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ABSTRACT

Ismail Yanlk;*M;Sc.
..Boéazigi University/ 1982 ) , o
This thesis presents a nixed integer programmingvmodel designed.l
for the analySJS of various planning problems assoc1ated w1th ‘the
~optimal setting of warehouse capacltles and transportatlon of the
cotton textile products among - the Sumerbank system composed of

T/factorles, dlStrlCt warehouses and retall shops.

The model- has been numerlcally tested by the relevant data taken
from Sumerbank Purchaslng and Marketing Organlzatlon (Allm Satam
>Muessese51, ASM) concernlng ten cotton textlle factorles and five
dlstrlCL warehouses wlth three or four capaCJty alternatlves placed'
dlnfMarmara Reglon. The effects caused by the Varlatlons in the
" demand and stock—turnover rates- are observed and reported in a

comparatlve ba51s.
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+Ismail Yanik, M.Sc.

BoJazig¢i Universitesi, 1982

~

Bu ga11§mada fabrika bolge deposu ve magazalardan olugan Sumerbank’

dagltlm szsteml ele allnarak, Sumerbank Allm ve Satim Muessese51

(ASM)‘yetkllllerlnln kisa ve uzun vadeli kararlarina yardimci

olmasi amaciyla bélge depolérlnln képasife secimi ile pamuklg

,mamullerih daéitlmlnl eniyilegen bir 0—lvkarma§ik tamsayi
programlama modeli kurulmugtur.

' Siimerbank dagitim sisfemi igfndé,fTﬁrkiyedeki.on pamuklu fabrikasi
ile bu fabrikalardan.mal élan Marﬁara Bdlgesine ait bes bdlge
deposu'igin, ASM'den alinan aergek istatistiklere daganllarak elde

“edilen, modelin saylsal gozumler_ ve sonuglarl verilmektedir.

Bu ¢dzimler 51s£emde meydana gelebilecek talep artlgl, stok dev1r

hizinin azalmasa glbz dedigikliklerin, depolama ve dagltlmﬁ

'olaylarlna etkisini kargila§t1rmail olarak incelemektedir.

v
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CHAPTER 1

INTRODUCTION
t - R \ - ,

In dtstr1but1on systems, warehouses serve as centers to and from
which commod1t1es are transported and temporar11y stored fhe
.warehouse s capital, operat1ng personnel and d1str1but1on expenses
are the tangible costs, whereas unsatisfied. demand late de11very
‘and dead stock are the. intangible costs The’ 1ntang1b1e costs
can,be reduced by properly p]anned warehousing system and by the
"1mproved customer re]at1ons However the main research area is

‘ the warehouse's tangible costs. In the long run, to be profitable,
the warehouse Jocation and the warehouse capacity which 1t is
"proper to the overa11 system must be d1scussed carefu]]y in ‘detail.

I

Beside ’this, transportation of commodities is another problem
“which must be considered. In the last three years (1979-1981)
petroleum prices were tripled, and they‘are expected to rise in
the future too. This increase will affect the transportation
costs direct1y. So the improvement in warehousing'system will
_cause,important savings injthe transportation costs in turn. :
SUmerbank faces both of these prob1ems as well as'the other firms
in Turkey and is looking for a solution to opt1m1ze warehousing
and: distribution.costs. '

= The overall purpose of this thes1s is to deve]op a model wh1ch
'may be used as a quant1tat1ve framework for the analysis of short
and long-term p1ann1ng prob]ems associated with the opt1ma1
~district warehouse 1ocat1on, capac1ty setting and commod1ty
supp1y1ng po11cy of Sumerbank s"_’ , .



The model devé]dpéd in tﬁé thesiéi(déVe]dped\ﬁodej) has been
numerically WOrked'out'and,ana1ysea on the basis of ten factories,
five district warehouses with three or four alternative capacities,
‘the relevant official data and expeft estimates are as of ‘the year
1980. ' ’ ‘

The contents of the fo]]owing subsequeht_chabters,are as follows:
In Chapter II, general definition of the problem.ahd‘current
distribution system of Simerbank is presented. Methodological
choices in warehouse location, the soTution techniques-ahd /
1mportant examples of mu]titommodity distribution systems found

in the 1iteratgre are presented in Chapter IIL. Mathematical
modelling of fhe'system is presented in Chapter IV as two
subsequent parts, the model and the developed model. . In Chapter V
input data, solutions and discussions are presented, and Chapter VI
~ is the conclusion and the suggestions for future work. '

' [
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 CHAPTER 11
DEFINITION OF THE SYSTEM

I1.1  GENERAL PROBLEM

The’systém which will be studied in this thesis is a warehouse
location and commodities distribution system composéd of factories,
district warehouses and retai]bshohs. A number of factories supply
the given retail shops with specified demand\quanfities. ‘ )

vaery factory produces its own specific commodity with.known

. production capacity. There is'a known demand for each commodity

‘at each of a number of retail shops. This demand is satisfied by

) sh1pp1ng via. d1str1ct warehouses with each retail shop being assigned
‘exclusively to a single district. A warehouse assumed to each
“district.and the district ‘warehouses can trans sh1p the commod1t1es
"to each other. ‘
It is required to select the optimum set of district warehouses
from a given (specified) set by determining the warehouse capacities
and quantities shipped so that the total capital and operat1ng costs
of the warehouses and d1str1but1on costs are m1n1m1zed '

. The sthematic repfésentétion of the systeh is shown in Figure 1.

11.2 CURRENT DISTRIBUTION AND WAREHOUSING SYSTEM OF SUMERBANK

Before study1ng the ex1st1ng:prob1em, it will be'he]pfu] to 1ook
_at the operational aspects of Siimerbank in some detail.

Main produttion areas pf Stimerbank are the consumption goods which

\7-(\,)




_FACTORIES WAREHOUSES ¢ RETAIL SHOPS

Figure 1 : Schematic representation of the system

I



~ are cotton and woolen textile, clothing, porcelain and footware.
There.are 17 factories, 23 district warehouses and more than 450 -~
»,retai1_snops. Figure 2 1illustrates the main flow of information,
goods and cash, between the General Directorate of Simerbank, the
' factor1es, the Purchaswng and Marketing 0rgan1zat1on of Simerbank
' (ASM) the district directorates and four groups of buyers. As
shown in the Figure 2, production .and consignment orders are given
i by the.ASM to the factories which forward the goods to the district

" warehouses and then to the reta11shops o )

In genera1‘ this system.works in the following manner'

S - Year]y protocols are prepared by the ASM and the factor1es 7
Included in these protoco]s are. year]y product1on programs,
based on types and approved by the General Directorate:

In ASM's own forecast of future sa]es, estimates prepared
by the sa]esmen of the shops and the managers of: the
districts are also taken into cons1derat1on In mak1ng
protocols the f0110w1ng po1nts are taken into consideration:
- the sales forecast for each product type,

- the production oapacities of the factories,

- the profitability of products,

- the constra1nts 1n material purchase or ava11ab111ty

ii- In a year, usually in every 3 or 4 months, the ASM gives
the plants the production volumes in color and design.

‘iii— The retail shops send monthly order Tists to the district
| " warehouses to which they are affiliated. These in turn; -
compile and rev1se ‘them, and then send them on to the
| factories. In cases of emergency, it is also poss1b1e to’
order more.frequent1y and the shop‘personne1 may go to the
 district warehouses or factories to make their own
se]ections and place orders However, the second procedure
is not w1de1y used and is genera]ly limited to woo]en goods
Usually the shop and district orders do not cover such
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details as co]or_and‘de51gn.

iv- The factories send the goods to the distriot.warehouses
The direct shipments to the reta11 shops are requ1red for
~the very special cases. For the transportat1on truck1ng
and transportat1on compan1es with pr1vate agreements are
emp]oyed . ' L

If factories can not use their tota] product1on capacities by
;produc1ng ASM's orders, they Took for orders from ‘private sector

\

for the unused capacity.

In the diagnosis report ( f), it is pointed out that Siimerbank works
for both orders .and stock. In private sector, the risk is not taken

by the factories to such an extend ASM takes all r1sk and they can ~
not make good forecasts. Sumerbank also gets orders from army and -

‘some pub]1c organ1zat1ons Producing for stock has some advantages ‘
besides some d1sadvantages It makes%possib1e the reduction-of the -
set up costs for the sake of factories but, at the same time increases:
'Stoéks, produotion delays and furthermore'causes product run-outs.

Retail shops are aSsigned to the district warehouses based on their
- geoéraphiea1 settings. A factory can send goods to every.district
warehouse, and warehouses can also transfer goods to each other.

A retail Shop can be served from only one warehouse to whichvit”is
aff111ated ‘The orders are first directed- to the warehouses by the
retail shops and those . orders are comp11ed and transferred to the
factories, then bu1k sh1pments are expected from factor1es to the

warehouses

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

"'every year accord1ng]y For the secondary transportat1on sma11

trucks or vans are used between warehouses and retail shops



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 shoos.' The necessity of loading '
the truck fully, in ordef to decrease unit transportation cost,
eliminates flexibility in shipment from the district to the reta11
“shop and long times elapse between any two shipments. The orders,
which are less than five tons are delayed unti]uthey are summed up
to five tons or more. Also using the railway system and contracted
‘trucks makes it necessary to have the goods very well packed.
1'S1nce re- pack1ng facilities are lacking in thé districts, the goods
must be sent out in the same bale as they arrive in from the
~ factories. This eliminates the possibility of mak1ng re-assortment
~(distribution of color and design combinations) in district ware-
 houses. Having pick up vans in the districts would make it _possible

to do sh1pment more frequent]y and repack ‘the goods, because packTﬂglj.;

regu]at10ns for district warehouse owned vans are not as strict'as -
for railway system and contracted trucks.



CHAPTER 111

LITERATURE SURVEY

I11.7  METHODOLOGICAL CHOICES IN DEPOT LOCATION

The Titerature on. depOt (or warehouse) location is extensive.
In this seciton, methodo]og1ca1 choices "in depot 1ocat1on w111 be
' d1scussed : '

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

out costs) or max1m1zat1on of the ‘gross prof1t from the operat1ons

(wh1ch 1s revenue- costs)

In order to determ1ne the procedures to be adopted in a warehouse v

]0cat1on study seven cho1ces are proposed by Rand (17).

- Objective : cost«minimization or return on assets

criteria. . i

ii- Potential locations : anywhere (1nf1n1te set) or
particular sites (feasible set)
iii- Search procedure : optimizing or beUristic. | -
' tv— P]anning,horizOn . this season, this year, next year,

sometime, etc..

v- Present sites : to be included or not. . R
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vi- Capacities : to be included or not.

vii- Lotal'delivery'eost : determ1ned by stat1st1ca1 ana]ys1s
or veh1c1e schedu11ng package ' ‘ '

A total eost appfoach to disthibhtion requires that individua]
cost elements are considered in re]atioh\to total costs. The
more number of warehouses'are,increased, the more the cost of the
warehousing system (construction and operating“costs) increases,
~ but the distribution (transportat1on) costs decrease. All these
costs. need to be ba]anced with the 1nventory Tevels required to _
support. d1fferent number of warehouses - Also. run -out costs can
be added to the- system in order to consider the opportun1ty cost
of unsatisfied demand. - o

Distribution costs and warehousing which are-mentioned above can
be summarized as in -Figure 3. Similar numeric diagrams are given
- by Beattie (2).

The purpose behind the cost minimization phi]dsophy is maximization’

of profits (as in this study). Then, if the revenue is assumed to

“be fixed, the positive difference between revenue and costs will

be profit. However, this is not necessarily the case. Mercer (15),"

_has demonstrated that sales can vary with the distribution policy
‘and suggested that Ea'company could be ruined because it minimized
its distribution costs". He has-also demonstrated that market share

‘dec11nes as the distance from a depot -increases.

Kuehn and Hamburger (12) incorporate the run-out cdsfs (cost of
lost sales) in their objective function before m1n1m1z1ng total

' distribution costs. They also propose- that warehouses will decrease'

RS
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P

‘delivery time relative to direct factory shipment and impr0ve‘the

re]ation; between retailshops and warehouses by permitting retail
shops to reduce their inventories. |

Warehousing costs 1

L inventory
, oosts N
g -
13
S "
- : . %
5 { .8
= : , . Transport —
] ‘ - costs 1 =
£l : : 2
g . Corrmuricuﬁon o
2 ) . ’ osts -

-t P i . 3 3

Number of depots |

Figure 3 : Distribution coéps and warehousing

Another discussion can be given between ‘the 1nf1n1te set approach
to depot -location (that 1s a110w1ng no. restrictions as to where

depots should be 1ocated) and the feasible set’ approach (that is

specifying a list of possible depot 1ocat1ons)

The main features of these approaches Tisted by Eiton et al (5)

are :
The 1nf1n1te set approach :
i- It does not require the 1ocat1ons wh1ch are se]ected to

\ be apriori attract1ve




ii-

-111—

iv

The feas1b1e set approch :

-

ii-

Alternative so]ut1ons are available -in multisite se]ect1on
prob1ems

It is poss1b1e that the solution w111 1nv01ve a non- fea51b1e
1ocat1on for instance, a site on a mountain range

—‘Transport'costs must be a monotonic function of distance.

It 1ncorporates costs wh1ch are re]ated to specific

'geograph1ca1 conditions.

It does not require transport cost to be any function of

: d1stance

iii-

-v-

~

It requ1res a set’ of s1tes wh1ch are known to be feas1b1e

and for wh1ch a]] cost data are available.

The number of 1ocat1ons must be f1n1te and. suff1c1ent1y

small for computat1ona1 eff1c1ency

Rl

The set of feasible: s1tes may not 1nc1ude the opt1mum
solution. of 1nf1n1te set problem.

\

Eilon et al (5) favour the infinite set approach. 'However; three..

avcriticisms of this &pproach for multisite selection can_be made.

First, no method will guarantee finding an optima] (or near optimal)

solution.v

A common algorithm can be described briefly as:

" i- Choose the number of depots-n,

\ - ‘ oy
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114\K110cate these to SitES'(at random or otherwise),. .

- i1i- Allocate customers to the sites,
» Ve

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,
o /' / '
v- Stop if no improvement has been made,

iv- Otherwise return to step 3.

: It is usually necessary to generate many solutions with different
start1ng points and then choose the best that has been found.
Secondly, it is possfb]e to obtain a sd]utibn giving non—feasibiee
sites. For instance in the case that is studied, a depot can be -
located on- the middTe of Marmara Sea by study1ng an infinite set
approach. .

Thirdly, there is no procedure, apart from enumeration; for

\determinihg the number-of depots. ‘Thus the apbroximate algorithm

described above would need to be used for a “number dwfferent n to

determine the opt1ma1 n.

" The usual criticism that seems to be made of the feasible set -
~approach is that a large number of possible locations need to be
specified in order to ensure a realistic solution. - o

~

- ~

;»'By'us1ng the feasible set approach for the multi-site depot 1ocati0n_
problem it is possible to arrive at a solution within the model -
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y
formu]at1on that w111 _answer four quest1ons that are asked in.any
depot location study. : | )

- ~ . }
i- How many depots are required?

ii- Where should they be located?

11i-4Which retail shops should be assigned to them?

qv- What wou]d'be their $toraae and»service (handling)b

capacities?

iSearch procedure c]ose]y 11nked with the choice between the 1nf1n1te
.'set and feas1b1e set approaches is the choice of ‘the mathemat1ca1
" algorithm thatﬂw111 be used to achieve the: obJecttve_

Eilon et al (5)Ad1SCuss the numeric—analyttc technique, dynamic
_programming, electrical and mechanical analogues and heuristic.
methods for the infinite setfapproach; For the feasible set approach
'they suggest that the choice 1ies between mixed 1nteger programming,

- the transportation method, s1mu1at1on methods, heuristic methods and
networks The short summaries of these techn1ques w111 be given 1n
sect1on I11.2.

In depot (warehouse) location study there is a trade- off between the
complexity of the search procedure and the sophistication of the ‘:
; ,‘cost functions. This can be seen 1n F1gure 4. - R

A thorough and exhaust1ve .search procedure requ1red in study1ng
infinite set approach w1th very s1mp1e cost funct1ons The feas1b1eb
set approach a]]ows the use of more comp]ex cost funct1ons but the )
very fact that‘a feas1b1e set of 1ocat10ns _ used reduces the,
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_thbroughﬁeSS‘of the search. Heuristic and simu]ation methods allow
an increase in the comp1ex1ty of the cost functions at the expense
of reduc1ng the comp]ex1ty of search procedure.

I

~'SIMULATION
HEURISTIC
S o
B3 'INTEGER PROGRAMS WITH
© o

5% FEASIBLE SET\ |

+a

0 E INFINITE SET APPROACH

[ 3 &) L

\

Search -Procedure Complexity

Figure 4 : The relatjonship between complexity in search -
procedures and cost functions. G.K.Rand (17).

\
[}

In the literature, most:dépofﬂlocation\studies have been concerned
with a static situation. One demaﬁd pattern has been used and ’
1iﬁt1e or no attempt made to consider possible future changes 1in

‘ demand. “In recent paper,, however, Meyer (16) has described the
deve]opment of a m1xed integer mathematical programming model
designed to provide- strategic decisions for the selection of a set
of proposed facilities and their'prdjected'timing within a -five
year 1mp1ementat1on horizon. The objective was to maXimize the-

- ratio of net return-to total assets over the ent1re econom1c 11fe

of the facilities considered.

Manégement scientist preséhted with the initial depot'1ocafion‘
problem ‘(the so-called "green fields" situation) is not common.
Usually the company or firm wiil7a1ready have a number of depots

located preVious]y as in the Siimerbank case. The analyst is,
: ‘ ; . >



16

therefore, faced with another. choice. One'possibility'fs to:ﬁhe1ode ,f

the present sites in the model as a f1xed base from wh1ch to move
“(even 1f the possibility of dropping old s1tes, in addition to
"1nc1ud1ng new 1ocat1ons, is: a]]owed) The other- is to find the
greeh fields" solution (that is, ignore the present site
conf1gurat1on) and then to consider the question of 1mp1ementat1on
of the green fields solution in consideration’ of the present -

Tocations.

/

When start1ng a depot 1ocat1on Study the above ment1oned cho1ces,
are facedo Decisions in most of these 1ssues will depend on the
particular situation that is being investigated.

I11.2 . SOLUTION TECHNIQUES

The. solution techniques developed and implemented for 'plant and
'warehouse locations can be classified as follows : ’
i- S1mu1at1on :
ii- Heuristics \
R Exact ‘algorithms used in 1nteger programm1ng
- a- cutting methods - cutting plane algorithm
b- search methods - branch and bound techn1que
, c- dynamnc programming
Short summaries of these techn1ques are g1ven below.
111.2.1  Simulation
In contrast to opt1m1zat1on mode1s the simulation techn1que in
itself is not an optimizing procedure S1tuat1ons ar1se where it
-becomes rather complex to model a prob]em mathemat1ca11y ; or even
if (reasonably accurate) mathematical models can. be constructed,
available techn1ques may not be su1tab1e to solve the resu1t1ng
In such cases, it wou]d be necessary to resort to other

~

models.
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means for ana]yz1ng the system Here s1mu1at1on proves useful (19).
In the general sense, s1mu1at1on deals with the study of (dynamic)
systems over time. Simulation models are des1gned to sample the —_—
characteristics of the system they represent by "observing" the

- system over t1me and subsequent]y gathering pertinent 1nformat1on.

The execut1on 6f a simulation, "run" may be regarded as an observa-

_ tion or a samp]e in a statistical experiment. This naturally

gives rise to the_prob]ems\pf designing the (simulation) experiment,
gathering observations in a manner _compatible with proper statistical

B analysis, and 1mp1ement1nq the proper test to exam1ne the significance

of swmu]at1on results.

111.2.2 ' Heuristics
A heuristic is a rule of thumb or principle which reduces the

amount of search in prob1em so1v1nq The most important feature'iss
~ the model under cons1derat1on may be gquite suitable for intuitive

- and reasonable "ru]es of thumb". This approach, as compared with.

" an exact algorithm, does not guarantee an optimal solution..
Neverthe]es,~1n;some;cases it may be preferable:to a random-or. . -
instructed search. The central idea is to progress’ toward an_:
acceptable, as opposed 'to- an optimum, solution. Thﬁs‘methodo1ogy
has: been found especia11y useful in prob]ems‘where either,novexact R
~algorithm has been dévé]oped or an exact algorithm exists but the =
magnitude of the prob1em is too 1ar0e for present d1g1ta1 computer

systems with respect to s1ze or time.

The main reasons for us1ng a heuristic solut1on techn1que may be
~ as f011ows : » ‘ .

i="The structure of the mode1 cou]d be of such a nature
that an exact solution procedure is not known.
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The exact sotution procedure'may be knowh'but it may be
impossible or prohibitive to handle its data requirements.

A heuristic method could be used for Tearning porposes,
for instance, to have an intuitive feeling as to what

variables are important.

A heuristic could be used as a part of an iterative

.procedure that guarantees the f1nd1ng of an optimal

solution.

A good starting solution could be found by using-heoriétics\\
for implicit enumeration methods. | |

Heuristics can be categorized accord1ng to the basic reasonings

used to develop them.

'l_

ii-

iii-

Decompos1t1on Nethods :

The problem is broken into sma]]er parts and every sub-
problem is solved separately wh1]e taking into account:
possib1e'interactions amohg the other éub-prob]ems.

Inductive Methods

The procedure is to genera11ze from sma]]er {(or. somewhat
s1mp1er/bas1c) versions of the same problem. Properties
and systematic steps of the solution for the smaller |
problems can be used to develop a heuristic methoo to
solve larger problems. :

Reduct1on Methods :

The general approach here is to obtain the opt1ma1 ‘ ‘
solutions to several numerical cases under consideration.
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Common features of these so]utions'are extracted and are

‘assumed to hold in general.’ ‘

Approximation Methods :
The procedure is to.change;the nature of the prob1em in
some way and use the solution of the revised probiem
(e.g. linearization of a non-linear function).

’Construct1ve Methods :

The basic idea of a constructive method is to ]1tera]1y
build up to,a single feasible solution, often in a

‘deterministic, sequential fashion.

vi-

AKuehn and

’

Local ImproVement'Methods :
In contrast with the constructive method, these start with
a feasible solution and improve upon it iteratively.

Hamburger (12) _have deve}ohed a subject model ‘which

includes multiple products,-the'capability of handling non-linear

" transportation costs, warehousing costs, and delivery time to

customer.
The model

"-

ii-

's SOlution rests on two key'heuristics :

7

Locations w1th the greatest prom1se are those at or near
concentrat1ons of demand. o o

‘Near-optimum warehousing systems can be developed by

~ Tocating warehouses one-at a time and add1ng at each

- stage of the ana]ys1s that spec1f1c warehouse which

produces the greatest cost sav1ng for the entire system

Procedurally, m possih]e’warehouse‘sites are selected from n ~

' possible 1ocat10ns, Each of these m sites is evaluated, and a

warehouse

is located at that site yielding thetlargeSt reduction
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in distribution costs. The“renaining (m=1) sites then'reassessed '
and a. warehouse is again located if there is an indicated reduction -
in costs.. Non- ~economical warehouses are discarded after this
sequent1a1 procedure is comp]eted ,Fe]dman, Lehrer and.Ray (8)

have extended this work to handle concave warehousing cost_functions.

I11.2.3. Exact A1gor1thms Used in Integer Programm1ng

The formulations derived for fac111t1es 1ocat1on prob]ems can be
‘solved by the several derived algorithms of "operations research"
_techniques. Among.these, most of the algorithms derived for the’
zero-one and mixed'inteoer programs in the eompoter libraries.

For the big. s1ze mode]s, some decomposition algorithms were
developed. The ‘Bender's Decomposition was eff1c1ent1y applied’ to
the model deve]oped»by Geoffr1on andvGraves (10). |

I11.2.3.1 . Cutting Methods - Cutting Plane Algorithm

Cutting methods, which are deye]oped orimarily for integer linear
problems, start with the continuous optimUm' By’systematica11y-
add1ng special l_'secondary constra1nts which essent1a11y
represent necessary conditions for. 1ntegra11ty, the continuous
v'solut1on space is gradually modified unt1] its cont1nuous opt1mum”'
extreme po1ntxsat1sf1es the 1nteger cond1t1ons. The idea of the
cutting plane aTgorithm 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 or1g1nate from the straight forward 1dea of

‘ '-enumerat1ng a]l feasible integer points. The bas1e idea is to

'deVe]op “clever™ tests that consider only a (small) portion of the

feasible integer explicitly but automatica1ﬂy account for the
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remaining points implicitly.
v

Branch and bound method.is the most prominent method of tree-seérch'
type algorithms among therothervsuch as additive algorithm (pure
binary problem) and zero-one (polynomial) programmihg ‘The
fundamental idea of branch and bound technique is to part1t1on the
set of all feas1b]e solutions into several subsets, and assum1ng :
the function is to be maximized (or minimized) an upper (or Tower)

- bound is determined for each of the subsets. Then subset$ which
~have upper bounds:greater (or'Tess) than the current Qpper (of’
Tower) bound for the objective function are'e1iminated frem further
‘consideration. . — B -

P

111.2.3;3 Dynamic Programming

Dynamic progremming’is'the,name'given to a particu1ar'kind of
sequential decision process in which it is desired to optimize
(maximize or minimize) a criterion function subject to constraints.
The dynamic problem is defined in terms of five entities : the state
("S"). the stage, the decision space, the-transformation function,
and the criterion function. The state is specified by the parameter
or set of parameters which contain all_the information necessary
to fiake the current, and all future 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 dec1s1on is called’
for. ‘The decision space D is the space of all possible decision

‘ ~‘variab1es, which may varylfrom‘stage‘to.stage'and also may be a

'\function of the statefofithe system of any stage ; that is,-
-;D D(n,S ) ‘The transformation function Z relates the new state
fof the system to the o]d state, naturally as a function of the
‘decision made, SnH Z(S ,d ), where d ED(n S ) Finally, the ‘
criterion function (?C") 1s the measure of 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(S'~{d‘}) Of course, we are always
interested in the optimum of C, which we sha11 denote by " ; f is
the minimum (or maximum) value of C(SO,{d 1) and to emphas1ze the -
- fact that the initial state is Sy and the opt1m1zat1on is over a
finite planning horizon .of this techn1que is given by Robert. F B
Love (13), and presented in sect1on III 3. 1

I11.3 ~ SOME EXAMPLES OF MODEL APPLICATIONS IN FACILITIES LOCATION

III.3.1‘Ohe-Dimensiona1wFac111ty Location-Allocation

A dynamic programming algorithm 1sibfesented by R.F.Love (13) to
‘locate m variable fadi1ities_in relation to n existing facilities
situated on one route. Each of the n existing faei11ties has a
“requirement flow which must be supp]fed by. the variable facilities.
The algorithm-does the allocation s1mu1taneou51y with the location.
R.F.Love cons1dered a one-dimensional Tocation- a11ocat1on prob]em
Lhat arises when a set of new facilities is to be ‘added 1n relation
to a set of existing facilities. The structure of the prob]em is

_given as : .

i- a set of n points. aJ, JjzT,...,n on the Euc11dean 11ne '
 calTed ex1st1ng fac1]1t1es,

ii- known non-negative weights rj:],..;,n representing
requirements at-each existing fac11ity point, and

iii- a set of m unlocated or variable facilities.

> 1

|

The problem is to determ1ne : |
| 1— the opt1ma1 ]ocat1on for each of the m variable fac111t1es

and, ,
: ™
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ii- the optimal 31]ocation of existing facility requﬁrements
to the variable fac111t1es SO that all .requirements are
satisfied. ' ‘ )

Let the m unknown facility 1ocat1ons be given by Xss i=1,...,m.
When the criteria to be satisfied is the m1n1m1zat1on of total
weighted d1stan¢es, the prob]em,may,be stated as '

-

M1n1m1ze R(x, w)__ lx - |
Sl s 13
- - ]J
s.t. I w..=r. for a]] j ) SN
i 13 J ) NI .
Wij >0
where X:(X1""’Xm) and w;(wi1,.,.,w1m,w21,.;.,wmn)

111.3.2 kAySimpie waréhouse,Location'Pfobiem g

The warehouse (p]ant) 1pqation problem in its simplest form Has been
formulated by Effroymson and Ray (3) as a mixed integer program as
follows : with m potential warehouses (with unlimited capacity)'and

n customers,

Minimize Z = .;'Cij Xij L Fj Y;
s.t. ‘ R L -
§ Xij = ] ' . J= 1329-L-sn

0<Z x.:< niy, iz1.2,...,m

¥iz 0 or 1~ (integer) where i*G\Nj jer,

[}
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, tij : 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 the

customer "J"
D, : the demand at cus tomer j; ' S
Xij‘,:_the portion of Djsuppjiéd from warehouse i
Fi : fhg fixed cost associated with warehouée_i
-Nj i.:‘set of warehouses W;ich can ;upp]y customgr j‘
Pi : set of those customers that éan be supp11ed by
warehouse i
ns. fwhumber of elements in Pi

The objective of the model is minimization of costs which are fixed
set up and distribution costs, potential lTocations are limited to
particular sites in the feasible set. Solution procedure is branch
and bound. Prob]em is not time-=Scaled. and concerns for on]y one
peridd of time. There is no present sites and economies of scale
is not applied to warehouse storage capacities. The unit |
distribution and handling costs are assumed to be Tinear.

Three kinds of efficiencies have been deve]dped and added to the -
branch and bound algorithm by Effroymson and Ray. Briefly these are:

i- ét each successive stage, the branch and bound é]gorithm
" requires the selection of a warehouse, from thé set of
free warehouses at that stage, to be constrained open or
c]osed Forma] rules for selecting the free warehouse
" have been developed, o
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ii- at each step of the branch and bound algorithm, a linear
program, without the integer restrictions on the y's, is
. _to.be solved, . ‘ ' |
i1i- several improvements re]ated to the computer programmwng» ~
..of the branch and bound a]oor1thm are proposed.

111.3.3 A Two-Level Plant and Warehouse Location Problem:

A model is proposed by Kaufman (10) for the simultanecus 1ocationn
~of plants and Warehouses’among a given set of possible locations in
order to satisfy a given demand at minimum cost. The demand of each

- “customer may be satisfied d1rect1y from a p1ant or through a

warehouse. The model a]so applies to the design of a d1str1but1on

network,w1th two levels of warehouses. ‘A branch and bound a]gor1thm :
‘ which generaqdzes previous'work by Effroymson and Ray (3) (which-is
given in section I11.3.2) is presented. * L

In this work the simple-plant location problem islgenefa1ized to

cope with a two-level distribution system. The model applies to

the problem of s1mu1taneous]y locating p1ants and warehouses or

1arge and small warehouses, and it-is formu1ated as follows :

given a set of 1ocat1ons where plants may be built, a set of locations
where plants may be built, a known demand from a given set of
customers which must be satisfied and assuming a ‘warehouse is 1ocated
“with each p]ant determine the numbers and locations of plants and

, warehouses 'to be established in order to. m1n1m1ze total product1on

and distribution costs.

The model implicitly assumes consideration of a single product.or

a homogenous product mix.

 BOBAZIG] UNIVERSITES! KUTUPHANES|
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v/ . :
This problem maylbe expressed mathematically in the following way:

Minimize Z = fidyi to3 g. z. 1+ I t

A S
i 5j °3 7] 1Jk ijk "ijk

fJ Xij‘k: ' B m
§ Kk =Yy "fz\
f ik =% f; 3

v < z, o

where f denotes the fixed cost for estab]1sh1ng a p]ant at Tocation
i, g denotes the fixed cost for establishing a warehouse at
: 1ocat1on I, C]Jk denotes the cost. of sat1sfy1ng the demand of
customer k from plant located at i through a warehouse located at
Js y is a binary variable equa1 to 1 if a plant is located at i .
’and equa] to zero otherwise ; zJ is a binary variable equal to 1
if a warehouse is located at j and equal to zero otherw1se 3 X ijk
is a cont1nuous var1ab1e equa] to the fraction of the demand of -
~ customer k sat1sf1ed by plant i through warehouse j. '
The constra1nts f2) express that the demand of each customer must
“be satisfied, the constraints 2) and f3) express that the demand
of customer k can only be‘satisfied from i through j if a plant is
Tocated at i and a warehouse at j. The conStraints 4) ensure that
a.warehouse is 10Céted with each oTant_ahd the constraints f5%.is
the non-negativity and binary configurationsh '
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111.3.4 Multilocation Plant Sizing and Timing

A dynamic multilocation‘problem is solved by Rao andbRutenberg (18).
~In ‘the model constructed time is continuous, and demands can grow

at varying rates in different'markets‘and'at‘dtfferent times. There’

" are economies of scale in bu11d1ng p1ant capac1ty With plant sizes
held constant, ~transportation cost is optimized through continuous

. time so as to set plant timings. The study deals with the dynam1c

. trade-off between plant economies of sca]e and the cost-of
manufactur1ng and transportation to supply geographically dispersed

.customers. - Customervdemands grow through time (usually at different

rates), so plants early in the'COnStruction_sequence should be sized
for use throughout the planning périod.t Mofe formally, for a given
construetion squence the model can time and size plants to- satisfy'
growing market demands while m1n1m1z1ng ‘the present value of p1ant

fixed costs, plus the present va]ue of operat1ng and transportat1on

i

costs.

The objective of the stﬂd§ is to minimize.total cost over time,
"which is composed of warehouse construction, product distribution,
“handling and storage costs. These costs could vary through time,
but they are assumed to be constant. Poténtia] locations for '
“warehouses are pre—detérmined, and their capatities are sized and-

timed optimaly over a continuous time horizon.
Initial statement of the prob]em is given as :

The prob]em is to m1n1m1ze “the present va1ue of costs of
,construct1on, product1on and transportation 1ncurred over the t1me-
| horizon {0,T}. At t1me T tota] plant capacity will be Z bm(T),
~where b is the demand at market m. m
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. Minimize Z T f. e rt
| al (a,) e +0f n?n cnm x o(t) e dt

where r is the discount rate.

\ i % o(t) < a(t) for all n,t € {O,T}‘

Shipments can not exceed capacity where

| an(t) =0 ; t € {O,Tn},
:= an> ’ ‘ ‘ te {TnsT}
£x (t) > b(t)  forallmt €{0,T)

m
Each demand must be satisfied continuously through time.-

xnm(t) > -0 / fqr:a]] n,m.

III.3;5 Mu1t1commod1ty D1str1but1on System Des1gn by M1xed Integer

-Programming

A multicommodity capacitated single-period problem is- formulated as
a mixed integer linear program by Geoffrion and Graves (9).

There are Severa] commodities produced at several plants with
known prOduction capacities. There is a known demand for each
'commod1ty at each of a.number of customer zones. Th1s demand 1s
sat1sf1ed by sh1pp1ng via regional d1str1but1on centers (DC),

T
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with each éustpmer zone being assigned ex&Tusive1y to a single DC.
There are Tower as well as upper bounds on the allowable total

“annua1 throughputnbf each DC. 'Thexpossib1e locations for the DC's

are given, but the particular sites to be used are to be selected
so as to result in the least-total distribution cost. The DC costs

~are expressed as fixed charges (impOSEd\for‘the sites attua]]ylusedf

plus a linear variable charge. Transportation cost are taken to be

Tinear.

Thus the problem is to determine which DC sites to use, what size
DC to have at each selected.site, what customer zones should be
served by each DC, and what the patterh,6f,tfansportation flows
should be for all commodities. This is to.be done so as to meet
the given demands at minimum tota1’distr1bution_cost subject to
the plant capacity and DC throughput constraints.

4

The Tathematica1’formu1ation of the problem:uses the following

notations. .
4 ¢ index for commodities,
j’ : index for plants,

k : fndéx for'possib1e'distribqtion‘centér (DC) sites,

¢ 1t indeX for customer demand 2onés.
,Z,Sij : supply (pro?ucpion_Eapacity)ffor commod{ty i a£
- plant J, '
'Di1 : démand f0f com@odity iin custqmer 26h§ 1,
Vk*!k : minimum, maximum a]]oweﬁ total annual throughput for
: =

a DC at site 'k,
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fl fixed portion of the annual possession and operating’
costs for.a DC at site k, o

Ve variable unit cost of throughput for a DC at site k,
Cijk] * average unit cost of producing and shipping commodity -
i from plant j through DC k to customer zone 1,

xijk] 1 a variable denoting the amount of commodity i shipped - -
/ vfrdm plant j through DC k to customer zone 1,

Y f @ 0-1 variable that will be 1 if DC 'k serves customer'
) zone 1, and 0 otherw1se,

zk":'a'0-1_variab1e that will be 1 ifa DC is aCQUired>at_'.
site k, and 0 otherwise. ’

/

-The problem can“be written as the following mixed infegék']inear"
‘ “ » N ° . V

~ program.
‘Min 3z C X.ooqn . TA{F z £ D..y., 1} M
1Jk1 1jk1 13&1 + K k 7k f k i1 il k] »
x > 03y,2=0,] |
k% I < Sij : for all 1. o 2
EXga =P forall ik 1R
T, =1 (4)
K k1 .
: B | Tk ()
v, 7, < ﬂD ] yk] < Vk z,  for a]] k ~ !5
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Linear configuration constraints on y and/or z. ()

The notation y,z — 0,1 means that every component yk]vand-'zk must
‘be O or 1.

The eorrespondehce between this model and the verbal phob1em |
statemeht should be apparent. The quantity Z Dﬂ Y is
interpreted as the total annual throughput of ' the kth - pc.
‘Constraints (2) are are the supply’ constraints, (3) st1pu1ate
both that legitimate demand must be met (when Yia =1) and that

Xi3k1 must be 0 for all ij when Yyq = 0. Constraints 4) specify
that each customer zone must be served by a s1ng]e DC. Besides
‘keeping the tota1 annual throughput between Vk and Vk or at 0
according to whether or mot a DC is open, /5 also enforces the
correct logical relationship between yand z (i.e., Z) -1
Yy =1 for some 1 ). Constra1nts 16) are deliberately’ not
spe]]ed out in deta11 for the sake notat1ona1 s1wp11c1ty

In this model the transportation va%iab]es are quadruply subscripted,

- whereas previous intermediate Tocation models (Bartakke et al (1),
E]we1n and Gray (6), Elson (5), Marks, Liebman and Bellmore (14)),
emp]oy separate transportat1on var1ab1es for plant-to-DC and DC-to-
customer sh1pments That is, in ‘this mode] it might have been used

" two sets of triply subscripted var1ab1es (xjjk.and Xik1° say) linked )

by a flow conservation constraint for each commodity-DC combinatipn.

This alternative suffers from a Jack of flexibility for some appli-
cat1ons, because it “forgets" the origin of a commod1ty once it

- arrives at a DC.

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

~
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customer zone does not try to receive a given commodity both from
, a‘DCFand‘a pTant. For instance, suppose that a cer;ain subset of
customer zones is to obtain all cbmmodities\direct1y from'the plants-
1nstead of via DC's. Then one s1mp1y adds a fictitious DC site k,
;ay, ‘with the assoc1ated zko and yk 1 svf1xed at unity and specifies
the rates C. ko] appropr1ate1y for each associated ij1 (there is no -
need for r5€ to 1nc1ude a constraint for ko ). One may also
accommodate the situation in which a customer zone obtains some
commodities d1rect1y from the plants and the others through its DC.
Just make the C 3k 's correspond1ng to the direct commodities .
independent. of the poss1b1e DC's for such a customer zone, and

-omit the i1 combinations correspond1ng to' the directly shipped .

commodities from both. -I- D, i1 Yia terms in the model.
' ‘ il ' '

~ Another unique feature of the model is that no customer zone is
allowed to dea] with more than one DC, since the Yia 's must be

0 or-1 and not fractional. - Thus each customef's demand must be
sat1sf1ed by a s1ng1e DC or d1rect1y from a producing plant. ‘
This assumption is requ1red by the_decompos1t1on technique developed
by the authors. Their first-hand experience with three-firmé,.each
in a different industry, is that the'accounting'systems and the
“marketing structures are geared to serving each customer zone from

a sﬁng]e DC. Any,change in4thiskconventiqn would be expensive both_
in terms of added administrative costs and in terms of less convenient
service as perceived by cuStomers, There would also be economic
disadvantages due to Yeduced‘economies of scale in DC-to-customer.

" 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 applications. For 1nstance;(6‘

bermits :
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iii-
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- upper and/or lower bounds -on the total number of.open

DC's allowed ;

specification of subsets of DC's among which at most one,

at least one, exactiy_two, etc., are required to be~open 5

precedence relations perta1n1ng to the open - DC' s (not A-
unless B, etc.) R

mandatory service area constraints (if DC A is open, it

.must serve customer zone B) ;

more detailed eapacity constraints on the size of a DC
than 5 permits, as by weightihg the capacity consumption
character1st1cs of each commod1ty d1fferent1y or by

\ wr1t1ng separate constra1nts for individual or subsets of

- vi-

commod1t1es 5

constra1nts on the joint capacity of severa] DC's 1f they

. share common resources or fac1]1t1es 3

vii-

‘customer service constraints 1like,

N

>

E i diy Y 1/ 20y 2 T

where tik] is the average time to make a delivery of
commodity 1 to customer zone after receiving an grder at

' DC k, and Ti is a desired bound on the average delivery -

delay for commodity 1.

~




CHAPTER IV

MATHEMATICAL MODELLING OF THE SYSTEM

~This chapter presents two consecutive mixed 1ntegek programming .
(MIP) models. The first one introduces the simplest version of the
system which is described in Chapter»II. The first model is

 modified to satisfy the specifications of the Siimerbank distribution

system.. Some approximations are made for the sake of simplicity
and so]utiondof the problem. ‘A few constraints and variables are
added in order to satisfy the spec1f1c requirements of Sumerbank

- distribution system. ‘

\PreviOUS]y mentioned seven choices {Section I1II.1) are applied to
" the Siimerbank distribution system and the following points are |
taken into consideratioh for mode]iing. |

The overall objective is minimization of costs which are composed
of warehouses' personne], rent and operating expenses p]us distri-
bution_ expenSes '

Bécausé of physical and géograpﬁica] conditions poséjb]e Tocations
for district WarehOuses are ﬁredetermihed and each retail shop is
assigned . to a warehouse exclusively. Because of these two
conditions, Jocation allocation probiem is eliminated. So that
the quest1ons which may arise in potential Tlocations choice, ;
such as "how many depots, where should they be located and: which
“retail shops should be assigned to ‘them" are predeterm1ned

The search procedure’which may be applied to this‘problém can be .
mixed 1ntegéY programming which will optimize the proper district

34
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warehouse oapatjty and the quantities shipped from factories to
warehouses and transshipments among different district warehouses

1f prof1tab1e for the overall d1str1but1on system The maximum

- integer (b1nary) variable is the jxm, where J_J 2,.:,5 is the \ 7
- number of predeterm1ned d1str1ct warehouses and neﬂ 2, 3 (4) 1s‘the
warehouse storage capacity alternatives. In-the Sumerbank distri- o
bution system maximum number of binary var1ab1es is 16 for

Marmara Reg1on and this size 1s feasible for the solution techn1que
which is available in Univac 1106 Computer as Funct1ona1 Mathemat1ca1
: Programm1ng System. ’

This study will be concerned with the static situetion tor'ohé yearv

- (as of 1980) and future chenges in demand pattern and stock-turnover
-rates for the warehouses will be’eonsidered. “

The present sites for the district warehouses of the already ex1st1ng
d1str1but1on system are predeterm1ned same as the real system, the
~only difference is three or- four storage capacity alternatives for
these predetermined districts are proposed. _MWarehouse operating

" costs are hon-]inear with economies of scale app1ies as warehouse
capacity increases to reflect this situation 3 or 4 warehouse
capac1t1es being considered as unit cost decreases w1th increasing

capac1t1es

The\trahsportation,costs are,inputed to the system as the.prices
~ for transportihg'a'unit of productibetween'all possible departure
and destination points such as factory to warehouse and warehouse
to warehouse. In fact trahsportation costs are non-linear, for
the amounts undeF cohsideration it is assumed to be Tinear.

By taking into consideration of'these choices a quantitative
framework will be set for the analysis of various planning problems
associated with optimum capacity sett1ng and commod1ty supplying
po11cy of Siimerbank distribution system*" - Y

~
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. IV.1 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 shops. The direct shipments from factories to the retail

shopsbqré not allowed. _A'O-l\miked'integer programming model has
been constructed to decide the optimum capacities of the district -
warehouses and distribution scheme of the problem.

Iv.1.1° Notation-andﬂDefinition,of'fndecésband Var%abTeSJ»- .

/ ] . ~

j- indeces
'“\ i:rindex indi;atingbthe chfohy (also the prdduct'group '
since each type of product is produced in only one
factory) *

J: index indicating ‘the warehousés (depots)

k: index indicating the retail shops

ii-'variables

Xij: améunt:of units transported from ith factory to j?h
~ warehouse :
yijk: amount of units produced at ith factory and transported
‘ th \arehouse to k#h retail shop ' ’

from Jj

z.: binary variab]e;»l'if the jth warehouse is open
. 0 otherwise

S/
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IVa]QZ_ Predetermined Coefficients, Costs and Bounds '

b

Fj: opérating cost ‘of jth warehouse for one year
1 _ N » .
Cij: cost of transporting one unit from ith factory to jth
warehouse ‘
C2

Jk: cost of transporting one unit from jth warehouse to
th . S ‘
k™ retail shop

h product group in retail shop k

. . ) . t
D;,: demand of 1
STRj: stock turn-over rate of j#h warehouse

K.: maximum a]]owab]e storage capacify of jth warehouse
_at a time - '

P.: year]y'prodUcfion capacity of ith factory (or maximum
: .th . R :
~supply of i~~ product

V.13 Formulation of the Model

Objectivé Function |
‘Mi Cost. I F.z. 1 oy.. + ©C% y.. oyl
Min Total Cost § FJ Z5 T ?j;13 x1J. + jk ik y13k ‘IV N
Demand Cdnstréints , |
T ’ = .
§ Yijk 2 Diy | . for all i,k 1V 2
Material Balance Constraints

Xeeo 2 y

s for all i,§ - (IV=3)
ij = “iik . or a 1&
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Warehouse»Capacity Constraints

Tx; < ST, K, z, iov-
X < RJ KJ Z for all j Iv-41

j
Production Capacity Constraints

J

z-0,1 and non-negativity constraints

ObJect1ve of the model is to minimize the costs wh1ch are composed
~of. operat1ng expenses of warehouses and d1str1but1on (transportat1on)
expensés. Cost coeff1c1ents C! and C? are different since the
transport media between factory- warehouse ‘and warehouse- reta11 shop.
are different. Constraints (IV-2) are the demand constraints.
Constraints (IV-3) are the material balance constraints and
st1pu1ate that the amount of products (x]J) transported from factor1es
to a specific warehouse must be equal to the amount (y k) which
are sent to the retail shops from this warehouse. Constra1nts riv-4>
limits the throughput of the Jth warehouse according to its given
-storage capacity. It also prevents the shipments to the non-
existing {(closed) warehouses. When the warehouse is closed, z —-0
value makes right- -hand- side (which is storage capacity) 0.
‘Constraints {IV 5) Timits the demand by the product1on capacity of |
th . factory. Normally this constraint is redundant, otherwise, this
solution w111 be- infeasible.’ In ‘this mode] all transportat1on

costs are assumed to be 11near ,

1V.2  -THE DEVELOPED MODEL

Previously mentioned model is applied to the Stmerbank system and -
besides .some additions also somenapproximations are made. For the

| sake of simp1icity, retail shops are discarded from the system and
’ . " . )

Loxy 2 h . for all i  (1V-5)
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their demand is mounted over the related warehouse. -This is because
_ of the ass1gnment of retail-shops to the district warehouses in the
physical system In the Siimerbank system possible 1ocat1ons for the
warehouses are pre-determined according to its phys1ca1 and
geograph1ca] conditions, also each. reta11 shop is pre-assigned to a’
district warehouse according to its geograph1ca] condition, in
“order to prevent.the duplicate booking and to decrease the comp]ex1ty
of the system. Because of these two conditions the location allocation 4‘
problem is eliminated. ‘ '

The séhematic‘representation of the new system will be as shown -in
Figure 5. '

™~

C) factory
. &\ warehouse
. & transit-depot
A retail shop

Figure 5.: Schematic representation of the developed system
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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 transferr1ng the

commodities from other warehouses to the demand centers (retail shops).

In fact the demand of the transit depot will be served from the
" nearest potentia]'(nbrma1) warehouse. Conversely, normal warehouse
will serve for their own demand plus other transit-depots' demahds._
By the use of transit-depots, warehouse usage will 1ncrease the

eff1c1ency appreciably.

The intershipment of commodities between warehouses andvtransit-
depots allowed by this developed model exists in the present Siimerbank
d1str1but1on system as shipments from warehouse to warehouse.
Ex1stance of altérnative warehouse” capacities decreases the total

cost of the distribution system, by choosing the appropriate capatity
“according to the conditions of thé district. '

/-

1V.2.1  Notation and Definition of Indeces and Variables

i- indeces

i ;'index 1ndicat1hg the factory (and the product group
since each product is produced in only one factory

= 1,2,...,10
j,d : indeces indicating the warehouse from the feasible set
§=1,25..,5 I |
d=1,2,..,5

m=1,2,3,(4)

[t

. index indicating the alternative capacities bf»warehouses
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ii- variables

Xij : amount of units transported from ithfactbry to jth
~* warehouse |
/ 9ij4 * amount of units (produced in ith factory' )
transported from jth warehouse to the warehouse d,
(J#d)
gidj : amount of units (producéd in'ith factory)
transported to jth warehouse from the warehouse d,
(5.#d) |
z._: binary variable, 1 if the jth warehouse with-capacity

Jm _
m is open,’

0 otherwise

1v.2.2 Predetérmined Coefficients, Costs and Bounds

ij : operating cost of jth'warehouse with capacity m for

one year including rent, personnel and other expenses

Cl. : average cost of transporting one unit (of 1thproduct)

1J . .
. from 1th7factory to jth warehouse .
: C;d : average cost of transporting one unit of product from

jth warehouse to other warehouses

, Dij : demand of ith product‘group in retail shop j .

STRj . Stock turn-over rate of jth warehouse

SK. : maximum allowable storage capacity'of jth warehouse

Jm o . S
with capacity alternative m (at a time)
) : o ~



P, : yearly production capacity of ;th

factory (or maximumb
supp1y of‘ith product group)

Aij : coefficients of direct éhipments from ith ?aétory to. "
. jth warehouse ' |

~

Bij : coefficients of intershipments between warehouses

1v.2.3 Formulation of the Developed Model

-Objective Function

“Min Total Cost

. - 1 \2 .
2 Fspzgm T TGy X5t T CGg 450
m o R ~ ijd -
o : rv-1
Material Balance and Demand Constraints
X35~ z 9554 Tz 9ig; = Dij - for all 1,
a4 = < s ' fv.a2)
~d#] k
waréhouse Storage Capacity.Cohstrainfs
. ) . ) . . fTv_ \‘4
Z Aij Xij ToL Bij 94d; < I STRj Sij zjm | Iv-13’
i id . < m e
: for all j-
Production Capacity (Maximum Supply) Constraints |
N .' . b. . \. N {j— \
z Xij E.Pi } . for all~i IV-14
EN : .
Only One Warehduse Capacity is Chosen ’ .
Loz, < 1 © for all j y-15)

Plus non-negétivity constraints and fixed variables

A ae)




 tion of the orofit sine profit is the positive difference between
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The objective of the mode1 is to min'imize,the total cost which is | A
comosed of 6perating costs of the warehouses with alternatiwe: |
. capacities, factor*y—"to-warehouseand ware house -to-ware house

transportation costs. In fact the’ h1dden objective is the maximiza-

revenue and costs. The demand in the retaﬂ shons is sat1sf1ed by
getting the commodities dwect]y from its d1str1ct ware house or via
.other regions’ warehouse s through its trans1t.depot. The matema] ,
‘balances in the warehouses are satisfied by the constraints (ty-12).
The ckamand of for the warehouse is obtamed b_y summing u) the -
cbmands of the retaﬂ shops which are affiliated to the warehouse

in. concern and imuted to the moce1. Tre annual througlputs of the
warehouses restricted by the constraints (IV-13), if the J’th -
ware house is omen, will.permit a yearly through)ut which is dec1ded\

as multiplying the storage cagpacity of the j th warehouse (Sij)\ by -
its stock turn-ower rate (STRJ.) and the throughput wﬂ] ‘be zero if .
the warehouse set to be closed. An efﬁ'cient storage nolicy will be
achieved by the use. of coe Fficients A ; and. B, . They are used to -
/ d1fferent1ate ‘the storaqe burce n of a umt of good i arriving at *
ware house J as a direct sh1pment verses transshioment. Most often
a unit of good i causes less strain on the storage fac111tles atj
since it is packed and orde red for immediate delivery to retail shops.
Constraints (IV-14) keen the control of maximum supply, if an amount
_ more than stpply is démanded_ an infeasible solution is obtaired,
o'therwise , this constraint will be vn_ed,uhdant. T_hase constraints will R
also help fd nut. the- distri‘ct'aTTowances for some oroduct growps whe n
Uit is requwed Constraints (IV- 15) will guarantee that only one. ware -
'house capacity is chosen for an ooen ware house over the a1ternat1ves
which is best suited for the oot1ma1 status of the solut1on Also,
some. bounds and nre-determined variables may be added for sensitivity '

‘analysis. —



CHAPTER - V
NUKERICAL RESULTS

" The developed model has been solved by. FMPS (Functional Mathematical
Programming System) of Univac 1106 Data Précessing System used at
Computer Center of'Bogazici University. Mixed integer programming
mode” in FMPS 1is constructed for solving this. type of problems |
~ where the integef variables are required to be binary (1 e., 0 or 1).
The so]ut1on a1gor1thm is branch and bound and the features of FMPS
-can be seen 1n/reference (20). '

VL 1 INPUT DATA

" The data used in this prob1em were taken from P1ann1ng, Account1ng, :
'Transportat1on and Personnel Departments of Stimerbank.

V.10 Démands of District Warehousesf(Dijl

The sales of the year 1980 are taken as the demands of the district
warehouses. and'shdﬂn in Table 1. The district warehouses are
V'cons1dered to be located in Balikesir, Bursa, Istanbu] Izm1t and
-Tek1rdag However, the cotton text11e factories 1n the System are
Nazi11i, Izmir, Eskisehir, Antalya, Eredli, Kayserj, Adana, Bakirkoy,
Malatya and Maras factories. N '

(]
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TABLE 1 : SALES OF DISTRICT WAREHOUSES IN YEAR 1980 @s km of <cloth)

Warehouse Ba11kesir Bursa Istanbul. izmit Tekirdég

Factory
Nazilli 810 671 2858 959 437
izmir 650 886 2165 . 798 387
Eskisehir 758 M 2175 750 295
Antalya 73 .63 537° 125 39
Eregli 162 148 397 96 8
Kayseri ' 220 288 1684 467 419
CAdana 30 14 68 1 15
Bak1rkdy 251 176 779 123 77
Malatya . 270 262 - 981 357 160

‘Maras @ 69 121 335 114 - 94

V.1.2 Production Capacities of Factories (P;)

Year]y'pngrammed productions are inputed to the system as Pi's
in a way, they are the restrictions in order to prevent the over-
supply of the prddUct group "i". These figures are given in
Tab]e 2. The product types in the product groups are g?ven in

“ Appendix E. o '
V.1.3 Transporfgtion'Costs (C%.Aand Cgkl

K
)

~Transportation costs are taken from.Buntas Transportafion'Co.,

"~ which is é private sector transportation agent and serves for only
Sumerbank. The data is giyén in Table A.1 in Appendix A as the
price of tkansportihg one ton of prOduct’between given two points,
and this data is conVerted from ton to km of the c1oth by using
products' average weights which are giyen in Table A.2. Thé |

)




resulting transportation costs of the product groups are Tisted in
Table 3. Similar calculations are done for the costs of
“transportations among district warehouses. ‘The rough data in TL/ton/
spec1f1ed distance is g1ven in Table A.3 and the resulting

transportat1on costs in TL/km of product for g1ven spec1f1ed d1stances
are Tisted in Table 4. ’

™
!

TABLE 2 : PROGRAMMED PRODUCTION OF FACTORIES IN 1980 (km of cloth) ‘
Factory Programmed Production
Nazi1li 35,300
tzmir 34,500
Eskisehir .. 22,150
“Antalya 8,250
Eregli 11,69
Kayseri 35,850
 Adana 15,000
 Bakirkdy 20,180
‘Malatya 14,460
Maras  ~ 5;555
TABLE 3 : BUNTAS TRANSPORTATION COSTS in 1980 FACTORY. TO WAREHOUSE
_ (km of c]oth/TL)
Warehouse - Balikesir Bursg_ istanbu] lizmit':Tekirda§
\ Factory s ) :
Nazilli 329 398 595 554" 654
tzmir 284. ' 328 475 446 522
Eskisehir 338 ° 302 - 366 254 427
Antalya 824 . 636 808 753 900
Eregli 1212 - 134 1217 1161 1349
Kayseri - 372 312 342 312 402
‘Adana . 590 455~ 579 . 539 645
Bakirkdy - 723 611 431 500 487
Malatya - 2168 1949 . 2076 1983 2376
‘Maras 2119 1777 2052 1937 2319°
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TABLE 4 : BUNTAS TRANSPORTATION COSTS in 1980 WAREHOUSE TO WAREHOUSE
o ' ' (km of cloth/TL) , ‘

/

Warehouse Balikesir . Bursa Istanbul tzmit Tekirdag

Warehouse .

Balikesir - 422 430 476 496
Bursa | Coa2 - - 363 33] 469
tstanbul 430 363 S 297 289
fzmit 476 31 297 - - 382
Tekirdag 496 469 289 - 382 -

v
.V.1.4  Operadting Expenses of Wafehouses (Fle

Total operating expénses are composed of personnel, rent and other
- expenses such as water, electricity, etc., calculated.-for every
district warehouse storage capacity alternative according to its
region, Size and personnel requirements. Total operating cost
;figdres are gfven'in Table 5. The cost figures of rent, persbnne]
and other expeﬁses are given in Appendix B. '

TABLE 5 :lTOTAL OPERATING EXPENSES OF THE WAREHOUSES \

, ( yearly 1000 TL)

'Capacity- ' Balikesir Bursa Istanbul izmit Tekirdag
Alternative | ' - o ‘
AL 365 449 485 449 415
B . 1426 1846 3422 1385 1191
c 2222 3062. ~ 6153 3062 1846

D s ‘

- - 88l4 - -
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\

V.1.5% Storage Capacity of Warehouse (SK. ml

There are 3 possible a]ternat1ves for storage: capac1t1es of district .
warehouses at Ba11kes1r, Bursa, Izmit and Tekirdad and 4 alternatives
at Istanbul. These alternatives are listed in Table 6.

TABLE 6 : SIZE OF THE DISTRICT WAREHOUSE (m?)

Capacity ‘Balikesir ~Bursa 1stanbul tzmit Tekirdag
Alternative E . '
A 200 200 200 - 200 200
B 1000 1000 + 2000 7000 500
¢ 7 2000 2000 4000 2000 1000 - °
D - S- . 6000 - -

,Genera11y 60% of the capac1t1es of these warehouses are reserved
-~ for cotton products and 70% of the reserved place is used
effect1ve1y. The net storage areas in m? .for cotton products are

givensin'Tab1e C.1 in Appendix,C.

In the average one’ ba]e occupies 0. 75m storage area ‘and at most

5 bales can be stacked vert1ca11y S1nce one bale of cotton product
:”1s approx1mate]y 720m- in length and the maximum amount of cotton
..products which can be stored in the warehouses are ca]cu]ated and
g1ven in Tab]e c.2. - S '

, v'1 6 Stock Turn-Over Rate (STR )

The average weighted stock turn-over rates ca]cu]ated are .
calculated by using percentage sales of products in the warehouses,
which are given in Table D.1, in Appendix D. The following '
formula V.10 and the data in Table D.2-were used. '
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—_

.

(STRi % sales of product i)

STR, =
J

™~

( % sales of product i )

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

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

Balikesir Bursa Istanbul izmit Tekirdag

4.55  4.56 4.49 4,49  4.68

[ saad

V.2 SOLUTIONS OF THE MODEL (DEVELOPED)

" Previously mentioned numerical data which is gathered from ASM
used in five different solutions. In Solution 1, 1980 sales of
retail shops are inputed to the System; _In,So]Ution 2 present
warehouse sizes are fixed. -In Solution 3, only demands of the
system are increased 100%. In Solution 4 present warehouse
‘~size§ are fixed and to the same time demand is increased ]OO%.
.In Solution 5, stock turn-over rates of the warehouses decreased
50%, and the syétéms response is examined according to these

. variations.

(9]

fy. )



V.2.1 Solution 1

- The input data for this solution corresponds to the actual conditions
faced by ASM in 1980 and alternative warehodse‘setting policy is
'Optimized{.'The main re§u1t5'thét emerge from this solution are
given in Tables 8,9 and 10. o / | o
Total cost which conéists of the operating expenses of open
warehouses: plus transportation costs is minimized as |
23,325,188.- TL. |

In Table 8, optimum capacities of five district warehouses and
\ their'porresponding capacity USage percéntages are tabulated.
As seen in theltable, Balikesir, Bursa and Tekirdag warehouses
~have smallest capacity aTternativeg'whereas tstanbul and tzmit
'warehouses have the second smallest capacity a]ternaiive. In all
vywarehouses except Istanbu] warehouse, storage capacity is used
100%'efficiéht1y. However, in Istanbu],waréhéusé is used at 76%
of 'its capacity. | -

TABLE 8 : OPTIMAL SOLUTION 1, LIST OF OPEN WAREHOUSES AND THEIR
| STORAGE EFFICIENCIES ~

Warehouse /ﬁapacity o Capacity:  Capacity |
' Alternative oom? Usage %
4 Balikesir A 200 100
. . Bursa A 200 ‘ ‘ ]00
 istanbul B 2000 76
tzmit - B 700 00
A 180 . 100 |

Tekirdag
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The amounts of cotton textiie products which are sent to district
warehouses from factories are given in Table 9. Some of the
(demands of districts Balikesir, Bursa and Tekirda§ are not

- ~directly shipped from factories but via other district warehouses

name1y from tstanbul and tzmit warehouses are shown in Table 10 -
and 11, respect1ve1y

| TABLE 9 : SOLUTION 1 - FACTORY TO WAREHOUSE SHIPMENTS (km of cloth)

'Facggishouse Balikesir Bursa Istanbul izmit Tekirdag
Nazilli ' 810 671 2858 - 959 437
tzmir . 538 . 546 ° 2384 1030 387
Eskisehir - - 2175 2219 295
Antalya - - 645 188 - 4
Eregl - 567 264 -
Kayseri - - - 1904 755 419
Adana ~  _ - - . g 15 15 .
Bak1rky - - 1206 123 . 77
Malatyd - < @1 619 L =
Maras - 429~ 183 -

TABLE 10 : SOLUTION 1 - SHIPMENTS FRON ISTANBUL TO OTHER NAREHOUSES
o S {km of cloth) -

Prdgagihggse. Balikesir . Bursé ~ Tekirdag
tzmir -~ o n2 107 -
- Antalya -~ . 73 | - . 35
Eregli B 1 -
‘Kayseri 220 - - -
Adana 3% . s
Bakirkdy - el 076 N
Malatya 20 - 160

Maras S L

(0]
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One of the interesting example of Solution 1 is that the demand
of Tekirdag warehouse of ‘Antalya factory's: products is supplied
partly fkom Istanbul warehouse as seen'in Table 10.

TABLE 11 : SOLUTION 1 - SHIPMENTS FROM 1ZMIT TO OTHER WAREHOUSES
. (km of c]oth) :

Warehouse o Ba11kes1r‘ ~ Bursa ,
Product of - ~ :
tzmir ; : - 232
‘Eskisehir - 758 71
~ Antalya o ) - 63
Eregli. - 148
Kayseri _ R - 288
Adama S 1m
Malatya - - - 262

Maras , ‘ 69 -

'V.2.2 " Solution 2

In this solution, the alternative warehouse capacities are set to
the present storage capacities of the warehouses and only *

o -transportation pb]icy is optimized. The value of objective function

in this solution js. 30,071,908.- TL. Since the storage capacities
are 1arger than those in So]ut1on 1, the usage percentages are
.dropped sharply (Table 12). Only Iekjrdag warehouse is used at
its maximhm caﬁécity. : : N




- TABLE

12 : SOLUTION 2 - LIST OF OPEN WAREHOUSES AND THEIR .
- STORAGE EFFICIENCIES |
Warehouse Capacity . Capacity’ C{pacity -
Alternative m? Usage %
Baltkesir B 1000 36
. Bursa B 1000 37
fstanbul - "D 6000 22 -
tzmit B 70 - 60
Tekirdag A 180 - 100
13 : SOLUTION 2 - FACTORY_TO WAREHOUSE SHIPMENTS(km of cloth)

" TABLE
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‘Warehouse Balikesir Bursa istanbul izmit Tekirdag
Factory . . ' o

Nazilli 845 671 2858 . 950 402

tzmir < 650 886 2165 798 387
Eskisehir - 758" 7112175 750 295 -
Antalya 73 63 537 125 39
Eregli 162 148 - 405 9% -
Kayseri 220 - 288 1684 467 419
Adana .30 14 68 1 15
Bakirksy 251 176 779 123 77
Malatya 270~ 262 1141 357 -

Maras o 69 = - 215 33 114 .- -

The transportation schemes are shown in Table 13 and 14. Only
Tekirdag warehouse receives products via other warehouses,-éince
others have enough'stofage capacities, the goods are shipped
directly from the factories. , ‘ ' -
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TABLE 14 : SOLUTION 2 - SHIPMENTS TO TEKIRDAG FROM

(km-of cloth)

OTHER WAREHOUSES

Marehouse .

‘Balikesir - Bursa = Tekirdag
Product of ’

v Nazilli 35 - -
Eregli - - - 8
Malatya - - 160
Maras - 94 -

V.2.3 Solution 3 .

In th1s so]ut1on, the demand of the system is 1ncreased 100% and

other 1nput data remained the same as in So]ut1on 1.
cost value is 43,470,364.- TL
'Tables 15,16,17 and:18.

: The optimum

and other results are aiven in

TABLE 15 : OPTIMAL SOLUTION 3, LIST OF OPEN WAREHOUSES AND THEIR
STORAGE EFFICIENCIES

-+ Warehouse

Capacity _ECapacity ~ Capacity -
-, Alternative = m? Usage %
Balikesir C 2000 75
Bursa B 1000 100
Istanbul B 2000 100
Cizmit B 700 100.
Tekirdag- B 500 79
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TABLE 16 : SOLUTION 3 - FACTORY TO VIAREHOUSE SHIPMENTS (km of cloth)

Warehouse Balikesir Bursa istanbul izmit Tekirdag

Factory
Nazi114 7336 2773 - 487 874
~ tzmir 2720 1772 2910 1596 774
Eskisehir = 1516 142z 4350 1500 590
~ Antalya 146 126 1074 250 - 78
Eregli 324 . 296 794 192 16
Kayseri 440 57C 3368 934 838
~ Adana 60 26 136 2 30
‘Bakirkdy 502 352 1558 246 154
Malatya 540 520 1962 714 320

Maras 138 1323 - - 5

'S1nce the demand is 1ncreased, second a]ternat1ves are used in all
of the warehouses except in ‘Balikesir. Some of the products of

Nazilli and Maras factories, are first sent to Balikesir and Bursa:

and later to Istanbul, Izmit and Tekirdag warehouses.

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

Warehouse: , Istanbul

Product of.
 Nazilli . 5716
fzmir , | - 1420

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

' Warehouse “istanbul = Izmit  Tekirda§
Product of ‘ v ' :
Nazilli o - 1431 : -

Maras ‘ 670 228 183




V.2.4  Solution 4

-~ 1In th1s solution, the present warehouse storage capac1t1es are
tested by the increase in demand (100%)

TABLE 19

: OPTIMAL SOLUTION 4, LIST OF OPEN WAREHOUSES AND THEIR |
< STORAGE EFFICIENCIES

arehouse SRR . Gy Dopacily
Balikesir B 1000 - 81
Bursa B 1000 , 93
-1stanbul D 6000 47
1zmit ' B 700 100.
Tekirdag A 180 100

. Solution 4 is the combination of Solution 2 and So]ut%on 3, so
that\dnly’transportation policy is optimized. The optimum cost

. value is-
19,20,21 and 22.

46, 727 991’- TL and other resu]ts are g1ven in Tables

: 'SOLUTION 4 - FACTORY TO WAREHOUSE SHIPMENTS\(km of, ﬁ]oth)

TABLE 20
| . Warehouse Balikesir Bursa  istanbul izmit 'Tekirdag
~ Factory ' ~ : /

Nazilli 2494  2773. 5716 . 487 -
tzmir 1300 . 1772 4330 1596 774
Eskisehir 1516 1422 4940 1500 -
Antalya 146 126 152 250" -
Eregli 324 296 - 810 192 - -
. Kayseri 440 576 . 4144 934 62
 pdana 60° 28 166 2 -
Bakirkdy 502 . 352 1558 206" 154
~Malatya 540 524 2282 714 -

faras 138 658 670 - -

ey
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Since the storage eff1c1enc1es are 100%, some of the demands of
izmit and Tekirdad warehouses are sent via other. warehouses namely
Balikesir, Bursa and istanbul as seen in Tab]es 21 and 22.

TABLE{Z] : SOLUTION 4 - SHIPMENTS TO IZMIT FROM BURSA WAREHOUSE
(km of cloth)

Warehouse _ fzmit -
Product of -
Nazilli 1431
Maras - . 228

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

Warehouse ~ ~  Balikesir ~  Bursa  Istanbul

" Product of | | '
Nazilli 8- - -
Eskisehir T - 590
~ Antalya- - - 78
Eregli =~ - - 16
Kayseri - - 776
Adana - - - 30
Malatya - = = - - . 320

Maras A - - 188 -

i)
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. _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 : OPTIMAL SOLUTION 5, LIST OF OPEN WAREHOUSES AND THEIR
STORAGE EFFICIENCIES

Warehouse - Capacity - Capacity Capacity
Alternative m? Usage %
Balikesir C 2000 - , 89
Bursa - B 1000 100
istanbu] 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 g1ven

- in Tables 23,24,25 and 26.

TABLE, 24 : SOLUTION 5 - FACTORY TO WAREHOUSE SHIPMENTS (km of c]oﬁh)

Warehouse Balikesir Bursa istanbul 1izmit Tekirdag .

Factory

Nazilli - 4330 1162 - w3 -
tzmir 1747 . 886 . 1455 798 -
Eskisehir 1053 M 2175 7% -
Antalya BN E 102 537 125 -
Eregli 162 156 397 % -
Kayseri 220 289 1684 467 418
Adana - 30 29 68 1T -
‘Bakirksy 251 176 779 123 77
Malatya 270 422 981 357 -

Maras 69 664 - - -
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"TABLE 25 : SOLUTION 5 - SHIPMENTS FROM BURSA TO OTHER WAREHOUSES

(km-of cloth)

Warehouse istanbul tzmit “Tekirdag

Product of to '

Nazilli ’ - 491 -
Antalya . ‘ - R 39
Eredli : - oo g
Kayseri . A -
Adana T Se 15.
Malatya . - - 160
Maras 335 114 94

\

in.four of the warehouses the storage capacity is used at the
~ highest efficiency (100%). Since Balikesir and Bursa warehouses
have excess storage capacity they also serve for istanbul, izmit

and Tekirdag warehouses, as Seen in Tables 25 and 26.

" TABLE 26 : SOLUTION 5 - SHIPMENTS FROM BALIKESIR TO OTHER WAREHOUSES

- (km of cloth).

Warehouse | Istanbul ‘tzmit Tekirdag
"Product of\ 4 ’ '
Nazilli o 2888 225 437
tzmir . 710 - 387
“Eskisehir ’ - - 295
\
f")"
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V. 2‘6 The Shadow Prices of Warehouse Storage Cépacities ,

The shadow prices of warehouse storage capacities are g1ven in
Table 27, the non-relevant data 1s shown by a dash (-).

In Solution 1 Balikesir warehouse's storage capacity shadow
price 157207 for alternative capacity A, which means a unit
increase in the storage capacity W111 cause a 207 units reduction
in the cost value. In this case'the,éhadow prices are the reduced
costs which are also uSed in the Titerature. Zero shadow price
means the warehouse has excess capacity and any 1ncrease in the
capac1ty will not reduce the cost.

‘ %ABLE 27 : THE SHADOW PRICES OF WAREHOUSE. CAPACITIES OBTAINED
) FROM OPTIMAL SOLUTIONS ‘

Warehouse Capacity o ' _SOLUTIONS . ,
Alternative T -2 3 4 5

Balikesir A 207 - - - -
| < B - _ .0 o
¢ - - 0 - 0
Bursa A 170 - - _ -
B -0 - 18, 0 19
C - _ S 7
“istanbul A - - - . _
B 0 - 80 - 80
C - - - - -
D - 0 - 0 -
fzmit A - - - - -
B B 15 83 58 84
C - - - - -
Tekirdag A 66 57 - 76 152
B - - 0’ - -
. C - - - - -
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V.3 DISCUSSION OF THE SOLUTIONS

- Eventhough the input data of the first two solutions is the same, -
a\21% reduction of tota) cost is observed in Solution 1. |
The difference among the two solutions is that the Solution 2
brings no alternatives to the warehoUse'capacitiés but takes

- them as the present warehouses.

Another importaht result obtained'from Solution 2 is that : sforage
efficiencies of the present warehouses are. quite low except.for the
"~ Tekirdag warehouse, especia11y'istanbu1, Ba11kesir and Bursa

N

warehouses.

In Solution 1, which is the proposed (o reference) solution ;_
Istanbul warehouse mainly works as a distribution center, which is
4aprober to. the strategic and economical position of Istanbul.

izmit warehouse runs at a h1gher capacity since it is placed’

near the 1mportant Junct1on of the h1ghway that connects Marmara -

Reg1on to other reg1ons
In Solution 2, the transfers between the warehouses areaquite'rare
since most ‘of the warehouses have low storage efficiencies. The
excess capacities for Stdrage allow direct shipments from the
factories. i )

fn Solution 3, the demand of the system increased 100% in order to
.\bbserve the system's response to this input modification. In the
. real case expected 1981 sales would be Tower than 1980 sales,
because Stimerbank commod1ty prices were nearly 20% cheapér than
’ the current market. where.more than-100% -inflation and the po]yt1ca]a
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. Howéven current and short-term decisions. )

o~
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i

L .. ) AN :
which will be made, must be based on Solution 1. A

_The 100% increaSe in demand causes 86% increase in the total cost
and all of the sma]] transit depots leave the system and second

alternatives of the warehouses except Balikésir warehouse run at. -

the h1ghest storage eff1c1ency =
In So]ution 4 the above mentibned increase is epp}ied to the
present warehouse’system. Most of the warehouses run at high
storage efficiency, except Istanbul warehouse.

4's total cost given as :

i

So]utiohs ‘ ‘Difference

1.— 4 99% increase o -
2 -4 ' - 55% increase
3 -4 7% increase

The bottle- neck occurs at Tekirdag warehouse since it was f1xed
to set the capac1ty alternative A, which is the smal]est capacity
alternative (the trahs1t,depot).

In Solution 5, the stock turn-over rates are decreased 50% in

‘order to- observe the slow-market effects. Increase in'the'tota] -

B cost cempahed'with Solution T is. 13%.

) Near]y all of the warehouses run at the h1ghest eff1c1enc1es
Balikesir and Bursa warehouses. fed other warehouses in order to

- maintain opt1ma11ty

~

Comparison of the first three solutions' total costs with Solution
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The Solution 5 reveals that, Silmerbank system is not much sensitive
to the variation in the stock turn-over rates, in contrast to the
variations in the demand. C

Further implementations, required by the specific conditions of the
distribution system can be obtained by small variations in the
input data. ‘ i
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CHAPTER VI

CONCLUSIONS
~ANC
SbCCEQTIONS FOP FbTLPE 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 analysis of various short
andj1ong-term planning problems associated with three stage
'warehousing Systém, which consists of factokies, district

- warehouses and retail shops.

The ASM management can easily overview the system make optimum

decisions on "wheré to locate the central warehouses, which capacity -

“size is required, from where the comnod1t1es must be supplied,

", wheather the trans- -shipment would be prof1tab1e or not, what would.

be the cost of a preference on warehouse sett1ngs and transport
_gmddnts, what would be the storage reqﬁﬁrements if the demand
/increased or decreased for some amount?".

y T _ . |
_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 respect1ve1y for 16 1ntegers

: f\’)
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So, big size model can also be tested numericaliy.

The developed model presented in seétion IV é can be modified for
more detailed and ]ong range problems, It can also be associated
w1th d1fferent transportation media such as rail transportat1ons,
and hand11ng restrictions which may appear in the district
warehouses.

Once the experierce is gained‘wfth these given models, and attempt

may be made to deve]opy a global model for the special conditions
.to be encountered all over Turkey, in the district warehouse
location, storage capac1ty setting and transportat1on prob]em of

* Stimerbank.
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'APPENDIX A

'BUNTAS CO. CONTRACTED TRANSPORT COSTS

AVERAGE WEIGHTS OF PRODUCT GROUPS




o : | ]

TABLE A.1 : BUNTAS CO. TRANSPORTATION COSTS (in 1980 TL/toh)
FACTORY TO WAREHOUSE

~
1

Warehouse Balikesir Bursa 1istanbul 1zmit Tekirdag -

Factory
Nazi11i 2632 3180 4760 4428 . 5234
tzmir 2078 2622 3802 3570 4176
Eskisehir 2502 2234 2712 1878 . 3160
Eregli . 5050 4726 5070 4838 5620
Kayseri - 3100 + 2600 2850 2600 3350
~Adana 4918 3794 4822 4490 5372
_ Bakirksy 1928 1630 - 1150 1332 1298
Malatya 5420~ 4872 5190 4958 5940

Maras 5169 4333 5006 4724 5656

1
Antalya~ 4849 3740  4754. - 4427 5296 !
l
|

(o)
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TABLE A.2 : AVERAGE'WEIGHTS OF THE PRODUCT GROUPS

(gm /m)
Product of Average Weight
Mazilli o 2
Izmir : E 125
" Eskisehir o - - 135
Antalya : : 170
Eregli - 240 ‘A'
Kajseri}" o 120
Adana 150
'Bak1rkby » ' 3%5
Ma]atya . , \ 400

Maras ‘ ‘ 410
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TABLE A.3 : BUNTAS CO. TRANSPORTATION COSTS (in 1980 TL/ton )
WAREHOUSE TO WAREHOUSE

Warehouse Ba1jkesif BUrsa Istanbul Izmit Tekirdag 3

Warehouse \

CBalwesir - 18 . 19 2135 2025
Bursa 1894 - 1630 486 2105
Istanbul 1928 1630 - o 12
fmit 2135 -‘]486 s - ne2
Tekirdag 2226 2105 1298 . 12 -
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APPENDIX B

* WAREHOUSE . EXPENSES -

~ .
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TABLE B.1 : RENT EXPENSES OF DISTRICT WAREHOUSES (yearly 1000:TL)

Capacity

Alternative Baljkesir Bursa tstanbul izmit Tekirdaﬁ.
A 60 144 180 . 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 o : v
Balikesir Bursa Istanbul 1zmit Tekirdag
Alternative ‘ ' :
A 145 145 . 145 145 145
B 726 726 872 581 581
c . . 8n 872 1453 872 726
) 2179 - - -




TABLE B.3 : OTHER EXPENSES OF DISTRICT

76

—

WAREHOUSES (yearly 1000 TL)

.

Capa/city’ Balikesir Burﬁa tstanbul Iz‘mlivt Tekirdag
Alternative ' :
A 160 160 160 160 150
B 400 400 750 300 250
¢ 750 750 100 750 400
D -

- 1235 - -

)
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APPENDIX C

WAREHOUSE STORAGE AREA °

MAXIMUM STORABLE AMOUNT
OF COTTON TEXTILE
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- TABLE C.1 : WAREHOUSE STORAGE AREA (mz)'

Capacity

ot " Balikesir Bursa 'Isianb 1 izmi ¢irdag
Alternative K " ' ! u ' zmit Tekirdag
A 84 84 84 8 - 76
B 4200 420 860 294 210
c 840~ 840 1680 840 420
D - - 2520 - -

~

TABLE C.2 : MAXIMUM STORABLE' AMOUNT OF CLOTH IN THE WAREHOUSES

(1000m ) .

Capacity
- Alternative

Balwkesir Bursa Istanbul fzmit Tekirdag

403.2  403.2  403.2  403.2  -365.
2016. 2016  4032.

4032.  4032.  8064.

- . 12096.

1411, 1008.

4032. - 2016
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APPENDIX D

PERCENTAGE’DEMANDS OF. DISTRICTS

STOCK TURN-OVER RATES OF PRODUCT GROUPS
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TABLE D.1 : PERCENTAGE DEMANDS OF DISTRICT WAREHOUSES ALL OVER
* TURKEY (in year 1980 ) '

Warehouse Ba11kesir' Bursa 1istanbul izmit Tekirdag

Product of . . \,

 Nazilli . 3.78  2.77 25.97  4.27  2.63
tzmir 3.22 2.64  20.81. 3.42  2.11
Eskisehir 3.85 ©  3.32 19.37 _3.19 1.96
Antalya- 462 2.29 19.73 © 3.25  2.00
Eregl ©3.02 2.31 © 18.30 3.01 1.85
Kayseri - 315, 3.59  19.39 3.9 1.9

~ Adana 2.44° 2,53 20.60 3.3 2.09
Bakirkdy 1.85 . 2.07 18.81  3.10  1.90
Malatya 3.67 2,53 ° 21.71  3.57 2.20
Maras - 4.28 2.07  20.56 3.38  2.08
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TABLE D.2 : STOCK TURN-OVER RATES OF PRODUCT GROUPS

(STR, )

Product of = Stock Turn-Over Rate
Nazilli 4
izmir 4
Eskisehir 4
Antalya 6
‘kregli 4 ‘
Kayseri | 6
Adana. | | )
' Bak1rk6y‘ | - 3
‘Mélétya ) o '4»

“Maras | 4
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APPENDIX E

PRODUCT TYPES OF FACTORIES
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Product Types Produced in Factory : Nazilli

203 Basma /
204 Pijamalik Ba$ma
206 " Pazen

207 Camasirl. Pazen
223 Fan. Pazen Ropluk
227 Ince Camasirlik
257 Camasirlik Pazen
261 Mer.Bahar Emprime
279 Pijamalik Pazen
280 Camasiriik Pazen

.Product Types Produced in Factory : izmir

201 Film Saten EmprimeA' '

. 202 Basma
238 Bogazic¢i Emprime’

© 239/215 Pike Emprime
249 Otoman Emprime |
265 Merserize Cicekli Emprimé
269 Mini Emprime » '
270/216 Merserize Dosemelik
286 Ropluk Pazen »
297/273 Flanel Emprime
380 Hasse

Product Types Produced .in Factory : Anta]ya )

*

2063 ipekli Boy Pijama

e}



84

Product Types Produced in Fattofy

: Eskisehir

205 Basma -

232 Merserize. Basma
283 Kreton Emprime
284 Kreton Emprime

290 Jet Pbp]in Emprime

293 Divitin

722 Jet Saten Disemelik

Product Types Produced in.Factory :

Eregli

370 Genis Hasse
372 Dar Hasse
; 378‘Mermersah1

¥
: Kayseri -

" Product Types Produced in:Fattory

101 Kaput Bezi
v 110 Kaput Bezi
57119 Kaput Bezi
| 351 Renkli Patiska

383 Diiz Pazen

416 Diyagonal

603 Kozalina

604 Liiks Dril

oy



Product Types Produced -in Factory

: Adana

134 Ham Bez
151 Ham Bez

Product'TypeSVProducedv1n Factory :

Malatya

135 Ham Bez

627 Jakardrel

628 Yollu Kutil

629 Yollu Cicekli Kutil
973 Goblen |

Product Typeé Produced in Factory

: Maras

318 Liiks Hasse
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