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Abstract: This paper studies the methodology for optimal route search based on user
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problem is NP-hard. To solve the query efficiently, we propose two new index building

methods and select candidate nodes for retrieving the established indices. This paper

subsequently proposes an A* based route search algorithm to identify the optimal route

and use several effective pruning strategies to speed up execution. Experimental results on
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0 Ú ó

´»|¢�<��)¹EE�', �2�A^u�U�Ê!´»í�!ARiZ�+

�. �«<�Ù�¿~��´»|¢|µ´, ^rF"é��^l�c¤3/Ñuc 8�

/�ål�á½s����´», =�á´». �CAc61å5�Äu ����^�J

ø\�õU, 'X FoursquareÚ Gowalla, ^r�±3/ãþI5gC�¯L�,�:¿3

eé§��µd. ù
,å�Äu ��ÑÖ (Location Based Services)[1]È\
éõ^r

\�êâ, ÏLéù
%¹/:&EÚ´»&E�êâ?1�÷Ú©Û, POI /ãÐyÓ+.

POI/ã�Ì��A�´z�,�:Ñ�kI\, L²T,�:�¤áaO. �,�:�k

õ�õUá5�, Ò¬Iþõ�I\. X���.�	Ôû|, <�QU3d	Ô3�, qU

?1w>K!.X��W¹Ä, @où�	Ôû|4k�U�IP�û|!>K�!.X

|.

C�Ac5, ;5u´»|¢¯K�ïÄ<
m©r'�i���Î^�. ��#�

ïÄ¯K´, ^rF"�í��´»Ø=U
÷v¦��dý�Ú�m�å, �U�`/

¢y¦é,�:A��õ�5�¦. Ù¢~z£ã´, ��1�g5�2²�i�, Oyþ

Ì 9:00 l\4�dA%ËAÑu, c 2²x�ISÅ|�¦eÌ 17:00:��Å. ¥m 8 �

����m, ¦��ë*2²k¶�ÆÔ,!33û��, ½öiAºµ«. 3¦%¥, �'

u3û��, ¦��¿r�ms3ÆÔ,Úºµ«þ. �â±þ£ã��, ^r ÐNy3

^r���¯ÆÔ,!û��!ºµ«ùa,�:, �éÆÔ,Úºµ«�iA,��u

û��. ¤±, �^²L��ÆÔ,!�^û��Ú��ºµ«�´�é^r�áÚå'²

L��ÆÔ,Úü^û���´���. éuT|µ, ©z [2] ¢y
��´»|¢XÚ, |

±�^r Ð�´»�Î.

N õ ï Ä ó � � å u ) û C X õ ' � i � � `´» � Î. 2008 c, ©z [3]J Ñ


Optimal Sequenced Route (OSR)¯K, 3 TPQ¯K[4]Ä:þ\þ'�i�¯gS��

å. ïÄgS�å¯K��k [5-7]. Ø© [8] �é KORS[7]�{Äu�>ÿÐ�´»�ïüÑ

3�5�ã±9õ�Î'�ieE,ÝLp!�*Ð5Øv�"�, JÑÄu'�cS�

�´»�ï�Y. 2018 c, ©z [9] ïÄ top-k�`kS´»¯K, =�Îlå:�ª:U�

½gS²LA½a.!:��d��� top-k´». ,
, ù
¯KÑvk�Ä´»��å

^�, X�m!ål�. |±õ�å^��´»�Îó�k [10-12]. Ù¥, KOR¯K[12]�å

u�é�å^�e��Î'�i�Cq�`). ©z [13]JÑ
�Î��É� top-k�á´

», ¦��Ñ�¤k´»�m�qÝ�$�´»�d�Ú��. �
4¦)�´»÷v'�

iõ�5�¦, ©z [14] �ÑI�¦^f�¼êéù�¯Kï�. �,®kó�[15]ïÄ�´

»ý��å�f�¼ê`z¯K, �´§æ^�48�8�{�Ué�Cq), 
�Ø·^

u¢½���´»5y. �
p�/é��^�`´», ©z [16]JÑÄu A* CN�´»

|¢�{, �´TïÄ�ý���Ä
´»�Ñ1�d. �â¢SA^|µ, 3´»|¢�

¥Ó��ÄÑ1�dÚ,�:�Ê3�d�\Ün. Ó��Ä^r Ð�k©z [17], §l

^r�;,êâp�÷Ñ^r�m� Ð, X�m�á, ðh��½0uüö�m, �)�

� Ð�þ, âd�^rí��5z´�.

�
ïÄ^r��<��é´»í��K�, �©r^r�aO ÐÚ�­ Ð��

�Î^�\\´»|¢¯K�½Â�¥. ,	, �õê´»|¢¯K�ý���Ä3,�:
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�m�´»�d, 
Ø�Ä�¯,�:�)�Ê3�d. �
4ïÄ¯K�\ÜnÚÏ^,

�©�Äò´»�Ñ1�dÚ,�:�Ê3�dP\ý��¥.

V)å5, �©�Ì��zk:

• JÑÄu^r Ð��`´»|¢¯K, 3ý��åeÏé÷v^r Ð��`´

».

• JÑ���dÝ
¢ÚÚ'�i��¢Ú, |^¢Ú(�u¢ÑÿÀ!:8.

• Äu A* µe�O
��éuª´»|¢�{, (Ük��}{üÑé�¯K��

`).

• 35
uý¢­.�ü�\�êâ8þ?1¢��y, ¢�(Jy²
�©JÑ�

{�k�5.

�©o�y©� 5 !, 1 1 !�Ñ¯K½Â; 1 2 !JÑü�¢Ú�{; 1 3 !0��©

JÑ�Äu A*�´»|¢�{Ú}{üÑ; 1 4 !�Ñ¢�(J�©Û; 1 5 !é�©?1

o(.

1 ¯K½Â

1.1 ¯K£ã

�Ñ�� POI /ã«~, �ã 1. /ãþ�z�!: vi �L��,�:. �â,�:P

k�õUá5, !: vi ¬IPþ��½õ�'�i. �'�ik'�µ©, 3ã¥IP3

'�i��. X!: v6 IP�'�ik MuseumÚ Restaurant, éA�µ©©O� 0.4Ú 0.6.

3!: vi �)�Ê3�dIP3!:�>. ,	, üü!:�m�Ñ1�dIP3ë�>

þ. X�¯!: v6 �)�Ê3�d� 18, l v6 � v4 s¤�Ñ1�d� 3.

(Museum, 1)
20
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12
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5

4
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3 3
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(Park, 0.8)
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(Park, 1)

(Restaurant, 0.2)

(Restaurant, 0.9)

(Museum, 0.9)

v1
v4

v6

v2
v3

v5

(Museum, 0.4),

(Restaurant, 0.6)

ã 1 POI /ã«~

Fig. 1 A POI map

1.2 ¯K½Â

½½½ ÂÂÂ 1.1POI /// ããã POI/ ã G = (V, E)§ Ù ¥ : 8 V ´ d , � : {v1, v2, · · · , vn}

|¤, 1 6 n 6 |V |, z�,�: vi L«��/n �¿�IP��½��±þ�'�

i, Ù'�i�þ^µ©5ïþ, P� SCkq
(vi). �¯T,�:�)�Ê3�dP� s(vi),

ù��d�±´�m!7a�. >8 E ´d,�:�m�3�Ã�>|¤, z�^>

(vi, vj) ∈ E ë�ü�,�: vi Ú vj , ü:�m�Ñ1�dP� T (vi, vj).

½½½ÂÂÂ 1.2 ´́́»»» R ´� R = (v1, · · · , vm) ´lå: v1 ��ª: vm, ²L�X��­E,

�:ë¤�´», ´»�å:Úª:�±�Ó. l!: vi �e��¯: vj �m���Ñ1�
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dP� Tsm(vi, vj). ´» R �´»�ddz�ã´»����dÚ,�:�Ê3�d|¤,

=

cost(R) =

m−1∑

i=1

s(vi) +

m−1∑

i=1

Tsm(vi, vi+1). (1)

½½½ÂÂÂ 1.3 (´́́»»»ÂÂÂÃÃÃ) �½�Î'�i8Ü K = {k1, k2, · · · , km}Ú'�i Ð λkq
(�

u 0), kq ∈ K. ´»ÂÃ^5ïþ´» Ré^r Ð�÷v§Ý, ÂÃ¼ê½Â�

Gain(R) =
∑

kq∈K

λkq
covkq

(R). (2)

Ù¥, covkq
(R) L«´» R þ'�iI\� kq �¤k,�:é'�i kq �éÜCX�¹, ½

Â�

covkq
(R) = 1 − Πvi∈R[1 − SCkq(vi)]. (3)

½½½ÂÂÂ 1.4 (���`̀̀´́́»»»|||¢¢¢¯̄̄KKK) �½ POI /ã G = (V, E), �Î Q = (vs, vt, K, Υ, ∆), Ù

¥ vs ´å:, vt ´ª:, K ´�|�Î'�i8, Υ ´�A�'�i�­8Ü, ∆ ^5�½ý

��å. ¯K��Î8I´é��^l vs � vt �´» R, ¦�

R = argmaxR Gain(R),

÷v cost(R) 6 ∆. (4)

�©æ^�ÂÃ¼êúª (2)äkf�5�, ÷vÂÃ4~A5, =é ∀R1 ⊆ R2 ⊆ R,

Gain(R1 ∪ {vi}) − Gain(R1) > Gain(R2 ∪ {vi}) − Gain(R2) ¤á. æ^Ù¦�f�¼ê��

±é´»�õ�5A�ï�. éõ¢S¯KÑ|^f�5�5)û, X©�í�[18]
!���

äDÂ[19]�.

e¡^L 1o(��©�'�ÎÒ`².

LLL 1 ÎÎÎÒÒÒ999ÙÙÙ¹¹¹ÂÂÂ

Tab. 1 Nomenclature

ÎÒ ¹Â

s(vi) Ê3,�: vi �)��d

SCkq
(vi) '�i kq 3,�: vi ?�µ©

T (vi, vj) (vi, vj) >�d

Tsm(vi, vj) (vi, vj) >���d

cost(R) ´» R ��d

Gain(R) ´» R �ÂÃ

Q = (vs, vt, K, Υ,∆) vs�å:, vt�ª:, K��Î'�i8,

Υ�'�i�­8, ∆�ý��å

VQ �Î Q �ÿÀ!:8

Rk
i l vs � vi �1 k ^´»

Lk
i l vs � vi �1 k ^´»�I\
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2 ¢Ú�{

2.1 ¢Ú(�

2.1.1 ���dÝ
¢Ú

3´»|¢L§¥, ²~I�O�ü�!:�m����d. ,
, lPOI/ãp�,�:

�m���>�EÑ5�����Ý
, �U�N��!:�m�´»�d, Ø�3��>�ü

�!:3Ý
þ�L«�Ã¡�, =Ø��. é POI /ã G Ä�Ñ���Ý
�1Floyd �{,

éz�éº:vi 6= vj , ¦Ñ vi Ú vj �m����d. �{�1(å�=������dÝ
¢

Ú, Xã 2 ¤«.

2.1.2 '�i��¢Ú

�â�Î Q �½�'�i8 K, I�u¢Ñ��ù
'�i�,�:. ,�, 3ù
ÿÀ

!:8p?1´»|¢. 3d, JÑ'�i��¢Ú.

'�i��¢Úrz��'�i kp N�����L, ù��LP¹X¤kIP
 kp �,

�:Ú,�:'ud'�i�µ©, ¤±�L�I\�� (vi, SCkp
(vi)), P¹��mU,�:µ

©d���ü�. ±þ¡ã 1 ¤«� POI /ã�~, �ã¥�n�'�iK ={Park, Museum,

Restaurant}ïá'�i��¢Ú, Xã 3 ¤«. �� Museum I\�'�ik v1, v4, v6, §�

�m�ü�^S´µ©p�3c, µ©$�3�.
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3
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1

3

0

5

12

4

4

3

5

0

ã 2 POI /ã����dÝ
¢Ú

Fig. 2 Minimum cost matrix index of the POI map

ã 3 POI /ã�'�i��¢Ú

Fig. 3 Keyword inverted index of the POI map

2.2 u¢L§

|^þ��!ïá�ü�¢Ú, �â�Î Q = (vs, vt, K, Υ, ∆) p�ý��d ∆ Ú�Î'

�i8 K, �±u¢Ñ POI ÿÀ!:8 VQ. e¡0���u¢L§.

1�Ú, u¢ÿÀ!:. ¦^'�i��¢Ú, �gu¢8Ü K ¥�'�iéA��L, ò

�L¥�!:\\ÿÀ!:8 VQ.

1�Ú, u�ÿÀ!:. |^���dÝ
¢Ú, ± x�å:, y�ª:, u�3ü:�¯�

�¹e, ÿÀ!:8 VQ ¥�,�: vi ´Ä÷vý��å. XJ T (x, vi) + s(vi) + T (vi, y) 6 ∆,

@o,�: vi �±��ÿÀ!:��*Ð. ÄK, T,�:ålå:Úª:��, Ã{��¯,
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lÿÀ!:8 VQ ¥íØ.

²LùüÚö�, ���ª� POI ÿÀ:8 VQ. é²w, |VQ| << |V |. e¡ÏL��äN

�~f5`²XÛ?1ù�u¢L§.

~~~ 2.1 éã 1 ¤«� POI /ã�Ñ�ÎQ = (v2, v6,{Park,Museum},{0.5,0.5},30). �

ã 1 ïá����dÝ
¢Ú!'�i��¢ÚXã2!ã 3 ¤«. Äku¢“Park”���

¢Ú, l�L¥�� {v2, v3}; u¢“Museum”���¢Ú, �� {v1, v4, v6}. �K�Î�½�å

: v2 Úª: v6 ��, 1�Ú���ÿÀ!:8 VQ = {v1, v3, v4}. �X?11�Ú, u�8Ü

p�z�ÿÀ!:�ü:�¯�d´Ä�Ñý�. éu!: v1, T (v2, v1) + s(v1) + T (v1, v6) =

12 + 20 + 12 = 44 > 30, lå:²L§��£�ª:�´»�d�Ñý��å, I�lÿÀ:8

píØ. ���� VQ = {v3, v4}.

3 ´»|¢�{

3.1 �{�O

)û�`´»|¢¯K����1�{´��å|¢. �å|¢´�«¡Þ�{, qÞÑ

¤kl
:Ñu��ª:��uý���1´», ,�3�1´»¥éÑ�^ÂÃ��p�´

»��¯K��`). �,�å|¢�{U�yé��^�`´», �´§�O�þé�, �m

m�Ú�mm�4O�ÅJ±KÖ. �
;�qÞ¤k�ÿÀ´», �©JÑ�« A* �{�C

N, |^éuª&EÚk��}{üÑ~�´»�|¢�m.

l
:�ª:�°Ý`k|¢L§�±L«¤��|¢ä. �vk?Ûéuª&E��

ÿ, |¢�UUì�gH{½�ÝH{��ª?1. ®� A* �{æ^��£éuª�d¼ê�

±^5û½|¢?1���, �´»*Ð�!: n ��ÿ, ½Â§�éuªÂÃ��¼ê�

fn(Rs→t) = gn(Rs→n) + hn(Rn→t|Rs→n). (5)

ù p � gn(Rs→n) L « ´ » Rs→n � ¢ S Â Ã, � ^ Â Ã ¼ ê Gain(Rs→n) ¦ ),

hn(Rn→t|Rs→n) ^5�Ol!: n Ñu��U´» Rn→t 'ucS´» Rs→n �>SÂÃ.

�DÚ� A* �{ØÓ�´, éu¼ê hn(·) �6u gn(·), ùÒ���¼ê fn(Rs→t) ��O�5


é��(J.

´́́»»»III\\\ lå: vs �!: vi �3õ^´». �
«©²L vi !:�õ^´», ½Â´»

I\ Lk
i = 〈Rk

i , cost(Rk
i ), Gain(Rk

i ), f i(Rs→t)〉5P¹´»&E. Ù¥ Rk
i L«l!: vs �!

: vi �1 k ^´», cost(Rk
i )!Gain(Rk

i ) ©OL«ù^´»��dÚÂÃ, f i(Rs→t) KL«²

d!: vi ��ª:��^´»�ÂÃ��. ¦^��`kè�Q 5�;ù
´»I\, è��

�U f i(Rs→t) l���ü�.

�©JÑ�«ÄuA* �´»|¢�{, Ù��èX�{1 ¤«. �{�?nÜ6´, Äk,

Ð©z����`kè�Q ^5�;�c��*Ð�´»I\, �`´» R ��, Gainmax P

¹�c�`´»�ÂÃ, BSmin P¹§�´»�d. �X, �
: vs ïá1��´»I\, ¿ò

§�\è�Q (1 1—4 1). �è�Q Ø����ÿ, zglè�¥£Ø��´»I\, u�T

I\�´»ÂÃ��´Ä�u�c���ÂÃ. XJ´, KòÑÌ�, �£ R. ÄKl´»I\

¥�Ñ´», ¿¦^#�ÿÀ!:8 CandiSet �; VQ ¥vk� Rk
i �¯L�!: (1 7—11 1).

,�, �gr CandiSet ¥�z����\\�´» Rk
i , Mï�^#�m�´» Rl

j . XJù^m

�´»\þª:/¤�4Ü´»�d�u∆, Ò£�1 12 1 (1 12—181). ÄKO�Ñ´»Â

Ã Gain(Rl
j), �Xe?n: � e´»ÂÃ�u�c�Gainmax, K�# R!Gainmax Ú BSmin.

� e´»ÂÃ�u�c� Gainmax �´»�d�u BSmin, @o��d���@^���`´
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» (1 20—30 1). �X��#m�´»�ÂÃþ., ,��ÂÃ���u Gainmax �´»Mï

´»I\ Ll
j ¿\\è�Q (1 32—36 1). ��, �£�`´» R.

���{{{ 1 Äu A* �´»|¢�{

Ñ\: �Î Q = (vs , vt, K,Υ,∆), ã G = (VQ, E), ���dÝ
¢Ú Tsm, Ê3�m�L s

ÑÑ: �`´» R

1: Ð©z����`kè� Q;

2: R = ∅, Gainmax = −∞, BSmin = +∞;

3: Mï´»I\ L0
s = 〈(vs), 0, 0, 0〉;

4: Q.enqueue (L0
s);

5: While Q Ø�� do

6: {

7: Lk
i =Q.dequeue;

8: If Lk
i .f i(Rs→t) 6 Gainmax then

9: Break;

10: l´»I\ Lk
i ¥�Ñ´» Rk

i ;

11: #�ÿÀ!:8 CandiSet =VQ \ V
Rk

i
;

12: For vj in CandiSet do

13: {

14: Mï�^´» Rl
j = Rk

i ∪ {vj};

15: cost(Rl
j) = Lk

i .cost(Rk
i ) + Tsm(vi, vj) + s(vj);

16: finalCost = cost(Rl
j) + Tsm(vj , vt);

17: If finalCost > ∆ then

18: Continue;

19: O�´»ÂÃ Gain(Rl
j );

20: If Gain(Rl
j) > Gainmax then

21: {

22: R = Rl
j ∪ {vt};

23: Gainmax = Gain(Rl
j);

24: BSmin = finalCost;

25: }

26: If Gain(Rl
j) == Gainmax and finalCost < BSmin then

27: {

28: R = Rl
j ∪ {vt};

29: BSmin = finalCost;

30: }

31: �OÂÃþ. fj(Rs→t);

32: If fj(Rs→t) > Gainmax then

33: {

34: Mï´»I\ L
j
l

= 〈Rj
l
, cost(Rj

l
), Gain(Rj

l
), fj(Rs→t))〉;

35: Q.enqueue(Lj

l
);

36: }

37: }

38: }

39: return R;
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3.2 }{üÑ

3.2.1 Äu�d�}{

��Î Q �å:� vs, ª:� vt, rª: end(R) 6= vt �´»¡�m�´»; r end(R) =

vt �´»¡�4Ü´». �â¯K½Â, Ð©z��ÿm�´»��¹!: vs. �X´»�*

Ð, z�e|¢��, m�´»Ò#O��!:. m�´»�±*Ð��Ýd§�´»�dû½,

´»�d7L�u�Îý�.

½½½nnn 3.1 ½Â 1.4 ��^�1´»�¹´» Rl
j , ��=�§�4Ü´» Rl

j ∪ {vt}÷

v cost(Rl
j) + Tsm(vj , vt) 6 ∆.

yyy ²²² (1) Äky²½n�¿©5. d®�^�, ¯K½Â��^�1´»�¹´» Rl
j ,

��1´»�Rl
s→j→t. �â´»�d�½Â, k cost(Rl

s→j→t) = cost(Rl
j) + cost(Rj→t) 6 ∆.

Ï�Tsm(vj , vt) 6 cost(Rj→t), �Ò��=�Rj→t vk²L?Û¥m!:
´����vt �

¤á, ¤±k cost(Rl
j) + Tsm(vj , vt) 6 ∆. ½n�¿©5¤á.

(2) Ùgy²½n�7�5. �â(Ø, 4Ü´» Rl
j ∪{vt}÷v cost(Rl

j)+Tsm(vj , vt) 6 ∆,

¤±´»Rl
j ∪ {vt}´¯K½Â����1), ½ö`´�^�1´». dd��, ½Â 1.4 ��

^�1´»�¹´» Rl
j ¤á.

nþ, ½n 3.1 �y.

�{ 1 ���è£ã^�
Äu�d�}{: 3�z�^m�´»*Ð#�!:�, X

J��ä/¤�#´»3�5UÄ*Ð¤�^�1´», �±ÏLu�§�4Ü´»´Ä÷

v cost(Rl
j) + Tsm(vj , vt) 6 ∆. XJ÷v^�, K�ù^#´»Mï´»I\, r§\\`kè

�, ���¡�*Ð. ��è1 15 �1 18 1.

3.2.2 Äuþ.�}{

-´» R → R̂�4Ü´» R → R′ ¥ÂÃ���@^. XJ´» R → R̂ �ÂÃþ.�u

�c���ÂÃ, @o R → R̂ Ø�U´�`´», ¤kl end(R) Ñu*Ð�´»Ñ�±�à}

K. ùÒ´ÄuÂÃ�}{�Ä�g�.

�´» R lå: vs ��
¥m!: vn, �Y´»�ý��e ∆′ = ∆ − cost(Rs→n). ^8

Ü Ln P¹± vs�å:, vt�ª:, �dý��∆′ �, Rn→t �±²L�!::

Ln = {vi|Tsm(vn, vi) + s(vi) + Tsm(vi, vt) + s(vt) 6 ∆′}. (6)

ùp�!: vi ´�cvk�¯L�!:, ¿�Ø�) vt.

du ∆Gain(R′|R) = Gain(R → R′)−Gain(R) ��´» R′ ²L�!:�', 
Ø�6u

!:��¯gS, r R′ �´»�dCq�´»!:�8Ü�d. !:�d½Â�

c(vj) = s(vj) +
min{Tsm(vi, vj) + Tsm(vj , vk)}

2
, vj ∈ Ln. (7)

Ù¥, < vi, vj > ´ vj ��^\>, < vj , vk > ´ vj ��^Ñ>. �
�\O(/�O8Ü�d,

ª: vt ��d½Â� c(vt) = s(vt) + min{Tsm(vi,vt)}
2 , s(vt) �±O\��±�ÑØO; R �ªà

!: vn ��d½Â� c(vn) = min{Tsm(vn,vk)}
2 .

ù��5, ´» R′ �)�>SÂÃ�OÒ=z�¦)e¡��`z¯K:

max∆Gain(R′|R) ÷v
∑

vi∈VR′

c(vi) 6 ∆′ − c(vn). (8)

d u ¤ k ! : � � d c(vi) Ñ Ø � L § � ý ¢ �, þ ¡ ú ª ¦ Ñ � � � � UP >

∆Gain(R′|R) éu¤k�´» R′ ¤á. úª (8) L«�´��Ñl���å�f���z

¯K, §�´ NP-hard, æ^e¡�½n¦).
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½½½nnn 3.2 éz��,�: i ∈ Ln ∪ {vt}, -B = ∆′ − c(vn), σi = ∆Gain({i}|R),

ri = σi/c(i), i1, · · · , im ´ ù 
 , � : � S, U ri ü S ü�. � l÷v C =
∑l−1

j=1 c(ij) 6

B �
l∑

j=1

c(ij) > B. -λ = (B − C)/c(il), @o

UP =
l−1∑

j=1

σij
+ λσil

> ∆Gain(R′|R). (9)

yyy ²²² ©z [20] �Ñ, ¦É�å�f���z¯K�) Â �þ.�±=z�¦ Â ��`

)� l. r©z [20] J���{A^uúª (8), - Â = 0, Òí�Ñúª (9).

3.3 E,Ý©Û

±*Ð�´»ê���{��mE,Ý. �ÿÀ!:8 VQ �!:�ê�n, �`´»��

Ý� p, |¢ä�z���õkÓ' γ �!:�*Ð. @o, z�� l �´»k

f(l) =

{
n, l = 1,

γ · f(l − 1) · (n − l + 1), l > 1.

1 p ��´»ê8� f(p) = γp−1 · n!/(n − p)! . �é��`´»�, ®²*Ð�´»�õ

k
∑p

i=1 f(i) =
∑p

i=1 γi−1 · n!/(n − i)! . Ïd, �{��mE,Ý�O(γp−1 · n!/(n − p)!) .

4 ¢�(J�©Û

4.1 ¢�êâ��¸

�©�¢�êâ´ü�ý¢�\�êâ8, Ù¥ Singapore (SG) 5
u Foursquare^�

3#\·Â8�êâ, êâ�)��m´l2010 c 8 �� 2011 c 7 �[21]; Austin (AS) 5


u Gowalla ^�3cdÈÂ8�êâ, êâ�)��m´l 2009 c 11 �� 2010c 10 �[22].

��'ïÄó�[12,14,16]�?n�Ó, ·���U�S�,^rëY�¯�ü�,�:ïá

�^Ã�>. @
�á�vk>���ë�,�:Kl,�:8¥�K. ù
&E�±ÏLé

\�êâ?1©Û�5. éÐ©êâ8?1[14]¤ã?n��, ��L 2 ¤«�£ã5ÚO&E.

LLL 2 êêêâââ888���£££ããã555ÚÚÚOOO&&&EEE

Tab. 2 Descriptive statistics of datasets

êâ8 ,�:�ê >ê ²þ´§�m '�i�ê

SG 1 625 24 969 16.24 min 202

AS 2 609 34 340 11.12 min 252

¢ � � ¸�Ubuntu 18.04 LTS ö � X Ú, > M � �� Intel E5-2609 v4 1.70 GHz,

15.40 GB S�, ?§�ó�C++.

4.2 ¢���

ééé'''���{{{ �©±�å�{BF��ÄO�{, ��©JÑ�Äu A* �´»|¢�{?1

¢�'�. �
'��ú², ò�©31 2 !JÑ�¢Ú�{A^��å�{¥. du Hongwei

Liang Ú Ke Wang 3 SIGIR’18 ¬ÆþJÑ�¢Ú(�Ú PACER �{[14]�·^u¦)�ïÄ

¯K, 3¢�Ü©\þ��ck?� PACER �{�'�. r§�8I¼êU�æ^�©�CX

¼ê, ¿��� k=1, ¦ top-1 ��`´». Ï�[14]��©�{¦)�Ñ´�`´»�¢�êâ

8�Ó, �¢�(J�±`²�{�k�5.
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µµµddd���III ±$1�m!S�����¢�ÝþIO. z�|�Î(å��, P¹�| 20 �

�Î�²þ�. �,��Î$1 1 h ��v(å, ½öÑ¦
O�ÅS�]
, ¬�ª�$1, ,

�����Î�}, Øë��g�Î|�5Uµ�.

4.3 (J�©Û

4.3.1 ý��dé�{5U�K�

$$$111���mmm SG êâ8�¢�(JXã 4(a) ¤«. �Xý��m�O\, n��{�5Um

©eü, �´�©� A* �{©ª' BF ¯ 2 � 3 �. �{5Ueü��¡´Ï�ý���O�¦

�¢Úu¢�ã3e�ÿÀ!:Oõ, ,��¡´´»*Ð��Ý¬O�. 3 4∼7 h S, A* �{

��Î�Ý�¯u PACER. � ∆ = 8 h ��ÿ, A* Ú PACER ÑU¤õ�1¤k�Î�ü��

{��Î�Ç�C, 
 BF k 1 ��Î�}. �éu SG 
ó, AS ´�����êâ8, Ù¢�(

JXã 4(b) ¤«. 3 4∼7 h S, A* �{�5Uo´��`u PACER �{. du3 ∆ = 9 h ��

ÿ, BF!A* Ú PACER �U¤õ�1 12!15!17��Î, ¤õÇØp, Ïd@�3 AS êâ8

þØU� ∆ = 9 h ��Î.

BF

A*

PACER

BF

A*

PACER

4 5 6 7 8 9

/h

/s /s

103

102

101

100

10 1

10 2

10 3

19/20

19/20

16/20

19/20
18/2019/20

19/20

4 5 6 7 8

/h

300

250

200

150

100

50

0

(a) SG (b) AS

ã 4 ý��dé$1�m�K�

Fig. 4 Impact of budget on runtime

o�5`, A* �{�`³3u�ý��m��� [4, 5, 6, 7] �, §U¤õ�1¤k�Î¿

�§��Î5U´n��{p�p�. �Xý��d�O\, A* �{Ú BF �{�5U�å�

5��.

|||¢¢¢���mmm SG êâ8Ú AS êâ8�|¢�m¢�(JXã 5(a)!5(b) ¤«. ���{

�´»|¢�m�X�m�O\
O�, Ù¥ BF �{�O��Ý�¯. 3 SG êâ8þ*	

4∼8 h �²þ|¢�m�±uy, A* �{' BF �{�Øõ�ü�êþ?, ¿�' PACER �{

�|¢�m��. 3 AS êâ8þ�kÓ��Ly.

4.3.2 '�iêþé�{5U�K�

SG êâ8Ú AS êâ8�$1�m¢�(JXã 6(a)!6(b) ¤«, ¢��ý��m�½

� 6 h. lã¥�±w�, �X'�i�ê�O\, n��{�$1�m¥O�ª³. A* �{

3 SG êâ8þ�V 1 s ÒU�¤���Î. 3 AS êâ8þ, A* ��Î5U�ép, $1�m²
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þØ� 2 s.

4 5 6 7 8 9

/h
(a) SG (b) AS

BF

A*

PACER
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A*

PACER
19/20
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16/20

19/20

18/20
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103
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/h

ã 5 ý��dé|¢�m�K�

Fig. 5 Impact of budget on search space

5

4
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2

1

0

1 2 3 4 5 6
|K|
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|K|

/s /s
BF

A*

PACER

BF

A*

PACER

10

8

6

4

2

0

(a) SG (b) AS

ã 6 '�iêþé$1�m�K�

Fig. 6 Impact of |K| on runtime

¢�þ, Äu A* ��`´»|¢�{U|±��Î'�i�êþ, ����Î�{?n�

ÿÀ!:êþ�'. e ∆ ��� 4∼7h, �©JÑ� A* �{U|±��õ�'�i�Î.

4.3.3 '�i Ðé´»(J�K�

3ùp, ÏLUC�Î'�iK � Ð� Υ, 5`²'�i Ðé´»(J�K�.

éu�Î Q1 =(The Fullerton Hotel, City Square Mall, {Park, Restaurant, Museum}, {0.1,

0.6, 0.3}, 360), '�i Park!Restaurant!Museum� Ð�©O� 0.1!0.6!0.3, 3�½ý

� 360min �^�e¦Ñ��`´»Xã 7 ¤«, m>�J«µ^5£ã´»&E. dã��, í

�´» R1 ¬²Lü�ê,Ú��ÆÔ,, ´»ÂÃ�� 0.6, ´»�d� 287min.

XJr'�i Park!Restaurant!Museum� Ð�N�� 0.6!0.2!0.2, @o#��

Î Q2 =(The Fullerton Hotel, City Square Mall, {Park, Restaurant, Museum}, {0.6,0.2,0.2},

360) �´»í�Xã 8 ¤«. dã��, � Q2 í��´» R2 ØÓu R1. du�Î��
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� Park Ð��u Restaurant, ¤± R2 ²L�ü� ParkÚ 1 � Restaurant, 3ý�Øv�

�¹e, vkCX'�i Museum.

A: The Fullerton Hotel

B: Switch(Restaurant: 0.5)

C: National Museum of Singapore

     (Museum: 0.5)

D: StraitsKitchen(Restaurant: 0.5)

E: City Square Mall;

=0.6 =287 min

ã 7 �Î Q1 �´»(J R1

Fig. 7 Query result R1 of Q1

A: The Fullerton Hotel

B: Switch(Restaurant: 0.5)

C: Woodlands Waterfront Park

     (Park: 0.5)

D: grassie(Park: 0.5)

E: City Square Mall;

=0.55 =332 min

ã 8 �Î Q2 �´»(J R2

Fig. 8 Query result R2 of Q2

5 o (

�©3�ï� POI /ãþ?1Äu^r Ð��`´»|¢ïÄ, �Ä3ý��å^�

e, '�i ÐÚ�­ Ðé´»í��K�. �
é��^÷võ�5A��´», �©ò8

I¼ê½Â�äkf�5��CX¼ê. 3ý?n�ãJÑ¢Úïá�{, ¿3�Î�ã|^

¢Ú(�LÈÑÿÀ!:8, �X�OÄu A* �´»|¢�{5��`´»�Î, ¿|^A�

k��}{üÑ\¯�{��1�Ý. �©�ÏL��õ�¢�ÿÁ A* �{��Î5U, ¢�

(JL²�©�{3�½��Î^�eäk`�5.
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