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ABSTRACT

The solid transportation problem is often presented in the literature. Recently, the solutions of solid
transportation of the goods from warehouses into markets and from warehouse into markets by any way is
solved by traditional ways by complex formulas. In the present work the problem is solved with simple
formulation considering transportation costs by intervals and it makes some contributions to the literature.
Keywords: Interval linear programming, transportation problem.

ARALIKLI UC BOYUTLU (SOLID) TASIMA PROBLEMINE BiR COZUM ONERISi
OZET

Solid tasima problemi bilinen yontemlerle literatiirde ¢6ziimiine sik rastlanan bir problemdir. Ancak son
giinlerde depolarin, pazarlarin ve herhangi bir yolla depolardan pazarlara giden mallarin miktarlarinin bir
aralik dahilinde olmasi gozoniine almarak problem ¢6ziilmiis ve formiillerin oldukg¢a karigik olmasi nedeniyle
¢aligmamizda bilinen yontemden daha basit duruma getirirken bir yandan da fiyatlarin aralikli olmas1 goéz
oniine alinarak mevcut ¢aligmaya katkida bulunmaktayiz.

Anahtar Sozciikler: Aralikli lineer programlama, tasima problemi.

1. GIiRiS

Solid tagima problemi klasik tagima probleminin genel bir halidir. Klasik tagima probleminin bu
ozel tipinin gézoniine alinmasinin gerekliligi {irlinlerin taginmasinda tagima yollarinin ve buna
bagli olarak tagima birim fiyatlarinin farkli olmasindan kaynaklanmaktadir.

Solid tasima problemi ile ilgili literatiirde [1, 2, 4] olduk¢a fazla yayin bulunmakla
birlikte son giinlerde bu ¢aligmalarin aralikli solid tasima problemine yoneldigi goriilmiistiir. Yani
depolardaki mallarin, pazarlarin taleplerinin ve depolardan pazarlara herhangi bir yolla giden
mallarin bir aralik dahilinde olmasi [2] g6z6niine alinmustir.

Gozoniine alman aralikli tasima probleminin formiillerinin olduk¢a karisik olmast
nedeniyle biz bu ¢alismamizda aralikli tasima problemini bilinen yontemlerle daha basit hale
getirdik. Buna ilave olarak ¢alismamizda depodaki mallarin ve depolardan pazarlara herhangi
yolla giden mallarin aralik olmasinin yam sira tagima birim fiyatlarin da aralik olmasi [4-5]
gozoniine alarak probleme katkida bulunduk.
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2. SOLIiD TASIMA PROBLEMIi VE ARALIKLI SOLIiD TASIMA PROBLEMi

Solid tagima problemi asagidaki sekildedir.

m n |
MinZ=> "> Ciix Xijk

i=1 j=1 k=1

n 1
z Xijk =a; i=1,2,...,m
j=1 k=1
m |1
Z Z Xijk =bj i=12,..,n (1
i=1 k=1

n
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Xijk =€x k= 1,2,...,1

o

j=
Vijk i¢in X5 20

Burada

a; : i deposunda bulunan mal miktart

b;: j pazarindan talep edilen miktar

ek : I deposundan j pazarma k yoluyla gelen mal miktaridir.
istenen Xijk : 1 deposundan j pazarina Kk yoluyla gelen mal miktaridir.

Aralikli Solid Tagima Problemi ise,

m n |
MinZ=>"%">" Cijx Xji

i=1 j=1 k=1
n 1
z Xijk e[ai_, ai+_ i=1,2,...,m
j=1 k=1
m | 1
DD Xijk e [bj_, bi*|  j=12..n @
i=1 k=1
m n
z Xijk € [ek_, e’ k =1,2,..,1

I
—
—

i j=
Vijk igin X 20
seklindedir. Burada

a; : 1 deposundaki malin alt sinir
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a; : 1 deposundaki malmn tist siri

j pazarindaki malin alt sinirt
b;* : j pazarindaki maln iist s

e : 1 deposundan j pazarma k yoluyla gelen maln alt simir

ek+ ¢ i deposundan j pazarina k yoluyla gelen malin iist siniridir.
(3) problemi (2) probleminden konvekslik tanimi kullanilarak

m n |1
MinZ=>"">" Cijx Xji

i=1 j=1 k=1

1
Xijk = ai+ -0; (ai+ —a; ) i=12,..,m 3)

=

-
1l
—
=
1l
—

M_

Xijk =bj+—7\.j(bj+—bj_) j=1,2,...,n
1

=

Xijk =ek+ - (xk(ek+ —ex ) k =1,2,...,1

™= I=

Il
—
—

i=1 j=
Vijk icin X >0
Vijk igin OSGi,Xj,ak <1

elde edilir.
Caligmamizda yukaridakilere ilave olarak,

m n |
MinZ=zzz [Cijk_’cijk+]xijk

i=1 j=1 k=1
n 1
z z Xijk € [ai_, ai+] i= 1,2,...,]11 4)
j=1 k=1
m |
sziik e[bj ,bf] j=12,un
i=1 k=1
m n
z Xl]k [ [ek_, ek ] k= 1,2, ,]

Vijk igin X 0.
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[6] kullanilarak ve konvekslik tanimindan (4) problemi

m n 1 - +
Ci'k + C"k
. j ij
Manl=z Z o Xijk
i=1 j=1 k=1
m n 1
i=1 j=1 k=1
n 1
z Xijk = ai+ -0; (ai"' —a; ) i=12,.,m )
j=1 k=1
m 1
> Xijk =b"=Aj(b;" =b;7)  j=12.n
i=1 k=1
n

m
Z Xijk =e, —og(e —e ) k=12,.1

Vijk icin X, 20
Vijk icin 0<8; ,A; ,ay <1
2-amagli lineer programlama problemi haline getirildi.
Z ¢ in iyeliginin p(Zq), Z,’ nin iiyeliginin ise p(Z,) oldugunu varsayalim. 2-

amacl lineer programlama probleminin ¢dzlimii i¢in iiyelik fonksiyonlar1 kullanilirsa, bu
durumda (5) problemi [5]

Max p(Z)
n(Zq)=u(Zy)

=

M_

Xijk = ai+ —Gi (3i+ - ai_ ) i= 1,2,...,m (6)

o
I
—
- =
1l
—

Xijk =b;" =2;(b;"=b;”) j=12,.,n

=

™M= LM

1l
—

Xijk =e, " —a(ex —ex”) k=121

—

i j=
A\ iJk ig:in Xijk >0
Vi_]k ig:in OSOi,?\.j,ak <1

seklindedir.
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3. ARALIKLI SOLIiD TASIMA PROBLEMI iCiN ORNEK PROBLEM

Cijk > aj, bj ve e biyikliklerinin agsagidaki sekilde arahiklar halinde verildiginde problem

gdziilmiistiir.

3 3 3
MinZ = ZZ [C'Jk » Lijk ]Xuk

i=1 j=1 k=1
|_C111_, Ci*™ ]=[40, 62] |_C211', Con™ ]=[85,90]
|_C112_ , Cip* ]=[68,94] |_C212_ . Cap* ]=[45,50]
lcm‘, Cist ]=[5,95] |_C213_, Cost ]=[45, 55]
[Cm_’ Ci* ]=[72, 80] [szl_, Con™ ]=[70, 80]
|_C122_a Cin* ]=[96,120] |_C222_» Cyn* ]=[51,60]
|_C123', Cizs* ]=[80,90] |_C223_» Cys* ]=[85,90]
|_C131_» Cizi™ ]=[15,35] |_C231_ , Caz* ]=[83, 85]
|_Cl32_’ Ci* ]=[8,15] [C232_ , Cop™ ]=[45, 48]
lC133_’ Ci* ]=[15,30] [Czss_a Ca33™ ]=[95,100]
[Csn_a Csn™ ]=[10,15] [C323_ , Cana* ]=[4,8]
|_C312_’ Cip* |=[11, 35] [C331_ , Can™ ]=[48,55]
|_C313_’ Ca3* [=[35,40] [Cssz_, Ca* ]=[30,32]
|_C321_ . ™ ]=[47,67] |_C333_ , Cazt ]=[45,50]

|_C322_, Cn* ]=[70,75]

3
Z lek € [al_, al+]=[29,41]

_
T Mm
[N
=
L

3
Z Xij € [32_, 32+]=[8,23]

H
0 Mm
[N
=
[N
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X3jk € [33_, 33+]=[16,50]

M-
M
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—
=
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—

Xilk € _bl_’ b1+]=[8,17]

XiZk € _bz_, b2+]= [14,19]

Xi3k € _b3_, b3+]=[23,32]
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Mo DM IM- IM-

Xijl € _el_, el+]=[26,41]

-
1l
—
e
I
—

XijZ € _62_, e2+]=[7,42]

M-
M

-
1l
—
e
I
—

Xij3 € -e3_, e3+]=[4,30]

M
M

1l
—
1l
—

i1 |

Bu kosullar altinda problemin ¢cozlimii asagidadir:

MinZ, = zzz Cijx * Cijk” *C'Jk

i=1 j=1 k=1

Sigma 2006/3

= 51X111 + 81X112 + 50X113 + 76X121 + 108X122 + 85X123 + 25X131 + 12X132
+ 23X133 + 88X211 + 48X212 + 50X213 + 85X221 + 56X222 + 88X223 + 84X231

+ 52X331 + 31X332 + 48X333
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X111 + X112 + Xq13 + Xpo1 + X2z + X3 + Xy31 + X3 + X33 = 41-126,
Xo11 +Xo12 + X213 + X1 +X2p + Xgp3 + X331 + X35 + X333 =23-150,
X311 + X312 + X313 + X321 + X322 + X323 + X331 + X332 + X333 =50-340;
X1 + X112 + Xq13 + Xopp + X1 + X3 + X311 + X312 + X313 =17-744
X121 + X122 + X123 + X1 + X222 + X323 + X391 + X322 + X33 =19-54,
X131+ Xq32 + Xy33 + X231 + X33 + X333 + X331 + X332 + X333 =32-9A;
X1 + Xq21 + Xq31 + Xop1 + Xpap + X31 + X311 + X391 + X331 =41-1504
Xi12 + X2z + X3 + X1z + Xppp + X35 + X312 + X393 + X335 =42-350,
X1z + Xq23 + Xy33 + X153 + X3 + X333 + X313 + X323 + X333 =30-2603

0<64,0,,03<1 , 0<Aq,A,,A3<1 0<ajp,a,,a3<1
X131 =21, X132 =8, X312 =5, Xp32=3, X311 =5, X33 =14
0;=1, 6,=1,03=09118, Ay =1, A, =1

o1 =1, ay=0.7429 , a3 = 0.6154

Min Z; = 1.151
ve

Xq12 =21, Xy =19, X511 =7, X33 =3, X33 =13, X33, =16
0, =1, 03=1, a;=1, a,=03714, a; = 0.6538

Max Z; =5.836

n

m k
. +
MlIlZ2= E E Cijk Xijk
i=1 j=1 k=1

= 62X 11 +94X 15 + 95X 13 + 80X 151 +120X 5, +90X 53 + 35X 3,
+15X 35 +30X 33 +90X 511 +50X 515 + 55X 513 + 80X 551 +60X 55,
+90X 553 +85X 531 +48X 535 +100X 533 +15X 311 +35X 315 +40X 343
+67X 351 + 75X 355 +8X 353 + 55X 331 + 32X 335 + 50X 333
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X1 + X112 + X13 + Xpo1 + X202 + X3 + Xy31 + X3 + X33 = 41-126,
Xo11 +Xo12 + X013 + X1 +Xg2p + Xpp3 + X331 + X335 + X333 =23-150,
X311 + X312 + X313 + X321 + X322 + X393 + X331 + X332 + X333 =50-340;
X1 + X112 + Xq13 + X1 + X1 + X3 + X311 + X312 + X313 =17-744
X121 + X122 + X123 + X1 + X222 + X 23 + X391 + X322 + X33 =19-54,
Xi31 + Xq32 + Xy33 + X231 + X33 + X333 + X331 + X332 + X333 =32-9A;
X1 + X1 + Xq31 + Xo11 + Xpap + X31 + X311 + X351 + X331 =41-1504
Xi12 + X2 + Xz + X1z + Xpp + X33 + X312 + X323 + X335 =42-350,
X1z + Xq23 + Xy33 + X153 + X3 + X333 + X313 + X323 + X333 = 302603

0<91,92,63<1 N 0<}\.],}\.2,7\;3<1 . 0<(l],(lz,(l3<1

Xi31=4, X132 =25, X311=5, X232=3, X311 =17, X33=9
0i=1, 6,=1, 03=0.7059, Ay =1, a;=1, oy =04, a3z =0.8077

Min Z, =1.386
ve

X3 =10, X3 =19, X311 =7, Xp31 =3, X311 =17, X33 =13, X33, =16
0, =1, 03=1, a;=1, a,=0.6571, a; =0.2692

Max Z ) = 6.295
Bunlara ait iiyelik fonksiyonlari ise (5) modelinde yazilarak,

-1

+ 88X223 + 84X231 + 47X232 + 98X233 + 13X3]] + 23X3]2 + 38X313

-1
n(Z,)= m(&X]H +94X 12 +95X413 + 80X 21 +120X 55 +90X 53 + 35X 31

+ 15X132 + 30X133 + 90X211 + 50X212 + 55X213 + 80X221 + 60X222
+ 90X223 + 85X231 + 48X232 + 100X233 + 15X311 + 35X312 + 40X313
+67X 33 +75X 327 +8X 393 + 55X 331 + 32X 337 + 50X 333 — 6295)
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-1
MZIX].,I,(Z]) = Max[ @(SIX]“ + 81X112 + 50X1]3 + 76X121 + 108X]22

+85X 23 + 25Xy31 + 12X 37 + 23X 33 + 88X, + 48X,
+50X,13 +85X5,1 +56X5; +88X53 + 84X531 +47X35
+98X533 +13X311 + 23X, + 38X33 + 57X 35 + 73X32)
+6X353 +52X331 + 31X 33, + 48X 335 — 5836)]

W(Z1) = (Zy)=40111X +42761X 1, +199625X 13 +1716X 15 +32028X 5,
+4385X 153 +41250X (3 +11367X 13 +27643X 133 —10342X 51,
—1382X 5, +12225X 5,5 — 42465X 551 + 6196X 55, —10342X 553
—14131X p3, — 5843X 53, —12582X 533 + 6458X 3;; +51068X 5,
+858X 313 + 3482X 351 — 6982X 355 +8026X 353 +2407X 33,
—2259X 33, —1382X 333 + 58140999 = 0

X1+ Xq12 + Xy3 + Xqa1 + X2 + X3 + Xy31 + Xy3p + X33 =41-126,
Xon + X1 +Xo13 + X1 + X2 + X3 + X317 + X35 + X33 =23-150,
Xa11 + X312 + X313 + X321 + X325 + X323 + X331 + X335 + X333 =50-346;
X1 + X2 + Xq13 + Xopq + Xopp + X3 + X311 + X312 + X313 =177
X121 + Xq22 + Xy23 + X1 + Xz + X3 + X391 + X325 + X353 =19-54,
X131 + X132 + X33 + X231 + X33 + X33 + X331 + X332 + X333 =32-9A;
Xi11 + X1 + Xy31 + Xo11 + X1 + Xoz1 + X311 + X321 + X331 =41-1504
X1z + X2z + Xy32 + X1z + X2 + X332 + X312 + X322 + X33, =42-350,
X113 + X123 + Xy33 + X153 + X3 + X333 + X313 + X323 + X333 =30-2603

0<91,92,93<1 N 0<}\.1,}\.2,)\.3<1 . 0<(Xl,(12,(13<1
elde edilir. Sonug olarak,

X3 =17, Xy31 =24, X3 =8, X333 =11, X311 =8,
0,=1, 0;=09118, o5 =0.6, a, =0.9714, o3 = 0.0769

Max p(Z;)=Max W(Z,)=4.540735

bulunur.
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4. SONUC

Literaturde {i¢ boyutlu tasima problemine epeyce ¢oziim Snerisinde bulunulmustur. Ancak ¢éziim
yontemlerinde kullanilan formiillerin karisik olmasi ve problemin boyutunun artmasi problemi
daha da karisik hale getirmesi nedeniyle probleme basit ¢6ziim yolu 6nerisinde bulunduk.

Son giinlerde ¢ok-amagli tagima problemi ¢oziimiine genetik algoritma [7] ile

yaklasilmig, hatta solid tasima problemi a;, b ve ek katsayilar1 aralik olmasi durumunda

gdzoniine almmustir [2]. Biz bunlara ilave olarak Cjji fiyatlarinin da aralik halinde olmasini goz

oniine aldik, bunu yaparken de aralik aritmetigi [6] ve ¢ok-amagli tagima problemi ¢oziimlerinden
yararlandik. Cok-amagli lineer programlama c¢oziimii yaparken de iiyelik fonksiyonlarini
gozoniine aldik [8] ve 2-iiyelik fonksiyonu elde ettik. Uyelik fonksiyonlarim kesistirerek problemi

¢ozdik [5]. Boylece aj, bj, ek ve Cjjk biyikliklerinin aralik olmasi durumunda bir ¢6ziim

onerisinde bulunmus olduk.
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