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ABSTRACT

This thesis deals with a multiproduct, multifacility,
multiperiod end deterministie prbduétion planning problem.The
'designéd linear programming model is applied to TERKERSAN JANT
SANAYII A.S.,'Which produces different types of wheels on.
different production facilities. The objective is minimization
of the total cost consisting of production, stock holding,
surplus and idle time costs while compiying with the constraints
denoting satisfaction of the demand, full utilization of the
production facilities, and satisfaction of production-stock
‘balances st the assembly centers. The required inputs. to the:
model are the demend levels and characteristics of :the items
to be manﬁféCtured, the cost coefficients of the objective
function, and the capacities and available working times of the
production facilities. Allocation of different produéts to the
production facilities for each time interval in the planning
horizon, utilizations of the production centers, starting and
ending’inventories and the production levels of the products
for sll time intervals are the main oUtputs‘obtained by this
model. The different cases the model can handle may  be"
summarized as: (a) cases where there exist starting inventories
for any‘One‘of the products; (b) cases where there exist demands
with production priority; and (c) cases where there occur any
type of decisional or structual change after a fixed point of
time within the planning horizon. Finally,‘in;this model there
'are,no restrictions on the number of products, production
facilities or on the length of the planning horizon,
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Bu tezde, ¢ok {lirtinlii, g¢ok tezgahli, ¢ok ddnemli ve
gerekirci bir lretim planlama problémi incelenmigtir,
Geligtirilen dogrusal programlema modeli, dezlgik tipte
Jantlari degisik tezgshlar ﬁzerinde’ﬁreten TEKERSAN JANT
SANAYII A, S.'ne uygulanmigtir. Amag, istemin biitliniiyle
kargilanmasa, tezgahlarln en iyi sekilde kullanllma31 ve
montaJ hatlarinda liretim-stok dengesinin kurulmasi kisitleri J
saglanirken; lretim, envanter, atil kapasite ve artik mallyet-
lerinin enkiigliklemmesidir, Model ig¢in gerekli olan girdiler,
firlinlerin istem diizeyleri ve ozellikleri, amag igslevi maliyet
katsayilari ile tezgahlarin kapasite ve olasi g¢alisma siirele-
+idir. Modelden elde edilen giktilar; degigik dGriinlerin her
zaman araliginda tezgahlara gore degilimi, tezgahlarin
kapasite kullanim oranlari ve iriinlerin her dénem igin
baslangig¢, bitig envanterleri ve firetim diizeyleridir.Bu model
taraflndan ¢oziimlenebilecek degisik durumlar su gekilde
6zet1enebilir;,(a) herhangi bir Urinin baglanglg envanterinin
verildigi durum; (b) tiretim dncelizi tagiyan istemin verildigi
durum; ve (c¢)’ planlama siiresi i¢ginde yapisal veya kararsal bir
degigikligin gergeklegtigi sabit bir andan sonraki durum.
Modelin diger bir Ozelligi ise tezgah ve Uriinlerin sayisinda
ve planlamé stiresinin uzunlugunda hi¢ bir kisit olmamesidir.
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1. INTRODUCTION

1.1. Concept of Production Planning :

,AProductioh.planning is the activity of establishing
pfoduction goalsiover some future time:period,with the objective
of planning the optimal use of resources to meet production
requirements.or taking advantage of,potential sales Opportunities'

As 1nput, productlon plannlng uses the following kinds of
1nformation o ’
-Current 1nventory levels
-Current backlog p031tlons
—Fbrecasts‘ef future demand
—Cufrent‘work;in—pfocessvh'
—Cdfrent worklferee/levels
-Capacity ofveach product{en center
-Materlal avallablllty
-Productlon standards/ ' H. ’ .
—Cost standards and selllng prlces- |
_Management pollcies

This 1nformat10n is gathered and analyzed periodlcally té
develop productlon plans. The output from this activity may ‘take
a varlety of forms, Spec1fy1ng the follow1ng types of informatloﬁ

for each period of” ‘the plannlng horlzon :
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-Quantities of each product to be produced
~Quentities of a<given.produci to be produced by each of several

alternative processes | |
-Quantities of each product to be produced by & given process
~Target inventory levels by products ' .
4W0rk fprce levels |
-Overtime,additional shifts,unused capacity,etc.
';Quantities'of material snd semifinished products to be transpo;te

between stages in a multisiage prodUctibn*system_
-Subcontracted plans ‘
-Purchased material requirements

The deeisions made invproduction plenning affect several
classes of costs and revenues:
~Production costs (fixed end variable)
-Production rate chenge costs
-Capacity change éosts
~-Inventory holding costs
-Customer service and shortage losses
AProcﬁremeht costs | |
Préductionfplanning decisions affect inventory levels.Plans

may all be~building up inventories in slack periods for use in
later peak'peridds.They may create large in-process inventories
because of scheduled batch sequence changes between operétions.
They may specify different production ratesvfor successive

operations,resulting in an inventory between them,The problem to
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be solved by the production plan is one of treding of the cost
of inventories against the value of inventories;

Failure to meet custdmer demand on time may result in
-tangible loss of profit or expediting costs and intangible ioss
- of goodwill.Also,the inability of salesmen to meke competitive
delivery pPOmiées may result in no order at all.There.are two
~ways that production planning and;controlléctioné‘result in these
- losses,.The fifst,iévthe failure-éb coordinate productionrwith'~

- demand,which results in shortages and late deliveries.The second
~is the generation of excessive idle time,which_results in. the
actual output being less: than,the rated output.If the lost
production .could be sold,the company would«have-a shortage losé/
because of poor efficiency. ‘ -

Production planning also. determines the ability to-

égonomically acquire materials used in production:and it affects
how much finished or Semifinished'groduct must be procured from
outside sources.

Finally,in the longer run,production planning decisions willj
~interact with plans to change capacity by the acquisition or
‘disposal of plant and equipment,If these alternatives sre
avéilable,the appropriate economic factors must be identified
and estimated. ~ Lol e - - -

1.2, Need of & Company for a Production Planning System:

The management functions to be performed by the production
system of a typical manufacturing company.may be summarized as:

A



-Sales forecasting
-production planning
-Materials ordering
~-Production scheduling

-Distribution planning

Theyaales forecasting function must produce both long and
'short term prOJectlons of sales for each item so0ld.The forecasts
become 1nformat10n 1nput to the production plannlng and dlstrlbutlc
plannlng management functions.The impact of these forecast
errors are 1mmed1ately felt in terms of unplanned excesses of
1nventory or unplanned shortages and possibly lost of sales.

The productlon plannlng function must provide- the
antlclpated dates and run quantltles for each item at the
factory over the planning horlzon, The horlzon 1tself must be
long.enough to permit’eafly‘ofder ofvraw—materials and snpplies,
unless the lead time for ordering raw-materials is so long that
thelcompany keeps‘large infentories of these materials at all
times., The produetion plan also calculates target levels for
system wide’inventories;-Asjpaft of_regular planning process,
the management of this function may determine the need to expand
capa01ty or 1mprove fa0111ty capablllty. Inputs to the planning
pfocess include forecasts sales capa01ty availabilities,rawmateris

.avallablllty,productlon efflclenc1es and equlpment requirements,



_ The plans become input information to the production-scheduling,
‘materials-ordering and disiribution planning management functions
Errors in production planning arise because of poor forecasting,
ioo Iittle'orktoo‘much prcduction scheduled relative.tolactualv
customer’demand, sufficient_capacity at the plant is not
'avéilahle tc produce all ﬁhe.targeted amounts because of poor
/jpianning efficiency and equiument‘utilization factors,down-time
of equipment at the plahi is higher than anticipated owing to
equipment break-downs or labour shortages,, and rawfmaterialsi
supplies are’insufficientitc produce the items hecause,of
suppliers' inahilities ‘to ship on time or due to erroneous
procurement de0131ons. | | v
The materlals-orderlng function,must purchase supplies,
that 13; determlne when and how much to purchase, monitortthe
stetus of purchase orders,outstandiﬁg and control the inventory
levels of raw-materials‘held by the company. Inputs to this
‘function are the production pIan;a hillvcf materials fcr‘each
item,curren£ raw-materials ihvetory]levels,current production - .
schedules,minimum order sizes and shipping options;n
The production-scheduling function must develop daily

'schedules at the factory.The information inputs are the producti
.plan, the availibility of raw-materials,the amount and location
of work-inpprccess within the factory,the available work-force
and the status of machlnery. thlflcatlon of the availibility of
finished product each day must be sent to production plenning

function.Notification of withdrawals of raw-materials must be se
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to the matefials-ordering function.

The distribution-planning function must monitor inventories
ﬁhroughout the'system so that at each location adequate stocks.
are held in anticipation of forecasted demend.The iﬁput data for
the function.in question are the ﬁroduction plah,the produotion

schedule up-to-date inventofy-stock status and forecasted demand.
.The 1nformat10n.must be available by 1tem and for each stocking
p01nt. : ' | /

| In a company where the productlon system which unavoidably
1nc1udes the 1nventory system in its boundsries. operates ‘badly,
as ev1denced by hlgh inventorles of some 1tems too frequent
-~stockouts of other items,a 1arge number of revisions in
scheduled production quantities, frequent shortages in' raw-materit
'and supplles ‘and high transportatlon and warehou81ng costs due
‘to poor forward planning although the capacity is hlghly exceedin

{the demand,a production planning system is definitely needed.



2. GENERAL INFORMATION ABOUT THE SELECTED COMPANY

2.1. Introduction : E

| The company studled in thls the31s is Tekersan Jant Sanaylj

,A 5.,whlch produces dlfferent types of wheels each haV1ng dlffer

number of parts There also ex1st many dlfferent productlon

centers The productlon capac1ty presently EXCGEGS the actual C |

demand,pOSS1bly meanlng satlsfactlon of demand whlch is the most

1mportant management pollcy, w111 be fulfllled any way, but thls
, may not be true always. L .

" The company's ba31c pollcy 1s maximlzlng the sales, ' E
optlmlzlng the raw-materlals 1nventory and work—force levels,
mlnlmlzlng the work-ln—process stock 1evels and 1ncrea31ng then
capac1ty utllizatlon Therefore a productlon plannlng system 1n’A
all its detailes is desired to be de31gned providlng reliable
information flow between the management functlons mentioned 1n'
Chapter‘l\The aim of'this prodnctionlsystem.is tolanswerhthe
'fomlow1ng questions con81der1ng all the economical and technolog
constralnts and maximizing the total revenue at any glven tlme-
—Current situation
~yhen to:produee which product at which amount

-How long to continue produéing‘that product'On’the line,
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2.2, Compeny®s History:

'The compsny is one of the‘biggéSt amohg'its few gompetiioj
in the specific field of products,nsmely wheels.The feasibility
stﬁdies,iayqut plenning and all other technical and economical
analyses where completed in 1978,s0 1978 become the year of
establiShment of"the'bompany.The menagement is in Istanbul,Tur]
The plant is placed on the: Istanbul-Esklsehlr hlghway,at the
230th km from Istenbul and 20 km from Bilecik.The plant is als<
near to ‘the railwey f301lit1es.The'plant‘Was built on a 1and o:
iOO,OOO’m2 with a covered area 6f'10;506%mz;Constfuction works
UWére‘édmpieted‘inllate'1979,Iﬁpo£téd‘ﬁaéhihef§‘ahd equipment
started to arrive during 1979ff0110wed immediately by local
aSsembly.in.early“1980,thé production in\ihe factofy hed partl;
begun wifh apprdxim8t§1y 20%'cépééity utilization.After a tria
ﬁeriod it'is'pianned that the factory s£arts normel production
with almost 50%‘ahd in four yéarsﬁcapacity uti1ization’mgy'
increése up to'ido% méinly depending on the autombtive sector
in Turkey,generslly. |

| The company was established originally to produce commerc
and agfiéultural wheels ,However,the high capacity and modern
machlnes and dle-maklng cepabilities enables it to produce

all klnds of other wheels 1nc1udlng automobile wheels.370,000

industrial wheels are to be produced in one shift.Incressing

number of shifts as well as a shift to lighter wheels such as



automobile wheel,will increase production cepacity.

| The today's conditions of Turkey's automotive sector are |

'?absolutely'valid for this-company.The pruduction‘of fewAdiffereg
products and the low level of cepacity utilizastion are the |

reflection of the bottlenecks;in this sector of Turkey. : |

2.3+, Products:
' The company is manufacturing wheels.The product can mainly

be classified in two groups:wheels for trucks and wheels for |

?tracktors.Eachvgroupkcen further_be“deﬁided inte subgroups as 3
zfront wheels and back wheels.Since the sizes and thé combiuatiof
fof the perts comprising the wheel?g‘body‘différ from one type.
:to another,the company,in fact has ten different kinds of
products.one subproduct of the wheel,the disc,is elso ‘sold -
separately.So in totel,eleven dlfferent products are produced 1
by this company.
Detailed information sbout the products of the compeny
is given in Table 1.

2.4. Raw-materials:

The mein rew-materisls for producing the different types
of wheels aré,as follows:
=Steel profile:The main rew-material for manufacturing the
truck's wheels are specially prepared and they are
imported from Germauy,ltély or Spein, |

—Coil:These,which is mainly used for manufacturing tracktors?®
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CODE NAME  EXPLANATION
1) 6.5x20 "Otossn Fiat | Front wheel for truck
2) 6.5%x20 | Otosen Ford | Back wheel for truck
- 3) T%20 BMC | Back wheel. for truck
‘:4) W10x24 BMC Back wheel for tractépe
5) ﬁ13x28 Fiat 480 Back wheel for tractér-
6) 4x16 | BMC Front Wheei for tractor
7) 3.62x19 ’Fiatl48bv Front wheel for tractor |
’8) 11&28 Burtrak ' Front wheel for tractorv
9) 4x16 'Burtrak Back wheel for trector -
10) Jj5x5x14 | Front wheel for tractor -
11) 13x28 Disc

'TABLE 1, Present list of prdducﬁs'of‘Tekersan

wheels are obtalned from Eregll Demlr Qellk Fabrikasi.
-Metal sheet: They are malnly used for producing discs,and are
avallable from the local markets.The most important
types used by the'cdmpany are 9 mm,6,5Amm,and 11 mm -
thick metal sheets.
-Wire electrods-They‘are used While assembling the rims and discs
. -Secondary productlon materials: The most importsnt one emong
these 1s palnt Prlmer and flnlshlng palnt are the two
types usedfThey are obtained malnly from Istanbul,Ankaz

or izmir.Chemical materisls,nuts end bolts are'other
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items used during production.

2. 5. Productlon Centers: o ':““ . | o

The production centers in the factory ere mainly the : ; !
productlon lines end assembly centers.Parts are produced on |
31x productlon lines and assembled in three main and one
sgb81dlery assembly centers. :'  o : .

| The production lines are fully eﬁtometic.The number and
eize of each‘machine’making Qp'eeline ereedeéermined'so that
tﬁe‘optimum working cycle fof the'whqleﬂline*is obtained and
ekcess work-ingprocess:sfocke in the line are avoided.

’ Somebinformation about the prdduction lineseénd‘assembly
'centers*ere given in Table 2.

‘Metal sheet cutting line pfecedes the tracktdf’diéc and
bracket 11nes.The 11nes except the metel sheet cuttlng 11ne are
worklng in a parallel manner.All the productlon lines are precedln
the'assegbly ‘centers.Stock places for the work-in-process elements
are available in front of the;assembiy centers.Ihere‘are also |
shbsidiary prodﬁction facilities'sﬁch as painting shop,quélity
eontrol department and werehouses for raw-materials and final

products. -

2.6, Production Characteristics:

2.6.1. Production characteristics of truck's wheels:

‘Production of a truck's wheel starts by manufacturihg rim,
disc;side'and'lockring separetely,To manufacture the rim;first

J
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NAME | =ExprANaTION

~

1) ‘Production lines -

~Metal sheet cutting line | Metal sheets 2re cut to size.

~Side and lockring line Side and lockrings for truckts
- , - ‘ wheels are manufactured.
-Truck line_ les for truck's. wheele are
' s | manufectured.
~-Disc line . | Discs for truck®s and trasctor’s

wheels are manufactured.

~Tractor 1ine | Rims for tractorﬁs wheels are .
o o o ‘manufactured. :

~Bracket line .| Brackets for tractorts back
_ - wheels are masnufactured.

2) Assembly Centers -

4First assembly‘center | Rim and dlSC of a truck are
' : ~ : assembled.
_-Second assembly center | Side and lockring are assembled
to rim or to rim+disc of a truck
~Third aesembly center ' le_and disc of a tractor are-
‘ - S : assembled.: ‘
- <Fourth assembly center Bracket and rim of a tractor are

(Subsidiary center) assembled.

TABLE 2. BExisting Production Centers of Tekersen

drawn,steel proflles are cut.Then these profiles are bended
in a 01rcular bending machlne.The rounded rlm“s ends are faced
;to each other by a spe01al press and the ends ere welded by a

spec1al weldlng mechlne.After the weldlng operatlon surplusses
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Kof welds ere cleaned end therwelded-places are cleared.In order

to brlng the r1m to the des1red flnek spe01flcet10n it goes to
Squeezing and expandlng machlnes.Holes for tlre velves are

drllled on the rlm If the wheel is gOLng to have a disc,it is

sent to the assembly center.Dlsc is manufectured from metal sheets.
Dependlng on the metel sheet®s thickness and the ‘size of the disc
different presses are avallable.Dlscs are flrst cut to the necessary
outer diameter.All holes are drllled The form to the disc is
glven by one or two operetlons at the mold After the final
celibretions have been completed the dlSC 1s sent to the assembly
center At the essemblv center dlSC is put 1nto the rim and then
they are welded at the contour or at the places where the form'
allows.After drilling the holes the rim with the dlsc is 1nspected
many tlmes.Slde end lockrlngs are menufactured seperately and
thelr productlon is similar to thet of the rim.Since the ends B
of the lockring are left open,no;weldlng takes place.Side and
logkring are then added‘to the ?imland the production of the

“truck's wheel is finished after the final quality control.

2 2.6.2., Production cheracteristiés of trector's wheel:

The necessery rew-meterlals for tractor wheel productlon
are c01l end sheet/metel After the c01l and sheet metal are cut:
to the requlred lengths they are bent in & circulsar bending
machlne Their ends are welded in & special welding machine.,After
the cleanlng operatlons a form is glven to the sheet metel on a
proflllng ‘machine ,The final callbratlons on the size of the rim

are done,Before the rim is sent to the assembly center,holes are
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PRODUCTION CENTER

INPUT | OUTPUT NEXT CENTER
Metal sheet cutting | -Metal  |Sheet Bradket;disc and
line sheet : tractor lines
Side and lockring Profile Side and Painting shop 'and
line lockring |2.assembly center
Truck line Profile | Truckt®s Painting shop and
St brdm l.assembly center
Disc line Sheet Truckfs,’ Painting shop and.
' ) Tractorts | l.assembly center
ol v |dise , » .
Tractor line ~Sheet Tractorts [Painting shop end
_ ‘ Jlrim . |3, and 4,
assembly centers
Bracket line Sheet Bracket | 4.assembly center
l.assembly center Truck®s Truck?®s 2.assembly center
rim and rim + ¢
disc. - -jdisc .
2 .assembly center Side and |Truck's Warehouse of truck?®s
lockring |rim + wheel
- truck's side and
rimtdisc | lockring
truck®s truck'ts
rim. rim+disc
+side and
lockring
' % »2ssembly center Tractor% Tractorés Werehouse of
' rim + rimtdisc+ | tractorts wheel
bracket, | bracket, '
rim,disc | rim+disc
4 .,assembly center Tractors | Tractor's 3 .a8sembly center
| rim, rim +
‘bracket bracket

TABLE %, Flow relations of the production centers

drilléd~in,All<tractor°s.wheels.contain a.disc.The discs are

manufactured similar to truck®s discs.At the assembly center,
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"the disc of tractor's front wheel is welded to the rim; whereas
the dlSC.Of tractar's back wheel is screwed to the rim by the
help of brackets. Tractor»wheels do not contaln side- and lock- .
.%rlngs. The ‘wheel is painted and sent to; flnal quality control

fcenter.

2.7. Input and Output Relations of the Production Centers:

Aithoughnit can be said that most. ofvthe lines are working
- 1n a parallel manner, there is a strick flow of materlals

between the 11nes, assembly centers, stocklng places and '\
‘warehouses.:’ ’ % ' ;A; 'é . B

“Flow of materlals between the productlon centers are given
'1n Table 3. The layout of the plant and flow relatlons of the

production centers are shown in Flgure I

7
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3. LITERATURE SURVEY

3.1; Introduction :

In the Iitepature,’there.exist.mgny models related to
production planning prqblgms. Mpst‘of;them arevgeheratéd
for specifiq types Qﬁ.maanactgring\systems. As a econcequence
of the different requirements set by thg'managements of‘these
differenx manufacturingtsystems the’emphasis.is‘set_op 033‘ 
of the management functions, which must be_performed‘all
together to bui1d up the production p1anning,éysteg, or oﬁ
a very specific and detailed problem of the firm. Thus it is
neéplyvimpossible taffihd a médgl<pyesented;ig.thg'1itereture
which can directly applicable_to'the:problemiin question.
Some of the exiéting modelé can be used to solve subproblems
of the wheel company and then they will be incorporated to
a master:model,to givé a final solution. Others can be used
after some extentions and changes are done. A study of
these models in the conclusion that;a new model has to be
developed for the case in hand. |

In this chapter, some of the models will bé presented
by specifying a general view of their features and their
applicability to hhe\Specific problem.of‘the wheel

company .
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. %.2. Models for Production,Planning.Problems :

' '3,2.1. parametric Production Planning (1,4¥%:

" The main objective of this modeél is to optimize the

work-force level and the production rate of the plant. The

procedure involves structuring a logical ‘set of decisiom -
rules, which take the current status information and a

forecast of requirements over the lead time and Gompute -

changes to be made. These rules are a function of few para-

7

meters, whose optimal values are determined through a search

procedure involving Simuiafibn égaiﬁst“histdriéalfdeﬁand*énd‘

ﬁse’ofbthe'actualfc63tf3tru¢tufé:df“thé organization, The

resulting rulesvare:uséd'QQCh period on a mofihg horizon

basis to‘plan.prdduétioh and work-force for the next period.
The required set of inputs contains the following

elements : \ R | | |

-Current inventory level

-Current werk-force Ie?él‘

~Current production rate

—Demand during the previous periods and the current démand leve

~Required man-hour of labour to produce one unit of product
-Number of units to be producable at a specific work-force

AV

leveI

- xX) Numbers in paranthesis refer to Reference List.
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-Production cost per unit
-work-force and work-force ehange,costs
-Inventory helding costs per unit per pefiqd

The work-force level of a period is defined as a‘iinear
function of the actual work-force level of the laeteperiod
and the ideal work-force-levei.of that period,-which.in
terms'ie-a'lineer function of the expected demand and the
difference of ideal and actual.lnyentory 1evels. The production
level is expressed as a function of the ideal production
rate and work-force Ievel in that period The ideal production
level is similarly defined as the ideal work—force level to
be a function of the expected demand and the difference of
the ideal and actual inventory 1evels.
- The derivation of the relatﬁons for the work-force
"level and the production Ievel requwres the use of, some para-
meters., A. search method,where the reSponse for any set of ,'
parameters values determined by computing the costs of
production,work-force,work-forece changes and inventories,is
used to select the best. values of these parameters.

The main outputs obtained by this model can be
summar*zed as follows : 7
-The'production41eve1s;concequent1y the quantities of the

products to be produced in each period
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-The work-force levels. o e -

The model u81ng the information of the plant at the
present time glives information.about the work—force levels
'and changes in.productionerate and in work-force levels
during the planning horizon, Although this 1nformation is
required by the management of the wheel company, they are
not the most 1mportant and the single questions to be

answered Hence, thls model can only be used partly to

organize the work-force‘level in the plant.},

3:242. Multiproduct, Multiperiod;'ReSOurce\Constrained

Problem with Process .Selection Decisions

Considering Work-Fbrce.Level;CZX :

This is a linear’progfanming’nOdelfoonsideriné onodde-
tion and work-force levels of é'multinfodnotfand{nultipefiod
>CQSe. ThevobjectiVelis minimization of total cost subjeet to
linear'constraints denoting the satisfaction.of demand, .
balanCing the work;force_levels,;minimization:of“inventory
level and mininizationvoflGOSts due to lost sales.

The required inputs to be specified. for the LP problem
are.as follows : |
—Number of man hours required to produce a unit
- =Cost of man_honr labour on regular- time and an overtime

iin;each.time period
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—Unit variable cost, exclusive of labour of each product
by each process 1neeach period B : L K
;Cost to increase or'decrease the werk;force 1evei by one
man hour in each period. N | |
| The results ‘obtained by this model are summarized as
follows : | -
A;bptimum work-force level in each period
:Increase'or‘deéreeSe in.work;fdrCe'ieVei between two periods
-0Overtime er;undertimeISCheduIéd}in each period
;QuantitY”of?eaeh preduct produced by each process in each
time 1nterva1‘ f,e. an,optimum,production schedule.
o By analy21ng the outputs, it could be concluded that
‘thls model is applicable, but the technology used and the
kcomplex,structur of the wheel company makes the use of thls
bmodel as it is,_;mpossible. So w1thoutlany extentions this

model is not appllcable directly.

 3.2.2. A Goal Programming Approach to Aggregate

Planning of Production and Workaofce,(3) :

- This model presents a goal programming approach to the
problem of seheduling aggfegate production. It enswers thee
,followihg'questions; given forecasted demands what should
perlod productlcn rates be in order to minimize the sum

of payroll, hiring and layoff, over and idle time, inventory
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and stockout and production rate change costs over a
specified\length of the planning horizon? The main inputs

to be specified to obtain these results are the demand
level of each period and the number  of man hour labour
required to produce one unit. The temms in the objective
function are all quadratic and,the,modelspresented,is a
linearization;method based\on.goal‘programming,approach andﬂ
the problem then becomes a- linear model toﬂbevsolved;»

The terms of the abjective function, each denotlng one
type of cost,- are nonllnear; A1l these terms are expressed
as\differences. The goal programming approach described-
in this model is based on the idea that‘each,of the queaedratic
cost‘term:hecomes zZero whenzthe'expressions denoting the
differences, are zero. Therefore the minimization of each
quadratic cost temr can be thought of as a constraint and
formulated as'a constralnt | | ,: =

llnear»approx1mation.is done on the orlginal obJectlve

function. The coeffic1ents of the slack varibles, whlch are

added to the constraints, in the obJectlve function must be_l_

selected in such a way to give adequate cost approx1mation
to the orlginal quadratic terms they represent. This can
be done by fitting linear segments to each of the quadratic;

functions 1nvolved The desired cost coefficients of these

varlables are glven by the slopes of the 1inear segments.
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Although,theoretioally models could be formulated with any
number of such linear segments ‘the sigevof the LP model
increases'greatly with the number of such segments;’The'
original constraint, defining the ending inventory level at
the end of any period be the starting stock plus the
production minus démand in that time‘:pe'riod must also be
‘included'in the constraint set. By assignig positive coeffi-
cients to the slack variables in the objective function, the
effect is to penalize deviations from the desired goals.
Goal pfogramming approaoh‘is'only'applicable'to the

theoretical level of modelling.. For relativelyilow'degfee of
nonlinearity'iniobjeetive'funotiOn,“this7model provides an
efficient and'effective solution while for higher nonlineari

-

it will be inappropriate)

3 2.4, Economic Lot Size Determinatwon in Multistage

Assembly Systems (5) :

This model is developed to con31der Optimal 1ot size
‘problems for multistage systems w1th any number of predecess
but with only one successor. Demand is assumed to be constan
over an infinite horizon. with 1nstantaneous production. The;
obJective is the ch01se of a lot’ s1ze for each fac111ty whic
" minimizes average per period production and 1nventory holdin
costs where at each facility’ production costs conS1st of a
set-up cost and p0831bly a linear eomponent and 1nventory

holding costs are linear subJect to all technical constra1n1
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and the constraints»of satisfying all demand with no back-
orders,.The iﬁputs;to be specified for this model are :
~-The prededence relation of the production facilities
-Set up cost at each facility
~-Linear per unit installafion inventory holding cost
-Number of units required at each stage to make up one final
product. | |

In a multistage system,, the~productidﬁ‘0f endproducts.
require completionyof‘a”nﬁﬁber;ofaoperations;*A»stage mighfk‘
consist.of.ah:operationhsuch,as proéurement of .raw-materials,
fabricationlof,parts or assembly with.na.capacity‘constréint,
‘A fixed sequence of operations is asshmed.‘The output of the
final,siage serves the cusiomer demand,OutputtofeachstégeJ
may be stored if a necessity arises. No stockouts are permit
ted. Thé aim of thissmodel,isfthdeterminé.the~econoﬁijlot
‘size in a muitistage system. Dynamic progrémming4teéhnique‘
is used to solve the problem. If all the lot sizes in the
system were equal,,thenrgiven~£heAassumptionrof.instantaneous
production, inventory would bé_held‘oh,the;final stage.
However, if the lot sizes between the two succeding stages
are different, then stock is created at one of the étages anq
an average level of such inventory is a function of the lot
sizes of both stages. Since demand is constant,such aﬁ averag
inventory level is easily obtained.. Thus,the total holding
and set-up cost for each staée is obtained.The sum of totél

cost incurred in:-each stage, summed up over all stages,give

the total cost of the system. By using dynamic algorithm,
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solution proceeds from the_réw—matéfial stage to thé final
stage;lwhich-is the-ibtél cost atithat’stage énd‘minimum |
possible total cost up‘to‘that‘stage.:Af-each‘stage'the total
cost , defined by the'réﬁutrangé relafion,is‘computed for

all possible lot sizes.

The assumption’sét‘by'theimédé1~éb66e, that each stage
must haVéionly’onevSuécéSSOr, makes the model inapplicable
without any revisions on the structur ‘of the plant. The'USe 
of‘dyﬁémic programming features would bg ah advantage of thisk
model, since it would imply the use oOf léfge“ﬁumbéf'df‘3£éges

which is the case in the problem specified.

©°3,2.5. A Deterministic, Multiproduct, Multifacility

Production aﬁd'InventOry:Mbdel (6) :

This model considers concave préduCtion'CdStS'Which can
depend on the production in several different facilities
and pieééwise concave -inventory costs. ‘Backlogging of unsatis-
fied demand is permitted. Object is to detérﬁine'a'prOduCtion
~ schedule that specifes how much-each facility in the network
should produce so that the totsl cost is minimized. Production
and inveﬁtory holding costs are the twoﬁméin items of the
ObjectiVe‘fdnctidn;'The'facility receices inputs from raw-
materials and one or more facilities,then in each period
manufactures a‘épedific.prodUQt on its’owh'prodUGtioh line.
This product is stored in inventory until neede either to

- satisfy market requirements or to supply the other facilities,
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The main inputs to. be Specifigd in.pyder to obta;nAthe
optimal proddction schedule at the minimum inyéntory.level
and at the minimum total cost are as below. :

-Number of periods in,thg;plaﬁning“hq;izon ;
-Number of facilities ;n_;he plant
~The market requireﬁents,for Qaqﬁ facility in each period
_The>precedence relations in.the‘plant o
5The amount of iime‘requiped to complete production in:eéch
facility | | o
-The number of units requlred from.the prodﬁct comlng from
preceedlng faC111ty to produce one unit of a. product at
each facility R B
_Backlog limit for each facility.
' The outputs obtained are summarized as :.
-The amount of,production complgted in each period by each

facility

~The starting and endihg inventoryrlevels at each facility..
Total demands on each facility in a périod is defined to
be the,market requirements and‘the sum: of the requirements of

all facilities following this one..Theﬁending inventory level

'is the difference of the amount produced and the demand.

The problemihen is minimization of the costs such as'a produc

tion and inventory holding coSts satisfying the constraints

"period.

|

of fulfilling the total requirements of each facility in each
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To determine anfoptiﬁéi5preduct10heSCheduie first

starts by defining the set of all feasible schedules,which

is called the dominant set. Tt is constructed based on
’dynaﬁie programming algorithm. Starting from the final
'facility”&hich”fﬁifiilé only the market requirements a1l
’fe881b1e schedules are determlned by considerlng the fa0111ty
Jlon hand and all facilities prlor to it. Thus ‘the- dominant set
for the entire N facllltmes acyclic network will be determined
After the dominant set has been eonétrﬁeted; the optimal
“ vector, the productien'acﬁedule;iwiil be obtained by

| exheusiiVe enumaration'of“the”coet of all vectors in ‘the

| dominant\eet. The most imperfant;disedﬁéntege”of“thie“presente
model is enormous long cemputetion‘timeeefﬁthe dominant set .
for a'lerge and’eOmplicéted"aéyﬁlic”netwefk.:FOr cases,
"Where facilities are oniy paralell or only serial, then
using'dynamic elgorithm‘ it is poeSible.te solve larger -
’ problems in an acceptable time span. . ' ‘
For 1arge values of n andTN, where n is the number of
“periods and Nfis‘the number of facilities, the model's appli-
cation will¥be nearly impossible. But for pure paralell and
“eerialxsyStems, algorithms are derived for better and faster
’tealutionsusing dynémic,proéfamming;"since,the structur of the
“plant in hand is neither parallel nor serial, the application

of the algorithm is not possible.



27~

©~3,2.6, Computer Algorithms for Production

Planning Problems :

There’ exist mainly two computer algorithms.in the
literature focusing on line balancing, one' of theuaépects

to be considered within theVScopé of the productien planning

problems. Both of'the algorithms generate feasible solutions and

choose the best,one among the alternate solutions by setting’

some rules.:

‘The first of these computer algOrithms is COMSOAL, -

Computer Method of Sequen01ng Operatlons for Assembly Lines(?).

The basic methodology of COMSOAL is based on generatlondof

fairly large number of feasible solutions, to the' 11ne balance

problem‘by blased sampllng. Alternate solutions to the
‘particular line balance problem are then based on the best
solution generated. |

The basic inputs for COMSOAL may be listed as follows:
-The precedence relations ' ‘ coe -
-The total number of tasks
~-The working times of the tasks

Another important input is the specification of the
rule, acco?ding_which é task can be assigned ‘to a station.
The rule mey be neglected and the specification of the task
is done at random.,Another'fule is weighing the ‘tasks that
fit in proportion to task time. A possible rule is to give
' those tasks that have a larger number of~fomlowers}greater

probabiiity of being assigned than the tasks with a small
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numper’of followers.,
| The general,procedure‘of_COMSOAL(starts by tabulating

the total number of tasks Wthh have 1mmedlate1y preceed
each given task Then all tasks w1th no preceedlng'task are
1lsted 1n the avallable 11st In the flt list all tasks which
have times no greater than.theftlmenleft_avallable at station
being assigned work, are:transfereq,‘Eithervatfrandomﬁor_by
using of the set rnles, an\assignnent'isnowtmade. The‘aseigned
taek is eliminated from all,listeland;tpe required updates : |
are accomplisned.?Thia routine_continnes_until all stations
are fully assigned. As'a soiution is~completed its atation
nnmber'is compared to the station cOunt of the previous best
sequence .If there 1s an 1mprovement the new solutlon 1s
stored 1n memeory and the old one 1s dlscarded o

, If after the allocation of the productlon llnes, whlch
are assumed/to be automat;c,‘llneibalanclngrls required, this
. compnter program will be applicabletandwveryjefficient,p

' The second computer algorithm available is BALANCE]
an assembly line balancing problem C8);,The objective of this
.computer»program is to find out either the minimum |
required number of work stations given a deéiredvputput
rate or to find out the minimum cycie‘time giyen.the maximum
allowable production line length, that is the number of

work stations. As in the previous computer algorithms the

required 1nput in general are the followings:
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~The work elemeﬁis

-The working times of these work elements -

-The precedence relations Qf_these,worklelements,

-The maiimum number of work stationsor the minimum required
’number of work stations. |

The ideal 81tuation, perfect balance, 1s that 1n which
each statlon on the assembly 11ne exactly the same amount
of work as every‘other statlon. The,length oflphe p:trodu»ct.lc‘m,j
line is number of stations and,cyél§~time is the mékimum
~ value of the total work;element times,assiéneq to any one
station. |

'Thiskcompuper program assignes work elemehts to stations
determines final qycle‘timeland calculates’the,balancevdelay,
where the de18y~ishdefined to‘be the ratio of total idle
time to total work time.

The computer program ‘BALANCE may be used. for dlfferent
'heurlstlcs of 11ne balancing. The selectlon of .an element
from the available 1lst can be based on elther its largest
or smallest times or first or next available ones or it
is made at random.

As in the previous computer algorlthm ~BALANCE could

be used after the scheduling of the production lines

is cbmpleted.
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3.2.7. Qptimal Production Planning by a Gradient Technique(9]

A grédient technique is used to solve a production
planning problem with known salés forecasting. The function
to be minimized is the sum of the costs derived from holding
Vihvenidries, stockouts and deviations of production rate
of the plant. This technique has the advantage of being
able to investigate problems withéélarge‘numbef of state
variables and can also be extended to mulipfoduct, multifacility
oﬁerétions wiﬁh complex inperconnections; | | |
One advantage of this technique is théivit does not have
any dimehsionality difficulty. The disadVantagesbof the mddel
are summarized as follows: }‘ -
; ~It cah not conVeniently handle ﬁroblems with inequalitjhi
constraints on state variables |
-Convérgence to an extreme which is not absolute"makiﬁumk
‘or minimum may occur in applying this technique. |
-TheFCOnvergence rate may be very slow during the 1ést part
of the iteration where the current values are near to the
dptimum. | o
However, iterative techniques have been deviéed for solving
problems w1th state variable inequality constraints by the
gradient technlque. The problem of convergence to relative
optimum can be overcome by 1sing different starting p01nts.In
drder‘to-obtain the following results for a production
scheduling problem: |
~-The production rate of the plent for each period

_The_iﬁventory levels of each product foe each period
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eThe overall_utilization_of the ‘plant,
the inputs beléw have to be specified : - ..
-The forecasts of the.sales
=~The precedence relations of the faéilities
~The locations and thetcapaéitieé‘ofifhé~étock-hdlaingivvt
places L
—Current production,rate of aech.facility"
-Current inventory 1e§el of the prodﬁéts;nf
-Final conditions,the predetermined_iﬁventOry levélaof the
product at some stock-holding piaceé;'ﬂ;t : |
A,typicalAdynamic systgm in pfoduction plapningrcan be
represented by a differentialnequat@on;. They are function =
»bf‘time,of production rate, which is to be choosen optimally
~ and of the state variables, which afe:definéd~to-be the
,inventorylevels.at that time.»ihefdifferentialuequgtions‘
will be approximated by,difference‘equatioﬁs. To use'ihe“
,gradientvtechnique, an.ideal;initial_approximation:for:the‘
cohtrol'variable, the production rate, must be=esti@atengh
order to examine the influnce of the control variable on the
state variable,on the state of the plant and to obtain the
direction of the steepest descent, an iteratiﬁe procedure is
' formulated with the estimated Valuesvof the control
variables.

. The élgorithm presented here, in this model considers
) .

a single product and a single facility case.
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It is not possible to apply the model without‘any.extentiohs
to multiproduct and multifacility problems as in the real

problem on hand.

~

%.2.8. Line Balancing for Mixed ModeliAssémbling1610) :

Mixedrmodel assembly occurs when more than one model of
the same general product are intermixed*on:oneiassembly;line.
" The amount of wqu‘requiredfto’assemble units can varj”from model
to model creating an uneven flow of ‘work along 'the line. This |
mOdel'iS'a procedure of adopting a single model line balancing
. technique to mixed model sChedules.“It.also introduces a
sequencing.procedure for determining the order in which models
are to flow down to utilize the lines.

Because the line balan01ng and sequenc1ng procedure
consider a w1de varlety of factors, they are appllcable to
~ many types of assembly lines. Considering of an efficient
mixed-model assembly line entail the solution*to,two separate
but related problems;line balancing and médel sequencing.

The inputs that must be specified for the line balancing
and model sequencing are the followings :
;The number and charaéteristics of the. work stétions
. —Th; number of operators required per labour group which is

comprised of work stations with one or more operators manning

each station.
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~The number of units per‘mQQgi to»bé assembled in:the total

time duration within a time interval

-The inefficiency penalties: The various models to be assembled

will sequenced to control the effect of inefficiencies. If
a penalty in TL/minute is associated with‘each'station, it
is possible to compute the total cost of inefficiencies,

like idleness or work efficiency, resulting from scheduling

a unit of a given model in sequence. At the end of this model,

the optimum production schedule which minimizes the.total
inefficiencies costs is obtained.

Line Baiancing : It is a procedure of assigning work to
assémbly operatofs in such aawaykas to balance the work .
éssignments among the operators.and tohminimizeatne number of.
ioperators required. In balancing a mixed model line, it seéms
to be possible to consider each médelzindependently and
consequently to balance the work among operators for each
;eparate model. This procedure reduces the larger problem to
a number of smaller single product balancing probléms. A
method to solve the balencing problem of a mixed model assemb-

ly line is one that considers the total schedule for a whole

shift and assigns work elements to operators on a shift basis

rather than on a cycle time basis as is done on,éingle product

1ines. Because each element is assigned to only one operator,
the time and cost is reduced and the general efficiency of -

work on a mixed model line should be improved.
!
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Model sequéncing :QSuch”a problem 6céurs in industries
which desire’to\kéep.éeveral models in production rather
than to produces batches: of each intérmitiéntly f6f~inventory.
" The amount of work required to aéSemble*units can vary’from
modelito model'creatingfan.qneveanldw of work along the 1iné.r
Due to the comp1exity in assigning this work to the operatbrs
there is a tendency to have an oversupply ofidperators”ié-f
meet the unevenAflow.of\Worki'Hénce,“in the“objéCtive'bf
sequencing procedure is to deférmine_;thé~ordering in the
flow of models»whichwallows the optimum utilization of the -
asseﬁbly»line'operatorsd'This istasedéonntheé¢0mputatidn
of pegalty-césts of- inefficiencies resulting from sequencing
the various models. Thé'procedureiaséumesVihat*each*operator '
begins processing the first unit as soon:as it enters hié
| statibn,and that this movement abdutmhistétation can be
meaéured»throughout the time;-Thezmodel, Whichapperation
time in each station arewlesswthan-the_éorreSpOnding statién
times in,is launched first and the total inefficiency cost
is calculated. This procedure,&s repeated for all‘combinations‘

of sequencgs of models.
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3.2.9. Estimating the Qutput of a Serial Production

System (11) :

The aim Offihis model is to estimate the output of a
~production line with one surge or with muliple surges. The
model is only applicable to serial lines. The machines
.vmaking up the lines may differ and they may have general
failure distributions. Thé model uses thé idea of couppling
.-the serial production line elements before and after’theu
. surge and analyze their.up_and down times. 7

The main outputs obtained by ﬁhis model are‘the‘ﬁumbers
~capacities and 1oca£ions of the buffers. §ith the specified
numbérs and locations of the buffers, the best expected
.output of the production lines is obtained. The required
inputs for this mddel are summarized as follows :
~The production rates of each production line
~The failure distribution of each production line
~The precedence relafions of the production lines
LThe poséible capacities of the buffers
. =The possible locations. of the buffers.-
The model is based on the case where there exist N machi
-and a single surge and then it is extended to the case
Qhere thererexist N machines and M surges.

For the case,, where there is only a single surge, the

system can be thought as to be two.céupled systems, an input
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and an ouﬁput devise, The machines with the minimﬁm production
rate among the machines making up the input or the output
dévise is choosen to be the representative one for those
 devises respectively. bf intefset in the system is the
expected output as a fuﬁctidn of surge capacity. It is
assumed that the surge protects the deﬁise with slower
production rate from failures of.the deviée with faster
production rate. Fodusing on the devise with the minimum
prbdﬁcﬁion‘rate provides a mechanism for computing the system's
availability,,whiCh is»defihed to be: In»addition/to the time |
the‘inpu;-devise is down because of its.owﬁ failures, how
much time . is it forced down because lt is blocﬁed. Thus, the
systém ls up if and only if the'input devisé'is up.'An
assumption that éimplifies the calculation of the system's
availability is that the model precludes simultaneous repairs
of input and output devises and repair priority is always |
- given to thé input devise. The effect of the éurgé on lhe-‘\
availability of the system is to increase the uptimes and
reduce the downtimes of the output devise 2s seen by the
input devise.}Thus, the system eveilabilaty is found by
cdmputing equivalent up- and downtimes of the output devise,
Thé approach for N maéhines and M‘surges gystenm is

heuristically modify the methodology for N mechines and a

7
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p
single surge case. The method involves solving a series of

N machines. single surge problem. FirstutheRproduction~rate
of. the system is set to be equal to the rate of the first
machine, then to:the rate. of the last machine:and finelly:
to the mate of an intermediate machine. For each case'the\
eXPeCted,putpﬁt.is evaluated and the best is choosen.
In this moaethhe production lines are coupled in a
serial manner. This assumption_byfitseif makes~the,mode1.
inapplicable to the plant inyguesgion;pThbugh;it may: be
applied to the'serial parts:to;obtain‘partialiresults;hAnother
| problem arising in application of the model-will be the;
existinglayout of the plant, namely thé number and: .
capacities of.the,surgés are alfeady7Specified,,so»the

optimization of them will not be needed.

“3.2.10. A.Class of Deterministic Production Prbbiem5612):

. A deterministic production planning‘problem with o
limited backlogging, inventoryrénd productidn capacity:
cdhstraints is considered. The mbdel also includes cost
function which is neither concave nor convex. A characteristic,
of the extreme points is.-provided and an algorithm is-
suggested for the problem with equal production capacities.

f‘Thevdistinguishing features of the pfoposed“qodel‘can :i
bevliSted~as'folloﬁs‘: .
~-Production cost functions are composite”functions,where one

is a nondecreasing concave function and the other is a
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nonnegative piecewise linear, convex and continous function.

-Backlogging iéﬂpermitted.only for some fixed periods.
~-Inventories are constrained.

The objective function minimizes the sum of production,
~ inventory holding and‘backlogging.COSts-over the enfire

planning horizon. The constraints are denoting the followings:

- ~Thé amount of production énd the starting level of invento-

‘ries in each period must be equal”toathe?amount of market
"reQuirémenté and amount backlogged in the last period
" makes up the ending invéntoriéS“fof”fhat time'period.~
~There exist upper limits for stock and backlog limits.
-IhVentory levels must be zero for*the first‘andflast beribd.
 Jith this formulation the model is presented as a
network with gains onksome’arcs. This presentation and the
vcharacteristics of'the‘COéf function an optimal solution is
{guaranteed. Thé algorithm requires solving a shortest route
préblém;

' The model presented above is based on the assumption
that all‘pfoduction facilities havé the same capacity whereas
the capacities differ byvlargg amounts‘in the real case to
bé‘solved.It is not‘designed for‘multiprdduct'Case and the
‘Output'obtaiﬁed does not provide the way of scheduling the
productionlfacilitieé:by the different products. Therefore the

direct applicationidf this model is not possible.
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'3.2.11. Network Models for Production Scheduling pProblems |

with Convex Gbét,and Batgh‘Processing;613) D

-The model considers the problem of producing N products
on M identical facilities whereeach product is produced iin .
batches. The planning horizon.is made.uprof~H,equal‘length
production periods where:eaqh'facilityfis Capableuof produeing
one,batchvof‘ény;product;during*a;productionnperiod.'Totaliccst
cansbe expressed as the sum of all pfoduction costs which is
" a cumulatlon of all costs caused by, productlon of - batches
from each product type 1n that perlod and in all periods-
an@ion‘all,ﬁacilities.}The,aim,is to determine a production e
schedulelminimizing total cost. The%peqpired inputs to -
achieve this aimfare the,followiﬁgs;_”
. -Thefknown}demands of allAproductsiin each period
;Tﬁe size of batches of each product_in‘each«pgriod.?é::ki,
-The production, inventory carrying and backorder cost

éoéfficients, .

. The production occurs in batches. of fixed Size‘for‘ééchwv
product, which implies .the restriction that the number of
batches from the endproducts to be»aniinteger.HUnder,these
assumptions, this problem can be modelled as a minimum cost
network flow prbbiem-with convex arc cost and integer capacities.

~ The model including any number of products, in general
. has H+HN+2 nodes-and H+2HN arcs. In such a network egchwarc

corresponds to thie number of products produced in batches in
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each perlod Upper and . 1ower bounds on the total number of |
batches of all products produced in. each period can be 1mposed
by putting approprlate upper and lower bounds on the flow
in the arcs. Hence, the 1nventory levels of eachnproduct
at the end/of the plannlng horlzon can elther be flxed at
spec1f1ed values by settlng the corresponding lower or upper
bounds equal to each other or allowed to fluctuate between ;
spec1f1ed bounds. - - o L

7 Flows in arcs for all products and perlods represent
the rumber of batches of the products 1n5any4persod~fﬂence‘
the productlon cost is a851gned for each unlt of flow on arc.
The relevant 1nventory/backorder costs must also' be included.
Flrst the poss1ble inventory levels for each perlod\and
each product is calculated then the relevant cost is calculated
So to each arc the costs are as51gned 801V1ng the mlnlmum cost
network flow problem, the optlmum schedule is obtalned -

Thls model has the advantage over all other methods'

presentlng the productlon plannlng problem as a network that
it does nor require any restrlctlon in the number of
predecessors and successors. Bur thls model cons1ders the
problem of produ01ng N products on M 1dent1cal facllltles,
dhlch is not acceptable. The above presented model could
only be applled 1f applled ‘to some oftheparts of the plant

~and a system ‘must be de81gned to 1ncorporate the results to ,

a master model.
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3.2.12, The Effect.of Interstage Buffer Storage on the

Output of two Unreliable Production Units in

Series with different Production:Rates«(14)-:

- This model is designed to'see' the éffect:of'interStage'
buffer_stbrage on-the output of-a two stage production line
so the emphasis is put to a4Very'spécial point of production
planning problem, Theroutput”of'the-systemvwili be effected
by the cépgcity of the 'buffer and the caﬁécities'of the -
buffers will be effected by the specifiqétionsiothhe”two
ﬁroduction units;~The'Specifications?Ofxthé'productidn’units
are | .
-The production rate of each pfoduction unit
-The repair rate of each produétion unit
;The breakdown“raﬁe of each production unit.i

'The question to be answered by ‘this model is that how
the average production rate of the Whplé line depends on.
the capacity of the buffer.. To ‘answer this question, regene-
ration points are defined. The state, where the first
prodﬁction unit is down, the second unit is running and the
inventory level in the buffer is zero is called regeneration
point. The time between two such points ié called a cycle.
The output rate of the production line is the expected .
pfoduction used per cycle divided by the expecéed duration of

a cycle. In order to increase the output rate, it is desired

to find out an optimal buffer capacity. Thereby the expected
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cost,which consists of the production, stock holding and

the cost incurred being in one of the.states, should be
‘minimized. This model gives the erailsiqf derivationrgf the
expected cost, inzgeneral,_whieh,turns‘euﬁ to be avfirsti'
order_linearﬂsyétem:pf differential equationsf , »

| - The more the line is,unbalanpediphe less buffer_eapacipy
~is needed. The differeneeﬁbeiweep 1he‘netﬁprodue;ioni?ates.
‘of,the:two production uni;s ean,be_caused‘by_a Qifferepee in
.prbduction.and,in‘repair rates. The effect_qf atbufferen -
the line,prodaetion_ratenwill_beddifferentyin eaeh”of,the cases,

In any production plannlng problem, there. are the

~-problems of storage and an inventory system must be de31gned
to have a complete solutlon procedure.AThls model creates
a look into the effect of an 1nterstage buffer storage. ya
Because of the size and the complex1ty of the plant thisv
..model is also not poss1b1e to be applled dlrectly Based -
~on these ideas, a new model should be des1gned to fulflll |

- all the requirements set by the management of the wheel company
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%.3., Conclusion :

The purpose of analyzing the models presented in the
literature is to gain a &iew how the problems similar to
- the one in question are approached. Since each problem has
.its own characteristics, most of*the models afe designed
for special casest thus a direct applicationof them,wili.only
. be then possible, if both problems have exactly the same
. specifications or if thé assumptions tovbe done to'convert
._the case studied to the model's speélflcatlons will be accep-‘
table. Since the characteristics of a production plaenning
model are layout of the plant, specifications of production
- facilities, the types of products manufactured and .the
sequence of operatioﬁs the_pfoducts must go through, the
model must be dependent on the special case. All these 1mp1y
vthat the design of & new model which fulfills all the
requirements desired is needed. The model designed specially
for Tekersan Jant Sanayii A.S. is explained in the next

chapters in detéil.



4 ,METHODOLOGY

4,1, Introduction :

~

"It is-paradoxical,that. a few of these ‘techniques in-the‘

- literature have.been‘implemented in ‘real manufacturing companies,
Only rarely have compénies been able to adopt the.épproaches»v
that have éppeared'in'the scientific literature.And usually when
methods have been accepted,the adopted'appfoaches“are!simplified :
-approximations to the original technidue; "o(15)

Since each eompany:infthe real -life has its oWn'
characteristics and since the production plan‘mustlgivefanswers
tdathe-Specific demanded qﬁestions,it is much‘mofe’advaﬁfagedus
from: the viewpoint of the company toedesign'a neW‘produCtiOn .
plan which fits to the special characteristics of the compény
than to apply a model from the literature giving only approximate
answers to the problems. Wwith this in mind,a new productien"

planning is designeé and implemented for the case in hand.

4.2, Modelling : , . N

'The.first ‘step in modelling is to determine the inputs end
\outputs of the model.Then comes tﬁe real modelling studies.
U81ng the 1nputs if the model fulfills the set of requlrements,
economic and efflciency analyses are performed The model w1th

valld results 1nv01V1ng these analyses will be the one applled

to the company.
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In the following sections, the steps in the evolution of

the production planning model are explained.

4.2.1, Inputs : ‘ o
 The inputs to the production planning:of a\deterministic;
multiproduct,multifacility and multiperiod prohlem are classified
inethree groups@uthe ones that are specified,py the management,
others that are there,because of the physical_structure of_the
plant and the third gréup which is derived by means of calculatidns
by other departments. ‘ , ,

One of the most 1mportant 1nputs that is spe01f1ed by the
management is the length of the planning horizon;and the individual
time intervals., After some discussions the,planning hOrleH,lS
set‘to.be_one month and‘the timelinterval_one_day; S0 there’are
éd time intervals in the planning‘horizon‘ An Optimum running
time of the model,the ability of getting the results of short

term changes 1mmediately and the effect of minimizing the work-

1n-process stocks are the factors that led the management to the
setting of the planning horizon to be one month and the individual
)1ntervals to be one day. |

X Another 1nput that was determined by the management is the

level of demand of the wheel's types which are assumed to be

deterministic.The sale forecasts and economic analyses in the mar-

ket determine ‘these levels, which become the minimum production

levels.Beside the production levels of the wheels,the management
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determlned the different types of wheels to be produced depending

on ‘the sales contracts and on the situation of the market,
| The following belong to the second group of 1nputs,the‘
ihputs arising from the physicél structure of the problem:
4The number of components of each wheel and their names.
—The parts that are produced on each line. |
-The possible places of stocks in the plant snd their sizes,
-The amount of each part produced in one perlod on esch line,
.e.the capecity of each line,
-Meximum usable times of the lines in,one‘period.”
-Number of production facilities,i;e.productibn‘1ines,assemb1y‘
centers,painting shop and quality control centers. ‘
~-Peecedence relations,on which lines should the parts be produced
in 6rder to be opersted on the line in question,

‘-The‘elements of the thifd group of the inputs are the»cost
‘coefficients.They,mostly are calculated'by means of cost .
accounting. _

- Production cost gives the cost of producing each part.
Stockholding cost gives the cost of’holding one processed part
during one period of time in the ;tock.Each idle period of the
1ine'incuré idle coét”of that line.Another cosf coefficient is-
thé surplus cost.EBach unit processed that exceeds the sctual
'demand is stored snd so a surplus cost is incurred.Rate of change

of productlon level,change of work-force levels change of some

production levels &ll incur some costs to the model.
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The inputs of the first and second group meke up the

constraints to the model;,ay congsidering these constraints

f8881ble solutions are obtained. But there exist a solution::

among all possible feasible solutions, which best fits to the.

~decisions of the management, i.e. the optimum solution. This

solution is selected by the help of the objective function

which is created by considering the elements of the third

group of inputs,

4.2.2. Qutputs :

The outputs,thatvare obtained are summarized mainly in

two groups;

~-The
and
~The
-The

-The
~The

Qutputs obtalned for each tlme 1nterva1-‘

allocation of the products to the productlon centers
amount of productlon realized

utilization of the production centers

starting and ending 1nventory levels of each product
Outputs obtained for the entlre planning horlzon
overall utilization of the production centers

total amount of production reslized from each product.

~With'these outputs, the management expects from the productio

in an efflclent way so as to meet the interval target quantltles.

Some

of the other outputs are:

- —yhen are the raw-materials to be ordered and in what quantities?
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.-How are the shortages removed, if there exists ény?

~‘=During each time iﬁterval, whatbare the starting and ending

- inventary levels for all parts at every stocking point within
-the system? | | '

. =During £he entire planning horizon, what is the required work-
. .-force level? What is the allocation‘of the work—force»among I
‘lthe periods and among the production centers? How efficient

.. is the utilizetion of the work-force in the whole plannihg

- horizon?

4.2.,5, Constraints:

The gfoup of constraints related to the technoldgy and the
 structure of the plant form the iain.part of totel constraints.
‘The explanations of all the coﬁétraints are given below:
_,éDeﬁands must be satisfied: Since the oim of the menagement is
to increase the uﬁilization of the facfory, prOQuction must be
increased. The produced items must be soldrend availibilities
.. for further sales must be searched at any moment. For the time
. being, éhis production plamning problem must force the demand
vﬁkto_be satisfied. Namely, the minimum total ﬁroduction level.

fér each product mustbbe greater or equal to the demand of
- that product during the planning horizon. |
_-BEach line is specified to produce one type of product. But
.. there exists different sizes of each type of a product which

 are operated oh the seme-.line. So the plan to be designed
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determines for each line on which part to work during:the. whole
planning horizon. At any time, on a’ specific line, only and
only one part can be -produced.

-Each line has & meximum available time to be uiilized. This.
meximum time is calculated for each line‘by considering the
regular,maintenance, repair'and regular down—times. The calculated .
times are deducted from the planning horlzon and ‘available times
for each 11ne are spe01f1ed

-Precedence relatlons leferent number of patts make up a flnal
product These parts must be produced accordlng to & spe01fic
sequence of llnes Tn order for s part on a llne to be produced
the parts prior to fhaf‘mUSt'have“aireadycbeen”produced”prior
to that SpBlelc tlme interval. This’ must be true for all parts
of the flnal products and for any time 1nterva1 ThlS constralnts
are va11d for all llnes except the assembly centers.

-An assembly operatlon can only be reallzed 1f the necessary two
or more parts to be assembled have already been produced prlor
to that tlme. This constralnt must be repeated for all assembly
centers, for all parts to be assembled on these centers and for
all tlme intervels. k o _ ‘ k_ |

—Asrmentioned before, stocks are only evailable at assembly
cénters. Sincekthe cycle time of production lines prior to
assembly center ang ithat of the assembly center itself are not
equal and the working frequencies differ, there ariseséstocksv

of parts at these stock points. The difference in working
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frequencies of any two. production centers determlne the level

‘of endlng 1nventor1es gt- any time.- 1nterva1 By specifying the
starting inventory of some parts,the working frequencies can

be regulated exagenously.

4.2.4, Oobjective Function :

d . The. definition of an objective function causes many

disoussions.between the departments,by thesevdiscussions many
objective function definitions arise. Either all the objective
functions are con31dered and a multlobJectlve formulatlon is
reallzed or all terms are deflned in terms of one unit, for
example in terms of cost and a 31ngle obJectlve functlon is
obtalned - In this case, all terms are defined by monetary units
and the mlnlmizatlon of‘total cost is defined to be. the actual
objeotive function. The individual cost items are givén below:
-Production cost: It is a variable cost,which is assumed to be.
1iuearly increasing by an inerease'in production lefel.
_Stock-holding COSt’ Ii is also a Varieble.cost defined as the
cost per perlod per unlt | "v‘ ‘
—Surplus cost: Each unlt produced exceedlng the actual demand

is stored in the warehouse of final products incurring a surplus

cost. ’
~Idle time cost of the lines: For each time unit & line is not
-utiiized, a cost is incurred. One of the aims, as mentioned

vbefore; is to increase the capacity utilization and this éxplains
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the importance of this item of objective function.

‘ If ot any instance importanee ef en item increases, then
-a Weight could be given to.that item and,in this way, the .
vbesf solution among the alternativeé may be obtained.

| In the sections above, facts and informatiphs that must
“be considéred while designing the model are expleined. In the
foiiowing seeiions, the steﬁs involved in the evolution of the

s

model are listed.

4.,3. Mixed Integef;Programming Method for Production

Planning Problem of a Deterministic, Multiproduct

end Nultifacility Plant:
By ehelyzing‘r£ﬁe inputs, required outputs, the constraints
and the characteristics of a mixed integer programming, it
seamsbthat thisfsQlﬁiion procedure fits best to this specific

probiem.

C4.3.1. Definition of the Variablee:
‘m= subseript denotingvthe endproducte.
ﬁ=‘subscript'denotihg the part of the endproduct.
J= eubscript denoting the production center.
V' t£ subscript denoting the time intervai.'
'PLg set of the prodﬁetioh lines. |

AC= set of the assembly centers.
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1, if the nth part of the mth eddproduct is. 8331gned to

production center j for the time interval t
Xyt = |0, otherwise, : IR

Tl. 5 = the number of-units of the.nth part of the mtn,endproduct
J
produced on llne J durlng one tlme 1nterva1.

PC__ = Production cost per perlod per unlt of nth part of the
“Ymn .
S mth product, - :

STCInn = stockholdlng cost per perlod per unit of the nth part
of the mth endproduct. ‘

TMAX .

3 max1mum evellable time of 11he J.”ﬁ
Dmg = demand of nth part of the mth endproduct e
STmnt = ’endlng 1nventory 1eve1 of the nth part of the mth ﬁ
, : endproduct for thetime interval t. y
CITj~ = cost of line j when it is idle during time interval t.
Scmn. = surplus cost per each extra unit of nth part of the

mth endproduct

4.3.2. Assumptlons

d#ithout 10931ng the generality of the problem, the follow1ng

assumptions are made to get a better overlook to the problem.
-The quality control department is not con31dered It is sssumed
that inspection is reslized immediately after the menufacturing
‘of the parts and the time consumed during the inspection is
‘included to the production time of that part.
—The peinting shop is assumed to have infinite capacity and it
. causes no boiilenedk throughout the plant.

-It is asssumed that no stockout of raw-materiasls arises in the

‘entire plant horizon; i.e. there will be no tlme the production
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|
|
| centers will be idle because there is no rew-material,
-Stock variables defined in the model only consider the inventory

|

levels of the work-in-process items,The inventory levels of the
the end-products are at another place of the plant.

4.%.5. Mathematical formulation of mixed integer programming

end-product are not ofiimportance'initially;the'warehouse for

(MIP) model:

Objective function is minimization of the sum of the total
costs combining the produation,stoékholding,surplus and idle time

costs.

Pcmn ?? an,)t r'm‘mng +

min z =

t STCpng ST,

S6_, (D Z; andt 'mmna )+

’-zz.f
CITJVC TMAXJ - m_j%j ) anjt )'

z
e
s

e \EM EM BM

subject to:

(1) Demend must be satisfied:

2;15%1 Xﬁnjt Tlmnj. > Dmn; , 'if?ér al}‘g ?nd n

(2) At eny time 1nterva1 each line can only be 8331gned to one part

mnt + B
|
|
|
|
|
|
:

| l

. |

2%;2;; anjt é 1 | for all J end t !

] v ‘
|
\
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In the entire planning horizon, each production center

can only be used by its maximum availabe time :
Z 2 Z ant & TM}‘ D[j-' ‘ - for all j

The assigning order of parts to production lines must be

according to prededence relations

t-1 . | 1
anjt é,z::1 Xm,n-l,k,s vfor all m,n,t/tfl,JaP]

The precedence relation at the assembly centers must also be

taken into account :

A . | t v
4’2,‘*§ﬁ,n-13k,s * Xm,n-2,h,s
. 8= : C - 8=

for all m,n,t/t=1,jsAC

where k and h are determined by'specifying m anddn—i or m and

n-2, respectlvely.

The difference between the worklng cycles of the productlon
lines and the assembly centers 1ncreases or decreases the
stock 1evels.*he number_of parts that are assembled depends

on the characteristics of the product.Ending inventory level

4‘of'parts efe‘given by'the following constraints;The number of

| constraints for each endproduct is identical to the number of

parts assembled at that assembly center:
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£-1 t-1

ST Z_{ ZE :
m, n-l t-l m,n-l k, ¢ 8=1 Xm,n,jss

m,n—i,tbz;ST
for e‘-ll’;fm?', t,J & AC

i 1n the above equatlon denotes the number of patis making up
the nth part of the mth endproduct. |
Ty Nonnegativ1ty constralnts.

, fo; aliwm,n,t

j .fof\elism,n,j’ehd o

4 3 4» Slze of the MIP model.

The number of products thelr parts,productlon lines and e

\
|
the assembly centers need of gettlng the results as. soon. ‘as PR ‘
pOSSlble at any arbltrary moment,availibility of obtaining the ‘

|

effects that appear by de0181on,changes immediately force the.

formulatlon of the model in such a way that it has to be solved

by the computer.The reasonably short usage time indicates the | ‘
efflclency of the model.The efflciency of the formulation the

size and character;stlcs (such as llneerlty or nonlinearity of
'consﬁfaints and/or objeotive_function):of,the model determine,the
uSage éime‘of the}compoter.From this;point of view,the size of the

model_is analyzed_in detail to Judge whether‘toeuse it,i.e. whether

it is economic and efficient.
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~-NUMBER OF VARIABLES:

l) X Jt is the main decision variable.It only takes the values
of zero or one,Total number. of this_(o,l) variable is determinéd.
by the subscripts of m,n,j,t.
m takes values from.l to 11, .
‘n takes values depending on m.Foe each m,n différs at the
widest»range-from 1L to Te’ | \
J is a dependent subscript.By specifying m and n,j is already
spe01f1ed j can take values from 1 to 10. -
t takes values from 1 to 20 (working days in a month).
By analyses of thé'charaéteristics of the ehdpfoduéts and
the number of time  intervals,the number of (0,1) varlables,anjt,
comes out to be 1300,

2) ST“‘ is the second variable of the model.It takes integer
- values greater or equal to Q.This Varlable denotes the stock

L level of the work-ln-process parts eand there exist 1000 of them.

-NUMBER OF CONSTRAINTS: >-

1) First constraint is repeated forvall,m.and_n‘Since:in totel the
number of combinations of m and n is 65,there exist 65 of these
constraints., |

2) Sihce the second constraint is repeated for'éll J end t,there
exist 200 ofvthis‘second congtraint,

3) The -third constraint,giving an.upper bound for using the product
centers,is repeated for 10 times. |

4) This constraint gives the precedence relation for the assembly

b
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IineS’and'there ere”323'@f theng

5) Thls constraint gives the precedence relation for the assembly
centers.There are 532 .of them.

6) The sixth constraint determlneS»the stock 1eve1s of the parts

| and there exist 1000 of these‘

~NUMB¢R OF OBJECTIVE FUNCTIONS.,

j The obJectlve is to mlnimlze the total costs end there is only

one obgectlve function in: the stert of: formulatlon.

So 1n totel there ex1st : pt 1 - |

2300 veriéolesj‘, ;p'f .
- 2130 constraints”' -
| : ’I{ obgectlve functlon. i:’
Tne detalls for obtalnlng these amounts are given in
Tables 4,5 end 6 also in Flgure 2. _

The sbove formulated and'expleined modelfts a mixed integer
progremmlng model,whlch w111/be solved on a computer.One of the
best known and most effectlve solutlon technlque for such problems
hav1ng only a finite number of solut;ons 1s “Brench end Bound"
method.The fundamental idea of thisjteohnique is to partition the
‘:set of all feasible solutions into several subsets ‘end a lower
bound (for minimizing objective functlon) is determlned for each
of the subsets.Then subsets which have a 1ower bound greater than
the current upper bound are: ellmlneted from further con31deration.

~The solutlon tlme of Branch and Bound technique increases

: eXponentlally as the number of veriebles~;noreases and llneerly

B
+
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-~ O

|Metal sheet

Rim {
Metal sheet
Bracket
Rim+Bracket

1Endproduct

| Metal sheet cutting line

Tractor line
Metal sheet cutting line

‘Bracket line

4th assembly center

Em_nfvj_ ENDPRODUCTS PARTS  PRODUCTION CENTER
11 1| 6.5x20 Sidering Side and lockring line
2 1| Otosen Fiat |Lockring 'Side and lockring line
32 Rim Truck line ‘
4 6 Endproduct 2nd assembly center
52 1 2| 6.5%20 Rim Truck line
. 2 8 | Otosan Ford |Metal sheet | Metal sheet cutting line
f 3 3 Disc  D1sc line
g 4 5 Rim + dlsc 1st- assembly center
;_.5’ 1] Sidering Side and lockring line
E 6 1 Lockring Side and lockring line
: 7 6 Endproduct | 2nd assembly center
3 1 2 | 7x20 Rim Truck line .
| 2 8 | BMC Metal sheet | Metal sheet cutting line
3 3 Disc Disc line
? £ 5 Rim + disc 1lst assembly center
5 1 Sidering Side and lockring line
6 1 | Lockring Side and lockring line
T 6 Endproduct 2nd assembly center
41 8 | WlOx24 |Metal sheet | Metal sheet cutting line
2 3 | BMC ' |Disc Disc line
5 8
4 4
5 8
6 9
7
8

3rd assembly center

, TABLE 4: The final products,their parts and the production
’ centers on which they are produced
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ENDPRODUCTS

PRODUCTION CENTER

- PARTS

51 8 | Wwi3x2s Metal sheet | Metal sheet cuttlng line
2 % | Fiat 480 | pisc Dise line

3 8 " | Metal sheet ?Metal sheet cutting line
4 4 ¢ | Rim | “practor line
5 8 ‘Metsl sheet [iMetal sheet cutting line
6 9 ‘Bracket Bracket line

"7 10 §R1m+bracket 4th assembly center
8 7 fEndproduct 3rd assembly center

61 8 | 4x16 Metal sheet | Metal sheet cutting line
2 3 | BMC Disc Disc line
3 8 Metal sheet | Metal sheet cutting line
4 4 Rim Tractor line
2 T Endproduct” | 3rd éééembly‘center

71 8 '5;62x19j Metal sheet@’”Meiaiféheét cutting line
2 3 | Fiat 480 |Disc | Disc 1ine
3 8  |Metal sheet | Metal sheet cutting line
i4 4 Rim : Tractor line
;5 7 | Endproduct 3rd assembly center

81 8 | 11x28° Metal sheet | Metal sheet cutting line
2 3 | Burtrak Disc | Disc line |
3 8 v Metal sheet Metalvsheetkcutting line
4 4 Rim ‘ ‘Tractor line
5 T - Endproduét‘ 3rd éssembly center

91 8 | 4x16 Metal sheet. |Metal sheet cuttlng line
2 % | Burtrak Disc Disc line N o
3 8 ' Metal sheet |Metal sheet cutting line
4 4 Rim Tractor line
5 T Endproduct >rd assembly center

TABRLE 4: continued
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|

m n j| ENDPRODUCTS PARTS - . PRODUCTION CENTER
101 8| J5%x5x14 Metal sheet | Metal sheet cuttlng 1ine
2 '3 - | pisc | Disc line
3 8 Metal sheet | Metal sheet cutting line
4 4 Rim Tractor line
5 T Endproduct | 3rd assembly center
111 8| 13x28 -| Metal sheet | Metal sheet cuttlng line
2 3 ' - | Dise - Dise line -

~ TABLE 4: continued

| coDE NAME OUTPUT

1 .| side and lockring line | Side or lockring.

2 | Truck line . Truck's rim

3 | Dise line Disc

4 | Tractor line Tractor's rim

5 1st assembly center Truckﬁé’rim + disc

6 2nd assembly center . (disc+side and loqkring) or

B P - (disc+rim+side and lockring)
T %3rd assembly center (rim+disc) or.
(rim+bracket+disc)

8 Metal sheet cutting line Metal sheet

9 Bracket line Bracket
10 4th assembly center Rim + bracket

TABLE 5: The production centers and their outputs

\
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ENDPRODUCTS « | 1°2 3 4 5 6.7 8 910.11]

NUMBER OF PARTS | 4 7 7 8 8 5 5 5 5 5 2

as the number of constraints increases which implies increase
in_oocupation_of the computer.The use%of.thisuformulation with
2300 variables and 2130 constiraints on the computer will be

inefficient and ineconomical as it is evident.

4 4. Linear Programming Method for Productlon Planning

|
|
|
|
TABLE 6: Maximum number of parts of each endproduct . J_

Problem of a Determlnlstlc Multlproduct Nultlperlod

and Nu1t1f80111tv Plant 2
Startlng from the p01nt of redu01ng‘the size namelyddecrea31n
_the number of varlables and the number of constralnts, some
assumptlons are taken,the definition of variables and parameters
are altered in such a way that thetnodel become‘morerépplioable;
By’doing’these changes,the formulationkbeeome,more efficient‘

and economic to be.used on computer,since the size is reduced and

4.4.1 Assumptlons :

|
|
|
|
the output is better clarified. ‘ , , ﬁ
The alm of the assumptlons below is to enable a general
' overlook to the problem to prevent unde31red detalls and still
obtaln the dec1ded and foreseen output w1thout loosing the

generallty of the problem.New assumptlons are explained below,
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previqus_assumptions,listed in Section 4.3.2. still hold.
~-The -two parts of truckts Wheeis are side and lockring.They
are both processed on the samerline.mhefe“éx;sts only small
differences‘(two‘or three operatiqps)‘in,thé,maanactoriqggqf
- them,The use Qf one;means:unavoidably;ﬁhe use of‘tﬁe.qther part,
It is assumed that. they are produced.together;The production
time of them together is the sum of their production. tlmes.
-Bracket line and the 4th assembly center. are subsidiary. productio:
ﬂcenters.Bracketlllne,actually is one,part'of tthmeta1 sheet
cutting line.The wastes of,;he metal Bheet cutting line are
- used to produce the brackets,whichvenab}esﬂthe’attachmenf‘of"
~the disc of the tractorts back wheel to the rim;Ihvthe 4th
-assembly center,thé bracket,ismweldgq4touthe rim;this actually
is one of the Operations realized in the 3rd assémbly center;

" So it is assumed now,that the bracket 11ne is included into

the metal sheet cuttlng llne 1 e. ‘bracket 11ne is ignored
and the assembly operation realizing thevweld;pg:of bragket
to the riﬁ is included into the tractor line;Henéé the\butput

of tractor line is assumed to be rim + bracket or rim for back
or front tractort's wheel,respectlvely, i.e. the 4th assembly center
is also ignored. , 7 , | -
-Although production planning and inven@ory'systems are not to

be seperated from each other,the inventory sjstem uses the reault
of the'férmervas input to design the optimum delivery times,
delivered,amounts and inveniory,levgls.This mathematiceal mddel

iis to plen production;the inventory model will be designed after
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the results of the production planning are obtained.So the
departments relevant to inventory system are ignored It is
assumed that metal sheet cutting line (1ncluding bracket line)
C belongs more to inventory part rather than to the production
planning system,s0 it is ignored.Another reason why it is no
nereﬂto be considered is ‘that it causes no bottleneck at all
"tﬁiéss there is a defficiency in the raw-materials +JAlso,it has
beeneassumed that there will be no stockout in raw—materlals.

“gv-The assumption that only stock levels of work-ln-process elements

At this stage,the products,their parts the lines,the assembly
'"centersxand the layout of the departments relevant to this study

are given in Table 7,8 and 9,also Figure 3.

4.4.2. Definition of the variables:
~Subseripts: v Y |
'm = Subscript denoting the endproduct (m = 1,...,11)
n = Subscript denoting the parts of the endproducts.It
:differs from product to product.In ﬁhe widest range
n. goes from 1 to 5. ”
j = Subseript denoting production centers. C5‘3='1,..,,7T

jt = Subscrlpt denoting the time intervals. (t = l,;,;,ZO)

i
‘s

. ADe0131on variables:

»anjt

= Variable denoting the percentage of t%th time interva
production center j is allocated for froduction of
part n of m'th endproduct.It takes values between.

O and 1 and it is continous,
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ENDPRODUCTS PARTS | PRODUCTION CENTER
6;5X2C;" Side and lockring Slde and . lockrlng line
Otosen Fiat | Rim 5 Truck line

Endproduct .’ . 2nd assembly center
6.5%20 ‘Rim, ' |Truck line
Otosan Ford | Disec . |Disc line

Rim + disc ‘ 1st assembly center

éSlde and lockrlng Slde and lockrlng line

J
1
2
6
2
3
5
1
6 - | Endproduct . ﬂﬁwl2nd assembly center
2 | 7xe0 | Rim - Truck line
3 | BMC Disc N Disc line \
5 | | Rim + disc |1st assembly center
1 Side and lockring|Side and lockring line
6 Endproduct 2nd assembly center
5 | Wwiox24 - | Rimtbracket - |Tractor linev..
4 | BUMC Disc o Disc line -
7 | ‘ .Endproduct | 3rd assembly~center
f3 W13x28 Rim+bracket - |Tractor line
4 | Fiat 480 Disc © |Disc line _
71 | Endproduct . 3rd assembly center
.3 | 416 Rim "~ |Tractor 1line |
4 BMC ‘ Disc: S Disc 1line o 1
7 Endproduct . 3rd assembly center .
3 % .62x19 Rim o Trécfor line 7
4 | Fiat 480 = |Disc ~ |pisc 1ine = *
7 : Endproduct 3rd assembly center
% | 11x28: Rim Tractor line
4 | Burtrak Disc. Disc line ' \
70 R Endproduct |3rd assembly center

TABLE 7 The flnal products,their parts and productlon
centers on which they are produced for LP model
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mm §| ENDPRODUCTS PARTS 'PRODUCTION CENTER
) L 3| 4x16 Rim - Tractor line |
A 2\‘4 Burtrak Disc Disc line
307 Endproduct "%3rd assembly center
10T 3 | J5%x5x14 . Rim Tractor line
2 4 L. Dise " oo Disc line"
-3 7 Endproduct 3rd assembly center
111 3 | 13x28 Disc Disc line

TABLE T7: econtinued

CODE 'NAME OUTPUT
1 Side and lockring line Side and lockring
2 . | Truck line o Truckts rim
3 Disc line Disc
4 Tractor line Tractor®s (rim) ori
: j (rim + bracket)
5 Ist assembly center Truck®s rim + disc
6 2nd assembly center (Disc + side and lockring)
- - S (Disc+rim+side and lockrin
7 %rd assembly center . (Rim + disc) or
: (rim+btacket+disc)
TABLE 8: The production centers and thiéir outputs
ENDPRODUCTS | 1 2 3 4 5 6 7 8 9101l

NUMBER OF PARTS|

5553 3333 3 3 1

TABLE 9: Maximum number of parts of each endproduct
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mnti2=Variable denoting the ending inventory level of

part n.belonging to m®th endproduct in time interva

t.It takes values greater,than;o;

= Data denoting the demand of n?*th part of mtth

endproduct.The values of demand levels of the

- parts are identical to’ demand level of their

i

endproduct.

Data'déhoting the number of n®th part of m'th

i endﬁfoduct if‘itkis'prodﬁced'the'Whole time

I

interval, - e

Cost of producing one unit of n°th part of m®th
endproduct.The costs are identical for all time
intervels.

Cost of holdlng one unit of nfth part of m”th ‘

fendproﬁuct 1n stock for one period.

Cost of each extra unit of ntth part of m”th
endproduct. 7

Cost incurred when productlon center J is left
idle for one time interval.

Nax1mum tlme productlon center J can be utilized
in the entlre planning horizon.

Total number of items produced in the whole plant;
It has the value of 35. -

Setvdenoting the assembly centers consisting of the

| elements ML-=1{'5,6,7 }u.
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PL = Set denoting the production lines consisting of

the elements P

T, = {1’2,3,43 . |

H(M,N)= Set denoting the production center j on which only

and-only the n®th part of m®th endproduct can be 1

be produced,

A(M,J)= Set denoting the part n belonging to endproduct m -

‘and is produced on production center Jj.

g ‘ endproduct.

Detailed information about all above mentioned variables,

‘parémeters and data is given in Appendix I.

4.4.3, Mathematical'formulation of LP model:

NN(M) = Set giving the maximum number of parts of mtth |

The objective function is minimization of total cost as in
the former formulation.,It contains such elements as production,

stockholding,surplus and idle time costs which may be summerized

as: .
Jl mw 7 20 %
min z = . > PC 2:% % - . }
| I/n=1 n=1 . = t:_]_:l mnjt ~mn 1
D 1
11 NN(m) 20 STC - 1
s i ‘ | . i
m=1, n=1 =7 mr mnt !
11 NN(m) 7 20 |
' \
S U mm o 20
S CIT. ( TMAX. - % )
Fr d =1 n= E;;l mnJjt
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subject to:

(1)The first and the most important constraint is theisatisfacti<
of demand of all products which implées the satisfaction of
demand of all partscmaking up final. products.This constraint
repeats 1tse1f for 35 items produced in the plant durlng
the entlre plannlng horizon:

7 20 : » '
g;;‘ Xﬁnjt Tlmn 7 Dmn Cform=1,.:.,11
i n= l,':aQNN(m-)

J=1
(2)At any tlme 1nterva1 each 11ne can be at most lOO %’utlllzed,
S +€.. SOme of tlme,segments durlng Whlch any one part that can

be operqted on a gpecific productlon center cannot be greater

than 1.
11 NN(m) | B
E )Clnnjt é_ l ] fOI‘ J= l, .. 0 ,7
m=1 =1 - ' ‘ :

= 1,...,20

L ,
As the ranges of subscripts j and t indicate,this constraint
repeats itself 140 times. |

(3)Stock and production balance for the assembly centers is
explained in the following constraints.Production at any of
the assembly centers can only be reelized if the‘necessary
parts do exist in sufficient amounts.As input the parts of
all the endproducts which aré produced qn each of the assembl

centers are given,namely n=A(m,j) where m ranges from 1 to 1I
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and j is an element of the set of MIL.Knowing the assembly

the necessery' two parts,msking up n,are the parts (n - 1)
and (n'- 2).It-is also known how many of the assembled items
(nt*th part of m'th product) cen be obtained in any certain

time increment if the assembly center,j ML,is elloeated
for that part,namely by Tlmn.x perceneage,df that/time interVﬂ
Under these conditions;’

a)YIf there exists necesééry amounts of (n,—_l)s£ and'

(nn - 2)nd parts in stock in the beéinhing of the time
interval t,that specific aésembly centerican be fully
a831gned to productlon -of n”th part of the m"th endproduct.,
H b)If there does not exist enough of either parts,the stock

| lévels of parts (n - 1) and (n - 2) and the difference in

the production ratés of the assembly center and production
lines in question determine the percentage of time for

~allocation to produce the ntth part‘of the mt*th endproduct,

STy n-1,t = STm,n-1,t-1 * Fm,n-1,%,t* Pu,n-1 = Xmngt Tlan
STﬁ,n—Z,t =eSTm,n-2,t-l,+‘Xm,neZ,h,t Tlm,n—Z - anjt.Tlmn
for m = 1,eee,I

jeMn

n = A(m,J)

L= 1,.s0,20

kK = H(m,n=1)

h = H(m,n-2)
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This constraint repeats its#lf for all work-in-process parts
existing in the plant for all time intervals in the entire
planning horizon,Hence,there ate 480 of them,

(4)Nonnegativity constraints are given by:

1’000’11.

0¢X . <1 for m =
ant n =3.1,~a a-o,,NN(m)
Jj = H(m,n)
t : 1,~.o.‘,20'
“ST < 0 for m = 1,Q¢o—,ll
mng n = 1,..°,NN(m)
'Tt'=7 PR SN

~4,4,4. Size of the LP problem: - .- S S 3 ,
~NUMBER OF VARLABLES:

A | .
700 of anjt | ‘ J

480.of»STI‘nnt

1180 contlnous nonnegatlve Varlables

‘-NUMBLR OF CONSTRAINTS:
35 of 1st constréinis
1140 of 2nd constraints .

480 of %rd constraints

655 linear constralnts
-NUMBER OF OBJECTIVE FUNCTIONS

o ' 1 linear objective function
to be minimigzed

The use of this model is now more efficient and economig,
since the size# is more compact,the variables are nonnegative
and continous end the type of the constraints does not differ muct

\

So the steps in designing the final model is explained,
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2. SOLUTION PROCEDURE

Hele Infroduction:

One“of the points,whieh was considered during the design
'phase of modelling was that the solution willbee ebtained.by a
computer, nemely UNIVAC 1106 In order to obtain efficdent,
practical and economic use of the computer some additional
) efforts are done such as,reducimg the size of the,problem,
eliminating the iniegem,veriables_and insisiing on linearity.

- There exists many elgoritﬁms to solve LP models on computer,
FMPS (Functional Mathematical Progmemming Systems) is one of
those methods.Due io easiness of manipulatiqn,efﬁieientyallocatic
of memory space and an acceptable;rmnnimg:time FMPS,wes decided
to be used for this”study.FMPS reQuiresithe inputvda;a in é‘
very specific form.In order to evoid the high coneumptien_ofy,
dete cards,to enable‘an easy waj of updaping inpui\end te oetein
a general form of inputs to this speeific emd efher eimilar H
problems,am.INPUT CREATION PROGRAM was prepered;Using the output
bf this brogramlFMPS was run,Finally ﬁhe results of the FMPS

routine was.translated into a form.on which the answers of the
| questions Specified by,thewmenagememt eomld_be found -immediately
| In.order to prepare the decided.qutput “formusing the raw

data gathered from the factory or obtained by means of some
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caleculations the fpllowing programs were useds = .. . .
~-INPUT CREATION PROGRAN
~FMPS PROGRAM‘ |
;RESULTS READING PROGRAM
~OUTPUT PROCRAM

In the following sections detsiled information such as
input,formulation and output are:ciarifiéd,

' 5.2. INPUT CREATION PROGRAM:

The first program to be prepafed ié an alternative to defihe
the input data fdr FMPS .The cpnvent;pngliwaygis to enter the data
by means of cards cdntaininngO columns each according tb"thé
specific'format statements in the program,By~thiéfconvenfional
method,about 5000 data cards are consumed.To update any valué
of an already specified input requires new data*cards_éach‘time-
To economize the consumption of data cards,to enablé ease of B
updating and,most importantly,tb generalize the specifié problem,
an INPUT CREATION PROGRAM was prepsred.The first objective of
this progrem is to create a file on which the input data is in
the form required by FMPS and the second objective -is to check
whether a feasible solution is ﬁossible with the givens by
comparing the cepacity of the plant with'the production to be
satisfied.If the total amount .of production exceeds the capacity
of the plant,no furthe® calculations take place end the reason of
this termination is printed out.

: Therfollowing information is specified by this:program:
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~A row number is given'to the objective function and to each
'constraint. ‘

~The characteristics of each row is specified,whether it is an
equality or inequality.

~ihich variable is in which row and fhe éoefficient in that row
is specified. |

~The right hand side valuesJof each row are Specified;

~The upper and/or lower bound for each variable are specified.

542.1, Input to the INPUT CREATION PROGRAM:

Afore mentioned inpﬁts are the raw data obtained from thé
factory.There are also some which are obtsined after some
assumptions and some calculations;The”way'they are obtained and
‘their values are further explained‘in Chapter 6, ‘

The totel number of products,their maximum number of parta,
the number: and capacities of the production lines and aséembly
centers,the production sequence of the parts on these produétion
facilities ,the length of the planning horizon,coefficients of
the objective funciion and the cdnsfraints of the variables,the
scheduled and ﬁnscheﬁuled demand end the initial stock levels of
‘the parts and endproducts are the main inputs specified for this
program.Furthe#mbre there arise the need 6f specification of other

- yariables denoting the number of conStraints for some of the

'varlables ,basicly for the variables denoting the assembly

operatlons.81nce there is not a single regularlty how the constral
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for ‘these varlables change they must be deflned exagenously.
Beside the assembly operatlons 1nit1al stock levels have the

same problem hence they are also deflned exagenouslye‘

542424 Maln sectlons and output of INPUT CREATION PROGRAM

_ There are malnly four sectlons of this program.
~Rows section f |
~Columns sectioh
—nght hand side sectlon
—Bounds section
ROWS SECTION
The first section of INPUT CREATION PROGRAM spe01f1es the
types of each row,types of the obJectlve functlon and all
constralnts.The‘SpeC1f1catlon of the types are deflned by~
o : N,'i no constralnt (obJectlve functlon) |
G i a greater than or equallty constralnt
'E ¢ an equality constraint |
L : a less then or equality;constraint
In fhis_seCtioh;the.first>identifica£10n of the problem,
namely a row-wise identifiCation;is realized.
COLUMNS SECTION - .
 In the second sectlon a column—w1se 1dent1flcatlon is done,
The actual values of the matrix elements 1n terms of column vector<
are defined.The matrix elements must be Sp€lel€d by columns that

is,when one variable is g1ven,a11 other nonzero elements of that
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variable in other rows must be entered before another variable
lS mentioned.Zero entrles should not be spec1f1ed In order to

wrlte the coefflclent values elther "E" or "F" format can be

-

used
‘RIGHT HAND SIDES SLCTION o |

- In this third sectlon the rlght hand s1de vslues of the
constralnts are speC1fied.The sequence of rows defined in the
first section must be identical to the sequence of values. of
rlght hand 31des.Zero entrles should not be speclfied The flrst
35 constraints force the model to satlsfy demands of parts and
\ endproducts.Therefore the right hand ~sides age 1dentlcal to
D(m n) reSpectlvely The 140 constralnts after the 35 constraints
force the utlllzatlon of the productlon f80111t1es.to be 100 %
or less,so the right hand sides of these constraints are 1,The’
rest of the constralnts are equalltles therefore the rest of the
right hand side vector is set ﬁo be equal to zero,
BOUNDS SECTION

The fourth and last sectlon is an optional sectlon.Thls

sectlon 1mposes 11m1ts on the values that varisbles can take.
If none of the varlables are bounded thls section is emltted
in FMPS this w111 be translated in a way that the 11m1ts are
" between O and + ,The sequence of 1dent1flcatlon of bounds for
columns nustAmatch the sequence of column sectlon.Lower or upper
bounds;fixed value and free variable are the types that can be
used in this section. | |

In. the specific problem defined above,all‘anJ-t variables
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haveiaﬁ’upper boud of 1.The program calcﬁlates the lower bonnds
according to the unscheduled demand.The reason for lower bounds
i4 that it must be satisfied as-ébdnfas'Poésible;The mentioned
demand is compared with the capacity of production centers on
which the relevant part of the fequired ehdproduct'can be produced.
This compérison.Specifies how many time intervals should that
variable have‘é IOWer'bound. ‘ )

- At the end of all of these four sections,there must be an
indication for FMPS shéwing fhat“the program is finished.
- The progream prepares all information expdained above.The
output of it is a file on coﬁputer which will be the input file

for FMPS.The name of this Tile ' is INCREPR.

5.%3. FMPS PROGRAM: -

FMPS is the actual program which solves the LP model.The
- input fdr FMPS as mentioned before is prepéred by the INPUT
'CREATION PROGRAM and is read from the file INCREPR.After thé
reading of the input data solution of the problem starts.If the
‘problem is solvable,i.e. if there exists a feasible solution,
if the problem'is'bounded<or if the inverse of the matrix is
éVéilable,the solution will be prepared,The solution'is loaded
to a file,called SOLFILE.

- SOLFILE is prepared‘in three sections:

;Idéntifier Section

‘_Sectien 1-Rows

~Section 2-Columns
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IDENTIFIER SECTION

Tt gives the operasting mode,optimak objective function
vélue and objeétive fﬁnction weight (méximization.dr minimization)
, ghd how many iterations have been done to obtain the optimal
solution.
SECTION 1 -~ ROWS

' It contains information on the/selected rows in “the matrix,

The report contains ten columns of information.Table 10 describes
ééch,of thérlo columns of this part.
SECTION 2 - COLUMNS

It contains information on the selected columns in the
matrix.The.report Qontains:eight‘cdlﬁmné,of information,Teble 11
describes each of thé 8 columﬁs of this part.

There does not exist any exagenous input data to be fed to

FMPS The file created by the first program,INCREPR,is sufflplent.
/

5.3.1. Rﬁn Stream and Data Deck Organizatioh:
Data deck organization'is'as foilows: )
&ﬁUN,E . INAL,111-15-202,TEZ ~ .CANAN INAL.
&ASG,AX' INCREPR. | ‘
&USE T,INCREPR.
&bELETE,C' SOLFILE. ‘_
&KSG,U SOLFILE.
&USE 11,SOLFILE.
&ASG;AX QFMPSXFMPS » |
&xéT | QFMPSXFUNPS [MEDFMPSABS |

~
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COLUMN

'HEADING

DESGRIPTIONAOF INFORMATION IN COLUMN

10

NUMBER

ROW
AT

ACTIVITY

LOVER LIMTT
UPPER LIMIT -

| DUAL ACTIVITY

INPUT COST

REDUCED COST

'SLACK ACTIVITYThe value of the slack act1V1ty

Row number (includlng obJective
functlon,row)

Row name - o~

Status of the row

BS : Slack variable of that row
is basic and feasible

xx : Slack variable of that row
is basic and infeasible

Row is initially in equelity
form and artificial slack variable
added to that row is nenbasic

UL : Row at upper limit
LL : Row at lower limit

EQ

e

The activity of the row.For type
rows,the row sctivity = RHS +—slack
act1v1ty,for - or = type rows,row
act1v1ty = RHS - slack act1v1ty

added to that row
‘LOWeSt‘value that row activity may be
Highest value that row acfivity may. be

Value od dual varlable correspondlng
to that row

The objective function coefficient ‘
(in initial tableau) of slack variable
of that row (slack price,if specified
durlng input)

Coefficient of slack variable

. lcorresponding to that row at.

"optimal tableau (shadow price)

TABHEth : SECTION 1 - ROJS output description
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COLUMN - HEADING

DESCRIPTION OF INFORMATION IN COLUMN

1 | NAMUBER
2 | NAME
3 | AT

& ACTIVITY
5 INFUT GOST

6 o LOWER LiMiT
UPPEX LIMIT
8 REDUCED COST

Variable’number

The name of the variable

Status;of the variable

BS : Variable in basis and feasible
Variable in basis and infeasible

5
M

FR : Veriable basic and free

EQ®: Variable fixed and nonbasiz ,
UL & Variable nonbasic et upper limit
LL?: Variable nonbasic at lower limit
A0?: Alternative optima

The optimal value of the variable

The objective Ffunction coefficient
of that variable in the original tableau

The given lower limit of that variable
The given upper limit of that #ariable

The objective function,coefficient
of that variable at the optimal tableau

——

TABLE 11 : SECTION 2 - COLUMNS output description

(2]

Note that although that varlable may have nonzero value,it is

considered as nonbasic,This is because of upper bound technlque

utilized by FMPS.:

*e

The objective functlon coefflclent of that nonbasic variable

is zero at the optimal tableaquMPS gives only one of the

optimal solutions.
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Define page heading
 TITLE FMPS-LP MODE xxxxXPRODUCTION PLANNING PROBLEMXXXXX
Setting FMPS operatlng mode as linear programming mode
CALL ENTER(LP) .
Specify the mode the input is fed into by INCREPR file
CALL ATTACH(®INCREPR®,7,CARD,INONLY)
Specify the mode the output is desired,to file SOLFILE -
CALL ATTACH('SOLFILE®,11,FORTRAN,NEN) |
InftialiZé no feasible solution interrupt,If this occurs
during optimization phase,control passes to statement
number 100, |
'ASSTGN 100 TO KNFS
Initialize unbounded solutlon 1nterrupt
ASSIGN 200 TO KUBS ! ,
Initialize matrix inversion interrupt;Wheneyer*matrix,
in#ersion is required‘duringfoptimization,controi'passes
to statement number 300 ‘
'ASSIGN 300 TO KINV-
Initialize name of the problem as PROPLAN
APBNAME = 'PROPLAN® ,
Initialize name of dsta deck as wHEEL
ADATA = T{HEEL® ‘
vInltlallze name of the obJectlve function as OBJ
AOBJ =. *OBJ* ,
Initialize neme of right hand side vector as RHS
ARHS = 'RHS'
Initialize neme of bound row as BOUND,if bounds on variables
will be specified | | :
ABOUND = 'BOUND®
Initialize the output format as E
AFORMAT = 'Ef
Specify the type of objective function (minus 1 for
maximization,plus 1 for minimization)
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FOBJWT = 1.0 . : L S
c Letting FMPS to 1oad 1P matrix from file INCREPR which is
13331gned ,
"CALL INPUT(FILE *INGREPR')
C  Display the original matrlx in tableau form
, CALL OUTPUT(BYROWS)
c Solve the IP matrix
' CALL OPTIMIZE -
c - Display the solution to .a file,SOLFILE
CALL SOLUTION(FILE,tSOLFILE®)
STOP | |
G  Whenever inversion interrupt occurs'dnring optimization
phase, print\the‘current matrix end return to optimize
300 CALL INVERT
RETURN
c When no fe331b1e solution occurs dlsplay the 1nfe831b1e
“rows and terminate
100 CALL OUTPUT(BYRONS RO#S,LISTI)
STOP
c o When unbounded solution occurs dlsplay the unbounded
column and termlnate
200 CALL. OUTPUT(BYCOLS COLS,LISTU)
STOP
 END
&FIN

'5.4. RESULTS READING PROGRAM:
As mentioned in the last section,the output of FMPS contains

Zsections.The answers to questions
~when to produce which part
rwnatfshould the ambunt of that item be

—how is the utilizatibn of “the production centers
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-what are the starting and ending inventories of the work-in-
procéss.  |

-total production of the endproducts.

~day by day situation of the plant ‘
are obteined by the help of SECTION 2,which gives the optimal

velues of the veriables,X .. and ST, ..However,the optimal
values,by themselves ere not sufficient to answer the specified
information,Therefore;two'brograms.aréxprepared,The férst takes
the SECTION 2-COLUNMS part.of FMPS solutidn andwload:these:valuesx
to & file named SOLFILEL:This file is. in the form :

.-Variable::;i::Optimal.value,of,tne'vgriable, '

The second progrem wri;ten»checks thg_values,which are“in,form

X .XXXXXX © YYY end converts them into X.XXXXXX ¥ YY .So the

final values from FMPS are carried to a file named OUTPUTPR

containing all the information required to derive the answers,

5.5. OUTPUT PROGRAM:

This program aims to prepare the output in the form desired
and set by the menagement,It uses the OUTPUTPR file,the result of
the previous progream andvdata specified exageneusly.The required
input for tﬁis progfam.may be summerized as follows:

. —the file OUTPUTPFR containing the variables and their optimal

. values,whicﬁ are obtained by FMPS package and reorganized by
the mthér program. |

~the set of inputs,which is identical to thosevspecified‘in the

first prograem,contains the products,their parts,production
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facilities,length of plénningxﬁqriZOn,the precedence, relations

of facilities,demand,unscheduled demand and initial stockulevelsa

" ~The set of input,which is defined for this specific program,is
~the specification of the. endproducts 'and their parts, namely the
names of all the parts making up the final ‘products,

Output of this program is realized in three sections.The
first is the allocatlon of the productlon facilities by the parts
in each time interval,the second is the ﬁotal,production”realized 
in the entire planning horizon and the last is the utilizatioh
of the production facilities in the whole planning horizon,

Detailed 1nformat10n about the varlables ~denoting the 1nput, 
Vthelr values and the way of their Spe01f1catlon 1s given in
Appendix ljinformation about the form of the Qﬁtput is given in

Appendix 26




6. DATA COLLECTION

6.1. Introductionﬂz

The aim of this study,whlch includes the analy81s of the
plant,the formulatlon of the requlred output and the de81gn of the
model that fits to the case,is to obtain an appllcable solution
method for ar real plant Therefore, the importance of the data
cpllectlon procedure is evident.In thls chapter, the cqllectlon of

the data and the adaptation of the raw data to the model are

explained.

6.2'Procedure :

. \ )
In order to obtain a bomplete solution procedure to the

existing problems of the plant different types of input dataﬁy
are required.The first group contains the elements that build
up the actual model-ekamplesufor the first groupmafe ebjective
function, the coeffic1ents and bounds of all the variables and
rlght hand side values of the constralnts The second group contalns:
the ones that must be received contlnuusly to see any 1nstantaneousg
81tuat;on of the plant and analyze the future w1th the given con
conditions at that point of time.The values of 1nput are either
obtained directly,as the raw data,or calculated after some L
assumptione.The data related to the technology of the plant
which belongs to the first group is taken dlrectly Details of the
flrst group may be glven as : | | |
~-H(m,n),the matrix denoting the production facility Jj on which
the ntth part of the m'th endproduct is produced. (Table 12)
-A(m, j),the matrix denoting the pert n,which belongs tq m*th

endproduct and is produced on the production center Jj. (Table 13)
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TABLE 13 : A(m,J) matrix
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A(m,J) and H(m,n) are two matrices.They both are obtained by
anaiyzing fhe flow of materjials,parts and endproducts in the
plant;~The%O values in the matrices meam that there does'notb
exist anj relation between the two entries of the matrices. .
_Ic(j);the urray denotee the capacities of the production
faciiities;The elements éive the number of parts'to be nroduced
on fhevrespective center during one period of time.(Table 14)
The determinatlon of the capacities is done in the following
manner There ex1sts many dlfferent machlnes making up each
productlon center From some of these machlnes there are more
than one,Bach machine has a specific cap601ty,number of 1temsv
produceduper day.The capacity of the machine with the minimum
rate of'production is choosen as the capacimy of/the production
center The capacity is de51red as the number of units per day,
thus, there is no need for any transformation.

~The demand of the endproduct is perhsps.the; most 1mportant 1nput
to the model.The values are obtalned from tne sales department.
Aftervmarket research is done and-some’cehmracte”eme reelized,
the demand;i.e.,the minimum production leVei of,the_endproducts
arefdetermined.The forecasﬂs are done on annual baeis.It is
assumed that therefdo not exiet any fluctuatidnS‘among the months
within a year,thusﬁdemand for -a month is just 1/12 of annual

‘ values which are given?in Table 15.

. The complicatéd part of the’data\colleCtion procedure is the

caleulation of the cost coefficients.The production cost per each



PRODUCTION CENTER

CAPACITY
(number of wunits/day)

COST OF IDLE TIME OF

PROD. CENTER (TL/day)

1. PRODUCTION LINES

Side and LockringLine
Truck Line

Disc Line

Tractor Line

2. ASSEMBLY CENTERS
1st Assembly Center

2nd Assenbly Center
3rd Assernbly Center

1800
880
840

''560

880
880
560

31484
94834
29090
46718

4834
14504 -
4834

TABLE 14: Capacity and Idle Time Costs of the Production
Facilities ’

1

‘ _'L8_
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ENDPRODUCTS "CODE |  DEMAND
L o ‘ o units/month

1'1. Truck wheel ; .
' 6.5%x20; 0,Fisat 1 167

6.5x20 0.Ford 2 | oeonT
Tx20 BUC 3 1250 -
2, Tractor wheel i 4
 4x16 BMC 6 417 i
3.62x19 F.480 7 833
- 1Ix28 Burtrak .8 417
4x16 Burtrak 9 417
j5x5x14 10 4167
W10x24 BMC BT B s £
 W13x28 F.480 5 - 833
3. Special parts ,
13x28 - -1 |- 1250

TABLE 15: Demands of the endproducts

unlt manufactured stock holdlng cost per unlt per tlme 1nterval,
the surplus cost per each unit exceedlng the sales capaclty of

that planning horizon and cost incurred for every time interval

in which a productlcn center is left idle are the actual cost |
coefflclents needed for the formulatlon..H» |

| The first cost 1tem 1ncurred every tlme a unlt is manufactured
‘is a varlable cost.It increases llnearly as the number of produced

ltems increases.The components of - the productlon cost are the

followings:

-
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E—Raw-material,cost which is the amount required of that raw-material

‘ per item times the unit cost of respective raw-materials,Billkof

i"the ﬁéterials and unit costs are given in detaillin Tehle 16 and
Tehle 17,respectively. |

é-The depre01at10n cost of the production centers is also included

% in the production costs,The machines making up the production

| centervhave ardepreciation cost which is allooated in percentages
to the units produced'on that machines. o

isThe orerhead costs are also taken into account in the oroduction
costs. ‘ ,

- The produetion cost of e unit does not 1nclude eny item that
jis not dlrectly relatedkto production such as flxed costs,labour
gcostsjand financisl oosts (tek,interest and return of capital)a.

The stock holding cost is considered in two parts:

.-The cost incurred every time‘a'work-impprocess eleﬁent is‘left
in stock for one or more time intervals,called_the:stock holding
é costuf‘ | o : o |
:-The cost 1ncurred every time an endproduct exceedlng the seles:
| capac1ty is stored in the warehouse for final products called
the surplus oost. ‘
. Raw-meterial expences are about 40% of production costs.The
'raw-material costé,Oﬁ the other hand,are about 65% of‘the productiox
yfcosts.The difference, namely 25%,should be the stock holding costs

of these raw-materlals.The spe01f10atlon of surplus cost follows

the de01sions teken by the management To have a hlgh,level of




FINAL PRODUCTS

6.5x20  6.5%20  7x20  W10x24

W13x28

I MATERTAL 4x16  3.62x19  11x28 4x16 :
- : O.Fiat O.Ford . BMC BMC 7. 480 BMC - F.480 Burtrak Burtrak . J5x5x14 13x28
Eile kg | 33.24  33.28  33.81 54.40  12.44
s,Bolts - |unit | 4.00 6.00 -
ce Electrod | kg 0.70 0.28 0.56  0.54 0.27 0.56 0.58
wenting gas| kg | 0.01 0.05 0.10  0.10 ‘ 0.10 0.32
imer - kg | 0.36 0.61 0.65 0.85 0.33 . 0.96 - 0.33 0.36
nal Paint | kg | 0.30 0.50 0.53  0.70 0.28 0.80  0.28 0.30
emicals kg | 0.01 0.01 0.0 0.01. 0.0L  0.0L  0.01 0.01 0.0L 0.01
1led Sheet | kg 16.83  29.10  7.44  6.06 13.88
cet omm kg 20.03 641 8.92. ‘ 29.92
eet 6.5m | kg 1.67  2.31 | E
cet 11m kg 20,91  19.23 .
tal Weight | kg, |33.90 = 56.00  54.60 40.10 31.40 15.00  15.60 56. 40 13.70 1550 ©  29.92

TABLE 16:  Bill of Materials
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, : UNIT PRICE

RAW-MATERIAL. | = UNIT (TL/UNIT)
Profile ) kg 3\70.00
Nuts,bolts | unit | @ 15.00
§¥ire electrod kg 250,00

Erevéhting gas a 'kg 180.00
‘Primer | kg 195,00
Final painting ) kg .290;0Q
Chemicals : kg 160.00
Rolled sheet kg |  48.00
Sheet 9mm; kg - 53.00
Sheet 6.5mm - kg ' 55.00
Sheet 1llmm kg 'f 55 .00

TABLE 17: Unit brices of the,raw-materials (1980)

gsurplus‘inventory is undesired,since this event causes some

-unplanned expenditures such as holding some amount of unusable
;tied up capital and extra cost of preVenting'the endproducts

. frpm any damages.But to assign a monetary term which exactly

- specifies all above mentioned elements is nearly impossible.,

%For these reasons,the surplus cost is assumed to be 1 for all
?endproducts.By this wey it is desired to prevent unlimited

ilncrease in stock level,although it is known that thls value

" does not reflect the real cost incurred.. ‘

The values of production,stock holdlﬁg and surplus costs

ere given in deteil in Table 18, v )

The last cost céefficient/is the cost incurred when a

"peoduction center remains unallocsted.Value for this cost
eoefficient is calculated in three steps: ' '

-Each‘pfoduction center cen produce parts belonging to some of
the endproducts.Idle time cost of s production center changes
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i‘ ' | COSTS

CODE| ENDPRODUCTS PARTS [Pro=  Stock-  Sur-
, ' : duc- " hol - plus

: 1 tion(a) ding(b) (b)

L | 6.5%20 Sideglockring | 773 . 1935 -

0.Fiat . Rim 1995 = 499 -

Endproduct S 452 - 1

-2 | 6.5%20 Rim 1995 © 499 -

| 0.Ford Dise 1316 %29 -

 Rimtdisc 731 183 -

Side&lockring 173 193 -

- Endproduct 244 - 1

3 Tx20 ' Rim 2140 | 535 -

BMC Disc. S I222 %06 -

Rim+dise 707 LT -

Side&lockring | 668 167 -

. Endproduct - 236 - 1

6 | 4x16 ‘Rin - 620 155 -

BMC Disc 487 122 -

Endproduct 617 - .1

T | 3.62x19 Rim 553 139 -

F.480 Disc 623 156 -

Endproduct 469 Ca 1

8 | 11x28 Rim 1925 481 -

Burtzak Disc 2297 - 574 -

‘ Endproduct . 933 . - 1

g | 4x16 Rim 778 195 -

| Burtrek  Disc 507 127 -

Endproduct 558 - 1

TABLE 78: Production,stockholding,surplus costs of all

products

(a) U TL / unit
(b) TL / unit / day
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» o GOSTS -
CODE  ENDPRODUCTS PARTS dnes | nesos | Sihs

tion(a)| ding(b) | (b)

10 J5%5x14 | | Rim - 496 124 | -
Disc . 591 | 148 | -

_ ‘Endproduct 719 - - 1

4 wlox24 Rimtbracket 1076 | .269 | -
. RMe - Disc 11299 325 | -

e Endproduct - 8% | - | 1

5 Wl3x28 Rim+bracket 1671 418 -

.~ F.480 Disc | 282 71 -

- ’ Endproduct © [ 171 | e 1

11 13x28 Disc : ..1846 - 1

‘,TABLE 18: continued

from endproduct to endproduct, since the demand 1evels, whlch

‘ape assumed to be the minimum productlon levels, differ from tyée
.to type. From the matrlx A(m, j) the nonzero elements spe01£y the
‘number of parts of ‘the endproducts to be produced on each produc- |
tion center. N 7

:-The second step 'in determination of idle time costs is to
‘calculate the idle time costs dependlng on the endproducts, since
the allocated capacity of each center changes from product to

product:

Idle time cost Fixed cost incurred Fixed cost incurred

~of j producing _ - - . , >
part n of m'th |Allocated capascity of Total capacity of

'endproduct Lﬁ producing n of m production center Jj 3
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where fixed~cost incurred'(TL/planning horizon) consists of the
-maintenance and depréciatlon costs of the machines making’up the
centers, total capa01ty of the production center J denotes total
number of units producable per planning horizon and the allocated
capacity of cenier'j producing part n of*ﬁ'th endproduct denoies
the’number of units ﬁo bé‘produced in the planning horizon,

 which is equal to the demand level of that endproduct This cost
is calculate% for all production centers and for all (m n) palrs
produced on that production center. j

-The third step is the actual calculation of this cost coefficient;

Every time a unit is produced on the production center J, &

corresponding idle time cost per unit is incurred. This can be
formulated as bélow: | |

_ | o ; Amount produced
Idle time cost i Idle time costoof of m(n) '

of production =" ‘ J producing parcﬁ X F5tal produciion
center Jj/unit Zii____J n of m'th endprd. ‘ ‘

meA (m, 3) | oom

Vo

-

To. express 1d1e time cost per each time interval, namely per
each day, the weighted average above is multiplied by the average

production levels per day.

Tdle time cost  |Idle time cost = Average production'
of j per dayi, Fof per unit \X’ time interval (day)

Values of idle time costs of the 1ines and assembly centers are
given in Table 14. By u31ng the above reasoning the cost

coefficients for the lines are calculated. However, the assembly




T N TGN} OF xmnﬁ CIOLN) OF ST;nt,
1T 1359916 1935
2 1501166 499
3 383806
2 1 585406 - | . 499
2 1646710 " 329
3 1143576 1853
4 1284316 193
5 210766 U .
> 1 493006 535 . .
2 1769510 306
3 1060856 177
4 1241116 - 167
> 203726 - | o
4 1 1062070 : 325
2 555842 269
3 462766 | T
51 207790 | 71
2 889052 - | . 418
3 91486
6 1 379990 122
2 300482 : 155
3 341246
71 494230 156
2 . 262962 139
3 258366 ‘ o
81 1900390 574
2 10%1282 - 481
3 518206
91 396790 | 127
2 4308962 195
3 308206 o
10 1 467350 148
2 231042 124
3 308366 . | -
111 1522390

TABLE 19: Objective functionjcoefficients of the veriables
! - .
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centers do not allow to obtain such coefficients because of
their physical struecture. The capacity of the assembly centers,
production cqgts incurred,jand'idie time costs are partitioned
among the centers on the work-force level, depreciation of the
machines - and time required to finish the part.

'Knowing the values of production, stock holding and surplus
éosts and the cost,incurred when facilities are left idle, the
mnjt ‘and
STmnt.are obtained by mult;plylng out the summations‘in the

objective function coefficients of the varlables X

objective function. Values are given in Table 19. -~
The second'groupvof inpufs are receiﬁéd any'time there arise

a dec131ona1 change or other changes from the physical situation

of the plant. Following are such inputs~ o |

1. Decisional changes : o '

-Adding and/or eliminating any produdf,production’facility '

~Increasing or decreasing the capacity of production facilities

-Changés in any of the cost coefficients o

—Changes in demand of the endproducts’

-Acceptlng any unscheduled demand

2., Input reflecting the phy31cal situatlon,of the plant

~-Initial stock level of the parts and endproducts

_I,evel in the raw-material stocks

-Availability of the production facilities.




 T. RESULTS .

T.1.. Introductlon.

After the model has been de31gned and the actual data has-
been gathered, the model is run.w1th.the given. 1nputs results are‘
obtalned.and outputs are analyzed.Beside the run w1th~tha 1n1t1al

1nputs some dlfferent runs are obtalned to check the: flex1b111ty

of the model and the ablllty of handllng dlfferent cases.The‘ }
facpors determlnlng:the dlfferentwcases are_tpg,valuescof 1nputs
like scneduled demand that must be satlsfled in the entire planning
horizon,level of unscheduleé demand arising at any polnt of time
in the planning horizon that must be satisfied as soon as possible,
“the starting‘in§entory level of work-in-process elements and‘pf
final products.The other input values do not change unless:there
arise a decisional cljange or a change in the physical outloqk of
the plant.Some sensitiwity analyseszarekalsO:done~to,interpret
the output of the model.

The results obtained in these different runs can be read
from the computer outputs of the last program,which interprets
the solution derivéd from ﬁhe FMPS program,

FMPS-forms an -equality system from the input matrix by adding
‘a nonnegative slack vériable to éach L,E and N;raw,ahd subtracting
é‘nonnegative slack variable from each G row.The slack variables

added to‘the input rows are palled positive slack variables and .

N
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\

those subtracted from input rows are cailed negative slack
variabies.The positive and negative notation for slack variables
only reflect & relationship of a slack variable to the input row.
The resultant matrix vector for a positive slack variable is a
positive unit vector,zeros in all rows,except the row,the slack
variable is added to,which contains plus.one.The resultant matrix
vector for a negative slack variable is & negative unit Vector.
Slack ﬁrices&are the objective function coefficienzs'for the |
slack vériables.lf no price is.input‘for,thdSerariables the
slack price is assumed to be zero.In the followiﬁg discussion,cj
refers to the objective function coefficient for variable Je

The dual T vector is computed by : |

T= - EOBJWT. X cg x B™-

where FOBJWT is the objection function weight (-1 for meximization

and +1 for minimization)
c E' l
of basic variables

Bt is basis invert.

s the row vector of objective function coefficients

The reduced cost for variable j,dj is computed by :
s = co+ T X a.
dg FOBJWT x °j j

where cs is the objective function coefficient for variable j
a. is the matrix'véctor for veriable j{a positive unit vecto
j ’ .

for positive slack variables and a negative unit vector
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for negative‘eleck variables.

"“ For meximization or minimiéationgat'bptimality,dj is » O
for nonbasic,lower bounded variable at lower'bouhd,is < O for
nonbasic upper°bounded variable at upﬁer bound end is = Q for
2ll basic variables.Fixed variables may have positive or negative
reduced costs at optlmallty.The follow1ng dlscu831on agssumes the
preceedlng defflnitlon of terms,It assumes no b8818 change ‘over
the range of change of an item., ’
~The change 1n.ob3ect1ve functlon‘valueZXZ ;Yor & change 1n.the

act1v1ty of variable J,AXJ,lS. | |

;Az == FQBJNT XL\XLj X dj

~At optiﬁality,for 2 nonbasic‘variable to enter the basis,its

obaectlve functlon coefflclent cJ,must be changed by +dJ for
max1m1zatlon or -dJ for mlnlmlzatlon.

-For & p031t1ve (negative) slack variable ‘Tow J with dual act1V1ty‘

the slack varlable reduced cost, dJ,lS

_ 'j‘and slack prlce CJ’

. + M. t B i T C- :
‘, (I “ = - ‘H . ]; OBJ JT X C. i

i

_The change in the objective function value z,for a change

'in cost coefficient for verisble j,Ac; with activity X is

[T
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© ~The change in objective function value, A z,for a change in RHS

for row'j,leHSj,with,dual activity 7Tj is :

Az=-ﬂﬁMTXAmmjxmj
-At optimality,for a negative slack variable j with slack price
cj}the dual activity for row containéng slack variable 3y T

is constrained as :

T. 4 FOBJWT .
3 .O Ji x  3 )

Q

~At optimality,for o positive slack variable Jjuwith slack price
cj,thé dual activity for row containing‘slack variable j,;mj

_.is constrained as . o ' —

Tj 2 —FOBJWT X j

o

The duel activity at optimalityifor rov j with basic siack
variable‘equals ~FOBJWT x.cj’for positive slackvrawsfénd equals -
FOBJWT X ¢ for negative slack TOWS . ‘

By analyzing the feduced costs sppearing in the iést column_
of the FMPS output,thé"change in the objective fﬁnctioﬁ can be
predicted by chaﬁging either the right hand side of eny constraint
" or incressing the value of any variable by one unit. o
Change in the obJectlve function can be achieved in the

followlng menner and the magnitude of the change is calculated

as follows:
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—increasing the right hand side of the greater or equality
constraints:, |

A slack variable is suhtracted from each constraint of this
type to obtain an equality system.The reduéed»costs corresponding.
‘to these constraints are either positiwe,i.e. the slack variable
is at its lower bound,0 in the optimum solution,or the reduced
COéi is equal to zero,i.e. the slack variablé.has a poSitiv¢ vekue
if‘the reduced cost corresponding to any of the constreints of
‘the first type (constraints from 1 to 35) is positive,it means
“that the,objectivé'functimn will worsen (increase for minimizatior
or decréase-for.maxémization) Ey that emount when the right hand
'gide is increased by one unit,In this problem;the first type of
‘constraints force the production to be at least the demand level,
Ifin the optimal solution the siack variable,is equal to zero,
it.means thatrthe'production is reélized just as it is re&uired,
jihé constraint is satisfied as an equality.Increasing the right
hand side by one unit forces thé production of one more unit.So -
the production and stock holding costs of this unit increases the
objective function,but the deduction of production time of this
unit from the total idle time of that proauciion center decreases.
the objective function vélue.By assembly opersations,the stock
‘holding costs of the two apprqpriate»parts.aré also‘aeducted ffonr

- the optimal value.ill these increases and decreases are given in
a compact way by the reduced cost.

~-Increasing the right hand side of the less than or équality

‘constraints:
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A slack variable is added to each constraint ta form an equality
System.The reduced cost corresponding to these constraints are
either zero,which means that the value of the slack sctivity is
' positive in the optimal soiution the conétraints are not satisfied
@t their upper bounds,or negative meaning an increase of the r1ght
hand 31des by oné unit will better the objeetive function by that

amount. In this specifie problem, the second type of the constraints

‘(from 36 to 175) denotes the utilization of the production centers.
If in the optlmal solution & slack variable belonging to one of
these constreints is gheater than zero,mesning there exists that
amodntvof'idlé time for that production center in that time interva

‘_theré/willnbe no change in the objective function by increasing

'the right hand side.The reduced cost corresponding to such
constraints: is zero.

~Increasing the right hand side of an:equality;cdnstraint:

'The third type of constraints are equality“COHStrainté'dénoting
the production and inventory balance for the éssembly'centers,The

- increase of their right hand sides will decrease the .ending invento
of the parts but increase the ending inventory of the respective
endproduct,So the obJectlve function value will be reduced by
STCn ,i.e, stock holding cost of ntth part of the m®th
endproduct and increase by the surplus cost of the m*th endproduct,

~At optimality,the reduced cost of & nonbasic lower bounded vsriable

at its lower bound is positive,it is negative for an upper bounded

veriable at its upper bound.For all basic veriables the resulting

‘reduced cost ©is zero.
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7.2. First Run and Results :

By the first run it is aimed to reflect the initial situation
“of the plant. This is the initiel situation of the plant when
starting the produstion the first time.The way of obtaining and
the values of thé required input havs,already been given in'thé
preVious.chapter;Siuce the activity newly stsrtslin the wheel
combanj,there is no way to havs nonzero values for the initial
stock 1eveis Qf parts and.endproducts.Sinse in the beginning

of thelfirsi production,there has_not been arrived any unscheduled”‘

demand;therefore the lower bounds for all varmables are Zero.

‘The results obtalned in this run w1th the above mentioned

_conditions are given in detail in Append1X'II.

—The obJjective functibh>va1ue fsr the Optimal soluiion which is
obtained after 677 iterations is 49 988 293 .00 TL. | |
-The productlon level for each endproduct is the actual demand
level ;namely the constralnts Whlch exist to force the nrogram

to fulfill the demand are sotisfied at their lower limits.

-It can be seen from the optimal solution that in order to
obtain this minimum cost solution, the cap801ty of all the‘
production fac1lit1es has been sufflclent i.e., none of the
facilities cause a bottleneck.But,the third line ;s the ons
which most 1iksly'wi11 cause & bottleneck if higher level of

pr

1ine is higher than the others.

oduction is required,since the percentage utilization of this



The percentage utilization of the production facilities in the

optimal solution is shown in Table 20.

—  PRODUCTION CEKTER PERCENTAGE UTILIZATION .
| OF PRODUCTION CENTER
Side&Lockring Line |’ 12.04% -
Truck Line 24,63%
Disc Line 76 .89%
Tractor Line 66.94%
1st Assembiy_Center : 23. 68%
2nd Assembly Center 24 63%v 
3rd Assembly Center | 66.94% .

TABLE 20 :Percentage Utilization of the Productlon Centers
in the first Run

QThe optimal production schedules are such that there;does nct
exist any ending invenfofy of the work;in;prooessfelements in
any time interval. o . _

~Total CPU time required to obtain these results is-8.51:828
minutes. - |

If the FMPS output is analyzed in ‘detail,the pOSSlble

changes 1n the obgectlve function values can be foreseen. .

 These changes can be achieved when ‘the rlght hand sides of the

Acorrespoudlng constralnts are increased by one unlt The amount "

:'of change of ‘the obgectlve funetion is given by the reduced

cost The reason for the reduced cost values read from the FNPS
‘are\explalned below for some oonstralnts of the flrst type

chosen at random.
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NUMBER OF = REDUCED
CONSTRAINT cosT _ _REASON

1 ) 948.4999 . PC of 11  +773
STC of 11 +193
CIT of 1 = 17.49
. o ‘ 948.51

3 856.4999.  PC of 34 . +707
| STC of %4 +167

. CITof 1 _-~17.49

‘ 1856.51

29 282.3749 PC of 43 +834 .
| SC of 4% + 1 .
. - STC of 42 =325
STC of 41 -369
CIP of 7 - 8.63
' C 282,37

55 439,3749  PC of 103 +719
| SC of 103 + 1
STC of 102 -124
STC of 101l -148
CIT of 7 _- 8.63
' 439.37
Since the reduced costs corresponding to the second type
of constraints (36 tol75) are all zero,there will beé no éhange
in'thé.objective function valuekby changing the fightnhand
sides of these constraints. ‘ o ,
The reduced costs of the constraints of the third type
. v : . : . .
(176 to 655) are all negative meaning that an increase in the

right hand sides of these constraints will c¢ause a decrease of
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the amount of reduced costs in the objective function.The

increase of the right hand sides is reflected as a decrease of

the ending inventories,so the obJectlve function values decrease -

4

by the stock holdlng costs of the respective parts.Some

examples are explalned below

NUMBER OF REDUCED ‘REASON:
CONSTRAINTS cosT ~ STC OF mn .
- 176-195 -193 193 of 11
216-235 : =167 167 of 34
316-335 . <306 306 of 32

616-635 ~  -185 183 of 23

7 3., ‘Second Run and Results~

The aim of thls run is to analyze the - s1tuatlon of the
plant if there exists unscheduled demand on some final products,
namely on the flrst three endproducts and;some 1n1tlal stock
level for some parts.Given input is explained infTable?ZlVand
in- Table 22. | ' % ?;i4 : : TTW” -

The changes caused by thls additional 1nput data compared
with: the first run are as follows " |
_The settlng of lower bounds on.some varlables because of the

existance of unscheduled demand should be reallzed.Slnce
uunscneduled demand is given fo? products one,two and three, the

_variables Xyq74:%X100¢:%13610%212¢2%2234:%X235¢ %2411 2% 25612804

t depending on the values of unscheduled demand and capacities

‘of pfoduction centers on which the corresponding parts are



PRODUCTS 1 2 3 4 5 6 7 8 9 10 11
DEMAND 167 2917 1250 417 833 417 - 833 417 417 4167 © 1250
UNSCHEDULED DEMAND | ~ 50 124 47 - - - - - - - -

AMOUNT TO BE PRODUCED | 217 ~ 3041 1297 = 417 833 417 833 417 417 4167 1250

TABLE 21:

produced for the secohd run.

The Scheduled and Unscheduled Demand and the total amount to be

PARTS

i1 21

INITIAL STOCK 15 110

23 33 61 92 102

Table 22:

The Initial Stock level of the parts
for the second run.

~L0T-
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produced.The lower bound values of the variables are specified
ih'Table 23.The calculations of the lowef Bounds_followithe

reasoning given in the introduction part of this chapter.

Xonit LO4ER BOUND
Xyqqp .0278
- Xom -0568
X161 .0568
X101 1409
o5y | .1476
Xpss1 1409
Xo411 L0689
( Xy561 .1409
C Kzpop L0534
Xsomy .0559 -
i S .0534
o S S 0261
/ 1 ser o .05%4

TABLE 23: The lower bound values of X for second run~

“mnjt
—Thevright hand sides of ten constraints out of the first 35
constraints are increased from the 1eve1 of the demend to the
total émduhtwa produétion which is,the sum of échéduled and
unscheduled demand specifiéd as in Table 21 and 22.
‘-Right\hand sides Of‘the stock-production balance ¢onstraints
Qorreéponding to pairs mn,such as,11,21,23,31,61,92,and‘102,
are iﬁcreased to IS, velues from Ze€ro. .

Ail these changes are realized by the first progﬁam,INCREPR.

The results obtained by the second run are given in Appendix III.
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~-The objective function value obtained after 743 iteration is
51,170;340.00 TL.Timevrequiremént>for'this run ié 9.51:828
minutes, | ‘
-The optimal production 1evé1 of the final prbdu@ts is the
‘minimal possible production level,i.e. the required 1eve1.Thﬁs,
the cbnstraintS~existing‘to enforée the satisfadtion of the
minimuﬁ production level are fulfilled at their lower bounds.
-§ith all the changes in‘the/givens none of the production
centers cause a bottleneck.The pereentage utilizations in the

whole planning . horlzon is explalned in Table 24.

PRODUCTION CENTER PERCENTAGE UTILIZATION
| | OF PRODUCTION CENTER
Sidegliockring Line o 12.65%
Truck Line - 21.51%
Disc Line ' ‘_: O 7%3.99% B
Tractor Line . - 65.67%
Fst Assembly Center 22 .93%%
2nd Assembly Center 22 .03%%
3rd rssembly Center | 63 .07%

TABLE 24: The pérsentégé‘utilizatioﬁ‘of producfion‘deﬁters
_ | in the second run | o  W |
As in the first fun,the disc line is fhé highest utilized
; productlon center, | .  |
_By obtaining the optimum solutlon by thls run,there arlsé’some

final inventory on some parts which are glven 1n Table’25.
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'mn| TIME PERIOD | STOCK LEVEL
11 200 15
21 20 110
23 20 . 1
‘3 3 200 1
61 20 | 11 A
92 20 15
10 2 220 30

TABLE 25 The ending inventory levels- for parts (m n)

1n.the optimal solutlon for the second run

The existence of these endiné stock levels,in%ZGth time
intervel for the above parts means production of the same amounts
has been taken place in the 20th time intervel,which implies that
keeping the lines unallocated ihcures more cost toithe objective

function,than holding stocﬁaof‘parts for one period. .

| 7.4, Third Run and Results:

The additicnal input specifiedzin this run is the initial
stock of the final products bes1des Pnscheduled demand on all
products and 1n1t1a1 stock of some parts,.The amount of scheduled
and unscheduled demand 1n1t181 stock of the endproducts and
1n1tlal stock of the perts are glven in table 26 and in table 27.

The eXistance of unscheduled demand causes the increase in total

requifed production in the entire planning horizon and forces

~




PRODUCTS

1 2 3 4 5 6 7 9 10 11
DEMAND 167 2917 1250 417 - 833 417 833 417 417 4167 1250
UNSCHEDULED DEMAND 10 . 10 5 5 10 15 10 5 . 10 5 5
INITIAL STOCK 7 - - 9 4 - - - 5 5 5
AMOUNT TO BE PRODUCED | 170 2927 1255 _ 417 839 432 843 422 422 4167 1250

TABLE 26:

to be produced for the third run.

PARTS 111 12 31 61 82

INITIAL STOCK |15 110 1 1 11

TABLE 27: The Inltlal Stock Level of the
parts for the third run. - '

" The Scheduled and Unscheduled Demand, Initial Stock and total amount

-TTT~-
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Eonjt LOWER'BOUND | Xonjt LOWER BOUND
Xy911 20056 Xe131 | 0179
X101 -0114 X6241 0268
Xy567 0114 - Xgzay .0268

i S ~.0114 | Xoq 39 0119

 Xposq w0118 | Xeoogy 20179
Xp551 L0114 X571 0179

X1 - +0056 R . |

R o151 10059

. . Xg041 -0089
X311 20057 - Xgzqy .0089
X503y | 0059 | :
Xgzsy «0057 “Xg1%7 0119

Xs411 20028 | X L0179
X5561 #0057 | Xg571 s0179
Xgi31 | +0059 X10131 f9059v
Y4241 0089 | Xi0241 - e008
X4571 20089 ; 10371 -0089

X131 LOL19 X11151 ' .0059
X5241 +Q1L79
X5371 -0L73

TABLE 28: Lower bounds for the vériables for the ghird run

-thelproduction of these amounts as soon as possible by setting
the lower bounds.Since the unscheduled demand for all products
implicitely for all parts makink up the endproducts compared with
the capacity of’the relevant productlon centers is less,implies
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that lower bbunds'of the variables in question exist only R

and-only for the first periods.The values of the lower boﬁnds

set by the INCREPR are given,iﬁATabié 28.  | |

~-The right hand sides of &1l the first type constraints afe
‘increased from demand levels to total pfdduction,levels ﬁhich _
afe»given.in Table 26. | ) | |

-Right hand s&des of the stock-producticn‘balance equatioﬁs
corresponding to pairé mn,such as 11,12,31,61 and 82,arej
increased to 15,110,1;1 end 11 respectively. (Teble 27)

The‘allocatioh of‘the'prQQuction qénﬁefs in each timé :
intervals,the sterting and final inventory lévels,the sctivities
taking plabe at the production centers and the utilization of

the production centers ere given in detail in the computer

output of OUTPUTPR in Appendix IV.

~-The optimal solution is ebtained efter GGQ iteratiops.The,resultinj

@ptimum objective function value is 50,264,592.00 TL.

-Except the first product 81l other products sre produced ot
their required lower limits.The smount exceéding the required
level is 15 units,and. this is the level of initisl stock of
the first part;of the first product.On the other.hand the initial
stock of thé,second pert of the same endproduct is 110 units; i
8o if leaving the production centers idle would have fewer

| effect on cost then stock holding or surplus items .Then the
first,second and sixth production centers will be allocated in

such a way thet total production will. be 170 units and during
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PRODUCTION CENTE? ‘PERCENTAGE_UTILIZATION'
“OF PRODUCTION CENTER- - -~
Side&Lockring Line ; Jlé.09%1’
Truck Line : | 24.7%%
Disc Line | L TT.20%
Tractor Line ‘ 67.30%
Ist Assembly Center - 23.76%.
2nd Assembly Center k24.81%‘7
3rd Assembly Center | . . '77.20%'

TABLE 29 Percentage utlllzation of the productlon centers

for the third run

the time the 15 units are producable the relevent producticn

cenZer‘would be left.idle. | | |

~The oversll utilization of the production centers in percentages
is asvin Table 29.As it is implied .by the comperison of the
napa01t1es “of the productlon centers it is evédent thet the
thlrd production center namely the disc 11ne is always the one

1th the highest utlllzatlon percentage. | )

-The amount of parts that must be stored in some time 1ntervals

- by the optimum production scheduling with the specified conditions
are given in Teble 30; |

~Total CPU time required to obtain these results is 10:40.530

minutes. ’ : ’
|
|
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12 | 20 95

31 20 R 3

61 |, 20 S 5
82 | 20 » 1L N

{
TABLE.BO;‘Ending inventory levels for partsvingthe third run

;

T7.5. Fourth Run and Results:

In all the three runs it comes eut,as,i;‘should be,that the
disc line is the one that will ceuse the first boptle—neck,if
total‘emounf to be produced increases.It is desired to get an
optimum feasible solution where disc line is 100% utilizied by
thls run.All the glvens scheduled and unscheduled demand and
1n1tlal stock 1evels are as in the last case,

The change done in the program,ln.INCREPR is to set the
Jeenstralnts (from 76 to 95) equal 10 onefthey»were 1ess than or
‘equallty type of constralnts strlctlng the program to fulfill
everythlng in regular time (use of overtime is not allowed).
The optlmal solutlon could be obtalned aftef 888 iterations.The
minimum cost 1ncurred by this solution is 1ncreased from
50,264,592.00 TL to 51,985,195.00 TL.

-Productlon level of the endproducts is at the mlnimum 1eve1

Wthh.lS "Demand+Unscheduled Demand-InltlaluStock"‘of the

flnal products.
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mn | j | TIME PERIOD - | STOCK LEVEL

111 20 13

21| 2 20 - 110 :
23| 3 20 S | '
3513 20 1

51| 3 16 © 483

51| 3 17 1323

51|53 18 2163

51 |3 19 3003

51 |3 20 3830

61|53 20, oo n

92 |4 20 15

TABLE 31: The ending inveniory 1eve1‘of the parts in

the fourth run

. " ( N . B .
~This additional condition,with respect to the last case,squeezes

the-reQﬁired 1ower_1imit of production to_first periqu (except
the tenth product its lower 1limit is achleved at the end of the ;
\16th time intervel)} and the amount produced in the 1ast four

time 1ntervals are all work—ln-process elements which increase
the endlng inventories.The reason for the ex1stlng high level of
‘endlng 1nventor1es is based on the condition that the dise ligne
~should be utilized 100% throughout the plannlng horizon.It should
be noted that all high stock levels sre accumulated in the third,

namely disc line.The ending inventory 1evels are figured out in

Table %1l.
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o PRODUCTION CENTER‘ ‘PERCENTAGE UTILIZATION
- P ;‘ , Hv ‘ “OF PRODUCTION CENTER

| Side&Lockring Line i e 12.09%'
Disc Line , - 10000%
| Truck Line | o . 24.T3%
‘Tracter_Line L f‘;67;30%
1| 1st Assembly Center— ‘ » 323.76%‘
":an:Aseembly Center '24.73%
.3rd.Assembly Center | 67.30%

TABL TABLE 32 Percent utlllzatlon of the productlon centers
" in the fourth run Q S~
;The nercent of 1dle time for each productlon.center in each
time 1nterval is. given in comparlson w1th the last run in.

. Table 33.The overall utilization is figured out in Table 52
although the values are the same as in the last case the utlllzatlo
of the production centers (and also the idle tlmes) differ very

| much from time interval to time 1nterval in both cases,
~Total CPU tlme required to obtaln this optlmum solutlon is

'

11123.267 mlnutes.



LNIRRVAL

3rd RON | 75.2 100 100 100 54.4 100 100 53.3 100 100 100 100 84.4 53.3 53.3 100 100 100 84.4 -100
4h RUN | 75.4 100 84.4 100 84.4 100 53.3 84.4 84.4 84.4 84.4 61.7 84.4 84.4 93,0 100 100 100 100 99.

3rd RUN - 60.2 100 100 100 6.1 100 100 4.6 100 100 100 100  68.2 4.6 4.6 100 100 100 68.2 89.
4th RUN | 60.7 100 68.2 100 68.2 100 4.6 68.2 68.2 68.4 68.2 21.7 68.2° 68.2 85.8 100 100 100 100 87.

3rd RUN | O 0 0 | '33.3 0 33.3 33.3 0. 33.3 33.3 33.3 33.3 O 0 0 33.3 33.3. 70.7 0 85

4th RN | 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0o 0
3rd RUN | 126 0 100 O 97.5 0 0 100 0 0 0 0 0 100 100, O 0 56.40 98
4h RN | 8 0 O 0 0 44.6 100 O 0 0 - 0  73.0 0 0 - 0 36.3 100 100 ..100 99.

3rd RUN | 68.7 100 100 100 6.1 100 100 - 4.6 100 100 100 100 68.18-4.55 4.55 100 100 100 68:2‘ 100
4th RUN | 67.5 100 68.2 100 68.2 100 4.6 68.2. 68.2 68.2 68.2 21.7 68.2 68.2 85.8 100 100 .~ 100 100 99.

3rd RN | 47.6 100 100 100 6.1 100 100 4.55 100 ~ 100 100 100 68.2 4.6 4.6 100 100 100 68:2 100
4th RUN | 47.9 100 68.2 100 68.2° 100 4.6 68.2 68.2 68.2 68.2 21.7 68.2 68.12 85.8 .100° 100 100 100 100

 3rd RN | 0 0 100 0 975 0. 0 100 O0O- 0 O 0 - 0O 100 100 O 0  56.40 .. 100
4th RN | 0 0o 0 0 0 446 100 O O O O 730 0 0 0 363 100 100 100 100

-~

" TABLE 33: The percentage of idle times of production centers in each time interval in comparison of the third and
forth runs. ' : ' ' ' ‘ :

T T m
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7.6. Runs with no Feasible Solutions:

- Mainly there'aredtwo iypes of runsj;the first group conbains’
the runs with the scheduled demands as it is specified previously
-and different values for unscheduled demand, inltlal stock levels
for the parts and flnal products.The second- group of runs contains
runs with multlple level of demand with dlfferent values of
initial stock and unscheduled demand.For these runs, 1t has not
been possible to obtaln any fea81b1e solution,The values of 1nput
and reasons for 1nfea31b111ties are explalned in the follow1ng

sectlons.

7 6.1. Flfth run and results.

' The 1nput data spec1f1ed for this run namely the 1euel of
unscheduled demand and initial stock of parts are given.ln detail
in Table 34 and Table 35 If there exists unscheduled demand on
some products,the INCBEPR program sets lower bounds on the
necessary {ariables during required time intervals,in‘ordef to
satisfy the production of these amounts in the first periods as
soon as'possible.While setting the lower bounds the products are.
con81dered one by one,.The resultlng lower bounds on the variables
are given in table 36. After determining the lower bounds,they
: are‘combined in the constralnts defining the line utlllzatlons.
In this run, whén the lower bounds of the varlables correspondlng
to the parts of dlfferent endproducts whlch are produced .on the

same line are combined to see the utilization of thst line in




11

867

PRODUCTS 1 2 7 9 10 .

DEMAND © 167 2017 1250 417 833 417 833 417 417 4167 1250
UNSCHEDULED DEMAND 100 300 250 1700 300 450 183 150 500 634 1179
AMOUNT TO BE PRODUCED | 267 3217 1500 2117 1133 1016 567 917 4801 2429

TABLE 34{HThét86hedﬁ1ed and Unscheduled Demand and total amount to be produced
for the fifth run.

PARTS -

INITTIAL STOCK

~11--21 - 23

15 110 1

61

12

92

15

102 |

30

TABLE 35: The Initial Stock level of the parts

for the fifth run.

-02T-
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—

mnjt LOWER BOUND i anjt. LOWER BOUND
X111 #0553 o Xy 341
X1001 - o114 | Egpun 535
X1361 2114 o S 535
Xa121. 341 K131 | #536 )
X231 «391 Xeas1 +803
Xo351 +341 X657 .80%
Xp411 - 159 1 B
2561 »J41 Epsy -218
| X7241 " o e326
%3121 «284 X7371 - +326
%5931 +298 . S . |
X3351 +284 CXgixyp | AT
X5411 w133 Xg242 268
X356l -@284‘ X8371‘,: ] a'268 .
Xy 1..000 X131 595
Xp241 1+000 X9241 -893
X4132 - 1.000 | ' X10131 o 0755
RIye 1,000 %10241 1,000
X43 72 10000 i : _ X10371 ’ I.OOO‘
X4153 2025 1 Fimse o0
4245 1,000 | x10242‘ - -L48
X4373 ’ 10000 X10372 ' 0.148 -
Xy »000 - Xyp931 1..000
- %4244 .035 | . -
74 035 Xq7130 404

 TABLE 36:

Lower bounds of the varisbles for the fifth run

5
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the specific ﬁime}interval,reasons for the infeasibility become
,immediately:evidenf;The utilization of the production,centeré,
-disc line,tractor line and third assembly'cénter,fbr the first
~and second time intervels causes theﬁinfegsibility.(by.Setting
~ the bounds into the following equations,the violation ofvthex-

constraints are obtained); , : T

Xoost, ¥ ¥3231 * X413t + X134+ Xgyse * Xqpse * Xgyse ¥
S * X915t 1015t 138 <L

Zyoqt T X540 Xeoqr * X241 * Xg2ge * Xoogr t Xro2qt £ 1
Xyz7e * Xoze * Ko7 * Xy370 ¥ Xgz70 * Xos7e * Xyonye <1

, "fofgt = 1,2

On. the other hand,if the total amount of produqtion.fér the.
endproducts is analyéed,anothéf point of0infeasibiliiywalso
becoﬁes clear,.The second;tuﬂ 11th products must pass;throughk
the disc line.The total number of uﬁiﬁs that can be produced
by the disc line in all 20 time intervals are 16,800 whereas
the desired'amount_of products two to eleven are 18,564.Hence,
even if the lower bounds of thé variables are releaéed,i.e; the
production of unscheduled demand is spréad‘dut iﬁtézthe entire
‘planning horizon,theré is no way to obtain a feasible solution

with this given input data.
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7.6.2. Sixth run and results:

;The input data for thiS‘run scheduled and unscheduled demands
of the endproducts and 1n1t1a1 stock levels of some parts are
flgured out in Table 37 and Table 38 In this run,total amounts
pa331ng the side and 1ockr1ng line are 6, 134 unlts,whereas total
capac1ty is 37,600 unlts.Total capacity of the truck 11ne is
17,600 units through which 6 134 units have to pass 13 938 units
must be produced on the dlsc llne which has'a total capa01ty of
16,800 units 8,521 unlts must be produced on the tractor line. and!
third assembly center thelr capacitles are 11 200 unlts each.

17, 600 units are the capacltles of the flrst and second assembly
centers and amounts to be produced on are 4, 167 and 6, 134 unlts,
respectively.By analyzing. these amounts,it can be seen.that the
satlsfactlon of these amounts is p0381b1e from the p01nt of the
capaclty of the plant. But the unscheduled demand of the flrst

' forth and 31xth ﬂroducts causes the infeas1b111ty agaln,Thevlower
bounds of the verlables due to unscheduled demand calculated and
set by INCREPR are glven in Table %9 .By settlng these lower bounds
1nto the corresponding constraints,the violation of:thém pecome

evident:

Xop31 * ¥sp31 * Xga31 * X131 * Xers1 * Xz * Xeusy *
X9131 *X10131 11131

IN
H

>
H

Xp241% ¥s241 * ¥e2q1 * ¥r241 * Xe241 * %9241 10241




PRODUCTS iy 2 3 4 5 6 7 8 9 10 11
DEMAND 167 2917 1250 417 833 417 833 417 417 4167 1250
UNSCHEDULE DEMAND 11800 - - 460 - 560 . - - - - -

AMOUNT TO BE PRODUCED| 1967 2917 1250 877 833 977 833 417 417 4167 1250

. TABLE 37: The Scheduled and Unscheduled Demand and.total amount to be produced
for the sixth run.

-PARTS

11 12

INITIAL STOCK | 169 169

41

417

837 834 418 418

71 72 .81 - 82

t

TABLE 38: The Initial Stock Level of the parts for

the sixth run.

-y1-
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Xmit | LOWER BOUND
| Xllil’. A ?957
X1001 | 1.000
Xysey - | 1.000.
X110 %000
Xjooe | La000
~Xy362 | - 1.000.
X113 000
Kyops | <085
Xp241 .81
Xpz71 .821
- Xe131 w667
X5241 - 1.000
Xgsqp | 1000

Pl

TABLE 39: The lower bounds of the vafiables for the sixth ru

4371 * " ¥55m) * gz * 8371‘ fo5m Faosm <

even if all the products except the fourth end sixth are not
produced in the first time interval,it is not possible to have
a feasible solution when overtime is not allowed for the disc
and tractor lines and the third assembly center With two
shifts only for these productlon centers a feas1b1e solution
can be obtalned for this problem. ‘
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In the last three runs the reason for the 1nfeasib111ty

is always the same,namely the number of unlts to be produced

‘due to unscheduled demand which must be produced on the same

production center exceed the actual capacity of that center

-in some time intervels.In order to obtsin feasible solutions,

even if there exists unscheduled demand on the preducts to be

produced on the same facility,a rewision is made on the

- progrem,The sum of lower bounds of the varlables,anJt, belonging

to the seme constralnt utilizatlon of the productlon facility

J in period t,are checkedjat the moment the sum exceeds one,
meaning that the production facility is filled up for that time
interval;the remaining lower bounds of the variables are shifted
one period snd lower bounds in that period are set equal to

zero for all variables.It could still be impossible to obtain
feasible solutlons for these runs,but the infeasibilities come
from other p01nts such as exceedlng the cepacity of some productlo
centers (for fifth and seventh runs) or the unbalance of the
assembly centers (for the sixth run). ith this extension,it fs |
guaranxeed to have always an optimal solution independent of

how high the level of unscheduled demand is unless this level

does not exceed the total capacity of the plant,

7;6.3. Seventh run and results:

By this run,it is desired to see whet happens if the level

of scheduled demand becomes some multiples of the iuitial case,
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by holding the unscheduled demand level and initial stock 1eve1
at zero.Demand is taken succeSS1vely three, four and flve tlmes
as the initial level and infeasible solutlons are obtalned in’
each case,31nce'the capacity of the plant is not'sufficient‘t@ f
‘satisfy that level of production.The disc line first and then
the tractor line and finally the‘thifd assembiy éénteﬁ cause
.bottleneck,heﬁce,the reaéon‘OfyinféaSibility(Obviously,thgre‘is
no wey to obtain sbme feasible solutions,if‘at the same time

the level of unscheduled demend is increased.

-

7.7, Sensitivity Analyses:

Four different\sensitivity analyses on the existing model
are done to investigate the effect on the optimel solution
provided by simplex method,if the parameters take on other
possible values.By these analyses enswers to the following '
questions are sought: “
~yhat can be the maximum.production.1evé1 of each product

seperately? | | |
~ffhat can be the maximum production level of éll products

simultaneously satisfying the initial demandlor having no

initial demands? o o ” ‘ ’ -
~ifhat klnd of a productlon scheduling will result if a second
| shift is added to some of the production centers?

The formulations of these different runs,the changes to

be done in the program,and results obteined are expiaiﬁed in

the following sections.
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7,7°l. Eighth run and results:

By this run,an answer is dbtained to the following.questiom:
What is the maximum possible increase in productioh level of .any.
pmo@uet,satisfyihg the initial.démaﬁd iéﬁélkbffallﬁfinalwprodﬁctsz
Thié runmgiVes the méximum pfoduction“lémelkéf ohe and”ohiy one
product By obtaining the maximum productlon 1e vels of all '
products seperately,lt is not pOSSlble to conclude that the
max1mum avallable levels for all products are these smounts
81multaneously,w1th thls run, the meximum productlon 1eve1,DEL1
of the first product 6. 5x20 Otosan Flat is obtained. The formulatloz

requlred is as follows-'
mex z = DEL1l
subject to: R .
1. The demand for all products snd their parts

must be satisfied.
J . . ) ; o
2. The demand of the first product and its three
parts must be satisfied and the maximum production level DELL

'is to be specified,

Z; ¥yq74 Tlyp = DELL > Dyy

2. Tippy Thp - DELL ¥ Dyp
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J

\,2;1 X136¢ Tly5 = DELL 7 Dy

3 The,seéohd'typéw6f\é§nstrain£$,éenéting the
utilizations of the broduction centers in’eaéh time intervel
‘and the thiré type of constréints,deno;ing the stock-production
balance at assemb;y centers ?emain>unchaqged in this formulation,

These chgngeé are all done in theAfirst computer program,
INCREPR.The objecti§e functibn is changed to maximization of
productiongtherefore all the objectivevfunction coefficients of
the variables are chahged,Awnew variahlé,DELl'iS*int;oduced.The
cbnstraints in which this new variable exists are figured out
and the coefficients of this veriable is entéréd:ih the'conétraints
in questionQAll these chénges’are:organized,and input_to the
INCREPR.7:29.021 minutes and 347 iterations are required to obtain
the\optimal solution( /' o o
~The objective function value comes out to be 13,266,which is

the msximﬁm'prOduction level of the first product while the

demand level of sll other products are satisfied.. | |
~The demand and the realized production level of the products

are as follows: The méximum increase in.production'of thevfirst,\

product is 13,266 units;the amounts tb”satisfy the deméndvof'thié

product,167 unité,are slso produced.So im total 13,433 units

,are'proéuced from the first producthesideIthis,productipﬁ

1évels of products 7,9,and 10 are also incréased'by:287;143

and 39 units,reSpectiveiy,All 6ther products'except the first,

seventh,gineth‘and tenth are produced at their minimum production

‘levels,namely at their initial demand levels.
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- PRODUCTION CENTER PERCENTAGE UTILIZATION

- OF PRODUCTION CENTER
Side&Lockring Line ... 48.88%

Truck Line :‘. wi;j’. Ti;”  100.00%

Disc Line o - 61.00%
Tractor Line. -  , .T1.00%

‘1st Assembly Center -| . 24.00%

2nd Assembly Center .| - 100.00% .

3rd Assembly Center. | . = T1.16%

TABLE 40‘ Percent utlllzation of the productlon centers )
" for the elghth run R |

-The utillzatlons of the productlon ‘centers are given in Table 40.
 yThe values are the avarage utillzatlon values in the entlre '
iplanning horizon.The first produCt’has three parts.The”capQCitieé
' of the production centers on which these parts are produced -
restricts the valué of DELl.The first part is produced on the
‘first line with a capaCityiof'I,SOO‘units per time interval. 4
‘The second line is‘produéed'bn'the:truck line with a capacity of |
'880'ﬁnits-per timé'ihterval‘éhd’fﬁe third part,wﬁiéh ié the
; éﬁaproduét,is asSembled on the second assembly center with a

capacity of 880 units per time intervel.The truck line and the
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seéond assembly center are both(fully utilized and the first

line is 48,.88% utilized.

T.7.2. Ninth ron and results:i

Thebimhediate qtestion arisihg from‘fﬁe‘resﬁlts’o%xthediaSti
run is: what happens if a second shift is added to the truck
line and/or to the second assembly center? |

If = shlft is added only to one of them,it is evident that
there will not be a change in the value of the objective function
and in the production,echeduling.Aogovertime of the 1ength\eame
as the regular time is added to the truck linej;after 344 iteration:
(4:09.149 minutes) the optimel solution,which is equivalent to the
previous one is obtained.The meximum possible smount that can be |
~ produced from.the-first product set}sfying the initial demand of
ell other products is again 1%,266 units in the entire plahning
horizon.The first 11ne 1s 48,88% utllized The regular tlme of the
truck line is fully utlllzeé but the overtime is left totally
idle.The second assembly center is also fully utilized.

For completeness a shift is added to both of the production
centers,truck line and sécond assembly center.The formulatlon
that will give the de81red informatlon is as follows. 7
The obgectlve function is to maximize the totel amount of

production of the first product.

mex z = DEL1
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subject to:

1, The minimum production level of the products is

N

the initisl demand level.

Z'_, ?. an,jt'Tlmn > Dy, for all m,n / »=1,n=1,2,%
J : ' v . L

2 The first4produét‘must.be produced to fulfill

the démand and to maximize DELl.

2—\ 122t
2
T

3 All,the productlon centers except the second

and the 31xth can be at maximum 100% utlllzed.

'Z ; Ky £ 1 for all § / §=2,6 end t:. .

m

4, Overtime is allowed for the second and sixth

production centers.

S o0 L Xpot £ 2 for all t
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%%: 5;:,_Xnn6t L “2 for ellvt
IS.Thepth&rd type of constreints,denoting
the stock-production balance»at-the‘assembly‘centers remain
unchengedvin.this~formu1ation. | |
-Theﬂoptimal'solution under the given conditions is obtained
after 284 iterations (3:02,126 minutes).The objective function
is 17,433 units.In the last three runs,the number of iterations
to obtain the optimal solution is decreased’gradually from the
firSt to the third run,If phe restrictions are stricter, the numbe:
(for maximimization ) . The thlrd run has the 1east number of
restrlctlons (second and 81xth productlon centers are both
allowéd to use overtime) and 1t required the least number of
iterations (284) and the maximumvobjective funcpion (13,433‘
units Yoo
~-Beside the flrst product (DELl 17 433 Unlts ) excess production
‘arise in products 4,5 and 10 by 143 287 and 39 unlts respectmvely
;So in totel, 17,600 unlts from the flrst 560 unlts from the w
kfourth 1,120 units from the fifth and 4 206 unlts from the tenth
‘product are produced.All others are satlsfied at thelr inltlal
demand 1evels.- ’ | ‘ | ‘," | N
-In order these amounts to be produced the productlon centers
are utlllzed as shown rn Table 41.If the‘utilrzatlon of the

production centers is analyzed beside the other'results;ii'mey

N
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PRODUCTION CENTER PERCENTAGE UTILIZATION
OF PRQDUCTiON CENTER
Side&Lockring Line . ,'60.46%
Truck Line : 123.67%
Disc Line | 76.35%
Tractor Line - L ~ ©71.16%
1st Assembly Center ‘ - 23.6T%
2nd Assembly Center , 123.67% | -
3rd Assembly Center | - T1.16%

TABLE 41: Percentage utilizaﬁion of theAprodﬁciion centers
| for the ninth run -

léad to follbwiné éonclusign- It is-possiﬁlé.to iﬁéréaééythe
obJectlve functlon by utlllzlng the first second and 31xth
'productlon centers.Dlsregardlng all other factoré and viewing
only the capacities,the objeective function.may‘increase up to
30,866 units by’using the second and sixth production centers
200% and the first 85.74%.This is en impossible result,since
in the optimal solution the variables X1361 to X13620 have
already reachéd fheir upper bound velues with a redﬁced cost
. of 880 units.This 1mp11es that an 1ncrease in the values of the

varlables each by one unlt w111 cause an increase in the ObJEctlve
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function by Az,which is calculated as:

Az = FOBJT X AK; x.ds

= (-1) x (+1) x (-880)
880 ’

W

The constraint,denoting that the amount of the production of

the third part belonging to the first endproduct,must satisfy

the initial demand and‘méanwhile satisfy'the maximum prbduction '

level is one of the second type oficonstréints,in order to make
it an equality equation a slack variable is subtracted:

tZ X136t - DELl - SLACK VARIABLE = 167
In the optimal solution,the slack variable has a ppSitiVé value,
‘if in the activity of the slack variabie a‘reduétion‘by one unit

 occurs,this will effect the objectivé'fﬁnction as: o

FOBJWT :tij x dj |
(=1) x (-1) % (.999)

1

Az

i

.0, decrease in the values of Slack variables byVone'unit,
which means en increase of the demand of that @piroduct by one

unit,will increase the objective function by one unit.
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;7.7.3. Tenth run andaresults:

By this run,the meximum possible increases in‘the‘production
levels of all,products,DEMm,simultaneously”are desired.A minimum
production level for the products isfnot_specified;Objective'
function is the sum of the total production which is to be -

meximized.The formulation then becomes:

- N R | B | I
max z = DEM,, 8 S ST

m=

subject to:

) Z; ; Xanse X Tlgy = DEM > 0 for all m,n
The second snd third type of‘constreints denoting the line
utilizations and stock-production balance at the assembly centers,‘
respectlvely remain the same as the 1nitial case.
I compared with the initial formulation new variables DEMm,

are 1ntroduced and the obJective function is changed from cost v

e N
obaective function and constraints,and the constraints to which.

the veriables belong must be specified’by the input genenation .

| progrem‘INCREfR for this formulation.After alllrecuired Chenges‘
are accomplished a solution is obteined in 5 25.356 minutes.In

-the optimum solution, maximum p0351b1e 1ncreases of the production y

of a11 products 81mu1taneously are obtained The objective function.
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valueris‘34,400 pnits;Towmaximize the objective function,two
products,nemely,the first and the eleventh.are increaged from
0 to 17,6OQ anq’16m800 respectlvely and a1l others sre left at
. zero leveles mentioned sabove, the first product has three parts
Aproduced on the production centers 1, 2 and 6 w1th 1 800 , 880 ,
and 880 unit capacities per time interval the eleventh-product
has only one part prodmced on line three with capacity of 840
units per tlme interval.If a 20 period plannlng horizon is assumed
the increases in production levels w;ll be as follows: These two
*productsyare chbosenJemongfeleﬁen poeslbilities,since'they have
the less number of.operetions to Pe eccomplished to produce the
endprbduet. o ’, : _ | |
As a result of the formmlatlon, (maxz DEMm) ,all anJt

varlables are at their lower bounds,rhe increase of these
variebles by one nnit Will cauee a decrease in DEMm variahles
and thus avdecreese of'thejobjective“fnnCtion This isvreflected
- by the reduced, cost of.. the varlables X223t and X323t’f°r all t,
which are 880 and 840 respectlvely,i e, increase of them for any
time 1nterval will be reflected by a decrease of 880 or 840 units
of the obgectlve functlon.

- Production centers 1,2 and 6 are used by DEM1 and 3 is used
by DEMll’The flrst productlon center side and lockring line is

utilized for an avarage of 48. 88% in the whole planning horizon,

The productlon centers 2,3 and’ 6 are, fully utilized and the others

i

are npt ‘used at all.




PRODUCTION

11

the values of DEMm variables for the elevent run.

1 2 3 4 5 6 7 9 10
* REQULRED PRODUCTION LEVEL 167 2017 1250 417 833 417 833 417 417 4167 1250
REALT ZED PRODUCTION LEVEL 167 2917 1250 417 833 417 833 417 417 4167 1250
DEMm 13266 0 0O 0 2670 0 O 0 1029 0 183
' TOTAL PRODUCTION 13433 2917 1250 - 417 3503 417 833 417 1446 4167 1433
- . ‘ . . ) . , ‘ / ]
_ TABLE 42 : The required production level, the realized production/level and -

-6ET-
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T.7+4. The eleventh run and results:

In the last run,ihere does not exiét any minimum required
preduction levelsj;production level in.thiS'run is the initial
demand level.The Question to which an answefvis sought by this
run is: satisfying the initial demand,what can be the maximum
increases in the production levels of all products simultaneously?

- The required production level,the realized production level
and the values qf DEMm-variables come out (7;25.256 minutes) . to
be as given ih Table 42,

- In order to accomplish these amountsxthe,production centers
ere utilized as follows;the second,third,fourth,sixth and seventh
production centers are éll fully utilized in the entire planning
horizon.The side and lockring:line is only 48.88% used,ghere the
second assembly center is used 23%.67%. A

By analyzing the reduced costs of the slack variables and
variables,X s, and ST, ,t»1t is concluded that no increase in
the objective function value can be achieved by changing the
levels of activities of variables.On the contrary,the increase
of slack varisbles belonging to constraints 56-75 and 76-95
(ﬁtilization of lines 2 and 3) by one unit will decrease thé

Qbﬁective function value by 880 and 840 units,respectively.




8o DISCUSSION'AND'CONCLUSIONS

8,1, Introduction: = °

" It is accepted that epplicable production planning models

‘are mostly designed ‘for special cases;the reason being to solve

specific problems and complications for an existing plant,Although

the apperent aim in this study seems to be the satisfaction of the

requirements for a wheel company's manageﬁent,the main purpose
was to design a model asfgeneral as possible” which can cover -
almost any case for similsr production plents.. T

- In this chapter,the features of the model relating to:ithe
generality of it,the changes to be done to enable the model
applicable to differenﬁ-cases,and.the.pOSSible extensions” that
éan‘be included ihto the.boundaries%of.sucﬁ.a model’tovobiain aA
complete system are explained. '

- This model is designed for a plant that produces eleven :
different types of endproducts (each:of which is composed'éfz‘
| one to five different parts) on four production lines. (all of
which are working in péralle17 and three assembly centers.,The
raw-materials required for each of the prbduction,facilities are
.takén from the warehouse and;it is assumed  that shortage of
raw—ﬁaterialsvwill qever(appear in the total planningihorizon.
The work-in—process elements sre stored in stocks’ in.front of

7/
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.the assembly centers, ifkthe~centersbare already occupied in that
time interval or if any\part to be assembled on that assembly
center does not exist in thepnecesséry émount in the beginning

of that time intérval,The final products.are immediately-sent

-to the warehouse.0Objective of this model 'is ‘to minimize the

total éost which comprises of production,stock holding,surplus
costs and cost of idle' times 'of: productlon centers in the

~ent1re planning horizon.: '

" The presented“computef.program-is;still valid even:if=therej
arises & change in the structure of ihejpiant,in the’numbér or
characteristics of production lines and assembly centers,in}the~
number and confignration of the endproducts,in the objectivé%.
funcfioni(coefficients or’tYDe),and/bffin the lengﬁh of the
*pianning’horizon.

~ However,for each of‘these‘changes,the progream must .be
updated.Mostjofnthese;updates:are;done‘in:the.first compnter:
program,i.e.:INPUT,CREATION:PROGRAM;AS mentioned in the' fourth
chepter,thid progrem specifies the coefficients and the exact
number of. constraints in which each,variab1e~appéars,and this.
unique way of prESentation is a mustvfor.FMPS package .It seems
initially that this way of specification creates a restriction
for general use of the computer progrem,but to define everythlng
as exagenous ‘variables, whose values are input broadens the 'scope
of appllcation.In the followink sections,possible reV1sions

consmderlng the model and: corresponding changes in the computer -
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programs are expleined‘Seperately.'"'

8.2. Features of the Model:

Before the treatment of different cases which this model
/A can be applied to is'anelyzed;it‘will*be'usefull»to summerize -
the different cases thia program can solve,without any revisions

to be done,for the specific plant described in Chapter 4.-

-First Case: Although the plant has started its activity,the actual
production did not yet stert.ihen all machines arrive and actual
production startspthen'for this‘initiel“cese the model will be =

the one to be used.There w1ll not be any 1nit1al inventory levels

for any endproducts and perts ,there will not exidt any demand

that will have a priority to be finished;.'ﬁ Co 1

-Second Case: When periods after the first are considered,then
. N

it is possible’ that there already exists some parts or endproducts1
i

from the previous periods.Then the amounts ex1st1ng in stock i

must be 1mput to the progrsm in order to prevent overproduction.-

-Third Case: The production level of this plant has to be‘parallel

to the level of activity in the automotive sectorvof TurkejQBy
‘tekéng this point into account the‘speciality'Of hendling'demand
~with priority is added to the program In other words if from any

product a spec1f1c ‘emount is to be produced as soon as possible,

the de81red levels of these products are 1nput to the program.

-Fourth case: If all the sbove situations occur Simmltaneously ]

and if ell input are spe01fied correctly,there will not arise eny‘
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-problems.On.behalf of these if during a planning horizon, which
is set to be one month yany decisional or physical change occurs,
this can be 1ncorparated into the model The existing 31tuation -

‘ of ‘the plant is analyzed,the available parts and endproducts are

.Sp801fled and it will be poss1b1e to see how to continue thereon

to achieve the minimum total cost.

8.3. Changes in the/Objective”Function:
A change in the objective function may occurpin two manners:
By defining 8 completely‘differentvobjectiverfunction or by keeping
the one as it is but redefining the coefficients.Other objective
- function alternatives considering a productionvplanning prpblem
.may be any one of the followings or any‘combinstion of them:
~Profit maximizaﬁlon i -
~Maximum nfilizstion of the‘prodnctlon‘facilities
-Mlnlmlzatlon of idle and/or overtime of productlon facilltles
_optlmization of buffer stock capac1t1es and locatlons
-Optimization of raw-matérial consumptlon ‘and 1nventory»if there
exists elternatives in the use of different'type of maferisls
. =Optimization of scheduling of work-force levels among the
productlon facilities and stabilizing employment levels
-Optlmlzlng customer serv1ce (dellvery performances)
~Minimizing total cost wich is the sum of verlable productlon,
procurement and distribution costg,losses 833001ated w1th
shortages,cost of holding 1nventory,cost of changes in productlon

rate and in work-force levels and cost of changlng fac111ty's

capacltles.
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Définig a new objective function among these alternatives

may require definition of other variables than exist#img ones,

which means a change in formulation.In such a.case,the use of the

computer program directly by means of small revisions is-not
possible at all.0n the other hahd,if,the"dbjective function is
kept and the coefficients are changed,C(M,N),coefficients of

X ‘and C1(M,N),coefficients of ST. have to be updated.:

mnt
As in here and in all similar .cases,where the values of the

mnjt

coefficients change,the arising updates sre only in the data

cards.There will not be any revisions in any of.the other‘computer f

N

programs, -

8.4, Changes in the Number of»Product3~;.

Adding or deleting of some products may arise due to policy
changes of -the decisinn-maker as*a‘réflection'bf the markéth.
situation or due to facility changes in the plant.In both 'cases,
following updates in the computer’ progrem should be ‘made.- -

fhe variable MM,denoting the total number. of ‘endproducts -
will be changed by AMM. This will cause changes in MN,total
number of parts produced and ‘in array NN(M) jnumber of perts
of each individual endproduct.The objective. function coefficients
‘C(M:N) and Cl(m;N)'and the matrix;Tl(MgN),ﬁenoting the number of
:parts-to'be produced in one time “interval must be regulated. . The
demands D(M),the initial stock levels ISE(M) and unscheduled
demand level IUSD(M) are also to be regulated.if theré,existS'
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inventory levels for deleted endproducts or\their’parts,these
entries should be reduced to zero (ln $§E(M),in IS(I) )\; in
the reverse case;when a product'isuaddedkwith‘positive inventory'
levels the entries for such items'ehould be inserted lnto the
'relevant arrays.The two matrlces eXplalning the precedence
relatlons and the one to one correspondense of productlon centers
and parts to be produced on those productlon centers,H(M N) and
A(M,J) are also to be arranged The variables IK IKK, 13, etc. and
IR(M N),all denoting the number of constralnts for correspondlng
variables can be arranged after the formulatlon of the problem
is rev1sed by means of thls change.

Then the change in the 31ze of the problem w111 be:
-(AMN) : Change in the first type of constreints

_(AMM;X NML X TT x 2): Change in the third type of constraints

Change in the number of anJt

Change in the number of ST

e

-(AMN x TT)
-MMJ-MM)X(M)

variables

e

nnt variables
All the variableslcorresponding to the above mentioned’oneé
in the last program,OUTPUTPR,muat elso be revised in e parallel
manner, | a
If there arises a change in the number ofrparts belonging to
the flnal products which és possible only for the case Where new
endproducts are added to the program,i,e. where AMM > 0,1t will
be con81dered exactly 1n the same manner as desorlbed above If
a part is to be produced and to ‘be sold dlrectly,then this part

) w1ll be assumed as a new product with only one part and the progra

P
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will undergo the same changes as explained above,

"8.5. Changes in the Length of Planning Horizom:

‘The length of planning horizon,i.e, the number of time
intervals,is the most effective variable in determining the size
of the problem,A change in thés variable will not only - change |
the size,but also will cause changes in other;variablesiThe»’~
variables in question are mostly the ones specifying the'starting
number of constraint set (they willJincrease;by anQincfease in
the number of time intervals,aTT);these are IK,;IKK;IK3,.44,16
and IR(M,N).Depending on the change,the formulation must. be
anaiyzed thoroughly and the values‘of the above mentioned variables
must be input, | |

The change in the size of the problem will then be:
=JJ X -ATT "2 Change in;the second!type of constraints
;(MN - MM)XATT:Changerin thekthird type'of constraints"
-(MN x ATT) :Change in the’number‘ofanjtvvariables -
-(MN - IM)XATT:Change in the number of SThnt.vériables

. 8,6, Changes in the Production Centers:

There may be mainly two types of changes in the production 8
centers,The first type considers all changes in theVCharacteristici
of the centers by keeﬁing the structure of the plant fiied;The ;

" |

second type includes all changes in the structure'by-incpeasing

or decreésing the number of production lines .and assembly centers.
v . ]
The nonstructural chenges only require a rearrangement of the
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values of some variables.A'change in the capaciﬁy'of any production
center,namely in array IC(J),in the maximum available time of a
center,namely in array TMAX(J),and in the amouht of production‘
of m*th product®s n*th part on the centers,namely in Tl(M,N)*
are the possible nonstructural changes.These do not require any
'updatesain programs,but only in the values of the above mentioned
variables in data cerds.The size of the problem is not‘affected
\iat all, |
If the number of production centers differs from the spe01f1ed
‘values it meams that a structural change is arlséd These must be
analyzed in two groups: changes in the production 11nes and
changes in the.assembly centers, ' '

‘If the number of production eentera'is changed,the.variable{ﬁ
JJd dehoting the total number of production centers,is chahged by
AJJ.sinee this is a:structural change‘in the plaﬁt,it implies the
aeed df updating the eniries of the'two matricee A(M J) and
H(M N) both Spe01fy1ng the precedence relations,i.e. the flow of
materlals in the plant The updates will be in the form of addlng
or deletlng a row in matrlx A(M,J) ;for H(M N),it appears as .
multlple entries for some (M N) pairs,since the endproducts are
all held flxed in thls case or equatlng gome entries to zero,The
capa01ty ‘of the production lines in question must also be rearrangg
either by equatlng some elements of IC(J) to zero ,for the case
where some lines are deleted,or adding some new entries, for the
case where new lines are added.ReSpectlvely the units (M,N) that

can be manufactured in one time interval on an approprlate line
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which is specified as Tl(M N),must aiSo be updated.As mentioned,

in the previous chanters the parts produced on the 11nes are sent .
to assembly centers yS0 & change in the number of these lines: B
causes changes in the matrix IR(M,N),which specifies the number

of constraints balancing the stockkand production in'assemblyl»
centers.Thevrequired;updates‘must follow the conplete formulation

of'thefproblem'witﬁ\the new vaelues,

The change in the size of the problem will be:.. .

~AJJ x TT ‘ * ¢ Change in the second type of . constrai:

~-(Number of (M,N) passing
through AJJ ) x TT

" ee

-(Number of positive entries
in H(M,N) « MN)XTT

A 13

«(Number of positive entries
in H(M,N) - MN - MM) x TT

9

The last possibility to be analyzed i# the chenge in the
number of assembly centers when is is assumed that the values of
all other fundamental varlables such as MM TT and the number of
productlon lines remaln fixed.Almost the same updates as above
are requlred if the number of assembly centers is changed,JJ will

be JJ‘+AAJJ;IC(J) Tl(M’N) H(M,N) A(M J) undergo similar changes,

1

Chenge in the third’ type of ‘constrain
Qhange in the nunber of anjt variable

Change in the number of STmnt variabl

|

and NMIL,denoting the number of the assembly centers,will be
NML +ZXJJ.

The change in the size of the problem w111 be: 3 o |

i

'

. _AJJ X TT Change in the seeond type of constrairn
-(Nunber of endproducts

i AJI) X TT Change in the third type of constrain{
passing £ - . , :
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~(Number of (M, N) pairs to L S R
be assembled onJAJJ) x pp * Chenge in the number of anjt variables

~(Number of’positive entries L e L
in H(M,N) - MN - MM) x TT ;Change Tn.the numher of STmnt vsriabTes

’As far as the model is considered in its boundaries‘underrthe
set of assumptlons and with reSpect to the de31red output it
could be conluded that it is an efficient and a usefull model.

The necessary computer time is between 5 and 11 m1nutes at a total
cost of 1 500 TL to 2,500 TL The flexibillty of the model to handle
small changes in the existing plamt and in cases s1m11ar 1n |
general to the productlon of the selected company enlargens the
'scope of its appllcablllty. ) N 7 “ | V'

To summarize,the follow1ng outputs can be obtained, | |

- the time 1nterval further the percentage of that t1me interral,
during which ‘each part ;s produced on the appropriatefproduction
vcenter, | ' o . " - | _

-~ the percentage idle time of‘eacﬁ/production centerTin each‘ttme~:n
'interval,_ |

- the starting inventory level,the smount produced in that time
, intervai and the ending inventory level for each part in each
time interval,

— the overall utilizations of the production centers in the entire

N

planning horizon,




(
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~ totel production level of each endproduct reslized in the whole
planning horizon,

- possible foreseen changes in the objective,funétion,value that .
can be obtained by changing thé;right hand sides of the constraints

or the éctiQity levels of the variablés,

- feasons.for the infeasibility,if an'infeésib}e solution is

. obtained, | \

with the following inputs:

-~ the scheduled and unscheduled demand levels for the products,5

gﬁhe inventory levels of the.parts>and/or endproducts initially,

- precedence relations in the plant, | |

- the endproducté and their stfuctural characteristics:y -

e_the characteristics of the pronction cemfers,i.e;'number:and,
capacity of the production,lines and/bf assembly centers,

- the cost coefficients;i.é. proddction coét‘per.item,stockst

~ holding cost pgr item per period,idle time cost of production
centers per period and surplus cost per item,

and changes ip the objective functidn,number~of.products;to be

pfoduced,length of planning horizon,and characteristicé and number

of production lines and asSembly centers cén'be handléd;AS'described

in this chapter.
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8.8. Extensions:

. The productionfplénning model is only a subsystem of a
complete system coverihg.all problems of .s manufacturing*cdmpany.
For a facility-wide system,an inventoryrmodel‘brganizing the in-.
and out-flows of raw-materials and all other subsidiary substances
must be undoubtedly-developed.The/optimum inventdry‘1e§e1 for
each item should be determined by 'this inventory model.This
‘information should be an input to the production-planning‘mo@el,
and thereon the production planning m;del must arrange itself to
fit the results of the invehtory mpdel and vice versa,

A market research program must also precede both the inventofy
analysis and production planning.By analyzing the'output of the
production.plannlng model, the capacity utilization of the factory
appears in a clear way.If there is underutilization ,then in =~
order to increase utilization,a second market research program |
may be employed to find new products with existing production
facilities.Another way of eliminating the lag of utiiization of
the facilities :is to input an extrardata,némely the selling prices
of different products,so that the model minimizes the idle time
by si&lecting products with highest marginal profit.A.work-force
level scheduling model may &lso be developed to control capacity
utilization, B

As in all factories,the production facilities must undergo

méintenanée and repair in predetermined périods.Apcording to the

plan,the idle periods for each of the facilities are obteinable,
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So0,in corporation with this information,a maintenance and repair
plan may‘be developed. . |
A very up-to-date problem.of Tuykey,as oiher\qouptpies5in, ‘ _

the world yis the energy crisis.Incorporating all other gonsiderations
an energy optimization model could also be de31gned

. To summarize, yan 1nventory system,a market research program,
a malntenance and repalr plan a work-force level schedullng
program‘and an energy. optlmlzatlon model may be some of the possible

extensions to the existing model in this study.
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Userfs Manual

] The computer program is written in.ASC-IIsFORTRAN. IT
is pIanned to be run on UNIVAC 1106/EXEC;8 under the assumptien.v
that the FMPS’package is available. There exist fbur computer
.programs that must be run.one after the other. The main 1
input/is read_from cards,and this information is converted
. via the_EMBS package and by the other three programs to the
desired results., The prepared computer program can handle
different cases that are classified mainly in three groups.
Theainpuxs creating the differences fn these cases are the
initial stock Ievels and unscheduled demand 1evels for parts

and endproducts.

-First Group This may be called the initial case Here,
there does not exist any initial stock for the endproducts

or for their parts. Besides there is no unit whose production
has & higher priority than the others-‘in other words, the
unscheduled demand of a11 the endproducts is equal to zero.

—Second Group This case considers all cases after some “

planning horizons are passed. This means that there exists
a,starting inventory level of some: parts or some endproducts.
On the other ‘hand, if the unscheduled demand of some
endproducts or‘of all the endproducts is greater than zero,

the program can handle it.
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t

-Third Grouwp : If during a planning horizon eny change occurs

and it is desired to see the effects of”thééehéhangeé7infthe_
rest of the planning horizon, this version of the program_

is to be used.

_The se€guence and the way of specifying the input are

explained in the following sections,

1) FIRST GROUP

I.1)%First program : SR S S TR
ffurpose:‘Creating~the input file required . for FMPS . ;,;,n
~Features: - P e

a) The programocheoks first the feasibility of the‘problem
by comparing the capacity of,thékplant with the total
amount of production'to bé_realized; »; s
-b) The program finally checks the;feaéibility after the lower
bounds are specffied and reorgéniées the céiculated 1owerg
~bounds to guarantee a. feasible solution.
c) The program sets the lower bounds only ‘then there exist
any unscheduled demand,for any one of the endproducts.»
-Input Medium : Cards 4 |
-Output Medium: File named ‘INCREPR' ‘ , ,
-Input : The main.information that must. be specified for this >
program are the ones required for a Production Planning
'Mo&ellin general.iThé structur of the plant, capacity of
the productlon_centers, types and characteristics of the

endproducts, the sequencé of operations to be followed the
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amuont of productidn to be realized, initial inventory levels,
for the parts and the endproducts and the variables required

for programming are . the main ‘inputs.

1st Data Card: It is‘divided‘intoisix:fields,Aeach*béiné¥'?‘
| interger and,gpecified”byﬁIS; ~f‘
1. Field: MN denoting the total:number of parts produced
2. Field: TT denoting the total number of time%inter#als>*,-
in the planning hofizoﬁ.: , |
3. Field: JJ denoting the total number of: production centers
4, Field :MM denoting the total.number of endproducts produced
5. Field:NM denoting the mex £ mum number of parts an end-
7 product may have.
6. Field: NML denoting the numberxof»the'aséémbiyﬁcenters
A1l the variables éefined»on,this'datafcard'may;takei‘nf
‘values between 1 and 999. 7 | |
2nd Data Card:4This'data'cardfis!required forﬂthe progréﬁming7c
 of this problem specificelly. It'is divided
. into 10 fields, each of them are integer'and : -
specified by T4, |
1. &2, Field: IK and IKK denoting the ‘number of constraints
_ - in which Xonjt 18 inserted,where t=1,j=6,m=1
2 &-4. Fielﬁé IK3 and IKA denoting the number of constraints
in which X Jt is inserte&,where t=1, j=6 and
' m=2 or 3. : '

L
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5. & 6. Fields:IKK and IKK1l denoting the number of constraints

in which xﬁnat is inserted where t=1,j=7 and

m=1,2 or 3.

T. &38. Fields:I3 and T4 denoting the number of constraints

in which Xh £ is inserted,where t=1, j=5,m=2

9 &10. Fields:I5 and I6 denoting the ‘number of constraints'

3rd Data Card:

4th Deata Card:

_5th Data Card:

in which Xonist is ‘inserted,where t=1,j=5,n=3.
The array speclfying the number of parts -
meking up each endproductis given. All the -

values are integer:anéiis specifed~by'Il.There“

are (MMxT1) values on the data card, Bach =~
value can be between 1 and 9.

There are 3 cards in thie deck. TL(M,N),the
number of units produced from the nth part of

the mth endproduct in one time 'interval are

 specified Each of them are real values (F6.0).

13 values are given on each data ‘card., - -

The matrix H(M,N),denoting the production center
j,on which the nth part of the mth endproduct

is produced,is:specifiéd; The matrix consists of

MM columns end NN rows (11x5). It is,represehted

column by column.

6th,Data,Card:The matrixiA(M,J)idenoting~the number of pért n

.consists of MM columns and JJ'rows (11x7).It

s repreeented eolumn>by column. B

which beIdngs to endproduct m and produced on
production center j,is specifieéd. The matrix




Tth Data Card:

8th Data card:

9th Data Card:

blOth Data Card:

11th Data Card:

12th Data Card:

This deck is composed of 5 cards. The objective
funetion coefficients of X jt;variables‘areu
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The‘arrav‘Specifying'thé demand levels' of ‘each
m1£hiendproductwis“given:dTherelare'1l“fiélds
each is Specified by FS 0 and they ere all real .
values. ' R

This data card deck is required for the -
programming of this problem specifically By the
deck, composed of 3 cards the number of

constraints in which ST‘ is inserted(t~1 for

t

all variables), is determined The matrix IR(M,N)

(11x5) is specified column by column Zero ‘values

mean that there does not exist such a constraint.

This card is divided into two fields both

denoting constants to be used in,this program,”:

The format is 2(F3 O lX)

specified. Since they are the same for»all»t’s,
there exist 35 values. On each data. card, there
are 7 values and the format of each value is F4.0,
This deck is composed of 3 cards. The objective
function values of ST t variablés are specified.
The value. of the'variables are the same for all

t values and there exist 16 real values. The

format is F5.0 .
The value ISD, denotes the total number of parts

which may have an injitial stock. It is an inte-

‘ger value and specified by I3. It may take value

from 1 to 999,
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13th Data Card: The values of initial stocks for the parts
IS(I), are specified. There are two cards

~each having 20 values.

14th Data Card: The level of unscheduled demand IUSD(M), of all

products is specified. The values are integer
, and is specified by I6. ; |
15th Data Card: The array ML(J), denoting the individual
| assembly centers, is specified. The values are
integer and specified by I3. |
16th Data Card: The initial stock level of the endproducts
B - AvISE(M), is specified There exist 11 fields
on this data card and each is 16.

17th Data Card: IC(J) denoting the capacities of the production‘

facilities are specified Each field out of 4
fields is specified by I5.»v /

1.2) Second program:
-Purpose: Solving the LP problem by FMPS package ., -
~Input Medium: File 'INCREPR'
-Output Medium: File 'SOLFILE' o
sUsing the‘input file created by the first progrem, the
solution file 'SOLFILE' is prepared.

No exageneous input is required for this program,
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1.3) Third program :
;Purste: Transferring -the 'SOLFILEY"tO !SOLFILE;!~8HQ¢§hen<
to 'OUTPUTPR' where only the optimum values of the
- variables aré(stored. ‘ .
- -Input Medium : File.'SOLFILE'
-Output Medium: File !'OQUTPR' . .
No exagenous input is.required for-this.program., . -
<\ | T
1.4) Fourth program: - - == i 0 R
-Purpose: Creation of the output
-Features: B
A8) This program prepares an output in the form épecified by}
the management;*fhé allocation of the parts to the pro- |
duction facilities in esch time -interval is given; '
b)The program secondly, calculates the utilization of the -
production facilities individually in the ehfiréfblanﬁing
horizon. LT I R
¢) Finally, the program calculatés the utilization of the
duction facilities in totai,'the"tofal'production‘realized/
from all types of the endproducts. ’ | ¥ |
~Input Medium : File '*OUTPR' -~
-Output Medium:‘Listing'from the printer ' | O
-Input : Most of the inputs to be fed to this program are identi-

cal to the ones specified for the input creation
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- program.

1st Data Card: This data card is ‘divided into five fields,

1., Field:

2. Field:

3. Field:

4. Field:

5. Fileld:

~

each of them is 1nteger and the format isI4.
The variable MM, denoting the total number of
endproducts to be produced is specified.
The variable TF, denoting ‘the total number of time
intervals in tﬁe'pignningfhofiédnfis Spécifiéa.
The variable JF, denoting the total humber “of
production facilities in the’ plant. is specified.
The variable MN, denoting the totab number of parts
to be produced in the entire planning horizon |
is specified. | | o . A -
The variable MNs;edenpting the total number of

work-in process units in the plant is specifiéd. -

2nd Data Card The array NN(M1), specifying the maximum number

%rd Data Card:

of parts making up each endproduct Ml is

specified. Each endproduét“may have’parté"bet— ‘

ween 1 and 9, since each element of the array

is specified by the[il format.

the number of units produced from n'th.part of -
the m"th endproduct in one time interval isf“
specified.rEach of them are real values and
epecified by F6.0. 13 values are given on one

data card..

There ere three cards in this data deck. ’Tl(M N).
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4th Data Card: The matrix A(M,J), denoting the number of part
n which belongs to the m'th endproduct and
produced on*ihe‘j'th‘production facility, is
specified. Ihe matrix consisﬁsTof’MM coXumns
and JF. rows(1lx7). It is represented columnwise.
5th Data Card: There are 3 data cards in,this deck.By these
‘ » cards ENDP(MI), denoting the names of the
endproducts are specified. Each name is 16
characters long. There must~5eqfive;names on .
‘one card., - |
6th Data Card: There are seven cards. in this data deck. The
. ' names of the parts’PART(Ml,Nl),iare specified
| by these cards. Each name may be at maximum 16
cheracters long aﬁd there exists five names on
one card. ‘
Tth Data Card: There are tWo cards; The initial stock levels
IS(M1,N1), of the parts and:endprqductSware.>:
- gpecified, egch being I4 long. It is .a matrix
representation which is represented cdlumnwise.
There are 20 data vélues on one data card. )
8th Date Card: The array specifying the demand levels of the
| m'th endproduct is given. There are 11 fields, .
each of them-iéia‘real value with a format of
F5.04 o | sl
9th pata Card: The léveliof unscheduled demand for all gf the

endproducts are given,each being 16.
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:2). SECOND GROUP

This group considers all»éases if any decisional changes
occur in the beginning of the planning horiZon. Thus, by
changing the input data, the solution can be obtained

immediately.,

3} THIRD GROUP
If any change occurs during a planning horizon, this
" version is to be used. The steps to be followed to obtain the
solution reflecting the changes dﬁring the planning horizon
are given(below: | |
-Step 1: The listing of '*INCREPR' is obtained.‘
-Step 2: The required updates must be realized.
a)The coefficients of all variabies pridr to that time of
'change(to) are deleted from the 6bjective funétion and from
all constraints. |
b) The amount of endproducts that have already been manufactufed
are deducted from the demand level of the correspohding\
endproduct or input as ;§E(Ml) variables. |
¢) The initial inventory level being equal to the ending
inventory level at time to for parts must be updated.
d) The unséheduled demand for any product, if there exists any,
must be updated or otherwise equated to zero.

-Step 3: éhe FMPS routine and the other two programs must be run,
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-Stepv4: The required updates for the fourth program, OUTPUT
PROGRAM, must be realized. The variables D(M),
TUSD(M), IS(M,N) must be updeted. Finally, the

starting time interval IT, must be specified.
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