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Using Multiple Objective Technigues To Model Hierarchical
Production Planning it HPP ) Problems
{ Part II : Computiconal Study )
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ABSTRACT - This paper includes the application and computational
study of the two modefs which had lLreen proposed in part I of this
work by Rasmy et al (141 . In zuch model:z the production planning
and  scheduling preblem -in a 3ingle stage system - i3 partitioned
ints a hierarchy #»f <two sub-problems |, the aggregate »lanning
sub-problam ( for product types ) , and the detailed scheduling sub
problem { for families or zyoup of items that are contained in a gi-
ven product tyre’d.A multiple objective model was gproposed for soiv-
ing eacihh sub - problem . The multiple objsctive programming models
permit the decizion makers to consider explicity the relative values
of different objectives at each decision making level . Multiple ob-
jeative methods can he used teo generate more than one solution (alt-
ernative , non - dominated oy satisfacteory solutisns) and to provids
information on the trade -offs - among ohjectives .

The computation:l study consists of solving saven test
problems. The data used for these test problems are adapted from
the rubber types factory reported by Bitaran , Haas and Hax ra1 .
The results show that the proposed models are wvery efficient in
dealing with such problems .

i. INTRODUCTION

In the literature on production planbhing ,zignificant attention
has been given to single stage manufacturing systems , in  which
their multi-products processed in batches through a single stage
{ or one macbina ) . The importance wf the single stage production
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system is two - fold . On the theoretical side , it is the elemen-
tary cell in investigating multi-stage situations . On the practical
side, many complex situations such as the assembly lines can ke vie-
wed for planning and scheduling purposesz  as just one big machinery
loxr stagel.

Two basic apprcaches to the single - stage production planning
problem have Leen offered in the literature . The first approach is
the monolithic appreach which formulates the production plamning and
scheduling problem as a large mixed-integer linear programming model
{ a.g. Manne [15} , Dzielinski and Gomory [3)1* and Lasdon and Teriung
{111 . A relling herizon procedure ias commonly used for solving the
meonolithic programme . This procedure regquires solving a finite ho-
rizon multi-period preblem and implementing only the ?irst period's
decisions . One period later , the multi-pericd problem is updated
as better forecasts become avallable ,and the procedure is repeated.

The second appreach is the hierarchical approach which is sugg-
asted to deal with the variouz levela of production decisions in a
decisions in a hierarchical framework . In this apprach , the prod-
yction planning and scheduling problem is partitioned inte a hier-
archy of subproblems ( e.g. Hax and Meal ({§1 , Bitran and Hax
121, Bitwran , Haas and Hax [1]1 , and Graves (81 } . Each hierarchi-
cal subproblem has its cwn characteristics including length of plan-
ning horizon , level of detail of the required infermation and for-
casta . A separate mathematical programming model is used for each
subproblem to make the decision at each hierarchical level .The so0l-
ution of the higher level moedel creatss. some of the constraints for
the model below it . Again the system iz perfeormed on a rolling ho-
rizon basis by scolving each hierarchical subproblem eaach peried and
implementing the immediate period’'s decisions

Three reasons have led operations researchers to favour the
hierarchical approach more than the mepelithic appreach . The
first reason Iz that , the hierarchical approach redugss the compl-
exity of the solution process by breaking the overall production
planning problem into a number of simpler subproblems . aach of
which iz much easier to solve than the original preoblem.In contrast.
the monolithic approach will result in a large detziled integrated
model which is very harxd bo selve in a direct way

The second 1eason is that , the hierarchical approach may cope
with uncexrtainty , since it needs only ageregate product demand data
over the planning horizon |, with detailed product demand data over
a much shorter scheduling horizon. This is important in light of the
£act that much data at the detailed level are uncertain at the time
time aggregated decisions are made . If detailed and aggre=zated
decisiona were combined in a single large model as  proposed in the
monolithic approach , the detailed Aecisicns would be made earlier .

The third reascon is that the hierarchical approach reccsgnizes
the distinet characteristics of the tY§e of management participation
the scope of the decision ., the lave of the agzregation of the
required information and the time framework in which the decision is
to be made. In Hax's opinion (7] , it would be a serious mistake to
attempt to deal with ail these deciszions simulataneously.via a mono-
lithic system or model . Even if computer and methodological capa-
bilities would permit the soclution of a large detailed integrated
model , which iz c¢learly not the case today , this appreoach is in-
appropriate Dbecause it is not responsive to the management needs
and would prevent the interaction between models managers at each
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organization echelon .

Past work on hierarchical systems has concentrated on buildin
mathematical programming models for each hierarchical subproblem.Alf
these models are of the classical forms , that iz , they c¢an treat
explicitly only one objiective .This objective is expressed as optim-
isation of a function that must be homogenepus, this means that
all relevant decision wvariables have to be converted such as
te hecome measurable by a common unit , ( most often , the functicn
that must be minimized is the cost function or any other function
related to the control of wost &t each hierarchical level 't . In
In other words , past hierarchical systems have c¢onsidered that the
plan which has the minimum costs is the best of all choices .
However , in many industrial systems it is c¢lear that the minimizat-
ion ¢f the total production costs in all levels is not the sole
objective of management .

In fact , the real production planning problem involves multiple
cbiectives , which cannot be optimised simultanecusly due to the
inherent conflict between them . Multiple objective problems involve
making trade-off decisions to get the » best compromize" solution .
Several approaches have been propossd in the literature for solving
the multiple objective decision making problem . Hwang and Masud [9]
have provided an excellent survey of these aprrocaches

One »f the more attractive approaches for solving the multiple
objective decision making problems is the goal programming approach.
Although several goal programming models have been reported in the
literature for solving the production planning proklem { e.g. Lee
[13),Lawrence and Burbridze (12} and Gonzaleg and Reeves [5] ,  they
did not recognize the hierarchical framework as a system philozsophy
for designing and sclving the multilavel decizion problem .In part I
of this work by Rasmy =%t al (147, we propgoesed a new approach for so-
lving the production planning and scheduling problem called " Goal
prosramming Aporosch to Hierarchiecal Producticn Planning ".This app-
roach combines the attractive features of both goal programming as
a powerful toel for multi - cbjective analysis and  the hierarchical
system a=x an effective framework for decision making in =2 single
stage katch proceasing environment .

For cur proposed research we assume that there are two levels
of the product sggregation in the product  structure Erom  the Hax
and Meal framework (31 . Production items may be aggregated inte
familiez aggregatad into types . Type is a collection of items that

have_ the same demand pattern , the same unit costs , direct costs
{excluding labour costs ) , holding costa per unit per period,

and the production time required per unit . A family is a set of it-
ems within a type such that the items share a common setup .,
This form of aggregation may result in partitioning the rproduction
pianning and scheduling problem inteo two subproblems in a hierarchy.
The two subproblems are the aggregated production planning subprob-
lem and the Family dizaggregation subproblem

The aggregated production planning subproblem,the highest level
of planning in the hierarchical system , 1is concerned with the effe-
ctive a2llocation of preduction resources amongst product typea to
aatisfy demand over a specified planning horizon . Tyglcal decisions
to be made at this lewvel are the determination of production and in-
ventory levels for each produgt type and regular and overtime work-
force levels in each time period . The family disaggregaticn subpro-
blem , the zsecond level of planning , is concerned with the disaggr-
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egation of aggregated producticn plan for each type intoe production
schedules for families lLelonging to that type over a short schedul-
ing horizon . Typical decisions to be made at this level are the
determination of production and inventory levels for each family
within a type in each time pericd in the scheduling horizen

In * Goal Programming Approach to Hierarchical Production Pla-
nning ", both the aggrepated planning subproblem for product types
and the family disaggresation subproblem are modelled in a goal pro-
gramming format . The aggregated planning model for tyres iz a sim-
ple planning model . It considers only one constrained production
resource , that is , the regular production time available in =ach
time period which must be used to the full extent . The medel inco-
rporates a single option for varying the resouree level ., that is |
the overtime available in =sach time reriod which must net exceed
cartain maximum limits . The planning horizon of this model consists
of 3ix pericds ( i.e. & moenths } . This model involves two gosls .
The first goal is to satisfy demand for all product types in each
pericd by production in the same pericd of demand . This goal zrefl-
ects the desire of the firm te co - ordinate the production schedule
of types with their demsand zchedule s0 as to minimize the inventory
holding costs , the material handling costs and the transportation
costs . The second goal is to realize the desired ending  inventory
levels for each product type in the last period of the planning
horizon . This goal reflectz the management's view of controlling
the inventory levels of all product types while providing a reasona-
ble level of safety stock . The two goals are of the same priority
that is the model is5 a weighted linear prozramming model | This
model wcan be solved using a normal linear programminz method . The
resulting producticon aguantities of esach type in only the next three
perieds are tranamitted to the family disaggregation model of this
type to determine the corresponding production gquantities of famil-
iliez Dbelonsing to it . Thus , the planning system has a number of
dizaggregation models egqual to the number of the types in the prod-
uct structure . Each model iz designed on the same basis .

The Ffamily dizagsregation model involves two goals . The first
goal is to co-oxdinate production achedules of families belonging -to
a type with producticon schedule of that type . This geoal iz impleme-
nted by setting the amounts determined by the aggregzate plan for a
type in the next three periosds as the aspired levelz for the sum of
the production o»of the familieaz in this type iIn these periods.
The second goal is to contreol families jnventory levels in each per-
jod in the triple period scheduling horizeon to ensure that no  over-
stocks will vccure . This gcal reflects the desire to produce famil-
ilies in the gorrect guantities such that the storage regquirements
for each family in each perioed not to be violated . The two goals
are of the same priorityv .

The structure ofFf the family disaggregation medel is based uppon
using the dominant production schedules for each family aa suggested
by Manne (151 . That is the production of =2ach family at any
given period in the scheduling horizon iz either zero or the SUm
of consecutive net demands for some periods into the future .We mean
by net demand in a given period , the demand which cannot be satis-
Fied Frem the initial inventory in this period . When dealing with
a time horizon of T periods the total number of dominant production
schedules to be vonszidered for each family , is 2 . Thus , for
a acheduling horizon of three pericds length , as  the case of the
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horizon of the family disaggregation model ., the total hnumber of do-
minant production schedules for each Family equals 4 . These schedu-
les are determined for all families in a type ovutside the medel and
uzed as inputs .The decision variables included in this model are of
the integer zero - one type . Each family has four of these binary
variables , one for each preduction schedule . A specific decision
variable is used to decide wheather a specific production schedule iz
usad for producing a specific family or not .This specific variable
would have the value one if its specific production schedule is used
for producing this specific fami and the walue zero 1f it is not
used . The optimal production schedule for a Family may be among the
pure strategies ,that is , only one of all the decision variables of
the different production schedules o»f this family weuld have the
value one .

The linear , zero - one zoal programming model for the family

disaggregation , can be solved using the linear , zero - one
programming method , or by relaxing the integral restrictions of
the zeroc-one variablss and using continuous variables if the prob-
lem i= of the large size , or by generating all the possible effect-
ive combinatisns For the solutions of the zero-one variables.if the
problem is of the small size . The solution o»f the family Adisaggreg-
ation model may rasult in a production zchedule for families that
would not achieve the firzt zoal which relates to the co- ¢rdination
of the production schedules of the families in a type, with the pro-
duction schedule of that type. The achievement of this geoal iz nece-
zsary for assuring consiatency between the aggragate plan for a type
znd production schedulsa of families in that type .
The disagreement betwegen the plan of a typre and the schedules
of families in that tvre , happ=ans whenevelr the total amount alleoca-
ted amongest all these families is either below or above the amount
amount to be produced of this type , as was determined by the aggr-
egate planning medel at any time period .

3ince the new approach would implement the output of  the
family disaggregation model only for the first pericd of the
scheduling horizon ,it is necessary to adjust only the decisions of
this pericd 50 as to make the sum of the production gquantities of:
all the families in a typre , to equal the production of thiz  type
in the immediate pericd . The regquired adiustment 15 made acco-
rding to three decisicon rules . This 3et of decizion rules is
consldered as a basic element in the disaggregation process

2- PROBLEM DEFINITION & DATA

The Proposad models will be aprlied on seven test problems adapt-

ed from the rubber types factory reported v Bitran , Haas and Hax
[11 . For the szake of this study , we conaider the product structure
contains five familie. agsregated inte two types . The product
structure characteristicos and other information are given in
figure (1) .
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Pl
<N
P1F1 P1F2

Family setup costs = & 90
Holding cost=%.31/unit a period
Overtime cost =$9.5/hour .
Productivitg Factor = .1 hr/unit
Production lead time = 1 month
Regular workforce costxs and unit
costs .

Total resular work force = 2?%8

Total overtime work force =
Dne Period = & weeks

P2
__‘_,-f""—‘-lh-\_
P2F1 P2F2 P3F3

Family setup costs = E12Q0
Holding cost=%.4/unit a period
Overtime cost = $9.5/hour
Productivity Factor = .2hr/unit
Production lead time = 1 month
production costs are considered
fixed .

hrs / perigd
0 hra/period

Figure(l) : Prcduct Structure and Relevant Information .

Product _type Pl is compesed by two families PI1F1 and_ P1lF2 . The
second product type is partitioned inte three families P2F1,P2F2 and
P2F3 . Table (1) exhibits the demand pattern for both product types.

Product type P1 haz a terminal demand season (
Demand for product type P2 is highly

requirements of snow tyres )

corresponding to the

Fluctuating throughout the vear . Familiesz are a group of itemsz sha-

ring the same moulds in the curing presses and , therefore |,

a common setup cost The items

regular wall tyres of agiven c¢lass

3 = sharing
» for instance , White wall and
Familiesz have the same cost

Same most characteristics and the same productivity rates as theixr

corresponding types .

Table (1) Demand PATTERN: OF PRODUCT TYPES

Time Pericd

Droduct Tywe 1
Pl

=

Pricduct Tyvpe 2

P2
1 12736 5174
2 7812 2855
2 0 4023
& 0 4860
5 Q 71231
6 o AE65
7 1545 17603
d 7895 14276
o 10982 11706
10 15782 15056
11 16870 8232
12 15870 7880
13 3878 10762
TOTAL 39371 120223

Each test problem consisted of af

ch to a full year of simulated p

rlying the goal programming approa-
an operations.First,aggregated plan

for types iz generated using a 6 period planning hirizon .Second,for
each type , the production quantities of a type are allocate@ among
it's families For the next three periods . The allocation of
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production quantities among families is carried out Ly the family
disaggregation model using a 3 period scheduling horizon . The
results of the disaggregation model , only for the first period ,are
implemented after malking the necessary adiustments . Adiustments are
made by means of a set of decizion rules to realize the consistency
betwesn the aggregate production plan and the family disaggregation
procedure in the first period . ©One pericd later , the hierarchiecal
production planning problem is updated as new information becomes
available , and the process i3a repeated . This means that in  one
simglation run , this process is repesated thirteen times . At the
end of each simulation run , the fohlowimg information is cobtained:-

(1) Finalised production schedules for types and families

{2) Deviations of actual attainment from desired attainment for

the hierarchical production planning system's goals I, IT,

and III

Total number of setups for each family in a year .

Cimulative inventories for types { measured as the number of
units times the number of periods a type atays in inventory?.
Total overtime used in a year .

—
L T a1
e

The szeven runs are axecuted to examine throughly the effects of
changing the weights of the deviaticnal wvariables aszociated with
each zcal , the produstion capacity , and the forecast errors . The
data used in the computational experiments for the purpose of making
these zensitivity analysis is given below : -

Capacity { 2 Cases

2000 hours / period regular time
2500 hours / period regular tims .
1600 hours / period regular time

(1} Normal Capacity
(2) Loose Capacity
{3} Tisght Capacity

T

Dvertime is AD% of the regular hours in all three casss=.
Forermast BErrors ( 2 Cases )
Zero forecast error

10%
30%

o ——
L b b=
et et et

Forecast errors are uniformly distributed in intervals_ of the
type [ a , a 1 are introduced in both two levels , type level and
Family level

Weights of Deviaticnal Variables of Aggregated Planning Modsl for

Types ( I Caszes )

} Equal weights for all deviational variables .

} Bigger weights only for positive deviational variables .

) Bigger weights only for positive and negative deviational.
variables associated with product type 2 ( except in the
third , fourth , fifth and sixth times of the application oF
the hierarchical planning process . In each of these times .
the first period Jdemand for type 1 is zero and conseguently
there is no meaning for making a biaszs towards the production
of type 1 ).

P
b ba =
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In all three cases of weights of deviational varialles of agg-
ate planning models , the Family disaggregation model is solved
solved using equal weights on all its deviational variables .

3 - COMPUTATION ANALYSIS

The aggregated planning model for types 1is solved by using a
normal linear probrammlng code . Due to +the small size »of the
family disaggregation subproblem ( 12 zero - one variables for the
model of product type 2 )} the family disaggregation is solved by
considering the set of 3ll possible effective combinations of the
values of the 0 - 1 variables . A special computer code is designed
for two urposes. thz solution method of the family disaggresa-
tion mode and the application of the decision rules.The seven test
problems are solved on personal computer BBC / B ( 22 k bytes ). The
average umning time for each simulation run i3 within 9 hours.
Thes=s 9 hours regresent the time needed for solving the HEP
problem sn a rolling horizon basis , i.e. solving the aggregated
plannlng model for types 12 timez , the family dlaaggreaatlon modal
for type 1 13 times , and the family disazgregation model for
type 2 - 12 times . More than 90% of the running time is consumed
in 1olv1ng the aggregate planning model .

The results of the runs are summarized in table 2 .Table 3 to &
ahow the computer output ©of run number 7 as an example for the
different ruins . For any additional details |, you are adviszed to
s ISMABTIL [10]

In the tables of the finalised production schedule {*) of esach
run, letter 'N' 1is only appeared beside the actual level of & goal
in a period to snow that this goal is not attained in that period.

The dizappearence of letter ' N ' means that the corrvesponding

goal is attzined . The desired and the actual levels of goals I For
type 1 in sach time period are arranged in columns 2 and 1 rezpec-
respectively . 2imilarly , the desired attainment , and the actual
attainment levels of goals I for type 2 are prov1ded in celuns 6
and 7 . The actual attainment of goal II , the inventory levels of
Loth tvpes in last peried are found in the last element of columns
4 and 7 . The deslre ending ilnventory level in last periocd for each
type is zero , except cnly in Run 6 'Tight Capacity ' , in which the
desired levels for types 1 and 2 are 15288 and 18496 respect_vely.
The actual levels of goal TIT , the ending inventory levels for
families P1F1 , P1F2, P2F1 , P2F2 and P2F2 in each time period are
shown in  e¢olumns 10,132,16,19, and 22 respectively . Goal III For
a femily in a peried i3 attained whenever its inventory level in
thiz period is below its overstock level . The overstock level for
aach family in each time period equals tce approximately four per-
iod '3 demand <f this family

(*) Each run in a finalised production_ schedule represents the Ffirst
period’s decizion in each repitition time fer the hierarchical pinning
process in each simulation run
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& - BSENSITIVITY COST ANALYSIS

{A) Bensitivity to Relative Importance of Aggregate Planning Goals

Runs 1,2 and 3 show the effect of changing the welght of the
deviational variables of the agsregate planning model , for solving
the problem with normal capacity and zero forscast rrors . In all
three cases the family dlsacgregatlon model for each product type is
solved using equal weights on all deviational wvariables . The
developed alternative pilans are plan 1,plan 2 and plan 2

Total overtime used Ly all three plans is the same , and repre-
sants the minimum hours needed over the total regular production
hours for satisfving all demands in all  periods . Although the =um
of the deviations of actual levels from desired levels of all goals
in all pericds ,is the same in 2ll the three plans as shown in Table
(2) . it can be noticed that the cumulative inventory levels are not
the same in the three plans . Moreover , a minor change in the total
number of setupa is noticed in_ Plan 2 . Carrying inventory For
product type P2 in most periods |, in esach plan iz imperative ,
because demand of this product type is hlbhlv fluctvatTDW throushout
the vear . A cost analysis is presented in Zection D to show the
difference between the three plans from the total cperational costs
point of view .

{B) Sensitivity fto Ferecwst Errors

Runs 1 , & and § shows the impact of forecast exrrora in produ-
ction plamning decizions . 1 unit of demand of type 2 ia only unfi-

lled@ 1in case of 10 % foracast errors (Run & ) . 664 unit of demand
af type 2 iz wnfillled in case of 30 % forecast error (Run S) .
These unhfilled units represent a 99.47 % s3ervice level . These

resnlts  show  that the GF approach performs well under forecast
errors of up to 20 %

(C Sensitivigcy te Capacity Availability

Runs ¢ and 7 evaluate the performance of the 6P  approach under
Aifferent capacity conditions. Run 6 usesz only 1600 hours of regular
capacity per pericd . Run 7 expands the regular capacity to 2500
hours, Run 6 is exeuuted using an aspiration level for the inventory
in the last pericd , equal to approximately two period's demand for
each type , to forue the aggregate planning model to wuse the
available overtime hours in ail periecds |, for the purpese of providi-
ng = reasonable serv.ce level undexr t;ght capacity . Run 7 is carr-
jed out considering some changes in the weights of the deviational
deviational variablez of the aggregate planning model especially in
the times & through te 13 of the application of the hierarchical
process . This is done to minimise the growth of inventories in suc-
ceding periods . Results of Run 6 and Run 7 show that the purposed
approach is senaitive to capacity changea. Under tight capacity ,
there is a significant increase in both total overtime used , and
the amount of unfilled Aemand , the opposite is true under locse
capacity . These reults support the use of the GP apporach in
evaluating proposals for production capacity .
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Table [2) & Suxmary of Cosputalional Resulls With Propassd 5F Approach To WOP

Pun 1 Sun 2 Run 3 Fun A Rin 9 fun & Run 7
Harusl Nergs! Karmal Norzal Horaal Tight Lease Lapacity
Capacily Capacity Cemacity Cazacity Capacily Eaparity Ny lorerast
o fgrecast M ferecast kn forecast 9% farecasl MY lorecast Mo lerecast errgr
Er-ar grror Brear error arear errar
Plan 1 Flan 2 ®lan 3
(3] Totai devislions 3l
acturl levels Iron
desired Irveis af
sii guals in 3l
aeriods ) 3sl18 I311B e 14403 1287 124377 40118
12} Tatal number cf
setups of all
families in ail
perigds 51 $1 5 52 3 i 50
(11 Taotal cusylative
inventories al bolh .
types £1 and 2 19740 85713 136379 7140} | 8B5S 213481 183047
{2] Tolal overtiae
hours used in all
periods TeL.? 1981.7 7981.7 1921.3 979% 174724.4 1481.7
{3) Tatal unlilied
deaancs of doth :
tyoes FI and FZ
in 211 perinds 1 LI 3757
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Case ¢ Loose Capacity

Capacity: 2300 hrs/period reqular bime, 1330 hrs/periad overtise Forecasl Errors: lerp

Goals : [
11
i

Production level for each lype PL |, P2 in each period
Inventory tevels for types FI,P2¢ in Jast period: 0,0
Orerstack Yevels tor lamilies PIF1 PIF2,F2FL,F2F2,P2F3: Average of four pericd’s desand for each lamily .

» carrespanding deaands for pach type

Aqgyragale Praduclion Plan for Types

Detailed Production Plan Resulling form Disaggregation of Types PL,P7 into Fasilies

Fi,p2 Fauilies Belonging to Type PI silies Belanging lo Type Fl
Type | Type 2 [ 3137 PiF? P2FL PiF2 FIF3

fian. Inv, Dea, Pra. Inv, Do, Frod. lav. Dea, Pro. {nv. Dea, Pro. Iy, fea. Prod. lnv, Don, fro.
1783, 1R Q s 5174 © 8238 127 ¢ 1390 1500 0 2555 2595 0 2043 Uiy & 1476 1475
1arl 7613 0 2853 LA EAN 713 1711 [HTY 0 11e2 a2 8 1187 9 {724 S84 2300 1514 02 02
0 ] ] 4023 12500 N 14219 0 ] ] [\ [} ) 1459 07 1731 I3 §733 47355 5% 1588

] 0 0 4360 12300 N 21015 0 ¢ o 1 P [ 1945 LA 11718 1843 1173 t08Y 1049 2194

0 )] 0 TISL 12%Co N 27714 9 9 ] L} 0 b 2003 sHA 19257 2666 4338 9713 1849 0

] ] ¢ 605 12300 R 30039 0 ] 0 [ ] [ 034 1900 13103 w7 461 12817 21 U
1547 [&11] & 12603 12600 % J0039 7 927 0 [k 418 0 7108 R0&1 13055 4358 2300 96! 1y 42
7895 7095 0 4% BSSIH NI AL w0 O VLT B L1 0 W9 712 (09 Afi8 6T0 L0271 3343 0
10732 10902 i 11708 7007 N 1948 84790 4570 1 a2 1312 b 4984 9230 19429 0l 1779 BaO? 2579 ?
157182 13782 1 15038 1609 K 9151 3B 9898 0 SAER ogBe 4 BISY [ 5270 i ] 073 3523 1409
14879 16879 4 8232 4055 N 024§ 10091 10001 ] 4819 bALY b} I k) ] HH:] 2073 32Lé 1216 1935 BT
13870 15870 ] TR 133 N 1709 9594 9598 ] a2 8272 0 My 13121 [1] J00% [ w07 1742 L
9E7E 7978 [ 10742 053 X 0 %71 113 0 3903 3903 0 443 1448 0 3864 1% 0 2130 748

N : Saal nol achieved .

Table (3] A-Finalised Praduction Schedule For Types find Faailies.
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Table {#4) B- Deviations af Ariua) Altainsents From Desired Sttaineenls For Gpals [,1) and 11

! - Suw of deviations of sctual preduction levels far the two types PL,P2 40018
trop desired levels {i.e. the corresponding desands ) in all periads,
Il - Sun of devlations of actual invenlory levels lor the two types P1,P2 b]
from desired levels .
HI - Sua af deviations of actual invenlery levels for al] families 0
frae desired gverstack levels In all periods.
Tatal deviations of 1, 11 and {11 T

Table [%) c~ Nuaber af Setups af Families in ALl Pericds

Nuaber of selups of famjlias Nuater ol setups of families Tolal
belonqing to type PY beleaging to type P2
PIF] ? PIF1 11
FiF2 9 P2F2 1}
F2F3 10
Total 18 129 30

t There iz a saving of 7 selups in manufacturing fawilies balonging ta product
type 2 during all pe-iods,becsuse ccheduling each pertecds need 39 setv ..

Table {4} D- Cusulalive lnventories
And Total Dvertise

Cupulative inventory a

of type FI1

Cunulative inventory 159047

of type P2~ uilits

Total Dvertine L14E1.7
hours
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{D) Cost Analysis

Rlthough the minimization of the total sperational costs is not
explicitly considered as a goal within the set of goals nf the
proposed approach , this approach can  generate several alternative
selutions with different levels of inventory holding costs , and
overtime costs , and different number of setups

Total opsrational costs can be cgonsidered a5 one of the
significant indicators for measuring the effsctiveness of the
alternative plans . Table (7) presents a compariscon of the total
operational costs resulting from the three alternative plans{plan 1,
plan 2 and plan 3). The comparison i3 made assuming different values
of the satup costs .

Table (7) COMPARISON OF TOTAL COSTS OF ALTERNATIVE PLANS

Case of set up costs Cost Pilan 1 Plan 2 Plan3
of each family

alLow Zetup Costs:

F1F1,P1F2: 90,90 Total cests & 122000 116963 120381
P2F1,P2F2,P2F3: setup/total L. 3% i, 49% 3.97%
110,110,110 cost
L) Medium Set Costs:
P1F1,P1FZ:300,%90 Total costs & 128960 126023 137531
P2F1, P°:2,PLF3: setup/total 9,.47% 9.92% 2.96%
100 100,400 cost
¢) High Setup Costs:
P1F1,P1F2: 5000,:50 Total costs 181600 176963 1864611
51) P2F1,P2F2,P2F3: setup/total 15.66% I BT%R 32.83%
400,4%00,1000 cost
52) High Setup Costs:
P1F1,P1FZ2:200,200 Total costs ¥ 229550 221713 £14112
P2F1,P2F2,P2F2: setup/total 49.13% 51.78% 50.23%
300,804, 82000 cost
53) High Setup Coata:
PI1F1,P1F2:8500,8500 Total costs $ 306050 301013 298611
PZF1,P2F2,P2F3: setup/total 51.85% 52.89% 58.07%

1100,1100,1100 cost

In viewing the thres plans with respect to the total costs of
each,we observe that plan 2 is more efficient than the other two pl-
ans in case of medium and low setup cozts. However, in cases of high
setup rcosts we Find that plan 2 is more efficient in case {31).
Plan 1 is more efficient in case (82) and Plan 3 is more efficient
in case (53).

The £inal management choice between these quite different can
be made by its assesaments of solution results from both the attain-
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ment level of quantitative geals and upen other significant guanti-
iative indiecators not found with the two decision meodels of the ays-
tem,such as total operational c¢osts .Thus, this approach allows man-
gement a significant degree of flexibility to judge which plans of
operation they will choose to implement from a group of logically
and rationally chosen alternative plans .

5 - SUMMARY

The GP afproach is efficient for generating quite different
alternative plans from which the final management cholice can be made
on the basis of evaluating the results of each plan , from both the
attainment levels of guantitative goals and opn other quantitative
criteria not found in the hierarchical deciaion model , such as the
total production costs of esach plan .

30£he GP approach performs well under forecast errors of up
to % .

The approach is sensititive to production capacity changes ;
therefore , it can be wused in evaluating dJdifferent proposals for
production capacity
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