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Temporal Priority Constrained Graph Pattern Strong
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JIN Hao-yu,HUO Hong,FANG Tao
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Shanghai 200240, China)

Abstract ; Graph pattern matching is an important method for efficient query on graph data, which has wide application prospects, such as
knowledge discovery , intelligent question answering, social network analysis, and so on. Most of the existing researches are generally
based on static graph data. However, many graph data with time information in real world belong to temporal graphs. Aiming at graph
pattern matching in temporal graphs,a temporal priority constrained graph pattern strong simulation matching method is proposed. It in-
troduces the constraints of time orders into the pattern graph matching as while matching the graph topology of pattern graphs,namely , it
considers the temporal priorities of different temporal edges in temporal graphs. Meanwhile, redundant vertex filtering rules are set to
narrow the search scope and optimize the queue of time order, so as to prune the graph in advance and reduce the computational
complexity. Moreover,the temporal edge closeness is proposed to evaluate the algorithm’ s performance by the filtering effects on
temporal edges. Experiments results on three temporal datasets have shown that the proposed method can effectively filter out the error
matching results compared with the traditional strong simulation algorithm, and also has satisfactory performance on data graphs of

different scales.
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7. G.: = CheckTopology( Q, , sim(v) , sim(e’) )
8.if G, # () then
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12. Remove u and edges containing u from sim(v) and sim(e’)
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8. return G,
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AL 1 TPC—GPSSM F i K i i /b 1 5K 11 4K
it AR fp 1k (] R OSSR A T A R, B
PRAE TR S I e i UG A — UK, i e 1 H A A Y

[ R,

4 ZRELERSH
AT 0 3 SRR AT R LA R B R DA 4

JEE ST B 1 B 3, O o 32 S A AL DG i
( General Strong Simulation , GSS ) &5 TPC-GPSSM M AJ;
L) i TPC-GPSSM i 1 e, S R ] =AM
AHARIE P HIIE : (1) BMC™ | — A/ A 4%
fi b 25 090 5 (2) Enron'™" | — > L T IR 44 A% % X 4% 5 (3)
Wikitalk—Russian' ™ | —~> Russian Wikipedia [~ 32
Mz, 3R 1HIH T ISR TER SR K v
|E| . | T| #labels F3 5l & £ 45 5 10 IO Bca | i 94
i P A R] X R] AR

A1 #EE

Hoilnsk [ V] |E| | 7] #labels

BMC 242 251 546 20 11

Enron 87 273 1 148 072 20 26
Wikitalk—Russian 457 017 2 282 055 35 26

BB —A AT R R A iU a3t . 45
BT Y TOU SRR AR 25 A G, 488 81 2R Wi A4 Bl AL
Az A B AN [ e A e R A S0 %o g1
BRI AERL T 100 M, X AP 45 R 17
A
4.1 EEFEAWMERXR

56, % TPC-GPSSM 532 (A RO EAT T S5 4
Bk, TPC-GPSSM vk A L A% G 5 A5 40 DC e 59 72
REfE A AU DR AT A IS BRI, o T A
WEIEA R, & LT — DI bn AN RE
J ( Temporal Edge Closeness, TEC)

HRE—MIPEE Q, = (V, E, L) LI E—4
YE VE BL 45 R [l i) 5 18 (M M,,--- M}, TEC E
AT,

TEC= Y | E, | /1 E,|
j=1

Helv, (B, [ &M, i8R, | E, | R
HECE, TEC AR /I 8 W X6 B 285 3 11 o i 3 SR sk
o X =ABARE MBI S5 R AN A 2 FroR, LR R
PR T B |V, | 2 315 439 = AN
£ FHEATINE, Horh, GSS il T A 2 I 2 i 1 I
B LA 3 T f KB TEC i, i TPC-GPSSM bz H:
O IE R AR AR B 7 R (S ik AT T i vk, 18
F T HEALH TEC {H.,
4.2 HEHELRK

X HUE R AN 430 % ] AR A AN [
FEAI 5 9% B0 % TPC — GPSSM 44 1 %50 3% FL P BE 1Y
R,

()P BTG B | v, | SRR R i
Wi, BEE T2 F 10 ARFEKNG (v, | A=A B R
AR T TR, SEER SR ANE] 3 s, nT RO gL E, =



%63

G A I A G 2 TR AR I e A P iR AL E i

.93.

FSTRE DU TELARBAZ |V, | BB KT, A
M|y | BRI DA T RT3 60 R
B 346 38 05 9 B 4B R KU 0 TPC -

6000

GPSSM BVER T et A7 WU U DT e , 145 57 Bk ik
ARG A, A BR Y K R/ S T 3 R
GFITEREREL

1600 — 25000
1400 5000
20000
1200
4000
1000 o 15000
53 9
2 500 2 3000 g
=
600 om0 10000
400 .
1000 5000
on [ o On [Am
[N om [ mm
2 3 4 5 2 3 4 5 2 3 4 5
1Yy 11 i
0GSS @TPC-GPSSM  BLLTPC-GPSSM OGSS @TPC-GPSSM  mR{LTPC-GPSSM DGSS BTPC-GPSSM @ {LTPC-GPSSM
(a)BMC (b)Enron (c)Wikitalk-Russian
3] # : B=AFYASHa
B2 TEHKEELTEREGFN
100 000 1000 000 1000 000
10000 100 000 100 000 /
2 2 10000 2
21000 B i
= = ~
E = 1000 Z 1000
=] 100 = S
5 2 100 5 100
10 " o
1 1 |
2 3 4 5 6 7T 8 9 10 304 s 6 7 8 9 10

14l

et (GSS emtemm TPC-GPSSM el {12 AL TPC-GPSSM

(2)BMC

=—+=—GSS  =—te==TPC-GPSSM ===l {LTPC-GPSSM

A 17,1
=SS =t TPC-GPSSM =l 11t {1 TPC-GPSSM

(b)Enron (c)Wikitalk-Russian

A3 eAREREXE XA EREG YA

(2) AR IR R M 20 K o D L SR S, 5%
SRR |V | M 10, B3 b B (2
YRR SRS AN 4 BT M R AR e R 1

30

)
S

VG FC 2 (1) 7 el Hi
VT 2 1 [ Ho:

=

[RgWiwe ey

==w=TPC-GPSSM === (SS

(2)BMC

=t TPC-GPSSM et GSS

TS, R D EC AR PF SIS A5 5 2 R 1 B RO
WREZ 980, 17 GSS A5 JEI 5 & 2 | I L Se 2 %
AN E I ECEER

2500

—~

2000

P

1500

U

1,000

6
AR S A S
=w=—TPC-GPSSM ~ ==+=GSS

(b)Enron (c)Wikitalk-Russian

A4 BAHAKERKESTIEERLE RGO A

5 HFRiE

SIS P R R DE S, 42 41 T b R AR
SEgh 2 SR (%) A X Rl B A L DT C 45 3 ( TPC -
GPSSM) , 1% WA It e (S A E 4y Jm i 240 o, A Ak
VL W i 3o 5 v 2 B 1 B 25 ] o S [ 245 30 22 i g
A Se g, 3R (O H N A e i B U4 T i
VAU 4 /N 2 T, A P 2 ) BB | A
IEIR AT TR AT S A B B R, B HOER
2SS A BE M IR 4B , 76 = AN I SO 4 1
A S FE W] R LG SR AL | TR B R R A

ARCLUEHE TR I HLAE A [R] MU (4 B4 P L 24 H.
A RAFRITERER L, 13K AT H] T KR i e o
EIUR75 -9 IR B a2 TN b i L 2 T P
TEAL 55 SCHE T AF TR R B 1 O T A W REEA T 8K
AL, 78T — 0 TARH, — A5 [ 2 2% A R
BT A 23R, 55— A5 1) S A 23 A AUR 58 T
PERE T e 105k

S 3k
[1] LEIZ,LEI C,ZSU M T. Distancejoin: pattern match query

in a large graph database[J]. Proceedings of the VLDB En-



.94 .

HHRHLEAR S AR

5533 &

(3]

[4]

(5]

[6]

(8]

dowment,2009,2(1) ;:886-897.

WANG X, CHAI L, XU Q,et al. Efficient subgraph matc-
hing on large rdf graphs using mapreduce[J]. Data Science
and Engineering,2019,4(1) ;24-43.

HOLME P, SARAMAKI J. Temporal networks[ J]. Physics
Reports ; A Review Section of Physics Letters,2012,519(3) .
97-125.

KOSTAKOS V. Temporal graphs[J]. Physica A Statistical
Mechanics & Its Applications,2009,388(6) :1007-1023.
HENZINGER M R,HENZINGER T A,KOPKE P W. Com-
puting simulations on finite and infinite graphs [ C]//Pro-
ceedings of IEEE 36th annual foundations of computer sci-
ence. Milwaukee : IEEE ;1995 :453-462.

MA S,CAO Y,FAN W et al. Capturing topology in graph
pattern matching[ J]. Proceedings of the VLDB Endowment,
2011,5(4) :310-321.

MA S,CAO Y,FAN W, et al. Strong simulation ; capturing
topology in graph pattern matching [ J]. ACM Transactions
on Database Systems,2014,39(1) .4.

FAN W, LI J, SHUAI M, et al. Graph pattern matching
from intractable to polynomial time [ J]. Proceedings of the
Vidb Endowment,2010,3(1) .264-275.

MAHFOUD H. Graph pattern matching with counting quanti-
fiers and label-repetition constraints[ J]. Cluster Computing,,
2020,23(3) :1529-1553.

SHAMIR R, TSUR D. Faster subtree isomorphism[ J]. Jour-
nal of Algorithms,1999,33(2) :267-280.

HOLME P. Modern temporal network theory;a colloquium
[J]. Physics of Condensed Matter,2015,88(9) :1-30.
BRITO L F A, ALBERTINI M, CASTEIGTS A, et al. A dy-
namic data structure for temporal reachability with unsorted

contact insertions[ J ]. Social Network Analysis and Mining,

[13]

[17]

[21]

2022,12(1) :22.

KHANNA G, SOH S,CHATURVEDI S K, et al. On enumer-
ation of spanning arborescences and reliability for network
broadcast in fixed — schedule dynamic networks [ J ]. IEEE
Transactions on Network Science and Engineering, 2021,7
(4) :2980-2996.

SRR BT, e —1H, 2581, 4. o 25 1B dm SR B AR A 30 T ik
[T]. 38N S k2 ,2022,59(2) :362-375.

XU Y,HUANG J,LIU A, et al. Time—constrained graph pat-
tern matching in a large temporal graph[ C]//Joint interna-
tional conference on APWeb — WAIM. Beijing: Springer,
2017 :100-115.

SONG C,GE T,CHEN C, et al. Event pattern matching over
graph streams [ J ]. Proceedings of the VLDB Endowment,
2014,8(4) :413-424.

MA Y,YUAN Y ,LIU M, et al. Graph simulation on large
scale temporal graphs[ J]. Geolnformatica,2020,24 (1) :1-
22.

DIESTEL R. Graph theory[ J]. Mathematical Gazette 2000,
173(502) .67-128.

TR SR SRASHUITE A AU 1) 18] R4 R B LR IE 25 SR A 41T
[J]. B SR, 2012(9) :53-57.

GEMMETTO V,BARRAT A, CATTUTO C. Mitigation of
infectious disease at school: targeted class closure vs school
closure[ J]. Bmc Infectious Diseases,2014,14(1) :695.
KLIMT B B,YANG Y. The Enron corpus;a new dataset for
email classification research [ C ]//European conference on
machine learning. Pisa; KDNet,2004 ;217-226.

SUN J,KUNEGIS J,STAAB S. Predicting user roles in so-
cial networks using transfer learning with feature transforma-
tion[ C]//International conference on data mining. Barcelo-

na:IEEE,2016.128-135.



	
	页 1
	页 2

	
	页 1
	页 2


