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Abstract: This paper studies the methodology for optimal route search based on user
preferences, such as keyword and weight preferences, under a constraint. The research
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
two real-world check-in datasets demonstrates the effectiveness of the proposed method.
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state-of-the-art PACER algorithm.

Keywords: route search; users’ preferences; A* algorithm

WA H I 2019-07-29

eI H: ERAREEHES (U1501252, 61572537)

H—EE: LB, L, MUEERRAR, WU O EE S H 2 8. B-mail: 2739670944Qqqg.com.
WAEVEE: XUEAE, 5, #0%, WA QUM BT k3 2 S S .

E-mail: liuyubao@mail.sysu.edu.cn.



55 5 ) LR, S SR T i I R AR B AR 1 R 101

0 7 e

AR S NN B EAIS, #) 2N TR RS0 WA . AR RS
S A AT T W R AR R S s, P A SRR B 4% A S i B A LB R AT H )
b 1) P A R B B D (W A, BV R AR Bl J LA AT R R I R T AL AT R
L2 3 ThiE, ELln Foursquare 1 Gowalla, F 7 7] DLZEHL B ARyE B U7 in) ik 19 %58 5 F B
FXFEATIVE. X e DR R BE T B IR 45 (Location Based Services) M2 TR £ H] 7
R BN E A, I X L 25 M S SR AR S S E R HEATAZ R 40, POT K ATILAL 5.
POL i B fi T 22 IR AR & B D8R sl A FRAS, RWIZ OB R T JE 8. 20 i
ZADIReB RN, ashr B2 ARRZE. N KRB i, AATRERELE I Pedly, X e
HATHE W . WK BIRTES), B4R MY A T Res bRl A rid . gk Ik
.

I JLAER, B T AR R ) 8 0T N 03 R AR oG A A Bl 4. — AN
ST IR, F 7 Ay SR HE A 1R B A AN IS R 08 v A2 A 1 A A 10 358 1 | 24 R, 34 g e A0 M
SEIARONS PR SURFAE 1) 2 PR PR k. SLSR AR iiad g, — NSO BTN INE R, vHl B
1 9:00 MAAE I ITAE IR J tH e, WA N = Bl Brdlig# 3k T 71 17:00 S5 KAL) 8 A
ANES TR TR], At AR Do 200 A 44 D D R . JERE R b A, B N RS XL AR O, AR LR
TRE ML A, At S RS N () A EAE A TR R X s X L A DL _E R mT %, P e AR IR AE
FHP AT 0 . kgl XU XX DGR i, HLOG ) T R0 R s DX (P B 6 B0 T
kAT, BrLL, — 4Gt —AMEDIIE . — 2 TR — AN KU X IR B 2 60 F P IR 51 g Le 2t
TN T VR R 2% R W AT () B e R R T s, SCR 2] SEIL T — MR AR R RS, X
Ry H P e 27 1R R A A 9.

VF 2 WF 90 TAE 30 ) T P48 5 22 OC B 7 19 d5e 0 8% 4 A 141, 2008 4F, ST [3] 42 th
7 Optimal Sequenced Route (OSR) [0 #, 7£ TPQ i @KL At F i b ¢ 8 705 i) IR P 10 24
W GRS LI R ) 8 E AT [5-7]. 18 3C [8] #1%F KORSITVEYR I T- 41300 $ e (1) 4 45 44 2k SR mes
FERHUARE I DA R 22 A ) OB 7 N R 20 s T e PR AN A B B, 4 10 I 1 S0 B A S 41
(PR AR AL T 7 28 2018 4, ST [9) BT T top-k e M0 AT 7 16 A28 v 2, BJ) 48 o) DR o 381 2% i 424
SE T8 1 ST AR e /NI top-k B AR, SR, 33X 28 o) FRUER A AT % R IR AR (K 41 R
AT, W) BEEAE. SCRF 2 AR M AR 000 T AEAT [10-12]). o, KOR [i) @215 J)
TERARGA Tl A O A I s U fE . SR [13] 4 th T A s 22 510 top-k J5 K 6
12, A R BT A B A TR AHARL R B K HLBRARAR R /. A T Lh SRR (1) B A2 e O B
T REPEEIR, SCHR [14] 38 W T ST AR B0 XA ) R A, BUR O ARSI ST %
AR TR 2 SR (1) 155 R B0 Ak v i, (L2 e SR FH 1 328 VA D0 A8 002 L e R B AL, 1y HLAS &
TURTTVO R BR AT, DA T i A B S B AR R A, SCHR [16] 32 th 2 T A* AR A 1) R A1
PRE, R I I8 T AR i AT A, AR PE SE bR N H 5t B AR &Y
o R I 2% R AT AR R D R AR A5 AN B B [RIRE 2% 8 - i 27 R0 A SCHR [17], " AN
FH P B s £ B4 4 8 (R TR 2 A, an s () s, YR e A B T 2 ), e AR —
AN - ) =5, A0 0 ) P S T B

S T HEGCR AN AT 10 55 BR AT HE A (1053 Wi, AR SCHE 7 18 258 ) i e FAS . i 26745 4y
EWSAT I AR R AR 2 S . 534, R 2 B AR 28 0] ) P PR 2% R AR D R 5



102 FEAIE R 2 2240 (IR IR) 2019 4

Z[E) (R ARART, T AN RE D7 1) X i A (45 B AR D T LR RIR S ) R 5 BATE A,
AT FERE B AR ) HR AT AR RN 45 B A IC A TS 2 .

MR, ALK 3 2 5TiRAT -

o PRI i o (1 e 0 B A 4 R 00 AL, AE TS 2 AR 31 AL Tl e (1 B I
12

o FEH B MUNAEFER GO 7 S R 51, IR 5 E5 M 2 H ik 1y gk,

o BT AMMERBLUE TR A USRI R BE, S AT R0 BTSSR 4 2 ) ) d
PUst.

o FERYSET H S IR A AR BB A EREAT SLIR UG UE, S S5 RAEW] T A SCR Y
IR IAT R

ARSI IR IR 571, 55 1N I UE 3G 58 2 TR I ARG 5Tk 2 3T AL
SR A% 1 B AR R SVR R BT A N 28 4 545 Hh SR &5 R 20 A B8 5 40 4 St AT

puyZ s
1 FER s
L1 [5 A3k

AN POTHE 79, ULE 1. P B RS TT 5 0 AR — AN DR . AR R i 4
ARDhEeE Y, Mo bl AN AT 5O T RS, B bRl A
FREEFZ 5. WY R ve FRid SR8 T Museum FH Restaurant, X5 FE53 70 7 24 0.4 F10.6.
TET R vy P AR AT AR PR IC AE T s 55 3. Sy Ak, YT sz a1 AT AR ke AE i R 1
b G T R e PR AE IS AR N 18, M v Bl vy AR ZRTHATARY N 3.

(Museum, 1) (Museum, 0.9)

20 15
14

(Museum, 0.4),
(Restaurant, 0.6)
18

15
Restaurant, 0.9)
15

(Park, 1)
(Restaurant, 0.2)

K1 POIHE R
Fig.1 A POI map
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Fig.2 Minimum cost matrix index of the POI map
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B2 IR B AR 28 A B 75 /N T i R B KW R A SR 2, R HE A 3R R (AT R, 75 T AN B A2 bR 25
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SRJE, MAE CandiSet AR —NITCR A SIS RY, GIEE—F8 MIT IR AT RY. WX 40T
TR IN B2 OB R A B AR AR R T A, RIS 1247 (58 12-—1847). S WITH&E H B 120k
fl Gain(Ré—), i AL O FBAAREE KT 4001 Gainmax, WHH R Gainmax A1 BSmin.
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(55 20—304T). A MEH ISR IGEE ESE, R5 WBGEE R E KT Gainma 154201 2
BRARARAE LIPS Q (35 3236 1T). &5, RIS R.

Y1 T A BRI R
A Q= (vs,vt, K, T, A), G = (Vg, E), IAMUNHERER S| Tom, f5R-NRZIER s
i RILEE R

1: WA — M RRARSEBAS Q;

2: R = O, Gainmax = —00, BSmin = +00;

3 AU L) = ((vs),0,0,0);

4: Q.enqueue (L?);

5: While Q ~h%% do

6 {

7 Li-“ =Q.dequeue;

8: If L f{(Rs—¢) < Gainmax then

9: Break;

10 ABREERRS LF PEUBEE RY;

11: BiRpt 7 4R CandiSet =V \ Viks
12: For v; in CandiSet do

13: {

14: Bl — 4k Ré- = RF U {v;};

15: cost(Ré-) = L¥.cost(RE) + Tom (v, v5) + s(vj);
16: finalCost = cost(R;) + Tsm (vj, ve);
17: If finalCost > A then

18: Continue;

19: WH BRI Gain(R));

20: If Gain(Ré) > Gainmax then

21: {

22: R =R, U{u};

23: Gainmax = Gain(Ré);

24: BSmin = finalCost;

25: }

26: If Gain(Ré») == Gainmax and finalCost < BSpi, then
27: {

28: R=R§ U ok

29: BSmin = finalCost;

30: }

31: Mivh s B5 7 (Rs—t);

32: If fI(Rs—t) > Gainmax then

33: {

34: QRIS L] = (R, cost(R]), Gain(R}), f7 (Rs—t)));
35: Q.enqueue(L{);

36: }

37: }

38: }

39: return R;
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T W T8 16 IR BT B A8 AR AR OR BB 9 Bl — 2% AT B 4%, T DL e A 7 " 11 AT - % 40 A 107
2 cost(RY) + Tam (v, v) < A WUERWER LA, WX 40T ARG A2 BR AR5 RS, JEEMARSEBL
B, SR TR . WARHSER 15 2256 1817
3.2.2 AT B SHRBTAL

A1 R — RAMEHE R — R HGEBRIIS. WIREE R — R LA T
YT, 4 R — RANTTRERBAERAR, T M end(R) thRA & IR 42 #5717 LR 8
L. IRt T R PR BY R PR AR AS JUARL

A R M R v BIE T AT R vy, SR TR TN A = A — cost(Rs—y). H%E
B Ly Wk B og AlE A, v AR, AR T AT I, Ry, e ATRLZIS 1Y A

Ly, = {vi|Tsm (vn, v;) + 8(v;) + Tom (vi,ve) + s(v) < A} (6)

SO FLFD Y A v e 2 BBV LB AT, JF AL .
T AGain(R'|R) = Gain(R — R') — Gain(R) R 5842 R &3 17 SUHDC, A8 T
VRV IR, 0 R IIERAR AT A B 11 ALK AR 1 AL 5 SN
C(’Uj) _ S(Uj) 4 min{Tsm(Ui,’Uj)2+ Tsm('Uj, Uk)}7 v; c Ln. (7)
Horh, < v, uy > oy I H NI, < vy, op > oy 4L T SIVER L A5 A AU
2 oy IR HE SON e(vr) = s(vp) + 2T Constl) () 7T AT AT LLZBE AU R (012635
W g AR5 XN e(v,) = Dl (a0},
JORE oK, Bt R 7/ (KI5 T sl Ay SR T 1 5 A A ) A

max AGain(R'|R) 2 Z c(vy) < A" —c(vp). (8)
v, € Vg
A S AR c(v) A oL e i =, B A XSk & KEUP >
AGain(R|R) M T i 45 6 06 R/ Hesr. 258 (8) 22— A IR AATE £1.20 11 7 03 At
I @, & NP-hard, S HI R THIE SR A
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EE3.2 MMM € L, U{w}, B = A" —c(v,), 0 = AGain({i}|R),
e = 0ifeli), dn, e i KSR A PR, Her B FEHESL. RO C = Y i) <

BHY e(ij) > B. &A= (B —C)Je(ir), W4
=1

-1
UP = Zaij + Aoy, = AGain(R'|R). 9)

j=1

i B SCHR [20] 35, SREZL AR ) B AR A ) AT UL sk A Al
FRAC D BS. FESCHK [20] SR BV ITERH TAR (8), 4 A =0, BIEFHARK (9).
3.3 AREAM

LY Je (R s A2 B D SRR I I T B S8 Befoae 1 i Vi 1T AN KON m, SR LA IR I
FEA p, WRW IR B2 A 5y W R . B4, R 2 1A

n, l:17
f(l):{*y-f(l—l)-(n—l—l—l), > 1.

B RMBAEH N f(p) = - nl/(n —p)!. UEFRMBEN, CXF RNERERS
YL @) =0/ (n =) Pk, BRI A O(vP 1 - nl/(n — p)!).

4 ZRER5HH

41 ERHAE5FE
A ST Y SI2 56 4 AL AN B0 9 25 B Hdls 4k, HL P Singapore (SG) 2K il T Foursquare £ 74F
TE 3B 0 e WA B 0 B0, B 7 2 B I () S M 2010 4F 8 H 31 2011 48 7 H2Y; Austin (AS) K U5
T Gowalla BAEAE ST WA IR, $idis = A i i 1) & A 2009 4F 11 H 31 2010 4 10 H 122,
PRAH S5 T A2 A0 16T [ A B ), FRATT A — R P AR P S 0 U ) PR P A DYl st 3 ST
— TGN FSEEAINT IR P AT 120 B A I 1 DN D) AN i A v e . X 85 B mT DL ik )
AT T Aok, WIS A AT D Bk b B 2 5 49 303K 2 FORIRETESTHE B

* 2 BE£HEAMZEITER
Tab. 2 Descriptive statistics of datasets
Hiidk OB P SPRIERTE SR AN
SG 1625 24 969 16.24 min 202
AS 2 609 34 340 11.12 min 252

SZ I PR 5% O Ubuntu 18.04 LTSH:AE & 48, Wi A & 4 Intel E5-2609 v4 1.70 GHz,
15.40 GB WAF, gl 5 4 C++.
4.2 ZERRE

B R AL ) FVEBRE NI ME 1L, SASCH I ST A* I R AR R VAR AT
S LR, A T IR A, MG A SCHE S 2 W R I R 51 ik N H 218 ) 8. |1 T Hongwei
Liang fl Ke Wang 7F SIGIR’18 v ¥ 4% Hi (115 51 45 4 A1 PACER S M h & FH TSR A A0 51
I B, A S A 0 b5 2w S E ) PACER SEVA M LR, 3076 1) H Ak R 20k SR AR SC I3 6
BREL, HF HBE k=1, 3K top-1 MR 4. DRk (V405 24 S v SR At 10 8 42 e 0 i 42 L 5236 5000
SERAIR], AR SEI 45 FenT L A S AT Rk
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RN R LUSATIN ). AR R/INME N S B b, 4L A 45 2 )5, s AR 4] 20 4
AP SHABRIELT 1 D RERER, SRR TSNS, 2B, 2
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