


% ir B M
DRAE

FATERE Rt

It =




nEE T

TR LB A A D 22 S TR BE 2 o 7 16 VT A, 35 B 2 1 BB U2, B A7 b 2 F 4% ol B 2 BB O 45
PR G4 A A AR BE A 0 40 0 A L F 5 N B R R M R SRR T — R B T R R AR 4 Y 4
RT7 o B W 2 ST RSB 2 50 O R 4R T o 6 kR 5940 M VR BE 2 T D ok AT B 5 b S0
Ak, I TR T WZRRMEFE RGN A SO IRA T FERSIERE,

EHRANRTHE. B 1IENAREEFEMEOBES EZREHLFRIR:H 2 ENRAXIEEER
R4 5 3 N BABPIREBEMYE B A BN PR TEEBRGEML B 5 ENAEHHEERENE
B WNALHBMBREBGEML 7T TN RETHRZRWNF SR k.

A IE A1 8 BEA T AL L b 5 AR AR A S A IS % A5, (] B ATk AL AR 2 T LB
BIFEXWEEI AT ) KB TAEERMHARARS S,

APHEAWEEFTEAFHBEHBUEE . THREEREHE.
R E B3, BREREIE. 010-62782989 13701121933

B ER 4 B (CIP) # #7

EFREEBGEME MR/ AMHRE. —Jua . EERE B R, 2015
ISBN 978-7-302-41355-4 ‘

[. OF- 1. O 1. OWAR2EI—mtr gk N. OTP181
rp E ROAS B 450 CIP B8 4% 57 (2015) 26 209432 &5

BEHE: kK H ONRE
HEEIT: ¥ER
FERX: KR
FEENH . Fai

HARE 1T H K At
] tik: http://www. tup. com. cn, http://www. wgbook. com
i Hh: b RE R R EVERE A il % . 100084
# A #l: 010-62770175 HiB M. 010-62786544
BRE5IEERS: 010-62776969, c-service@ tup. tsinghua. edu. cn
FRER: 010-62772015, zhiliang@ tup. tsinghua. edu. cn
s TR AFENRI T
: EEFE IS
. 185mm X 230mm Ep 3. 10 = ¥. 131 T%
: 2015 4F 12 A% 1 /R En M. 2015 4F 12 A1 WEDRI
: 1~1000
: 35.00 JG

e

ft 2 F HK I
S & 5 B &

. 066149-01

-
Bn
=
o



aut

*,
Rl

21 480 , WL ) SR M R T — 3R 51 25 T 2 2 M 20 50 46 2 g 125 5 7
M PR VRIESE S Jr ek, VREE 2 3 I 05 A, R4 — A 2% A 90 1)
53-8 7 T2 60 B4 1, 38 3o 7 26 ) A 1 K5 0 B AL L, 75 o B L AR —
‘B EBREEAE, HE A E YA R, R E A R 2 i VR 2
5978k T LM & B R , 7T LT 42 3 4% b 5 2 BB 19 25 4 A 43 7
IR T B30, YRR B 4% A 2 3R 0 2 6 2 33 WL, T LS
DATE W 2 ST AT R I LA B 2 ST AT A K I I SR AR T AN M . R
A R B 2 39 7 e A B 53K [, 6 ) 3 0 W 2 5 1 43 2 )
R BF9E TAE LA BRI E X

AR T — BRI T U B 15 00 4% 0 43 36 07 v 8 28 W 2 5 0 o
B 2 51 97 R AR TH 40 e P

B KBS . W B A5 I 2 7 v 75 B0 JE 40 TP B T AR A
R L 7E 403 77 T M R R AT P 4R T, 7 43 3 T U I B A5 O 4% 7 o
SR T — R W ST T B K AR B M4 % i — A
S 1 2 4 e R VR E 1 10 4% 1 9 52 e 9 0 H8 MO 5k 6 800 I 49
T LA i 4 T 0 1 ) LB ) R L E AT R TS A O
o A B S 00 R B, X4V B B 135 X0 4 T L5 o6k i i o 2
BN 1% SR T

B, EENRE RS, X VR B A 04 3 T ol 2 )
L T 9 A A 0T R 2 5 97 ok A A A W 2 ) M [, AR B3 T
K40 U S B 135 0 2 RO JEE 0 B 4D 7 o, 3 o T — T A0 I 2 30 O ok L

e I =



ETREBEGMENS LT E

NHEENREEFEMNSG . ZEEHEEE 2T ER R R, 5EH
BEDLECRI It R B R ST M L, P RE R R TR T, EFEHF.
F 5 FREFIE S A 1 P R B 4 b B SC U SR L OE L IR B A 4% B 4
RERNT R IMAF T T EMX R BE MR TT %

FEBRTREERFMS. BTHEMEE— OB EMESE LM
BV WE SRRV DL L, ATHE PRI EEZT IR, A4
TE H N R B PSR T WA A LR T BT IREREFNS T
%, BONEMER— 3 RERMEENRZREEMRE T METHE
P& RERIRRRE S . 2N BE M IR LR ERY B TREERR
W0 £ B 43 S BE 0 B 2 1 T 0 S 2 T 4% RSO A R I 4 L X 0 TR L AR R 4%
i E & B RE BRI .

B0, ENIRBE B M4, O o B o o b A SORE AR 1 R R
A B¥e BIE N R E G MEM LD RS S R T A
FATE RN EHREEE ML %05 kR — AR Z R R AT
B MED 2T ERZRWE LS F IS EPHETENNE, BLERE
TR HKEE ST . A AT 3 3h TR BB AR P 2% Al Zh 0 2 1% R AT 55
LEAEREY, T REEFEMNERERMN TR R E Ik Eh¥
2] J7 ¥ » o A A5 I AR B TR 5 ) O A A PR L Rl .

B, ESHEOMI R B AR R4 . %Tﬁ~$%ﬂi@ﬁ£ﬁ%@%%ﬁ
fE» A 42K T S TR BLAE M 2 SR 7 ) D ik M AS L R T E BB IR
BEMYS . ZEM%A T RER ﬁ%ﬁ%ﬁ%ﬂ%%ﬁﬂﬁm%%ﬁ%ﬁ
HBEST. AR AT v LY A R B IR AT B b, R4S SRR, 3
B R B A5 M 248K T B A X L7 vk P i O P RE .

e AR RE 2 B MBI F 5 SGRA R = T — A
FEHRICRMNTT % RAETRERWEFHIRGTT k. ZITERRZRNE

MR R BE S M HE BUR R B 7 2R BE TS & R Z R TR 2,
¢ D e



]

o

RGO B R KR B AT A 4y 26 . E=AF B o SCR BB & L
M SEI6 2R B, 2 T IR 2 280 1 5 3 31 0 v mT DL o VR 2 2R 4 ok 32 T 43 28
BB RSB IER R T LM FE R SCRMNFE, ATk — S RBIE T 2T IRE
BAE DA B 3 28 T A DR R RIS S B 07 FH Hh 4 43 28 TRl R RS BB T o

ABRAHXHRMERER TEHK B AR ¥ ESE (No. 61300155,
61170161) & K K¥&H 4 (No. LY2013000) % B, Bo . ABHERE B1E
BB R AR B S B TR B B K AR M AR 82 08 /R B Tl K2 IR BF 52
A= 5t T 1% e 285045 1 R T T 20452 1A K 0 SR 5 o I o sk 4 () Rk A S8 A RS B R
R 3 > B S '

BRFAEE FPKTE, BPERAE A ZMER A, BiE&MLE R AL
FEEH A X G H A HLIE48 IE

VYE& Hk%8 zhoushusen@ gmail. com,

J At A&
2015 4E 6 AT



E E

BT, HLES 22 S TR M B T — 2 B2 T 4 U2 W2 I 4 SR M 1 2 3 O 1k
BRGSO ek, YREE B A 4R 2 R 2 3 O vk T DL S B %
Wi 2, 7T L 0 2 5 46 R L 20 BOHE O S MR M L B T 6. M
B T O B A 0 4 7% 0 SR 00 J2 0 W 2 S ML) DR ot B R i
% 3] 97 PR vl 4 R, A ) 3 T 2 W 2 T 1043 2K 1l B £ T 9 T M5
Hoge b,

R T — R I TR B0 4 040 2 07 v 85 2 22 5T
B2 Sk R BT H N . DI N A EE QBT LY E -

B KA VRIE B R . VI 135 IO 24 7 v 2 O R 4% 8 T 7RI
B, LR E 4336 7 T 00 M R S R R T . AR 0 T VR I A5 46 O v
SR T — BT B B 3T O U B I A TR (S . T R M — A
ST 1) VR 2 2 g e 45 VR B 15190 46 £ il 2 Bl 9 A4 OB 2k o A0 X 43 BB )
T I FE 2 B 4 0 T ) B 1 4 R

B, BN RS, KAV 0 4 A W 22 5T )
L, T 9 7 0 0 VR B 25 5 7 o A7 0 W 2 3T 9 B, AR 2
X 43 W B B £ 00 406 VR BE 1 30 S 7 o, 4R 000 T — B 0 R 2 3T 7 v R
KRR B 4, 0 v T A I 7 vk b e R, 5
BRI B 5 00 28 S 1 AL I, 23 2645 SRR B T 3R

B R TREEREIG , BTM2 I0 46  —  RRY A 0 1 E W 2 o)
SARIFHLE B RA MK TR, I T — T2 5 ik e, A
10 B LRI (S 4 R T M0 22 L L 3 T 0 TR B £ I 2

. 5



ETREERMENS LT E

M VT VT — B VR MR S TR A 6 R R T
W 4% B BRI R R RE T .

B, ESRE B P, ol W 2 > P B RURE A 1 % R
A K AE MR B MM EDE T B R T — M e
IR ESREBFEM Y %I A R — AR )E R OR AT
B MEH 2T ERERMETEHEIIBPH#ETERIE, BL RS
MBI HKEETS

B, ESEMIREREMNS . N T — 2RI E WL B AR R4
BE. AP EHRERFMK SEM I TEMES R T ESEMRE
BEMY . %IRRT RJZ 20 7 8 %0 4l 5 B8 0 ABO 48 7 69 40
?éﬁﬁjj

Ja AR RE I TR AR FE P IORAMES L RET -1

&“&B’J%‘ﬁqﬂiw Uil 77k RO 2 TIRZERW T 5RB 5%k ZhEERE
R B il S B AR BB R R B 2 R BE IR SS G (I IRE Rt AT L5
KRG S IR KRR BT A 2K

XER. WEF . WEERESE, 3%, A DK BB
K, FH5iR |



Abstract

Recently, deep learning methods, one kind of learning method which
based on multilayer neural networks, were proposed. Deep belief networks
(DBN) is a typical deep learning method, which is usually composed of many
hidden layers, has better capability of learning complex structures and
distributions of real data sets than traditional neural networks. However,
because of the unsupervised learning mechanism used in DBN, there is still
few research on using deep learning method to solve classification problems,
especially semi-supervised classification problems.

To improve the classification performance of semi-supervised and
supervised learning, this book proposes several classification methods based
on deep belief networks. The main contents of this book are as follows.

First, discriminate deep belief networks are proposed. DBN has reached
good performance in data compression, however, the data classification
performance is need to be improved. We propose a new semi-supervised
learning method, discriminate deep belief networks, which uses a new déep
architecture to integrate the abstraction capability of DBN and the
discriminative capability of the exponential loss function. It helps the method
reaching good classification performance by using fewer labeled data.

Second, adaptive deep belief networks are proposed. Discriminate deep
belief networks are used to solve semi-supervised learning problems, and

cannot solve supervised learning problems with deep learning method

7 o
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efficiently. We propose a supervised learning method based on deep learning.
This supervised learning method is referred to as adaptive deep belief
networks, and is based on discriminate deep belief networks and deep
autoencoder. This method uses an unsupervised learning method to construct
the output layer. Compared with classical random initialization methods, this
method can obtain a higher classification accuracy.

Third, quantum deep belief networks are proposed. Quantum neural
networks is a classification method that combines the merits of fuzzy sets and
traditional neural networks methods. To further improve the performance of
supervised learning, we propose the quantum deep belief networks, based on
adaptive deep belief networks and quantum neural networks. This method
uses a new deep architecture to integrate the abstraction ability of deep
architecture and fuzzy representation ability of quantum neural networks.

Fourth, active deep belief networks are proposed. To solve the effective
sample selection problem, we propose a new semi-supervised learning
method, active deep belief networks, based on adaptive deep belief networks
and active learning method. This method uses the same deep architecture for
semi-supervised learning and active learning, and iteratively trains it in active
learning procedure, improves the abstraction and classification ability step by
step.

Fifth, active fuzzy deep belief networks are proposed. To improve the
performance of active deep belief networks method continuously, we propose
a new semi-supervised learning method, active fuzzy deep belief networks,
based on active deep belief networks and fuzzy learning method. This method
inherits the powerful abstraction ability of deep architecture and powerful

fuzzy classification ability of fuzzy sets.
L] 8 .



Abstract

At last, we apply deep learning methods in handwritten Chinese
character recognition mission, and propose an effective handwritten Chinese
character recognition method, handwriting recognition based on deep
architecture. This method integrates the abstraction ability of deep learning
method and discriminative ability of exponential loss function, uses deep

architecture for coarse classification and modified quadratic discriminant

function for fine classification.

Key words: Deep learning, Supervised learning, Semi-supervised learning,

Active learning, Text classification, Image classification, Handwriting recognition
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