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Abstract  In real applications, the relationships between entities are usually modeled using a
temporal graph, where each edge is associated with a timestamp denoting the time of the interaction
between two entities at that moment. The k-core is a fundamental model for capturing dense
subgraphs and has been widely studied in recent years. Given a temporal graph G and a time interval
I=[s,e], the snapshot graph G, of G consists of all vertices of G and edges with timestamps
within I, where edges with the same endpoints are merged into a single edge without timestamp.
Based on the snapshot graph G;, the k-core subgraph query on a temporal graph G returns the
corresponding k-core subgraph from G;. For the k-core subgraph query problem in temporal
graphs, the state-of-the-art method is based on the PHC index (Pruned Historical Core-Index).

For any possible value of £, the PHC index maintains a set S, of vertices that may appear in
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the k-core subgraph within any time interval, and for each vertex of S,, PHC stores a set of time
intervals to determine if it belongs to the k-core subgraph of a given time interval. When querying
the k-core subgraph based on the PHC index, it is necessary to access all vertices of S, and
determine the satisfiability of each vertex. Since S, corresponds to all vertices in the k-core
subgraph of the snapshot graph corresponding to the largest interval, and the snapshot graph of
the given query interval is often much smaller than the snapshot graph of the largest interval, the
query algorithm based on the PHC index involves many invalid judgments, requiring detection of
a large number of vertices that are not in the result set. Even worse, the number of invalid detections
increases as the query interval becomes shorter, resulting in low efficiency. We show that it is the
adopted interval which is not the shortest one that results in the low efficiency of PHC index. We
theoretically prove the correctness of the k-core subgraph query on temporal graphs based on the
shortest intervals, based on which we propose a new index called Shortest Interval History Core
(SIHC) index. The basic idea of the SIHC index is maintaining an inverted table from the shortest
k-core interval to vertices, based on which we can directly get vertices in the k-core subgraph that
meet the requirements by accessing qualified inverted lists according to the query interval. In this
way, we can avoid a large number of invalid judgments required by the PHC index. We show that
the interval of PHC can be used to compute the shortest interval of ours, based on which we
propose the index construction algorithm based on PHC index. To improve the efficiency of index
construction, we propose an optimized index construction algorithm. We further prove that
constructing SIHC index has the same time complexity with that of PHC, and they both have the
same index size. Finally, we conduct rich experiments on real-world temporal graphs, and the
experimental results demonstrate that the proposed algorithm is one to two orders of magnitude
faster than existing algorithms.

Keywords graph data management; temporal graphs; dense subgraphs; k-core; shortest k-core
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B 3. FHERE 3 Y IR s T B X ], 7]
DEWLL 2 a7 A m2&L2,2],02,3], -,
(2.8, 457E s=2, %% v, 7E[2,2], [ 2, 31X W By R
MR P A BOCER 2 T 1 ARl o X 35 0y 1Y AZ I [8] 55 T
2. M k=2,3,4 B, 0 AL (8] 3 590 Ry CT, (vs), =
4,CT, (vy); =5,CT, (v, =8, AL, Y s=2 A, v,
AP k BZBTIE] 2.4.5.8, 78 %Ry 1 X2, 2],
2 BIXIEI[2,4].3 #ZIX A [2,5] LA ) 4 #%IX[A][2,8].

FET R X R HE SCATHN B E kA X (] R
Xof by WEE — A% (A ) L A 55 1 & A% IXC T PR Ok T
T HC Ral iyl & % X D), DT Hs 46 177 fif
25 8] 5 AH L A FE 48 00 4an R L 25 SR & 3(h) .

EEMW 1. WERIE & 8 X 4.

3(h) ZETE 3 Ca) YAl M BR & A% DX ] 1
SEAL UL 3 () AT A A] — TH A K U s A 7] 2 4
{ELIR) o A% DX TRIAF AR A 3 FIRE 35 1 O » 20X T o A
k=2 KUk, [1,4],[2,4J#8 & 2 B IX Al (H[2,4]C
(1.4, T3 —20 R4 R 5 25 8], 55 51 A Q0 A&

EX 5. B kXA (Effective k- Core Inter-
val). BN AE Gy ow B Rk JFR w Bk X ]
PR A A DX ] 25 Y DX TRL N o AT R0 R A% IXCTH].

SCHRLCL7 Jh it — 2B R W) 1 A7 8% k 4% DX 8] AT H]
FIEW RIE RS E E K k-core T & 1 [a) 75, (A 11t
AT e 48 L.

EGARMW 2. MER ISR & B X TH).

HRAE FE 28 B 2, nT (&) 3(b) 433 (1 TG 3K & % IX.
(B3 LA o B 75 25 SR 6 0 T &1 3 (o) — AT A 2L &
XA B 3Co) it PHC Rl 4@ AR G455 T
PHC R51 &) G, T B k-core B, 75 8 0E Gy,
MR =k WA B HRSAATE AR
DEIE) 1o 2 DL AN 25 (D fE T A R I /N T
ST s B L T AR IG5 K (2) T Y2 R EAY
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T s Me ZIa] 3T PHC R5| %% k- core K £ if]
(I TA] 52 2R SR Oy X loge) s Hoth e Ry Gray o T
k-core - [ (1 TH A B

iz S TR PRIRIE Gy, 1 k-core B BT
A TR B 4R & W AR i PHC R 5| & i) & core
T BT B S, i A T A R4S BN 45 R il T
S o ) B 2 T B T 3855 B R A LU BT L P A
TR A BR8] DX R AR X AR I BT AR S, v KA b 1
SRR T, B PHC R 5| F A i) & core
] B 7 E K o JC %K W, 2R fE PHC & 51 /Y 5L ik
g S XT3 TS R B S OG R L DU RT BB SRR [ A 1R 1Y
gEA.

B 4. K4 & PHC RGP o 0,0 FE k=2
FRF 6T 0 4 B[] DX [R] AR i k=2, AR IX ] S [6, 8],
MR YE PHC 5] AT 1 4 Ca) Hhi I 4% 1 1 T A5 2
vs T v USRI T & 4 Ca) A4 S X)) T 5 1) ke 5 5%
LG5 RN E 4 ) fros, 5 T & 4(b) #E47 A i)
B AR A AT PHC 28 5| — 4 119 2 ) Ak 28 R0, R
LR AR XA ELS . 7] s 2 SR T R
H s » £7 75 T ff 19 18] 8, B false-negative [a] #5, 1
TSR T A A RS S AR 526 H. 6Ce=_8,iX i}
WM X AL, 6],01,7],[5.6].[5.7]. 1
B A AT AL 0y 55 5 v AR T 2 A5 A T0 G 3K B A7
TE 1% (o] 4 5% 45 L1 [7) 48, BV false-positive [A] B,

PHCZ |

k=2 Vs Vs Ve
(@ = [1,3],13,5],[5,61,[6,9] | [1,71,(8,9] | [1,6],[5,7],[8,9]
[1,3] [1,6] | [1,7] [3,5] [5,6] [5,7]
Vg Ve Vs Vs Uy 43

Bl 4 JET PHC 2514 g i DX 8] 21 15085 A9 480

4 ETFSIHC R3IMEBHEE

4.1 SIHC %3]

EX 6. I JE k #IX 0] (Shortest k- Core Inter-
vaD. G5 T w I B DX T =[sse ], T J2& u W8
5k XY HALY corer, 1 (u)<<k.

HWRE u MR e XA T 2 o iR
%5 k-core - [&] T A A B K IXC[A].

EEL e EE G T w S E XL,
e I w Ji ke T Cu(Groo) BT R HALY w
e — A b KIS e D R Ls e 1= s e .

FERL 1 B, B kA% X R AT R 0 T AT
A5 R AR PR BRI A RO T55 T & IO T I
AR SCHE H B 4 X TR T 8 % &K 51 (Shortest Interval
Historical Core Index), faj ik SIHC & 5|, ¥ &1 £
8. STHC R 44 1 B A5 k 2% X ) 2 AH W 1065
1S PN AV S N BN 2 VAN B v |
Fir A TS ekl R A X RIEE S ST, = U, evSCIL (w)
XH SCIL ) R TR w W ke B IX RIS, H
W AF RN A e A R AZ TR T B TR AR V) i 5
KRBV, ={ulI€SCL (w)}.

s ZmER 1 NSRGE S & GRY SIHC
FG1 X TS ke (H FofR 58 X [R) 3] T90 5 A 09 e O
FIAR I PAT A5 B RN 56 — AT e i R A IX ]
BAXME T 550,55 A7 M I [ —5 s &
INTSAE Vi SRR Bk A DCTA] TR R ) T0 A 4, %
NG E RS E Gy AR ] TR &V T A T
PRI G 1Y k-core T, LA vs 2 ] o5 1 B2 B 2
BXEAL2,4],04,5],[5.61.06,7], 8 43k P44~ X
[ B BAE k=2 B By B b R XA ST A,
K5 85— A7 B AR Y o O BAE IX DU A i 2 %
DX )% B 8 T2 A5 4R & s I 5 58 AT BT R L A E
B 1 e S E G I=[2,3]0 J k=2, d & 5 () SIHC
KA A F A 2 RZIX R L2, 3% B TH A, 01 5 0s s
v BROL TR BRI Gro sy B 2-core F & .

B 2. LR u ARk A% X R iR A &
X ] B —— X WK &R

Bl 6. HEE 3Cc).u AR 2 #&IXIE A
ECI, (vy)={[1,47,03,5],[5,61,06,71,[7,97},
HoAr (1,4 %0 R A e 2 X )& [2,4 1, (3,5 1% h
M B 2 % IX A2 L4.5 ], X RI[5,6 JFI[6,7 JRE& A
B2 A% IR W R 2 A XA X RIL7, 9 IR A
2 B XA T AR PUR GG R T 5% T 7 (1 X [A]
PORFEEA R 2 B IX (], R oy B B0 2 4% IX R 4R
&0 SCI,(v,)={[2,4],[4,5],[5.,6],[6.7]}.

[2,3] [2,4] [2,6] [3,5] [3,6] [4,5] [4,6] [5,6] [6,7] [6,8] [7,71

k=2 V1, V2,V V3 Vg V1,V7 Va,V10 V2,V3,Vs Ve V3,Vs,V7 V3,V9,V10 V2,Vg Vs, Vs,
V7

[2,5] [2,6] [2,8] [4,7] [5,8]

k=3
V1,V2,V3,Vs V7 | ValVoV1o | V2.V3,VaVe V7 | V3Vs VeV
k=4
B 5 &1 E G X Rz STHC %5l



1052 it =N Bl 2 Eild 2024 4
EIE 3. SIHC Z 5|l PHC &5 HA M [F [see OB £ AZ X RIECE, Wi r s V&

RIBL 208 OG X [ Ey, oD H e AR & E
XiF IO ) R e A% DX TS B S 3B [ B0 | R
W Gry, o R RR.

TH 3 L TR R B IX R # 7 SIHC &R
FIAR IR R G L.
4.2 EHHRE

EE 4 R SL=U.,evSCI, )RR P T
SRR e I ES V= {u| 1€ SCI, (w) } J2& LA
T2 Hodge i e A DX TR T4 45 0 25 180 X s e
Fl kA8 R AETE 1€ ST iR IS s e ] B4 Vi
AT AR IR kb % Cu(Groo) B TR

FERE 4 Ui, T SIHC R #EAT IS E E Y &
T I, T 4R B 2 18 DX R 1 I e ke
DX I o BRI A5 380 0 A 2% 0 0 TOUast o L AR R A B vk 2
fiw . f PHC AH G, 56T STHC R 51 #1478 i 6
50 UE Jfr A IO A5, A T i e DA T 3l e R o TG RO

IORAVEIT
#ik 2. SIHC-Query.
LN
BE.C.(G)
1. C(GH<—T / %k-core TR H T S & + /

2. FOREACH I'€ SI, AI'&1 DO

3. GC(GH<C,(GHUVy

4. RETURN C, (Gp)

5. Hk 2 5T SIHC R5l &l A AFE7E
I fift (false-negative) Fll 3 [0] 45 15 4% I (false-posi-
tive) Y [n] .

Bl 7. ZysE LA A iR A O X R R
[2.7], k=3 MH51& 5 frox SIHC R3], v Flf kL 3
X4 SI,={[2,5].[2.6].[2.8].[4.7],[5,
81y, Hrp2.5],[2,6.[4. 71 2B & 7EL2. 7] Y
DXL [2.5 ], 02,60, (4.7 B w5 89 T4 Visso s
Viesr s Vi B2 R E Gy B 3-core B (1Y 0
MBS AT Y k=3 L Vi = (v vsa0s )
Vieoi={v} s Vi ={ 0120 y05 504 505 07} » R X
AW SRR TRES RN Vs UV U
Vi = {01 s0s s U5 501 » U5 507 .

1E STHC R 5119 52 B A &1 X A (7] & A6 19 B
ke % DX T AR 4 A I (R AT T HE T A s, e A
Prafe $00E 7 B A gA if IX R AL A B R X
], AR S log| ST, | 22 J iy $8.2 Jir A 9 40 7% 1Y) B
Bk AZ KRR | V)| Dy STHC R 51 e & B X
(] T8 B 5 vh T i A - 248 [ ST, | R 49 IXC (]

TR B OCIV [ XIST D Rl Fe AT 24
TR kXA Ls e IR IR R T s A5 —
AR R RZIX A B B 2R SIHC 285 | 18 I 25 ]
AT R AT AR R 2R B D OClog | ST, |+
Vi X|SID.
4.3 HR5IHE

EH 6. LE T w IR B TP A P A
%( k H[Xlﬁﬂ%% ECI, (w) e#@i&[\l 76119[-\'2 762]%7
ECIL, Go) Hh S AR B4 30 = B X ] Cey e, ) U
[s1ser IO A e b DX R s, — 1se .

SE R 6 UL B T A AR R A DX )R A B L kA%
DX ] 2 AT AT 1.
4.3.1  JEGH

M5 3 A Ar Al L T PHC M @ 8l HE = 51
AR L [R]E AHR I 2 B 6. n] M w A L
k % DR SR A4S B ik A% DX TH] R AR SO 4 STHC
RO EA BREE B ol PHC R A 3k &
DX E) 5 46 Ol de A kR IX ] AR JE X PHC R 51 k47
— i Ok A E SIHC R 5l iRk 3 s Bk 3
55 VATV A SCHRCL7 b g O i iy it PHC R 515 2
PRI 4L CORE 55 3~9 4T M3 B4 5
ANAHAR B A R o A% X I0) A 3 B & A% DX M) v 5
34T T PR T, w55 4 AT w MBS R O(H
FESS 6 A4 o 76 2450 £ B F XF R 0 T A X 1A, 46
11~12 47 % Fr A B fe R A% X 0] 4% B8k 46 (6 TH T
R A )2 0 (4 PR 25 SR T e HE PP

&£ 3. SIHCB.
BWA:G=(V,E)
By . SI

1. Construct PHC index""
2. CORE=<=corer, , 1
3. FOREACH u<V DO
4 FOREACH k€ [1,CORE[«]] DO
5. CI<ECI, (w
6 FOREACH i€ [2.len(CD)] DO
7 [s1sey J<CILi—1],[s, e, ]<CI[i]
8 I<[s;—1,e ]
9. SIi<SI,U{I}, Vi<V, U {u}
10. kp.<the maximum value in CORE
11. FOREACH € [1,£,..] DO
12.  Sort SI, in ascending order
13. RETURN SI
EET7. LS HNEIREROE,,, | X
£ X d )
4.3.2 sk
HARGEVE 3 R B LB E WL B S S
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PHC 5| SR G A REIL F e B 6 15 385 g b 4% X [H],
RORIAR T 42 TF STHC R 5| 14 8k 3, A S04
T kR IX ] B OR B R R IX R O s
TEAfPERT e PR 8 15 2R IE.

EES8. AET M u ik BXEECL (W,
CI, Cu) WP A [ Y X ) 45 SR B 0T I — A e e b #%
X [a].

FF B 8 ARSIt —Fh = B B kA X )R i
Tk N A R,

&k 4. SIHC-O.
BIA:G=(V,E)
iy SI

. corey, 1<CoreDecomp(Gry ., 1)
. CTy<ComputerlCT(G,corer,, 1)
. SI<ComputerSI(G,corer, 1.CT\)

1

2

3

4. ky.<the maximum value in corery, g
5. FOREACH k€ [1,ku.] DO

6 Sort SI, in ascending order

7. RETURN SI

(

D SE—Br BE 5 1 47) . R 15 Fr A T s 7 Bk ig
K Grio,,, 0 IR

(B BCGE 217 SRR M H 5 T 1 By
B EAETA kXN 42 0 8]

()5 = B B (5 3~6 17) . oK fif H & ' 1h B
ZI T A TS AE A k(BN B 1) Je 4 & A% X [A] 45 %)
SIHC & 5].

T ol A B SR W 1) B Ak R A A B B R AL P —
YRS 285 P v g 30 ] A5 2 55 A 4 2R R T 43 0 A
R B B i A B A R e T R

MrEg 1. SRIGITA S ERIRIE G0 Y

13 X (SRR B SR EOE i N M = X

BrEg 2. SRFFRGGETZ] s=1 B BT A T A5 76 or
A ke AELXNT Y & A B[]

FLARSR A 7 18 SR Fae BEEST (] AR 2 /)N 19 5 5 A
UMM B 4 NI 2 e (2 << ety B 300 o [R) BT B 357 4 )
323 i TO0 A ) A% 5 I AR A A A 78 A S 31 A T
Mou FEPRBRIE Gy v R R E SR T AS B AH BN Y &
A2 DX [R] o 75 5 R T R SR 00 F5 o R4 e R A R
KTET EHTAS LT AR 4 u B —@E K E
AR SR T IE A e RA B TR A AL B AR AR T A
D[] A% 4 J& A T id s W sl /i Je 2 40k S

2N

ﬁAL‘.A\-
EX 7. X[a#4R)E (Interval Core Neighbors).
R ASE GoRf RN XE] T RN TS w47 u BRPE v

W core; (v) =core; (), MFR v & u 2F T XA
B4R

BN G BR B30 02 Cus o) o v J& u KT
Csse JI X ARG H vy u Z RN — 2500 F sy e
RS U B 32 0 s e R X TR A% AT s v —
A H TS E S w0 ZEFELs e IR A BEAATE L %
W IR T w 8 X AR & o, 75 E il kil
Cuy o) 76 T o M B A OB G RN 30 2 J5 728 2y 0, 33
By o u Z ) ASAEAE DCTE] TP 0 1wl JHE X (A A%
BIEEOE— B 200 = [ (2] Gusos ) EENE T
FoR Cus o) TERF LB T ot B0 00 U85 FRATT I s Ay
CN A 3% w B X A A% 2B 5 4 & A A TR o
T (o FBRGF E R LCN o] =200

S5 TR 20 1 BT TS AE BT AT R BRI
Rt ) B9 O A0S, 5 1 AT X R CORE M4 45
Q HATHIUGAL 5 2~ 3 A7 R A DT w MR T
L1t JRY DX AR AR S 5 55 4~ 16 £7 AR E /MR U
B A A I 22 9 300 SR T A9 A% B 35w FE R
Z) 1 RIS ) 5 11~12 15, B AR U8 55 5 AT IIAE
PSR A% fr B H T RAZ RO RO R R A e 4R
B QA T~16 7R IX LTI A 19 H 3 A% I (] K X
[ 4% 4B Hod 58 9 AT AT o MR8 2R
10 AT BB w AR T [ 1 e— 1Y X R AZ 4R S5 L 565 11~
12 475 T w RARZECSUE S BOSR FOAZ N (8] L 56 13~16
S EHIF AR TAmA Q b 5 1E%
17 73R [l AR I 2] s=1 B Bir A T A 1) e A2 ) T

&% 5 ComputerlCT.

A Gicorer ., 1

W CTh

1. CORE<corer,, 1:.Q<

2. FOREACH uw€V DO

3. CN,<ComputeCN([ 1, tmux ] stt)

4. FOREACH e: from ¢, to 2 DO

5 DelEdgesInterval (e, Q)

6 I<[1.,e—1]

7. WHILE Q+# & DO

8 u<remove a node from Q, oc<CORE[ u]

9 CORE[ u]<-ComputeCore(I,u)

10. CN,<ComputeCN(I,u)

11. FOREACH £ from oc to CORE[u]+1 DO
12. CT, (uw)<e

13. FOREACH »€& N! DO

14. IF u€ CN, A CORE[u]<<CORE[ v] then
15. delete u from CN,

16. IF |CN, | <<CORE[v] THEN Q< QU {v}

17. RETURN CT,
18. Function ComputeCN(I,u)




it ®

Hl

2 e 2024 4

19. FOREACH v& N; DO

20.  IF v€ CN, A CORE[v]>CORE[u«] THEN
21. Lo < | {t] (usv, D EENLE T}

22. CN, [ v]<2@.w

23.  RETURN CN,[v]

24. Function DelEdgesInterval(e, Q)

25. FOREACH (u,v) € Ef...; DO

26. IF v& CN, DO

217. CN,[v]<CN,[v]—1

28. IF CN,[v]=0 THEN delete v from CN,
29. IF |CN, | <<CORE[«] THEN Q<-QU {u}
30. IF u€ CN, DO

31. Xt w AT 27~29 47 A0 A Y A

32. Function ComputeCore(I,u)

33. ent[1+++CORE[u]—1]<0

34. FOREACH v€ N} DO

35. IF CORE[v]<<CORE[«] THEN

36. cnt[ CORE[ v]]<—cnt[ CORE[v]]+1
37. sum=<|CN, |

38. FOREACH % from CORE[u]—1 to 0 DO
39. sum <—sum-+cnt[ k]

40. IF k<<sum THEN RETURN £

Bk 5, B ComputeCN (I, w) [ 1E FH &R
PEsE ST HE TS w S F o a X ] T 840 s I 48
I u SRR Z RS0 ECH 5 19 17
FROATE R T3 DR BRI Gobow B BN 4B oL 55 20
FTARE 2 S 7 FIWr v A5 R w B X R A% SR & SR
v 2w B AR AR S H v WA 0 S AE w 1 DX ) 2% 4T
JEME A 2R CN P AESS 21 A7 580 w Fl o Z [ B 38
WECH IFESS 22 178 M A CN, .

K%L DelEdgesInterval O A FFERIBE Gr g |
M 20K e 1930 T4 26 ~29(30~33) 17 W #i i
Bou( XA CN, (CN ) FHH K 5 w (o)
MIRZEOR G B IFR T s I AE S Q T LU
iR [1].

PR %X ComputeCore O [ 1E FH 2 50 5 0 4w M9 A%
B, SR IEJE  THS w MR i R & A T
JE o )RR SR E DA R AR v Hoo MAZECR T
T R

MrEg 3. SR e RGN ZI A TS EA b
(BT I B B J R A% X[

LR A 7 15 2 45 BR S [R] DN B K IR | 4
VR B A B 20 s B4 300 ) st Sl O s 9 s T A5
(4 A ) 8] 5 DT A5 380 AN T0 S o ZE R 20 s + 1 A%
[B) o XF T 25 7 0 & fHL, TS w 76 s BFZ0R0 s + 1 B %)
14 % 1) 18] T B8 AH [) 0 1T BEAS [R) , 24 R [, D 2R 15
BT w by —A e e XA Ls,CT, (), .

s B Y AR BRI 20 s B E s w TR
Grorro ARG PAZI RN T48 T w AR S DT & A4,
LML G w BIAZIE ) — 5 KA HRTF ey
TR Ak BTSSR I ) B A2 A TSI kB ]
I8 JeE AR AR DA 30 SR N 30 T J 1 52 R AR R

TENX 8. kB [E]AJE (k- Core Time Neighbors).
M S G T AT w Bk TS Z s o 47 w AE PR IR
Iz](;[.\-,(fl‘\<u>k]ﬂ@§l3)%’v {V%/% CT.\-(“U)kSCT\-(u)k ,)”\Uf/’ﬁ
v w TERZ s 1)k AL [E] 4 .

HRAE & A2 1) 9B S B 2 SCou TE s IS 2B & AZ I
[F) 4B J k2 w 78 G BLY k-core 1 i 4B ) AR A
T = [t o) EENtE T} | FR A (us o) TERT
[ B I="[s,CT, G, Jrp i 3009 U8, J AT e A
CTN»il3F u E"Jﬁ/l\k *ZEVJ'I‘EHQBEU @J L (o) E‘J@%
ﬁﬁ%% +CTNu.n [“U] T X (uo)

S 6 M s G2 D) I 2 i A5 TS 78 i A5 &
B A0 B L R AZ XD B P ARRS L 58 1 A7 X A% B4l
CORE M4 Q HEAT R MR AL . 565 2~ 4 47 X A% I [i]
Bl CT AT O AT B TS AE 1 i 20 & A%
(] 4R 5 o 55 5~ 16 A 12 LA DA /N 21 K 8 1 i) JIE
T Bk 320 5 A A i SR AR P A R b A X ] HLA
V5 6 A7 KA T B TR A% N ] A e SR
PR kAP AR S Q .50 7~ 16 KAt
HQPMICE (ua k) TR w 12 s BIAZI 8] I L %
R DX o AZ IR 18] 40 T s FEvp L 55 9~10 173K w 1 fix
ik AZIXIE] B 11 AT 30 w AR s BORZETE] L 26 12 17
BB w A s B9k AZINF AR L 5 13~16 474 iy 2
BT AL I (B A TR M ke (EIMA Q B Je AR5 17
118 Il e Z kg gt iy STHC &R 5.

B 6 L B %L ComputeCTN Cs k) (945 I S
MR E 8 TR T 4, o 75 B R K] Grocr. (o, ] Yk
K TA) &P J I e w5 B A AT i 22 1) I 25 31 F)
H »/ﬁ\:qj% 19 17 B9 MG 8 7 F 3 g B R A G[.\.(‘Tﬂlﬁk]
How R ABIE L 85 20 AT AREE LT I v 2l
N 1Yk AL AR5 IR o S w (1 kA% I (8] 4B
Hwo /&ﬁiﬂ%ﬁu i & *Zﬁﬂ‘lﬁjém%u/ﬁ\?%%% CTN i
LRSS 21 47503 w Fl o 22 8] it 25 500 BB H IR
HIMA CTN . .

&i%6. ComputeSl
A :Gcorer,  .CT
iy i . ST

1. CORE=<coreg, Q<

2. FOREACH Vu€V Ak€ CORE[Lu] DO
3. CTLul[k]<=CT, (w,

4 CTN (., < ComputeCTN(1,u,k)

5. FOREACH s: from 2 to tm., DO
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6 DelEdgesTime (s—1,Q)

7 WHILE Q# < DO

8. (usk)<-remove a node from Q
9. I<[s—1,CTLu][*]]

10. SL<SLU{T} V<V, U {u}
11. CTLu]lk]<ComputeCT (s u,k)
12. CTN ..y < ComputeCTNC(s,u,k)
13.  FOREACH v€ N"==] DO

14. IF u€ CTN o NCTLv][k]<<CT ullk]
THEN

15. delete u from CTN, .

16. IF [CTN,.., | <<k THEN Q<-QU {(v.k)}

17.  Return SI

18. Function ComputeCTNC(s,u,k)

19.  FOREACH wv& N-¢"t0 DO

20. IF v& CTN¢.» NCTLo][k]<CT[u][k]
THEN

21. CTNp Lol<[{t] Gusvs0) € Ererrmn) )

22.  RETURN CTN.»

23. Function DelEdgesTime(s,Q)

24.  FOREACH (u.,v) € E;,., DO

25. FOREACH £ & [1, min(CORE[ u], CORE[v])

DO
26. IF v&€ CTN,.,» DO
27. CTN i [v]<-CTNp[v]—1
28. IF CTN(.p) Lv]=0 THEN
29. delete v from CTN,.»
30. IF |CTN¢.i | <<k THEN Q<-QU {(u.k)}
31. IF u€ CTN(,., THEN
32. % w BAT 27~ 30 474 R B B4k
33. Function ComputeCT (s, u,k)
34. T
35.  FOREACH v€ N[ == DO
36. t <—the first time occurrence of (u,v) in [§sZ |

37. T<TU {max(¢t,CT[v][k]}
38. IF |T|>=k THEN RETURN &-th smallest value

inT
39. CORE[ u]<-min(CORE[u],k—1)
40. RETURN ¢, +1

% DelEdgesTime O VR T 2 45 I E GLs,
Lo | EMBRES ZI s 8300 5 3R B0 A% (] 240 A% 1 T B X6
MR kA TR B TS AE s+ 1 BT 200y & A Bt a4

PR %L ComputeCT O Y/ F 2 B8 T A v 1%
Ap A S AR YRS - w AT CT, G S e /N Y
L w E GLs I AR I B /DAEAE kAR o
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important models for dense subgraphs, where each vertex has

at least £ neighbors. In the temporal graph, querying k-core
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subgraphs requires the system to return the corresponding
k-core subgraph C, (G;) from the snapshot graph G; of the
temporal graph G, based on the given query interval [=[s,e]
and the value of k.

Given a temporal graph G and a time interval I, one basic
method for solving the £-core problem is the online approach.
The problem is high query cost due to graph traversal for each
query. Another method is the index-based approach. The latest
method is the PHC index''”'. The basic idea is to maintain
two types of information to quickly determine whether a
vertex satisfies the given conditions. These two types of
information include: (1) the sets of vertices corresponding to
different values of k£, and (2) the time intervals associated
with each vertex in the vertex set. Specifically, for each
possible value of £, a vertex set S, is maintained, where each
vertex u in S; is a vertex in the & core subgraph C,(G;) of an
interval snapshot graph G;. For each vertex u in S;, a set of
time intervals L, ={Iy,I,,**,I,} is maintained, where each
time interval I € L, represents the intervals in the corre-
sponding snapshot graph G; and u is a vertex in the k-core
subgraph C, (G;). Given a time interval I and a value of &,
when conducting a k-core subgraph query, the PHC index-
based approach first locates the vertex set S, based on the
value of £, and then checks each vertex in S; to determine if
it is a vertex in the k-core subgraph of Gj.

From the above description, it can be observed that

when using the PHC index to handle £-core subgraph queries

on temporal graphs, it is necessary to check all the vertices in
S, to obtain the results. Since S; corresponds to the maximum
interval snapshot graph Gy, 7> and the user’s query time
interval I is typically much smaller than the maximum time
interval [ 1,%,.x ]» the number of vertices satisfying the condi-
tions in S, is relatively small. Therefore, when conducting
k-core subgraph queries based on the PHC algorithm, there
are a large number of invalid judgments, resulting in lower
efficiency.

To improve the efficiency of k-core subgraph queries on
temporal graphs, this paper proposes a new index called STHC
to accelerate queries processing. Unlike the PHC index that
maintains an inverted list from vertices to intervals, the SIHC
index maintains an inverted list from intervals to vertices,
where all vertices in the inverted table are satisfied ones.
During query processing, the inverted list that satisfies the
given interval can be directly determined based on the given
query interval, and thus obtain the results that meet the
requirements immediately. Compared to PHC, query pro-
cessing based on the SIHC index does not require checking
whether the vertices satisfy the conditions, resulting in a
significant improvement in query efficiency.

This work was partly supported by grants from the
National Natural Science Foundation of China (Nos. 62372101,
62272097, 61873337). This study aims to improve the efficiency
of k-core queries on temporal graphs and further enhance and

develop graph data management techniques.



