
LOUGHBOROUGH 
UNIVERSITY OF TECHNOLOGY 

LIBRARY 
AUTHOR/FILING TITLE 

---- ______ E~~_'~_~t.I ___ e _____________________ _ 
--- -- - ----- ----------------- - - -- --- ---- - - - -- --- --..-

ACCESSION/COPY NO 

----------------- --~-~~ ~~-'?:-..h-'--------- -- ------
VOl NO CLASS MARK 

FOR nEFEREr~CE O~JLY 



OPERATION STRATEGIES FOR A SHOE BhTCH 

, MANUFACTURING SYSTEM 

by 

PAULO FERNANDO FLEURY DA SILVA E SOUZA 

APPENDICES 



loughhorou~h ['o,..,<,ly 
of L"Il' _' ~I,' ~,b -\y 

Do>· ':1_ .'!..'L ___ _ 
Cl .. , 



-260-

APPENDIX 1 

DESCRIPTION OF THE COMPUTER PROGRAM 
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Al - 1 Introduction 

'rh t Ott ° 1900 CSL (1) ICL k f e compu er program was wr~ en ~n , an pac age or 

simulation applications and ran in the Loughborough Un~versity 

Computer Centre. 

This version of CSL allows the user to provide his own statements and 

routines in standard Fortran IV, ~f desired. Because the ICL package 

would not provide for the use of antithetic numbers, there was a 

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 w~th explanations of the major var~ables in the 

program 

iii) A series of flow charts corresponding to the ma~n program 

and subroutines £ALLC, £BLLC and £STCT 

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

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

The CSL program is composed of a main program (MASTER MACH) and 

three subroutines (£ALLC , £BLLC and £STCT). Subrouhnes £ALLC and 

£BLLC are both use:d to sequence the jobs in queue and to load them 

into the machines. The difference between them relates to the fact 

that £ALLC is used for the pr~ority rules which are des~gned to 

avoid setup times (FIFOM, FIFOMB, SLACKM and SPTM), while £BLLC is 

used for the priority rules wh~ch do not avo~d setup times (FIFO, 

FIFOB, SLACK and SPT). Subroutine £STCT ic used to control the 

inventory when it is switched-on. 

Apart from those four CSL routines which were wr~tten by the author, 

a series of Fortran subroutines and functions were incorporated 

into the program in order to allow the generation of antithetic random 

numbers. Those routines belong to the NAG library of subroutines (2), 

subgroup GOS. They were slighly modified in order to serve the pur-

poses of this study. 

Below is a list of the Fortran routines adapted from the NAG library 

with their modified names and corresponding orig~nal names (NAG 

library names). 

Modified 
name 

FADF 

Original NAG 
name (2) 

GJS ADF 

OBJECTIVE 

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 GOS). 



(cont. ) 

Modified 
name 

FAEF 

FABF 

FACF 

FAFF 

FARF 

FATF 

FAVF 

FAWF 

FAZF 

Original NAG 
name 

GOS AEF 

G05 ABF 

GOS ACF 

GOS AFF 

GOS ARF 

GOS ATF 

GOS AVF 

GOS AWF 

GOS A'ZF 
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OBJECTIVE 

To generate a random number from a 

normal distribution with mean AM and 

standard deviation S 

To generate a random number from a 

uniform distribution in the range 

A, B 

To generate a random number from a 

exponential distribution with mean A 

To generate a random number from a 

lognormal distribution with mean A 

and standard deviation B 

To determine the reference vector in 

a discrete distribution 

To determ~ne the cumulative distribution 

for the d~screte un~form distribution 

To determine the ~umulat~ve distribution 

for the Poisson d~stribut~on 

To determine the cumulative distribut~on 

of a histogram prov~ded by the user 

To return a pseudo random number from a 

required distribution 

Apart from these 10 Fortran routines 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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IRANl in the Fortran translation), and calculating a random number 

as a function of the value of P and NSTR. 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 modificat~ons 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 ~ts present vers~on the program runs in the following mode. 

i) The data which ~s on file is edited 

ii) The program reads those data and executes three ant~thet~c 

pairs of runs in accordance with the sampling procedure 

described in chapter S 

iii) The results of each antithet~c 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 subm~tted again such that in each submission 

the output of the program is stored ~n a different file 

which can be accessed later such that all antithet~c 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 into 

two groups. The first group is composed of the definition variables 

(entities) which constitutes the major structure pf the model. These 

variables w11l 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 var~ables is composed of the input variables 

whose values are read as data. All data is read from the main 

program. These variables are going to be listed in accordance with 

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

Al - 3.1 Def~n~tion var~ables (Entities) 

1. CLASS TIME ORDER.300 (3) SET CUSTQUEUE BSET POOLB 

The entity ORDER represents the customer's orders. During the 

initialization all 300 entities are loaded in PooLB. It is 

assumed that no more than 300 ORDERS will be in the system 

at anyone time. In case this happens the program is halted 

with a message:'POOLB IS NOT ENOUGH'. 

Each ORDER has three attributes: 

ORDER.I(l) 

ORDER.I(2) 

ORDER.I(3) 

The product style required 

The number of different product sizes requ~red 

The total quantity ordered 

(These three attributes do not need be initialized). 
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2. CLASS JOB. 900 (4) SET INQUEUE, ATQUEUE BSET POOL 

Entities JOB represent the production batches for lndividua1 

product sizes. At the initia1lzation of each run all entities JOB 

are loaded in POOL. It is assumed that there will be no mor~ 

than 900 entities JOB at the shop at any time. In case 

number is reached the program lS halted with a message: 

this 

'POOL IS 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(l) = Identificaticn numberof the ORDER to 

the JOB belongs 

JOB.I(2) = The product size 

JOB.I(3) = The 'JOB' batch size 

which 

JOB.I(4) = The code number of the product repre3ented by 

this JOB. This code number is used to identify 

the moulds which are able to manufacture the 

particular product represented. 

(Those values do not need to be initialized). 

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

Entities MACHINE represent indlvidua1 multiple stations machines 

At the initialization of each run all machines which are in oper

ation are loaded lnto 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 = OFF) 
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MACHINE • I (2) = A parameter used to indicate the number 

of stations loaded in a given instant of 

time. This varlable 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. 

4. CLASS TIME STATION. ,,4( 5) BSED LOADED. 2! ULOADED. 2 

The entities 'STATION' represent the indivldual stations in the 

multiple stations machines. In the lnitialization of each experi

ment, 'STATIONS' numbers 1 to 12 are loaded into ULOADED.l, mean

ing that they belong to MACHINE.l, while 'STATIONS' 13 to 24 are 

loaded lnto ULOADED.2. 

The attributes of each 'STATION' are: 

STATION.I(l) = The identificatlon number of the JOB which 

is loaded at the STATION 

STATION.I(2) = Identification number of the mould whlCh is 

mounted at the STATION 

STATION.I(3) 

STATION.I(4) 

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 point in time 

A parameter used to keep a time record 

related to the instant of times in which 

STATION.I(3) is measured 

STATION.I(5) = A dummy parameter 
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Attributes STATION.I(1) and STATION. I(2) must be inihalized. 

STATION. I (ll is set to zero and STATION. I (2) is set to the 

identification number of a mould. It is assumed that there is 

always a mould mounted ~n each station. 

5. CLASS TIME STYLE.3(4) BSET POOLA 

Entities STYLE represent individual product styles. The~r 

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 POOLA. 

The attributes of STYLE are the following: 

STYLE. I(ll = The number of product sizes in the product 

range 

STYLE. I( 2) = Total quantity to be demanded ~n the next 

customer order 

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

range 

STYLE. I(4) Largest product size ~n the product style 

range 

All four attributes must be initialized at the beginning. The 

values of STYLE. I(1) and STYLE. I(2) change during a run, while 

STYLE. I(3) and STYLE.I(4) are ma~ntained constant. The time 

cells must also be initialized. 

6. CLASS MOULD. 45(3) BSST 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 
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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. 

A1 - 3.2 The input variables 

1. NUEXP 

2. PRIOR 

3. BOF 

4. SOF 

Used to indicate the number of the experiment being 

conducted 

Indicates whether to use subroutine £ALLC or 

£BLLC (PRIOR = 1, use £ALLC; PRIOR = 0, use £BLLC) 

Used in conjunction with PRIOR, to indicate whether 

to use FITO; FITOB; FITOM or FITOMB prlOrity 

rules, in accordance with the follow~ng table: 

PRIOR 

o 

o 

1 

1 

BOF 

o 

1 

o 

1 

PRIORITY RULE 

FITO 

FITOB 

FITOM 

FITOMB 

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 PRIOR ~s zero 

or one. When SOF = 1, BOF and SLACK must be set to 

zero. 



5. SLACK 

6. EMPIRIC 

7. STATISTIC 

8. TSIMUL 

9. STARPOINT 

10. NMOULD 

11. NRUN 

12. SZRUN 
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Used in conjunction W1th PRIOR to indicate whether 

to use SLACK or SLACKM pr10rity rules. When SLACK 

= 1, either SLACK or SLACKM are used depending on 

whether PRIOR is zero or one;when 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 = 0, 

use theoretical d1stributions. 

Used to establish the length of the stabilization 

period for each run, wh1Ch is measured by the number 

of completed orders 

A dummy var1able 

A dummy variable which was used to control the output 

of messages from the program. Its value 1S set 1n 

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 unitiallzed w1th a l:rrge number (prefer

ably above 4000 000), if the output is not des1red. 

Indicates the number of moulds to be used in 

particular experlffient 

a 

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 



13. TIRUN 

14. NDAYS 

15. NMACHB 

16. VCONV 

17. MAXLOT 

18. NSTYL 

19. GENSTR 

20. NIRUN 

21. MXMOULD 

22. IPARM (I) 
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IndLcates the number of replicatLon 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 machLnes 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 splLt into smaller 

batches 

Indicates the number of product styles (NSTYL =3) 

A value used to initialize the different streams 

of random numbers for the dLfferent runs. If 

more 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 Lndependent 

runs. Used in connection with TIRUN. 

Initialized at 1 

Indicates the maximum number of moulds defined in 

the program. MXMOULD = 45 

Used to 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. PARM (I) 

24. CUSTARA (I ,J), 

CUSTARB (I,J), 

CUSTARC (I,J) 
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Used to hold the values of real parameters of 

the theoret1ca1 probability distributios. 

PARM (1) to PARM (3) hold the mean ya1ues of 

the 1nterarriva1 times for each of the three 

product styles. The unit used for the interarriva1 

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. Typ1ca1 

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) d1stribution of setup times. The 

unit used is minutes. Typical values used were 8.0 

and 16.0 for mean values and 1,5 and 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-

trlbutions of interarriva1 t1mes for each of the 

three product styles. All three distributions have 

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



25. VOLDA (I,J) 

VOLDB (I,J) 

VOLDC (I,J) 

26. MACSET (I,J) 

27. TDISA (I,J), 

TDISB (I,J), 

TDISC (I ,J) 
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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 variable is (2,7) 

Are used to keep the values of the empirical distri

butions of probabllities 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 

empiric distributions) 

with 

28. RTYLA (I,J,K) Array used to keep the varlOUS distributions of 

29. SSTYLA (I,J) 

30. STOCK (I,J) 

proportions for each of the three product styles. 

Dimension is (3,3,15) 

A control variable used to indicate whether or not 

a particular product style should have its jOb 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 (l,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 (l,j) 

STOCK (i,]) 

1, product (i,j) is kept in stock. If 

0, product (i,) is not kept in stock. 

Dimension for this variable is (3,15) 



31. RPOINT (I,J) 

32. EBQ (I,J) 

33. MOULD.I(J) 

34. BCMACHINE(I) 

35. FACHINE (I) 

36. RVOL (I,J) 

37. ARATE 

38. VRATE 
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A variable used to keep the record of the reorder 

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' relat~ng 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 (BCMACHlNE = N x MC in equat~on 3.1 of 

paragraph 3.3.1, chapter 3. 

Dimension of BCMACHlNE is (2) 

Variable used to keep the value of the variable part 

of the 'process cycle time' (FACi-IINE = 'I' in equation 

3.1 of paragraph 3.3.1, chapter 3). 

Dimension of FACHlNE (I) is (2) 

A correct~on factor used to adjust the value of the 

order s~ze in function of the pattern of demand 

(proportions) generated. Dimension of this variable 

is (3,3) 

A correction factor used to modify the ~nterarrival 

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 



39. PROCUM (I) 

40. PERIOD 

41. T.STYLE.I 

42. STYLA (I,J) 

43. STYLE.I(Z) 

44. QTSTCK (I,J) 

45. STATION.I(J) 
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A Fortran variable used to store the probability 

distributions of the pattern of proportlons for 

demand. It is used with the theoretical distribu

tions of interarrival tlffie and total quantity for 

demand. Dimensions of this variable lS (14) 

A variable used as a counter of the number of 

~s executed. It is initialized with a value zero 

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 1S (3) 

A variable used to store the values of the propor~ 

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) 

Represent the attributes of the entitles 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 product style. Dimenslon of this var1able is 

(3,4) 

Variable used to keep the record of stock level for 

each individual product size. It can be lnit1alized 

with any desired positive value. The dlIDension of 

this variable is (3,15) 

Represent the attributes of the entlties CLASS TIME 

STATION, as described before. Its dimension 1S (24,4) 

representing 4 attr1hutes for each of the 24 sta-



46. MACHINE.r(J) 
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tions. Only attributes 1 and 2 are initialized. 

STATION. 1(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. 

1(1) must be initialized with 1 or zero to indi

cate respectively that the machine ~s 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 s1ngle job submission. 

Figure Al - 2 presents the flow chart of the main program MASTER MACH. 

Figure Al - 3 presents the flow chart of th~ subroutine £ALLC. 

Figure Al 4 presents the flow chart of the subroutine £BLLC. Finally, 

figure Al - 5 presents the flow chart of the subroutine £STCT. 
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Transfer all jobs ,tIll 
In 'lnqueue' to 'at~eue' 

Call 5tib~tlne 

t.ALIJ:. or £..BU.C in accord
ance with priorIty rule 

in operat.1on 

Set 'key' ~SR _ 1 to 
indicate the arrival 

of an order 

<=02 

OC9ani%.e the 
'1nqueue I In lICCorc1.vx:a 
with tre priority 

In ope:,!.,t1~""",, ___ -, 

Do J fre::. 1 'lo 

n\lIIber of batchu 

rind 'jClb In 'POOL' 
to repceRnt thh batch 

Take thh job frOfll 'POOL' 
and record the following 
attdbutes: 

(U The serial no. of the 
entity to wh.1--h thia 
job ~lorq. 

(2) The sJ.:.e of product 
this job represent. 

(l) The job'. batch sbe 
(4) 'J'tte code nanber of the 

product thi. 
job represent. 

Put this- job at queue 
'1nq'Je'lJe' end record 
its u-rival time et '1nqueue' 

Calculate the .tatlstlce 
"hlch refers to tile 
c~pletlon of an order 

Take the ot'd~r trOll 
c:us [queue and return 



-282-

rlCUR£ At - 3 

Set th. verlebl. "SATVP' 
-..hlch 6Ccumulates the 
Htup times to zero, 
and count n1.Dber of 
idle .tet1o~ 

Do .. 
thi. eeUvity 

Count the nunber of 
jobs in '1nqueue I Md 
add the ~r to the 
hlstogrMl 'NJOSQ' 

Arrange the sequen::e of 
jobs in 'lnqueue' in 
accordance rlth the 
priority rule in operatlm 

Separate the stock re
plenishment 'jobs' troll 
the cust~er 'jobs' by 
putting the former into 
'atqueue' and the lattf'.r 
into 'lnqueue'. Set key 
CS'IQ( to 1 to indicate 
that "1nqueue' contain. 
only cust.OOIer'. job 

Ho 
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rlCURt .\1 _ :I (C('t.'TINUATION) 

Tea 

'0 

la 

'rao 
the moulds 

IIO.1nted in the 
'unlOll.ded· atatior.s 

there any ...tU<:h is 
able to \fIamlfac:tur. 

Job I 

Take Job I from '!nqueue', 
calculate station Idle t~, 
take station from 'unloaded' 
and put it Into 'loaded'. 
Calculate the expected 
prcx:essinq t1.me for job I, 
and store this 1n£orJIatlon 
in the time cell 

Record the v".lues of ttle 
attributes of the station 
(1) Job identification number 
(3) Jo!) batch du 
(4) the present sinrulaUon 

time 
Calculate the ~ld idle 
time. and the waiUnq t.1me 
In queue for thU Job 

Add the valu~ of walt_ 
lng tiIM In queue to the 
histogrems use-d to 
calculate its statistics 

-.bicb 

J'" 

this • No 
Yes 'lII.chine Ieee' )_ .... -< 

activity 

r, 



GCIl'O 6 
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FlGUP£ 1.1 - 3 (CC"(J'IIIUATlOIH 

feke ,ob J fr~ 'ln7.le1Je' and 
station frea 'unloa<'ed·. Put 
• taticn into 'load~d' and change 
1lO\l1da, by bklrq the one In 
.tation and puttinq it into 'PREE' 

Set the attributes of .taUon 
(1) job Identification number 
(2) mo~ld identification number 
(3) job batch size 
(4' the present simulation tfme 

Calculate mould idle time, station 
idle tae. and wa,iting time in 
queue for thh Job 

Generate a value for the 
• etu~ time, and calculate the 
estimated processing time 
for this job. Store thia 
information in the time cell. 
Take DOuld selected froll!; 'PRE:E' 
record the tiJrle in which production 
for this job started 

110 

Md tile value of waiting 
t~ in queue to the 
histograms used to calculate 

••• 

~t. statistics 

Ve ... 
the JOOs 

~i"l9 10flrled 
cust~er's jcb 

(CS'ICK • l) 

Ye. 

[n:han'J.e eu:t~r'EJjob In 
'1n'1ueIl0' w1 th ot<"Ck 
rrplenl"hmf'nt jobs in 
'at l~llel. S@t C''XK _ 0 

Put back: in Ilnqueo.le l 

both customer's and 
stock repleniehment JOO •• 
Elapty "atqueue t 

Add setup t1mes No 
to the ilia eel 

the 
loaded stations in 

this .. achine been 
altered since th 

last 

of all loaded 
stations 

Take note of 
the station 1n 
M"iich this job 
was l.o8ded 

activU 

••• 
Calculate the new 'process 

qc:le time', and adjust the 
time cell for all stations 
~ich ~e already loaded 
before this activity, taking 
account of setup time. 

·0 

Find out \lhich of the 
etations has the shortest 
production ti:ne and set 
the Mch1ne t1.me cell 
to this shortest value 
Put machine into the 

'busy queue' 
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FlGURt Al _ .. 

FLeW OiART f7 !1JBROOTn.t BIle FOR LOADING .):IBS nrro HAcHna:s 

Ho 

Set the Yariable 'C~'lUP'. 
\Ih!c:h accumulates the 
setup time. to zero. 
Set '1" • 0 and '1I'Z' • 0, 
where "T' and 'la' are 
used to control the load-
Jog of jcba into lltations 

thb activity 
represent the com_ 
pletion of. job 

('MACHINE FREE') 

V., 
the previous 

activiry an OI:'der 
arX"iva\ 

(begin demand 

Ye. 

Arrange the sequence ot 
jobs in '1nqueue I in 
accordance w1 th the 
priorIty rule in op->-ration 

H. 

No 

I. 
there 

any available 
stations at 

Doe. 
any of the 

available stations Yea 
have a mould w-.lch 

there 
any available 

stations at 
present 

N. 

Garo • 

Ye. 



No 
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rrGUJu: Al _ C (CCN1'nruATION) 

Take job K fnn inqueue. 
TAlce IIOUld frOll 'PREE' 
Subtract the f'J.JC'b(O.t' of 
available stations by 1 

Add 1 to the value of ''1'' 
to indicate that an extra 
job was selected for 
loading. Reserve a 
mould for Jcb K by 
setting- "WH' and ·wo' to 
their re~pectlve values. 
'l'ake IIO.Ild f1"'Ol'l 'PREE', 

001.1;1' 
('1' • no, of jcbs to 

be 10l"dM) 

Take station f~ 'ULOADED 
and put it in 'LOArED'. 
Set tha attributes al 
station 
(l) Job Ident1!1calion no. f-----;~ 
(::?) ~C".I1d !"'c.nt1f. no. 
U) jet! b"t:ch "1~. 
(C, ~r~sent .L~\atlon G01'O 7 

Lo.ad job J to thI. 
atation, and INbtrect; 
the no. of available 
stations by 1 

Ja:.NZ_l 

Take job J frea lnqueue. 
Calculate station Idle 
UJlle. and update it. 

statistics 

T8J::e station frea 
'ULOADED' .me:! put it 
into 'lDADEIP .. Calculate 
the expected process.inq 
time for job J, and set 
the time cell of station. 

Set the attributes of the 
staUon 
(t) jQb identification no. 
(2) Jdb batch size 
(3) present simulation 

u... 

th. 
wtch thla 

lOA,l 
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rIGURI:: Al _ " (crAn'IIIUA.1'ION) 

Update the statisUcs of 
station idle time, and 
set the time cell of the 
station to the 
pCO<Jcammed processing 
tlme for this job 

Generate a value for 
setup time and add 
1 t to the histogram 
of setup tiJlles 

• ')~NCO_-.. 

Do "frea fir .. t to 
l .. t mechine in 

'idle' 

H •• 
the ~r 

Add _tup 
t1.Jles to the No 
time celb 

of loaded statlorui 

in this IfI3Chine beel'l 
altered since the of .11 

loaded 

Calculate the new 'process 
cycle tiBIe', and adjust the 

tllne cell for all atations 
which were already loaded 
before this activity_ Take 
account of setup tjmes 

.. achlne 
loaded 

rind out ."a,lch of the stat1o~ 
has the shortest production 
tillle I and set the ~lne 
t1.Jne cell to this shortest 
Talue. Put lI'1/1ch1ne into the 

busy queue 

Y •• 



Update the .tatistics of 
wai tinq time In queue 
and pro:esslng time for 

this product 

Set DSAT. 1 end subtrac:t 
1 frcxa ORDC:R .z (2) to 
indicate that this request 
has been satisflM frail ~ 

IIto::k 

there a 
stock replenhh-

Hnt job for this 
product already 

In the 
ohop 

Record all the attribute. 
far this Job Md set 
'SKJCB • J'. to Indicate 
t.h4t • replenlchl!U:mt job 
fO£ Ut1a pro<!uct has 

been ls'iu<ed 

No 

Ye. 
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rIG'JRE A 1 _ 5 

CS'l'OCX CONTROL) 

Withdraw all that h 
left in atccl: 1.n 
order to pu-tially 
aaUaty the demand 

I Update the stock 
level end set 

"J.lRS.I.T?- O· to iJ:Id1-
cate a pu'tlal ful
fUlIIent of the deslland 

la 
there' a 

sto::k replenish-
Jnent job for thIs 

product already 
in the 

ohop 

No Set DSAT - 0 to 1.nd1cate 
>_'::':'->1 that a CUS.tOlllU 

jcb vill have to 
be issued 

GOTO 1 

Set: DSAT • 0 to lndica 
that a custc;cQer 
job will have to be 

issued 

GOTO 2 

la 
the 
already 

produced bigger 

'l'ransfer the sbx:1c: 
replenid'nent job to • 

,>-,N~O,--_--.j custO'ler job. 
~ Adjust the batch aize 

than the job 
~qulretllent8 

Ye. 

Set DSA'r • 1 to indicate 
that Jcb has been 
utisfle<t ftOOl stock. 
Put the surplus produced 
into stock. Adjust the 
time cell of atation 

4tId canpletlon time. 
Update staUal:1cs of 
waIt1ng time in queue. 
Set DSAT • 1 to indicate 
that no extra cu5tcmer 
job should be 1s8'l.o~ 

for this product 

ooro 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} 

which was dumped in b~nary version ~nto the filiN9 system. 



JOB PFf3.J.PFF 1751 
VOLUM~ 7S~U 
JORCO~E 38K 
EDIT SE./PROGOATA 
SELfCT ADPLICATIONS 
UP 3 
CSLTRA~ .SPL 
CSLfO"1P "SPL," 
SELFCT 
USE CR,SEij/DROGO~TA 
C,EATE OUT 
USE CP,OlJT 
RU~ CR1S(OJ"rl",,10nO 
FO.J~p SEN/P .. f18Y 
Gl~F OIJT,$E~/pROGOUT 
NfLIST SENI •• aGOUT 
•• ** 
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Doe HIT 
E 3 1: 3 

623 1 1 n 0 
0 10004000000 18 I 20 6 

5 2 S2~ 9450 3 217 I 45 
E 2 6:7 

42.0 42.0 42.0 o.n 0.0 0.0 1600.0 1600.0 1600.0 0.0 
0.0 0.0 8.0 I • 5 0.0 n.O 0.0 0.0 0.0 0.0 

E 3 2d,30 
0 0 0 I I I I I I I I 0 0 0 
2 2 18 22 48 54 68 56 60 32 30 12 8 0 
6 6 54 66 144 162 204 168 180 96 90 36 24 0 

e 3 35:17 
0 0 0 0 I I I I I I I 0 0 0 
2 2 16 2Z 48 54 68 56 60 32 30 12 8 0 
6 6 54 66 144 162 204 168 180 96 90 36 24 0 

E 3 42:44 
n 0 0 I I I I I I I I 0 0 0 
2 2 10 22 48 54 68 56 60 32 30 12 8 0 
6 6 54 66 144 162 204 168 180 96 90 36 • 24 0 

E 7 48:54 
36 37 0 38 39 0 40 41 0 42 43 0 0 0 

E 62,62 
3 j 19 23 49 55 69 57 61 33 31 13 9 0 

E I 65,65 
3 3 19 23 49 55 69 57 61 33 31 13 9 0 

e I 68:68 
~ 3 IV 23 49 55 69 57 61 33 31 13 9 0 

E I 73:73 
1 0 0 0 

s 
••• * 



DOC CHCO'P 
SHORTLIST 
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SEND TO(FO.SE~ICO"PUSER.AXXX) 
DUMP O~(EO.PROGRA" USER) 
WOR«EO.WOQ(FILEUSER) 
RU~ 
LIBRARY('O.SUBGROUPSRCS) 
LI8RARY(tO.SUBGROUPSRCS) 
PROGHM(U006) 
MIXED SEGME'TS 
TRArE 1 
INPUT 1,~2CRO 
OUTPUT 2.6=LPO 
OUT~UT 3,9cCPO 
COMPRESS INTEGER AND LOGICAL 
END 
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.. 

READ fROM(ED,POSTFILEUSER.AXXXI 
LIST 
fUNCTION fADf(X.NSTR) 
DIMENSION ISTR(101 
COM~ON/MVR/IN~,JP,ISTR 
IF([NO-111,2.1 

2 I ND=U 
FI,OF:lU*COS(V) 

IfIIP.GE.OlGOTO 3 
4 f4DF= fADf*(-1.01 
3 CONTINUE 

HT'JRN 
IN DS' 
CALL "YRA~(P"STRl 
If(IP.LT.O)GOTO 5 
P=1 .O-p 

S UsSQRT(-2.0*ALOGCP» 
CALL MVRA'(P,'STRl 
If(IP,LT.OlGOfO 6 
p-1.0-p 

6 V=6,28J1 HS307179S9*P 
fADF=~'SIN(VI 
IfIIP.LT.OIGOTO 4 
RETURN 
END 



FUNCTION 
FAEF"S· 

ReTUR~ 
ENO 

FAEF(A~.S.NSTRI 
FAOF (X. NSU)+AM 
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S~~ROUTtNe MVRA~(P,N~TR' 
DIMENSION ISTQ(10) 
CUM~O~/MVR/IND,IP,tSTR 
p. IRANl (JSTR(NSTR) ,100001) 
p. (p-O,99)/100000,1 
IF(IP,GE,O)GOTO 100 
P·1.0"P 

100 CO~T1NUE 
RETURN 
ENO 
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, 



FIJNCTJO~ FAAFCA,B/NSTR) 
CALL MVRAN(P.NSTR' 

FA8F=(S-A).P+A 
RETURN 
END 
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FUNCTIO, FACFCA.NSTR) 
CALL MY~A~(P"STR) 

FACF=-A'AlOG(P) 
RETURN 
END 
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FUNCTI0~ FAFF(A,B,N~TR) 
FAFF=EXPCFAEFCA,B,NSTR» 
RETURN 
END 
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SU8ROUTINE FARF(JA,tB,tD,CDF;IREF,JBA1,ID1) 
OIMENSI~' CDFCI~A,).IREF(ID') 
COF(l8)" 
y·O.O 
X='.O/FLOATCIO) 
IREFCll.l~ 
J'I A 
IDONE=ID+' 
DO , 1=2.1DONE 
J.J-' 

2 J 'J+' 
IFCCOFCJ)-y)2.2.3 

3 IREFCI).J 
y=y+x 
CONTI ~ue 
RFTURN 
e~D 
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SUBROUTINe F4TF(JA,Ja,JO,CDF,JREF,JJ1,JD1' 
OJME"SJCN COF(JJ1),I~EF(10') 
tRlIlfl-IA+1 x., ;O/F lOAT( IR) 
Y-O.O 
00 , I"JAdS 
y=y+x 
COf\I>1)=Y 
CONTI NUE 
IAONE·IA>' 
JaONE=la>' 
CALL FARF(JAO~E,IBONE,JD.CDF.IREF,JI',I~') 
RETURN 
END 
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SUBROUTINE fAVf(RM.IZ.I~iCDf;!REf'IZ,.IOI) 
PIMENS!ON CDf(IZI).IREf(IOI) 
E=EXPII .0) 
F'RM/E 
5'1.0 
IC-RM 
RaK 
IF (0 8.8.9 

9 00 I 1=1. K 
P=I 
S=S*F/P 

I CONTI NUE 
8 IF(R~-R)2.3.2 

2 S=S/EXP(R"-R) 
3 COf{K.I)=S 

IF (0 5,5,10 
la I=~-I 

4 W=l.' 
S=S*\.j/RM 
COf (1.\)-5 
I-!-I 
!f(1l5.4,4 

5 S=COf(K.I) 
k,1I1K+ 1 
DO 6 1=k.1 dZ 
Wol 
CDF(I.l)=S.RM/w 
S=S*RMtw 

6 CONTI HUE 
S=Cof(1) 
IZPI=!Z.1 
00 7 1'2dZPI 
SaS.COf(l) 
CDf(Il=S 

7 CONTI NUE 
IZONE=IZ'I 
CALL fARf(I.IZO'E'!O,COf,IREf.!ZI,IOI) 
RETUPN 
END 
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SUBROUTINE FAWF(IA,IB;ID,PDF;IPEF,IAB17IDl) 
DIME_SION PDF(IAB1),IREFIID1) 
X'PDF (I A) 
IA1=IA+l 
DO I I=IAI,IB 
PDf( () =X+PDF (!) 

1 )C:;rPDFCI) 
CALL FARF(IA,IB,ID,PDF,IREF,IAB1,IDI) 
RETUFN 
END 
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INTEGER FU~CTI0N FAZF(N,CDF,YRFF,N1,NSTR) 
D1ME~SlnN CDFC.),lRCFCN1) 
ID-IPEF(1) 
CAll MVRANCP,NSTR) 
Rep 
JJJ=R>FLOATClD) 
M=IREFCJJJ+Z)-l 
M=H+1 
IF(R-CDFCM»Z,1,1 

Z FAZFcM-1 
RETURN 
END 
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F 1111 SH 
•••• 
POC CSlTRAN 

LlSYIf,G(3) 
SOUR(E(CR,S1) 
OSJEC1(EO,POSTFllEUSER.AXXX) 



C 

c 

C 
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MASTER MACH 

CLASS ORDER.3nO(3) SET CU'TOUEUE ASET POOla 
CLASS J06.900(4) SET INOUEUE •• TaUFUE BSET POOL 
CLASS TIME MA(HI'E.2(2) 85ET IDlE.BUSY 
CLASS TIME STATIO' 24(S) BSET LOAOED.2,ULOADED.2 
CLASS TIME STYLE.3(4) BS~T POOLA 
CLA.S MOULD.4S(31 B5ET PRFE 

ARRAY STIJCK(3,1S},C~STARA(2,9).CU~T'RB(2,9),CUSTARC(2,9),JO LDAC2,9 
1),VOLD~(Z,9),VOlOC(l,Q),~ArSE1(l,1)'STYLA(3,1S),tPARM(20j.PAR~(20) 

ARRAY R~rYlA(3,3,1S),TDISA(2,4),TOrSA(2,4).TOJSC(2,4),wJOB(4 5,3), 
lCOfMAND(4S).TJOlEST(Z),TIDLfMO(4»,CTIDLEMO(45),FACHINE(2) 
l,TSTr,K$T(J),TIMST~K(5),AVSTCK(3) 

APRA{ CSATUP(2),RVOL(3,3),PRO~T(4~,2),SSTYlA(3,1S),KCO(4S) 
1,RDELAY(45) .BCMACHt~E(2).TJOB(400),aTSTCK(3'15),RPOJNT(3:15), 
2EAO(5,15).SHJOB(3.15).MCJOB(3.'S).TORDER(60),STR(10) 

F olMe~SloN z(zn),UNICU~(1'),rU~I'NT(11),POICUM(31),tPOIINT(31), 

C 

C 

C 

C 

C 

C 

C 

lPROCUM(14).IPROI"T(14),N(ZO).CMD(13 5 .20),IGENSTR(30) • 

~IST DELAV(40.0.1) .WAITQUE.2(12n.120.10).SETIDlE(45.0.1'. 
lNJOBQ(60.2.3) 

FLOAT STYLA,AVFRA,S~V.RSD~,CDeMAN~,LFACT~ACPROD,ACSXQ,RSTYLA 
1,RAVERA,TtDLE~T,TIOLE~O,CTIOLF~O'FACHtNE,CYCLE,RVOL,S OMxa,WJOB 

FLOAT PQOOT,T,KCO,ROElAY,ARATE,VRATE,BCMACHINE,AVSTCK,TARO;R0 
I,PARH 

COM"UNIAlLOCATf/SETIOI E, MACSCT.MOULD,PREE.CUSTQUEUF., 
1POOLA,TtOlEST,t~LE,~U~V'UlOADEO,f)RDERPLAST,CSATUP,CYC LE,VCONV, 
INJOBy,STARPOINT,TIDLE~O,CTtOLEMO 

COMMO"ALlOCATA/OPMACH.IPAR •• PARM.EMPIRIC 

COMMO~/ALLSTCK/JOB.STATION.OROER."ACHINE'POOL.LOADED.TORDER.TJOB, 
1eCMACHI~~,FACH1NE,CLOCK,T.MACHINE,T.STATJON,T.STYlE.T .CHANGE. 
?CJOB.UJOB 

CO"MON/STOCKCONTA/.T'TCK,RPOINT,EnO,SHJOB, 
lCOEMANO,STYLE.TSTCKST.TIMSTCK.AVSTCK 

STYLA,PRODT, 

F COMMON/MYR/IND.IP.I060 
C 
F I~TEGER FAZF 
C 

ReAD(1.10)NUEXP.PRIOR.~OF.SOF.SlArK,eHPIRIC 
ReAO(1'19)STATlSTIC,T~IMUl,STARPQ'NT,N~OULO,NRUN,SZRUN ,TIRUN 
REAO("10)NOAYS,N~ACHB,VtONV,MAXLOT,~STYL,GENSTR,NIRUN ,MXMOULD 
READ(1,ZO)IPA~M,PAR~ 



F 
f 
f 
F 
F8004 

e 

e 
F 
F 
F 
F 
aoo~ 

F 
F 
F 
F8003 

aOOl 

e 

REAO(I.ll)eUSTARA 
PEAOII.II'CUSTARB 
RfAO(I.l1'CUSTARe 
REAO(I.11 )VOLOA 
READ I Id 1)VOLDB 
REAOII." 'VOloe 
"EAOII.II'MACSET 
READII.11 lTOIH 
REAO(ldl)TOISB 
READlldl'TOlse 
FOR 1=I.NSTYL 

-306-' 

REA~(1,15)«RSTYl_(t,J,K),K=1,14).J='r3) 
READ(1,11) (SSTYl4(r,IO,K=1,14) 
READ(1·11)(STOCKCf,K),K:1,14) 
READ(1,11)(RPOINTCl.K),Ke1,14) 
R E AD ( 1 ,11 ) ( E B a ( 1 , I() , K =1 ,1 4) 

P F. A D (' ,1 b) ( (f~ OU l [) • t (J ) , J = 1 ,3) , 1 = 1 , H XMOU L D) 
fEAO(I.l)(BC"ACHINE(I,.I.'.NrAC~B) 
REAO(I.')(fArHI'E(J).I".~MACHB) 
READ(1,1S)RVOl,ARATE,VRATE 
R[AD{1,1~'PROCUM 
DO aa~4 1103=1.30 
1100=1100>1 
Ir,ENST"(II03)=IIOO.2.1 
CONTI'WE 
WHITf(6.18,NUEXP 
WRITF(6.19'STATISTIC.TSIMUL.STARPOINT.NMOULD.NRUN.SlRUN,TIRUN 
WRITE(6.10)NoAYS.NMACHB.VCONV.MAXlOT.NSTYL.GENSTR.NIRUN,MXMaULD 

OIST CUSTARA.CUSTARa.CuSTARC.VOloA.VOLOB.VOLDC.HACSET 
I.TDI~A.TOISB.TOISC 

CALL FA~F(,,06,6,PROCUM;IPROtNT,13,'3) 
1 pc 1 
ISTOGEN=1100 
ICRG-O 
DUMMY 
00 aa03 1103_1.10 
IJX_11U.l>JCRG 
I060(ll0.l)-IGfNSTR(IJX) 
CONTI N~f 
DUMMY 
LOAD paOLA.POOLB.POOL.IOLE 

WRITE(6,19)~F~STR,peRJOD 
WRITE(6.19'STR 
TSIMUL-TSIMUL o I.O/520. o VCONV 

F IND'O 
RfAD(IdZ'PERIOD.CyCLE 
FO~ 1=1,NSTYl 



C 

t 
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READ (I .12lT. STYLE" .1. (STYLAC I. J) oJ.I .13) 
REAO(I.I.)(STYLA(I.K).K'14.IS).(~TYLE.I(Z),Z=,,4) 
READCI.II)CQTSTCKCI.K).K·,.14) 

Z'NMAC~B*12 

READCI.13)CCSTATION.ICJ).J·I.2).I=I.Z) 
READ(1 .16) «fo'IACHJNE.MCl) I 1=1 ;2) ,'''Ia1.NMACH8) 
~IRUN Ea 1 ~ R002 
WRITE(6,20)JPARM,PARM 
~RITf(b.12)p[.IDO.CYCLE 
WRITFC6.19)STR 
~RITE(6.13)CU'T'.A.CU'TARB.CUSTARr.V~LDA;VOLDB,VOLDC'MACSET 
',lOl~_,TOIS~,TDl~C 

FOR t=1.N~TYL 
~RITE(6.IZ) T.STYLE.I.C<TYLACI,J),Jal,13) 
WR J Tt: (Cl, 1 4) ( c; T Y LAC t , K ) , t( I: 14. 1 5) , ( STY LE. 1 (J ) , J.' , 4) 
~RITE(6,'5)«~~TYlA(I,J,K),~21,14)rJ2'13) 
URITE(6,11)(S~'YL4(I,K).K=,,'4) 
\.JR1TECb,1') Cc;TOCK(I,K) ,k=1.14) 
YRITE(6,")(~TSTCK(t,K),K=1,14) 

WRITF.(6,11)(RPOINT(t,K),K=1,14) 
WRITc(b,")(EBQ(I;~"K=1,'4) 

WR'TE(6,'3)«~Ttll0N.1 (J),J=1,2).t~',Z) 
~RITE(6,16)«~OUlO. teJ),J:1,3),t=1,MXMOULD) 
WR 1 T E (6,16) ( OH CHI NE. M Cl ) , t lIi 1 , 2) , f,' = 1 , N MA C H B) 
WRtTE(6,' 4) (PCMACHJ •. jI= (I), J=1 ,~MACHB) 
wRITEC6.IS)CFACHINECI).J:I,NHACHB) 
WRITEC6.1S)RV0L.ARAIE.VRATE 

F WRJTEC6.IS)PROCU~ 
C 

C 

ID FORMATC9IS.FS.2.4IS) 
11 FOR"AHI.IS) 
12 FOR"AtCJ~.13FS.2) 
13 FORHAHI4IS) 
14 FORMATC2FS.2.4IS) 
IS FORMATCI4FS.J) 
16 FORMAH1 4IS) 
18 FORMATCII.4SX.llH EXP NUHAER)JS,111 
19 FORMAH1017) 
20 FOR"ATC10IS,I.IOJ5.I.I0F7.1.I.I0F7.1) 

8002 DU_MY 
CO"ORO:O 
ALRSAT=O 
FOR le1 ,~"'ACH8 

CSATUP( I) =0 
TIDLEST(\l"O 

FOR 1=I.ttSTYL 
TSTCKST( \l-O 
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AVSTCK(J)=O 
TIMSrCK(Il=O 
FOR J=I.1S 

MtJOB(J,JI'O 
SHJOB(I,noO 
STOCK([,J) NE 0 a Z4 
TSTCKST(I)+QTSTCK(I,J) 

24 DUMMY 
T.CHA,GE=2400 
CHAVE=O 
FOq 1111,NMACHB 

K=IZ*1 
Jo1Z*(I-l)+, 
FOq laJ,K 

STATlON.L TO ULOADED.I 
DUMMY 

FOR 1=I,'MACHO 
MACrlINE.I (1) EQ 0 Q 21 
FOR J=uLOAOED. I 

MOULD. (STA TlO". H21 I (1) NE 0 a 22 
MD,ILD.(STATI0".J(2» TO PREE 

22 DUMMY 
MACHINE.! FRl1M I D lE 

21 DUM"Y 
17 DUlotM'i 

K=IS*NSTYL 
FOq 1 =1 f K 

cnEMA'IO«()'O 
TlDlE-O«()·O 
CTlOLE"O(l)=O 
FOR J=I,NSTYL 

WJ(lB(J,J)cO 
ROHAY(J)=O 

FOR J=I,2 
PRODT<I,J)'O 

DUM'H 
J=NMACHB*12·1 
FOR J=J,NMOUlD 

MOULD.1 TO PREE 
OPMACH:lO 
fOq 1:c1, 'IIMACtiB 

MACHINE.I(1) NE o a 23 
OPMACH.l 

23 DUMMY 
DUMMY 

C 
C 
C 
C 
C 



C 

F 
F 
C 
C 120 
F 

ACTIVITIES 

BEGIN CKA~GE OF PERIOD 

COMORD GE SZRUN ~ 100 
COMORDOO 
PERIOD 0 I 
<F=I093.IIOl 
LFaKF-)093.ll06 
WRITEC6.120)PERIOD.CLOCK 
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FORM~T(8" PERIOD=.13.7" CLOCK-,IP) 
CMDC44.LF).IOOO 
FOR 1=1.1 

ACPROO=O 
eXA=O 
ACSXQ=O 
FOR J:::zl,177,3 

XA·vlflO(NJOBQ.J) 
PROD=XA'J 
ACP~OO'PROD 
SOMx!hXA*(J**2) 
ACSXQ,SOMXQ 
CU,XA 

AVERA=.CPROO/CCX,·'.OI 
SO~=(ACSXQ-CCACPROO"ZI/CCXA'1.nlll/CCXA.l) 
soVc:Sr'IV**O.5 
R'iI)V='jOV/AVFRA 

C WRITE(6,410~)AVERA,~OV,Rsnv 
C4103 FO"MArC 26" AVER NO OF JOBS IN QUEUf.1F5.1.3X.4H SO •• F5.1.3X.5H 
C 1 RSO=.F5.1 I 
F CMDC1.LF)=.065 

C 
T.CHA~GE=VCONV*NDAYS 

CYCll=O 
FOR !al.0PMACK 

,CPROO=O 
eXA=O 
ACSXQ=O 
FOR J.1ZS.130~.IO 

XA=yIFLOCWAITQUE.I.JI 
PROO=XA*J 
ACPROO'PROD 
~OMXQ=I.0·x.*CC1.n'JI··ZI 
~CSXQ'SOMXQ 
CXAoXA 

CXA LT l ;) 4117 
CXA.Z 

411P AvERA=ACPROD/CXA 
SOV=CACSXQ-C(ACPROD*,ZI/CCXA.l.0111/CCXA.l1 
SOY Lr 0 ;) 4124 



SOVzO 
4174 SoV-SOVooO.S 

AVERA EO 0 Q 41'8 
AVEWA=' 

4118 RSDV=SOV/AVERA 
AVEOA=AVEOA/60. 
CYCLE+AVERA 
SDV:a:SDV/60. 
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C WRITE(6.410?II,CXA.AVER •• SOV~RSDV 
C4102 FOR~AT(/.5H MACH,13.3X.?IH NO OF JOBS PRDCESSEO.15,3X'16H AVER C 
C 1YClE lIME,F6,2,4H MI~.3X'4H SD=.f6.2,3X,5~ RSO=,F6.Z,/) 

AVERA=O 
CYCLE=CYCLE/OPMACH 

F C_o(Z,LFl=A072 
F C"D(3.LF)=A066 

JCNS1YL*15 
FOR Ts.1,J 

AV<RA+COEMA"D(I) 
LFAC1=AV ER A.CvCLE/CLOCK/'?/OPMACH,,00.0 

C WRITEC6.410blLFACT,AVERA 
C4106 FORMA'(/,27H LOAD fACTOR ON THE SYSTEM=,F6,2,3X,18H VOLUME OF DEMA 
C 1ND=,F10.1,/) 

4133 FORM~T(f6.2.Fl0.11 
F CMD(4.LF)=A068 
F CMDCS.LF)=A065 
C 

STARPOINT EO 4000000 Q 4155 
FOR 1=1,J 

WJOS<I,!) LT 2 Q 4125 
CDE~ANO( \) =0 
TIDLEMD(J)=O 
GOTO 4128 

4125 COEMINOCI)=WJOBCI,1)/WJOR(I,ZI/VCONV 
TIOL~MO(I)=(WJ08CI,31-«UJOS(I,1'oo2)/(WJOBCI,21)1)/CWJOB(I,ZI-11 
CDEM~NO(I) LT 0.10 Q 4146 

4146 
4128 

F 
F 
C 
C 

4!SS 

T10LE Mo(Jl'0 
GOTO 41lS 
TIOLEMO(I'=(TIOLE"OC1,·oO.5,/COEMAND(I,/VCONV 
DUMMY 
CMOCI'n3+45,LFl=A038(ll031 
CMD(ll05+90,LF'=A040Cll031 

"RITE(6,4'191 COEMAND 
WR1TE(6,41191 TIDLEMD 
DU"MY 
ACPROD=O 
CXA=O 
FOR J=O,44,1 

XA-YIELO(SETIOLE,JI 
PROD=XA*J 
ACPROO+PROD 



C 
i:4105 
F 

C 
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AVERA=AC PROD*100.0/CCLOCK*OPMACHI 
WRITE(6,4105)~VERA 
fORMATCI,40H PERC Of MACHINE IDLE TIME DUE TO SETUP.,F6;2,/1 
C"OC6.lfl=A065 
FOR le1,IJPMACH 

RAYERA=TIDlESTCII·100.0/CLOCK/12.0 
WRITEC6.4108)I,RAYERA 

DUM.MY 
C4108 fORM~TC/,5H MACH,llllx,7,H PERC Of TOTAL AYAILABLE TIME THAT STATI 
C ION IS IOlE DUE TO lACK OF JOBS=,f6.Z,/1 
f CMOC7,lfl=A07' 

fOR 1.',1 
ACPROO=O 
CXA=O 
ACSxQ=O 
FOR J=O,39,l 

X~=VIELOCOELAy,Jl 
Pi<OO=XA*J 
ACPROn .. PROD 
SO~Xa=l • O'XA' CC 1. O'Jl .. ?) 
ACSXQ+SO,"XQ 
CXA+XA 
~CDCJ+11=CXA 

CXA LT 2 a 4114 
CXA=Z 

4114 AyEpA=ACPROO/CCxA'1.01 
SOV=CACSXQ-CCACPROO"21/CCxA.l.0111/CCXA.l1 
SDV c 5DV**O.S 
AVERA Ea 0 ~ 4147 
AVERA =0.5 

4147 RSOV-SOV/AVERA 
C WRI1E(6,41Q1)I,AVEqA,SDV,RSDV~CXA 

C4101 FORMATC/,S!t PRon,I3,3~,12H AVER DELAV=,F6.2,5H DAV5,3X,4H 50=, 
C 1'6.2,3X,6H RSOV=,f6.2.3X,14H ~o OF OROERS',14,/1 
F CMOC8,Lfl=A065 
F CMOC9,lfl=A066 

F 
4150 

C 
C4149 
F 
F 
f 

~-10 
IC::IO 
TARO=O 
SOV.O 
FOR J=K,39 
TARO=TARO+CCKCOCJI-KCOCJ-lI1/CXA'CJ-K+111 

soV=C1.0-CKCDCK-ll/CXAll'100,O 
WRtTE(6,4149)TARO,SDV 
fORMATC/.12" TARD I.OEx=.F6.2,10X,11H PERC lATE.,F6.21 
IC=IC+1 
CMOCIC·14.Lfl=A077 
CMOCIC+l1,lfl'A066 
K+2 
K GT 22 ~ 4150 



C 
FOR 1.1.1 

ACPROD:O 
CXA.O 
ACSXQ=O 
FOR J=1.45.1 

X~'RDELAY< J) 
ACP~OD+(XA*1 ,O*(J·l)) 
CXA+XA 
KCD(J).CXA 

AvERA=ACPQOD/(CX4*1.0) 
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C WRITE(6.4141)I,AVERA,CXA 
C4141 FORMAT(/,5H PROo,13,10X,16H REL AVER DELAYa,F6.2,10X,8N DEHAND~, 
C 118,/1 
F CMD(10.LF)=A065 
F CMDlll.LFl=1113 

~ 

4152 

C 
F 
F 
F 

F 
C 
C4148 

K:l0 
IC-O 
TARt'~O 

SDV=O 
FOR J=';,45 

TAOO=TARD+«KCDlJl-KCDIJ-l»/CXA*lJ·K+l11 
~DV=l1.0-lKC~(K-1)/rXAll*100,O 
URITEl6.4149)TARD.SDV 
IC-le+1 
CMD(IC+28,LFl=A077 
CMDlIC+35.LFl=A066 
K+Z 
TARC=O 
K GT 22 ~ 4152 

FOR I=1."STYl 
AVSTCKII)=AVSTCK(II/CLOCK 
CMD(I103+11,LFl=A04IlI1031 
URITE(6.414R)I.AVSTrK(ll 

FORMAT(/,SOX,24H AvERAGE STOC~ FOR STYlE:13,fa.o,/) 
CLEAR ~JORQ.DELAY.UAITQUE,1.WAITQUE,2.SETIDLE 
FOR 1:1,45 

ROI;LAY(l)aO 
10~ DUMMY 



c 
c 

lOOS 
10~7 

C 
9101 

1015 

101 I 

1012 

I DOl 
1002 

lOO] 

C 
9130 
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QEGI ~ DEMM!D 

FO~ I.POOlA 
T.STYlE.1 EO 0 • 1000 
'INO.l POOLS FI~~T 1006 Q lOOS 
WRITE(6"007) 
FORnAT(ZO~ DOOlS IS NOT E~OUGHI 

EXIT 
TOQDER(ZI,ClOCK 
OR~~R,Z FRO. POOLS 
CROtR,l TO rUSTQUEUE 
P~I~ET(41 CUSTQUEUE 
O~DE~,Z(1I=1 
O'DER,l(Z)=~TVlF,I(" 
ORDER,l(3)=STVlF.,1(2) 
STYlE,1 (1)=0 

DUM'Y 
AVSTC<II)+«',O*TSTCKST(I»*(1.0*(ClOCK-TIMSTCK(I»» 
TIH~TCK(I)=ClOCK 

FOR .=STYlE,I(3),STYlE.I(4) 
J=IC+1!U(l-1) 
STYlA(I,K) EQ 0 1009 Q 0 
COEMA'O(J)+(STVlE,I(Z)*STYlA(I,K)+]) 
STOCKII,') ~E 0 • '0'5 
CAll ESTCTII,',DS4T,AlRSAT,Z,INQUEUE) 
DSAT EO 0 ~ 1009 
SSTYLA(I,K) EQ 0 • lOll 
y a l 
GOTO 1012 
T·(STYlE,IIZ)*STYLA(I,K)+3,O)/MAXlOT 
y=1+T 
STYlAII,K)=STYlA(I,X)/V 
ORDER.Z(2)+(Y-l) 
fOR X=l,V 
FI~D J POOL FI~ST 1003 • 1001 
WQITE(6.100?> 
FORMAT(20)> P~Ol IS ~OT ENOUGH 
ExiT 
DUMrH 
J08, J FRO~ POOL 
J08,J(1)=Z 
J08,J(2)'K 
J08,J(])'STYLE,I(Z)*STYLAII,JOB;JIZ»+]-ALRSAT 
J08,J(4)'K+15*11-1) 
HR~AhO 

DUMMY 
J09,J TO INQUEUE 
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TJO~(J)=ClOCK 
1009 DUM~Y 

c 

I Ul 8 

1016 

101 ] 
1008 

1019 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 

10Z0 

DUMMY 

ORDER.Z(Z) fQ D ; 1018 
RDElAY(I)+ORDER.Z(]) 
ADD O,DElAY 
COMORD+I 
ORDER.Z FRO. CUSTQUEUE 
.RISET(4) CUSTQUEUE 
ORDER.Z TO POOLB 
CHECK Z,OROER.Z(2) 
DUMMY 
SOF NE 0 ~ 1016 
RANK K INOUEUE(-J08.K(]» 
GOTO 1017 
SLACK NE 0 @ 1017 
RANK ( INOUEUE(JUa.K(]» 
GOTO 1014 
BOF EO n 1014 ~ 0 
RANK K INQUEUE(JOB.K(]» 
LS=I 

·FIND ~ IDLE FIRST ~ looa 
CSR.1 
PRIOR EO I 101] a 0 
PRIOR EO Z @ 101] 
CALL £3lLC(M,CSR,S,INQUEUE,lS,SOF.SLACK) 
GOTO lOOS 
CALL EAlLC(M,CSR,S,INQUEUE,lS,SOF,SlACK) 
ATQUEUt GAI~S INQUEUE 
ZERO INQUEUE 
EMPIRIC Ea 1 ~ 1019 
T. STYLE. I =SAM. lE (I, CUSTARA. ~TR (ll ,CUSTARB, STR C Z), CUSTARC'ISTR(3» 
STYlE.I(2):SAMPlECI,VOlnA,STR(4),VOLDB,STR(S),VOlOC,STR(6» 
K·S'MPLf(I,TDISA,STR(S),TDISB,STR(9),TDISC,STR(IO» 
GOTO 10ZO 
DUMMY 
NSTR=II0J 
J=11U] 
N2(Z6+II0])=FACF(A012(J',~STR' 
IF(NZ(l'+II03).EQ.0)N2(Z6+II0]).I 
NSTR=II0]+] 
J=II03+6 
1017CII03,Z':FACF(AOJZ(J),NSTR) 
IFCIUI 7(II0l,2).GT.SOOO)I017(II03.Z):5000 
1F(lOlf(1103,2).1I. 50)10\7(1103,2'=50 
NST.=II03+6 
II05=FAZF(I4,.ROCU~,IPROINT,14'NSTR) 
DU'~MY 

T.STYlE.I=(T.STYLE.I)*60./5Z0.*VCONV*ARATE 



1010 
1000 

C 

-315-

S T YL E • J C 2) • S T v lE • J C 2) • RV 0 Le K • J ,. V R ATE 
FOR Z.STYLE.J(3).STYLE.I(41 
STVLA(I.l)=RSTVL~(I.K.l) 
STVL~(I.l) EQ 0 1010 a 0 
STYLE.! Cl )., 
DUMMY 

DUI~MV 



c 

c 

.. 

BEGIN ~ACHI~E FREE 

FOR M'BUSY 
T,~.C~INE,M Eo 0 Q 2000 

9104 DUM'Y 
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FINn J LOADEn,M FIRST 2002 Q 2001 
T,STATION,J EQ 0 

2001 WRITE(6.200]) 
200] FORMAT(]OK NO STATION HAS FINISHED A JOB) 

EX IT 
2002 MACHINE,M FROM BUSY 

MACHINE,M TO IDLE 
STATION,J FRO" LOADED,H 
SIAIIO~,J TO ULOADED,M 
CTIDLf"D(STATION,J(l))=CLOCK 
V=STATION,J(I) 
JOB,Y TO PDOL 
JOB,Y(l) LT I 2012 a 0 
l=(ClJCK-TJOB(Y»'60,IJOB,Y(]) 
ADD l ,WAITQUf,M 

2012 DUM'H 
X.JOS, VI" 

9105 DUMMY 
X EQ 0 Q 2008 
I-JOS,Y<41/15,+Q,99 I 

AVSTC«I)+«1,O'TSTCKSTCI»)'(1,O,CClOCK-TIMSTCKCI»» 
TSTC~ST(I)+J08,Y(31 

TIMSTCKCI)=CLOCK 
QTSIC(I.JOB,Y(ZI)'JOB,VC3) 
SHJ08(I.JOB.V(211=0 
aTSTC«I.JO.,V(Z» LT RPOINTCI,JOB,YC211 Q 2009 
FIND K POOL FIRST 2010 ~ 0 
IIRITEC6.2011) 

2011 FORMAT(20H POOL IS NOT ENOUGH) 
EXIT 

2010 JOB •• FRO' POOL 
JOB.Kel).Jo •• YC1) 
JOR,KeZ)cJOB,YC2) 
JOR.K(3).EBO(I.JOB,YC2)) 
JOB,K(41=JO',YC4) 
CHECX JOB,xell,. 
JOB,X TO ATOUEUE 
TJOSCO=CLOCK 
SHJOBel,JOB,XeZ)I=x 
MCJ08(I.JOB.X(2»)=0 
GOlD 2009 

2008 ORDER,X(2)-1 
ORDER,XCZ) EO 0 Q 2004 
TOROEReX)·CClOC<-IORDER(X))/VCONV 



2007 

91n6 
2004 

2009 
C 

9107 

2006 
C 

2000 
C 
C 
C 

K·TORDERIX)+1 
K GT 4S a 2007 
1(=45 
RDElAY(K)+ORDER.XI3) 
ADD TORD~RIX),OElAY 
CO~~R~+1 
OROER.K fROM CUSTQUFUE 
PRISET(4) CUSTQUEUE 
OROER.X TO POOlB 
DU"MY 
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DUMMY 
PROOT(JOB.Y(4),1)+(ClOCK.TJO~(Y» 
PROOT(JOB.y(4),2)+1 
DUM~Y 

DUMMY 
S=J 
CSR'O 
PRIOR EQ 1 20~6 a 0 
PRIOR ~Q 2 Q 2006 
CALL £BLlC(M,C~R,S'ATQUeue:ls'SOF.SlACK) 
GOTO 2000 
CAll £AllCIM,CSR,S,ATQUEUE,lS;SOF.SlACX) 

DUMMY 



C 
C 

C 
C 
C 

CHAVE EQ 0 Q Jl01 
CO~OQD GE STATISTIC ~ 3101 
COMORD=O 
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CLEAR OELAV.SFTIOLE.~JOBQ.~AITQUE.11~AITQUE.2 
T.CHANGF=2400 
PERIOO=O 
FOR M=I,N"ACHe 

TIOLESTtM)=O 
FOR I-ULOADEO •• 

T.STATlON.I=O 
K=NSTYL"5 
FOR 1=I.K 

CDEMAND(I)=O 
TlDLEMO(I)=O 
CT(DLE"O(J)-O 
FOR J=' 03 
WJOAII.JI=O 
RDELAY(I)=O 

FOR Jc,.2 
PROoT(I.JI=n 

J=NMACHR*'2 
~OR 1=1,J 
STATIO~.1141=0 

FOR 1 .. 1,400 
TJOB(lI-CLOCK 

FOR 1=' .60 
TORDERIII-CLOCK 

FOQ I=',NSTVL 
AVSTCK(lI=O 
TI"STCKIJ)=O 

CLOCK=O 
CHAVE-1 

3'01 OU"MY 
PERIOD GE NRU~ Q 9000 
FOR M=IDLE 

FOR I=IJLOADED.M 
TIOLEsT(MI-T.STATION.I 
TIOLEMDISTATIO •• I(211+(CLOCK-CTIDLEMD(STATION.I(2111 

FOR I.P~EE 
TIDLEMDIII+ICLOCK-CTIDLEMDIIII 

GOTO 4001 

C ~RITE(9.11INUEXP,NMACHB 

C 
FOR (c1,J 

COEMAND(II=CDEMAND(II*CVCLE'100.00/CLOCK 
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WRIHI6.41IS) 
4115 FORMATl/.45x,39H LOAD FACTOR FOR INDIVIDUAL INSOLE SIZE,II) 

WRITElo."19) CDEMAND 
C4134 fORMATlQf8.2,1.6F8.Z) 

FOR 1::.1,J 
CTIDtEMOll)=TIDLEMDII)·IOO.O/CLOCK 
TlDLEMD(()=100.0 

\JRITE(6,4109) 
4109 FORMATl/,45X,24H PERC OF MOUtO IDLE TIME111) 

WRI1EI6.4119) CT10LEMO 
C ~RITEI9.4134)CTIDLEMD 

4119 FO~MATI15F8.Z./) 
FOil 1=1,J 

PROOTll,2) FQ 0 "29 ; 0 
TIDLE"D(1)=PRODTII,I)/PRODTII.2)/VCONV 

4129 DUM/IV 
'll:rlTEC6,4130) 

4130 FORMAT(/.'SX,'4~ AVEQ.GE PR~DCT TIME FOR lNPIV SIZES IN DAYS, I) 

WRITEI6.4119) T1DLE"D 
FO~ l a ',J 

TIOLEMD(I)+CDEMAND(I) 
W~ITE(5,4131l 

4131 fORMATl/,4SX,38H AVEqAGE DELAY AT SHOP fOR IHDIV SIZES", 
"_ITElO,41'9) TIDLEMO 

C "RITEI9,41J4)TIDLEMO 
4001 OUMMY 

F 
F 
F 
F 
F 
F 
F9009 
f 

f9004 
9005 

F 

F 
F 

NI~U~ GE TIRUN 9006 Q 0 
IFIIP.GT.O) GOTO 9004 
ISTOGE'.1100 
JCRG=ICq(",0 
no 9009 1103=1,10 
IJX=1103+ICRG 
1060(1103)clGENSTRIIJX) 
CONTINUE 
t P1l1 
GOTD 9005 
IP=-1 
'IRUN+l 
INO=O 
r.LOCK=O 
ZERO CUSTaUEUE,POOLB,INQUEUE,ATQUFUE,POOL,BUSY,LOADED.l 
ZE~O LOADEO.2.ULOADEO.l,ULOADED.2.pOOLA.PREE 
IFI1P.GT.0)GOTO 8001 
1100=ISTOGEN 
GOTO 8000 

9006 DUMMV 
I.VCONV/S7 
WRITEI6.4140)NUEXP.PRIOR.aOF,SOF.SLACK,CtOCK ,STATISTIC:NMOULD, 

1I 
4140 FORMATll'.40X./H exp NOIIS.SX.14H PRIORITY RULE.13,SX,SH aOF=.13, 
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15X,5~ SOts,t~,5X,7H SlACKs,t3,11,~X,'5H LENGTH OF RUN=,t7,5X, 
l11~ SlATISTIC=,I7,5X,10~ NO MOUlO:,J3,5X,15H HOURS PER DAYs,13) 

DO 4156 JF.l.I095.2 f 
l' 
F 
f41S6 
f 
f , 
f 

'41H 
f 
",64 
~ 

f4165 

1)041560(F·I.135 
CMD(KF.JFI.(C·0(KF.JFI+CM~(KF.Jf+l»'2.0 
CONTINUE 
DO 415' JF=I.1095.2 
;)04157 Kf=,,135 
CMD(KF.191=CM"CKF.19)+C~DCKF.Jf) 
CM~Co(F.201=CMOCKF.ZOI+CMD(Kf.Jfl·.Z 

CONTI ~~E 
Usl 095.1 093/2 
LF.JF-l 
00 4158 KFa1,1lS 
CMD(KF.191=CMDCKF.191/JF 
C_OCO(F.20'=CC.DCKF.ZOI-JF'CMDCKF,,9'.·Z)'Lf 
CONTINUE 
W~ITEC9."INUFXP 
"R I lE C 9.4 163' C (C M 0 C K F • JF , • JF. I • I 09 5 , 2) • K F' 1 ,1 3S) 
FOR"~Y(6Fl0.21 
IJRITE(6,4164) 
FORMAT(II.40X.Z9~ ME~N AND VARIANCE OF RESULTS,,) 
~R!TEC6.416~)CCCMOCKF.JF),JF=19.Z""KF=1.4S) 
'O."~IClOX.ZF16.3,,) 
w.'TEC6.4120) 

41Z0 FOR'AI(/,45X,48H AVER WAITING TIMF Al QUEUE FOR INDIVIDUAL SIZES,' 

f 
III 
YRITEC6.4119)(C~D(KF,'9),KF=46.90) 
WR!lE(6.41Z1) 

41Z1 FOR"AIC/.45X,l8H RELAIIVE SIANDARO DEVIATION",) 
f YRITE(6,4119)(C"OCKF.19)'KF=91,13~) 
f ~R!TE(6.4161) 
f4161 fOR'AICII.20X.32H RESULTS Of P"RS Of 'NTITHElrCS.") 

EX!T 
9000 DUM"Y 

END 
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C 
~ ~OULn PRIORITY RUL~ 

C 

C 

C 

c 
c 

c 

C 

C 

CLASS ORDER.IOOO) srT CU5TOIJEUE RSET POOLS 
CLASS JOU.90~(4l SET INOUEUE.ATOUEUE 8SET POOL 
CLA55 Tt"E ~ACHINE.Z(?) 85ET IDLE,BUSY 
rLA5~ TI'F STATION.24(S) 8SET LOAnED.2.ULOADED.2 
CLA~5 TIM" F~l5.4(O) 
CLASS M~ULD.45(3) B5ET PRfE 

ARPAY"AC5ETI2.7) •• (2),TIOL£5 T (2).TIOLEMOI45). 
1CTtDLEMn(4S),FArHJNE(2),UJOR(4~,3),CSATUP(2),BCMACHIN E(l) 
2,TORDERCoOl.TJOBC<OO),MCJOBI3,15),5TR(10),IPARMI20);PARM(20) 

HI5T SE1IDLEe4S.0,1),NJOBOe60,2.3) 

FLOAT TIOLEST,TIOlEMD,CTIDLEMD.FACHINE.CYClE.WJOB.BCMACHINE.PlRM 

COMMON/ALlOCATE/SETIDLE. .ACSCT,MOUlD.PREE.CU5TQUEUE;· 
1POOL8,rIDLF~T,IDLF.eU~y;uLOAOED,ORDERPLAST,CSATUP,CYClE,VCO~V, 
rNJORQ,SrA~POINT,TtDlF.MD,CTlnLEMD 

rOMMJN/'lLOCATA/OPMACH.IPARMiPARM.EMPIRIC 

LO~~ON/ALLSTC~/J08,STATION,OR~ER'~ACHJNE;POOL,LOADED,T ORDER,TJOe, 
lBrMACHl~E,FACHINE.ClOCK;T.MACHINE.T.STATION,T.FAlS.MCJOB.WJOB 

F rOHMON/IIVRIIND.JPoI039 
C 
9121 DUMM' 

FOR 1=1,OPMACH 
CSATUpeJ)=O 

Nl=O 
FO~ I'IOLE 

COU., Z ULOADED.I 
NIIl=Z 
NZ=NZ.N e II 

JA=S 
CSR EO 0 iI 3023 
COU" K INQUFlIE 
ADD K.NJOBQ 

9122 r'"M~' 
L5 EQ I iI 302R 
.OF NE 0 @ 3021 
rANK K INaUEUEe-JOB.K(3» 
GOTO 302H 

3021 OUM"' 
SLACK EQ ° 3028 iI 0 
kANK K I"QUEUE (eJOB.KI3).4.S)+(CLOCK-TJOB(K») 



3028 SPLIT J I~QUEUE INTO AT~UEUE 
JOB,J(1) E~ 0 

INQUEUE'LOSES ATQUEUE 
LS.O 
CSTCK=' 

3035 rOR K=INQU~UE 
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CSR EQ 0 @ 3022 
FOR 1=' ,3 
~OULD,ISTATION,JAIZ»II) EQ JOB:K(4) 30Z3 i 0 
DUM~Y 

GOlO 3003 
30ll DU"MY 

fOR MI =IDlf 
ULOADED,MI EMPTY; 3002 
DUMMY 

G,HO 3004 
30Q2 DUMMY 

'O~ HI'IDLF 
M=t1r 
"OR 1-1,] 

FI'D JA ULOADED •• FIRST 30Z3 a 0 
MOULD,ISTATION,JA/Z»/I) EQ JOB,K(4) 

DU~'MY 

GO TO 3003 
3023 DU' .. ,Y 
911' DUMMY 

JOB,K FROM INQUEUE 
SATlIP=1 
CSATUP/~I)+SATUP 
ADO SATup,SFTIOLE 
TlnLEST/~)-/T,STATION,JA) 

S'ATID~.JA FROM ULOADED.M 
STATION,JA TO LOADEn,M 
COUlIT Z LnADED,M 
T,STATION,JA=JUB,K(3)·(BCMACHINE(M)+FACHINE(M).Z)+O,5 
STATION,JA(3)=JOB,~/3) 

STATIGH,JA(4)=CLOCK 
STATlnN,JA(ll=~ 
J • STATIQN.JA(2) 
TJURII)=CLOC.-TJOBIK) 
TI~IE"OIJ)+(CLOC'-CTIDLEMDIJ» 
JOB,Kll) ~E 0 @ 3036 
WJO~IJOB,K(4),')+TJOB(~1 
WJO~IJOB,K(41.2).1 

WJOBIJOB,KI41.3)+11.0+TJOR(K»·.Z 
3036 Dum,y 

TJOB(.)=CLOCK 
JOB,K(I) EQ 0 @ 3024 
1=IJOR,K(4)-JOB,K/Z»1'5,O+' 
MCJ08(I,JQS.K/Z»=JA 



3074 
3u03 

C 
9123 
3013 

3021 

3005 

3018 

3039 
F 
F 
F 
F 
F 

3040 

9117 

CSR Eq 0 3004 i 3003 
OU'~MY 

I'lIJMMY 
I\UMMV 
r~R fO 0 ~ 3027 
>Z EO 1 Q 3010 
fOR J=I~QUEUE 

FOR HI'IDLE 
Mdll 
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FIND JA ULOADEO.~ FIRST 3005 ; 0 
OUIlMY 

GOIO 3004 
FO~ 1=1,3 

riND ~ PREF FIRST 3018 Q 0 
~OULD.KCI) EQ JOB.J(4) 

DUhMY 
GO TO 3"06 
JOB.J FROM INQUFUE 
SIATlnN.JA TO LOADED." 
STAIION.JA 'ROM ULOADEO •• 
MOIJLD.ISTATION.JA(2) Tr PREE 
SThTlU".JA(1)=J 
SPIIO~. JA(2) =K 
TIPLCMbCK)+CCLDCI-CTIOLEMD(K) 
TJOB(J)=CLOCK-TJOB(J) 
J08. J (I) NE 0 a 3037 
WJ08(JUB.J(4).I)+TJOB(J) 
WJOB(JOB.J(4).l)+1 
WJ08(JOB.J(4).3)+(1.0·(TJOB(J»).*2 
DUNMY 
TJ(J8(J)=CLOCK 
TIDLEST(M)-IT.STATION.JA) 
COUNT Z LOADED •• 
T.STATION.JA=JOB.J(3)·(BCMACHINE(M)'FACHINE(H)*Z)+0.5 
STATION.JA(3)=JOB.J(3) 
STATION.JA(4)=fLOCK 
EMPIRIC EO 1 a 3039 
SEIUP=SAMPLE(I.MACSETiSTR(7») 
GOI0 3040 
DUMMY 
ULcA04 1 (13)+A041(14).3 
LL=A041 (13)-A041 (14).3 
1059=,AF, (An41 (13). A041 (14) .10) 
If(I059.GT.UL)I059=UL 
IFII059.LT.LL)I059'LL 
CSATUP CM) 'SETUP 
ADD ~Erup.SETIDLE 
MOULD.K FROM PREE 
DUMMY 
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JO~.J(" EO 0 ~ 303~ 
\:(JOR.J(4)-JOR.J(Z),/IS.0.1 
~CJOB(I.JOB.J(2»·JA 

3038 CSR EO 0 3004 ~ 3006 
3('1(\6 OIlM~Y 
3010 tSTt~ EQ 1 ~ 3004 

INOUEUE ~'INS ATOCEUE 
SPLIT J IIIOuEUE I~TO ATOUEUE 

JOS.J(1, ~E 0 
\N~UfUE lOSES ATOUEUE 
CSTCKS:O 
('OTO 3035 

30n4 I~OUEUE &AINS ATOUEUE 
ZERC ~HUEUE 
fOR ,,"cl()lE 

CO~NT Z lOADED. M 
MACHI~E.M(2) EO Z l030 Q 0 
FOR J.lOA~EO.M 

ClOCr &T STATION.J(4' ~ 3031 
STATION.J(3)_«CLOCK_STATlnN.J(4,,/(BCMACHINE(",+MACH\NE.M(2' 

I+FAC~INE(M»-n.5' • 
3r~1 T.STATIO •• J=STATION.J(3,.(OCMACHINE(H)+FACHINE(H'.Z' 

'+CSA1UP(r-l)+O.S 
ST.TION.J(4'=CLOCK+CSATUP(M, 

3030 

3032 

3011 

3007 

MACH .. ,E.M(2'=Z 
GOTO 3032 
FO~ IA=LOAOEO:" 

T.STITION.KA+CSATUP(M, 
STATION.IA(4'+CSATUP(H' 

ULOAO>O.M E"PTV ; 302' 
~ACHI.E.M F,OM IDLE 
DUI",~ty 

fl'~ K lOA~EO.' MIN(T.STATION.K' Q 3007 
T.S1ATIO'.1 lE 0 ~ 3011 
T.STATlON.K =1 
DU"MY 
T;HACHINE.M.T.STATION;K 
MACHI.E.M TO BUSY 
DUMMY 

RfTURII 
ENO 
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SUBROUTINE £8IlCIM.CSR.S.INOUEUr.lS.SOF.SLACK) 
c 
C STRICT PRIGPITY RULE 
C 

c 

t 

C 

c 
C 

c 

c 

C 

CLASS OROfR.300C3) SET CU~TnUEUE PSET POOLS 
ClASS JrB.900(4) SET INOUfUF.AlQU,UE BSET POOL 
CLAS~ TI"E ".CHINf.Z(2) B~FT IDLE.BUSY 
CLASS TIME Sl'TIO~.Z'C5) 8SET LOADED.2.ULOADED.2 
CLAS~ TI"E FAL5.4(0) 
CLASS MC~LD.45131 B5ET PREE 

AFRAY MACSET(2,7),CTtDlE~~C45).WQ(24),~M(24),N(Z) 

1.TIDLES1IZ).1IDL[>DI451.FArHINEIZI .~JOBI45.3).C5ATUPI2). 

2ErM.tHI~f(2).TORDERI60).lJORI400I.MCJQBI3.'51.5TRI'O) 

AkR,y IPARMI201 •• AR~(20) 

ILO.' 'IDLEST.TIDLEMD.CTIDLEMD.FACHINE.CYCLE.WJ08.BCMACHlNE.PARM 

COM~ONJAlIOCA1E/SETtOlE, MACSET,MOUlO;PRfE,CUSTQUEUE, 
1P00L8,TrOLEST, l~lE,8USy,UloAnED,OROERPlAST,CSATUP,CYCLE,VCONV, 
2~JO~Q,STARPOINT,TJDLE~OfCTJDlEMD 

COM"O~/ALLOCATA/OFMACH.IPAR".PARM.EMPIRIC 

CO~~O~/AlLSTCK/JOB,STATION,ORnER'~ACHINE;POOl,LOADED,T OROER,TJOB. 
'BCMAtkl~E.FACIIINE.CLOCK.T .MACHINE.T.STATION.T.FALS.MCJOB.WJOB 

f CO~~CN/'YR/IND.IP.104' 
C 
912, DUMMY 

FOR 1=1,CPMACH 
CSHUP (J,.O 

T-O 
NZ .. O 
FOR I_IDLE 

COUNT l ULOADED.I 
NII)'Z 
NZ·~Z.NIIl 

J.A:-$ 
CSR EO 0 ~ 3029 
COUNT K INQUEUE 
ADD K.NJOBO 

9,22 DUMM, 
15 EO , ~ 3035 
SOF NE 0 ~ 3028 
HANK K INOUEUEI-JOB.K(3» 
GOTO 3029 
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3028 DU_MY 
SLACK EQ 0 3029 a 0 
OA~K r I'QUEUE CCJOB.K(3)'4.5)+CCLOCK-TJOBCK») 

3029 DU~"Y 
3033 SPlIT J INQUrUE INTO ATQUEUE 

JO~ J(1) EQ 0 
INQUruE LOSES ATOUEUf 
INQOrUE GAINS ATQUEUE 
ZERCI HOUfUE 

303S LS=O 
FOO k.I~~UEUE 

CSO EQ 0 II 3026 
JA-S 
FO> 1='.3 
~OUlD.CSIATION.JACZ»CI) EQ JOB.KC') 3020 ; 0 
~U~MY 

NZ roT 1 30Z1 @ 3024 
3020 FOR HI=IDLE ,..cM. 

~CMI) EQ 0 3~23 • 0 
fOR 1=1,3 

rIND JA ULOtDED •• FloST 3020 • 0 
MDUlD.CSIAIION.JACZ»CI) EQ JOB,K(4) 

tllIMMY 
3023 DUMMY 

FM HI=IDlE 
~=HI 
'CMI) EO 0 • 3024 
OUI'MY 

GOTO 3022 
3C124 r0R 1=',3 

FfNO J PRrE FIRST 3009 ~ 0 
"QulO.JCI) lQ JOR.K(4) 

DUMMY 
GOT 0 3021 

3009 OU~,'1V 
T~T +1 
WQCT)=' 
W.CT)=J 
JOB,. FROM INQUEUE 
NCfoI)=NCM)-1 
NZ-' 
MOULO,J FROM PREE 
GOlD 3('27 

3020 Dur.,y 
NO')=NCM)-, 
NZ-' 
JO~.K FROM INQUEUE 9'" OU~'~Y 
SA HP.' 



3037 

3036 
C 
3~n 
3011 
30n 

30Z5 

3038 

-327-

CS,.'UPCM)+SATUP 
AN S.l"p.SfTI~le 
TI~L~~l(")-(T.~TATION.J~) 
ST~TION,JA FROM ULOAOEO,M 
ST~TIO',JA TO LOADED,M 
C~~~T Z LOADEO,M 
T,STATI0',J'=JDB.K(1)o(.CMACHINEIM)+FACHINE(M)"Z)+O,5 
ST.lI0N,JA(3)'JOB,KC3) 
STITIO',J~I~)=CLOCK 

STATI0',JA(1)=~ 
J • STATION,JAIZ) 
TIDLE.DIJ)+eCLI'CK-CTIDLE~OeJ» 
TJOSI')=CLOCK-TJOBIK) 
JD~,Kll) ~e 0 Q 3037 
~Jc~eJG.,KI~).1)+TJOBeK) 
YJL6(JOR.K(4),2)+' 
~JCBIJOS.K(4).3)+11,O"ITJOBeK») •• 2 
Dll"'''''Y 
TJtSI<)=CLOCK 
JD~,Kll) EQ 0 ~ 3036 
I c IJOB,K(4)-JOe,KIZ»'1S,O+1 
HCJOBII.JOB,K(2»=JA 
OU~"Y 

CSR Ea 0 3022 Q 30Z1 
OU~MV 

OUM"Y 
T E Q 0 3e 0 4 • 0 
FOR 1=1,T 

K=tr.rM (n 
J'~Q(J) 
FOR M=HLE 

fl~O JA ULOAOED,M fIRST 3025 ~ 0 
DUMMY 

GOIO 3004 
STATION,JA fROM ULO'OEO.M 
STATION.JA TO LOAOE~,M 
HDULP,ISTATIDN,JAIZ» TO PREE 
STATlON.JA(1)=J 
SlATlO~.JA(2)'K 
TIPLEMDCK)+eClOCK-CTIOLEMOCK» 
TJOBCJ)=CLOCK-TJOBCJ) 
JOB,J(1) .E 0 • 3038 
WJCBIJOB,JC4'.1'+TJOSeJ) 
WJO~IJ09.J(4).2)+1 
WJOSCJ~B,J(4).3)'(1,O"(TJOB(J»I'·2 
DUMY 
TJOBCJ)'CLOCK 
TIOLE,l(M)-(T,STATION;JAI 
COUNT Z LOADED,M 
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T.STATION.JA=JOB.JC31·CBCMACHINfCMI+FACHINECMI·ZI+O.5 
STATIOh.JA(3)=JOB.JC]) 
STATln~.JA(4):ClOCK 
E'PIR!C EQ 1 • 3039 
SETUP=S .. PLE (1 ,~ACSEr;STR (7» 
GOTO 3040 

3039 
F 

DUMMY 
Ul=A043(13)+A043C141+3 

F 
F 
F 
F 
3~40 

9117 

lL=A043CI3)-A043CI4)·3 
1061·f AEFCA043CI3),.043C14),10) 
IfCI061.GT.Ul)1061=UL 
IfCl061.LT.ll) 1061'll 
CSATUP cn+SETUP 
ADD SFICP,SETIDlE 
DUM .• Y 
JOB.JC11 EQ 0 • 3006 
l=CJOB.J(4)-JOB.JCZI)/'S.0+' 
MCJO~Cl,JOB.J(2»=JA 

30C6 DUMMY 
30C4 OUMNlY 

FOR M:IOLE 
COUhT Z lOADED.M 
MACHINE.MCZ) EQ Z 3030 a 0 
FOil J=LC",OED.M 

CLOCK GT STATION.J(4) • 303' 
STATIO'.JC31-CCCLOCK-STATION.J(41)/CBCMACHINECM)+MACHINE.MCZI 

'.FACHINEC'I)-O.S) 
3031 T.STATION.J=STATION.JC31.C8CMAr.HINECM)+FACHINECM)+Z)' 

31)30 

3032 

3010 

3011 
9124 

3007 

1 CSATUPCMI·O.S 
STATIO·.J(4)=ClOCK+CSATUPC.) 

MACHINE.HC21'Z 
GOTO 3032 
FOR KA=IOADED." 

T.STATION.KA+CSATUPCM) 
STATIO\.KA(4)+CSATUPCH) 

NCMI FQ 0 • 3010 
MACHINE •• FROM IDLE 
FIND K lOADED." HI"CT.STATION.KI • 3007 
T.STATICN.K lE 0 • 3011 
TISTATION.K=1 
OU~"Y 
DU/>,,"tY 
T.MACHI'E.M=T.STATION.K 
MACHINE." TO BUSY 
DUMMY 

DUMMY 
RETURN 
END 
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SUBROUTINE £STCTCr ••• DSAT.ALRSAT.Z.INQUEUE) 
C 
C SUBROUTINE FOR STOC~ CONTROL 
C 

C 

C 

C 

c 

CLASS ~ROER.300(3) 
CLASS JOB.900(4) SET INQUEUE BSET POOL 
CLASS TIME MACHINE.lC') 
CLASS TIME STATION.24CS) BSET LOA~EO.2 

CLASS TIME STYLE.3(4) 
CLASS TIME fALS.ICO) 

ARRAY QTSTCKC3.1S).RPrINTc3.1S).E.QC3,1S),SHJOBC3,IS),MCJOBC3,1S) 
',STVlA(3,1S),PROOT(45.2),CDEM.ND(4S),BCMACHJNE(Z),FAC HI~E(2), 
2TJOSC4UO),TOROERC60),WJOBC4S,3).TSTCKSTC3),TIMSTCKC3),AVSTCK(3) 

rO."O"STCCKCONTA/QTSTCK.RPQINT.E~Q.SHJOB, STYLA,PROOT. 
1COEMAND.STYLE.TSTCKST.TIMSTCK.AVSTeK 
COMMO~/~LLSTCK/J08.STATJ()N,OROER'~ACHINE7POOL,lOAOEO,TOROER,TJOB. 

16CMACHt~EIFACHINF'CLOCK,T.MACHJNE,T.S1ATION,T.STY~E,T .FALS, 
2.,tJOB .WJoe 

OIJOB=STYLE.I(2)*STYLACI.K) 
S-(+15*0-0 
OTJOB LE aTSTCKCI,K) Q 1001 
OTSTCKCI.K)-OTJOB 
PROOTCS,Z).' 
'JOBCs.2)+1 
TSTCKSTCI)-QTJOB 
OROER.Z(2)-1 
DSAT=1 
aTSTCKCI.K) LE RPOINTCI.') Q 1000 
SHJeBCI.K) EO 0 Q 1000 

10C9 FIND J PUOL FIRST 1004 Q 1002 
1002 WRITEC6,1003) 
1003 FORMATC20" POOL IS NOT ENOUGH 

EX IT 
1004 Joe.J FROM POOL 

JOB.JCI)=O 
J08.J(2)=. 
JOB.J(3)=EBQCI.K) 
JOB.J(4)=K+lS+CI-') 
J08.J TO INQUEUE 
TJOBCJl=CLOCK 
SHJOB Cl, K) =J 
MCJOB(l,K)=O 
GOTO 1000 

100, OTJOB-aTSTCKCI.K) 
TSTCKSTCI)-QiSTCKCI,K) 
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~LRSAT.aTSTCKCI.K) 

CTSTCK(I.K)=O 
5HJOBCI.') NE 0 • 1005 
MCJOB(I,Kl NE 0 • 1006 
J,I=MCJOs(I,K) 
MoJA/12.0+0.99 
SIATIJH.JAC])-CCCLOCK-STATION.JAC411/CBCMACHINECMI+MACHI"E.MC21· 

.1FACHINE(Mlll 
STATI0~.JA(4)=CLOCK 
J·SHJ06(!.Kl 
QTJOB LE (JOB.J(ll-STATION.JA:31) • 1007 
QTS1CKCI"I+CJOB.JC31-STATION.JA(31-QTJOB) 
TSTCKSTCI)+(JOB.JC]l-STATION.JAC]l-QTJOB) 
JOB.J(3)=STATION.JA(]) 
TJOBCJ)=CLOCK 
T.STATI"'.JA=STATION.JA(3).(BCMACHINECM)+FACHINECMl.MACHINE.M(2» 
FINC L LVADED.M M1N(T.STATION.L) ~ 1008 
T.STATIO~.L LE 0 • 1008 
T.STATlO~.L=1 

1008 T.MACHI'f.~=T.STATION.L 
OQDER.ZCZ)-1 
P~OOTCs,2)+1 

WJ08CS.71+1 
DSAr-l 
ALRSAT'O 
GOTO 1000 

1005 DSAT'O 
GOTO 1009 

1006 DSAT'Q 
GOTO 1000 

1007 J=SHJ08(I.K) 
J08.J(1)=Z 
J08.JC3l=QTJOa-CJOB.J(3)-STATION.JAC3» 
STATION.JA(3)=JOB.JC3) 
T.STATI~N.JA=JOB.J(3l.CBCMACHINECM)+F~CHINECM)+HACHINE.H(2» 
srATI~N.JA(4l=CLOCK 
II)OBCS.2>·1 
TJOaC)l=CLOCK 
FIN~ L LOADED •• MIN(T.STATION.L) a 1010 
T.STArlON.L LF 0 • 1010 
T.STATlON.L • 1 

1010 T.MACHINf.M=r.STATION.L 
DSAT=1 
HRSAT=O 
GOTO 1009 

1000 DUMMY 
RETURN 
END 
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E~DSU!FllE 
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APPENDIX 2 

EMPIRICAL DATA USED IN THE PRELIMINARY INVESTIGATION 
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A2 - 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 investigatlon 

is presented. Tablps A2 - 1 to A2 - 3 present the distrlbutions of 

interarrlval 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 ln table A2 - 12. 
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TABLE A2 - 1 

DISTRIBUTION OF INTERARRIVAL TIMES 

PRODUCT STYLE 1 

Interarrival Cumulative 
times (hours) distribution 

18 0.1000 

27 0.3000 

45 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 
times (hours) 

Cumulab.ve 
distribution 

9 

27 

45 

54 

63 

72 

90 

117 

x = 54.63 

0.0714 

0.2142 

0.4285 

0.6428 

0.7857 

0.8571 

0.9285 

1.0000 
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TABLE A2 - 3 

DISTRIBUTION OF INTERARRIVAL TIMES 

PRODUCT STYLE 3 

Interarr~val 
times (hours) 

Cumulative 
distribution 

4 

9 

27 

45 

63 

72 

81 

90 

0.3000 

0.4000 

0.5000 

0.6000 

0.7000 

0.9000 

1.0000 

1.0000 

x = 36.90 hours 

TABLE A2 - 4 

DISTRIBUTION OF ORDERS SIZE 

PRODUCT STYLE 1 

Demand category Cumulative 
(class) distribut~on 

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 th~s distribution is 3500, 

the actual value of the mean order s~ze 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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TABLE A2 - 5 

DISTRIBUTION OF ORDER SIZE 

PRODUCT S'lYLE 2 

Demand category Cumulative 
<Class) distribuhon 

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 order size is 1971. This is 

because of the correction factors associated wlth the 

distribution of proportions. (See table A2 - 8 for 

distribution of proportions). 

TABLE A2 - 6 

DISTRIBUTION OF ORDER SIZE 

PRODUCT S'lYLE 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 

4900 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 wlth 

the distribution of proportion. (See table A2 - 9 for 

distributions of proportions). 
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TABLE A2 - 7 

DISTRIBUTION OF PROPORTION S 

PRODUCT STYLE ~ 1 

Shoe Distribution of prop~rtions sizes 
Pattern-l Pattern-2 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 0.0094 0.0635 

8 0.0193 0.0258 0.0325 

Probability 
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 OF PROPORTIONS 

PRODUCT STYLE 2 

Shoe Distribution of proportions 
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.l344 0.l399 0.2466 

6-1/2 0.0847 0.0793 0.0000 

7 0.0887 0.0611 0.0000 

7-1/2 0.0l30 0.0204 0.0000 

8 0.0123 0.0187 0.0000 

Probability 
of 0.2857 0.6428 0.0714 

cx:curance 

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 Distribution of proportions 
sizes 

Pattern-l Pattern-2 Pattern-3 

3 0.0619 0.0500 0.0000 

3-1/2 0.0599 0.0000 0.0000 

4 0.1199 0.1389 1.0000 

--4-1/2 0.1180 0.1667 0.0000 

5 0.1422 0.1667 0.0000 

5-1/2 0.1267 0.1667 0.0000 

6 0.1425 0.1389 0.0000 

6-1/2 0.0800 0.0833 0.0000 

7 0.0770 0.0833 0.0000 

7-1/2 0.0345 0.0000 0.0000 

8 0.0367 0.0000 0.0000 

Probab ili ty 
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 - style-l Product _ style-2 Product - style-3 

Nominal No. Nominal No. Nominal No. 
mould of mould of mould of 
size moulds Sl.ze 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 OF SETUP TIMES 

Setup times Cumulative 
(min) distribuhon 

5 0.05 

6 0.15 

7 0.30 

8 0.70 

9 0.85 

W 0.95 

11 1.00 

x = 8 min. 



-342-

TABLE A 2- 12 

eost structure used in the study of strategies for capacity 

manipulation 

Costs are given L~ a fictit~ous monetary unit called m.u. 

1. Labour cost 

Basic rate 

Next 4 hours/week 
(between 40 and 44 hours) 

Next 4 hours/week 
(between 44 and 48 hours) 

All after 48 hours/week 

2. Cost of moulds 

- 3,942.00 m.u. for 40 hours/week 

premium of 2S% 

premium of SO% 

premium of 100% 

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

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

3. Cost of machines 

2,SOO,000.00 m.u. per machine with a deprec~at~on period of S 

years. This means a depreCiation rate of SOO,OOO.OO m.u. per year. 

4. Inventory costs 

Inventory is charged at 2S% 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.S m.u. per year/per item. 
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APPENDIX 3 

DETAILS OF THE DISTRIBUTIONS OF PROPORTIONS AND GOODNESS-OF-FIT 

TESTS ON THE EMPIRICAL DISTRIBUTIONS 
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A3 - 1 Details of the distribution of proportions. 

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 ~n 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 distr~bution. 

Product size Proportions 

2 0.003 

2-1/2 0.004 

3 0.043 

3-1/2 0.055 

4 0.122 
/ 

4-1/2 0.133 

5 0.169 

5-1/2 0.139 

6 0.149 

6-1/2 0.078 

7 0.076 

7-1/2 0.026 

8 0.021 
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A3 - 2 Goodness-of-fit tests on the emplrlcal distributions 

In order to decide on the distributions of interarrival tlffies and 

order sizes a Kolmogoroff-Smirnof Goodness-of-fit test (1) was 

applied to the emplrical data obtained in the industrial company. 

-The analysis involves a much more comprehe',slve amount 'of data than 

the data used in the prellminary investigation. Four product styles 

are analysed Where the first three correspond. to the ones used in 

the preliminary inveshgation, and the fourth had been i!ltroduced 

after the first visit to the company. In the following tables 

the distributions of interarrival tlffies and order sizes are tested 

against exponentlal distributions through the Kolmogoroff-Smlrnof 

test. 

(1) See SCHMIDT, J.W. and TAYLOR, R.E., 1970, Simulation and Analysls 

of Industrial Systems (USA, IRWIN INC.) p. 230 



Interarriva1 
times (days) 

0-1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
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TABLE A3 - 1 

OISTRIBUTION OF INTERARRIVAL TIMES 

PROOUCT STYLE 1 

x = 7.05 days 

ST(X) observed 
cumulative 
distr~bution 

0.0857 

0.1999 

0.3141 

0.4569 

0.5140 

0.5997 

0.6282 

0.6567 

0.6567 

0.7424 

0.7424 

0.7709 

0.7709 

0.8280 

0.8565 

0.8850 

0.9135 

0.9135 

0.9135 

0.9135 

0.9705 

1.0000 

FX(x) expected 
cumulative 
distribut~on 

0.1322 

0.2470 

0.3466 

0.4330 

0.5080 

0.5730 

0.6295 

0.6785 

0.7083 

0.7456 

0.7781 

0.8029 

0.8277 

0.8492 

0.8681 

0.8845 

0.8988 

0.9113 

0.9222 

0.9317 

0.9412 

0.9594 

Dev~ation 

o 
I FX(xJ. - ST(x)1 

0.0465 

0.0471 

0.0325 

0.0239 

0.0060 

0.0267 

0.0013 

0.0218 

0.0516 

0.0032 

0.0357 

0.0320 

0.0568 (+) 

0.02l2 

0.0116 

0.0005 

0.0147 

0.0022 

0.0087 

0.0182 

0.0008 

0.0074 

(+) 0 = 0.0568 0.0 •05 z 0.2266 O· > 0 0.05 max max 
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TABLE A3 - 2 

DISTRIBUTION OF INTERARRIVAL TIMES 

PRODUCT STYLE 2 

x = 6.95 days 

FX(X) Expected Deviation 
cumulative D 

distribution IFXCx) - ST(x)1 

Interarriva1 ST(x) Observed 
times (days) cumulative 

distribution 

-----------------------------
o - 1 0.1428 

2 0.2857 

3 0.2857 

4 0.3809 

5 0.4761 

6 0.5238 

7 0.5238 

8 0.5714 

9 0.6666 

10 0.7619 

11 0.8571 

12 0.8571 

13 0.8571 

14 0.8571 

15 0.8571 

16 0.8571 

17 0.9047 

18 0.9523 

19 0.9523 

20 0.9783 

21 1.0000 

(+) D = 0.1050 
rnax 

0.1340 0.0088 

0.2501 0.0356 

0.3450 0.0593 

D.4311 0.0502 

0.5059 0.0298 

0.5709 0.0471 

0.6274 0.1036 

0.6764 0.1050 (+) 

0.7189 0.0523 

0.7559 0.0060 

0.7880 0.0691 

0.8159 0.0412 

0.8401 0.0170. 

0.8611 0.0040 

0.8794 0.0223 

0.8953 0.0382 

0.9090 0.0043 

0.9210 0.0313 

0.9314 0.0209 

0.9404 0.0379 

0.9482 0.0518 

D"0.05 = 0.294 D" > D 0.05 rnax 



-348-

TABLE A3 - 3 

DISTRIBUTION OF INTERARRIVAL TIMES 

PRODUCT STYLE 3 

X = 6.37 days 

Interarrival ST(x) observed F x(x) Expected Deviation 
times (days) cumulat~ve dumulat~ve D 

distribution distribution IFx(x) - ST(x)1 

0- 1 0.1379 0.1452 0.0073 

2 0.1379 0.2693 0.1314 

3 0.2413 0.3793 O~ ],380 

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 

8 0.6206 0.7188 0.0982 

9 0.7241 0.7602 0.0361 

10 0.7241 0.7956 0.0715 

n 0.'7586 0.8258 0.0672 

12 0.8965 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· 0.05 = 0.2413 Dmax> D· 0.05 max 

Hypothesis of exponential distribution i~ rejected. 
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TABLE A3 - 4 

DISTRIBUTION OF INTERARRIVAL TIMES 

PRODUCT STYLS 4 

x = 2.28 days 

Interarr~val ST(x) Observed Fx(x) Expected Deviat~on 

times (days) cumulative cumulative D 
distribut~on distribution IF x(x) - ST(x) I 

0- 1 0.3848 0.3551 0.0297 

2 0.5899 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 0.9280 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 

(+) D = 0.0294 D·0 •05 = 0.1539 D·0 •05 > D 
max max 
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TABLE A3 - 5 

DISTRIBUTION OF ORDER SIZES 

PRODUCT STYLE 1 

x = 1566 

Demand ST(x) Observed FX(x) Expected Deviatlon 
category cumulative cumulative D 
(class) distr"lbutlon distributlon IFx\x) - ST(x)1 

0-600 0.4594 0.3183 0.1411 

1200 0.7027 0.5353 0.1674 (+1 

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 0.0318 

( +) D 
= 0.1674 D· 0.05 =0.2235 D·0 •05 > D max max 
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TABLE A3 - 6 

DISTRIBUTION OF ORDER SIZES 

PRODUCT STYLE 2 

x = 1410 

Demand ST(x) Observed FX(x) Expected Deviation 
category cumulative =ulat~ve D 
(class) distribution distribution I 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 0.7619 0.7768 0.0149 , 
3000 0.9047 0.8466 0.0581 

3600 0.9047 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 
max 

DOO•05 = 0.2940 DO "> D 
0.05 max 



Demand 
category 
(class) 

0-600 

1200 

1800 

2400 

3000 

3600 

4200 

4800 

5400 

(+) D 
max = 0.1355 
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TABLE A3 - 7 

DISTRIBUTION OF ORDER SIZES 

PRODUCT STYLE 3 

x = 1897 

ST(X) Observed FX(x) Expected Deviation 
cumulative cumulative D 
distribut~on d~stribution IFX(x) - ST(x)! 

0.2000 0.2717 0.0717 

0.3333 0.4688 0.1355 (+) 

0.5666 0.6128 0.0462 

0.6999 0.7178 0.0179 

0.8333 0.7943 0.0390 

0.8999 0.8501 0.0498 

0.8999 0.8907 0.0092 

0.8999 0.9204 0.0205 

1.0000 0.9420 0.0580 

DOO.OS = 0.2400 DO 0.05 > D 
max 



Demand 
category 
(class) 

0-600 

1200 

1800 

2400 

3000. 

3600 

4200 

4800 

5400 

(+) D 
max 

= 0.0345 
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TABLE A3 - 8 

DISTRIBUTION OF ORDER SIZES 

PRODUCT STYLE 4 

x = 1193 

J 

ST(x) Observed 
cumulative 

distribution 

FX(X) Expected Deviation 
cumulative 0 

distribution IFX(x) - ST(x)1 

0.3846 0.3934 0.0088 

0.6666 0.6321 0.0345 ( +) 

0.7435 0.7768 0.0333 

0.8589 0.8646 0.0057 

0.9358 0.9179 0.0179 

0.9615 0.9502 0.0113 

0.9743 0.9698 0.0045 

0.9743 0.9816 0.0073 

1.0000 0.9888 0.0112 

0'0.05 = 0.1539 0' 0.05 > 0 
max 



-354-

APPENDIX - 4 

NUMERICAL RESULTS OF EXPERIMENTS WITH PRIORITY SCHEDULING RULES 
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A4 - 1 Introduction 

As described in paragraph 6.1, the investigation with the pr~or~ty 

scheduling rules consisted of thirty six experiments wh~ch were 

generated by testing each of six priority rules over six system 

configurations. Each one of the thirty six experiments was conducted 

Ln 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 dellvery performance, and five measures of internal 

behaviour. Four of the measures of delivery performance, viz. 'order 

late', 'tardiness of order', 'production late', and 'tardiness of 

production' 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 exper~ment. 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 ~ll present the mean values for all the five measures 

of 1nternal 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 A4 - 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 obtained from the pair of antithetic 

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



PRIORIT'l 
RULE 

FIFOB 

FIFOMB 

SLACK 

SLACKM 

SPT 

SPTM 

TABLE M_I 

MEAN VAIJJE OF MEASURES OF INTERNAL BEHAVIOUR 

System Configuration (r) 

NO. OF JOBS PROCESS CYCLE ACTUAL LOAD IDLE TIME DUE 
IN OOEUE TIME (min.) FACTOR (%) TO SETUP (%) 

17.08 5.12 66.22 6.60 

16.73 5.18 66.86 6.15 

19.65 5.12 66.57 6.73 

17.91 5.15 66.46 6.10 

12.90 5.30 68.60 6.98 

12.88 5.34 69.01 6.24 

REMAINING 
COmENT 

8892 

7882 I 
w 
lJ1 

9319 -..J 
I 

8602 

8406 

7217 



PRIORITY 
RULE 

FIFOB 

FIFOMB 

SLACK 

SLACKM 

SPT 

SPTl1 

TABLE A4 .:. 2 

MEAN VAWE OF MEASURES OF INTERNAL BEHAVIOUR 

System Configuration abc 

NO. OF JOBS PROCESS CYCLE ACTUAL LOAD IDLE TIME DUE 
IN OOEUE Tll·!E (min.) FACTOR (%) TO SETUP (%) 

87.81 4.65 79.27 5.23 

85.71 4.58 78.19 4.58 

90.18 4.65 79.40 5.26 

88.20 4.58 78.20 4.62 

67.91 4.87 83.60 5.86 

63.33 4.71 81.15 4.65 

REMAINING 
CONI'ENT 

13875 

13747 I 
w 

14249 
U1 
en 
I 

13603 

18130 

17619 



TABLE A4 -3 

MEAN VM1JE OF MEASURES OF INTERNAL BEHAVIOUR 

System Configuration def 

PRIORITY NO. OF JOBS PROCESS CYCLE ACTUAL LOAD IDLE TIHE DUE REHAINING 
RULE IN CUEUE TINE (min. l FACTOR (%l TO SETUP (%l CONTENT 

FIFOB 14.29 5.71 68.38 6.30 9676 

FIFOHB 13.22 5.44 65.03 5.05 9940 I w 
V1 

16.40 5.72 68.50 6.29 9712 '" SLACK I 

SLACKM 14.46 5.43 64.86 4.98 9746 

SPT B.92 5.89 70.77 6.51 10088 

SPTH 8.88 5.70 68.15 5.21 10102 



TABLE A4 _ 4 

MEAN VALUE OF 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 (%) COm'ENT 

FIFOB 80.97 4.47 76.56 3.89 13604 

FIFOMB 79.97 4.44 76.29 3.60 13689 
I 
w 

85.10 4.47 76.08 3·93 12936 (J) 

SLACK 0 
I 

SLACKM 83.47 4.44 75.71 3.60 12206 

SPT 60.33 4.59 79.17 4.19 13877 

SPTM 58.92 4.52 78.15 3.63 14920 



PRIORI'lY 
RULE 

FIFOB 

FIFOMB 

SLACK 

SLACKM 

SPT 

SPTM 

TABLE A4 - 5 

MEAN VAWE OF MEASURES OF INTERNAL BEHAVIOUR 

System Configuration bdf 

NO. OF JOBS PROCESS CYCLE ACTUAL LOAD IDLE TIME DUE 
IN OOEUE Tn'1E (min.) FACTOR (%) TO SETUP (%) 

20.65 6.49 77.96 11.26 

16.92 5.89 70.48 8.50 

22.66 6.51 78.09 11.40 

17.70 5.86 70·31 8.42 

13.54 6.62 79.55 12.00 

12.27 6.10 73.20 8.82 

REHAINING 
CONI'ENT 

10727 

' 9805 I 
w 
m 

9712 
.... 
I 

10347 

8862 

10882 



TABLE A4 _ 6 

MEAN vAIili: OF MEASURES OF INTERNAL BEHAVIOUR 

System Configuration abcdef 

PRIORITY No. OF JOBS PROCESS CYCLE ACTUAL LOAD IDLE TI~lE DUE ~IAINING 
RULE IN QUEUE TlllE (min.) FACTOR (%) TO SETUP (%) CONTENT 

FIFOB 51.69 5.55 88.63 9.79 9451 

FIFOMB 33.61 5.04 80.92 6.35 11397 I w 
en 

56.09 5.55 88.29 10.01 9100 '" SLACK I 

SLACKM 38.35 5.03 80.7) 6.24 10484 

SPT 24.94 5.75 91.46 10.94 13616 

SPTM 22.06 5.26 84.33 6.66 12038 
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TABLE A4 - 7 

MEAN VALUES OF MEASURES OF DELIVERY PERFORlIANCE 

SYSTEM CONFIGURATION (I) , PRIORITY RlJU: FIFOB 

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

8 0.8) 0.01) 1.98 0.0)5 

10 0.1) 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 OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEH CONFIGURATION abc , PRIORITY RULE: FIFOB 

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

8 )).65 2.19) 40.00 2.772 

10 25.00 1.567 29.65 2.0)5 

la 17.95 1.108 21.94 1.485 

14 12.05 0.782 16.41 1.07) 

16 7.88 0.565 10.54 0.780 

18 5.8) 0.42) 7.77 0.585 

20 4.48 0.)1) 5.78 0.442 
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TABLE A4 _ 9 

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION def , PRIORITY RULE FIFOB 

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

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 

I-IEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTE}! CONFIGURATION ace , PRIORITY RULE FIFOB 

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS OF 
D_ (DAYS) LATE (%) OF ORDERS IJATE (%) PRODUCTION 

8 30.89 1.887 36.52 2.432 

10 22.56 1.312 27.54 1.753 

la 15.19 0.903 20.05 1.250 

14 9.23 0.630 12.83 0.890 

16 6.28 0.463 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 OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION bd:f , PRIORITY RULE FIFOB 

LEAD TJJ1E ORDERS TARDINESS PRODUCTION TARDINESS OF 
D - (DAYS) LATE (%) OF ORDERS LATE (%) ?RODUCTION 

8 11.22 0.323 18.22 0.562 

10 5.19 0.137 9.19 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 abcdef , PRIORITY RULE FIFOB 

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

8 )8.65 2.345 47.44 3.072 

10 29.35 1.620 )6.77 2.182 

la 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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'l'ABLE A4 - 13 

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION ( I) , PRIORITY RULE FIFOMB 

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

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 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 

SYST~I 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 

la 16.53 0.993 21.25 1.362 

14 10.64 0.698 14.53 0.975 

16 6.92 0.512 9.11 0.713 

18 5.38 0.385 7.46 0.543 

20 4.29 0.285 5.61 0.403 
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'1'ABLE A4 _ 15 

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION def , PRIORITY RULE FIFOMB 

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

8 6.7) 0.192 12.65 0.390 

10 3.14 0.080 6.07 0.170 

12 1.)4 0.030 3.08 0.07) 

14 0.38 0.007 1.05 0.023 

16 0.12 0.000 0·32 0.003 

18 0.00 0.000 O~OO 0.000 

20 0.00 0.000 0.00 0.000 

TABLE A4 - 16 

-MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION ace PRIORITY RULE FIFOMB 

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS OF 
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.)42 6.96 0.487 

20 3.84 0.245 5.27 0.:357 
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TABLE A4 - 17 

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION bdf , PRIORI'lY RULE FIFOMB 

LEAD TIME ORDERS TARDINESS PRODUC"TION TARDINESS OF 
D - (DAYS) LATE (%) OF ORDERS LATE (%) ?RODUCTION 

8 8.01 0.262 14.24 0.490 

10 4.48 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 OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION abcdef , PRIORITY RULE FIFOMB 

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

8 31.98 1.753 41.91 2.418 

10 22.62 1.162 30.10 1.643 

la 15.25 0.752 21.42 1.088 

14 11.09 0.465 15.08 0.687 

16 6.47 0.268 9.44 0.413 

18 4.16 0.150 6.41 0.235 

20 2.43 0.075 4.04 0.117 
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TABLE A4 - 19 

MEAN VALUES OF MEASURES OF DELIVERY PERFORl1ANCE 

SYSTEM CONFIGURATION (1) , PRIORITY RULE SLACK 

LEAD TINE ORDERS TARDINESS PRODUCTION TARDINESS OF 
D - (DAYS) LATe (%) OF ORDERS LATE (%) ~RODUCTION 

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 OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEN CONFIGURATION abc , PRIORITY RULE SLACK 

LEAD TINE 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 1l·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 Tll1E ORDERS TARDINESS PRODUCTION TARDINESS OF 
D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION 

8 8.07 0.232 12.30 0.348 

10 309l 0.088 5.45 0.133 

12. 1.)4 0.033 2.32 0.055 

14 0.44 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 OF 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 4.74 0.293 5.60 0.)63 
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TABLE A4 _ 2) 

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION bdf , PRIORITY RULE SUCK , 
LEAD TIME ORDeRS TARDINESS PRODUCTION TARDINESS OF 
D - (DAYS) LATE (%) OF ORDERS LATE (%) ERODUCTION 

8 1).91 0.438 19.47 0.6)) 

10 6.7) 0.205 9.79 0.)07 

12. ).46 0.085 5.10 0.1)) 

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 abcdef , PRIORITY RULE SLACK 

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

8 47.56 3·222 54.2) 3·712 

10 )6.79 2.328 41.75 2.695 

12 28.20 1.630 31.97 1.898 

14 20.8) 1.103 24.41 1.292 

16 15.19 0.715 17.54 0.850 

18 10.44 0.437 12.11 0.5)) 

20 6.66 0.248 7.89 0.308 
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TABLE A4 _ 25 

MEAN VALUES OF MF:ASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION (I ) , PRIORITY RULE SIACKM 

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS OF 
D _ (DAYS) LATE (%) OF ORDERS LATE (%) ?RODUCTION 

8 1.02 0.023 1.40 0.032 

la 0.44 0.008 0.61 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 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 OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION abc , PRIORITY RULE SLACKM 

LEAD TIME ORDERS 'rARDINESS PRODUCTION TARDINESS OF 
D _ (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION 

8 35.83 2.335 40.46 2.715 

la 25.89 1.662 28.97 1.957 

la 19.42 1.177 21.95 1.418 

14 13.20 0.823 15.56 1.015 

16 8.1~ 0.593 9.54 0.732 

18 6.28 0.442 7.76 0.555 

20 4.87 0.325 6.11 0.412 
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TABLE A4 - 27 

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION def , PRIORITY RULE SLACKM 

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

8 8.14 0.272 12.89 0.430 

10 4.87 0.125 7.53 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 OF MEASURES OF DELIVERY PERFORMANCE 

SYST~I CONFIGURATION ace , PRIORITY RULE SLACKM 

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 4.55 0.292 5.55 0.370 



\ 
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TABLE A4 _ 29 

ME:AN VALUES OF ME:ASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION bdf , PRIORITY RULE SLACKM 

LEAD TI11E ORDERS TARDINESS PRODUCTION TARDINESS OF 
D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION 

8 8.91 0.308 14.01 0.513 

10 5.06 0.150 8·31 0.265 

12. 2.69 0.065 4.50 0.117 

14 0.76 0.020 1.66 0.043 

16 0.)8 0.008 0.84 0.013 

18 0.12 0.002 0.14 0.002 

20 
0.00 0.000 . 0.00 0.000 

TABLE A4 - 30 

ME:AN VALUES OF ME:ASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION abcdef , PRIORITY RULE SLACKM 

""LEAD TI11E ORDERS TARDINESS PRODUCTION TARDINESS OF 
D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION 

8 36.54 2.175 44.65 2.662 

10 27.82 1.483 33.77 1.828 

12 19.23 0.975 24.31 1.208 

~4 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 OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION (1 ) , PRIORITY RULE SPT 

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

8 2.18 0.072 7.09 0.252 

10 0.83 0.037 2.79 0.133 

12. 0·51 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 OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION abc PRIORITY RULE SPT 

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

8 2l.21 1.392 37.24 3.713 

10 15.12 1.013 28.95 3.013 

la 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 4.74 0.302 12.50 1.370 

20 3. 65 0.220 9.96 1.120 



\ 
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TABLE A4 -33 

MEAN VALUES OF MEASURES OF DELIVERY PERFORlIANCE 

SYSTEM CONFIGURATION def , PRIORITY RULE SPT 

LEAD Tll1E ORDERS TARDINESS PRODUCTION TARDINESS OF 
D - (DAYS) LATE (%) OF ORDERS LATE (%) 2RODUCTION 

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 7.52 0.573 

16 1.92 0.122 5.41 0.433 

18 1.34 0.090 4.15 0.332 

20 ~.02 0.067 3.22 0.255 

TABLE M - 34 

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEH CONFIGURATION ace , PRIORITY RULE SPT 

LEAD Tll1E ORDERS TARDINESS PRODUCTION TARDINESS OF 
D - (DAYS) LATE (%) OF ORDERS LATE (%) PRODUCTION 

8 20.44 1.167 36.09 2.973 

~o 13.65 0.803 26.51 2.305 

la 10.00 0.558 19.90 1.807 

14 6.08 0.390 14.10 1.447 

16 4.29 0.287 10.55 1.178 

18 ).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 OF MEASURES OF DELIVERY PERFORllANCE 

SYSTEM CONFIGURATION bdf , PRIORITY RULE SPT 

LEAD TJ11E ORDERS TARDINESS PRODUCTION TARDINESS OF 
D - (DAYS) LATE (%) OF ORDERS LATE (%) BRODUCTION 

8 15.64 1.182 )4.10 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.)80 13.42 1.370 

18 4.74 0.282 11.28 1.112 

20 3.72 0.203 9.21 0.898 

TABLE A4 - 36 

'MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEH 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 40.91 6.075 

12 16.)4 1.130 36.69 5.277 

14 13·71 0.880 31.62 4.572 

16 10.83 0.682 25.74 3.967 

18 9.29 0.535 22.69 3.467 

20 8.01 0.415 20.18 3.023 
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TABLE A4 - 37 

MEAN VALUES OF MEASURES OF DELIVERY PERFOR}1ANCE 

SYSTEM CONFIGURATION (I) , PRIORITY RULE SPTM 

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

8 2.24 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 M -38 

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION abc , PRIORITY RULE SPTM 

LEAD TIME ORDERS TARDINESS PRODUCTION TARDINESS OF 
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 OF MEASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION def , PRIORITY RULE SPTM 

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

8 8.46 0.38.5 19.04 0.9.52 

10 5.25 0.233 12.48 0.610 

12. 3. 07 0.14) 7.62 0.)90 

14 1.92 0.088 5.15 0.248 

16 1.)4 0.0.50 ).89 0.1.50 

18 0.57 0.027 1.8.5 0.087 

20 0.)8 0.017 1.22 0.052 

TABLE A4 _ 40 

MEAN VALUES OF MEASURES OF DELIVERY PERFORMANCE 

SYST~I CONFIGURATION ace , PRIORITY RULE SPTM 

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

8 19.03 1.127 )4.81 2.947 

10 1).33 0.78.5 26.80 2.297 

la 9.74 0 • .54) 20.4) 1.792 

~4 6.66 0.37.5 1.5.44 1.412 

16 4.29 0.262 10.64 1.125 

18 ).20 0.190 8.)8 0.92.5 

20 2.56 0.138 7.)1 0.76) 
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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 (%) ?RODUCTION 

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 11EASURES OF DELIVERY PERFORMANCE 

SYSTEM CONFIGURATION abcdef , PRIORITY RULE SPTM 

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

8 23.84 1.745 44.55 4.792 

10 18.90 1.318 36.93 3.935 

la 14.80 0.987 30.66 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 indiv~dual antithetic pa~rs and stat~stical 

test on the results of priority schedul~g rules study. 

Syste," configuration - abc 

Measure of performance - 'Production delay' 

Values of individual y~elds (antithetic pairs) 

FIFOB FIFOMB SLACK SLACKM SPTM SPT 

9.330 9.140 9.580 9.300 10.240 11.170 

10.840 10.250 10.730 10.550 9.310 10.260 

7.760 7.720 8.480 7.980 8.730 9.090 

7.640 7.510 7.810 7.630 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 1.005 •• 

MSe = 0.307, MSTR = 0.720 

F·().05 = 2.090 F·O•Ol = 2.600 

t·0 •05 = 2.350 t· 0.01 = 3.110 

FS 
MSTR 0.720 

2.34 . = = = . . FS>F·O•Ol hypothesis of 
MS 0.307 equal mean is e 

rejected 

D·O•05 = t·0 •05 
V2MS /N 

e = 2.35.'; 2 • 0.307/6 = 0.75 

D·O•Ol = t·O•Ol V2MS /N e = 3.11.'; 2 • 0.307/6 = 0.99 

C··) The only rule s~gnificantly different is SPT 
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APPENDIX 5 

MEAN VALUES OF YIELDS FROM INDIVIDUAL EXPERIMENTS IN THE 

FACTORIAL DESIGN 
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AS - 1 Introduction 

As described in chapter 4, the factorial design conslsted of 32 

experlments. For each experiment 7 output variables were measured 

such that the ma;n effects and lnteractions 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 AS - 1, which follows, the 32 yields for each of the 7 

output variables are presented. 
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FIGURE AS - 1 

MEAN WJJJES oF' YIElDS FROM INDIVIDUAL EXPF.RIMENTS IN THE FACTORIAL DESIGN 

SYSTEK AVERAGE NO. AVERAGE AVERAGE IDLE TIME AVERAGE PERCENTAGE OF TARDINESS 
CONFIGURATION OF JOBS PROCESS LOAD DUE TO DELAY OF PRODUCTION INDEX OF 

IN QJEUE CYCLE TIME: FAC'roR SETUP (%) PROD1t:TION LATE PRODUCTION 

(r) 16.563 5.193 68.212 6.217 2.998 1.927 0.045 

of 50.043 5.322 90.155 7.887 6.783 30.693 1.652 

bf 21.160 6.362 81.663 14.582 4.t:S7 8.737 0.288 

ob 58·843 5.452 93.567 10.835 5.198 15.7B8 0.492 

cf 18.442 4.993 63.965 5.690 3.900 9.035 0.272 

.c 72.945 4.462 77.'lO3 3.695 6.438 25.512 1.4'lO 

be 32.658 4.463 57.532 4.032 4.373 12.995 0.532 

obef 57.040 5.220 88.845 9.777 7.717 36.628 2.100 

df 14.338 5.390 64.492 5.185 4.663 12.348 0.383 

.d 34.773 4.888 19.392 4.743 5.447 17.370 0.552 

Ix! 15.118 5.348 65.688 7.320 4.200 5.572 0.132 

oMf 39.190 5.520 88.238 10.055 8.158 37.622 2.193 

cd 25.043 4.118 51.162 1.832 5.310 16.693 0.648 

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 . 18.295 0.645 

obed 60.358 4.427 71.527 3.248 8.410 38.813 2.622 

of 16.385 5.727 73.232 7.903 3.755 7.203 0.187 

.e 47.139 5.062 87.867 6.570 4.183 13.222 0.352 

be 18.605 5.753 74.993 11.103 3.557 3.907 0.092 

el>ef 54.102 5.750 96.668 13.135 7.897 37.913 2.248 

ce 29.395 4.308 55.813 2.850 4.218 12.037 0.487 

acef 48.995 4.918 83.460 5.978 6.832 30.027 1.583 
beef 19.860 5.497 70.493 10.122 4.372 10.708 0.370 

obeo 73.070 4.598 76.620 5.015 6.690 26.893 I.S82 

de 11.173 4.957 60.803 3.908 4.238 6.067 0.132 

.def 30.500 5.195 83.503 5.585 7.202 30.667 1.642 

Mef 14.403 5.997 71.963 9.678 5.415 15.970 0.522 
oM_ 34.618 5.267 85.368 7.960 6.257 22.910 0.822 

cdef 14.153 4.770 57.323 3.610 5.l75 16.133 0.565 
acde 52.900 4.328 69.712 2.283 8.210 36.998 2.448 

bed. 22.582 4.282 52.459 2.483 5.527 16.962 0.708 

abcdef 35.280 5.073 82.287 7.213 8.382 40.653 2.367 




