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General Relation Extraction Using Probabilistic Crossover
Je-Seung Lee' - Jae-Hoon Kim'™

ABSTRACT

Relation extraction is to extract relationships between named entities from text. Traditionally, relation extraction methods only extract
relations between predetermined subject and object entities. However, in end-to-end relation extraction, all possible relations must be
extracted by considering the positions of the subject and object for each pair of entities, and so this method uses time and resources
inefficiently. To alleviate this problem, this paper proposes a method that sets directions based on the positions of the subject and object,
and extracts relations according to the directions. The proposed method utilizes existing relation extraction data to generate direction
labels indicating the direction in which the subject points to the object in the sentence, adds entity position tokens and entity type to
sentences to predict the directions using a pre-trained language model (KLUE-RoBERTa-base, RoBERTa-base), and generates representations
of subject and object entities through probabilistic crossover operation. Then, we make use of these representations to extract relations.
Experimental results show that the proposed model performs about 3 ~ 4%p better than a method for predicting integrated labels. In
addition, when learning Korean and English data using the proposed model, the performance was 1.7%p higher in English than in Korean
due to the number of data and language disorder and the values of the parameters that produce the best performance were different.
By excluding the number of directional cases, the proposed model can reduce the waste of resources in end-to-end relation extraction.
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Mangnus | was King of Sweden and Prince of Denmark.
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Fig. 1. An Example of Relation Extraction

€ Fig. 13 2o ol 24
FEOML, I ¥z 234 #A

Fig. 19] e 1A 2919 9ol dotae] 94
olck” oA e 149 A} WOk g & % Ak

E3t, wgFolgt Sro] AAl(head)oll A B o] A (tai) 2 7h=
BokS ou|she, £AgolA FH o7t FojHth QEX] 9]
T AS IS QEZOH, Hitho] g Aot} wEhA] Fig.
1014 9] Wk QEZo|H, mebA HeRS HFol= A old
A7} Folet A olRIXE Aotz A} T2 ofu|o|th
71&9 T4 == EEi_lQ o] wjg] Foi2|7] wiiZel 4

._o] =0 2= 0101,} =209 74 ] J,].71—O z]—tgoﬂ/q nE
ko] it 499 g A2 42 o9 W 3%
(embedding)ioF gtth= EAIF o] Sitt. wWi7iRs=] =71 %
gk AbdSkE dojrdg 499 1 $REY] 242 BA4SH
ShH Aol A& ok 9 & 27t AstErh & =7
oAM= BF7IA| aLgsto] T JNA Y BAL Fof, HHE
Yetll= BdE AQto =, o]2fgt ZAIE &sfstarAt o
o} o] Bd2 7|&9 1A & 2y} g gkl et of
2 Mo ZATE T 28 glo], g W9 SR F A ¢
o] TALt WFE Aol wES & Qlth

Fig. 2= o2 7Y 7AA7} Qs EolA BAE FE517]
913 22 wHEold AlAfolt}. ‘with subject, object' = 7]
&9 3’—}74] F2 R E 7 JjA o] o1& UEi= 94 E
A I, Vsl BH o1& Uetll= 1A B2 ol ol
A]—%Oh_ ‘without subject, object' = At EH‘A Qg
GO g Fo], HHoj7} glo] &2 A EZQ el /el
ArgRtTt o= ko] it F9-9) & Xﬂﬂ“’ = 0101
71& HHEY B 5= 49 71 duto] F11, ofo] wet
A4 8E€4Z FAIH g 2 FE £ AE 5
At At 2d2 BgH AL VIR R HRRE dS5,
Zy vrgFe] SE-g o|-8ote] FEH WA A4Kprobabilistic
crossover)& F=sto] Folet EA o] A A4S st
1, o] & WAE FETh

Fig. 32 AA] 242 AQt 2dlg 253 49& /N
2 Yepd Jgoltk weko] glo] F AN 017 &
S W3k EAIQF BA BAE AlSoto] Fig 13 &2 A&

de 7 At &, FIo] Tright' o] B2 Fojs TR Al

flo r{n o

2

&8 H123 HM8&(2023. 8)

Mangnus | was King of Sweden and Prince of Denmark.
Uea 1HE Aflde] FYO|R ot ROl

W Entity1 (e1) W Entity? (e2)

-
el - e2 - e3 -

W Entity3 (3)

4

+
with subject, object without subject, object

[slel/s] -+ [o]e?[lo] - e3 --
folenfl] - [oloplls) — e . ] 7 (110l edePlle] e
[s]el(fs] - e2 - [ole3[fo] --

[elel(fe) - e2 - [ele3lfe] --
[olel (/o] - e?2 - [s]e3[/s] - } seE ¢ e
el -~ [sle2(fs] - [oledlfo] -

el -« [ele2(fe] - [e]e3[le] -
el - [o]e2(fo] - [s]e3[/s] - }

Fig. 2. Sentence Encoding Scheme for End-to-end
RE Without Directions

gra b=

2Q)Ee| Z&0[xt Hof=2f 2Xto|Lt.

Mangnus | was King of Sweden and Prince of Denmark.

-

Proposed
Model

Direction Relation
e
Fig. 3. The Expected Output of the Proposed Model
Holt ‘dlu}7 ehe A3e A, A ‘perorigin’©] F&

wgo] TS bt 2t 2oL B &
1 S & ERAN AU 9 9
43

r&"
S

N

4
A3t EAsh, vpxuro 2 sgol AL 2 &=
T, A7) W] o) ek

APASHS Ao]Rd(pre-trained language model)}> A

o] X2 (natural language processing) £oFo] tlokst Qo]
q HEeAo7 AR L ndFE 859 HIAE fojlHE
t5oto] o] 9] ouE fAMgoly £ HJHE dojut
$= HH PEHE RHIT dolE HE R ﬂi"%} A
FAH(word embedding)o]2t1l dl=d|, A& Sk 53 o]
T z7] @AM E 7 dolE Aol Fogt HE R YER
AOLH1,2], ol FFol9olE 22 WEE Yeio] £
AEE WPstA] ok @30l AUSIH. o|% 543 BERT
(Bidirectional Encoder Representations from Transformers)
ol A= A7FE - S (self-attention) &9 Tol FAO

S

o @, Md _10“

N



Proposed

Generating an

Raw
data

Model

input sentence

Subject data
Object data

Raw
Sentence
Raw
Relation Label

Defining labels

— | Data |
Input
Sentence

Relation Label
Direction
Label Label
Integrated
Label

Predicted
Labels

Relation Label

— — Train
Direction

Integrated
Label —> |nference

Fig. 4. The Overall Process of the Proposed Relation Extraction System
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Table 1. Labels Converted into Other Labels
by Interchanged Direction

Table 2. Bi-directional Relation Labels
Label

Label Interchanged direction label

org:members org:member_of

per:parents per:children

No_Relation

Per:Other_Family

Per:Colleagues

right

Mangnus | was King of Sweden and Prince of Denmark.

left

! |

Mangnus | was King of Sweden and Prince of Denmark.

B Subject entity of relation B Object entity of relation

Fig. 5. Examples of Direction Labels
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Fig. 6. An Example of a Sentence with Entity Position Tokens



Table 3. KLUE-RE’s Entity Types Translated to Korean

Type Meaning Korean
PER person AE
ORG organization 71
LOC location =
POH other proper nouns BA
DAT date and time Exdy
NOH other numerals S

[e] 52 1M [/e] (L2 (/] = 2| SOIR} (e] WDt [fe] [t Z 2 (/t] 2| ZXHOITH

[e]Mangnus I[/e] [t]person[/t] was King of Sweden and Prince of [e] Denmark[/e] [t]location[/t].

Fig. 7. An Example of a Sentence with Entity Types
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Table 4. The Statistics of Relation Extraction Corpus
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Table 5. Hyper—parameters of Relation Extraction Corpus

Corpus KLUE-RE TACRED
Training 32,470 68,124
Validation - 22,631
Test 7,765 15,509
Total 40,235 106,264
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Table 6. The Result of Comparison by Experimental Model

210 ¥ Clojef 38 H12# H8&(2023. 8)

KLUE-RE TACRED
Model Integrated label | Relation label | Direction label | Integrated label | Relation label | Direction label
Models Learned Integrated Labels
base(CLS) 57.64 59.06 76.73 60.44 65.06 73.33
base(entity) 60.46 62.72 78.05 60.46 65.16 72.46
Models Learned Direction Labels and Relation Labels
non-crossover 60.96 62.81 87.02 61.29 66.62 88.48
crossover 60.61 62.80 87.02 61.16 66.06 88.59
probabilistic crossover 61.70 64.00 87.55 63.41 68.77 89.93
Direction Label (left right) Relation Label ( no_relation, Table 7. The Result of Comparison by «
peremployee_of, a KLUE-RE TACRED
0 o 708 o
0.5 59.31 63.41
0.6 59.67 62.69
0.7 59.83 62.31
0.8 60.14 62.18
Concatenate ‘ 0.9 61.70 61.90
h—e]_ hez 0.95 60.43 61.55

Fig. 14. The Structure of the Non-crossover Model
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