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S-Cypher: temporal query language on the temporal property
graph model
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Abstract; Traditional graph data models lack explicit temporal dimension representation, which may lead to complex temporal queries and
potential loss of temporal information integrity. To address this limitation, a temporal property graph data model and a corresponding temporal graph
query language called S-Cypher were proposed. The temporal graph data model represents utilized object nodes to represent entities, and introduced
property nodes and value nodes to represent entity properties. Valid time was recorded on nodes and edges between object nodes to express temporal
information, and the recorded valid time adhered a set of temporal constraints. S-Cypher served as a temporal extension to Cypher, ensured
compatibility while providing a concise and comprehensive temporal graph query syntax, including temporal data types, temporal graph pattern
matching, time window constraints, and temporal paths. An implementation scheme for executing S-Cypher temporal graph queries on Neo4j was
also provided. Experimental results demonstrate that the query time of S-Cypher is on average 1.29 times that of Cypher, indicating that S-Cypher
can effectively manage temporal graph data in Neo4j with satisfactory performance.

Keywords: temporal graph; graph data model; graph query language

TERCFALI Y, S AT A R AE L= e R AR I 25 5000 0 498 3 25 A ) i ol 1) £
TRE B, A BRI b — VIR SO o PRI 25 12 S e S 2 i g ] 5
i H 228, RSB RS RAEIR B, BRI .
PR R . TEIE R A AT R 5 H T C R AU PR 0 2 I, A4 Be e 25
B 5 P 2 SRS 2 S S e 5 AR P T P AT TR = BT OC R . (A FRAKE

W fs HHA 2024 - 11 -07

EEWE : MR A REST G TR B H (U20B2066) ; 678 H AP BTIIIUH (62302430) 5 #iiTA H AP 4 B B I
H (LQ24F020017)

E—1EH HTHTH (1999—) , %, WiTT K A, A -LAF 55 4E , E-mail : jiangtiantian@ zju. edu. cn

VSRR  TAEHE(1994—) |93 WU, BT, Bt E-mail s wanghaoye@ hacu. edu. cn

S AR ORI, BRLAR, ARIIEE, 45, S-Cypher: WIZSJEMERIBIR b S A A S [T]. EBRHLRESMR, 2025, 47(3)
41 -50.

Citation ;JIANG T T, CHEN G L, SONG M L, et al. S-Cypher: temporal query language on the temporal property graph model[ J]. Journal
of National University of Defense Technology, 2025, 47(3) : 41 -50.



<42 . ES A sl N 2 1

547 %

Fer B, & R BRI R P P RE R 22 . Ok
FZ IR R BH 76 LG 2R R S 1) 1 1 AR 17 v
PRI T L SR B 4 A T g R L ) 9 R
FERE . SR, 1% 40 nY B B s S B I B0 & o it
{5 BT ZE e o BR T DL B TE 1 e 1 B AR
AR - A7 i T o s I 5 8 (9, A A e
AN — Z B st I 5, AR 121 8 S 4%
A B A R RD) | (H X ROy 3G IR A7k 4 A
() ] — Ja A AE A [R] B B) 9 i A, t AR 25 2
REHRME B e stk . 55 —Fhor SR 00 A R A5
AR, IS E SRR UL 1] P B 254
PRI TR (5 8, A AU o 17 LA B, H AR S
BRI AL i (B 45 25, BRI R 2 AR 154
HE I, BARZ GRS 25 03, s — AN FH S 1)
iy PN SR g =AY N Rt

ARSCHR T —Fh I T e e Pl ) e 2 5 A R
Je AT T S-Cypher, 245 70 3 o % 42 35 4
JE TS A A B S L 7R T S
e S A N 2 24 SRR ) ) A B T A PR A
P 5 — 8k, S-Cypher {E°} Cypher
AR S BT &, BT i S BSR4 A X
DUC B 1R] 5 1 BIRAE o 25 A A ) B ™ i A6 24
WA TG, M A v S Rk e 1. ML
SEBRRL BT T S EOE 7E Neodj 45 & H 8
HA P A7t BRI ), 48 A3 35 EsF [ o 5096 124 1)
S-Cypher ZEif)SE 3 5 58, SCHFAE R AE Neodj AL
AT I SR

1 HXIIE

1.1 HEBEEERERIES

20 A2 /U4, ISR RS B TS
FJB R T R TERER , I L ABRHEAL A
s AR B, BRI SRR 32 2L T O R Bl
B EHC R 1 22 S PR Rt A I 2 14T
Ye AR B SR, A5 DA LA 2

A 2K (time domain ) : £E F #R 5, I ] 45
S 453 2R AT AE , AT AR VR — A 2 i S 08
F BRI AL R, — B LB O 2Ok R it
], AT OB AL HIE N — 4~ Q B2tk 2024
YRR R A 1 A SRR TR U

18] A5 ( point ) FIR [&] X [] (interval ) « B[] £

O ER— R, FE] X 8] 4 — BES ], d T

R[] A ZS A ] 28 HE R, T4 ik ] 0 25 PRI
()R — NS A A

i [A)RZ (time granularity ) « 35 41 i i} 7] 203
8 e/ IV, S e T I TR B ) 8 R B

AR E] (valid time) s F5— X5 (A7) 78
PRSI S e AR DR A B IR B i ], AT D B —
PRV IS [ A B — F8 B T DX ] | B ] e Y B 5 B ]
IR AR, Bt AT DU B A ) ]S, — 4> A
ST B &2 95 45 Bf ] ( transaction time ) , 3§ — 4%
I PR AR B P AT AR RO ] . ARSCETE
TIFFEAT SIS ) 047 3L, = 55 I ] AH 5 i RRAR A AL
Tl HFEALETISIE R N

NOW : NOW J2: i 25880808 P vh— 4> e R 1) P (1]
JCR 8 A ] A, A — I [ AR T, B A > i
N 1] ) A8 AT A8 4k

TempSQL"’ TQuel ' F1 TSQI2' & =/ HA
RRPER IS IG5, 5020 ¢ R B A i)
5 SQL 5 Quel WIS, MEAEMIES B
IIREAF TIouL i B, A B A 5o [ AR A T i
A, S-Cypher 55X SEI AT HITE 5 A 4 il
ZAb BT Allen Bk 75 X i) ¢ R 45 it 1] 4%
. BT S-Cypher A5 b & —FhE &G =,
PRI 3 A 45 T XS Match 55 8] 45 1) 4] 1 I 25
.

1.2 EHEERERERIES

A 88 = 3 1 P A AR R
ﬁ‘?)ﬁﬁﬁi&ﬁjﬁ%m] (resource description framework ,
RDF) i e P70 H— p LAl b kA7 i 2590 i o
JEVEE h Neodj #E) I Wit A7 Ik, FTRE & 24 T fix
WATHI B RL . TE R PR b, Y R O AR AR
AU T 1 o T T R Y s S, G &R
FORIMRZ (6] (1% 4, TR PEF A Y ORI &R 1Y
FHE , REAE LA R T 0 B J5 A7 i 43k B
Xfii o RDF i e i, B4 =i i — 4>
“FVEET RYIRIE , 78 B 2 D SR AT R
RN . RDF (&3 G 19 18 2 22 i F R R 18
SCPRFAAESE ZR G5, (H A5 360 R 3k 7 114 280 238 A DX A
A, JE SR AE TR RS RS A P

St KR e, 7 JE PRI F RDF 566l | ™
T 5 RO B R [ A AT S, A0 Cypher!'
SPARQLDZ} Gremlin'") 2 Hop Cypher J&£ %4 T
AT R A WIS S, W H I ErbeiE, 2 S-
Cypher JE47 I 2540 JE 1 LAl
1.3 MESEHERIEREAES

AT A 5T 25 RDF $cfidint ' g
i, WA KA RDF A A 57" gk
TR, FORE TS RDF ()55 5 & R ot 3
JE PR R 254 AR IR E D

ARG IC I 15 8 0 75 5, i 285 e 1 e K dfs



3 ]

FETHEH , 45 : S-Cypher: I 5@ P FIBEAY F I 25 18 £ 15 5 -43-

B 5= B3 g PR R0 A & [A] ( valid-time-
labeled ) F4 i 75 i {1 PR B A TR0 0 1 1L - ple A
(snapshot-based ) ff i} 25 Ja 1k [&] B 2 700122 7>
B TET i VS TR EARICA RO ] DL
PHIE R B 2545 8, 5 — R 20 PR R
i HURT R Sl A R o DR IR R AL
TE T RES DL R AT 5 A 1 A] i i K 50, (H
AL R BRYE, o an L4 Ry 7 A AR R BEOR i
AR BN R 1 AR A s TR 23 BT AR B BE R ] 4
AR [R) L, PR R 7 1 25 S BB R A9 I 2
B 2 SRR AR R 1 JR R, AR SO T bR
TCAT SBCNT R] £ ) 285 i P B A R

TR 285 R A i 5 2T SQL B}
A A 1 5 AT I S 40 . Campos %52 42
T TEG-QL, HiB2E 81T SQL, il LITJ5 b fk
4 Cypher , {HALRE(H ] Snapshot 1 In R i £5 i)
A A3 TR A P ) A P ) X[ 35 e
1. Debrouvier 2" 237 T-GQL, T-GQL ffi I T
i SQL 1 Cypher 3 A , I T A HCAE T
IS HEAR AT, Rost 25170 4Rk 1 3L @ PE 141 25 1Y
155 (property graph query language, PGQL) [
KIAEHTE T T-PGQL, i3 I — e [ A DL g 55 26
1ol SQL (iE LIRSS & B B A e = o

WA RS E A TG S 1A R 2 A5 H K
DR ARG A5 8], HL i SO I 2 B
5 A Cypher BEAT 1 RAFAYR 540 8. Ik, A3C
WIT T —FhFE2 Cypher HiE 583 1IN 25 K25 11

i
2 HSEHERE

2.1 MEEHEE

JEAF K, Debrouvier 452 42 11— 47 Sy
T1 T R AR B I 25 R RS R % 2 K
PR TRDRE T A0 0 0 T X G A5 SR T S AE Y
R o AR RS A LA 14 TR P R S A ) i
{Ho BRI G 5 2 8] (Y AR i — A
A IE] o FCrb T Y AT ATEAS 1 1 3 AT Ao
(BT AR O AR, AT Rt 8]t P 3,
A UM I 1 T A Y A RO ] RS A
MBI XA T — R FEBE A R 1 - m] DL
BB G SRR, AN B R, SR
A R TR] AR B AR SN o R AR T
Z )

D) SRR SR A R AR e . T
ity B2 W ML R R R AT R T [l ]

AN, FEM BB A, AR 1 S
A R T G 2 B i P A5 TR R R
(EYY ST Y9 A8 A 0 ] I, 5 25 )8
Je 1 EAG DB TR A5 AT RN TH]

2) JRYENT RRMEL Y A8 Z IR A AR 2R
KA, X SR SRS o S o Biln, HE o
KA T R R A AT R 8] 32 D [ 2000 4,
2010 4F) , A€ 2015 47y i @ PR AE, B In—
AR [ 2015 4, NOW) BIME T A, BEI 3
GURFME L DR SE N2 AR | 34002 18 U Y R
AR S ] o R G LA T o A1 A A T ]
SETRA TS (R D2 R A

3) JRVETT RN Rl AR SO 1k
T A AN T 278 2 S A2 BRI P A7 14 1 T
S, SR A SR PEAE A TR N B TR YR, 18
Petidk & T HAFAE M 2R T o B P AR AE
HARMEERATRIEERT O, BV EEOR R (E
AWIRIIGIL, to ] DU R m MEE SN Unknow

N T R DRI L SR R, AR SCRIGHE AR (R
PET RN RES ST AT, R TR PR A0 A5 A5 1)
B T A (BT A RN Rl IF e . 2 1 &
T B AR

EX 1 WEREE G LR NN, N,
N, E,, E,, E) o N, N, RN, 5350 03 5
TR S AE Y SRS E E, ME, 2y
0 DA X G A Z TR 300 AR R i 8 1
Z IRV, LR S A1 s B0 2 ] ) 1 )
Ea. B AMEBXABCLT T NE
(content) F—AT R ] (VT) o

1 g—A I @ PR R i 25 eI
XIRAY KRR I, R MY RURIMEL Y i 73
AN R YRR AR PR . WP AR Z IR 3R
PRI SR ZR , MORE 1Y R B J 1 A 2 M) Y
AR IE PN Z 18] 9 MU 5 2, MU A1 A

TR 2 E 53

W “ERT o g PR
.y [20104F, NOW) [20104F, NOW)
a {5 52
[19984f, NOW) P ol
AR R o [20194, NOW)
| A1
20004F, NOW) <.
o S e
A =)
[2014$lNOW) e ot
A8 52 PP 3 i
WA P ol A HET ] WA “FEN
[20004f, NOW] [20034F, 20194F) [20034F, 20194F)

[ AP e HE R ]
Fig.1 An example of temporal property graph



44 - ES A sl N 2 1

547 %

FIE T R 30 27 J VA RN a8 P 5 22 ) F D D%
Fo BXRA G0 VA Z 40 JE N, it d
X A LU AT . ke, 4
JEMERET DA 22 AN [ ) 6] 1 1) Ja kA, PRt
AR T AR DUOE R 2 ME T R B
K BB AL SORMELY s 200 R — X
G BT A

X L R R AR IR R L[]
R IR A2 030 2R AR 8 SR 44 SR
JRPEE AN SR OC RSB, TATTIY A 0[] ) 78
JITAR R S A S i 1 L SR Je P (AN 52
TR B R AE IS A J R A AR Bk AR IR IR B
IFIE] o AT R ] i — A AN AH SE A A 2 I 1] DX [) 4R
LR, e, SIS 18] DX 8] Hy S ) s ——TF i
I [F) 125 TR P T 440 ol
2.2 AX

HARIEIN 258008 1) 56 B I 2 BT EOHE P 7
Bl SRR A BT ], 340 A0 255 0 J I 285 1 B A
T LA T B . id (n) 275 n B9BRIR
Freln ,nyt RN on, B n, W93, E=E,UE U
E.. ¥Yn,,n,e NNUN,UN,=n, =n, \Vid(n,) #
id(n,);¥n, eN, ,eln,,n} eE=n,eN,;V¥n, e
N,,3Jeln,,n { €E,nyeN,;¥n eN, ein,,n e
E=n,eN,;Vn, eN, dein,,n | ek,n, eN,;
Vn,eN,,eln,,n| ek=n, e N,; Yn, eN,,
Jetn,,n,t,n, e N3 V¥n,n,eN, ein,,n{=
e+ Vlen, - VINn, » VI; ¥Yn, e N,,n, e N,
efn,,n f=n, + Vlen, - VI;¥neN,=n - VI =
VT; ¥ny,n, e N,, e {nl,nz},

* content = e,

Uienyelnng i *
e,in,,n,} ek, e * conteni=ve, = e, \/
e, * VINe, - VI =@; Y n,,n,eN,,n;eN, e {n,,
nt,e{ny,n,} e E=n, =n,Vn, - VI'Nn, « VI =@;
Vn,,n,eN,,nyeN,,elns,nt,e,{ny,n,} e E=
n, =n,Vn,
2.3 #Emn

AR T — 41K DA S8 1 DR 4141
K BB AF Gt 22 Neodj 465 1 1 50308 120 1) s A L
my, BT

1) XG0 i Ja 49 R RS A 244 9
HEAT BEBL, I 43 WK T 45 4 Object | Property il
Value, X7 BN A H 0 B 2417 fibpsE
71 JEPETT RURMEY S N 28 00 b JR A content 36
Mo 1R A RS ) 8 PR startTimes il
endTimes J:[F 2R .

2) XFGRA R A VY R ) Y 320 1 2 T

* content #n, * conent

N Object_Property (/3 4T 1EA5E, J@ V15 RN ST
JLZNR] 0 iy 28BNy Property _Value 193013
FTas, XN AT A B . BARXPIK
FEAEAERCE e b, AE AR RSO A 8 1R 9
FME Y BB OCR X TP SR USR] UL, AT G
2 HA R AT AR

3) X G RFUR G 22 ] ) 3204 P i
AT AsE, LN 25 I R B, A R0t ) e T
startTimes Fl endTimes [ 2/~ FH P 0] DL H
FHNLE 0 B ZAE SR

H i 25 1 Bl DA 2 e v B A7 i =
Neodj [EI5E 5 , s nT LAE By Neodj I P e
FRAIL I A A T R, B R S T 2R
LA 475,

3 S-Cypher

B 25 B 25 )15 & S-Cypher W] L) & E Cypher
mf 25 97 B il 7o Cypher 9 3% fiff iff 3% 17 L
Cypher {3 B F "', A 45 5 #£ %} S-Cypher 5
Cypher (1 X3, BV 25 97 J5& 38 4 AT U B . S-
Cypher B} 2540 8 £ 24045

1) 7S 0 B A5 s 2 A —— ] X (1] — R 5]
IR, DA BT REIR I [ TT 3 NOW 1) 3 ¥

2) 7 Cypher [) Match /] F#IN@ T BYAHE
R, DM T 7 2 E B UL e

3) A 3 P S ERAR B AR TR R 4 B E]
W R E TR

4) B Stale i Wf 54 H]i% , I #h € Cypher
HY) Set | Delete  Create /) %} i} 78 J& 4 [&] B8) 08 33 452
(XS
3.1 WESHEER

S-Cypher 718 FF A1 25 SCHE 26 70 £ 45 i ]
S E] X (] (interval ) F1E 1] B2 ( duration) , H:
Hh s [a) AR [R] Befii FH T Cypher I SCHY S A
i [E] S AR RN [R] B2 A R A0 A
SR, HR A 25U P H vh— i [R] 5 2R Bk 4 1 4L
Tt P IS TR B, 22 J T 50 5 ) A 00T (i) e ) i
(] i 22 A 2R T

i[RI DX TA] S Map S84, (i P 4> (] 248 2 ) pf
(1] i ———FF A O] 1] 0 45 SRS () 440 i, >R P i i
P RS T T =X

Cypher $2{1 i 8] £ 5 I 6] B 2 6] (19 55 AR 2
SERELBGETE, LA S — Z 5 I ] Ak bR SR I i) B
PR&L. S-Cypher [k T 3 ff Cypher PN & A ] 55
15 SR Allen ) 13 FhEd S X R E AR, LS
JUANE W B [A] 38 2, f0 35 Coalesce | Intersect




3 ] FETHEH , 45 : S-Cypher: I 5@ P FIBEAY F I 25 18 £ 15 5 - 45

Except, 43 51| Fl T 4b B i 2% B[R] 3158 22415 [i]
DX [B] % 3 B RG5> Bsf [] X[ ) 22 4

1E S-Cypher 1, NOW & P i 117 5 . —F
SETER A TE A, VCECTE 25 /i B[R] A 2L oo
R UL S 45 8% 23 % NOW 1T 24 |ij i a] g AR
T3 —FETER S R A T NOW kot R 1Y
ERE ], RORZICRIETF IR B M 2 5 — AR,
WA gdn 230 NOW AR I s 8] 85 28 78 1 fe K
HEAR, I e R
3.2 mEEAIEE

A2 (B A1) 5 1% 40 R A 1) 1 X HE TR S ]
AR AR S AE BAE A A R S . AT
AN T IS E TS TP BRI A E B 2T =
3.2.1 EAHEBEX KR

P 285 P16 2 G T 7 £ 9 T A 2 D e ) 2 il
AT S SRR R . F Cypher Hh i B4R
K—F, B A B AT AAE Match FA)Hfii A .

AR RIS BT R A R R
RN SWNE IR ED =N DY SUE S e [111: 19575 B ¢ REE PN S|
R VCE A, v LMH @ T( <start >, <end >)Fl
@ T( <riming > ) XX LEIN 25 I TC 2R B R0 a) i
BRI, Forp, <start > | <to > F < timing > 11 [A]
FRBL S BUIE PR R  R) SRR — 2, R T R
AR B T, IR S EE @ (4,
t,) (BR@ T (1, ) ) X H AR [ 47 FR &1, E 44X
Lley,6,) CT(H 1, ©T) W, % I0 &K I 2 VT BT
Mo

PO R EN U eI PN E b v ST IV TR S5 7 S
BAERF@ T &l e AT B A S0 ], 38\ DLk — 25
TE Where -/ %t i 25 11 TC R (98 R0 ) 3464 7 08
InAg 2R BRI o SEAARTEAS [F] i 20 ] BEHH A A [ Y
JEVEAE, TEVT T0) SR 1 & PEAE I, T LA FH#T (¢,
t,) BEHT (1)) BRAE Y SR R R], I 28545 R
EW P TEE R 1 R,

x1 HSEENEREE

Tab.1 Query syntax of temporal information
i) J5 5 Yi ] AN
objectNode@ T ARIBON G5 1 AT 0 1) n@T
relationship@ T ARIORT R 18 Z 18131 (A 5[] e@T

objectNode. attrName@ T PR T A5 A9 R |)

objectNode. attrName#Value

n. name@ T

ARIBCLE BRI 18] DX (8] B i b A7 2850 ) 83 A5 1) A5 2

n. name#Value@ T

@r IRFIR], 254 22 MEY A 3R (Bl — A R0t L 51

objectNode. attrName#T (t,
[ ’ IZJ ' )@ T

BRI 5 I 8] DX ] 8] 5 A (19 R A 2K
W], A 22 E T A, 2 18] — A R0 [ 8155

n. name#T("2023" )@ T,
n. name#T("2021", "2023")@T

ARICTEBR DA IR 5 X8 A ) 5, A 28 (T A N
B ATA ZAMET R IR SR

objectNode. attrName

objectNode. attrName#T (t,
[ ’ tZJ ' )

ARIUAEG A2 I 8] DX 8] IS ) 5 _E A % 0 (99 R
LA ZAMET R R AR

n. name

n. name#T("2023" ) ,
n. name#T("2021" | "2023")

[ FoRnlik,

3.2.2 B AHARESL

TEARM S E b, AR A i Z A TE R
DU DA 33K A i3l 1Y, SR, X A6 TE JF A
T SE . AEr R, 5 WA AT =R S
BAR LA AR N T R A R
AR 2SS R Y R
S(o Hq‘?&%?ﬁéﬂﬁﬂﬁéﬂ(”mn »€(1) ( T| ) > i1y »€j(2)
(Tz) PRI} (Tk_1 ) ,ni(k))%%%,/ﬁéqj,ni %‘:ZZR
id J 1 BIXFRAT R, ¢, RN id O j i, TR oR
€ik-1) A R s [] (ni(l) s T My ) FNET A AR
%ﬁﬁﬂgxﬂ-%ﬁﬂﬁa(e,‘m 5" €k -1) ) RIS ERAR

PR 31

M B L T = N T, 20,1 =
e k=2, B AT A R 2
KT T A

WA LR AL T, N T, # 0, g
o B TR 28430 A 512 D X
AT

WA BB A PG 7, - end < T, -
start(i =1 oo = 2) | BB o 30 20 2
SRS o LA 5 0 A



- 46 - Gl R RPN

547 %

WGP L ] DU R R BA E AR AR
RERAR e TR AR A I R AR DU RN R LS5 o

1t S-Cypher Hhr i3 SL I 25 B AR I, 7] DL RR
il T R H B R R R AR KR, D
FEAETC R WA R A]

3.2.3 wEHaRL

R 1 e 2 B BRI TT R A RN 1],
] DAdi B At Time F1 Between . Snapshot F1 Scope PR
FE ) HOAT RN ], AT RTINS AT ) X I 285
P A i, BRI A R 18] A D0 S5 2 « I 2 [ A
FUVCHL > At Time = Between > Scope > Snapshot ,

At Time /8] F Between T a){NA/EF T3 —4%
T, 3 A A I ) AR [E] X A], AN BEX [
— 4TI At Time 4] Wb Z50F Match /i)
SRR IC A, T R 76 3R A R ]
R B SR 04 #R A I 8], Between /) A 250 I
Match ¥-/) 8§, Delete ¥-HJFE RS, HI T BRI TR
(A R (R]

Snapshot /5] Fl Scope /) j& B JH FH 1) , A
T YHT20E T B FTAE R, 53065 — A~ I [
JANI ) X 8] - Snapshor /) W] % BT A i ) AE
R, T BRI T 3R 00 A R0t 1) 575 ) ST e R4
HfE] o Scope T-m)ANKF Match /)il Delete /)=
R, T IR R B A SRR, 2 23 (] e
T Snapshot F1 Scope B}, 5 252 1115 ] Kl Delete -7
LSRR Scope -] 45 & I ] X [A] #E A7 DL AC,
TS 285 BB 5 0k (BR Delete $2:4F) 2. Scope 1~
) AR Snapshor /)48 & BN [E] AFEA T DERC

FEASE FH BsF 8] 2 1 =) B, B 28 6] 4 9 1
A T s 25 T DG JC oF i 36 T 3 A7 I 2 PR A
I 285 1 SE R o /b ) SBR DA A 24 i I 22 4 Oy 484
IFra]

3.3 WEEMEE

S-Cypher [ R 25 BT 15 75 A 45 X S 4R L 2 4R
R F NS A B B RS, AR
TAL G BT AR, 76060 B 250 Pk P A T B 45 4
N, S T AL BT ARG G719 S 2 1830 A R
[, FHORAE B AT ST T 246 2 I 2 M 1 1Y
LA
3.3.1 mrA4lEiEE

I S AT T AT T SR SR SC R AN S A
PERY A1 A, L, SR RN S 4R OC &R B A Al
Create ¥-/R]SZBL, TSR TEPENIE T Ser F-A) LB

B SR SR OC R I, 43 ) A A — > X
AR R AR, H e s ) A A5 i) a0 29 7 HG
HE RIS AT O B P, LS T AR

25 1 HoA G F A R R A E A5 DX (]

BEE AR 8 PR B, 712 S AR XTI A % 5215 a5
TRV EME Y S S RAEE S . AT AT
AH A& P24 e 1, WA P B P i
TEZ BT R 1 J8 PR R R B — AT R
Horb (B SR S T AN RE 5 R e MY AT Y
AT A AT RIS 8] A T MY A A e
[ A2 % A i B X 271 i B AU TR N

RULHERAERT ] A o, B2 8 A1 8 i X 42 45 A5
IFE S SR S R BRI [, NOW) | @k
ST 0 (8] A A 3% 1T A 1) A 0B i) 1) 4
0, 7] DA 2ok R PR B ) 5 4 2 Y A X
G R I AE TS S B AR FT R A A
ARCERT (R A2 B A 2
3.3.2 MiiEE

P 285 T 83 T2 A 5 o S A S A O R LA
JE PR MER , 5 Delete §-/m) 5230

Py BRI B3 S AAC B, 4 M 85 %o I X 2 1 A
HAHTE S P s BT S R s P B B A G
FRINE, P FEN 5 % 102320 5 40 B 53k ST K g PR I, )
NI % 07 P Je P 1 A B SRR,
TSN A A B A B R s —IF
T3 o
3.3.3 idfiEk

i TR A A X S A SR 1 S AR OC &R
AL (] Stale +m) 5280, S BHHRVERE TR
SEWTRI Y NOW B Ry BRI ], R Z TR A
FRACES A AL AR, R B 45 SR A (3] K e NOW
TR -

Ak B SEAARER, Ao B X6 07 X G2 1 a5 B LA % 1Y
BT S AVE Y s i SRS R i B X
N7 01 5 3o B SR Jag A i, Aok B el ) Je Y S R
R

BB HRA RS 1814 ¢, A8 2 7 b B )15 i B0 1Y)
SEERE (K i NOW &2k oo ¢ T DL P 4R
AR TG ]

3.3.4 mASBGEX

B B OB TR AL HE XX R 5 KR
] PR 300 BT R P A AT R [a] A& e, D SRt
SRR PR E M, S0 Ser FA) SR

B BN A AT s ST, 43 ) 5
WO GT  BIPRES SRR YT A content &
PEo H BB N AR, SERIME SR Z S5 1Y
N5 A A A SN ) A A A A
EYGRIETE

B BRORT G5 R AR A5 AR ], 4



3 ]

FETHEH , 45 : S-Cypher: I 5@ P FIBEAY F I 25 18 £ 15 5 4T

TGP N 5 A2 3 1Y startTimes K1 endTimes J&
P, DA RE U -

1) SRA 0 8] [] I 9 78 A R A A
AR, HLS 1) A R 2 R At A
RS ] AT A DX

2) BT A A5 Ta] 5 (R e MY R
b ALY 85 P A AR ) e A EE A DX

3) BT A0 B T 1 R A RO (]
TEFT I8 AT s A RN RN .

SEAR & P BB el AR AT DA AR Ao B R E AN A
AERERISS G, B SG A B ZE 3 AR I 1R R A R
R RN AR E SR MR (RS

4 =9

0T FIH Neodj (AT BEAAT BRI 25 P %
6 AT B T — 844 S-Cypher £ i R F 1
Cypher £ ), JF 12 4T7E Neodj P Bt L 1)
SEPITE IE 2 R

S-Cypher#5#i%4)

ANTLRAFRAT 5 RSB R e

v B 7 O B

S-CypherWalkerkf 52 WA SRR [Z]
v 1 UM A
FHERS ! n
! g Silfjarf
RS CypherQuenyXH4)
; ReadingClause [ ' H%z%
[MatchClauseJ[Unwindclause] ------------------
5 P BEEEART
V4

Updatingclause[ ]
[Createclause][ DeleteClause ]

l g7 !
oy (TR
AR P X
v L NeodiEgriERE
L URMCPeEBIEG—— > mRMNoSE I
e )

LR

B2 1 Neodj 11ic17 S-Cypher {54 H) LI 7 4
Fig.2 Implementation scheme for running S-Cypher

statements on Neo4j

4.1 Hipse
A s 1) VE ] 28 S-Cypher £ i1 1) % 4
o Cypher ZEfJiE/H) , T 7E Neodj [ BHE 4 |- 75
D EOY S =R N 3 (L
1) fdi F} ANTLR4 fif# A i 25 [ 2 i 4], oy
e BEE AT . ANTLRA 2 — AN IR IR i
b T H, ©f 30 AR5, BEUS AR = s

AT W 3 T R A o

2) A= %, S-CypherWalker %} %, S-CypherWalker
Ak7K T ANTLR4 AF il i e A st W & , 703 7 1
DT AR v, T AT R R, O SR AR
ATE R OCHE R .

3) M4 S-CypherWalker X R 48 4 Y ¢ 5 {5
B, 0RO R R R 4 O b ) R ORS-
CypherQuery Xf %, S-CypherQuery Xf 52 I 75 5]
BHIER RN RITN AT TRETAR R

4) M4 S-CypherQuery Xf 5 #4240 i, {1 A=
I A Y R (1Y) Cypher £if)1E ]

4.2 mEHREREG

XF T IC kAR A A Bl Cypher #7375 41)
1) B 25 PR S T ), A P 2 AR A 9 LS R Y B
SEEERAE SR . W LU B Neodj S2HEERI I P A
S SO A R RO A SR A Sk
Bt

AL Java 95 I B E SCid TR R £R
KA S-Cypher i (14 B E I 3R, HK H
i N jar SCIE, A Neodj (24255 H %) , st AT
PLEHEAE Cypher Hriif i A 5 SO 2853123, T AE
Neodj H1iz 474" J ¥ Cypher £ i 5],

110 W o5 i 1 P N S = =23 187 N NP
LT T B O A TR AR A I A SRR
Xof - B TG A I 3 1 vk RN ), AR S
Bl B g SN 2SS R AT R A, A SR ) i
TS, W25 AR S B DR A SCER B A
R I I ) S B Z

TE— AR AE A R S B BT T — &
BRI 1) SR A, IR D03 1 R i S 2R
AT Olo X T 4 A d B ) E) 2 oY #: 4, S-
Cypher #RZHL A U2, 1X R W] S-Cypher Al LA i
] FH I 285 e BBOR AS A AT RN TA] AT 280, O 45
FEIRTEN o oh TR R PR, BE 22 iy ARk SR R )
ZULSCHR29 ], AR Ry Herp— Ak S-Cypher £
NI

B 12 Qg — A>T 1990 48 H A 44 O Mary
Smith” f) A F1—~F 1937 4E H 4 44 & “ Daniel
Yang” B9 N, 7f 61 8t — 4% Mary Smith 5 Daniel
Yang Z [E] i M\ 1937 4EF] 1990 AR K R o

Create (n,: Person @ T (" 1990") | name:" Mary
Smith" | ), (n,: Person @ T ( " 1937") { name:" Daniel
Yang" | ) Create (n,) - [e: Friend @ T ( " 1937",
"1990") ] - (n,)




- 48 - Gl R RPN

547 %

EERTE

Constraint Error: The valid time of the edge must fall

within the valid time of the connecting point.

LRI, VAR T 2SR AR, 8
W DR T I A 14 T AL O 2R 1 85 T AN AE
Mary Smith f7 8 RI P, 33B R T2 8, X5 A
AT U — 2, 1990 4F 4 ) Mary Smith A 0]
AEAE 1990 4ERt 5 Daniel Yang BN

5 =W

AT RS R A AE 8 W%, 16 GB (1 4L
FisfT. SEEEA T 3 WS R AR IX
Jft Neodj 5. 15.0 biFA7ad 4], XL 5 7E
1222 AT (i) A8

1) 5 Cypher #f kb, S-Cypher [ B 2515 % /2
o B 7

2) 5 Cypher A It;, S-Cypher [ 725 5 i) 1 15
FrrEReandar?

5.1 HiEKE

S8 FH 26 AT B A4 B E , eE T
112023 AF R . B O ST SRR A B A AL
i (Airport ) , HLY 5 55 22 (8] 14 30 (4 25 78 S ff0 BE 0
KU S5 . 5 AR R [A] 13 [ 1987
AE, NOW) FiHE i A s T 3k [ < R
[B] >, <Z[EKmFE > ),

5.2 sk
5.2.1 Mgt

T, B T R A S R M B A RS-
Cypher 7)1 5 1 Neodj L iEATHI 254, R
J& , 5 E AR R R EIRLEUFN Cypher #5115 & iF
FmS AR A i ki T HERE XS e, AT E A T
S ARSI 2 S5 H HARAE Y A LA
T S LT JE A A T

IR K B0y A 32 A R TAE
ik, TR, LSRR — L, &
Wiz R R 2 400 K AP ae 2E T A
P, IFR X U g . K3 JB/R T AT
ZAr T K BRI R AR A 1) ) A s ]

G BIR  EFET 1~ 6 BRIUT AT 3k 1 A i)
B, S-Cypher JIiJ3 3 5 % 42 25 11 114) A 1) B (1] il 25
BRI i g i, 55 Cypher #H LG, S-Cypher 5 1]
(3B AT R ) A S 35 4G 0, BB A% DL R 47 i M RE R A T
MSAES .

SRR, 4 Bk B D sl B B /N (R
PRI 3 (a) BUHT 4 Bk, 1813 (b) BT 3 BE), S-
Cypher [ I Fy 5 25 s A2 45 0 1) £ 30 3 % 1L
Cypher 18 , -3 &) [ /& Cypher % 2. 47 17

60 [

S
=3
T

LIS (] /ms

2
<
T

%4

(a) AINEE 1 40 MR
(a) Query a temporal graph containing 10 000 edges

—_
j=
<

" —{ll— S-Cypher
| —O— Cypher

0
<

(o)
<

42.85

AW ] /s
£

2
<

<

%
(b) AL 10 12D
(b) Query a temporal graph containing 100 000 edges

+93.97

200 F

150

100

WP ]/ min

50

%4

(¢) ZFIUAL S 100 J7 S 25
(¢) Query a temporal graph containing 1 000 000 edges

B3 AFEIHES SR S-Cypher &5 Cypher 18
K BRI A5 5 A2 A ) v R P RE X L
Fig.3 Performance comparison between S-Cypher and
Cypher for K-hop sequential path queries across

temporal graphs of varying scales

ORI, 5B B 22wl Pl AR A K, S-Cypher
ALy AR AR A A SR A, -2 A
W) Cypher 19 53% o iXJ& i T Neodj i FHIN



3 ]

FETHEH , 45 : S-Cypher: I 5@ P FIBEAY F I 25 18 £ 15 5 - 49

WEALHIEAT T IR PEAEAE TR o Neodj B4 1 il
FHIETRE RN R IC sRA A R 1 | T M40 R B AT
e SR s, T A U 3 — 98 ) 3 547
filf AR S a N IR B TE SR R IC e b . s
i 2] DA 2] — S m ek b, R P AT
DA HE NI B IR VA S, AN R A E— 3l
S, BRI B R IR (R AR IR M
ERR N POV i i < oy R SR = A

AR S AT RIS AU PR A 50
[, b T PR R 2, 1 L RBE A U R 3 2
PR IX AR IBUE PR . T AE A FH i 428t A i 25
PRI A R ), B9 R R 3 AN sk,
Bl content startTimes FIl endTimes , ££45 % B 8] %) A}
[F1) DX ) R A5 /INE T LA 4 3 et 7 1) P IR A SR
JRYEAE, NI AE 9% 1 B /NATT 4 o 200 R0 [H]
HEAT RGN, o 25 AT ) )4 3 — AP 4
5.2.2 &R

AT X He S-Cypher #5315 41 [ 5% 5
i) Cypher #53R)1H R Y T4, Bk S-Cypher i 25
T Y TR A k. HE AP, S-Cypher £ 3 1 R il
Cypher T5 /1) 15 25 14 F1 A 75 X5 40 W] 9 6 7 &1 804
AT A, AR A R R R —E

X AT B A 2 A % s 28 T R vy kA B A 3 I
S BT S A, H BRI G A A 2 &
A 1) BRI, I 0 B i S A A R T R AT LA
MiE )T S-Cypher B BT A Tk, 0 4E Match
Create Delete Stale Set F1 Return .

23 4eit, S-Cypher £ i) 15 1) 1 1 2 F£F 5L
A Cypher 19 20. 4% , 3 # S-Cypher 1] L) L) 5 fij
T ATEVE AT N A RO o A, i T i AR
IR 295, K 2% Cypher £ 115 A 75 LR T3,
AT SCI IR 285 R BOR S BRI S I A3 o AT S bl
F Cypher BEAT I 285 151 B 48 45 I A g AR I 1E A
I S, X 7S 1 S-Cypher f I 25 (&1 5 1)
BB o b T M BIR A, 3 400 ) A 960 5 ) 0 A5 £
it 2 k(29 ] .
5.3 BRMEITR

LR EE T, e D s UL/ N
S-Cypher JIFUY A 5 % 44 A5 1) 14 °F- 45 £ 18 i 8] 2
Cypher 9 2. 47 1%, 7 HA PR REIE A E— 2P 1)
SEASNA] . FEARR B AR, Al DU i 7 B A
2R RO A RO ) | B 28 B A A I S0 R S R T |
A AR, o a] AT 2 B A8 1Y
JEJEAF il MR 51 S5 AR AL 55 B R
I,

WA, T S-Cypher i) 52 AR AT 141 K4

J2E | JFLS 285 A 1A ) A B A PR AU e el A
T BB A O T4 45 R B SR . (ARt
TR RO 5 2, AL RE RS i T He A 75 X
PEATIN 25 A0, BE AP e %0 A R (8] E A T , g
10 S R 3t AT A A0 TA] 4 1 T DS 5 R 22 A5 DT
PiC, 5 HE AR SERp I 0L, REAE XS A0 B2 )5 ] 14 P[]
SRR AT A o I AN A P e P 5
AMUBEBER T A TERE , 7 9 5 52 A iy ik
SEWAE, FWRARRN AT MZ—.

6 #hit

SRy e S A S B A B AR SR R T — R
BET T 1 BT ) o 25 S A AR R A o ) i 2 L )
W5 S-Cypher, BT BRI B X 447 s FR
SR, BB Y s A SR AR JE e, 7R
7 DA S SRS SRR ] () 32 SR R ] A
TR AE B, HC S A A RS (] 3 AR — 4 i A
2,

S-Cypher J& Cypher ({3540 & , (R IEFR 1)
R H A T — 2 1T 3k 8 3 1 I A AR TR, A4
IS ER S AL | 285 A 2 C i | ) ] 5 11 PR
A AR T 25 T BT i 1 5, Ho b B R A g
SR LA I SR PR 203

ARSCGAYEH T — 2K i S8 LU S 8 1
T A LU AT A7 2 Neodj 55 i 1 BB P Y
SRR, LA K —E 4% S-Cypher £ il A 1217 7E
Neodj FEIEHE 12 b 0 52 By 28, M AT DA 7 42 3%
TN TE] R BSCAE 1 Y Neodj [ %5 45 P F £ iy S-
Cypher 2rifjif /], % By 2508 E A T4 2L

e, % S-Cypher (2 IR AT T 5L 50 5
WEo S5 7R S-Cypher BB LA &) {3 1915 15 DL &
KA REEA T I 25 (B 2 ), LIS 285 B iy 4¢3
TELIH

WFERIT, T Neodj 1 NIRHLE , 76 T
o 2850 A R TR Ofe A7 ik ol 2 TR, Ak 3V 1
PN Z WA A, T DL s i A A R . X
PEHUET —ANHT I 5T LI, BRI Neodj (1P
R AT DA e s ) A i) 1 B

2 % 3k ( References)

(1] ZRmeds, BER, RIIR, % ATHPRESBM SR
KR BEHER I L LT]. AL, 2022, 42(3)
797 -803.
LI X J, CUI C R, SONG G L, et al. Stock trend prediction
method based on temporal hypergraph convolutional neural
network [ J ]. Journal of Computer Applications, 2022,
42(3): 797 —803. (in Chinese)

[2] BOLLEN E, HENDRIX R, KUIJPERS B, et al. Analysing



- 50 -

(FE TR SR S AN S

547 %

[10]

[11]

[12]

[15]

[16]

[17]

river systems with time series data using path queries in graph
databases [ J ]. ISPRS International Journal of Geo-
Information, 2023, 12(3) . 94.

T, RS, I, S TR BRI R Y
o 24k o (e B E AT L], B LR, 2023,
50(3): 49 -64.

YU J, ZHAO M K, GAO J, et al. Study on graph neural
networks social recommendation based on high-order and
temporal features [ J ]. Computer Science, 2023, 50 (3) .
49 —64. (in Chinese)

INB S, ANEEE, SRR, BTSSR I 5 B ]

WgHERE T (1] THSEHLNL T, 2023, 43(6): 1719 —
1729.
SUN N N, PIAO C H, MA X N. Group buying

recommendation method based on social relationship and time-
series information [ J ]. Journal of Computer Applications,
2023, 43(6): 1719 —=1729. (in Chinese)

TANSEL A U, CLIFFORD J, GADIA S, et al. Temporal
databases; theory, design, and implementation [ M ].
Redwood City, California; Benjamin-Cummings Publishing
Co. , Inc. , 1993.

SNODGRASS R. The temporal query language TQuel [ J].
ACM Transactions on Database Systems, 1987, 12 (2).
247 -298.

SNODGRASS R T, AHN I, ARIAV G, TSQL2

ACM SIGMOD Record, 1994,

et al.
language specification [ J ].
23(1): 65 -86.
ALLEN J F.
intervals[ J]. Communications of the ACM, 1983, 26 (11) .
832 —843.

ANGLES R. The property graph database model [ EB/OL].
[2024 — 11 - 01 ]. https://www. ceur-ws. org/Vol-2100/
paper26. pdf.

World Wide Web Consortium. RDF 1.1 concepts and abstract
syntax [ EB/OL]. (2014 - 02 - 25) [2024 - 11 - 01 ].
https :// www. w3. org/ TR/2014/ REC-rdf11-concepts-20140225/ .
Neodj. Neodj documentation [ DB/OL]. [2024 — 11 -01].
https://neodj. com/docs/.

World Wide Web Consortium. SPARQL 1.1 query language
[EB/OL]. (2023 -03 -21) [2024 -01 —19]. htp.//
www. w3. org/ TR/ sparqll1-query/.

Apache TinkerPop. TinkerPop compendium [ DB/OL ].
(2023 =11 =21) [2024 - 01 —19]. https://tinkerpop.
apache. org/docs/ current/.

PUGLIESE A, UDREA O, SUBRAHMANIAN V S. Scaling
RDF with time [ C]//Proceedings of the 17th International
Conference on World Wide Web, 2008 . 605 —614.
RODRIGUEZ A, MCGRATH R, LIU Y, et al

management of streaming data [ C ]//Proceedings of the

Maintaining knowledge about temporal

Semantic

Semantic Sensor Networks, 2009.

RULA A, PALMONARI M, NGONGA A C, et al. Hybrid
acquisition of temporal scopes for RDF data[ C]//Proceedings
of the International Conference on Semantic Web: Trends and
Challenges, 2014.

TAPPOLET J, BERNSTEIN A. Applied temporal RDF.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

efficient temporal querying of RDF data with SPARQL[ C]//
Proceedings of the Semantic Web: Research and
Applications, 2009.

GAO S, GU J Q, ZANIOLO C. RDF-TX: a fast, user-
friendly system for querying the history of RDF knowledge
bases[ C]//Proceedings of the International Conference on
Extending Database Technology, 2016.

GHRAB A, SKHIRI S, JOUILI S, et al. An analytics-aware
conceptual model for evolving graphs[ C]//Proceedings of the
International Conference on Data Warehousing and Knowledge
Discovery, 2013.

CAMPOS A, MOZZINO J, VAISMAN A. Towards temporal
graph databases| EB/OL]. (2016 - 05 -02) [2024 - 10 -
31]. https://arxiv. org/abs/1604. 08568v2.

DEBROUVIER A, PARODI E, PERAZZO M, et al. A
model and query language for temporal graph databases|[ J].
The VLDB Journal, 2021, 30(5) : 825 —858.

LABOUSEUR A G, BIRNBAUM J, OLSEN Jr. P W, et al.
The G graph database: efficiently managing large distributed
dynamic graphs [ J ]. Distributed and Parallel Databases,
2015, 33: 479 -514.

KHURANA U, DESHPANDE A. Efficient snapshot retrieval
over historical graph data[ C]//Proceedings of the IEEE 29th
International Conference on Data Engineering ( ICDE ),
2013.

HUANG H X, SONG J H, LIN X L, et al. TGraph: a
temporal graph data management system[ C ]//Proceedings of
the 25th ACM International on Conference on Information and
Knowledge Management, 2016.

BYUN J, WOO S, KIM D. ChronoGraph: enabling temporal
graph traversals for efficient information diffusion analysis over
time [ C ]//Proceedings of the IEEE 36th International
Conference on Data Engineering (ICDE) , 2020.

ROST C, FRITZSCHE P, SCHONS L, et al. Bitemporal
property graphs lo organize evolving systems [ EB/OL ].
(2021 =11 -26)[2024 =10 -31]. https://arxiv. org/abs/
2111.13499v1.

RIZZOLO F, VAISMAN A A. Temporal XML: modeling,
indexing, and query processing [ J]. The VLDB Journal,
2008, 17 1179 - 1212.

PARR T. The definitive ANTLR 4 reference [ M ]. Dallas,
Texas + Raleigh, North Carolina: The Pragmatic Bookshelf,
2013.

Anon. S-Cypher: a temporal query language on the temporal
property graph model. [ EB/OL]. (2024 -07 —18) [2024 —
11 - 06 ]. https://zenodo. org/doi/10. 5281/zenodo.
12740355.

Bureau of Transportation Statistics. Reporting carrier on-time
performance (1987 —present) [ DB/OL]. (2023 -12 -01)
[2024 - 11 — 01 ]. https://www. transtats. bts. gov/DL _
SelectFields. aspx? gnoyr_VQ = FGJ&QO _ful46 _anzr = b0-
gvzr.

ROBINSON I, WEBBER J, EIFREM E. Graph databases:
new opportunities for connected data [ M ]. 2nd ed.

Sebastopol, CA: O'Reilly, 2015.



