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Construction of Cqmputér Subject Knowledge Graph Based on Heterogeneous Data Sources

LI Hua-Yu, LIU Ye-Chen, LI Jia-Rui, YAN Yang
(College of Computer Science and Technology, China University of Petroleum (East China), Qingdao 266580, China)

Abstract: Computer subject evaluation needs to summarize the overall information of the subject. It relies too much on
expert experience, and the reuse degree of previous subject evaluation information is low. In response to this problem, this
study proposes a method for constructing a knowledge graph of computer subject evaluation. The method constructs a
knowledge graph model based on the CIR model, designs an unsupervised named-entity and relation extraction method
based on dependency parsing for text data and a combination model of data flow for table data to extract knowledge, and
visualizes the knowledge graph using Neo4j. This model can provide ideas and references_for the construction of
knowledge graphs of other subjects. \

Key words: subject evaluation; knowledge extraction; knowledge graph; visual analysis

SR PET R B 225 107 505 A SN 7
T B AT AR, A2 NGHE V2 MR, i
AR 9 A P PRI 23 TR, BB 5 2%
2 LA o PP 45 2 TR AR5 4, ST P T
A7 A A RO, 3BT T R B 9 1
. AE SR C AR, ARt T AR
79 E 2007 458k 31 AT AT 14 7,
S CLATE R T — CHEIE S B 75 V00 T L 2
BRI, T LR A R R T AR
B — 903, S BERSS TR SRA, Si 2

O HEWH: A ARFHAIE ST EH (ZR2020MF140)

AR AL Ry = o B A7 o2 BT BURE R b, Ba i
SRR HE P 4 7 VR SR B 0] B R 8] LA M A R 4y
W, BRI T H BL 22 BTl 0 U I FR A 584 0
BT R EE B A AR BE A A

SRR PR A s A S e PR sl R N B AR B
7 B8 H S A e R T PR ) 22 T 1) e 4 R A B,
TEBR Dy B8, BRI S5 M ARG B BL T, TR
D) 55 =7 L) S B iy 44 SE AR TR, SR R 2 MR O R S
RAEL, QSR [1] R AR L AR 4 5K 53 2K W 7
A FNR . Oy 15 B Bk s i AR S, A

WA ] 2021-09-14; A& BT [A]: 2021-10-14; SR FHIS[A]: 2021-11-17; csa 7E£R Hi RIS [A]: 2022-05-26

10 % it +Z5i& Special Issue

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn/1003-3254/8568.html
http://www.c-s-a.org.cn/1003-3254/8568.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.008568
http://www.c-s-a.org.cn

20224F #5314 5 63

http://www.c-s-a.org.cn

i H AR SN A

BT CIR BERY, B 7 I 1] 572 52 2 M YR i) i S L7
FHPPAl Fr R 0 B Bk 5 3%, MOSOAR O 9 7R
IR A K0 (1 = o2l & PSR AR BEAT 41, K R0
RAF AR I 5 Neodj IR LU AL, %07 17T
NEERRPPAS R AR 55 $ ALK .

1 FHRHET

AT 1121 R ALE < rniR B 3 A B0
YUISCE MGt Al R 1, v RUKEL, FAE 2007
AR, R IS A AR 2OE A, B 2013 Y
RS ERH. T 2014 F20E SU3RR B A T 4615
R, 208 WU R ERE 25, AT, R
K.

R FERLCEEBLE

EA g
2007 P ¥

2008 j " 2

2009 4 ° 4

2010 5

2011 18
2012 19
2013 26
2014 60
2015 62
2016 122
2017 170
2018 272
2019 376

2B B R g R R 7 3 2Ok TR
s B, BTN E, BEKAF

E RS ORI T R, DA R s AR AL

TEAE AR AT A T H, Ry — A
NERHE RARERE. H AT, & Wolframalpha. “Freebase
SEGESCHR B DU R BTN, XLORE XUiE 11 1
PRI, P B A ) Tt B PR, 1)
FE B/ T SO R FN IR B R T AE SRR P A
AR TT L, F0TR ) 3R BURR R Bk ) TR AL 28 57 2
RIEE S 21 56 1 J7 1. Phan VR B 2% 21 B ST
B2 2 SR R BERE R IR R 2 ST (R 4845 5L B IR
SRR EE, I TR P 2 ST R SOl g R i 2 I
A e A A T v o R P SRR B, X Tk
A R B )RR A S B R A

[E S0 iR i LS M LS T 4 Knewton!™
HAREE. Knewton “F S RFEENIREIEH A, i 17 2%

b, %5 B RO RIR. 5 BH 8K O AR M 4, Knewton
T LA 7 2 2 A ST 2 STHERE 8 Rl A i Ay
A% 2 ST R UELR L2 T B . SR
BRAEATR, SRR IR R (R B, (3]
ST R AR EOR S RIS S A G R
HILEZ T, o7 A BT 1 2 FR A o T S I
K 2 WO R BRI A (5 4 40T Sk T R I
SEA R, TR PR 1R P 1 9 R T RAR R e
PR O TR ) oduK B, LIV B R
I [ 5% T 92 B 3 < 0B S
B 2 R Lt e S 2 AT
il YRR

2 SFREE A
2.1 HIBEFKIE

ASCOAEE 4 B RN A8 BT 75 AT 26 12 S8
DR L K (HEAR) TR b 5 A A M
3, DL I 28 SR SO . 2 4 0 2R BN
SR K B HBOR E B LT 4%

(1) VT B 5 8 Y. /6035 S0 O S A AN A L
W% BEAATUS. TR AR SR 5

Q) NA BT, AIEHCE R R,
75 51 (2 DU S A R 5512 1%

(3) BHIFBR. ELI5 R A8 L. B i R
FIRFF . = g

(4) BRI il .

VAGERE T, L BT A i R ) S v
T PR TR T 20 2 55 L B ST AT 2
ARGE MBS, T T X PSR AT R S5 K 4 4T
22 EHSERETRHE SR
221 RLERIHR S b

AT D 4 42 A R S 4 TR A 2 PR
B 20,6 B A M T 25 ), (L 5 A 6 B O B,
L33t — 52 (AL BT DU 4 H A B, H P 1 AR 2.
1 RN R ST A — R, K2 A
[ SAIRER R B3 1 R (5 L

B2 4 SIS BIRERILHR. BEH . HiE A
B A B, REE 0 4T WP, T
DL B 0 N B 56 R 9 & Bk AR, T CSV SCEER
aFEd, FEATHA, AHAES (X8 2UF
) 43688, A W%,

Special Issue & i%gik 11

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20224F #5314 6

13 S
. . o . HEHERS]
P55 T 2551 RREEZ S (5?%12&%*?&)
| HAtBR M E R | AMEFEZARAL | JEROTRREEROR
S E bRl PRI E3arS
5 HAR MG LR | AR L | RS R RS
D RN ) FRRF5E AL E AR
SpmEgTE | ReTmeLE
P mmougkn | AESSRE | TRTERE

B SRR MR EE A

AHAEEE CN201610179303.3 2016-03-25 CN105644720A 2016-06-08
FMREUEEEAME CN2016101792067 2016-03-25 CN10S804695A 2016-07-27
—#pE2iEd CN201620213694.1 2016-03-18 CN205406805U 2016-07-27
TR, CN201620214094.7 2016-03-18 CN205394569U 2016-07-27

B2 P &0 s 15 A S

222 AREMNEIR LR T o

R UL N £ N N 2 A o SN T G o
Uil R BCE B AR B T K 0L,
iJrﬁm#%%ﬁ%jﬁ;%m%ﬁiﬂ@ﬁ%ﬁﬁ%é&i@ﬂ@ﬂt%
PR, A0 o SCARBAE, kIR B A K2 (R
R) B WAy, AR ESEATSE. AT DUE B B 0A
Bl 5 4, WA EE SR, BRRENA T
S B I Sk RAE B S0, 2 05 L@ MR el
R, AN EE S SRR, o Al R sy
F) IV T T O B B A UL B B R B, A
SCHE IR BRI T — SO 1 Sk, SR S SR SCHE S
Pt 1t 77 SR IS A A0 B as, B Ak S 7E AR SR
4 it .

3 CIR fAY

LSRR A E T CIR BB CIR

BRAR RN AR RIS (O), KB (1) MZTR (R).
3.1 #E2 (concept) - ‘

C R, AR BREG — A R 2R T 5
Feak, vt HEAL S RE AL R B A g Rm AR A
“BIBVCHES . <B4, BREEME AR iR — AR
BT, & T HHRERSRHESE, ORRE T HdE — Bk

(1) %2 (concept)

c:Te={t,12, - 1n}

Fam, n.0,- AR 0 DAFRBESATR, X
LN S L FRER ] LAGE — F & ¢ SRR, 7 /R4
J Rl NHE P — i, RR<di /NG s, S
A LR R A

12 % +Z5iR Special Issue

o1 T = {75 RHEFE i/ B )

Q) %S (O

C={ci,co, e A £ AR HIRE S 4
[, c1ucan - em@orm m AN HORE A, B0 W2,
BA. Mfir, I LA ¢ = (U, FBA, Bfir)

3.2 3245l (instance)

[ FR SIS A, FETHEERL SR A S50 P
FAES KA 2 A RS, LRy [
WA SRR 0 RO 4 EE (R T S 5. 92
Sz, e 2R 2051 A At S '3 2K e 1 R D < 5 -
X 3R I S R - 1> PR 2 = e 41
TERBENL, o AD =(E.R,S), Fith, D R AL, f
YAGO, YAGO St 12 [ T 32 5T 5 B BF ) 1 432 45038,
. E 3 B I Se P A, R S AR B i 6
RES.

Tr ={tr, tRy> " " IR;}

K RRIEME S 2 AR, XRES T
Ry Ry 1, 1R F AN R SE . % WA 56 A
W, BT B, MR REARTN:

T = (057, J& T, 7 X}

WA S 2273 1 B P (10 J Pk B 4, 3 M0 2 BT L

A L. \
Ts = {ts, 15,5, ’;S',,}'El.

FRIBYE S n AR (s 1, 15, E LR
ELRLT A R O B B (R 1 T, R M A
SN e, EIOE 3K 1 ST (0 e, LB
W 2K 34 S 4 R M o, B R M {3 —
e e e B )RR R D B T4 4
BB BB R A A R, &
NN

Tg_p = {5, %}

3.3 Z95R (rule)

FETHEALEBIPEAS BRI H, 2] Lo Ak
55 8 2 ORI ) BY 29 B 9 3 X O] L% 2.

PLESN TR B 1R B CIR BEAY. 78 i1
R S R g v, TR T AR, BT S A A
GRS, FE T2 AR T AR N, {5 ST B R AN
Y, A 1T B R UE, AT RV R, K
Sk ve RSk

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20224F #5314 5 63

http://www.c-s-a.org.cn

i H AR SN A

K2 RIS AR R L) R

[ELsEtEaPN R 29

gy P T CRURTHFRRAS, WLEE T R AR AT

FIt i
AR, Bl o o NS,
i LR e R FHR

SIS,

RIS R (Person, BFS7IEL, S
SOLIE B AR AR (U, ST, SUsB)
Kok 50, WG T AR A (Person, B 97, 1
R RS . BB)

e

4 BRI S R 0

AR TR P 7 i o U M R R R AR

Kudi, L2 2R A B R 7 A, TSR

s t555
il Schema | HEHLEE R AR

it

PR TR P U R T e R U 2, AR A ] 3.

TR A 1R B ) B AR B AR 43 A
WA R (5 RAEG RS AORAAE R
A 4 EB 4y
4.1 SUFAAEAREIME

MRAE CIR A7 RSB e T AR @B, it
HHLERV IR BHEAE 1 — RSN o T, = (AW,
R, HIBA, TR, 8300, IR4E — B & AR A AL,
%ﬁﬁ%%ﬁ%ﬁm&%ﬁﬁ%@ﬁ@ﬁﬁ%ﬁﬁg%
f1%5 15 T AARAIE 424K Schema 1) BUBLYE. T3 Hy 2 45k
xmmu&%%%%%mm@%%T%E%mi%
¢ﬁ?%%@ﬁ%%%%%ﬂﬁ%ﬂﬁ%ﬁ%jﬁﬁ%
SERLER Y AR AU 4 TR

| o]

e H-<%¢¢3%i%¢%>

PR Bl )

| <SEAA, JE L, JE >

R B30 [T RRUER R ||
W, NTAT% | B R b AR
o HalrAgE
THB 5L
Kol iR
Neo4j

3 iJrﬁM%ﬂiWﬁ%m,‘il@i%*@é\

Xsd: string| | Xsd: date | (Xsd: date |

5 ] A1
W sz A = ] EilN

S
%9 Kk

PRI HAEEH g Xsd: string . \I

"J\é’\ﬂﬁé’é%ﬂ

Bl |
l Ept
—
BH w3
o i
Xsd: date &7 HIEH TR Xsd: string] /;\;?EJIE;JK:M i3
| . [ Xsd: date l [Xsd: integer|
Xsd: date —
' H R

K4 HENERARAR
4.2 {FEIHEX
CIR #5578 PG 56 70 24 SRR 72 A ST YR 208 A - &%
FeJ A AT A 45 K Ak P Rl [R] I A SC Vi 9 R AN R 1) 2

i
=
&
2
}E[
=
‘:m;
B
=

ot L RS B OV, T LR IR SER R = 00
YL JEROR IO TR 0B E 2 000, 76 R FAEA,
THFFUA A A SRS B3
42,1 THI 255 M B (1 SO T 4 A

R 4L A B 1 SR SR LR A AT CSV B0
(1345 SN, 1% 7 195 78 43 12 FE HS000 VR o b SR 0 1
30 B RAE 388 3o ) A B RO, Ak o s
. R R BIEEA A R = T

(1) FWHR = LA T

1) B SE AT SR AL TR, 2R T 51, 44 AT R
BT, FE AR TR T AR, B 1 AR
WAL BR A (e,y), T HGRE IR P 85 1 43 5 008 Fr A b
H9 (eyt ), 55 2 AR HIARBR (eprt2); 55 2 AR
MR (et 1,y), Hot RS 1 38 5 5000 (0 Ak bz Ay

Special Issue & i45it 13

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20224F #5314 6

Gt ly+1), 55 2 2 HE M ARER N (er1,+1), BALSEHED,
2) HR¥E CIR A (¥ M2 Xef B oA o 15 R AT A
T, FRER A AR AT 03 2%, AR R T S AR A
o VUGS I B A R S 75 DU 12 SR PR
3) HRE CIR FERY I B L5, A3 bvE S A B dhs 4
A= e, B R ST R [ — A B AR v
ISR Ay SEk BRI E YR AE M, O IR b 5 S
N X, Y. N, WA=l 4, Y, B) F1 (4, N, M). R
DA 1 et AT U . A an &l 5 s,

Sy AR
h J
FEERH A, D) PEER QD) HAbEE. ALEd (1,2 - BRHREN G,4)
15 BhRE &
TEEH 1) TEAKEQ ) HibAE. vt (,2) L FRTEHE G,4)
KRR/ IR/ /B A/ /@A
BRI

CRAMSCR L0 T S50 5, F- 62 2650, SUA A 0 A S0 AL )
R W
&5 1-3 SCHET G R IVEA Y

(2) CSV ¥4l = Ju 2l i 46 732

CSV H#f {5 B EUE T CSV = Ju gl #4355 51
B, FF S AR an 5925 1 R,

FZEIEAE WA, — & CSV FiE ek, H—A
SN CSV ST Pl i AN BT LI 44 B skt T
— SR B B T SO T B T I AR I ) 43 e
1E4 773 CN201910661544.5 2019-07-22 CN110381469A
2019-10-25" A5 B RN LRI A FR (S24k) B H
H AT A, R, B CSV TR N —

Beite s 2, AT AN CSV SCAFHR a4, R il i fs 2 )

MU G5 — AR 7 — AN SO TR 3 49 B0 R 1 B
J5 i BRI AT 4L FE R NS B B T 358 = T 4
ﬁﬁjaﬂ%ﬁ&ﬂ%iﬂmﬁvﬁﬁi#%%%%m.

5% 1. CSVtoTriple

i \: Information.csv, List Preset
- triple

function TRAOFCSV (Information.csv, Preset)
initialization
file_path = your_path, triple = dict()
s<—split(Preset,"\ t")

row<rstrip(row, "\ n")

1:

2

3

4

5: f«—with open(Information.csv)
7

8 list—split(row"\ t")

9

entity_str<list[0]

14 % +Z5iR Special Issue

10: while entity str!="" and list[i] !=" " do
11: r<—sl[i]

12: clist[i]

13: triple—TOTRIPLE(triple,entity_str,r,c)
14: i+t

15: end while

16: end for

17: return triple

18: end function
19: function TOTRIPLE(triple,entity_str,r,c)

6: for row in f do \
20: ifr!=""then \ B
21: triple["]= [triple,entity_str,r,c]

22: triple«<—AppendToJson().append(file_path,triple)
23:  else . o=

24: | catchexception

25:« ' throw exception

26: end if

27: return triple

28: end function
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i \: words, postags
i triple

1: function PARSE(words, postags)

2:
3:

initialization

par_model path = os.path.join(os.path.dirname(_file ), 'yourpath/

parser.model')

4:

5:
6:
7

parser = Parse()

triple = dict()

parser.load(par_model path)}, arcs«<—parser.parse(words, postags)
rely_id«[arc.head for arc in arcs]
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8:  relation«gets[arc.relation for arc in arcs]

9:  heads<['Root' if id == 0 else words[id-1] for id in rely_id]
10:  triple«Totriple(triple, words, heads)

11: return triple

12: end function

S0 3. BT HAR T e A T AR

i \: words, postags

it triple

1: function TOTRIPLE(triple, words, heads)

2:  import networkx as nx

3: G =nx.Graph()

4:  for word in words do

5: G.add_node(word)

6:  end for

7:  G.add_node('Root')

8:  foriin range(len(words)) do

9: G.add_edge(words[i], heads[i]) "
10:  end for "

11:  for word in words do pe

12: source«—word  © .

13: for word in words do

14: target—word

15: if source!= target and distance(source, target)j==nx.shortest_

path(G, source, target) then

16: triple = [source,G.edge,target]

17: triple—AppendToJson().append(triple)
18: else

19: continue

20: end if

21: end for

22: end for

23:  return triple
24: end function
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