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Solve the problem of three-dimensional transportation using
multi-objective programming

Abdul - Jabbar Khudr Bakhit, and Suhad Faisal Aboud

Abstract

The problem of transportation is one of the most important mathematical
methods that help in making the appropriate decision to move goods from
the sources of processing to the centers of demand and With lowest
possible costs, in the research was based on the mathematical model of
the problem of three-dimensional transportation where the transport of
sales is not homogenous, Fuzzy Multi-objective programming method to
solving the problem of transporting food products (sugar, oil, rice) from
the warehouses to the demand areas in Baghdad and also used two types
of membership functions, linear and exponential. The results showed that
the linearity function was better than the exponential affinity function in
reducing the total transportation costs of (6,850,707.4) million dinars, and

reducing the total transportation time of (412,623.26) hours

Key words: three-dimensional transportation model, multi-objective

programming, membership functions, Fuzzy programming.
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X281+X2821X283= 693
X381+X3821X383= 925
X1,9,1+X1,921X1,93= 763
X291+ X292t X293= 1075
X3,01+X392+X393= 655
X1101+X1102+X1.103= 15322
X2,101+X2,1021X2,103= 2365

X3,1011X3,1021X3,103= 8044

A0 408 claiiall JASh AIS Ju165 Chan

426X4,1,1+546X1 2,1+540X 31+468X 1 41+168X1 51+780X1 61+600X 71+840X; 81+900
X1,0110X1,101+498X31,1+366X3,21+780X2,31+1140X;5 414564 X5 51+420X561+60X2 74
+174X5,81+1020X; 9,1+0X3,101+540X3 1 1+408X3 2 1+780X3,31+1140X3 41+600X3 5 1+
66X3,61+300X37,1+252X381+1200X3,9,1+0X310,1+213X1,12+273 X1 22+270X; 32+234
X1,4.2+84X1 52+390X1 62+300X7 72+420X7 g 2+450X7 9 240X 102+249X5 1 21183 X5 22+
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390X2,3,2+570X2,4,2+282X2,5,2+210X2,6,2+30X2,7,2+87X2,8’2+510X2’g’2+0X2’10,2+270
X3’1’2+204X3,2,2+390X3,3,2+570X3,4,2+300X3,5,2+33X3,5,2+ 150X3,7,2+ 126X3,3,2+600X3,9,2
+0X3.102+142X; 1 3+182X; 2 3+156 X7 33+180X1 43156 X1 5 3+260X 63+200X; 73+280
X1,8,3+3OOX1,9,3+OX1,10,3+166X2‘1‘3+ 122X2,2,3+260X2,3,3+380X2,4,3+ 188X2,5,3+140X2,6,3
+20X2‘7,3+58 X2‘8V3+340X2‘9‘3+0X2,10,3+180X3,1,3+ 136X3,2,3+260X3,3,3+380X3,4,3+200
X3‘5‘3+22X3,6,3+100 X3,7,3+84X3,8,3+400X3,9,3+0X3,10,3+d1-_d1+ =8160.380

A5NEY A B claiiall JA ¢ g S8 A

15X1,1,1+12X1,2,1+15X1’3’1+10X1’4’1+15X1’5’1+15X1,6’1+15X1’7’1+20X1’3’1+1OX1,9,1+O
X1,101+20X211+15X221+14X5.31+12X5,41+15X551+12X561+18X7,71+20X 5,8 1 +14
X2,01+10X2,101+30X31,1+25X32,1+27X331+18X34,1+25X351+15X361+28X371+30X31
+15X3,g’1+0X3’10,1+15X1’1,2+10X1’2’2+13X1’3’2+10X1’4’2+13X1’5’2+10X1’6’2+15X1’7’2+20
X1,82+10X1,92+0X1,102+20X5,1,2+18X5,22+15X5 32+ 18X2 4 2+20X2 52418 X6 2+22 X572
+16X282+ 15 Xp,92+0X2,102125X312+22X322+25X332+20X3 42+20X352+15X36 2+
15X3,7,2+3OX3,8,2+15X3,g,2+0X3,1o,2+20X1,1,3+15X1,2,3+15X1,3,3+10X1,4,3+15X1,5,3+15
X1,63+10X1,7,3+15X 83+15X1,93+0X1,103+20X2,1,3+15X3 2 3+10X5,33+13 X2 43+15X2 53
+20X2,5’3+15X2'7'3+18X2,8V3+15X2,g'3+0X2,10,3+28X3,1,3+20X3,2,3+25X3’3’3+15X3’4’3+20
X3’5’3+ 15X3’6’3+15X3’7’3+30X3’3’3+ 15X3,9,3+0X3,10,3+d2__d2+ =470.307

A dadd Ay A8C L jldie) g e Ciplall o dadlly Gltd g CilaaY) Jass

0.052X1,1,1+O.067X1,2,1+O.067X1,3,1+0.057X1,4,1+0.021X1,5,1+0.096X1,6,1+0.074X1,7,1+
O.103X1,3,1+O.110X1,9,1+0X1’10'1+0.061X2’1’1+0.045X2’2’1+0.096X2,3,1+0.14OX2’4’1+
0.069X351+0.051X;61+0.007X; 71+0.021X5 6 1+0.125X5 9 1+0X7 19 1+0.067X3 1 1+
O.050X3,2,1+O.096X3,3,1+0.140X3,4,1+0.074X3,5,1+0.008X3’6’1+0.037X3,7,1+0.031X3’8’1+
O.147X3’g’1+OX3’10’1+0.026X1’1’2+0.033X1}2,2+0.033X1,3,2+0.029X1,4,2+0.010X1,5,2+
0.048X1,6,2+ 0.O37X1,7,2+0.051X1,8,2+0.055X1’g’2+0X1’10,2+0.030X2,1,2+0.OZZXZyzyz'F
O.048X2,3,2+O.070X2,4,2+0.035X2,5,2+0.026X2Y62+0.OO4X2’7,2+0.011X2,8,2+0.062X2’g’2+
OX2’10’2+O.033X3,1,2+0.025X3,2,2+0.048X3,3,2+0.070X3’4,2+0.037X3y5yz+0.004X3’6’2+
O.018X3,7,2+O.015X3,8,2+0.074X3,9,2+0X3,10,2+O.017X1,1,3+0.022X1,2,3+0.019X1,3,3+
O.022X1’4’3+O.007X1,5,3+0.032X1’6’3+0.025X1,7,3+0.034X1’8’3+0.037X1,g,3+0X1,10,3+
O.020X2,1,3+O.015X2’2,3+0.032X2’3’3+0.047X2,4,3+0.023X2’5’3+0.017X2,6,3+0.002X2’7’3+
0.007X2,3,3+ 0.042X21913+0X2’1o’3+0.022X3‘1‘3+0.017X3’2,3+0.032X3’3’3+0.047X3,4,3+
O.025X3,5’3+O.003X3,6,3+0.012X3,7,3+0.010X3,g,3+0.049X3,g,3+0X3,10,3+ 165.182 A<1000

O.032X1,1,1+O.026X1,2,1+0.032X1,3,1+0.02 1X1,4,1+0.032X1,5,1+0.032X1,6,1+0.032X1,7,1+
0.043X1,8,1+0.021X1,9,1+0X1‘10‘1+0.043X2,1,1+0.032X2,2,1+0.030X2,3,1+0.026X2,4,1+
0.032X2,5,1+0.026X2,6,1+0.038X2,7,1+0.02 1X2,8,1+0.030X2,g,1+0X2,10,1+0.064X3,1,1+
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O.053X3,2,1+0.057X3,3,1+0.038X3,4,1+0.053X3,5,1+0.032X3,6,1+0.060X3,7,1+0.064X3,3’1+
O.032X3,9,1+0X3,10,1+0.032X1,1,2+0.02 1X1,2,2+0.028X1’3’2+0.02 1X1,4,2+0.028X1’5’2+
O.021X1,6,2+0.032X1,7,2+0.043X1,3,2+0.02 1X1,9,2+0X1,10,2+0.043X2,1,2+0.038X2,2,2+
0.032X2,3,2+0.038X2,4,2+0.043X2,5,2+0.038X2,5,2+0.047X2,7,2+0.032X2,8,2+0.032X2,9,2+
OX2‘10'2+0.053X3,1,2+0.047X3,2,2+0.053X3,3,2+0.043X3,4,2+0.043X3,5,2+0.032X3,6,2+
0.032X3,7,2+0.064X3,8,2+0.032X3,g,2+0X3,10,2+0.043X1,1,3+0.032X1,2,3+0.032X1,3,3+
0.021X1,4,3+0.032X1,5,3+0.032X1,6,3+0.02 1X1,7,3+0.032X1,8,3+0.032X1,9,3+0X1,10,3+
0.043X2,1,3+0.032X2,2,3+0.02 1X2,3,3+0.028X2,4,3+0.032X2’5’3+0.043X2,6,3+0.032X2’7’3+
0.038X3,83+0.032X3,9,3+0X5,103+0.060X3 1 3+0.043 X352 3+0.053X3 3 3+0.032X3 4 3+
O.043X3,5,3+0.032X3,6,3+0.032X3’7,3+0.064X3’3,3+0.032X3’g’3+0X3’10’3+144_061 A<1000

453 gall 2538
»  Ajk - SIBki
[18870, 15095, 16564 ] =[18870, 15095 , 16564]
ZyBki = Y@,Eij
[23004 , 10850, 16675 ] =[23004 , 10850 , 16675]

"Bl = T Ajk

2259 2766 3973 3673 37247 _[2259 2766 3973 3673 3724]
1945 1622 2343 2493 25731 1945 1622 2343 2493 25731

Z;l=1 ZZ=1 Ajk :2£=1 Yi=1 Bki = Y%, er'l=1 Eij
50529 = 50529 =50529

S ) 0S5 -5

*

X =
(397,0,500,375,600,0,0,0,646.45,6061.55,90,436,0,0,0,307,385,693,109.55,2365,0,0,0
,0,0,236,0,350,0,5317.45,0,404,133.55,925,400,0,0,0,0,5001.45,435,433,0,873,380,
243,207,0,937,0,0,0,256.45,0,1144,0,130,466,0,2726.55,619,422,661.45,0,0,400,357,
725,116.55,4259,0,0,1289,246,1200,24.55,168,0,28.45,718,1071,1132.55,1254,0,
733.45, 375,109,655,0) and A =0.89, FL(x)= 6,850,707.4 , F3(x)= 416,029.5

1 WS Z5(X) 5 Z1(X) oo JS slaiiy Ala -6

v

( 2(6812429-2;) )
6812429—8160380

B

v

( 2(402554—2;) )
402554470307

B
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2018 4iud) 1 aaxl) 10 Alaal) daalad) alal) Aiiaa A0S Ao

Al oL ALy CalS 131 Aglaucall Calaa ¥l aaaiall slag¥) DA Jaill ey Sl 23 sadY) oLy -7

Min = p

S.To
el & gilal 0 Jaall dlaiasy) ABUal) 4 g

X111+ X1,21+X1,31+ X141+ X151+ X161+ X171+ X1,81+X1,01+X1,101=8580

X211+ X221+ X231+ X241+ X251+ X061+ X271+ X281+X291+X2.101=4386

X311t X321+ X3311 X341+ X351+ X361t X371X3,811X3911X3,101=5904
3 sl ¢ il dlaiay) A8l 2 5

X112+ X122+ X132+ X142+ X152+ X162+ X172+ X1,82+X1,02+X1.10,2= 6864

X212+ X222tX23 2+ X242+ X252+ X262+ X272+ X282+ X2,9.2+ X2,10,2= 3508

X312+ X322+ X332+ X342 X352+ X362+ X372+ X382+ X392+ X3102 = 4723
I siial el dplaiaay) ABUaY) 5 58

X113+X123+X1 33+ X143+ X153+ X1 6.3+ X1.73+X1 83+ X1 93+ X1.103=7560

Xo13+X223+X233+ X043+ X2 53+X2,6.3+X273+X283+ X203+ X2 103 =2956

X313+ X323t X333+X34,3+X3531X3631X373+X383+X393+X310,3=6048

Sl 7 giial AUal) cilgall (g pgl) culhal) 3 g8

X111+ X211+ X31,1=487

X121+X221+t X321 = 436

X131+ X231+ X331 = 500

X141+ X241+X341 = 375

X151+ X251+ X351 = 600

X161+ X261+ X361 = 544

Xi1,71+X271+X371 = 385

X181+ X281+ X381 = 1043

X191+ X291+ X391 = 756

X1,101+X2,1011X310,1 = 13744
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2018 4iud) 1 aaxl) 10 Alaal) Aaalal) alal) Aisaa A0S Ao

3l g sl Al cilgall (o jgdd) culhal) 3 58
X112+ X212+ X31,21 X412 X512,=435
X1,221X222+X3224 X4 2,2+ X5,2,,=837
X132+ X232+ X332+ X432+ X5,32=390
X142t X242+ X342+ X442+ X542,=1798
X1,521X2521 X352+ X4521Xs5,=1924
X162+ X262+ X362 X4,62%Xs562=243
X172+ X272t X372t X472+ X572=337
X182 X282t X382+X4821Xs,82,=466
X1,921X2,02+X39 2+ X492+ Xs5,92,=937
X1,102+X2,1021X3,10,2+X4,10.2+ X510 2=7728

30 siial Al cilgall (g gl ullall 4 g8
X113+ X213+ X313 = 1337
X123+X223+ X323 = 1493
X133+X233+ X333 = 3083
X143+X243+X343 = 1500
X153+X253+ X353 = 1200
X163+X263+ X363 = 1158
X173+ X273+ X373 =900
X183+ X283+t X383 =834
X1,93tX293+X393= 800
X1,103+X2,103+X3,10,3 =4259

AEDEY ) 3a) ciladiall A0Y) cluasl) 3 g8

Xi111+X112+X113= 1016
X211+ X212+X21,3= 525
X311+ X312tX313= 718

X121+ X122+ X1,23= 826
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2018 4wl 1 Al 10 alaal) daalal) alal) ddyae A4S Adaa

X221+ X222+ X223= 869
X321+ X322+ X323= 1071
X131+ X132+ X1,33= 1295
X231+ X232t X233= 1289
X331+ X332t X333= 1389
X141+ X1,42+X143= 1300
X241 X242t X243= 1119
X341+X342+X343= 1254
X151+X1,521X1,53= 1000
X251+X2521X253= 1580
X351+ X352t X353= 1140
X1,6,1+X1,621X1,63= 400
X26,1+X2621X2,63= 575
X361+tX3621X363= 970
X1,71+ X172+ X1,7,3= 357
X271+X2,721X073= 760
X371+ X372+ X37,3= 505
X181+X182+X1 83= 725
X281+X282+X283= 693
X381+X382+X383= 925
X1,01+X1,92+X193= 763
X291+ X292t X293= 1075
X391+X302+X393= 655
X1101+X1102+X1.103= 15322
X2.101+X2,10 2+ X2 10,3= 2365

X3,1011X3,1021X3,103= 8044
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45D A el cladiall Jaih 48NS 8T Caan

426X1’1,1+546X1,2,1+540X1,3,1+468X1,4,1+168X1,5,1+780X1,6,1+600X1,7,1+840X1,8,1+900
Xl‘g‘1+0X1‘10‘1+498X2‘1‘1+366X2,2,1+780X2,3,1+1140)(2,4,1+564X2,5,1+420X2'6,1+60X2,7,1
+174X2‘8,1+1020X2,9,1+0X2‘10‘1+540X3‘1‘1+408X3,2,1+780X3,3,1+1140X3,4,1+600X3,5,1+
66X3‘5‘1+300X3‘7‘1+252X3‘8‘1+1200X3‘9‘1+0X3,1011+213X1,1,2+273X1,2,2+270X1,3,2+234
X1‘4‘2+84X1‘5‘2+390X1,6,2+300X1‘7,2+420X1,g,2+450X1,9,2+0X1,1o,2+249X2,1,2+183X2,2,2+
390X2,3,2+570X2,4,2+282X2,5,2+210X2,6,2+30X2,7,2+87X2,8’2+510X2’9’2+OX2’10,2+270
X3,12+204X322+390X332,+570X3 4 2+300X3 5 2+33X3 62+150X3 72+126X3 8 2+600X3 9 2
+0X310,21142X; 13+182X1 234156 X1 3 3+180X1 43+56X1 5 3+260X 63+200X; 73+280
X1,8,3+300X1'9,3+0X1110,3+166)(2,1,3+122X2,2,3+260X2,3,3+380X2,4,3+188X2,5,3+14OX2,6,3
+20X2,7,3+58 X2’3’3+340X2,9,3+0X2,10,3+180X3,1,3+136)(3,2,3+260X3,3,3+380X3,4,3+200
X3,5,3+22X3,6,3+100 X3,7‘3+84X3,8V3+400X3,9'3+0X3110,3+d1-_d1+ =6812.429

A 4138 caladiall S8 ¢8 g JuI8T Caan

15X1,1,1+12X1,2,1+15X1,3,1+10X1,4,1+15X1,5,1+15X1,6,1+15X1,7,1+20X1,3,1+10X1,g,1+0
X1,101+20X211+15X521+14 X5 31+12X54,1+15X551+12X56,1+18 X571 420X 8.1+14
X2,0110X2,101+30X31,1+25X32,1+27X331+18X341+25X351+15X361+28X371+30X381
+15X3,9,1+0X3,1o,1+15X1,1,2+10X1,2,2+13X1,3,2+10X1,4,2+13X1,5,2+10X1,e,2+15X1,7,2+20
X1,82110X1,92+0X1,102+20X2,1 2+18X2 2 2+15X5,32+18X3 4 2+20X5 5 2+18 X6 2+22X5 7,2
+15Xz,82+ 15 X3,92+0X2,102+25X3 1,2+22X3 2 2+25X3 3 2+20X3 4 2+20X3 5 2+15X3 6 2+
15X3’7’2+30X3'8'2+15X3’9’2+0X3,10’2+20X1’1’3+15X1’2’3+15X1’3’3+10X1’4’3+15X1’5’3+15
X1,63+10X1,73+15X1,83+15X1,9,3+0X1,10,3+20X2,1,3+15X2 2 3+10X2 33+13 X2 43+15X5 53
+20X3,63+15X573+18X5,83+15X7,93+0X7,103+28X31,3+20X32,3+25X3 33+15X3 43+20
X3,5,3+ 15X3,5,3+15X3,7,3+30X3,8,3+ 15X31913+0X3Y1013+d2__d2+ =402.554

B A sy 38K W e ) g ) dial) e Aacdlly €ty CilaaY) basss

0.063X1,1,1+O.080X1,2,1+O.079X1,3,1+0.069X1,4,1+0.025X1,5,1+0.114X1,6,1+0.088X1,7,1+
O.123X1,8,1+O.132X1,9,1+0X1,10,1+0.073X2,1,1+0.054X2’2’1+0.114X23Y1+0.167X2’4’1+
O.083X2,5,1+O.062X2,5,1+0.009X2,7,1+0.026X2Y8Y1+0.149X2’9’1+0X2’1O’1+0.079X3’1’1+
0.060X3’2’1+O.114X3’3,1+0.167X3’4’1+0.088X3,5,1+0.010X3’5’1+0.044X3,7,1+0.037X3’8’1+
O.176X3’g’1+OX3’10’1+0.031X1’1’2+0.040X1,2,2+0.040X1’3’2+0.034X1,4,2+0.012X1’5’2+
0.057X1,6,2+ 0.O44X1’7’2+0.062X1‘3‘2+0.066X1’9’2+0X1’10’2+0.037X2,1‘2+0.027X2,2,2+
O.057X2’3’2+O.084X2’4,2+0.041X2’5’2+0.031X2,6,2+0.004X2’7’2+0.013X2,8,2+0.075X2’9’2+
OX2’10’2+O.040X3,1,2+0.030X3,2,2+0.057X3,3,2+0.084X3’4’2+0.044X3y5yz+0.005X3’6’2+
O.022X3,7,2+O.018X31812+0.088X3,9,2+0X3,10,2+0.021X1’1’3+0.027X123+0.023X1’3’3+
O.026X1,4,3+O.008X1,5,3+0.038X1,6,3+0.029X173+0.041X1’8’3+0.044X1,9,3+OX1Y103+
0.024X2,1,3+0.018X2,2,3+0.038X2,3,3+0.056X2y4yg+0.028X2’5’3+0.021X2,6,3+0.003X2’7’3+
0.009X2,8,3+ 0.O5OX21913+0X2,1o,3+0.026X3‘1‘3+0.020X3,2,3+0.038X3,3,3+0.056X3,4,3+
0.029X3,5,3+0.003X3,6,3+0.015X3,7,3+0.012X3,8,3+0.059X3,g,3+0X3,10,3_ 989338 = 1000
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0.037X1,1,1+0.030X1,2,1+0.037X1,3,1+0.025X1,4,1+0.037X1’5’1+0.037X1,5,1+0.037X1,7’1+
O.050X1,3,1+0.025X1,9,1+0X1,10,1+0.050X2,1,1+0.037X2,2,1+0.035X2,3,1+0.030X2,4,1+
O.037X2,5,1+0.030X2,6,1+0.045X2,7,1+0.050X2,8,1+0.035X2,g,1+0X2,10,1+0.075X3,1,1+
0.062X3,2,1+0.067X3,3,1+0.045X3,4,1+0.062X3,5,1+0.037X3,6,1+0.070X3,7,1+0.075X3,8,1+
0.037X3,9,1+OX3,10,1+0.037X1,1,2+0.025X1,2,2+0.032X1,3,2+0.025X1,4,2+0.032X1,5,2+
0.025X1,6,2+0.037X1,7,2+0.050X1,8,2+0.025X1,9,2+0X1,10,2+0.050X2,1,2+0.045X2,2,2+
0.037X2,3,2+0.045X2,4,2+0.050X2,5,2+0.045X2,5,2+0.055X2,7,2+0.037X2,8,2+0.037X2,9,2+
OX2,10,2+0.062X3,1,2+0.055X3,2,2+0.062X3,3,2+0.050X3,4,2+0.050X3,5,2+0.037X3,6,2+
O.037X3,7,2+0.075X3,3,2+0.037X3,g,2+0X3,10,2+0.050X1,1,3+0.037X1,2,3+0.037X1,3,3+
O.025X1,4,3+0.037X1,5,3+0.037X1,6,3+0.025X1,7,3+0.037X1’3’3+0.037X1,9,3+0X1,10,3+
O.050X2,1,3+0.037X2,2,3+0.025X2,3,3+0.032X2,4,3+0.037X2,5,3+0.050X2,5,3+0.037X2,7,3+
0.045X2,3,3+ 0.037X2,g,3+0X2,10,3+0.070X3|1,3+0.050X3,2,3+0.062X3,3,3+0.O37X3,4,3+
0050X353+0037X353+0037X373+0075X383+0037X393+0X3103_ 84.1543 =>1000

(S gl oS5 -8
X'=
(0,436,0,375,0,212,357,438,0,6762,204,0,500,0,0,332,0,605,756,1989,283,0,0,0,600,0
,28,0,0,4993,0,0,0,544,0,0,0,0,0,6320,0,837,390,0,1380,243,0,0,282,376,435,0,0,1254
,544,0,337,466,655,1032,1016,390,1295,381,1000,188,0,287,763,2240,321,32,399,
1119,200,0,760,88,37,0,0,1071,1389,0,0,970,140,459,0,2019)

And B =151, Z%x)=7,841,269 , Z*(x) = 739,578
B=—InA
A = exp (—P)
A =-exp (—1.51)
1=0.22
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