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Abstract: This paper developed a model for text representation and classification based on hybrid deep belief

networks, in order to solve the problem of traditional text representation methcod (Bag-of-Words), which

ignores the semantic relations and whose feature extraction is high-dimensional and high-sparse. Based on the

text keywords, we explored the word vector of keywords as the input for multiple classification tasks, such as

news and biomedicine texts, and we also proposed a new model —HDBN (Hybrid Deep Belief Network) which

is based on the integration of DBN (Deep Belief Network) and DBM (Deep Boltzmann Machine). The results

of text categorization and text retrieval showed that the HDBN model can performed better than the traditional

methods. Moreover, the results of two-dimensional spatial visualization also indicated that high-level text

representation based on the HDBN model presented the character of high cohesion and low coupling.

Keywords: Text classification, text representation, deep learning, deep belief networks
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Dirichlet Allocation ) ' 5% | LSI ( Latent Semantic
Indexing ) "'\ PLSI ( Probabilistic Latent Semantic
Indexing) ¥, Wi B LDA DL M SSI ( Supervised
Semantic Indexing ) %, X %877 PLHE IS 2%
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2.2 XARDEMIR
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ANIRFNPHR I, L, A s TR
SESORG Rl JUAF e R kR 2 —

2.3 REFINIK

BREE 7 SRR T N T E M HIbiTT, 2k
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— R EM SR, DNN T HEF Ry
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AR IR 21 DBM AT AN AL
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3.1.2 HEZGHT

HDBN 8 — oGP0 E (i 2) o viEn]
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BIELEE (KE) MIERR, PR
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YRS EERE . AN BOW Z AR
H— AR

SostmAAR
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(2) FeF iR A OB RRHIER R
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PR i 2 PR IE 1) B O R AR TR, A AR A
NERIN TR E LR I (BRI E*50) o PRI,
FATEZER TR A A A IE
XAUEEAR T SN A RAERE, 1f ik Ak
S TR a5darh, JAEET TF-IDF

) http://www.bbc.co.uk/news/business/market_data/overview/
(2 http://tinyurl.com/m2c8se6

VRSt , 5 En TF-IDF A,
FATTINSCRIIRRZ, BRSO T3 a2y
A (3-6) :

Nxn
m+k (3-6)
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Horp N2 SCRIA S, no BT 24 a2
B YT R SR N, mo B T TR A
SCRAAN, b SRR BT YT A A A Y i
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Sy
SEEG Iy =B Y. BE — 4y SLER 43 AT 52
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SN, DA HDBN BULLE B B
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I S TRIEABT (RsM) #OHES, &4
BURHH AT BOW BHER R, BILAER .
SRR BOW [T AR
TATRIESER -, S M RAEHT ISR
ForA BN

4.1 HuR&mR

T AT 2 B — A 15 £ 85 £k (BBC News
Data™) Fl—ANMEMIBE S HHEEE (Scientific Medical
Abstract? ) . BBC news data A 2,225 5 SR,
Sy BRI BRI L BUG | s s AR 5 AT,
BEMLZEEN 1569 SRR IIZREE, 656 FSCRUTE
NIEAEE . Scientific Medical Abstract fU4F 39 25,
IR FEASO R T 300 G
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4.2 KN EETTIE
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Mo BEAN, T AR s L 5 MTI,
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(1) RBM DRIZS SR A B B o > R Ay 4= 22
FEARGER, DA 58605y, A TEr e 5ie )14y
P RBM PERERY E 2248, SR FE EL A A
DBN ( [P RBM 41/ ) Fil HDBN

(2) RSM (Replicated Softmax Model ) J&
Hinton FI Salakhutdinov 3£ RBM B il i) —4> [
BIFE UL TR AR M4, TS AR = 41
B —FhCi B, a5,

h1 hy |- - ht ht hy | - -- ht

r—]

5 RSM #&EI[E

5 HE B E R R =T A, EER
—4G DA A, BUE D RE SISO
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NIRRT o Al HI A RN B A — A B
PR, BN DA R Gt EE R
YIRKKE D KRG (D 2R, Rt RSRN
KE) . VR AT SOR LR, TR
=] LA

(3) DNM ( Deep Network Machines) : 5
HDBN FALAFIR 2, Tl HE DBM e =4t
DBN BAUELZHIN, HARZ ) DNM, AWK 6,

(4) MTI"" ( Medical Text Indexer,
MTI? ) JiE— Fh 56 F PR 2% 3 803 % MeSH il

(3 http://ii.nim.nih.gov/MTl/index.shtml
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TIERTH R RN R %, BAREN A R
J1, FTF MeSH KR 5 R 45 R 68 T 2T EWER
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TALRR, FEMGRHE , JelUIEAE AT 2000 1)
FIAPE N BOW FRHIEIF ol R, 142
R IR0, X B AR Aoy
P, TBNFHRAE 100 DA

AR ) HDBN F57 (#)Z DBN Al
HJZ DBM) , 96 DNM Fl DBN A5 #5145
FONUE . Ge— s E NN Bk REEEC 50 1K,
B 200 0.01, HFRE = 4ARS > %
(Learning Rate) : 0.01, 0.001 A1 0.0001; % /%
JE A 50, 100, 128, 500 11000,

TESS R, EESI T Mikolov!™ 123
FER TR ] f i AR BN R )3 ) 3o
BOW HffRE—4k, PRI 2L B IR AR AE 1) KR
Sh 100,000 4E (2000%50 ) , KL T CBER R AR R
7K 2000 4E (40%50) o LA, /F BOW FFIF &
A, R A ARG Y B SR
WAL, AR SRS R A, B
FERFE TR TE-IDE A

5 LR

TSI IS BT AR (RBM) 11
S ARG AL RSM+, DBN, DNM il HDBN
A, PAK MTI, MeshUP, CNN 70 R[4
A HTRR LR S 55 2230 A7 22Tl ) R
INISEZspwar s EilliN=2T

5.1 AEMEEAIX LT

1 B ARRIEYE BBC R SRS 2500
AR Z RS IIEZE,

XL HDBN R FT RsM+ 7 5% 1 %%
E T35 HDBN RRAEAE 22 2 5 Z AU SRS,
X AN REUIAE AR LT P P R4S 22 HH R AR

SCRSRHIA] . ARFIAEAS ] HDBN R A8 1 4%
SR/, MR MR SO XM P AR 4 =
[ SRR L [RIlE HDBN B GEAS BT g
JEH2E S BRI 2 4k, X AR AE BRI
TSRS M Z SRS PR 2% 21 B DA BRGSO

X b HDBN A1 DBN £ U 75 2] 78 AN i
R ELAA (FBZPUE) 1500, HDBN St
DBM BRI ZREESCARRAE L DBN SRR
GEHA N, A HDBN B AT 22 5T DBM
MLk, BRSNS R AE B
B N EN SRR UER, DBM BUALE
R, BRAT B AP IR 4ER R, Rk HDBN
B ] U R G5 R 3 2 8%, (015 121 DBN £+
YIZRIN 5T DBM [ HH 547 52 OO RRIE
AL LI, T DBM MEN WA, 87T
DA S ARAB R o

XL HDBN Al DNM 713 5. HDBN [1)
SRR T DNM, [FIHS 6 HE DBN FI DNM 27
TR B 2 5L T RBM H2BUERIE, A4 —
JE A AR, g ST E H DNM
PEREZLL T DBN. XGEREAET DBM 5| N
IR, BT BRI, AR
HE XA,

TATRRTIZ A5 2 1 SRR ) AT TR
S . BRI T RIFFRSOR, HDBN f331(5C
A AR s A AR R I i SR B 2 B /N
B X AR WIIE T DBM IR 8 1) SCR >
22 F R, FTLATE YIZR 2 A8 BER S X 4y
FFHIE, Uk A G REAEREA S X

B EE B UK 43 258 HDBN i 7 45 25 25 5 (3%
2) : HDBN AR T flac 75 155y 28, FrDALE
AR BARLE 1 B RAQE R 5 2 T7 1
ML S5 A, HDBN B AE R I T
HIET NN ERUEEIRAE, (FUE 40 MTI A
MU, BIEERAT— B A AR, {H & Medical £X
PRI BRI IRA AR S, SSERZ T, T
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AR A SO S S A SR U H MR B R
KRNV IRAE S, i HAER R FRZ 5L
HAHE, BOW Fona MR gE,

TR AR St 2 B AL Y R &2
IR MO, BdRtk HA IR B S EUY
RBRAER— A

x 1 FEEBRI A R R (%)
XA AR
HiEE | BE | 23R HWHET RN BIHET SN

50 100 128 512 1000 50 100 128 512 1000

0.01 |94.04 | 94.65 | 95.41 | 95.11 | 95.87 | 93.44 | 93.29 | 92.98 | 93.90 | 94.81

RSM+ | 0.001 | 95.11 | 96.48 | 96.64 | 94.65 | 96.64 | 94.66 | 95.34 | 96.18 | 95.79 | 96.03

BBC 0.0001] 60.40 | 94.65 | 94.80 | 96.79 | 94.95 | 70.88 | 91.76 | 94.05 | 95.88 | 95.42
DBN | 0.01 |95.31|94.81 | 96.03 | 95.06 | 95.05 | 93.18 | 94.10 | 94.30 | 94.13 | 94.69

DNM | 0.01 | 9549 | 94.89 | 96.01 | 94.94 | 95.08 | 92.96 | 94.28 | 94.68 | 94.51 | 95.87
HDBN| 0.01 |97.40|97.40 | 98.01 | 97.09 | 97.25 | 95.42 | 96.02 | 96.94 | 96.48 | 96.94

= 2 FERSEZETTE medical #HIEE_FRIRETIEL (%)
HHE BOW+ DSE

&R MiP MIR MiF MiS MiP MIR MiF MiS

MTI 62.03 63.86 62.93 57.44 52.27 52.11 52.19 51.12

MU 63.95 59.62 61.71 56.68 50.66 50.20 50.43 50.22

CNN 53.74 51.03 52.35 51.22 55.42 53.82 54.61 52.42

HDBN 57.39 54.50 55.91 53.16 59.22 57.20 58.19 54.47
5.2 AEREANFFEXTEE A= 0 F 05947 ﬁ”ﬁ‘])gﬁj(/l\, SRS 2 TR T o iR
FIfE4E, WP PYE e sl 2 AN KEH

XY S Lh AL T T A BN R
Tithe BB—AEEE T ﬁk%ﬁ%ﬁﬁﬁ%
R, A RAE R IR WG R,
ﬁ?i*ﬁﬁﬁ,ﬁﬂn@%%ﬁ%m*ﬁ%o
PP A A R IR E RO R I, TR A
o, RO IERCE R, RS IR AT
BAZ, RO, ST ARFIRIREA, %F%@%*
R —FE o AT A BT AHE PR 215 15 2 (A
AR AN, ?Fﬁﬂmm&ﬁ%mm—ﬁ
o WHRLEDL, W T AR, )RR
B D TR ZE e, R R T E KA —

MEEALLEE, E%ﬁ&ﬁ%ﬂﬁTéﬁ‘F%fjﬁ%ﬁﬂﬁﬁrjaai§i*
—FE, NI EA5d Softmax BEZCTIN HH ) SCASPRZS
BRI

ERZIRIEFEAMA: — /& HDBN
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S 50 eI TR AR BOW 1oR, E%
JCEM B 5,000 4, 59K45 95,000 17T
FHE 0o

FERTPA LI, AT 153 Bl T ey
Ko NI 288, RN 4 Y
Izl 8 )21 10 )=, S EE Rl 2 B =21 SIS
(EARIA, (R RIE R RBM FIAUEZAF o
EFXEE AR AR N IR, Tuﬁﬁkmi
ATIA— AL R, (ESR X PR PR 5 A A SR
PR B SRIXEE 0 Je R AR TIEF TR, HRTE
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A RN ) 2 1A R OR AN e R
o, AERFEAWHR VXA A R )
RSN —E I, PRI T 12t
REI AR, g 58 ZFhR T g B I 1)
) RN . IXMMRFIE R T 12 B e 2 R U
T SCRAF G ], ZRJE P ) e 5 AR X A5G
i,

3 SRR T SR I ) R N AR IE 2R 5
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