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Abstract
[Purpose/Significance]: Achieving the accurate matching of demand and supply is the key to the
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integration of industry and education, which is of great significance to the transformation of
scientific and technological achievements and technological innovation. However, when enter-
prises release technical requirements, due to trade secret protection and other reasons, the text
description of technical requirements is often ambiguous, and it is difficult to accurately match the
technical supply. [Method/Process]: A two-stage model for the fuzzy technical needs of enterprises
was designed. Firstly, the BERT + BiLSTM + CRF algorithm is used to extract the demand entities in
the enterprise release projects, and then the relevant patent achievements are crawled by mining
the basic information of the enterprise, combined with the demand entities as the search condi-
tions, and the keywords in the patents are obtained as supplementary information through the
TF-IDF algorithm, so as to accurately describe the technical requirements and identify the focus
direction and development frontier of the technology. [Result/Conclusion]: Taking the real needs
of an enterprise in the field of machinery manufacturing as a case, the complete processing process
of the method is demonstrated, and the key technical points related to TBM such as construction
management, workpiece improvement, and system research and development are excavated. By
identifying the focus direction of technology demand across time dimensions, the combination of
TBM with artificial intelligence, big data, machine learning, detection and other technologies
would be the trend of future development.
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FEHRA A B THEB A BRI AP R g, 3 a 4 7. (R T e R HE R 7 3K
I IR G — 75 SRR R AN, FEANEAR TR SRS, AIEMTE. BRI, BT
FTCTT MRS R X TiEMi AL TR, e SRR FH IA kL. T2 DL R 75 Bk B 8 R A H B
BIZESR, FARALES T AT LUK HE A SLFE Fn (50 HERA T, SRR ISR RCR AR s . BRI AR R % 5 R A
PO TR A T SR A L, AR R A B O N 1 MRS . AR SO RS TR 5, SRR 4
RFRBATHT, (EEEARTRCATZIE S A 3Eat L, 456 205 B HARFTRETH R E.

AR SRA o 3 R AR TR SRR A 34T TR AL A s B3 TS I RO IE R T —
EAH PR BOR TR ITE: HERE R T BOR LR SORE )8 F 2R, JHEE 7 —MitH a3
VLR T . A ZEFH N HARTE R AFTHICH) B IRME S AL BE[3] [4] [5]. BARIZIE6] [7] [8] [9]% HEitHLAE2~
SI[10] [11] [12] [13]53ET T BT v 4 SR URUIAE 9 AR TE 5 Ab 3 p 1) — IO B R 52 21 538 1R O
it gk A B[ 14168 S B R OR 2, ] BiGRU A1 CRF 23 HIAE AR R (7 51 i 4 2 by o J2 5
A7 S A A4 SRR Peng Z5[ 1513 T — Rl & LSTM Al CRF (3R & 17 31| 2k iy 42 SCARR BRI 074
%5 Wu Z[16]#2H CNN-LSTM-CRF 74 ] -F o1 S0 iy 44 SEAR R 51l o

DA 2238 B A0 9= B A 7 5t R T SR S AL A RS HE DT RO PRt T — e BB 5 763 FE, (B
X RSSO M 3 B AL 75 AN UL I o) 838 1 A4S 2 Ui ke . BE Tk, ASCRIH BERT + BiLSTM + CRF
SFAREOR H SUAR P AR TR SRR, TEH AR T RBRATERAEOT, &6 MRS EICHUH [F 41
B RIBEEE A BV, BT TF-IDF SAI290 & R SOAR R BRI E AN e, F5 IR se s BRI i
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Figure 1. Research framework
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2.2. BERT + BiLSTM + CRF #&#

AR AR BERT + BiLSTM + CRF #8402 fiior. 2B B =AM A . & %%, {#H BERT
FE RTINS RS, B SCART R LR UE R, NSRRI T RIS, WIS AR mE, 7
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Figure 2. BERT + BiLSTM + CRF model
2. BERT + BiLSTM + CRF #&%&!

2.2.1. BERT &
TEEME T TS, G S E B AE A THENLRE UM B AR — B T ek M L S, BN
i DL TR S B8 one-hot. Word2Vece. GPT 55 SRTT IR A HY £E A R AR HR NAT- 55 I S A7AE 5 — 28 o] L
Wtu, {81 H one-hot Z i inl [ &AM KR A — N E e E, HPHA—NaEN L, HRITEHN
X2 S B0 v B R AR YR FE R E B ST AR, 53— 77 T 0 SR8 3 R 5 1] B e K eV SRS R
i%/T Word2Vec YIZRH)H A B NFRSFE, TR R—W 2 W8 GPT N mESHA, Joikd
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2018 4, Devlin Z#[18]5¢tH T BERT FIZRif S, ReWs A U PR SR b A7 AR 1), JFAE
11 T E ARG 5 A BRATSS HRE sl TR et R . PUIZRMT By, BERT i #5915 5 B4 (Masked Lan-
guage Model, MLM)F1 | ) Fijll (Next Sentence Prediction, NSP)iX i ME 45 L 7] 5¢ i . MLM {457, BERT
BELHE 5 S N B 7 R I — 81, ISl P I S 55 X R0V, AT (R AR 2 2 B A B R SO TR
{58 NSP {551, BERT £U—xta)FAE NN, FIRE A 6] 72 AR SRSCHARSR, DL I ZRAR A
BTN RN BEAT B . B2 T RAE X U455 K H Fine-Tuning FGOH AL PR S, 8IS EAT 55 €
s EiEATUIZ5. BERT A DA BARAE 552047 R 8, JFaR1e e tEne,  H 170 &6 5 77 7] & (token
embedding). ] [F] & (segment embedding) FI 7 & 7 &, H A [CLSIHRICE ARG FHIFFLE, [SEPFRICERRA
f)FEI AR EE A, Wkl 3 Fis.
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Figure 3. BERT input representation
[E 3. BERT MIAFR T

2.2.2. BILSTM ##k

KA e AZ M 4% (Long Short Term Memory, LSTM)/Z /¥ #1458 X 4% (Rerrent Neural Network, RNN)[¥]
— AR, BRI T AL E A R AR S R . NIRRT BRI fi T =AM T —
AMEAZ TR, T TR A IS IZ R sem, BT 1 e 40 i S B OR B AR,

TCIZ A e 2 RTI T)2E 1 LSTM $oc i, icAZ 4 od i f N AR R EH AR L N 2, JF
B T R . LSTM B8 )i g v B B2 an =D~ Fo .

it :O—(Wxixt+VI/i1iht—l +VVcicH +bf) (1)

fi= U(Wx/xz Wih o +Wcpy +bf) @

0, = O-(onxz +VVhoht—1 +VVcoszl +b0) (3)

C, = /,C,oy +i, tanh (W, x, + W, i, +b,) @

h, = o, *tanh(C, ) )

ARMD~G)H, o N sigmoid BIGHKEG W b R Z MR ERERRE: i fv o~ C b5
B ¢ I ZIENT T BT S T A2 A0 MR SR e
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R, HRABMES T SRS @R RIE . A TR —K A, Graves A 55[19]{E
T AL ER AU O LSTM 4T 1 eidE, 42 1 XA K 46 B 12 12 % 2% (Bidirectional Long-Short Term
Memory, BiLSTM), HIEA BAEZIEIE 5] A1 LSTM, %% 2% 581 [F] i =5 RE 24 AT 51 I |1 170 A5
S S, FRRPAN T mRE BT &9t . BiLTSM M8 54001 4 Fos.

32 Hu i
JEFILSTM <—< h, >4— h,
HMLSTM n-1 ITn.
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Figure 4. BILSTM network structure
4. BILSTM 454544

2.2.3. CRF &t

CRF B LIS € — I NP9 9 2% AT,  [RIIA5 30 5 — A5 7 21 ) S A o0 A1, B @ 00 U
R EER, REHTERESAEF T IIbRE. £ HRES Ol s ARSI, AHAT 5
W A EA —EMAH, WsE BIO bridH, 1A% REEALT B FRZEMIHITH, 1-X KA T B-X Z 51
AR T B-Y ZJ5. CRF A 3 B 5 RARYE B AR5 5 XS FNAR 2 247 RO LI, RAREE
FP BT A, AT KA S 0 Pl 45

M TAER—MNFA X = (x,x,,+,x,) » BE P& BiLSTM Wi i 3346, PeR™ , Hr n Nid)y
UMK, kAR, PONER i MARE j MRZEE 0 MTIMFAY = (3, p,,-,p,) 5, ER
IR E I X (6) R :

n

S (X’ Y) = ;0 AJ’;J,’H + Z] P’.vyi (6)

i=

R(O) T A NHER S HUERE, A, Rorhsss i R BIRRE j AL A RV A T g 51
BRAZHEAT IR — Ak, PSR TRIF S Y BIBER D AT, () PR

D)

Z YeYy S (X’ }7)
P2 [R] IR EBORT A5 T DA 3 T30 Fe 51 AR AULSR BR B, anX(8) s

P(Y|x)= (7)

DOI: 10.12677/0rf.2024.142186 862 1B 512


https://doi.org/10.12677/orf.2024.142186

Wi, k&G

1og(p(yyx)):s(xgy)—1n(;§ s(xgi)] (3)
R @), ¥ RRELIIREFT, ¥, ZmPE T BERIRRE 751 .
IR 5 2 RS R K B AR R A, anal9) s

Y = argmaxyeyxs(X,};) 9)

3. BIARFERSEEIT A
3.1. HiEEE

T BAERT A S, ASCR A AR M E; E W (https:/www.ctex.cn)+ Innomatch
(https://www.innomatch.net). =8¢ B M (https://www.wust.edu.cn)ZE 5 K38 5 F S TCH= 2T H , # &3
AU AN FE AR TR AT, @dBIRERSHRMELIEE, REAERHELHRIE. IR, B
ML AW N TS B RLANURA 7258 1 TR A, BRI EINEE 1 iR,

Table 1. Industry university research project requirement description text

T 1. FERIEFRER A

Av A T A4 R EYINEEN
REVRIAEE A A R0k 1 v 78 R A B R 2 2R I AT 0, 0 A R v R e b v R gV A
et vtz 5, WA RERPCR B AR RRE, AT T At AR SE A AT

FERL, R A I R T R L RE VA

Skl TRMARASR SRS CTEMARAST 5 TR AR, RIS, X
JREHEZK I RS O, A LS FH P B A P AR 562 o

HEL B A P R B R R BRI A BB L R AU S SRR R o
HEL REMYIARE & IET R BRESMIM. KE#ATIRE, FAMENRES, H32B7KGE

3.2. SLAERE

HEAT SRR 2 /I, X SCAR B BT AR R O R — 20, by &5 R BB 2 R ) . S
FTAHRFE, EXFEARTER. FERGER. FHRES TR =S54RI R BIO bryE A, B4R E LN
X2 7R

Table 2. Explanation of the project requirement text entity

3 2. B FRCASIFER

AR AR AR E 6]

HORFR i H St 5 2R 2 fEoR {BOGIEEY (R0 SR A

TR T H 7 B0 HAEAT R T SO A A WASES STULIEE¥N
ERIND RN I H HROR T A B T A B e A LA R R SERE A (B Sk I E B

AR ARG A RIRA FLEMEN SRR, @s010)~(12)Fs:

P= U

x100% (10)

p+Ep
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TP

R=——t—x100% (11)
P+ N
Fl:iplleoo% (12)
+

KAO~(12)H, T, R NIEFE IEFEARTINAIE; F, RoR N RE AERTNNIE; F, oA
DR IEARE AT A 471

3.3. KRS

ARSI FET Pytorchl.10.0 HEZEHE4T#54, Windowsl1 #1E R 5t, Python AN 3.9.7, LIGSHH
B WA 3.

Table 3. Experimental parameter settings
3. LWBSHRE

ZH HfE

i R 3000
Tl Y 768
TR 512
Sk 0.0001
LA 100
[(SY5¥i4 256
Transformer = 12

SEIRH 7258 A7 AW H SCAALIE 8:2 19 FL R I I ZREERIIIALE , 75 HAS AR SEAARUA 1A PP ik 4
I3 HAt PR L 22 IR BEAT X b, sk 4. 38 5 P

Table 4. Result of the project requirement named entity recognition

F* 4. MEF RS BLERHLER

AR R P R F1

ERLNTERIN 0.79 0.85 0.82

HART R 0.83 0.73 0.77
F RS 7K 0.69 0.64 0.67

Table 5. Comparison of recognition effects of different models

= S AEMRBLARIBER X EE

it P R F1
BiLSTM-CRF 0.692 0.706 0.699
BERT-LSTM-CRF 0.726 0.732 0.729
BiGRU-CRF 0.704 0.711 0.707
BERT-BiLSTM-CRF 0.758 0.765 0.761
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SR LR, AU BERT-BiLSTM-CRF A58 75 7= 2= A It H His 5 S iUl ik 2 . A
[ A F1AEHGER] T8, 252 75.81%. 76.54%1 76.17%. AHELTAE4EH) BILSTM-CRF #%L, 7E01
A BERT JE B AR R RCRAR I H B 2R %, F1 fHIEH T 6.3%. 5 BERT-LSTM-CRF 1 BiGRU-CRF #H
b, AR PR AR T T 3.24%F0 5.43%, 1% A0E S 5] N BERT 5 BiLSTM B8 fiji 4 [Hy Hb 2 fif 5C
AETFXER, $&m 7B SURFESRELRE /7, RUAE LT LA A B s Bl s R iy, v DARE 4 Hhig A 1
FEEEIE i 44 SRR . 32 6 T RN I A A AR A R SRR SR, NS R nT U AR SO Y
RERZ K MR T B AR T SR A5 B IER IR A R, IESE TR 7= 24 A I B SR 5l 6 250k o

Table 6. Entity recognition results of some industry university research projects

= 6. BB FEHINE SLARIRAIER

W5 NHE AGIECES

1 LA R T R BN T ) o (T NARZE P ) AU SR 2 B ROR H b FHFTR HARFR
SHL{ TN A7)

2 3?%@%?&}@1&?&?%&&{%@}7 Rl AT R RIR T A 5 IS BRFER, HRFE R
SEE

3 S {EVIRSO TR S AR, AR E BRI RO T, B I R A BOR TR R

4 Xof 3 TR S5 TR AR 1 { = 4R L T2 AT T BRF R

5 il 4 { B A} N HOR o A8 ARSI 4% { (0 3E AL ) A O I EOR HORF K

6 H T ZE ) AR P 28 { H B o R T & HORF R

7 FTAEPRER FH h { BB A7 2, (B Pl B (R RE ) ) FARTE R, AR

8 SR EEWNE R . (PRI, RS RAPRH I T (8} FARTER HARFER
(BB} (FAARER ) 2507 T 7 R SR

9 AR KRR, 2% DT AL NS PR R
10 R {H G i } 25 RO AR E B BRI TR R ERINEN

4. BT LREZEHTEREETE

TSR HAR T SR IEAT ARSI LUK IR, T H A SRS IEARE R, FFA RS — I AR
AT A 7 i S B . DAASCUSCEE I Al 77 SRR S0, BEALERIE — T H SOA, RTS8 =7 i
R AT SEAR A, SCAR N 2R SR A S5 w072 7 7« TBM (Tunnel Boring Machine) H S 4= FR 42 B ] 5%
EHRAENL, 22— P T AFK &R E R T3R%. 200, ZOHE T HAKEMMTIH, WFERHNES
R R E A% TBM. HalMb. BEEH RS, MR EAMSR, FEEEZIE BN TR
BATHRAZ . MERENRVE ARG —REE, AT SERZHEARER, B EER8UR AT
B Ror, WELRAEEFGEE AT HEFEEM, Wt R EEE 2 AEARE B n 5 st 1
ATRE. [EIF, @5 EORE B AR, Frab Tl 38 7 SR AE B Re i MU TR e B H Ak A
FEEUR S SRR AR, W RE BT RE -2 S ENE.

4.1. SR HIEIREL
HiTAEE, REE. MUV EMEFEERMVHER. £8H, Pl THRAF AT L
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PG, FE P OIS . TR, U REHE TR R T 6, RS Ak, YU, & aetL.
JEHEHL. TBM. HUBHLIE . U % S8R S AR S K p [ B8, A2 TR) D 2010~2023 4. ik 5 25 5
Ja, RREARLAH 315 43, LRIBERERERAEEWE 5 Fron. MR S PSR R R AT DL
AT UAE HE A 2012 A4 FHIG BEAT AU & U5 TBM 54 2 Be G A ST 7, 7EMLZ /T TBM E 2 L)
“Glitit, BEBLT” NE. 2012 F, REERTSPEREKEGAL, JHRE T EZEHEORETIHRI863 i
Rl “RKEAR TBM REEAR KRB W78, B UILE NI REET TBM AR . TFFEH1H, IR 32 BR 4%
JE R S EEMBCRIFA . B 2019 48, [HPRREE DS BORZ RS EH 7 TBM BuEfEE, X —
SUSSRAL TR, X —EE AN TBM LA R E WL, 80 fR KIS UE R+ RER R —IK. 2019 4
ZJg, HIERIBEEEIRA KM, TBM LARREA T M, EEAICHEONRE, 5 37 &, Wl
Al R R SE IR AT 22 Bl 5 F) . BedF TBM A 5 el .

Table 7. Entity identification of enterprise demand information

F 7. AEREELAEIRF

Al A4 B W H 44 7R L ENCES SRR A
L THRAR B TBM REECARWITT K EX 2SR “ B A" B HR & B3, BRef.
ISz FH 4 Bk B T e BB B . B REfL . SR HEEENL

4 W i i HELOC BB R W TE M . TBM

HAENEELRMIER
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Figure 5. Annual publication statistics of TBM patents

5. TBM EFIFH % gt

4.2. BRRFRGHR

PR R G4 2 TR GE T M rTALAL Fom (45 58« A STAE D python 1 jieba XS SCAREAT 7337,
KA TR AR E RS, RIS RER SRR o “BoR” o “3_M17 . “@E477 . TR
SV FELRSCRNLE, SflE L wlE 6 PR. 6z B AR R ONRIR KR B R I
MEHRF A, “TBM” o “HEit” o “BET7 SSaiCHIEErs, S50H “9H TBM KEEAR
WETCE N AR OR, BB AUE] T AR & T M B T H SR S REAT A e T et “RTT7
CE BT L UL SRR M T TBM HRARSC LA, ZAR AR TBM WEAR SR 5 EA I L
WO E RS TERESEM, Bl o “BEET . BT L Wil SRS TREERE AR,
BIAH IR N A B — 58 B LA BEE R A e S AP s 3 TBM HORBEFTIEH I “RE” . “SH” . “M
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Figure 6. TBM technical word clouds
& 6. TBM ZAIA=E

4.3. BERE)4ERNFEARFERIRZ

AT B HU PR R TBM R 75 5K 10 & e B A2 S F 70 34, 13— 20 DURSS [R] A 4 B2 B BUA AN S 4 v 5 1 il
R BET o 7 8 e 7 AR TR AT e (X AR SO 98 8 A T8 38 SR, A SR RN — 33 SO AR
FVRAREUSCEE], ¥ TF-IDF 55 MR AE LR R i 5 8Ein . TF-IDF {8 - Ead #2 an=0(13)~(15)

7o
TF — IDF =TF (,d )x IDF (@) (13)
TF (0,d) = =2 (14)
%
IDF(a))=log[|M|+1] (15)
df (@)

RAIN~(15)H, TF (10,d) FR i o (630 d FHIOBAR: n, , WRIEESCH d B0
> ey TR d PR ARSI AR, IDF (o) FRE o RSO |M| Rk
FERBG df (o) RS o BRI

SSCAHEAT i 2 5, AT BL 2014 4 RHIGAEDY, 42 BARIN 2014~2023 46 FI4LHE th TF-IDF
ECHE 4 RO R, R BT M R B BRI, 45 R 7 . ST BN T
SRR T REHIT, KA BT B R MR AR T AT, S0 TBM XL HoR, B f kit
AR A B

I 7 LA, 7E 2018 4EBIRT, [ PYERG TBM BT B B A T T T SRR 2k
SEIIBFIE, ¥ TRHOR S TBM ) HEGE BRSHIS Gtk (TBFR v TBM GUEHRE . 2. S
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Figure 7. TBM technical analysis across time dimensions
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