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Abstract

Traveling Salesman Problem (TSP) is one of the most important Integer Programming
Problems (IPP) in the field of Operations Research (OR) and Artificial Intelligence (Al), this problem
has been discussed under different titles and has been solved using different methods, but not limited
to; Genetic Algorithms (GA), Linear Programming (LP) and Fuzzy Linear Programming (FLP). But
the majority of these research has taken special case studies and virtual examples where the number of
nodes is very small and doesn't exceed five nodes in often and it is known that this number does not
represent a realistic solution to the problems of the real world; as well as that this research did not
explain in detail how to solve (TSP) by using Fuzzy Multi-Objective Linear Programming (FMOLP)
with sub-tours. From this point of view, this research has been resolved (TSP) in all cities of Iraq (18
cities) by using the approach of (max-min) where associated with (FMOLP) model, real-world
problems are characterized by multi-objective, and most of the information available about real-life
systems is in a uncertainty environment, thus, fuzzy methods have been designed to deal with such
problems by finding optimal solutions for models that include multi-objective function or fuzzy
parameters. We found the optimal solution for the search model based on the readymade program (Win
QSB) respective of operational research applications.

Keywords: Traveling Salesman Problem, fuzzy logic, multi-objective linear programming, fuzzy
multi-objective linear programming
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Xy =h 2 Xi =L 2 X = 2 Xy = 2 X =L 2 Xy =L
18 18 18 18 18 18

LX) =L LX) =1 2 X0 =L X009 =1 ZXiay =1 X549 =1,

18 18 18 18 18 18
Elxi“:”) =1, iglxi“:”) =1 élxi(j:ls) =1 E;LXi(j:l6) =1, E;LXi(j:l7) =1, igl)(i(j:lg) =1.
s elaiiV) Jga ey
Aegana o asn IS s e {pgs (X) ¢ phg (X)] Gind) Ay Aalad oLai¥) s el ¢
it JC8 G Ay IS o DA e lggle Jpeanll 2 S (Ragall Jolall degana f) Ll gl
ol o LS5 ¢ FL(X) 5 Fi(X) dad o Jsemall daolie) Bdad Aaays g 35ai€ AR 308 aa

P 358 ae (Rdlsall) V) Cargll AT Tabg iaY) ol @

X X Xoe1Xer3 Xoe, X

12110 "*118'"%8,67 76,21 2,57

f (X) —3388 {X1,7’X7,10’X10,12’
1 - ’

531
, 1
X3,9’X9,15’X15,18’X18,17'X17,16’X16,13’X13,147X14,4'X4,l}
AU 258 ae (csll) Aol Cangd) AN Ty Ji1 Jall o
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X15’X53’X32'X2G’X68’X89’X910’X1014’X1418’
f,(x)=2395, | ‘oo aRTAG TAAT A TR O TS =1;
X4,1

X X X X X X

18,17’Xl7,16’ 16,15 7t 15137 713,112 M 11,12 M 12,7 M 7,4

((9) &uep s o (grad oDlel Jhal) Jlal)

el gib Asgana (4) ad) Jgaal)

Cangll Jls da e Wil lele Jpemall o5 3 il a0 e af (i sod
Al 358 o f, 5 f, f.00 | f,(x)

Xl,7 X7,10 X10,12 Xl2,1l e X11,12 X12,7 X7,4 X 41
1 1 1 1 0 0 0 1 | 3388 | 2755
0 0 0 1 1 1 1 | 2764 | 2395
f o)y —f . Mx), i =1,2 624 | 360

W) ISl (g, () ¢ gt ()} 2L Jlsa ol Y1 (S Mlel Jpanll IS (s

tdoY) Cangd) Al Al sl s o
0, f,() <f,Y(x)

) R0-1Y0) )
M, (X) = FO00 100 f P <t (x)<f, ) (x)

1, .0 (x)<f,(x)
U
0, f,(x) <2764
L (X) = fi(x)-2764 2764 <f (x) <3388
: 624
1, 3388 <f,(x)

Sl Cangd) Al Al sLaiy) Als o

0, f,0) <f7(x)

) 0= )
'uGz(X)_ fz(u)(x)_fz(L)(X)’ fz (X)sz(X)sz (X)

1, .0 (x)<f,(x)
U
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0, f,(x) <2395
Ho, (X) = fo(x) - 2395 2395<f,(x ) <2755
: 360
1 2755 <f,(x)

Jsaial) ) ASial CilanY) Bataia dyludal) Abadl) dava ) i gad Lusald
bzl Lhall daen zise Jia oSe (lahs WE (bl ¢ V) oDlel cball e slaeYL
:gm e JSEIL max-min cusbal ae Jsatiall Al 2S5 Calaal) sa0n%a

maXx o
st. as;zel(x):fl(xzs% (OR :f,(x) — 6240 < 2764),
aé%z(x):% (OR :f ,(x ) —360a < 2395),
18 18 18 18
lex iy =1, jzﬂx(izz)j =1, jzﬂx(izs)j =1, ,Zzlx(‘:“)i =1, ,—glx(‘:5)i =1,
18 18 18 18
lex o TL 2 Xy =L 2 X gy =L 2 X gy = 2 X g =L

ZX - =L ZX 1) —12’( (am; =1 ZX (0 =1 ZX Tl R

qule =1, ZX =17)j =1 quls)le’

18 18
Elxi(":” =h EXi(J:Z) =1 E‘lxi(Jza) =L X =L XX =1,

18 18 18 18

18
Elxi(j:‘j) :l’izz:lxi(j:7) =1 iz::lxi(i:S) =1 in(izg) =1 in(izm) =1

18

Xy = 2 Xy TI 2 X (g =1 2 Xi(an =L 2 X =1

18 18 18
iZ::lXi(j=16) =1, izz:lxi(jzﬂ) =]_, iZ::lxi(j=18) =1'
0<a<L x;e{01}; (i,j)=1..18

S Aed s (6) s cijels <[26] (Win QSB) salall melipll alativls z3sall Ja &

5y5Sl) (z > x; <[S|- j Loyl el Gada dgaa slasiuly oled (10) zisell 250 Ll
ieS jeS

teb LS Ll

S ={1,4,7},S ={2,3,5,6,9},S ={8,10},S ={11,12,14},S ={1316},S ={15,17,18}
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Xyt X+ X7+ X0 +X,7+ X, <2

26T Xga T XogTXgs+ X35+ X534+ Xg9+Xg5+Xgs+Xsg <4

<1

13,16 + Xl6,13 -

X
X
X112 T X101 T X1124 F X431+ X o34 + X150 <2
X
X

15,17 + X17,15 +X 1518 +X 18,15 +X 17,18 +X 18,17 S 2

cNsally eodlel (11) 5 (10) zisedd 25 Lgilinl &3 Lejp cNoa (7) Ceds zasalll da any
P L bt oS

S ={1,4,7,8},S ={2,6},S ={3,5},S ={9,10},S ={11,12},S ={14,16},
S ={13,15,17,18}

Xyg+ X+ X7+ X +Xg+Xg, +X75+Xg; <3
X,6+Xg, <1
Xg5+ X553 <1
X9,10 +X10,9 Sl (12)

1112 +X 1211 <1

X
X126 T X1614 <1
X

13,15 +X 15,13 +X 13,18 + XlS,lS +X 15,17 +X 17,15 +X 17,18 +X 18,17 < 3

cNoally 3lel (12 5 11 ¢10) zisal 258 il & daejp Vs (5) Coebis zisalll da
Pk WS i oS

S ={1,4},S ={2,3,6,8,9,10,11,14,15},S ={5,7},S ={12,1316},S ={17,18}

2,11 + Xll,2 +X 10,11 +X 11,10 +X 10,14 +X 14,10 +X 14,15 +X 1514 +X 159 +
9,15 +X3,9 +X9,3 + X3,8 + X8,3 + X8,6 +X6,8 +X2,6 +X6,2 <8 (13)

57 X175 <1

12,13 +X 1312 + X12,16 +X 16,12 +X 16,13 +X 13,16 <2

X
X
X
X
X
Xi718 T X1817 <1

w)ci (13 K] 12 611 ‘10) CJ}A.\S J}:\ES L@_"\éhb\ ({3 3:19)5 Q\JP (3) C_a)gJa G.S}AAX‘ d; X
P WS Ll oS sl
S ={1,4,5,7},S ={2,3,6,8,9,10,11,12,14}, S ={1315,16,17,18}
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Xyt Xyq+Xpg+ X5+ X7 +X, + X5, + X5 < 3
X2,12 + X12,2 + X12,9 + X12,9 + X9,l4 + X14,9 + X14,10 + X10,14 + XlO,ll + (14)

Xll,lO +Xll,6 +X6,11X6,8 +X8,6 +X8,3 +X3,8 +X2,3 +X3,2 <8

X13,15 + X15,13 + X15,17 +X 17,15 + Xl7,16 + X16,17 +X 16,18 + X18,16 +X 1318 + X18,13 < 4

6b‘)‘-§i (14 K] 13 ¢12 <11 clO) CJ}A.J Aj_..\is Ll ?3 Acd Y (3) Q‘)@.ﬁaj Gh}“ﬂ\ da ?3
b LS Ll (Sar sl
S ={1,2,3,4,5,6,7,8,9,10,11,12,14},8 ={13,18}, S ={15,16,17}
Xpgt Xy 7 X7+ X7, + X000+ Xpp7+ X509+ Xg15 ¥ Xpg9 +Xgg0+
X1004 T X410 T X411 T X104 T Xp1g ¥ Xgpg T Xgg+Xgg+Xg, +Xp6+
Xpg+Xg, +Xgg+XgXps+Xgy S12 (15)

X 1318 + X18,13 <1

X 15,16 +X 16,15 +X 1517 + Xl7,15 +X 17,16 +X 16,17 < 2

(15 K] 14 <13 12 11 clO) CJJA.L‘ J):ﬁs Ldlial ?:‘ ulj:\:.)s oY C_:)@_Ja C'Sj‘d‘ daaa
ok LS lelia (o Vsl codle
S :{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,17},S :{16,18}

X1,4 + X4,1 + X4,7 + X7,4 + X7,12 + X12,7 + X9,12 + X12,9 + X10,9 + X9,10 + X10,14 +
Xl4,10 + X14,l3 + X13,14 + Xl3,17 +X 17,13 + X17,15 + X15,17 + XlS,ll + Xll,15 +X 11,8 + (16)

Xg11 tXgg+XggXpa T XogTXpg+Xs, +Xg5+X55+Xs; + X5 <15

X16,18 + X18,16 <1

33\9_)51\ Q\ﬁ}ﬂ\ s ada r';' (16 9 15 <14 13 12 (11 ‘10) G.J}A..\S\ da A= cL_.);b
t VL aliia Ka e f)7 5 7 Gangd) alla Ty e il da Gle Jpand) pe il 5S04

f, (x)=3193\ km, f,(x)=2700 \minute (OR : 45\hour), & =1.0;
(1,4) X (*4,7) X (7,12)' X (*12,9) X ;9,10) X (*10,14)’ X ;14,13) X (*13,17)’ X ;17,16)’

(1618) X (1815)' X (1511)' X (12.8) X (8.6)7 X (6.2)' X (23) X (35)' X (51)

X
=1
X

sy s f canedl Sl Gamiss ol e Jeasll B Alsd) ke g @ Al ()

Gilsie zisalll 138 A Slai) O Cum (B W) e £, 5 7 Gl (@ Rl l) cuo L

f,s f gl (maas o) Gisg (53 dae) Sleall oy ey ddlaal) dali (ge Jia) IS
(5) 68 Jsaall 2ol el Sluall 58 aals o 3
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(cBslly Ablsall) ciagh) A3 Bhay G JL¥) Jlsal) (5) o8y Jgn

clelully /380 () cisl | ieslSlL (d) Gilea) | S5 ludl) Al Gadl)
130 182 4-1 5yleadl — 3yl
130 197 7-4 35Sl — 5lanll
190 238 12-7 Augins — Sl
160 166 9-12 Aall — Agies
180 210 10-9 Loyl — Ala)
170 285 14 - 10 s~ galeyl
110 112 13- 14 ASK — cu
160 177 17-13 Jomsall - ASS
90 84 16 - 17 dil = el
170 153 18 - 16 Asas— Ju)
300 355 15-18 | asledd — S
310 381 11-15 Sk — Agledod
110 108 8-11 LS — sl
65 78 6-8 Ciadll - LS
85 65 2-6 Al gall — Casil
100 89 3-2 5slandl — Al
90 105 5-3 A pealdl) — 55bed)
150 208 1-5 ) — Al

45 /2700 3193 ¢ sandl

LSy Ml o o ilus Sat lalaae IS8 e f, 5, Chagdl dlsas Jid) Sladdl Jia &
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f, 8 f, ciagh Ll e ahall ol i1 Sl Jlaaall (1) ad) JSi

N
AN
== objective fun. (f1) &V]
= objective fun. (f2) ——
373299433 2399323343737F
133334433345393311
Jf”l;%&i%lu',ﬁlnfﬁ
239333 33433%9413 433
1113 1193335390
Optimal Route

450
400
350
300
250
200
150
100
50

f, 5, iagh il g Glall Gaal Y] Jeuall dabiia (2) ad) JSi
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clabisay!. 5

Ghs e hall b GlaY) saaie Jaiall wild) Sk (s A€ e Gand) e 3 Sl 5
by GV G Jealall (ool iy (e el i sl RS e 550 25 Gl (Aada Sl
Bleall (s o) Al (e Byaie Ajlge ol (Bhmss (DM) DL ailia sl i Tiled el Sla
S Al (b CilaaY) saseie Agluall Agadll Al zisa ZlEl Gl e 8 W 1A el
3 lusally 32Y) 5 Gun Al (a3 Alladlly 32U (0 2 3sail) 128 ) ) ((3lial) 3 Jsaial
Shse g gl s WS Toles il Sla asall (MaX-mMiny cusbd g ¢heo (slls dilaall) Cangl)
DDA e 33sa e b o) Ledls e Ban B da Bacall) 3Ll (e 58 13K aladid (of Laaly Jidl
JSLial s Jola e Gans ) (Sl g3 and [R5t Jial) o o) Cilasnssall b Dlial
LB dulu A4y & laaY) 5aae0s aaliay!

Sluagil). 6
JSLia Ja & Gl asatie Anlaal) LY 73 ga (e 336Y) JED 0538 Aiad [ 55158l Sa
Bl ASid Gla¥l ge Sl ae Ay A Gedl) Ghalll (Sas Adhall pad) G desd) Jall

A ((I5n) B AAl ¢(Day) S AASH (1) A< AK) B Jun ed (3hal) 8 Jsaiall

G ol laie a) iadl Ja Daly palill dahe il 8 ed) g (LSl dilua S <o i)
(el e oyl (grudad) ) ailll dadty (3 yeud)
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