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Bidirectional Neural Probabilistic Transducer for Process Text Entity Recognition

LI Ruiting, WANG Peiyan, WANG Libang and YANG Dangingxin
School of Computer Science,Shenyang Aerospace University,Shenyang 110136, China
Abstract Process text entity recognition aims to recognize entities such as parts, materials,attributes and attribute values from
texts generated or associated with the manufacturing process of products. Recently,in most domain-specific entity recognition
tasks,such as process domain, prior knowledge in the form of dictionaries or rules is used to adjust neural network model results
or generate pre-recognized features to incorporate into the model. However, these methods do not realize the integration of domain
entity recognition knowledge and neural network models. Furthermore, the addition of domain knowledge does not reduce the
training cost of the model and still need a large amount of labeled data. To address these challenges, this paper proposes a bidirec-
tional neural probabilistic transducer(Bi-NPT) for process text entity recognition. This approach models the domain-specific prior
knowledge for process text entity recognition as regular rules,and then converts these rules into a parameterized probabilistic fi-
nite state transducer. This method makes the model carry entity recognition prior knowledge before training, while being traina-
ble. The model acquires the ability to recognize entities not covered by the regular rules by training on labeled data. Experimental
results demonstrate that the proposed Bi-NPT performs comparably to regular rule-based entity recognition without training,sug-
gesting that the untrained initial model already has possess entity recognition knowledge. Additionally, Bi-NPT outperforms other
methods such as PER, Template-based BART , NNShot in few-shot and BiILSTM, TENER in rich-resource scenarios.
Keywords Process text, Entity recognition, Regular rules,Probabilistic finite state transducer
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Fig. 1 Example of entity recognition for finite-state transducer
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T 3 3 BT AT S A B o o A I 8] 25 Y o, X Rz A5 23 2
W45 B T A S o0 R R P 58 SO 4 K R B0 R UIME 5
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4.1 HIR&EME
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Table 3 Experimental data statistics
S % A SR AR A 4K ) 1 Sk R 2
Sk kA 52K AR Sk R 1] N T e WRE
e T R PART_ID NAS1252 MIL-DTL-24308 132 14 56
BB PART_NU 34 i 89 17 25
I E FIGURE_NOTE ] 6-20 I 7-80(a) 267 45 84
* TABLE_NOTE *7-1 %6.2 189 41 66
B ATTRIBUTE_VA 90°+1/2° 228 f?mwff_s')e mm 924 132 301
Jimn— m
I% X FILE CVS3001 Q/CRG0078 384 54 118
IHH %S ACCESSORY_ID CZM5275 CMS-SL-104B-2 596 91 189
% PART WA AT W3k A 1697 199 511
EZ Ll REDUNDANT Y1 £ 111 19 34
e MATERIAL O #4445 304 53 124
J& ATTRIBUTE T kMR E KRR E 1724 224 531
A TOOL * 44 %71 968 154 308
# 1 OPERATION ELE T 1297 212 424
I¥H R ACCESSORY I bl 1278 186 397
A PART_AR eI =) R EALE 956 141 299
I 4 H HOLE % L Al A% L, 279 45 94
PR 7102 (09 LU BB AL R 53 Sy U 25 5 56 TR 4R R RN I A R SE AR A B 0
R= SRS R B X100% (12)
AR 2 A F AR A0 25 L3 uE ALK . o T 30 TE R W) 4L -
. o X PX
3 2% P 1R R AR L % I S A T2 SO o g 43 A m:%%%§XMW6 (13)

e 43 ) A S PRS0 0D T T 4 B SR 00 i IO e L 4% D1 2
EHIHER MK 4 Fral. Hrh, N-shots R % Il 4 52
PRECEEINIR, BRAE I 2R 80 N B 2K 2R % N 5 NDi-sen
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Table 4 Statistics of training data sets

il % % B TFH EHREK % % AT H EHRAHR
5-shots 27 80 50 %-sen 1547 5560
20-shots 92 320 60 %-sen 1856 6661
50-shots 246 800 70 %-sen 2165 7821
10 %-sen 309 1129 80 %-sen 2475 8972
20 %-sen 618 2228 90 %-sen 2784 10055
30 Y%-sen 928 3342 100 %-sen 3094 11195
40 % -sen 1237 4492 — — —
4.2 iFMr4ERR

A Al UERG R P (Precision) . 4 M # R(Recall) \F1 {8
e TEAR 4545 TR0 2 AR B O PEAE D kst (D) — X3y
Fi s

p BORES U SIEAE |

IV IER et (b

4.3 ENHMEERGE

IEJUHL 4% 100 %6-sen DIl 25 42 o iy BE B4 HE U 52 1 4 55
M T ECARTER PR EL R WM E T, LR ML P T
2 P ST A R AT R AR B 45 L 2 D B I 0 L0 oz T AR, HR B
AR 3 A S L SRR IE TR A5 B E A 24 S R
T VAl 1 R0 0% A IR 100 Y6-sen 47 1E U DL E
FAPEA f8 b R A g 18 0000 72 55 4 . I DU A0 ) f) o 45 3
PPN 2 SRR S 4T 3k 5 g .

F 5 AT KA R S A 5 i
Table 5 Statistics of regular rules and model parameters

. EWZTJ”‘J ?ﬁit*rﬁ E}”ﬂfM’J ﬁl‘Mx*}
HE HE HEEY HHBEBERAIH

s 4 41 92. 11 36

HE 2 2 21.43 6

A E 1 2 98. 85 6

xiE 1 2 87.26 6

J& M 10 215 71.31 86

IH XM 3 3 92.11 21

IYH RS 3 3 97. 54 20

it 24 268 84.21 181

Mo A E RSB LERE 66018120

F 6 ST W MM R RS RESEOE . R
A T B AR LA B (T Adam £ fb 453 I et 2 L JF:
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BEEWRF 2 F R 0.0001,
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Table 6 Experimental parameter settings
Ex &
EES 0.0001
W K /N 8
% KB 30

4.4 ZWAHESERSWN
4.4.1 BHEKZHRIRF

o7 S BENPT 8 0% A 80 F IE IR0 04 5t 56 R,
¥ Bi- NPT R BEAT AR 8048 19 1 25 B He xh 7 28 0 0] 552 4k
7R, BeAh o8 T H R BiENPT 5 0F D) A 0 35 51 % 9 10 22
S0 iR TE DU KR DN X 7 2 KON S R BE AT DS R, 45 R n
x 7051,

F 7 FHAT B-NPT 5 15 000 52 0 3RU30 i1 552 96 25 2R

Table 7 Experimental results of Bi-NPT and regular rules in zero-shot
Ry Bi-NPT : iE T :
P R F1 P R Fl1
ElmE 72.97 48. 21 58.06 97.22 62.5 76.09
% E 14.29 20. 00 16.67 19.51 32.00 24,24
Ep:d 98.77 95. 24 96.97 98. 80 97.62 98. 20
*E 100 95. 45 97.67 90. 28 98. 48 94, 20
J& M1 69.72 58. 14 63.41 79. 37 33.22 46. 84
I¥XH 96. 36 89. 83 92.98 89.83 89.83 89.83
IYEHBREE 97.33 96. 30 96. 81 97. 34 96. 83 97.08
(e o] 83.51 76. 04 79. 60 87.20 69.01 77.05

Bi-NPT 5 1E W U g /9 25 5ROR 58 4 — 80, X 2 B o Bi-
NPT f92 K8 4% iy 1 00 0] 4% £ 9 A7 BIRODR 25k e 45 4 2 15
F B2 ) F 4 SRR 0 30 1B HAE X LR bR 4 HEAT 4T
G35 T 3 5 G S 2 PRI KRR ik DR b 2 2 [ Y e 5 )R R
WU 25 AR 58 A R . % Bi-NPT YIl 25 i i 3230 2808 #1457
SrH  BIENPT X215 45 5 40 45 S8 4 i PRI OR 45 7 1E
D TE , fE 0k 2 T | Ja R 1 4 S A i SRR AL T IE PR TR . oy
TR JE R A SR TE B i A 2 T AR S S R
i, H U B-NPT #Y 7 2 &40 2R 5 16 W e Be A He 4R T T

2.55% . Bi-NPT #E I ZR10TE &4 A0 @8 T 1F W) R0 0] fr 45
B SE AR U R TR 28 3 B v 00 I B PT B L S 1%
GLURIE % S ik A L B B R A
4.4.2 YA KA UK K AR R A

AR LK i R SR B ol ) DI R A A R D R AR A 1
V4 B 8 4 LAl IR I R AR O e R REAS AL A
Yl 2% Bi-NPT, 3 ] 24 A R0 e 58t 1 IR B 2 2] B AL 5 7R 3¢
T AT T O LS B % T2 SCAR Y 16 28 SR HEAT IR AN, 45
HAng 8 fral.

8 RS TE AT BRI LS

Table 8 Experimental results(F1s) in few-shot and rich-resource settings

wa ; D H AR KA (FD W i&’rﬁéﬂi%#@‘l)
5-shots 20-shots 50-shots 10 %-sen 50 %-sen 100 %-sen
Bi-NPT 29.22 28.01 29.98 Bi-NPT 41.18 55.66 60.45
PER 7.02 16.47 25.18 BILSTM 42,64 54.49 59.61
Template-based BART 5.3 12.52 15.68 PER 41.11 60.23 65.33
NNShot 15.47 27.2 TENER 26.91 51.39 58.25
QaNER 22.44 34.94 39.43 FLAT 43.51 57.98 64.11

BiLSTM" & 24 i & 0 3 3 A9, 0l T &b B 54T 55 19
TR 2 2 B PERY & % 11 1) T2 25 K 44 i 42 i 04 50
%o ST EARPWARE A SO T 205 R BT /N, B
FARK G T L KRR LM L 77 22 5+ . Template-based
BART™ , NNShot""V Hl QaNER™ J& % "] [ 7] /NEE A% 14 52 1A
HH ., He, Template-based BART & 3 T 42 /5 A5 4 49
J5 i SR IR AR AR B ) B s NNShot 51 A di 3 48 43 2%
A5 SR FH 53 408 T BB A AR ABLRE S A 17 2 TR) Hp g A 3T 1)
A 2 A7 A T s QaNER 46 48 7% B AR 24 38 Ay 1] 227 #HE 242, 5 fli
R T HERD G F AR ] FHIE AR, TENER™Y 1 FLATP! &
KR BT 1Y A 45 S5 PR IR A A, TENER 45 & J7 1] 5 48
X7 B AE BB atteniton™ L, i Fl Transformer X {7 B 4t
BT NER /E55 FLAT I lattice {5 B I 51 A T HIXH &
iy, B E 17 B9 35 B B FHRBIALR . N T R A R
B HE B ] FRAT S Ak T i 00 R X U0 45 SR B R, ik BT
F 1 ) f# At 38 fd F Softmax 15 5 s, PER ##Y b fiff
A I DULR B0 0 Bi-NPT 13 5 SCr FH IE D)0 0 A4 [

D REARSMET  Bi-NPT 600 /350 BE 32 220k A 1
U485 85 B J U] ST A TR AR . 4 SRR R R 5 A
FEARI , B-NPT {5 F Bt kb i HoAth 7 35, 3R A SCO7 ik 76 )
DREAR T B A, 7E 20-shots F 50-shots $(#& N Bi-NPT
FIBCR A B QaNER, X 2 M o QaNER % 4M i i #8515 = ¢
R F RO BT L5 AR SO T R A SR ) R D0 A LG
QaNER (#1547 7 78 16 B8 2 ) SL AR, FRASHE N Z 50-shots A,
Bi-NPT 838 3% A W] & 45 T PER, Template-based BART
M NNShot 75 ,

TE B B % 8 T, BENPT 4 7 TENER # %, 7£
50 %-sen Al 100 %-sen ¥4 F . Bi-NPT 5 PER A1 FLAT #
LAk R 2% . X2 T PER Ml FLAT 38 1 56 2 4% 1 5030
)5 BRIE T L Bi-NPT 400 ARE £ 1 #84E . PER fifi
5 PR O 2% 8 BRFRTE 00 S AR B R AE , AT 4R EAY R AE LG SR 1
T ARAE T FE & [ L FLAT B Hmidsh, &5 A THILE &
PR 78 2 RE A 0 TR B R E 4, Bi-NPT MR 5
BiLSTM 4§ 24, #£ & 7£ 50 %-sen Hl 100 %-sen 548 F#id T
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Fig. 4 Microscopic analysis of Bi-NPT entity recognition results

4.4.3 AL HLAE 52 B

S SCCHE TE DU R0 g RLASE A Sy S3 M BRI — %
U JUJ S 0)  E  TE DU ) 5 R Bi-NPT #58 &, fi J1] ¢
T4 oA 10 HINZRAE AR ZEAT U S5, He A [R) LA 1 )
FEH b A R R R 25 2 B ) . A SR R B 2 Sk H
A — A a TENVRLIN R0 6 g T SRR 4 (H R 38 5 LA Y
FAFGREAE RO @ AT $ 7T A SRR 45, 0 RS R 1
I Al Al B — 2 M0 U 4 A 28 SR 2 B 5 1 5 A5 B Y — 45 40
DU 5 52 R B 0] 48 SE A0 40 5 AR, S 5 R AR 5 TR

=)
/EE’

61.77

59.21 5863

5566 5407

4550 4692

40.04

295

20 A 2251 2251

225/ 2251

10 11.96

0

2251 2251 2251 2251 2251 2251

[ 5

Fig. 5 Entity identification with/without
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