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Abstract:
Multi-objective linear programming is one of the most important models of
mathematical optimization and is an extension of traditional linear programming,
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where more than one goal is taken into account by the decision maker to achieve
and often these goals are conflicting among themselves, which is one of the most
important difficulties facing researchers in multi-objective optimization models.
Currently, the concept of an optimal solution no longer makes sense, that is, in
general, there is no possible solution that can optimize all the functions of the
goal at the same time. Suppose we have a road network with a certain starting
point and a certain end point, and the arrows connecting the points of the network
take multiple paths to get between the starting point and the end point. And we
will try with the shortest path problem to get the shortest of these arrows or paths
connecting the starting point and the ending point. For example, this model is
originally used to obtain the shortest distance or route that can be taken between
one city and another through a network of roads, as the length of each arc is a
function of that distance and the time taken to travel, the cost of travel or any
other measure, in other words, we are trying to find the shortest route between the
starting and arrival points. The traditional shortest path problem is mainly
concerned with determining the connected routes in the transport network that
represent the shortest distance between the source and the place of arrival in the
road network by finding either cost, distance, time or some other measure. As for
the research problem under study, it consists in finding the shortest optimal multi-
objective route for both distance and cost at the same time. this was explained by
applying a proposed practical model for the problem of the shortest multi-
objective route to solve the problem of any business company by calculating the
shortest or fastest routes between two customer locations. This is not easy in
reality, mainly due to changing conditions in the road network quickly and
regularly. Therefore, the company is testing a system that advises a technician on
what path he should take to the next customer, only after he has finished serving
one of the clients. The proposed practical model was also solved using the
parametric method, which is one of the most popular methods for solving multi-
objective optimization problems to obtain a balanced optimal solution acceptable
to the decision maker.

Key words:

Linear programming, multi-objective optimization, multi-objective shortest path
problem, relative parametric method, optimal decision making.
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o Ll i ga LaS 5 ¢ )5l e (2) aBy dsaalls (1) By Jsaad) b ofialill 38 e A8l
_bUJi

(Call 3as) e suaall) Aalidal) Jlee ¥ Ak dhe (¢ (dj) e sbisll Alsall 1 ad) Jgaal)

(Start-End) E—uml\ (Start-End) Ll (Start-End) Ll
node 43 node node
1-1 0 16 — 17 1.7 32-33|2.3
1-2 5.3 16 -19|3.3 32-40(1.4
1-3 4.4 16-20|1.9 33-35 2.6
1-4 21 117-20 4.7 34-39|3.1
2-4 4.6 17-2211.6 34-40(3.4
2—-6 2.7 118-19 3.2 34-44 5.1
3-7 3.5 |18-25 3.5 35-40|1.9
3-8 1.9 19-20|1.7 35-41|2.38
4-5 5.2 19-2514 36-37|1.4
4-8 3.1 19-26|1.1 36 -42|3.7
4-11|1.3 20-2113.1 37-38|2.4
5-61.8 21-2213.9 37-42 1.8
6-12 0.6 21-2711.5 37-43 3.9
6-13 2.8 22 -23 2.7 38-39 | 4
7-8 53 22 - 27 4.8 38-43|4.7
7-9 1.4 |23-24 3.1 39 -43 5.9
8-10 2.5 23-28 5.9 40 - 41 4.5
9-10 2.3 24 - 29 1.3 40-4412.1
9-15 3 2526 4.2 40-46 6.5
10-11 1.9 25-30|1.8 41 - 46 15
10 - 15 5.2 25-37 |24 42 — 47 2.8
10 - 16 2.5 |26-27 2.9 43 -4415.3
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10-17 1.5 26—-38 | 1.7 43 -47|2.7
11-12 |5 27— 28 3.9 44 — 45 4.4
12-14 |45 27-31|5 45— 46 3.6
12-17|2.1 27-39 44 45-48 114
12 - 22 42 128-29 2.6 45-49|5.5
13-14 |1 28-3110.9 46 — 49 1.6
14-23|2.6 28-32 |1 47— 48 2.2
14 -24 |2 29 -33 1.7 48 —50 1.9
15-16 0.8 |30-36 4.3 49 — 50 3.8
15-18 26 |31-34 2 50 -50 0

(Gl das) (e siaall) AR Jles ) ASud de (G (Cjj) N gl 418 AGISY D a8 ) J gand

> (Start-End) > (Start-End) =
node il P —
1-1 0% 16 — 17 4.9 32-33|12
1-2 4.2 16-19|1.6 32-40 7.7
1-3 3.3 16-20142 |33-35 9.1
1-4 5.1 17 -20 6.5 34-39|3.8
2-4 3.8 17-22 5.7 34-40 4.1
2-6 4.3 18-19 1.8 34-4429
3-7 3.9 18 - 25 9.5 35-401(59
3-8 6.5 19-20|2.8 35-4111
4-5 1.9 19-25|4.3 36 -37|3.7
4-8 7.2 19-26|1.9 36 -42 |10
4-1114.9 20-21|5.8 37-38112
5-6]99 21-2213.8 37-42 4.7
6-12 8.7 21-27|79 |37-43 8.1
613 10 22 - 23 10 38-39|5.6
7-8 2.8 22 — 27 9.0 38-43 |13
7-9 9.3 2324 80 [39-43 15
8-10 4.6 2328 54 |40-41 9.3
9-10 7.6 24 — 29 3.1 40-44 4.8
9-15 6.1 25— 26 9.1 40-46 1.8
10-11 15 25-301.5 41 - 46 12
10-15 8.9 25-37|6.1 |42-47 1.7
10 - 16 4.6 26 — 27 7.8 43 -4416.5
10-17 3.4 26 —-38 4.8 43 -47 (3.9
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11-12 |16 27— 28 5.4 |44-45 11
12-14 173 27-31/6.8 |45-46 6.4
12-17 2.7 27-39|8.38 45-48 4.9
12 - 22 2.8 28 -29 9.6 45-49|3.2
13-14 |51 28-31 |11 46 — 49 2.7
14 -2316.9 28-3270 |47-48 10
14 -24 9.7 29 -33 48 |48-50 14
15-16 3.4 30— 36 79 149-50 1.6
15-18 2.9 31-34 2.8 |50-50 0$

s oY) ( yhal) Ui Jad il daaia Adadl) Aol z3gad 1 .3
7 ol 23 gail) aladiuly 305k jeall AlSe Jad Calaal) daeie dpladll Ao yall 23 g oLy (V) A
ady Jsaall 5 ddlualls laiall (1) a8 Jsaal) aladinls iS5 ¢(6.2) 58N 8 cpaall 5 ialill 38 (g
(L e e s WS Adlally alall (2)

1;461}1 71(x) = 5.3x15 + 44x 3+ 2.1xy4 + 4.6x94 + 2.7%9 + 3.5x37 + 1.9x3g5 + 5.2x,45 +

3.1x4g + 1.3x491 + 1.8x55 + 0.6x4¢5 + 2.8x5y3 + 5.3%x55 + 1.4x79 + 2.5x519 + 2.3x919 +
3xg915 + 1.9x4911 + 5.2X1015 + 2.5X1016 + 1.5Xx 1917 + 5xy192 + 4.5%1294 + 2.1x4547 +
4.2X1392 + Xq314 T 2.6X 1453 + 2X 1424 T 0.8x1515 + 2.6x1515 + 1L.7x1517 + 3.3x1519 +
1.9%1620 + 4.7Xx1729 + 1.6x1725 + 3.2X1g19 + 3.5x1525 + 1.7X1920 + 4X 1925 + 1.1x 1926 +
3.1x5021 + 3.9%5195 + 1.5%5157 + 2.7X9993 + 4.8X9597 + 3.1%5394 + 5.9%5355 + 1.3X5499 +
4.2%5596 + 1.8X9530 + 2.4%5537 + 2.9%5427 + 1.7x9435 + 3.9%5725 + 5x9737 + 4.4%5730 +
2.6X3g39 + 0.9x5531 + X532 + 1.7X3933 +4.3x303¢ + 2X3134 T 2.3x3233 + 1.4x3540 +
2.6X3335 + 3.1%3439 + 3.4%3440 + 5. 1%3444 + 1.9%3540 + 2.8x3541 + 1. 4x3437 + 3.7x3642 +
2.4x3735 + 1.8x3745 + 3.9x3743 + 4X3539 + 4.7X3g43 + 5.9X3943 + 4.5x4041 + 2.1 X404a +

6.SX4046 + 1.SX4146 + 2.81'4,24,? + 5.3.1'4,344 + 2—.7.1'4,34,? + 4.4.1'4,4,4,5 + 3.61'4,54,5 + 1.41'4,54,8 +
5.5x4549 + 1.6}{4649 + 2.2;{4743 + 1.9:{485{3 + 3.8:{495{3

And:
MEL}I Zg(X) = 4.2}‘(12 + 3.3.[13 + 5.1114 + 3.8}‘(24 + 4.3}‘(26 + 3.9.[3? + 6.5138 + 1.9.[45 +
x

7.2x45 +49x,411 +99%5, +8.7x512 + 10xg13 + 2.8x55 + 9.3x59 +4.6x519 + 7.6x515 +
6.1xg15 + 1.5x1917 + 89x915 + 4.6x1916 + 3.4x1017 + 1.6x1112 + 7.3%1294 + 2.7x4547 +
2.8Xy999 + 5.1%1394 + 6.9% 1493 + 9.7% 1404 + 3.4X 1516 + 2.9X 1515 + 4.9% 1617 + 1.6X 1519 +
4.2X1690 + 6.5X1790 + 5.7X 1792 + 1.8x1519 + 9.5% 1825 + 2.8X 1999 + 4.3X 1995 + 1.9X1926 +
5.8%3021 +3.8%x3125 + 7.9%5127 + 10x5553 + 9.0Xx5557 + 8X3354 + 5.4X35325 + 3.1X5459 +
9.1x5596 + 1.5x5530 + 6.1x5537 + 7.8x5427 + 4.8X5635 + 5.4X572g + 6.8x3737 + 8.8x5739 +
9.6x5599 + 11x5g37 + 7 Xag32 + 4.8X3933 + 7.9%x3035 + 2.8x3134 + 12X3933 + 7.7 X394 +
9.1x3335 + 3.8X3439 + 4.1X3440 + 2.9% 3444 + 5.9%3540 + 11X3549 + 3.7X3637 + 10x364> +
12x373g + 4.7X3742 + 8.1Xx3743 + 5.6X3539 + 13X3g43 + 15X3943 + 9.3x4041 + 4.8 x404a +
1.8%4046 + 12%4146 + 1.7X 4947 + 6.5X 4344 + 3.9%4347 + 11x444c + 6.4% 4046 + 4.9% 4049 +
3.2% 4500 + 2. 7% 4500 + 10x 474 + 14%4550 + 1.6X 4959

s.to:
(nOdﬂ — 1) X112 + X13 + X1a = 1,
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(node — 2): x54 + x55—x4, =0,

(node —3): x37 + X33 — x93 =0,

(node — 4): x45 + x4 + Xg4q1 — X34 — X34 =0,

(node — 5): xg5 — x45 = 0,

(node — 6): xg15 + X513 — X2 = 0,

(node — 7): x75 + x79 — x37 =0,

(node — 8): xgj9 — X35 — X4 — X735 = 0,

(node — 9): xg10 + X915 — X79 = 0,

(node — 10): x1911 + X1015 + X1016 + X1017 — Xg10 — X910 = 0,

(node — 11): xy115 — X411 — X1011 = 0,

(node —12): x1214 + X1217 + X1222 — X1112 — Xg12 = 0,

(node —13): x1314 — Xe13 =0,

(node — 14): Xy423 + X1424 — X1214 — Y1314 = 0,

(node — 15): X151 + X1518 — X915 — X1015 = 0,

(node —16): x1617 + X1619 + X1620 — X1016 — X1516 = 0,

(node — 17): X172 + X1722 — X1017 — X1217 — X1617 = 0,

(node — 18): x1g19 + X1525 — X1518 = 0,

(node —19): Xx1920 + X1925 + X1926 — X1619 — X1819 = 0,

(node — 20): x3021 — X1620 — X1720 — X1920 = 0,

(node — 21): x3122 + X2127 — X2021 = 0,

(node — 22): xp223 + X2227 — X1222 — X1722 — X2122 = 0,

(node — 23): xp324 + X2328 — X1423 — X2223 = 0,

(node — 24): X3429 — X1424 — X2324 = 0,

(node — 25): X3526 + X537 + X2530 — X1825 — X1925 = 0,

(node — 26): X367 + X2638 — X1926 — X2526 = 0,

(node — 27): x3728 + X2731 + X2739 — X2127 — X2227 — X2627 = 0,

(node — 28): x3g79 + X2832 + X231 — X2328 — X2728 = 0,

(node — 29): x3933 — Xp429 — X2g29 = 0,

(node — 30): x3936 — X2530 = 0,

(node — 31): x3135 — Y2731 — X2831 = 0,

(node — 32): x3333 + X3240 — X2832 = 0,

(node — 33): x3335 — Y3233 — X2933 = 0,

(node — 34): x3439 + X3440 + X3444 — X3134 = 0,

(node — 35): x3540 + X3541 — X3335 = 0,

(node — 36): x3637 + Y3642 — Y3036 = 0,

(node — 37): x373g + X3742 + X3743 — X2537 — X3637 = 0,

(node — 38): x3g39 + X343 — X2638 — X3738 = 0,
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(node — 39): X3943 — X2739 — X3439 — X3839 = 0,
(node — 40): x4041 + Xa0aa + Xa0s6 — X3240 — X¥3420 — X3520 = 0,
(node — 41): x4146 — X3581 — Xa041 = 0,
(node — 42): x4p47 — Y3642 — X3742 = 0,
(node — 43): X434 + X4347 — X3743 — X3843 — X3943 = 0,
(node — 44): X445 — X3444 — Xa04a — Xs323 = 0,
(node — 45): X4s46 + X4548 + Xass9 — Xaass = 0,
(node — 46): X4649 — X406 — X4146 — X4546 = 0,
(node — 47): X748 — Xaza7 — Xaza7 = 0,
(node — 48): x4g50 — Xus48 — Xa748 = 0,
(node — 49): x4950 — X4549 + X649 =0,
(node — 50): x4550 + X495 = 1,
O=x;=1 Vi€ (1,2,...49) and Vj € (23,..,50).
Ol G
“éi\jﬂ\ e Al g adlieal) iy Jiag Z9(x) 5 31 (x)
A ) ARG 2 58 Jiad (node — 50) ) (node — 1) (e ¥ laall
s oY) el Al CilaAY) Basntia Adadl) dpa yll zigai a2 .3
Gy ity (alall (LINGO) gebiall aladiuly o3lel 73 saill o 358l 038 (8 s dylad)
AV shaally o shi Cus ([22] Clileal
dan 75 (X € F) Aoyl Al 3 58 ae Alasally dalall 1Y) Cargllddla s -]
2 () Fad e Jpamnll dyaliic] it
G'JJA.'\S(x € F)M)S\d&&d\ A}:\BQAQSSSMASSSJQM\@GM g_'u@J\Zd\Jd;eS:uﬂhS -2
«Z (2) Al &L o J panll 40085 4plas das
?jC}qjaiﬁﬁngl*atih&JJ@“AJU‘géaﬁa&d\GAJJQLJALJAQQJHM‘ﬁjﬂ‘ChtjéiALﬁqupj -3
éubj‘aﬂauﬁéajhid\leé\an‘;éaiEﬂ\Ch}dﬁ(Lh(}Ai%#lﬂ\)L}ﬂ\dﬂ)?dAhﬁﬁj&S
Lol (4 53 52) dshall G ome LS 5 b Jsla Ao sana dlany
(Z 1) Alually Lualdl) Ciagl) Al dpailly Jial (5 k0 puaall 2 aB ) J gand

From node (i) to node ([l iesksS / asll) DY 5o/ Aalkdl)
i) |ﬁ

1-4 2.1 5.1
4-8 3.1 1.2

8-10|2.5 4.6
10 - 16 2.5 4.6
16 - 19 3.3 1.6
19 - 26 1.1 1.9
26 - 38 1.7 4.8
38 - 43 4.7 13
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43 - 47 2.7 3.9
47 - 48 2.2 10
48-50|1.9 14
| ¢ s | Z,(x)=27.8 Jz.(x)=707 |

(Z,) 4GSl Aalil) Ciagl) AN ity Jial 3y b Bl 3 a8 J ganll

From node (i) to node ([l iesksS / aslol) DY 5o/ Aalkdl)
i) |ﬁ

1-4 2.1 5.1
4-8 13 4.9
8-105.0 16
10 - 16 4.2 2.8
16 - 19 4.8 9.0
19 - 26 5.0 6.8
26 - 38 2.0 2.8
38 - 43 5.1 2.9
43 - 47 4.4 11
47 - 48 55 3.2
48-50 3.8 16

I g adllfJZ.(x)=43.2 Jz:()=517 ]

(stadi IS8 (4) @) J sl Al g5 5 Jsla e gana (3) 5(2) olsaad) (e sl
7, (x) A8 Al g 7 (x) gl Adlowal) AN g5 )L Jgla Ao gana 4 a ) Jgaal)

a3l o) S ¢ 5, (x) 5 7 (1) Sl I G (4) B sl e (Rl A das e S
13 gl iy ALK Aalal) 5y Leaied (RIS (s 4 glil) Cangdl Al Adlusall Jias 5V
Y AT ey ol ALK ALl B3l ) dds gl 8 iy 4K A8 Q8 o513 5 400 28l By
A, o)) G ¢z () 5 7y (1) gl Al Claad A8 53 ol iy Sl il s e Jiass
s Jall 1aa Jie e Jguanlly canl g off 8 A0 48K 5 daloal) Jl65 giay Jial Ja e Cans
Alaiiuly (1.3) ad sl 8 7 5l 23 sl Jad il ) oS0l dpill dpaleal) 43y lall alasiiu
Qs V5 s il 485 ol g ilgs Qi Js e J sl Aol 4 alaal) 45, Ll
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|

) (R) sl alleal) anial Adlia e o 321 ians I3 day 5 oS Aulad dna yy A5 ) 25 sl

1 Gargl) A Apabeall Al () 55 Latind 36 53S0 Jglall Ao gana 5l 5 b Jsla de sane da)

- - . . 1 I . N - - .- 1

Lpalaal) dil) 73 50 s{,,ﬂz _ 5} (RIS AU Caagll A1l A alaall douatll ‘{4‘"1 _ 5} (Adlusall

I ey g ¢ Y Aleall (Sl el S CilaaY) daeie uad) 3y yhall AdSie Jal 7 il
A bl i ye (S 5 Caagdl illal L of S Jal)

. 1 1 .

‘:fel}ﬂ RZ(x)=21 7 Xz (x)= 5% z,(x) +2 X 3,(x);

= 4.75x12 + 3.85x13 + 3.6x14 + 4.21’24, + 3.5.1'25 + 3.7x3;,- + 4.2—X38 + 3.551'4,5 + 5.1SX48 +

3.1}‘(411 + 5.85156 + 4.65}:612 + 6.4}:613 + 4.':'5_[?8 + 5.35}‘(?9 + 3.55}{310 + 4.95_[910 +

4.55_[915 + 1.7x1011 + ?.05}‘(1{315 + 3.55}‘{1{316 + 2.451101? + 3.3}(1112 + 5.9.[1214 +

2.4X121? + 3.5x1222 + 3.051’1314, + 4.75.1'14,23 + 5.85x1424 + 2.1X1516 + 2—.75X1518 +

3.3x161? + 2.451’1519 + 3.051’1520 + 5.61’1?20 + 3.65x1?22 + 2—.5X1819 + 6.SX1825 +

2.2511920 + 4.1SX1925 + 1.5x1926 + 4.4512021 + 3.8512122 + 4.71212? + 6.35}{2223 +

6.9:{222? + 5.55_[2324 + 5.6512328 + 2.212429 + 6.65}‘(2526 + 1.65}(2530 + 4.25}{253? +

5.351’252? + 3.251’2538 + 4.65x2?28 + 5.9x2?31 + 6.6x2?39 + 6.1x2829 + 5.95x2831 +

4x2832 + 3.25x2933 + 6.1X3036 + 2.4X3134 + 7.15.X'3233 + 4.551’324,0 + S.SSX3335 +

3.45_[3439 + 3.75}‘{344{3 + 413444 + 3.9.[3540 + 6.913541 + 2.551363? + 6.85}‘(3642 +

7.2—X3?38 + 3.2—51’3?4,2 + 6X3?43 + 4.8.X'3839 + 8.85.1'384,3 + 10.4SX3943 + 6.9.1'4,04,1 +

3.451’4,04,4, + 4.151’4,04,5 + 6.75x4146 + 2.2—5.1'4,24,? + 5.91'4,34,4, + 3.31'4,34,? + ?.71’4,4,4,5 +
514546 + 3.15}‘{4548 + 4.35}‘(4549 + 2.15}(4649 + 6.1}(4?48 + 7.95_[4850 + 2.714950

s.to:

(node —1): x5+ x93+ x4 = 1,

(node — 2): x34 + xX96—%x12 =0,

(node —3): x37 + x3g — x33 =10,

(node —4): X435 + X4g + X411 — X154 — X24 =0,

(node — 5): x5¢ —x45 = 0,

(node — 6): Xg12 + X613 — X26 = 0,

(node —7): x75 + X7 — X37 = 0,

(node —8): xg19 — X35 — X45 — X7 = 0,

(node —9): X919 + X915 — X79 = 0,

(node —10): x1911 + X1015 + X1016 + X1017 — X810 — X910 = 0,
(node —11): x1112 — X411 — X1011 = 0,

(node —12): x1214 +X1217 + X1222 — X1112 — X612 = 0,
(node — 13): xy314 — Xg13 = 0,

(node — 14): xy423 + X1424 — X1214 — X1314 = 0,

(node — 15): X151 + X1518 — X915 — X1015 = 0,

(node — 16): X1617 + X1619 + X1620 — X1016 — X1516 = 0,
(node — 17): xy750 + X1722 — X1017 — X1217 — X1617 = 0,
(node — 18): x1g19 + X125 — X1518 = 0,

(node — 19): X1920 + X1925 + X1926 — X1619 — X1819 = 0,
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(node — 20): x3021 — X1620 — X1720 — X1920 = 0,
(node — 21): x3122 + X2127 — X2021 = 0,
(node — 22): x3223 + X2227 — X1222 — X1722 — X2122 = 0,
(node — 23): X334 + X232 — X1423 — X2223 = 0,
(node — 24): X429 — X1424 — X2324 = 0,
(node — 25): xp526 + X2537 + X2530 — X1825 — X1925 = 0,
(node —26): Xz627 + X2638 — X1926 — X2526 = 0,
(node — 27): x3728 + X2731 + X2739 — X2127 — X2227 — X2627 = 0,
(node — 28): x3g79 + X2g32 + X2831 — X2328 — X2728 = 0,
(node — 29): x3933 — X2429 — X2829 = 0,
(node — 30): x3036 — X2530 = 0,
(node — 31): x3134 — X2731 — X2831 = 0,
(node — 32): x3333 + X3240 — X232 = 0,
(node — 33): x3335 — Y3233 — X2933 = 0,
(node — 34): x3439 + X3440 + X3444 — X3134 = 0,
(node — 35): x3540 + X3541 — X3335 = 0,
(node — 36): x3637 + X3642 — X3036 = 0,
(node — 37): X373g + X3742 + X3743 — X2537 — X3637 = 0,
(node — 38): x3g39 + X3g43 — X2638 — X3738 = 0,
(node — 39): x3943 — X2739 — X3439 — X3839 = 0,
(node —40): X4041 + Xapaa + Xa046 — X¥3240 — X3440 — X3540 = 0,
(node —41): x4146 — X3541 — X4041 = 0,
(node — 42): x4p47 — Y3642 — X3742 = 0,
(node — 43): x4344 + X4347 — X3743 — X3843 — X3943 = 0,
(node — 44): X445 — X344 — Xapa4 — Xa324 = 0,
(node — 45): x4546 + X4548 + X4549 — X445 = 0,
(node — 46): X649 — X4046 — Xa146 — Xa546 = 0,
(node — 47): X478 — X4247 — Xa347 = 0,
(node — 48): x4850 — X4548 — Xa748 = 0,
(node — 49): x4950 — X4549 + X449 = 0,
(node — 50): x4g50 + X050 = 1,

0=x;=1 Vie (L2, ..49) and Vj€E (23,..,50).
]

Fsh Sl Ji¥) Jall o) Las s el 23 salll Ja 2y

Min R.Z(x) = 45.55 and Z"(x) = (31(x) = 29.7/km , z5(x) = 61.4$)

VS5 (5) ady Jsaall 8 die )il gibal ) Tl ) ) ) ke dad

7, (x) Bl AN (aadln ) (38 ) (G gl el el ) A g 5 aB ) Jgaad)

Z2(x)3
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Optimal Decision Variable (ODV) | Value

ES
X13

ES
X3g

ES
Xg10

*
X1016

*
X1619

*
X1925

ES
X2537

-
X3742

*
Xa2a7

Rl RrR R RPRr R R R

X1748
X4850 1
da Clael s 7 3l z3saill gy )l Jsda JSde gana Cdaa 28 6Dlef 4l dpaledll 48y Ll ()
Sl L, gy an_);(rl - i*””z - é) Fsaadl) Aalaall die iladd A8 (5Y o e
el LAl il e (g gad aay @lld g colial (6) ad ) sl dias 2, (X) 5 24 (X) <2l
AN A5 7 () el Adluaall A1y b Gl gil) aay (sl Ailal) Cangll iy 8 odlef Bl
J3l aa San 3a b bl s 535 i) JEY) Jall e Jpeanll 5l ez, (o) ol
coiial) allall 8 Jleef A8 5 Y 5 )l plial i e Colaa¥) sasie Sia ity (53 5 4408 283
L sp Cangll il A iy () el JiY) Jall

Z1(x) = 29.7/km, and z5(x) = 61.48.

Zy 9 Z1dag) Allal aal g o (b (andas Sl gis el Gajk padl 6 ad ) Jgand)

Optimal Shortest Path Sl i | el daa
(OSP)
from node i to node j si/km % f¥
1-3 4.4 3.3
3-8 1.9 6.5
8-10 2.5 4.6
10-16 2.5 4.6
16 - 19 3.3 1.6
19-25 4.0 4.3
25— 37 2.4 6.1
3742 1.8 4.7
42 — 47 2.8 1.7
47 — 48 2.2 10
48 — 50 1.9 14
Sum 29.7 61.4
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cclatiiuy) 4
Calaa Y 3araie Al dpladl) dae yill 23 gad A (e Lgale J guanl) a3 Al il DA e 3>
) gl AN Al Gia 8 A lad A ) e lllia (o) it (Al Laleal) 48y k)
Ll G ) s Ui o) (5 50 Ca (IS RIS i ) Al Caagll Al 5 Adbusall Jias )
IS daals (e g d8losall
(8 A8 5 Aalisall (mada 81 (gEay (AN Calaal) sasie Jial (33 yha el dlag) A4S e Sl 3
ISl 5 sy (5 yhall Clsial (5 yha e Calaa¥) saaie ciladd 4S50 o) A Jad i gl) i
Baie 50 (e il Al i (5 yla A 223l ¢ aall (a8 g (5l s JAY) A
AISl) 5 Adlsall (asas ol Aali (e 5 yaie 45) s (acadl (Gaacl ANl 43y Hhall pyand a3 XS )
Zasai el s o) 5B Gl 13a 8 s 13 ¢ iiall allal) 8 cilead AS 55 gl 2 sada s
iy i 3l A Jad Calaal) saseie Audadl) daa )
OF 2y Gl g il all 28 U5 Ja 8 A ladll 5 3o li€l) (50 8 )5l 028 & = il 23 gl il 3
Jial Byl adl aa 7, (x) 5 7y (1) a2l A Fled Jial Ja i) dpalaal) 48 Hlall & 3
S
AN a3 sa (e i Of Lol (e Bauaa A aay Lol )l 23l (e g 58 138 aladiad o) 3>
Baazxie Cilanl o ga g aie o Dleall dry s dadd a0 Adigall Jlae Y1y clanall Sy 8 SNG)
L et 4y jlae s
o) ) A ALaall JSLE) U 8 (pnstl) palaal) 45, Hlall) = yiall 23 gaill sl SaYL 3>
s 25(%) 5 74 (%) S2ed) A (led il Ja dlagy 5 uS Ly pe (e S AT A, Hlall 45 35 Ll
.(Optimal Shortest Path) Jial ik bl
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A8 ) gl a8 daaiall 23l aladiid 5 bl )2 1388 Jha (8 a5l (Saall (e 4] xiits
iS5 Jlae Y lS il ALSH aladl o) )59 aai g o(o) ) siSall g prialall) Lidedl el ol
(JiaY1 ANl ) Al aia Ay ylan yy odail aeall 134 8 dpalel) 38 el alUal Cilaslal)
baall
1- Edgeworth, Y., (1881); “Evolutionary Multi-Objective Optimization: Past,
Present and Future”, URL: http://www.delta.cs.cinvestav.mx/~ccoell
2- Kuhn, HW., and Tucker AW. (1951). Nonlinear Programming, in J.
Neyman (ed.), Proceedings Second Berkeley Symposium on Mathematical
Statistics and Probability, pp. 481-491, University of California Press,
Berkeley, California.
3- Bellman, R.E., Zadeh, L.A., (1970); “Decision-making in a fuzzy
environment”, Mgmt Sci 17: 141-166.

1788


http://www.delta.cs.cinvestav.mx/~ccoell

N 0 alS anl) w - - . . - sty
2025 AN 048 1AL S 4 g Fe Laia ) g Ailady) gl 260 ) Alaal N

- rin,Sogialand Scini «w
No.19A1 Dec 2025 Iraqgi Journal of Humanitarian, Social and Scientific Research
Print 1SSN 2710-0952 Electronic 1SSN2790-1254 —
—————————————————————————————————

4- Hwang, C.L. and Yoon, K. (1979). Multiple Objective Decision Making-
Methods and Applications, Springer-Verlag, Berlin Heidlberg, Printed in
Germany.

Charnes, A., Cooper, W.W., (1961); “Management Models and Industrial
Applications of Linear Programming”, John Wiley & Sons, New York.
Zeleny, M., (1975); “Multiple Objective Decision Making (MODM):
Kyoto”, Springer-Verlag, New York.

Zimmermann, H.J., (1978); “Fuzzy programming and linear programming

a1
1

(@)
1

\l
1

with several objective functions”,

URL:http://www.elsevier.com/locate/dsw

Zeleny, M. (1982). Multiple Criteria Decision Making (MCDM), McGraw-

Hill Book Company: New York.

Carlsson, C. & Kochetkov, Y., (1983); “Theory and Practice of Multiple

Criteria Decision Making”, North-Holland publishing company, Printed in

the Netherlands.

10- Tzeng, G.H., (2003); “New Thinking Trend with MCDM for Social
Science Research in E-Era”, National Distinguished Chair Professor
Institute of Management of Technology, National Chiao Tung University,
URL:http://www.cc.nctu.edu.tw/~ghtzeng/

11- Mustajoki, J., (2007); “Interactive multiple criteria decision support
(new tools & processes for practical applications)”, Helsinki University of
technology department of engineering physics and mathematics systems
analysis laboratory.

12- White, D. J. (1990). A bibliography on the applications of
mathematical programming multiple-objective methods. Journal of the
Operational Research Society, 41, 669-691.

13- Papadimitriou C.H., M. Yannakakis, (2000). On the approximability
of trade-offs and optimal access of web sources, in Proceedings of the 41st
Annual IEEE Symposium on Foundations of Computer Science, pp. 86-92,
IEEE Computer Society.

14- Ireland, P., Case, R., Fallis, J., Van Dyke, C., Kuehn, J., & Meketon,
M. (2004). The Canadian Pacific Railway transforms operations by using
models to develop its operating plans. Interfaces, 34(1), 5-14.

15- Raith, A. and Ehrgott, M.; (2009). A comparison of solution
strategies for bi-objective shortest path problems. Computers & Operations
Research, Volume 36, Issue 4. Pages 1299-1331.

oo
1

(o)
1

1789


http://www.elsevier.com/locate/dsw
http://www.cc.nctu.edu.tw/~ghtzeng/

N () $ils wl . . . e .
2025 d¥) 0 slS 19A1 3 Al g Ao a5 ) sl Al Al o

No.19A1 Dec 2025 Iragi Journal of Humanitarian, Social and Scientific Research (

Print ISSN 2710-0952 Electronic ISSN2790-1254
e |
16- Paixdo J.M., & Santos J.L.; (2013). Labeling Methods for the

General Case of the Multi-Objective Shortest Path Problem-A
Computational Study. Computational Intelligence and Decision Making,
Intelligent Systems, Control and Automation: Science and Engineering,
Vol. 61, Springer. Pages 489-502.

17- Duque, D.; Lozano, L. and Medaglia, A.L.; (2015). An exact method
for the bi-objective shortest path problem for large-scale road networks.
European Journal of Operational Research, Volume 242, Issue 3. Pages
788-797.

18- Thomas, B., Twan, D. and Wilcovanden, H.; (2017). Analysis of
FPTASes for the multi-objective shortest path problem. Computers &
Operations Research, Volume 78, Elsevier Ltd. Pages 44-58.

19- Jozefowiez, N., Glover, F. & Laguna M.; (2008). Multi-objective
Meta-heuristics for the TSP with Profits. J Math Model Algor; Springer
Science with Business Media B.V.

20- Eiji, O.; Linear Programming and Algorithms for Communication
Networks: A Practical Guide to Network Design, Control, and
Management - CRC Press (eBook). Taylor & Francis Group, LLC (2013).
http://www.crcpress.com/.

21- Hwang, C.L. & Yoon, K., (1979); “Multiple Objective Decision
Making-Methods and Applications”, A state of the Art Survey. Springer-
Verlag, Berlin Heidlberg.

22- Schrage, L. (1999). Optimization Modeling with LINGO (5th
Edition). Chicago, IL: LINDO Systems Inc.

1790


http://www.crcpress.com/

