Computer Science and Application HHE R 5/, 2019, 9(5), 993-1002 Hans X
Published Online May 2019 in Hans. http://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2019.95112

Semantic Query for Engineering Knowledge
Graphs Combining Rule Reasoning

Yaohui Wang, Yingzhong Zhang®, Xiaofang Luo

School of Mechanical Engineering, Dalian University of Technology, Dalian Liaoning
Email: ‘zhangyz@dlut.edu.cn

Received: May 11th, 2019; accepted: May 23'd, 2019; published: May 30th, 2019

Abstract

The knowledge graph is composed of fact nodes and directed edges. Ontology provides abstract
semantic information supports for these facts and directed edges. It can provide formal represen-
tation for the knowledge that is difficult to be structured in the engineering field. An efficient se-
mantic query for knowledge graphs is very necessary. Aiming at the actual requirements of engi-
neering knowledge representation and semantic information query, this paper designs and imple-
ments a hybrid open world consumption and closed world consumption semantic query method for
knowledge graphs, which combines OWL ontology and SWRL rules, employs object-oriented tech-
nology, and bases on backward chained reasoning. This method adopts SQWRL query style and
extends its semantic query limitation. Finally, the feasibility of semantic query is verified by an
example of automatic recognition for machining features.
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1. 5|8

HIR ARG —HABA LERARGNZ L, ELLRERAMENRE A, T ENUE T HEEE,
T2 A Tl S A R B 7 3K o AARAE N — MR ) T IS B ) B AR R, R RN &
FIARTE . BES TR & AR [1]. BEETE X Web BIRIIKRE, BT AERKENRFRITIECEAR ) Z 1M
. OWL (Web Ontology Language, OWL)/2& H [E PR /5 4E X Z4H 23 W3C HEFERI FH A 26 T AR 185 X Web
FRIEF[2], £ 0E L Web MLIE S SWRL (Semantics Web rule language, SWRL)#J & H i 558 K HIR R
N L R3], SRR R B 3 KRR AE AR BE 77 1K B (Knowledge Graph) /& Google A &) 2012
R — P RN AR AR A1 [4], BAESCIUE R RS R 1%, FIR AR bR T 1E SO 2% ) N
R, HAZ0 2 R RDF (Resource Description Framework, RDF) =yt 28 P45 =i ik iR s 5 (834 2 51)
JEANTZ RS LK R .

SR, KR R GE ) — A B B EE RO Re 0 RN IR R 8 U5 B A ). W3C HEFEN) OWL A ArifE A
#7% 5  SPARQL (Simple Protocol and RDF Query Language, SPARQL) [5], ‘B e &7 F UL BC _E /Y
HHES: ETHAZEERIE UEE, HZ53T Horm B SWRL AR, HER A5
IR . SQWRL (Semantic Query-enhanced Web Rule Language, SQWRL) [6]/& %% T SWRL FLIU ) & )5 &,
I E AT AW s ST A S SWRL RN SEBL A #, AT LR 7 #Ks Horn M 5 OWL AfAR 5,
YEJ9— M df N HE Protége AR~ & |, iR Java API. Jena /2B S H Java 1EFITFK
TS L Web HEZE, ‘BIAE 3 HF OWL AMKTE F IHEEENL[7], (H 7R EH SEEATR U 0T BB 4k
S AN, NARTZ MR HLAE Pellet. FaCT++. RACER. HermiT %%[8].

A7, FIREET OWL AR I R VRZ 7 FHEEE H7 AR ER & 58 T I ikt 544B 1% (Open-world  Assump-
tion, OWA) [9], BMEEAEfT—ANdr@#f 2B r), LIRFLRERE, #HARIMERSEMEZ, WX Internet
EFE—ANERRAIR TR 50, OWA A HA BN, X5 —FriZ M it UIsHoC. (H27E TR
FH AU, 5 — A AR N FH 55, 15 S 2 sa BE A 35 AT AS), 455 3 AT 7 1 (Closed-world Assumption, CWA)
Xof AN A 7 A L A AR BRI, TE4AR A OWA R B L HI 2 BR IR 2 & # Dhfe,
A2 A IERIR 45 R [9].

AT TR HR R RS G BB W LhraR oK, RAM M REAR, BIFMSEI—MES OWA
I CWA, @l OWL A SWRL KLU 338 [a] 4 B2 1) R IR SCAE D705, TR — A CHAPLZIZS RS
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B SEEIEGUE, N TARE B ARR R ANE Y ERRE— NE SR T A,
2. HXTERMSERAEFR
2.1. TIESESARMNAIRERT

i BHEFTAL RN EDN AR ML AR L T R T AR RR B 45, TERR A RS B
SRE S PSS TT TAS 20 V2 N o 76 TR, KSR T - I RO I 5 1R M 45 A4 Ak 9 B0 S i
R ERIE AT IES TR ERAIREIR. [F OWL 2 W3C 4R A F 158 X Web A4 458
WBE, NERFESOCBIME SR — AN B AT E S I NE A AL AR AT T 5L

118 Google AR EIMESE, TRESUH— AT MER AT URRA—NEIRE G = <v, B>, R v
ANZAUR AR RIS RS, E RPN L A IR S o U N IR IR S S il A
BCE RIEATARD, FRICH SRS ORBR B M S AR . — AN AR AU R A T LR IR O — T ) KR
84, GB={Gy, Gy, -, G,}» NIGEIIE XE WIS NI B 1 BoR—3 5 v AR SRl .

FEE L, AR CHPAERA LT B R 17 Y AL 1T G AR S 2R bR,
FETLAEST s R n B 52, e A MR RDL@IW:  “PhE” XK. “MMTRIERR” F)EEER.

MENR B AIE 1 7R, BT LA H 0 B 2R mT DK s DLZ5H4) Ak 1 AT AR 45t — AN TE U i 3R
7, AT PATE S R R A R DA R A ) sk

typeOf

K151

o
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n'—»(z/
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Figure 1. An example of an engineering field (stamping die design) knowledge graph
B 1. =M IRRaEoP ERRIR AR E R A

2.2. SWRL &R M|

IR BT AR R A AR B M LA R “IF-THEN” 252456 2, 7 A 2 ) 0] b 65 25 5 ok 3 b &l
e SWRL &H RN LGS, T e G4 . SWRL #UEE T Horn 25, &—kriZ4E
MRT A E T4, B R LARAR OWL AHIE 915 5 88 B EER AW A TRk . SWRL U B
& HUU (Imp)« R ¥ (Atom). A8 & (Variable)Fl N & 12 45 (Build-in) 2% &5 7 2H i o

—AN L SWRL F0 40 B«

OANOADAND aNOD, AOD, > P,

TEIX % SWRL ¥+, 0,,0,,+,0, ,,0, f1 P, XKREF, BN RFHas&ELE, b 0.0,,+-,0,,,0,

W ASE FATER, RN, PRIk, SEMEGZRNRQ,0,,+,0,,,0, BFRAE, N

n
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PR

Build-in AN B ZARIZHATEE, HIUNEIN TRAE B SR 08, 75 2 R E SO THRHIE, R FLA)
SESXCNRARLE L2 5<L<10, F] SWRL HUUH#E A :

Hole(?f) A hasDiameter(?f, ?d) A hasDepth(?f, ?]) A swrlb:divide(?q, ?I, ?d) A swrlb:lessThan(?g, 10) A
swrlb:greaterThan(?g, 5) — DeepHole(?f)

Hep? FiERESE, AFLEHESRP—ALBZ &, hasDiameter 1 hasDepth 37~ fLEAA SR < R A
FLIRBEEHE X & : divide. lessThan 1 greaterThan AN BEZHRIZH, /7l RnnEARIZHE ., &/ TME
HERT BB N 9 AL fHIRE [ A EAR d HIEEAE ¢ W2 KT 5 /T 10, WAL £ ORRSL B X A SWRL
U, wT DAMEILAG WS AN 5 H T R R o

23. TEAREENERSFR

A AR TRRENR R R ANE 5 BB W SEhr sk, RAmE REAR, &ALl —NMES OWA
FICWA, Fili & OWL AARFT SWRL A U 386 e 48 1 T2 A0 iR BAE S A ) 5 vk, BRI HEZR A P 2 BT«

A | ZRLIE

FUHHIR

Figure 2. Engineering domain knowledge graph semantic query framework

B 2. Ti2manREE L EifESR

TR AR BB WHEZE 70 9 RIR e 2 AR 2 o RN 2 AT BL A R ey sl Nl Proteége 14 4
¥ OWL 4B A A A1 SWRL A o 2 37 5 Jl (14 588k R R B A PRI U SC A, 38 % 0% RDF/XML A% 2 [¥) OWL
SOk, ARJE A E ) TBox. ABox Al RBox AITRARAT A I A0 SR RHEZE A& S TR PESE . MUISE
SKBISECL R ENTHIXT RARES, IR MEAT 5 RS AR R R AR SO AL AL 2, ST 5 AR 26
A RCHT RN AR o S I T ) G R AR A b TR AU A S SR 2K AR EATTRO B, R il LA
WHFIHREES .

HER R RENE SCRFYT RS 1) SQWRL i XA WIE 5, X &S S TN, SSp2E. BIISEEL
JEATHIN SARAE S BEAT i R R B S A A, R A B UL AA MG Protege M RBY, ST AR
[EEERSYiuL e

3. FAFIRMNEE X EFif
3.1. BN REMGIT
SQWRL f&7E SWRL #IUE 5 (36 X Build-in N B2 s H T RILRIE VG RIES, ©
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A% 0 AT A2 sqwrliselect. BIUNEL M 1 FRBIAIREIF, KRMPERIE) 3 mm # R AR SL) .

StampingDie(?x) A punch(?x, ?7y) A SheetWorkpiece(?y) A hasThickness(?y, ?f) A swrlb:equal(?¢, 3)—
sqwrl:select(?x)

M ERATPEH, —/MEXEWIER, #i2—1 SQWRL k. —4 SQWRL FRiA@HEH#Hy: 4
BRIy & — %0 SQWRL I85HAF: sqwrliselect, P —ANE(E Z M0 E, HXSBREMN — &
WETRK &I i AR —AFrER SWRL RN FTHE, MRS 57 AR O¢ R I I A 7K 538 Sk
AR, LT StampingDie. SheetWorkpiece /&R F#E&2E, punch. hasThickness /&R %, #HE
HHE SRR B R B, RARAEE Bl A R RIS AT S (A BV ) AR(— )M A R B
%30, SQWRL HSCHF A IS, K9 A AL — A DAIT O SR O TS, N aig TS &,
T - BB EBA 2K U, PrUMET — g 5R R 9808 — A E TSRS .

B AE TR U, SR BA — @ B AITEFI S B, A X T — M E M E il hREa
Mg M E A5, FrUASRATCLE P S BN ATHR, X3 T AR SQWRL i XA WEATY R, U
VPV A - BRI, € L.

—BH. WHSESR U, A ISETIMS, WA -4=U-4;

WHMEHIRRESN Uy, a ARFETH—NKRR, WH -a=U,-a:

VigH: WHEEEN U, 4. B IBSETHRME, WA AvB=AUB;

BHEMESKREGNH Uy, av b ARFEPWKR, MG avb=alUb;

ZFINELNAE(—) > H(A)> Hi(V), AT ENTHHER SCRRGAE N SO PEgnvig

3.2. Bi& OWL E{&FIEXS SWRL 1

OWL AfAEE TR B TR M-S MBS Z MK R, 7 AFRRFE FERIE SRR M ARE LR R,
BABSRMAIRIRAE 7], BERBFEREXRAIRGE AL . E£—MRIE L Web BARF, KA OWL Afk
5 SWRL FUNAHZS & 177 Lo A, B OWL € R 7, SWRL & LR KR HME . K
BERAE A WAL BE L ) B OWL Ak UMMESSEBIASC R, 10 HILRESE £ if) SWRL 5t & 54
LIPS

AR A SCBE T (1 A 75 5, R R S I HERR R SCAT W) 7V o I Tm A B B0k 5 B 4 — A U e
LR IR B AREE S TBox M3 Horn BHRIVVE N« B T HIRZ ) OWL AT B (14 14 12 45
TiEH & SHOIN, SHOIN eV BisHEAWE | fin. SWRL A 7% OWL, X TIEfIfL s
PSS EAF AT IR, ASCH SWRL JEA RS EMFEGHAT T R, A% A SHOIN RiF 12
B, KIETHIRIZ N TBox MR SWRL R HIN, 5FEA K SWRL B ZH 8 100 2
HE, XM RZEN, BN TBox HHATZMUAI, (HZH AR B, o FUR T —
FscHRe, I HASBS AN .

R 1H, 4. C. D RRREPRZ, R S ERAEHWIEIE, o RRMELE, o RFME. —L
¥ RIGEIHERE: (?x,a,,a,) Fon x FEREEN a0, PIIFE—AME: ROy, a)F0R x RUBZIR o BA
JRYE R MBS R(?x,2n) FmAlx BHXRR R WBMHEN S BN n A v IBRAFRBZIN b
(% RAF RPN KR MR R V(R(2x,29)AC(2y)) > A(2x) Fm RA C IR RIAH KR R Wi =11
X RJET K 4.

3.3. BT EHEEN AR EE X &
ASSCHTI W IR AT, M2 SQWRL 18 U HEif]. Jy T 3RS — ML, ME i F AR
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Table 1. From OWL class axioms to SWRL rules

% 1. )\ OWL 2232 F) SWRL # N

TiH i Eipuyekis OWL A IETF SWRL #)
— A SRR rdfs:subClassOf B(?x)—> A(?x)
. owl:oneOf (?x,a,,a,) > A4(?x)
o Nominals
owl:hasValue R (?x, a) N A(?x)
e owl:minCardinality R(?x,2n)—> A(?x)
N Hi R ; .
owl:maxCardinality R(?x,<n)—> A(?x)
Bt ds A N owl:intersectionOf C(?x)AD(?x)—> A(?x)
U owl:unionOf C(?x)vD(?x)—> A(?x)
S 3 owl:someValueFrom EI(R(?x,?y)/\C(?y))—>A(?x)
v owl:allValueFrom V(R(?x,2y) A C(2y)) > A(2x)
- owl:complementOf —|C(? x) —> 4 (? x)
N KEM TransitiveProperty N
GR35 BN T H KRZER rdfs:subPropertyOf R(?x,7y)—>8(7x,?y)
1 3yl owl:inverseOf R(7x,2y)—> 8(22,7x)

Ko AR BERS N ANTR I th R B — HAZ B (— DA T U — SR sl — e ), B SQWRL
MR 2 M I pr AR AT S, AR 2 AT R RN, 2R DT R, AR EE
PEORE WS R, %07 ER T & .

SR, JE LA FRAN I R VR P R (SR AR ) R B DT SRR . AR AT ]
HER SRS AT IR, POV H bR CamiE, Rl EFRIRES A, 1% 887 B bR E 2 2 i 4146
W, EEWCIA %M. TR AR AR R

1) SQWRL Fhidt 7 A8 2 1 5 2% 3o 1 5 46

a0 LT TR, SQWRL Rk 22 MIHR 73 & — AN ARvEER) SWRL R, i A /R I8 AT I 1 Al
Rtk ok R OR . R E S B A RN T RS AR R R R B2 OWL C4sE UMM EFIR R, W
REATES FTEMN SWRL BN FEFEE, NS HEBS, WREAR, ElfEESER S
R 1% 3 R U AR D 4 i 3 B, [RTI X  AE T i , EL AR MBS R R O A E o

2) WA FER

SRR bt A — A R BT S S R R, AR T SQWRL A i) AR MR
AR TT R, RENE T AL 0 AR B BT S S (B S R A (R R A5 R

N T B R AL ECRIR B T (0 SL], AR 44 19 Prolog A= UM N R AE 45 . A
FAT 7 G A B — A T
o HREWY SRS

RN SR ENBUERE, HAPRS RS MEENEE . BUELIRESZ2RLm, RN EA
FER, PRI E e i ER0HT Rl R 854, N s
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struct variableTable
{
CString strVariableName;
CString strClassName;
std::vector<cstring> strValueTable;
15
struct variableNode

{

std::vector< variableTable > variableTable;

}

LA strVariableName x84, strClassName Fon B BRI 4, strValueTable KR 1EHF E
RECT AT M EMERR, H— vector BI&MLFE . variableTable FRnM T m N ER, H
—A vector B, KT R TTAELRE.

o HHEIMEIIPIR

1E_FIRT i HOR A , RAEED R

Stepl: MR TR RE . R HAIAH I FEFRR(—BEZIORR), WEETXR
K ARL, FTREARH—HKRRAM, KRAVUIEXRA, & IBFEE.

Step2: #4i& Prolog A= i MR . ARIEE WMNMA I EH ? 5517475 SORB I MES
K, MEZARERMEEE, FEYRREFHUIRE), (A 0% A8 B P S| s 28 KA &
(ISR BT A B RS, TERK Prolog A2 B 2 W AR T £

Step3: IR EILESE. (£ FHEHT, HEHLARMNEAG R POBRMEE, I LA E a9 e s —4
SHMERAR BTG, oTOMERE RN B E RS . B —EEE, Ek R R IR
AR BAE NIRRT GG, WmRike, s, BIXS s [EH R — AN & 0 7 8k .

Step4: HREW 737 o RN F AN RGBT BT RUMIE 8 17 s B — IR 2
ghE s AEH ARTEA R i i —ME; RABERUR IR 7R KRBT, RGEFER R, RS HARAEAH
EHRAE , AR HUE 52 B B AR A A G R, BUZAEACHE, AR — A Ts s filtn, wAE
x>y EATHHEIR DA 1, x0, x5} v, v, 3t FURIEER op{(x1, »1), (o1, 32), (62, 0) > WUBIER s HR(ZE
FE) X1, PUT opy RFR, MaTA8E y BUE y A1 ps0

Step5: HE FRPEE Step3 Al Stepd, ELFNH LU FFALEH: 1) W AW EERTIME—NEE
PHEECA T, RIZL B LD 8 RA T RMBER), ARELAKFIT A 2) AR CEY
JE B —NMifE BE b, RENZT AR RS BB — DR TR . WA R SRR, WY T
4, HEE EIRDIR Step3 M Stepd

4. FIFSEH)

N Y RS U RIS AIE A SCHR A 3%, TR 25 FE AR SRR, B3 5] 3 i CAD 3 SR AL Y in T ARFAIE
SR B RIS o 0 TARFAE R N A RS 0 15 S — LR [10] SE R ASCER H
EXEWITE, ATLLESNRAR R B & E A WKL, EERRT

1) A FREAE FIIR B

SN TR AE TR N UBAAR . AR TTIEE Z . ASURHA] protégeé #E OWL %=X T
AL IR A A . T T A 51 SR AR RN 5C & -
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JiF-Z(classes): JLTTHI(GeomFace), “FIfi(Plane), [&AE[H(Cylinder), #MEFEH (OuterCylin), P I[RAE
[f (InnerCylin), R4 (Cone), #ME4ETH (OuterCone), PN [54E T (InnerCone) . ~“F-TI [543 [ A [54 fE [ A&
JUATTHI 728, A A TR R P [R0A: T o 5 A T 25

X G (object properties): Y1442 (concaveAdjoin), 1141 #%(convexAdjoin).

Kl 3 Fromid SRS T LLR AR R ] 4 Fos i EniR . B AR s ARy i s, [ 3 R A
R AR S A5 -

Plane{FI, F2, F3, F4, F5, F6, F8, F9, F11, F12}; InnerCylin{ F7, F10, F13}; InnerCone{ F4}; conca-
veAdjoin{(F7, F8), (F9, F12), (F10, F12), (FI1, F12), (F13, F14)}; convexAdjoin{(F7, F6), (F9, F6), (F10,
F6), (F11, F6), (FI3, F2) , (FI2, F2)....}

Figure 3. Part boundary model
E 3. EHaFRE

concaveAdjoin

COIlVCXAd_] oin @

A&

Figure 4. Face adjacency knowledge graph (part)
[ 4. E4BEFIREERSY)

2) JE SRR E AN CARFAE AR R

OWL AMALUE UL MR IE R A, IRZ IR A FRIEL SWRL BUWE S, #illnE e E L
FRAE, B HOIN TR E LB, TRLE R

InnerCylin(?x) A convexAdjoin(?x, ?y) A concaveAdjoin(?x, ?z) A InnerCone(?z) — DrillingHole(?x)

3) R SCA WS BN TR AE I )

P B HR H BOAE U7, AT AT R P o A 0 AR AR . AR S, B AL E AL
RFALTE, AT EWIE A

DrillingHole(?x) A concaveAdjoin(?x, ?y) — select(?x, 7y)

M ERERIER, HHrHEEE R T
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B DrillingHole A2 —/NR S, {H7E SWRL B e SRS &, RIeks 2 X DrillingHole
IR A4 R 73 B A DrillingHole. Prolog HEFEAE R anE] 5 Frox. MWEIMRRTLLE T F13. F14 &z

R
x y z T RER
F7, FI0, Fl, F2, F3, Fl4
FI3 | F4, Fs5, - Fl4 T~ (g%
x y z X y z X y z
F7 | F6 | = FIO| F6 | = FI3 | F6 | Fl4
AN A ANTTR S AR TT R
Figure 5. Query drilling blind hole inference spanning tree
B 5. ZiafhEFLIEIRE Bl
5. &g

FeF OWL AP it 1) T RE TR TR B W] AT SEPLAC B, R &4 T 3 FURT 3L, files SWRL
M EA S K RIRR R BE ST, (AR OWL AR5 SWRL MU SEHLE SCA N T RIL D . AL
KT RALAR, K OWL AARKEFE Dy SWRL #4 3R, 735 A B % N 4R B OWL A48 A1 SWRL
M, RHIZE SQWRL MIEWIE S, X TREFR BT HERLANTE E#), 207 S & A2 TREE X
B8, BHFRAEAIN R Visual CH4mfe, i8R E 5.

T PR SS AT 2 H, KRR E R oy — AR R E WA S, RN A 2R M
I 1) ) A i A4t B e A O HE PR AT 9

E&ME
AR K

SE
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