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Abstract

The Internet provides a more open and equal communication platform for the
public, while enabling the public to access and share first-hand information at any
time. However, the Internet is a double-edged sword, which will not only trigger a
large-scale public opinion crisis, but also become a relief valve for social emotions. In
the Internet era, the network has gradually become one of the main media of
information dissemination. The speed of information dissemination through the
network is faster and faster, and the piblic participates in topic discussion through the
network more and more frequently. Among them, in the process of network
communication, public emergencies are more likely to evolve into public opinion
crisis. If the media and the government find problems in time, clarify rumors and
dredge the public's negative emotions, they can be contained in the bud.

In view of this, in order to help the government and media managers carry out
the supervision of online public opinion more efficiently, this paper establishes a
hybrid model. While mining the theme of comment text, the model explores the
emotional trend of Internet users in the whole stage of public opinion, so as to
improve the comprehensiveness and accuracy of public opinion analysis. In terms of
topic mining, the model uses the hierarchical Dirichlet mixed process model (HDP
VMF) to fine-grained extract the hot topics of microblog comments. HDP VMF
regards each comment data as an independent group, extracts fine-grained topics
based on group data clustering method, and replaces Gaussian distribution with von
Mises Fisher distribution, so that all clusters are evenly mapped to a unit hypersphere,
rather than encouraging cluster centers to converge to the original point, so as to
reduce the error in the clustering process. In the aspect of emotion evolution analysis,
the deep transfer learning model (BERT) is used to model the fine-grained emotion
classification of microblog comment data. BERT, which is composed of attention
network, significantly improves the running speed by using parallel operation. At the
same time, the multi head attention mechanism also enhances the ability of semantic
analysis and understanding of the model, and provides a more matching theoretical
algorithm for the research of critical emotion analysis.

In terms of empirical analysis, taking the "rainstorm in Henan" event as an

example, this paper captures the data of microblog comments on relevant topics from
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July 19 to July 31, 2021, with a total of 120791. After the preliminary cleaning of the
data, the jieba tool is used to segment the data, and the word2vec combined with
BERT is used to convert the segmented data into word vectors. Then, the sentence
vector is obtained by weighted average word vector, and the sentiment classification
of comment data is realized by BERT, and based on this, the sentiment evolution
diagram is drawn. Finally, with the help of HDP-vMF model, the key words of the
review data are extracted, and the hot topics concerned by users in Weibo are
obtained. The empirical results show that: (1) Emotion evolution: In the period of
public opinion outbreak, most of the negative emotions of Weibo users, but the
overall emotional tendency in the whole cycle is positive. (2) Hot topics: "rainstorm
in Henan" is the core topic discussed by microblog users during the period of public
opinion. With the further development of the incident, a number of hot topics have
emerged, among which "Metro Line 4 flooded", "star and enterprise network
donations", "k599 train trapped" and "rescue documents" are the top four topics ,
HDP-vMF can effectively mine real topics through verification with Weibo hot search
topics. (3) BERT performance: through the performance verification of BERT and six
commonly used emotion classification algorithms in academic circles, BERT's ACC
and F1 values rank first, which verifies BERT's superior performance in emotion
classification.

Keywords: BERT; HDP-vMF; theme mining; emotion evolution; Henan heavy
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WL 3.1 ARG R, BGOSR I NN E, BN A
JZ. BERT %4, &R, W)=,

B ENRNZ . BT UHENIGE R SO, A o SO AR Y
i 75 AL RS I0 8 € I EK, SOV RIFHACN R H, i — i PRtk
FRA tokenization. FLARRKL, tokenization Fft A& JE X SUASHEAT 40 1A], HEA ST A E|
B NS token CEJ—ANHSO0 N —A token) , PR JE R @RI, o Jm FEXS
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&~ token X FAHRI ID. SHIRBE, 28— BN E R FEZEH 2R R0
= B N H TR ZRE) embedding. B Sl B FdE AT AL FE A4S 2
WA W = {w,w,y,.ow,} s Hor o NIAIESE RS, BT IS i “wili—
WVCID” Wbt ER S, i i FoR f A\ IR #09 1D fi A\ BERT, BRI i)
w, ={id, ,id,,....id.} » FHA c N i METCFE BT A2 U BT A
AN, BT AEEAE KRS —3, ARt s— MR BrCL, TR A B K
FE—8 f B2t E AR B s KRV m, W AR ¢ B30 it A7 £b
0 #1E, Wi w, = id,,id,,....id, 0,} -

% ZJF N BERT B8 %2 3 20 H B = ALK 3R B 21 i8] 5 98] 2 8] 1)
SR o ASTHETUINEEE T A B AR Zri B A S 800 A al b, g i
JR GG STAS FL AR REREAT 1 — B IOR 0 7 2O B R B AT I 25, AT SR IA] 1 2 [A]
G A B . BT EHE R OB AT T 252 BERT YIZ5E 5 BALURS
Z—, HWGRA TN INGRES . Horp—AME S5 2 H R A 2 F1m] SR Ak 1Y
MLM (Mask Language Model) 1155, BIBEALM % N\ Uk F 8 4 — 5 s i
S /A5 U <0 I il N 0111 72 28 i P 1V S R W7oV /3 Sl 2 1 (1 P e
] ) A2 b7 XAy “Abag” 5 P E AR R N EEER S, X
FIEAE R “xx BB #ER bR 8L “HREPE AR xx” IR AMEEAN SR, &0t
— 3 KM R I 250 5, AL AL 5 mT DA A Tl 4 i 1) 73] o o — ME S5
FHRAHHEA) 7 ZRFE) NSP (Next Sentence Prediction) o Z LM EEH M2
FIWriES) B &5 iE0) A N30 ARl Srdiis 11 77 2002 A TE R ZE Hh BE AL 4l
—HES P A)TE, Hh 50% < EAECR AR, AEN “IsNext” BIISRIEA, 5
Ah 50% B 28 H 28 Al B iR B — A0 uE (B R iE A — @ A2 JER
FI5E —A)35) , EN “NotNext” HIVIZRFEA

5 =R N H A IR N A B I K IS 8 - BB A % SR IR
S S B R I 4R S R 2 —, BRI OAE AR T S 4 R ) e R P afe vk
(1) 77 QP AR FE 1 1) =, 7 DX 248 v (R AR EE S 3 DR AR A i 4 ) B BIIR A [ B2
[T DG R, BRAl A HON:

x, = weight * x + bias 7 (1)

Horbx NSRS YEF R, weight NMESIIRES L, T IRAFBUT KR
bias NIMEZE, SEMITRE -, SS BTN Tk Bm e 5, 155 R 4L
M RIEVESIGRETT. AT D IRACE R, BRSNS AR O N Y A &
S EE R DOV E . FEEGE 0, JEIR—BOE a) T B WiE BT AU 215
BINHERIYA) T RoR A & . AR 2R T AR )S . K BERT % AE 0 268
HISm A RBAT ) TSNS, BRI, 28— B &M 2 (R E 2 50k
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N 512%256, fiZESHR/INN 512%1; Gl Bl A 5 UE — AN R IE P 24 I 2% (e
RNy n*256, Hrbn R RE; B DEERME NS RIER T DR
B ReLU, ZpRH A EAE I g om BAR P 8 (AR LR RE 77, NI LE M 28 RERS UL &
SRR IEE, 0B E x> 0t x , X <O HIH 0, XAEM—4
P Jo L [RS8 £ I [ A% 30k I 28 2 7 A RN, T R R AL B A4
AR X IR ESHORN N 256%3, MZESHR/NN 256%1, K x FNEH
AR 2] DA B KN n* 3 R/ TR &, LA 4 R B E D 3 R SR DR DN ERAT]
PSEE BB =Rl ) n*3 R/AMU R EPHA softmax REL 24k
FEAEHIE T2 R BRI A0, B3 ANEE R EEEEN T 1, HADY 1.
A SR R RAE AL T IR A R — 4E R i oK, I SAB A 5 R RN IE A5
An SR R AR AR AL T A VAR — R B K, TUIEX 2R 1 ) R 15 T RV D v 42k
I SR R R AL T+ AR — ZE L R oK, UK 21 A0 R A IR B D fi 1

FWE N R, FEM T4 AT RO SO o 8 IR R A SOAK
BRI GR, TR GERS 2R 46 SO e & IS IR, IR RERS RS
SEARAT & B A6 SCASTE SAS JS 1A 1] [ B, 3] i g D AR S 3 R A A 32 Ty
T B3 058 SE PR B0 A

3.2 HDP-vMF F R BI g

KA TC SRS (DP) L2 — R M AR S K U i A e (e LI A, 3
HARANAN: B G, &l 4218 0 ERIBEYUER 704, S8 o, /& IS8, 4508 0
IR AT G I R 2 LT S

X EE AR 0 AR — DA BRKID 4.4, , PIFLLFRR:

(G(A1) ----- G(Ar)) ~ Dir(aoGo(A1)a---n aoGo(Ar)) = (2
M LA G iR M CAZE 31 G, S o, 2H AR IR 5 75 it 72
G~DP(a,,H ) D)

A TE E AR 2 B AR LR (9 R (LDA) , il S
) = AR O3 A BT SORIEAT R & 0 A, LR AL W 3.2, 4 — M n
KEFHXRID, D={S,,S,,...S,}; W={w,w,,.w,}o
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Stepd: L5EZH O, FFEMHART G, K504 9, ;

Step5: M @, HAE KR w, o

R G2 1 25 T 2K M) o 7 o R ) 32 R BB I oo SR 2 B s kAT SR 28, Toidk
X2 SO BT FFAT A B L, M 2R T SCRITA )8 B B, I HREAe o
KEWIZRN . ERIEE R, & f TR BN ey — A dE, £
AR 2 AL AR E . B, S 7 SRR 2 26 0P 2 A BE XOR R,
HEZARRTB, A OHIR Ry RAZ KA & (HDP) 9,
FHEL T 52— DP, HDP @i [FI X 2 A B 8347 IR TR 2S00, vl LA 280t
RIE Z HEE 2 ML E R, ZMEENEENEEEE, AR EmE
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HDP @R ml it oy

Stepl: BRIXSCAY D, (5585341 8 P(D,) 5

Step2: M ULy Al H AZ KR B i R R AL =004 G, 5

Step3: M ELa, M1 G, NZERAA v F AR H R TR0 AT G

Step4: MERA G, HHRES i MF 0,

Step5: LEZHO, NP ERTEE, KA D,

Step6: M@, FAERIAE w, .

N T ALAF B Refg [ Zh i€ A, A ORI H stick-breaking #4i%
1257 HDP =& @A A AT a0, 4R 4 HDP 20 FE, stick-breaking #4318 1248
ST AT S F A . BRI A B T R A AT RO

B~ Beta(l,y)  a,

k-1

ﬂk:ﬂl;H(l_ﬁ;n) Gozi:ﬂké‘ak

m=1

A D

N34 B NN ELY A ZE Beta 734 PR BRI HIME, HSEHDY 0-11; B
el E ARG R, HVEEDy 0-119F Hii A2

> B =1 # (5)

FR AT G, A e TR RS 5 — Z L, i A H S8y Bk
NG, ARIRN:
7r'].t ~ Beta(1,7)
7[;::”;'; ] (l_ﬂjv‘m) (O
4, IRYE stick-breaking #4324 HDP 3= @R R HEAT AR 08T LEAN, A
T A SO EE, AL G R E TR A 05 B 0 von-MisesFisher i
&5, von-MisesFisher 73 A& 3% T 77 MBI o0 A, Howg O~ BdEE= A
R ) HL B SRR R K TR AE, SR 0 ) B A Lo YE
x|*=1 A (D

FHLE T w504, von-MisesFisher 7347 78 = 4E 1% 0 T 20 045 35 51 #b 43 A
FEABERTH L, 10 w5 U AT 2 (A BT 7o ) J A SR B, X RN T H0d8 10 3R 2543
1o BIA A RT3 75 53040F B 1488 F von-MisesFisher 4341 {465 73 At
RS AR R 2 T SR S 1k e o AE A SR 3 H A AL o, (B BT RUIR AN von-Mises
Fisher 7340, 1% A5 SCAS a2 5E XA 7 A 800 I HLAR 5 2 4 1 SR A7 BR T
b, dEER BT b R GG HRE AT R A ket — D R E R 3 RE . B 3.4
3.5 43 il J s 1 ASCADL AR £ 68 BR 1T LA 2 BR 2 (] B 00, 1288 DY 4R
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B, AT e RS B AR A T s SRR N 3.5 Pk . X 3R
K, EEE H BITE T A R 32 AR 2 W] A ARALL L, Ho e MU AR [R] 32 A 1)
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3.3 BERT-HDP-vMF ;R & BRI 3E

TR IESE TR B AR SCAS K 13 AT 15 S0 A RN S R L, A SO LY
B:f] BERT 5 HDP-vMF #AY AT R4 AL, 3 T —F BERT-HDP-vMF & &
PR, BARRAE A 3.6 Fias.
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Kl 3.6 #E7 HDP-vMF 1 BERT BAY i) 32 R 2 4 A% o3 M Sk im iR

IR GBI AT R IAR A DL DUAS D IR
Stepl: RIEUBERL T 1) SCASEHE sk 7
Step2: 2k BERT 582528,

Step3: 4 AN ] [ B 5

Step4: HDP-vMF 7Y 3 @i &

3.3.1 KARIERI RIS ATt 18

FEM 257 6 o, AR 3T e S AR Rl A A% 3 #5222 oo A A = Ak
IRFIE, P NER AT DORR IS IZFHAF I Ee, B, dF . S AE L RgAR
Nt BLAVFZ BLE 7 sUBEN LR IE IEEAR . H T 1K S R AT (1 S KT 2% A
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FE, 1HFRIEIPHEA—F, FBEa) A —E M. e, EEEiE)H
o R — R M RIGMAT T . BIRXERERT S IEARZ MmN
PRl 2, (H2X Tt EAUSE AR, XEEEHE T TIES, R s
INHEAT I 2R ME R T B AR EHUM B PFR BRI, R 7 B3 A Z) i HUX 26 5
BUFIR, FEA A TN HBE AT AL ERAE L A OB A AT DR B 8dE , BRIk, S TR
HV BB A AT ORI s, A SCRR Z0 R G i ik AT B TE v, TR PR E E E A
W

step LI B R A5 775 LLLAR RURF 55

step2. 3R HUEE 25 H0 s () Rl TR 2

FEAER (1) A, ASCiE s 1 208 S0 AT R R 445 DL BC ) 7 2N e 36
TEFF 5 LUR mAT5 . FEMZ AT, Jef el — N IEMIRIE, B —MHRIL
Bo A7 Hr CIRATTAT LR R B A — S BOR 11 1 245 5 U D — Ef P R4
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TABTHENLE S 5 BRSO, 8 oS BACE 2R — P S0 . Hr g1
st — Bk BRI AT 2 e, AT S LB I ZRAe T AR S ST RN SR
B BRI A SOAR R B . EARZ 20 TR, A& Python H13C
S3 iR FE TR jieba 43 ial3EAT 40 il ERAE, RN jieba T HABAK A 30010, 1 HER T8
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