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ABSTRACT

This thesls 1s an information system for planning
and control of passive production process of the Miecro-
electronics Laboratory of Sylvania Electric. In the
planning area the system develops a forecast for the
number of additional units which should be started through
the production process in order to achleve s high expec-
tation of meeting demand. The basic analysis involves
summing the units expected to finish, comparing thls sum
to requirements and translating any difference back to
the 1initlal stage to obtain the additicnal units to
start. In the control area the system generates a series
of reports on the status of the in process lots. These
reports are the information sources for egtablishing con-
trol in the production area. :

The system is computer hased. Both the planning and
the c¢ontrol functions are implemented through a program
which generates the forecast and reports.

The system which has developed in this thesis 1s an
initial step in the formulation of an information system
for the entire production area.
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INTRODUCTION

SCOPE OF THE THELSIS

This thesis hasg evolved from a problem brought forth
by the préduction manager of the Sylvania Electric
lircocirecult Laboratory. The problem as initially presented
was how many additlonal units, if any, should be gstarted
to meet finished good requirements and when could the units
in process be expected to finish. The inputs were to be
the status of the production cycle, that 13? the number
and location of the units in process. The output wag to be
the number of additional units to start through the pro-
duction cycle and the expected finish time for all the in
process lots. Initially, I considered only this asvect,
but as the system developed, it became apparent that the
information required to answer the primary question could
be of value in itself as a report of the status of the in
process circuits. Thus in the later stages more attention
was glven to developing the type of renorts that would be
of use to the production management. In other words, the
problem as 1 saw it expanded from one of finding an |
angwer to facilitate the schedualing of production to one
of providing a series of reports detalling the status of

the in process cilrcults, in addition to answering the

1,
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initial questions. In sum, the system in this stage in
its development 1s an initial step in the formulation of a
computer based information system for the production area

of the Microelectronics Laboratory.

ORGANIZATION

The introductory chapter of this s%udy of the infor-
mation system’for production planning and control deals
with the microelectronics industry and microcircuits in
general. The significant characteristiecs of both monolithic
and hyﬁrid circuits are discussed. A general picture of the
production and quality control functions for hybrid cirguits
is also glven. Chapter II is a discussion of planning and
control systems builﬁ about the framework presented in

Planning and Control, A Framework for Anslysis by Robert

Anthony. The emphasis in this discussion is directed towards
operational control, the functional area of the proposed
system. Chapter III turns to the more specific topic of
planning and control for microcircuit production. The plan-
ning section defines the variables,the controling decisions
and the 1nformétion needs of the system in addition to
specifying the type of analysis to be used. The control
portion covers the information needs and the types of
reports rgquired to facilitate production control. Moving
into the details of the system, Chapter IV vresents the
several analyses used in the planning phase and a descrip-

tion of the system program. The several analyses include
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aryleld analysisy.a unitucount-analysis:-and“an error i~
snalysisi: Therprogram describtion~is g -detdiled discussion
of ~the.system-program. The:finalteection; Chapteér Vi -discusses

thesresults ofcthelsimulated bperationand outlines future study,

MICROELECTRONICS

The Microelectronis Laboratory of Sylvania Elec-
tric is a recently formed section of Sylvanis Electronic
Products and is\responsible for the production of minia-
ture electric circuilts. Originally the section served as
a support facility for Sylvania Electronic Systems, a
division primarily doing government work. However, when
the demand for miniaturized circults increased, the Lab-
cratory took on large volume production operatlions and
wés brought under the control of Sylvania Electronic-
Products..

Currently the Laboratory is in the midst of a period
of rapid growth as pointed up by the fact that the facll-
1ty 1s expanding by factors per yeaf rather than percent.
This rate of growth 1s indicative of the microelectronics
industry as a whole. Chart I is a representation of
the projected growth patterns in this industry thru 1970,
This growth rate 1s due to the expanding range of uses
to which microcircuits can be put. Currently they are
used primapily in military applications and those areas

requiring extremely small electronic circults (such as
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a totally in the ear hearing aid). Yet as the price of
the circu;ts falls, new markets can be expected to open
up in the commercial area, particularly in computers,
televigion, and electronic apparatus where size and welght

reductions would be advantageous.

MICROCIRCUITS

The heading integrated circuits (or microcircuits)
can be broken down into two subheadings, mcnolithic in-
tegrated circults and hybrid integrated circuits. Each
device 18 a complete electric circuit in and of itself
with miniturization belng the dominant characteristic;
however, there are important size, weight and pérform-
ance differences between the twd classifications.

The monolithic integrated circult i1s a complete
electronic device fabricated on a chip of sgilicon only
a few hundredths of an inch square. The minuscule units
contain the equivalent of dozens éf interconnected elec-
tronic parts-tranélstors, diodes, resistors, capacitors-
and in mény cases they will replace these conventional®
components.  The advantages of these circuits are such
as to dramatically change circuit design., First, their
microscoplic size and welght permits reductions of 10 %o
20 times in the size and weight of electronic equilipment.
Secondly, when méss produced the cost of a monlithic

circuilt can drop below the cost of the conventional
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components it replaces. This cbulé lead to not only
smaller units but also cheaper ones. Thirdly, these cir-
cults are highly reliable which will heip to improve the
overall performance of electronic equipment. Fourthly,
they use fractions of a volt or ampere and, consequently,
produce very little heat. On the other hand, they do have
their drawbacks. ‘First, if one component of any type
fails the circuit itself must be scrapped. In addition,
due to the microscopié size, location of the failed cir-
cult could be a distinct problem. Second, monolithio
circulits are good for digital clrcuits whose functlion

is primétily'to emit a signal or not, However, in ana-
logue circuits, which modify or amplify the signal, the
need for a relatively larger number of passive components
creates the problem of contructing thege components on
silicon. Third, circult characteristics andrperformancé
are more difficult to control. Thus, when exact outputs
are required, different clrcuit design is required.

Moving to the second area, that of hybrid circults,
one sees an order of magnitude increase in slze and welght
but advantagés in other areas. In contrast to the mono-
l1ithie circuits, in which all of the components and con-
nections are created in one continuous production process,
hybrids are ménufactured in several dlstinct separate steps.
First, the connections and the passive components (re-

slstors and capacitors) are painted on and baked to the
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circuit substrait. Then serarately manufactured active
devices, such as fransistors, are bonded into place.
Additionally all passive clrcuits can be made by proces-
sing only thru the passive area. The advantages of the
hybrids are essentially s compfomise between monolithiec
and conventional circuits. First, the hybrids are small
both in size and weight. A complete radio transmitting
circuit 1is gbout one’ inch wide, one and one-half inches
long, and 4 inch high. Second, the circuit characteris-
ticé may be more readlly controlled thus permitting more
accurate outputs. Third, these circuits are faster than
monolithic circuits which is an important consideration
in the neit generat;on of computers. Four, these circults
can perform more complex analogue functlions than the
monolithic circuit. This will permit a wider range of
application. In sum the monolithic circuits will be used
where an absolute minimum in size and welght is required,
such as the hearing aid, while the hybrid circﬁiﬁsﬁill
find wider application in areas wherg though size and
weight are gsignificant parameters, the accuracy and

gspeed of the output are more important.

PRODUCTION PROCESS

The Sylvania facillty produces the hybrid integrated
circults in two distinet separate processes, passive and

active. At any one moment in time there may be several
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different types of ecircuits in process. These clircults
differ in the ﬁumber and complexlty of passive components
and the number of active components to be attached. How-
ever, each circuit must pass fhru the same general pro-
- duction process, first passive, then active.

- In the passive area the microclrcults are processed
thrv the production cycle in lots of a thougand or more.
The circults start as éeramic gsubgtraits onto which are
sereened numerous planes of passive material. After each
screening the substrait 1s baked and fired to fix that
particﬁlar plane of material to the surface. With the ap-
. plication of ten or more gsuccessive layers, the circuilt
has a complete set of 1ts passlive components. When’all
the layers have been applied, the registors are trimmed
to obtain the required resistivity between nodes., Fol-
lowing this the circults are given a protectlve glaze
and then dipped in golder to form pads which are used as
connectors for the actlve components. After a.cleaning the
_passive cycle 1s complete, and the finlshed pasgsive cir-
cuits go to an in process inventory from which they move
~into the active cycle,

'The éctive production procesgs 1s organized about
gingle unit flow. During this procwss the passive unit
is built up with 1ts active components--transistors,
colls, and speclial components--at geveral locations., The

circuit may have a transigtor attached at one station
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-and then move to the next station to have a speclial ca-
pacitor attached. In this manner a unit moves thru the
cycle gradually accumulating its active compénents. At
the completion of the cycle a protective plastic is pust
over the circuilt and it 18 moved to the finlshed goods

inventory.

QUALITY CONTROL

An important phase of the production operation 1s
quality control. A complete hybrid integrated radio
circult 1s a complex unit, and there are numerable possi-
bilities for error. To insure high quality there are five
ingpection ststions in both tﬁe passive and active lines.

-Inspection consists of both a‘visual check and an eleé-
trical one; faillure of elther means a fallure of the unit.
In the passive area quallty control 1s on a sampling
basis. A lot elther passes or falls depending on the
number of defects found in.the sample. For example,
the typical sample 1s 80 units of which 60 are good
and 20 are faulty. Of the 20 faulty circutts perhaps
15 will be repairable and 5 will go to scrap. With a
sample such as thlis the lot would be rejected, 100%
sorted (good, repalrable, and scrap) and returned to
production. Additionally, at all stages the production
sectibn will sort out any units which are ohviously de-

_ foctive. As & final control, all units are insvpected at
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the final station in the passive line.

The quality control stations can be looked at as
gensors of the state of the system. It 1is through these
stations that the operations manager ig able to determine
that is ocqurring on thevproduction floor. Low ylelds
indlcate the need for action and polnt to the area requir-
ing attention. High ylbids indicate operation well within

quality and design specifications but do not look at
| efficiency. For this system the quality control points
will be used as thé information gathering points. This

1s done becauge all of the required information is already
in existance at these points and they are located evenly
throughout the process. Thus, to implement the system,
no additional information need be obtalned and no changes

made in the jprocess.
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PLANNING AND CONTROL SYSTEMS

In his book Planning and Control Systems, A Frame-

work for Analysis, Robert Anthony classifies the‘planning

and control funections into three grouvings, strategic
planning, managemeht control, and operational control.
The set of three systems are all percleved to be "com-
plex units formed of many often diverse parts subject to a
common plan or serving a common purpose." These sjstems
are the sgtructures which facllitate the implementation
of a process; that is to say, the system is the means by
which the processtoccurs. Moving up.the gcale from
operational control to strategic planning, the process,
br the way of doing things, becomes moré 1ﬁportant,
while moving in the opposite direction,‘the system be-
comesg the most important factor.

The definitlons of the three sets within the systems
framework are glven helow to point up the distinetions
bétween the levels of planning and control. Strategic
planning 1s defined to be:

"the process of declding on the objecﬁives

of the organization, on changes in these
ohjectives, on the resources used to ob-
tain these obJectives, and on the policies
that are to govern the acgquigtion, use,
and disposition of these resources."

Strategic planning i1s a function of top level management,

12



and as ilmplied in the definition occuré infrequently,
has ailong time horizon and deals with a complex set of
vaiuables. The flow of information is small, predictive
and not overly accurate. The end result of the activity
is difficﬁlt to appralse. Secondly, management control,
the functional area of middle management is:

"the process by which managers assure that

the resources are obtained and used effec-

tively and efficiently in the accompligh-

ment of the organizations objectives.”
In contrast to strategic planning the control is prescribed,
has a shorter time horizon and considers fewer varilables.
The flow of information is rhythmic, historic and ac-
curate. The decision process focuses on the organization
and centers abbut human behavior; whereas, in strategic
planning the focus 1s on oné aspect and centers about
economics. Last on the 1list is operational control

which ig defined to be!

"the process of assurring that specific tasks are
carried out effectively and efficiently."

The time horizon now is short, and variables relatively
few. The flow of information is large, frequent, exact
and frequently in real time. As implied by the definition,
the focus is on individual tasks and the source discivline
'1s economic optimization.

The control of the microcircuit production process
falls under‘the category of operationsgl control, for the

Tocus 1s on the efficient and effective production of a
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product. The policy hés been stated that Sylvania will
undertake microcircult production. Tﬁe regsources have been
obtalned; the people and machines are ready to produce. |
The only remaining task is to produce effeétively and
efficlently; that 1is tokproduce a needed product at s
compet1t1Ve.price. Yet to producé effectively and effi-
ciently implies that an.bptimum can be obtalned., Some
combination of the-éeveral inputs wlil result in the
lowest cost -ocutput and since the source discipline is
economlcs, there is the 1mp11cafiop that thig combination.
of imputs to form the output will follow some analytical
relationship. The end result of thié string of impli-
cationsg is that a set of analytic rules can be devised

to obtain an economic optimum; iﬁ other words, operational
‘control is progrémmable.

To program a control function is to devise a set of
rules that prescribe the actlion to be taken under a given
gset of circumstances; Thig implies that there is an
optimum relationship between outputs and inputs. Thisg
optimum can be either (1) the best combination of outouts
and inputs when both can be varied, or (2) the combination
of resourées that well produce the desired output at the
lowest cost, where outputs are a given quantity. 1In the
first case, the optimum can selddm?v be determined ob-
Jectively, for there is‘no way to determine the affect

on outputs by changes in inputs. There is subjective
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'Judgement involved which leads to the area of managerial
control. However, in case two the outputs are set and the
possibility of an optimum is moré likely. However, the
absolute optimum 1s undeterminable, for new and better
ways of golving problems ére contantly being develoved.
.Therafcre, obtimum in this case should be taken to mean
that combination of resources, out of all known combina=’
tiong, that will produce’the dedlred ocutput at the lowest
cost. If this optimum relationship can be developed,
then inputs that should be emﬁloyed in e given set of cir-
cumstances cén be déscribed and reduced to rules, that is
they can be prqgrammed(

As‘new and better techhiques are developed, there
is a'téndency for more and more activities to come under
tﬁe heading of "programmable." This is clear in the
case of factory scheduling where formerely a foreman's
intuition was used, nowviinear programming formulates the
optimum schedule. Or in the case at hand, rather than
guessing how many new;units to start, the program will
calculate the appropriate amount given cetailn decision
rules. The charaéteristics of operatlonal conirol and
gome of the contrasts with management control are out-
lined by Anthony. To more clearly define operational
control and distinquish the types of decislons made in
it, the discussion will now turn to these charactéristics.

The focus of operatlional control is on individual

15



tasks or transactions. This is not to say that the control
15 necegsarily simple or restricted to a small segment of
activity. Operational control systems can schedule pro-
duction for an entire plant or schedule airline!s activi-
ties, both of which are very complex undertakings. In
'contrast, mahagement control focuses on the whole stream
of activities; 1t reports summaries, aggregates, totals,
not speclfic itens, |

The structure of an operational control gystem is'
rational; that 1s the action to be taken 1g decided by a

set of loglcal rules. Theée rules may cover all aspects

" of a problem, in which case the function could be completely
programmed, or the rules may have only limited applicability,
" thus necessitating the use of human judgement. The opera-
tilonal cbntrol system is complete in this aspect In that

a decision follows naturally from the 1ﬁputs. In contrast,
in a menagerial contfol system the deé¢lsion 1s not de- |
termined by the system; it will signal the need for action,.
communicate the information to those who must act, and ver=
haps dedlcate the nature of the proper action, but the
~human must make the deécision.

The information requirements for an operational con-
trol system have several particular dimensions. Sinde
operational control 1s concerned with individual tasks,
the data often has nonmenetary dimensioﬁs; it is expreséed

in_terms of units, man-hours, puounds, ete.. Secondly, the

16



dats are in real time; that is to say in a time span
such that the data can be recleved, processéd, and correc-

tive actlon taken all in time to influence the environment.
Thirdly, the data streaﬁ is continuous; whereas in mana-
gerlal control the specific information is processed only
when there is~an exception. Fourthly, the data are exact.
When controlling a production process, approximate data
allows for only approximate control of the events. It 1is
of 1ittle use tb know that there are about 1000 units 4+
100 or so in proceés. _ N

The operational control systém is highly dépendent

on the word "systéﬁ." The system gathers the information,
pfooesses 1t and makes the decision about the action to be
taken. There 1is littie human intervention in the process.
On the other_hand,vin managerial contrbl the emphases is
on "procesé." The success or fallure of.the gystem de-
pends upon the manager and hig Judgémént, knowledge, and :
ability. The systém proVidés the information but the de-

, ciéion is méde by the manager and thus 1f is the process
of making the declsion that counts.

. The Jjudgement and understanding necessary are two
characteristics which have minimum value in the overational
contfol gystem, ‘The system 1s objective and funetions under
a set of rules. When 1t says "Start 1000 units" no Judge-
ment or understanding 1s required and to follow system

—iInstructions ig fairly safe. Of course, an understanding

17



of the system, will put one in a better pdsition to de-

tect mistakes but it 1s not an essential. This ls contras-
ted by managerial control where deoieions are subjective'end
. Judgement and understanding have maximum value. However, in
‘operational control judgement is needed to monitor and to
change, 3f necessary, the. decision rules. One cannot

aasume %hat hbe process will remain the same; there must be
' continual checks to insure that the gystem 1is in fact pro-
Viding adequate control. If these investigations reveal that
the signals deviateeignificantly from the correct reactive
eignal, then the deoieion rules must be modified to fit the
" true state. It is in this area of revising the decision

rules that judgement is used by operations management.
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PLANNING AND CONTROL FOR MICROCIRCUIT PRODUCTION

Having discussed operationai control in general
terms, we now turn to the particuiar system at hand.
The primary purbose of thig study 1is to devise an iﬁ—
formation gystem which will be an aid in the plasnning and
éontrol.of the produofion function of the Mieroelectronics
Laborator&. This statement of purpose brings up the
question,”whatvis there to plan for and what 1ls there
to control7"vGenerally speaking, we plan for the effi-

cient production of'Microcircuits and exerclise control

. to insure this efficlent production. More specifically,

we must plan for scheduling the production of sufficient
‘units to insure meeting the demand for the product.

" And once these plans have been initiated we must be
agsured of swift processing through the production cycle,
a task requiring good controls. To fulfill the first of
these obJectives, the information gsystem must develop

‘an answWer specifying the number of units that should

be started in order to meet the demand.: Secondly, the

\ system must provide a status report for all of the lots
in process; the function of this report will be to en-
able the operations management to control the nrocessing
of the lots more effectively and obtaln greater efficlen-

cles. These are the overall objJectives, which muat be

19



analyzed to determine the information needs to fulfill
the objectives.

' The information needs of the Microcircuit facllity
are besf investigated by determining the key variables
within the facility. Having determined these veluables,
the logical second step 1s to isolate the decislons
whioh\control these key areas. Then this set of deci-
slonsg can be examined to discover the information required.
to effectively make the decisions. Yet the information
alone 1is insufficlent; for fo he of any usevit must be
gubjected to some forﬁ#of analysis. The third step 1is
‘thus the formulation of the type of analysis that the
information must be sﬁﬁjected to. The flnal.stage is
a check to ingure that the particdlar combination of
information and analysis will lead to the get of deci-
siopa~which will adequatel& control the key variables
which, in turn, will lead to the effective and efficient

operatlon ¢f -the facllity.

PLANNING

A key area which stands out as a reglon of prime
1ﬁ§ortance is the delivery schedule, or in more general
termé the demand for the microcircuilts. The delivery
schedule 1s the key for 1t determines the level of ac-
tivity within the plant. Though from the overall point of

view, this 1s more an area for menagement control, once
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the contracts have been signed ané the delivery schedule
set, the responsihilify falls to production management
to meet the schedule, at the lowest cost within design
and quality 11mits. In other words, the goal of the
operatibns management is to seck aﬁ’ﬁptimum about three
parameters, éost,quality and design, given that output
is fixed. To attain the optimum requires that sufficlent
units be scheduled for production and that the Produgtion
process be expedlted to insure that the’units will finish
within the lead fime. ’ |

Having decided that the delivery schedule is a key
varliable, the next step 1s to determine the decislons -
‘which control this variable; This declsion process in in-
itiated by asking the question, "Are there sufficient
units in process and will they finigh on time to meet
the‘delivery scheduie?" An engwer of "ves" will put off
any further action until the next cycle, while an answer
of "no" will prompt a decision és to how many more units
to begin or where the ehphasis shouldvbe placed so that
the delivery schedule can be met. Thus the decilsion
boils down to thefstatement: "Ve must start X units to
meet our delivery schedule." or "We must give priority
to these units to insure byinging them within the lead
time, ®

With the key varlable identified and the declsion

~process 1golated, the information required to make the

21



DECISION~-MAKING FLOW CHART

Are there sufficient units in process

to meet demand on time ?

Determine the number of units in
process at each statlion.

Compute units expected to finish
from each station.

Develop the time spectrum of dnits
expected to finish.

Sufficient units finlshing on time?

NO

Sum of units in process
sufficlient?

YES

STOP

NO

Compute units short and
additional starts.

Start additional units.

Give priority to all units
outslide lead time,

YES

1

Give priority to units
outside lead time, ,
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decision must now be investigated. To say that X units
must be started, assumeg that :he gstatug of the produc~ 
tion process is known in detall., Specifically, the fol-
lowing 1s a listing of the information about units re-

quired to meke the controlling decisions:

(1) The number of units in process at each
| étage in the cycle
(2) The status of the in process lots:
(a) The number of units accepted in
| the quality sample
(b) The number of units rejected in
the quélity sample |
(¢) The number of units sent for rework
in the quality sample
(d) The number of units scrapped by the
production department
(e) The number of units started in new lots
(3) The number of units required for delivery
(4) The inventory on hand

Additionaily‘the following system constants are required:
(1) The average yield for each of the quality con-
trol stations
(2) The‘expected production time from each
station to lnventory.

" Yet the information alone 1s insufficient, for the picture
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1s not clear as to whether the delivery schedule &111
be met or not.

To obtain meaningful signals, the detailed inform-
atibn must be subjected to a form of analysis that will
permit the production manager to state with a degree of
certalnty Juét how many additional unlts must be started
or which lots should be given priority.' This analysis
1sbdeveloped in two stages, firsﬁ; the number of units
expected to finish from each stage, and second, the
summation over the lead time of units expectea‘to finish.

The number of units expected to finish is derived
from a simple yield ca;culation at each information
gathering station (in this case quality control poihts).
At any poijt in the production cycle, the number of units
from a particular lot that can be expected to flnish is
computed by multiplying the number of units in the lbt‘by
the expeéted yields at each of the remaining quality”con—
trol stations., As an example, a lot of 1000 units having
yet to pass 3 quality control stations with average yields
of .9, .8 and .8, respectively, can be expected to finish
with approximately 1ooolx .9 X .8 x .8 or 576 units.
However, the number of units expected to finish is insuffi-
cient in 1tself, for the expected finishltime must be
included to insure meeting the delivery schedule,

The expected finish time 1s at best a guess of the

_average length of %ime for a lot to move from any point
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in the process to inventory. The figures are derived
from general estimates as to the length of time to procésg
a lot through each operation. The total timeyis the sum
of the‘individual operation times. Since production delays
are difficult to forecast, the estimates contain no allow-
ance for delay; only normal production times are consideréd.
: Wifh the combination of both the number of units
exp:ected to f‘inishw and the expected‘finish time, a time
épectrum can be developed showing the number of units
expected to finlish at any given time. With this spectrun,
the production staff will be able to answer the question
» _“Arekthere sufficient units in procesa to meet the delivery
schedule?" By loocking back into the time spectrum as
far as the lead time and summing the units expected to
finish, the total number of unité expected to finish
within the lead time can be determined. If this number 1s
insuffioient, then by looking further back into the srec-
trum, the gtaff can determine at what point there will be
sufficieht units expected to finisgh. Those units 6utéide
of the lead time will then bevgiven priority in the pro-
cess 1in order-fo bring them wiﬁhin the lead time. In
the extreme case, where the totral of all units expected
to finish is insufficient, then an order can be placed to
begin more units to meet the demand. The number of addi-
‘tional units will be the number of units that the system
is short divided by the overall process yield. If the
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additional starts are small, then they can be added fo the
next scheduled lot. If they are large, then they cén
be started as a separats additional lot.
The above system 1é based on a lead time shorter

than the total length of:the production cycle; to add
more buffering to the system, the lead time can be set
longer than the cycle. Inventery will thus be built up
but at the same time the chance of not meeting demand will
be decreased. Increasing the lead time can be easily done
for the demand is fixed; the contractswcall for a set a-
mount to be shipped each week. Thus instead of 106king
only at next week's requirements, the system should look
at the next three weeks requirement. Three weeks lead
time 1lg chosenfas the production chle 1s approximately =
two weeks plus a coupleof days. Under_thls more Buffered |
scheme, the system will be able to more readily handle
yield fluxuations,

R One of the significant characteristics of micro-
| circult producuion ig the difTiculty in determining nroduct
_;guality by visual examination alone. Though some defects
can be plecked up visually, many must be determined elec-'
triqgiiy; As a;consequeﬁce, the quality of a lot can be
1ow“&et go unnoticed until the quality control station;
Since several days production sepaggtes each.quality
_control statlon, a low yleld lot can be in the system that

period b%ﬁtime without beihg noticed. The consequence of



of this 1s that the valué‘for units expected to finish is
overstated. This 1s not too important at the initial
stages of productlion for new units can be started with
little lbss. However, if the production fault and resul-
' tahf low yleld are at'the end of the cycle, the chance

of not meéting demand becomes higher. Yet with a suf-
ficlent lead time even a poor yield at the last stage
~can be smoéthed. The smoothing process will involve
recalculating time sgpectrum of units expected to finigh.
Ag before, the' number of additional units required can be
started. I£ the number is small then théy can be added
to thé next scheduled lot; 1if disaster has struck and a
lot 1is essentially wiped out, then a supplementary lot
can be started. ‘

This‘entire process can be reconstructed as a flow
analogy. Consider a‘pipe with a flow velocity such that
1% takes 12 days for any one cross section of fluid to
traverse the length of pipe. At certain intervals there
are leakages (ie. quality stations) and the amount which
leaks out per unit time is a varisble (analogdus to the-
lot yields). -Each of these stations monitors the leak-
age and reports to a control point which detefmines4if
the sum of the leakages is such that more fluidw should
be added to insure that enofigh fluid reaches the end
of the pipe to‘kéép the reservoir full. |

The final stage of this-discussion is the evaluation

of the string of cause and effect relationships. The

27



information system has monitored the {low &f inprocess
goods, an analysis'has been performed on the data, and a
report has been issued rating the adequacy of the inproceés
units. But the question must be asked as to whether the
proper corrective action is taken when this system 1g
‘employed.: At present new lots are scheduled on a regular
basis, but there is no clear indication as to whether the
new lot shouid be started, if they will be adequate, or
what the correct number of units to start is. This system
'gtves the number of additional units to start given cer-
tain expectation (average yields) and requirements (gystem
demand). In addition, 1t provides complete information in
regard to lot status. thether the signal given 1s the
corredt one is a function of the accuracy of the cgnstants.
For example, 1f the average Y1eld values, the ones used to
calculate expected finisheé and additional starts, are in
error, then the signal will also be in error. Thus the use
of the system must he tempered by the accuracy of the con-
~stants. A further discussion.of this error will be covered

later.
CONTROL

A gecond function of this system involves the usage
of variable resource inputs such as materlals and labhor,
In part, operational control is defined as the efficilent

performance of a task; efficient production implies that
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the product will be made at the lowest cost, given quallty
and design cohstraints."Thus an objective of the produc—
~tion staff 1s to produce the circults as efficiently or
inexpensively as possible. This can be accompllished by
keeping the.yields high and making efforts to reduce costs.
The reduction of.production costs 1g not in the realm of this
thesis; it is a tagk for the'engineers. However, gsince the
' ihformation syétem monitors the production process, 1t can
be employed as a device for polnting out trbuble areas.,

The declsion which controls the varlable is a con-
sequence‘of asking the question: "Could this section of
the production process be improved such that the process
will become significantly more efficient after the change?/
Three answers are possible. To answer "yes" would call for
action while "no" would stop the search; an answer of '"mgybe"
‘would call for a closer look at the problem. Having decided
what decision must be made, the next step is to list'the'
information requirements.

To discéver trouble areas in the process, one must
have detailed information regarding the innrdcess circults.
The 1nf6rmation required is much the same as for the delivery
schedule, except that certaln parameters can be neglected.

The 1isting of the information needs 1is:

(1) The number of units in process at each
stage in the c&cle ,

(2) The status of the in process lots
(a) Number accepted in the sample
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- (b) DNumber rejected in the sample
(¢) Number sent for rework in-the smmple
(d) Number scrapped by production departmént

(3) The average yields at each station.

With this 1nformétion the analysis éan now :bhe ' - pbrfbrmed
to point out trouble areas.
Aa was done in the previous section, a yleld anglysis

1s performed on the data. For each product at each stage
é record 1is kept of the ylelds., By plotting these yields
over time certain trends can be picked up.v With a con-
tinually improving yield picture no action.need be fakéh.
However, if the ylelds are consistantly low or fluctuate
widely, then that section of the process should be inves-
tigated to determine the cause. _Likewise, if at yleld
point N the values are erratic while at N-1 they are con-
sigtantly high, the problem afga has been narrowed tok
the region between the stations. With searches such as
thig the problem areas can be worked out of the brocess
leaving g more efficient'production process.

| A third and important function of this system 1is
simply to maintain an ordériy record 6f the status of
the 1in process lots. The management must know what lots
are in br&cess, where they are, and what 1s happening to
them. This information aystem will be able to answer gll

of these questions. By referring to the section of the
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feport covering the product in question, the operations
manager can see at a glance the status of all the lots in
that product group. Additionally he has avallable a summary
’stateﬁent of the pfocessing results for the product on

thét day. | _

At preéent the operations manager gathers his in-
formation from geveral sourcgs,\but he has no concise
report from which he can determine the overall victure of
the production cycle. Using this system, modified to
includé points other than yleld statlons, can give him
this overall picture;, By expending the number of revorting
stations, a closgser check can be malntained 6n the in pro-
cégs lotsa. . A s#stem such as this would report simply
that lot 5 was processed through operation 17 today and
there are 800 units in the lot. Pregently the system
can agccomodate input cards such as thls but it locates
the lot only to the extent that it is somewhere between
two inspection stations. Since the inspection stations are
several production days apart, this does not fix the lot
very well. To modify the systen, the‘number of reporting
points can bs increased to the point where the exact
location can be glven for each lot on each day. The re-

port would give the following information:

(1) Station and lot
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(2) Nunber of units in the lot
(3) Number of ‘scrapped units being carried
(4) Number of units expected to £inigh

(5) The exvected finigh time.

The reports from the ingpection stations would remain
the same; that i1s they would include the results of tﬁe
sampiing plus the above information. There are two
limitatidn to this scheme. The first 1s that the data
must be collected each day for each lot in process. Though
this 1s no monumental task (since there would only be

a few lotskin process.at any one time), it will require
establishing procedures to insure that the data 1s in
fact collected. Secgndly, as the number of information
points increases, so does the size of the métrices to
record the information. Owing to the computer size,
the modified gystem may bump agalingt the computer cofe
limits. This would necessitate the modification of the

‘program,
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ANALYSIS AND DESCRIPTION
ANALYSES

The preceding chapter brought up the need to anal-
Yze the 1nformétion to obtaln meaningfull signals from the
system. This analysis 1s conducted primarily in the plan-
ning area. The control function 1s concerned with what has
happened and as‘such requlres only. reports on the status
of the in process lots. Qn the other hand, analysis is
required in the planniﬁg area, for it is herse that there
18 a need for a forecast. The yield analysis fulfills this
forecasting funétion. In essence, 1t develops the number
of units expected to finish from all stations, sums over
all.statioﬁs, and compares the sum to requirements. The
diffefence between the units expected to finish and require-
ments 1s the number of units éhort. The unitsg short are
then translated into the number of uhits*to gtart in ordsr
to meet requirements. A secondary énalysis in the system
éhecks any dlscrepancies between the number of unlts last
reported in a lot and the number presently in the lot.
This simplé comparision of two values and computation of
percentage difference falls into the control area. The
third analysis in this chapter.considers the possible
magnitude of error within the system, which 1s a function

of the error in the constants HYLD. Terms are developed
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g}x%?g\t§§4g}f§ergnp¢“between the true number of additional

units to start and.‘the nuiber ‘specified by the system.
YIELD ANALYSIS -

The information recleved by the system from the
inspectioﬁ statlions 1is sﬁbjected to a yileld analysis to
determine the number of additlonasl units, if any, which

.shoﬁld be started to meet the delivery schedule. The

elements of this analysis are as follows,

The number of units expected to finish from
each station is computed using the average

yleld figures. The equation used 1is:

FNLX,

n
xi 77 HYLD
J=1

whefe

FNLX1 = the number of units expected to
: finish from station i

Xi = the number of units currently at
gstation 1

&
=
o
2
H]

the average yleld of station

)

operator for series multiplication

o)
t

the number of stationsg, where the
station number increases going down
the line.

The total number of units eipected to finish 1s obtained

by summing over the total production line. In this case
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the summation is taken over the entiee line hecause the
lead time has heen set longer than the production eycle.
-However, if it were shorter than the cycle, the summgtion
wouid be taken only up to the lead time. The total

numbef of units expected to finilsgh is:

v n n
SUNFN =7 X;/7 HYLD
2‘ j=1
1=1

where

SUMFN = the total number of units expected to
finish within the lead time

The'next,step is the analysis is to check to determine
whether the number of units finishing within the lead
time will be sufficient to meet demand

The demand for finished passive circﬁits is set by
the . number of units required for delivery. To determine
whether the delivery schedule can in fact be met with the

units curréntly in process, the following equation 1s used:
-DELTA = REQ - INV -~ SUMFN
where

DELTA

the numbef of units in exceass of or
deflclent from the renuirements

REQ = the requirements for the length of
time equal to the lead time

INV = inventory on hand
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SUMFN = gum of the units expected to Tinish within
the lead time

If DELTA is positive, then the probability of not meeting
dehand is significantly greater than if DELTA is negatilve,
whiéh indicates that from current expectations demand
will he m;t.' | _

Having computed DELTA, the nexﬁ atep 1s to relate
this vélue back to the initlal production stage to deter-
mine how many additional units should‘be started. The

translation is accomplighed by using this simple relation-

ship?
STRT = DELTA (*)/TTYLD
where
STRT = number of additional units which should
be started to meet demand
DELTA(-) = number of units shy of meeting demand
U DELTA(+) = number of units in excess of demand
TIYLD = overall yleld for the production process

The aignal'giVen by this system is the number of addi-
tionel units which should be started to meet the demand.
. The development of this signal 1s the procuct of the
three steps discussed above. In concise form the
process bolls down to tranglating the units in process
to the number of.units expected to finish, computing the

difference between the units expected to finish and
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demand, and finally translating this difference back to

the number of additional units to start.

UNIT COUNT ANALYSIS

An important gsagment of the control function 1s to
account for all the 1n process units. Lost units indi-
cate a lack of closes control over the process, To insure
- good control, a gystem must,check to insure that all
’units are accounted for as they move through the produc-
,tionvprocess. To fulfill this function this system has

a-check to determine if the number of units reported at -
the current position equal the number reported at the
last location.- There is a one pebcent variabiiity allowed
due to the large number of units being handled and the
chance for a miscount of a few units. \

One of the inputs to the system is a matrix of the
1asf reported positionsg of the inprocess lots, XX(KrJ,M)
where K is the product type, -J is the lot numhér, and M
is fhe‘last reported position. When an 1npﬁt‘card is
prOceésed, the number of unitg vregsently in thé‘lot,
X(K,-J, I) is compared to the last reported number 1n
the lot.

DIFFERENCE = X(K, -J, I)—XxX(K,-J,M)

If this difference 1s greater than one percent of the
number presentlyvin the 1ot an error message 1s printed.
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This message states the lot number, the lot positiocn;
the unit count difference, and the percentage difference.
The value used for further computation is the value re-

ported to be presently in the lot, X(K,-J,I).
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'ERROR "ANALYSIS

’ Ag previoulsy brought out, the validity of the
signal as to how many addltional units to start is de-
- pendent upon the accuracy of the system constants.
Error ig introduced into the analysis due to the uncer-
tainty involved in establishing the system constants.
This error can best be dlscussed by(considering it as the
difference between the assigned value of the average yieid

and the tru value 1s the error in the yield figure.
ERRORjy = ey = HYLD; (TRUE) - HYLDy; (ASSIGNED)

where 1 denoted the 1 the quality control station and HYLD
is the average yleld. In percentage terms the error .at

" the 1th station is

es(#) = HYLD;(TRUE) - HYLDj(ASSIGNED) x 100

HYLD; (TRUE)
The total error in the systém is a summation of the errors
in the individual stations because in the analysis the
‘units expected to finish are calcﬁlated by multiplying
the remaining yields times the number of units in the

lot. The expression for total error in percentage terms isg

n
E (%) = E e1(%)
~ 1=3

where n'equals the number of inspection staticns. From this
1t follows that the error in unit count of thoge units -
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expected to finisgh from the k th gtation 1is

n n '

~ FINISH, = X (HYLD, ( ASSIONED+e, (%) ) (%)

A posty = %/ tma, i
17k

where

I\ FINIsH

dlfference between the true and
calculated value of units expected
to finish from station k. :

k

X = number of units in the lot
k = lot location
ei= percent error at station 1

- HYLD; (ASSIGNED) = the average ylehd figure
: developed from historic data.

'n = number of Anspection stations

The total possible error in the number of units

expected to finish from all stations is:

-

n n . n
z kaZ‘ (HYLDi(ASSlIGNED)‘f-gi)S‘ ey (2)

k=1

O ALL

where

43¢ALL‘= the difference between the true and
calculated value of units exnec*ed to
finish from all statlons

B ]

lot location

units at location k

n = total number of locations

ey percent error at station 1

- HYLDy = the average yleld figure deVeloned from
historic data.
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The number of units hort 1s developed from the fol-

lowing equation:

SHORT = REQ - INV - FINISH
where FINISH {§ equal to:

n N .

X, /7 (HYLD;(ASSIGNED)+ ey)
izk
k=1
~and

SHORT = number of units the system 1s deficlent
in meeting demand

REQ demand

i

=)
=2
<t
"

inventory

FINISH= number of units expecsed to finish.

REQ rand INV are constants; thus the error in the term
SHORT 1g s direct function of the error in the term FINISH,

Symbolically this 1s represented as followsa:

n
k=1 i

o . n n
2\ SHORT =AALL = z X 77 (HYLDi(ASSIGNED)+e1)§e
§
=1 1Tk

where
2 SHORT = difference between the true and calculated
number of unite the system ls expected to
be deficient of requirements.
ZSWALL = the difference betweenithe true and cal-

culated value of the units expected to finish.
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The number of additional units to gtart 1s devel-

oped from the following equation;

NEW START = SHORT/OVERALL YIELD
The perceﬁtage error in the number of new starts is eaual
to the sum of the percentage errors in SHORT and the
OVERALL YIELD. . The error for SHORT has already been
devéloped, and the error attriﬁutable to the OVERALL
YIELD is very similar to the error In the unlts expected
to Tinish. The error aftributable to the yield 1la:

SHORT 7/~ (HYLDi(ASSIGNED)+ei)§ 0y (%)

- | =

Thus the total possible errﬁr in the signal as to how

many additional units to start is:

-.n n ' n.
A NEW START :Zxkﬁ‘(mni(AssmNED)f-ei)E'ei-;g
1=k |
| K1 | 1=k
: n_ : ' n_
SHORT(TRUE) 7/ (HYLD, ( ASSIGNED)fpi)z‘ es(%)
e=1
e-1

or since

n Il ; '
SHORT( TRUE) =:§'Xk77.(HYLDi(ASSIGNED)+ei)
s i=k '
k=1
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. n n .
A'REW START = 2“'“"xk 771_k' (HYLD, (ASSIGNED+-e, )
k=1

' n n n
. 2 ey ey {{k (HYLD, (ASSIGNED) " ey)

i=k e=1i

The magnitude of this error in fhe signal is of
couree dependent upoﬁ the magnitude of the errors in the
several ylelds, but it 1s also dependent upon any blas
found in the assigﬁed yield figures. If there 1s no
- bias in the selection of these figures, (that is, if
the data from‘which they are developed 1s representative
" of the normal state of the production process), then the
errors will tend to cancel. The reason for this is that
as more daﬁa 1s collected, the mean assigned yleld will
tend to approach the true yield. Since there is no biés
in the data it ls Just as likely that the assigned mean
Yield wlll approach the true yield from above as Delow.
Relating thié to the calculations for percentage error,

- we see that when the value approaches from above, the
erroryis negative; andlwhén it approaches from below,

the error is positive. Consedﬂently, when the summation
is taken, there will be a‘cancellatién effect operating
on the errors. On the other hand, if the data is blased,

and all errors fall to one side, then significant devlia-
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tions from thg correct signal can occur.

To 1llustrate the magnitude of these possible error
effacts consider the following illustration where there is
no 1nvent6ry and the requirements are for 1500 units in the
next three weeks,lﬁoo per weék. The yields and units in
process for a cycle with three inspection stﬁtions are as

given below:

STAGE YIELD e(%) UNITS
ASSIGNED : .TRUE D

1 .75 170 -.05 =7.1% 1000
2 | .0 .75 -.05 -6.67% 500
3 .80 .85 <05 45.9% 500
OVERALL .48 .446

From this we develop the number of unlts expected to finisghi

_ n_ n_. | ‘
FINISH =‘:2$ Xk;:;{ HYLDi(AsgﬁggED)
k=1 i:k

the number of units shorit:
SHORT = REQ - INV - FINISH

and the number ofadditional starts:

. n
- & ASSIGNED
START = SHORT/ ™ HYLDy (" rpyg )

i= 1o
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YIELD
ASSIGNED TRUE

FINISH = 1200 1190
SHORT 300 310
NEW START 625 695

The difference between the number of ﬁnits to start under
perfect information and under the data developed‘infor-
mation is 70 units or about 10%. The system would thus
seem to be very sensitive in thils regard. To insure accu-
rate results the main effort 1h implementing the system
should be put in obtaining:good estimates ofvthe true
system ylelds. This can only be done by collecting a

- large amount of data.
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PROGRAM DESCRIPTION

The program to implement the system is presented

in Appendix;I-. A description of the program can be
broken down 1nto_four.sectiong, the inputs, the operations,
the summations, and the output.

| The initial loop labeled 20 zeros the matrices so
'that extraneous values are not present when the summations
are taken. This 1s nécessary because most of the matrix
pogitions are not fllled and may have 1eftover.va1ues in
the locations. The next four cards set the size of the
eystem. KK is the number of products to be considered,
and N 1g the number of information points in the system.
Hav;ng set the system dimengions, the input cards are read;
the first set are system constants., PTIME is the expec;gd
time in days for a lot to pass from a glven quality control
'point to finlished good inventory. There 1s a PTIME for
each product at each statlon., HYLD 1is the average yleld
of each quality control station for each product. This is
used in the summation process toAdevelop the units expect-
ed to finish and the number of additional unlts. %o begin.
- The gsecond set of input cards describe the status of the
production faclility. REQ 1s the number of units required
in a set time period (in this case, 3 weeks). INV 1s the
inventory on hand. MINUS 1g the withdrawals from inventory.
XX as the number of units at the last reported quality

station. It is used to insure that no units are lost.
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The last input set is the data for the units in process,X.
These cards detéil the product type, lot number, lét posi-
tion, units in the lot, units accepted, sent for rework, and
rejected from the quality control sample, and the number -
‘scrapped by pﬁoduction. The X cards are read in and pro-
cessed singlely. Having read in the inputs, the program
now procéeds with the computatlon.

The body of the program performs several tests and
- operations on the units in proceés; X, cardé. Ag g fTirst
step, the program tests 1s determine 1f the number reportéd
in process today is within 1% of the number last revorted,
XX. The 1% deviation was allowed due to the large number
of units and.their small size, which many times :esults
in a few lost or miscounted pleces. If there ls a signifi-
cant difference in unit éount, a message 1s printed and the
last reported amount taken to he the true value. The‘»
report contains the following informatlion:

(1) the station and lot number

(2) difference in unit count between the position

. _ where the lot was last reported and its posi-

- %tion now.

(3) the percentage difference.
The next step is to determine if fhe lot has passed
through the quality control point. A; this pbint there
is a branch for lots which have reachedAthe last inspec-

ticn gtation (100% inepection). The policy here is to
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fail thé lot if it has any units for rework. If there
_are no units for reﬁork, the units judged to he of good
quality are added to péssive inventory. The progranm then
readslanother unit card. On the other harid, if the lot
i at an intermedlate station, the yield is determined

from the following formula:

YIELD = ACCEszy(ACCEPTEDfREWORK*REJECT)

If a lot fails inspection, a check digit 1s set,
the number 6f serapped units deducted, and a message 1s
printed that the lot has failed. The failed lot statement
lists the following:

(1) station and lot number -

(2) lot sizei:-

(a) ‘sample size

(4) units accepted in the gample

(5) units sent for repair in the sample

(6) units scrapped in the sample

(7) wunits scrapped from production

(8) sample yield

| The program then jumpé to the routine where the number
of unlts expected to finish is computed. Thig is done to
present an undistorted picture of the numbér of units
expected to finish. If the sum of the units expected

to finishwere derived only from lots which passed the
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inspection station, the report would have a low‘biés,
tending'to call for more additional starts than neces-
88Ty .

On the'other hand, if the lot passes the program
moves directly to compute the number expected‘to finigh.
This number is determined by multiplying the units in the
lot times the average yleld to passive inventory. 8Siill
computing for the accepted lot, the program next moves to
cbmpute the expected finigh tlmé. The date 1s translated
into the day of ﬁhé year to which ig added the expected
production time in days until completién; which 1g then
translated back into expected finish date. These
estimétes are glven in one half day intervals, for any
flner values, would be more guess than estimate. The
final step in this sectilon 1s to print out the lot status,
given that it has passed 1nspaction.

HévingicdmputédﬁtheqreQuiredf1nﬂorm&t10n,?thé\pro—
gramuprintsFa‘ﬁéportwdﬂ théﬁs;atﬁSAothhe accepted lot..
The following information is given on the report:

(1) 1ot number and location

(2) 1ot size

(3) sample size

" (4) units accepted

{5) units scrapped

(6) tnits for rewonk

(7) yield



(8) average yield for that product at that station
(9) units expected to finish
(10) expected finisgh time
~ The program now returns to stateﬁent 180 to read another
lot status card. Upon completion of all the cards for
inprocess lots the program Jumps to the summation section.
This»jump is signalled by a Tinal control card with a 1
vin column 80,

The third section carries out summatlions of the sta-
tus of thé‘inproceus units, done along product types.
The particular records whidh are summed ére:

(1) number of units serapped by production

(2)- number of units expected to finigh

(3) overall yield |

{4) number of unite in process

(5) nﬁmber of units rejected in QC sample' 

‘(6) number of units sent for rework
These summations are used in part for the product report,
and in part to compute the number of additiongl units
to start.

Upon completion of ﬁhe gsummations for a particular
product the program then proceeds to compute the‘number of
additional units to start. The gequence of operations is
as follows: The deduétions from inventory are noted and
the requirgments to the active line adjusted. " The number

of units short is then developed from which the number of
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units to start is determined. However 1f the additional
starts are negative, the program sets STRT(K), From
thege computations and the summations the product report ig

printed. This report llists the following items:

(1) product type
{2) additional units which should be started to
meet active's requirements |
(3) total of units scrapped today, bbth Iin produc-
tion and sampling |

(4) tctal number of units in process

(5) inventory on hand

(6) total number of units for rework

(7) gum of units expected to finish

In its final steps the pr&gram punches updated inven-
tory, updated requirements, and updated 1ot position cards
to be used as 1npﬁt for the next run. Additionally, as an
aid to»éee more clearly the status of the inprocesgss cir-
cuits, the matrix of the lot cards és pﬁnched. Thig matrix
of,dimensions lot number by quallty control station, shows
the poéition and number of units at each point. Finally,
the record of the lot progress 1s.punched, to 1llustrate
the progress the lot:has made. On this matrix again
dimensioned lot number by quality control station, the
number of units at each of the quality control points
is recorded. This presents a clear picture of the lot's
brogressvthrough,the cycla.
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SYSTEM OPERATION

RESULTS

Since this system 1s not currently in operation,
a.true validation of 1t 1s not possible. However, an at-
tempt has been made to simulate the condifiéns existing
-within the production process. Data was collected oﬁer
a three week period for three product types. To reduce
the number of computer runs required to process this
‘data, the inputs were'dividedrintobeight groups. On

sach of fhe first three days (or computer runs) a lot wés
gstarted for each product type. On the fourth and fifth
days additiénal lots were begun for one product which
was sustaining some particularly poor yields. This |
action was to 1llustrate the ability of the system to
adapt to production faults. Production time was taken to
be five simulated days which allowed for agll lots to
finish by the' eighth day. In this manner the system start-
ed itself up, attained a high level of production, and then
ran itself out of work. |

The syétem constants Were developed from discussiong
with the production masnaggement and a review of the data

avellable., The PTIME values weres obtained from the



production management and or given in one half day inter-
vals. The values for HYLD were derived from akmonth's
data on the yields of the several ingpection stations.
REQ wasg get at 1800 units for the period. This value
was chosén for the demand for péssive circuits 1is aprroxi-
- mately 600 uhits per week, MINUS, inventory withdrawals,
" was set to zero in order to obtain a clearer plcture of
the system operation. The output is represented graphical-
1y to clearly illustrate the functioning of the aystem.
Graph I 13 a plot Qf thé number of units in process
on any of the eight dayé, the number of units in pro-
céss builds up rapidly as new lots are begun each day.
On.- day three +the last 1ot is started and from then on
the units in process fall. During days four and five the
decline 1s not as severe as in six and seven. The reason
for this is that during days four and five the reduction
~in the number of units in process is due'solely to the
units being scrapped. However, on days six and seven lots
are also moving into inventory, thus causing_sharp declines
in the number im process. 1t should be noted that there
is & split in the plot for product V. The lower line
represents the number of units in process if no*additional
lots are begun. The upperrline’fepreSents‘fhe number in
process if additional lots are begun to take up the slack

caused by the poor ylelds on the first three. Clearly the
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lower plot falls off much more rapldly than the other

fhree gince for product V, scrapped units increases quiékly.
Graph II indicated the number of units scrapped on

a time basis. Here the reason for the low units in pro-

. cess line for product V becomes:apparent. The units of

V scrapped shoots far above thoge for the other products.

As before the split in the V line represents the two

cages, no.additional'étarts and two additional lots. The

gegment for the additional lot case rises Above the first

case because with two more lots inprocess, there are more

units being scrapped. The curves form a gentle 8 ghape

for two reasons. A%t the initial stages insgpectlon and con-

sequent rejection of units in thelr first production phages

is limited. At the end the falling of of units scrapped,

18 the result of having fewér units in process (ie..lots

have been added to inventory). The mid portibn reveals

" the combination of many units Inprocess plus closer in-

spection of the unitg. Ag a control device a plot over

time of the unitg;scrapped at the several locatlions can

be maintained,ta;poinz ﬁpyweak points in the cycle.

- Graph IIL points up more clearly the ability of the-
system to signal additional starts. There are two related
plots on this graph; the first is the number of units ex-
pected to finish and the second is the number of addi-
ticnal starts. The horizonfalllihe represents the gystem

‘requirements. + should be noted that as long as the num-

4 e (8 - e e - " W . ~ - - RN oY - b P
Co IR L TRt B A : - oo - S Ty S e T
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ber of units expected to'finish is less than the reacuire-
ments, there will be a signal for addltional starts. .
This is seen in the initial runs whefe all three products
fall below the line and additional starts are high.
However, as more lots are’startéd, the expected finighes
rise quickly‘and the additional starts fall guickly.
| Again the plight of product V becomes apparent.
Exhibiting poor yields all along, 6n days four and five
+ . dlgaster strikes; the units now expected to finigh are
far short of the requireménts and new gtarts hegin to climh
rather than fall. With no additional lots the resulta
'afe clear; not enough units reach 1nvehtdry and the new
start line remains high. On the other hand, if the sign-
nals are heedgd and mére lots are bhegun, the poor results
can be gmoothed. This 1ig demonstfated in th2 egecond set
. of product V lines which sﬁoﬁ a fourth lof being started
on day three., The Qkpected finish line shoﬁs a strong
movement ubWafd with a corresponding‘decrease in new sgtarts.
Yet new starts stand at 350 units, and as insurance against
further faults, a fifth lot is Eegun on day four. Now
product V appearsyin satisfactory condition for more units
are expected to finish than are required. The only con-
sideratlion now is to expsdite the fifth lot %o insure
that it feacheéiinventory on time. ,

Graph IV ghows the accumulation of inventory as lots

come off the cycle into inventory. For products R and T
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the accumulation 1is safisfactory and'they attain suffiéient
1nventory'to meet.demané. Héwever, product V shows 1tg~
ﬁoor yields by accepting oniy a few un;ts:into 1n§entory.
The lowef line again represents thé non additional start cace
while the upper line represents the case for starting.
additional units.

The overall picture is seen best in Graph V where
new starts, exvacted finishgs, uﬁits 1ﬂ process, and -
~inventory are plotted together for product V. The fWO
sets of lines show the c¢lear contrast involved in abiding
by andanot ablding by the new start signal. Though
these results are only a simulation of‘thg'actual'system,
théy do demonstrate the‘ability of the system to igsue
correctivé'signals to émooth production faults and meet

demand.
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KEY TO GRAPHS

Produect R

Product T

Product V - using additional lots
Product V - using no additional lcts
Additional starts - Product R

—— —— Additional starts - Product T

Additional starts - Product V - when

extra lots are started
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IMPLEMENTATION

The 1mpiemehtation of this information system can
be accomblished with little adaptaftion of the present
production dycle. The data is currently being collected,
the compuﬁer 1s available, and all that need be done is
to establiéh procedures for the operation of the system.
The quality control department collects the required
data for theilr work in quallity assurance. The information

they maintain is llsted below:

(1) Number of units at each Q.C. station
(2) Results of the Q.C. sample
(53 (&) Number accepted
~ (b) Number rejected
(c) Number sent for rework

(d) ReJjectance or acceptance of lot

There are four quality sampling points in the cycle and

a £inal 100% quality check at the end of the process.

These stations will make ideai points for information
gathering. Their obvious benefits are: (1) presently
established information gathering procedures and locationas,
(2) collection of the necessary in process data, (3) an
adequate number of stations %o obtain sufficient informa-
tion to control the process. In gddition to the informa-

tion gathered at these stations, the following information
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must be obtained:

(1) The schedule of. deliveries

(2) The inventory on hand

(3) Withdrawals from 1nvehtofy
It is a simple step from having sufficlent data to putting
it in usahle form. ‘

The data will be collected in the latter part of the
-day, and recorded on sheets, which will be set up in the
format of the input cards. An example of this sheet is
given 6n page . From this sheet the data cards will
be punched. It 1ig expected that there will be no more than
20 éards to be punched on a glven day. Once the cards have
been punched; they will be sorted, added to the program
object deck and run on the computer. The output will thus
be applicable.to the status of thé'oycle of the day Just
posted and will be available for ﬁse by management on the
next morning; The report will give-them the information
requlred to make the decigion as to how many additional
units must be started. The results of the computer run can
also be plotted to establish the trends for the improve- |
ment of the production process (ﬁhe secondary use of the
system). Thirdly, the system will provide timely reports
on the status of the production process. |

Init;ally this systém should.bebimplemented in para-

llel to the existing informatlon system. In this manner
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DATA SHEET

DATE
PRODUCT

§TATION 1 2 3
LOT NO.
UNITS

SAMPLING RESULTS
NO. IN SAMPLE
ACCEPTED
REWORKS

REJECTS

' PRODUGTION'
SCRAPPED

NEW LOTS
LOT NO.
SIZE X X

67

CARD COLUMN
]

10-17

 18-25
26-33
34-41

42-49

X 10-17



the proposed system can be evaluated against the current
system, and any necessary adjustments can be made to
bring performance up to desired levels.. Once the bugs
have been eliminated, the system can be put in full

operational use,

SUMMARY -~ 4

The benefits that will be derived from the impie—
mentation of this system can be broken into two segments,
better planning of the production cycle and better con-
trol over the production cycle. The planning advantage
‘arises from the capability of}the system to forecast the
nunber of units to introduce into'the cycle to satisfy
demand. The control portion is enhanced by the abillty
of the system to keep a record of the movements of all
the in process goods.

-In the framework of this information system, plan-
ning takes on a limited role in the schedulilng ares.
The signal given by this system is of a short term nature,
only a week or two. Yet this length of time is sufficient
to permit the more effective use of the productiqn faci-
lities through an orderly scheduling procedure. With
knowledge of the nﬁmber of units in process, their expec-
ted finigh time, and the number expected to finish, much
of the guesswork will be taken out of scheduling. Using

this system the operation manager will have available
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all the information he needs to make the correct decision,
both in terms of which product to concentrate on and
an estlmate of how many units to begin.

The control function is enhanced for many of the
same reasons; using thls system there will be more in-
'formation avallable with which one can make decisions by.
This information will be presented in a concise form
thﬁs further facilitat;ng 1ts use. BSecondly, the program.
.contains a routine which keeps track of discrepaﬁcies in
»the reportéd number of units in process, this improving
control., In essence, the control function 1s centered
more abouf information organization than reactive signals;
it presenté the information which the production staff

can utilize to control the process.

FUTURE STUDY

The system presented in this thesis is an initial
step in the development of a complete system for pro-
duction planning and dontrol. The next step in 1ts dev-
elopment of the systzm could be the addition of a sub-
routing to monitor and modify the system constants to
achieve more accurate results. Following fhis another
stepiwould seem to be estahlishing a similar system for
the active portion of the process. Then these two sys-
tems could be tied together to fofm one system for the

entire production process. Following this a system
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could'be developed to issue the weekly quality control
reports. Thig system would use as inputs the product

in process cards for the entire week. Finally an inventory
control gystem could be developed to control the inventory.
This would have ac i1ts inputs the activity level in the

production process (i.e.,parts required).

TO
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APPENDIX I

SYSTEM FLOW DIAGRAM

initlallze
”"lf‘f‘matr.‘l.’i?{' S
inead. constants

‘read:lot -card

B O
sgummation

Report: o

<1‘=1 :

YES

calculate ylel?f

. Report
work on kx+l ., . date
| J
NO
dif a Xe-xx -
Report
‘error-
/
\ - update x
Report
no. lnspection
iy=1 go to B
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YES @-‘;’NO
wpdate - x 1) 1 1311 update x’
XX X ~update x update x| _ .Zero XX,X
Report Report Report
1ot rejected |lot failure inv. addit
g0 to O
B _
= compute
Frmydld
‘compute
expected ﬂfﬂ.
T ‘ compute
gow'bo C -1 | day of year
- add
prod.” time
- convert
- to date
Report K
dot status go ‘;‘bo ¢
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sum the following
for each product..

< sum units scrapped

‘sum units expected to finish

.compute overall yield

sum units in process.

-sum unitsa_.rejected

.total. sérapped .and rejected

update.inventory & req.

.. gompute units short

cwecompute ‘new starts . -

1/ report product status

vwwrite product matrix: -

r.punch XX, req, inv

stop.
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APPENDIX 11

SYSTEM PRAGRAM

PTIME. = PREZIUCTIGN TIME FRZM STATIEN T@ INVENTZRY
HY{D = HISTORIC AVERAGE YIEID

TTYLD = T@OTAL YIELD
RMYLD = TOTAL REMAINING YIEID

ACYLD = ACTUAL YIELD
INV = INVENTORY . '

MINUS = UNITS TAKEN FRZM INVENTQRY -
REQ REQUIREMENTS F@R TIIE PERIZD

M

X = UNITS IN A L@T

ACP_= UNITS ACCEPTED IN SAMPLE
SCR = UNITS SCRAPPED BY PRZDUCTI@N .-~
RJT = UNITS RFEIJFCTED IN SAMPIFE
RWK .= :UNITS-SENT F@R REWGRK

XX = LAST REPARTED NZ. @F UNITS IN I @AT

- SMRJT = SUM OF UNITS REJECTED ' o
- ACCP »CJM PF UNITS ACCEPTED INTQ@ INVENTZRY ”'

- SUMFN- SUM @F UNITS EXPECTED 79 FINISH

'ﬁ(\ﬂid(\(\ﬁ(ﬁ(\ﬁ'\f\ﬁ(\(\ﬁ(\f\ﬁ(ﬁf\ﬂ

SUMX = SUM OF _UNITS IN PREGCESS

FNLX = UNITS EXPECTED T® FINISH FRZM A PARTICULAR L@T
SSCR = SuM @fF UNITS SCRAPPED BRY PRODUCTIGN

"RRWK = SUM @F UNITS F@R REWBRK ' ,

NFIN = FXPECTED FIN)SH DATF-E@R A LaT

INTEGER Z(3510+6) ‘ o
INTFGEFR MINUS(3Y)s ENIX{3410eA)aINVI3)aSCR{341NeA)sSSCRI3)

INTEGER RWK(3s10s6) X(3910s6)sACP(BleaG)aRJT(331096)9XX(391096)
+NTEGE= ST-TU3) »==WKU3) s SM=JTU3)» SUMFNU34

DIMENSI@N TTYLD(B),RMYLD(B)sHYLD(Baé)sPTIME(Baé)’NFIN(B,lO)

210 DB 20 K = 1,3

INV(K)

=0
REQ(K) = 0
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MINUS (K) = O

DA 20 J = 110
DZ 20 I = 1+6

Z(KeJsIl) =

X (Kedsl )

0
ACP { Koels1 } = Q
RJIT (KsJdsl )

s X(KoJal) = 0

RWK(KesJsI) = 0O
ENLX(KsJsI)

20

SCR (KsJsI} =0
CONTINUE

ISKIP =1
KK = 3

N =6
KX =0

70

IF ( IFLAG = 2 ) 705150570 '
READ {(2+s07]1) (No(PTIME(KoJ)o] = 1oN)sK = 153)

071

FORMAT (1556F10.2) ,
READ (22083) (Na(HYIDI(KaTlof = ToN)oK = 1+3)

081 F@RMAT (15,6F10.2)
150 READ (25151) (RFQ(K)sK = 143)
151 F@RMAT ( 110) '
READ ( 24161 -3 (INV (K) o K = 143 )
161 FLRMAT ( 110 )
READ ( 2,170 )  MINUS (K) » K = 1+3)
170 FORMAT ( 110 ) »
READ (2 5 051 ) MT » NDAY
051 F@RMAT(2110)
READ (25121 ) C(XX(KsJsI) s J=]310)sI=1sN)sK= 1,KK)
121 F@RMAT (1018)

INPUT @gF L@T IN PR@CESS CARDS. ONE CARD PRECESSED AT A TIMF,.

180

READ(2+181) KsJdsIls X(KsJsT)sACP{KsJsT)sRWK{(KsJsT)sRIT(KsdsI)o
1 SCR(KsJs[) o IFLAG

181

FORMAT ( 313 » 518 s 30X s I1 )




C

5

C

N W oA 0o N DO

STOCK FORM

3-1185

COURIER-UNIFORM——1

C

BRANCH T@ DETERMINE THE PR@DUCT TYPE. IF IFLAG
IF(IFLAG = 11220+1319404220 :

220 1IF ( KX - K ) 22052605260
230 KXX = KX + 1

IF ( KXX = K ) 24552505245
245 WRITE ( 3,246 ) KXX

246 FCRMAT (. 25H N@ REPWRT FOR PRODUCT I3 )

250 KX = K
WRITE (35241) ISKIP s MT s NDAY s K .
241 FORMAT(I1+18H DATE MONTH [13s7H DAY 13//9H PREDUCT 12//)
260 IJ =0 o ‘
_C CHFECK T@ DETFRMINFE IF _THF NUMBFR @OF UNITS I AST RFPPRIED TAIILIFS WITH
C THE NUMBER CURRENTLY IN THE L®T
IF (1 =1 ) 2612614262
261 XX(KsdsI) =iX(KsJsl)

Gd T@ 275

262 MM = 1 - 1
JE( XX (Ko JoMMY) 2712650271

265 MM = MM - 1

271 DIF = X(KoJsT)=XX(KsJsMM)
DDIF = ABSI(DIF) o
I1IF (DDIF) 27542754272

272 PRCT = 100« * DDIF / FLBAT(X(KsJs1})
JE(PRCT = 140)275+4275+276

276 WRITE (34277) 1sJsDIFsPRCT ' .
277 FZRMAT {(9H STATI@N [2.8H L@T 12/10Xs6H FRRER /28H DIFFERENCE

1 IN UNIT COUNT = F6.0/25H PERCENTAGE DIFFERENCE = F64.2/)
275 ISAM = ACP(KsJs[)+RIT(Ke s I} +RWKI(KsJ ]}

IF1TISAM) 96859985420
998 WRITE (2999) TsJs]sX(KoeJs])

999 FERMATI(7H FIELD 12,8H LeT 1277 LOT IS IN FIELD 12/
1 ' UNITS IN L@T = ' 16//)
IJ =1

IF (1 =1 1431054605410

410 I =1 -1
@ Ta 460

1, ALL X(KsJsI) CARDS READ
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420 ACYLD=FL@AT(ACP{KsJsI1))/FLBATIACP(KsJsI)+RIT(KsJsI)+RWKIKsJIsI))
IF (1 = N) 205+210.205

205 IF (ACYLD = 495)215+2805280

210 I@ 213 MBAVES A | AT FRAM THE | AST INSPECTI@N STATIGN T INVENTARY
210 IF(RWK(K»sJ»1)1290,211,290

211 INV(KY = INVIKY + ACDPD(Koe/JaT)
Do 212 L = 1N
XX{KoeJoel ) = 0

212 CONTINUE

X{KoJsN) = 0O

WRITE(35213)1sJsACP(KsJs1)sINV(K)

213 FORMAT{' STATI@N 112.5X.% | ST 1127/t UNITS ADDFD T INVENTERY =
1 16/ ' INVENTGRY = ' 16//) :
G@ T@ 180

290 T@ 291 UPDATES AND REP@GRTS A FAILED L@T AFTER 100 PRCT INSPECTI@N

IF I1J = 1. THEN THF 1OT Will NOT M@VF FORWARD ON THIS ROAUND

290 1J =1
ZI{KsJsT) = X(KoJsl)
X{KsdsI) = X{KsJdsl) = RIT(KsJsl) — SCR(KsJsI)
M=1-=1

XX(KsdsM) = X{Ksds1)
WRITE(33291 )10 JsZ (KoJdsl)sACP(KaJsT) s RWK{KoJol)sRIT(KoJIs])o

1 SCR(KsJsI) .
291 FORMAT( ' STATIGN ' I12+5Xs ' L@T  J2/7/' L@T RETURNED T2 PREDUCTIY
1IN AFTER 100 PERCENT INSPECTI@N /' UNITS IN LT = t16/
2 ' UNITS ACCEPTED = ']16/° + UNITS FOR REWERK = ' 16 /
3 ' UNITS REJECTED(SAM) = vI6/! UNITS SCRAPPEDI(PR@D) = '16//)
C@ 1@ 520 _ ’
215 T@ 201 UPDATES AND REPYRTS A FAILED L@BT AFTER SAMPLING INSPECTIZN
215 1J =1 '
Z{Ksdsl} = X(KseJsI) -
X{KsJsI) = XUKsJsl) — RIT(KsJsl) — SCR(KsJal)
M= 1-1
XX(KsJsiM) = X(KsJsI)

WRITE(35201) I1:JsZ(KsJsl)sISAMsACP(KsdsT)sRWK(KsJsI)sRIT(KsJs1)>s
1 SCR(KsJsI) »ACYID :

¢
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201 FERMAT (9H STATIGN 12,5H LO@T. 12//39H L@T HAS BEEN REJECTED AT 4 PE
1RCENT AQL/12H L@T SIZE = 15//5H SAMPLE SIZE = 14/18H UNITS ACCEPTE

2D = 1572011 UNITS F@R REPAIR = 15/26H UNITS SCRAPPED(SAMPLE} = 15/
3 30H UNITS SCRAPPED(PREIUCTIEN)Y = I5/ 9H YIEID = F&4.,2/)

GO T@ 460 )

280 Z(Koedol} = X{KoJteTl}
X{KsJdsI) = X{KsJsl) = RIT(KsJsT) — SCR(KsJ>»1I)
XX(KsJsl) = X{KsJsI) :

460 IF (I - N 147045205520
47C T2 540 COMPUTE THE NUMBER @F UNITS EXPECTED T@ FINISH

470 RMYLD(K) = 1.0

M =1+ 1

D@ 51C L = MsNs1l

RMYLD(K) = RMYLD(K) % HYLD(Kol)
510 CONTINUE !

CZ T@ 540
520 RMYLD(K) = HYLD(KsI)

540 FNI XU{KoeJal) = RIYIDI(KY * FIAATIX(K o JaT1)

IF (IJ - 1)81051805180
810 IF (ISAM)Y180,180,.820

810 TY 1110 TRANSLATE THE DATE INT@ THE DAY @F THE YEAR
B20 IF (MT - 6 )850,830,900

830 ND@Y = 151 + NDAY

Cg T 1110
850 IF (MT =~ 4 )950,8604+880
860 ND@Y = 90 + NDAY

G Te 1110
880 NL@Y = 120 + NDAY

ca Ty 1110

900 JF ( MT = 8)930+910.1020

910 NogyY = 212 + NDAY
G@ T 1110

930 ND@Y = 181 + NDAY
Gp T2 1110

950 IF ¢ MT - 2 19605980,1000
960 NDBY = NDAY
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Go T@ 1110
980 ND@Y = 31 + NDAY

G@ Te 1110 '
1000 MNDAY = 59 + NDAY

Gg Tg 1110
1620 IF ( MT = 10 )1030.1050.1070

1030 ND@Y = 243 + NDAY
G T@ 1110

1050 ND@Y = 273 +NDAY
GA T 1110

1070 IF. ( MT - 12 )108051100+1100
1080 MDAY = 304 + NDAY

Ge To 1110
1100 NDgY = 333 + NDAY

1110 C@NTINUE
I3 IME = PTIME(KS])

IF(PTIME(KsI) - ITIME )1111-111151112

1111 HALF = 0.0

GJd T@ 1120
1112 HALF = .5

C

CALCULATI@GN @F THE EXPECTED FINISH TIME:
1120 NFIN(K.J) = PTIME(K.1) 4+ ND@Y

C

1111 T@ 1910+2 TRANSLATE THE DAY @F THE YEAR TG DATE

IF_ ( NFEIN(Ka.J) — 152 171170+1140-1470
1140 MMT = 6 :
NNDAY = 1

Gz T@ 1910
1170 IF ¢ NFEIN(KsJ) — 91 112105118051380

1180 MMT = &4
NNDAY = 1

Gz Tg 1910

1210 1F¢ NFEIN(KsJ) = 32 11250.1220,1280
1220 MMT = 2 '
NNDAY = 1

G@ Tg 1910
1250 MMT = ]
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NNDAY = NFIN(KsJ)
Gg T@ 1910
1280 IF NFIN(KsJ) = 60 )1290,132051350
1290 MMT = 2
NNDAY = NFIN(KsJ} - 31
GO TI@ 1910
1320 MAT = 3
NNDAY = ]
GZ T@ 1910
1350 MMT = 3
NNDAY = NFIN(KsJ) - 59
Go T 1910 : o
1380 IF ( NFIN(KsJ)'.— 121 113905141051440
1390 MMT = &4 _
' NNDAY = NFIN(K»J)} - 90
G¢ To 1910
1410 MMT = 5
NNDAY = 1
Gy Te 1910
1440 MMY = 5
CNNDAY = NFIN(KsJ) = 120
G@ T@ 191¢
1470 IF NFIN(KsJ) — 213 115105148051610
1480 MMT = 8 ;
: " NNDAY =1
GZ T@ 1910 ,
1510 IF ( NFIN(KsJ) — 182 )1520+155051580
1520 MMT =5
NNDAY = NFIN(KsJ) - 151
Gg Ig 1910
1550 MMT = 7
NNDAY = 1
Ge Ta 1910
1580 MMT = 7
NNDAY = NFIN(KsJ) - 181
Gp I® 1910
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1610
1620

I
MMT =

NFIN(KsJ) = 274 11650+162051750
10

NNDAY
G Td

= 1
1910

1650
1660

IF «
MMT =

NFIN(KsJ) .~ 244 ) 16605169051720
8

NNDAY
G2 1@

= NFIN(KsJ} - 212
1910

1690

MMT =
NNDAY

9
= 1

1720

Ge T@
MMT =

1910
9

NNDAY
G@ Tp

= NFIN(KsJ) —.243
1910 '

1750
1760

IF
MMT =

NFINAKsJ) = 335 )17905176051890
12

NNDAY
Gg 17

=1
1910

1790
1800

IF |(
MMT =

NFIN{(KsJ) — 305 )1800,1830,1860
10 :

NNDAY
G T@

= NFIN(KsJ) = 273
1910

1830

MMT =
NNDAY

11
=1

1860

G@ T@
MMT =

1910
11

NNDAY
GZ 1@

= NFIN(K»J) - 304
1910

1890

MMT =
NNDAY

12
= NFIN(Kas') ~ 334

1910

CLNTINUE

FNDAY

= NNDAY

FHDAY
WRITE

= FNDAY + HALF

(3519300 19J9Z (KoJsl)s ISAMsACP(KoJs1)sRIT(KoJsT)sRWK(KosJsI)>»

1 ACYLD sHYLD(KsI)sFNLX(KsJdsI)sMMTsFNDAY




1930 FORMAT(9H STATIGN 12,8H LeT 12 //
1 27H LOT ACCEPTED AT 4 PRCT AQL / 12H LOT SIZE = 16/

115H SAMPLE SIZE = 14/17H UNITS ACCEPTED =16/17H UNITS SCRAPPED =16
2 /20H JNITS FZR RFW@RK = T4/9H YIFID = F4,2/16H AVFRAGFE YIFID = F4

G

'3.2/28H UNITS EXPECTED T@ FINISH = [5/22H EXPECTED FINISH TIME 12>
4 3AY f F4 1 /1)

P

O

Go T@ 180
C SUMMATI@N gF PROCESSING RESULTS

1940 D@ 2010 K = 1sKF
WRITE (3,1979) 1SKIP.

3-1105

1979 FORMAT (11)
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SSCR (K ) =0

D@ 770 L = 1sN

D@ 770 M = 1,10

SSCR ( K ) =5 SSCR ( K ) + SCR (KsMsL )
770 CONTINUE

SUMFN(K) = 0

D@ 750 M = 1N

Dw 750 L = 1,10

SUMFN(K) = SUMEN(K) + FNLX{Ksl sM)
750 CONTINUE ‘

TIYLD(K) = 1.0

D@ 630 L = 1N

TTIYLD(K) = TTIYLD(K) % HYLD(KoL)
630 CONTINUE

SUMX(K) = 0©

D@ 730 L = 1N

DO 730 M = 1,10

SUMX (K) = SUMXI(K) + X(KsMsL)
730 CANTINUE

SMRUTI(K) = 0

D@ 790 L = 1sN

D@ 790 M = 1,10

SMRJT(K) = SMRIT(K} + RUT(KsMsl)

790 CoMTINUE

N W b ®w a 9 0 @
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SMRJT (K)

= SMRJT (K) + SSCR (K)
RRWKI(KY = 0

CO 760 L = 1sN
D@ 760 M = 1+10
RRWK (K) = RRWK(K) + RWK(KsMsL)
760 CONTINUE :
C  UPDATE INVENT@RY AND REQUIREMENTS AND C@MPUTE THE NUMBER SH@RT
REQ(K) = REQ(K) =~ MINUSIK)
INVIK) = INV(K) = MINUS(K) _
DELTA(K) = REG(K) = INV(K) = SUMFN(K)
IF ( DELTA(K)) 6456405640
645 STRT (K) = O
6@ T@ 670
C  C@MPUTATI@N @F THE NUMBER OF ADDITI@NAL STARTS
640 STRT(K) = DELTA(K) / TTYLD(K)
C __ SUMMARY_REPJRT F@R THE PRGDUCT
670 WRITE (351970) K> STRT(K),SMRJT(K)sSUMX(K)aINV(K),RRWK(K)aSUMFN(K)
1970 FORMAT (25H PREDUCT REPORT K = 12//21H ADDLTI@NAL STARIS = 15
1 /28H UNITS SCRAPPED(SMP+PRZD) = 15/20H UNITS IN PRGCESS = 15/

2 20H INVENT@RY ON HAND = [5 /20H UNITS FOR REWBRK = 14/

335H SUM @F UNITS EXPECTED 7@ FINISH = 16///)
WRITE (3.1981) REQ(K) o K

1981

FOPMAT (110s' REQUIREMENTS K = ' 12)

C PUNCH @gUT oF THE REVISED REQ.THE MATRIX @F UNITS IN PRECESS.

C AND THE L&T PR@GRESS MATRIX

WRITE (3,20C4)

2004

FERMAT (' UNITS IN PRGCESS '/' ROWS ARE YIELD STATIGNS '/
1 ' COLUMNS ARE L@T NUMBERS '//)

WRITE (3,2005) ((X(KsdsI)sd=1510)s1I=1,N)

2005 FORMAT (1Q18)
WRITE (3,2006)
2006 FORMAT ( 30X » tXX'//)
WRITE (352007) ((XX{(KsJsI)sJ=15s10C)sI=1sN)
2007 FORMAT (1018)
‘ WRITE (2+,2040) REQ(K) 4 K
2040 FORMAT (110,' RICQUIREMENTS K = ' 12)
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WRITE ( 252050 ) INV ( K )} s K . :

2050 FORMAT ( 110+28H INVENT@RY FQR 12
WRITE (2+2080) {((XX{KsJsl)sJ=1410}sI=1sN)
2080 FERMAT (1)18) '
2010 C@NTINUE
PAUSE
READ (2,2020) IFLAG
2020 FORMAT (79X » 11}
IF ( IFLAG - 2 ) 203051052030
2030 CALL EX+T- ‘
END






