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Abstract: Fuzzy natural language processing applies fuzzy theoretical knowledge to the task of natural language process-
ing (NLP). With the continuous development of large language model and artificial intelligence, research on text data con-
tinues to deepen. As a large and complex system, the interface data between various subsystems and server software are
stored and transmitted in log text format. Due to its large number of texts and miscellaneous text types, a fuzzy NLP
method was proposed to solve the problem of manual testing the interface data of centralized traffic control (CTC) sys-
tem. The fuzzy C-means (FCM) clustering algorithm divided the log text into different label categories, which was used
as the label input for named entity recognition in NLP tasks, and BERT was introduced on the traditional BILSTM-CRF
model for text encoding, which understood the relationship between texts more accurately and improved the accuracy of
text recognition. An intelligent verification tool for log-text interface testing of railway CTC system was presented based
on an improved training model, which enhanced the current manual testing process of CTC system, assisted testing staff
in verifying the interface testing, and increased the level of intelligence and automation in testing work.
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WEE N TR ReHES), KIS BRI R R IS
TP, DL RE AT S SRR T
TAEAWHAEANY, fy 4 SR (named entity rec-
ognition, NER) {ERNH L8 (FES 22—, B
RSN BT HIEE B R EEN M. O
{E55 RN SCAAT R FRTE, I ARE G IR 1R
Il AR AR AL SC A () S, AT 58 Bl il 44 SEAAR TR )
TAE, R4 seik s SepgR .

H A A 4 SR R A AE H AR TE S 47 (natural
language processing, NLP) Ads 53] 7 2 M H ,
W T AT B s WY DL R S e s
AN o I A O R L T X1 PR 4 I 4% —
A M #L3%  (bidirectional long short-term memory-
conditional random field, BiLSTM-CRF) FJ#R4E B
B AT i 24 SEARAR S, (R TGV AL B A5 4 1 S
FhD . TRV BRI LM (convolu-
tional neural network, CNN) 3K U= K5 2% 5l RRAE 1
Al &, % A\ BILSTM-CRF 584 ot 47 A ) % 2 40
W 2 SRR, (HERZ X BRSO B RRE .
AR A H2 5 T Transformer XA 4 b5 &5 (bi-
directional encoder representations from transformer,
BERT), (ERMTIZRAIRE 53] T RF5ETH, T
HAEARgbS 5 FF SO 5 R I TR KA
P, AR bR I R A T R A

B % G2 P 5 1] (centralized traffic control,
CTC) RGENSKB AN RS, O TN T &
4, SNRGNNEARAL S A 0B L E R
WS AT A, HE SR8 0L TR
ZREE, R, HETR TSRS T.58
B, RCRAKH 2 5 WA . 456 NLP 1y 44 SEAR R
ATT, AT PAR Re Al b 5 R OSCAR IR ) S R A,
M2 T 2k 6 CTC & G4 1 i AE 1 22 5 20
K HECTC RS, MG A7 A KRR
BEUATLEMATE SN, HABEW AR R E
ale DRI, W ARSI AR B REE, F
SR SCAR TR T AT AR A28 5 i

CARIANE AR B R WLz —, HE
() FHERCEAESE, AL B 7 i —
Ko BATFRBPISCARE T EQREZIRELTTE.
R BT G R IR T i T
ZIRIRCARRETT1E, U T R SCARS

FEHIR AR L 1R R, BT 2 h T R AR 1 43 JE
MR REIL, Mo T B FIEAE B 1 ) &
BER T AT RS . xR R Y —Fh B
ERIBOI L, e T 25 OUR I R .

KSR ORI T 15 i 48 SEAR TR 5%
e, MM E IME S AR, SR MR
1 k% CTC F 4 Ik 25 48 A 1 S0 AR H G4 1
Wik, HARH S,

(1) i C¥1E (fuzzy C-means, FCM) %
FEEAE BCH B SRR S, R i 4 5L
AT S I SRbr 2 seik, ARSI G 4
SRR BT S5 AR 2200

(2) BUAE S0 BILSTM-CRF 5%, 454K
B b 1) BERT AT SCA GRS, B R, PRt AE
B IERIERE IR SO A 25

(3) WERZEE CTC RGNS 4 H E AN
DR R REI6AE T, AlBhlat A 7 e sl H 41
SCAEGHE IR 3 (P BRAE, T e N T AR A IR
o FFHMER TAE MR Be S B 2 K.

1 k& CTC AR 25A93% O

1.1 HECTCRGEL RN

Bk CTC 2 4t 1y 182K 2 32 i 20 23 b LR )
KA TR R R G, KR, wE 1R,
AFEF RGP — DA T RAT, 4ERREA
CTC & Gia 7% ) A F i+ LA, PR DR B & 3R
PR IE) IR 4G B B 2. Bk CTC R4St
RS AL i@ E RS 4 i PR AR 25 2%
(temporary speed restriction server, TSRS) . &k i
ZAEB T HEE 2 (global system for mobile
communication-railway, GSM-R) . [ %] 4= 5 il
Z % (China train control system, CTCS). [X [f][4]
FEV A& BRI AT A A0 B A R A /A ZE R B AR
R4t 5 5ETIRNAS. BLRENERE SR
BRE. ifE BERY 658 R G ERE R 5
F, & RS HAT A O BE B SCAR L 2 CTC
WA i 2

rh U R AR R RGN B 7 S
&, AW IR REH, TR T A CTC 1.0 &
. BEETESRERNE P KE, CTC RS
TR BIA W 78, B KB CTC 2.0 R4,

2016 4%, HEBRE S AF KA T (B
REGHARHKM) (Q/CR518-2016), HsE T CTC &
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GUIHE S, TERLCTC 3.0 R4, HAETNRE L AKIE
. RGHERIECRER K .

CTC RGAE LR NAE AT, 75 BT w8
A, W AR 2 A TR B CTC # oGl |
CTCHE R, CTC ThgeMiX. CTC#: s
FEEMR . CTC % Gt LA R A 1482 10 00 23 48
DISCATE A7, ¥ T 2N HALTh R L1
CTC 3.0 R G0 Y) 5 Z—Fpm i 7y, B
W CTC R G5 H A2k % 41 22 4% i) 5 4 DL R B 1
AR AL AR Ac e, dEM IS IE L AT S . B
DA 0 GOR IR 2 A I A R G (5 B
AR H G SR R
1.2 BRS|HBAEIER S

Rk A FE AR RS IR S5 A5 A5 R FH R 5548 A
WEMRSS R, YIRAXWIAEGE RS, S NMaE
%M,

97 FH AR 2% 2% 1 5 ZETh R AL S BRI B RN R I% 1
U755 I LA H B SOARAE A i I Ath 24 i 4
MEEE a4, B E U7 A8 0 DUSCARTE R AT
P B T RIS E B

T RS BT B e I R 45 4 5 FLAth 23 2
Ui (E RS AE R, LG — 107 S\ 52 2 7 i I i

B, FERE A R A HE b i S AR H R kAT
HEER, FRBIE VSRR A, At
HARE SRR R B gntd DL SRR 8 S5 5
CTC JR 55 48 S AR A0 7B AT 8 B 55 0 38 = A
P HESCARWE 2 R, X —HESCARR G 8T
P2 IR A R A5 J2 A% 1E 0 PR B E i R S 5K
P, B2 T RIZRAR IR 7 S E AR H B SRS
o HETIRS 2 H ESCAR R R TAE, A7)
SRUAN TF SRR A 3, A Bkl A 1
Ry 5. BN AIRAE . TSRS T
R R RS A5 H &

E  Log2023-09-12.log X +

M e EA

14:33:35> EEAF(RRETBERSSEENBRS SIS
14:33:35> EH@Ar[SIMU]Ea)!

14:33:35> Z¥IP:192.168.1.5, EEARIAR: 7911, HaNAIDE!
14:33:35> &F¥m:192.168.1.5, Adbim:7911, gl#rfServerThread
14:33:35> AiZAF [BIBIRAEZTERA] B!

14:33:35> M [EIEIRAZE T BRA] $0xd,5kiR0-6-27, BAY0-37-255
14:33:43> EFmIP:192.168.1.12, BRI BIR:7917, FHaEIE!
14:33:43> ZE/F4%:192.168.1.12, Adti:7917, lE2$RIServerThread
14:33:43> AEAF [SIMU], 3!

14:33:43> A [SIMU] #z0xd, &50-38-1, BJ0-37-255

14:33:43> M [SIMU] Kz0xc,3E380-1-255, BfJ65535-255-255
14:33:43> M [SIMU] 20x24, 3i53210-66-255, EIf165535-255-255

B2 CTC RS asfi i H &Sk

CTC 5 1 Bl 7= Bl e an I 3 i . 4% 1
AR ESR, 2B 2 B i) H S SO B3T3
AR EEAE, ZLERRKENT. W5
Al T M55 AP I SCAER S, —adt s
it B SRBEE, SO SCAHEMER. EAL.
Ay DA B AR T BRI . HAR 5 DU
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A, R R RE DL RIS VA N AR 2K
CZ Bk CTC R Gedi HMHE T 8
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Bkt CTC R Gk 55 as T AF % 1 (1 H S SR
B Y FRBE I 1A AR An e I AL & R e HE . BN
WUESE R, B ERT SO R H SO A,
TP IER) B ARE AL B

ARG N SCAS TS i 44 SRR A B0
TR T, Hor, SORRIEER B C BIE R
RELFR IR S5 25 1 H ST IR, SR =g
AR RN Ja B2 AR SCAARRRE o iy 44 ek
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1) GR$ L & ProcLogOutlnfo =1,
SendLogOutInfo=I;

2) BEE RN RS 4% H i G H 15EE
0X0E‘i$éﬂ”§4§\ 5

WFZIT1;

WFZIT2;

3) EHIGRISHF BRI ZIAK L F SR E.,

4) {EHIGRIST HA M XKL FUCERHR S,

1. TIA, GMEOHRMKELERSHE,
TR BN TEHE;

2. T2ft, AEMFARS R, AL
ZERIFRSE B O0X0E-0x04, BE(EE S
e, 3RS, ERESKE, FikE.
MR MRS KE . ESENE
WEIEH;
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PRI SRR AT HE AR . AR 5401
MR IS E, EPATE S AR BERT, 45615
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& AR R P 4 TR
2.1 MXABEEL
AR A ELEZ —, BTEMN
KE P SCA SR R DR B 28 5 S, IE8
INEE 2 RIS TERAIE . WL SCAR SRR A4
R B IE . BRI S SR Ty
E Hoep R %12 R 2507 4 K-means 2K T7
%, BVE SRR —AIIERE, SR AR PE 2 R A
b B A L P A A A A B AR AL R AT
A& . {H K-means JT7 002 — R /AL 75, =
WE AR S R BR T —AME, 2 T AT

= 1 AR S AT Fiks
o Bl o
ORI SCARA . FECCAX4
Bl B W
ST KA AT
W] R A
%ziﬁm%

| Berti: WHEA SRMI AR AT |

| BI-LSTMIZ: HHH R 1 F AR

| CRPE: MhOCRMGAUERmARER

B4 RO ORI 5 A BRI e

AeJE T2 MRIIEIL . = IR 45 58 Bl S
TR, 8 LI Z IR R EIE AR DIANA
(divisive analysis) #7%. BIRCH (balanced itera-
tive reducing and clustering using hierarchies) %17,
HEREFRITEE m B EAA M, R4
RAETNBALRS, 55 EH NS AT AN RRFIE LR
P ) JZ IR G5

SESRNREBEIEAR, BRI R E LA
THMESHR, BEHESGRAHERIEHNFRERX
R, RIS LBET AP ES . EEH
£E, TRIFEBE LU0 FEEE, HH
RIE M. BOWI IR TR ) R 8 B R A, XS
AREIR AT BBV, B SR R I 2RI 4
. MR RO R 28 07 A BB C I R 2R
k.

BRI, A AR SCAR TR R T, BRSO SRR
S BR W T G M AL B AR SCI A TN R, BBk
CTC R Gk % 28 HE XA — KPR 5T
FBR SCARRHE, NG 809> K 5 i 44 SR
R R
22 EMCHERAEER

TR C BB SRR — M K07 . FCM
REREIEH B TR RIS, ——MiT 3
JE LRI, A S — AR AR
FORHOEAN SRR E R, HACRRIA IR .

(D RBEHEU

TEFCM K F LS, FIFEARx, 5N ERE
Hhte C, 2 IR FR) S5 J B P — N RE R U=[u, R EoR . H
o u, RAPEAR BT RS HIRIBIE, CRRE
K, cRRBEERE, m2EWESE, J,(U,C)
Tt /MU EFR RS, FHRAT EAEAS fUBI BRSO
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SO R B AN SRR B 2 (R IR B . SRR R R i
JELL N4 :
O<u,<l (D

J,U.0= Du,=1 (2)
j=1

(2 Hm/MeBEEERET (U,C)

SEBIEEX={x, x,, = x} AR E K,
FCM REFEZ TR B e MR L Co HH bR
Bt /ME, HEREEn (3 Fis.

J,U.C)= > S(u,)"|x,~C)|f (3)
i=1 j=1

Hor, x,—CRFEA X, 5 R I C 2 18 BRI
.
(3) HFERE L C
FRUGENARH Z R R KL C, REL
BN

C= -l — (4

i=1

(4) TR EHE U

RRUOEA S PR T B B SRR AR R U, Bk
wr.
~ 1

e

2 el

(5) &Ik

FCM BB L AR R UL FER — AN
1R b ak B KB E: H br R4
J (U, CYRI AN T4 8 E s SR8 SRR U A2
/N TR A

BB EE 1 DL —FiOR 1) 77 QA B AN i R SO AR
s, BREE CTC RGUMRSS % H & SCAR P9 25 A5
PR AT I8 I ORI R AR R, AT SRS
PR, PR EEE, R K.
2.3 WEBEMMHRAES

1744 SRR A 1 — AN P PR R, AR
Yt 44 SRR HAT SCARRTE, AR AR 3
HARBLSEAREEAT IR, B i 44 SEAR 5 SRR

H i, NERATSTE HARIE &5 A B AU K V£
WEEHTZNA, AR AR ZE . FLASE
P EEONS . FHNER/ES FERARET
G, AFERS /R REA (hidden Mar-

(5)

U

kov model, HMM) 5 214 [ ¥l 3% (conditional
random field, CRF) %5, 1ZK7VE%E 5 LI 4R
ARG 5, E R it K0, i 2 R 4% 1
KR R, R TUREE 2% 2] B NER J7 i Mg T A
WIRFE 2 21 5 55BN LA A A G T . IRFE )
T oK H 4 #1428 W 4% (convolutional neural net-
work, CNN). JEMHZM 4% (recurrent neural net-
work, RNN) DL J &K% B 12 (long short-term
memory, LSTM) & 55 MURIR 22 SR8 . LT
TR FE 27 [F) NER J7 ¥R 5 SCAEHR 1) 455 24 I 25 04
33 7T RORIEF, (HAM EF RS2 AR
Z—\‘E[Zl]o

BEE N TR 5 KE S B RIS R &, GPT.
BERT %52 T Transformer 173 & /1AL AR 28 3 AN
W S 2 5 AR A FRAESS . H ET NER AL 55 &
AT 177 158 BILSTM-CRF 8!, 76 b i |,
I FH BERT #5284 58 K (1) SCA SR - AR i e 77347 S
Agity, AT S LT 5t S AR B
2.4 BERT+BiLSTM-CRF

A% A5 $2 H 3 F BERT M1 BiILSTM-CRF 1) %% #%
CTC R G55 2% H & 1) 2 SR B AL, 1
432 BERT)Z. Bi-LSTMZ5 CRF 2. H
Hi, BERT JZ H T2 0 45 1 SCABEAT 1 A5 BAL
B, ¥ BRE S CF AT EL RS EL
F o Bi-LSTM J2 JUARHE A7 B 4 i 45 JL 3k — 25 R AL
SCAH) E R SURE, AT B AP B AR SCA R IR . B
Ja¥s N USRI N CRF |2, 458 CARR R
HIFFIFR T HARZS AT A AL, &5t 4R
AT

(1) BERT 2

BERT, B[I3EF Transformer [0 5] 4 i 2%, +2
MR LA 2R S RN, BERT 14 58K 101E
B RAERE IARHESRIRE 77, FralHE K AL B SOA
7544 -

BERT i F 73 & A HLAT IR 7 A2 S8 RNN )=,
IR &R, I NI RN AL B g i SCA
ATACER, AT DASR TS SCA B SCRBEC R 2,
T B - A B A2 1 SCACHSHR - ) RN ) ()
T ESHRIATRE, Hh, <CLS>E T4
(FIFF4E, <SEP>H T3 B MMl A 1, <EOS>AR
K—NFHIIEE R, <PAD>N#h 4 RIEF| W E K
FEMA)F IR, @ A— NN TR . R
Gu e R SCARBAR R, — DMK AEE PR N2 A
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®ia), Al sentl. sent2 Fno
Sents =< CLS >+sent]l + < SEP >+sent2 6)
+<EOS>+<PAD>+...+<PAD >

BERT 2 47 B 2 fs bR SOARE R R, %
PR H 2 17 8 (vocab.txt) X BT A M FH 451 3
ITIZFAR B iy, FHIER5Z R BRI 1 1A 18
A AN A B, 1R R 7% R BRI TS 2 B iR 7R 15
R IARXT AL B . 5 20 A1 20+ 1 ZE AL B Ym A AE 2
s (D, X8 Fir,

. pos
PE A=sin|—————— @h)
(pos. 2i) ( 1000021/01’"‘0del )
pos
PE . =COS| — %7/ (8
(pos,21+ l) ( 100002’/dmode1 )

Hop, dNiAE RS E, R R R
HidE, 20 R 261 oy B R AR B 4 RN A B
pos N M FT A ELE 7 41 R AL E

(2) Bi-LSTM 2

Bi-LSTM & X % 4 LSTM #5784 1 f) RNN 45 )
BEATOCHE R %8, P T BE SR SOAR bR SOk REFME
23] o ZJT RAHSINLAZ 500 5 T TR YL 3%
HSCAE BRI WANFIE . BRI T RNN
HH BRI R SR AE R A, XA LSTM (Bi-LSTMD
(10 i8] B 38 30T DLIE ik 6 2 1 17 R S 1 B otk 2
cEIp
hBilstm:[

o, PSR E LSTM 7E R A5 K ¢ b %
A TE ) LSTM 7E I 18] 25 K 1 (0 B IR 4
B PR 0 LSTM AR )25 K ¢ R ROIR s, <57
FORPHERRE, 2R VERS 1E MR A R BRBCIR S 1R
R I DRI g T iR, R A EEE
RN

(3) CRFZ

FAFBENLI R RENLL T — N R
THOL N 2 AR, AR b — ol ) O
R M EREY . CRF #1444 45 52 (1) Bi-LSTM #j th
AR, HT BRSSO y AR

_ explstey) o
TS expste) 0

s(x,y)= ziPE(xi’yi)+PT(yi—l’yi) an
oy, PYBI-LSTM it 45 7€ SUARIIMER, P, oXS
J% CRF A RY R A ME A8, BIVIRG 1 o o0 o 1 ) 50 1
I RAAEFINTIALE, y RREANTIIIAREE, '

h forward h backward :| ( 9)

t >0t

AN SO x T A AT RERIAR S A
3 CTC#EOBEIARRE MK L16

AL ERER B CTC 5 40 Ik 55 28 A1 H & S0k
S, SRR 55 A A A 2 A A
TAE, I E LU AR

T, B CIMERKITEK CTC R4 H
EXAREIE RN, @V cRSH. wE
IR MR SRR FERERE . K)o A 24 SO
REPOELIR, IR & H E SR s i H
e SCAR B B T, A RER L.

HR, BSCARRE RO N — P R 44 54k
WHMES > Fhr %8, X BERT 2. Bi-LSTM =
5 CRF JZ A7 1%k, Wt fi 28 AR 1) AR ) AE A 22
EVEFRPE -

i Ja, FIH Pyqts T AT A T4 B 1 i
SXAFEF TR, HT SRR & ae i
FsC
3.1 FREVEMIZR LD

AL FRER I CTC RG0S5 s A H B30 S
1, 58RI S5 8 A 5 H A 2 o B A P 2 1K T
B, AT BRI SCA SRR T 20 R FE B vh R G
H G SCARBHR AT b . SCABMI SRR RN .

(D) EUIRSS &8 H ESCARSF

AU LIS FH A 55 28 B A FEAE R 25 2 1 H 75
202443 3 12 HA9SCE, 2 H ROl al vk 4 b
Boet, #AT VAR IE . SEER IR, B
RV Ff bz QR 55, B R 2 H S
A, BT

(2) WA

W H jieba FEEAT HARE F 70 id], AR i Si—
WA A (term frequency-inverse document fre-
quency, TF-IDF) A:f TF-IDF4EFE, FHT-r&E—4
T TE R T AN SRS B BTE AR P R — SO ) B
PP, BT RS TR SRS, .

D14 (term frequency, TF): i w7E XY
d B .. o, count(d,w) A HL I w TE SRS
d P BB count(d, *) N SCAY d 1) 1A H
count(d, w)
count(d, *)

@ A4 %R (inverse document frequency
IDF): #—MEEAEZ N PRI, NEkRE
BN EER AR, Kk, WEZERE. H

TF(d, w)= (12)
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H, N(w)J9ia i wAE NSO BRI EL N
TERZE SR S
IDF(w)=1log N

N(w)

(3) BERISTA TR E

HRYE FCM B3k, AR @ S Jm AR . 284
H AR BRI BT RO, AR IR R G
R, LA EEVEFIH python 1 skfuzzy AT 15
BISCAR SRS, FH numpy PEHEAT SUAREE AL 2,
AR S H B SOR N B PE ORI 73 i SC H AR
BE BT KOCREF B CA R 428,
CTC R4t H E ARSI SR R 5 s, FR
g3 1. FERSr 2 2 F R 04 (principal compo-
nents analysis, PCA) J7iE$&HUIHIRHIE. PCA ¥
AR R B gE S ) b, REBE T EE R,
T30 A B R, FR A g Ak
Jaa T %, PCA WIARYEHIE )7 Z 85 M7 150
B 0 RO R R AR P E TR T R), RIURE RN )
ANHILAUE.

(13

N o I FRTES

W T

04 o KIARF
o SARF

021

[}
r e
0V2 - m.
0.2 0.0 0.2 0.4 0.6

ERA
5 CTC R4 H E AR R IR

TEH B SRR IR B, 328
R s A A 44 SEAR I A4 FRIE N, T B AL S NER
BRI ANA . . WA, 44 CTC 24
HESCARM a4 5eihk, $ 4 8RB Flk—0 00
9K IAERRE, WK 1,
3.2 CTCHEOMINSCARY 6 2 SR A

AT VG B SCA T i HH 1) 9 2oy 44 SEAR AR 2
YE RN ZR AR R 5, FIH briE T H LabelStudio
BEAT SCARKRRIE, ARIEO A SRS 128 44 FRont
WG BHRIAT I AIbRE, FR7ERH BMEO B (B
RNETE . MRNiEF. EANFE. ONET), TFLa-
belStudio T & 4 f5 H 35 th BMEO J&5 42551,

F5r2
S
[
\.
4

®1 IXDHBSUFRE

EPRINIbE LIEENIN e JESCARAS]
L/ NAME TS i
HEgR RACE TS0 R
bR couTt Ri%+:6 001
SR TS EDU 3214
PR ORG KH7:2 371-66-255
H 5 LOC KH7: 65 535-255-255
i 1] TITLE KHr:15:51:25
TiRehs PRO JECAH T : DeviceCode=1
iy ID YL AT : Oxa7

tL W B-NAME. M-NAME. E-NAME %4545,

W 5 BT SR F 35 F BERT A BILSTM-CRE [1]
B CTC R G055 45 H & 1) A 44 SEA R LAY,
B )PP PR bR a0 N .

(D FEHE

KR Rt e . EEXTHIES R, TN R4
PIREAS B IR RS REAR BT R b, AU B
far, AREADGE “FI IR A W R AT AE

TP

TP +FP

o, TP R A5 ) IE A MoK 1E R AS T A 1E 1]
FEA B, FP RoRBAL AR 15 MUK £ 5] B A T
NIEGIREAR 4

(2) HF%E

B IR R IEBIREAS 5 SRR R IE
BIREAR R LLER . A [l R mR iy, B R
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