Awurauayy

INADWIFNITINADINITOURIY IR SUNITIIUHBLHBNIL A WN T ostfigan1ale
HanluieauaAIwIan

A Simulated Annealing Algorithm for Travel Itinerary Planning under Time Constraints

YoTad uaiin’, 131 d9ans’, Iduud asans’
Piyarat Ngamsanit, Thara Angskun, Jitimon Angskun
Received: 23 January 2017 ; Accepted: 19 April 2017

UNAnga

Tymdumsnauuumadumveniion grdesiunmsiadumreniisr WininzaunmolddenluTiduiinands
#u TapSonlumidufinnvaafisassdmentude dwna wzludsidauasiista smaliliamansnliien
"Léfmunﬂamw?imwﬁamﬂvlﬂﬁ uwmmﬁ%’idﬁnaua%umau’i%msawLmumnauma‘ﬁ'gaLﬁummmmmmum‘nau
mamwamuﬁﬁ;ﬁ%i:qiﬂamn"l,ﬂslm""lﬁﬂiw%aﬂmULLmumﬁq@m ﬂmwmmﬁ;ﬂfﬁmuﬂ Taglfunananiuasm
’3‘ﬁmia‘hammiaumﬁm@uﬁumﬂumsﬁwm waztalRNLs= AN astuaewd I ldiauansliinafianisiden
Laummwmimmm“ﬂ nmmsmumwuawaﬂ (OFNLBE) m‘L‘ﬁ’Lumiaiwmmaumamuuavm‘sﬂmﬂmmums
U9 wenanit mvlmmiﬂmuwLﬂmwamﬂwmmummw mmaa‘l,ﬁ”l,ﬂamlmmumimumama wﬂmiama
"L@LmumimumamwvlﬂLﬂauamuﬂvl,wmﬂLmamnmusl,umimaauﬂizammwmimﬂmsmmumﬂmwumamrj
dulumamaseudszansnwauianlunisUszanans NamInaaaswui %umau’i‘%mﬁmadmiaumﬁmﬁﬁﬁ'ugm
mnmsﬁummmwmmm‘uaumoﬁﬁamﬁq@ (10a8_LaRNLaE) ﬁﬁ%aual*’ﬁnm‘Lum‘sﬂi:mawaﬁaUﬂiﬂnﬂ%umau
SERhaSeufioy dauluma‘maauﬂizaﬂ%mwﬁmqmmwmaaﬁmauLﬁaLﬁﬂuﬁu%umau’i‘ﬁﬁumnnLéfumdﬁl,ﬂu
Tuler %umau’i%'ﬁﬁ%aualﬁqmmwmaaﬁmauﬁuﬂnd%ﬁmLﬁﬂﬁaﬂwhﬁvfu udagnglsnana %umau’i%ﬁﬁ%aua’lﬁqmmw
yasfmoufianinfiefiuuiuiuaausinsinassmssumieuuuasdu

Ad1a7: TuaawITNIINAeINTaLnGI) MIAUMMNTEEL MM IEUNINTasNFA MIIUNBINILARINIYIILNELY

Ganluiladumuiaa

Abstract

A travel planning problem was invented for the purpose of determining a workable itinerary under different travel
constraints. The typical constraint most travelers encounter is the limited time constraint. It often means a traveler
cannot reach all desired destinations. In this article, we propose a travel itinerary planning algorithm focused on facilitating
travelers to reach their destinations as often as possible under given time constraints. The proposed algorithm is based
on a simulated annealing algorithm and applies a shortest path search technique (SPS) to increase the efficiency of
the algorithm. The SPS technique was used to find a minimized travel time scenario for an initial solution and then improve
the travel itinerary. In addition, a special search procedure was used to add the remaining destinations into itineraries.
With this procedure, we will have the opportunity to add even more destinations into the itinerary.The performance of
the proposed algorithm (SA_SPS) was compared with other travel itinerary planning algorithms in two aspects. The first

aspect was to test CPU time to run the algorithms. The experimental results reveal that the proposed SA_SPS spends
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less CPU time than other methods. The second aspect was to test the quality of the solution. The results indicate that

the quality of the solution of the SA_SPS algorithm is slightly worse than an exhaustive routing algorithm. However,

the SA_SPS provided more quality in the solution than a traditional simulated annealing algorithm.
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Table 1 An example of travel patterns in order to reach

all destinations

Destinations Travel patterns

1 (0-1-0), (0-2-0), (0-3-0)

2 (0-1-2-0), (0-1-3-0), (0-2-1-0), (0-2-3-0), (0-3-
1-0), (0-3-2-0)

3 (0-1-2-3-0), (0-1-3-2-0), (0-2-1-3-0),

(0-2-3-1-0), (0-3-1-2-0), (0-3-2-1-0)
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Figure 1 Overview of SA_SPS for the travel itinerary

planner under time constraints

1 a o = 6 o v tﬂl o v v =1 v
sl,umuﬂgauwuﬁnugﬂmwammwaqﬂa Aty
MR WAZATUNBUNWANTLAWNNS (Figure 1) azlfanu
RUNTDINTTUUIUNBUE WA TLE BN aaRala 9
1‘71agjimml@i’ﬁ‘iau%ﬁaﬁm‘ﬁunmmnﬁuﬁﬁagm‘ﬁﬁgj
NITUIUNTETILNUNITLAUNIIL D DIG UUATNITZUIUNNT
ﬂ%‘uﬂ‘gaLLNumsLaumamwé‘ﬂmiﬁﬂmuﬁug’lmaaﬁu
@1au’i‘ﬁﬁhaa\‘imiaumﬁmiﬂUﬁﬂi:mumsqﬁmiﬁwm
ﬂaﬂmwaaummmm:awlumiqﬁ losuaziduavad
o a Qs a o 1 z
ATLUIUMITYNINT 3 NIzUIUNIRAN Daddallil
1. ATSUIUNITEIIWUABNITIAUNINT 896U
(The Process of Initial Solution)
Lﬁa%fuia;gaﬁwﬁﬁmmﬁ‘ﬁuﬁa wLIFNT
831950 R TIA U WNIRINIRNALALTINRUANIII TR DS
ANLIToIMULIIAAVBITUABUIDTNTIRBINTTELL RGN
(@Funandnluiidanmsmiunuaniniiaes) ntuisy
nsawmLnwnMatwnadasawanmsidgwiluwan
ne & Xam a e . am s
ApaTelifidininsdumauialng nsldisgulunis
v o z v ] o Y o z v dl k3
gedasuidasanlirunaililadesudasdunlng
a Qs o tﬂldtﬁl = v L4 a =1
\WAsauiaaunafge bmauanmshmnaiaasiiosln
ma‘méné’umsmuamuﬁLmumseju

J Sci Technol MSU

Table 2 The pseudo code of SA_SPS for travel itinerary

planning under time constraints

SA_SPS(place demands, time constraints)
create constraints, initialize parameter
generate the initial solution as current solution (S) by using SPS_Tech-
nique ()
while stopping criteria not met do //improve solution
assign Layer for the places in S,based on the least position, start
swap on the first Layer
fori=1 to max Iterdo
while accept the S’ as Snotmet do
generate a new candidate solution (S ') based on S, by using
the priority queue in SPS_Technique () for selecting remaining places
to swap with the place atthe current Layer
S will be swapped as a new solution (S ')
If check constraints (S ') valid then
get a feasible solution
ifS' is better than the current one then
accept s'as s
accept the f(S ') as current Cost of S, C(S)
modified a heuristic f, h, g of places in priority queue
else
accept the new solution through the acceptance probabil-
ity function
end if
else
go to generate S'again
end if
end while
Add_remaining_place () by using SPS_Technique () for push
remaining places into S as new solution (S”)
If check constraints f(S”) valid then
get a new feasible solution
ifS""is better than the best onethen
replace the current solution with this new one
end if
update the best solution when the solution is better than it
end if
end for
set cooling schedule, lter=Iter+1, Layer= Layer+1
endwhile

return the best solution
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Figure 2 An overview of SPS technique.
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Table 3 The pseudo code for SPS technique

SPS_Technique(ltinerary)
prioritize all places x in priority queue based on the least value of f(x),
sort ascending
while stopping criteria not met do
fori=1 to count all_placesdo
pop the first place x from priority queue which is not visited
push the place x into the Route, modified Route
f(route)=f(x) +Visiting Time
If check constraints f(route) valid then
accept the Route as current solution (S)
accept the f(route) as current Cost of S, C(S)
modified a heuristic f, h, g of all places in priority queue
else
go to pop the first place x from priority queue again
end if
end for
endwhile

return generated solution, priority queue

Table 4 An example of assigning places into initial itinerary

Iteration Candidate f(x) S
Solution
1 0-1-0 205 0-1-0
0-2-0 139 0-2-0
0-3-0 178 0-30
AN e .
2 0-4-1-0 258 4=1=
0-4-2-0 150 0-4-2-0 P
e A0 PO
3 0-4-2-1-0 328 04-2-1-0
0-4-2-3-0 321 0-4-2-3-0 P
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Table 5 An example of dataset with 3 places.

Travel Time between Visiting
Place (Sec) Time(Sec)
Place 0 1 2 3
0 0 100 69 90 0
1 105 0 143 187 120
2 70 140 0 153 35
3 85 185 165 0 60
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Table 6 Comparison results for the average case.

S Sec %gap S %gap Sec
place SA_SPS SA ER SA_SPS SA ER SA ER SA ER
3 3 3 3 0.00378 0.00798 3.44355 0 0 52.69735  99.89035
4 4 4 4 0.00571 0.00971 5.34347 0 0 41.21134  99.89321
5 4.60 2.92 5 0.00552 0.00763 10.23446 36.52 -8.70 27.65979  99.94603
6 6 4.69 6 0.00865 0.01096 16.34231 21.83 0 21.07648  99.94706
7 6 4.75 7 0.00912 0.01057 54.34546 20.83 -16.67 13.75417  99.98322
8 6 3.82 8 0.01056 0.01300 208.45435 36.33 -33.33 18.73071 99.99493
9 8.36 4.89 9 0.01281 0.01373 685.34523 41.51 -7.66 6.69327  99.99813
10 9.69 7.5 - 0.01892 0.02001 - 22.60 - 5.43726 -
11 11 9.96 - 0.02145 0.03395 - 9.45 - 36.83880 -
12 10.95 5.94 - 0.03005 0.02510 - 45.75 - -19.69004 -
13 12 712 - 0.03303 0.03132 - 40.67 - -5.45971 -
14 14 11.34 - 0.04512 0.05751 - 19.00 - 21.53882 -
15 13 6.12 - 0.03694 0.03412 - 52.92 - -8.24258 -
16 13.18 5.85 - 0.04259 0.03594 - 55.61 - -18.51917 -
17 15.09 7.46 - 0.05050 0.05136 - 50.56 - 1.68204 -
18 15 7.48 - 0.04424 0.04961 - 50.13 - 10.82421 -
19 19 11.46 - 0.05190 0.08722 - 39.68 - 40.49529 -
20 19 8.94 - 0.06733 0.06721 - 52.95 - -0.18363 -
21 21 12.48 - 0.07168 0.08350 - 40.57 - 14.16337 -
22 21 10.5 - 0.07561 0.07861 - 50.00 - 3.81536 -
23 21.50 9.929 - 0.07583 0.09550 - 53.82 - 20.59956 -
24 22.36 9.792 - 0.08867 0.12019 - 56.21 - 26.22071 -
25 23 9.46 - 0.12194 0.13063 - 58.87 - 6.65691 -
Avg. 37.21 -9.48 13.82610 99.95042
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Figure 3 CPU time compare for the average case of SA_SPS, SA and ER.
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Figure 4 Extension fig.3for CPU time compare for the
average case of SA_SPS and SA.
Table 7 Comparison results for the best case.
S Sec %gap S %gap Sec
place SA SPS SA ER SA_SPS SA ER SA ER SA ER
3 3 3 3 0.00164  0.00297 3.52845 0 0 4475454 99.95344
4 4 4 4 0.00187  0.00265 5.74324 0 0 29.18715 99.96739
5 5 4 5 0.00220  0.00301 923436 20.00 0 26.94611 99.97622
6 6 5 6 0.00371  0.00454 15.23455 16.67 0 18.17981 99.97563
7 6 6 7 0.00434  0.00590 52.45657 0 16.67 2632740 99.99172
8 6 6 8 0.00569  0.01564 172.32535 0 -33.33 63.65090 99.99670
9 9 79 000739 001073  580.34230  22.22 0 3114632 99.99873
10 10 10 001162  0.02540 - 0 - 54.25771 -
11 11 1" - 001236 0.13746 ; 0 ; 91.01193 -
12 11 9 ; 0.01537  0.06286 ; 18.18 ; 75.54530 -
13 12 10 - 0.01660  0.03808 ; 16.67 ; 56.40985 ;
14 14 14 - 0.02079  0.06387 ; 0 ; 67.45217 ;
15 13 9 ; 0.02153  0.02864 ; 30.77 ; 24.82369 ;
16 14 9 ; 0.02515  0.02141 ; 35.71 ; 17.45202 ;
17 16 1" - 0.03819  0.07022 ; 31.25 ; 45.60926 ;
18 15 1M - 0.02926  0.04200 ; 26.67 ; 30.33593 ;
19 19 15 - 0.03631  0.05935 ; 21.05 ; 38.82262 ;
20 19 13 - 0.03887  0.05638 ; 31.58 ; 31.05412 ;
21 21 17 - 0.04141  0.05269 ; 19.05 ; 21.39617 ;
22 21 16 - 0.04607  0.22712 ; 23.81 ; 79.71645 ;
23 22 14 - 0.05219  0.05850 ; 36.36 ; 10.78706 ;
24 23 14 - 0.05771  0.08480 ; 39.13 ; 31.95052 ;
25 23 15 - 0.05784  0.06114 ; 34.78 ; 5.39581 ;
Avg. 1843  -7.14 38.57864 99.97997
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Figure 5 CPU time compare for the best case. of SA_SPS, SA and ER.

ﬁmqmmwmaaﬁmau el & SA_SPS .
v 1 0.22 o
[ a Vo s L] SA
IuaauId SA_SPS slmmmauﬁﬁqmmwmmu o2
A a4 & ad 6o I A = g:i:
MNIDANINTUAOUIT SA sl,u"qﬂamum'smmam asdan S o |
. Cogae
m'ﬁmJa\ﬁaﬂa:mmLL@m@mmaaqmmwﬁwau (%gap S) g 012 ] .
' 1 [ — 013
fanilesadusauas 18.43 (Table 7) wanandh Wan3 E o
o A9 v & . & o & aa Y ° Aa ,3 040 1
NANRITIT IR AU DI TUAaUIT SA duaadaaunig R x
A va o ¥ aad o o . T o7 x x *
‘wq@lﬂammﬂumumamﬁ‘nmmuduﬂmﬂq@maga LGN 006 1 “a, Fo¥
- 4 L s L8 m 084 x P
NIITINIAN MFLWNNTU TN TINTILINLN TUaUIT 0 | a *z_,/' *
. L >
{ o o , 001 - -
Arnsualdas wmIUsznanasInIuIn o lepee¥eT
N o ~ ~ o g: an 3 4 56 7 8 91011 1213 14 ‘5. 18 17 18 19 20 21 22 23 24 25
fFIUMUTBUNUNUTUS 2 UIDT ER WANIT Suwrmaeud (wie)

nasssiduldlufnuaciduie Juasuis SA_SPS biin Figure 6 Extension fig.5for CPU time compare for the

aaufidamnnugninlasiien %gap S itoaninlaniady
] best case of SA_SPS and SA.

fouaz 7.14 (Table 7)



Vol 36. No 6, November-December 2017 A Simulated Annealing Algorithm 725

for Travel Itinerary Planning under Time Constraints

Table 8 Comparison results for the worse case.

S Sec %gap S %gap Sec
place SA SPS SA ER SA_SPS SA ER SA ER SA ER
3 3 3 3 0.00581 0.03895 5.34237 0 0 85.08601 99.89127
4 4 4 4 0.00943  0.02876 7.34236 0 0 67.19750  99.87151
5 4 2 5 0.01348 0.03436 12.34357 50.00 -25.00 60.75846  99.89077
6 6 4 5 0.01758  0.05030 18.34524 33.33 0 65.05437  99.90418
7 6 4 7 0.01893  0.02586 64.43253 33.33 -16.67 26.77701 99.97061
8 6 2 8 0.02024 0.02648  280.43523 66.67 -33.33 23.55363  99.99278
9 8 2 8 0.02990 0.01948 690.43523 75.00 -12.50 -53.49386  99.99567
10 9 5 - 0.02618  0.01003 - 44.44 - -160.96710 -
11 11 7 - 0.03823  0.02040 - 36.36 - -87.44423 -
12 10 2 - 0.03225 0.01689 - 80.00 - -90.98662 -
13 12 5 - 0.06722  0.06212 - 58.33 - -8.21475 -
14 14 8 - 0.09002 0.01980 - 42.86 - -354.59274 -
15 13 4 - 0.08608 0.05980 - 69.23 - -43.94629 -
16 13 4 - 0.08595 0.07798 - 69.23 - -10.21235 -
17 15 5 - 0.09182  0.08465 - 66.67 - -8.47037 -
18 15 5 - 0.07745 0.07671 - 66.67 - -0.96467 -
19 19 8 - 0.19824  0.16750 - 57.89 - -18.35577 -
20 19 5 - 0.11289  0.09447 - 73.68 - -19.50437 -
21 21 7 - 0.20849 0.15286 - 66.67 - -36.39807 -
22 21 6 - 0.19223  0.05221 - 71.43 - -268.17912 -
23 21 5 - 0.19640  0.04095 - 76.19 - -379.63465 -
24 22 6 - 0.19126  0.21158 - 72.73 - 9.60436 -
25 23 4 - 0.19852  0.03986 - 82.61 - -398.04566 -
Avg. 56.23 -12.50 -69.62519 99.93097
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Figure 7 CPU time compare for the worse case of SA_SPS, SA and ER.
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Figure 8 Extension fig.5for CPU time compare for the

worse case of SA_SPS and SA.
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