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Abstract

A supply chain is a network of installations thasares functions of supplying raw
materials, transporting these raw materials, toanshg these raw materials to parts
then end product, distribution of end product terdk, and finally after sale service,
recycling and scrap products at the end of lifdeyc

Supply chain is composed of an ensemble of prosemsé relations between different
enterprises which business partners are aimingtimze product displacement in the
space and time with the goal of answering moreciefitly to requirements of final
consumer and principally at lowest delay and costjble. In effect, today’s enterprises
does not suffice alone to answer the variable requents of market provoked by
competition. Thus, they reunite around common dlyes connected at the same time
to market and entire supply chain itself and itnfera complex and difficult to manage
system which constitute of many plants for manwfacy many products, of many
warehouses, of many distribution centers and ofyneéiants.

The fundamental characteristic which provokes thelest complexity of relations
between the members of the supply chain is thatstyfs¢em precisely behaves as a
chain. This signifies that each link has an impant the remaining of the chain,
positively and negatively. Thus, all ruptures oframandises at a supplier will repeat
until the final client; as all changes and incad# of parameters such as the demand,
lead times, capacity etc., provoke different resesmat each link. In effect, if a part of
the chain doesn't assure correctly its functio &nd product can’t be available at
time, at the desired quality and cost. Then, thpontance of a well supply chain

management is no longer to demonstrate.

A supply chain may contain many elements and tlaioas between them may be very

complex. This conducts supply chains, for examjglelevelop mathematical models to



determine the production quantities, the time comiog the production until the
delivery to final consumer, the quality level to fespected etc., taking into account the
constraints of supplying, producing, stocking anstribution along the chain at the
same time. Since the supply chains are systemgitcing of many variables and
parameters, a monolithic approach won’t be appabtgrin term of efficiency, to model
them.

In this study we will focus on the Hierarchical Buation Planning approach to solve
Supply Chain Management problems. The hierarclhtzining is a convenient model
to plan and manage the incertitude and complexriherited in the nature of supply
chain and thus to minimize the costs and decresg®nse time to market.

Hierarchical approach is proposed as an alternativihe approach monolithic. It is
proposed by Hax and Meal, for the first time, tdveocomplex production planning
problems. In the hierarchical approach, global [enmbis decomposed to simpler sub-
problems. These sub-problems are hierarchicalbtedlto each other. All of these sub-
problems require a planning and modeling that spwads to a decision making layer.
So, establishing a hierarchical production planmaggtem means choosing a number of
decision making layers, a model for each layer famally a method to coordinate the
decisions flow and information feedback betweenldlyers.

Calculation time is shorter then monolithic apptoaBut, using such an approach,
finding a sub-optimal solution is accepted at tlegibning. The performance of the
result or the proximity of the solution to the apal will depend essentially according
to the hierarchy choice. The most important gainhadrarchical approach is the
simplicity because with such an approach, decisiares taken step by step in a
successive fashion descending the establishedrétigraThese decisions obtained by
the hierarchical planning are taken in a way thggregated decisions imposes
constraints to the detailed decisions and in retlatailed decisions returns a feedback
to evaluate the quality of the aggregate decislons evident that taking efficient
decisions requires an efficient modeling of theislen hierarchy.

viii



In the remaining of the study the structure of dieci making is introduced. Several
decision layers and historical developments aresgmted. Hierarchical Production
Planning is studied more deeply and several tedesigare introduced. Also
inconveniences are discussed and methods to overcoh inconveniences are
evaluated and an illustrative example is given tettds understand these

inconveniences.

Then, a model has been formed to solve a genepalyschain problem consisting of
several stages with several facilities. More thaa product types are considered. Also
shipping costs are taken into account building theglel. Our objective on this model
was to minimize total costs. We have considerediynainree costs namely, production,
inventory and finally shipping. As the problem isepented, we have applied the
hierarchical production planning approach to sahis problem. We have divided the
problem into two sub-problems. In the first moded wearched to find an aggregate
solution to the problem and in the second modetlisaggregated this solution to find a
detailed model. For the disaggregation we only teabbok for the first period of the
problem which reduced dramatically amount of reggiicalculations. At the end we
have obtained a model which finds an adequateisolut a reasonable amount of time.
This solution being sub optimal was acceptable ostnof the cases. Also we have
overcome uncertainty and variations using this agpin.

Finally at the end of the study, we have constdietespecific problem, and solved it

using the model constructed previously. We desdriver model and objectives also

supplied the results obtained. To solve the problanhave used two mathematical
models and solved them using computer. After sgivine first model we passed

required results to the second one manually anceddhe second one. Thus we have
obtained the final results.

Using the hierarchical production planning approtcholve supply chain management
enabled us to find a way to solve complex probléma reasonable amount of time.
This method should have lots of application in readrld situations. In today’s

competitive environment time is very precious ane methods provided in this study

will let use it more efficiently.



Résumé

Une chaine d'approvisionnements est un réseauallat®ns qui assure des fonctions
d'obtention des matiéres premieres, transportioes cgés matiéres premieres,
transformation de ces matiéres premiére au prdohat, distribution du produit final

aux clients, et finalement aprés service de velateéutilisation et disposition de

matériel a la fin de sa vie.

La chaine d'approvisionnements se compose d'ensemebprocessus et de relations
entre les différentes entreprises qui visent anaupér le déplacement de produit dans
'espace et le temps. Le but est de répondre dlisa@ment aux conditions du

consommateur final et principalement au plus vitatemoindre colt possible. En effet,
les entreprises d'aujourd’hui ne suffisent pasp@dmédre aux conditions variables du
marché provoquées par la concurrence. Ainsi, elemissent autour des objectifs
communs reliés en méme temps au marché et la chaipprovisionnements entiére
elle-méme et forme un complexe et difficile systamcontrdler qui constitue de

plusieurs usines pour fabriquer plusieurs proddisplusieurs d'entrepéts, de plusieurs

centres de distribution et de plusieurs clients.

La caractéristique fondamentale qui provoque laplerité évidente des relations entre
les membres de la chaine d'approvisionnements st ley systéme se comporte
précisément comme une chaine. Ceci signifie qugughien a un impact sur le reste de
la chaine, positivement et négativement. Ainsitdsues ruptures chez un fournisseur
répéteront jusqu'au client final ; en tant que ttmass changements et incertitude des
paramétres tels que la demande, les délais d'éx@cldg capacité etc., provoquent les
différentes réponses a chaque lien. En effet, si partie de la chaine n'assure pas
correctement sa fonction, le produit final ne ppas étre disponible au temps, a la

gualité et au colt désirés.



Une chaine d'approvisionnements peut contenir qalusid'éléments et les relations
entre eux peuvent étre trées complexes. Ceci conldgit managers des chaines
d'approvisionnements, par exemple, a développerniedeles mathématiques pour
déterminer les quantités de production, I'heuresajet de la production jusqu'a la
livraison au consommateur final, le niveau de déalirespecté, etc tenant compte des
contraintes de l'approvisionnement, de la produoctie stockage et de la distribution le
long de la chaine. Puisque les chaines d'approweiments sont constituées de
systémes de plusieurs variables et de paraméetrespproche monolithique ne sera pas

convenaient, dans le contexte de l'efficacité, pesimodeler.

Dans cette étude nous nous concentrerons surdamphiérarchique de planification
de la production pour résoudre des problemes detiogesde chaine
d'approvisionnements. La planification hiérarchigget un modéle commode pour
projeter et contréler l'incertitude et la compléxhéritées dans la nature de la chaine
d'approvisionnements et ainsi pour réduire au minimes co(ts et pour diminuer le

délai réponse au marché.

On propose l'approche hiérarchigue comme une afigena lI'approche monolithique.
Hax et Meal l'ont proposé, pour la premiére foiqup résoudre des problemes
complexes de planification de la production. Daagproche hiérarchique, le probleme
global est décomposé en sous-problemes plus simfles sous-problemes sont
hiérarchiqguement reliés entre eux. Tous ces soafsigmes exigent une planification et

modeler cela correspond a une couche de prisedisaté

bY

Le temps de calcul est plus courte comparé a umeoelpe monolithiqgue. Mais,
employant une telle approche, trouver une solutahoptimale est accepté des le
début. L'exécution du résultat ou la proximité aedlution a la valeur optimale dépend
essentiellement selon le choix de hiérarchie. Lia @& plus important de l'approche
hiérarchique est la simplicité parce qu'avec ulie é@proche, des décisions sont prises
point par point d'une mode successive descendaigrarchie établie. 1l est évident que
la prise des décisions efficaces exige modélideraeEment la hiérarchie de décision.
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Dans le reste de I'étude la structure de la pesdétision est présentée. Les niveaux de
décision et le développement historique sont ptéseha planification de la production
hiérarchique est étudiée plus profondément et glusitechniques sont présentées. En
outre des complications sont discutés et des méthqubur surmonter de tels
complications sont évaluées et un exemple d'itdistn est donné pour comprendre

mieux ces complications.

Puis, un modéle a été formé pour résoudre un prabl@général de chaine
d'approvisionnements se composant de plusieure®tapec plusieurs équipements.
Nous avons considéré principalement trois coltsamaotent, production, stock et
finalement transportation. Apres avoir présentépiebléme, nous avons appliqué
I'approche hiérarchique de planification de la picighn pour le résoudre. Nous avons
divisé le probleme en deux sous-problemes. Dapeelmier modele agrégé, nous avons
sollicité une solution globale au probleme et dendeuxieme modele désagrégé, nous
avons détaillé cette solution. Enfin nous avonsewbtun modele qui trouve une
solution acceptable en un temps raisonnable. Cathation étant suboptimal était
acceptable dans la plupart des caisses. En outieavmns surmonté l'incertitude et les

variations en utilisant cette approche.

Enfin a la fin de I'étude, nous avons construipuobleme spécifique, et I'avons résolu
employant le modéle construit précédemment. Noumswdécrit notre modele et
également fourni les résultats obtenus. Pour résoedprobléme nous avons employé

deux modeles mathématiques et les avons réschisl@ die I'ordinateur.

L'utilisation de l'approche hiérarchique de plamafion de la production pour résoudre
la gestion de chaine d'approvisionnements nousraige de trouver une maniére de
résoudre des probléemes complexes dans une quaetitiemps raisonnable. Cette
méthode devrait avoir un bon nombre d'applicatiansdde vraies situations du monde.
Dans la condition de concurrence d'aujourd’hui deds est trés précieux et les
méthodes fournies dans cette étude permettroritilssér plus efficacement.
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Ozet

Tedarik zinciri, hammadde ihtiyacl, bu hammadeagminasi, hammaddenin 6nce yari
mamule ardindan son Urline détdiitilmesi, son Urunun rgierilere dgitilmasi ve son
olarak saty sonrasi hizmet, geri dogiilm ve Urdndn O6mrindn sonunda atiklarinin

yonetimi glevlerini yerine getiren bir@yapisidir.

Tedarik zinciri, birgok farklsirket arasindaki sure¢ veghilerden olgan bir kiimedir.
Is partnerlerinin amaci, Urtinlerin uzayda ve zamandi& yer dgistirmelirini en
iyilemektir. Bunu yapmaktaki amag, ilk olarakstit gecikme ve maliyet ile, ngterinin
son urun ihtiyaclarina daha etkin olarak cevap edtin Aslinda, gunamauzirketleri,
sadece yuksek rekabet halindeki pazarigistten ihtiyaclarini kajlamakla yetinmez.
Bu durumda, pazar ve tedarik zincirinin kendisinglib ortak hedefleri etrafinda
birlesirler, ayrica karmgk ve yonetmesi zor bir sistem @lururlar. Bu sistem bir¢cok
aranu Uretmek icin ¢cok sayida fabrika, ¢cok sayidpad cok sayida gg&im merkezi ve
¢cok sayida mgieriden olgabilir.

Tedarik zinciri Gyeleri arasindaki gkinin karmgikligini meydana getiren ana etmen,
sistemin tam bir zincir gibklemesidir. Bu, zincirdeki her halkanin zincirin gkalanini
olumlu veya olumsuz etkilemesininden dolayidir. @uwumda, tedarikgide meydana
gelecek tum Uriin kesintileri son gériye kadar devam edecektir, ¢linkl talep, tedarik
sureci, kapasite vesaire gibi parametrelerdekidégsme ve belirsizlikler, her halkada
farkl tepkilere yol acacaktir. Zincirin bir halkaiglevlerini dogru yerine getirmiyorsa,
son urln, zamaninda, istenen kalite ve maliyetde eldilemez. Boylece, bir tedarik

zincirinin iyi yonetilmesinin dnemi ortaya ¢ikmakiia

Tedarik zinciri ¢cok sayida Uyeden edbilir ve bu Uyeler arasindaki skiler cok
karmagik olabilir. Bu durum, tedarik zincirleri yonetiam, ornesin tretim miktarlari,

son dreticiye ulgana kadarki zamani, dnemsenen kalite seviyesimingstedarik,



Uretim, stoklama ve dgatim kisitlarini gbzeterek, tim zinciri kapsayan imatematik
model geljtirmeye yonlendirir. Tedarik zincirleri, cok sayidarametre ve ggskenden
olusan bir sistem oldgundan monolitik bir yaklgmla modelleme etkinlik agisindan

¢ok uygun olmayacaktir.

Bu calgmada biz, tedarik zinciri yonetimi problemlerinirdziilmesinde hiyeraik
dretim planlamasi yakjsma odaklandik. Hiyeraik planlama, tedarik zincirinin
dogasindan gelen belirsizlik ve kargidigl planlamakta ve yonetmekte uygun bir
modeldir. Boylece masraflarin gliiesinde ve pazara cevap verme siresinin

azalmasinda etkili olmaktadir.

Hiyerasik yaklasim, monolitik modele bir alternatif olarak ortayalmaistir. Ilk kez,
Hax ve Meal tarafindan, kargik uretim planlama modellerini ¢6zmek icin

Onerilmistir.

Hiyerarik yaklasimda, global model, daha basit alt problemlere sagir. Bu alt
problemler birbirleriyle hiyeraik bir iliski icindedirler. Tum bu alt problemler, karar
alma katmanlarina denk gelen planlama ve modelEmmeihtiyac duyar. Oyleyse,
hiyeragik Uretim planlama sistemi ojturmak demek, bircok karar alma katmani
secmek demektir. Her modele bir katman denk gltmanlar arasi karar akmi ve
bilgi geri donigtini koordine edecek bir metod gtiurulmasi gerekir.

Monolitik yaklasima gore hesaplama sureleri kisaltglrlur. Fakat boyle bir yak{am
benimsenerek, optimum alti bir sonu¢ bulunmasi estab kabullenilmg olur.
Sonugclarin performansi veya ¢6zimin optimuma yakitémelde hiyerar secimine

gOre dgisir.

Hiyerarik yaklagimin en biyuk kazanci basgidir cunkl, boyle bir yaklgm ile
kararlar, adim adim ve ardisira gelen dekilde hiyeragik katmanlarda gg! inilerek
alinir. Genellgtiriimis ¢ozumler, detayll c¢Ozimlere, kisitlar empoze edbtayl
¢bzimler ise genelariimis ¢ozumlerin sonuglarini derlendirmek amaciyla geri
doniy salarlar. Etkin bir karar alma icin etkin karar higeyisi modelinin gereklilgi

bulunmaktadir.

Xiv



Calsmamizda, karar alma yapisi stk karar katmanlari ve tarihsel ggini ile
incelenmgtir. Hiyeragik Uretim planmasi Uzerinde derinlemesine siais ve caitli
teknikler tanitilmgtir. Ayrica, uygunsuzluklar da tagimis ve bunlarin Ustesinden
gelme yontemleri dgerlendirilmistir ve aciklayici bir 6rnek bu uygunsuzluklarin dah

iyi anlagilmasi i¢in verilmgtir.

Ardindan, birgcok gamadan olgan genel bir tedarik zinciri 6rge kurulmus ve bu
ornesi cozmeye yonelik bir model odturulmustur. Birden fazla driin ¢adi dikkate
alinmstir. Ayrica bu modelde tama masraflari da g6z ontune aligtm Bu modelde
amacimiz toplam maliyetleri en azlamaktir. Asil rala U¢ maliyet Uzerinde
durulmwtur. Bunlar, Uretim, stok, ve ¢ema maliyetleridir. Problem sunulurken,
hiyerasik yapida bir ¢oziim modeli de glwrulmustur. Problem iki alt modele ayrilg)i
ilkinde genellgtiriimis problem modeli olgturulmus ardindan ikinci model ile
genellatiriimis sonuclar detaylandirilgtir. Detayll model icin sadece ilk periyoda
bakma gereklifii gerekli hesaplama miktarini buyik dlgides@inisttir. Sonug olarak,
uygun bir sonucu, kabul edilebilir bir zamanda bular model olgturulmustur. Bu
sonug, optimal alti olmakla birlikte, go durumda kabul edilebilirdir. Ayrica bu

yaklasim ile, belirsizlik ve dgiskenligin Gstesinden gelinrgtir.

Model olwturulurken , o6rnek bir problem incelenmie olwturulan model ile
¢OzUlmigtar. Model ve amaglar ile elde edilen sonuclar keemistir. Problemi ¢cozmek
icin iki matematiksel model bilgisayar yardimi g¢ézulmigtir. Ik model ¢ozuldikten

sonra sonugclar ikinci modele aktarifgm. Sonug olarak, en son ¢6zim bulugtou

Tedarik zinciri yonetimine hiyergik Uretim planlama yakkami, karmaik problemlere
uygun bir strede ¢Ozim bulmamiziglsenistir. Bu yontem gergcek dinyada birgok
uygulama alani bulabilir. Gunumuz rekabetci ortadainzaman ¢ok gerlidir ve bu
calsmada sunulan yontem onu daha verimli kullanmagiesaaktadir.
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1. Introduction

A supply chain is a network of suppliers, manufeetsi and distributors. There exists
generally a very complex relation between theseneteés of a supply chain. These
elements should work in coordination in order toemape more efficiently. The
coordination between several facilities in a supghain is very crucial. As we will
delve into more detail later, a little problem itir&k of the chain would affect the entire
chain. A supply chain may be consisted of manyerpnises. In this case each
enterprise should not try to optimize itself bubgld work as a team member which
will allow the entire chain to operate more effitly. As a result all of the members of
the chain would result from this efficiency. [1]

As a supply chain can be a very complex systemamging many facilities and

relations it can be very difficult to study and iopke it. In a supply chain many factors
should be taken into account. All of these facteitkbe presented with details later in
this study. But the fact is solving a supply chaan be a very complex and time

consuming problem.

Traditional monolithic approaches may let us findryw good solutions but such
approach may require very large processing powasisnaay need too much time. As
time is precious in today's competitive environmelecisions should be taken more
quickly.  Also because of the variation and ind¢ede of many parameters,

management of such systems becomes much harder. [1

As alternative to the monolithic approach, hieram@happroach is proposed to the
supply chain management. This method allows wsivide the global problem to sub
problems which are simpler to solve. These sublpros are linked each other within a
hierarchical structure. Solving these problems aina time, we may solve the entire



problem in a lesser time. The inconvenience & thodel however is we may not (and
in most cases won't) obtain the optimal solutiorBut if the hierarchy is well
constructed we will obtain an adequate and accépsaliution. [1][2]



2. Supply Chain M anagement

A supply chain is a network of installations thasares functions of supplying raw
materials, transporting these raw materials, toanshg these raw materials to parts
then end product, distribution of end product terdk, and finally after sale service,
recycling and scrap products at the end of lifdey¢1]

Supply chain is composed of an ensemble of prosemsé relations between different
enterprises which business partners are aimingptimze product displacement in the
space and time with the goal of answering moreciefitly to requirements of final

consumer and principally at lowest delay and cosssiple. In effect, today’'s

enterprises does not suffice alone to answer th&abla requirements of market
provoked by competition. Thus, they reunite arouaachmon objectives connected at
the same time to market and entire supply chamlifisnd it forms a complex and

difficult to manage system which constitute of mapigints for manufacturing many
products, of many warehouses, of many distributiemters and of many clients. [1]

The fundamental characteristic which provokes thelest complexity of relations
between the members of the supply chain is thatstis¢em precisely behaves as a
chain. This signifies that each link has an impawetthe remaining of the chain,
positively and negatively. Thus, all ruptures ofrohandises at a supplier will repeat
until the final client; as all changes and incad# of parameters such as the demand,
lead times, capacity etc., provoke different regesmat each link. In effect, if a part of
the chain doesn't assure correctly its functioe &nd product can’t be available at
time, at the desired quality and cost. Then, thportance of a well supply chain

management is no longer to demonstrate. [1]



The principal goal of enterprise constituting tlpsly chain (the suppliers, the plants,
the distributors) is to be able to function eachrenefficiently remaining the member of
the same chain. To achieve this, it should beqalaalong all the chain, not only the
demand of each plant, but also the production,ddhy, distribution, and transport at
the stages of suppliers, plants and distributorsptiimize the service level at the final
consumer. [1]

This conducts supply chains, for example, to dgvetlathematical models to determine
the production quantities, the time concerninggheduction until the delivery to final
consumer, the quality level to be respected aking into account the constraints of
supplying, producing, stocking and distributionraothe chain at the same time [3].
Since the supply chains are systems constitutingnafy variables and parameters
having independent relations, a monolithic approacin’t be appropriate, in term of
efficiency, to model them. [1]

As indicated before, the hierarchical planning ®avenient model to plan and manage
the incertitude and complexity inherited in the umat of supply chain and thus to
minimize the costs and decrease response timeraemd1]

To better present the importance of the supplyrchaanagement, we give now, some
examples of important decisions taken by the sumbigin by a hierarchical way:

[1][3][4]

1) Strategic Level
e The number, the location and the size of the plantswarehouses
e Capacity levels
e Technology and equipment acquisition
e Mode (truck, train, ship, etc) and network of tramsation
e Method of supplying
e Supplier selection

e OQutsourcing



e Standards of client services
e Divide of parts of market, objectives of profitatyil
2) Tactical Level
e Repartition of production capacity to product faesl
e Utilization rate for each plant and for entire netkw
e Workforce need (regular hours and extra hours)
e Affectation of plant/distribution centre couple
e Plans of transportation between plants
e Plans of inventory investment
3) Operational Level
e Scheduling at part production level (of end profluct
e sequencing decisions of end products
e Short term inventory level balance and securitglsievel
¢ Quantity, time, and execution of command
e Scheduling of operations concerning warehouses
e Scheduling of workforce
e Scheduling of vehicles
e Selection of routing

e Transport batch size

2.1.  Supply Chain Management: An Extension to Logistic

Supply chain management is a management mode a&gpabB0’s as an extension to
logistic, as a result of the requirements of aniremvnent becoming more and more
competitive. Since the logistic does no longefisafall alone to be competitive against
market mutations, organizations are oriented tabdish relations between themselves
around common benefits against there opponentsis, the supply chain management
concept is formed based on logistic. Since supp@in management is considered as a
new generation of logistic, it is convenient toiasisite the notion of logistic before
passing to concept of supply chain management. [1]



2.1.1. TheConcept of Logistic

The concept of logistic appeared at 50’s. The s@dodustrial revolution, followed by
the mass production and mass consumption has sijtia¢ necessity of notion “mass
distribution” [5]. In order to be able to respotedthe market requirements and fortify
the links between production and consumption, enitas have started to lead on the
notion of logistic. Until then, the concept wasdsby enterprises for a number of
reasons such as the reduction of costs, increapeofifs, acquiring or conservation of
competitive advantage, diminution of fabricationcley etc. Indeed, the mutations
emerging in the market pushed the enterprises dagthere viewpoint of logistic in
order to survive. Since, there are many modificai in the domain of logistic
utilization; the definition of concept is also mbed in time.

One of the most recent definitions is the defimtiof CLM (Council of Logistics
Management) which defines logistic asthe“process of planning, implementing, and
controlling the efficient, effective flow and storage of goods, services and related
information from the point of origin to the point of consumption for the purpose of
conforming to customer requirements. Note that this definition includes inbound,
outbound, internal and external movements, and return of materials for environmental

purposes. [6]".

Another definition is given by APICS (American Pumtion and Inventory Control
Society) as follows:

In an industrial context, the art and science of obtaining, producing, and distributing
material and product in the proper place and in proper quantities. In a military sense
(where it has greater usage), its meaning can also include the movement of personnel.

The logistic named at the beginning as “physicatridiution”, was composed of the
domains of functioningtransportation and warehousing. But during twenty years it

had to be modified and be extended to the ensenfbénterprise to become a tool



capable of responding to the market changes. DBuhis era, it has begun to influence
the decisions of the enterprise concerning therszgtonal structure.

In origin, the role played by the logistic was @¥etl on the functions of distribution
which contributed to enterprises to deliver produecta less costly ways. However, it is
now a competing “resource” that contains, alsoguotianctions, than the one in the
beginning, for examplepurchase, supplying, inventory management, production
planning and control, stocking end products, demand forecasting, after sale services.

As remarked by Ross [7] during the last thirty weaine logistic has transformed from a
function purely organizational to a fundamentalnedat strategic of all the pioneer

enterprises of fabrication and distribution. Neall enterprises actually accept that the
logistic should be taken as an approach stratediodit operational.

2.1.2. Evolution of Logistic

Logistic has passed four important steps untilmeegits final form. [8]

First Step: Decentralization of Logistic Functiqi950-1970)

In 50’s and 60’s, enterprises carried out a polell focalized on the client and so the
marketing was indispensable. In the research @tasing the sells, they consecrated
enormous budgets to the publicities and to the yoban of new products. Evidently,
this increased costs significantly. In order toréase costs, the enterprises have chosen
distribution function, because it constituted 10/:30f total costs and 40% of total
stocks. [5]

This politic gave birth to notion of logistic. Ardicated above, the logistic has been
established, in a decentralized way, on two fumstie transportation and warehousing
functions — the first being under the responsipiit production and selling department,
the second being under the control of finance aatketing department.



At the end of 60’s, with the force of economicabiy;, the optimization of costs have
become a primordial measure. Moreover, mass ptmiuand scale economy

concepts, forced the enterprises to find othertswla aiming to optimize costs. [7]

Second Step: Centralization of Logistic Functiob®70-1980)

The logistic centralization is provoked by the mpssduction as well as by informatics
development and by the perpetual competition wlalie taken place on the entire
world. To be specialized, the enterprises haveited the transport and warehousing
under the direction of a single department, they gdentralized physical distribution.

In previous steps, management approach was foumdéke distribution costs while in
this step importance is given to the total cost.

Third Step: Integrated Logistic (1980-1990)

When the competition has started to dominate thieeeworld, it has been noted that
carrying out a politic based simply on total cdsise become an approach all passive,

in the new competitive environment.

In this regard, to decrease total costs and ineréaghe same time profits, a new
tendency have appeared: to unify functioning ofidog and of management such as
stock management, execution and command, plannnty c@ntrol of production,
buying etc [7].

In the second step, to master, the costs and serd® competiveness at short term,
transport and warehousing was centralized. Indtap, the logistic is largely extended
and activities like stock management, execution@mmand, planning and control of
production, are added to the traditional activit@slogistic. It is undeniable that

integration of logistic functioning domains havegmented the level of competitiveness



advantage of enterprises and it permits to enssprito develop strategic plans

concerning all the departments.

In the beginning of 80’s, it has been noted thatnpetitive advantage will be more
important, while not only several departments Wwél integrated but also firms on the
same market. This is the idea that caused theriippaof a new approach logistic:

Supply Chain Management.

Forth Step: Supply Chain Management (1990-...)

The supply chain management is an approach, emerg#ls as an extension of third

step, and connected to changes of logistic enviesim

The supply chain defined by APICS the processes from the initial raw materials to
the ultimate consumption of the finished product linking across supplier-user
companies; and the functions within and outside a company that enable the value chain

to make products and provide services to the customer. [5]

This definition puts in relief three fundamentalngmonents of the supply chain:
business partnership, material flow as well asrméttion flow. [9]

The business partners are a series of suppliantclieat the management of relation is
crucial to the success of the chain. The accemtildibe given to develop durable and
profitable relations between business partnerse ififormation flows, constitute all of
the information exchanged in the chain, with itemis and suppliers. Information
exchange between different services of and enserpand different members of a
supply chain is an important parameter. Indeed{ does not posses an efficient
network of information exchange with its suppli@rsd clients, the enterprise can not
react to respond to requirement of the marketortter to maximize the efficiency of
the ensemble of business partners of a supply cl@mmation supposing the material

flow should be precise, timely and shared.
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2.2.  The Concept of Supply Chain M anagement

A supply chain is a series of suppliers and cli¢lets one to another where each client
is the supplier of the previous member until attjnthe final consumer. For this
reason, the supply chain management is consideradi@ce unifying all the suppliers
and clients and that permits them to function asmterprise unique and thus to reduce
total cost. Indeed, the unification emerge notyonlthe domain of logistic activities
such as supplying, inventory management, transjimmtédut also in the domains of
marketing, development of product realized now tyigs established by personnel of
each member of the chain.

The coordination and planning of activities betwé®n members are essentially for the
supply chain management. Indeed, its objectivetsonly to improve the material and
information flow flowing through all of the chainubalso to construct an integrated
system that permits to coordinate and plan the atjp@is, even anticipate the
requirements of the members of supply chain fotqmting against effects of radical
changes in the market. [10]

The supply chain management is distinguished frttmeroconcepts that aim to manage

the procurement, the production and the distriluimotwo aspects:

The supply chain is a uniqgue and independent psoited the domains of functioning
are not isolated one from other in terms of reéitiwathe goals and operations.

All the members of supply chain shares the intetiest to the success of the entire
supply chain, in other terms, to respond to requinats of clients is the common
objective of all the members.

Common objectives of enterprises constituting thepy/ chain are, for example,
decreasing costs, market response time, increagialify and service level, reduction
of fabrication cycle, optimizing the stock, increasxpertise etc.
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However the most important inconvenience concersugply chains is the difficulty to
establish the confidence hence a strong cooperbdbmeen the members of the chain
[11]. Because of the lack of confidence, the symblains may not be constructed and
those actually constructed may end, most of the tiamfailure. For example, with the
fear that its know-how will be confined to rivahet enterprises producing technology
never have intention to be a member of such a ch&nt once the confidence is
established, this permits to entire chain to rect@sts, response times to market and
wasting, improve service levels and client satigé@cand consequently to enforce the

competitive advantage.

By consequence, with the implementation of supplgic management, we aim in the
first place, to reduce the operational costs redligreviously in an independent way by
each member and also deliver the product more Isapjd]

A supply chain can be very large consisted of miaugylities, products and shipping
routes. The number of variables in such a modelkE overwhelming to be solved
with monolithic approaches. This may be a veryetionsuming process. So in order
to find a solution in a reasonable amount of tioteer methods should be considered to
solve such complex problems. As an alternativéhéo monolithic approach, we will
use hierarchical approach in this study. The namiwantage of this approach is the
ability to solve complex problems in shorter timé&ut using hierarchical approach, we
may not — and probably won't — find the optimalud@n but a very close one [12]. In
the next section, the philosophy and essential gat@s of hierarchical production
planning method will be presented. Also some tepgles, inconveniences, advantage

and disadvantages of such a method will be disdusse



3. Hierarchical Production Planning

A production system is a group of resources cootgduto transform the raw materials
to end products. The production system cares abeutfficiency of both information
flow and product flow in the considered system idew to deliver the products where
and when the demand appears, at required quamtitygaality, and of course at a
reasonable cost. The goal of the production manage is to achieve an intended
objective, using the production planning methods tdontributes for example to:

o determine selling previsions,

o define the production plans by confrontation betwethe demand, the
production capacities, supplies and hand cratft,

o determine the needs of raw materials and partsrestby the production plan
etc.[1][8]

So, the production planning appears as an aspsented to production systems in
order to take efficient decisions which permit adisy better the client. Production
planning consists of construction of productionnglathat results, in general, of
mathematical models, so the goal is to help thesaecusing the possible objectives,
the constraints of production system. By the wiag production decisions require
choosing between a great number of alternativels mény contradictory alternatives
under divers technological, financial and marketamnstraints. These contradictory

objectives of production planning may be of type:

) of minimization of total cost, of product cycle,
o of maximization of profit, of added value, and
o of optimization of the flexibility, of service lel&o client, of quality of capacity

utilization.[1]
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For mathematical models, minimizing the costs & miost widely utilized objective,
because it is, for most enterprises, the essepviidy. In the context of production
system, the acceptable total cost as the objestaxghave components such as

o supplying cost,

. setup cost,

o stocking cost (of inventory),
o production cost,

o labor cost,

o extra working time cost,

o transportation cost etc.

depending to the model established.[1]

As indicated above, these objectives are generedigtradictory. For example,
minimization of production cost contradicts the maization of capacity utilization.
Using a single objective in the model is not oldliyg. To deal with problems

realistically, more than one objective may be dateed (i.e. multi-objectives).[1]

While modeling, not only the objective(s) are imlmoced but the constraints are also
introduced. These constraints consist of thebaiteis determining the comportment of
system and puts limits to production activitiehe3e are principally constraints:

o of financial and technological capacities,

o of equipment and hand craft capacities,

o production, supplying and transportation capagities
o productivity ratio,

o demand and lead time incertitude,

o client service exigency.[1]

In general, solutions to complicated productiongtems are found thanks to production
planning, but it is most of the time tiring andfaiilt. The production planning is a
complex task considering the number variety of eletm that characterize the
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production process and incertitude associatedetaldta to be used. [6]. These types of
planning problems are mostly by the hierarchicaldpiction planning. Hierarchical
production planning is an alternative method toaide to decrease incertitude by
aggregation, simplify the complexity by dividingetkdecision structure to levels and so
reduction of time required for the calculation tatain the final solution that will help
the decision taking.[1]

So, a hierarchical production planning systemsgsiem that deals with the planning of
a number of production systems, and also, of cettgiers of decision making. The
layers are relied between themselves by a decilamm which descends and by

feedbacks of information on the state of the systeahgoes up in the hierarchy.[1]

In the literature of operations research, two dé#ife approaches are distinguished from
the point of view of decision making: monolithic papach and hierarchical
approach.[1][13][14][15].

3.1.  Monalithic Approach to Planning

In the monolithic approach, the problem of decismeking is described completely in
a unique model. All of the variables of decisiowl dhe constraints appear in a detailed
way in the model. The advantage of monolithic apph comes from the fact that le
model can be established very simply. To achibaeit’s sufficient to choose all of the
variables of decision and to describe the relatibas is convenient with the intended

precision degree. [1]

Using such an approach, the optimal solution caokbained, most of the time. By the
way, decision making problems are presented atfahe of mixed programming

problems that becomes more difficult to solve &srthmber of variables are significant.
In this case, adopting a hierarchical approachitferresolution of the complex problem

appears as a convenient way to deal the diffiaultie
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e reducing the complexity and dimension of the probénd so

e augmenting the easiness of the analyze, control madagement of the entire
system,

e increasing the number of models, and consequehtdynumber of planning period,

¢ eliminating effects of random cases and the vditglof the aggregation,

e treating incertitude of the parameters and of #ieables such as the demand, lead
time, production time, the capacity to be useckatejatio, selling or buying price etc.,

e intervening dynamism in the planning system byadtrcing rolling horizon notion,

e decreasing the calculations to obtain a decisipn.[1

3.2.  Hierarchical Approach to Planning

Hierarchical approach is proposed as an alternabivihe approach monolithic. It is
proposed by Hax and Meal, for the first time, tdveocomplex production planning
problems. [1][16]

In the hierarchical approach, global problem iscstegosed to simpler sub-problems.
These sub-problems are hierarchically related ¢b esher. All of these sub-problems
require a planning and modeling that corresponda tecision making layer. So,
establishing a hierarchical production planningtesys means choosing a number of
decision making layers, a model for each layer famally a method to coordinate the

decisions flow and information feedback betweenlaiyers. [1]

At the highest layer of the hierarchy, a generabgl model by which the strategy of
the enterprise is determined is considered. Ahtpkest layer, only aggregated entities
are used. So the number of entities to be cormides reduced. Descending the
hierarchy, the layers become more detailed. Is tase the planning horizon is
shortened compared to the decisions taken at higlyers. So, the term hierarchy

signifies that a layer works is a workspace defing@ higher layer. [1]
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The number of layers to be adopted depends acgptdimecision maker and to the
complexity of the considered system: as the coniyléxcreases, the number of layers
will increase too. Meanwhile, the finesse degrefe iformation taken into

consideration isn’'t the same: as the layer is low information is finer and as the

layer is higher, the information is more aggregdfd[8]

Calculation time is shorter then monolithic apptoacBut, using such an approach,
finding a sub-optimal solution is accepted at tlegibning. The performance of the
result or the proximity of the solution to the apal will depend essentially according
to the hierarchy choice. [1]

The most important gain of hierarchical approadtéssimplicity because with such an
approach, decisions are taken step by step in eessiwe fashion descending the
established hierarchy. These decisions obtainethdierarchical planning are taken
in a way that aggregated decisions imposes conttran the detailed decisions and in
return detailed decisions returns a feedback tduate la quality of the aggregate
decision. It is evident that taking efficient d@ons requires an efficient modeling of
the decision hierarchy. [1]

3.3.  Hierarchical Structure of Decison System

All of the observable hierarchies contain a vettamaangement of sub-systems. In this
sense, the global system can be considered asily fainsub-systems in interaction.
Each sub-system constitutes a decision layer. stibeess of the global system depends
on the performance of all the decision layers. pé&dormance of the global system can
be measured with the feedback between the layeks.the highest layer of the
hierarchy, the optimization of the global systeraamportment is researched, on an
important rolling horizon, compared to a chosetecon. [1][15]

The hierarchisation of the production planning viahi@as as a goal contribution to the

decision making is based essentially on:
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1. Hierarchical decomposition of decision system
Aggregation of data and decision variables
Coordination between decision layers (robustnedscaherence) [1]

3.4. Hierarchical Decomposition of the Decision System

The hierarchisation of the decisions notion date§ds. Robert N. Antony is the first
person to group decision into three classes. Afingrto this classification decision
relative to management are grouped in three catsgor

1. Strategic planning
2. Management control
3. Operational control[16]

According to the conceptual cadre of Antony, hiengral management goes from long
term strategic planning to operational control,sgas by mid term management control.
This decomposition proposed by Antony presents @ @faapproaching to complex

problems. Depending of studied problem each cayecpgn also be decomposed. That

means the presentation of the categories is ngueni[16]

At 1970, a number of writers have renamed the @atisategories: the second as
tactical planning, and the third as operationahpiag [16]. These three planning

classes, i.e. strategic, tactical and operaticaral, today, becomes nearly anonymous
terms by managers and academicians in all the plgmrmanagement domains.

Essential idea of decision classification weredntabute to the design and planning of
systems grouping them according there common clearstics such as time horizon
concerning decision realization, considered layetiaitl incertitude of decision taking

etc. [1]

Antony has considered that all these three decisaingories corresponds each to a

planning layer which will be treated in details.h€Be planning layers form between
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them a planning hierarchy and distinguish by ddtaikel required, by the planning
horizon length and by risks and cost of decisidena [16]

3.4.1. Strategic Planning

Anthony defined the strategic planning as a degigitocess concerning organization
objectives, objective changes, resources useddohrebjectives and the politics of
usage and disposition of resources. [16]

The strategic planning constitutes the highestrlayéhe decision making hierarchy and
interests to the long term objectives of the orgation. The goal of strategic planning
is to situate the production system in its econamenvironment. Starting by the
estimations of demand on planning horizon, the geadapting the capacity to the
market tendency using of equipment investments,bthielings, personnel formation
etc. The decisions taken in this layer are respnsf the capacity handling,

determining increase ratio etc. [16]

Risk and incertitude levels are associated to gdwms@ns increase and the detail level to

be considered is decreased as the time intervadases. [16]

As planning horizon is measured by years, strateggcisions require major
investments. [16]

3.4.2. Tactical Planning

This second class of the hierarchy is defined byhémny as the process by which
managers are assured that the resources are abtantk utilized efficiently and
effectively to accomplish organization objectivesittention is essentially on the
process of utilization and resource allocationg] [1

Tactical planning has as objective, managementhef groduction system on the

planning horizon at mid-term. It is supposed tit needs of the market and system
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capacity are known as imposed by the strategicnplgn On that layer repartition of
the workload is considered taking into account tjtetive and temporal capacities.
Tactical planning generates final aggregate dewssias the inputs for lower layers.
These decisions concern raw material supplyingenatflow control along fabrication
and distribution. [16]

Planning horizon is relatively shorter, mostly gmar, so risk and incertitude levels are

relatively low compared to the strategic plannifg6]

3.4.3. Operational Planning

Named first as operational control by Anthony, @penal planning is defined as the

process destined to assure the specific taskealiead effectively and efficiently. [16]

Operational planning objective consists of schedylstarting and managing activities
of production resources in a fashion that worksasgal by tactical layer are realized.
Thanks to operational planning scheduling decisems other operational decisions so
called day-to-day are treated. [16]

Risk and incertitude levels of operational plannarg the lowest between the three
decision hierarchy layers. In contrast, detaileleconsidered while planning is
significant. [16]

Planning horizon is relatively short. Indeed, pizwgy horizon is measured by days or
weeks. This layer constitutes short term plannirigorganization. It should be
remarked that decisions taken inefficiently at thaiger, may collectively create, in the
long term, supplementary costs and deviation tuicerdevel. So, decisions require a
complete disaggregation of generated informaticsh @gcisions taken at higher layers
in a fashion that they are coherent with the pracedollowed by the operational

activities. [16]
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It may be said, from a global view point, and takinto account what have been said

before about the three categories of planning:

o strategic planning corresponds to capital investsnand physical installation,
o tactical planning corresponds to aggregated praztupianning,
o operational planning corresponds to detailed (magtregate) production

planning. [16]

These three categories can’'t be in isolation bexdhsy interact strongly between
themselves. In the context of a hierarchical plagsystem, that will be treated more
detailed later, the decisions taken superior arerior layers must be bound by an
effective manner, in such a way that decisions sopprovide a constraints to inferiors
and in the other part inferior decisions provideedback required for the evaluation of
the quality of the aggregate decision taken tcsthperior layer. [16]

After treating the hierarchical decomposition ofcid®ns, it is now convenient to
introduce aggregation and disaggregation principfedecision which are indispensable
for hierarchical planning. [16]

3.5. Aggregation/Disaggregation of Decisions

Aggregation principle may be defined as an abstmactorm thanks to whom an
ensemble of data may be replaced by another lgssrient ensemble of data of same
type [17]. This principle permits to reduce numbérinformation to be treated, at a
layer given in the planning problem [15].

Aggregation concept seams interesting to simplify modeling of problems having
complex models and being hard because of consigerabmber of parameters and
variables. Aggregation may also be employed whin goal of reducing calculation

guantity and information variance. [1]
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Aggregation may be applied to many types of inteirvg actors in the planning process

[8] such as time, products, production methods etc.

Time aggregation consists of discreting the timhictv is a continuous length and of
considering as a succession of intervals of timlleageriods. This principle is applied

implicitly in modeling of many problems. The lehgof a period depends of

aggregation layer where the problem is played.stdtegic decisions layer, which are
charged to manage long term production, the pemodneasured by months for

example, but for short term management that treeiso$cheduling on the machines the
period is measured by hours or minutes. [8]

Product aggregation consists of regrouping the ywtsdto classes of products with the
goal of reducing the number of parameters to mdatipu In general, products having
similar characteristics are compiled into the saotess, for example, seasonal
comportment, production rate, production costsemery and setup. [8]

Production method aggregation comports two typesygfegation logic: aggregation to
blocks and aggregation to lines. Aggregation tuckd consists to regroup machines
having similar characteristics, for example effegtthe same operations, but eventually
with differences of execution time, setup time, aechnical constraints. Aggregation
to lines consider as a single machine, certain murob machines which are generally

found under the same order in the routing of présiug3]

Aggregation may also be classified, in more detass

o Temporal aggregation

o Special aggregation

o Aggregation tied to product structure

o Aggregation tied to capacity and resources
o Aggregation tied to demand

o Aggregation tied to product costs

o Aggregation tied to production times
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To Iillustrate, it is convenient to give en exammé modeling at aggregate and
disaggregate levels where aggregation is realize¢products. Let’s consider two
products manufactured in the same unit of prodactioThe demand is supposed
continuous. Letsh(t) anddy(t) the demands of product 1 and 2 respectively abgé
Production times are equal. Total production cépaxay vary from period to period
and is denoted b§(t). Two types of costs exist: inventory cost andhafacturing cost.

[1]

Lets x1(t) and xx(t) be quantity of production of products 1 and Zpessively in the
periodt. The fabrication cost in the peribdepends only af;(t) + x(t) and is defined
asf(xu(t) + x(t)). Letsly(t) andlx(t) be quantity of inventory for products 1 and 2
respectively at the end of periad Inventory cost at the period is defined gék(t)).
Initial inventories are zerd(0)=1,(0)=0).

The objective is to minimize total cost far next periods. The problem may be

represented at disaggregated level as:

min . fa(,0)+ a0+ £ () x(0) o
subject to

Lt+D)=1,0)+x(t+)-dt+D, t=01...T-1 (3.2)
L+ =1,(t) +%(t+D)-dy(t+D, t=01...,T-1 (3.3)
1,0=1,(0)=0 (3.4)
(1) + %, (t) <C(t), t=0L..., T (3.5)

x(t)>0,%(t)>0 t=01....T (3.6)
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Contrarily, the model at aggregated level is atftinen

min: {g(10)+ £ (40) o0
subject to

(t+D)=1(0)+xt+)-dt+)-d,(t+, t=01...T-1 (3.8)
1(0)=0 (3.9)
X()>0, t=01...,T (3.10)

Detailed model that constitutes Bperiods may be solved resolving first the aggregat
model then distributing total production quantitya way that inventories are equal. At
this distribution, it isn’t necessary to look beofirst period. Planning problem is
divided into two: an aggregate problem oV¥gperiods and a detailed problem over one
period. [18]

According to Wijngaard, aggregated level dependh@forganization flexibility and of
instability or incertitude of the environment. Fexample, the possibility to change
easily production from one product to another ptsno aggregate the products. The
mobility between capacities permits the possibilityaggregate the capacities. By the
way, for both cases, the variability of demand prestrictions on possibility of

aggregation. [18]

Generally speaking, incertitude inherited in theura of planning process limits
implementation of aggregate results for next pexiofiplanning. As the models used
for the industrial production planning are, mosttbé time, deterministic models,
rolling horizon concept is generally used to redadkects of incertitude to obtain

realistic solutions. [1]
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Rolling horizon indicate that hierarchical modelsslved for a horizon of given time.
By the way, the part of the solution concerningyamar future is executed. The model
is the rolled to the point of decision more closBefore integrating to the decision
system, the information is adjusted and the moglsbived again. One more time, the

first part of the solution is executed and so fif)]

Briefly, aggregate and disaggregate plans aread\periodically at a rolling horizon as

better previsions are obtained. Usage of a rolhngzon at the process of planning
permits to ease integration of perturbations in sgstem. So existence of such a
concept puts in place the comportment of systeraahtime. [1]

Aggregation and disaggregation principle may alsosbrving to present models of
different detail levels, at different levels of d¢a@en makers. The models reduced to
intermediary of aggregation, guard generally thenesatructure as the original model
and require less calculation. So, a standardegfyato solve complex production
planning problems is to proceed hierarchically ¢vesal levels where inferior levels
comports information imposed by aggregate levelsugierior levels. Such a principle
wouldn’t have any meaning if we were not capabledefailing (disaggregating)
aggregate quantities at superior levels and if we'tdobtain agreeable solutions, i.e.
close to the optimal solution, by hierarchical aygoh. At this state, the coherence and
robustness between different levels appears asntedsebjectives to have an

aggregation disaggregation process efficient. [1]

3.6. Robustness and Coherence

The sequential solution of a sub-model hierarchyy manduct to sub-optimality,
incoherence, infeasibility if sub models aren’t atinated effectively. As in practice
the objectives of each decision level are generatintradictory, this brings the
hierarchical system to deterioration as an intéggasolution is not derived. In other
terms, it is not sufficient to have aggregate amshghregate planning procedures

defined completely separately, but they shoulddmehined. [19]
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These coordination mechanisms should assure tlereade and deliver solutions close
to the optimal. This constitutes the essentiabj@m of a hierarchical planning system.
[19]

To assure a satisfactory functioning of structunesged on aggregation disaggregation
mechanisms, it is indispensable to study interastibetween successive decision
levels. Analyze of these interactions conductdgatje two fundamental concepts: The
robustness of aggregation and the coherence ajgtisgation. [14]

The robustness of an aggregated decision (takenfgrior level) assures the existence
at inferior level, of a feasible detailed soluti@mbtained by disaggregation. And

inversely, a detailed solution (taken by inferievél) is said coherent with superior

level when it is compatible with the ensemble afr@gate decisions. [20]

An aggregate plan is said to be feasible if it bardisaggregated to a detailed plan [21].
At literature, when the case is determinist thentéfeasible” is used instead of term
“robust” which is first imposed by Lasserre et Mem 1990.[22]

For a given initial state, the aggregate plan ibusb if and only if a feasible

disaggregation exists. Such a plan is said tmberent. [21]

The disaggregation of aggregate plans is geneedfcuted in a context of rolling
horizon which signifies that a detailed plan foe tfirst period of planning horizon
should be defined. The problem gets back to disaggion the first period of
aggregate production assuring the coherence wehetitire aggregate plan. This
situation brings us to another definition:

An aggregate plan being robust, the disaggregatibrfirst period, of aggregate
production is coherent if it,

o satisfies detailed information for the first period

o retains the robustness (feasibility) of aggregdde or next periods (from 2 to
T) [22]
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Infeasibility sources are generally because of shechastic nature of processes
(demands, ruptures, failure, reject ratio, absemteg. These infeasibilities may be
evaded by introduction of the flexibility notion wh is a standard procedure used in
practice to reinforce the feasibility [19]. In trg, conditions required and sufficient

relative to the coherence and robustness are &éd.

To detail, we will demonstrate using a simple exknipom production domain, how

these infeasibility appears and we will descrilmeethod to eliminate infeasibility. [15]

The problem consist one type of produetl(, three itemsk&1,2,3), a planning horizon
divided in two periodst€l,2).

Aggregation constraints are:

S+X,-§=D, (3.11)
S+X,-S=D, (3.12)
Non-negativity constraints

Detailed level constraints are:

Sco+ X1~ S =0y, k=123 (3.13)

Scat X2 — X2 :dk,z, k=123 (3.14)

Non negativity constraints

Feasibility constraints imply that these two coasitis are satisfied and that equality

stays true:



27

3 3.15
ZXkyt:Xt,'[:l,Z ( )

k=1

Lets consider demands and initial stocks of tallle 3

Table 3.1 Demand and Initial Stock

Demands
Initial Stock
ltems fort=1 Fort=2
=1 S1,=6 di1=2 di =2
=2 S=2 d2,1=3 dy =2
=3 S0-1 d3 1=6 d3 =2
Total S):g D:=11 D2:6

It can easily be verified that solutioi=6, X,=2, $=4, $=0 is feasible for aggregate
level problem but doesn’t have a feasible disaggfieg. The reason of infeasibility is
that the aggregate model ignores the fact thatrekaad third items can't utilize stock

of first item.

This infeasibility can be avoided using effectiven@ands. If initial stock for iterk is

not null, we subtract it then, from the demandist fperiod to obtain effective demand
of that period. If initial stock is greater thdtetdemand of first period, the same
adjustment procedure is repeated until all of thelsis used. The effective demands of

example are given in the table 3.2.
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Table 3.2 Initial Stock and Effective Demands

Effective Demands
Initial Stock
ltems fort=1 Fort=2
=1 1,60 d11=0 d1 =0
=2 $,~0 d2 =1 dy =2
=3 S,0=0 d3 1=5 d3 =2
Total S=0 D=6 D,=4

If we work with effective demands, whatever thesibke solution for the aggregate

model is, it will give a feasible solution for di¢al model.

Erchler, Fontan and Mercé [21] treated to imprdwegrocedure developed by Hax and
examined by Bitran. A decision center that shoditribute aggregate production

between different products satisfying demands msiclered. In order to permit a better
reactivity to interfering variations of productioime authors applies a dynamic decision

making procedure: The production plan Toperiods is searched where

Xt:(xlt'XZt""'Xnt) (3.16)

represents the production at pertpdhould satisfy the demands

§=S,+%-d, t=1....T (3.17)
§=0 t=1...,T (3.18)
x>0 t=1..T (3.19)

and respect fixed aggregate quantities by plan
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anxk,tzxt, t=1...,Tx>0 t=1...,T (3.20)

k=1

The decisionx chosen is said to be admissible fr X and d, if it satisfies the
constraints (3.17),(3.18),(3.19),(3.20), forr. Such a decision doesn’t assure the
existence of an admissible plan on the rest ofzbori Supplementary constraints
should then be defined in order to make this denistoherent” with aggregate plan.

We continue with the same problem taking into aotanly the first period. So, a

decisionx; non negative is feasible if:

S+x=d (3.21)

. (3.22)

Lets aggregate plaK;=8; X,=3 which has at least one admissible detailed ian
examplex;=(1,2,5) andk.=(0,1,2))

Lets consider now the decisio®=(2,1,5). Although it is feasible, it is not cobat
with the fixed aggregate plan. In effect, consiugdetailed stock obtained;€(6,0,0))
and aggregate productiofp=3, it isn’t possible to satisfy the demand in pdrR for

products 2 and 3 in the same time. So, a decisiamcoherent having,, X, d:

) if it is feasible

. if exist an admissible detailed plan exigt (=2,...T) for

S=%+%-d (3.23)
X, t=2..T (3.24)

d,t=2..T (3.25)

t?
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An aggregate plan is robust if it assures the emc#t at least one solution at detailed
decisional level. An aggregate pl&ns said to be admissible aggregate if it assures t
satisfaction of aggregate demands, i.e. if:

Zt: Zt: ,t=1...T with X, >0, j=1...T (3.26)

J:

An aggregate plaiX is said to be robust if it can be disaggregatedricadmissible
detailed plan. So the relations (3.26) lead tocthrditions of aggregate admissibility:

X,>2and X, + X, >8 (3.27)

The planX;=3; X,=5 is then aggregate admissible. However takirtg mccount
detailed stocksy=(6,2,1) and detailed demari=(2,3,6), it isn't possible to find a
detailed plan admissible. That means this aggeegjan is not robust.

Then, the authors [21] establish the necessarysaffitient conditions of robustness
utilizing the study of Gabbay [23]. In conclusicam aggregate plan is robust if and
only if,

n

(3.28)

ixj > ma>{0,zt:dkj —sk(,], t=1....T
j=1 j=1

k=1
This condition expresses the fact that the aggeegatduction should permit to respond

to detailed demands non-satisfied by initial dethistock. By consequence, according
to example, a plan is then robust if

X,>6 and X, +X,>10 (3.29)
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Integrating to the hierarchical system the necgsaad sufficient conditions tied to the
coherence, we can improve the disaggregation ptoeedvithout modifying the
structure of studied problem [21]. And also, enypig available information to impose
in the aggregate plan of robustness conditionscareassure the existence of feasible
disaggregation for each planning period [24]. Tleeessary and sufficient conditions
of integrated robustness in the aggregate planifeerasiness in term of execution of
plan [22].

In the context of this study, we will present yolitarature review. In this review, we
have focused on the usage of hierarchical techeiguethe supply chain management.
Several articles on the subject and there shotraadts will be presented in the next

section.



4. Literature Review

For years, researchers and practitioners have plymavestigated the various
processes within manufacturing supply chains indially. Recently, however, there
has been increasing attention placed on the peafoce) design, and analysis of the
supply chain as a whole. [25]. It exist a largedrum of research areas in the supply
chain management but in this review, we are ortgrested on essential idea consisting

modeling a supply chain in an integrated and hidriaal way.

Beamon [25] have mainly provided a focused reviéuit@rature in multi-stage supply

chain modeling and defined a research agenda tiorefuesearch in this area.

Petrovic, Roy and Petrovic [26][27] describes fuzmgpdeling and simulation of a
supply chain in an uncertain environment, as th& 8tep in developing a decision
support system. A supply chain is viewed as aeseof facilities that performs the
procurement of raw material, its transformationrt@rmediate and end-products, and
distribution and selling of the end-products totougers. All the facilities in the supply
chain are coupled and interrelated in a way thaisamns made at one facility affect the
performance of others. Supply chain fuzzy model$ a simulator cover operational
supply chain control. The objective is to detemnihe stock levels and order quantities
for each inventory in a supply chain during a @nitme horizon to obtain an acceptable
delivery performance at a reasonable total costhi®whole supply chain. Two sources
of uncertainty inherent in the external environmmnivhich the supply chain operates
were identified and modeled: customer demand amereed supply of raw material.
They were interpreted and represented by fuzzy sktsaddition to the fuzzy supply
chain models, a special supply chain simulator wegeloped. The supply chain
simulator provides a dynamic view of the supplyishand assesses the impact of
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decisions recommended by the supply chain fuzzy etsodon supply chain

performance.

Li, O'Brien [28] have focused on improving suppligain efficiency and effectiveness
under four criteria, profit, lead time performanaelivery promptness and waste
elimination, instead of the cost alone. The madthblished in the paper analyses the
supply chain performance at two levels, the chauelland the operations level. At the
chain level, objectives associated with the cidtenie set for each supply chain stage so
that the supply chain performance can meet theomest service target and the best
supply chain management strategy is selected.hébperations level, manufacturing
and logistics activities are optimized under theegitargets. This paper analyses the
supply chain performance in a hierarchical way st benefits of the whole supply
chain and its individual companies can be balanced.

Ozdamar and Yazgac [29] developed a productiomigigton model involving
production and transportation decisions in a céréretory and its warehouses. The
model is based on the operating system of a matienal company producing
detergents in a central factory from which produmts distributed to geographically
distant warehouses. The overall system costs ptieniaed considering factory and
warehouse inventory costs and transportation co€isnstraints include production
capacity, inventory balance and fleet size intggritHere, a hierarchical approach is
adopted in order to make use of medium range agggeigformation, as well as to
satisfy weekly fluctuating demand with an optimidet size. Thus, a model which
involves an aggregation of products, demand, capaand time periods is solved. In
the next planning phase, the aggregate decisioasd@&aggregated into refined
decisions in terms of time periods, product famjlienventory and distribution
guantities related to warehouses. Consistency dmsiwthe aggregate and
disaggregation models is obtained by imposing aiddit constraints on the
disaggregation model. Infeasibilities in the dpagated solution are resolved through
an iterative constraint relaxation scheme whiclagsvated in response to infeasible
solutions pertaining to different causes. Hereytimvestigate the robustness of the
hierarchical model in terms of infeasibilities oowg due to the highly fluctuating
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nature of demand in the refined time periods asd due to the aggregation process

itself.

Sabria and Beamon [30] have developed, an intedjnatgiti-objective supply chain
model for use in simultaneous strategic and opmratisupply chain planning. Multi-
objective decision analysis is adopted to allow o$ea performance measurement
system that includes cost, customer service lg¥idllsates), and flexibility (volume or
delivery). This measurement system provides moampcehensive measurement of
supply chain system performance than do traditjos@igle-measure approaches.
Moreover, this model incorporates production, dalyy and demand uncertainty, and
provides a multi-objective performance vector tog £ntire supply chain network. The
model developed here will aid in the: (1) designefficient, effective, and flexible
supply chain systems and (2) evaluation of compgetupply chain networks.

Goetschalckx, Carlos and Dogan [31], focused to ahestnate the savings potential
generated by the integration of the design of agriatglobal supply chain networks with
the determination of tactical production—distributiallocations and transfer prices.
The logistics systems design problem is definedodisws: given a set of potential
suppliers, potential manufacturing facilities, adastribution centers with multiple
possible configurations, and customers with deteistic demands, determine the
configuration of the production—distribution systeand the transfer prices between
various subsidiaries of the corporation such teassnal customer demands and service
requirements are met and the after tax profit efdbrporation is maximized. The after
tax profit is the difference between the sales meeeminus the total system cost and
taxes. The total cost is defined as the sum oplgugproduction, transportation,
inventory, and facility costs. Two models and tlessociated solution algorithms will
be introduced. The savings opportunities creatgddésigning the system with a
methodology that integrates strategic and tactieaisions rather than in a hierarchical
fashion are demonstrated with two case studies.

Schneeweiss[32] gives an overview over the broed af distributed decision making.
In achieving a systematic procedure a general fnarie is developed that allows
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describing the numerous approaches in distributsddstbn making in a unified way.
Focusing on application areas the paper is not oahsidering various fields in the
management sciences, like hierarchical productianrmng, supply chain management,
or managerial accounting, but is regarding othecidiines as well. Particularly,
economics and computer sciences are investigatéo @®eir specific contributions to
distributed decision making. It turns out that redeld and discipline elaborate
different aspects of distributed decision makingickhparticularly for operational
research could be used to solve concrete highlghwed distributed decision making

problems.

Schneeweiss and Zimmer [33], analyzed operatiomaidination mechanisms between
a producer and a supplier within a supply chainraprivate local information. For a
make to order production setting the coordinat®aahieved through the combined use
of a task-oriented and a control-oriented type mdtrument. The task-oriented
instrument describes the producer’s procurementydbr components whereas the
control-oriented instrument is made up by penaligte for non-correct delivery. In
using both of these instruments various coordimasichemes are employed in making
use of the theory of hierarchical planning. Thougis assumed that producer and
supplier possess some private information theynatdéaken to behave antagonistically.
The question, which information should be disclggedf central importance for the
overall performance of the supply chain and is thain focus of an extensive
guantitative analysis which finally is used to gneeommendations for the design of a
supply contract.

Icen [1], have adopted the hierarchical productdenning approach to the supply
chain management. She considered a supply chaistitding several stages and
facilities. She considered a single type of prada®ach stage. Every facility at each
stage produced that single type of product.

Hurtubise, Olivier, Gharbi [34] introduce a new wiaymanage the supply chain. The
proposed solution reduces the problem’s complenging a two-stage hierarchical
production planning method and is applicable tdisea transportation optimization
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problems. The approach is based on planning aathbpns scheduling models, and is
designed to minimize travel and production costghiwia flexible organizational
network. In the aggregate planning phase, a mattiemh model involving an
aggregation of products, demand and time periogdsalved. It is at this initial stage
that the size of the problem is reduced and itpwuuis used as input to the detailed
phase in order to improve resolution time. Theosdcstage produces a detailed
schedule. It is shown that the proposed approankrgtes good and feasible solutions

to practical problems within a reasonable compaitaii time.

Blackhurst, Wu and Craighead [35] presented a naetlhgy, extending the concept of
basic Petri Nets, to discover supply chain conflietfore they occur and cause
detrimental effects to system performance. Theaguh involves linking hierarchical
levels of the supply chain system and detectingflicter occurring when the single
entities, each optimized for it own operations, @ebined together in a supply chain.
These conflicts are not obvious or intuitive in ewaing the single entities of the supply
chain, but when integrated the conflicts are discest by the methodology. They
applied the proposed methodology on a real-worfiblsuchain to illustrate the validity
of the tool. Although, further research is neettetlilly explore this method of conflict
detection, we believe that this research does thgeevide some much needed insight
into the daunting task of conflict discovery anérdfore proactive handling of these

potentially negative occurrences in the supplymhai

Xie, Petrovic and Burnham [36], presented a newahohical, two-level approach to
inventory management and control in supply chaidssupply chain is viewed as a
large-scale system that consists of productioniaventory units, organized in a serial
structure. It is supposed that the supply chaerates under uncertainty in customer
demand, which is described by imprecise terms aadeted by fuzzy sets. Overall
supply chain inventories control is achieved at tswels. First, a supply chain problem
is decomposed into a number of sub problems relatats constituent parts, which
form a follower’s level. Each follower is optimidendependently according to its local
objective. In order to improve overall supply chgerformance, a leader level

coordinates supply chain inventories control by ifying the optimization sub
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problems at the follower’s level. This processeigeated iteratively until a satisfactory
overall supply chain performance is achieved.

As we have seen several works done on the usalgerafchical techniques on supply
chain management, we will now present the moddl wehave constructed. In this
model, we have aimed to construct a flexible antpt to solve model. The model can
easily be extended and modified according to sjgendeds. In the next section, you'll
find the detailed explanation of the model. We éhalso provided a hypothetical
example to help better understand the underlyinghan@ism of the model.



5. Supply Chain M odé

In this section we will elaborate a supply chaimgshierarchical production planning
model. Our model consists bff stages. The output of each stage is the inpuerf
stage. The production starts at sthlgend ends at stage 1. The final product is shipped
from stage 1 to the costumers. Each stage hasdatiree. After the production order
the products arrives to the next stageé (lead time) periods. Lead time for any stage

is denoted ak.

Each stage consists of several facilities whichept@s raw material products from
previous stage and sends finished products to ¢éxé stage. Stagh which is the
beginning of the supply chain doesn’t require raatenal and stage 1 which is the end
of the supply chain ships to the costumers. Thebar of facilities at stage is

denoted ag.,.

Each facility produces several types of produciBhe facilities of the same stage
produce the same products. These products aretseti@ next stage of the supply

chain as raw materials. The number of productdyiestag® is denoted ak..

Producing a product at a stage requires severaktgh raw materials from previous
stage. The number of products; required to produce one unit of produgchat stage n

is denoted a§, ; .
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Our model is illustrated in the figure 5.1.

v Y )
StageN N Stage 2 Stage 1
Fadlity 1 | fzzz=====---- L || Facility 1 Facility 1
i Product N i Product - i Product -
! Productly . : Productl, : Productl,
Faciitydy || L || Facility 3, Facility J;
— T —— N
Y

Figure 5.1 Supply Chain Product Flow

Note that facilities in different stages numberedihwhe same number are in fact

different facilities. The same also applies fae groduct numbering.

In this model we consider mainly three costs narpetgluction, inventory and shipping
costs. So our objective is to minimize the tofahese three costs.

We will use hierarchical production planning forstiproblem. As facilities under the
same stage produce the same products and as @ddhwa similar production times
and methods, it is convenient to aggregate them.aggregate model we will find

aggregate production at each stage. In disaggoegaiodel we will distribute the
productions to the facilities.

Also, with each model we will supply an example letter illustrate the model
constructed. This example is hypothetical but veglistic and consists of three stages.
In real life the model would be much more big amnplex but for the sake of
simplicity we have chosen a simple example. Als® lvave been able to solve the
problem using a software on computer.
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We consider the hypothetical supply chain with ¢hstages as illustrated in figure 5.2.

Stage . Stage . Stage
FaCiIitngl
<
h g Facility jo;
1 ) g Facility ji1
FaCiIitngz
<
h g Facility j2
( N J
FaCiIitngg
\\ J

Figure 5.2 Supply Chain Structure and Relations

The arrows symbolize material flow between fa@tti Many types of products will
flow between facilities. As the products have amicharacteristics and production
methods, facilities within the same stage can predhe same products. Each facility

has different capacity.

5.1. Aggregation

5.1.1. Model

As stated before we will aggregate facilities unther same stage. So as a variable we
won't have facilities. Each stage will be treateda unified production facility. Our
objective will be to minimize production and invent costs for aggregate model. The
model can be described in details as follows:

Notation:
Indexes:
n: stage level index

in: product family index
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t: time index
Parameters:
Cprod,; ,: aggregate production cost at stagef producti,, at periocdt
Cinv_ . : aggregate inventory cost at stagef product,, at period

nit -
Cn: production capacity at stage

f : number of produdt,.1 required to produce one unitigfat stagen

ninin+l
In: lead time at stage
Decision Variables:

X . aggregate number of units of prodidio be produced at stageat periodt

nit "

. aggregate number of units of prodiydio stock at stage at periodt

n|t

D, . : aggregate number of units of produdio be demanded at stagat period

The planning period of each stage starfg.all. whereT, is defined as:

N
T.=>

s=n+l
where
Isis the lead-time of stage

So for the last period\) Tn=0 so the planning starts at peridg+1=1.
And the planning period for sta@fel starts at period, , +1=1,+ .1

And so on, finally for the first stage planningrssaat periodl, +1=1, +1, +...+ [+ 1

The objective function can be written as:

I, T+T,+1 I, T+T,+1
mlnzz ZCprOdnltant +ZZ ZCIn n|t nit (51)
n=1i,=1t=T,+1 n=l i,=1t=T,+1

The objective function is composed of two part$ie Tirst part is the production costs.
Production cost is calculated by summing numbearoéiuct produced of each unit type
(in), at each stagen), every period tj.The same also applies to the inventory costs
which consists the second part of the objectivetion.
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subject to,

liea+ Xoie = lue=Due N=LN, ip=Lol, t=T,+L..T+T,+1 (5.2)

nit ni,t n *+iny

Constraint (5.2) simply maintains the balance betweroductions, inventories and
demands at the considered period. We add producfiperiodt to inventory of period
t-1 thus we obtain available stock level. Subtrartinventory at stagé we obtain
amount shipped which should be equal to demancde@bgt. This constraint should

apply to all products at all stages in every period

In
Doy o =2 fui Xy N=L.N=1 i =11, t=T,+L.T+T,+1  (5.3)

=1

Constraint (5.3) assures that the raw materialireduor stagen is supplied by stage
n+1l (lower stage of stage). The required raw material at peribdor stagen is
calculated by multiplying the production amountthgf coefficient and summing it for
all products of stage. So total product required is calculated. Thidue is the
demand for the lower stage. Note that this densmmlild be satisfied in lead time

advance of the lower stageHl) so the demand calculated is for period, ;.
In
> Xy <C,, n=L.N, t=T +L.T+T, +1 (5.4)
in=1
Constraint (5.4) is the capacity constraint.
t t
> X =Dy, N=L.N=1 i =11, t=T, +L.T+T, +1 (5.5)

Constraint (5.5) is the feasibility condition of aggregate plan as suggested by
Axsater. [21][37]
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5.1.2. Example

To ease the model we aggregate facilities undesdinge stage as a family. So for the

aggregate model we will consider the following mlode

K Stage 3 \ K Stage 2 \ K Stage 1 \

.
Productis;
~
— | x1 —1
i L \ )
Productis,

—r—x1 | . \
P E— | Productis, /X/z"

.
Productiss X2 >
- -

\ J \ J \ )

X2

Producti,;
—x1 Productiy;

Figure 5.3 Raw Material Requirements

In diagram 5.3, the arrows show number of matéoigroduce a product. In this model
we don't take into account facilities. We are dadesng whole stage as a single

facility. In disaggregation model productions viaé distributed between facilities.

The planning starts at period 1. To obtain demsmdstage 3 we should know
production of stage 2. Considering the lead tirh& period at stage 3, we should start
planning for period 2 at time 1+1(lead time+1)=nd as well for stage 1 planning will
start at period 2+2 as lead time at stage 2 islegua periods. We will consider a
planning horizon of 4 periods. These data are samzed at the following table.

Table 5.1 Planning Horizon

Stage ) 3 2 1

Lead Time [y) 1 2 -

Planning PeriodsTg+1) - (Th+1)+3 1-4 2-5 4-7
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In this model, we are trying to minimize certairsto The costs we’ll consider in this
model are production and inventory costs. Thestscare summarized at following

table.

Table 5.2 Production Costs

Production Costs Product 1 Product 2 Product 3
Stage 1 50 - -

Stage 2 40 30 -

Stage 3 30 20 20

Table 5.3 Inventory Costs

Inventory Costs Product 1 Product 2 Product 3
Stage 1 5 - -

Stage 2 3 4 -

Stage 3 3 4

Also we should consider production capacities. dcapes are aggregated for each

stage.
Table 5.4 Production Capacities
Stage Capacity
1 100
2 350
3 1000

The lead times are

Table 5.5 Lead Times

Stage Lead Time
1 1
2 1
3 2
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The followings are demands to the stage 0 whiabutgioing of our supply chain. We

should provide these in specified times.

Table 5.6 Initial Demands

Period Demand
5 80

6 90

7 110

8 105

Applying these data to the aggregate part of oeranchical model, we obtain the

following results.

Table 5.7 Obtained Demands

Period
Stage Facility 1 2 3 4 5 6 7
3 1 324 104 176 166
2 333 333 333 156
3 342 562 490 146
2 1 85 100 100 100
2 170 200 200 200
1 1 80 90 110 105
Table 5.8 Obtained Productions
Period
Stage Facility 1 2 3 4 5 6 7
3 1 325 103 176 166
2 333 333 333 156
3 342 562 490 146
2 1 162 52 88 83
2 171 281 245 73
1 1 85 100 100 100
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Other information obtained is not critical for alisaggregation, so we do not give them
here. As we are interested with detailed prodactjopantities at each facility we have
to disaggregate these results. For example a¢ fage should produce 325 items of
product 1 at period 1 but we don’t know which faigis will produce how many of this

item. In the disaggregation we will look for thiatormation.

We pass these results as constraints to the degatgn model. The disaggregation

model will take care of distribution of productibetween facilities.

5.2. Disaggregation
52.1. Modd

As we obtain aggregate production at each stageiWelistribute it now through the
facilities. Doing that, we should remain withirethmits determined by the aggregate
function. In this model we won’t consider inventaiosts as we are only interested to
the first period production of each stage. We wdhsider production and shipping
costs by the way.

The fact that we are only interested for the fipgtriod of each stage decreases
significantly the number of variables we have taldeith. The downside is we should
maintain feasibility for the rest of the planningrizon. To do so we integrate
feasibility constraints to the model.

Notation

Indexes:

n: hierarchical stage level index
in: product family index

jn: facility family index

t: time index

Parameters:

cprod, ; .: production cost at stage of producti, at facilityjn, at period
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cship,; : shipping cost at stage of producti,, from facility j, to facility jn.1 at

njnjn+1t :
periodt
c,. - production capacity at stageof facility j,
In: lead time at stage

X, total production at stage of producti, at periodt (to be provided by the

aggregate model)
D, . : total demand at stageof producti, at perioct (to be provided by the aggregate

model)
Decision Variables:

X .- number of units produced at stagef product,, at facilityj,, at perioc

Nipjnt

d : number of units demanded at stagef producti,, at facilityj,, at period

Niyjt -~

Y. i i« - NUMber of units shipped at stageof producti,, from facility j» to facility jn-1
at periodt

In this model, we are not trying to disaggregate®fthe periods; we only focus for the
first period of each stage. The first period @ggn is T,+1. You can see details at

previous section.

The objective function is:

N In Jn N-1 n Jn Jn+1
mln Z Z Z CprOdninjnTn+1XninjnTn+l + Z Z Z C§]I pninjnjn+1Tn+lyninjnjn+1Tn+l (5 6)
n=1i,=1j,=1 n=l ip=1 jy=1jn4=1

As in aggregate model, in this model the objecfivaction also consist of two parts.
The first part is the production costs. But unlikggregate model, the second part

consists of shipping cost.
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subject to:

Jn

Z XninjnTn+1 = XninTn+1, n=1..N, in =1..1 n (5.7)

jn=1

Constraint (5.7) disaggregates aggregate productadrstagen to facilities. In every
stage each product can be produced at each fawilitgh is indicated withj,. This
aggregation is done for the first planning periddeach stage only. This is an
advantage of hierarchical production planning amisel production planning of all
periods is not necessary.

Jn
>dy =Dy, N=L.N, i =L, t=T +1L.T+T, +1 (5.8)

jn=1

Constraint (5.8) is similar to constraint (5.7) bus time with demand, not production.
Demand should be disaggregated for all period talbe to implement consistency and

coherence constraints later.

+12dnianTn+l' n=1..N, in:]'"'ln' jn:]'"“]n (59)

X,
Constraint (5.9) assures that production exceensde for each product and facility.

In

D Xy ira<Cy, N=L.N, j =1.7, (5.10)

Constraint (5.10) assures the capacity constralssmany products can be produced at
each facility, total production can not exceed ¢hpacity of each particular facility. It
is assumed that each facility at a stage produtéseasame products and the capacity
requirement of each product is the same. Thessrgg®ns can be improved.
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Jnfl
i j, 1 = Z Yoijojnmers N=2..N i =10, j,=1..J, (5.11)

Jna=l

Constraint (5.11) is the first of shipping consttai This constraint considers outgoing
shipping so we start at stage 2 as we don't sloip fstage 1. Left side of the equation
is the demand made to the faciljty This demand should be shipped to the facilies
the upper stage{l). So the products are being sent from stag&hey will be sent to
any facility at stagen-1 (where facilities are denoted as). In the right side of
equation we summarize the total number of prodsets to each facility,., at stager-1
and we find total item send from the facility This equation should be assured for
every produci,. As for production this is only calculated foetfirst planning period
of each stage.

In Jn+1

Z fninin+1XninjnTn+l = yn+1in+1jn+1jnTn+1+l ! n= 1' . N - 17 in+1 = 1‘ b | n+l? jn = 1' b Jn (5 12)

in=1 jna=l

Constraint (5.12) is very similar to constraintl(B. but this time, we consider incoming
shipping so we end at stabel because we don’t receive anything to stidgeln the
left side we calculate the number of raw mateeagjuired for the facility. We find that
value by multiplying number of production by theefficient . We summarize that
value for all products so we can find total raw enatl requirement. This value should
equal to total incoming shipping which consist tighle of the equation.

Note the difference between constraints (5.11) @nd2). In constraint (5.11) we

summarize outgoing shipping, and in constraint Zb.We summarize incoming

shipping.

T+T,+1 I £T+Tn +1

3 X 2D denjnt—smnjm], n=1.N,i=>L.1,t=T +1L.T+T +1

t=T,+1 Jn=1\_t=T+1

(5.13)



T
Z xnint a

t=Thu

These are the two consistency and coherency canstes proposed by Ershler, Fontan

0, n=1..N, i =11,

and Merce [21].

5.2.2. Example
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, =T, +L..T+T, +1

(5.14)

Once aggregate data is acquired, we will disaggeetfas data to find individual

productions for each facility. We are only intéegsto the first planning period of each

stage. But to maintain consistency and coherere# eisaggregate demands for all

periods too.

Diagram 5.4 shows the disaggregation process éges3.
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Each product is distributed among facilities. tage 3 there are 3 facilities, thus each
product is distributed to these 3 facilities. @dlthe products are distributed to 3
facilities. As a result we obtain 3 facilities gdrecing 3 products each. These
production orders are given to each facility. Trecess consist our models

disaggregation part.

The same process also applies to stages 2 and 1.

Example data are given in following tables.

Table 5.9 Production Capacities

Production Facility 1 Facility 2 Facility 3
Capacities

Stage 1 100 - -

Stage 2 200 150 -

Stage 3 350 250 400

Table 5.10 Production Costs

Product
Stage Facility 1 2 3
3 1 35 30 25
2 25 20 15
3 20 25 15
2 1 38 42
2 27 35
1 1 50
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Table 5.11 Inventory Costs

Product

Stage Facility 1 2 3
3 1 4 3 2

2 5 4

3 6 5 4
2 1 4 2

2 5 3
1 1 S

Table 5.12 Shipping Costs

To Stage 2 Stage 1
From Facility 1 2 1
Stage 3 1 6 8 -

2 7 5 -

3 9 4 -
Stage 2 1 - - 12

2 - - 11

Using these data we solved the disaggregation naaefound the following solution

Table 5.13 Obtained Productions

Product
Stage Facility 1 2 3
3(atperiodl) | 1 8 117 200
2 0 133 200
3 242 0 0
2 (atperiod2) | 1 29 133 -
2 171 0 -
1 (atperiod4) | 1 85 - -
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Table 5.14 Obtained Shipping

To Stage 2 Stage 1
From Facility 1 2 1

Product 1 2 3 1 2 3 1 2
Stage 3 1 0 0 342| 8 0 0 - -
(at period 1) |2 58 | 0 0 50| 133 O - -

3 0 200| O 199 O 0 - -
Stage 2 1 - - - - - - 0 170
(at period 2) |2 - - - - - - 85 0

As seen in this example total production quantit@sfacilities in stage 1 is equal to

325 which is the aggregate production quantity. Ndge been able to disaggregate
total production through the facilities. On théethand we didn’t have to calculate all
production for all periods but the first one. Thue have decreased the number of
calculation required. Also we have calculated gshgping. In the shipping table we

have the optimum shipping routes in order to mimérthe shipping costs.

In summary, in the first model we have calculatee aggregate production amounts
considering production and inventory costs for #mire planning horizon. In this
model we didn’t take into account individual fatés so been able to reduce number of
decision variables. In the second model we hagagdregated these production
guantities. We have distributed production loascbagthe facilities. In this model we
have taken into account production and shippindgsco®oing this disaggregation we
had only to deal with the first period productioithis also decreased the number of

decision variables.

As a result we have been able to apply successthity model to a hypothetical
example. This model can also be modified and ekpadno meet specific needs. This
fact makes this model very flexible.



6. Conclusion

The objective of this study was to construct a méttvhich would simplify decision
making process for supply chain management. We lstarted by introducing the
supply chain concept and the logistic concept fiohich supply chain inherited. We
have presented its evolution and key features agdinrements of an efficient supply
chain. We have talked about traditional methodsdltve these problems and there

inconveniences.

The main inconvenience was the complexity anddiffy to solve such problems in a
reasonable amount of time. As time is very pregiao today's competitive
environment we tried to figure out an alternatippr@ach to supply chain management.
As an alternative we have considered to adopt fubki@al production planning
approach. This approach was first developed twesabmplex production problems but
its use in supply chain management was limited. HAde made a brief introduction to

production planning approach.

Next we have constructed our model and determitsetierarchies. We have tried to
form a model as flexible as possible. This modah de customized and other
constraints and variables may be added if neetlée.presented the model and its sub-
models. We didn't think of the sub-models as safgal but also supplied required
constraint to unify them in order to overcome irsibdities associated to loss of data on

aggregation process.

With hierarchical approach, as we lose some datavere not able to find the optimal
solution but the main objective was to find an aggg solution in a reasonable amount
of time. Presenting the models we have insertetlstrative example to be able to
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better analyze the model. We also have provenriadel is applicable to real life
problems.

Also, as the model is very flexible, it may be ni@di to solve different types of
problems with a hierarchical form. This can beieebd by changing variables and

constraints and also by introducing new variablg @mstraints if needed.

With this study we have been able to construceaildfle and easy to apply model to
solve complex problems in a reasonable of time. NAke applied our approach to a
supply chain model and solved a simple exampldustiate it. We think this approach

will be useful for many real life problems.

The main inconvenience of this model is we had twendata between the models
manually and also for just one period. This mockeh be improved developing a
heuristic which will allow exchanging data autoroaliy between the hierarchies. Also
rolling horizon concept can be integrated to theletoso the model can be simulated

for several periods also it can be adjusted everipd against fluctuations.

Also, as a future study, the performance of thisleh@an be compared to a monolithic
approach. The proximity of the results to themplican be examined. The calculation
time benefits can be observed. This would allowtaubetter understand real benefits
and costs of a hierarchical method.
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