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Abstract: Achieving intelligence in industrial control systems is a prevailing trend in recent years, with numerous new
technologies and ideas prompted. Knowledge graph is a fundamental resource for artificial intelligence, and domain-specific
knowledge graph construction attracts a lot of research attentions. However, knowledge graph construction for control sys-
tems is still in the early stage of exploitation. In this paper, structural characteristics and task requirements of process control
systems were analyzed. Furthermore, a knowledge graph construction methodology architecture for process control sys-
tems was proposed. Firstly, a brief summary on existing related works was given. After that, the characteristics of process
industry control systems were analyzed, and the corresponding knowledge graph construction principles and procedures
were proposed. Cyber-physical assets management was taken as a case study for detailed explanation. Finally, a prospect
for the future research directions of knowledge graph construction for process control systems was made.

Key words: control system, domain-specific knowledge graph, cyber-physical systems, construction technique

5= U1 SR PR R 51 % T BFSUK 42 ek,
i 2012 AV HR A A S T4 57012 PRI K BLBE
2011 4, [HER R HLE 2 7 Cinternational WP, o T AR AR AR TR e i) K

business machines corporation, IBM) ] Watson
13 “Jeopardy” FHMLE J)5EdE, HTFRH AL

S B4 2021-10-28; 1&E BHHA: 2021-11-25
BIEEE: ik, syli@sjtu.edu.cn

F¥E o AENINIE 2210 10 4], AR g Rl o 3L
AL 2 Y R BRI BE ) . A AR R L IR

BB FEEEAUATRIESTINE (No.2018AAA0101701)
Foundation Item: The National Key Research and Development Program of China (No. 2018AAA0101701)



- 130 - BRERH SRR 4%

(1) 60 PR A2 18 R0 43 B LS O 1 0 R Rl A AL 1 e
J1, ZE|THEARAR TS 2000, W T
T 1 %

FR S AT DL O sk (5 8D FIC R
G AR 22 5 2 R R AR DY A8 i i e
AR L =0 (SR — 0 R — SR Bl SR g 1~
{8 WITE R AF A o 4228 S0y AT AT . Y B A []
SO T A4 Ay 0 FH e U P e ek e i e o o
T AR A )T, aiRER, HEN
HIHANH, 474 DBpedial’, Freebase™. YAGO!Y,
NELLVAEACE N (0 T4 eS8 3 b, Bl
Ty AL ot Sl e g4
TIPSO 23 VATT gk el 33 g et R P 7 T4

ZETCHEM], SRR AR RN F 5
KEESJWI G| T Ha sk 243 . X2, fESE
Frifife ks Hl Rg, AN, Rl FeEMK
%y BEEILEA B R EA I M RO R A
BT RFEIEFIBAT IR AN AR E sy —
FhOCRIENRA FRIETE, AREFEHRSA
(%0R A SRR — 7T, iR ST R
5 BEERA-6&, W&AEE R RIHOCRIATS—W
KL, Mk fil oAz = i R AR S BR AN AR AN
WL R) 1) R SE A Bt IR 2 —s Sa— 1, AR
W RN STILAIRAEAE . SN R AN, fe
JBAEN SIPEHE TR A IR S, v LUK AE P2 Fabs
T BRI AT G2 Wi AL SR, AT SE
B BB R B0 B AN

ERE G R G IR, AL R e X G e AT
S AN SR R I S R g K . i, Mao S
At N\ POVt of i 31 A Ak A 7 1o e v f XU 3 A A 22
Ay, M T R L AR E S Zhou L 45
PG 7 1 i e A P e R B AR, 3T
FESEIEA A T e AR AR % s Chen ZY 2%
NV o v L A 7 R PR AN o D 2 1 O, B T
AR AE A T Fn i B, S T B DR 4 )
Fi; Shen G W 25 \POVek o) TP 4285 28 495 1) W 2% 22
Axin i, RHER IR OCR IOV, Mg T T
NI& s e ] e S e I A N T E TSP S
2 2R 40 0 Jn R S AL R I 2 SR AR TR I R
G FEANFARMTESS, WICLRR SCE X IXAS AT
RGNS . ok, A R B )
A 5 TR ) £ 3 SC 3 22 Oy T A0 TR I b i 4
AR, FER 2 A S E A i — AR

ARSI UL A R Ay BRI R S SR R
AE S5 EORIEAT 70H, JE I3 H T ) P 2R 8 R
TR R IR R RS

ARTCEGRATR 2 1 ] A U R P
RS — BOTIE, S 8 H R G S R ROAE 55
R T4 H RS 2R G0 AR P g 2 ) AR T U
—RBIMEZ; B 2 LM S BB A BN R AR S5
B, T2 ] WA TR 2R e R SR P A s R LA
TEANGRE; 5 3 e AR AT REMIBTTT 170 55 4 1Y
XA SCHEAT B4

1 R DTS R g AR B %

L1 GUE AR EEME R — R

HRRERE AT LA A 2z Bds 2 =
PRIGSIRSEA] . B R A S A AR 3,
HohsE T MESFIC R KRB, JEHEFIVa . fR4E
P s R A Z 1 58 FE I, R il i) 4y
PR R ER BRI G
715 NS RG-S A s A LA s
AT AR, AHRECE ) Sk CRME
PEREAT S A% i EL N R, PR g BRI AR
e BTN 7V Se s KR b i A
1, SRIEAEAPRIILIR PRSI AN EEY,
F T ) 1 1 07 3 R ORI 0 TR 3l ) S8 4k 22 1) 3
S R I IR A, D ETR TN, HERT AT
L5 ML OR, B A n] R T — I K
55 o FR ) _E 17 v T AR S5l v
o FUZE, BRI 77V U SR 1 ol 3 kG
JEAE, METEEEAL, FRGHAEE.

AR R I R VRIR LR, RIRG A4, 0
HURPER M EZ R ™. R, SR AT R
JPvERI AR AR . Een, Fu LY 2% ANPSME A
H T ) 7 kA g T R AR e NN AT )
BRI Liang H 2 NPHRH T F0 [ T T
13+ KKS  (kraftwerk-kennzeichen system) it
HESR (0 2 FL G U B R A 3% Kou € 25 NP7
TIVERIARR T, PE T N TR A R
(AR B Jia Y 2 AP0 R0 4% 22 4 iR
IR (Rl BT T 38 A Tl AR R B A4,
A EU . P A BERSE Bk 5 AN
St e = = Dol [ W R ST A R AR e S NV
TR RSB — Ry kg [ IS RS
o] FHEORS G, A BARORERE F TR R TR RS =



5513 PRRFEE: AR TP B R S AR s R - 131 -

POBEMW . AERVE SRR RN, SCRAT AR A b
1) 77735 TR) S 37 2o S P ) AR R ] DA A K A
Sik AR R Ty . L, 225 SCR[26] /R FE
HATREE AR, HRE T KA
REBIF AR, AR5 T IR R B8 PR SRS s (L
WHERERE AR AR A AR %3
R [42]7E BEAT A& Ak ot A 38 R S R A AR B T
[FIFEHE L K I A N EA R b2 45
1.2 REIIEHRFEHNEMSEK

MINRERIFARE, TG RGE T LAor R 5 245
t. 2% IEC 62264-1 bl 1SR 40550 £
WBE . AR, dREREE. g6 E
M=, W 1 PR, ANE R 2D Re
PR R,

AL TR 2 B FR AL PR (enterprise
7 AR A A
(product lifecycle management, PLM) Z£IfjfE H.7C,
ST ANMEFN LT GO A= v, Al e stz 4
izt T B

AR A BRI T R4 (manufacturing
execution system, MES) | &5 #l K245 (warehouse
manage system, WMS) IJgEHon, M X4/~
FEUEAT R B, QG SR B AR R A
IR AN R IR 2 NIk AR =R, PR AR TR T 2
AR ZEA BRI ER, HE R
TR A RS A T H bR, I BRI IEZ

iof PR M R 3 ZE AU FE SCADA  (supervisory
control and data acquisition) 5 ANLYHI Chuman
machine interface, HMID) Zhfig oG, X4~
BT RE S S, JFEd HMI RESHAE
N R I PFIRdI D fe . %2 g B )E T
AR 4, IEAS I A EAE S s AT
et 25 5 [T R BT

bR TE ) = B MR R s I L v | TR
ZiR il #s (programmable logic controller, PLC)
EFEHI 24 (distributed control system, DCS) %
W TA, T & PAT R R B AT R . %2
WO R 2 2 N Ak i (e 2R B e AR, RIS I B %
o AT AT SRt A R T 45 ) (model
predictive control , MPC ) . Lt i fil 7
(proportional integral differential, PID) %55 5.k,
P .

37 B 2% J2 1 AL & S AT IR A% A

resource planning, ERP) .

B e, HTPRE RTINS AR, 1%
JEEMOINI P = P, AT B AT 2 )
74, X TR EAR . 22 B sl
SEIN AR S, OF BRIz .

I

VFHEE  (ESeni:
(4£/H ‘/EJ/ H)
SCADA+ HMI purEt el

y
o A
(s/ms)

S sy LS 2=
RS PUTikE TEmE \ AIRER

B Tk fEH RS RNTEE D=

TR R GEAT A AR S PR AT 5
Mo SRR I 12 1) 2R G 06 Z0AE R RE RO 34 i 201
WSEAESs o AT RETER LN R G0 b ORI 28 T
B W LRBIFR, fEHARGO L AT Al SErE )
TERIBWHE . — BRI FE 2 M 5% 2
(10 o 92 I 1) g 2R 2000 o
1.3 iR Tzl R xR B R B AR R

G545 T SCHE B A RE b4 1) 2R 40 1) 45 R R
RAEATEER, R TR Y 225 & QR (364
J5 o

@ FR T Y 2 1 ) Ak B IRR L A R
JZ AR R RS R . XD EJRIESS
W R ERTEEEE, SR RS, R
MR Z, GG HEREE AT R %, B2
(A5 B AL R RE Ao, g U U T (A7 fi AL
Hls RJRARSS X SEm PR ERA s, A o, A
BN, @& AR EE R AR B
HEPEfE

@ FNR B Y 2R T R A B 1) E 4
IR 5. RGEN: —Jy i, iR T
METWAER ARG EREE, EXS 5 AN T
(¥ st B 78 73 2% RE I 3 U, DR R 1 A A
I ENITER X 7 D=V RIS R | PR | 2 T
G5 KRR LAR G5 R A SOy B804 (R LB 0 A
giktb s RN, BRI LR GE & AL BLIX
B, A ERLRMHTT.

© H R N 2 78 70 % RE P R G (115 R AN
7/ FE S S E PR/ B /B SUR SR W SUN




132 FREREE S HAR

544

(0 B S AR (0 & A LR T (42
WS E RIS SRR B, I G B
BRI 1 R ) R G i BV, s 2
[N I NN S & NG A ) IVENE TR
fRlkE . B EIRE). YR REES; G
JETHPS M RS Z B AR P= i R D g 2 IR
EBAE)Z R 5 B CEFEA His
MRS BOE A SRS AT RS W . YRR fg
AT REOE . A A bR AR D) . IR (f
FESERSEAN B Febs Tl &k A=
ERE RN AERSE R (ISR
R AR R BB U ) &, %
SEHOE I RGBT, N SR iR R )
I 25 T KB TR T AT IR R
1.4 RS R 550 B AR B —ARESE

FETULE 3 AR, 25 Al RS aiR K
WA — AR, I 2 s

FEAMELLNE B T m) R AR ) Erikss S . 7
BT R84, e s L AR C AR AL )
GARE SR R W R WA Y A E P Y U e
X R G ERE RE R, [ AT LA %47
MEARHERLTE, Ll TEC 62264 brdft ol il R4 2h
BEZX IR E XN IBC 62794 epin) Tl b R 4510
MESKN5Y, B 0] A2 AR, LN Aspen Plus.
Aspen HYSYS. PetroFine*V25 15 FH {1k i F s 761
REnE L. fEAEm By, R —
IR B R R A Ry Al = A O E AT e Y2 e s N 4]

___________________

SR SRR . S A B A RS R
i, SR BIRAERL. ARECR AR LA D,
SRAFFIRS] o ET R T ARG M S
M RRAR, TSR A S AT %,
T LM, EISWEemE, 2T
fitt, PRSI AR AR B A S SR . Sk
SERCEIR B R

e SR N ORE /NN A E e (7 S 8 e
PALFE RPNk P R
Methontology :17V4%, 2% SCik[54] b %t Lk T3
(1 AR A4 ey g 7 3 0 HE R SR Y T o DA A ek AR
WIF R S ), HOD IR S
O E AR ; @% & HIA A
s @FH AR R EARE; @ R
Mgk R @ SRR YE; © B PEM 431 ;
@f s, Kou C 2 NP5 148 - 2b kit
TR I — AN HAR B« 5 F TRk ¥ 40
PR TR L 3E Protége™! . OIIEdPY |
WebODEP I OntoEditl*®2%

75 ) A AR R (3 5y, 75 05 =
B RN SR A B A TR A, I T R 2 4
Pk Edl CEhndhl RGusT H D AR bt
i CLLW RGEUEAFEERAE T HEAT AN RHHE, 4R
LSRR, SRAGARSER], PN REUAR
o I EEDUIRIGH F A T BT A4

OB LT 5 MBI A T A A e, A
L SRR PR e (A QSR o i FH PR 0 4 A

\

A PPAS

B i b
e :| LRAKNE |
PR :
i Rk
Tolk sk
- Sl
SeHE (TR

Jefk R

R AR

|
|
|
|
|
|
i 1A T A |
L REALBE SR ! B
B N B !
T Ul ps e
RERH : Kt
|
kg
! B
|

B2 iR GERR A ) BHESE



£

PRRFEE: AR TP B R S AR s R - 133 -

7L G HAE WS (direct mapping, DM) Al
R2RMLP . % JH i T H £ 36 D2rQI™Y |
MASTRO"™, Ultrawrap'®?'. Morph-RDB!®*/4

@AM 2 iy 2 AR, B e HIR
e I BB IR P B 4 A . SRR v ]
DLAF M SE TN TGRS TR 2 — K
ST ) ) 7 9 T 2 el A SR AN TR R I R
GEIRER NI SRR VR % &R p IR SN IR E SR
SR TG s A E R R SRS T
BRIV IS 44 SRR . & BT E A dE
ZAEBEN AR (conditional random field, CRF) [,
e KA AR ARO0OT s 1y IR ] SRRSO A T R
T R AR o Spb vl 288, R P 2 ST (W )y
VEA VR B ph 2 I 25 1 )t AN B v 2 o Bk R
1k, HE MM INEE SR Mg KR IHIdZ
(long short time memory, LSTM) #1525
M2 g, LRSI R G AR b g, JE T
U 7208 F TN Tl bkam. S50 ar i
ol (k&R R g T Hi&)s ETg00
FREE A7 S 708 TR o 4544
PEZE B CEEan G TR R I 4D

@I F A& P Hh B S 78 5 R G008 K I 4L
P b ECSE AR TR R SOR R O T L4y
EET RN T LA I RIS . TR ) 5
RSl N T el 2% SRR, R E LT
RIS VT FC XS SIEAAR G R AT ORI o RS A2
FEAR Z /b, JETHLA 2 I 171 0] BLor A A e
BT VRN G B Tk SR, A B vk
T % o8 B 1) 05 VO OVRIE T A 4 I 4% 1 kB0
S, 59 B T BT AR PR TR S R
L8351

@SR S A B 2 A i 44 SEAR R AR —
AN SR R 2 A SRR B[] — i 44 SEAR IS L. LG
W “PLCHO18” A “18 “Siiilas” 4RSS N 18
P g Rt ARl Rl —MERI RGP e 2
A MR s AFEIRESE CRFERTE” 1] AN
RIS AT 05 1) 92 200 B BB 2 0 i 18
FOIET SR BRI 500,

ST VPl X E RN R ol BEREAT VEAS, R
A FE R B AR, NI CRAIE S R i . 78 35
UG, ©A A2~ 3 (reinforcement learning,
RL) PUAN Logistic [F19245 5 . (H BT ¥ A 50
PEAL T AR N T A%, S A 2 &

FAT N T H o

TERAE AT T, SR B H FH BAAAds oh
RDF R AHH PEFT K . RDF R 25 R 5
P E TR R e A EMR, el AR,
A SO R 24 B I F8SK - RDF R 455 &
AR, 45 Jena™) . Oracle®™ 1 3store™!
S BIEAE PR BRI TR B 1 Sl e ik B
RIS B s, SRR R
18 ORI AU AR BT A OK . W 0 BB R
Neo4j™, OrientDB®"'fil HyperGraphDB™¥4%, 4,
X TR N T 48— B 7 5 SRR
AT ) s AT AR AS [F) 2 v 5 ) LA

2 iR Tl sl R a FIR B A E =51
— LSRR R EIBE S A

AT RAEVUE T R A WA BB 9t 5=
EIRATSS, A5 B ER T = AR s g p g R
AR T A5 DB P48 B ) E 2T 55 2 S
NYIBRGMARL, R R LR B
ARG BB AR E s b, DUSEILS =5 5
FEAUE B, AT USRI . AR N
W SRR B PR . RRAERE S AN T I
2.1 FNEKRIE

FEAIRRYE b, H TR A5 S B 5% 7 A
TR IR AT BAG3 A PR 43 RIS R R S v
BN, TR SN R SR GG, e e
R BN AR R R AREE S RS
s AHRTCVEAEAMB TR E R B AR, XK 5H
— ke F AL P

FEGURE T R G A B B 28 7= 45 3T
ZH, FFIBCE Fn T AL RE R e YR A5 B A
YIBRA S ROV HLERAE, 385 ] DU R ROR SOR R
FHOCI s rh R B o R e A L N\ DS Bl R
NRSAITEAE S (IR a8, RNVE. i
PRI I ATEAE R R EglEs . JF
Ky BN AR IKSAE . L. FE. PIZREE),
fi B (AR HAs A R e Bl . SERHzsqT
FUZWiEdE . PRI RE S 7T SR EE . o 2k = 4ahn
HPnaE) KILUOH . RN B L R G U
PRI RGEAET M SRR E AR S % 3
P& IR Bk, BEE B . SR FEE
FER S S A, B S SORY . BT T A
A&t -



- 134 -

BRERH SRR

544

2.2 AR{URHIE

PN AR e PN E RTINS R E N s A e R i i
Ko EETR R, L5 SR EE 5
JZs X AR B T A R . A R R
oy, MBI IR R . S, T AR L
SR kL

Pl R G AE S BB = S0 R S AR B T )
NEIREFR LA 3 R

B i 35 2 e 5 S B

Ak ||
Vi P R AR T

U

FIBEH
SAMAE

Y

T LKA
B2 IR &

& XA

%= KB

[—

|—

3 PRI RGE BT AR E AR B TR R AR

S AR AT R o AR TR P R A
SETLRE TG R A NG SR B =S 2, Hbr
T 3k R A R B 7 SR ke 3 s i R e
e P AR

RIEHIEEHOARAAE., XHREEEH
OntoCAPE A 1001021 o JL s 4k, 1 o R T A
R B AR, iR 75 ik Tl AE
ST = Bh b SRS, LR N )
N CE F L) % 4% . OntoCAPE " ) “ J& A
(Fixture)” 28 b o F 720 | 4 pros, LU
[l 2 B4 “Fixture” MEZ B, 45T OntoCAPE
AR — AT BT AR 1T E B EE R S £y
[k, OntoCAPE FZZ5 & T W B (& A
PE, HE BEE > . OntoCAPE H AAD 25 MR
O i T LA

I A I R GG B B
R, SR JZRRR, w XCRENE, XA
PRI R . B RS BT AR B 1) 5

RIS S B 5 s, i3 5
s Bk WEMSEPYRIE, BRI LA
TPRET TR REtEar AU S5 44 Jm k. T
REmYE. YERERmYE. RLE L. CLEE L 5 A5
& R T LGRS R B R A
T U, 42 R R G ST U 1
SIRMK R EEWE 6 Frr. B 6 il “ai
PN w7 S M 4 0 DN B S iy
A M “SRJmBUR " SRR R “ bR “RN”
“HMH O CHEEERARET AT M “HTT AT N
RER R

plant

A

|Shell| |TubeHTubeBund1e| |Stirrer| |Jacket| |Tray|
4 OntoCAPE ] “Fixture” 2K Hi ] 72000

16 BRI bR AR b, AR TR T
RGO S5 A B s P A NS R OC &R, ik
A AR S, e, T 3 A R a4k
FWAARA B EE S, K CAS 5 1EN
FtE A KA Z D Sk s Rl Al &4t
— i AR S ORI U N R B A . i T4
E s, B AT AR, AR SRRl B () S A4
MRRIATERN LA, e 58 AR
2.3 FIRIHER

AV AP DR e, N T
W 40 Ak SRJE, A 44 SEAR IR o6 2R H e 1
TE A 1 iy 4 SEAAR S DO IR S ) DG BE o ) T- 45
T A Fc s A0 1 S5 AL A Bt AT R RS TR0 ) vk
BEATHIIRG,  Boan W AR IR AS 7 OB “ A
HUMS ” “ FBGLERE VT B IR AR AR AT Y

]
%#//1§ £ Tk

Lo ] (e ] L
o AR hwm b n
(magdr | (aawr) (wwsswrsms B oees)aaes) (Enen)zmn)
?3?%;’3 N - By SV VW T ?V%'s\?ﬁ\
% W) (i) (2 TR | (g 3 |z i 5% |
i) et 0 B ) | A7) AT (e e e e ks
Bl S Rt A R T 0 43 2K e 4



£

PRRFEE: AR TP B R S AR s R - 135 -

BN A AR R 4 KB TT VRA CE BER, TER
Ko M TARGE KB SCARE S, v LU R L T
B2 SR 7 EREAT fim 4 SR . HAARSK UG, 1k
X SCAKG A BEAT ) o BRI F 55 53 ff 5 AR G EAT
F- B iy 44 SEAR BRI TR R, B AT TR
TR PR T (1 2 A 25 HSCH N R E A 2 BB R AT I o
FEREZE £ |-, LSTM M 44 A1 CRE 45 45 (1 75 %7
Al 25 BERT (bidirectional encoder represen-
tations from transformer) +CRFUHHS & 45 R 1 %
27 )RR o il A 44 S ARG RN, R TS5 AL
A A0 g A A B, T DT B K S BRI
AT R R HL . X T A4 d th i) SCA K s, IR FF
A5 R FH SCAS St ey g 1 o R 2R R AT VR A )
(IR i {58 I N Bk =< P & DY W 1S TR
A2 W 2 T LRI 4 G R R R I T
ERSHIOEYE A

uyiaye s ‘E%%j
s n

Wik
—{ ]

NN ;
B | MR ok R b
s

4 //
Wi
.
HR T
L T l@'

B 6 PRGN AR R 4 SRR SRR R

2.4 TIRHBEFIREITE

EESY/E: SN S LRSS G P S E RSN S
] RS N 3 R 2 SR AR, Uik A A
0 1e) 1 S I ) e X e 6 () B B 2. A LR
TP FN EE, AMES R SRR 2
MERZSL, FERENEE T HARRE T
FER RGP G R L, R a PR . R,
Ak 2 W48 1) SE AR B T — P AT 2 AT
B@jﬁ‘\zz[24,87,105]0

TRV, AT LR AL A EL A T
Jiidie FAAKDL, AR BRI T 2R
PERIDIREIZ R, AEAHR ML IR SR 2R 560 P 3%
R T AT X TR BCE A AR AR,

-
gy

SRR TR T — 2 IR
2.5 HATENE

W g R P A A i 7 XA S L Jena
3store ALK ) RDF £ EH5 FEFILL Neodj HARHE
1 B 20 e o 31X L 7 F gl P — {7 7 2 (Tennessee
Eastman, TE) UMk Tl FE#5 i R 405 B %
FEHENR B R — 885y, wE 7 B, b E e
TRACER AL T, ey SRR,
KRBT R AR S N, S e AR AR A
SO AR EE, HAGHIRE., WERE,
NNV REE | AR . S 5 SRR SL 71 AN
M 152 434, 308 AN RUBPEAT 177 ANk .
ZAIH A6 T Neodj &I 5cdm %1%, TE 4L T
T AR R G AE B HE B 0 R ) 8 4 R
JEPEILE 1.

1 TE £ T RIZF R G E 2 YE
HEMIREERES XREMS

e HKJEtk
BYAZR (REAL, BRSNS, @R, CW, SN, SR

K, R, fiE)

WEARR (RRA, BRSNS, @R, CW, SEahE, KA
A, B, A ED

RNEE REA, FESS, CE, Wi

flelkas (feIRas 2, (SRS, REEIIR, ()

WS (HRA, SEMS, BATRM. SV, BB

3 KRFKMREE

AR P RE A A R A B R R G
2R SRR, AR RGN R R 256 F R
EH B LA 0 R EEEAE A .

3.1 EEYPIEETEE

IR Tl 45 il R G0 R AR B T W B SRS B
PRI BB RS, W W) i N . P EA
RN AR MRS WS ITEIR
% AEfEBEA S WEw R BUlE. Bk, 5. i
{EFERAF B o W IX LR YRS B A N FniH k=%
KR, A X RS E B R P AT = 8
B bt NSy LA fE L DL R TR X E M
i JE 7R T YR SRR YR SR O R s B R
B8, AT LI SRR ORI DG R IEAT & 5
) R HER A, ] DL A o ] (1) Bk ORI O
Fo {EXJ700, Zhou X C &5 \MOO10hgge 74 T/
PRI AR R 25 B R K ik ) i o Farazi F



- 136 - BRERE S EARR

04t

2

@ (%

¥ 7 Tennessee Eastman ft, T i F4x R Sifs B HL R P A0 iR E i o n s B

2t NI R b 2 LB AR TR A il 8 R 3 o
3.2 EEIE

B AR AR RN UL T g AR M 1) A RE AL
(RN B Tk b R S Thhg b
BA Sy )REq M, W8 TE BT i 2 2.
HTR B E G R BEAR A I RR e, e AR
DIReE IR Z R BX &, X ok AR P~ B R
KIS RMATEIL, NI A AU SIS R IS . 7
X710, FEF AR ) J-Park Simulator 15 5o &
R HAREEN TSRS, CegH Tatedr=id
FE M4 BRI AL,
3.3 BITREE S

P R G HIE AT WS B SR e 22 50 4 B

FIWr, ML KRN MES H IR FiR R s
1 RS TR, A7 BT RS A FREAT B 3h 7 A
AN AR . Lo, R R getr T R 1
S, PO E . W kA
IRNINES (< C N (9 PN N € NS TER /NN G <
WA R PR SR IR U 7 AR, AT
R I AT KSR i o 2 B R 2R BN, 5 1)
IR %, AT LS BRI PR XS, PR 2% (1 7 A )
Bry B RIES AN BT A . eAk, BRI
B, TN C A AT R AR Z A A
LI PR ARG AR o AEIXTT T, 227 SCHR[26] 41 X
IR AR R RE A T 2 A AR I T XU
Orrs B2 SCHR[A20ET AL AR o (R fe b i i



5513 PRRFEE: AR TP B R S AR s R - 137

B T fE Ak S B AR P 0
3.4 KBEIEFRTRN

Tk R FHEE 4, ok Rk
e, AT ZEER, wiTREM—E&HEAAN
WK T RGNS L, ) L SR
T, T] RLA SCH AR R AR IR HE A PR S R . L
W, K GORIEIAR N 53 G T8 5 22 [R5 M 5 55 01 N
HEIC R I L 90 A7t 7 AR B v, K5 18 B ]
28 W 25 ST AR R OB R B PN TRY o X 78 50 )
M T LHRAER, BT OCHEAE 48 b5 16 0 KT
. EXTTTH, WuD'Y 25 A7 ik gt ) L T
DABERY 255 77 TR T R M ) A%
35 EHEZBIEMN AR

MA TR ARG — R EHH 2, %
B A TN RIS AZ AT 55 25K, 183
ANTR][E] 28 F0 2 2 ) 42 ) B, R g 2
PID. A5 2 SR04 1) T [ o 42 ) 22 b 4 il O v,
P LSRRI T KER . BT
FIHIHE LR AR RGN E H
ZAt BVERRE . EASE L eI IRAF
NNV T, A7 B TSI R A IS Y R
oLl KT PID 8 R E SRR Y
FUCRAF B AR BG4 2R G0 WA O (0] S 6 &
SIS HR G AL PR R A e OE B A S
£, B HETE GOSN A IR R IR

4 HRIE

FOAR I A B B 4k, 45 A B U7 2
FARE S A PEOR, BERes QUM RIS I 1L 5 R
BN, WAeNS A AN IR R G 2 U5
Hlla AR AR TV REAL R RETT DR A
Ko FREE S HESD 2 AR S0 REA A AN ] sl
RIFERRBEIE, SIE TS 20T, ARSCH G
X BLA PR 2 1) 2R 48 VR I o g o A AT T [ et
MG, gl 7 AU RR S R ik R
Jas ASCHT TR ARG SIS 1L S THE
T 28 e VR I 1% P ALy s B U R AL S iR O LA )
ARG S BB AR B0 134T T B TR
M. foem, ASSCET Y TR R SR K T RE
RS AW LT

FIARP AT A — T DR, AR R g 1)
AR AR T A AT . AR SO B REDAG 51 K, WS
LEWHTE SNSRI AR G AR B T .

S 3

[1] FERRUCCI D, LEVAS A, BAGCHI S, et al. Watson: beyond jeopar-
dy![J]. Artificial Intelligence, 2013, 199/200: 93-105.

[2] FENSEL D, SIMSEK U, ANGELE K, et al. Introduction: what is a
knowledge graph?[M]//Knowledge graphs. [S.1.:s.n.], 2020: 1-10.

[3] WANG Q, MAO Z D, WANG B, et al. Knowledge graph embedding:
a survey of approaches and applications[J]. IEEE Transactions on
Knowledge and Data Engineering, 2017, 29(12): 2724-2743.

[4] LEHMANN J, ISELE R, JAKOB M, et al. DBpedia-a large-scale,
multilingual knowledge base extracted from Wikipedia[J]. Semantic
Web, 2015, 6(2): 167-195.

[5] BOLLACKER K, EVANS C, PARITOSH P, et al. Freebase: a colla-
boratively created graph database for structuring human knowledge[C]//
Proceedings of 2008 ACM SIGMOD International Conference on
Management of Data. New York: ACM Press, 2008: 1247-1250.

[6] SUCHANEK F M, KASNECI G, WEIKUM G. YAGO: a core of
semantic knowledge[C]//Proceedings of the 16th international confe-
rence on World Wide Web. [S.1.:s.n.], 2007: 697-706.

[77 MITCHELL T, FREDKIN E. Never-ending language learning[C]/
Proceedings of 2014 IEEE International Conference on Big Data. Pis-
cataway: IEEE Press, 2014.

[8] ROTMENSCH M, HALPERN Y, TLIMAT A, et al. Learning a health
knowledge graph from electronic medical records[J]. Scientific Re-
ports, 2017, 7(1): 1-11.

[9] ZHANG Y, SHENG M, ZHOU R, et al. HKGB: an inclusive, extensi-
ble, intelligent, semi-auto-constructed knowledge graph framework for
healthcare with clinicians” expertise incorporated[J]. Information
Processing & Management, 2020, 57(6): 102324.

[10] MAFL, YOU Q Z, XIAO H P, et al. KAME: knowledge-based atten-
tion model for diagnosis prediction in healthcare[C]//Proceedings of
the 27th ACM International Conference on Information and Know-
ledge Management. New York: ACM Press, 2018: 743-752.

[11] CUI L M, SEO H, TABAR M, et al. Deterrent: knowledge guided
graph attention network for detecting healthcare misinforma-
tion[C]//Proceedings of the 26th ACM SIGKDD International Confe-
rence on Knowledge Discovery & Data Mining. New York: ACM
Press, 2020: 492-502.

[12] V%, SRigel, EEI, 55 BB g O B R it s it
JE[I]. KERE, 2021, 7(4): 80-104.

TAN L, E H H, KUANG Z M, et al. Key technologies and research
progress of medical knowledge graph construction[J]. Big Data Re-
search, 2021, 7(4): 80-104.

[13] CHEN P H, LU Y, ZHENG V W, et al. KnowEdu: a system to construct
knowledge graph for education[J]. IEEE Access, 2018, 6: 31553-31563.

[14] SHI D Q, WANG T, XING H, et al. A learning path recommendation
model based on a multidimensional knowledge graph framework for
e-learning[J]. Knowledge-Based Systems, 2020, 195: 105618.

[15] CHIY, QINY, SONG R, et al. Knowledge graph in smart education: a
case study of entrepreneurship scientific publication management[J].
Sustainability, 2018, 10(4): 995.

[16] LIU Y, ZENG Q G, ORDIERES MERE J, et al. Anticipating stock

market of the renowned companies: a knowledge graph approach[J].



* 138

BRERH SRR

544

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Complexity, 2019: 9202457.

FU X Y, REN X Q, MENGSHOEL O J, et al. Stochastic optimization
for market return prediction using financial knowledge graph[C]//
Proceedings of 2018 IEEE International Conference on Big Know-
ledge. Piscataway: IEEE Press, 2018: 25-32.

DING X, ZHANG Y, LIU T, et al. Knowledge-driven event embed-
ding for stock prediction[C]//Proceedings of the 26th International
Conference on Computational. [S.l.:s.n.], 2016: 2133-2142.

WANG C, ZHU H Y. Representing fine-grained co-occurrences for
behavior-based fraud detection in online payment services[J]. IEEE
Transactions on Dependable and Secure Computing, 2020, 19(1):
301-315.

CHEN W, ZHANG X, WANG T J, et al. Opinion-aware knowledge
graph for political ideology detection[C]//Proceedings of the 26th In-
ternational Joint Conference on Artificial Intelligence. California: In-
ternational Joint Conferences on Artificial Intelligence Organization,
2017: 3647-3653.

LIU S, YANG H, LI T, et al. Preliminary study on the knowledge
graph construction of Chinese ancient history and culture[J]. Informa-
tion, 2020, 11(4): 186.

FAN T, WANG H. Research of Chinese intangible cultural heritage
knowledge graph construction and attribute value extraction with
graph attention network[J]. Information Processing & Management,
2022, 59(1): 102753.

PEJT, X, PRIR. KEARHARLE S A WGP N HATSE]. K
K, 2020, 6(1): 99-118.

LI WY, LIU J, CHEN N. Application research of big data technology
in rural portrait[J]. Big Data Research, 2020, 6(1): 99-118.

LIX Y, LYU M T, WANG Z X, et al. Exploiting knowledge graphs in
industrial products and services: a survey of key aspects, challenges,
and future perspectives[J]. Computers in Industry, 2021, 129: 103449.
EIT. FRE L BURROA S D] KRB, 2021, 703):
42-59.

WANG W G. Knowledge graph reasoning: modern methods and ap-
plications[J]. Big Data Research, 2021, 7(3): 42-59.

MAO S, ZHAO Y M, CHEN J H, et al. Development of process safety
knowledge graph: a case study on delayed coking process[J]. Comput-
ers & Chemical Engineering, 2020, 143: 107094.

ZHOU L, PAN M, SIKORSKI J J, et al. Towards an ontological infra-
structure for chemical process simulation and optimization in the con-
text of eco-industrial parks[J]. Applied Energy, 2017, 204: 1284-1298.
CHEN Z Y, LIU Y, VALERA-MEDINA A, et al. Multi-sourced mod-
elling for strip breakage using knowledge graph embeddings[J]. Pro-
cedia CIRP, 2021, 104: 1884-1889.

SHEN G W, WANG W L, MU Q L, et al. Data-driven cybersecurity
knowledge graph construction for industrial control system security[J].
Wireless Communications and Mobile Computing, 2020: 8883696.
GRUBER T R. A translation approach to portable ontology specifica-
tions[J]. Knowledge Acquisition, 1993, 5(2): 199-220.

STUDER R, BENJAMINS V R, FENSEL D. Knowledge engineering:
principles and methods[J]. Data & Knowledge Engineering, 1998,
25(1/2): 161-197.

PRIGAR, KR, WO, S ARERSREARZOA]. BT RHEK

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

2224R], 2016, 45(4): 589-606.

XU Z L, SHENG Y P, HE L R, et al. Review on knowledge graph
techniques[J]. Journal of University of Electronic Science and Tech-
nology of China, 2016, 45(4): 589-606.

X, b, Bk, A5 SRR SR GRS
K, 2016, 53(3): 582-600.

LIU Q, LI Y, DUAN H, et al. Knowledge graph construction tech-
niques[J]. Journal of Computer Research and Development, 2016,
53(3): 582-600.

ZHAO Z, HAN S K, SO I M. Architecture of knowledge graph con-
struction techniques[J]. International Journal of Pure and Applied Ma-
thematics, 2018, 118(19): 1869-1883.

FULJ, YV B, ZHONG Z Y. Constructing a vertical knowledge graph
for non-traditional machining industry[C]//Proceedings of 2018 IEEE
15th International Conference on Networking, Sensing and Control.
Piscataway: IEEE Press, 2018: 1-5.

LIANG H, PENG X J, ZHAO N N, et al. An approach of top-down
electric generation knowledge graph construction[J]. IOP Conference
Series: Earth and Environmental Science, 2021, 661(1): 012021.

KOU C, LIU T, MA L, et al. Construction and application research of
knowledge graph in spacecraft launch[J]. Journal of Physics: Confe-
rence Series, 2021, 1754(1): 012180.

JIA'Y, QI 'Y, SHANG H, et al. A practical approach to constructing a
knowledge graph for cybersecurity[J]. Engineering, 2018, 4(1): 53-60.
Seyltlde, FOh, RIS, . A SR RHR OIS TR B,
FEHEAFIEEAT]. B ReRFA SR 244R, 2020, 2(3): 214-226.
CHAI H F, WANG S, TU X J, et al. Intelligent innovative regulatory
tools on financial technology: concept, platform framework, and pros-
pects[J]. Chinese Journal of Intelligent Science and Technology, 2020,
2(3): 214-226.

Mrum, AUALAE. e T < iR E i
Hi#hw, 2021, 7(3): 116-129.

CHEN Q, DAI S Y. Recognition method of accounting fraud risk based on
financial knowledge graph[J]. Big Data Research, 2021, 7(3): 116-129.
MEILICKE C, CHEKOL M W, RUFFINELLI D, et al. Anytime bot-

G THRVE R P TTVET]. R

tom-up rule learning for knowledge graph completion[C]//Proceedings
of the 28th International Joint Conference on Artificial Intelligence.
California: International Joint Conferences on Artificial Intelligence
Organization, 2019: 3137-3143.

ZHENG X, WANG B, ZHAO Y M, et al. A knowledge graph method
for hazardous chemical management: ontology design and entity iden-
tification[J]. Neurocomputing, 2021, 430: 104-111.

IEC. Enterprise-control system integration — Part 1: models and
terminology : IEC 62264-1: 2013[S]. 2013.

SIENIUTYCZ S. Complexity and complex thermo-economic sys-
tems[M]. [S.L.]: Elsevier, 2019.

RAJKUMAR R, LEE I, SHA L, et al. Cyber-physical systems: the
next computing revolution[C]//Proceedings of Design Automation
Conference. Piscataway: IEEE Press, 2010: 731-736.

QIAN F, ZHONG W M, DU W L. Fundamental theories and key
technologies for smart and optimal manufacturing in the process in-
dustry[J]. Engineering, 2017, 3(2): 14-27.

RN, SR, PR, A VRIS IR ol R A



b PRRFEE: AR TP B R S AR s R

* 139 -

[48]

[49]

[50]

NI B ReREE SRR R, 2020, 2(2): 107-115.

YUAN X F, WANG Y L, YANG C H, et al. The application of deep
learning in data-driven modeling of process industries[J]. Chinese
Journal of Intelligent Science and Technology, 2020, 2(2): 107-115.
IEC. Industrial-process measurement, control and automation-reference
model for representation of production facilities (digital factory):
GB/Z 32235-2015[S]. 2012.

WAL, VK, SUUEL e Dl BRI AR W
JEEA[T). E3Mk2IR, 2017, 43(6): 902-916.

HUANG D X, JIANG Y H, JIN Y H. Present research situation, major
bottlenecks, and prospect of refinery industry process control[J]. Acta
Automatica Sinica, 2017, 43(6): 902-916.

NOY N, MCGUINNESS D L. Ontology development 101: a guide to
creating your first ontology[R]. 2001.

[51] DAVIES J, FENSEL D, HARMELEN F V. Towards the Semantic Web:

[52]

[53]

[54]

[53]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

ontology-driven knowledge management[M]. [S.l.]: John Wiley &
Sons, 2003.

GRNINGER M, FOX M S. Methodology for the design and evalua-
tion of ontologies[C]/Proceedings of the 14th International Joint
Conference on Artificial Intelligence. [S.1.:s.n.], 1995.

LOPEZ M F, GOMEZ-PEREZ A, SIERRA J P, et al. Building a chemical
ontology using Methontology and the ontology design environment[J].
IEEE Intelligent Systems and Their Applications, 1999, 14(1): 37-46.
CRISTANI M, CUEL R. A survey on ontology creation methodolo-
gies[J]. International Journal on Semantic Web and Information Sys-
tems, 2005, 1(2): 49-69.

NOY N F, FERGERSON R W, MUSEN M A. The knowledge model
of Protégé-2000: combining interoperability and flexibility[C]//Pro-
ceedings of the Knowledge Engineering and Knowledge Management
Methods, Models, and Tools. [S.1.:s.n.], 2000.

BECHHOFER S, HORROCKS I, GOBLE C, et al. OilEd: a rea-
son-able ontology editor for the semantic web[C]//Proceedings of
2001 Annual Conference on Artificial Intelligence. [S.l.:s.n.],
2001: 396-408.

ARPIREZ J C, CORCHO O, FERNANDEZ-LOPEZ M, et al. We-
bODE: a scalable workbench for ontological engineering[C]//Pro-
ceedings of the Ist international conference on Knowledge Capture.
[S.l.:s.n.], 2001: 6-13.

SURE Y, ERDMANN M, ANGELE J, et al. OntoEdit: collabora-
tive ontology development for the semantic web[C]//Proceedings
of 2002 International Semantic Web Conference. [S.1.:s.n.], 2002:
221-235.

HERT M, REIF G, GALL H C. A comparison of RDB-to-RDF map-
ping languages[C]//Proceedings of the 7th International Conference on
Semantic Systems. [S.1.:s.n.], 2011: 25-32.

SPANOS D E, STAVROU P, MITROU N. Bringing relational databases
into the Semantic Web: a survey[J]. Semantic Web, 2012, 3(2): 169-209.
BIZER C, SEABORNE A. D2RQ-treating non-RDF databases as
virtual RDF graphs[C]//Proceedings of the 3rd International Semantic
Web Conference. [S.1.:s.n.], 2004.

CALVANESE D, DE GIACOMO G, LEMBO D, et al. The MA-
STRO system for ontology-based data access[J]. Semantic Web,
2011, 2(1): 43-53.

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

SEQUEDA J F, MIRANKER D P. Ultrawrap: SPARQL execution on
relational data[J]. Journal of Web Semantics, 2013, 22: 19-39.
PRIYATNA F, CORCHO O, SEQUEDA J. Formalisation and expe-
riences of R2RML-based SPARQL to SQL query translation using
morph[C]//Proceedings of the 23rd international conference on World
wide web. 2014: 479-490.

MCCALLUM A, LI W. Early results for named entity recognition with
conditional random fields, feature induction and web-enhanced lex-
icons[C]//Proceedings of the 7th Conference on Natural Language
Learning at HLT-NAACL 2003. Morristown: Association for Compu-
tational Linguistics. 2003: 188-191.

BORTHWICK A E. A maximum entropy approach to named entity
recognition[D]. New York: New York University, 1999.

MIKHEEV A, GROVER C, MOENS M. Description of the LTG
system used for MUC-7[C]//Proceedings of the 7th Message Under-
standing Conference. [S.1.:s.n.], 1998.

BIKEL D M, MILLER S, SCHWARTZ R, et al. Nymble: a
high-performance learning name-finder[C]//Proceedings of the 5th
Conference on Applied Natural Language Processing. Morristin: As-
sociation for Computational Linguistics, 1997: 194-201.

SUN J, GAO J F, ZHANG L, et al. Chinese named entity identification
using class-based language model[C]//Proceedings of the 19th Interna-
tional Conference on Computational Linguistics. Morristown: Associ-
ation for Computational Linguistics, 2002.

ZHANG H P, LIU Q, YU HK, et al. Chinese named entity recognition
using role model[J]. International Journal of Computational Linguis-
tics & Chinese Language Processing. 2003, 8(2): 29-60.

DOWNEY D, BROADHEAD M, ETZIONI O. Locating complex
named entities in web text[C]//Proceedings of the 20th International
Joint Conferences on Artificial Intelligence. [S.1.:s.n.], 2007: 2733-2739.
SEKINE S, GRISHMAN R, SHINNOU H. A decision tree method for
finding and classifying names in Japanese texts[C]//Proceedings of the
6th Workshop On Very Large Corpora. [S.1.:5.n.],1998.

LAMPLE G, BALLESTEROS M, SUBRAMANIAN S, et al. Neural
architectures for named entity recognition[C]//Proceedings of the 2016
Conference of the North American Chapter of the Association for
Computational Linguistics: Human Language Technologies. Strouds-
burg: Association for Computational Linguistics, 2016.

WIGE, W e, BREIER, & SRR RSN, K
Hidis, 2021, 7(3): 80-96.

HUZL,JIN XL, CHENJY, et al. Construction, reasoning and appli-
cations of event graphs[J]. Big Data Research, 2021, 7(3): 80-96.

R, SRR, TR, 45 ARREREIMI. dbat mAEEOE ik, 2018.
ZHAO J, LIN K, HE S Z, et al. Knowledge graph[M]. Beijing: Higher
Education Press, 2018.

ZELENKO D, AONE C, RICHARDELLA A. Kernel methods for
relation extraction[C]//Proceedings of the ACL-02 Conference on Em-
pirical Methods in Natural Language Processing. Morristown: Associ-
ation for Computational Linguistics, 2002.

BUNESCU R C, MOONEY R J. A shortest path dependency kernel
for relation extraction[C]//Proceedings of the Conference on Human
Language Technology and Empirical Methods in Natural Language

Processing. Morristown: Association for Computational Linguistics,



. 140 - FREREE S HAR

544

2005: 724-731.

[78] ZHANG M, ZHANG J, SU J, et al. A composite kernel to extract
relations between entities with both flat and structured fea-
tures[C]//Proceedings of the 21st International Conference on Compu-
tational Linguistics and the 44th Annual Meeting of the ACL. Morris-
town: Association for Computational Linguistics, 2006: 825-832.

[79] ZENG D, LIU K, LAI S, et al. Relation classification via convolution-
al deep neural network[C]//Proceedings of the 25th International Con-
ference on Computational Linguistics: Technical Papers. [S.l.:s.n.],
2014: 2335-2344.

[80] WANG L L, CAO Z, DE MELO G, et al. Relation classification via mul-
ti-level attention CNNs[C]//Proceedings of the 54th Annual Meeting of the
Association for Computational Linguistics. Stroudsburg: Association for
Computational Linguistics, 2016: 1298-1307.

[81] SOCHER R, HUVAL B, MANNING C D, et al. Semantic composi-
tionality through recursive matrix-vector spaces[C]//Proceedings of
2012 Joint Conference on Empirical Methods in Natural Language
Processing and Computational Natural Language Learning. [S.l.:s.n.],
2012: 1201-1211.

[82] MINTZ M, BILLS S, SNOW R, et al. Distant supervision for relation
extraction without labeled data[C]//Proceedings of the Joint Confe-
rence of the 47th Annual Meeting of the ACL and the 4th International
Joint Conference on Natural Language Processing of the AFNLP: Vo-
lume 2. Morristown: Association for Computational Linguistics, 2009:
1003-1011.

[83] RIEDEL S, YAO L M, MCCALLUM A. Modeling relations and their
mentions without labeled text[C]//Proceedings of the Machine Learn-
ing and Knowledge Discovery in Databases. [S.1.:s.n.], 2010: 148-163.

[84] NGUYEN T V T, MOSCHITTI A. End-to-end relation extraction using
distant supervision from external semantic repositories[C]//Proceedings
of the 49th Annual Meeting of the Association for Computational Lin-
guistics: Human Language Technologies. [S.1.:s.n.], 2011: 277-282.

[85] BAGGA A, BALDWIN B. Entity-based cross-document coreferencing
using the vector space model[C]//Proceedings of the 36th Annual
Meeting on Association for Computational Linguistics. Morristown:
Association for Computational Linguistics, 1998: 79-85.

[86] MANN G S, YAROWSKY D. Unsupervised personal name disam-
biguation[C]//Proceedings of the 7th Conference on Natural Language
Learning at HLT-NAACL 2003. Morristown: Association for Compu-
tational Linguistics, 2003: 33-40.

[87] MALIN B. Unsupervised name disambiguation via social network
similarity[C]//Proceedings of the Workshop on Link Analysis, Coun-
terterrorism, and Security. [S.1.:s.n.], 2005: 93-102.

[88] MEDELYAN O, WITTEN I H, MILNE D. Topic indexing with Wiki-
pedia[C]//Proceedings of the AAAI 2008 Workshop on Wikipedia and
Artificial Intelligence. [S.1.:s.n.], 2008: 19-24.

[89] HAN X P, SUN L, ZHAO J. Collective entity linking in web text: a
graph-based method[C]//Proceedings of the 34th International ACM
SIGIR Conference on Research and Development in Information Re-
trieval. New York: ACM Press, 2011: 765-774.

[90] WEN P M, YE Z W, DING W J, et al. A review of research progress
on the disambiguation of named entities[J]. Data Analysis and Know-

ledge Discovery, 2020.

[91] TAKANOBU R, ZHANG T Y, LIU J X, et al. A hierarchical frame-
work for relation extraction with reinforcement learning[J]. Proceed-
ings of the AAAI Conference on Artificial Intelligence, 2019, 33:
7072-7079.

[92] FADER A. SODERLAND S. ETZIONI O. Identifying relations for
open information extraction[C]//Proceedings of the Conference on
Empirical Methods in Natural Language Processing. [S.l.:s.n.], 2011:
1535-1545

[93] WILKINSON K, SAYERS C, KUNO H, et al. Efficient RDF storage
and retrieval in Jena2[C]//Proceedings of the 1st International Confe-
rence on Semantic Web and Databases. [S.1.:s.n.], 2003: 120-139.

[94] CHONG E I, DAS S, EADON G, et al. An efficient SQL-based RDF
querying scheme[C]//Proceedings of the 31st International Conference
on Very Large Data Bases. [S.1.:s.n.], 2005: 1216-1227.

[95] HARRIS S W, GIBBINS N. 3store: efficient bulk RDF sto-
rage[C]//Proceedings of the Ist International Workshop on Practical
and Scalable Semantic Systems. [S.1.:s.n.], 2003: 1-15.

[96] MILLER J J. Graph database applications and concepts with
Neo4j[C]//Proceedings of the Southern Association For Information
Systems Conference. [S.1.:s.n.], 2013, 2324(36).

[97] FERNANDES D, BERNARDINO J. Graph databases comparison:
AllegroGraph, ArangoDB, InfiniteGraph, Neo4J, and OrientDB[C]//
Proceedings of the 7th International Conference on Data Science,
Technology and Applications. [S.1.:s.n.], 2018: 373-380.

[98] IORDANOV B. HyperGraphDB: a generalized graph database[C]//Proceedings
of the Web-Age Information Management. [S.1.:s.n.], 2010.

[99] XI5:Bk, T7, MIMEYL, %5 KGDB: Zi—HR AN 5 (1A i 2
PEPEE R[], WP, 2021, 32(3): 781-804.

LIU B Z, WANG X, LIU P K, et al. KGDB: knowledge graph database
system with unified model and query language[J]. Journal of Software,
2021, 32(3): 781-804.

[I00JMORBACH J, YANG A D, MARQUARDT W. OntoCAPE—a
large-scale ontology for chemical process engineering[J]. Engineering
Applications of Artificial Intelligence, 2007, 20(2): 147-161.

[I01]MARQUARDT W, MORBACH J, WIESNER A, et al. OntoCAPE: a
re-usable ontology for chemical process engineering[M]. Heidelberg:
Springer, 2010.

[102IMARQUARDT W, MORBACH J, WIESNER A, et al. Chemical
process systems[M]. Heidelberg: Springer, 2009: 241-321.

[103]ZHOU L N. Ontology learning: state of the art and open issues[J].
Information Technology and Management, 2007, 8(3): 241-252.

[104]LIU G, GUO J B. Bidirectional LSTM with attention mechanism
and convolutional layer for text classification[J]. Neurocomputing,
2019, 337: 325-338.

[105]MALIN B, AIROLDI E, CARLEY K M. A network analysis model for
disambiguation of names in lists[J]. Computational & Mathematical
Organization Theory, 2005, 11(2): 119-139.

[106]LIU A L, SODERLAND S, BRAGG J, et al. Effective crowd annota-
tion for relation extraction[C]//Proceedings of 2016 Conference of the
North American Chapter of the Association for Computational Lin-
guistics: Human Language Technologies. Stroudsburg: Association for

Computational Linguistics. 2016: 897-906.



551

PRRFEE: AR TP B R S AR s R

- 141 -

[107]DOWNS J J, VOGEL E F. A plant-wide industrial process control prob-
lem([J]. Computers & Chemical Engineering, 1993, 17(3): 245-255.

[108]WEBBER J. A programmatic introduction to Neo4j[C]//Proceedings
of the 3rd Annual Conference on Systems, Programming, and Applica-
tions: Software for Humanity. [S.1.:s.n.], 2012: 217-218.

[109]ZHOU X C, LIM M Q, KRAFT M. A smart contract-based agent market-
place for the J-Park Simulator - a knowledge graph for the process indus-
try[J]. Computers & Chemical Engineering, 2020, 139: 106896.

[110]ZHOU X C, EIBECK A, LIM M Q, et al. An agent composition frame-
work for the J-Park Simulator - a knowledge graph for the process indus-
try[J]. Computers & Chemical Engineering, 2019, 130: 106577.

[111]FARAZI F, SALAMANCA M, MOSBACH 8§, et al. Knowledge graph
approach to combustion chemistry and interoperability[J]. ACS Ome-
ga, 2020, 5(29): 18342-18348.

[112] £ KR, AT G A 20l i B0 i o it 55 T4 )],
RERHE HHAR AR, 2020, 2(3): 293-300.

WANG F Y. Parallel control and digital twins: control theory revisited
and reshaped[J]. Chinese Journal of Intelligent Science and Technolo-
gy, 2020, 2(3): 293-300.

[113]EIBECK A, LIM M Q, KRAFT M. J-Park Simulator: an ontolo-

gy-based platform for cross-domain scenarios in process industry[J].

Computers & Chemical Engineering, 2019, 131: 106586.

[114]WU D Y, ZHAO ] S. Process topology convolutional network model
for chemical process fault diagnosis[J]. Process Safety and Environ-
mental Protection, 2021, 150: 93-109.

HEE RN

2XRE (1998- ), B, LHRZEA¥ET
{5 B 5 BA TR R L, TETT A
SR B L HLER 2R S LA AT IR RE Tk
N

DI (1965—- O , 5B, WA, RigASE K
S B SRR TR #0%, ExR
ANHEEREIEIREE, BRI 2030—
CHMRATRRE” EARIH AN B
WEFE 5 A A P . TR AE . it
i%’?ﬁ%ﬂ\ AR

ol



