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Abstract: Knowledge graph is an important cornerstone of artificial intelligence, which currently has two main data models: RDF graph
and property graph. There are several query languages on these two data models. The query language on RDF graph is SPARQL, and the
query language on property graph is mainly Cypher. Over the last decade, various communities have developed different data management
methods for RDF graphs and property graphs. Inconsistent data models and query languages hinder the wider application of knowledge
graphs. KGDB is a knowledge graph database system with unified data model and query language. (1) Based on the relational model, a

unified storage scheme is proposed, which supports the efficient storage of RDF graphs and property graphs, and meets the requirement of
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knowledge graph data storage and query load. (2) Using the clustering method based on characteristic sets, KGDB can handle the issue of
untyped triple storage. (3) It realizes the interoperability of SPARQL and Cypher, which are two different knowledge graph query
languages, and enables them to operate on the same knowledge graph. The extensive experiments on real-world datasets and synthetic
datasets are carried out. The experimental results show that, compared with the existing knowledge graph database management systems,
KGDB can not only provide more efficient storage management, but also has higher query efficiency. KGDB saves 30% of the storage
space on average compared with gStore and Neo4j. The experimental results on basic graph pattern matching query show that, for the
real-world dataset, the query efficiency of KGDB is generally higher than that of gStore and Neo4j, and can be improved by at most two
orders of magnitude.

Key words: knowledge graph; SPARQL; Cypher; RDF graph; property graph
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R = TC A K AN R0 2K, A T T PR 450 0 U HG 20 30 AT R ST K AN TR] PR 52 A 80 DG 28 A7 ik 3 AH B (1% T s 28 74
MBI,

MM 1. xR = Iud t=(5,p,0), 47 p(y=mem UK id b s IICARA B4 N o MR R .

M 2. X TAT R = J04 t=(5,p,0), 45 p(t)y=prop, WK p,o LASEAE X (171 2 N B0 T A 288 20 38 rp S 44¢ s 3o B 11
property 171

MM 3. X TAEE = o t=(s,p,0), 45 p(t)=edge W FELK 4y p [RIILSEARLL 4 N — %% start 4 s\ end 24 o )
oK.

312 JEPER B AR () e

Jr A1l R F 0o TR R 30 1 Jeg P 52 146 PAY B ) S A K S LIRS B 58— A7 A AL 2R I AR 2 o N T 51 )
A 1 B B e B AR R L

FRO 4. X JE 1 P B 1 S R 0 L TS A 2 A(v), A SR v R I — 1R AP i 3 N B 00 2R R Ay)
(¥ id 41, [5] i-Ks 6 4 property A1 1 (v, property) (¥ 8 {2 X 4 A £ property 41 .

FUM 5. 56k I Pk B P OC R AR I AR 2 Age), M DR R e IME— I BE id IR BLSRALR )W
id Z1) A [ IR 2L 1 property FilJE 14 {H (e, property) (1) 88 X 37 A 21 property Z1 HP K T0 8 vy 1) id 3 A\ 3 start
B FR BT A v, 19 id 3B end B (EH, (e)=(v1,V2)ASTC(e)=V, Atgt(e)=V,).

LEJEPEE TSR R R id AE AU RS AE T, A B A 92 b5 2 3G RDF EH id 2700 3 5244 1Y
URL A SEFRR N TRMT G — 1R R B SER v 1 URL M vy 1ER— B0 M I3 45 55 0 R R
property F1 7 RIS I v uri)=vyi.

Bl 3ARME IR WA 205 B 2, & 3 A GBI S SR AR B R ) EAT A R L 4 A B 4 BT OGRS —
ENR AR 7 58 AN TR R S e RO R R (PR I KL BB K & SR ) A it 38 T R 2R 38 v AN T R 5K 2R i IR R Y
(PR b Z8)f7 0 2 0 R AR BY R rh & P Sk s AN R AR

Composer composes Music
id property id start end property id property

Beethoven birthDate:1770-12-16 composes Beethoven Fate Symphony Fate Symphony
* T I T 'Y

Pianist plays
id property id start end property
Richard Clayderman plays#l  —$ Richard C Fate Symy

Lang Lang birthDate:1982-6-14 plays#2 Lang Lang Fate

£ 1

Fig.4 Unified storage scheme for knowledge graph
4 A B AR

SRR P 3 5l AR AR P 482 H 8 58— A7 T 8 K S AR 5% 2 ) SR B AT 23 A7t A 7 9] 1) TR o v R
o a0 Jg v, R i 3R 1 1) property 8124 K AH. & 1 BRI RDF JSIA S AR Bl 06 2R (K 28 L5 R4 4L 77 4 8 10 5
£, JE Pk Bt AR 2545 2 RDF Bt WY rdfitype $5 52 KRl RR A R 2R 68 T0 A R BEAT R 23 I 3047 73 ik i 2
{10177 2R AR X 5 B, B 08 75— R AR R BAT S R B Ak T 5 AR AR OB U AR 5 B A i )
TERENL KRR R G, A P ERAEHOK DL R R A N FE A 5,45 AR AF X R RN B B AP A N I R R R
RATIE R={r,ro,.. T} XTI [ OC R R IR A LG I X={X1, X0, X} s B 2 name:R—X IR [ R AR LM R 44500
B rel: TR RPN SEAR t FTAE IR R, IEH, T NSRS H teT.
FEFN P, Y1 5 2 18] W) BEAFAE 2 il v 50 21 ) 22 T J k0 22 JJ 1 9 476k 17 8L KGDB it 1] 245
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3.0 AT A G TR B A2 SR AR 2 A R PR A, v i A R AN [ R T G R AR R )
— AN AR 2 BOIAT R 0 Y L A A i S A - g B 99 07 325, K URT B0 7 1 J WS 81 A 0h PR B
id. SR R A O S I T A B B id o R] R A, e S R I A B T4 P R B I KGDB SR T 5 K2 8 H
FITR 5 A7 it 7 S AL - B G B8 7 ¥, s 4 A7-fis U7 2 BT 7 1) 28 [ 5 .

32 REBLIKRGFHREUAE

AT B G A BT ) FE T R I P 2 B S P S AT RN 4, A 0 A 1) T R
T3 AR 7 I 5 RS TC IS TR 1) SR WA it 6 T TG 28 1) S A& SE AR IR A7 s 5 S0 T A o 28 B4 ) S Ak 4%
KA, T TC IS 2 1) SE R ARG AE — AN KRR P XN G — A7 6 10 7 3%, — J T AE AL BRI S A SR B 8 22 1R 4K
ot B I K 2 B A 56 FR R K B AR A9 1 028 55— 5 T, TG S B () S A 2 (R JF 3 A O B, T 8 AR B, 1K 508
AH R BRAE 1T 18 S S AR AE i 70 AH 1T 25 (8] (1 4] AR 1.

T ARAR 58 FEBY 1) S AR, TR AT 28 1R SR R 0L 0 H R 43 B — A I ARG 1) 45 58 2Rl vh 2 R R 2R B mT LA
40 b PR R B4 4 T TR PR AR AR O 4 RRARBLRE 38 20 4 &6 sl AT & 0T, ik B B — & AR I, A & 1k
FEATT TP NG 25 SR RF IR A AR A A 1 BE 8 55 7 S FH T30 52 I AR 2 ) PR AEABA | A TG e 4 IG5 T 288 28 5
A TREAT A it 1Y) ]

3.2.1  SEAARRFAESE

RDF [ 22 A~ = 041 R lh — AN S AR BT AT R AE . 52 4 1 5 HE SR T AT 52 Ol RDF o 38R % 52 4
Y TU ST e I () 2 R AR 6 THI 28 HE SRR AR S 1R T 3 AL e 3.

TE X ACERAFESE). X TR IR IR ESER5E D b sk s, 8 XILFFAEER | @ p:

lc(s)={p/F0:(s,p,0)eD} (2)

B 4:4E KA~ RDF Fdi 4 b ik CE N e ) IXA P Sk s JHEH] T 3 A =J040, 7090 A (5, title,“The Old
Man and the Sea”),(s;,author,Hemingway) LA} (s,,year,“1951”), 1] s, 4R 1E£E 2 1c(s))={title,author,year}.

322 SEMHR SRR E X

SRR C PR 2 AN SR, T T I M R TR — AN R TR SR I T AR AE M R AN A T S
IR C,7E X hist(C)SRAR AR5 P SE A AR AE AR 1R e vF 15 5, 0 35 A% mP A 2 1) 4 38 S A B A 16 s M R A0k
m, 0] hist(C) R BAsE A N J 1tk 5 e Hh B B () AR 0T ) 4R e

hist(C) = ;" (property,.count,) 3)

JEth property; KR 28 i A& P, county R | ANBPEFERE C rh H BRI B AR R DU I X — G B e R
AN B A T SRR B R B 6 T PIANR Cy FH Cy, AT 2 T 1R R 725 ] DA 7S ok HL SR e T4 8L 2 1) o) 9 2, 1
DCS,ster (C;5Cy) = DCS i (ist(C)), hist(C, ) = Z . }(count(Cj, p;) + count(C,, p,))b, 4)

Pi €4P s Pn
o,

o N WA TS ANEE M BAE

o by RIREE | AN B E F R H IR AR AR R 0, Y 1

o count(Cj,pi) 1 count(Cy,pi) 73l R TEME C; Al C v 58 T ANEE py % RS 4k.

R 23 2 (4), PHAN 15 2 W) 14D P 129 51 A ] Bt 1 BT VA 7 o 1180 Jo A T 0T 7 ) K B0 IR 5 e e ) R B R
BRI 12 1 0l A% 1 T R R kT A SIS 2 I Sk Sk Y, T A (R R T VR R A L R I B
A T LA P VOB 0 R A S e ) 25, T D 2 A R 2 T PR AR B R B
323 HETRPIEAR (W SRR AT

SETSERERELE L LA 2 A SR IR DR AE AR 8 VM5 B LA SR 1) 35 1 2 5L, 1T DA JE AR (M B8 — A6 7 &6
HATORAG JE )2 R IS S — b 31 S M 28 20 190 5k 3R 8 SV 0 AR 4 e 2R 2R ) S e o SR 2K 1 7 v )
B A BRI .

TS 4k seS, Hi,S by stk S A ok % haveType:S— {TRUE,FALSE} iR [0 S2 4K i A To MU 15 14 s A 2K
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TSR, JUJSR [0 B0 5 JU)3R [0 B B getType:S—TYPE 3% [0 HEAN Sz AR ) 25 780 15 16, Ho R TYPE Jy Sefh R B4R &

N TR A SR FRIEAT A5 I, T B S AN S AR AR 2 TR ), R B P B S5 KT 1 AN SE AR AR AT 4 )
TN THTZ PR T S A AR BRI R A TSR AR R AE A C={C),Ca,...,Chl, BRI AL findMin(C) P P T4 S Ak
Vi) 8, - M BB 0 1 A AN TR S A AR 1 R b

TSRS (R Tk R v K B AN SEARAE Dby — AN B A, S AR 0 S % 1) R E A T ARVADURE 1 IS vl b AT AR 1 2 5
A A IR R R T EEORE AN P A AN [R]85 SR 1) SR REAT A F.

B 1 g T BT R A 1A S AR SRR BV AR SO (R R A AR AT 2 R S, AT DK S Mk 42 BT A 1
U T 3 AN T3] PR m A 2 P D S A B ek AL, B A 1 P 1) S A R T4 4R D 1 S R 0 1 e s A
TR ] 1) S AA B JF B — AN b K A AR di 8 AL S AR & B — D B G 2 A7~38 8 A7), ML i IRl 11
PE B DCSeiyster EAT FR ) dth & JF, 76 CL AT SEARRSE & C R 4R BIAR 1) JE & /NI AR Ci B G4
DCSeiuster(Ci, C) B 35 /Iy, HELSRIX AR A © 2 45 i AN SEARFECR 10 4T~ 1247), & I ANE, IR &
IR PIRR IR I 4 w9 Jvh N R R 2R C, [T ST 45 9 5 IR I G805 I hist(CHGE 14 4T 28 15
7). T A R IR AE L BB 75 A 45 R I P AN 15 1E 200 S U 3R A0 3 SR 4 5 R B Sk 1) 784 1l 5 9 31
AL HR e I SR R R, BN R P 9 S AR R S TR AR ).

Bl —ondl MRk,

BONSEAREES S;

W SERRSE A C.

1. foreachseSdo

2 if haveType(s) then

3 r<getType(s); 11 S By ol SE AR B 7R A% s I sE Ak s

4. C«Cuis};

5. C«Cu{C;

6 else

7 CoCou{s}; 1% TER B SEARAE g B RIS I IR A A C
8 CCuU{Cy};

9. end

10. while |[C[>1 do

11.  ij<findMin(C); J1AREUR IR 2 fe /s BT P AS AR R T hn
12.  if i=0Aj=0 then TERAS B3 2 F R PR A 15

13. break;

14.  Ci«CiuC;; I1H5 1% Ci M C; &5 JF

15.  C«C\C;

16. end

Bl 5 T AT BRI I AR AT B

LERITFUG I rdf:type by BEEHISLARA s) 1 55,7 IF 2K C, oo,
o lc(s))={title,author,year};

e lc(sy)={author,year};

e hist(C))={(title,1),(author,2),(year,2)}.

TN rdf:type b LSS IO SSARAT 53 71 sy, 75 91 2K C, th, Horh,

o Ic(s3)={title,director,year};

o lc(s4)={director,year};

e hist(C,)={(title,1),(director,2),(year,2)}.
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55 B rdfitype WS ss 18 —M% Cy:

o lc(ss)={title,director};

e  hist(C3)={(director,1)}.

% Cy A1 Cy Z 1M1 25 DCSeenter(C1,C3)=6,Co Fl Cy Z [ (¥ 2 DCScenter(C,,C3)=3.

RARE B S s5 T AERIAR Cs 5 HL R SEAR T TR (W B3 Co 2 [R) R BE B9 B3, PR K Cs & 91 21 C, v R S
& ss MR T BT A7 7 ARG BB A 58 I T s & .

EX 5(EmMEEEES). LHRKES C L) E4 I S M & HA B8 B W sL ik, B
A SEPRFEAS L AH R 2870 (R SR (2) BB v IR JIT A SIE R 10 e A0 B 8 S R A G P 7 1) S A g v

TS 1 LA IE B R Ok BEIE B

EIR 1 4GSk ES S5 1 et dh BRI e AR E 4 C.

RO 1 SR M s i 4R b s A 5 IR AT HOH 28 B IR 28 45 Ak s DA SR B, Tk L E N
SR s X R R AR SEAAR R C b R C A8 I B INRIREE & C rhds SR s by TGS BB DK 43 S5 AN — A
BRI IR FH T Ak B TG 2R B B 1) SE AR R Co i TR IX — B BB A DR 0 L5 P IRER 1 BRI AR — R AR, B A
SEARFR R VA I B FEAS SR b A S S IR IR AT R b g e kA S P T SR SEAR R Cy BT Cy 2 TR R S
DCSeiuster(C1,Co), I 7E T A7 1A 2 25 v 4% 1 B B B N PR P AN S AR AR C R C, Hrh 85K i) 4 045 23 2 4 AT (R P A
SEARSE, U EAT I PR AS SR AR & 55, B MRS P2 45 R 7 B R IR AR 2 G AR B Ok T 58 X5 HR 28 2 422K,
AR BRI L MIEE S CAUEE. O

L1 I RS 2% 5 PR A AL R (1) BRI e RakAR;(2) LERFUEAR H, 75 L9 W F L SE AR R B
FEFC IR WL A A S5 1 B0 10 I A %, L B 88 9 T S A B B I B2 2R B S O(s™). Rk B9 1 (g It Il &2
JJ¥ S O(esd).

4 BEfIEEHRME

SPARQL #&: RDF W& [ 215 & ,Cypher & B PEE 2 b (1 = B A s & 3RO R 0 20 1E = VR g
K25 KGDB LLEE 3 WA NG — BIAF6% 75 Z2 0 25 mb, ST AE A7 it 7 R 2 2 iy s, ml DA FH R A
) 1) £ U 55 2 v IR — AN E0 R L, AT i 1) 25008 5 R AE R H (9 .78 SCHk[35,36]4% Y T RDF Al Cypher [#17E
& KGDB %4t SPARQL 1 Cypher & 5 & 1E“4t— A il O W RPN [m] B vEAR I, 00 R BB 1 P
PETEAE AL ¥ RDF &I M BIEAT 8 — 774, 7] IR 4 5% SPARQL 5 & Al Cypher 15 & (17 )8 .

S P A A A TP o AR BT RIS R A TR K DT P #x 1(basic graph pattern, ] BX BGP),1X i) ] LA
7 B UG T B 1 T [ g 2500 A 19 4% Tl e AR TR0 25 1038 = 28 DL 1 IR DG S 4 b %O 7 AR IR 5l B i 1
P UG e 2 0 55 9 B AR 22 (L 4 (gl 20 ) I L 4% 2R 450 1 R i 2080 e RO T 1) A R 26 TR PR £ 7 ) UG e, 2 A B 57
£ KGDB #E T SPARQL £l Cypher 8 75 Ab B 7~ 5] G It 75 1), 75 222 78 VA2 5 B = (K 3B 28 5 R RE 1) 2 40 5 TR e 4k
Sk AN TR B VR A 2 78 2 0 X, ) A (s v o 2 A9 5 A R A R T LE A v S e R

AT R 2 F B R KRB P LA G F i p(FE i ) (@ 5E) o(EF) = (). x(H RARB).
ACEYFIOGE) S Al T E B4 R LR R IIBAE S L={r, Py} 30T r o BRI R D n AN R TR
FR rr—property Kox KRR T ITA T4 E Y property [11H.

4.1 SPARQLZE f4MIE

5,4 tH RDF [ R A 62 X D8 e 25 0 1) T2 Ak e .

E X 6(RDF EEAE A ILE). RDF [ G 3L A R A i) Q il S Xk

(1) NNV RITI A 2]V A TR g

(2) (G.wFEQ X H A AT E (si,pi,0)€Q WL 1) s 1 o 7] LSy 5l TLTC (i) Fl pa(07);11) (a(Si),1(0)) €E;
iii) lab((si),14(00))=pi;
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(3) AQRM(G,uEQ WL u A Mt E G FEAREIBI A Go MERESR.

Bl 6:1 5 J&—/ RDF A PR VLI A i), 7590 Q L4 & 4« = Jt 4. t,=(Beethoven,composes,?music)
F1 t,=(Beethoven,birthDate,“1770-12-16"). 1 4% = JU AL il — AN 1] B 17 B Y 45 0 e BT B AT ) F) & Beethoven
TERI BT 15 AEE 2 79 RDF B A 047 1X A~ 298], ?music VEHE 21 Fate Symphony & 4F g — AN &, AT LUAE A 1)
GE ) SR H

composes
Beethoven

birthDate

“1770-12-16”

@ i T Richard
o ) b laydermap/ ~_
i ' plays rdfitype
! | Tplays rdfit
birthDate rdftype i pay ype
‘ ang

V[ «1770-12-167 | @ )
i ' birthDate
””” J “1982-6-147

Fig.5 A basic graph pattern matching query example
5 SAEBAE ]

35t {7 5 11 SPARQL 7 1) 1 11) 45 W9 AN 5 43 - SELECT JG 88 7 5| 3 (19 45 S 7 1) F1 WHERE X875 S I 4 K
1) KGDB 2 4 SPARQL 7 1 15 11) I T2 8047 1 SCREATT, A2 1 s SO AR SPARQL 71 )1 1 b 453 31 20 FR 7 X,
A5 T R B ) 1 ) 2 DG AR ARBOE 2 A SR

M 6. 6fFHILE SPARQL A&y i 1) h (MAT 7 =04l t=(s,p,0), 75 p(t))y=mem, I 75 i X B (¥ )2
I — A1 45 15 re=py(r), 241 name(r)=0. Bl J 6 & ro s I BB 4 £ L.

B 7. % FHILAE SPARQL i) 20 o)+ A) Hh AT 3 = Je 4L t=(s,p,0), 45 g(t)=prop, B 411 rse L, WK LH 1) rg
S 1 5 R YELTR o p—o(N(EL T rel(s)=r) 122

MM 8. %tT HILLE SPARQL £ ) 24 3 7 P (AT 7 = J0 41 t=(5,p,0), 45 p(t)=edge, #7 ree L, A5 LH 1) ry B
SO HEMERLIA 1 2 o Ty JA I 135 Foe L, WUHE LA 1) ro SESON MEINIEBRLT AT T, B g g Ty JE I P
AP Ry URT A DL R BL IR DGR 1 HEMBE LR 0, o (1,)(0 eng (1)) -

M 9. XTI AE SPARQL 7 ) 45 HL i 4] v R4 AR 2 var, i3 M5 29 M yar id var property (Tfinal)s 36 T, Final
HEREFIR L T R RIATH RRFRS 1 B M 2 LR 45 R

%of B 11, SPARQL ¥ f1 1] 25 ) 1 S AL STk N T

% 2. SPARQL A IR L HE 75 if Ab 7.

AP = RAE A T = (4,8, b G=(50,00); BT A IR 4R 5 VAR = {varn,var,,...,var, } R
AREAR={.,.1 )

iy - PR SCUL B AT 0 A 45 R R R Fresuiee

1. IL=Z;

2. Tresu=J;

3. foreachteTdo

4. if g(t)=mem then 11F 44 0 0 R R LT 4 4 5 M BEBARAE 1 %
5. L« Lufr|r, =p,(r)AreRAname(r)=0,};
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6.  else if (t)=prop then 11 N B PEZ R

7. L L\{r};

8 r, < I, N0, (DL reRATEl(S) =71 ;

9 L« Luir};

10.  else I INE B LR

11. if s;eU,0; W7 & then /R TR N R
12. L L\{r,};

13. o € Ty 14 gy ider, start (O sari—s, () ;3. rpeRAname(rp)=pi;

14. L«1Lv {rOi }

15.  else if 0;eU;s; A& then [V A H i, TV O AR
16. L L\{r};

17. 1B aer, st (O, end=o, (1)) 24 . rpeRAname(ry)=p;;

18. L« Louir}

19. else 113 VE R BB Y N A
20. L L\t .1, };

21. o < T B o i, s p 35 . FpERANAMeE(r)=p;;

22. AR AL ST, 1 1, rpeRAname(ry)=p;;

23. L« Lufr,,r,};

24. end

25. for each var;eVar do IS IR 20 o B 5 N 06 R R HR A R g
26, Tregur € Tresut 2 Zuar, id var,.property (Ffinal ) 5 I ¥final 0 LH R R B R /R B B 1) 45 R
27. end

Sk 2 8 77 SPARQL 7 i 7 J I8 = Te 20, B 500 AN [ 288 284 118 = 0 4 At AS [ 194 R % i, e 28 T Jl ok 2R AR
RN T L S T7 605 BAAL T AL BE ALK = e 4 t=(s1,pi,00) 70 M 3 P 38 W S AR R ) ot )=mem
TEEHR 43 o0 F-TH 1) o(ty)=prop A1 HAbTE 3 (o(t)=edge) i) = JC2H. 24 40 # mem 2R AU ) = JCAIIN (B8 4 47258 5.47),
TR R PR MESL R K ZT0H TR o MRRE IR KREEM LA ZEL=J0HM EE s(F
SPARQL 7¥ i /1,1 Bl mem & 2 (¥) = o 21 1) = 35350 43 0 7 02 28 o, A F) — 4% 75 v o 9 A 0% = e 24 o faff P A
] (1) AR B ARHK); 2 Ab PR prop B ZTo I (3 6 AT~ 9 A7), I LI AR & Hids Il — 4% JB PR 20 0 1 Ab BT A 28
B = UL (ER 10 T~5 24 17),00 edge ZE B = SIS IR IERL AT R 28 25 4T 55 26 AT BT A BOE LK,
H P BRI A ik 45 AT B A i

EHE 2. 457F SPARQL i h Z oS T MK RRES RAE 2 it 1045 L2 IE 0.

E W59 2 3 [ SPARQL 7 il 1 i K 0 BT = e, AR A 4 =04 ti=(si,pi,00) e T HI = JGZH 200,40
SRR D7 %65 s X3 vl g, = Jn Al R R ANAT 3 B RIS 2 ST A v M = e A, 3 ] LR B R R (1)
R E AR EMM AR ERIEL S — W, SR AP HMMTAE R, #HELRT
AP LA IR 24 AN S0 A R HE 6 R A R T S [ L A 4 I R O

SRV 2 [N ) 52 % B R R A AR (1) T AR R RN IE SR L5000 2 TR 243 JJj SPARQL 5 1 jir
A7 = JCA, IE XS 45 AR ek 7 S8 JEIN TRV E D O(n)(2) 1) % 28 3R 1A 3 43 51 3R L T 1) 2% F (9 I 1) 42 23 2
AT, BT OK). IR Bk, 5509 2 I TR &2 A% By O(kn).
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4.2 Cypher&if 412

15 SPARQL A i &b B, B 56 45 H 8 P 1 b (A = D e A vh 1 =X e S
EX T(BHEEER). a=(aLab,Map)y—A sz, i ac Aunil} b mUBE AT 10 £ 7, A% 4 F IS,
nil >k 75;Lab il 25 () 5 10 BR AR 4E 4, . Labe L, L0 8 M B AR 25 4 s Map Jh nl 28 () @ SR 5 KO3 8 M
Val ffym . p=(d,Lab,a,Map) b — AN, i d e (<, — ) R a0 7 1) Lab Ok Al 28 (3L 4T FRAR 42
H LabcLiae Au{nily Aid B o) 1E 1) 44 75 Map b o] 25 1) J@ 2R 4R & C 2B MEE Val I o= Bianfs. .. B
bR N S s S W R SN D WY BT BIL W
ENX S(BHEEMENITE). otk i BT i m] LA ) 5 S R PO,
(1) XA o=(a,Lab,Map), HAEJEPEE G ERAR LR R (v,G )E o W L a b nil 80 w(a)=v,Labc
() ALV, ky=Map(K)Jls %7
2)  MTKEN m=0,00 L& —A SR APEREER G LMLy (v-P,G,u)F afo, i L :
a)  a i nil B0 w(a)=list();
b)  (v,G,ukEalf H(P.G.uEw;
(3) MTKEAm=1 AP ERMEE G B TLE N (vVieVs...emVna - P,G,0)E afw, i & T~ 51 51
a) a A nil B w@)=list(ey,....em);
b)  (vi,GukFalf H(P.G.uFw,
¢)  Labyc{A(e)UA(e)U...u(en)};
d)  [[Menk)=Map(k)]ls, /%L
(v, Vi) Mdh —
e) (SFC(ei),tgt(ei))={{(Vi+l!vi)}’ o
Xt F Cypher & if] Q, 45 LAEN
match(Q.G.u) = ¥ {@|(P.G. 1)k Q; (5)

Hp wRRAN S I

55 SPARQL 7% i) ifi 1) AL 55 7 1K) Cypher #1101 A0 45 5 A 5 70 - MATCH SC 8“7 51 5 29 1 1) Al
RETURN X5 51045 R 11 KGDB i FH T 71 46 4 B W %) Cypher ¥ T JE4T A EE.

MM 10. XF T HBLAE Cypher # )5 f) KT A KB a=(a,Lab,Map), |7 K R L ML SR LA n A4
KER 1,1, o, Labe {rel(ry),rel(ry),...,rel(ro) }, JF 5t 1B YE 21K 0, gomaincvap)<rangevap) (F)-1 € [1,n], H 1,
domain(Map)f& Map [ X%, range(Map)$g Map {3k,

M 11, X5 T HILAE Cypher A 15 A) o 1K) T 1245 2K B=(d, Lab,a,Map), In] LH ¢ 2 3 il 0 2 F2 249 0
{rv.ﬂ Bl g, idmrstart To AND B btp g, eng r,d =< a(src(e),tgt(e)) = (v;,,v;) A Lab < A(e)

Ty b, dd=r, start Te AND T, = 1 Fyg =T, &nd r.d =— A(src(e),tgt(e)) = (v;,Vi,,) A Lab < A(e)
B 12,35 T HBLTE Cypher £ ifif4) RETURN T 4) 1 BT A 1078 5 var, s IR 5% 20 W var id.var property(Tfinat)s
oA i AIEBFIR LT A X RPATE RRBUE R AN RLRREGR.

A DL X I KGDB 48— (W47 fig 1578  Cypher 1 IR A AH B SPARQL 5N %% ), SPARQL #2147 =7t
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Fig.6 A basic pattern matching query example for Cypher
K 6 Cypher %=L KL A1) 25 4]
43 BEIEFIEXXST
Kl 7 o T 45 SPARQL A ififif1) Yy Cypher £ ififs A REAT 1 SO 55 I FE. 9 Al 2 0 75 55l U T 58 A
(7 180 U5 ¥ 2 T 1) RO SC, A [ P 2 ) 5 P ) A 23 01) 3 7S oA 1 b AN [) ) 2 0 8 5 9 b 2 1 5 D &% Y
A TN, FT DU 45 B A ] 1) 6 R AR BB 7 10 A 0 T8 S, A i T A AT 48 T 48— 1 i 3L
AR . .
53 || AT B0 iz AT 11 (1 R R A R 1770412 H 16
| A )

' SeLecT 2x, e

= MATCH _(x:Composer l WHERE {
) :""'{bir“thDate:"1770—12-16"})' ?x rdf:type COTposer‘. ------ )
";:25 { r~[:composes]-> (y:music) | ?x birthDat¢ "1770-12-16".
VE75 || RETURN X, Y} meeereemennanes i | PX COMPOSES |2y mwmememes
Py rdf:typeiMusic--
| 3
C&%ﬁ;ﬁ """ Ty ld,x.pmpeny,y.‘umy. PR 0.5 ) J— )
AND
Vs
253 \ Dl xia capesgssar BEHEAR < yig composes.end )
EX ‘
) < Oy birthDate “1770 12 16" RELR >
|
i B
C p,(Composer)  R#%FR oy (MUsie)-------- ) .....

Fig.7 Semantic alignment

K7 ST

TEGE— A7 AU 2 b3 (5 e 0V 75432 10, T L7 7 A L A o I £ 240 00 0 2 % 047 95
P T 0V SR 5,5 B _E X PR 75 O3 R



X £k $ KGDB:4A— A Anim T 040 R B SR E AT H A% 795

] 8:5%FF B 7 o WA 24, T TS5 H RS S 0 B R AL

(1) SPARQL #rifj# 1k,

EFHEE 4.1 AN EE L SPARQL T )i ) (i it

a) X =Iod t,=(?x,rdf:type,Composer)Fl t,=(?y,rdf:type,Music),iz FIEE ] 6, 7] %1 o(t,)=(ts)=mem, WK %)
N[} 55 Z2 % Composer Fll Music JIA FIEE 5135 -5 H 3 iy 44 p(Composer), py(Music);

b) X =0 t,=(?x,birthDate,“1770-12-16"),3z FH R 7,71 511 o(t,)=prop, M [n] H iy 42 J5 1) 3% x IR INZ9 R 4%
¥ 63 birthpate=<1770-12-16"(X);

c) X =JC ts=(?x,composes,?y),iz F M) 8, 7] 41 et;)=edge, M7 N 5% R 3 2 0] () B 40 W

rx bt -1 =omposes -Start Ircomposew ry b= ry id=Teomposes -end rcomposes >

d) Xl S T A AR L B x A y,@fﬂ%ﬂ)ﬂu 9,%“]&%ﬁg‘];Eﬂ'x.id,x,property,y.id,y,property(rfinal)sﬁ:‘EF‘>rfinal N
X A 2 P T % FR R INAR B 29 S U R AR AR OC R K.

F I, %% SPARQL & f) T4 18] 7 v iR SCH.

(2) Cypher & ifj$£4L

BHEE 4.2 WA AR #2 4k Cypher 25 1A I FR 40T

a) AR a=({x,y},{Composer,Music},birthDate—*1770-12-16"),ia FHFL I 10, ] 348 51 % i hn e &
# Composer Fl Music, F HEATAH M. H iy 4,4 o A S #8251 % L : p(Composer) Fl g, (Music). 375 0
LY R EAT o birthpate=1770-12-16"(X);

b) X Cypher & fi o H4 K 5 S=(—, {composes},nil, {-}), WA Ha B80S 11,93 A 1 34 43 44 oK

I, b= I I

% B, 0 =Toomposes start Tcomposes s Ty B4t ja—roocc end Teomposes >
¢) X RETURN Py B 42 5, B x ATy AR 40 00U 12, 8 045 5 20 3 7. property.y.idy property(Frinal)s 2
Final A X 42 51 38 BT A 5% 22 3R 3t N AH . 240 5K MO R R BRI SR R R
M 48 A 15 S 24 1¥) SPARQL i1 Cypher 25117 55 AH IV (1) £ 1) 15 ) % A0 0 0U), BB 2 15 9 b A 1008 5 Ak AR TR
PR FH D% FRAR B IA R 3l 50 SR (B 108 5 R SOR 55 7 1 R E A PR e B 7E e B 2 FE 3 3 H 4 il 4 ) A
3 KGDB 7EFRAMMIE LSRR EHES WATH T8 — T &M 15 SO A A A2 5 1 A8 (it #E 42
HET AR, 4 H AR — A S e - g B T 2

5 % I

AR ATAE A R S5 AN BT SE B AR A IE S8 — 17 ik U7 1 m RO RVRI B S S 1 B AR R H S RDF =
JGHLIE gStorel F1Ja 1tk PR 15 NeodiPIEAT Lh 4.

5.1 RIGIBEMEIRE

ASCASE S5 7 6 o0 B R 55 2%, 19 AUBC B E A 2.5GHz | Intel(R) Xeon(R) Platinum 8255C J\#% 4t
PR H A AE KN A 32GB, i # K /N & 100GB,f# ] Linux 64-bit CentOS 7.6 #:4F R 45,

KGDB LI J8 & 2 B 5085 )5 AgensGraph 24 Ji5 i 5 FH 1) Neodj BA g 4.1.0 4L X iR, 1 F neosemantics 4 14
4.0.0.1 LA, LA7E Neodj H 3255 RDF I A7k, FH B gStore A 0.7.2. 4 SCHEAT = AN RGERITF il R BT
Lb 525, 9 7F KGDB M gStore &%t AT SPARQL A 4% 3 5 % b 52 50, 7F KGDB 1 Neo4j b#:4T Cypher
YWD LG SIS WAF R 2 ) A7 A I () R0 A ) 200 BT R Se 10 4 T VEAL.

AR SCAE T BB SR AL HG LUBMPHRUE & i B8 4 LA & DBpediaP® I 52 85 45 LUBM  Fe R /™ s SCEOE
LR, A SR T ZASA A B LUBM %4 #£(ET LUBM10,LUBM20,LUBM30,LUBM40 F1 LUBMS50)it
AT SE 96 AN L4 DBpedia B9 4R 2 MAE L 1 R R ISR A 0% R 2E ) — AN BLSE R A A R S 56 o T
PEEEYILL N-Triple K NE/R, 3 2 4 H T 030 5o 42 00 HAR Si il B



796 Journal of Software #kfF%34% Vol.32, No.3, March 2021
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Fig.8 Results for data insertion and storage space
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Fig.9 Query efficiency experimental results on LUBM by SPARQL for KGDB and gStore
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Fig.13 Query efficiency experimental results on DBpedia by Cypher for KGDB and Neo4j
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Mt =X

1. LUBM#EE LT

1) SPARQL #rif]
(HQl
SELECT ?X
WHERE
{?X rdf:type ub:GraduateStudent.
?X ub:takesCourse
http://www.Department0.University0.edu/GraduateCourse0} ;
@) Q2
SELECT ?X, ?Y, ?Z
WHERE
{?X rdf:type ub:GraduateStudent.
?Y rdf:type ub:University.
?Z rdf:type ub:Department.
?X ub:memberOf ?Z.
?Z ub:subOrganizationOf ?Y.
?X ub:undergraduateDegreeFrom ?Y};
(3)Q3
SELECT ?X
WHERE
{?X rdf:type ub:Publication.
?X ub:publicationAuthor
http://www.Department0.University0.edu/AssistantProfessor0};
(4) Q4
SELECT ?X, ?Y1, ?Y2, ?Y3
WHERE
{?Xrdf:typeub:Professor.
?X ub:worksFor ¢http://www.Department0.University0.edu).
?X ub:name ?Y1.
?X ub:emailAddress ?Y2.
?Xub:telephone ?Y3};
(5) Q5
SELECT ?X
WHERE
{?X rdf:type ub:Person.
?X ub:memberOf (http://www.Department0.University0.edu)};
(6) Q6
SELECT ?X WHERE {?X rdf:type ub:Student};
(7 Q1
SELECT ?X
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WHERE
{?X rdf:type ub:ResearchGroup.
?X ub:subOrganizationOf (http://www.University0.edu)};
(8) Q14
SELECT ?X
WHERE {?X rdf:type ub:UndergraduateStudent};
2) Cypher ]
(1) Q1
MATCH
(x:GraduateStudent)
—[takesCourse]—>
(y:GraduateCourse
{uri:‘http://www.Department0.University0.edu/GraduateCourse0’ })
RETURN x;
(2)Q2
MATCH
(x:GraduateStudent)—[undergraduateDegreeFrom]—(y:University),
(z:Department)—[subOrganizationOf]—>(Yy),
(X)—-[memberOf]—(z)
RETURN X, y, z;
(3)Q3
MATCH
(x:Publication)
—[publicationAuthor]—
(y:AssistantProfessor
{uri:‘http://www.Department0.University0.edu/AssistantProfessor0’ } )
RETURN x;
(4) Q14
MATCH
(x:undergraduatestudent)
RETURN x;
2. DBpedia#iF& LHEif
1) SPARQL 7]
(1) Q_dbpl
SELECT ?a
WHERE
{?a (uri) “http://dbpedia.org/resource/Alabama”.
?a rdf:type (AdministrativeRegion)};
(2) Q_dbp2
SELECT ?a
WHERE (?a rdf:type (Disease));
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(3) Q_dbp3
SELECT ?a
WHERE (?a rdf:type (AdministrativeRegion));
(4) Q_dbp4
SELECT *
WHERE (?a rdf:type (TimePeriod));
2) Cypher if]
(1) Q_dbpl
MATCH
(a:AdministrativeRegion {uri:‘http://dbpedia.org/resource/Alabama’})
RETURN a;
(2) Q_dbp2
MATCH (a:Disease) RETURN a;
(3) Q_dbp3
MATCH (a:AdministrativeRegion) RETURN a;
(4) Q_dbp4
MATCH (a:TimePeriod) RETURN a;
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