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Multi-Tag Route Query Based on Order Constraints in Road Networks

ZHANG Jin-Zeng WEN Jie MENG Xiao-Feng
(School of Information, Renmin University of China , Beijing 100872)

Abstract  With the increasing popularity of mobile Web, geo-positioning technologies and smart
devices, it enables users to generate amounts of location information and corresponding descrip-
tive tags. Route search is a frequent laborious task when users have multiple demands on the
trip. In addition, users prefer to specifying the order by which some spatial objects should be vis-
ited before others. This paper proposes a new type of route search, multi-tag route query based
on order constraints (MTROC) in road networks. We prove that the MTROC query is NP-hard
and present three approximate algorithms based on enhanced route overlay and association direc-
tory index structure. The route extension greedy algorithm and the route incremental intersection
algorithm build a route by greedily inserting a spatial object into some certain segments of the se-
quence. On contrast, the global route optimistic algorithm provides a globally approximate opti-
mal solution for MTROC query. Extensive experiments on both synthetic and real-world datasets

illustrate the efficiency and scalability of the three algorithms proposed in this paper.

Keywords road networks; route query; order constraints; signature file; tag

WA B 391 :2012-06-05 ; S 248 ORI U] F 41 :2012-07-27. A PRBG 3 E ZK H SRR 2 H 4 (60833005,61070055,91024032)  Hr [E A R K 2%
B2 98 3 4 (TOXNIO18) (A% 1y 5 H K L T (20102X01042-002-003) | 1Ry % 2 452 1 - 2 B} s % TR IF 3 42 (200800020002) W5 Bl . Sk & 48
1983 AEA L AL BF SR AR FEAFR T 0 B A0 LA RS 5 Web R 25 ) R 42 3. E-mail: zajize@163. com. 3T &, %, 1989 4F
A B BEE AR I Y 0 B B B A . N T 1964 AR AR b B0 b A S 32 SRR ST A Web 006 4 i XML
B e R B8 Bl G



2318 it " Bl 2 H 2012 4F
HAl SR RA L THEA TR &
1 51 § %o, B 9 1E LR Web M I8 i % (Google Map ., Bing

B 2 b B SE 7 35 AR GPS,WiFi FIE RER 31 ik &
1835 B LA b B 2y B I ) 1) L g R L B TR R 1Y
A M 18 2R L Hb 3 A 5 ) 2% I AE 2R Hb B ik 55, b dn
Google Map, Bing Local Search, Foursquare, Flicker
S5 FH A&l B T AL A IR 55 AATTRT LB I B b
A7 ARG 2l i sk A B RN 35 BT X e %R
& FRic e F 5 R tag B0 tweet X 25 ] XF 42
DA BB SR AT Al 3 O AR A TR LA A
T8 06 T P A ) SR 1 37 BT B B 2k

12 H A R Z 800 A0 A 2 AT
55 ANE XL R A A LR X AT 55 ok T-3)
Hiu ) AT R AN AT R B AR ER O — 2R i 9k ) Y
TAE. e it — kgl Z2 D m R BA
Sae /MR (R B B8 I 1) 4B 2 i 2D 8 2 224> 7 3K
) B 2R 2 AR R L B A A R R 2 B 4R
FE 1R 1 0] 58 AR R e LG an AR AT 1 85 Ml B [ Ay
9:00~"F4 5:00) il 2 , P I 7 LRl 2% 2 i, 5 22
2 PR 29 PR 2 05 7 [0 0 52 . 2% PR 1 T 7 Y
11+ AR 152 DT 2 b A5 [0 395 5 %) 8% - Mary 75 245
VAR s 25 v AR AT I B 55, 35 1 ez 4R, 3K
FHLFEHL & S Ah A A T 1 20 0 (1) i AR
FoEARAT 5 (2) 3K FT HL A% T S8 25 m il Mary 124k
B A0 2 R T SR 2 IR A Y B e B 2 (SR 2
i Sk W) . PRI AS SO 7 — o (4 =5 1] £ 9 - %
MR 5T U5 1) 4 52 BRI 2 bR & (rag) B 4
(MTROO) £ i, fE %A T 7 24> tag 48
FE ST 1] (1) 25 A 23 6] 0 G DA S BAT] =22 (8] 6 7 1) 7 571
L9, AR Y IR SR BOm i B sh i g A
1 GPS R & i th 48 . il H AR e T
W —FNF R BN EH S — A& tag IT
PC 114 2 [6) Xof 52 - J 3 971 249 R ) e A B 2.

_ KFC
 [H AT A

K1 MTROC £ i) 5

—>

o B LR ’ETMT‘

Map . B Ji H &) DL K 25 8] G = A iy T i) A
9% TAEABEAR I H [7] ¢ MTROC 25 3. 75 4 Hh 14 iR
5 {657 FH OG5 = B i 8 2R L0 AT R A 6 2 ) Y £
H 7 245 0] O B A 1 A — A7 B G e 4
B AE RSB K& B A 1) A de 3 DG A 1) OC i
TR G TR A AR 0y A L A
FH P 1 510 T 22 4 160 BRI ) — 2 Tyl s o AR AT
ENLH LSRR B S i A i . R 5
HE R B 1 3 7 8] 6 G2 AR 7 50 B 2E AT 24 A B
LR — S5 P R SR BR AR X R T 1 B A
2 L T A A 3 B L A R B e T R R L AR
ZRCRAG St 2 . ok, B A B A R Ok
A 25 [R] 0 G2 BT J 11 28 0l 48 6 2k oK A SRR
2RO g e MTROC 253 085 45 3 & 1 4R i sk
JIT S 7 T B £ B R P e 4 I R AR AT T
“NIZRAE” BAR 8 TARAT 2 R s AH IR AN R
FH T 3R ANTE A A SCHE A . R R T A
R A3 i) S 8] 2 MTROC 45 iy

A AT 96 8% 2k A7 FE DA Pk Rk fn) . — i
Web [ 1425 [i] X 2 8546 P 38 K 5 — 5 1 R B
Il ASAS A XoF A 7 SR ) B 43 24 IR 3t K Ak il
SRR T 47 7 5 AT B A K B Ak 32 % 4%
Pt i e Y A L R T I R A i A T SR AR AR
ULk il AT R CTSP) [a] #8 0] DL R 2 i W R 85 1
5] 5 351 52 B0 2 tag B2k (MTROC) 2 i1 [] {5 1) 45
Wi, B L MTROC 2 i o] 85 2 NP-hard G4 3iF B 0,
H AT T BB AW A SR T 3 FE A
B AR SO R E TR TE T

(D) & LT —Fl g ) B 5% T 7 18] 3 91 2 BR | 2
tag P&k (MTROO) £ i), I 1E W] MTROC 2 ) 5] #5
J& NP-hard.

(2) SR AT I 22 7R 3 50 29 4 R 40 0 HE 7
2 RN ) A 45 A b B MTROC 2 i),

(3) AT [ MTROC % i) . & 5 2 H w6 R
TRETL B YR RE-Greedy B 1 F1 % £ 7 1 48 A
RII-Greedy %1%, H T oy &8 53 74 76 14 2 P& 2 1) 3 72
AN RO L B — B AR s Ry R T —
T 4 J B R AL AL 5512 GROAL.

(4) 2R HTEL 2B 8O B 8 4t A9 33008 R A7
FE 53 ) SE I PPA L S I 25 SR T 3 Fh AR AR RE A AK
58 B MTROC 2 #1, H P 8 GROA #] 37 & 4%
B bF 5 1 RIT-Greedy $4 3 3% [7] 14 4% 28 o1 2t 4 .«



11 4 T 3 A - % D ER ISR U ) 80 B2 BB 22 05 45 B R AT T Bk 2319

AR SCES 2 5% MTROC £ #) A7 Ak & X
B3 WA PR EE X SRR
EROAD; 25 4 5 40 A 3 i i kb BE SR W 55 5
3 A S 0 S MR AT PR AL L X S5 R AT A Y
X ECAT AT 3 57 6 9 % 4 SCHE AT B A5 I 6 R ORI 5E T
YEJEAT .

2 [EE R

b A RV EUE 5 D 2 i i R i 2 ) % 5
M. D P~ X R o Hp )RR, p REXS
Fo BIPLE 1 J& o XN tag #EIRE G BN AT
WK GIN.E)FR N &80, X ) HIESE
FRAT W 5 o R SR P U2 B 1Y
PRBS distCng o) gt ng 3 ny 2Z 18] 1) 55 60 % ) BB SR
M2 i) Dijkstra 832115, MTROC # ) 5k F —
MNUTCH Q= {se, V.0 K/, HH s Fle R
BT R B EG© RR AW tag e g0 e,
@b s RINE T A tag; @ RN KA ¥ A YR
4.

EX 1. PR, — KPP E— DA
tag X (@i @) s B 7 J P A0 Z50U7E U5 18] 58 — 4> DB e
IR Z I A BERIIE LT ¢, B X 2, k2 ¢ 02
@ M HIERTIK . 0, 02 o BG4k 10k ¢.<¢,.

TN R TR BT ARES 6
FOR M — T Ho' ' B R 1 T R R A ) tag
@ A T RIR T RBIF I R (@00 0 AR
M7 SN L R 52 HALY Ho s — A 10 TCER AL i
R Ho A AE 2R R AT REER 1 /2 O BYBE 2R, A
P21 tag 2 15 0 1 HI Y 091 D0 = A BT . Y
AEAE — 2% W %5 3l % . O P I & tag &Y

EX 2. fEEMEL. HEEH Qls.e, V.07,
Az r= {5’011 0., 580y, ,el (o, € D, k<<m)ZE—
ARApEIE B Y H ALY X AL A W) tag ¢, BAF
FE—AZ X E o, €D Wi, o, 0. HEEL r
HhOeE G 1Y D5 ) LY 3l J2 P 9 2R A A 6. T A s
RS IC AR,

ALV B2k r BAT B 2 0 4 058 i
AR R B 2 r WK EE L () =

k—1

alist(s,o,,1 )+ 2 disz‘(o,,l 0. )—l—dist(olk ,e).
i=1

EX 3. MTROC & if]. 5 FH 2R £
tag B (MTROO) 1] Q{s.e. W, 0} j& MK I B 45

et RIP AR — ARk B L L A K S DT
WAt tag B IR I LK 0.1 - =

arg minL (7).
reR

3 EEAMBEEE- XEKARES

J T A A 12 MTROC 25 36 . 48 2% 4 i 2
F0 SR Foe A B AR AT R i — R SR Y R S -
KK H 5% (EROAD) % 5 45 ¥4 J7 {8 45 1) 4b 2. & 3k
TRy KT Mo 2 4500 CnEl 2 Jis) o i
PO B30 41 R 23 TRD R G 3 A7 At O X i 45 0 iR A7 b B2
(18 8 A (o GO G A SR A A TR R

2 KT M2

EROAD 3% i JL{ J5 102 fil Kernighan-Lin
SRR A B A SR AT R 4 — R B A A
PR DX T AR FE B 2 H, i e s M s ] N
RN 53 RS XI5 B R, AR, B — A4 R, X AR
I3 R PIAS BN X R R ARy, F R Z 8] A A
BT CEETN oy sy o) IR 5L R DL H R
) b i J7 2 X R R 42 A 2 (Object
abstract) fl'E {1 2 [6] i) $£ 72 (Shortcut). %f 4 il %
B3 P 53« A0 5 1R X T R R G 4 S RS
) tag MEAER. 2 TR EHMELTEET
T IE A SRR S DXl 7 O 3 B A 22 M) Y e
A28 T X TS S AN A 5 A ] 2 [R) 0 R 1 DX ) L 7
3 7 F) 2ok AR AT R B

RT SIS R B 2k & B (Route Over-
lay,RO) #1258t H 5 (Association Directory, AD) 43
S0l B8 5 L F7Aih I ) 3000 R 2 ) X 42 I k& R B
o8 8% 0 g R AT R T HE O R ID, B
W T4 [] — > 0 R L R B A BE AR B
Kl 3 R, B AT A et o) I EER R R — I, 17
it 1% R B FLAR A 5 R Y 3 LA S BE CHE A Cs oy )
Csam,)) s TR AT A CHL AN 7)) IO BE AR B 4 HROZ A5 BT
T8 DI I 1) J2 O HE AT AR 3 S b Al T A A



2320 i "

Bl

e 2012 4

L
¥

i) — 24 %1 s X7 M R Ry, 5 R DL I
BT R HERR I CEb I S Gy oy ) o S ()
T R AR BB AR A (A (ny ) s
(nysn,) s (nyam, ). XFF MTROC 25, 75 24 Wi it
BPYRT A s, LA s AHAR 15 SO0k i HE AR )
T B R , T A2 S FEAR R I RS2 WS i — 2 s R wT

5 Ny eee Ny LTy ny
\

G [ - < )
(s,n,) E |S(71_,,711)|R1,,| |RZU|S(nZ,n!)i S(n,,n;)

(n,,
(n,, n,)|base base (:”::i))
Kl 3 BR&BEERLIEN

SRIR H SRAR 9 X AR AR A R B R 2 ]
XEGHEATR G AN 4 PR, BEE 0 R 1D
AL I P R DX R IS S A B IR Y R
FEAEPIIURAMME B (1) 5532755 5 408 B 0 & /9 i
BEAE R 5 (2) 5 AR X 21 tag RS B R
I8 24 SCAEE ™ A7 Ak T DX D0 9 A7 A o S 9
B H tag BEEAE B S % X AL 5 1 BT A R 4R
tag 2544 SCAF BN, AR AR tag (1928 4 SCHF S50
G ol DXk X L 1) 26 44 SCAF AN DT IS » AT DL F 4%
B 032 X 1 43 ).

B
(R IDA X I 7 ID)

n, ny e My RZu th R2

¢ S T
0, 0, 01,0, 01,0,,04
dCoun )00001010 dloun )00000010 00101110 00101110
727100000000 #717101100000( | 00001000 01101000

4 RECHRRTIE

4 THLEHEE

FEST BT R4 A e 7 R 22 R A AR 258

EE L. Viin) T8 52 B 2 b 4 I 2k A i) )
W2 NP-hard [n] 5.

IE. B RAT R ) E (TSP) J& NP-Com-
plete i) fB1 7 Sk T HE BT 5 [) FF 91) 5Z IR (9 % tag B
2 4% 1) ) 82 NP-hard, 75 24 3 — 4> 2 52U 54
¥ TSP [v] BURR 249 B A SCH2 B4 1) . b 45 9f) tag
EER o @0, BE— A tag #OFI— > 25 [A] Xf

GG OCHR AR IS L P i B — A 25 [ 4 G2 i —
Hb VT C A R 4R 5 Hh Y tag @, IR 4 TSP [a) @ Al DL &
YEREVI 0] 7 3 32 BRI 2 tag # 2k 4 10 5] B A 4 A s
T e I HIP L Ry a3 (I B0, | AT A7
L Vi) 5 2 BRI 2 tag # 4K A 9 ) & NP-
hard [ . L EE.

G = I N < o = Wl 1 R A L
MTROC £ 1f] PR A 35§ 3 7 79 B Jmy &8 o 25 550 1k
—Fh &R b k.
4.1 FHEEEZE

FEIX— T 43+ B 10 9 ol AS [) 0 Jy 38 B 3k Jl 2%
MTROC #if]. B 5 48 5k b il F i — 55 5.
qt (o) FRTRXF G o XL AE ) tagssig (1) Fon tag ¢,
22 S0 P, (1) R AL tag «; 1 28 8] % 42 4
BiPr )RR jZICHE ¢ X FNES,
Ro)FRAETXFE o, X IR F M, P, (2,) . Pr; (£,)
Fl R o) ok [y SCHk H SR % 5115 ).

h T FRARBR R o B A AR L ek
e 16 Ak B HRORS B % T B S ) T R B AR T )
LRKETFHBR dist (D) FFERRKE R dist™ ()
flivt B r I B AN 2 BR AR~ 78 A 3 25 2R )
TR ORI 1 8% X BE B, i TAE R 51 4549 rh i Bt s
22 V) P B A S o G P R R N 4 )
JOTAE DX 350 I 1 30 5L o B B B RT A5 3. B2 PR B
PR A G2 22 B B T AR i B e ST

EX 4. WEBR dist” . dist™. HEBKEK r
AL A 80l o, R AL S o Fll o, IR IRIZ Y
XA F P43 3K Roe (g snpn) Fl R,y Gy s s ) s F
Hom FoR KT MR E R 2K npnsnpe A R, WA
RN SR B R S 0 R, B ZE RS
MA SR W T R dist (o 0) =
dist(ng,sn,) s FIFRBEE dist' (o,50;) =dist(ng ,
Ngs).
4.1.1  JBEEY B RE-Greedy Rk

PRERY AL — b A PR R S A
B E A Qlse. W, 0) % W SE i %)
MR Ho i AT 30 FNESF L 3RAF A BE N O (1) tag 45
B Duero. SRS W7 HG Hb 17 7 53 0 L BE AR 7 (v 0000 o0
0. 0€) (L") W fcJG — B R B P IR ML 4 o, 15 o
1 tag fi R 5 Ao T FAS A1) tag @ FHIC L, B
sig(e) &usiglo) =sig (o), 3 HAF A X 4 o J5 £k BL
(o) KA B/, B ozr)aerpganin){dist(ol_l Jo)+

distCovt) ). T [ 1 % A2 v 4 TR I — > X 5L 3B



11 4 T 3 A - % D ER ISR U ) 80 B2 BB 22 05 45 B R AT T Bk 2321

i3 B Py (Ao | IRERBER E B THE O T FEAR T 52
Rt 45 AT 5 B
EIE 2. éﬁ%ﬁ/l\xd‘% U;ﬁj 0; ’Uiiﬁ:] Uji&jlﬁ A ero
HRHEAS tag DERC . 40 2R
dist” (0,150, e)=>dist” (0,50, ,€) ,
W o, AN Al BERL IS I 2 e e gt A2 C, .
iE 8. BT dist(o.,0;,e)<dist™ (o.s0;,
e)sdist(o, 5 0:se) >dist Coyso0:5e), R IE 4
dist (0, 50:5e) =>dist” (0, ,0;5¢) s IR, dist (o, s
0;5e) >dist(0, 50, e) L o, A BETSINZE C, .
.
Bk 1. BRAY JE RE-Greedy 5.
A :MTROC 2] Q{s.e, .0},
P& BRG] RO, XHEH %5 AD
By W R F AR 6 HICEC AW tag B2 W B AR
MLk r
1. r <{s,e}scur_qg<s;
2. build Hasse Diagram Hy using ¥ and ©;
3. Ao <tags with indegree=0 in Hp;
4, while Ao 7= do
5. for each tag ¢, € A, do
search AD(sig(t;));
P, (t:)<{o]sig(o) &sigt)=sig(t:)};
Pr(t)<{R|sig(R) &sig(t;) =sig(t;) };
P(A)<UP, (1)

10. randomly select an object o; ;

6
7.
8
9

11.  U. enqueue(o; dist(cur_q,o; 1)) ;

12. for each object 0 in P(A,.,) do

13. if (dist™ Ccur_qso0.t)<dist(cur_q-0; +t))<<
(dist™ Ccur_qgso,1)

14. U. enqueue(o,dist(cur_qg,o,t));
15.  else if dist(cur_q.o; +0)) > (dist™ Ccur_q.o+t)
16. U. enqueue(o,dist ~ (cur_q,o,1));

17. Cur_best=U. dequeue() ; r<—r. insert( Cur_best) ;
18. Cur_g=Cur_best; update RO;

19. remove t;form Q . ¥ and A, 3

20. update A, 3

21. return r.

Bk g T B Y RE-Greedy 557 19 40
PRI 55T BER r WIIRAL N (s e) s IR BB S AT Y
A Cur_q g s GRS 1 AT). (1 W 00 #5508
Kl He » 433 Ao » W ATE O 1Y tag AL 73 0 2
Do T (2~3 47 il 3 3 Iy SCHK H sk R 51 AD 153 3
BT Asero ' tag FYRSGFN DI T- R (5~ 9 17). 44
— BN U, 5 R 4% dist™ Ccur_qso.e) 353 )
GO it o AN B 1 2% A T R0 R U SRR
BE T B MRS AE dist (cur_gsose), 12T il BB

Y TH 5838 o U ) B% 4R & B R 51 RO 45 3 (12~16
7). BFRAE B AR AT LLAS 3] — A e L B X B cur
best , FERE HAT A BN BEEL r h (5 17 17). BB R
51 RO WY Y11 2590 5508 cur _best LU S FLARLB Y
FOR I B E AR AR ) I SR 40 I HE R 89 J7 85 B R
Aero (18~20 7). BEA s R B AVIMAT » 2 Avers T 2
IR 8 2 P SR dic A B 2 k% (o]
4.1.2 PR HIHEHE A RII-Greedy 81k

RE-Greedy 5 12 4 U [a] #% 28 vh 45 08 X 4
I A PB4 i A T 5 B AR A R B B Y R
T AR R B H AR L (HAEER ZAF BT L S A
TR H bR SR B LR AT REIE AN 20 S A
AL E P AT $2 ) — b B R 1 4 A RIT-Greedy
B ERVFB VLT Ao THAS tag IR G40 A S »
FhE R 7 8 20 R AR AT R B

R — & TR R PR LR r= (5.0,
11 B, RI-Greedy 57 % 5 AL B — 4> 5 1) tag
@is N P, (o) Hrpkik th— D XF 4 o, 45 Ho 4G A B3l
FEFRM AL B S Sego B HE— BOb AL IR 0
J5 R B A B 5 ) /)
{distCoy_1:0)+dist(0,y ,0)}.

20 s€) s

(ky0)= arg min
0EP (B NRE Segy

N T W RS @ VEBC R G0 48 AL 7 B
ik P, (W) P& R P R — I P, (¢ il
X 07 YT 0 3o A6 i S o 3k g ey T 11 g 375
B o, 19 5 5 BR 4 (o0 <@ v <o} AR A P, (@)
WIRTF N (P, (@) P, (g b SHAL B @ I 5 24
A P, (@) X% BLATHTFF I, 4 1 0., € P, (@) Fll 0,0 €
P, (o) fEFS R L B R 51 e R AL % 5 2 )5 R
LeZR BC B Sego. LR r NN SE B HEAR I A
AT RSSO0, e B £k iR [B]. 5 RE-Greedy Jy 3
FA L S AT 52 1 A B0 1 o v A A S T X 2 A A
J7 AR 5 ZX L 1 A~16 17 R AU 2R 47 4
T h TREEGTRERAEEE ST
Bk 1L AHTE . B AAS PR AL 45

BB®EE1F 4~19 TR

create a preorder table POT by Hp ;

for each tag ¢, in A,.,, do

search for preorder of P,(¢;) in POT;
find Sego (¢,);
for each object 0 in P, (¢) do
find a segment (0,;—, »0.) of Sego(¢;) such that
min{dist (0, -1 s0) +dist (050.4) };

insert 0 into (0. —1,0.)

4.2 =RBZMUEE GROA
DAL B Y 118 P b Jo 98 5 0 A 34K o o e 2 el 7



2322 iH+o;

H 25 JEON JE — B B R A 2 R L 02 JR TR B AL A AT
P —Fh R A AL GROA, A — IR 25 &
AR A5 28 pl 5 SR R G B I R K
GROA B B G4 — 4500 2 A0 i) Q X 4%
L 1 4 JR Mk R B 2 T ) B A R R K I B TR
r I LG IR B M A S IE R KT T,
(1 Xt G2 a5 A, L ) 24 A O T i 2k rh &
HT AR RS G 5, T 300 B I B 8 B B I DC TEC 26 5 1Y
i) tag 4. H T HRIBEEL L1 e Xt A
tag @ 3l 1 GHK H SR 4R o XA P, (o). X
Ja XERLE) P, Co) MRS R — A X 4 o, 1l 45
dist(ss0,) +dist (o, e) B /N 13RI X R ES
O {0,150 s0u b ARIGRERHEN O AN 0 BIXF R
Bh O (Ao k2 H B 20 T A ) 0 B3 1 0 5
WAF] M AL R AR TR R
KA G G fal R RO AR AT 5 I B 2K
i T MTROC #3155 5] i i) BR 1 32 ik e J
PR B HE BB C W 2 19 AR tag SRR AR R AR R
BEER r B REUCHE B, 5 E AR C LR R A ) tag 4
G O-saty ML O-saty HATE X R LS OS X T4
— DA G o€ OS, T BT H M o 28 i 1 R IT L Y
il tag X R 0., € 0" B HAR A e WEE B, iZ N
dist-e (o) 10 530 120 3 [T B 26 0 w6 &R 9 1 45 3. i 2R
MHTEEER r B BE/N T T I BT 8% 26~ FBEE
T.. N TR Pl & saty WETRIIX GRSy P, ()
HR R X G F T — K 2R - I B4R 4 R PDL, KB Y
B —TLSEX B o€ P, (W) [ HT A i) tag 7 51 Al
FARLHY diste Co)fH. MR BEA ) tag BN {o. 0,
@5 s HIPIIA R R (00 < s 01 <55 02 <1 5 <
@i} AH VL B B 307 181 A0 A ) tag XS RAEQIIE 5 FTR.
R 40 8 HE 5 05 kL 45 B A 0 tag (9 42 7 AR
LU @ @ispits {ora@sa@eny). Homi - B 25 4F
TR 1 FR LI G oo B RT 2R 23 5 0 L@ ) A
{rs@sh s N 0o Bl ¢ BEERA TS5 (1) ZEHITF (¢,
@ o) I IKR BB BN dist(0y1, 0515 04 51) 5 (2) 22 H
MR Cy 00 YR BB B R dist 0y 5041 50).
¢,
P (9)=10,,}
P,(¢,) Eoﬂ,oy

o, o, P,(9,)={oy}
P (¢ )=lo,}

¢,

K5 RiTIE KA tag W RE

2 iR 2012 4
* 1 RiF-BEE4LBiE% PDL
42 o Gilsg dist-e(0)
‘ @ dist(021 5031 5041 51)
021 @15 P3 dist(021 5041 51)
‘ o dist(092 5031 041 51)
022 @15 @3 dist(os2 »0g4 s1)
ol dist(031 50421 5041 51)
031 @ e dist (0315041 +1)
011 OOy distCoqy +t)

Bk 2 A T 4R B R AL Tk GROA 4k 3
e MIRIL R r=r"= {s. e} A HEIE 1T B [ JF 3K
THRFNT ) DA ~3 47). #ie B D4R A4S X 500 b
f A5 1) tag 128 41) . O 5 gl 7 4R B W K 5] RO
T35 dist-e (o) s T3 2 i 28 - 1 25 4 3 % PDL (5%
AT, HRR M SRR KL P (G~1417) SR %
AR BT AR IBURT Y B A B 2k r (12 ~23 7). fEf— IR
PE¥ P i B, N PDL A 3R i 28 0 O-saty 1
BRI, R B AH N X R E S 0S¥ OS
dist (Cur_q,0) +diste (o) [HI /DI E o A
IR Y TR - BB L G <<BIfH T, 728
i 214 i 5 0 B 4R (16~ 22 47). M BT MY A i) tag
I UCTC I S5 P 2R - G [l

Bt 2. 2RELIMERZE GROA.

A : MTROC £ ] Qls,e. ¥.0} , U= {¢ .0, ],

P& & BRG] RO, KK HFRT| AD
i R TSRO HLICRL AT if] tag 56 & W T B2k -
1. r={sse}; ' ={s.e}; Cur_qg=s;
. build Hasse Diagram Hp using ¥ and ©;
. I'<<TopologicalSort(Hy) ;
. create Prefix-Distance adjacency list PDL by I" and RO
. for i from 1 to m do
search B tree(AD, sig(¢));
P, () <{o|siglo) &sigle)=sig(e)};

0O N O Ul A~ W N

find an object o,; in P,(¢;) such that min(dist(s,
0.:) +dist (o, .e));
9. O"<U{o0.';

10. pick an object 0,; in O" (A,) with smallest
dist(s,0,;) +dist(o,; ,e);

11. insert o,; into r and »;

12. while A, # < do

13. 0'=NN(0,; :O0" (Ayrs))

14. insert o' into #"; update A, and O (Ao ) 3

15. *saty<{qt(o,;)}; Cur_qg=o,;; T,~L(G");

16. while #saty, <>V do

17.  OS={o| prefix of o is equal to ¥saty in PDL};

18. find an object 0 in OS such that argmin{ dist(Cur_
q,0)+dist-t{Cur_q}};

19. L) =dist (s, Cur_q) +dist (Cur_q,0) +dist-e{o0};

20. if L()<<T, then

21. insert o into r; Cur_q=o0; T,<-L(r);

22. U-saty<U{qt(0) };

23. return r.
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psu. edu/dew
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Background

The advancement of wireless location-acquisition tech-
nologies like GPS and Wi-Fi and mobile Web and the popu-
larity of mobile devices, has contributed to a number of local
search, online map services and geo-social networks service,
such as Google Map, Bing Local Search, Foursquare, Flicker
etc. Such services allow users to record location and activity
information and mark them on the map. Meantime, the spa-
tial objects are annotated using tags or tweets that provide
rich semantic content. More importantly, users can search
for spatial objects and route satisfying users’ query needs.

In daily life, route planning query is a frequent laborious
task which requires skilled interaction with a multiple of
resources when users have multiple demands on the trip.
Therefore, it is imperative for user to provide an optimal
route with smallest travel cost and satisfying users’ needs.
In addition, visiting spatial objects is constrained by specif-
ying users’ preference and objects’ permissions. This paper
proposes a new type of route query, multiftag route query
based on order constraints (MTROC) in road networks. The
goal is to find the shortest path that passes through at least
one matching object per tag and satisfies order constraints.
The research about spatial keywords query and route plan-
ning query is related to our work. Spatial keywords query

takes a single location and a set of keywords as parameters
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and returns the spatial objects that match keywords. Existing
route planning query method can find a route through multi-
ple objects with respect to specify a set of spatial objects
types. Furthermore, all above methods can not deal with
constrained order of visit and cannot answer the MTROC
query.

In this paper, the author proves that MTROC query is
the

route extension greedy algorithm, the route incremental in-

NP-hard and presents three approximate algorithms,

tersection algorithm and the global route optimistic algo-
rithm. Extensive experiments on both synthetic and real-
world datasets illustrate the efficiency and scalability of the
proposed three algorithms.
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