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Abstract As more and more data is published in the form of knowledge graph, the management of
which attracts a lot of attention. Existing approaches for knowledge graph management have two
drawbacks: 1) logical storage modeling generates lots of redundancy and ineffectively supports range
queries on continuous attributes; 2) semantic storage modeling costs much and inefficiently adapts to
the dynamic evolution of knowledge graph. In this paper, we propose a novel method called cluster
object deputy model (CODM) to manage knowledge and metadata. The model has two key properties,
namely logical storage modeling of schema and semantic storage modeling of lightweight. To this end,
we design a schema cluster algorithm based on the set editing distance to convert knowledge graph
into schema data, which realizes schema storage of data and supports index specification of attribute
type. Besides, CODM constructs a class hierarchical system to model different associations among
entities. It adopts object pointers to achieve the lightweight materialization of generalized semantic
association. Experimental results show that CODM can tremendously reduce the data redundancy and
outperforms the state-of-the-art methods in terms of range queries. And those results also indicate

that CODM can accelerate the processing of complex queries.

Key words knowledge graph; metadata modeling; range query; schema storage; cluster object

deputy model (CODM)
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Fig. 1

(a) A toy knowledge graph

Knowledge Graph and Query Graph
PE1 RRLE A 3A ]

(b) A query graph
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Table 1 Standard Reified Statement
1 REEEARX

Subject Predicate Object
stmt# 1 rdf: type statement
stmt# 1 rdf: subject Cleveland
stmt# 1 rdf: predicate presidentOf
stmt# 1 rdf; object USA
stmt £ 1 occurln 1893
stmt# 1 deriveFrom wiki
stmt# 1 conf 0.86
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Table 2  Singleton Property Approach
*x2 BHEE—FR

Subject Predicate Object
p#E1 rdf:singletonPropertyOf presidentOf
Cleveland pE1 USA
p&1 occurln 1893
p#1 deriveFrom wiki
pE1 conf 0.86

Table 3 YAGO?2 Reified Statement
£3 YAGO2 #EFARX

ID  Subject  Predicate  Object (()ﬁ;f? ) L:j::;ﬂ)
41 Cleveland presidentOf USA 1893 null
22 #1 deriveFrom  wiki null null
43 #1 conf 0.86 null null
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SR R BEA 2 Fh S BL7 5L 1) SR O 5
Pl 0 11 5 2O S 0K 0 3 T 5 S S 31— R G
FA M — b AT 5 AR A e S AR AT 5 20 o 2
PRI I NS TR AT 95 L A2 S PR 4 SO Y . 1
SR FHZEABL 9 B 1) FE XA S 52 TR i 80 20 0 1) 2 R
CIECT R B8 GRS RN N € DR S P BN
TR TR R R S A 2R 7 i LR S e R 2 B AR O
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T T SR R A A 0 20 A 9L R 8040 Wiy 7 4T
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I B 80 A i o 20

2 BHENSKRIEEE CODM

CODM #y# T iy S5 52 PR SRR B oG R 26 4
JCER 28 2 U A Gt — 1 KR R Ak RE A8 92 BAR

P i DA T A 8 Bl 30 5 288 R A OBl 1 e A B
TR R A R A 5 R 288 S BRI AT 3 i 8 Ak
T2 AT fitt 0 R 28 TR 0 o A T A O R 2R A
A Pz AR R SR TE SOOGIR T T e 52 2% i SCR 4
fEAE ). R 4 JEARSCHIAT S 3
Table 4 Symbol Description Table
R4 HSWARR

Symbol Description
E.e entity set E, e € E
D, entity schema set .9 € @
v, ¢ cluster schema set ¥, ¢ € ¥
00 object set O,0€0
C,c class set C,c€C
K.k knowledge predicate set K .k € K
M .m metadata predicate set M ,m € M
P,p (knowledge/metadata) predicate set P, p € P
Asa action set A,a €A
ce implication of cluster entity
dr implication of deputy relation
s implication of source object(class)
id implication of unique identifier
hyisg serial number
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B R[5 B (schema) FfF F— AU HIZS, @ L AEPRE
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Fig. 2 CODM hierarchical system
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AR R A 0 TEORN o6 0 TR 2 R AT LS R T Y
AR = e 280 2.2 7 MR SR A A i — > R
ARG B T R A SR SRS, A =
i 1) SRR DGR 19 JIT A S AR A TR A S AR IS Y S
%5 5, BV SR AR SEAR X G200 T #4748 — gL, ST A
TRy B I 3R 5 0 AR R A7 SC Bk, 58 98 T MR A
HACAE . IR T2 AR 2 09 B — A J 1RO o 3% (W] DG B
T F P TE S A TP B — I 1 — A AR Lk
S0 FIT A U T8 R R A S AR 2 AR A R KR
308 o R X 2R A AR R T A X ) R L R B A8 A
FACBE 52 BT G AR PR AU X6 0 TR RT3 82 =X 1k
et

B e S AR I T A0 BT R R AR Ak A
B AE AR TLAR I Fe vy, SR S AR 28 1 g — A S 45 %o
W1k X 448 (CO1D) $EAT 28 38050 Bl i) i — 1 45
RAERBEARHE ARG R A 2 4
S g . D by e R A 2 F2 R M 2 B 3R = A Y
SR 5 2) STRAARII O R R M W 1k AE AR SR ik
B, JC AR IE TR B T 5 OGRS 1 A [R] 0 A
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MRk & 3 2 1 A i S p B e W e e KL
CECI1 #l CEC2 & ® k2K 2 M esiA R,
£ CEC1 £+, L HIHIEIE S a2_occurln H 1 1891

OID subj gender | bornln | a2 occurln | spouse | a3 conf
1 Ruth Female | USA 1891 OID | X XXX
2 Esther USA 1893 William | 0.23
3 Richard Male USA 1899 Alan 0.08 (b) CEC1_X
4| James usa | 1907 OID | hasChild | al_conf
5 Eliot USA 1910 Josefin 0.12 1 Ruth 0.03
6 Delano Male USA 1914 1 Esther 0.56
() CECI 1| Richard | 0.62
OID subj tenure | al_conf | hasChild | presidentOf | a3_occurln 2 James 0.34
1 Cleveland 22 0.87 USA 1893 2 Eliot 0.65
2 Roosevelt 32 0.92 USA 1933 2 Delano 0.45
(c) CEC2 (d) CEC2_hasChild
Fig. 3 Materialization of cluster entity class
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2) JOIN

Join (C)={Join({C;,C3},(pi+p3)),

P —=U 1 v MD vg bV M),
H {Cy,Cy R 2 MFALE JOIN X R By,
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(2) SELECTION (b) JOIN (¢) UNION
Fig. 4 Materialization of deputy relation class
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(a) A generalized relation class

Fig. 5
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(b) A specialized entity query

(c) A specialized relation query

A generalized class and two specialized queries
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Table 5 Range of Metadata Expansion
£S5 THIRYETEHE
Type Predicate Year Confidence
ub:worksFor [1998,2003] [0.2,0.98]
work ub: memberOf [2003,2009] [0.2,0.98]
ub:headOf [2009,2018] [0.2,0.98]
ub:undergraduate [2000,2005] [0.45,0.98]
DegreeFrom
degree
ub: masterDegreeFrom [2005,2008] [0.45,0.98]
ub:doctoralDegreeFrom [2008,2012] [0.45,0.98]
author ub:publicationAuthor  [1995,2018] [0.6,0.98]

M T YAGO2s A7 & HEAT A ity 0 1 A 3] H 41
P R SCR I LUBM S Bt i A5 360 F 451 15 47 46 28 1
AE AT 25 Mk B0 I, SCHk [24. 26 43 9 45 8 T B2 37
LUBM 34 b B9 21 Al 2 ih) ). D ik 2 2 i) v 28
FRDAERS th— DI HE N B, B
FRHARARL A 70 I5T , 80 4% A 1) 25 B0 AR SC S 36 14 TF- Al A 96
FHAG AR A 300 B 52 2% T 2 R ok 4 0 3 T 491 73 Oy 2
R (s FTE 222 ) Ceq) 2 2R F). B J5 » X ix 4k
VAL A i T A HEAT T IR PR R PR L I A RS
Jn“Year>>2005 and Confidence<<0.8” it i 1E 2% 1F.
# 6 I TP AT A B 2R 0L O S TR
A 1) 9 0 D 2 ) P 490 ) 5 R L O AR L R L g
I mq * 735 7R ARk B SCHRE24 1R SCRRC26 ]
T o U3 7% 24 117 45 0 78 J5U A 360 491) 92 1) 44 5

Table 6 Type of Evaluated Query
Fo THEEHHE

Type New ID of query Old ID of query
sql 1q3
sq2 g5

Star-shaped query(sq)
sq3 1q13
sqd maq4d
cql 1q8
cq2 mql
Complex-shaped query(cq)
cq3 mq3
cqd mq6

3.1.2 IPIE

T8 B AE it A5 5 T FRAT 136 #F Standard Reified
Statement (SRS)!, Singleton Property Approach
(SPAPFT YAGO2 Reified Statement (YRS) M2 45
3 Tl 2 M ATy kT 0 R R T R R Y S
B VA 5 T — W 5 T B i BRSNS S A 0
HET SRS, SPA DA M YRS 4 J5 2 78 0 IR i A

J7 T AT S8 PE ST SRS R SPA KR I ] i A A AR
=JC4L, 1 YRS 1 CODM W 43 51 3R FH ¢ 240 0 %t 4
T AT R 1 % AL AR T SO i ARy T, SW-
Store' "Vl gStore ™ 43 Il 2 F T 1 15 H B RN 3 T oL
PR AL Y ML R SR L T 3 T A 100 1 T SUAF Al R I
VA R AT SR A A 2 S M 1 U R AR A R
.l F gStore A RBR T X T SW-Store [ JE {5
PEAR S B, e AT 322 BL gStore 1E i A7 fift 1
LI X L PEA T 7.

T VTG TR AT T kA o M AR Y
W] o T AT e 2 Ry AN ) ) S Ay ik R A VL 1) 4 B AR
Gt AEIBHE APl BT T BUA I RDE3XM, gStore™
M Virtuoso™*" 45 #f A8 % 32 1 = 70 41 HE 42 1) 1 1R &
TR P H U, T RDFSX N 37 35 3% 22 ) 1 (1)
i), K, & gStore Al Virtuoso A F SRS i
SPA # R FHRE 3% 4 B YAGO2 ™ 45 7 — i
FE T X4 R ABEE 5 Postgresql B 1R K 1% & 3
Tkl T AR 2, AT £ Postgresql F
i CODM A1 1 IR 1% 45 Bl R 8 TR 18 SUAF i
BLJT 1, gStore AL T —Fh7E A 1] ] 1 #E AT SE 4R 2
Ry A R 55

TEA 3C S 5, R AT % $¢ gStore, Virtuoso
Open Source 7.2.5 A K Postgresql 10.4 28 A 1Y
HHREEE RS X A M R G B 1T7E 16G NAF
A Ubuntu Desktop 14.04.3 #:/E &R 4 _F #4752 5614
fE A PA
32 TEHBEHME

BT LUBM ¥l 242 sl 28458 7 10 M AR BRI
PRk, 455 3.1 9 SRmg b T 1 AR I A9 0 H TR R I
BT LUBMIOM % 5 4. 38 17 73 5 #% M SRS,
SPA,YRS A & CODM ¥ LUBMI10M il YAGO2s
PR TP Ak 0 X 7 46 SO I 1 R R ] 3% 222 % A
BRI AL i T IX 4 FhJ7 s R = ool oo DL &
XF G A5 AN [ AT L, R, R AT A SC R ACH B
REJCH B AT ER TR M PEAG . — R = ool &
A 3ATCE T — XS (G4 19 T 2 B H WX R
TREVEBTESD A B 20T SCBkLo ], AT A
[F) 2R TR ] i A5 5 2 1 O 3R R 43 S R OT R L
JUR LA KITHIRIC R 3 A2 5] X Fh&) 3 O 24 B
T VEAG A [ R el 35 A A5 Ty 1 £ WP A LK [ 355 T
TR ET 3 A5 A B H T AR

1) FHRIGCE (knowledge element). HITH R A A
TCHITR BRI 4 R0 P B3, T 0 3R o0 2O R AR
R 348 o ik T R A% e 1Y B DA AR AE 20 R R A 1Y
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F R I HTRIT R i AR R B
Y U A R 2L XA, — SRR = oo il
HE 3MARRICER.

2) #1750 & (handler element). 76 1K & i
B, 5 1 0 2 09 32 ZAT 55 2 0 — 4% R ROk 4 4
b e VAP SIRPAR AT T IS R SIRAY S 5 QS Tvp S A
I8 R 3R 7 BT — 2% R TR R 3 A e 48 i R ) A A
REHEAT T HITR (4 B R 75 WA [m] B R 1L 1] 3 e A
BHA A [ (9 3 a4 A 7 XL AE = JnHAE 4R
SRS 5 B 4 25 ZIudIBRik 12 S JTR M SPA
M55 2 2 = U BRI 6 A6l T R — 25 AR BR
W 4 L — AR R AR A 2R = Or A AE SR P, YRS
FTE A IO AR (OD, Subject s Predicate, Object)
4 A T R AL — D AR RGE. TR A A
filf 1 Z& . CODM HUF5 2 — A X 42 R i <OID,
Subject, Object) , 3 A4 1fil 7€ 2 HEAEL— A~ FI BRI,
TEA n SRR I = A FHEME LT, CODM
RIS, R 8 o+ 2 D456 oo = 8 aT L
SR IX L IR BRI (4 4] A Ak

3) JLHNHR JC ZE (metadata element). 7E % 35 f7
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g o EXXXX Handler Element
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(c) Elements of different centers (YAGO2s)
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Fig. 6 Space effectiveness of four modelings for logical storage
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Fig. 7 Time effectiveness of knowledge graph modelings (LUBM10M)
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