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ABSTRACT 

Ismail Yan~k,' M .Bc. 
/ 

Bogaziqi University, 1982 

This thesis presents a mixed integer programming model, designed 
" , 

for the analysis of various planning problems associated with.,.the 

.optimal setting of warehQuse capaciti~s and t;ansportation of the 

cotton textile products among theSumerbank system composed of 

factories, district warehouses and retail shops. 

The model has been n~erically tested by the relevant data taken 

from Sfunerbank Purch'asing and Marketing Organization (Al~m Sat~m 

Muessesesi, AS~) concerning ten cotton textile factories and f2ve 

district warehouses with three or four capadity alternatives placed 

in'Marmara Region'. The effects caused by the variations in the 
I 

, I 

demand 'and stock-turnover rates are observed and reported in a 

comparative basis. 
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,tsmail Yan~k, M.Sc. 

Bogaziqi ilniversitesi, 1982 

Bu qal~§mada fabrika bolge deposu v~ magazalardan olu§an Sumerbank 

dag~t~m sistemi ele al~narak, Siimerbank Al~m veSat~m Muessesesi 

(ASM) y~tkililerinin k~sa ve uzun vadeli kararlar~na yard~mc~ 

olmas~ amac~yla bolge depolar~n~n kapasite seqimi ile pamuklu , -
mamullerin dag~t~m~n~ eniyileyen bir 0-1 ~arma§~k tamsay~ 

programlama modeli kurulmu§tur. 

I 

Siimerbank dag~t~m sistetni iqinrle,. Tiirkiyedeki.on pamuklu fabrikas~ 

ile bu fabrikalardan. mal alan Marmara Bolgesine ait be§ bolge 

deposu iqin, ASM'den alinan gerqek istatistiklere dayan~larak elde 
\ 

edilen, modelin say~sal qozumleri vesonuqlar~ verilmektedir. 
" -. I 

Bu qoziimler sist~md~ mf=yda~a gelebilecek talep arb§~" stok-devir 

h~z~n~n azalmas~ gibi degi§ikl ikl erin, depolama- ve dag~t~m 

olaylar~na etkisini kar§~la§t~:tmal~ ol.:iirak incelemektedir. 

, 
I 

v 



TABLE OF CO~,~TENIS 

TITLE ............................... .- .................. , i 
APPROVAL .... ' ........... ~ .. ,' .. , .. ' ............ , .... '.,...... ii 

ACKNO\'JLEDGH1ENTS ........... ; .... ' .................... '. . . ' iii 
, - / ' 

ABSTRACT .............. ' ... ' ........... :.................. iv 
nz ..................................................... v 

I, INTRODUCTION···.··.· .. ··.··························· 1 

I I ,DEF INITION OF THE SYSTEM .' .......... ,.............. 3 

I I 1. 

\ 

, 2. 1 GENERAL PROBLEt,1 ~: '~c' • • • • • • • • • • • • • • • • • • .. • • • • • • • • • • 3 " 
, ,( , 

2.2 CURRENT DISTRIBUTION AND ,WAREHOUSING SYSTEM OF. , 
\ 

SOMERBANK ' .............................. : . : ',' . . . . . . 3 

LITERATURE SURVEy,··· .. ····••········ .... ··········· 9, 

3.1 METHODOLOGICAL CHOICES IN ,DEPOT LOCATION .. ; ..•. ;.. 9 

3.2 "SOLUTI ON TECHNI QUES ' ...... '" ............... ' ....... ' 16 
3.2.1 Simulation .............. ~.................. 16 
3 . 2 . 2 He uri s tic s ... , ' .................. ' ...... ' ..... . 
3.2.3 Exact Algorithms Used in Integer Pr~gramming 

1. Cutting Meihods-Cutting P1ane Algorithm .. 
2. Search Methods-Brancn and Bound Method .. 
3. Dynamic Programming ~ ................... . 

, . 
3.3 SOME EXAMPLES OF MODEL APPLICATIONS IN 

, / 

17 

20 

20 
20 
21 

FACILITIES LOCATION .. : .. ~......................... 22 

3.3.1 One-Dimensional Facility Location-Allocation 22 
3.3.2 A Simple ~Jarehouse Location Proble~ ...•.... 23 
3.3.3 A Two-Level Plant and: Warehouse Location ... 25 
3.3.4 t~ultilocation Plant Sizringand Timing...... 27 
3.3.5 Multicommodity Distribution System Design 

by Mi xed Integet:' Programmi n9 ............... 28 
() 



, . 

, '-

IV I MAT'HEMATICAL- MODELLING OF THE' SySTEM·········· .,. 34 

4. 1 THE HODEL. .... ' ...... '; .. ' .......... : .............. : .. . 

4.1.1 Notation and D~finition of Indeces and' 
Variables ........... ' ...... , ................. , 36 

4.1. 2 Predetermi ned Coefficients, Cost~, Bou.nds .. 37 

4.1. 3 Formulation of the Model, .. , ......... ~ .... '. . 3,7 

4.2 THE DEVELOPED MODEL ~ ......................... ~.... 38 

4.2.1, Notation and Definition of Indeces and 
Va ria b 1 e s : ... ' ........ :' ............... ' ...... . 40 

4.2.2 Predetermined C6efficients, Costs, Bounds.. 41 

4.2.3 Formulation of the_Developed Model......... 42 

, V I NUMER I CAL RE?UL TS ..•...........•...........••.•.••. 44 

5.1 INPUT DATA ....................... ' ..... :........... 44 

5.1.1 Demands of District Warehouses' ............. 44 

5.1.2 Production Capacities of Factories ....... ~. 45 

5.1.3 Transportation ~osts ........ :~ ... :.: ........ 45 

5.1.4 Operating E~penses of Warehouses ..•........ 47 

5~ 1. 5 Storage Capacity of Warehouse' ..... ; ........ ' 48 

5.1.6 Stock Turn-Over Rate' ................... ~... 48 . 
5.2 SOLtJTIONS OF THE MODEL ,(DEVELOPED) .. '. : ........... , 49 

, 
5.2.1 Solut~on 1 

5.2.2 Solution 2' 

5.2.3 Solution 3 

5.2.4 Sol'ution 4 

5.2.5 Solution 5 

· .............. " ............... . 
· .............................. . 

/ 

- ' · .............................. . 
... " ......... - .................. . 

5.2~6 The Shadciw Prices of the Warehouse 

50 

52 

54 

56 

58 

Storage Capacities ... '... ................... 60 

5 .. 3 DISCUSSION OF THE 50LUTIO.NS, ............. ' ....... ;. . 61 

VI I CONCLUSIONS AND SUGGESTIONS 'FOR FUTURE WORK ... 64 



, , 
I 

BIBLIOGRAPHy..................... ................... 66 

APPENDICES 
, . 

•••••••••••• •.• e __ ••••••••••••••••••••••••••. 69 

APPENDIX A . . . . . . . . . . . . . . .. . . . . . ..... . . . . . . . . . . . . . . 70 
• I , \ • • 

Buntas CQ. Contractes. Transportation Costs' 
Average Weights of Product Groups 

APPENDIX B 74 

'Warehouse Expenses 

APPENDIX C 77· 

Warehouse Storage Area 
Maxinium Storable Amount of Cotton Textile 

APPENDIX· D ...................................... -. 79 

~ercentage Demands of Djstricts 
Stock Turn-Ove;" Rates of Product Groups 

APPENDIX E 82 

Product Types' of Factori es 



CHAPTER t 

INTRODUCTION 
,> 

In distributioD systems, warehouses serve as centers- to and from 
\ 

which tommodities are transported and temporarily stored. The 
war~house's capital, 6perat!ng,' personnel and ~istribution expenses 
are: the tangible costs, whereas unsatisfied demand, late delivery 
and d~ad stock are the intangible costs. The' intangible cost~ 
can.b~ reduced by_prop~ily pla~ned warehousing system and by the 

• I 

'impr'oved cus,torner re,lations. However, the main research area is 
, , \ 

the warehouse's tangi~le costs. In the long run, to be profitable, 
the warehouse l'ocation arid the warehouse capa~Jity which it is . , -
~roper to the ov~rall system must be discussed ~arefully in 'detail. 

B~side 'this, transportation of commodities is another problem 
which must be considered. In the last three years (1979-1981) 
petroleum prices 
the future too. 
costs directly. 

were tripled,and they are expected to rise in 
This increase will affect'the transportation 
So the improvement in warehousing system will 

cause important savings in the trans~ortation costs in turn. : 

SUmerbank faces both of these problems as well as the other firms 
in Turkey and is looking for a solution to optimize warehousing 
and distribution,costs. 

- Th~ ov~rall purpose of this thesis is to develop a model which 
m~y be used as a quantitative framework for the analysi~ of short 
and long-term planning problems associated With the optimal 
district warehouse locatio~, capacjty setting and commodity 

supplying policy of SUmerbank.. ' 

1 
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.~ .' 
The ~odel developed in the thesis (deVeloped model) has been 
numetically ~orked out and ,analysed on the basis of ten factories, 
five district warehouses with three or four alternative capacities, 
the relevant official data and' expert estimates are as of 'the year 
1980. 

The contents of the following subsequent chapters are a~ follows:, 
In Ch~pter II, general definition of the problem ,an~ current 
distrib~tjon system of SUmerbank is presented. Methodologic~l 

choices in warehouse location, the solution techniques and 
important examples of multicommodity distribution systems found 
in the literature are "presented in Chapter III. Mathematical 
modelling of the system is presented in Chapter IV as two 
subsequent parts, the model and the developed model. In Chapter V 
input data, so1utions and disc~ssions are-presented, and Chapter VI 
is the conclusion and the suggestions for future work. 

, ) 



CHAPTER I I, 

DEFINITION OF. THE SYSTEM 

11.1 GENERAL PROBLEM 

The system which will be studied in this thesis is a warehouse 
location and com~odities distribution syste~ composed tif factories, 
district warehouses and retail shops. A number of factories supply 
the given retail shops with specified demand, quantities. 

Every factory produces its own specific commodity with known . 
production capacity. There is a known demand for e.ach commodity 

. at each of a number of retail shops. This demand is satisfied by 
shipping ~ia:.district warehouses with each retail ~hop being assigned 

, 
exclusivelit~, a single district. A warehouse assumed to each 

. district and the district ~arehouses can trans-shjp the commodities 

to each other. 

It is required to select the optimum set of district warehouses 
from a given (specHied) set by determining the warehouse capaclties 
and quantities shipped so that the. total capital and operating costs 

- . 
of the warehouses and distribution costs are minimized. 

-The s'chematic representation of the system is shown in Figure 1. 

11.2 CURRENT D.ISTRIBUTION AND ~JAREHOUSING SYSTE~1 OF SO~1ERBANK 

, . 
Before studying the existing problem, it will be helpful to look 
at ~he operational aspects of SUmerbank in some detail. 

Main production areas of SUmerbank are the consumption goods which 

3 
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FACTORIES WAREHOUSES RETAIL SHOPS 

Figure 1 Schematic representation of the system 
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are cotton and woolen textile, clothing, porcelain and footware. 

There. are 17 factories, 23 district wareho~ses and more than 450 

, retail shops. Fi~ure 2 illustrates the main flow of information, 
goods and cash, between the. General Directorate of SUmerbank, the. 
factories, the ~urch~sin~ and Marketing Organization of SUmerbank 
{ASM), the district directorates and four groups of buyers. As 
shown in the Figure 2, production and consignment orders are given 
by the.ASM to the factories which forward the goods to the district 
warehouses and then to the retailshops; 

In general, this system works in the following manner: 

\ 

, 

i- yearly protocols are prepared by the ASM and the factories. 
Included in these protocols are ,yearly production programs , 
based on types, and approved by the General Directorate: 

I " 
In ASM's own forecast of future sales, estimates prepared 
by the salesmen of the shops and- the managers_of the 
distrlcts are also taken into cons·ideration·. In making 
protocols the following poiryts are taken into consideration: 
~ th~ sales forecast for each product type, 

the production capacities of the factories, 
- the profitability of products, 
- the constraints in material purchase o~ availability. 

ii- In a year, usuaily in every 30r 4 months,·the ASM gives , 
the plants the production volumes in colof and design. 

iii- The reiail shops send ~onthly order lists to the district 
warehouse~to ~hich they are affiliated. These ih turn~ -
compile and revise them, and then sgnd them on to the 
factories. In. cases of emergency, it ,is also possible to 
order more frequently and the shop personnel may go to tb~ 
di striCt warehouses or factori es to make thei r own' 
se 1 ecti ons and plaCe orders. ' However, the second procedure 

. ' , ('-) 

is not widely u~ed and is generally limited to woolen goods. 
Usually the shop and district orders do riot cover such 
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detail's as color and design. 

iv- The factories send the goods to the district warehouses. 
The direct shipments to the retail shops are required for 
the very special cases. For the transportation, trucking 

, \ 

and transportation companies with private agreements are 
~ployed. 

If factories can not use their total production capacities by 
, 

. producin~ ASM's orders., they look for orders from private sector 
for the unused capaci ty. 

, 

In the diagnosis report ( 7), it is pointed out that SUmerbank works 
for both ordefs.and stock. In private sector, the risk is not taken 

t ' . 
by the factories to such an ext~n~. ASM takes all ri~k and they can " . . 
not make goodforecasts~ SUmerbank also gets orders from army 'and 

some public o~ganizations. Prod~cing for sto~k has ~ome advantages 
besides some disadvantages. It makes_possible tile reduction ·of the .. . 

set up' costs for .the sake of factories but, at the same time increases 
~to~ks, production delays' and furthermore causes product run-outs: 

.Retail shops are assigned to the district warehouses based on their 
geographical settings. A facto!,y can send goods to every district 
warehouse, and warehouses can a l.so transfer goods to each other. 
A retail shop can be served from only one warehouse to which it:js 
affiliated. The orders are.first directed-to the warehouses by the 
retail shops and those orders are co~plied and transferred·to the 
factories~ then' bulk shipm~nts are expe~ted from factorjesto the 

warehouses. 

Transportation between factories and warehouses are,given to 
contractors, and unit transportation cost is' re-examined and bid 

.-
every year accordi ngly. For the secondary transpor.tati on, sma 11 

, 
trucks or vans are used between warehouses and retail shops. 

(; 
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" 

It is also. stated in the diagnosis report that important malfunctions 
occur in the trahsportation between the factories and the districts, 

. , 

and the shops. Lack of pick-up vans belonging to the districts 
necessitates the use of the State Railways and contracted trucks in 
dispatching the goods to retail shops. The necessity of loading 
the truck fully, in order to decre~se unit transportation cost, 
eliminates flexibility in shipment from the.district to the retail . . 

. shop and·.lorig times e)apse b~i~een any two ~hip~erits. Theoiders, 
which are less than five tons are delayed until· they are sUlTll1ed up 
to five tons or more. Also using the railway system and contracted 
trucks makes it necessary to have the goods very well packed. 
Si~ce re-pa~king facilities are la~king in th~ districts, the goods 
~ust be sent out in the same bale as they ~rrive in from the 
factories. This eliminates the po~sibility of makin~ r~-assortment . 
(distribution of color and design combinations) in district ware­
houses. Having pick-up vans in the districts would make it possible 

to do shipment m()re frequently and repack 'the gbods; bec~us.e pack.i ng .' 
r~gulationsfoi distri~i ~arehouSe o~ned ~ans are ntit as strict as 

for railway sistem and co~tracted trucks. 
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CHAPTER III 

LITERPTURE SURVEY 

III. 1 ~ETHODOlOGICAL CHOICES IN DEPOT LOCATION 
;" 

The literature on depot (or warehouse) locatio~ is extensive. 
In this seciton, methodological, choices 'in depot location will be 
di$cussed. 

In general, when cho'osing the objective the choice is between 
minimization of the costs (which may. be warehouse construction . 
and operation costs, distribution .costs, stock-holding and run-

• I _ • 

out costs) cir ~aximizatjon of the gross profit Jrom the operations 
(which is revenue-costs)~ 

In order to determine the procedures to be adopted in a warehouse 
, ,~ "-

location study seven choices are proposed by Rand (17). 
- / ~ .., 

i~ Objective : cost minimization or return on assets 

criteria. 

ii- Pdtential aocations anywhere (infinite set) or 
particular sites (feasible set). 

iii- Search procedure optimizing or heuristic. 
" 

I. 

iv- Planning horizon . this season, this year, next year, 
sometime., etc .. 

v- Present sites: to be included or' not .. 

/ . 9 

, \ 
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vi- C~pacities : to be inc1~ded or not. 

vii- Local delivery cost: determined by statistical analysis 
or vehic1e'schedu1ing p~ckage. 

A total cost apptoach to distribution requires that individual 
cost elements are considered in relation to tota) costs. The 
more number of warehouses are increased, the more the cost of the 
war~housing system (construction and operating costs) increases, 
but the distribution (transport~ation) costs decrease. All these 

. , - . 

costs need to be balanced with the inventory levels required to , 
support.differe~t number of warehous~s. A1so_run-out costs can 
be added to the system in order to consider the opportunity cost 
of unsatisfied demand. 

Distribution costs and warehousing which ar~mentipned above can 
be suinmarized as in . F:igure 3.- Similar nUlTEdc diagrams are gfven 
by Beattie (2).' 

The purpose behind the'cost minimization philosophy is maximization / 
of profits (as in thi s study). Then, if the re,venue is a?sumed to 
be fixed, the positi~edifference betwe~n feVen~e and costs will 
be profit. However, this is not necessarily the case. Mercer (15) . 
has demonstrated that sales ,can vary with the dtstribution pol icy 
and suggestedthat~a company could be ruined because it minimized 
its distribution costs II. He h~s'also demonstrated that market share 

, 
. decl ines as the distance from a depot increases:, 

Kuehn arid Hamburger (12) incorporate the run-out costs (cost of 
lost sales1 in their objective function tiefore minimizihg total 
distribution costs. They also propose that warehouses will decrease 

(j 
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del ivery time rel ative -to direct factory shipment and improve the 
relation~ between retailshops and warehouses by permitting retail 
shops to reduce their inventories. 

Warehou~'rn9 co;ts 

Transpri 
co~ts 

----___ JCorrm~ urication-
co~ts 

Number of depots 

Figure 3 Distribution costs ~nd warehousing 

tI\ 
,'til 

8 

\ 

Another discussion can be given between the infinite set approach 
to depot-location (thai ii allowing no restrictions as to where 
depots should be loca~ed)' andi~e fea~ible set ~pproach (that is 

• 
specifying a list of po-ssible depot locations). 

- I 

The main features of these approaches listed by Eilon et al (5) 

are 

The inflnite set approach : 

i- It does not require the locat~ons which are selected(~o 

\ be apriori atiractive. 
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ii-Al,ternative solutions are available in'multisite selection , . 

problems. 

, 

. iii- It is possible that the solution will involv~' a non-feasible 
location for instance, a 'site ona mountain ~ange. 

iv- 'Transport costs must be a monotonic function of ,distanc,e. 

The feasible set approch 

,i- It incorporates costs which are' related to specific 
.\ 

geographical conditions; 

ii- It, does not require transport cost to be any function of 
I 

distance. 

f 

iii- It requires a set'of sites which are known to be feasible 
and for which all cost data are available . 

. 
. iv- The number of locations must be finite and. sufficiently 

small for computational efficiency. 
.. 

v- The set of feasible sites may ,not include the optimum 
solution of infinite set problem. 

Eilon et al (5) favour theinfin;'te set approach. 'However, three. 
criticisms of this ~ppr6ach for ~ultisite selection can, be ~ade. 

First, no method will guarantee finding an optimal (or near optimal) 
solution. A common algorithm can.be·describe,d briefly as: 

i- Choose the number of depots-'n, 
('j 
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ii- ~llocate these to sites '(at random or. otherwise) , 

iii- All~cate customers to the sites, 

iv- Consider each of the n~regions in turn and find the best. 
site serving these customers in that region by, for 
instance minimization distance in kms, 

I 

v- Stop if no improvement has been made, 

iv- Otherwise return to step/3. 

It is usually necessary to generate many solutions wi~h different 
starting points and then choose the best that has been found~ 

Secondly;.it is possible to obtain a solution giving non-feasible 
sites. For instance in the case that is studied, a depot can be , 
located on- the middl.e of Marmara Sea by studying an infinite s~t 
approach. , 

Thirdly, there is no procedure, apart from enumeration; for 
determining the numb~r'of depots. Thus the ~p~rox~mate algorithm 
described above would need to be used fora number different/n to 
determine the optimal.n. 

Tbe usual criticism that seems to be made of the feasible set 
approach is that a large n~mber of po~sible locations need to be 
specified in order to ensure a realistic 'solution.--

By u~ing the feasible set apprbach for the multi-~ite depot location 
problem it is possible to arrive at a solution within the model 
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/ . I 
formulation that wi11.answer four questions that are asked in. any 
depot location study.' 

i-How many depots are requi red? 

ii- Where should they be located? 

iii- Which retail shops should be a~signed to them? 

iv- What would be their ~torage ~nd service (hind1ing) 
capacities? 

/, Search procedure closely linked with the choic·e between the infinite . , 
.~et and feasible s~t approaches is the ~hoice of the mathematical 
algorithm that.wi1l be used to achieve the'objective. 

Eilon et a1 (5) discuss the numeric-analytic technique, dynamic 
. programmi ng, e 1 ectri ca 1 and mechani ca 1 analogues and heuri sti c 
methods for the infinite set. approach. For the feasible set approach 
they suggest that the choice lies between mixed integer programming, 
the transpor~ation method, simulation ~ethods, heuristic methods and 
networks. The sho~t summaries of these techniques will be given in 
secti on II!. 2. 

In depot (warehouse) location study there is a trade-eff between the 
complexity of the search procedure and the sophistication of the 
cost fuhctions. This can be seen in Figure 4. 

A thorough and exhaustive ,~earch p~ocedure required in stud~ing 
,infinite set approach with very simple cost functions. The feasible 

\. . ' 

set approach allows the use of more complex cost functions· but the 
very fact that a feasible set of locations us~d reduces the, 

. -

, 
. , 



15 

th6roughness'of the search.He~ristic, and simulation methods allow 
an increase in the c0l1,1plexity of the cost functions at the expense 
of reducing the complexity of search procedure. 

C 
o 

'r-
+'>, 
U+' 
C'r­
:::::lX 

I..L.Q) 
....-

_+' CL 
VlE 
00 
uu 

'SIMULATION 

HEURISTIC 
I 

INTEGER PROGRA~S WITH ,1 

FEASIBLE SET 

INFINITE SET APPROACH 

Search ,Procedure Complexity 

Figure 4 : The relationship between complexity in 'search ' 
procedures and cost functions. G.K,Ra~d (17)~ . .. .. . . '\ .- . 

, \ 

In the literature, most depot location ~tudies have been concerne~ 
with a stat,ic situation. Ooe demand pattern has been used and 
little or no attempt made to consider possible future changes in 
demand,. 'In recent paper, however, Meyer (16) has described the 
,development of a'mixed intege'rmathematical programming model 
designed to provid~·strategic decisions for the selection of a set 
of proposed facilities and theirprojected'timing within a ·five 
year implementation horizon. The objective was to maximize the 
ratio of net return to total assets over the entire.economic life 
of the facilities considered . 

..: 

Management scientist presented with the initial depot location 
. " 

probl em '(the so-call ed IIgreen fi el ds II situation) is 110t common. 
Usually the company ?r firm win'already have a number o~ depots 
located previously as in the SUmerbankcase. The analyst is, 

. () 

I, 
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therefore, faced with another choice. One possibility is to include 
the present sites in the model as a fixed base from which to move 

-(even~f the possibility of dropping old- sites, in addition to 
..including new locations, is allowed). The other- is to find the 

, II gr,een fields ll solution (that is, ignore- the present si~e 
configuration) and then to consider the question of implementation 
of the green fields solution in consideration of the present 
locations. 

When starti~g a dep6t location study-~he abo~e mentione~ choices 
are faced. Decisions in most of these issues will depend on the 
particular situation that is bei~g in~~stigated. 

111.2 _ SOLUTION TECHNIQUES 

The, ISO 1 uti on techniques developed and impl emented for 'pl ant and 
'warehouse locations can be classified ~s follows 

i- Simulation 
ii- Heuristics 

.iii- Exactalg-(])rithms 'used i,n integer programming 
a- cutting methods - cutting plane algorithm 
b- search methods - branch and bound technique 
c- dynamic programming 

Short summaries of these techniques are given below. 

III.2.1 Simulation 

In contrast to optimization models, the simulation technique 1n 
itself i~ not an obtimizing procedure. Situations aiise wh~re it 
bec~mes rather complex to model' a problem math~matically ; or even 
if (reasonably accurate) mathematical models can be constructed, 
avgilable techn1ques may not be suitable to solve the resulting 
models. In such cases, it would be necessary to resort to other 

/ 
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means for analyzing the system. Here simulation prqves useful (19). - , 

In the general sense, sjmulation deals with the study of (dynamic) -
systems over time. Simulation models are designed to sample the 
characteristics of the system they represent by "observi.ng" the 
system over time and subsequently gathering pertinent information.­
The execution 6f a simulation "ruri" may be regarded as an observa­
tion ora sample in a stati~tical experiment. This naturally 
gives rise to the .problems _of designing the (simulation) experiment~ 

-gathering observations in a manner, compatibl,e with proper statistical, 
analysis, and implementing the proper test to examine the significance 
of simulation results . 

111.2.2 Heuristics 

A heuristic is a rule of thumb' or principle which reduces the 
amount Of search in problem solving. The most i~portant feature is; 

, ' 

the model under consideration may ~e quite suitable for intuitive 
. and reasonable "rules of thumb". This approach, as' compared with 

an exact algorithm, does not guarantee an optimal solution._ 
Nevertheles, i~ some, cases it may bepreferable,to araDdom'or 

, . , 

instructed search. The central idea is to progress tow.aid an , 

acceptable, as opposed 'to- an optimu~~ soluti~n. This methodology 
has been found especially useful ~n problems ~here either no exact 
algorithm has been dev~loped or an exact algorithm ~xists but the ~ . 
magnitude of the problem is too large for present digital com~uter 
systems with respect to size or time. 

The main reasons for using a heuristic solution technique may be 

as foll ows : 

i- The structure of the model coul.d be of'such a nature 
that an exact solution procedure is not know~. 
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ii- The exact solution procedure· may be know~ but it may be 
impossible or prohibitive to handle its data requirements. 

iii- A heuristic method could be used for learning purposes, 
for instance, to have an intuitive feeling as to wpat 
variables are important. 

iv- A heuristic could be used as a part of an iterative 
,procedure that guarantees the finding of an optimal 
solution. 

v- A good starting solution could be found by usingheuristic~, 
for implicit enumeration methods. 

Heuristics can be categorized according to the basic reasonings 
used to develop them. 

i- Decomposition Methods : 
The. problem is broken into smaller parts and every sub­
problem is solved sep~rate1y while taking into account 
possible interactions amon~ the other sub-problems. 

ii- Inductive Methods·' 
The procedure is to generalize from smaller (or somewhat 
simpler/basic) versions of the same problem. Properties 
and systematic steps of the solution .for the smaller 
problems can be used to develop a heuristic method to 
solve larger problems. 

iii- Reduction Methods : 
The general approach here is· to obtain the optimal 
solutions to several numerical cases under considera,t)ion. 
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Common features of these solutions ar~ extracted and are 
I 
\ 

assumed to hold in general. 

iv~ Approximation Methods : 

The procedure is to.changethe nature of the problem in 
some way ~nd use the solution of the revised problem 
(e.g. linearization of a non-linear function). 

v- Constructive ~1ethods : 

The b~sicidea of ~. con~tructive method is to literally 
build up to,a singl~feasible ~olution, often in a 
deterministic,' sequential fashion. 

vi- Local Improvement Methods : 
In contrast with the constructive method, these start with 
a teasible solution and improve upon it iteratively . 

. Kuehn and Hamburger '(12) have devel,oped a subject model 'which' 
includes multiple products, the capability of handling non-linear 

. transportation costs, wareho~sing costs, and del ivery t'ime to 
customer. 

The model·s solution rests on two key heuristics: 

i- Locations with the greatest promise are those at or near 
concentrations of demand. 

ii- Near-optimum ~arehoustng systems can be developed by 
locating warehouses one at a time and adding at each 
stage of the analysis that specific' warehouse whi~h 
produces the greatest cost saving for the entire system. 

Procedurally, m possible 'w~rehouse sites are selected from n () 
possible locations~ Each of these m sites is evaluated, and a 
war~house is located at that site yielding the l.argest reductirin 
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in distribution costs. The remalnlng (m-l) sites then reassessed,' 
and a,warehouse is again located if there ts an indicated reduction 
in costs. Non'::.economical warehouses are discarded after this 

I 

sequential procedure is completed. F~ldman, Lehrer and. Ray (8) 

have extended this wor.k to handle concave warehousing cost functions. 

111.2.3. Exact Algorithms Used in Integer Programming , 

The formulations derived for facilities location problems can be 
. solved by the several derived algorithms of "operations research" . 
techniques . Among. these, mos't of the algorithms derived for the . 
zero-one and mixed integer programs in the computer libr~ries. 
For the big size models, some decomposition algorithms were 
developed. The -Bender's DecOmposition was efficiently applied to 
the model developed by Geoffrio,n and :Graves (1'0). 

III.2.3.1 Cutting Methods -Cutting Plane Algorithm 

Cutting methods,.which· are developed primarily for integer linear 
problems, start with the continuous optimum. Bysystematically 
adding speci a l"secondary" constraints, which essentially 

, . 

represent necessary conditions for.integrality, the continuous 
. solufion space is gradually modified until it~ continuous optimum 
extre~e point\sa~isfies the inte~e~ c6nditions. The idea of the 
cutting plane algorithm is to change the convex set of the solution 
space so that the appropriate extreme point becomes all-integer. 

111.2.3.2 Search Methods - Branch and Bound Method 

Search methods originate from the straight forward idea of 
enumerating al~ feasible integer points. The basic idea i~ to 
develop "clever" tests th.at consider only a (small) portion of the 
feasible integer expl icitly but automatical/ly a'ccount for the 

tj 
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Br~nch and bound method ,is the most prominent method of tree-search 
type algorithms among the other such ~s additive algorithm (pure 
binary problem) and zero-one (polY!l0mial) programming. The 
fundamental idea of branch and bound technique ii to partition the 
set o~ all feasib]e solutions into several su~sets, and assuming 

" \ 

the function is to be,maximized (or minimized) an upper (or lower) 
, ! 

bound js determined for each of the subsets. Then subsets which 
have ,upper bound~~reater (or'less) than the current upper (or 
lower) bound for the objective function are eliminated from further' 
consideration. 

111.2.3.3 Dynamic Programming 

Dynamic programming 'is the name 'giveri to a particular kind of 
sequential decision process in which it is d~sired to optimlze 
(ma'ximize or minimize) a criterion function subject to constraints. 
The dynamic probl!=m is defined in terms of five entities :, the' state 
("SII)~ the stage, the decision space, the'transformation function, . 
and the ~riterion ~unction. The state is specified by the parameter 
or set of parame,ters which contain all, the. information necessary 
to ~~ke the current/and ail'futu~e decisions, hopefully in an,optimal 
fashion. The stage or epoch n is defined in terms of the process 
of decision making: a stage exists whenever' a decisi~n is called' 
for. The decision 5~ace D is the space of all possible decision 
variables, which may vary from stage to stage' and also may be a 
-function of the state 'of',the system of any stage ; that i~, 

',D:D(n,Sn)' 'The transformatio~function Z relates the new state 
of the system to the o~d state, naturally as a function of the 

decision ma'd~, Sntct=Z(Sn,dn), where dn6D(n,Sn)' Finally, the. 
criterion functio~ ("C") is the measure ~f performance of the 
system and is a function of/all the decisions made and the initial 
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state of the system. C:C(So ,{dn}). Of course, we are always 
. interested in the optimum of C, which we shall denote by T; fais 
the min1mum (or maiimum) value of C(S~ ,{d I), ~nd io emphasize"the 

n . ~ . 
fact that the initial state i~ So ~nd th~optimizaiion is over a 
finite planning horizon of this technique is given by Robert F. 
Love (13), and presented in section 111.3.1. 

III. 3 SOME EXA~lPLES OF'MODEL APPLICATIONS IN FACILITIES LOCATION 

III. 3.1 One-DimensionCl;lFacil ity Location-Allocation 
, ' 

A dynami c programmi ng algorithm is presented by R. F. Love /( 13) to 
. locate m variable facil ities jn relation to n 'existing facil ities 

situated on one route. Each of the n existing facilities has a . 
, , 

requirement flow which must be supplied by. the variable facilities. 
The· a 1 gorithm- does the a 11 ocation simultaneously with the location. 
R.F.Love considered a one-dimensional 1 dcation':'allocation ·problem 

, • I~ •.• \, 

that arises when a set of new facilities is to be added in relation 
to a set of existing facilities. The structure of the prob.lem is 

. given ,as : ... 

i- a set of n pointsaj , j:l , ... ,n on the Euclidean line 
cailed"exist{ng facilities, 

ii- known rion-neg~t'ive weights rj=J, .... ,n representing 
requirements at-each existing facility poin~, and 

iii- a set of m u~located or variable facilities .. 

The problem is to determine 

i- the optimal location for each of the m variable facilities 

and, 

\, 
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ii- the optimal allocation of existing facility requirements 
to the variable facilities so that all .requirements·are 
satisfied. 

Let the m. unknown facility locations be given by x., i=l, ... ,m. 
1 

When the criteria to be satisfied ;s the minimization of total 
w.eighted distances, the probl em .may be stated as 

Minimize R(x,w)= 'l: w·.: Ix . ..;a.1 .. 
ij' 1J .. J .. J ..... . 

s.t. l: W • .': r. 
i lJ J 

w .. > 0 
1J -

for all j 

111.3.2 A Simple Warehouse Location Problem 

The warehouse (plant) location problem in its simplest form has been 
formulated by Effroymson and Ray (3) as a mixed integer program as 
follows: wjth m p.otential warehouses (with unl imited capacity) and 
n customers, 

Minimize Z 

s. t. 

= l: C •• x .. -;- l: F. 
ij 1J lJ ; 1 

l: x .. - 1 . 
lJ -

i 

o < l: x < n y . ij. - ;; 
j 

y. 
1 

.. 
j= 1,2, ... ,n 

i: 1,2, ... ,m . 

Y·.- b or 1 
1-

(integer) where i G'.N. 
'J 
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t ij the per unit cost which includes the FOB cost at the 
warehouse "i", the warehouse handling cost and the 
transportation cost from the warehouse to th~ 
customer "j II 

Dj the demand at customer j 

Xij the portion of Djsuppl ied from warehouse i 

F. the fixed cost associated with warehouse i 
1 

N. set of warehouses which can supply customer j 
J 

Pi set of those customers that can be suppl ied .by . 
warehouse i 

number of elements in P. 
1 

The objective of the model is minimization of costs which are fixed 
set up and distribution costs, potential locations are limited to 
particular sites in the feasible set. Solution procedure is branch 
and bound. Problem is not time-:scaledand concerns for only one 
period of time. There is no present sites and e~onomies of scale 
is not applied to warehouse storage capacitfes. The unit 
distribution and handling costs are assumed to be linear. 

Three kinds of efficiencie~ have been developed and added to' the 
branch and bound algorithm by Effroymson and Ray. "Briefly thes~ are: 

i-:- a.t each successive stage, the branc~ and bound algorithm 
requires the sel~ctibn of a warehouse, from the set of 

f.ree warehouses at that sta'ge, to be constrained open or , . 
" . 
closed. F6rmal ~ules for selecting the free warehouse 
" 

have been developed, 
r"). 



"' . 

25 

ii- at each step 6f the branch and bound algorithm, a linear 
program, without ~he integer restrictions on the y1s, is 

_ to be solved, 
,. 

iii- several improvements r~lat~d to the-comput~r programming 
of the bran~h and bound algorithm are proposed. 

111.3.3 A Two-Level Plant and Wareho~se Locatipn Problem 

'A model is proposed by Kaufman (10) for the simultane6us location' 
of plants and warehouses among a given set of possible locatioris in 
order to satisfy a given demand at minimum cost. The demand of each 

'customer' maybe satisfied directly from a plant or through a 
! /' • 

warehouse. The model also. applies to the design of a distribution 
network with two levels of warehouses. A branch and bo~nd algorithm 
which general'izes previous work by Effroymson .and Ray (3) (which' is 
given in section 111.3:2) is' presented. 

In this'work the simple plant location problem is,generalized to 
cope with a two-level distribution system. The model applies to 
the problem of, simultaneously locating plants and warehouses or 
large and small warehQuses, and it·is formulated as follows: 

\ " 

given a set of ~bcations wher~ plants ma~ be built, a ~et of locations 
where plants ~ay be built, a kn6wn demand troma given set of 
customers which must be satisfied and assuming a warehouse is located 
with each plant, determine the numbers and locations of plants and 
warehouses to be established in order tQ minimize total production 

and distribution costs. 

The model implicitly assumes consideration of a single product,or 

a homogenous product mix. 

B'OGAZiCiUNiVERSiTESi KUTUPHANESI 

i 
J 

.! 
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This problem may be expressed mathematically in the following way: , 

Mininiize Z E f. y. t E g. z. t E C1'J' k x1'J',k 
ill ,j J J ijk 

E X;j k= 1 
;j 

E x" k < y. 
j lJ - '1 

x. 'k < Z. lJ - J ;, 

y. 
1 

< Z. 
1 

y.,z.=O,l 
1 J, ' 

X" k > 0 
lJ -

(1 1 

,', 

(21 

where f. denotes the fixed cost for establ ;shing a plant at location 
J, ' 

i, gj denotes the fixed cost for establishing a warehouse at 
location j, Cijk denotes the cost, of satisfyi~g the demand of 
customer k from plant located at i th~ough a warehouse located at 
j ; y. is a binary variable equal to 1 if a plant is, located at i 
1· . 

and equal to zero otherwise; z. is a binary variable equal to 1 
J . 

if a warehouse is located at j and equal to zero otherwjse; xijk 
is a continuous variable equal to the fraction of the demand of . ,. \ 

customer ksatisfied by'plant i through warehouse j. 
The constraints (21 express that the demand of each custo~er must 
be satisfied, the constraints (21 and (31 expiess that the demand 
of customer k can only be satisfied from i through j if a plant is 
located at i and a warehouse at j. The constraints (41 ensure that 
a warehouse is located with each ~lant and the constraints (5~is 
the non-negativity and binary configurations. 

/ 
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111.3.4 Multilocation Plant, Sizing and Timing 

A dynamic multilocation' problem is solved by Rao and Ru'tenberg (18). 
In the model constructed time is continuous, a~d dem~nds ca~ grow , ' 

at varying rates in different markets and at 'di'fferent times. There' 
are economies of scale in building pla'nt capacity. With plant sizes, . , 

held constant, -transportation cost is. optimized through continuous 
time so as to set plant timings. The study deals with the dynami~ 

, trade-off between plan~ eco~omi~s of scale and the cost'of 
manufacturing and transportation to supply geographically dispersed 
customers. ' Customer demands grow through time (usually at different . 
rates), so pl~nts early in the cbnstruction sequence should be sized 

, . , . . . 

for use throughout the planning period. More formally, for a given 
, 

construction squence the model can time and size plant's tosatlsfy 
, . 

growing ~arket demands ~hile minimizing the p~esent value of plant 
\ 

fixed costs, plus the present valueof operating and transportation , . 

, costs. 

The objective of the st~d~ is to minimize.total cost o~er time, 
'which is t~mposed of warehouse 'construction, product distribution, 
handling and storage costs. These costs could vary through time, 
but they are assumed to be constant. Potential locations for 
warehouses are pre-determined, a,nd their capacities are sized and· 
timed optimaly Qver a continuous time horizon. 

Initial statement of the problem is given as 

The problem is to m~nimize the present value of costs of 
constructio~, production and transportation incurred over the time 
hor.izon {D,T}. At time T total plant capacity will be 1.: bm(T), 
where bm is the demand at market m. m 

.:..: 
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Mi n i mi ze Z r f (a) e -rTn t J T r' (t) e -rt dt 
n n n ° mn cnm xnm 

-

where r is the discount rate .. 

S.t. 

r x (t) < a (t) 
m nm n for all n,t G {O,T} 

Shipments ca~ not exceed capacity where 

=a n t G {~ ,T} 
n 

for all m,t G {O,T} 

Each demand must b~ satisfied cont{nuously through time. 

for all n,m. 

III.3.5 
, 

Multicommodity Distribution System Design by Mixed Integer 

Programming 

A multicommodity tapacitated single-period problem is' formulated as 

a mixed integer linear program by GeoJfrionand ~raves (9). 

There are several commodities produced .at several plants with 

known production capacities. T~ere is a krlOwn demand fa;. each 

commodity at each of a number of customer zones. Thi s, dema~d is 
satisfied· by shipping via regional distribution centers' (Dct~ 
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with each custpmer zo~e being assigned exclusively to a single DC. 
There are lower as well as upper bounds on the allowable total 
annual throughput of each DC. The possible locations for the DC·s 

_/ ~re given, but the particular sites to be used are to be ~elected 
so as to result in the 1 east,- total distribution cost., The DC costs 
are expressed as fixed charges (imposed ,for the sites actuall;usedi 
plus a linear variable charge. Transportation cost are t~ken to be 
linear. 

. " 

Thus the'probl~m is to determine which DC sites to use, ~hat size 
DC to have at each selected site, what customer zones should be 
served by each DC, and what t~e pattern of transportation flows 

\ should be for all commodities. This is to be, done so as to meet 
the given demands at minimum total distribution cost subject to 
the plant Gapacity and DC throughput constraints. 

The mathematical formulation of the problem:uses the following '" ' 

notations. 

oi . index for commodities, 

j iridex for plants; 

k : index for possible distribution-center (DC) sites, 

\ 1 :' indek for customer demand zones. 

S.. supply (production capacity)'for commodity i at 
, lJ ,I ' 0 

plant j, 

, Oil dem?ind for commodity i in custo,mer zone 1, 

Vk'!k ,. minimum, maximum allowed total annual throughput for 

a DC at sitek, 

.. 
,i 

I 

, , 
i , 
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fk .. fixed portio-n 'of the annual possession and operating 

costs for, a DC at site k, 

variable unit cost of throughput for a DC at site k, • 
/ 

C, 'kl 1J . 

X, 'kl - 1J 

average unit cost of producing and shipping commodity 
i from plant j through DC k to customer zone 1 , 

a variable denoting the amount of commodity i shipped 
from plant j through DC k to customer zone 1, 

a Q-l variable that will be 1 if DC 'k serves customer 
zone 1, and 0 otherwise, 

zk a 0-1 vari~ble that will be 1 if a DC is acquired at 
site k,. and 0 otherwise. 

~he problem can' be~written as the following-mixed integ~~-line~r 
I 

program. 

,:L
kl 

CUkl xijkl + L { fk zk + vk L Dil Ykl }'-
1l' k .il 

~·1i n 

x > O;y, zd) , 1 

L xijk1 < S .. · 
k1 1J 

.\ 

E x, 'k1 :6 D'l Yk1 j 1J - 1 . 

L Yk1 = 1 
k 

for a 11 k 

1-
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Linear configuration constra'ints' on y and/or z. ' (6) 

The notation y,z = 0,1 means that every component Ykl and'~k must 
'be 0 or 1. 

The correspondehce between this model and the ve~bal problem 

statem~nt should be apparent. The quantity ~ Oil Ykl is 
interpreted as the total annual throughput of'lhe kth DC. 
Constraints (2) are are the supply'constraints, (3) stipulate 

both that 1 egitimate demand must be met (wheh Ykl = 1) and that 
xijkl must be 0 for allij when Ykl '= O. Constraints (4)' specify 
that each customer zone must be served by a single DC. Besides 
keepi ng the total annual throughput between .Y.k and Vk or at 0 
according to whether or not a DC is open, (5) also enforces tne \ 

correct logical relationship between y and z (i.e., zk = 1 ++ 

Ykl = 1 for,some 1 ). Const~aints'(6' are ~eliberately!not 
spelled out in detail for the sake notational simplicity . . ,~... --

In this model the transportation variables are quadruply subscrip'\:.ed, 
whereas previous intermediate location models (Bartakke et a,l (~), 

El wein and Gray (6), El son (5), Marks, Liebman and Bellmore (14)), 
employ 'separate transportatiohvariables for plant-to~DC and DC-to­
customer shi~ments. That is, in this model jt might have been used 

. two sets of triply subs~ripted variables (xijk and Xikl ' say)' 1 inked" " 
by a' flow conservation con'straint for each commodity-DC combination. 

This alternative suffers from a lack of flexibility for some appli­
cations, because it"forgets" the origin of a commodity once it 

arrives at a DC. 

The quadruply subscripted tranportation variables also make it easy 
to accommodate direct plant-customer zone shipments so long as a 

.. 
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customer zone does not try to receive a given commodity both from 
a DC and a plant. For instan~e, suppose that a certain subset of 

. I 

customer zones is to obtain all <:ommodities'directly from the plants 
instead of via DC's. Tben on,esimply adds a fictitious DC ,site k, 

say, with the associat~d zko and Ykol IS fixed at unity and specifies 
the rate~ Gi~ko 1 appropriately for each associ'ated ijl (there is no 
need for (5 to include a constraint for ko). One may also . 

I 

accommodate the situation in which a customer z.one obtains some 
commodities ?irectly from the plants and the others through its DC. 
Just make the Cijkl IS corresponding to the'direct commodities 
independent of the possible' DCls for such,a customer zone, and 
omit the il combinations correspondi~g t~ the directly shipped 
commodities from both~' 0. 1 Ykl ,terms in the model. 

1'1 1 

Another unique feature of the model is that no customer zone is 
allowed to deal with more than one DC, since the Ykl IS must be 
o orl and not fractional. Thus each customerls demand must be 

. . 

satisfied by a single DC or directly from a producing plant. 
~his assumption is required by the_decomposition technique developed 
by the authors. Their first-hand experience with three firms, each 
in a differen~ industry, is that the accounting systems and the 
marketing structures are geared to serving each customer zone from 
a single DC. Any.change in this convention would be expensive both. 
in terms of added administrative costs and in terms of less convenient 
service as perceived by customers,. There woul d also be economic 
,disadvantages due to ~educed economies of scale in DC-to-custom~r. 

shipments. 

The arbitrary configuration constraints (6) give the model quite 
a lot of flexibility to incorporate many of the complexities and 
idiosyncrasies found in most' real appl ications. For instance; (6) 

permits 

I 

I 
, I 
i! 
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i- upper and/or lower bounds 'on the tota'l number of open 
DC's allowed 

ii"- specification of subsets of DC's among which at most one, 
at least one, exact i y two, etc., are required to be· open 

iii- precedence relations pertaining to the open DC's (not A· 
unless B, etc.) , 

iv- manda~ory service area constraints (if DC A is open, it 
. must serve customer ione B) ; 

v- more detailed capacity constraints on the size of a DC ' . 
than (5' permits, a~ by weighti~g the capaclty consumption 

characteristics of each commodity differently or by 
I 

writing separate constraints for individual or subsets of 

commodities ; 

vi- constraints on the joint capacity of several DC's if they 

share common resources or facilities 

vii-customer service constraints like, 

< T. 
1 , 

where tikl is the average time to make a delivery of 
commodity i to customer zone after receiving an ~rder at 
DC k,and T. is a desired bound on the ay~rage del iver.x . 

1 

delay for commodity i. 

r; 



CHAPTER IV 

r'1ATHa~PJI CAL ~1ODELLI NG OF THE SYSTa, 

This chapter presents two consecutive mhed integer programming. , 
(MIP) models. Th~ first orie· ~ntroduces the simplest version of the 
system which is described in Chapter II. The firs~model is 
modified to satisfy th~ specifications of t~e SUmerbank distribution 
system.. Some approximations are made for the sake of simpl icity 
and solution of the problem. ·A~few constraints and variables are 
added in order to satisfy the specific requirements of SUmerbank 
distribution system. 

Previo'usly mentioned seven choices {Section IILl.) are applied to' 

the SUmerbank distribution system and the following points are 
taken into consid~ration for modelling . 

. The overall objective ·is minimization of costs which are composed 
of warehouses' personnel, rent and operating expenses plus distri­

bution expenses. 

Because of physical and geographical conditions possible locations 
for district warehouses are predetermined and each retail, shop is 
assigned, tQ a wareh9use exclusiyely. Because 6f these two 
conditions, location allocation problem is eliminateif'. So that 
the questions which may arise in potential locations choice~ 
such as "how many depots, where should they be located anciwhich 
retail shops should be assigned to them" are predetermined. 

The search procedure which may be applied to this problem can be 
mixed integer programming which will optimize the proper district 

34 
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, , 

warehouse capa~ity and the quantities shipped from factories to 
warehouses and transshi pments among different di strl ct warehouses, 
if profitable for the overall distribu,tion system. The maximum 
integer (binary)' variable is the jxm, where j"=1,2~.:,5 is,the 

\ '., . 

·.number of predetermined district warehouses and 1l1=1,2,3,(4) is the ' 
warehouse storage capacity a lternatives. \ In' the SUmerbank di stri - \, 
bution system maximu~ number of binary variables is 16 for 
Marmara Region and this size is feasible for the solution tech~iq~e 
which is available in Univac 1106 Computer as Functional Mathematical 
Programming System. 

-
This study will be concerned with the static situation for one year 
(as of 1980) and future changes in demand pattern and stotk-turnover 

,rates for the warehouses will b~ ionsidered. 

The present sites for the district warehouses of the already existing 
distribution system are predeter:mined s~me as tbe real system, the 

- . , 
only difference is three or four storage capacity alternatives for 

. these yredetermined districts are proposed .. Warehouse operating 
, costs are non-linear with economies of scale applies as warehouse 

capacity incre~ses to reflect this situation 3'or 4 warehouse 
capacities ?eing considered as unit cost decreases with 'increasing 
capacities. 

The'transportation costs are inputed to the system as the prices 
for transporting a unit ,of product, between all possible departure 
and destination points suc~ as factory to warehouse and ware~ouse 
to warehouse. In fact transportation costs are non-linear; f~>r 

the a~ounts under consideration it is assumed to be linear. 
" 

By taking into consideration of these choices a quantitative 
framework will be set for the analysis of various planning problems 
associated ,with' optimum capacity setting and commodity supplying 
policy of SUmerbank distribution system~ ~ ~ 
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IV.l THE MODEL 

Schematic representation of this system was given in Figure 1. 

In this distribution system, the commodities are sent from'factories 
to possible district warehouses and from district warehouses to 
retail s~ops. The direct shipments from factofies to th~ retail 
shops are not allowed. A '0-1 mixed integer programming model has 
been constructed to~e~ide the optimum c~pacities of the district 
warehouses and distribution scheme of the problem. 

IV.1. 1 Notation, and Definition. of Indec~s and Variable~~ 

i- indeces 

" ,i: index inai~ating the f~ctory (also the product group 
since each type ,of product is produced in oAly one 
factory) 

/ 

j: index indicating the warehouses (depots) 

k: ,index indicating the retail shops 

ii-' varia.bles 

d f .th f t t .th x .. : amount of units transporte ' rom 1 , ac ory 0 J 
lJ 

warehouse 

Yijk: amount of units produced at ith factory and transported 
from jth warehou%e to kth retail shop 

z.:binary variable, 1 if the jth warehouse is open 
J a otherwise 

,~) 

, 
, ! 
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IV~1"2 Predetermined Coefficients, Costs and Bounds! 

. .". I .th ' 
Fj : operatlng cost'of J wa~ehouse for one year 

C ~ " lJ: cost of transporting one unit from ,th f t .th actory 0 J 
warehouse 

/ 

C\ J : cost of transporting one "t f .th h unl rom J ware ouse to 
kth retail shop 

Dik : demand of ith product ~roup in retail shop k 

STRj : st6ck turn-over rate of jth warehouse 

K.: maximum allowable storage capacity of jth warehouse 
J 

at a time 

P.: yearly production capacity of ith factory (or maximum 
1 

supply of it~ product 

IV.l.3 Formu~ation of the Model 

Objective Function 

Min Total Cost t Cl t ~ C2 . J Fj Zj ~. ij xij . J~k jk Yijk 
1 J ' 

Demand Constraints 

for all i ,k 

Mate~ial Balance Constraints 

X·· L y"k 
lJ = k 1 J 

. for all .i ,j 
r') 
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-
Warehouse Capacity Constraints' 

L: x.. < STR
J
. K

J
. zJ' 

j lJ 

Production Capacity Constraints 

L: x .. < P. 
j lJ -'- 1 

.' 

for all j 

for all i 

z~,l and non-negativity constraints 

Objective of the model is to minimize the costs which are composed 
of.~perating exp~n~ei of warehouses and dist~ibutibn ~transportation) 

. , 

expenses. Cost coefficients C1 and C2 are different since the 
transport media between factory-warehouse .and warehouse-retai 1 ,shop. 

, / 

are different. Constraints (IV-21 are the demand constraints. 
Constraints (IV-31 are the material balance constraints and 
stipulate that the amount, of products. (xij ).transported from factories 
~o a specific warehouse must be equal to the amount (Yijk~ which 
are sent to the retail shops from this warehouse. Constraints (IV-41 

1 imits the throughput ~f the j th warehouse according to its given 
, . 

~torage capaci~y. It also prevents the shipments to the non-
existing '(closed) warehouses. When the warehouse is closed, z = 0 

value makes right-ha!ld-side(which is storage capacity)-O. 
\. . 

. ~Constraints (IV-51 1 imits the demand by the production ,capacity of 
. th - . 
1;, , factory. Normally this constraint is redundant, otherwise, this 
solution will b~ inf~asible.· In this model all transportation 
costs are assumed to be linear~ 

.. 

IV.2 ~H[ DEVELOPED MODEL 

Previously mentioned model is applied to the SUmerbank system and 
besides some additions also some approximations are made. For:the 
sake of simplicity, retail shojJsare discarded from the system'and 

() 
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their demand is mounted over,the related warehouse .. This is because 
of the assignment of retail shops to the district warehouses in the 

/ 

physical system. In the SUmerbank system possible locations for the 
, , 

warehou(es a~e pre-determinep according to' its physical and . 
geographical conditions, also each retail shop is pre-assigned to a 
district warehouse according to its geographical condition, in 
order to prevent, the duplicate booking and to decrease the 'complexity 
of the system. Because of these two conditions the location allocation 
problem is eliminated. 

The schematic 're~resentation of the new system will be as shown in 

Figure 5. 

o factory 
,A warehouse 
·4 transit-depot 

n -retail shop 

Figure 5 .' Schematic representation of the qeveloped ?ystem 
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In this new system there would be two kinds of warehouses: first 
kind of warehouses will work as a transit-depot, and normal warehouse' 
facilities will not exist. They will be used for transferring the 
commodi:ties from other, warehouses to the demand 'centers (retail shops). 
In fact the demand of the transit d~pot will be served from the 
nearest potential (normal) warehous.e. Conversely, normal warehouse 
will serve for their own demand plu~ other transit-depots' dema/nds. 

By the use of transit-depots, warehous~ usage will increase the 
efficiency ~ppreciably. 

The intershipment of commodities between warehouses and transit­
depots allowed by this developed model exists in th~ present SUmerbank 
distribution ~ystem as shipments from warehouse to warehous~. 
Existance of alternative warehouse capacities decreases the total 
cost of the distribution system, by choosing the appropriate capacity 
according to the conditions of th~ district. 

IV.2.1 Notation and Definition of Indeces and Variables 

i- indeces 

i index indicating the factory (and the product group 
since each product is produced in only one factory 

i=1,2, ... ,10 

j,d indeces indicating the warehouse from the feasible set 

j =.1,2,: . ,5 

d=1,2" .. ,5 

m index indicating the alternative capaciti~s of· warehouses 

m=1,2,3,(4) 
\ 
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i i- variables 

X;j amount of units transported from ithfactory to jth 
warehouse 

g. ·d lJ 

g·d· 1 J 

t f . t ( d' d· . th f amoun 0 unl s prouce ln 1 actory 
t t d f .th h h ranspor e rom J ware ouse to t e warehouse d, 
(J =1= d) 

amount of units (produc~d in;th factory) 

t t d t . th h f th h d, ranspor e '0 J ware ouse ' rom e ware ous'e 

(j . =1= .d) 

z. binary variable, 1 jf the jth warehouse with-capacity 
Jm 

m is open, 
o otherwise 

IV.2.2 Predetermined Coefficients, Costs and Bounds 

F. 
Jm 

C~ . 
lJ 

o .. 
lJ 

STR. 
J 

. . " 

operating cost of j th warehouse with capacit~ m for 

one year including rent, personnel and other expenses 

~verage cost of transporting one uni~ (of ithproduct) 
from i th:factory to j th wafehouse 

average cost of transporting one unit of product from 
jth warehouse to other warehouses 

demand of ith product group i~ retail shop j 

. t f .th h stock turn-over r~ e 0 J ware ouse 

1 ·t . f .th h maximum a110wab e storage capacl y 0 J ware ouse 
with capadty . alternative m (at a time) 

(j 



IV.2.3 

P. 
1 

A .. 
lJ 

B .. 
lJ 
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yearly production capacity of ith factory (or maximum 
1 'f -. th supp y 0 1 product group) 

coefficients of direct shipments from i th factory to" 
.th h J ware ouse 

coefficients of intershipments between warehouses 

Formulation of the Developed Model 

Objective Function 

,Min Total Cost 
L FJ·in zJ·m t 2: - C~. x .. t 2: C~d g. ·d" 

J : lJ jm ij lJ lJ 
ijd 

Material Balance and Demand Constralnts 

x·· - 2: g··d t L g·d . lJ d lJ d 1 J 
D .. 
,1J 

for all i ,j 

d f j 

Warehouse Stora.ge Capacity Constra ints 

r A .. x .. t2: B .. g·d· < 
i lJ lJ 'id lJ -1 J -

r STR. SK~z. 
m J Jm Jm 

, (IV. 12) 

for all j 

Production Capacity (Maximum Supply) Constraints 

LX.. < P. . lJ - 1 
- J 

Only One Warehouse Capacity is Chosen 

2: z. < 1 Jm -m 
for all j 

Plus non-negativity constr~ints and fixed vari~bles 
'-. (J 
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He objective of ttE mocel is to minimize. ttE total cost which is 
-

conposed of qJerating costs of ttE warehouses with alternatil.e 

cap aci tie s, factory..:.to-ware h~)Use and ware house -to-ware house' 

transportation costs. In fact ttE" hidcen objective is ttE maximiza-. ,. 
tion of ttE orofit since orofit is ttE Dositive difference ret\\een . , .. 
rel.enue and costs. TtE cemand in ttE 'retail sh~s .is satisfied by 

~tting ttE'commodities directly from its di~trict warehouse'or via 

,otter regions' warehouses through its transit-cepot. TtE material 

balances in Ue warehouses are satisfied by ttE constraints (IV-12'. 

1he d2mand o'f for ttE warehou$ is obtailE'cl by summing ~ ttE .­

d2mands:o_f the 'retail shoos which are affiliated to ttE warehouse , . 
in. conce rn and i I"(J ute d to the mod2l. He annual througtp uts of ttE 
warehouses restricU;dby ttE co'nstraints (IV-'l3', if the j,th 

, . 

warehou§.e is cpen,.will,pennit a }early througt-put which is d2cided 

as multiplying ttE storage capacity of ttE jth warehouse C5KjmL by" 
its stock turn~ove r rate (STRj ) and tre througt-p ut wi llre ze ro if 

the warehouse set to te closed. An efficient stora~ policy will re 

achieved by the use,of ccefficients A .. and Bl"~ TtEyare used to, 
, lJ J. 

differentiate tre stora~ burcen of a unit of good i arriving at 

warehouse j as a direct shiprrent verses transshiprrent.~1ost often 

a unit of good i causes less stra,in on ttE storag: facilities ,at j 

since it is oacked and orcered for imrrediate'd2livery to retail shcps. 
. "."" . -

Constraints (IV-14' kee? ttE control of maximum s4Jply, if an amount 

more than suPPly is cemanced an infeasible solution is obtaired, 

otherwise, this constraint will l:eredundant. TtEse cons'traints will 

also tETo to put ,tt-e"district aTlo\'{.ances for sorre ~r9duct groups wtEn 
. \ - .. \,. . . 

it i's required. Constraints (IV-lSI will guarantee that only ore· ware-

house capacity is chosen for an c::>en warehouse over ttE ,alternatives 

which is test suited for ttE ~timal status of tl-e solution. Also, 

sorre .... bounds and pre-ceterrriired variables may te adced for sensitivity 

analysis. ~ 

/ 

, 
" l 
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CHAPTER ': V 

NU~~ERI CAL RESULTS 

. The developed model has been. solved by FMPS (Functional Mathematical 
Programming System) of Univac 1106 Data Processing System used at 
Computer Center of Bogazici University. Mixed integer programming 
mode' in FMPS is constructed for solving this type of problems 
where the integer variables are required to be binary (i.e~, 0 or 1). 
The solution algorithm is branch and bound and the fe.atures of FMPS 

• 
, can. be seen in Iref erence (20). . 

" V.1 INPUT DATA 

The data used in this problem were taken from Planning, Accounting, 
. Transportation and Personnel Departments of SUmerbank. 

V.1.l Demands of District Warehouses (D .. ) 
~~~~~~~~~~~~--~lJ-

The sales of the year 1980 ar~ taken as the demands of the district 
warehouses.and shown in Tab1e- 1. :rhe district warehouses are > 

considered to be located in Ba11kesir," Bursa, istanbul, izmit and 
.. ' 

Tekirdag. However, the cotton textile factories in the ,system are 
Nazi 11 i, izmir, Eskisehir, Antalya, Ereg1i, Kayseri, Adana, Baklrkoy, 

Malatya and'Maras factories. ", 

./ 

44 
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TABLE 1 : SALES OF mSTRICT WARE~OUSES IN YEAR 1980 (as 

Warehouse Ball kesir Bursa i stanbu 1 
Factory 

Nazi 11 i 810 671 2858 
lzmir 650 886 2165 
Eskisehir 758 711 2175 

'\ 
Antalya 73 63 537' 
Ereg1i 162 148 397 
Kayseri 220 288 1684 
Adana 

~ 
30 14 68 

Bakl'rk0.y 251 176 779 
Ma1atya 270 262 981 
Maras 69 121 335 

Y.l.2 Production Capacities of F~ctories (P.) 
- 1-

izmit 

959 
798 
750 
125 

96 
467 

1 
123 
357 
114 

km of -c loth) 

Tekir.dag 

437 
387 
295 

39 ' 

8 
419 

15 
77 

160 
94 

/ 

Yearly pr~grammed productions are inputed to the system as Pi's 
in a way, they are the restrictions i~ order to prevent the over­
supply of the product group Hi". These figures are given in 
Tabl~ 2 .. The product types in the product groups ar~ given in 

Appendix E. 

V.1. 3 Transportation Costs (C~. and C~k) 
...:...:....=~~~::..:.:...~:....:...;:.~-lJ ' J -

,..JTransportation costs are taken from Buntas Transportation Co., 
which is a private sector transportation 'agent ~nd serves for only 
SUmerbank. The data is given in Table A.l in Appendix A as the' 

, ' I 

price of transporting one ton of produ,ct bet~een given two points, 
and th'is data is converted from ton 'to km of the clot~ by using 
products' average weights which are given in Table A.2. The 

I 

I 
I 

I 

1 
I 
I 
j 

I / I 
I 
I 

' I 
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resulting transportation costs of the product group.? are listed in 
Table 3. Similar calculations are done for the costs of 
transportations .among district warehouses. The rough data in ~L/ton/ . 
specified distance is given in Table A.3 and the resulting 
transport?tion costs in TL/km of, product forgiven specified distances 
are listed in Table 4. 

TABLE 2 PROGRM1MED PRODUCTION OF FACTORIES IN 1980(km of Cloth) 

Factory Programmed Production 

Nazi11i 35,300 
izmir 34,500 
Eskisehir 22,150 
Anta 1ya 8,250 
Ereg1-; 11 ,694 
Kayseri 35,850 
Adana 15,000 

"-
Bakwkoy 20,180 
Ma1atya 14,460 

Maras ~,- 5,555 

-
TABLE 3 BUNTAS TRANSPORTATION COSTS in 1980 FACTORY TO ~JAREHOUSE 

(km of c1oth/TL) , , 

Warehou_se Ba11kesir Bursa istanbul izmit . :Tekirdag 
\ Factory 

Nazi11 i 329 ' 398 595 554 > 654' 

izmir 284 328 475 446. 522 

Eskisehir 338 302 366 254 427 

Antalya 824 636 /808 753 900 

Ereg1i 1212 1134 ]217 1161 1349 

Kayseri - 372 312 342 312 402 

Adana. 590 455 579 539 645 

Baklrkoy 723 611 431 500- 487 

Ma 1 atya 2168 1949 2076 1983 2376 
(J 

Maras 2119 1777 2052 1937 2319 \ 

0 / 
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TABLE 4 BUNTAS TRANSPORTATION COSTS in 1980 WAREHOUSE TO WAREHOUSE . . 
(km Of cloth/TL) 

Warehouse Ba11kesir, Bursa istanbul izmit Tekirdag 
Warehouse 

Ba 11 kes ir ~422 43Q 476 496 
Bursa 422 363 331 469 
istanbul 430 363 297 289 
izmit 476 331 297 382 
Tekirdag 496 469 289 382 

/ 

. 
V.1.4 Operating Expenses of Warehouses (F. ) 

JITr-

Total operating expenses are composed of personnel, rent and other 
expen.ses such as water, elect~i\city, etc., calculated-for ev.ery 
distrjct war~house storage capacity alternative according to its 
region, size and personnel requirements. Total operatil)g cost 
:figure~ are given in Table 5. The cost figur~s of rent, personnel 

. , 

and ot.her expenses are given in Append'ix B. 

TABLE 5 :, TOTAL OPERATING EXPENSES OF THE WAREHOUSES 
(yearly 1000 TL ) 

Capacity Ba11kesir Bursa istanbul izmit Tekirdag 
Alternative I 

I 

A. 365 449 485 449 . 415 

B 1426 1846 ·3422 1385 1191 

G 2222 3062, 6153 3062 1846 

D 8814 
\. 

/ 

I 

! 
I , 
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V.1.5·, Storage Capacity of vJarehouse (SKjrnl 

There are 3 possible alternatives for storage' capacities of district, 
warehouses at Bal,kesir, Bursa, izmit and Tekirdag and 4 alternatives 
at istanbul. These alternatives are listed in Tabie 6. 

~ 

TABLE 6 : SIZE OF THE DISTRICT WAREHOUSE (m2) 

Capacity ,Bal,kesir Bursa istanbul !zmit Tekirdag 
Alternative 

A 200 200 200 200 200, 

B 1000 1000 . 2000 700· ,500 
C " 

/ 

2000 2000 4000 2000 1000 
D 6000 

,Generally 60% of the capacities of these warehouses are reserved 
for cott~n pro~ucts and 70% of the reserved pl~ce is used 
effectively. The net storage/areas in m2 for cotton products are 

given in Table C.l in ~ppendix ,C. 

In the average one bale occupies 0.75m2 storage ~~ea'and at most 
5 bales can be ~tacked' vertically. Since"one bale of cotton product 

'i S ,approxlmate ly 720m in' 1 ength and t~e 'max.imum amount of cotton' 
products which can be stored in the warehouses are calculated and 

given in Table C.2. 

V.,l .6 Stock Turn-Over Rate (STRjl 

The average weighted stock turn-over rates calculated are 
- ca1cu1ate~ by using percentage sales of products in the war~houses, 

- which are given in Table D.1, in Appendix V. The following 
formula (V.1' and the data in Table D.2'were used. 
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% sales of product i) 

STR. = --------____ _ 
J 

L: 
i 

( % sales of product i 

,i=1,2, ... ,10 

The resulting average weighted stock turn-over rates are listed 
in Table 7. 

TABLE 7 : AVERAGE WEIGHTED STOCK TURN-OVER RATES (STR.) - .. J 

Ballkesir Bursa istanbul Izmit Tekirda~ 

4.55 4.56 4.49 4.68 

V.2 SOLUTIONS 'OF THE ~1ODEL (DEVELOPED) 

Previously mentioned numerical' data which is gathered from ASH 
used in five different solutions. In Solution 1, 19~0 sales of 
retail shops are inputed to the system~ In Solution 2 present 
warehouse sizes are fixed. 'In Solution 3, only demands of the 
system are increased 100%. In Solution 4 present warehouse 
sizes are fixed and to the same time demand is increased 100%. 

In Solution 5, stock turn-over rafes of the warehouses decreased 
50%, and the systems response is examined according to these 

variations. 

(V.11 
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V.2.1 Solution 1 

The input data for this' solution correspon.ds to the actual conditions 
faced by ASM in 1980 and alternatiYe warehouse setting policy is 
6ptimized. The main re~ults that emerge fro~ t~~s solution are 

'given in Tables £,9 and 10: 

-, 
Total cost which consists of the operating expenses of open 
warehouses plus transportation costs is minimized as 
23,325,188.- TL. 

In Tabl,e 8, optimumcapatities of five district warehouses and 
their ~orresponding capacity usage percentages are tabulated. 
As seen. in th~ltable, Ballkesir, Bursa and Tekirda~ warehouses . . . '. 

ha~e smallest capar:::i~y a1ter~at;ve:;' whereas istanbul and tzmit 
warehouses have the second smallest capacity alternative. In all 

_ . warehouse,s except istanbul warehouse, storage capacity is used .' . 
-100% efficiently. However, in tstanbu1,warehouse is uSed at 76% 
of I its capac ity. 

TABLE 8 OPTH1AL SOLUTION 1, LIST OF OPEN WAREHOUSES AND THEIR, 
STORAGE EFFICIENCIES 

Warehouse 

Ballkesir 

Bursa 
istanbul 
izmit 
Tekirda~ 

tapacity 
Alternative 

A 
A 
B 
B 
A 

I • 

Capacity Capacity 
m2 Usage % 

200 100 
200 100 

2000 76 
700 100 
180 100 

.J 
I 
I 
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The amounts of cotton textile products which are sent to district 
warehouses from factories are given in Table 9. Some of the 
,demands of districts ~allkesir, Bursa and Tekirdag are not 
directly shipped from factories ~ut ~ia other distric~ warehouses 

, ' 

namely from istanbul and tzli1it warehouses are shown .in Table 10 
and 11, respectively. 

TABLE 9 : SOLUTIQN 1 FACTORY TO' WAREHOUSE SHIP~1ENTS (km of' cloth) 
~ . I . . , 

Warehouse Ballkesir Bursa istanbul izmit Tekirdag Factory 

Nazilli 810 671 2,858 959 437 
izmir 538 546 2384 1030 387 
Eskisehir ?175 2219 295 
Anta lya 645 . 188 - 4 
Eregli 567 244 
Kayseri 1904 755 419 
Adana -

98. 15 15 
Baklrkoy 1206 123 77 
Malatya - 1411 . - 619 

~1aras . 121 429 183 

TABLE 10 : SOLUTION ~ - SHIPMENTS FROM ISTANBUL TO OTHER WAREHOUSES 
(km of cloth) 

Warehouse Ballkesir. Bursa Tekirdag Product of 
izmir 112 107 

Antalya 73 35 

. Eregl i 162 8 

Kayser; 220 

Adana 30 

Baklrkoy - 251 . 176 

Malatya 270 160 

~1aras 94 

(j 

/ 
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\ 

On~ of the interesting example of Solution 1 is that the demand 
of Tekirdag warehouse of ' Antalya factory's, products is supplied 
partly f~om istanbul warehouse as seen in Table 10. 

SOLUTION 1 SHI PMENTS FRO~1 'iZ~1iT TO OTHER VJAREHOUSES 
(km o'f cloth) 

Warehouse 
Product of ' 

tzmir 
-Eskisehir 
Antalya 
Eregli 
Kayseri ~ 

Adana 
Nalatya 
Naras 

. V.2.2 Solution 2 

758 

69 

Bursa 

232 

711 
63 

148 

288 

14 

262 

In this solution, the alterna,tiye warehouse capacities are set to 
the present storage capacities of the warehouses and only: 

. transportation policy is optimized. The value of objective function 
. ' . 

in this solution i~ 30,071,908.~ TL. Since' the storage capacit~e~ 
are larger than th9se in -Solution 1, the usage perc,entages are 

.dropped sharply (Table 12). Only Tekirdag warehouse is used at 
, -

its maximum capacity. 
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TABLE 12 SOLUTION 2 LIST OF OPEN WAREHOUSES AND THEIR 
'. \ 

STORAGE' EFFICIENCIES 

. Warehouse Capacity Capacity' Capacity 
Alternative m2 

, \' 
Usage % 

.., 

Bal,kesir B 1000 36 
Bursa B 1000 37 
istanbul D 6000 22 
izmit B 700 60 
Tekirdag A 180 100 

TABLE 13 : SOLUTION 2 - FACTORY _TO WAREHOUSE SHIP~1ENTS (km of cloth) 

Warehouse Ba1,kesir ~ursa istanbul izmit Tekirdag 
Factory .... 

Nazi11i 845 671 2858 959 402 
izmir I 650 886 . 2165 798 387 

Eskisehir 758" 711 . 2175 750 295 

Antalya 73 
~ 63 537 125 39 

Eregli 162 148 405 96 
--' , 

1'1684 Kaysefi 220 288 467 419 

Adana 30 14 68 1 15 

Bak,rkoy 251 I 176 779 123 77 

Ma 1atya 270 262 1141 357 

Maras 69 215 335 114 " 

The transportation schemes' are shown in Tab~e 13 and 14 .. Only 
, Tekirdag warehouse receives products via other warehouses, ·since 

others have enough storage capacities, the goods are shipped 

directly from the factories. 

r) 
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TABLE 14 SOLUTION 2 - .sHIP~1ENTS TO TEKiRDAG FROM OTHER WAREHOUSES 

.Warehouse. 
Product of 

Nazi n i 
Eregli 
~1a latya 
~1a ras 

V.2.3 Solution 3 

(km' of cloth) 

Ballkesir 

35 

Bursa 

94 

Tekirdag 

8 

160 

In this solution, th~ demand of the system is increased 100% and 
/ ' , 

other input~a~a remained the same as in So~ution 1. The optimum' 
cost value is 43,470,364~- TL and other results are given in 

'Tables 15,16,17 and 18. 

TABLE 15 OPTH1AL SOLUTION 3, L 1ST OF OPENvJAREHOUSES AND THEIR 

.' ~Jarehouse 

Bal1kesir 

Bursa 
istanbul 
izmit .' 
Tekirdag 

STORAGE EFFICIENCIES 

Capacity ,Capacity 
Alternative m2 

C 2000 

B 1000 

B 2000 

B 700 

B 500 

Capacity 
Usage % 

75 

100 

100 
100, 

79 

'\ 
\ 
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TABLE 16 SOLUTION 3 FACTORY TO \'IAREHOUSE SHIPMENTS (km of cloth) 

Warehouse Bal1kesir Bursa istanbul izmit Teki rdag 
Factory 

Nazill i 7336 2773 487 874 
izmir 2720 1772 2910 1596 774 
Eskisehir 1516 1422 4350 1500 590 
Antalya 146 126 1074 250 78 
Eregli 324 29G 794 192 16 
Kayseri 440 570 3368 934 838 
Adana 60 2C 136 2 30 

. Baklrkoy 502 352 1558 246 154 
Malatya 540 ·52(, -1962 714 320 
~laras 138 1323 5 

Since the demand is increased, second alternatives are used in ali 
of the warehouses except inBal1kes~r. Some of the products of 
Nazilli and Maras factories, are first sent to Bal1kesir and Bursa 
and later to istanbul, izmit and Tekirdag warehouses. 

TABLE 17 : SOLUTION 3 - SHIPMENTS FROM BALIKESIR TO ISTANBUL 
(km of cloth) 

Warehouse: 
Product of 

Nazi 11 i 
izmir 

istanbul 

5716 

1420 

TABLE 18 SOLUTION 3 - SHIPMENTS. FROM BURSA TO OTHER WAREHOUSES 
(km of cloth) 

Warehouse 
Product of 
Nazilli 
~laras 

. istanbul 

670 

izmit 

1431 

228 

Tekirdag 

183 

" 
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V.2.4 Solution 4 

In thi~, solution, the pres~~t warehouse stcirage capacities are 
tested by the increase in demand (lOO%r ' 

TABLE 19 : OPTIMAL SOLUTION 4, LIST'OF OPEN WAREHOUSES AND THEIR 

STORAGE EF~ICIENCIES 

Warehouse Capacity Capacity Capacity 
A lternat i ve m2 Usage % 

Ba" lkesir B 1000 ' 81 
Bursa B " , 1000 93 
-istanbul D 6000 47 
izmit B 700 100" 
Jekirdag A 180 100 

Solution 4 is the combination of Solution 2 and Solution 3, so 
that pnl.f transportation pol icy is optimized.' The optimum cost 
value is 46,727,991:- TL and other res'ults are given if'! Tables 
19,20,21 and 22. 

TABL E 20 : SOL UTION 4 - FACTORY TO WAREHOUSE SHI PMENTS \ (km of cloth) 

. Warehouse 
Factory 

Nazil1i 

izmir 
Eskisehir 
Antalya 
[regli 
Kayseri 

Adana 
Baklrkoy 

t·1a latya 
~1aras 

Ballkesir Bursa' istanbul 
I 

2494 2773 . - 5716 

1300 1772 4330 
1516 1422 4940 

146 126 1152 

324 296 810 

440 576 4144 

60 28 166 

502 352 1558 

540 524 2282 
138 658 670 

lzmit Tekirdag 

487-
1596 774 
1500 

250 
'192 

934 62 
2 

246 154 

714 
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Since th~ storag~ efficiencies are 100%, some of the demands of 
izmit and Tekirdag warehouses are sent via other. warehouses namely 
Bal,kesir, Bursa and istanbul as seen in Tables 21 and 22. 

TABLE 21 SOLUTION 4 - SHIPMENTS TO IZMIT FROM BURSA WAREHOUSE 
(km of cloth) 

Warehouse 
Product of 

Nazilli 
Maras 

izmit 

1431 
228 

.. 

TABLE 22 : SOLUTION.4 - SHIPMENTS TO TEKiRDAG FROM OTHER WAREHOUSES 
(km of cloth) -

Warehouse Ba 1, kesir . Bursa ist9-nbul 
, Product of. 

Nazilli 874 . 

Eskisehir 590 
Antalya 78 
Ereg1i 16 
Kayseri 776 

Adana 30 

Malatya 320 

~1aras 188 



V.2.5 Solution.5 

Any variation in the stock. turn-over rate can affect the' results as 
'well as the demand variations. 

TABLE 23 : OPTH1AL SOLUTION 5, LIST OF OPEN WAREHOUSES AND THEIR. 
STORAGE EFFICIENCIES 

Warehouse Capacity Capacity' Capacity 
Alternative . m2 Usage % 

Ba 11 kes i r C 2000 89 
Bursa B 1000 100 
istanbul B 2000 100 
izmit B 700 100 
Tekirdag A 180 100 

In order to observe the response of the system against this kind 
of variation the stock turn-over rates are decreased 50%, and the 
optimum cost value is 26,616,021.-TL., other-results are given 
in Tables 23,24,25 and 26. '. 

TABLE 24 : SOLUTION 5 - FACTORY TO WAREHOUSE SHIPMENTS (km of cloth) 

Warehouse Ba 11 kesi r Bursa istanbul tzmit Tekirdag 
Factory 

Nazill; 4330 1162 243 
izmir 1747 886 1455 798 

Eskisehir 1053 711 2175 750 

Antalya 73 102 537 125 

Eregli 162 156 397 96 

Kayseri 220 289 1684 467 418 

Adana 30 29 68 1 

Bak1rkoy 251 176 779 123 77 

Nalatya 270 422 981 357 

Maras 69 664 

(~) 

\ 
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~TABLE 25 SOLUTION 5 - SHIPMENTS FROM BURSA TO OTHER WAREHOUSES 
. (km of cloth.) 

Wa,rehouse 
Product of 

Nazilli 
Antalya 
Eregli 
Kayseri 
Adana 
Malatya 
Maras· 

\ 

\ 

istanbul Izmit 

491 

335 114 

'Tekirda'g 

.39 . 

8 

1 

15· 
160 . 

94 

In four of the warehouses the storage capacity is used at'the 
highest efficiency (100%). Since Bal,kesir and Bursa warehouses 
have excess storage capacity they also ser~e· for Istanbul, lzmit 
and Tekirdag warehouses, as ~een in Tables '25 and 26. 

TABLE 26 SOLUtION 5 - SHIPMENTS FROM BALIKESIR TO OTHER WAREHOUSES 

. (km of c 1 o~h ) 

Warehouse 
. Product of . 

Nazilli 

Izmir 
Eskisehir 

istanbul 

2858 

710 

'Izmit 

225 

" 

Tekirdag 

437 

387 
295 

\ 

" 



, 
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V.2;6 The Shadow Prices of Warehouse Stora~e Capacities 

:The shadow prices of warehouse storage capacitiei are given in 
Table 27, the non-relevant data is shown by a dash (-). 
In Solution 1 Ballkesir warehouse's storage capacity shadoY' 
price i~'207 for alternative capacity A, which means a unit 
increase in the storage capacity will cause a 207 units reduction 
in the cost value. In this case the shadow prices are the reduced 
costs which are also used ~n the literature. Zero shadow price 
means the warehou~e has excess-capacity and any increase in the 
capacity will ,not reduce the cost. 
, 

TABLE 27 : THE SHADOW PRICES OF WAREHOUSE,CAPACITIES OBTAINED 
FROM OPTIMAL SOLUTIONS 

I 

Harehouse Capacity SOLUTIONS 
A lterna t i ve 1 - 2 

-' 
3 4 5 

Bal.lkesir A 207 .-
B 0 ·0 
C' 0 0 

Bursa A 170 
B 0 18 \ 0 19 
C 

, istanbul A .,.. 

B o 80 80 
C 
D o o 

izmit A 
B 15 o 83 58' ,84 
C 

Tekirdag A 
B 

66 57 76 152 
-, o 

C 
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V.3 DISCUSSION OF THE SOLUTIONS 

/ Eventhough the input data of the first two solutions is the same·" 
a21% reduction of totarcost is observed in Solution 1. 
The difference amohg the two sQlutions is that the Solution 2 
brings no alternatives to the warehouse'capaciti~s but takes 
them as the present warehouses. 

Another important result obtained 'from Solution 2 is that: sforage 
efficiencies of the present warehouses are. quite low except~forthe 
Tekirda~ warehouse, especi~lly'istanbul, Ballkesir and Bursa 
warehouses. 

, ' 

In Solution 1, which is the proposed (0 reference) solution ;. 
Istanbul warehouse mainly works as a distribution center, which is 

'proper to, the strategic and economical position of istanbul. 
lzmit warehouse runs at a higher capacity since it is placed' 

~ . , 

near the important j.unction of the highway that connects Marmara 
Region to other regions. 

In Soluti~n 2, the trarisfers betweeh the warehouses are quite rare 
since most'of the warehouses 'have low storage efficiencies. The 
excess capacities for storage allow direct shipments from th~ 

factories. 

In Solution 3, the demand_of the system increased 100% in order to 
,~~bserve the system1s response to this input modification. In the 
, real case expected 1981 sales would be 'lower than 1980 sales, 

because SUmerbank comm~dity prices were nearly 20% cheapier. than 
the current market where,~ore than·100% ~nf1ation and the pol~tical 
effects were seen in-the year 1980. So the above mentioned 100% 
modification of the 1980 sales and \its results, will be helpful' for 

the future decisions. Howeve~ current and short-term decisions 
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;" 

, 
which will be made, must be based on Solution "1. 

The 100% increa,e in demand causes 8~% increase in'the total cost 
and all of th~ small transit depot~ leave the syste~ and second 
alternatives of the warehouses except Ba1,kesir warehouse run at, .. 
the highest storage efficiency. ~. 

In Solution 4 the above mentioned increase is applied to the 
-

present warehouse system. Most of the warehouses run at high 
storage efficiency, ~xcept istanbul warehouse. 

Comparison of the first three solutions' total costs with Solution 

4's total cost given as 

So 1 ut ions 

1 - 4 
2 ;.. 4 
3 -' 4 

. Difference 

99% increase 
55% increase 

7% increase 

The bottle-neck occurs ,at Teki~dag war~_house\.sil1ce it was fixed 
to set the capacity alternativ,e A, whiCh is· the·:smallest capac1ty 

alternative (the transit:depot). 

Iri Sol~tion 5, the stock turn-over rates are decreased 50% iri 
order to· observe the 'slow-market effects. Increase in the total 

cost c~mpa~ed·with Solution 1 i~ 13%. 

Nearly all of th.e warehouses run at the highest efficiencies.' ~ 

Bal,kesir and Bursa warehouses fed other warehouses in order to 

maintain optimality. 
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The Solution 5 reveals that, SUmerbank system is not much sensitive 

to the variation in the stock turn-over rates, in contrast to the 
variations in the demand. 

Further implementations, required by the specific conditions of the 

distribution system can be obtained by small variations in the 

input data. 



CHAPTER VI 

CQt,CLUS I m~s 

ANI: 
SUEEESTIONS FOR. FUTURE WORK 

The objective of this thesis was to develop a model which is 
capable of'setting optimal warehouse capacity alternatives' and 
distribution of commodities. So a model has been designed. and 
numerically tested with the overall aim, providing ASM management 
with a quantitative framework for the analysts of various short 
and long-term planning problems .~ssociated with three stage 
warehousing /system, which consi'sts of factories, district 

warehouses and retail shops. 

The ASM mana'gement can easily overview the system make optimum 
decisions on"wh"ere to locate the centraFwarehouses, which capaCity 
size is r:-equired, from where the cOmTIpdities must be supplied, 
wheather the trans-shipment would be profitable or not, w~at would 
be the cost of a preference on warehouse settings and transport 

-
amriunts, what would be the storage requirements if the demand 

/ 

increased or decreased for some amount?" . 
./ 

. Another important criteria is that for the five solutions, average 
central processing unit times and total running times on Univac 
1106 Computer are 63 and 170 seconds respectively for 16 integers~ 

64 
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, 

So, big siz~ model can also be tested numerically. 

The developed model presented in se~tion IV.2 can be modified for' 
more detailed and lDng range problems: It can' also b~ a~sociated 
~ith different transportation media such as rail tran~portationi, 
and handling restrictions which may appear in the district 
warehouses. 

Once the experience is gained with these given models, and attempt 
may be made to develop a global model for the special conditions 

to be encountered all over Turkey, in the district warehouse 
location, storage capacity setting and transportation problem of 

Slime rba n k . 
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APPENDIX A 

BUNTAS CO. CONTRACTED TRANSPQRT COSTS 

AVERAGE WEIGHTS OF PRODUCT GROUPS 

I) 

/ 

f ', .. ,,' . 
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TABLE A.1 BUNTAS CO. TRANSPORTATION COSTS (i n 1980 TLjton) 
FACTORY TO WAREHOUSE 

Warehouse Ball kes i r Bursa Istanbul Izmit Tekirdag 

Factory 

Nazi" i 2632 3180 4760 4428 . 5234 

izmir 2274 2622 3802 3570 4176 

Eskisehir 2502 2234 2712 1878 3160 

Anta 1ya 4849 3740 4754· 4427 5296 

Ereg1; 5050 4726 5070 4838 5620 

Kayser; 3100 I 2600 2850 2600 3350 

Adana- 4918 3794 4822 . 4490 5372 

Baklrkoy 1928 1630 1150 1332 1298 

~1a 1atya . 5420 4872 5190 4958 5940 

Naras 5169 4333 5006 4724 5656 

• 

1 
i 
1 
I 

• :i 



, 

I 
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TABLE A.2 AVERAGE WEIGHTS OF THE PRODUCT GROUPS 

(gm I m) 

Product of Average Weight" 

, 
Nazill i 125 

lzmir 125 

Eskisehir "135 

Antalya 170 

Eregli 240 

Kayseri 120 

Adana 150 

Baklrkoy 375 

Malatya 400 

Maras 410 

(i 
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TABLE A.3 BUNTAS CO. TRANSPORTATioN COSTS (in 1980 TL/ton) 

WAREHOUSE TO WAREHOUSE 

, 

Warehouse Ba1,kesir Bursa istanbul izmit Tekirdag , 
Warehouse 

Ba1,kesir 1894 1928 2135 2225 

Bursa 1894 1630 1486 2105 

istanbul 1928 1630 1332 1298 
'--

izmit 2135 1486 1332 1712 

Tekirdag 2225 2105 1298 1712 

'! 

II 

j 

l 
• J 

1 

I 
I 

I 
J 
I 

I , 
.i 
i 
I 
I 

., 
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APPENDIX B 

WAREHOUSE EXPENSES ~ 

'. 

\ 

(j. 

\. '. 

. --" . \ ,. -. 
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TABLE B.l RENT EXPENSES OF DISTRICT WAREHOUSES (yearly 1000·:TL) 

Capacity • • BalJkesir Alternative Bursa istanbul izmit Tekirdag 

A 60 144 180 
G 

144 120 

B 300 720 1800 504 360 

C 600 1440 3600 1440 720 

D 5400 

TABLE B.2 PERSONNEL EXPENSES OF DISTRICT WAREHOUSES (yearly 1000 TL) 

Capacity 
Ballkesir Bursa istanbul tzmit Tekirdag 

Alternative 

A 145 145 145 145 145 

B 726 726 872 581 581 

C 872 872 1453 872 726 . 

D 2179 
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-
TABLE .B.3 : OTHER EXPE'NSES OF DISTRICT WAREHOUSES (yearly 1000 TL) 

, 

Alternative 

A 

B ' 

C 

D 

, 

Ballkesir Bursa Istanbul lzmit Tekirdag 

160 

400 

750 

160 

400 

.. 750 

160 

750 

1100 

1235 

160 

300 

750 

150 

250 

400 

.r,) 

I 
l 

, , 
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APPENDIX C 

WAREHOUSE STORAGE AREA . 

MAXIMUM STORABLE AMOUNT 
, 

OF COTTON TEXTILE 

\ 
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TABLE C.l WAREHOUSE STORAGE AREA (m2) 

TABLE 

Capacity 
'Alternative 

A 

B 

C 

o 

Ballkesir Bursa istanbul izmit Tekirdag 

84 84 84 84 76 

420' 420 840 294 210 

840 " 840 1680 840 il20 

2520 

C.2 NAXIMUM STORABLE' AMOUNT' OF CLOTH IN THE WAREHOUSES 

(1000m ) , 

Capacity Ballkesir Bursa Istanbul Izmi:t Tekirdag , 
A lterna t i ve 

A 403.2 403.2 403.2 403.2 -,365~ 

B 2016. 2016. 4032. 1411 . 1008. 

C 4032. 4032. 8064. 4032. .2016 

0 12096. 

t) 

/' 



79 

APPENDIX D 

PERCENTAGE DEMANDS OF.DISTRJCTS 

STOCK TURN-OVER RATES OF PRODUCT GROUPS 
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TABLE 0.1 PERCENTAGE DE~1ANDS OF DISTRICT WAREHOUSES ALL OVER 

TURKEY (in year 1980 ) 

Warehouse Bal1kesir Bursa istanbul izmit Tekirdag 
Product of '. 

Nazi 11 i 3.78 2.77 25.97 4.27 2.63 

izmir 3.22 2.64 20.81 . 3.42 2.11 

Eskisehir 3.85 3.32 19.37 3.19 1.96 

Antalya· 4.62 2.29 19.73 3.25 2.00 

Eregli 3.02 2·.31 18.30 . 3.01 1.85 

Kayser; . 3.15 ·3.59 19.39 3.19 1 .9.6 

Adana 2.44 2.53 20.60 3.39 2.09 

Baklrkoy 1.85 ·2.07 18.81 3.10 1. 90 

~1a 1 atya 3.67 2.53 .21.71 3.57 2.20 . 

~1aras ,4.28 ·2.07 20.56 3.38 2.08 
" 
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TABLE 0.2 STOCK TURN-OVER RATES OF PRODUCT GROUPS 
(STRi ) 

Product of Stock Turn-Over Rate 

Nazilli -4 

!zmir 4 

Eskisehir 4 

Antalya 6 

Jregl i 4 

Kayseri 6 

-Adana 6 

Baklrkoy 3-

Malatya 4 

Maras 4 
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APPENDIX E 
, . 

PRODUCT TYFES OF FACTORIES . ' 

, . 
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Product Types Produced in Factory Nazilli 

203 Basma 
204 PijamallkBa~ma 
206 IIPazen 
207 Camaslrl. Pazen 
223 Fan. Pazen Ropluk 
227 tnce CamaSlrllk 
257 Camasirll~ Pazen 
261 Mer.Bahar Emprim~ 
279 Pijamallk Pazen 
280 CamaSlrllk Pazen 

,Product Types Produced in Factory: lzmir 

201 Film Saten Emprime 
. 202 Basma 
.238 Bogazici Emprime 
239/215 Pike Emprime 
249 Otoman Emprime 
265 Merserize Cicek1i Emprime 
269 Mini Emprime 
270/216 Merserize DHsemelik 
286 Rop1uk Pazen 
297/273 F1anel Emprime 
380 Hasse 

Product Types Produced .in Factory Antalya 

2063 Ipek1i Boy Pijama 
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Product Types Produced in Factory Eski~ehir 

205 Basma . 
232 Merserize.Basma 
283 Kreton Emprime 
284 Kreton Emprime 
290 Jet Poplin Emprime 
293 Divitin 
722 Jet Saten Do~emelik 

Product Types Produced in Factory Eregli 

370 Geni~ Hasse 
372 Dar Hasse 
378 Mermer~ahi 

/ 

Product Types Produced in Factory. Kayseri 

·101 Kaput Bezi 
110 Kaput Bezi 

, 
119 Kaput Bezi J 

351 Renkli Patiska 
-

383 DUz Pazen 
416 Diyagonal 
603 Kozalina 
604 LUks Dril 



/ 
85 

Product Types Produced-in Factory Adana 

134 Ham Bez 
151 Ham Bez 

Product Types Produc~d in Factory Ma1atya 

135 Ham Bez 
627 Jakardre1 
628 Yollu Kutil 
629 Yo11u Cicek1i Kuti1 
973 Goblen 

Product Types Produced in Factory : Naras 

318 LUks Hasse 

." 

I 

" S 

'j 

() 
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