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1.0 INTRODUCTION

The program designs manufacturing -quality control systems to mini-

mize the expected operating cost of a single product for a user sped-

fied Average Outgoing Quality Limi t, (AOQL). The costs considered are:

raw materials , inspection , repair or replenishment of defectives, man-

ufacturing and assembly. The sampling plans are single sampling by

attributes on a lot-by-lot basis. The lOt size is specified by the user.

) The program is written in FORTRAN for the UN IVAC 1108 at the Illinois

Institute of Technology and was designed for ease of modifi cation for

• other computer installations. The program uses forward recursion dynamic

programing to solve the prob lem. The decision variables include the

sampling plans (n and c) ,  the fraction defective generated oy a manu-

facturing or assembly process , and the quality characteristics of the
)

• raw materials.

The underlying cost models assume that a large number of lots of

the products are to be processed and the decision rules are independent

of the actual outcome of the rules at previous stages. The generation

of additional defects at a stage is assumed to be independent of the

defects generated at previous stages. Inspection is assumed to be per-

fect, and defects generated at any previous stages are also detected

if a unit is inspected .

Section 2 describes the problem , solu tion approac h and term inology

used. Section 3 is an overview of the computer program. Section 4 
. I

specifies the input format. Section 5 describes the output and inter-

pretation. Section 6 describes possible modification of the program.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .
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2.0 PROBLEM DESCRIPTION AND TERMINOLOGY

The model may be composed of the following types of stations :

Station Type Symbol

Ins pecti on

Manufacturing

Assembly 0
In this section each of the station type ’ s c st will be defined

and the recursi ve relationship shown. First the basic solution approach

will be discussed in 2.1.

2.1 The General Recurs i ve Relationships

The program uses forward recursion dynamic programing. The state

variable linking the successive stations is the average fraction defec-

tive in the lot. To discuss a general station , le t us call the avera ge

incoming quality the p
~ 

and the average outgoing quality AOQ. The

minimum cost for all the stations up to and including the one under con-

sideration , say n , is denoted by f~(AOQ) and depends upon the value of

AOQ resulting. The basic recursive relation is

f~(AOQ) mm { stage n cost + 
~n-l~ 

Pi ) }decision
var iables
of station n

where AOQ is a funct ion of p1 and the decision variable at that station.

The program implementation establishes a grid of values on the state

variables and any continuous decision variables.

2.2 Inspection Station

An inspection station sampling plan is specified by (n,c). A random

2 _
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samphng of size n is selected from the lot (of size N). If the number

of defectives in the sample is c or less , the discovered defects are

repai red (or replaced with good ones) and no more inspection is done L .

on that lot. If there are more than c defectives , the entire unsamp l ed

portion of the lot (N-n) is in3pected and all defectives repaired. This
. 1

is cal led a sinqle sampling plan with rectification ; the quality of per-

formance wil l be at least as good after sampl ing as before . Symbolic-

ally, the inspection station may be represented as in Figure 2.1.

_ _ _ _

1 - I

_ _ _ _ _0- I.— -.

I AOQ
n,c

f(p1 ) f(AOQ)

Fi gure 2.1 Inspection Station

For a particular value of AOQ , the utility of the inspection is
ii

• considered by comparison of f~(AOQ) with f~..1 (AOQ). Note that for an

inspection station to have a feasible plan , AOQ < p 1
For the final inspection station , the avera ge outgoing quality

limit AOQL is used instead of AOQ as the state variable and f~(AOQL) is

the minimum average total cost associated with the AOQL. The plan (n,c)

for the final inspection station will guarantee that the average outgoing

quality AOQ for any value of p1 is less than or equal to AOQL.

2.2.1 Inspection Station Costs

The expected cost of inspection at an inspection station is denoted

by k2 
• ATI where ATI is the avera ge total inspec tion: Al l = n +

(N
~
fl)(•l

~
Pa ) wP~ere 

~a 
is the probability of accepting the lot. The cost

3
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~~iI
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per unit inspected is denoted b~ k2. The expected repair cost is

denoted by k1 - Al! - p 1 where p1 is the fraction defective in the lot

and hence AT! p 1 is the expected defectives to be repaired . k 1 is the

cost per unit repaired . The expected cost at an inspection station is

of the form (k1 
. p 1 + k2)ATI. The probability of acceptance is

x~O 

(np 1) e ~~~I

2.2.2 Inspection Station Recursions

The inspection station could be associated with the inspection of

raw materials or after a manufacturing or assembly station. If the

inspection is of a raw material and no manufacturing has been done on

the component , then the recursive relation is

f 1(AO Q) = mm { k 4N + (k 1p1 + k2 ) ATI }

p1 ,n,c

where k 4 is the cost /unit of the raw materials and may be a monotoni-

cally nonincreasing function of p1. The resulting Average Outgoing

Quality , AOQ, equals piPa (N_ n/N)
~

If the inspection is of a component which has one or more previous

manufacturing or assembly stages , the recursive relationship is

f~(AOQ) = mm { (k 1p1 + k2 ) All +

n ,c

2.3 Manufacturing Station

41
At a manufacturing station , each of the N units in the lot are

manufactured . Symbolically, the manufacturing station may be represented

-~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~ ~~ F1 
~~~~~~~~~~~~ 

.
. ~IT1I .
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1

as in Figure 2.2. The manufacturing operation generates additional

defectives wi th a probability of p’ for each unit. Thus, the resulting

output has a quality of conformance ni. better than that of the input ,

and probably worse.

f(p 1) 
~~~~ 

H

Figure 2.2 Manufacturing Station :~
-

2.3.1 Manufacturing Station Cost

If the cost/unit manufactured is k3 the manufacturing cost for the

whol e lot is k3N. The cost /unit k3 may vary as p’ is changed. Assume

that the value of k3 is monotonically non-i ncreasing with p’ (i.e. k3
stays the same or decreases as p’ increases).

2.3.2 Manufacturing Station Recursions

Let be the minimum expected cost for the station previous

to stage n as a function of the fraction defective incomi ng to stage

n, p1. Then the recursive relationship is

= mm (N k3 + 
~~~~~~p1

where p1 is the average outgoing quality 
l evel for a manufacturing stage

p1 = p ’ + p1 - p ’p1.

• 
~~~~~~~~~ 1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ . .. ~~~‘



2.4 Assembly Sta tion

At an assembly station two or more components are assembled (and/or

processed) into a single component. The aggregation of the components

results in an Aggregate Incoming Quality , 
~AI~ 

Fur thermore, the assembly
and/or processing of the components may generate additional defectives

with a probability of p ’ . Figure 2.3 represents this symbolically.

~AI 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~T

I,m f(p~)
m IE f(p1 )

x=O 1~~

Figure 2.3 Assembly Station

The quality of i ncom ing componen t x is ca ll ed

2.4.1 Assembly Station Costs

Let k5 by the cost/unit of the assembly operation. Then the assem-

bly cost is Nk5 because the entire lot must be assembled. This cost/

un it may be all owed to vary as p ’ (the probability of a defective gen-
erated by the assembly) varies. Assume that the val ue of is monotoni-

call y non-increasing function of p ’.

2 .4 .2 Assembly Station Recursions

The assembly station recursion consists of two phases for each

assembly station . In the first phase , 
~~~~ 

is determined, In the
second phase , the recursion is

6

—5
—— — —
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• f~(p1) = mm {Nk 5 + 
~AI~~

where

~T ~ + 
~AI 

-

In the f i rst phase , the components are aggregated first by aggre-
gating the first two components to obtain an aggregated 

~~~~~ 
Then

the result is aggregated with the third component to get a new

This continues aggregating one additional each time until all are aggre-

gated , and the result is then called The general step in this

phase would be

~ mm 
~~~~ 

+ 
~AI~~

~I ,x ‘ 

~AI

where

~AI 
= 

~AI + 
~I ,x 

-

L ~~~~~~~~~~
.
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~~~~~~~~~~OVERVIEW

The program was wr itten in FORTR~ v on the UNIVAC 1108 at jlllfl°~

1~5titute 
of ~~chfl0b09~. 

It was designed 
for ease of use 

at other in-

stallations 
and on other 

types of computers. 
The files used 

are des-

cribed in Secti°” 
4.1.

The manual describes 
the use of the 

program for the 
multi_component

~~ tl_stage manufaCtur~~
9 system 

in which there 
is one or more 

assemblY

stages. The sing
le_component multi_stage 

anufact ing system is 
thus

a special case 
and is treated 

in the obviOU5 
manner. it is assumed 

that

each statlOfl has 
at most one successor 

and only an 
assemblY statiOfl 

may

have more than one 
direct predecessor

.

The term ~~ Q9~ent is 
used tO describe 

the (perhaps) 
partiaUY corn-

pleted prodUCt 
resulting from any 

stati0~ 
Note that the 

outPUt (comPonent) 
k

for one station 
is the Input 

(component) for ItS 
direct successor.

The term stage 
is from the 

terminologY of 
dynamic prO9ram~~9’ 

It

refers to the 
column location on an 

assembly chart 
(Sectl0~ 

4.2). 

P

The program has 
an elaborate 

input ~ eCklng system 
WhiCh IS described

in Section 4.0. 
The basic rules 

for the problem 
structure are su~~

ar1zed

~fl 3.1. The al
gorithms described 

in Section 2 
use dynamic 

prO9ra~~
1
~~

f0~~ard recursioflS. The subroutine PR~DN uses the algorithm for a manuf8C

turing station. The subroutine ASSMBY is called tO f ind 
~~~~ 

as each

assemblY component Is added. The subroUti~~ 
PR~DN Is then called to

determl~~ 
the minimum cOSt for ~T’

~lnce the AT! term is used for all lnspectl0fl stations except for the

f inal  ~~~~~~~~~ 
it is convenient to create a set of tables which resultS

in mi nimum All for various values of p 1 and AOQ. Subrouti ne INSPI does

.1 
this. The calculations ~

aryiflg p1 
for a specified 

AOQ are done by sub-

routine INSPZ. The final inspeCti~~ 
statiof i sub~~ t~~ 

INSFIM performs

the optimization to obtain the specified AOQL.

-
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Upon processing of the station for the final product, backtracking

must be done through the sequentially generated station solution table

in order to find the optimal solution. This is done by the subroutine

BAKTR K .

3.1 Consistency of Assembly Chart

The following conditions must be met when using the program. They

are referred to as the rules for the consistency of the assembly chart.

1. There must be at least two stages .

2. The numbering of stages and components must be consecutive
starting from one , I.e. 1, 2 , 3,..., etc .

3. There must be at least one station for each component number
and for each stage number.

4. No two Inspection stations can be placed consecutively along
a component.

5. For an assembly station at least two components must be assem—
bled.

6. There can be one and only one component resulting from an
assembly sta tion and for the resul ti ng componen t there mus t be at least

• one station (of any type) in one of the following stages. The resulting
component number must be one of the Incoming component numbers for the
assembly station under consideration .

7. The last stage of the manufacturing system must be an Inspec-
tion station.

3.2 State and Decision Vari able Grids and FMAX Va lue

Since the algorithm employs dynamic programing and the state van-

ables and decision variables (other than n and c) are continuous . It is

necessary to provide a finite grid of values for the continuous variable.
-5.

9 
1*

- -- .5 
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In practice it makes little sense to use a grid smaller than 0.5%

because of the accuracy of controls and cost estimates. The user must

provide the grid size desired for these variabl es. The same grid size

is used for all state variables. The grid sizes for the decision vari-

able for manufacturing and assembly stations may be different. The pro-

gram uses 0.5% for the finest possible grid size and rounds all values

on that basis.
• The maximum limit on the average fraction defective from a lot is
• conceptually 100%. Usually the range of interest is much smaller. The

program allows the user to specify a maximum which is smaller than 100%. *

• This allows a possible suboptima l solution to be obtained. The limi t

is specified by employing a constant mu ltipl i cative factor, called FMAX

on the value of AOQL. For example , if the AOQL value is 0.05 and FMA X

• value is 2.0, then , the maximum value of the state variable is 0.10

( FMA X * AOQL) throughout the system. It should be noted that the larger

• the EMA X value is , the more unlikely a suboptimum becomes . However

the price is that the computation time is prolonged.

3.3 Explanat ion of the Program Elements

• The program has 23 elements , one of which is the MAIN program.

Every statement in each element has a sequence of numbers for ease of

ordering. The fi rs t three characters of the statement number represent 4

an abbreviation of the name of the element. The following table gives

the names of the elements (subroutines), where they are called from, their

abbreviations , number of statements in each element and their basic func-

tions. S

10

—.5 
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Table 3.1 Program Elements

Program Called Abbre- # of
• E l ement From viation Statements Basic Function Performed

L 

,
‘ MAIN - M IN 107 Sets parameters an d cal ls

/ ________ __________ 

other subroutines.

CONTRL MAIN CTL 398 Controls calling of sub-
- / routines according to the

structure of a prob lem. I -

It also defines the Ran—
dom Access File and con-
trols output.

INPUT MAIN IPT 369 Rea ds input and controls
other input reading sub—
rou tines.

RAWMA T INPUT RAW 87 Reads inputs costs for
raw materials.

INSPEC INPUT ISP 42 Reads input costs for
inspection station.

PRØCES INP UT PCS 77 Reads input cost for
manufacturing station.

ASSEMB INPUT ASM 80 Rea ds input costs for
• assembly station.

COSTFN PROCES CFN 84 Generates cost coordinates
ASSEMB accord ing to the specified
RA WMAT cost functions l.2,...,9.

RANK PRØCES RNK 72 Ranks the set of cost co-
RAWMA T ordinate pairs to deter-
ASSEMB mine whether or not they

are monotonically non—
increasing function of p.

Al gor ithm Subrou tines

P~ISSN INSP1 
- 

PSN 
— 

1 7 Calculates the probabil-
ity of acceptance based
on Poisson Distribution .

INSP1 AIINC IPi 73 Generates tables of All ,
n and c.

_ _ _ _ _ _ _  
- — 5 - - -  - - - 5  — • —~- .5-~~~~~~~~~~~--
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INSP2 CØNTRL IP2 125 Algorithm for Inspection
station.

IN SF IN C~NTRL IFN 71 Al gorithm for Final In-
spection Station.

ASSMBY C~NTRL ABY 68 Al gorithm for assembly
station.

PR ØDN CØNTRL PDN 87 Al gorithm for manufactur-
ing and assembly station.

Subroutines for Output

DISK CØNTRL DSK 39 Wr ites station ou tputs to
the Ran dom Access Fil e.

BAKTRK CØNTRL BTK 93 Bac ktrac king accord ing to
the structure of the pro-
blem obta ins an d reports
optimal solution from the
Random Access File.

DATOUT MAIN DAT 75 Prints some outputs .

Aux i l iary Subrou tines
• HEAD C~NTRL HED 10 Prints heading.

DATØUT
INPUT

SETMX CONTRL SMX 19 Arranges data before
________ 

call ing INSP2.

ATINC MAIN ANC 82 Arranges data and calls
INSP1 .

ZER~IN INSP 1 ZEN 52 Searches for value of n
for each values of AIQ,

_________ 

AOQ, and c.
FCT ZERØIN FCT 72 Function subroutine.

I
3.4 Size Limitations of PrQqram

L
I There is really no limit to the size of the problem that the program

• I 
can solve tn terms of the number of components and/or stages unless the

capacity of the computer is exceeded.

12
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However, i t  should be pointed out that a maximum of only 999 corn- - ;

ponents of each type can be acconinodated in any stage. Since there is 
-

•

no limi t on the number of stages, we can always create additional stage(s)

to accomodate any number of excess stations of one type beyond 999.

- 
For exampl e, i-f we have a problem which requires 1500 components

and each of these components has to be Inspected as soon as it enters

our system. The problem may look like Figure 3.1.

Stage 1 f 2
Componen t

1500

Figure 3.1 Wrong Arrangement for Size Viol ation 
.

~
. 

-

In order to satisfy the constraint , we can create an additional

stage and perhaps arrange the stations as in Figure 3.2.

Stage 1 1 2 I• Component

1
2

1000
1001 0—

1500 . 

FIgure 3.2 Correct Arrangement for Size Violation

13
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4.0 INPUT

This program package consists of 23 elements , 2 of which can be

modified by the user in order to accomodate a bigger size problem (e.g.

more components or stages) or to fit their own type of cost function.

The two elements are

1. MAIN Program

2. SUBROUTINE CflSTFN .

See Section 6: Possible Modifications of the Problem.

The users are required to prepare input data and place them on a

sequential data file. The program reads the input data and provides

diagnostic messages ( i f  any) so that the user can correct their input

easily. Diagnostics are usually the result of

(i) miss-typing of input statements.

(ii) dimensions of some arrays exceeded.

If there is any error that the program can detect, the program

wi ll not proceed to calculate the optimal solution but instead a partial

output with diagnostic messages will be provided to identify the sources

of the errors.

4.1 Schematic Diagram of Input/Output Files

~~~~~

u

~~~~~~~~
-s
~~

D NflL
4c~~~~~

ess

Figure 4.1 Schematic Diagram of Input/Output Files

14 
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The Input Data File is assumed to be sequential and is read by the

1/0-variabl e-name called NRD. Each record is assumed to be of 80 bytes

long (similar to an 80 column card). The file is fo rmatted.

The Random Access File is created by the Fortran DEFINE FILE state-

ment. The program will determine the size of this file. Its 1/0 van - - :

able is NDS. If the program detects any error (hence computation will

be terminated by the program) this file will not be created. It is to

be created as an unformatted 48-byte record file, if there is no error.

The Output File assumes the standard 133 character record file for

the paper printouts . Its 1/0 variable name is NWR.

• 4.2 To Create Input for a Problem

Since there are only 3 types of stations allowed in a problem

i.e. Manufacturing, Assembly and Inspection. The letters M , A , I,

represent them, respectively.

Every station must be identi fied by component-number and stage- .

- -

number as well as its type. In addition a station may or may not have

a name associated with it depending on its type. The following rules

mus t be adhere d to:
• 1. Each station in the system is allowed to have a name with a

maximu m of 4 characters.

2. Every assembly station must have a name. This is necessary
since two or more components will be assembled into one and hence it is
necessary to know which station assembles them.

3. Naming for N and I stations is optional because such stations
are uniquely identified by their component-numbe rs and stage-numbers .

Consider a simple manufacutring system in which two components

are assembled into one unit as in Figure 4.2.

15
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Componen t 1

AL DAN

:::::nen

t 2 

2 
M~~E

Figure 4.2 Example Assembly Chart

p
The assembly chart is constrained to be as compact as possible to

the left and the components and stages are numbered accordingly. This

manufacturing system can be described as having two components and four
p

stages. In the third stage, the first component after manufacturing

is assembled with component 2, and the assembled unit is inspected at

the inspection station called MIKE . This component could be numbered

either 1 or 2 - See Section 3.1. (See also STRUCTURE Section 4.3.2.)

We identi fy the problem as in Table 4.1.

P Table 4.1 Example Structure Naming
‘
I

Component Stage Station Type Station Name

1 1 I AL$$*

1 2 M DAN$
1 3 A JOE$
2 1 I
2 3 A J0E~
2 4 I MIKE

* $ b l ank

Suppose that , in reality , we are producting a lot size of 1000 units

and two units of component #1 are required for each assembly. Since all

16
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lot sizes must be the same, then we create another ficticious component

called #3 which is the same i tem as #1 , each with a lot size of 1000.

Figure 4.3 shows how the assembly chart would have to be modified.

Component 1 [ 
~~1

_____ DAN _____

Component 2 L~1 0 [1
_____ 

JOE MIKE
Componen t 3 [ j

• AL DAN
Stage 1 2 3 4

Figure 4.3 Example Assembly Chart - Modified :
Although in Stage l~ we have 2 inspection stations called “AL$~”

they are not taken as the same station by the program because they have

different component-numbers , i.e. 1 and 3. Similarly for the process-

ing stations in stage 2, they are treated independently even though they

have the same name , DAN . Therefore cost data mus t be gi ven for each of

them seperately, but the data will be the same.

4.3 Input Sections f

The input data required by the program may be divided into sections

as follows :

1. QUALITY CHARACTERISTICS
2. STRUCTURE

- P 3. INSPECTION COST
4. RAW MATERIAL COST -•

5. MANUFACTURING COST
6. ASSEMBLY COST

It is Instructive to consider each record In the sequential input

data file as an 80-column card.

Li __
___  
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Note: Col umns 61-80 are reserved for coments.

Each input section has a title card and the last card in the data

tile is the ENDATA card as shown below.

~~3456?89I

~~~ATA COST

• ‘IA NUFACTU 
COS T

INSPECT!0 
COST

- 

- 

~1W 
~

4 TERJAL COS T /
QUALITy 

CUA
~~CTE 

/
sequence

tions need not
be as shown .

~~~~~~he sequence of these two sec-ti ons mus t be as shown .

Figure 4.4 Input Data Organization

Each section will now be discussed in detail.

4.3.1 quality_Characteristics

This section must be fi rst in the data file. It consists of two

car ds onl y. The firs t card is the title card. I~s con tent is:

18
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1 2 3 4 5 6 7 1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
P4ILI T’V CI RACT CRI ST I C S - 

-

Conm,~nts

The second card format is:~

.o1~irm -

1 2 3 4 5 6 7 8
23456789012 34 567890 12 34 56 789012 34 56189032 34 56789032 34 56789032 34 567890 12 3456789

U F S.3 ft p5.3 ft F5.3f* ~

a b cJ  d Co~~ient s

a = Final  AOQL desired for the problem

b = Grid size to be used for state variable

c = FMA X , this is a factor which establishes the range of p values which - •

the program will examine to find the optima l solution . (See Section
3.2)

d = The lot size of the final product

4.3.2 Structure
I

This section describes the manufacturing stations involved in the

system to the computer. Although it is natural to input stations in the

• 
• 

order of componen ts or stages , the program can handle any order the user

may desi re.

The general input fo rmat for the STRUCTURE input section is:

Title card _________________________________________________

- 
c.lur -

1 2 3 4 5 6 7
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(i .e  • ‘_ (_ _ I 3 ~~5~~
_’ •

~~~
-
~~

- -
~

ST*JCTURE *

- • Coi~~. 1

19
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Subsequent Cards •
1 2 3 4 5 6 7 8

II 115 15 U I S *4 15 U 15 
- 

*4 IS *4

s i b  c j I .  c J l j I j C J I j • C S C  S Co4m~-nt s

where a = b lanks

b = componen t num ber
c = stage number
d = type of station (M,A 1 )
e = sta tion name (Al pha Nume r ic)

Eac h card spec ifi es a componen t, therefore it can con ta in a max imum - )

of 5 stations belonging to the same component. For the example of section

4.2 , the complete input data is as shown below:

1 2 3 4 5 6 7 8
23456789012345678901234567890123456789012345678901234567890 12345678901234567890

TRUCTUR ( F
I 1IALØ 2ImAN8 MJOE8 ~ 1RST CONPONUIT STNS

2 111000 3AJOE P 4LN~tE ~ EC0ND COMP STATION

P If there are more than 5 stations for a component, repeat the format

until al l the stations along the component are completed . If you omi t

the component number , the program will assume that the station belongs to

the last component it has read.

4.3.3 Inspection Costs

P These are units costs associated with an inspection station . Costs

associated with all inspection stations must be grouped in this section.

Each card represents an inspection station.

• 
I
-
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1

Title Card __________________________________________________

1 3 4 5 6 7 I
5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ (~/~~ flfl ?1~!,r-7fl1~fll23 ~~~~ ;-11%7~ - -

~~~CC7IOU ~~ STS

p Subsequent Card

1 2 3 4 S 0 7 I
2345678Vfl1 23~567 ~‘1134S61890l2l4567~% 1P 67 0173456fl’Q(’ 23456?09012 345C-70

5* 25 15 51 F1O .2 flO. ?

a 0 C 4 
-

where a = componen t number
b = stage number
c = unit repair cost
d = unit inspection cost -

4.3.4 Raw Material Costs

•
The basic components entering the manufacturing system are called H

raw materials. Their unit costs corresponding to qualities (p) are

entered in this section. See descriptions of the cost functions In

Section 4.4. •

The general format is .

T it le Card ___________________________________________

o1i~~ - -

- 1 2 3 4 $ $ 7 -
2345678901 2345C789012345678901134107$$O12301 N1ZYIG?1901?345071$0 1 734 S0~S(~

- 

IN *TPIAL COSfl - I
I ~~~~nU

Subsequent Cards

Each component of the raw materials requires at least 2 cards to

specify Its coordinates. The first card identifies component number, j
types of cost functions and number of cost coordinates. Its format is:

-5%
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1 2 3 4 5 6 7 8
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3-~Y7L ’(

si 
}:s

f

is]
:s~ 

. 

~~

5-5-

~~~~~~~~~~~
C

~~~~
;, I t S

T

where a component number J
b type of cost function (0,1,... ,9)
C • number of coordinates if the cost function is of type

0; otherwise leave blank.

Other cards following this card have the format:

I
P I 1 2 3 4 5 6 7 C

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3t~~( ’ ’~

lox j rs  FS .3 ~S.3 F S .3 F l . )  F 5. 3 F 5 . 3  p 5.3 5 3  5.3

. • • • * • . . e . Co~tric~it ~

El
r •

*See Section 4.4 for explanation of these fields.

4.3.5 Manufacturing Costs
P H

Cost assocIated wi th the manufacturing stations are inputted

through this section . The form of input is similar to that of RAW
O MATERIAL COSTS except that , in th i s  case , we have to identify the corn-

ponent and the stage of the station.

Tit le Card

olumn
1 2 3 4 5 6 7

2345678901 2345678903234567890)23456789012345678901 23456 78901 2345678901 23456789(

- ANUFACTURING COSTS

0 CO~~~fltS

22
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Subsequent Cards

• Each manufacturing station requires at least 2 cards to describe its

cost coordinates. The first card ’s format is:

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

:~ l U l l

1 2 3 4 5 6 7
— ~~17~~~ 

-1  ~‘~; 7 r ~~1i ’ :; ‘,(, /~~111. ~~~~~~~~~~~~ I~~1~( 7 rr l I-~~~r e l :.rrl~.,- 1 - .. - 
—

51 IS 15 15 25 
- 

—

- 

a b C d - 
COI,~~— II1

I.

- 
where a = component number

• b = stage number
c = type of cost function
d = number of cost coordinates if c = 0; otherwise leave blank

Other ca rds have the foll owing format: 
•

0

1 2 3 4 5 6 7 8 r
- . ?34SSi~ 9Ol?345Cl C90l2345S78gO1234567 890123456 7890I2345C7 89O12345 67bo01? 34557C ~~,

lOX FS.3 F5.3 F5.3 F5.3 F5.3 5.3 5.3 F5.3 5.3 F5.3

* . * . . * . * . * Co~,ents•
~~- p 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

*See Section 4.4 for expl anation of these fiel ds .

) 4.3.6 Assembly Costs

The formats for assembly station costs are exactly the same as those
of the manufacturing station costs , except for the title card . For each
assembly station, one needs to Input the cost coordinates only once al though

-
~ there are many components running into the station. This Is done by sel ect-

ing ~~ component number belonging to that station as having the proper

cost function.

I
23p



Title Card 
______________________________________________

1 2 3 4
7~~ p~ (7~~~~l~~ — - - ~~~ ~~~l l ;-:l1’.( ./1 - n I .~~l I 7 . ’~n1 _~4~ ( I . ( II ,

SSOS&Y COSTS

Cu~.-- I I .

Subsequent Cards

See the corresponding format of MANUFACTURING COSTS. Section 4.3.5.

4.4 Cost Function Input Formats

A cost function which describes the cost versus the quality level

is requi red for every raw material , manufacturing station and assembly

station . Ten types of codes (O ,i,...,9) are provided (See also Section

6 .2 ) to identify the types of cost functions . Table 4.2 shows the types

of cost functions.

Table 4.2 Types of Cost Functions

Type Cost Function

0 Every pair of cost coordinates is individual ly
• given to the program.

1 Standard cost function supplied by the program.
2,...,9 User ’s cost functions in functional form.

•
All of these cost functions must be a monotonically nonincreasing

function of the quality .

4 In Sections 4.3.4, 4.3.5 and 4.3.6 we describe the Input formats for

raw material, manufacturing station and assembly station costs. All of

these have similar formats i.e., one card which identifi es the component

• 
(and stage) and the type of cost function; and subsequent card(s) where

Interpretations of data are conditional upon the type of cost function

• 24 
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1

specifi ed in the first card . The interpretations are as fol l ows:

• For a station or raw material , if the cost function is of type 0,

then the number of coordinate pairs must be inputted in the first card.

Subsequent card(s) will contain the coordinates. Five pairs of coordi-

nates are allowed on each card. (See Section 4.4.1 for more.) If the

cost function is one of the types 1,2,... ,9, then onl y the next card w i ll

be considered as related to the station. The cost function parameters on

this card will be used by SUBROUTINE CØSTFN to generate cost coordinates.

(See Section 4.4.2 and 4.4.3.)

4.4.1 Type 0

When the cost data canno t be expressed in func tional form or onl y a -
•

discrete set of al ternatives are to be considered, the known coordinates

are Inputted directly. For example, if for Component #3 of the raw mater-

ials , we have a choice of 6 brands of the same kind of raw material , we

can represent them by the cost function of Figure 4.5.

$/Unit

5.O( -

4.O(.
p

3.O(.
f
& 2.O(

• I l.O( . -

I I I I p1.01 .02 .03 .04 .05 .06 .07

Figure 4.5 Sample Cost of Type 0 -‘

25
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U

To input data In the RAW MATERIAL COSTS section for this component,

the first card Is:

1 2 3 4 5 6 7 I

I I 

j~~~~~tYP OOP~iMt.~ Co~ ic~~ 

--

The general format for subsequent card(s) is:
P P

‘1
1 2 3 4 5 6 7 I

i ~~~~
.. ~~~~~ ~~~ - - ~ r l L 1 ~~, ( . ‘~

-.‘ l,1 : ~U-~c- ~‘ ~c- 34c( 7~~~1O 74~.(.~ilC. ’ ~~~~~~~~~~~~ ‘: -

~~~~~ I rs.~~ ~ 

~~~~~~
$ represents the cost/unit at a specified value of quality level , p.

Hence for this componen t, 2 cards are required and the coordinate

pairs are packed left j ustified as fol lows :

p - 
p .

,o li~m
1 2 3 4 5 6 7 0

23456789 c plfl.~c~!$~ IlLi~.c6!!2O1 23156789 lfl~56Y890 l Z34S6789Q~ 23456’890

.01 5.0 .02 3.30 .00 3.00 .05 1.00 .00 1.50 FIR ST S PAIRS

pitr O I 1 2 2 3 3 4 4 S S Co wnts

- oli.v~ 1 2 3 4 5 5 7 I
234561$9fl1L~~ I L~L~1 !~2 1~ ~~~~~~~~~~~ ~~~ 

34S6?$Q01~~ 4S67$9

.01 1.20 I LAST PAIR

- 

p u r l  111111111
•

26 4 .
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4.4.2 Type 1

This Is the standard cost function supplied by the program. Once

type 1 i s specIfied, the next card has the following format:

.1 i~~~~
1 2 3 4 5 6 1

23 1567890 12 34 567890 12 34 567890 12 34S67C9C ~l7 3456789 ~34 ‘8 1~~34 56 7&°7 34

lOX F5.3 FS.3 F5.3 F5.3 FS .3

a b c A (2 )  A(2 )  Ca*ient~

where: a grid size of p
b • l ower bound on val ue of p(b>O)

C * upper bound on value of p(c>b )
A( l) , A(2) • constants

The corresponding equation to generate the cost coordinates is:

[S/units) A ( l )  + A(2)

F1gure~4.6 Illus trates the cost function.

[S/units) 
-

_ _ _ _ _ _ _ _ _ _

grid size I
lower bound upper bound

- Figure 4.6 Type 1 Cos t Function 1
27
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4.4.3 Type 2.3,. ..9

If the user wishes to use a functional form other than Type 1 and

does not want to put all the cost coordinates in as for type 0, then the
user may modify the subroutine COSTFN to specify the user’s funct ional
form. Section 6.2 descri bes this. The user may specify up to 8 additional
functional forms and call them Types 2 through 9.

If one of these types Is specified, only one card containing the

values of parameters for that functional form is input. Seven parameters,

A(l) , A(2),...,A(7), are allowed to be used in any of these cost functions.
The format Is:

• - 
1

1 2 3 4 5 6 7 
-
~~~~

lOX J5. F5.3 FS.3 F5.3 FS.3 F S. 3  F5.3~r5.3 5.3 5.3 

—________

. 

I b c A (1) A(2) A (3) A(4)~~(S) A(6) A(7) Co~~~t~

where a = grid size of p H’

b lower bound of
c upper bound àf p

-
~ 

. 

A ( l ) , . .. ,A(7) = constan ts to be used in SUBROUTINE COSTFN .

• SUBROUTINE CØSTFN, as suppl ied by the package, has the func tional
equation:

- [S/unit] =

for types 2,3 ,...,9 but these are given only as examples. For example, 
-

to specify a different functional form for Type 2, the statement with

statement number 2 tn Subroutine COSTFN v~uld be changed to: 2 FN

“your functional form using up to 7 parameters and X Is the quality ‘level”.



5.0 OUTPUT

This chapter provides the characteristics of the outputs as well

as their interpretations. Two options of the outputs are given~ namely,

the complete output (intermediate output and sunlllary output), and only

the sununary report table. Both are obtained through the variabl e NPRT

in the main program. NP RT equals I if the former is desired , zero if the

latter is desired . The default option is complete output. Section 5.1
p

gives the contents of the summary report table and Section 5.2 gives the
I.

contents of the complete output. The interpretation of the complete out-

put and the diagram of the optima l solutions to an example problem are

~;. ‘ discussed in Sections 5.3 and 5.4.

5.1 Suninary Report Table
-

~~~~~ p

As mentioned , when the user requests only the final solution , the
I

main program must be modified to make the variable NPRT = 0. In effect,

the suninary report table is printed ininediately after all input images and 
•

the program limi tation indicators which are explained in Section 6.1.2.

The following discussion will illustrate the output for the example

given in the Appendix. The input stream and the complete output are
p

presented as an aid to the user.

The sununa ry repor t tabl e cons i sts of s i xteen column s, which provide

the information needed for each station . The information is printed sta—

tion by station first component to the last, starting with the last stage .~~ ~~

first and proceeding to the first. ‘-

The following gives the list of column headings.
‘p

-4
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Table 5.1 Column Headings - Suninary Report

1 2 3 4 5 6 7 8 9

STAT iON STAGE COMPO- TYPE SAMPLING PLAN PROCESS *STATE VARIABLE
NAME NENT 

~ 
C 

— 

DEFECT ~ØQ AOQL

10 11 12 13 14 15 16

*STATE VARIABLE STAGE MINIMUM SUB ALT REMARKS
COST EXPECTED ØPT SOLN

I ~T COST F~ IND IND

Table 5.2 indicates which columns are used for each type of station .

Table 5.2 Output Column Usage

______ ________________ 
Station type (x -_ required)

COLUMN DESCRIPTION ASSEMBLY** 
____________________ 

INS~EC- ~iANUFAC-NUMBER First line the following lines lION TURING
______ ______________  

PRØD subr. ) (ASSMBY subr.) 
______ _______

_______ 
Station name x 

___________________ 
x x

2 Stage number 
— 

x x x x
3 Component number X X X X
4 Type of station A A I P
5 Sample size 

___________ __________________ 
x 

________

6 Acceptance number 
____________ ____________________ 

x 
_________

7 Process fraction
______ 

defective X

8 Average outgoing
______ 

qua l i t y
9 Average outgoing

______ 

quality level

10 Incoming quality X 
— 

X X X
11 Process ou tgo i n g x

______ 

quality 
___________ __________________ _______ ________

12 Stage cost 
___________ 

X#
13 Minimum expected

______ 

Cos t_ (F*) 
___________ __________________

14 Suboptimal
_______ 

indicator 
___________

15 Al ternative solu-
tion indicator 

____________ ____________________

16 Remarks * *

30 A
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _  

—
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** There are two types of information for each assembly station ; because

for every “in-component ” assembly station , subroutine ASSMBY , (see Chapter 3,

package overview and Appendix 1) is called (rn-i) times in order to determine

aggregate qualities then subroutine PRØD is finally called. Therefore,

in total , m lines of information are recorded for each assembly station.

# In the first stage and for any type of station , stage cost shown ex-

• cludes the raw material costs. In other words , the raw material costs can

be determined by subtracting stage cost from minimum expected cost (F*).

The first stage of a component need not be an inspection station.

5.2 Complete Output

Besides the sumary report table , the user may need the intermediate

outputs of all state variabl e values , station by station , for all stages

as well as three tables derived from the INSP1 subroutine , namely the aye-

rage total inspection table , sample size table , and acceptance number table.

The average total inspection table , the sample size and acceptance number

tables are entered by the incoming quality and the average outgoing quality

level values. The information will serve the user as a source for the con-

ventiona l DP i terative solution trace back. This , in turn , ena bles the

user to obtain the solutions manually for sensitivity analysis.
p 

After the INSP1 output , the solution table of each station is printed ,

station by station , component by component , stage by scage, all starting

from the first to the last. This will be followed by the sumary output

as described in Section 5.1. An inspection station or manufacturing tation

requires one table. In an “rn-component” assembly type station , two types of

tables are printed out. The first ones are called “aggregate incoming qua- -;
l ity” tabl es and (rn-i) tables of this kind are printed. The last table contains 

- ‘

the same kind of information as a manufacturing station table and refers to

_  _  
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the additional defectives generated by the assembly. Therefore, for each

assembly station , m tables are printed. All stations are ~dentified by

component number , stage number , station type and station name , (if any)

in headings. Table 5.3 gives the information for an Inspection station ,

as conceptualized in Figure 2.1.

Table 5.3 rnspection Station Output

VARIABL E DESCRIPTION REMARKS

1 AOQ Average Outgoing Quality AOQ ~ AOQL
_________ _____________ _________________________________ State yari~b1~

2 AOQL Average Outgoing Quality
________ ____________ 

Limit

3 N Sample size “n” Decision variable

4 C Acceptance number ‘c” Decision variable F
5 PlY Incoming Quality Level State variable from

________ ____________ 

“p1 ” (Optimum for AOQ) previous stage

- 6 STAGE COST Inspection and Repair Costs Does not include raw
material cost

7 FO Minimum Average Cost Thus f = 

~n i  + STAGE COST
Far (f e )

8 KSI ’~ Suboptimal Indicator (see Section 5.4)
_________ ______________ __________________________________ __________________________ j

Table 5.4 gives the information generated for a Manufacturing station

as conceptualized in Figure 2.2.

Table 5.5 shows the output for the (m-l) tables for an rn-component

assembly station . Figure 5.1 illustrates the notion of this recursive

aggregation of components.

In effect, Figure 5.1 shows the computer progranining aspect which

was discussed in Section 2.4. The ASSMBV subroutine is called (rn-fl times ,

32
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according to Figure 2.3, to determine recursively the minimum cost aggre-

gate incoming quality for that assembly station. The first call on ASSMBY

would treat P1 1  as P 11 and p1 2  as P12, this results the values of PAl

with the values of optimum P11 , PIA 1 an d optimum P 12 , PIA2. These values
• are stored and printed in the first table (if complete output is desired).

The second call on ASSMBY would treat PAl from the first tabl e as P11 and

I p1 3  as P12, the new values of PAl with the values of optimum of previous

PAl , PIA] and optimum p13 , PIA 2. The calls continue in this manner (rn—i)

times where the PAt from the (rn-i) st call represents the aggregate incorn—

ing quality for that assembly station. -- 
-

PIA 1

PAI~1 

PIA2 PAT 

~~::I~~~~~~~I::~-

PIA2 P1

Figure 5.1 Assembly Station Quality Aggregation

Table 5.4 Manufacturing Station Output

VARIABLE DESCRIPTION REMA RKS

1 PT Average Outgoing Quality (pr) State var iable

2 P lY Avera ge Incom ing Qual ity ( p
1) State variable from

(Optimum for (PT) previous stage

3 PPY Average Process Quality Level Decision variable
________  ___________  

(p’) 
___________________

4 STAGE COST Manufacturing Cost 
— 

Does not include raw
_____________ 

________________________________ mater ial_ cost
5 FØ Minimum Average Cost Thus Far f = f -

~ 

+ STAGE COST

6 LSUB Suboptima l Indicator (see Section 5.4)

33
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table 5.5 Assembly Statior, Quality Aggregation Output

VARIABLE DESCRIPTION REMARK S

PA! Aggregate Incoming Qual i ty PAl = PIA1 + PIA2
_________ ____________ 

Leve l 
~~~ 

- PIA1*PIA2

2 PIA1 (aggregate) incoming quality PIA1 = P11 if the
(optimum 

~AI or P11) 1st tab
= PAl of pre-

vious tab
_______________________________ otherwise 

-

3 PIA2 Average Incoming Quality State variable to the
________ ____________ 

(optimum P12 for PAl) previous stage

4 FAL M i n i mum Aggregate Cost FA! = F I l  + F12

5 ISUB Alternative solution indicator (see Section 5.4)

Table 5.6 shows the output generated by optimization wi th respect

to p.
p

Table 5.6 Assembly Station Decision Variable Output

VARIABLE DESCRIP TION REMARKS

1 PT Average Outgoing Quality 
~~~ 

State vari abl e

2 PLY Avera ge Incom ing Qual ity (p 1) PlY (PT) opt. (PA!)
• _________ ____________ 

(optimum for PT) PPY
p 3 PPY Average Process Quality Level Decision variable

________ ___________ 

(P I)  
____________________

4 STAGE COST Assembly Cost Does not include raw
_________ ____________ 

_________________________________ 
material cost

5 FO Minimum average cost thus far f = f + STAGE

-~ ~ 6 LSUB Suboptima l Indicator (see Section 5.4)

p
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5.3 Interpretation of Outputs and An Example

This section will discuss the interpretation of the outputs and the

manual traceback procedure. The example of Figure 5.2 wil l be used as an

illustration . Appendix A contains the computer output for this problem.

I I t  also contains the input card images.

When the solutions for a specified final AOQL at the last station

(always an inspection station ) is required , the sumary report table would

be suffic ient for the source of actions for the system. The cost shown on

the first line of the 13th column represents the minimum average cost

incurred for the entire system for that particular value of the final AOQL .

p Whenever the user needs to know the average total inspection or des i res

to examine plans for final AOQL values other than that specified , the com-

plete outputs must be called . The latter can be obtained by intermediate

p outputs, station by station and the basic knowledge of dynamic programing

trace-back.

5.3.1 Manual Trace-Back Procedure
p

In effec t, the suimiary report table can be obtained manually through

the intermediate outputs , station by station . Fortunately, for a specified

p fina l AOQL , the program has a certain routine to perform a trace-back
internally. In what follows , we w i l l  demons tra te how the user can obtain

the solutions to other values of AOQL . We will describe the procedure

p using the example in Appendix A wi th AOQL = 0.050.

Before we proceed to the example, the procedure is recapitulated

as follow

p 1. It is advisabl e to have the struc ture of the system in front of

the user to reduce ambiguities in connecting the stations and the components .

p 
35
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2. Start from the last stage and proceed toward the first stage.

3. Start from last table to the first for each station .

4. Finish all stations in that stage before proceeding.

5. Table 5.7 below sumarizes the state variables used to connect
stations .

Table 5,7 State Variables Names - By Stations *

TYPE OF STATION OUTGOIN G STATE VARIABLE INCOMING STATE VARIABLE REMAR KS

Inspection AOQ PrY

Manufac tur i ng PT P L Y 
___________

“n-component” PT PlY the
_________________ ________________________ _______________________ table

Assem bly PA I (P I Y from n th tabl e ) P IA1 and PIA2 * the (~_fl5t
table dPAI (PIA 1 from (n-l) 5 PIAl and PIA2* the

table) I I table
I I
I ‘ . 4

PAI( PIA1 from 2n d tab le )  PIA 1* and PIA2* the 1st
table

* These are the average incoming qualities p1 of the ~
th componen t to

the 15t component entering to that particua lr “n-component” assembly station,

respectively.
4’ Figure 5.2 i l lus tra tes the struc ture of the system used , for an example:

The final AOQL = 0.050.

The number above the line are the average quality values (optimum out-

going and i ncoming qualities).

Starting from the last tabl e of the intermediate outputs , componen t

#4, stage #5 which is the inspection station . The specified (system) aye-

rage outgoing quality limi t is 0.050 which yields the AOQ value of 0.049 ,

n = 71 , c = 6 , and the required incoming quality (PlY) of 0.055.
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STAGE #1 #2 #3 #4 #5

l . Q ~~~~~fl~~~LQ9

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I

w
~~~~~~~

3 .
0
x
0

AOQ =
4 . 0.085 (

~~ .04 <AOQL
.050

~~ 1 

0.000

Figure 5.2 System Structure - An Example

In the tabl e of the assembly station in Stage 4, the state variable

used is PT (the average process outgoing quality ) which is the PlY value

obtained previously, i.e. 0.055. Consequently, the required average in-

coming quality (Ply) = 0.000 wi th PPY (the average process quality required)

is 0.055.

In the table Component 5, Stage 4, the state variabl e for this table

is PAZ (the aggregate incoming quality ) = 0.000. From PAt value , the PIAl

Is 0.000 and the PIA2 is 0.000 which will be used as the state variable to

the table of Component 5, Stage 1.

Entering table of Component 4, Stage 4 by the state variable PAL

which is the value of PIA1 = 0.000 obtained previously, the PIA1 is now

0.000 and PIA2 is 0.000 which will be used as the state variable to the

table of Component 4, Stage 3.

p 37 
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Again the latest PIA1 value , I.e. 0.000, is used for the state var—

iable PAT of the ta ble of Componen t 3, Stage 4. The new PIA1 is 0.000

and the PIA2 is 0.000. Since the present table is the first one for this

assembly station (Component 4, Stage 4 ) ,  the former value of 0.000 is the

state variabl e AOQ value for the inspection station of Component 2, Stage 3.

The later va l ue of 0.000 is the state variabl e AOQ value for the inspection

station of Component 3, Stage 1.

In the table of Componen t 4, Stage 3, an inspection station , the valuep
of state variable (AOQ) Is 0.000 obtained from the PIA2 value of the table F
of Component 4, Stage 4. The n and c values are 1000 and zero wi th PLY

value (the required incoming qual i ty l evel ) equals 0.085.

In the table of Component 2, Stage 3, an inspection station , the

value of AOQ is 0.000 obtained from the PIA1 value of the table of Corn-

ponent 4, Stage 4. The plan is n = 1000, c = 0, and the incoming qual ity

level is 0.100 (PlY).

- 
~- 

In the table of Component 4, Stage 2, a manufac tur ing stati on , the

value of state variable is 0.085 obtained from PLY value of table of

Componen t 4 , Stage 3. The required incoming quality level (PLY) = 0.000

and the average process average is 0.085.

In the assembly station in Stage 2, entering the table with the PLY

value obtained from the tabl e of Component 2, Stage 3 to the state van -
- • able Pt which is 0.100. The required Incoming quality level (Ply) is

0.045 and the process quality level is 0.060.

Using the value of PLY obta ined just above (0.045) as the state van-
- 

able PAL of the table of Component 2, Stage 2, PIA 1 and PIA2 values are

0 . 0 4 5  and 0.000. These values will be used as the state variable values

(AOQ) for the tables of Component 1, Stage 1 and of Component 2 Stage 1,

_ __ _

~
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respectively.

At Stage 1 , all stations are inspection stations , we have already

obta i ned the values of state var i able AOQ for ta bles i n Componen t 5 up to

1 , which are 0.000, 0.000. 0.000. 0.000, and 0.045, respectively. The

values of average i ncoming quality for raw materials are 0.065, 0.065,

0.080, 0.065 and 0.080, respectively.

Figure 5.3 gives the solution values to the system structure.

Raw
Mat’l 

_____

1. 
~~~~~ 

~0.065 ____

n=41

2. 
_ _  0 

-

~~~~ I
n=l000 n=1000

t 
= p ’=0.O60 c=O

3.p 13
0.080

n=1000 AOQ
4. P!4..... 4 J H 

- 
1- 

~~~~~~~ 
~ ~~,4~__~ 

p’=O.08 5 ~:~
000 p ’=0.055 

~=6

0.080 
n=l000
c= 0

Figure 5.3 Solution to the Exampl e

5.4 Suboptima l Conditions and Al ternative Sol utions

At any station there exists a suboptima l indicator variabl e for each

value of the resulting quality . The indicator is 0, if , at that average

outgoing quality , the value of decision variable Is a globa l optimum ; 1

- P If it is a “possible ” local optimum. The variable is KSUB for inspection

and LSUB for manufacturing or assemb ly. For an inspection station the sub-

l i P  39
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optimal condition is caused when the average incoming quality, P1, called

for by the algorithm (see Chapter 2) is greater than the maximum average

incoming quality , ~i max’ for that particular station1. This means that

the global optimum P~ migh t  exist  beyond the p1 max value , had the maximum

average incoming quality been greater than the current P1 max~
Another type of suboptima l indicator (I SUB ) ,  again zero or one, is

invol ved in assembly stations where the ASSMBY subroutine is called for.

In ef fect, the subroutine computes the aggregate incoming quality from a

pair of components coming into assembly stations. ISUB equals 1 if an

- 
- 

aggregate incoming quality formed by two sets of average incoming quality

is greater than the maximum values of average incoming quality in either

set , i.e.

PA ! > n u n  [max P11, max P12J

Furthermore, the subroutine gives the indications of alternative solu-

- 
- tions in the suninary report table. The number indicates how many alterna-

tive combinations of P11 and P 12 values the particular PAT has that yield

the same incoming costs.

-4
P’i raw : No prev ious stati on

1 (see Ch. 3) ~1 max 4.AOQL x FMA X : otherwise

4 
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6.0 POSSIBLE MODIFICATIONS TO THE PROGRAM

The program package as supplied can be easily modified to accomodate

bi gger size problems and/or other cost functions. Larger problems are

discussed in Section 6.1. Other functional forms for cost functions are

discussed in Section 4.4.3. If the input data is on cards , see Section

6.2.

6.1 How to Accomodate a Larger Problem

By changing the dimensions of arrays and vectors in the MAIN program :

one can increase the size of the problem that the program can solve . Twel ve
p 

parameters are used to control the amount of storage area required in  the

computer. They are indicated and defined in Table- 6.1.
p

The listing of the MAIN program is in Appendix B. By al tering the

DIMENSIØN Statements in the MAIN program according to the appropriate

parame ters , the size of the problem that the program can handle is altered .

It is advised that for a large problem , the program shoul d be run ,

first, by adjusting only the MAXCØM and MAXSTG parameters to fit the pro-

bl~~ ~The program w~1l deternnne the proper suzes of the other parameters

for adjustment in the next run . The reason behind this approach is because

the task of estimating the sizes of the various parameters is a rather

time-consuming process and the al location of too big a storage may be too
costly.

41 
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Table 6. 1 Parameter Definitions

Parameter Definition

MAXC ØM Maximum number of components
MAXSTG Maximum number of stages

Jl Total # of cost coordinate pairs for all
RAW MATERIAL CØSTS

J2 Max imum num ber of cost coord ina te pa i rs
for a station or a raw material component

J3 Total # of cost coordinate pairs for pro-
cess i ng stations and assembly stations

J4 Total # of inspection stations
J5 Num ber of values of AØQL

(F INAL A~QL) * (FMA X) 
+State Var i abl e Gr id Size

J6 Number of unique P1 va l ues used to genera te
tables of AT ! N and C. Note: J6 < < J7

J7 Jl + J 5
J8 (# of components in the problem ) *J5
J9 (Maximum ~ of componen ts go ing~~~5\into an assembly station /

JlO Maximum of (J2 , J6)

Other parameters that may need to be adjusted for input/output devices 
. 

-

are in Table 6.2.

Tabl e 6.2 Input/Output Device Parameters

Parameter Def in ition

NRD Input I/O-unit capable of rewind i ng
NWR Output I/O—unit
NDS I/O unit for random access file
NPRT fi ful l output desired

1.0 partial output des ired -
. - -

6.2 Rewinding of Input Data File
0

As shown in Figure 4.1 (Schematic Diagram of Input/Output files),

42 
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it is required that the input data for a problem be put on a sequential

data file which can be rewound by the program. The purpose of this fea-

ture is for the program to copy the data file image on the output for

user verification , (see the example in Appendix A). The program rewinds

the file and reads it again to interpret the data . It is possibl e to elimi-

nate the rewinding step if one will sacrifice the printing of the input

data image.

If the input data is on cards, the job control language associated

wi th this program will be simplified if the rewinding step is eliminated .

In order to accomplish this , statements with sequence numbers IPT 00039

to IPT 00050 (inclusive ) of Subroutine INPU I must be deleted. - —

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1-

Note 1 The program as distributed will solve a system with up to 14

components and 15 stages.
‘I

Note 2 It took less than one minute of cpu pl us I/O time to solve the

example problem in Appendix A. - -
~

‘-‘S
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