,LOADEDTORDER,TJOB
TECMACKINE , FACHINE,CLOCK, T ,MACHINE, T, STATION, T, FALS,MCJOB,WJOB

COMMCNIMYR/IND, TP, L04Y

pUMMY
FOR 1=1,GPMACH
CSATUPCI) =0
1=0
NZ=z0
FOR 1=IpDLE
COUNT 2 ULOABED.I
Ntly=2
NZ=ENZ4N(])
JAES
Csy EC 0 3 3029
COUNT K INQUEUE
ADD K,NjUBG
DUMMY
LS EQ 1 & 3035
SOF NE 0 2 3028
HANK K INQUEVE(=JOB,K(3)}
GOTo 3029



3028

3029
3033

3035

3626

3023

3024

3009

3020

111
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bumMy
SLACK En 0 3029 2 0
RANK ¥ IMGUEUE (C(JOB,K(3)#4 5)+(CLOCK=-TJOB(K)])
pUmMmY
SPLIT J INQUEUE INTO ATQUEUE
Jor J{1) EQ O
INQUEUE LOSES ATUUEUE
INQUEUE GAINS ATQUEVE
ZERO ATUUEUE
Ls5=0
FOR KkelNGUEUE
CSR E¢ 0 3 3026
JAES
FOR I=21,3
MOULD, (STATIGN,JAC222CL) EQ JOB.X(4) 3020 3@ 0
DUHMY
NZ GT 1 3021 3 3024
FOR MI=IDLE
peMl
MIMI) EQ O 3023 2 0 -
FOR 1=1,3
FIND JA ULGEPED,M FIRST 3020 2 0O
MOULD, (STATION,JAC2))CEY EQ J0B.K(4)
pUnmy
DUMMY
FOR MI=IDLE
r=M1
N{MI) EQ O 2 3024
DUHMY
GNTO 3022
FOR 1=21,3
FIND J PRFE FIRST 3009 3 0
HouLD  JC1) £q JGB K4}
puMmny
coT1n 3029
DUMHY
T=T4+1
WalT)=k
WMiT) =)
JoB X FROM TNQUEUE
N{t)z=KiM) =1
NZ-1
MOULD,J FROM PREE
GOTO 3027
pur My
NE{MI=NIM)=1
NZ=1
JOE,K FROM INQUEUE
pUMMY
SATUP=a1



3037

3036
(o

3027
3024
3022

3025

3034
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CSATUPIMI+SATUP

ARL S8TUP,SETIDLE
TILLEST(M)=(T,STATION.JAY
STATION,JA FROM ULQADED.M
STATIOMN,JA TO LOADED,M

CULMT 2 LOADED.M

T.STATION , JA=J0B K{ZI*C(RCMACHINECMI+FACHINE(M)*2)+0.5§
STATION JA(B)=JOB.K(3)

STATIOM ,JACLY=CLOCK

STATIOM, JAC(1)=k

J = STATIOR,JAC2)
YIOLEMD(I)+(CLUCK=CTIDLEMDCIDY)
TJOELK)Y=CLOCK~TIOB LK)

JOB,K{1) NE O @ 3037
WICECUCA , K(4Y,1)+TJOBLK)Y

WJOBCJOUB, K(&Y,2)+1

WICBLJIOB K(&), 30+ (1 0 (TJOB(K)) w2

pUNEY
TJCRIK)=CLOCK
JOB.K(1) EQ O & 3034 *

Te(J0B,K(&)Y=JOB K (2)3/15,0+1
MCJOBCL,JOB. KC2))=JA
DUMMY

CSR Eq 0 3022 & 3021
bumMy

DUMMBY
T EQ 0 3004 8 0
FOR 121,71

Xx=whni1)

J=wall)

FOR M=1pLE
FIMD JA VLOADED.M FIRST 3025 a O
DUMMY

GOTQ 3004

STATION,JA FROM ULOQ2DED .M

STATION,JA TO LOADER,M
MOULD, LSTATION,JA(23) TO PREE

STATION JA(1)=)
STATION,JA(2)=K
TIDLEMDC(RY+(CLOCK~CTIDLEMDCKY)
TJOBCI)=CLOCK-TJOB ()

JOB,J(¢1) NE 0 & 3038
wata (402, J(4),1)+TS0B ()

wJGalgis,J08),2)+1
WI0BCIUB, JCA) 3D+ (1, Q0 (TJORBCI)I )Y 2w

puMAY

TJOBGIY=CLOCK
TIDLEST(M)=(T.S5TATION: M)
COUNT Z LOADED,M
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T.STATION.JA=J08,J(3)*(BCMACHINE(M)+FACHINE(M)*2)+0.5
STATION,JA(3)=JOB,J(3)
STATIOK JACL)Y=CLOCK
EMPIRIC EQ 1 & 3059
SETUP=SAMPLE (1 MACSETSTR(?))
G010 3040
3039 puMMY
UL=A043013)+A043(14)+3
LL=AQLS{13)=A043(14)3
10613FAERCADL3(13),2043(14),10)
TFCIDAT.6T, ULYI06T=UL
TFCIQET. LT, . LLYTOAT=LL
1LY CSATUPIMI+SETUP
ADD SFTLP,SETIDLE
G117 pUMMY
JoB,Jd(1) EQ 0 A 3004
L=C¢JOB,J(4)~J08B,J(2))/15.0+1
MEJOS (L, J08,J(2))ElA
308 pUMMY
30068 DUMMY .
FOR MsIDLE .
COUNT 2 LOADED,M
MACHINE ,M(2) EQ 2 3030 & ¢
FOR JsLCADED,M
CLOCK GT STATEON.J¢4) 3 3034
STATION, J(3)=CCCLOCK=STATION,J(4))/ (BCMACHINE(M)+MACHINE M(2)
T+ FACHINE(¥)})=0,5)
o T-STATION.J=STATION.J(3)*(BCMACHINE(H)*FACHINE(M)*Z)+
1 CSATUP(MY*+0,5
STATION ,J(4)=CLOCK+CSATUR(M)
MACHINE ,M(2)22
GoTo 3032
3030 FOR KA=LOADED,.M
T,STATION,KA+CSATURIMY
STATION KACAY+CSATURPIM)
3032 N{MY FQ 0 2 3010
MaACHINE M FROM IDLE
3010 FIND K LOADED.™ MIN(T,SYATION,.XY 3 3007
T.STATION,X LE O 2 3011
TLISTATION,K=1
3014 puMMY
9124 puMMY
T.MACHINE M=T,STATION, K
MACHINE. M TO BUSY
X007 pummy
DUMMY
RETURN
END .

T T ™ N
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1009
1002
1003

1004

10M
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SUBROUTINE ESTCTCI K/DSAT,ALRSAT,2, INQUEUE)

SUBROUTINE FOR S$TOCKX CONTROL

CLASS

ORDER,300(3)

CLASS J0B.S00C4Y SETY INQUEUE RSET pOOL
CLASS TIME MACHINE,2(2)

CLASS TIME STATION,24(5) BSET LOADED,2
CLASS TIME STYLE,3(4)

CLASS
ARRAY

TIME FALS.1(0)
QTSTCK(Z,15),RPOINT (3,153, ErQ(3,15),SHJOB(3,15),MCI0B(3,15)

1,5TYLAC3,15) ,PRODT (45,23, CDEMANDCLSY ,BCMACHINE(2), FACHINECZ),
2TIOBCLU0Y s TORDERC(S0) ,WJIOBCLS5,3), TSTCKSTLI), TIMSTCK(3) ,AVSTCK(3)

FLOAT

STYLAsCOEMAND/FACHINEPRODT,BCMACHINE WJIOBIAVETCK

COMMON/STCCKCANTA/QTSTOKRPOINT ERQ,SHIOB, STYLA,PRODT,
Y1CDEMAND . STYLE,TSTCKST, TIMSTLK AVSTCK
COMMON/ALLSTEK/JOB.STATION,ORDERIMACHINETPOOL+LOADED,TORDER,TIOR,
TECMACHINE s FACHINF s CLOCK s T MACHINE, T.STATICON T STYLE+T.FALS,

ZnLJog,

QrJyo8=

WwJos

STYLE,IL2Y+STYLALL+K)

SzK+15%(1=1)

QTyos

Le O7SYEXCI.X) 2 1001

QTSTCK(T.K)=qQTJ08

PRODT(S,2)¢1

wJ0B(S5,2)+1

TSTCKST(I)=QTJI0B

ORDER.2(Z)=1

pSAT="

QTSTCX(I+KY LE RPOINTC(I.K) & 1000
SHJCB{I.KY EQ O & 1000

FIND J PUOL FIRST 1004 ® 1002
WRITE(6,1003)

FORMAT(20H POOL !5 NQT ENQUGH )
EXIT

Joa.J FROM poOOL

Jon,Jd(1)y=0

JoB,J(2)=X

J0B,J(3Y=EB0L1,K)
JOB,J(4)TK4150(I=1)

JOoa,d TO INDUEUE
TJOBC(JI=CLOCK

SHJOB(I,K)=y)

MEJOBCI, K)=0

GOTO 1000

QTJOB-QTSTCKCL.X)
TSTCKST(I)=0TSTCKCI+KY
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ALRSAT=QTSTCK ¢l ,K)
GTSTCX(I+X)20
SHJOBCI,K) NE 0 @ 1005
MCJOBCI,X) NE O @ 1008
JAasMLy08(1,K)
MeJA/12.0+0.99
STATIIN,JA(3)=((CLOCK=STATION,  JACLY)/(BCMACHINE (M) +MACHINE . M(2} ¢
LHFACHIRE(MY))
STATION,JA(4)=CLOCK I
Je$HJIO0B (1, K)
QTJOB LE (JOB.JC(3)=STATION,JAIZ)) & 1007
QTSTCXCT 4K +(JOR, JC3Y=STATION, JA(3)-QTJOB)
TSTCRSTLI) ¢ CJNR, J(3I=STATION,JA(3)=-RTJIOB)
JOB,.J(3)=STATION.JA(H)
TI08¢IY=CLOCK
T.STATION JA=STATION, JA(3)#(BCMACHINEC(MI+#FACHINE(M)*MACHINE M (2))
FIND L LVADED,M MIN(T,STATION.L) & 1008
T.STATIOM, L LE O B 1008
T.5TATION,L=1
1008 T.MACHINE M=T_ STATION,L *
OROER,Z2(Z)~1
PRODT(S,2) 41
Wwinsis.?2+19
psar=1
ALRSAT=0
6070 1000
1305 DSAT=0
GCTQ 1009
1006 DSAT=Y)
GOT0 1000
1007 J=sudoa(l.x)
JOg,9(1)=2
JOR,.J(3)=QT7J0A=-CJOB.J(3)=STATION,JA(Z})
STATION,JA(3)=J0B,J(})
T.STATION,J42J08,3(3)«(BCMACHINECMY+FACHINECHI +MACHINE,M(2))
STATION Ja{4)=CcLOCK
wigg(s,2)¢1
TJO3CI)=CLOCK
FIND L LOADED. M MIN(T_STATION,L) a 1010
T.STATION,L LF O @ 1010
T.STATION.L = 1
1070 T.MACHINE M=T,STATION,L
DSAT=1
ALRSAT=(
G070 1009
1000 OuMmyY
RETURN
END
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APPENDIX 2

EMPIRICAL DATA USED IN THE PRELIMINARY INVESTIGATION
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A?2 - 1 Introduction

In this appendix the empirical data used in the preliminary investiga-
tion, and the cost data used in the study of strategies for capacity
manipulation are presented. It should be pointed out that the distribu-
tions of interarrival times and order size, and the distribution of pro-
portions are based on scarce data, as explained in paragraph 4.2.

More comprehensive data was obtained later on but was not used in this

premilinary investigation.

In the following tables the data used in the preliminary investigation
is presented. Tables A2 — 1 to A2 -~ 3 present the distraibutions of
Interarrival times; tables A2 - 4 to A2 - 6 present the distributions
of order sizes; tables A2~ 7 to A2 = 9 present the distribution of
proportions; table A2 -~ 10 presents the list of moulds, and table A2 -

11 presents the distribution of setup times.

The cost data used in the study of strategies for capacity manipulation

is presented in table A2 - 12,
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TABLE A2 - 1

DISTRIBUTICN OF INTERARRIVAIL TIMES

PRODUCT STYLE 1

Interarrival Cumulative
times (hours) distribution
18 0.1000
27 0.3000
a5 0.4000
81 0.5000
117 0.6000
162 0.7000
171 0.8000
198 1.0000

X = 104.4 hours

TABLE A2 = 2

DISTRIBUTION OF INTERARRIVAL TIMES

PRODUCT STYLE 2

Interarrival Cumulataive
times (hours) distribution
9 6.0714
27 0.2142
45 0.4285
54 0.6428
63 0. 7857
72 0.8571
20 0.9285
117 1.0000

X = 54.63
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TABLE A2 = 3
DISTRIBUTION CF INTERARRIVAL TIMES
PRODUCT STYLE 3

Interarraval Cumulative
times (hours) distribution
0.3000
0.4000
27 0.5000
45 '0.6000
63 0. 7000
72 0.9000
81 1.0000
20 1.0000

X = 36.90 hours

TABLE A2 - 4
DISTRIBUTION OF CRDERS SIZE

PRODUCT STYLE 1

Demand category Cumulative
(class) distribution
500 0.1428
1500 0.2857
2500 0.4286
3500 0.5714
4500 0.7142
5500 0.8571
6500 1.0000
7500 1.0000

Although the mean value of this distribution is 3500,
the actual value of the mean order size is 2404. This is
because of the correction factors associated with the

distribution of proportions (see table A2 - 7 for distri-

bution of proportions).
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TABELE A2 = 5

DISTRIBUTION OF ORDER SIZE
PRODUCT STYLE 2

Demand category Cumulative
(class) distribution
500 0.1111
1000 0.2222
1500 0.6667
2000 0.7778
2500 0.7778
3000 0.7778
3500 1.0000
4000 1.0000

Although the mean value of this distribution is 1833,
the actual value for mean crder size is 1971. This is
because of the correction factors associated with the
distribution of proportions.(See table A2 - 8 for
distribution of proportions).

TABLE A2 - 6

DISTRIBUTION OF ORDER SIZE
PRODUCT STYLE 3

Demand category Cumulative
{class) distribution
900 0.1428
1450 0.2857
2000 0.4285
2600 0.5715
3150 0.8571
3700 0.8571
4300 1,0000
4500 1.0000

Although the mean value of this distribution is 2507,
the actual value of the mean order size is 1611. This
is because of the correction factors associated with
the distribution of proportion.(See table A2 - 9 for

distributions of proportions}.
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TABLE A2 = 7

DISTRIBUTION COF PRCPCRTION S

PRODUCT STYLE — 1

S?oe Distribution of proportions
sizes
Pattern-l1 Pattern-? Pattern~3
3 0.0334 0.0000 0.0000
3-1/2 0.0455 0.0362 0.0000
4 0.1072 0.2357 0.0000
4-1/2 0.1207 0.1560 0.0000
5 0.1690 0.1803 0.2622
5=1/2 0.1635 0.1639 0.1882
6 0.1560 0.1165 0.2026
6-1/2 0.0902 0.0227 0.0984
7 0.0681 0.0530 0.1514
7=1/2 0.0258 0.00%4 0.0635
8 0.0193 0.0258 0.0325
Prcbability
of 0.50 0.30 0.20
occurrance
Correction
factor for 1.00 0.41 0.32

order size
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TABLE A2 - 8

DISTRIBUTION CF PROPCRTIONS

PRODUCT STYLE 2

Shoe Distribution of proportiocons
sizes
Pattern-1 Pattern=2 Pattern-3
2 0.0036 0.0000 0.0000
2=1/2 0.0040 0.0000 0.0000
3 0.0485 0.0658 0.1000
3-1/2 0.0465 0.0763 0.0683
4 0.1223 0.1295 0.1800
4=1/2 0.1151 0.1137 0.1850
5 0.1786 0.1547 0.1750
5~1/2 0.1479 0.1400 0.0450
6 0.1344 0.1399 0.2466
6-1/2 0.0847 0.0793 0.0000
7 0.0887 0.0611 0.0000
7-1/2 0.0130 0.0204 0.0000
8 0.0123 0.0187 0.0000
Probability
of 0.2857 0.6428 0.0714
occurance
Correction
factor for 1.43 1.00 0.34

order size
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TABLE A2 - 9

DISTRIBUTION OF PROPORTIONS

PRODUCT STYLE 3

Shoe Distrabution of proportions
sizes
Pattern-1 Pattern-2 Pattern-3
3 0.0619 0.0500 0.0000
1
3-1/2 0.0599 0.0000 0.0000
4 0.1199 0.1389 1.0000
~41/2 0.1180 0.1667 0.0000
5 0.1422 0.l667 0.0000
5=1/2 0.1267 0.1667 0.0000
6 0.1425 0.1389 0.0000
b=1/2 0.0800 0.0833 0.0000
7 0.0770 0.0833 0.0000
T=1/2 0.0345 0.0000 0.0000
8 0.0367 0.0000 0.0000
Probability
of 0.6363 0.2727 0.0909
occurrance
Correction
factor for 1.00 0.020 0.010

order size
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TABLE A2 = 10

LIST OF MOULDS

Product o style-l Product — style=2 Product - style-3
Nominal No. Nominal | No. Nominal No.
mould of mould of mould of
size moulds size moulds size moulds
2-1/2 1 2-1/2 1 2 1
3-1/2 1 3=-1/2 1 3 1

4 2 4 1 4-1/2 1

5 2 5 1 5 2
5=1/2 2 5-1/2 2 6 1
6=1/2 2 6=1/2 1 7=-1/2 1
7-1/2 1 7-1/2 1
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TABLE A2 - 11

DISTRIBUTION CF SETUP TIMES

Setup times Cumulative
{min) distribution
5 0.05
6 0.15
7 0.30
8 0.70
9 0.85
10 0.95
11 1.00

X = 8 min,



=342-

TABLE A 2— 12

Cost structure used in the study of strategies for capacity

manipulation

Costs are given in a fictitious monetary unit called m.u.

l.

2.

3.

Labour cost

Basic rate 3,942,00 m.u. for 40 hours/week

Next 4 hours/week
(between 40 and 44 hours) - premium of 25%

Next 4 hours/week
(between 44 and 48 hours) —~ premium of 50%

All after 48 hours/week - premium of 100%

Cost of moulds

30,000.00 m.u, per mould with a depreciation period of 3 years.

This means a depreciation rate of 10,000.00 m.u. a year.

Cost of machines

2,500,000.00 m.u. per machine with a depreciation period of 5

years. This means a depreciation rate of 500,000.00 m.u. per year.

Inventory costs

Inventory is charged at 25% per year on the capital investment.
The unit price of an item is equal to 10 m.u..This means that

inventory is charged at a rate of 2.5 m.u. per year/per item.
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APPENDTX 3

DETATLS OF THE DISTRIBUTIONS CF PROPORTIONS AND GOODNESS—CF-FIT

TESTS ON THE EMPIRICAL DISTRIBUTIONS
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A3 =1 Details of the distribution of proporticns.

The proportions of the total order which is required for each product
size is called the distribution of proportions. The distribution used
in the main core of the experiments was based on the distribution

of proportions described in paragraph 2.2.3, and their numerical values
are presented in the table below. It was assumed that all orders for

all product styles would follow this distraibution.

Product size Proportions
2 0.003
2-1/2 0.004 )
3 0.043
3-1/2 0.055
4 0.122

s
4-1/2 0.133
5 0.169
5~1/2 0.139
6 0.149
6=1/2 0.078
7 C.076
7-1/2 0.026

8 0.021
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A3 =~ 2 Goodness—of-fit tests on the empirical distributions

In order to decide on the distributions of interarrival times and
order sizes a Kolmogoroff~Smirnof Goodness-of-fit test (1) was
applied éo the empirical data cbtained in the industrial company.
‘The analysis involves a much more compreher.sive amount’ 'of data than
the data used in the preliminary investigation. Four product styles
are analysed where the first three correspond. to the cnes used in
the preliminary investigation, and the fourth had been introduced
after the first visit to the company. In the following tables

the distributions of interarrival times and order sizes are tested

against exponential distributions through the Kolmogoroff-Smirnof

test.

(1) See SCHMIDT, J.W. and TAYLOR, R.E., 1970, Simulation and Analysis
of Industrial Systems (USA, IRWIN INC.) p. 230
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TABLE A3 = 1

DISTRIBUTION OF INTERARRIVAL TIMES

PRODUCT STYLE 1

X = 7.05 days

Interarrival S_(x) observed F_(x) expected Deviation
times (days) cumulative cumulative D
distribution distribution Fx(x% - ST(x)l
0«-~1 0.0857 0.1322 0.0465
2 0.19%9 0.2470 0.0471
3 0.3141 0.3466 0.0325
4 0.4569 0.4330 0.0239
5 0.5140 0.5080 0.0060
6 0.5997 0.5730 0.0267 ‘
7 0.6282 0.6295 0.0013
8 0.6567 0.6785 0.0218
9 0.6567 0. 7083 0.0516
10 0.7424 0.7456 0.0032
11 0.7424 0.7781 0.0357
12 0.7709 0.8029 0.0320
13 0.7709 0.8277 0.0568 (+)
14 0.8280 0.8492 0.0212
15 0.8565 0.8681 0.0116
16 0.8850 0.8845 0.0005
17 0.9135 0.8988 0.0147
18 0.9135 0.9113 0.0022
19 0.9135 0.9222 0.0087
20 0.9135 0.9317 0.0182
21 0.9705 0.9412 0.0008
22 1.,0000 0.9594 0.0074
(+) Dmax = 0.0568 D*.05 = 0.2266 D‘0-05> D ax
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TABLE A3 ~ 2

DISTRIBUTION OF INTERARRIVAL TIMES

PRODUCT STYLE 2

X = 6.95 days

Interarrival S.(x) chserved Fx(x) Expected Deviation
times (days) cumulative cumulative D
distribution distribution IFXCx) - ST(x)
0-~1 0.1428 0.1340 0.0088‘
P 0.2857 0.2501 0.0356
3 0.2857 0.3450 0.0593
4 0.380%9 0.4311 0.0502
5 0.4761 0.5059 0.0298
6 0.5238 0.5709 0.0471
7 0.5238 0.6274 0.1036
8 0.5714 0.6764 0.1050 (+)
) 0.6666 0.7189 0.0523
10 0.7619 0.7559 " 0.0060
11 0.8571 0.7880 0.0691
12 0.8571 0.8159 0.0412
13 0.8571 0.8401 0.0170.
14 0.8571 0.8611 0.0040
15 0.8571 0.8794 0.0223
16 0.8571 0.8953 0.0382
17 0.9047 0.9090 0.0043
18 0.9523 0.9210 0.0313
19 0.9523 0.9314 0.0209
20 0.9783 0.9404 0.0379
21 1.0000 0.9482 0.0518
(+) Dpax = 0-1050 D‘O.OS = 0.294 D'0.05> D ax
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TABLE A3 - 3

DISTRIBUTION CF INTERARRIVAL TIMES

PRODUCT STYLE 3
X = 6.37 days

Interarrival 5.{x) dbserved F_(x) Expected Deviation
times {days) cumulative cdumulative D
distribution distribution  |Fy(x) - S,(x)|
0-~-1 0.1379 0.1452 0.0073
2 0.1379 0.2693 , 0.1314
3 0.2413 0.3793 03l380
4 0.2758 0.4700 0.1942
5 0.2758 0.5475 0.2717 (+)
6 0.4482 0.6138 0.1656 )
7 0.5517 0.6704 0.1187
3 0.6206 0.7188 0.0982
9 0.7241 0.7602 0.0361
10 0.7241 0. 7956 0.0715
11 0.7586 0.8258 0.0672
12 6.8965 0.8517 0.0448
13 0.8965 0.8738 0.0127
14 0.9310 0.8927 0.0383
15 1.0000 0.9088 0.0912
(+) D = 0.2717 D*y o5 =0.2413 D > D* .o

Hypothesis of exponential distribution is rejected.
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TABLE A3 = 4

DISTRIBUTION OF INTERARRIVAL TIMES

PRODUCT STYLE 4

X = 2.28 days

Interarrival S5,(x) Observed Fx(x) Expected Deviation

times (days) cumulative cumulative D
distribution distribution ]Fx(x) - ST(X)
-1 0.3848 0.3551 0.02597
2 0.589%99 0.5841 0.0058
3 0.7181 0.7317 0.0136
4 0.8078 0.8270 0.0192
5 0.8590 0.8884 0.0294 (+)
6 0.9359 0.5280 0.0079
7 0.9615 0.9536 0.0086
8 0.9743 0.9701 0.0042
9 0.9871 0.9807 0.0064
. 10 1.0000 0.9875 0.0125

= ) = *
(+) Dma.x = 0.025%4 D 0.05 = 0.1539 D 0-05> Dmax
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TABLE A3 = 5

DISTRIBUTICN OF ORDER SIZES

PRODUCT STYLE 1

X = 1566

Demand S.(x) Observed F,{(x) Expected Deviation

category cumulative cumulative D

{class) distmbution distribution lFXlX) - ST(X)I

0 - 600 0.4594 0.3183 0.1411
1200 0.7027 0.5353 0.1674 (+])
1800 0.7297 0.6832 0.0465
2400 0.7837 0.7840 0.0003
3000 0.7837 0.8528 0.0691
3600 0.8648 0.8996 0.0348
4200 0.8648 0.9316 0.0668
4800 0.8648 0.9534 0.0886
5400 1.0000 0.9682 ¢.0318

) Diox = 0.1674 D*, o5 =0-2235 D*.05 > Prax
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TABLE A3 - 6

DISTRIBUTION COF CRDER SIZES

PRODUCT STYLE 2

X = 1410
Demand 5,{x) Observed F,(x) Expected Deviation
category cumulative cumulative D
{class) distribution distribution Fx(x) - ST(x)
0 -~ 600 0.4285 0.3127 0.1158
1200 0.4761 0.5276 0.0515 .
1800 0.5238 0.6753 0.1515 (+)
2400 9.7619 0.7768 0.0149
3000 0.9047 C.8466 ¢.0581
3600 0.%047 0.8946 0.0101
-4200 0.9047 0.9275 0.0228
4800 0.9523 0.9502 0.0021
5400 1.0000 0.9657 0.0343
(+¢) D = 0.1515 D* = 0.2940 D* ?D

max 0.05 0.05 max




=352~

TABLE A3 « 7

DISTRIBUTION OF ORDER SIZES

PRODUCT STYLE 3

X = 1897
Demand S.{x) Observed F_(x) Expected Deviation
category cumulative cumulative D
(class) distribution distribution [F,(x) - Sp(x)]
0 = 600 0.2000 0.2717 0.0717
1200 0.3333 0.4688 0.1355 (+)
1800 0.5666 0.6128 0.0462
2400 0.6995 ‘ 0.7178 0.0179
3000 0.8333 0. 7943 0.0390
3600 0.8999 0.8501 0.04%98
4200 0.8999 0.8907 0.0092
4800 0.8999 0.9204 0.0205
5400 1.0000 0.9420 0.0580

{(+) D = 0.1355 D+ = 0.2400 D*
max 0

0.05 05 > Dmax
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TABLE A3 - 8

DISTRIBUTION COF ORDER SIZES

PRODUCT STYLE 4

X

= 1193

4

Demand S.{x) Cbserved F_(x) Expected Deviatim
category cumulative cumulative D
(class) distribution distribution lFx(x) - ST(x),
0-600 0. 3846 0.3934 0.0088
1200 0.6666 0.6321 0.0345 (+)
1800 0.7435 0.7768 0.0333
2400 0.8589 0.8646 0.0057
3000, 0.9358 0.5179 0.0179
3600 0.9615 0.9502 0.0113
4200 0.9743 0.96%8 0.0045
4800 0.9743 0.9816 0.0073
5400 1.0000 0.9888 0.0112
(+) Diax = 040345 D*,.o5 = 0-1539 D*g 05 > DPrax
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NUMERICAL RESULTS OF EXPERIMENTS WITH PRIORITY SCHEDULING RULES

APPENDIX - 4
|
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Ad = 1 TIntroduction

As described in paragraph 6.1, the investigation with the priority
scheduling rules consisted of thirty six experiments which were
generated by testing each of six priority rules over six system
configurations. Each one of the thirty six experiments was conducted
in accordance with the sampling procedure described in paragraph 5.3.3,
which means that six yields were generated for each one of the output

variables.

Comparisons between the priority rules were made through the use of
six measures of delivery performance, and five mecasures of internal
behaviour. Four of the measures of delivery performance, viz. 'order
late', 'tardiness of order', 'producticn late', and 'tardiness of
productinn’ were calculated for seven different values of the  lead
time D, meaning that 35 output variables were used, giving a total
of 210 yields for every experiment. In tables 6.1 to 6.6 of chapter 6
the mean values and the result of the statistical tests for the six

measures of delivery performance (for D = 8 days) were presented.

This appendix will present the mean values for all the five measures
of internal behaviour {(tables A4 - 1 to A4 - 6) and the mean values
for the four measures of delivery performance which depend on the
value of D, for D equal 8, 10, 12, 14, 16, 18 and 20. These values

are the ones used in figures 6.1 to 6.24 of Chapter 6 and are presented

here in tables A4 - 7 to Ad - 42,
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In order to give an example of the procedure used in the statistical
tests applied on the results of chapter 6, and to indicate the variabi-~

lity associated with the six yields obtalned from the pair of antithetic

runs, a selected example is presented in table A4 - 43,




TABLE A4 = 1

MEAN VALUE CP MEASURES OF INTERNAL BEHAVIOUR

System Configuration (I)
PRIORITY NO. OF JOBS PROCESS CYCLE  ACTUAL LOAD IDLE TIME DUE  REMAINING
RULE IN QUEUE TIME (min.) FACTOR (%) TO _SETUP (%) CONTENT

FIFOB 17.08 5.12 66,22 6.60 8892

FIFOMB 16.73 5.18 66.86 6.15 7882 ]
SLaCK 19.65 5.12 66.57 6.73 9319 7
SLACKM 17.91 5.15 66,45 6.10 8602

SPT 12,90 ° 5,30 68.60 6.98 8406

SPTM 12.88 5.34 69.01 6.2k 7217




TABLE A4 -~ 2

MEAN VALUE CF MEASURES CF INTERNAL BEHAVIOUR

System Configuration abec

PRIORITY NO. OF JOBS PROCESS CYCLE  ACTUAL LOAD IDLE TIME DUE  REMAINING
RULE IN QUEUE TIME (min.) FACTOR (%) TO SETUP (%) CONTENT
FIFOB 87.81 4,65 79.27 5.23 13875
FIFOMB 85.71 k,58 78.19 L, 58 13747
SLACK 90,18 L,65 79.40 5.26 14249
SLACKM 88.20 k.58 78.20 4,62 13603
SPT 67.91 4,87 83.60 5.86 18130
SPTH 63.33 .71 81.15 4,65 17619

—BSE—



TABLE Ad =

MEAN VAILUE OF MEASURES OF INTERNAL BEHAVIOUR

System Configuration def

PRICRITY NO. OF JOBS PRCCESS CYCLE ACTUAL LOAD IDLE TIME DUE REMAINING
RULE IN CUEUE TIME (min.) FACTOR (%) TO SETUP (%) CONTENT

FIFOB 14,29 5.71 68,38 6.30 9676

FIFOMB 13.22 5.4k 65.03 5.05 9940 4
SLACK 16,40 5.72 68.50 6.29 9712 I@
SLACKM 14,46 5.43 64,86 L.98 9746

SPT 8.92 5.89 - 70.77 6.51 10088

SPTH 8.88 5.70 68.15 5.21 10102




TABLE A4 ~ &

MEAN VALUE CF MEASURES OF INTERNAL BEHAVIOUR

System Configuration

ace

PRIORITY NO. OF JOBS PROCESS CYCLE  ACTUAL LOAD IDLE TIME DUE  REMAINING
RULE IN QUEUE TIME (min.) FACTOR (%) TO SETUP (%) CONTENT
FIFOB 80.97 L 47 76.56 3.89 13604
FIFOMB 79.97 L 76.29 3.60 13689
SLACK 85.10 L, 4y 76.08 3.93 12935
SLACKM 83.47 b4k 75.7L 3.60 12206
SPT 60.33 4.59 79.17 4,19 13877
SPTH 58.92 4,52 78.15 3.63 14920

=09g~—




TABLE A4 = 5

MEAN VALUE CF MEASURES OF INTERNAL BEHAVIOUR
System Configuration bdf

PRICRITY NO. OF JOBS PROCESS CYCLE  ACTUAL LOAD IDLE TIME DUE  REMAINING
RULE IN (UEUE TIE (min.) FACTCR (%) T0 SETUP (%) CONTENT

FIFOB 20,65 6.49 77.96 11426 10727

FIFOMB 16.92 5.89 70.48 £.50 « 9805

SLACK 22,66 6.51 78.09 11.40 9712

SLACKM 17.70 5.86 70.31 8.42 10347

SPT 13.54 6.62 79.55 12.00 8862

SPTM 12.27 6.10 73.20 8.82 10882

~T9¢g~



TABLE A4 =6

MEAN VALUE CF MEASURES OF INTERNAL BEHAVIOUR

System Confiquration abcdef

PRIORITY NO. CF JOBS PROCESS CYCLE  ACTUAL LOAD IDLE TIME DUE  REMAINING
RULE IN QUEUE TDE (min.) FACTOR (%) TO SETUP (%) CONTENT
FIFOB 51.69 5.55 88.63 9.79 9l 51
FIFOMB 33.61 5.04 80.92 6.35 11397
SLACK 56.09 5.55 88.29 10,01 9100
SLACKM 38.35 5.03 80.73 6.2k 10484
SPT 24,94 5.75 91.46 10,94 13616
SPTHM 22.06 5.26 84,33 6.66 12038

—c9c=
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TABLE &4 = 7

MEAN VALUES CF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATTION (I) s PRIORITY RULE FIFOB

LEAD TIME ORDERS TARDINESS PRODUCTION  ‘TARDINESS CF
D = (DAYS) LATE (%) OF ORDERS LATE (%) EPRODUCTION

8 0.83 0.013 1.98 0.035

10 0.13 0.000 0.64 0.007

12, 0.00 0,000 0.00 0.000

14 0.00 0.000 0.00 0.000

16 0.00 0.000 0.00 | 0.000

18 0.00 0.000 0.00 0,000

20 0.00 0.000 0.00 0.000

TABLE A4 - 8

MEAN VALUES CF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION abc |, PRIORITY RULE FIF(OB

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS OF
D -~ (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION

8 33.65 2.193 40,00 2.772

10 25.00 1.567 29.65 2.035

12 17.95 1.108 21.94 1.485

14 12.05 0.782 16.1n 1.073

16 7.88 0.565 10.54 0.780

18 5.83 0.423 7.77 0.585

20 L8 0.313 5.78 0.442
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TABLE Ad - 9

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION def | PRIORITY RULE FIFOB

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS COF
D - (DAYS) LATE (%) OF ORDERS LATE (%) ERODUCTION

8 5.90 0.148 12.01 0.318

10 2.11 0.053 4,63 0.122

12, 0.89 0.022 2,05 0.053

14 0.25 0.005 0.81 0.015

16 0.06 0.002 0.20 0.003

18 0.00 0.000 0.00 0.000

20 0.00 - 0,000 0.00 0.000

TABLE A4 - 10

MEAN VALUES COF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATICN ace s PRICRITY RULE FIFOB

LEAD TIME  ORDERS TARDINESS PRODUCTION  TARDINESS CF
D ~ (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION

B 30.89 1.887 36,52 2.432

10 22.56 1.312 27.54 1.753

12 15.19 0.503 20.05 1.250

14 9.23 0.630 12.83 0.890

16 6.28 C.463 8.74 0.657

18 5.06 0.345 7.03 0.493

20 3.91 0.247 5.34 0.358
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TABLE A4 =11

MEAN VALUES CF MEASURES CF DELIVERY PERFORMANCE

SYSTEM CONFIGURATION bdf

, PRIORITY RULE FIFOB

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS CPF
D - {DAYS) LATE (%) CF ORDERS LATE (%) BRODUCTION

8 11.22 0.323 18.22 0.562

10 5.19 0.137 919 0.253

12, 2.05 0.053 3.78 0.107

14 0.89 0.018 1.89 0,043

16 0.25 0.005 0,59 0,013

18 0.06 0.000 0.20 0.002

20 0.00 0.000 0.00 0.000

TABLE A4 —~12

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION abedef | PRIORITY RULE FIFOB

LEAD THME ORDERS TARDINESS PRCDUCTION TARDINESS CF
D -~ (DAYS) LATE (%) OF CRDERS LATE (%) PRODUCTICN

8 38.65 2,345 L7,4 3.072

10 29.35 1.620 36.77 2.182

12 21.86 1.067 27.55 1.485

14 14.93 0.668 19.63 0.975

16 9.99 0.393 13.27 0.620

18 6.09 0.217 8.87 0.375

20 3.33 0.110 6.00 0.213
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TABLE A4 = 13

MEAN VALUES OF MEASURES CF DELIVERY PERFORMANCE

SYSTEM CONFIGURATION ( 1)

, PRIORITY RULE

FIFOMB

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS OF
D - {DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION

8 0.96 0.022 1.81 0,042

10 0.32 0.005 0.57 0.010

12 0.06 0.000 0.04 0.000

14 0.00 0.000 0.00 0.000

16 0.00 0.000 0.00 f 0.000

18 0.00 0.000 0.00 0.000

20 0.00 0.000 0.00 0.000

TABLE A4 - 14

~MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE

SYSTEM CONFIGURATION abc | PRIORITY RULE FIFOMB
LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS OF
D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 31.98 2.025 38.83 2.598
10 23.71 1.430 28.36 1.883
12 16.53 0.993 21.25 1.362
14 10.64 0.698 14.53 0.975
16 6.92 0.512 2.11 0.713
18 5.38 0.385 7.46 0.543
20 4.29 0.285 5,61 0.403
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TABLE A4 - 15

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATICN  def | pRIORITY RULE  FIFOMB

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS OF |
D — (DAYS) LATE (%) OF ORDERS LATE (%) ERODUCTION

10 3.14 0.080 6.07 0,170

12 1.3% 0.030 3.08 0.073

14 0.38 0.007 1.05 0.023

15 0.12 0.000 0.32 0.003

18 0.00 0.000 0200 0.000

20 0.00 0.000 0,00 0.000

TABLE Ad - 16

-MEAN VALUES CF MEASURES CF DELIVERY PERFORMANCE
SYSTEM CONFIGURATICN ace , PRIORITY RULE FIFOMB

8 6.73 0.192 12.65 0.390

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS CF
D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 30.32 1.853 36.33 2,398
10 21.79 1.290 26.65 1.725
12 14,87 0.887 19.60 1.233
14 9.04 0.622 12.59 0.875
16 6.09 0.460 8.47 0.648 \
18 5.06 0.342 6.96 0.487

20 3.84 0.2k5 5.27 0.357
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TABLE A4 - 17

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION bdf

, PRIORITY RULE

FIFOMB

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS OF
D - (DAYS) LATE (%) OF ORDERS LATE (%) ERODUCTION
8 8.01 0.262 14.24 0.490
10 L. 48 0.122 8.23 0.238
12 1.92 0.050 3.60 0.098
14 0.76 0.018 1.83 0.043
16 0.32 0.005 0.76 0.008
18 0.06 0.000 0.02 0.000
20 0.00 0.000 0.00 0,000

TABLE A4 ~ 18

MEAN VALUES COF MEASURES CF DELIVERY PERFORMANCE

SYSTEM CONFIGURATION abedef |, PRIORITY RULE  FIFOMB
LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS OF
D —~ (DAYS) LATE (%) OF CRDERS LATE (%) PRODUCTION
8 31.98 1.753 41,91 2.418
10 22.62 1.162 30,10 1.643
12 15.25 0.752 21.42 1.088
14 11.09 0.465 15.08 0.687
16 6.47 0.268 9.4y 0.413
18 4,16 0.150 6.1 0.235
20 2.43 0.075 b, 04 0.117
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TABLE A4 - 19

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION (I ) , PRIORITY RULE SLIACK

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS OF
D ~ (DAYS) LATE (%) OF ORDERS LATE (%) ERODUCTION
8 0.77 0.013 1.12 0.022
10 0.13 0.000 0.38 0.003
12, 0.00 0.000 0.00 0.000
14 0.00 0.000 0.00 0.000
16 0.00 0.000 0.00 0.000
18 0.00 0.000 0.00 0.000
20 0.00 0.000 0.00 0.000

TABLE A4 - 20

MEAN VALUES CF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATICN abc , PRIORITY RULE  SIACK

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS OF
D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION

8 37.95 2.552 42,12 2.930

10 28,84 1.838 32.21 2.145

12 21.21 1.312 23.53 1.560

14 14.48 0.923 16.61 1.127

16 9.42 0.667 11.30 0.828

18 7.17 0.495 8.67 0.625

20 5.19 0.365 6.49 0.465
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TABLE A4 — 21

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION def » PRIORITY RULE SLACK

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS OF
D - (DAYS) LATE (%) OF ORDERS LATE (%) ERODUCTION

8 8.07 0.232 12,30 0.348

10 3,58 0.088 [RT 0.133

12 1.9 0.033 2.32 0.055

14 0.14 0.010 0.63 0.015

16 0.19 0,003 0.37 0.005

18 0.06 0.000 0.08 0.000

20 0.00 0,000 { 0.00 0.000

TABLE A4 - 22

MEAN VALUES CF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION ace , PRIORITY RULE  SLACK

LEAD TIME  ORDERS TARDINESS PRODUCTION  TARDINESS OF
D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION

8 33.72 2.195 37.09 2,500

10 24,29 1.562 27.23 1.805

12 18.78 1.105 20.92 1.293

14 11.98 0.765 13. 50 0.910

16 7.69 0.552 8.66 0.672

18 5.83 0.405 7.09 0.503

20 b7l 0.293 5.60 0.363
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TABLE Ad — 23

MEAN VALUES CF MEASURES CF DELIVERY PERFORMANCE

SYSTEM CONFIGURATION bdf

-

, PRIORITY RULE

SLACK

LEAD TIME ORDERS TARDINESS PRODUCTICN TARDINESS OF
D - (DAYS) LATE (%) OF ORDERS LATE (%) BRODUCTION

8 13.91 0.438 19.47 0.633

10 6.73 0.205 9.79 0.307

12 3.46 0.085 5.10 0.133

14 1.15 0.028 1.78 0.045

16 0.51 0.010 0.90 0.018

18 0.12 0.002 0.29 0.003

20 £ 0,00 0.000 0.00 0.000

TABLE A4 - 24

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION abedef | PRIORITY RULE SLACK

"LEAD TIME  ORDERS TARDINESS PRODUCTION  TARDINESS OF
D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 47.56 3.222 54.23 3.712
10 36.79 2.328 11.75 2.695
12 28,20 1.630 .97 1.898
14 20.83 1.103 2481 1.292
16 15.19 0.715 17.54 0.850
18 10.44 0.437 12.11 0.533
20 6.66 0.248 7.89 0.308
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TABLE Ad - 25

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE

SYSTEM CONFIGURATION (I) , PRIORITY RULE SIACKM

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS CF
D - (DAYS) LATE (%) OF ORDERS LATE (%) ERODUCTION

8 1.02 0.023 1.40 0.032

10 0.44 0.008 0.61 0.010

12, 0.06 0.000 0.0% 0.000

14 - 0.00 0,000 0,00 0.000

16 0.00 0.000 0.00 0.000

18 0.00 0.000 0.00 0.000

20 0.00 0.000 0.00 0.000

TABLE A4 - 26

MEAN VALUES OF MEASURES COF DELIVERY PERFORMANCE

SYSTEM CONFIGURATION abc , PRIORITY RULE SLACKM

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS CF
D = (DAYS) LATE (%) CF ORDERS LATE (%) PRODUCTION

8 35.83 2.335 b0.46 2.715

10 25.89 1.662 28.97 1.957

12 19.42 1.177 21.95 1.418

14 13.20 0.823 15.56 1.015

16 8.14 0.593 9.54 0.732

18 6.28 0. 442 7.76 0.555

20

4.87 0.325 6.11

0.“12
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TABLE A4 = 27

MEAN VALUES OF MEASURES CF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION def , PRIORITY RULE SLACKM

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS CF
D ~ (DAYS) LATE (%) OF ORDERS LATE (%) BRODUCTION

8 8.14 0.272 12.89 0.430

10 4.87 0.125 753 0.202

12, 2,05 0.045 3.31 0.080

14 0.64 0.013 1.35 0,027

16 0.12 0.003 0,17 0.005

18 0.06 0.000 0.08 0.002

20 0.00 0.000 0.00 0.000

TABLE A4 =28

MEAN VALUES CF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION ace , PRIORITY RULE  SIACKM

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS OF

D -~ (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 33.65 2.163 37.09 2.468

10 24,42 1.535 27.02 1.772

12 17.88 1.072 19.97 1.263

14 11.47 0.745 12.75 0.893

16 7.30 0.542 8.29 0.667

18 5.89 0.403 7.17 0.505

20 b.55 0.292 5.55 0.370
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TABLE A4 -~ 29

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION Ydf | PRIORITY RULE SLACKM

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS CF
D -~ (DAYS) LATE (%) OF ORDERS LATE (%) ERODUCTTON
| 8 8.91 0,308 14,01 0.513
14 0.76 0.020 1.66 0.043
16 0.38 0.008 0.84 0.012
18 0.12 0.002 0.14 0.002
20 0.00 0.000 0,00 0.000

TABLE A4 - 30

MEAN VALUES CF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION abedef , PRIORITY RULE SLACKM

“LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS CF
D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 36.54 2.175 LYy 65 2.662
10 27.82 1.483 33.77 1.828
12 19.23 0.975 4.3 1.208
14 14,03 0.613 17.50 0.747
16 8.52 0.358 10.44 0.435
18 5.45 0.203 6.56 0.247

20 2.94 0.112 3.58 0.133
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TABLE A4 - 31

MEAN VALUES COF MEASURES CF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION (I) s PRIORITY RULE SPT

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS OF
D - (DAYS)  LATE (%) OF ORDERS LATE (%) ERODUCTION
8 2.18 0.072 7.09 0.252
10 0.83 0.037 2.79 0.133
12 0.5 0.028 1.93 0.082
14 0.38 0.012 1.53 0.047
16 0.25 0.003 1.16 0.017
18 0.00 0,000 0.00 0.000
20 0.00 0.000 0.00 0.000

TABLE A4 = 32

MEAN VALUES CF MEASURES CF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION abe s PRIORITY RULE SPT

LEAD TIME  ORDERS TARDINESS PRODUCTION  TARDINESS CF

D ~ (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 21.21 1.392 37,24 3.713

10 15.12 1.013 28.95 3.013

12 11.28 0.743 23.21 2,465

14 8.46 0.545 19.05 2,018

16 6.28 0.402 15,07 1.660

18 b7 0.302 12,50 1.370

20 3.65 0.220 9.96 1.120
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TABLE A4 =33

MEAN VALUES CF MEASURES CF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION def

s PRIORITY RULE SPT

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS OF
D - (DAYS) LATE (%) OF ORDERS LATE (%) BRODUCTION
8 9.48 0.527 22,72 1.477
10 6.79 0.357 16.80 1.060
12 4.04 0.240 10.71 0.765
14 2.69 0.170 752 0.573
16 1.92 0.122 5.41 0.433
18 1.34 0.090 4.15 0.332
20 1.02 0.067 3.22 0.255

TABLE A4 - 3%

MEAN VALUES CF MEASURES COF DELIVERY PERFCRMANCE
SYSTEM CONFIGURATION ace

, PRIORITY RULE SPT

LEAD TIME  ORDERS TARDINESS PRODUCTION  TARDINESS OF

D ~ {DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 20,44 1.167 36.09 2.973

10 13.65 0.803 26,51 2.305

12 10.00 0.558 19.90 1.807

14 .08 0.390 1%.10 1.447

16 L.29 0.287 10.55 1.178

18 3.20 0.217 8.17 0.980

20 2,50 0.162 7.05 0.820
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TABLE A4 =35

MEAN VALUES CF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION ©df  PRIORITY RULE SPT

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS OF
D - (DAYS) LATE (%) OF ORDERS LATE (%) BRODUCTION

8 15.64 1.182 34.10 3.275

10 12,56 0.898 27.58 2.628

12, ' 9.80 0.673 21.93 2.108

14 7.24 0.498 16.99 1.685

16 5.76 0.380 13.42 1.370

18 L ol 0.282 11.28 l.112

20 2 3.72 0.203 9.21 0.898

TABLE Ad - 36

‘MEAN VALUES CF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION abcdef | PRIORITY RULE SPT

LEAD TIME  ORDERS TARDINESS PRODUCTION  TARDINESS OF

D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 23.33 1.820 48,44 7.005

10 19.10 1.437 bo.o1 6.075

12 16.34 1.130 36.69 5.277

14 13.71 0,880 31.62 h.572

16 10.83 0,682 25.74 3.967

18 9.29 0.535 22.69 3.467

20 8.01 0.515 20.18 3,023
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TABLE A4 - 37

MEAN VALUES OF MEASURES COF DELIVERY PERFCRMANCE
SYSTEM CONFIGURATION (I) s+ PRIORITY RULE SPTM

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS CF
D -~ (DAYS) LATE (%) OF ORDLRS LATE (%) ERODUCTTON
8 2.2% 0.082 5.82 0.228
10 1.08 0.043 2.97 0.128
12 0.89 0.020 2.66 0.072
14 0.32 . 0,008 1.17 0.030
16 0.12 0.002 0.52 0.010
18 0.06 0.000 0.21 0.002
20 0.00 0.000 0.00 0.000

TABLE A4 - 38

MEAN VALUES CF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION abe , PRIORITY RULE SPTM

LEAD TIME  ORDERS TARDINESS PRODUCTION TARDINESS CF

D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 18.59 1.245 34,09 3.385

10 13.33 0.908 26.55 2,745

12 9.87 0.675 20.88 2,242

14 7.05 0.502 16.42 1.843

16 5.57 0.377 13.74 1.528

18 4,23 0.287 11.11 1.265

20 3.65 0,218 10.30 1.050
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TABLE A4 — 39

MEAN VALUES COF MEASURES COF DELIVERY FPERFORMANCE
SYSTEM CONFIGURATION def s PRIORITY RULE SPTM

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS CF
D - (DAYS)  LATE (%) OF ORDERS LATE (%) PRODUCTION

8 8.46 0.385 19.04 0.952

10 5.25 0.233 12.48 0.610

12, 3.07 0.143 7.62 0.390

14 1.92 0.088 5.15 0.248

16 1.34 0.050 3.89 0.150

18 0.57 0.027 1.85 0,087

20 0.38 0.017 1.22 0.052

TABLE A4 — 40

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION ace s PRIORITY RULE SPTM

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS CF

D ~ (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 19.03 1,127 .8 2.947

10 13.33 0.785 26,80 2,297

12 9.74 0,543 20,43 1.792

14 6.66 0.375 15.44 1.412

16 4,29 0.262 10.64 1.125

18 3.20 0.190 8.38 0.925

20 2.56 0.138 7.31 0.763
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TABLE A4 = 41

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATION bdf | PRIORITY RULE SPTM

LEAD TIME ORDERS TARDINESS PRODUCTION  TARDINESS OF
D - (DAYS) LATE (%) OF ORDERS LATE (%) ERODUCTION
8 10.25 0.563 21.90 1.298
10 6.86 0.378 14,98 0.900
12 4,55 0.252 10.43 0.618
14 2.94 0.168 6.83 0.433
16 2.37 0.115 5.56 0.303
18 1.60 0.072 3.96 0.200
20 0.96 °  0.040 2.50 0.127

TABLE A4 = 42

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE
SYSTEM CONFIGURATICN abcdef , FRIORITY RULE SPTM

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS CF

D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION
8 23.84 1.745 %, 55 4.792

10 18.90 1.318 36.93 3.935

12 14.80 0.987 30.66 T 3.223

14 11.86 0.737 25.79 2.642

16 9.23 0,540 20.52 2.152

18 7.31 0.393 17.12 1.762

20 6.02 0.278 14,23 1.433
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TABLE A4 - 43

Example of yields from indi¥idual antithetic pairs and statistical

test on the results of priority scheduling rules study.

Systen confiquration - abc

Measure of performance - 'Production delay’

Values of individual yields

(antithetic pairs)

FIFOB FIFCOMB SLACK SLACKM SPTM SPT
9.330 9,140 9.580 9,300 10. 240 11.170
10.840 10.250 10.730 10.550 9,210 10.260
7. 760 7. 720 8.480 7.980 8.730 9.090
7.640 7.510 7.810 7630 8.540 8.990
6. 780 6.610 7.010 6.670 7.500 8.290
8.860 8.490 9.250 8.900 8.120 7.950
MEAN X
8.535 8,287 8.810 8.505 8.740 9.292
Differences from control
0.248 0.000 0.523 0.218 0.453 1.005 **
MS_ = 0.307, MS;. = 0.720
» _ . -
F .05 = 2.090 F 0.01 = 2.600
* - * —
t 0.05 = 2.350 t 0.01 = 3.110
MS
TR . 720
FS = - 9 = 2.34 ., FS>F% . hypothesis of
MS_ 0.307 ’ equal mean is
rejected
. g _ -
D 0.05 = t 0.05 V2MSe/N = 2.35,y 2 , 0.307/6 = 0,75
[ 3 —_ * — —_
D 0.01 = t 0.01 V2MSe/N = 3.11.y2 , 0.307/6 = 0.99

(**) The only rule significantly different is SPT
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APPENDIX 5

MEAN VALUES OF YIELDS FROM INDIVIDUAL EXPERIMENTS IN THE

FACTORIAL DESIGN
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A5 — 1 Introduction

As described in chapter 4, the factorial design consisted of 32
experiments. For each experiment 7 output variables were measured
such that the main effects and interactions on these variables
could be averaged over those 32 experiments. The results of the main
effects and interactions have been already presented in chapter 7.
In table A5 = 1, which follows, the 32 yields for each of the 7

output variables are presented.




MEAN VAIUES OF YIELDS FROM INDIVIDUAL EXPERIMENTS IN THE FACTORIAL DESIGN
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FIGURE

A5 -1

SYSTEM AVERAGE NO.  AVERAGE AVERAGE IDLE TIME AVERAGE PERCENTAGE OF TARDINESS
CONFIGURATION OF JOBS PROCESS LOAD DUE TO DELAY OF PRODUCTION INDEX OF
IN QIEUE CYCLE TIME FACTOR SETUP (%) PRODUCTION LATE PRODUCTICN

(1) 16.563 5.193 63,212 6.217 2.998 1,927 0.045
af 50.043 5.322 90.155 7.887 6.783 30,653 1,652
bf 21.160 6.362 81.653 14.582 4.267 8.737 0.288
&b 58.843 5.452 93.567 10.835 5.198 15.788 0.452
ef 18.442 4,993 63.965 $.690 3.900 8.035 0.272
ac 72,945 4,462 77.703 3.695 6.438 25,512 1.4
be 32.658 4.463 57.532 4.032 4.373 12,995 0.532
abef 57.040 5.220 88,845 9.777 T«717 36.628 2,100
df 14,338 5.390 64,492 5.185 4.663 12.348 0.383
ad 34.773 4.888 79.392 4,743 5.447 17.370 0.552
bd 15.178 5.348 65,688 7.320 4.200 5.572 Q.132
abaf 39.150 5.520 £88.238 10.053 8.158 37.622 2.193
cd 25,043 4,178 51,162 1.832 5.310 16,693 0,643
acdf 34.915 4,767 77,380 4.282 7.512 34,942 1.823
bedf 16,958 5.110 61,520 6.612 5.397 . 18,255 0.645
abcd £€0.358 4,427 71,527 3.248 8.410 38,813 2.622
ef 16,385 5.727 73.232 7.903 3.755 7.203 0.187
ae 47.139 5.062 87.867 6.570 4.733 13.222 0,352
be 18.605 5.753 74,993 11.103 3.557 3.907 0.092
abef 54.102 5.750 96,668 13.135 7.897 37.913 2,248
ce 29,355 4,308 55.813 2.850 4.278 12.037 0.437
acef 48,995 4.918 83,460 5.978 6.832 30.027 1,583
bcef 19.860 5.437 70.493 10.122 4.372 10, %08 0.370
abce 73.070 4,598 76.620 5.015 6.690 26.893 1.582
de 11.173 4.957 60.803 3.908 4,238 6.067 0.132
adef 30,500 5.195 83.503 5.585 7.202 30.667 1.642
bdef 14.403 5.997 71.963 9.678 5.415 15.970 0.522
abde 34,518 5.267 85.368 7.560 64257 22,510 0,822
cdef 14.153 4,770 57.323 3.610 5.475 16,133 0.565
acde 52.900 4,328 69,712 2.283 8.210 36,998 2,448
bcde 22.582 4,282 52.458 2.483 5.527 16,962 0. 708
abcdef 35.280 5.073 82.287 7.213 8,382 40,653 2,367







