NAIST-IS-DD1061026

Ooon

Joboooboooboooboboboboboboboot

0O

20130 20 70

gogbobobooooboobod
gobboboogobbboodan



gbobboogobbobuoooobobbooogoobooo
00 (@O0)b0o0ooo0o0ooooooOooooOoooo

0 O

goooo
g oogd gboooodgad
uggobood goobbodd
ggbboodg gobbodd



Joodooooooooooooooooooog:

0 O

gooo

gboboggboodbbuoobbuoobobooobboobbuoobobon
O23000000000000ee220 000000000000 1,6990000
gbooobobuoggbbooobbuooboboogbooobbobbooon
gbobogboboobboobboobbboobooobbuoobbooon
gbuogbobboodgbuoobboobbboobboodoboobbooob
gboobodgbbogdbbuobbuoodobugbobooobbuoobooon
gbobodgbbouooobbooboobbuooobboobbuoooboboan
gbobogoboboodgbooobooobobooobbooobbobbooon
gobdbooobodbobooboobobuoobobuooboboobon
Dobobooboboobuoobobooobooboboobobbobon
gbbogboboodbuooobbobboobboobboboobbooob
gbbbuoogbobbboooobbbuoooobbboooobon

ljbgoboobooboooboobuooboobobboobooboobo
gbobogoboodgobooobboobbuogoboboobuoooooon
gbobobooboboboobboobooboboobobobboobon
gbbogobbuodgboboobbuoobbuoogbuooobboobooon
gbobobobuogbobboogbboobbboobbooboboobbooon
obobobobobOobobobbobbobbobooNPODOODODOODOO
gbobogbobboodgobooobbuooobbuooobobuoobbooon

*0000000000DOO00DO00CDOO0CODO0O0O00Ob ODOOO, NAIST-1IS-DD1061026,
20130 20 70.



gbobogoogobugobobooboboboobboobbuoobbooon
gobobobbbbbobobobooouodogooooooobobobbbbbobobbb
gbbogbobogdbuooobbuoobbooobboobbooobbab
gbobogbobooobbooobbuooobbuooboboboobboogon
gbobogboogbbooobbuoooooobbuoobbuoobbooon
OO0000000O0boO0o0ooOOo0obobOOoozb00bo0obooboobbOoDo
gbbogobbuodgboboobbooobboobboobbooobboob
OOob0o0oobooobooboobilz2oogoooooooonbooonn
gboobogg

2000000000000 booobooboooobooboooOooDboLDO
gbobogobbogobbooobooobboobboobooobboon
gboboogooobboboobobobooboboobobbobon
gbobodgbbuooobboobbuoboboobboobbuoooboboab
gobbuodgbbuggbbuooobbooobboobbooobbooon
O.00000NPOODOODODODODODODODLODODDODODODOO
gbobobooggobbobooogbobobbuooooonoboooobobobon
gbobooboboobobooboboobobobooboboubon
gbbodboodgbboogbbudgbboobboobboobbooob
goboobbobobooobobobbbbououdooooooobobbbbboboobbbDb
gboobogbboogbbuoobboodobbuogbbooobuooooboon
OOoo0oooooooooob 1oboboooooobooobobobooobooo
9650l booboooonD 130booboboboooboooog

goooo

goguouoouobbobboboooubobouobbbbbdoooobbb
oiIrsbboooooooobobooooooobobobooooooobDooDo



Context-Aware Sightseeing Tour Scheduling Method

Bing Wu

Abstract

Sightseeing promaotion is expected as an important key to revitalize the local econ-
omy in various places of the world. The number of foreign tourists visiting Japan is
6,220,000, and the number of Japanese tourists traveling abroad is 16,990,000 in 2011,
and so it is very important to provide the tourists a good service. There are several nav-
igation systems which provide users sightseeing information and can compose a good
schedule before sightseeing. However, they just use some simple contexts to calculate
a schedule composed of multiple destinations. The user satisfaction in a sightseeing
schedule depends greatly on weather and the stamina of tourists. For example, de-
pending on the weather conditions such as rainy or sunny, the suitable sightseeing
schedules are different. Moreover, in the same sightseeing spot, the required tourist’s
stamina differs among the sightseeing methods or sightseeing time, and the tourist’s
stamina may become insufficient during sightseeing. In this thesis, we tackle the prob-
lem to compose satisfactory sightseeing schedules for fickle weather and individually
different stamina.

First, we formulate the problem of constructing a schedule of a sightseeing tour
taking into account the probabilistic change of weather. In this scheduling problem,
the schedule is represented ascaeduling tree that consists of ordered sequences
of visiting spots, where each spot is associated with user satisfaction degree which
depends on weather. Then our problem is to find the scheduling tree that maximizes
the expected value of total user satisfaction degree. Since this problem is NP-hard,
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there will be too many combinations between weather patterns and timings to plan the
optimum scheduling tree in practice time. Since finding the optimum scheduling tree
is computationally difficult, we propose an approximate algorithm based on the greedy
search and the neighborhood search techniques. In order to evaluate the proposed
method considering weather, we compared the performance of the algorithm with an
existing method through randomly generated instances consisting of 20 spots. As a
result, our proposed method constructed the scheduling tree whose expected value of
total user satisfaction degree is 1.23 times higher than the existing method.

Second, assuming that the tourist’'s stamina and the travel time are restricted, we
propose an algorithm for planning tour schedules where a favorite method (e.g., using
a car or on foot) can be chosen for each sightseeing spot and rest can be taken properly
during the travel time. We formulate the sightseeing scheduling problem which max-
imizes the user’s satisfaction taking stamina into account. In this problem, rest times
are allocated in schedules to satisfy stamina constraint. This problem is also NP-hard,
and thus it is difficult to be solved in practical time. In order to obtain a semi-optimal
solution in practical time, we propose a method that first derives a schedule visiting
multiple sightseeing spots with no rest times based on a predatory search technique
and then allocates rest times in the schedule using a local search technique. To evalu-
ate the proposed method considering stamina, we compared this method with conven-
tional methods through computer simulations for several different instances containing
10 sightseeing spots. As a result, the proposed method composed the schedule whose
expected satisfaction is 95.65% of the optimum solution in 13 seconds.

Keywords:

Navigation system, Context-awareness, ITS(Intelligent Transport Systems), Extensive
and Area-restricted Search, Travelscheduling, Combinatory optimization algorithm
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Algorithm 1 The proposed algorithm

1: 8" — Temporarysolutionsearchphase()

2. S — Neighborhoodsearchphase(S™)
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Algorithm 2 Temporary solution search phase

1. n+— MazTi/mingeq{q.stayt},d — Mazloc
2 V'V, 0 {1,..,n},8 08 «—0
3. while |S°| < n do

4. selectv € V' at random

5:  select j € O atrandom

6 g« argmargeq, PerCostSat(q)

72 8% 8% U {{v,4,9,%) }

g V' V' —{v},0~0-{j}

9: end while
100 S — Modify(S°)
11: S «— LocalSearch(S5°, 5™, 0)

2: return S°
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Algorithm 3 Neighborhood search phase
1: §— 5" n«— MazTi/mingeq{q.stayt}, Loz — B, Dy — 0, SearchDone — false
2: while SearchDone = false do
3 forall ksuchthatl < k <1,,,, do

4: generate Dy, by selecting n v € V' at random
5: Dy, distv < DistV (S, Dy.)
6:  end for

7. generate Di,...,D; by sorting Dy,...,D;, . in the increasing order of Dy.distv
(1 <k < lmaz)

8: k— 1.UpDated — false

9 while k < [0, and UpDated = false do

10: S’ « SubDomainSearch(Dj, n)
11: if Sat(S") > Sat(S) then

12: S « §'.UpDated «+ true

13: else

14: ke—Fk+1

15: end if

16:  end while
17.  ifk = lLimaz + 1 then SearchDone <+ true. and give up the neighborhood search
18: end while

19: return S
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Algorithm 4 SubDomainSearch Function

1

S— 0.0 {1,...,n}. Mpaz — v, SDy «— 0, SearchDone «— false
S — TemporarySolution(D,n)

- while SearchDone = false do

4:
5:
6:
7:

9:

for all k suchthat 1 < k < munae do
generate S Dy, by selecting v € {v'| (v, %, %, %) € D} and 7 € O at random
SDy.distv < SDistV (S, SDy)
end for
generate SDY,...,SD;,
SDy.distv (1 <k < mpaz)
k— 1.UpDated — false

by sorting SD1,...,SD in the increasing order of

Mmax

0:  while k < mma. and UpDated = false do

S" — RandomSelectionInSubSubDomain(S Dy, n)

2: if Sat(S") > Sat(S) then

13: S « S'.UpDated « true
14: else

15: k—Fk+1

16: end if

7: end while

18:  if k = Mmaz + 1 then SearchDone < true. and give up the subdomain search

19: end while

20: return S
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Algorithm 5 TemporarySolution Function

1: 0 — Maxloc, S°™ — ()

2: while |S| < n do

30 selectv € {v'|(v', %, %, %) € D} at random
4 select j € O at random
52 q— argmargeq, PerCostSat(q)
6 S SuU{{v,j,q %}
7. Ve V' —{v},0— O0—{j}
8: end while
9: S Modify(S)
100 S « LocalSearch(S, 5™, 4)

11: return S
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d4v6,ds.v;} 0000000000000000000 w0 vs0 vg0 vs
000 O vgume = 40 DistV(S1,52) =6 —4=20000

2. 00 SDhistVOOooOoooooooooo

SDistV =n — jsame (18)
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Algorithm 6 RandomSelectionInSubSubDomain Function
1. S — w
2: while |S| < n do

30 selectd € {d'|(v', j', %, %) € SD} at random
4 select ¢ € s at random

550 S—SU{{v,7,q,%}

6: end while

7. S — Modify(S)
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