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3- Kirschstein and Bierwirth

4- Sun

5- Ostrowski

6- Orienteering Problem with Time Window
7- Liao and Zheng

8- Varakantham

9- Time-Dependent Orienteering Problem
10- Karbowska-Chilinska and Chociej

11- Kotiloglu
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1- Orienteering Problems
2- Orienteering Problems with Dependent Time Horizon
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1- William Rowan Hamilton

2- Travelling Salesman (or Salesperson) Problem
3- Traveling Salesman Problems with Profits

4- Selective Traveling Salesman Problem

5- Time-Constrained Traveling Salesman Problem
6- Profitable Tour Problem
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1- Selection Operator
2- Roulette Wheel
3- Order Crossover
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1%t Dataset 2 Dataset

Node (i) VC(i) Node (i) VC(i) Node(i) VC(i) Node(i) VC({i) Node(i) VC(i) Node(i) VC(@) Node(i) VC({) Node(i) VC(i)
1 0 18 -001 35 01 52 -0.07 1 0 18 ~0.06 35 0 52 20,07
2 -0.07 19 001 36 -0.08 53 -0.06 2 012 19 -0.03 36 -0.06 53 0.1
3 0 20 -0.09 37 0.03 54 -0.04 3 -0.03 20 -0.04 37 -0.08 54 0.01
4 0.01 21 -0.12 38 0.03 55 -0.08 4 009 21 0.01 38 -0.07 55 -0.01
5 0.03 22 -0.06 39 -0.03 56 -0.01 5  -0.04 22 -0.07 39 -0.07 56 -0.06
6 -0.01 23 001 40 0.1 57 -0.03 6  -0.03 23 0.02 40  -0.01 57 0.01
7 -0.09 24 -0.08 4 012 58 -0.05 7 -0.06 24 -0.08 4 012 58 0.12
8 -0.03 25 -0.04 42 001 59 -0.11 8 0.02 25 0 42 -0.05 59 -0.08
9 -0.12 26 -0.08 43 0.03 60 -0.08 9 0.03 26 -0.05 43 002 60 0.02
10 0 27 -0.03 4 2002 61 001 10  -0.08 27 -0.09 4 -0.04 61 0.02
11 -0.02 28 -0.12 45 0.02 62 003 11 -0.06 28 -0.04 45 007 62 0.02
12 -0.09 29 012 46 -0.04 63 -0.01 12 -004 29 -0.05 46 01 63 -0.05
13 0.03 30 -0.11 47 <001 64 -0.06 13 -0.03 30 -0.01 47 -0.02 64 0
14 0.01 31 0 48 0.01 65  0.02 14 -0.06 31 0.01 48  -0.05
15 -0.09 32 -0.02 49 0.02 66 0 15 0.02 32 -0.09 49  -0.05
16  -0.01 33 -0.07 50 0.01 16 -0.12 33 0.02 50  -0.08
17 -0.09 34 -0.01 51 -0.08 17 0 34 -0.06 51 -0.06
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INO| Tmar| GA® | Best™ | GAP | | NO | Tmax | GA | Best | GaP |

1st Series

70 [1040| 1070 |2.80%

75 1130|1140 |0.88%

80 [1205| 1215 )0.82%

85 [1260] 1270 )0.79%

90 [1320] 1340 |1.49%

95 [1390] 1395 10.36%

100 | 1455 1465 [0.68%

105 | 1495 1520 [1.64%

110 |1550( 1560 [0.64%

115 | 1590 1595 [0.31%

120 |1625| 1635 [0.61%

125 |1655| 1670 [0.90%

130 |1675] 1680 [0.30%

2" Series

50 [ 900 | 900 |0.00%

55 | 978 | 984 |0.61%

60 1056|1062 |0.56%

65 1116|1116 |0.00%

70 [1188] 1188 |0.00%

75 1236|1236 |0.00%

1] 5] 10 | 10 |0.00%]] 14
210 40 | 40 [0.00%][15
3|15 | 120 | 120 |0.00%]| [ 16
4 |20 | 205 | 205 |0.00%]| [ 17
5 | 25 | 290 | 290 |0.00%] [ 18
6 | 30 | 400 | 400 |0.00%]| [ 19
7 | 35 | 465 | 465 |0.00%]| [ 20
8 | 40 | 575 | 575 |0.00%] [ 21
9| 45 | 650 | 650 |0.00%] [ 22
10| 50 | 730 | 730 |0.00%] | 23
11| 55 | 825 | 825 |0.00%] | 24
12| 60 | 895 | 915 |2.19%] | 25
13| 65 | 975 | 980 |0.51%] | 26
1]15] 96 | 96 |0.00%]] 8
2 | 20 | 294 | 294 [0.00%][ o
3 25| 390 | 390 [0.00%] [ 10
4 |30 | 474 | 474 |o.o0%] [ 11
5|35 | 570 | 576 |1.04%|[ 12
6| 40 | 702 | 714 |168%]|[ 13
7 |45 [ 810 | 816 |0.74%]| [ 14

80 |1272] 1284 0.93%

* Our Genetic Algorithm
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** Best Score from Literature
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INO| Tma [GA] CPU | GAP™ | [NO] Twa | GA | CPU | GAP |

1st Series
1 5 10 | 0.11 0.00% 14 70 375 1.06 | -63.94%
2 10 35| 0.05 [-12.50% 15 75 420 0.74 | -62.83%
3 15 85 | 0.97 |-29.17% 16 80 455 0.96 | -62.24%
4 20 |130| 0.96 |-36.59% 17 85 500 1.00 | -60.32%
5 25 ]165| 0.95 |[-43.10% 18 90 465 111 | -64.77%
6 30 ]180] 0.76 |[-55.00% 19 95 505 129 | -63.67%
7 35 |240| 0.78 |-48.39% 20 | 100 535 1.25 | -63.23%
8 40 |245| 0.98 |-57.39% 21| 105 530 1.23 | -64.55%
9 45 |260| 0.97 |-60.00% 22 | 110 580 0.94 | -62.58%
10 50 ]310] 0.93 |[-57.53% 23 | 115 605 133 | -61.95%
11 55 [345| 1.00 |-58.18% 24 | 120 595 1.39 | -63.38%
12 60 [340| 0.92 |-62.01% 25| 125 615 1.03 | -62.84%
13 65 |395]| 0.77 [-59.49% 26 | 130 615 1.33 | -63.28%
2nd Series
1 15 78 | 0.73 |-18.75% 8 50 342 0.97 | -57.78%
2 20 [132| 051 |-55.10% 9 55 384 0.83 | -57.33%
3 25 ]168| 0.81 |[-56.92% 10 60 390 1.01 | -60.12%
4 30 |222] 0.36 |[-53.16% 11 65 396 1.07 | -62.50%
5 35 |270] 0.92 |[-52.63% 12 70 420 0.94 | -62.37%
6 40 |270| 0.85 |-61.54% 13 75 474 1.02 | -60.10%
7 45 300 1.10 |-57.26% 14 80 474 1.11 | -61.65%

Ly yio « GAP i polia bolas wiz ;0 @
LIS e ol Ll it o oo 3] 5SS
Sl amlools 7, Bolas Plas laylpls )5 g 009
OBl lgS & sy Wik e &S (Sh9e yo Jle
o8 G p Sade hoed calpo b gy JBs oS
el 5y ol 5 oy Al ite Jpid a0
Doz onl 5o sl e yws 3 Sloy @ lade (A58
Ll 45 4l 529 (5 5o gt 51 03k IS
il ails ol e 4y 1) sl Jlase jo iol38) Wlgs o
Sy Syg=o & hoad cal o Sl 4 azg b (S
DBl o yemendd 9 Aoz 5 J 0l 5l ol
s Solb 5l sl oy jliel (gly ialS polie
g dwleS 595 5 (2Bly Slos ;5 (e
oty 3 5] Sl el ¥ o o
Sl o Sy Jlogad nl il oo ¥ Jgo 5 @y

Pl @l haws Gl (585 5 0 S50 y0 a5

Pl R o GLS Y oz (pgas o
KW PPN

U sl sl adlie ol o aS Gl 5l @
o o e Jsaws calys b sl Jilas (slaosls
o od al)l slaclyx 5l 5ef 4 alsz Ses 1 sl
ol gl aglie jotaie ay Olgol oV Joa>
J> sl sg; i boanl o Lianl 5 03505 39290
ol 8 dslie (LSl o Sty pla bawgs o
S dalez

S 53 s calyd 3l gy polaie 4y @
lalie o bl Blas glocly> Sigs olpee
L o litiasl Jilas o 51 osds ol Slilinel cpuslogd
J 5l ool sty el b jio e Jpaed calys
(¥ Jgaz 51 GA (y520) yao ulpo b ojlailinl filus
sl GAP 5 5o (goloiniy S5 o531 Lo

s 0


https://iueam.ir/article-1-1863-en.html

[ Downloaded from iueam.ir on 2026-05-27 ]

Y oldole ) gy dllie )b yarm (gaga [ dlis o Sy S o8 S )|

9 8 slaghs, b &S glacly> dwleioe 5Sooy
U e az U 1) oy oo Cassty SeadlS
o5 el g o Sae g o0ls 18 ctals L 2ol
SLsS ot ol g o Loy T 5l i slacls>
ORS  e b F g e Bls (o) Sl
09S FA8ly sohie 4 how colps aile ole il )b

bl e laolgr (o9 FLSL g laJas

80%
70%
60%
50%
40%

Frequency

30%
20%

10% 550 5.0% 2.5%

Less -10.8%  -21.6%

30 S o0 FFIVY B oo, yao 5l gl o st
Gl hosd o b i el L aslie o bale
(Jlas 5l oo, 0 YYD jo uioren 098 o0 dbnl Sloj
205 Sty 5l (Slbos o &S Joond ol po S92
b slaclsr LSSl as )0 00l i wadlyee
s B e S| e ol el 0905 ool
Jrocss culps a8 el T (sl a0 a5 039

edly slis Lyl s ay |, Jlos a5 Lole olgicay)

75.0%

5.0% 7.5%
2.5%
m B .

-32.4%  -43.2%  -54.0% -64.8%

Joow calpd 9t 3 b <l 93 53 8 ylibiw! Bl Jo 51 Juols gl ST —Y loges

) b e slagidn Gl yaebin (s et olpoe s
9 9o JBgfmex u yo Jlsb lacs
Gt Sloas ol b (@ GBES 1B pogas
L bt dtae wloi oo Jliel o ol Blae 5 (o g
Olymie S5 (o po (85 Sl o b ety Sy G
a2y )3 o ly 2 Gl (Slay B sty
lado oy 5l G &5 Sjg0 (pa )l Ml cnl b
L clite alias (o yis )3 (Sloj 331 lade il
S jlade g oad st s (Slej B3I Jas o p0
51050 dales alt e dax Jlej 38 oasel Cusoas
2 G g sl i pelie g Dol it
Gl e sl (on po i R85 S )0 Dl
Sy Caom e ) i ay yovie Sae Gl

o=l 3l g eacs Jow o Jlad g $5e sgame S5 (RHS)

Sl 9 (6 o5 ama -7

ol s cn et 51 S pbitur At

il (g3aste 3)lga ;5 5 039 (2l e 09> Sl
(SR oSt Sl pel) By o Plae 5l (sas
J= 5 @lwdom oI L gLkl )3 (Gogas 5 ages
lis (il 5l gz 455 Jo allie cal 55 g oo
Aaide aily (Sloj B L (pbwz dlias Glyie S
5 anb At 4 Cos waz 465 pl ol ad 518
Ll it 5o ny adlion J10)0% 5 6 5VL 0 )8 cubilB
Gl Ll b 3 ohigar (o8l slis e soaae
L el g adlas coll g)laae oyiws o Sloj
Dedn et S fhw (> 3 S97ge SBLIL 5 1y
45 Sl (6350 1 oten 5| (54 E9—S90 2

oS cwlws lp 1) s g Jo sl a0l


https://iueam.ir/article-1-1863-en.html

[ Downloaded from iueam.ir on 2026-05-27 ]

\¥f

labaxde BB Gliee a2 1) (oo slaainge 5l iz ;55)
ol oo soleiian w8l g, cnl 5l sams oo A8
)9 2y S5 slalile 5 (Slewlre dlegy plareas
oo o, Soe 18 4 2929 (pl b0 pS 18 oolaul
angs L atles e ool o liises Ll ooy, 55)
o mlie (5,013 5 (6100 (523 slap ;65!
Sy eI g ool oty slaclsz S5t
a2 09 55 |y o Jo o e esoloiiny

2 35rge (SIS slacaabipae Coale fs 4
J= 5 lwdse iy (Sloj 3L obige atu
Lo el o9 538 L (Bolas Lyl cos alins 0yl
St 9 Mboe Y095 (VL SlEeS ) 5
IS e sl Ol o o)l e (38l
A (Bobal (i by (2l Glej 331 SG )
iz Pl o ol a5 bl jlcd S
059> =l Ol Sty Hlaide ladang 5| (S o )lgen
L st s s <l sy 1 el 00
55 (S plateas ol e 5 1y aaly Sloj 381
2,5 (e b e Glaisd el sladis

Xl -Y

YY) ooz ool Jawle ¢opus el Lo |
0 Leg,085 whs 5 ol (slgn (Sogll (ous)
b o cuilag Lo Sivles sl So¥T oyl
bl Cogjlrrme 5 ol

YY) ol g9 £ e eood S 1 i o o Jslen
)9Sl L 0359w 3,570,938 sy b altns >
o ol oz Glejen o )lesiz (o0 B
DAMB] 5)5L5 5 pigolS sortigee

ATV ol Bl el s o5 janz e (0L ynx
S S pie 0j9> JEigfox Pl (5ludinge
Ay Sloy 3 L obcgs alias 3l oolaul b
NONYY (O IV )6 Co ko dy i

AOTAD) - (He helosl 003 o (o0 S 1 e w5050

SoaSs ;o paZd S by e sryhe )b

loioo Sl 1) poeas o Jlatls 90 (b £9590 ]

S Sk 039> Sy Beiod al Lol s
31 0ged sy ) 5 6, e 95 5l Dl e |,
3 P Jloe (o Cmenl dllie ol 65l Hlane
e ) S Plae 5l Jo bl (ol el o
53 QLo 955 oo Sleiiiy 5 Cenl 03503 ) Sy
)j).a...a 0l Aol )...05 @La.d:;u 039> U"‘ » o.x,.‘]
sl 00y x5l i )5 &S ylizman g
B3 hass oy 5l eolaiul b g o8 el (St
adlie ol eizren 05l onilu, JBlos> an ¢ gl
L elcag alins 5l ganoz g9 anugi jlodi
S ke 039> Ol Nighy 6lp ol Gk g9o9e
L aslin jo anoe a0l 15 calil oo (5505
Jiisdas Bl b 659 Ul a9 (L5 oo
el 510593 32 (6 e

ailgd o A ali v S (60 LS, laie
36|z colis )l8le 5 5 SLsl) slacSle
J-Bs o> 55my2slip 039> 0 sl g cenlin Sloranss
2 Jb (egar 4l Jolag ohgts (50 (soges
VS @595 slaaSed g bt (ib (sagoe i
lbl_7u‘ 9 G’l_"")é"\"‘ ‘)'e:—““’ c]a_w ) Cod> 4_‘>‘)‘ l_:
PLWIPLY Q‘)yq Co pde (_gl.tbraLEJ u5>)l> 3o Sleladl
Ly g o gl ycwas gloy 381 )0 Ol s 59
JHe Jass g ooy mals 3%, cpl 5l g wled o2l,8
LUT g olas Lials Lilas 5 60— sloyaw ooy
sl 4zl of o a5 1, i ol 51 Lol ogllaals

o i S e S0 S i ]
g oS 5 Sloe 90 5 45 00l 00ls arwgs OPDTH alzws
O g i ol g Sl 03 000 i Sles 95 9 34l
= 5 o e Slee ol 51 Bolas sloss 51 Bolas

Cj)_> CA.C)_..»J ‘&9_&9.0 UJ‘ 9 JJLAJGA oalazwl ‘;OL@J


https://iueam.ir/article-1-1863-en.html

[ Downloaded from iueam.ir on 2026-05-27 ]

o Oldolo (sl es haz dllize (Ol yhaz (G [ dlis o Sz S5 o 58 S )

Fomin, F. V., & Lingas, A. (2002).
Approximation algorithms for time-
dependent  orienteering.  Information
Processing Letters,83(2), 57-62.

Gendreau, M., Laporte, G., & Semet, F.
(1998). A tabu search heuristic for the
undirected selective travelling salesman
problem.  European  Journal  of
Operational Research, 106(2), 539-545.

Golden, B. L., Levy, L., & Vohra, R. (1987).
The orienteering problem. Naval
research logistics, 34(3), 307-318.

Gunawan, A., Lau, H. C., & Vansteenwegen,
P. (2016). Orienteering problem: A
survey of recent variants, solution
approaches and applications. European
Journal of Operational Research,
255(2), 315-332.

Hinterding, R. (1994). Mapping, order-
independent genes and the knapsack
problem. Paper presented at the World
Congress on Computational Intelligence,
IEEE.

Holland, J. H. (1975). Adaptation in natural
and artificial systems: An introductory
analysis with applications to biology,
control, and artificial intelligence.

Kantor, M. G., & Rosenwein, M. B. (1992).
The orienteering problem with time
windows. Journal of the Operational
Research Society, 629-635.

Karbowska-Chilinska, J., & Chociej, K.
(2018). Optimization of Multistage
Tourist Route for Electric Vehicle. Paper
presented at the Computer Science On-
line Conference.

Karimi, A., & Bashiri, M. (2018). The bi-
team orienteering problem with time
window. International Journal of
Services and Operations Management,
30(2), 203-225.

Keshtkaran, M., & Ziarati, K. (2016). A
novel GRASP solution approach for the
Orienteering  Problem. Journal of
Heuristics, 22(5), 699-726.

Keshtkaran, M., Ziarati, K., Bettinelli, A., &
Vigo, D. (2016). Enhanced exact
solution methods for the team

P TR DT R SIS R I
NVEYEY (V)Y fiig Lo

QYD) s o= Sl 5 JaisJom lajls g Cislas
O ed S Jex Dol g ol 0y 35

Abbaspour, R. A., & Samadzadegan, F.
(2011). Time-dependent personal tour
planning and scheduling in metropolises.
Expert Systems with Applications,
38(10), 12439-12452.

Balas, E. (1989). The prize collecting
traveling salesman problem. Networks,
19(6), 621-636.

Brady, R. (1985). Optimization strategies
gleaned from Diological evolution.
Nature, 317(6040), 804.

Chao, I. M. (1993). Algorithms and solutions
to multi-level vehicle routing problems,
Doctoral Dissertation, University of Maryland.

Chen, G., Yu, B., & Nielsen, P. (2019).
Preface:  operations  research  for
transportation. Annals of Operations
Research, 273(1-2), 1-3.

Davis, L. (1985). Applying adaptive
algorithms to epistatic domains. Paper
presented at the IJCAL.

Dell'Amico, M., Maffioli, F., & Vérbrand, P.
(1995). On prize-collecting tours and the
asymmetric travelling salesman problem.
International Transactions in
Operational Research, 2(3), 297-308.

Dutta, J., Barma, P. S., & Chakraborty, S.
(2015, September). An efficient and fast
approach to the orienteering problem
using hybrid genetic algorithm. In 2015
1st International Conference on Next
Generation Computing Technologies
(NGCT), IEEE.

Feillet, D., Dejax, P., & Gendreau, M. (2005).
Traveling salesman problems with profits.
Transportation science, 39(2), 188-205.

Fogel, D. B. (1990). A parallel processing
approach to a multiple travelling
salesman problem using evolutionary
programming. Paper presented at the
Proceedings of the fourth annual
symposium on parallel processing.


https://iueam.ir/article-1-1863-en.html

[ Downloaded from iueam.ir on 2026-05-27 ]

\l4

Information Systems and Industrial
Management.

Ostrowski, K., Karbowska-Chilinska, J.,
Koszelew, J., & Zabielski, P. (2017).
Evolution-inspired local improvement
algorithm solving orienteering problem.
Annals of Operations Research, 253(1),
519-543.

Richter, A. T., & Stiller, S. (2016). Robust
strategic route planning in logistics.
Transportation Science, 52(1), 38-58.

Scholz, J. (2019). Genetic Algorithms and the
Traveling Salesman Problem a historical
Review. arXiv preprint arXiv: 1901.05737.

Sun, P., Veelenturf, L. P., Dabia, S., & Van
Woensel, T. (2018). The time-dependent
capacitated profitable tour problem with
time windows and precedence constraints.
European Journal of Operational Research,
264(3), 1058-1073.

Tasgetiren, M. F., & Smith, A. E. (2000). A
genetic algorithm for the orienteering
problem. Paper presented at the
Evolutionary ~ Computation,  2000.
Proceedings of the 2000 Congress on.

Tsiligirides, T. (1984). Heuristic methods
applied to orienteering. Journal of the
Operational Research Society, 797-8009.

Vansteenwegen, P.,  Souffriau, W., &
VanOudheusden, D. (2011). The orienteering
problem: A survey. European Journal of
Operational Research, 209(1), 1-10.

Varakantham, P., Kumar, A., Lau, H. C., &
Yeoh, W. (2018). Risk-sensitive
stochastic orienteering problems for trip
optimization in urban environments.
ACM Transactions on Intelligent Systems
and Technology (TIST), 9(3), 24.

Vinoba, V., & Kavitha, M. (2015). « A Study
on Technical Approaches of
Transportation in Operation Research.
International Journal of Mathematical
Archive EISSN 2229-5046, 6(7).

Zhang, M., Qin, J.,, Yu, Y., & Liang, L.
(2018). Traveling salesman problems
with profits and stochastic customers.
International Transactions in Operational
Research, 25(4), 1297-1313.

orienteering problem. International
Journal of Production Research, 54(2),
591-601.

Kirschstein, T., & Bierwirth, C. (2018). The
selective Traveling Salesman Problem
with emission allocation rules. OR
Spectrum, 40(1), 97-124.

Kotiloglu, S., Lappas, T., Pelechrinis, K., &
Repoussis, P. (2017). Personalized
multi-period tour recommendations.
Tourism Management, 62, 76-88.

Larranaga, P., Kuijpers, C. M. H., Murga, R.
H., Inza, I, & Dizdarevic, S. (1999).
Genetic algorithms for the travelling
salesman problem: A review of
representations and operators. Artificial
Intelligence Review, 13(2), 129-170.

Lee, C. (2018). A review of applications of
genetic  algorithms in  operations
management. Engineering Applications
of Artificial Intelligence, 76, 1-12.

Leipzig, 1. (2010). Reducing Transport
Greenhouse Gas Emissions: Trends &
Data. Germany: Background for the.

Liao, Z.,, & Zheng, W. (2018). Using a
heuristic  algorithm to design a
personalized day tour route in a time-
dependent  stochastic  environment.
Tourism Management, 68, 284-300.

Michalewicz, Z., & Hartley, S. J. (1996).
Genetic algorithms+ data structures=
evolution  programs.  Mathematical
Intelligencer, 18(3), 71.

Miller, C. E., Tucker, A. W., & Zemlin, R. A.
(1960). Integer programming formulation of
traveling salesman problems. Journal of the
ACM (JACM), 7(4), 326-329.

Oliver, 1., Smith, D., & Holland, J. (1987). A
study of permutation crossover operators on
the TSP, genetic algorithms and their
applications. Paper presented at the
Proceedings of the Second International
Conference on Genetic Algorithms.

Ostrowski, K. (2017). Evolutionary algorithm
for the time-dependent orienteering
problem. Paper presented at the IFIP
International Conference on Computer


https://iueam.ir/article-1-1863-en.html
http://www.tcpdf.org

