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f(x)=b+ Zc:gf({mx;]. (3.1)

HrA b Mai REAK R, FNAER R, ZEEK xxiD) A x SIZ6]F xi T
fe CEVASATE IR T T 2 B B B AR SO o £E BT A0, £ (O I RLZ — 7 2K 381
P R E, B A [ TR &5 ) A

A K (x, x1) >p RAE xi FIE A — LG X x 2 AU, B RREUE R O T —Le B
Do IXAMIB A DX Y RS 38 0 T DA A% R B 2 B ) o JR S8 ) — M 7 e A K (x, x1) =
e=|[x=xil[2/ 02, JLriy o Fi] xi BIEXIRAIRA . FATHT LHE R E I — MRS
A E W DA E S — BRI RA: K(u, v) = je—(uj-vi)2/ 0 2. WR|uj -vjl/ o X prf 4
BN, AR ILEC ) I B K (u, v) 2K a1k [uj —vil/ o XfF—A gl j 2
K, ABAVLEES RIFH K (u, v) 2/

RN T RN AL B SCRE L (SVMs) [24, 391 F143 2885 55 0] U 110 s 107 4k 22 2%
(20311, & 702K, BIEME A2 B2 8e 5k, flin k &ia 5%,
Nadaraya-Watson &Y Parzen % %5 [, [l 45 4 ok, AT AT 2% =1 5005, B AR Tsomap
AN LLE [FIRET] DL B R bl &, LR O o B 5 ST Bk th e T AR B i 7. (49
TN RN AR AL )

SR AL O AZ AL H P38 DL 56 (smoothness prior) ZE Gz . B H b ek B0 I8 1) 2
ATDMREF RGBT — AP R Blan, B 22T d, WRBATMINGRFEA (xi, yi), ATEAE
SLANTRINES £ (x), HAE x B xi PR 00 vi MR XA S 2R A N 5 1a] 5 SC— A



PR (proximity) PIMES . IXFROR S I, (HR 2 H AR e 2O 4N 25 ) v s FE AN IR B, 3 o
PALTHZ A T8 LM

A TR R, (R 3E T T RSB B T (designing kernels) K&
SRT, S SR ERAT TR D 70 R B AR SR BT A A%, BRATRE R IE I 2 I3 2008 ? 3 A i) A2
BETIRZ A FE[40, 96, 1961, VRFEZEMTT LB ME XA T 10 W AT I K g . SR i
W RRAZ AL T LB VR FE TS M4 SO Je R 22 2] — AMRHE S ) [160] = 285 VR FE w5 2%
VRS, RZHLE IS BT A A — AT SRR AR B C— AN 0 B R AE 25 18] R AR 2R 1 AR 4 (—
NZEMEM L), FHHIXAE ] DU TB RS, /A s g AR = A 0 T 4%
REAE 2 (8] T DA VR B0 12 ST 380 o B (R 2 30 2 Heal e FH ol 5 R e (1 0 2 A AR AR AR DG TR 3R
TR PEE SR (12 3] BT LU U LS 2 2] — M AR IR 23 ]

FE—ATTHY, Hh—AEArRE (BN BRI (B, B
& a N, f(xtav)-b 34 0, ANIE, RE BN, ENIE), TR S
w1651, [13, 191878 T T miiiZx A ALEE, 9 HAR R BN WRG , 75 25 3] [
T F IR RV . TATE R, W TR E R R, gt ek, S s
ML — @ REE, LERGIFEMNGERE PRI . T — A FIREMR LM B AR E0E 7
PR (Hn, SN, ¥ SIE—AN 7 B A2 RS AR R B0 R R (75 22
—ANKNVC HESH RN KRR P17 SRTT, 2 >0 ) LUE 78 A A AR e rp B 4 B2 1) o 2t
AT (A KB A R TR S 72 A8 po A R, IR B & A It s 20

T EAER R AT, PRSER M I M2 SR I L2825 S AR A D) s by . T B
WAL AR 2K, I B ISR AL R E A B AEOG, IR ABAH % I FERe g L
BN B (R SR A T8 e AR U 2 /b o ARTT, SRR IR R RN IS R AEAA Y, RO
REfE R —Fh, ERRERTLASECELF Iz A, JCH SRR IR OO IS o SR AT SR AT
ATREHETE B AR R AP R HE BIR 2 S AR IR I B PERETE AT AT 5 h H B

T AR LA 2% IR HR R S S 1, AN B S Sk R B, i TR Y, RIS
RAETG W 2 IR P B S I Sk R I, Bl et N [155], Tsomap[185], 4% s 404t
[168], (BUFRAE kernel PCAYFLMFHL TRFAEI [10], Manifold Charting[26], 3 8 592 [199],
FIET ARIAESECE B VL9, 44, 209, 2100, K2 8070 WA W B R AR AT 12 14 «
BRI AM F— NG A, AR EE i I R e . PR BB, ATy AR 3 — AN LT B
MR, FERXLEERR AL BT, R FIE Al v ES T g e At AT, 1B 3. 1 R TIRAT A A
=AM EXEH—KAE W, RATKICN T EEY IS B2 Rk, RESHES
A5 A KR R B R 7 [21]



Fig. 3.1 The set of images associated with the same object class
forms a manifold or a set of disjoint manifolds, i.e., regions of
lower dimension than the original space of images. By rotating x] )(2 or
shrinking, e.g., a digit 4, we get other images of the same class, i.e., on the same
manifold. Since the manifold is locally smooth, it can in principle be approximated
locally by linear patches, each being tangent to the manifold. Unfortunately, if the
manifold is highly curved, the patches are required to be small, and exponentially many
might be needed with respect to manifold dimension. Graph graciously provided by Pascal
Vincent. (ERAGIEHARIE, HHLZMI7E—T)

B Ja AR AP R — T FE T AR R B~ B 2 ST SR M 1 [9, 44, 209, 210] 0 X BEEE DL
SRR R SRR B HEAT 2 X o AT DO R RE R B R SRRy XBCR AN S B E AR e fl T
oK [13]. PRI BRATRE 220 5 70 FAR A B IR IC B 1. a0 REOGER Y D ST A R
R EE, RS NETMEE K.

R (28R I IF I - I Bk 2 — . BN EATREW ROGEM AR R P i Bk 74k, 1EWI2
EpR, EATERKZEAE R . AT, ST TN 8] 4y X, I HOEEAS 7 XA B
M ZH RS BRSBTS [14], B IS RS A — 7K. XA EAN
BT E ER th ISR Bk T AR AR M 2 S BNE MR . e AR E =D 5 H AR H b O
(A AR R B N 2600 1, T HUE AT BRIz A BN SRR o B RO R . B0 #r [14] &2
AN B AR EA B — AN B AR, DERIGE T BB AE e RIIR A . XM



AT SIAESCRIE T B 2 h R G ARV [41] . IXsesh B 5 27 [ (1 Sk 45 S [R] it 358 B v
H AR ACYERERIAE B AR 0 E 10 A8 (R £ 8 iy 2 B AR
— R&HM (% boosted trees[52], Fll forests[80, 27]) ELERIERIALEERE I 5E. BT

\ Partition 2

Partition 1
C2=]

%M%MT%Eﬁ,u%%%#&@&%ﬁﬁ%§ﬁ¢gﬁ*%ﬁ%%%8DMoWE&2%
s EATHRAR A B B I AR R T — AN AR (AR R 8 E T 3. 2 T IR, —
A F IR B2 5 4 RSB 5 0 B AR B AR TE A i\ 70 X i ARSI g me A SR BB A
T RIS CAE R AL, XA BEI AR — DR R E R ERE R IURER
FIRERR U D n AR AR 5C (10 1 DX 58 SR U A n (4R HL .

3. 2 I HMAIEBIR R

FE 1.2 75, FRATIS R 1R G T AR R G R ) T bk R S R R AE

IR FATWA T JRERAE ERT— 1P AT TR, /A0 ARIEFA B 70 1 AR
AEXAERFEARE S o 0 A RALLENL 85 27 S AR & X 2% rp ot — MR IRES:, & AT Re X i ok 4t
FEE 9 MEFN Ry iz AL PR WA — e AR . — N EEEUER MBI cartoon Ja) IR AE 2 — AN A Bl 1
FIN-1 /0 B9 N EERr R A& v (1), WAt Uis § MR ri (D) = 1i=j, Mf PSR
[ref:http://www. zhihu. com/question/21714667 1. —AMdf&E (SFFE L) X T F H %
O] LR RN —A 1o LU I &, 2 — M B R R IR 7k o X T 3X W Rl AT A 7] 20 & 1) S
PRBERE, ] 1) & A LARHCE 20 U7 AR EE T /R R AE (local representation) 77 =05 %5 .
SN R B MR S (AR RZ 08 00 AL ERTE local C(HLln K& MR HE)D
AN AR 2 () (R3] o) B o 22 TG A K B I PR 42 07 SRS A A A 43 B8 R R RS i P 28 B 7
A [139], FEAERN A BN RMEG 1-4% A4 o2 BRI (5, 1137,

FESCE T, FATH 7R HIESE A ROR, X FERT A I AT TR I Iy o X Tkt
{10 JR BB AL 1) — M) a2 36 1 N s R RIE MR R B X ORI 2 EE S,
il 3.1 PR R I AT AT — . E AL T, AR — RN B R R RS
THBRSTREFIAL . 281K, RASBEIEANRE R @ ) &, UM SASRAR FR M H


http://www.zhihu.com/question/21714667

MSLHIIRIT, FSL I o b (TCA) [11, 142103 pesr 73 #r (PCA) [82] 7] LA FH SR 37—/ i) = .
FREAMLKAFE rO X T MARK x, ZRERrix) € {I,...M, i €

BAS ri () AT AN —A x KA RBIM Kb, IR 3.2 (M=2) Firfgnif,
A ri(0) MK R x5 18], (E A AR 7 B AT E 2 B ANE S ARAERE ¢ (o) T
TEAERIAE x—2 [A] HPOE AL ] E R TR AU SR . TR AR — DMREIR IV A S A, — 48
SEARFEFERATAT Y, SRR AN BE RN Bar . BEBSRUE, E1E S A Y, — A B i) R
AL T RERAE 7 3 HLAO R 51 G b 8 IO B4, BB AR 2 T — NI P MO N R 1 2% H i
#ligihis (one—hot code)s

7, — AN [ ] DU NMEVEARRAE (B e AR B P B &R 40 (R 2 A1) 1Y)
Al TR AR R R — A TRASERHE OTIA G RATE0, 15 RIE G5 R ARSI 4 7
) MURAERIET, WATMIEMSLAE, EREAERSIFRNEH AR K BAUSE 7 — 13K
MIFRZ A 2 EAR, RIS SO 22 8 R AR A SRR T s AR H 2R 0L, il 2 il st B A 3K
HyE 65, 661 F, FEZIAZHEIILEK .. RTRITERAA, EH M E MG R
WA EOEERK, D2 ERRREM T - ERAZ R X 2 ERIRENE
o XFT R BB B AN R B T AR HR 2, T R e AR S URT DUAE S 3
B, HARIFRAEIRAER . SuHRT S GaAPTR a2 IR IXED W] BLAT BLE
By N 4 B — AN s a], KRR R GETE S5 M AT LR K 2 oAl R R RT AR B sk .l Rl
T T TP I, XA a] LA — AN AR J s 1) 22 R x5 18] 1) 73 AR R L

XA IATIA LGRS AT DA R0, HA2, A BA 2 HACT, RIS EmahR,

N2 E RS 2 R A

EMB SN, 2 EMA ML (157, 156] AR B>, BU/RZEI]CLIINTLE
BEHCZ Y DL A B 0 A MR L R 102 ) A bR A R THRE & 2260 A H, BRI H RIS
ER DU AT R RHE . FEZ EMAEMNZ, GXT—AMMEEEZ, BESNEHRE—
MERIRIR

¥ 2 E KPR RS AT 2 — MBI 2R R Bk, FRATHE T — g

BT REHEML

4.1 ZEMEML

LR 2 — RV EGREMNZ ZEM[156]1 A (K 4.0)fw, SFMERS—Z, F
Rl —ZZErHEHIE RN, AHEEEdHEEE2HME R E, EHHIAN.



(4.1)
ForpAg 2 th i B AL [l B, R AUER R . A PRB o m BT, Bl LSOy e
FABBANARZR AT B B )5 — J2 HOf RIS BEAT SR T, AE 9 B >, AT e
R bR — RN — DR R, RO N R Hath = T DU o — M AR 2 itk 3,
Et 40 Softmax
(4.2)

Horp, FRORMERAT, HouE NIETF H. Softmax 4 H THAT DLAI SR TN, FE b2 4 AR B 1Y
Fr 2o AEREME LT, FRATTZ WA S S A MRS BOALAR o B v ok s, O HLASE X B
B B/

B4 ZEWEZRML, @FELEBRFIFRA, RRAMUKELS L. FTFT—R7 vz e
AR B A — R, AR W — A AR A — AN AR R AR AR k. B AT TR AE, T A
T EEAL . RN, BllRE, AREd &, BT H5RTUFILE, AmERIRMK
B 2R o

4. 2 YRR AL M 28 KBk
E RS 55 04 TV VR SR T R T B2 R, JRATIFRS BT I SR 25 0%
AL 525055 AR RRE 2 22 eI 2 A T R A 17,500

H 38 A AR HE I S BB BT a6 A0 AR BOR I ZRiR 2 AHE) IR 22 [17],  ELF 2006 R
JE G5 R A AR TENL A 2 S U a4 V2 1 18 4.5 15 S 1R I IR FE A M 22 M 4% (104, 101, 175,

1S3 R I 5 Ik, (B LI IRl i R e i R TE 4E

G 1] FRATINU AT S 1 Jmy 8 i /M ELAE R A i S L3R E T B 2 S Ul 4 LR R, SRR



A7 HERR B 5 K AL A% AT AR S FLIX 4 (1 2 RO

VR 22 R IE 7T A AN [17, 50) 7P B SR 6 45 2R S5 T BB LI ZRB0iR B A B 2 R 4
24 CONBENIRIERITAG) 283 “ B MR s MEMFARE " (4 1], I HEEE SRR
FORAS AP I BE 12 N IR A . MBERLRTR LT 40, S5 SRR (AP 22 P 46l = L R
— B S B R X 2 0] I B 222 (R i [17,98] o IXAN I G RN R k1 JE M ER BEAR 5 5 Fom— > k
JEMIZEFTRER N N (BT IR MR D, (HR SRR 2R, (73] ZiEd T
e I BENE — 2 (BN x 1E 85N JTHIRIZ RGN G — X E I R A
FHFRIZ o Y SRR 83 R A 2 R BUR 2L 2 ALA iR (73], 3 A A it 4% Rl 2t 2 th
RE AR AL 45 2R (17,153,195] . X LESC = (KR 2 R A SR 32 2 ol B 2 S B B (FE R —
WA VR RIE): BB 2 TR INGBIRIZ (Bl 52 IRBORZE S AL — E 5L
FHA B AGER), XML IS — RIS Bk T ok, SRR SR — R R R
A BRI (R E SRR BT TR ), I HARBLRO A e B 0 22 ST AT %2 . /2
PR EIR 2 )5, BRI 2% AT DR AE B — FEARYE S A B I SR AT 1 .
(KT ZRAR XS BENLAT GG AAE 2 AN GE vt EE A L [17,50,98, 99 1 B T (RIIE 11 o A1 Ji 2 B AR SR o
SR 25 0 M B TN R St 3 AR AR ISR A 2 A — AR T e = T IR IR B 5 M I 2R B
EE IR, R RA N Z RBR 28 LM AE A 99 85(131,202] . XLEFEAIE T
SR BURZE SR E i & I ZR5E R S R AR 2 T IR R BN, tetn: fEf— 27
A= DR E GG S TR s R IZESHAES R M LR X 5. 7£[202], #
2oL R FREAS (x, x7) SRIINZR, EATZ a2 “KBE 7 (FZRND ZAAR. BB hix)
R x = k BRIR . BEE D REEIIZRAE I B E S B EER IR hEx) AT h ()RR 3 x
A X 753 9 408 o AR A58 B N S 3 s AR e B sz s (Bl i A\ 2 D B k48D SRR H#EN Bl
Wy FAE A T MBS A A 2 20 SRR [59) 2 SIRZE RN, (EL AR X HL[202) 45 P AE A 22 X 2% 1) —
JFEEEZIE)Z . RERRES ST B, [23,131,2041F] F & 2 R ] — Sk R 52 4t
PR R R B HO4R T ST RE R E R R AA

TREIE, /05 BT FC AR 55 R AL R 22 RE A IR LS BORBIAR R s, (Bt 408 ?
LA (R — AN A i A A A XA A T IR AT S A I DU B S A B IR A BOR . IE R
WUTE, B E AT REAN 2 & A DA AT LE D R RILE SCo

FE— 85200 H17,98], R W2 RV fak FH 950 I M I R PO 6 P58 Ao 2 I 4t AR 2 736
RZEFERE] 0, F5W] T 5 2 A8 IR WAL KR T3 T Mo A2 PEALROR - (5007 RS2 36t AE AR [R] (17 )
ZasEfl: P ARIZRRZE GNP AR RD, A T E I ZR R = & RGERTE
fi&. fE[SOIFitigat, JoliE IFIZRmT DAgoR s RE ML CRIsei: JEi B it 2k
H T — P S HUCR ) A DT AT A AR — AN 20 o I A2 SR e S 3 T H BRIk (AR 45 28D [V



2], BIA B ES M N 22 ) 52 Ge T R A o 53— 7 T, HLAf S G [17,98] S AR RAE
VR T DA AT PRI R A5 20 BE 22 45 AT IiRE . HIUVZFRUERLR GRIEBOVEVIMED A kE
IR IR FE I i G TR B TN 250 AR ZRAR AR AR AR IR 22, EETI0I 2R iy i 4 22
1% . EZAFRBIIGRRZER LBIF LG, BRI GESED e nEn 2
K FERESE BAERZE R/ ME) . E[17,98] @ AR ME R ON 2 i i JR BRUR R AR, A
MEBARZ T E RS NN, Sz G R— R — DR IR 2 2 &I
Zrge, HMERXANFoRRREMN. H—Jrm, MR ENBIZ, BIREECE i, HEK
MR & BT — MR SRR 22, I L A 2 A o 72 [50] (i i) Fofth SE I8 anBE L 2
Hvigate, BURE GEERANZ) IR AR RRE— . X SL50 B R 70 B I 2R 1)
E B 2 () ROUEIR FE S M BRI Z

(A 2086 N B R o R — R 5] e

MARIRATEE — DI ZRPIZs (— AR R EREBARIF B0 LR, JF AR EZEM 41
BRI RRE, ENTHR T —MNREMZ R, ErmAZBIRZE MR . IRE
MM L KRG — 22— D INGRER 2 A i Pt . A iRE Pz, BARREARN Y,
ERCHEIRREMN S A LIRS (FL b, BERET RN ERRTLT, — PR R
WIZRIAE AT AR B e R [18]) -

WRAE e R JZ RS E A R R i (R A 2 AR, RIME S EURZ oA w2l
Zx, IZRiR Z MR FERIRIR CREENIRAE T IR A BB E 2D, Rl g = k=
LR P 2 R EREREZ AL BE J0 o I ZRiR 22 AR A R Ik 22 e v 1, AT Tl W AR I AN B
FONEWE . BT REE TN G R MR R T, I3 e 2 P s g i )
Ulo e FRIESE S T B PO ZRR B SR — AN IERIU50]: JUHE i 2 g I
A, T B AT SR i i T3 2 A AT e, JF B I ZRER BN (4 MNIST,
ABIHHAREAD, HME B KB Bo MR %, R abin T AT R ZRR %

fE5— i, T REZHNGSE, AEGYIRANBIRENERE, S e E Bl
ZR YRR EANZ AR ZE A SR PR (W 4.2 AN R HE Fra) . JRATHENIAE — I 25
REFIREAM MR, 2B T Bl — M RoR, XA BT . HEREH
ANREPIIAL, IX LR E I AES: RS RERAE TR RE MG R, (HERERIR RS
PAELIAIF BB AR A BT e s R 270K

ARYEIZXANHEDN, B AR v B o R S A ) AL 2 SIS A T WL 0 R R e 2 R 2 F) B = PR R
e A ek [19], UHZENZRIRE, HEABIREWRBA BT, Hlanscf IR G



BN — NN, R TTHA ST KL K.

PRI, — AN R S0 I 70 ViR ER B 45 R AU E EAT SRR AR, T8 B B Tl R mT DA
Bz At . EARWT DL 8 S0 S I GREEA T AR THZ RE IR BRI ZhiR 22, (HR AT R gta =
I 2 S5 2 AF IR /e T 9 — PRIz AR IE T — AN IR R R A 6 B
TR, BAREE L AR RN AT IE NG . AHARBENLH B (X,Y) o IXFE ) IE AL 240
W B2 31 [100] FF TEARVEFEAS IR BB RO 5 PX,Y) (AR BRBEHR) FHT P(Y|X) CHIAREE AL [118,137]
(RIRR R ABASR A7 SR (1) TE AL R o A SR LS POX) A P(Y X)X IASAH G R4 ({3 2 i ST Bk ok
(1, ARG T Horp— AN S A @ a1 5 — ), B4 PRI TC I & 5 ST AR P(Y|X)
(#1257 ) o AHR AR AR A G B 3], JF HARAEAL T PX)FI PY | X)H B S EUZ2AH R 4],
T AAERF (X Y)TE P(Y | X) B R AE BAUE DL—Mod@ 77 ik 2k px). i, EiREES
M, P A EA R IR E RS, RITERTE P(YX) S 2 1S 302 N —Fh i ik
R ENAGAZ 2 EREFIREE BE AT AR POX)AL P(Y | X)IE R — 5L

G 31140, MNIST 20y B 4Lk 1 70 B AR T RORME, JCHAE S S U IRoR I, FL a7
T B192], PABCTLEE 2R bR Z ATk AT DA B ASS TN SRS ET 1

A 416, 2 JRAh 2 2% B A B Z A4 TH PY | X)FBRE A — MR BEAS & £ Ak TR P(X) Rk
T2 HHIIR .

. 3-layer net, budget of 10000000 iterations
10 -

oy L L I N P
22| =8— 0 unsupenvisad + 10000000 suparvised
—F— 2500000 unsupanised + 7500000 supemnvised

10°¢ -

Online classification error

Mumber of examples seen ¥ 10f

B 4.2 REZMERN—TAANKFTRBEEARAEEINSG, ERAMINE (ZAF) AL R 2%
(HE). TR ERE (W4, FHRRE) RET—N—TAHALEZTHG, AIFKE
RAHE AWK ERT R TATELTTMMAATALAEBRGMIE (—fERaRDE),



HERIAWESRABDNEBRERBELEER, ERXABEFTEANKREIFZ R, KA, A—ANEFELX
WG EWE, ENHERSEEL, AASRILEARING, NGB —ANF 20928
B MA: AR BEOMINAGF DRI ERELZG—N RO RIME, 52 Dumitru Erhan
ay .

AEFRATIIE] 20 TE B PRI oty ok B B 45 L (0 e AL AR AN IE AL R (XM D o« BEVE A
X BB ARACIR AN, NAZ AT AR A . R SORVE, TER A T TR AT A M
b, WEAMEMWSCRE (1) BAMA, BB SL 2 8 5e £ I 2k 2 21511
K. B2, MEAARLENEMRE (380 MR8 ERFEHE ZE (WREEZ) K
RN ECE B P E RN BN, BT BE R T R R A HME AL — PRI B AR A AN IE
A IR 7 VR R R LS M B B (FEIX BFEACSKIR T — AN BRI, I Hi@d 44k
ANEAEIREIED) o BFEMITE, TELR IR RE T B2 18 SEIZ AR ZE BRI o T SRTG M B Tt
SRR AR IE N B — R, B N A — AN R TEBR I ZR 5, i B SRR AN
TR AR Lo ir 22 OSBRI RE I S5 5. 53— T T, W R A R B A B VAR 1502 IE
(K7, FRATT 2 U1 ER T M B I FOUIN AL I 246 i B T 4 KA BB R D0 35 o AR ZRIBA il L, FAT Aok
FIRE “ TERRA MNIST” #rdla g [120], B —ANEILHISE MNIST B R IR G BEAL-F#
e, RS, 1E[176]5E 0. W 4.2 fin, — M= ANRENMZMLE, e iilg
IR RSB — AN R R IR 2 (7.2 75, HERII 0 E S as) . IX0E & SR %
ELREENIRAN TET—T MR L, —ANERIZARENZER R M. ke a4
TR TR BTN . X E R Z SR T B I T 2R S B — Mk i 22, BRI
FRIANAA A — > IE U300 2 4R B0 R D) A B8 e 1R e /M o S b, S IRANFH IE MR B0 R
BT Ria/ME, BMEREABOE TS, ENMRCR (398D sk, XAMERM S —He—H
) IR A — L] B 1 SR R ME AL, 2 IAREREAR A SR AL TE 2 T E B

LR AR S EAHNAL, IR R R S a4 36 BB Z 1B L v REAS 2 LT S 4% 3)
B R0 g0 200 DA ARFEARAMER B, R T BURZE S B R AE— AN R A B 2 0 R 0 A
MEBE TR E K CRINRIBEEE) o TR RS T80 BE R TS I GR T VA R I AR 20, DRI e 4 Rk
G BATEARZE R, BEEMRNISECRA T ARG EE, B0 2 R BB
BRI B e JE R e IME T T AR IR AS . 7E 4.5 WEHRRE, XA RE— NS IR ARG, IR
FEBR M 2R NN, WY ENES —BEA — N e R s s . RE
PR 2% 1) FEL A5 FEE 1) A s RT3 oK e 470 1 2 B 22 PN 448 A, T R A A KB, 7E[22,81,119) A5 3 #T
— /PR B 22 I 25 T e R A I R I, E i AN [E I ) A 22 T R AR A R AR B, A
JE I I 283 5 — BOR N T IS B — AN AE W ER IO Z5 40 o TEFR IR IS, I 2RI R 3R] LA
FEEFE V2 AR LR B BRI (B ABRIERD BAE. W I Mk,
BT B R A g i CRIH ST B R A B 42D AT R g P PP BB K B AR A 26 Z Tl —
MRILEE, A — NN A



4.3 Unsupervised Learning for Deep Architectures

TACRAE LR ER, BIHATALL, 5B TC B 310 A B IR B 5 > S %
BRIy an Rt BT R RO RE BE B A S AR R AR T ROR AR AT ORI, T8 7] LLIA g
JZ 0 T B PP R B mT DA FH R BEAR IR 5 ) R B S . FRATT A B R A A R 2 (2
SJEIE L TE B — P AT D23 A E N B giih BRI . PCA (R arbmis) MERHS
5 EAMFEI ICA CHALEL > 731D ZBIRERKIFAEE, BFONVEANIIFAGEALEE— oy fig it
FEAIETE, Bl— 20 SR T e X REWEE—T ICA ¥ e LA id 58 % 11
5% (78, 87,115, 184], &4 5 PCA. ICA MHKIWELL, U auto-encoders 1 RBMs, ‘EXAITHR A
AT &SR FLE, £2ERGERIET AT RZ I E 7 > FE R L ks 11X
—HE(17, 73, 153]. fHA—RIEZ, BMENHEE (HZEH PCA) KRR LM, Wik
VTGV IR BE 4544 o

70 B 2 ST AT Ay o A IR 2 20 VA R OB P 4 H AN R SE R T ) RO, B T I —
L, FRATESE H 55— AR L G5 4 B R A Y O M B o ST I sl — — X Pl e e — A 5 AR 7
figf— A 1) R B AS [R] 4t G2 00 7 e R — b 3 A el I M B A 20 vk T AR A DR
IR E A B X EE B AT LA I AGERIE], e — R AU RE T1 R A\ AR 2 2
RIRE. — Z M TCIE 2 S FE T DR XA i B R, HRER M T —ERASER, 25—
JE SR R RAE R REAE MR AR E . IRA Z AR R I B TR 5N, #5E— 22
IR RE SO 2215 BT S g — s IE . IXFE, ReBBARME, T RE L% N 108 i 2 11 Fel
G BT, WA pTA B SRR R ERRE ORAIE R B, DR 2 A ]S
FRAR— AR VAR R BRI 5 [T 2 Ak PSS A 9 T R A0 T AR e 48 IO 8 T S 2 )
Mol . 7E8: NoRMEE =5, FRATK TR IR AR g H I HIE A IR FE S &M 4

4.4 RERERLE

B 7 XTERATES I — AN HERR I TN A AL, E3RE IS N IR R EE I 2 Be R
FEAERE AR B X . AR A AR R A B [91]: axX eI AYAG B A A2 T AL
1, B BT AR R AR, ISR T RN 2 [AIAAAE N R R . A LA &
IS A n] CLCABE B B R B — AN S A e AR 1 5 s e Bk R« AR L B2 MM ZR (e X
NTHR), FHREBR AT Sl S AR EN . 7EEIRIBE A, wT DU %2 31— Le BE L
A e, B USRI (8 N &) . ZAREE 15 SN %A il 2 2 A 4 R 25 [ 32 HH RITRIT
FAE 2006 F 2 FiH H A /- IEANERAT TZR[42, 72, 164, 189]. 1L ARG IHE &ML H,



7 HLTH 3 70 (8 e — BERIBEALAZ B AR 45 R T ME ARSI, W 4.3 PR, X
BE ) TS AT 53 AT IR SRS S A (FE 0 LA 22 I 2 BL | B oA T AN R AT B ) Rl 22 e s

FEAEH KA (4.1):

P(hF = 1]p**!) = sigm(bF + Z H'}ﬂ“llﬁ"’lﬁl (4.3)
Hdr, hik /2 7E k JZ 5 B0 S0 B T IREEE, hk 2R E (hikh2k,...). AN K&

H x=h0 &7xe E: 155 P(.)— EARGRAMIRATTAR RUAR 5 LR 341, SR M0 PASE SZ N ZR K 20 A (521
GRS NI AT, BRBANTINGAEARN L0 A7) RS RFRRKZE7E TN RE X,
FA 1Ay IR e 2 I 2R Bt i O ER o B8R AN R IR IS, AL AE AR Y ) DA9%
Wy

£—1
P(x,h',....h") = P(h%) (H P(hﬂh‘*-')) P(xjh!)  (4.4)
k=1

QOO0 O W
S
\

h?

h'

sfelole %

Kl 4.3 — MR Z Z a4 0T, X E—ANCIRMEEMWE, BRZ R —A BN
BB AR (BN BE LA & — N1 R, B T AR R R B OG) . ERIEIE 2 x, 1E k )=
OB TR hk K70 & . T2 h3 L.

132 P(x), [HZSERRHBR T 43 21X Lo UMY b b B SR 2 W R A . 1E CREE 1R &
WA L, T2 2 B P(hI)iE i B R A, et il, X2 AEH 5. P(hl)= TTiP(hli),
I B TREA P(hI=1) 1 Z JOB0E 5 70 B — A B3R S50 2 L ZE 11

REEE BN RBIT RS &ML, H20THHENSRE AR, Wk 4.4
PR

£
Pl[x.h] ..... h )= F’LhF L ht ) (H h" h‘r‘ : )P[x'hi). (4.5)



P(I,h') ~ RBM

K 4.4 — DRGSR E x FIEEEUZ hl, h2 Fl h3. FF5 & SCRIE 4.3 H R
M —8. RS SRR T B LT P 2 SN BZ A5 & W 2 (R g A Bk & it B T )2
P(h2, h3)HJT5 i B/R2E S HLEE(RBM) IR, A XS P(h3)BEAT I . XM IR &
(¥, fEd LTHPZE 2 (B FIUE SRS, D RBM J2 (B3 T AN 2 B AR

Kl 4.5 —ANSZ I /K 24 2 i HI IR A1) 110 2 1) PRI ARASE Y o E () 22 2 TRV VE T TR R, RO i N Rt (k
B NAR B )xj FIBAIEAE T hi IR, 1350 P(h | x)H P(x | h) 5 {8 BH =050 i«

B L THT P J2 1) 1T 15003 A1 A2 52 18 K 28 2 BRI ) 43 A

P(ht1 hf) o P! +e'hi+h Wh-! (4.6)

Eftn B 4.5 FioR, i HE FAEERIZREE S AIAE 5.3 Al 5.4 4T P ERAIIAA . X
TR BT ZOIRAZ 2 25 R 1 TR FEREL S b — I R — 2 A MR 28 1) B2 (R s 28 31 LE 52 2B
JE i N 1) J5 82 SRS P(hk | x)EESE B A GRS o TR FBE 4 W) 1) 52 18 K 2% 2 PR A AL A
FHE [¥] layer-wise YIRS VEIREA /R 8 TR 10 5 A1 6 #47

4.5 B E M 2%

SRR P M 3 £ ) 24 1 R SR P TS B X PR U R PO P I S R AR PR M, (H B AR 22
A E IS BRI AL R G E ORIk, JeEE (831 B 1k



Mo FETPPL 0 R B Ve JTORT BB 1R 70 SR 2 23 5t ) o B A TSRS R Fukushima AP
WHIHL [54). IEMAM PR BN, 7EH F RIS EAH Tl — EA FA B e 2 ] BLS 2)—Ff
BIREAARE. T)E, LeCum ALY A FARYE XA A, 8 IR ZERL R A B ISR 1 (AT
HIGAM 2, 753 7 B CR lsR ar BO E BE (101, 104 ). T HLHE RS8R B D) BER
WIREEGR M 2% B R LRI AR PR 50— [173), ZB/DEBGE I R & —FERT,  Hotn,
HATEATA TR BEE. ST, T ERME M REAIR R G ERERILI R G2
—o RMEFHFEEEG Al I 2R3 [101]), 10F5 AR EIR 248 N B 41BN &
S%E 12

(5. ATRERAR B AR HIRIXNIUSIA T 2 5 A K AL HE A AL SRR BF 1, B EE7E [ 108, 99X Th iR /411 )

FE AT RIS IR SRR, BRMAE M E 5 [101, 104, 153, 175] =&
EEABE), FAMAT A 5, 6 8 7 2, EXNIE 2 AEBEHIHIAAL 5 AE 13 576 4 R
PR P LT TP S e TS0 80 U OB o 55 ) A P A58 45 A5 A o 222 X 28 6 A0 5 SR L AT AR 27 1)
ZAGTERETE 2

LeCun &AM 26 BAA AR AL B L5 . BRUZMBEMEZE . — B — Mk
Blghity, B, AR NERNEG E—AFEE AR, RE—MEZE CGaNEG

A A GG S 8D . FEREM NI EL, WMHREZAFMMEZIC, A ICHA S
HORMABUE, #EE BRSO R X & oo . ARALE R eh 2 ol A AR —
YRR VE R NEI DA AR NS S

— AN RAIE I IR X N R NP T CRE M TG A B A 0D B
FEREEAL TR 2 R RS 8 AT E S I GR AR R B X A 5L R F A 2 U R B R 2
P2 Ry, DR D BE LI B 3 AN REAS PR IF OUR BEAR I 2% SRTTT, SXAh B A — N5
SR LB R 2 AR, SBOLE TH G B, ek R 2 I 2Rl B T 2 o A i AR
WRBAE. B MR CROHEF TN X7 91 o ¥ % 12 45 K4 /& — PR 7 1) S 56
W, MRS IEFIES, I HBAWE N SEEE —MEA R X CRIERALE MBUE N
T A THENRAGS IR S . s b, B HBENBUERIIGEE — )2, R4
M EATIRE IR EF [151), AR T — M UIGRIF I 58 A I ph 2 M 20 22 T — > 58 AR ALY
BRIME W 45

IR, XFPERGE M5 N2 RBMs [45] F1 DBNs [111] . [111] A —ANE B EH 7
TR T —ANME AR R BT, R HARE A SEge T BATIE S R, AU MNIST 2
ifi HLX} Caltech-101 % iR AIBEHERRIRAT T H ATIRAMLE R . Fob, B Z AR AT RAE
Cle AT BE A 82 s O ) IR 1 2 2 LB &, SRABAHAR BE 5 M R 1 1 2
(o d, B RA—Fh 5 AR 10 D7 2L B0 1) 3 7 0 A iRl S 2



4.6 HZmL%E

DU B — LR R R A5 (R E &M AR R A g a%) #ifE N — Lok A 4
PSR 7 B S iE R B . A i ds, WA BICE RS, B BT (25, 79,
90, 156, 172]. {EFTY 5.4.3, FATWIHEI B %% M 32 PR IR 22 2 HLRBM) Z AR SR, BT,
G AL 255 308 3 ) FH 0 G HCRE (CD) I 5 1 7 VR R A2 BR BB /R 25 S LI SR . SLTERT B 2% 1)
RN Z IR BR 22 2GR B S, BT LB AT B I SRR FE W 2% (e, R — 2
A — > Bt d, A E L4517, 99, 153, 195].

H a5 10 H 12 2k — g i 07 28 A3 4m A\ PT LA g i 79 3 5 2k, AT A\ AT DL i
XM RIAG EA R B, Bgnfdds i bt 2 mAAR L . BHREMRZ, JFHAEHY
T3 ZEAEHEN, IR BEs 1 s 2k 2 20 Ja #2808 B A = Bl B [25]. WiREEE 2
AL, A H gt 2 LA E T 5 20 (PCA) ) 7 U TAE, ol AR AN E s 78 2 i X
T AT AE B [90] o FRATIE WA 3577 ZE 2 A N FEAAE B R N SO B AR R, T g i ) E
B

(4.7)
W R A S o A, XA ) R [ 3) T RATAGR I T 2. iSO 2 T AE R, B IR
Tio3 A, W4 2K R B0 A

(4.8)

FP RIS, XM =AM ERE R, et Mg — N2 Id sigmoid BRI K,
EH 2 B0 R ) B o FRATT I B8 G i S5 43 3] 1) 2 — Fhont T8 v 2 B R 7 1 2 B ) R R
JERRZET, AT D IS E S — P T A SRS SRR, B RIE MBI T A TR
U B R 4 7 1 (FEAE— S8/ N FRE), BT DAFRAT ISR S S A TR AR, T A2l i 2 =) 1 FR IR A
BN REXT IR FEAR ARG ) R 4 771, FF HAy B0 T Hofh 4 A\t nT DU R R RE B (3X
WIE A2 H g aiz A = O,

RKEZMIE, A—AERABET, QERAIEMAR, —4 n N, KT n 4E5i51H
Homigas, AW REAZFIEERY, W2 WRZMEERELTHN L2 Raig filfm A%
e SNWFEHE, EA71PRLE R, WRFHAIBEIUELE T RN G — M RE T s E T
B ONZERER AR LM F g as (WAROL e 4, RERIRIG A MMERIZRE O T X Rl b 1
BN, MEFIGRZEMF Do X T IR —Fh il SRR R B TSR DL, SR ATHF LI ZRI BEAL
B EE T B 500 08 12 IEMIMEPE A 211, 36]. A TR BN TOEL AN ERER, —4
FER AR B LR T EARE N R RUE O TR RUET RIIEMER R SINARZE) A1
AEH KM ZJZBUE . X AR, BATEE EZAEE RBEAR R %N EIRZE . P
NAFAE R AR A IENAE,  ERERAMRAERS BURBUE M R T 5, U R DL g 65 R AT fE A



AAYNZREAMUARITE O T RILR G, X R RATEZ N . Wa] DI, XA RRIZH 1 A
WgREE P RGeS R, TR AR 7 5] B E A% R A

ARZ ML CLERZ 808 K TR N 4E 1) B g & 5 T2 BIESE 8, NMIEERIRRER
P IRBE M ABIE L FHER . Mok, B TRUE R s R
W, B AERUAGIERL b, FEGR DI AR s e . XA Bl R IR BOR LS PR, 3K
MR R 5 —FHoa W77k [46, 121, 139, 150, 152, 153]2ZHET X 45
R PEIR ®] . AERER, IR L7745 B RAUE F) & 578 V1 A V2 #42[110] B RS 3 i1 2%
ZIARFE Y G, XA R AL RGN X TR ] IR AT 2 AE 7.1

TR,

ST RN I Ak R BAGi /N RE 0 A TTT 8 G 2 S) PR S5 R 5, SZIRBUR 2L 2 /AT LA RK
[ A P 7 B [N A o ) BIME S R B, IR RO EAN (LR ) 2 il fag A B AT g, I I3 ok
B KA SO AS TR (R BLAR o e 25 AR U AN BAHiE B G i 22 S5 o A — Rl 2 i 2 1) AR R A 7
WA 52 IR BORZE SHLHXAIRFE, EAHRRAE RN F Jnf a8 [195]. [ g ht sl B B g — 4 bl
PLERIRFRA AN, I B R Z R ME . BATRT UL, B n] LUK B (5 BBl 4 o £k
MR IRE KA. 2T A 7.2 EA PR

BLE RREEEMBPLE 2

K79 Deep Belief Networks (DBNs) & ASZFR B 2Z 2L VAEAY, S2PR AT %L 2 M2 SR 1) g
AR, XFERATANH G AR A8 SR M AT, H o 85 M 2% (Contrastive

Divergence, CD).

5.1 REEBEIAHAE (?experts) A

B AR bR B R A B P AR A AR ok [107, 106, 1491 2 ST RS Bk & of ikt b
Aok, R ERHOst n] LA BRI M . i, FRAVEE M B R R . BT REE
HRRYIE I AR R BT DA SOREZR o A, 58 R

, (5. 1)

B, AEEETEXTHOME R BAIER . R — B R B AY [29], Lk BB L BR 4L Energy (x) 1)
AN PN F 3, 76 RBM Hh, — 245 H 55— 210 2 AR50 A o L AR 0 1 20 L [200]
ATATTME 26 0y A 0 0T ARG 4 o RE AR R, — SURRERIOMESR o0 A, I ANFR A, 1T AR 2 TR IR 0 4
WHIE SR FERR R, 2 STERPR A0 AT 2N T FFRESE I 7 ik A& — M H 19184, 106,
149],



S5V R G, ERHE T A £
(5.2)
AR x BSETER NIRRT, iR x RELL M MIAR 4 o L3 MR FANEAR O NAZELERT, I Bk
A LLE REEA (B35 5. 1.2 719) .
TEMIEEAE (69, 701, REEMRAUR LTI, H—TUHI “HIE” 2
(5.3)
R
: (5. 4)
TSR T LG A G B i O B, B A RN B BR . A SR AR T
RS ER, Blne] LRWAME, —FESL O RERRE], H—RER (KO R
o (691 T I TRAAEXT T mixture of experts A, mixture of expert HHEZ[H
TR RE A BRI B e . Ry T WAk, ARBEREAN MRS L) PR B8 T DA 2, B AN AT LA
MR AR, R BR )2 — A XIS B A R 4 7R - SR ) — ML S 2 AR
ETRT A RN AMEAETR G BAL b DX S B EE Skl 3 ), A AT ARG T 2 7 T ek
Skdl o] P BAMAEECE A EME R AR, SEEERE ). (6915 H T —F&EE, FHRM
B R SHORALTHR (5. 4) M pgBREE, b 2T (7015 — bl s 2 50E (2%
5.4 1)

5.1.1 REZTERIIA

X; . - « N
FEREAENT, X BB mae 7 En, BT R IX S i 4y . FATM A=
SIS AT A AR B, AT B AR TR () Rk R
[RlE, 25 & — AN WS 43 (observed part) (4398 H X LR M—Bas#4y (hidden part)hﬁfq
A 2R

e—hucrgy(x,h)

P(x,h) = > (5.5)
B R Xar i, i LA IRATT % R H 0 2 2 (marginal):
e—Envrgy(x,h)
P(x) = Z — (5.6)

h
TEXFFI T, SRR E B, (Y22 R R BAT5] N\ H H e (free energy)
g, X

o FreeEnergy(x)

Pix) = 7

7 — Z P_F‘rovElmrgY(x)
%€

/\EP’ ’ Epﬁ

FreeEnergy(x) = —log Z g~ Energy(x,h) (5.8)
h



Rk, B d 68 R PLE A — A 72 X B0 (log-domain) HP HE 4T 12 2 4k 1 E & (marginalization of
energies).

HHa 10 BB IR A6 (log-likelihood gradient) f§ — MM EEH A R TE 2. AR 0 SRR 24,
M7 )k, FATFH]:

dlog P(x)  dFreeEnergy(x) Z —FreeEnergy(x) OFreeEnergy(X)
x’

e n e ae
dFreeEnergy( dFreeEnergy( x]l _
= - = + Z P(x) % (5.9)

FITLA, EVIZR%E (training Set)iﬁﬁU?)ﬁ?ﬁfhﬁ’]ﬁﬂé(the average log-likelihood gradient) /y:
Ep [Olog—P(x)] =D, [GFI-ecEnorgy(x)] L Ep lé)FrocEnergy(x)]

0 a0 90
(5.10)

s, e Xk, wgmnzwatnl, snmal prwms g Py,

W4, R XS Pi&ﬁ%ﬁ(sample), I HBE A E B Re, AT DMEHERER
1% 7777 (Monte-Carlo Method)=K tH X £ LU SR 46 52 1T Bl LAt T 5 (stochastic estimator).
KGR S i 2 5 — BRI JT (hidden unit) FHIE R R T2 Fil

Energy(x,h) = —3(x) + Z%‘(X,hi), (5.11)

1
XA RBM [ DL N 26, B4 H B BERVLLAREL [ 701 IR BE 6 4 fal f A0 T B ok RV
W R — RO A :
1

P(X) — ZG*FrLLEnLrgy Z Z —Energy(x,h)
= ZZ Z B(x)—32, vi(x,h;)
& h; ho
— ZZ Z 5X)H —vi(x,h;)
Z hy hs
— BZ(X) Z —71(x,hy) Ze—’}fz(x,hz) o _Ze—’}/k(x,hk)
h hy
A() 2 "

= /Z Hze—m(th) (5.12)
i h;

£ £, 2on, et YV TR A (SRR L 2 AT R T OPIAMEDs TR

RAFA AT hﬁz;ﬁ] Lng BHWHEAZ . R h RESN, AR 8RS
R0 B T AT (AT

REHAGOLT, RANSGERY (FEFTHT ¥ 52 B2 T (sigle hidden unit)E ) Y THSEER fig 5,
mH PR E R T ul CH A ) REAE B AT MR Rk, &

Energy(x,h) = —8(x) + >, % (%, i), pen+ . mi1s.



FreeEnergy(x) = —log P(x) — logZ = —3(x) — Zlogze—“ﬁ(xeh;‘)_
i h;

(5.13)

5.1.2 A&MAHETHRERHEE

FUEFHRR AL A (5 [K) BB IREL RS2, R B2 P AR 48 th e — /2 B
X A4 TRy, TR HE AT (x, v), SERERRA I SR 5 0 x BT y 1ML
ATBLT . — A ORI TR v R T — AN A,

e Energy(x.y)

Yy, e Enereytoy)”
TEXXFPIEIL R, 2SR XTHURLER (B 52 2 B8 5 bR B0 S 800T LA A3 ok

X —HEP0E T RBM [ F0 A, FRATIFRZ A0 500 RBMLOT] o 3Bl A (56 T B it RO AL 20 4y
WL T — RFIE: TG M2 MR 1E S B [15, 16, 130, 169, 170, 171, 207],

ZA I (B IAE— 45 X R B0 R 25 55 SR Al KAk M S &R %4 (37, 106, 107,
149, 153]. TEREETAE P —NEEHEBMANA R, TRIIXPEET e & BSR4
BUSR PR ARAG, AR T30 — R robnl, HoBRRE B E “IEMR” W SRR RN, [F R 3G 5
e BLRE R I JE M . X LSRR R R AR —E SR — AR (TR ik b 47 A R bR A F AR
AR, AR EAIIIR AT LA — AN xBTS HR  y IO RRH, XA A2 L R e ) B
KHWR. SEZhrb, 4y BUET—NERESTE, P (Y] X0 SR UM, FNEERERHA
FITE y AT REAE A H — 1k

Pylx) = (5.14)

5.2 WIEEMN

WL 2N G AR RN T Re BB — PR ERE X, 170 RBMs JUJ2 38 2% 2 ALK — Pl Re kR
3, H P(hlx) F P(x|h) #8252 T EM, FONEATE AT AT R 050 . 7R3 22 2 WL
[1,76,77], ReERECRE——MKM k2o

Energy(x,h) = —b'x — ¢'h — Y'Wx — x'Ux — h'Vh. (5.15)
AWFRRZH, A4 —H 0 Fox:

i bi Fl ci (B—AMERICIER m) & x B m & h A —AD7oH), ALE Wij, Uij Mvij (—
ANER ORI B — X B 0) . B A RE U FD VR RR Y B 2otz K2 0 0. Xk FIAE=R
JGER ] LA SR v AT B A AR &, 91, A v B AN A2 IR T [200]

A h A R EE R O R, FTUENT R B i REE K3 (Equation (5. 12)) 4TI ANGE FFIX
HAEH.

SR, AT LASE I MCMC (SR RI& By /- B Rk [41) KA T7 1EA3 B0 B B2 B BEN LG 1o (LR R 5 ks
FERT LS et Rk,



M4 (5. 6) I

ﬂiug F{‘i] ﬂmgzh F—ICTmrg}'{x,hj E}lf_-,g E}: —1 nergy(x,h)
o6 o6 a0

_ 1 ZF_I.:Emg_,_,{X_hJEﬂEImrg}f{x.h]
Z - —Energy{x.h) ) b3 L]

e~ Energy(x.h) OEnergy(x,h)

T E hE —[nu:rp[x h) Z a6

ﬂ]:nergvl[x h) . . .OEnergy(X,h)
= —ZP{h +th(x.h;| = .

(5.16)

(G 1 B, Wil U AR, 27— 2o it B B L. RO xiUdjxj +xjUjixi A DARE
BN oxi (Uij +Uji)x = 12xi (Uij +Uji)xj + Ixj(Uij + Uji)xi, sk RAEXFRIER KR+ . )
17 (8 Energy (x,h) /8 0 ) @& G HHEM. PILa s BATT LA P (h|x 480 P (x, h) #E17 RFEM
s A AFATE T LAIRAF R BAUSR bR BB BE W o i oo (1, 76, 771/ R IARIE: fEIE R
B, x BRI R, BAECH x FIRTEE FRAE hy ERmE, HERELT

BRI X x Flh —RE AT RAE . — %, RAERCREEAE T8, Wi, FH—1
LA FE = HY3E MCMC.  MOMC SRAEJTVERE LT Gibbs SRAE[4, 571, 7 [1, 76, T7IHh#HT T
. W — RANW IR N B 7 REETE O T N A BEHLAZ & S=(S1, . . ., SN) (k& 43 A 1)
Gibbs FFE

Si ~ /D(sj/s—j = S—j) (517)

S-i B TSHBR TS AAMAN-1ANBENLAL &

FEIX N ASRFEERBILLS, BEM— P OB AR T S M—ARFE, fERXMT, EDH
BEEMBITETI R, S M AmlsT P(S).

Ty IR B 2 AR P I RAS AT 292 () USSR ) 78 40 264

ATVEFEGIbbSRAIE ] T I 2% 2 WL ?

Fs=(x,WERP2EEHL BT FTE I, s-i Kok TR B0 LUAMNITE B0 ERIME
LG BT SHE T R S A — AR REA, 222U RE R R T LR S i
1%,

Energy(s)=-ds-sAs. (5.18)

Hd-RmFoRAEd Bk T di FTH TR, A- R EEARRR TS 0T 1T,
a-1 FoFEFEARLSEAT HHER T2 TR T TR

AR T3, AT LAAFR (s /s ) 7E W 25 @ LA T LMRZ 3l i tH AR AR 2] o



Bln, ks € 0,1} HAFEAF X f2en = #o84as:

GE2 eI B — MRS AN 100 R — AR T DRtk t+ 2.k IR I 2% 2
BT, BAZIRESHH k.
3 AW L) ARMASIRES Z LA R AR IEF MR L. )

exp(d; +d' ;s_; +2a’ ;s +8 ;A s ;)
exp(d; +d' ;s +2a’ ;s +8 ;A s ;)
+exp(d’ ;s_; + 8 ;A _is_;)

His:—=1l83) =

_ exp(di+2al;s) 1
 exp(d; + 2a’ ;s ) +1 1+ exp(—d; — 2a’ ;)
= sigm(d; + 2a’ ;5_;) (5.19)

FENTHEM T, L EARIEAR B R A& T s-r vH 8 si A=

R FREAMEA x #RFE ZHAS MOMC B (— AN e, — MR AmEE) , R TR BT
K HAR AR E, GG SIER RN . X BRI AX T2 2 ML, 75 1980 K M
fic, SIA L RERE B AR 2% SHUE R B RN SRT5 % SR, Rl 1) A 2 B e B o e g
BT ARG BRI 38 A, 3t A S RO (5. 4 5 ) Bl A SR I Zh RBM fR B o ¥ 2 A7 [ R Y
B T REASEN RS x #7524k SR TH I (RO B IR RO T I R Bds) , X o S T
5. 4. 2 /N BB — B MCMC At

5. 3 RFIBIR L 241

B 1) 3 2R 22 2R VRAE BE P45 (DBND (AL b . IR R 22 2 015 DBN 23224,
I ZR3 R 26 BHLAT LIS B A2 S 5k, RBM I A IR 2 LR 4.5, B, fE 0 x
ML, hy Z AR AR EISL: fE O h TS OL T, x, Z AR AH BSEM . 76 RBM A,
S5, 15 W U=0 ) V=0, #oh)ifit A2 8] & B ohl B, Ragsl S o AT R e 2 ] A

HAM . Y H Harmonium[178] B 5EHR K, HEVERIRW 2L [61]. CAUESEHA Y
MR AR A 2 0L [31, 80, 200] o AEE T AR XU, Herbdan A 5 70 A A\ B 0 2 [ DA
T I B 7 8 B T 2 [ A R B

E

Energy(x,h) = —b’'x — ¢'h — h'TWWx (5.20) iﬁﬁ
A H ® B B Z #H W Mo@E & F X 51,513 K
B(x) =b'x 7i(x.hi) = —hi(ci + Wix) 4 seaw mvimi
IFAT AR . BN CIEA— X EOER) (19 B i Re T DOd i g 55 Ok i 5
FreeEnergy(x) = —b'x — Zlogz leariog) (5.21)

i h; 5

)



F%E 5t 5. 12, FIFILLh 9B Energy (oo h) (OIS, BATATLUEEIZ&PHER P (h|x)
i 5 —Fhakis Jr

exp(b’x + ¢’h + h’'Wx)

Y pexp(b’x + c’h + WWx)

s 11, exp(cih; + h;W;x)
- IIiE:EiEXP(CiBi-%fﬁII}x)
exp(h;(c; + Wix))
"Dk exp(h;(c; + Wix))
= | | P(hilx).

i

HWEEOLT, h {0, 1}, AT A5 208 A 2 2

P(h|x) =

F
L=}
k

[.,Cz'-l—l'v«;x
P(h; =1|x) = —

1+ ecitWix sigm(c; + W;x). (5.22)

EREE T FEF, x A1 h XFFR, P(x|h) Al LLH R A& R H5:
P(x|h) = [ ] P(xi|h) (5.23)
I
FEZ JCHI B LT -

P(x; = 1/h) = sigm(b; + W/h) (5.24)

Wi A& WHIZE 4.

FEL73]7, FP IR B o R i N R MR R KN . %50 T F e N EBH
B, EHARESL R, FEAEAE,

S0 2R B M NSRRI, A3 = TN GRS AR T e s ICRAE, TR
ZH[17]. [200] g5 7 —MNERK AR, x Fh (E—DOEYRTIR T, o IRR N E—
PR A (B BORIIESD)

AR, (ERSERE L R AR BR H 3 /R 22 2 L ZE L RBM AR B SEAT 2%, (H R AEFT L 15 2 B R
JGHIRTHE R, RBM AJ DA FATA —Ff B 820 4 [51, 1021« BhAk, 75 RBM 14 58 38 BRI 25 40 A5
ZHT, B AR T ORERAEMAEMREE) o] DERTE ST HUUA M2 [102] .

Il 3. 2 i, WATWATLEE RBM A E— D2 RE (S 3. 2). BRIt A (A
N5 R— A o0y X (S BRIy 75920 o B 2oy X i, = ANBRiCR ORI =41 =0y
X, A RUEM )\ PR Ao A0 A BT — AN X e — AN XN AR R B siic & (R
ifith) o BRI FRTC I — A o0 ¥ B AT LAIRUAI H A N 23 18] ) — AN X3 %o BT I X380 1 X, P CH 0



FEXT ML) h OB UK W 2R M, FRARITA BRI T A X B S 2 18] o P
3.2 P, RS = SRS LR
RBM R r, - ) i R e (1 e e L R R DL AR I B R AN, BRATTRT DAAS 2

P(x) =) P(x|h)P(h) (5.25)
h

Hrpp (x[h) ZEENH AL, 2GR 00, R P (x[H) ZEliam (200200, 17,
P (x|h) 645 2" Fal e (h A n ANECRR . X 2" Ml BRI T IE A S50 (RBM 350, i
AT A IR AEAR B Y o R R, RBM A8 0 5 — Ak 5 T F T3 B I ZR R B 1 5 .
TEB WA AR 5N, FFCHME W AR brw” h, BIAEANFEGE C hi o EI4E K STk 9 Wi

5.3.1 RBM FI5E At

RBM SRAEAE 5 o 15 2GR KRR T LAAS B0 SRR B O A . FEUK, S 4 M7
SRRE T LSBT B8 MRS B M (K B 40 A1 . DBN RS e () 55 L THT 7 52 2 RBML, 535 RBM
SEREFT LA DBN $RELREA, RS 6. 1.
A PR BUR 3 BB R, S5 A5 R RS . FRSG B0 TT Y 7 A TR 1 TR M. e
FE UL, X RBM AT AR A AL —RAHEEARRE, At (LR HBED) AL
BT TR R, AR (x, h) T LU B A TR I B B AR R Tk
RS 52 x (RSB0 T oL hy SRUERIFH 4 5 10 h 5L x. 7638 ) PoE 58 th (product of experts
models) , A AP IE4 25 Fo V% SRR (48, 1361 K BHAR A5 R RE . MOMC Jyidk e A — 25 T AR Bk
BASHA A RRERME . KNk, RBM 458 & PoE BAY RG] 230 5.21 5 i T

log}" eleitWix)h, g e vy — S A N e i s
b Xof Bk — AN R EIG, RIREASBRE AN & A N #R A — A6 KT, X fE

RIS RS T AT KA AR = . WIIZR =BT 4R (B P%#% X AR R k 25

X1 ~ P(X)
h; ~ P(h|x;)
xy ~ P(x|hy)

hy ~ P(h|x2) B0)

Xpt1 ~ P(x|hg).

ML A S I R A P B R AT LAACAG RBM B, LAY A7 P AN o) A i R (P



HRAMBIGEHRRED o 77 BEER A, WORBATI P IH G, 2R 2 Ss—28, T P
THiG, BEORIE L BRSSO IR

5.4 Contrastive Divergence (FHX4+)

XFEEIX 43 (Contrastive Divergence) #&—FiH CLEUT LR B& BBE EE /I 775, B ANZ 715,
VERN—FREE BN, s S AR T 52 BRI /R 2 ML (RBMs) H[31]. &k 1 Fosft 2 kT
XA TFERI RS, Hrp R 2 AR 0-1 By N E A a2 e i 55 2 AR A i A 2

5.4.1 Justifying Contrastive Divergence (CD KJIEHELS
)

9T R BA X R RCR B SRE,  SeIRATTE R BGRB8 BORACE T A AT Re RN LI
SEIE (FERT (5,100 BIEE =55, BIATRITS LW 250 (HJ7 Ui R FH Bl R R R 5 5
B ER A /NI BRI /MEAS (min—batch) BEEEEEHT), BT LAE 2 RSB H i e
MR EE —NICFE PR GXANRRE EBCEEMER AR [105] P AR MU 54h, |
—IREEE JLIR MOMC KA AR A T8 A A T R ESMN S5, £S5 78 2ebh L B gt
Ferf, WV RAE A £ BRI AT DRI 2 B i 5] NS AR &, (H 2 W RSN ) A B
B TAELARE M R EENEMEAZ, BARZABIM I ANNA A KK
RIE .

Algorithm 1

RBMupdate(x,,e,W ,b,c)
X RBM BT (0 B R A% 0—1 47 H BB T 11 o A2 T LA LA 2 5 0 H A 2 P00 86 G
M AR B () 2 A T P2 2 ) — /S REA R, DASI I 25 RBM
€, J& CD Pt RIER I R R 1023 ST ik R
W, 2 RBMALEAEME, MEMERI4ERE R (Fad BIe e E, MARRATEEE)
b, RBM b\ B 7T 35 e
C, 2 RBM Hott I 5 26 7T A S v 1
e QU =1%) ey m i QU =10 s 5o e gy
for ITEHIMRSEIC i do



_ [ + > W.x .
. (R [ RN L CRp WLT) N,

(h; =1|x, €{0,1}

iR @ ) SKitAT R A R T SRR, g M

end for

for ATAMIA WLHIT j do

- am(b + W h
O L URDILZL T N
et PO T g me, vz ™ €101

end for

for FrERIFREHIC 1 do

_ ] ) W.x. .
-ﬁﬁ%ﬁmgmﬁ—”%)urfmlm:ﬁwiﬁ,mﬂg4Q+zb”%Jﬁﬁ>

end for

W W +e(hx-0(h =1|x,)x,)
beb+e(x—x,)

. c<—c+g(h1—Q(h2 =1|x2))

AT A KB MOMC SRR AR 3 K, R T B RAN KA, BATEIANT k25
CD FJIEARL 5 ¥ k 25 CD (CD-k) [69, 70]HAEVEE N, 1 Hit A — a6
gl NS LA . MR TFEATT LI B % 1 T X, 34T MOMC SRARESE k YR F Yk, CD-k &7
B HIRREA x BT SHOR S, Hi,

oC6’FreeEn(371g_y()c)__8FreeEnergy(i)
00 00

AG

(5.27)

kb ¥ T Vet R K A2 5 B T AR R B B SR RRE S B AT, AT
FIARA: ETHRPT BN EE, 2 k BIL TR, S HRANEEMIER. ik, FATEK

e MR BEE AT AT (ot P P, Skib AT A MOMC SRR BT i
HHEreA S s 1, PrBUX AR AT R & 225 n] ORI 50 A P 3RAG — Aok
FEEER T CHRARIXANIE, 45 RIS x HHRID.

A NET AN B k=1 BEAL AR IS RIBIF A R, —
JENE 9% T CD—J FIVRERA A SR R H0RH 2 1R LB (31 rhmr AR . AR IR EESEIG, Bk KT 1
PRI T DAAS 21 SRS HE R 25 58, AN I kB 1 AR B2 7T AR 21— LS AR RS HE A 45 R A . #E 5. 4. 3
PG ) LR A AE R L1207 LA B IRA TR A e A4 /N H B k T EGEEAE T CD—k X
ERITUGR I & AN EAE S AR o HO86 B X MR R



— PR CD 7 CD & — e I ke A 1 ol Bl B3 0 OLR o W FE 1 7 v B L
X = Vel (T (Dk) BRI F LN O (A T, 1T LB

kAR, KRS I B BISIUR IR 05 . CD-K (R 4 AR I ke A
A R (G RIAR R A BB R R, AN E dREE SRR RS, Fnf=

B YA B EAE . PR B X R AR, (0T R R YR R R (X R R
B Y ke ERBR IR . IEASCEE [106] AT U B IRRE, X T — AT RE R, A IIZR%
RIS AR R L A RS E B AR A SR AR (X B, Rt E hifgh, O
BGARAS RIS, SRR B MM 35, D B2 Bk 1 W AP BL T (R BEE X b
— R A BRI R REABOE,  TT S— F  R R R R A RIS . i
WRTERE TR RIT, FRATAT LATG A2 1 1] SR G p— A 5 T e o T 0 A, K s
S50 TR R X A A X 5 R A 0 44 5 0 I 0 F I 2R ) 5 A N 2 X 3k 43 9
PRI, SRR AR X S A B R A, ARG S — T, Mk, — M
Y ONEITHR AT RAZFE S 7 1R HT 7V L I 2 R A (1 SR A BB o A ) B

5. 4. 2 MBI BEFE

KT RBMI 2 I 5Ik, Bl — NS NG R, 3 — A I fi— E5MCMC 1 75 1256 7 v
Bt AT A #E[161, 187], N MITVELE [135] A4,

IXANAEVE IR AT B ARAR S FIMOMC%. .. x¢ — ht — xt+1 —hetl . . EZRE AR E
KA (BLZE AR A S ) . (RN EZHAT —MECD-KXFE M FLRE, A2 ZEAEMCMCHE A=
F I 2 v 2 U 2 AN T SO 13X — 52, R U, BRATTAS 26 S EU M B AT — A
MCMCHE (B ARAE AL GE B BR 11k 22 S ML FFRE) o VRSO F R LS, BT LUE I 3R
e 4, — M LCD-KAEAT 2T K0 BB B2 (Fk=1F1k=10#F 24T 1 S258) o CD-1AUHET IR /2 77 72
TR, HRMZET N —LAmgSEERAE T [188]: MR R Guhiz & M G B B R A5 1%
B, BRCRIEE NI B, B 1k T RRTE — S DXt by B O i TR], SRR 3 T B
RER. R E MR ENR AW R F2m, ) LA Bl 5 L) 25 i 7 RBMAC & 2 4 7 ).
P BACKT ELEUE 24340 DU (84, 85, 861, —Fhtt THeEASHE, (HEIRHEILH iz
AE G EIIEHE, BNGETREAN—8Or%.  p)=q&) /ZHVERECN
b=(0logp (x))/0x, IR EIFor BRI T8 FIH— I E 5L, i, ©=(0logq(x))/ox.
— AR G R AS AR R0 00 55 T RV 43 R A X PNV 40 R B ) 2 23 3 Bl (R T4
085 FE) T LS A AL PP 43 bR BT U7 AT — 54K (621 0gq (x)) /ox2 i TE .

PPAIUCHC [84] O UE W2 R — Bk, a2, i FAE AL ARICIE 1 i AL ot 72, A4
PP VU At 2 Wik, — e bl T3 AN A B B (i AR M B SR [94] .



5. 4.3 AR HTEEAATY o X BUUR B BE AR

KE, BATAF S EORBE S o, 8, JR@ A S ERIREN R 5
W RRIIGR B shgmtd 45 DL IR (B (4. 7). 2B [T3] TIER: H—r2Em
BERTC LR BE 1A T BRI B AR (FE 8. 1 9 AR AT MR ) CIX B S5 0 AL J5E (1 e T B 38 555
55 R RE ARSI AR T 0 Ll 43 B B 58 AT TR OSRRE X oK B TRUBL A B R ) A
i, 25305, 27 MM SES 5. 29 84D . ROk, AT BB X by Bt w22, RS
E VAT S (105 SO BL AR L AT LA

% — A & 1 o A Pexe) gn POxernlhe) sospy g s R owr ok g
%= = i = o

oo X LSRR (U 25800 1 256 M 534

FHEEE GHE12)) 2841 > Tk, xP8lsRss R T Ll i T .

EF 5. L X T AN MR K LTF A A S R R R, B A B LSRR B T LA RN

06 of
B [dlogP(x;)]

dlog P(x1) OFreeEnergy(x1) JFreeEnergy(x;)
e : + FE —

oo
5.28
00 (228
4t R TEH N, s BRSO 0.

W BTN, BJa—TONE t R RTEN, RIAE S k 25 P et S /- BB 2 A 3
EEPER . XFERATAT AR B0 T 1255 K

dlog P(xy)  OFreeEnergy(xy) 1B [E:)Fl‘eE-}Ellel'g}-f(x;Hl)

06 B 00 06

TR IE AR — SRR T 128, X = Xkt DUSAHIIN -k BH (%3 (5.21),
UL CD-k i R E[(Flog P (X)) /00] | szt Fnsm i # BoRAR LT CD-(k-1), /MO RE
ik CD-k 75 5 49 ARSI U FR B ) ORAF S bR ep I 3R A — %) . 3 — 7T
TE I LLBPR/INIRE I RS CD-K AR, e AT AR AT UG BB SR b i — o T L B Y
SEFEAGEMRIL12]. X5 k=1 W00 T HTR B0 ARG, FA . 500 2 0 RE F 7
BT XA G DR BRI R, 35— (X2) T g R A T AT X1
BT 1D, A i 1 L XLt S X s BRI b e T2 A0 XL iy A Ak, 3047177 A



153U BAEE (1) 77 11«
BT LA CD-1 % T SRR i v (—vodrtghlxe, 51— pomgmxelho) DUS D R R .
R X o T 2 EREIE 2 TR ATTRT LU MR SIS R TF SR [12]
dlog P(x dlog P(x1]h dlog P(h
ePl) _ p|dlePlallu)] _ g (dlogPlu)| = g o
o0 o
WTE AT, RAOCE S A g, o= Elubal, s et R
Plholxy) R, ssorenr el ).

5 dlog P(x1|hy) Olc)gP(Xl\fl1)
| oL, o L, '

AR BATBMG I EE S (5.29) HEE AR ORVEIXAE 2 91 USRI L 1) 55— T
720, FATT A A (5,300 hAES AL MTERMCE . © il By E iR =R
R

—log P(x1[h)

SCRER 3 BT B — A SR 46 1 24 a8 R (4. 38R ©(X) = E[BIX]) (footnote
BVE: 76 5.30 th, SR mE O WIREL IATESE O MIBLEE A — 4k E hu TR
T X M4 TTIRE — R I TR AR HE N . (A7 B S AR ID SRR L L T, X —
A RN )

T LAFRATT FT BAG 380 07 75 A7 07 B PR3 A RAOSE  FH 30 A 1) — SRR AL f 2 T F 7
RV, CD-k W2 PSRRI, it CD-1 ) T RAER R Z R (kAR . B AR Z 1
TR E VL I ELAI BUBIAR A 6, 3t 2 4 B e 5 W M Y CD K1 25 RBM B PR 8L €

oo

(5.30)

5.4. 4. WHERR—RB

IR, BATIN D — R B X T B R 70 28 ] RE R T ) S — 2 T RE Y
BR . PR 28 S LA 2 SHEN A 3 B0k b, DY eh S A 1] 4 i 70t 22 AR AULES o B
$ i H AT BE A1~ A A 805 VAR REA Jé rh e i [201] - FRATT S il i Ak 1E 5
Jr AR A S, 2 e RREI IR T, R IRAIZREE b AR HE AR T IR A5 BN ZR AR BR
BERE B BRATHREN o S K AUSRE I 7T e F T gRBe DL H At 7 . R EAIE 2 A 7 —4
BRI AN GE e T REVE RO DTV, B e IR AR Y Gl s R A TR A UL ) ) 1t 7 )1 5 4 3 77 B AN
[ 2 ey 25 AR X AR Y o i SRRATT BE A% 3 5 3 T I R AR AR Y e M B L I SR AR 14
FATHAT BLZ AL R Wr (—J7 T, X AR YIRS ) (1 KA A 5 At 5 i (5



— 7, X AR MR rh oy B R AARHESE]) AR R IITT RE . HIBCEITT %, BRI E |
AE (o) (BFE QR A TRA BN T, M x Roxie®) ZH00 7T RE bl BEI 8 mT LS 275 72
(5.10) o BUAEH B — DR IEMAL I P EBER 7288, M Sl MARHERERL P () AP B 25
EP (), FHFATUBRA—IMEE X =P (y=1[x, THHE1/2@FHERNEL L),
M E B, gk = sign(—a®x)), i.e., —alx) MRl IEbrEr) &2 .

LKA p 3R o ) RHIE, 2 y=i B PR <. BB PG = 1D = PGr=0) = 1/2, 4,

VELE [ =E [fEDIpor=D+E [f0]pr=0=2(E [f(D)+E_[f(x0)]
SE = S S - T M S S 11 B G Y B TSR 1S /A S v I S

Olog P(y|x), _ . 0(ylongq(x)+(1-y)log(l-g(x))), 1 _pydalx) aa(?é) <L aa(X) aa(X)
E;%[ 20 1=E1 20 ]_Z(E;?[(Q(x) 1) ) ]+EI;“[ q(x)——=D= ( a I+ E [ 86'
(5.301)

0440 BT FERL AL I 5525 25 42 H S 0+ 2 AR /N L o () B3 T 0, 9(0) = 1/2
i, Mz (= aOD) = () | e ge i AE 2 R MO A3 30 T 1 0 RS TT B 3 B S e BE LY | i

i, AT AR [ T ORI (=1) (e, PV T PRI (=0, i.e., Po = Pyl T .
ot B 45 M BRI L 5 OB BE A T AR AR (53R (5. 27)) o — BRI 48 SR Fy 5 v A ot SR AT
RIS SR AT LAY T A3 B I SRR R T A, FRATA AR IS BB K B 7T R 582K IR B b
YRR ) T B . SRR b, ST RE A — AN KBS R KR S SR AN R (— AT
F) 00 HIAE, JERT LB AR AR (AT BE) 23 B BRAERERY , X FEAR F 8 Rl F Sk E B I 14
B, TR T 7= 5l [201]

B 6 B IREFEIRMKTED RIS

1 EEEMMZE 2 E IS5
AR RV (73] MBT —MIEA S, B A, g
X BT BEREA A B FRALR, R R

#-2
PR s 1ﬁ=(HPMmWJPMﬂwL (6.1)

k=0
o x =00, P(h*1h) 22— N AL 2 &0 7E RBM 1, JFH5 DBN [ k ZH K.
M P(h*!, h*) R 7E f = 21 RBM H B 5345 o



R R 6.1 T .

FAF A P(hE R R S G A (RBM) P(h*!, h*) 8 T AR BUFIASEAY. 76 R S0,
HATVE =N HE R O MEFIIBFE TR S I0MER, FoA14 H e RMER s E I %, 5504
O BB T RSN QhHhF YA, BT IEMME ,  Qh¥h*!) HAAET Ph¥h*!) KA
(h*, b=ty AR —AS RBM, X FERS B AR HE Bt 2 nT 4710 1o
MARATE SR AL Sy R 70 R, IIZ5 DBN B, IEAnEE 2 OV R FT R 1, B — AN E s
T
Hik 2

TrainUnsupervisedDBN(P, e, £, W, b, ¢, mean_field computation)

fE—NEMERHE TN, %4 DBN, Wi wiEnZD
N R E— > RBM (471 4 38 356 b 125 #%0).

Bl

B, Ko &A= A

P AR LS A NI o A

e JE45 RBM YIZR 12 2] 300K,

£ RARIIZRM 53 EA K

WE TR kK ERIBUERE, k 721 2] £2 177

b* AL BT IIRTY T E RBM 7E kKB B, k20 B 1.
kR FE AT 1 S TR R RBM 7E kB, kA2 0 2 1 .

mean_field_computation J& T-1fi /R B A& RIE H, AR N ZRBaAE B MM AL BE b2 o
-85 353 AT R AT R I AN S BE LA -
for k=1 to _do

e initialize Wk =0, bk=10, ck=10
while not stopping criterion do

e sample hO = x from P

for 7 =1 to k-1 do

if mean field computation then

* assign hr

J to @i

j=1/i-1), for all elements J

of hi

else

e sample hr

J from @QChi



F
/hi-1), for all elements J

of hi

end if

end for

* RBMupdate (hk=1, , Wk, bk ck) {thus providing @(hk/hk-1) for
future use/

end while

end for

©0O00 -~ O m
P(h’,h’) ~ RBM
rooof,.- - O h
Qf|n' ) |Ph]h%)
©O c_:}:ci:a" —__ O N
Qh'|x ), [P(x|h")
©000 = O x

B. 6.1 FEAATRL, A ALK HGEA . GBit P oA & B2, 28 02—
TR IR % BRRE 5 (Q il smssi2) . & B RBMATH A E (AT A NH) . AKE K895
B R — AR e B EARAR A (s A0SR W~ h' ~ x) AAKET EIRSEEH W 2k

B &2 RBM LR, Q(h™'|h™) 540 Ph™ |h™) 422 5T ASR 3 8 du ik it 5.

fER—A RBM, £ HIJRATH Qhf, he') {8 k-th RBM i Fpr R, ARim P(.) %
DBN iR, FAMER QhMh") /EA P(h* he YT L, RNARAR 758 5 ki 5 HL AN Q(hhk-")

N T BRAFIRXANL L) J5 S M B 2 P JZ I ARER = BATTE I LR 2P 3R 55— AR h! ~
Q(h'lx) REAZE—JZ RBM, B EIEE-T 137771k, 4 h'="[h'[x] 1eFh' BFEAS 0 2 i ik
i RBM 73Af Q(h! [x) ). XA~ A2 B oo g 4 ) B O R, JE 3 (0 00 R AR T2 — I o
hl =sigm(b' + W/x). ERCFE7E h SCEFEARE b 5 RRRmARE, H5 h? 5
& MR E b2, BlnFnEESE M55, — B DBN % B EE 2 I, 25 ! (RBM KLE) H
¢! (RBM FEidi il SuAr) X+ 80400 J2 AT DA s 1AL — MR 2 R IR 2 % IX 54
A UL Je R oy — A e G & 2 — M B R S)).



—> DBN Al x (AR AT O AT 5 23R4S

IR 21 RBM. A BURE— AN PTG 1) B bt o AN W] A Bl i 58 A7 — AN 35 A
Wi BIZEA S RBM H7E h* ~ P(h*h* 1) and h*! ~P (h*'|h*) 32 &AL k3645, 1Ean
FE 5.3.1 TR 1o 38 I AN —A> B I ZRER B 7 IR ARER A b Mg — AN 2%, T
Gibbs A B AT fe 1 5 22 .

XF k=£—1 2 1, FEA b 2558 b MRYE k Brid BGBCrT ALK 26 AR 20 A P(hk-1|hk) o

2. x=h" Z&—> DBN FA,

6. 2 VIR B 3h 4wt 2%

H shgmht s O g FAE @B Pok @iE It HmEwb — MNMAE Z E A 4% X M2k
()0 B AR B AS A 285 HR I — B2 —FE R Ay 3R R B I TR A X AN 2028 4y 2 7 1
FEERT 7 S8 R RERaA vl A 2@ I 55 R Rk, XS R AR — T S
[17,99, 153, 195].

LS — RN At a I gR, i s ME— SR BRI B IR E . X2
AT B 1Y

2. HAzhgmihas R M R (Bl ) ZEMED RN, FFH0IZ%
N—NHEEGS . R, BATAFEZRIRCHH]T

3. HEPIR () REMIMFTEEI S = E

4. AU A R R A B R N B HaI et i 2 80 CEig 2R pLtE A i i
SR, OREFRIR 8 A2 10D

5. MR B HARAE, X MR KT 28 8, TR A shgnisas 2 — 4
AEH RN B sh gt &0t BRoR &R ER R ZE, W [75]078.

Forp i) JE B2 R 2 BT I 25 DBNs BT 1 51 58 4 —FE, (H 202 F E sl g ig 251 4F
RBMs. FCATF S0 45 RN 1 IR A5 0010 45 70 7 B 1 Bt ds AR % . 17,99, 195].
AR RN, MR EMRZERAE, CD-k &R Bl IR o8 Bobb i s 2. R0, RN
MRZEBEELL CD-k HE /NI 2 (FOMRA MRS KO, M nT Rext 254 Wifbnitk, 2=/01E
FOMRAIM B . R ZIE R, DBN MR RERE S, Hpim i B shamig g s A
IS FTER[195]. FH BRI (K 7.2 719).

Y B by 3 RBMs 1 A 76 M TR 5 &4 R AE) FSGT 23 IR AL 342 22 i) o )= (1 2 5 de
JIEARRTRER), RER M br 2 IE SR IX S b 5 — 5, #RBEANELN T CD
o A LRI, 5 22 S X AR AL o K ) A T R R DA L 1) = 2 I BR R F) . MR B



B G i A5 1K 5 FR AR & T — DAl A R, 540 RBMs F DBNs, FEA
T PAE R B A B4 20 1o i, s g RN B P A, XM AL A B

6.3 2 MUE KISR0 B B S5

DBNs FIHER) H Shgm i as, PARIIIZRE 52 rT3RA 1, JF H T BAai & 1. R =R e
ZfEY (MW RBM BGHZZ M HENSSAY), IFH—DaREE R NREZ ERE R % T
m 7 EAFERZ A DBN B HEE Sh2mi%4%). ££ 2 /i p s i, XM IZE
SRR KIZ A JEMB BB, FIEE A MBI ROR B B, JLAb it 45 A 2 T BE

—NARER R G G PIME SAEIZRrh, JF XS E B IRAE (1719, XAk
KIA 73 A RT3 SER B AT PX) 20NN RAR S PYX)mEHR. K5 RBM
ORAF T A RT Y BE BAEH AR Srh, CD BRI A2 N B Sk BE S5 & 10, IF H T
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ARG T M S R, SRR AR AER M IR T, 2 E ST 109, 148],
FoA RARC B3R T ERM ARSI Z . 12 50 LA LA AR e 1 2F B i L, 14,
RIS AT A 0 — S0 E B R R ISR, AT LS R il B R SRAF AR bR 1L KoK B R 48 AR RO B 1
B (PR T R 5 AR L PR B OB AT R R, SRR &SI,

BLE RIRBIRZZHUN EH pDa%HI2

FEAR LAV ARV PR 28 SHUM A Fi i 25 19— LE20F,  TX AR X X g B A Y
Ik — B AR T, BATCESR RN, F RBM H 5 nl RS o s B2 5 0 A DG IR 4 A o A 1A T
ZACRIRESZ N, e F A 2= 5 AR Uk AR R — e % [200] .

e BT B G RN B B TR B e AE (17, 51, 99, 201 P Be HARVE o 25 RS B Ak 1) 44T
= AT DRSS Z G Fe BIX B, R B B S x i A xd (3R AT (R 23) 3BT o 3
PRI (R AR R T BT R T e A D T DL RE R ek, [ ) E REE TSR AT BL
SRR
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AR,  NATTFFAE XS G S 2 I AR K DGR, X A N B AN A TE T B35 2% 2 40
W, EAFTE T GEit RE S AL FRATE,  ARp )2 R 47 RN 45 4 i) AT 30, 471, AHAR B R IX AN Rk
FLLE TH SRR 2R 2 v O T W0 28 G i g 0 PR BFF 7 PR A4 HH T (1390 0 X T B 1 it 25 AR ol 4
FEITT RRPRT IR FE A AR 465, b Pk — B I S8 Y 445 (1) — /N B 2 3% [ 121, 150, 151, 152, 153] . BE4F,
WG PEAE /& DBN (Deep Belief Networks, VRJEAS&RMZ) i Z,

(FE T, JEZA)E )P a] e %, “and has been a key elelment deep convolutional networks
exploiting of a variant of auto—encoders” NN “and has been a key elelment of deep

convolutional networks exploiting a variant of auto—encoders ”)

7. 1.1 A ARMHRR

KEBANTHE IR, R — MR T [ € K/ANTT AR R, 25 18 B REE fh AN R AT 2K
REEUAE, IBARRGRALAN T AR RAL A S BB IR R X EEEA R, R, A TR
BIRFHZAER, EENZGENRHESE R, SRR DIEY 1. ERZ 4
OGRS [R5 28 R 46 5 A AT SR AS R AR LR

T JiH, (ERRYER R, AERZMER) PCA B3 1CA, JREGE AELRPEN LLE 5k isomap, #T
FEN T AR FEAR A [T AR S B B (2 (e) . % F BTSSR AANRE S B AR K
FERIRR B R A ME . N T RE, RATX BB ESX B RR & — oo E. W
RFRA e R S AN S0 B — AN e K FE I RAE, — AN OB IR R INE T BE I B — AN
SRS Z H BT DUROR R B2 IR B RAE, RIS o vrix A [ e B i v & n] DL 22 3R 4
Bl 448 S — A A /N T AR ARAS B ARSI BERATIES T AN RAE: B KER, XA
ATEVF AT AR RAE N — AN N SRAE T, Al ok

A=A, ATASRIAR KNI A, T b FRATT AT DA i 44 ] 5 K R F IR A 4
R BRI 2. BEERUL, A SRAETRATIE & K RE [ 5 K BE R AE M = 0 A —AMHEX 2 0 i3
i Cbetn, A, IBAX TR Z kRS e K s R IR A SN, (B
BIPFIED X T —AN5E IR ER K, Mg In) & ) S AR R A H AR TR b M (B o
B FRREEREE N, BTEL, RS R TE N

73 Ah Tl B RS AL AR £ 0 A A o] R A B R AIE W] AR FORAE N R — 2 i i N, BT
EWHEES WM . — AR RS g %I Rl H e m B S 1, ITBABCHE — TR
AT A A R, BRARC A A LERF B FEAE A o ST, BRATI A B HRAT T 0 1] 5 A JEE (R A A
RALWT A —FREE, B2 B A FURFBCE IX S LURF 1K) 7 S T DA ok, Rl A



IR N A R B 5 T, AN P SR B R AR . e, SUHME SN, IR L
ECRF ORI UF 2 (RRRAE, 5 Ah— S LR B R A IR 3R ) — AR AE, FRATTC & W] LA
IF B R TP AR R, R — ST A 1 1SRtV AL B A R — SRR IR 11 17

T A FUE IR BACRAL (1535 [150] R AR5 2 1R A AR AR PRI T 42 AN o IXCROB e LK
R TIXFE— G OL, FERXAMEOL T, BME SR AN REMI A iR ME, BB IR AME, R
FHABR A RIER A (Mg ) 25 S RAL P AT 1 AT DAAS 3] — M AR

BRI A H b 22 > B2 Mg, A B i a Rl e Re st A OB E 2,

DS A M 0 A S AR R R PR 00 06 200 LU ST AR SR /N

N T MO AR P I EA IR 22, B s a% 5 23 B — A RE TR A 7o A i gE T R
MR, EY, [150]ZRBC—FiG EARZER B e GEITRE PR ITiE R, FATH
AREAHTHMED o Bk, EIIZREE R i M B @R B s/ME B e, e dis Kb
BT Ae R AR ) T 4035 (Equation (5.7)). o BESAFRHAE (43 IEREO UAUEFTA AT BRI T
BT, SRR UK S TR EEZREF T RATRKMARE, RN ST
BHIgREE. RIS CEWUN —MaARIE IR £ — M ARIRE AR AR R
REAEI AR S A TSR, XM OUR AT PLSE I 15ER, AEAMEE /N TRA R K, X
MEELIT .

A Fh TR I RAE LA B 50 702k LB, XA 55T LA NI ZRpritE B, 72
KA AR T H R SRABL AR AN 73 5 bR B SV A2 58 4 AT LAGRE G 1, [ N A G
JE T R DB M1 20 TR RS A A REBNRE, XA R EGE CD-k RBM I 2%
J7HARAT ML (78 73, XA 55 RO H SRR L 2 SRR SO — AR A THs AT BL 1o Jn R34
BEBRAL XN — MR g 20, AT VR AT LIS I A 52 0 K820 7 e ) A A TS B 19 I ) HY B>
XTI ABLAR 55 mEAT A, AN R S AR I3 A 3 8 (0% b 22 S AR L L A e

7. 1.2 Fhigi B 45 a8 A0H G5 50 Y

A2 77 30T DL LR RS R R A MR AR P 58— AN By B PR i 2 7 ROV
CEMIE T ARG RR [153], 145 M (KR 7 1k S o — b U R i Ak B 1) D7 13K 45, BEGIN J@IdiE
PRI 2, SR R 1S gt a5 SR A A D BUE L N oA B E R 0 fH END. —fF S5, [FAl—
NSRS T RS R AR [150], 12 AR EE T RASE R Student—t SBEG M. fEIE 2,
Student—t 5658 704 FH T 3R AW ASAE MAP Al i M B, IZgmIDE AL % T V1 A0 B2 & i T S A
SRR RN . M OTE AT R ARG, 1205 RS S T RBM.
S0 TE DU TRUAT SREOMR R 1, 2% 1E T TR0RE e 2 A 3 B O ) S M R R B Ko ZE [139] AT BA
B3, SEUGHHT R EF TS, AR VL e A A R AR AR, [110) KR8, HiI%H
Bi DBN CRPFHA™ RBM (ZRER) (R, 55— 3 M4 5 ST BIMRHE S V2 W05 2 (RITE R K 253)
VIR O R )2 AR R, BRBETELE VI 22 SR M0 ARRAE L



FE AR RSN U, Mg M 0 A fE 0 L1 AR T03845, B, 45 e FERE W RO (W iR —
FINEE) , BATIFHMEHN h ARG S X DURIRH L2 IR ZEQ P EE:

min |[x — Wh|[2 + A||h]|1.
s (7.1)

S|l = 22 il o i B BOR — e (Hen?e4. 4h b6 (s 1 gnoi dfS & M%) . HiBi
MW AT 7 HFexplaining away (BEFVE: JRREERE) © (EZMCTEY AMERNTIET) &
BHP—A, ERERERERANGE T REARMEE BAAHES, EHET—AE LT,
At 5 B N 56 4 e 5k P o XA A AT [ I R LA D0 s Rk e AR A T, BRI rp — AN R (%
FVE: BI—AECED HHARERE . BIHARRCED AR, AR ELRAIE
MR AR (B VE: JRC “than it is the one that we want to highlight” NN “then it
is the one that we want to highlight” ); SR&S7ET, XFEARIMIMISEARTE, K v
NN S 2 S BUE AR R i Eh . a0 S 5 & 2 I e sl 7 R B h VB N LN
IARXFATEE MR AR AFFE AL A & S B mL RS2 IEE ARNERR, B
QAR AR . X EETVEE TR EIEE — 59, AU/ BRI ES s A RERAL
Moo SR TRHAT AL, BT E ARSI E gD A BRBM - 4t 18 L E £, X 1S I 2R AR B AT AR
180 o5 —ANRIRRE P 5% AR 0] R R WAL R B2 5 4 v B v JR R DA B e R, A RS ) (P
e fine tuningB A X MR SORE, FiFA “KH”7) BWRKAEE, & BBAa e HEE,
FEUR ) B B2 A e 8 Lyt TS S B A X R TT . Wnfe9. 1. 29 prihie iy, s —A4
FAVBOGER I GRbrE, bR B BRI X 3 BE, T2 e HE TR B2 S5 A IR BT A S AT A 1
REME 0 2 PR 0 R R . SR b mT D@ gm RS AR TH SRR I, (B SRR Ak 2 SR A Fa e
(F1, Bz B AT Be ANAFEBUEUE BRI . D T R A e e P 1] AT E iRk T ) R, (6]
P T H—ANE R PRk LUETT, ZE A R 2 A I Ul R i & 4 (RR 24208
TOH) MEM B

VEICAE, MR E AR B RBM AEAEAT IR i i [ 2. CR B 4mbd i) THE B B,
DAL AR E Mk, BUE AT EEME, DURCERBE S5 M) 4 SR ks R I o B8 — Z B BE IS T4 . Wi
Gl Z G0 AT PRI SR AT S AUk GmAD A e b e SONAR AL ) R A o T B 4w 4% 5 RBM
A=A 2E GHE P (h k) M — MRS GHE p(x[h)) o — R Tk B b 2% 116 3¢
[150, 151, 152, 153142 H 14T+ FH 2 it 35 RIS i s i 2 [ (RS20, A4 K OB AR 17 ) 38082 2R
FIFIHLAS ST S5 o X SC TR AR gn {8 h A2 IR (RS migEL) , Has—NSH
W Gt 3 CanfF]H R A g is 25 A0 RBM) , XA Z BRI IES E b gm D8 h 12 Hb g lid 354
IR ZE AT . XA, ERARISME h B A B AR SR NEEATER (R
Gmis ), R Sgmigat it (RO gmis 25 S 40 LU s, i idad | AR AR 1) 22
FALRKRK. ERE, s RS, FEREE— KA sigmoid RYAREMEAR M, HAY
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7.2 EXBRBEmIDE

LM E D& (195152 A g8 BN LARA, A AN HEAT BEHUBAER , (HRBEBIART
JEAEH NSRRI E d H b . NELSE B, — SR A gufd 2% 5o om0 x4 A\ ik
ITgES (RE K THRINMEED « XD IRH AT £, BHKERE AR E S 5
A Ehr R SE RG5O G R S . Fe b, FE[195]H, S NE S B
UL AR A2 AL TN CRA—ER%IAD E 0. B RELIE S BRI T
5, LB D SR ARG 5 T BN R IR 5 o 250 i &% K I ZRbr R A LAY
XTEAUSREE

-log Alx/e("x)) (7.2)

Horb x RARBBEIAEIERN, x 2RISR ERES, Cx )WRMx  3iE
(Rigmit . DR AR 25 o AT AR B3R A OR TR BR I SR A H NS S I 04D IS4
FE[195] ASEgeh, iZ A0 A AR oA (CEAMEER 1bit) , RS E AT LA
o R R (17448 T 20 3 gmig 2 i AR, NS 5 BRI AR ) 92T A 2Q
(I HE A RPN R M S E T X3 E 0) o FIFH B g fi 4% 25 sz b 7E 56 R [103, 551 4k
WA T o Dk [195] 1) 1 ZEONHNLE T JR /R 1 12 SR Mg A e Bl Thy b o7 FH 58 P88 465 #4011 G M B TN 4,
I HoKs 2 0 5 i 2 0 A B ARY I R TR

FB— BN d e X, SR—H Kk MERI, Xs= (Xsl, -, Xsk) 2@ S EHEM X T
TCERHEE, X s BRHATENES. FEE, MTHLES FE, FEMMESPXs|X ) 5w
Z0m T EE A P (X)), I HAZRHER R TRIA, s AR WR[S] = 1, JFHETHRAAL
SERHARDG, WIRTREAALE AN il R BB 58 AR A 0 A, AR 58 LT, X
EWAE S AR iR BRI T, I HREREN—Y) GRHEE I A RIS
IX 2 [e) R TT LATE 2 M 1] 2 D 345 ol U o

HEBIE, TE—RH 8 MUBAT S HIXTLL L b, HES 230 [ gmis 2 i BRI R B2 45 M 225
HUENEIG, HZ AR B ar T HE S W 9 A gnfd %, 55 DBN MEREAH M e 4F .

F0 G 8% (1] — A2 N B [ R AE 2 AN A R AR B o 6 P U1 b e e A i 7
(Rt BUBARFE L . (19513018 T4 T 0T BRI A OB AL o — AN]SR 10 AR A B2 1 S UL 1 -
KAE—NNGREA, X HORATRENUBIR, 1B N%mH5 38 4N LRI 240, TR A a8 (H
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LM B R 0 55— A NIEOSHR AR AL, OB 2> BB SR AN 2N fE (4 2 Mg
)7 R0 A R AR A S ) 45 2 ) ORI AT i o o SR TR DR 25 168 11 0 5 2 72 )1 R st £ P
TR BAEHSRR RN A AR Caf N R Rt A2 BE LR 7 38 2 S AN BB

7.3 BEREKR

2 PR 3% /R 2% 2 L (RBM) 7] DL 51 NS B IS r WAL B ) “RE B R 7 SR G D FR 1 o
76 P (h|x) FRAE h RARIRZ 5, {HIRAE P (x| h) F R x BLAE i o R X, HAH 2 76 5 /R
ARBENLI R ERE, X2 — MR R R 2N, HPmBEESET h E. [141]
Fe TIXFE— B AH TR BRGNS BdE, Hah RER IR T IX AR IR (S B (DBNs) A4
J EE T3 08 RBMs RIS X B8 om0 sl ) RGeSO SRR i 45 381 1 10 % et 11045 R s i
B 1 A AL T S 0 4% 1) 174 s PG e

TR LA R BB 2 T LA B A B R B B BRAS BN IO, SRR T T 3RA3 b it
MRS, fE28 —RAUTEOL T, A UG HIXERE — A A e, R GAAE R G T E N
—AHUAEBEEBRARE A (1391 [141] i A AE R AE % 2% DBN (ILAE T AFE 12 B /R AT R
BEHLIZ R G5 R A A8 TR D e 42 o S SR ABAFR) 5 3 D10 95 T e B B 7 R 23 F) B 7 431
FRA UGS ZE U M B R IRAR I R AE 2. B, 7525 I S0 R, WA 8 1 K BT
B R T AT RER A 52 MUARATT IR A U7 B AT RE D 173 A2 G ) 70 A6 17 38 122 A1 5 T PR ot
it o SR AKT-A 31 T B IR A B AR B ARSI G — fCE E R I R, Ay K
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HTAEP (x[h) spiee, AT EAEBLA B 7 R 3 — A S /R A R e CRME E 2 A il
AR EIE A FROR IR R IC RO,  DMERIERTD , JFHRAE x Bigfr—MEsE (fRfr
h—&) o KRG 15) F—HRP/RZESHEERTTFE, H U RIR A -] W5 B f Bk &R . T
kDA CD Hot T XA R (AR IR %2, (141048 x BAERT 1 5 DNEEIRA-F 30 B A2 — 4
WA 7.3 BAMECR

S BRBR 2% 2 AL (RBM) T LIGE T 51\ S8 H I B ) WL SARE 8] (R 1) K2R 7 SR fule i 2 PR i o
£ P (h[x) R h KARR A 5, (HRAE P (x| h) HheRAE x BUFEEm SO N e, FF HAR 2 T/ /R
T RBENLIZ PR, IR — TS O T R ZE 8L, b A AR T h ME. [141]
R TR AR T S R R et B, A5 SRR I T IR [R5 R (DBNs) 2
Ji EEBE T3 RBMs FRIVR A5 52 00 SE 0 S5 (9 PR B o FLE5 SRR R i 21 1R 30 25 Feoxt A8 2R 0tk FE
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TX LA [e] B 2R 1T LA ELASE FH RGBSR A7 B 25 5 3R A R ARG, KR4 1 T 3R A5 e i
MR, 7E58— BRI IL T, 7T RAE HIX EE —Fg A e, EERGAE R G T ER
— AR B E A [139] . [141] 4 H i ARVE R 7E %54 DBN (BRTE AT UG 1 & By /R ] R
BN 2 R EEAE) s R [ e o X ST BN 8 3 10 345 T 3 0 e B 5 2 7 14 5 v 4001
ARG AR U 56 RIS R E05 8. a0, 7642 B B0 MR, WA T K BUr
BAE SR T Re bl e e AR AR )AL B R B T A2 G B LA [ AR 2 T R sk
LT XA 3 THE o AR B AR R JRBL A — B v I MR, A R K&
B = O R AR

N TAE P (x[h) HEURE, AR CLEDA (BT 8 3 — N SR AT R EE CROME a1
SR A RN R R I RO, DUE RIS AT, I HRTE x R T — AR (RFF
h—5E) o fk#E(5. 15) p— IR 2L 2N A= TFE, H UFRRITH-AT W R MR N T
WD TE CD O TR PR sl RE iR 22, (141048 x BT 5 M2 T3 2 3R A2 — A
WA HAWEE: x t = ax t=1 + (1 = a)signb +Ux t=1 +W “h), «a

7.4 %k{% RBM FU& Bt RBM

S RBM SR — s SO S [ ), TR 8 P AR PR B R . i, {4 RBM
SR x AR R h (IS A P G, h), BRI Ba (b, o, W) 22 (5. 15) , 4%
TR b, BRI o0 BUEAERE W. SCHR[182, 183] 448 K3 py 254 R RBM
7, T SKANIT VR L R B (R B ¢ S5 T P A 7 B 07 5 B BRI RBM 229 P (x, h 1 2)
Sz, AP o . e, ez = oW au s hs s
0= fl2:w), g, waprasi o f0f &0 RBY, HESE HBYUE vo A RBMHGV A 4
FHEG RBM 5 G ST PR R LM, A A B DA A B R 1) (PR e — e iy %
R .

RBM [0 B 2 55 B0 1) DA 14 B U9 40 9 2% 1 RBM f i, &3 O iy oo ket A8, iy
DLl 7] B 6 J5 £5 4% (back-propagated) 9818 w KRG fditt:

o0
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ow’

(7.3)
ot e=0+Mz (. B w, mrimg, wEEE Bk [183] B, O
il T RIS

Af = Ac,

AM = Ac 7',
(7. 4)
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P(X¢|Xt—1,X¢—2,X;3) " _ s e "
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i

PRy Sp) 19 B eca®y) || PSR ppcee By} [TH)
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B 7.1 #3E R 758095 0T RBM 6957, @218 RS Ba9R M. WATk & XA LM
F B, Plhe RBM. ¥H7k & & TR A:  (xt, ht) RBM #id & 698 AME A= it £ 69 Fa IR
AR EHTEH,

pgee 2t = (M1, Xe oo Bk Xe k) g7 . mamsrns rew 5=
A B0 SRR U 2 RBM T AT ASE R ({6 PR D RE R MOMC S M RBM iBE, 450k —45) . Balkas
FEB 01— HET 285 — AN R B R T AT BRI . BUTIACZ (0, SOk (1801 st i
9B P EIEHA Y FI R B

7.5 X 4#EH) RBMs

FE— S RAE F R, 31— M AT SRR &R L 2R [15, 16, 37, 43, 128,
130, 169, 170, 171, 207]. X F— Ao BT EBLH) RBM, SHARR TR, EReH
)% 2R BARMA I AR R . X R SOk [129] 52 K 3111

X —A RBM HOHIN x, B AE B 8 U R 7 50 (Wi, w2, . .., wk) FRAEANIA] we () — 3% 5 0k
# Cone-hot) [f&E vt , WMHVEWENE wt, vt B 1 UAMNIAR 0, fEXHE x =
~v1,v2,..., v k)7 A RBM AL R R WA R 2O S TP R b, e — AN R IR TN
PR RIIALE t, H—BEFUAS. EHERNTIIGL, v2, ..., vk) [ T vt B BB A 7T
ke . A& BN HHERE W T X, A2 3% R 1 0 5%

B, BAMERFS wt I AERE R U B A 4R AR R
.,wt= Rvt, XEE ¢ £{1 ...k},

HIK, —AEENPEH R wi, R W2, .., R, Wk)’ 5460 B A3, ik # = BDiag(R),
t Diag(R) & —MEX AL b R AR ER-XF AR XA A4 7 S BB n o
EEHA[129, 130], 7EFHTMIE SR n ol SRR thik— B4 e Tz khe J1[129] .

7.6 I~ RBMs FOXT kb4 5%

EFRATEHE) RBM A5 SCUME T BEAE I AT T 00 T 15 18 1 5 VR R 27 21 55032 (st b 40 150D
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SEHL 7.1 R —NEAG RS 5 AR AL P(hix) = FP(x|h) =, MHXNFRE
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Energy(x, h) = + +. (7.7)

XEEPAEH T Hammersley—-Clifford ¥ [33, 611, [73] thilk W] _F1H R 2 5 8 HAbE
I HIFE Y LB SAE . AE R EANEY P (h) BEWELEIE 04046 P (h] %) PR30 fiR -

B E AN NAE A e R, IXASET A S bR B BN RIR RE . Lk,
BT (hi, xj) B 2 X 2 WA, Bk 1, j (hi, xj) &ZEEW 4 MAFRRE, X0 1, j (hi, xj)
B AR N =D 2 T: a + bxj + chi + dhixj. A, b Alc ATLAU/ERE TN, a Al
PO —AN 2 R ar i i &, SRR R (BRI a AT RARRIC 43 bR SR«

F—J5H, 4 x BEE h SR g, AT R AR T A A (hi, xj) AR ELAEA,
FIRERTCS 1, I ann 1, § IZW 3G 0 — Lo T 73 58 47 (1 @ AE ELAE FH < J3 4, ISR AR 35 B P (x| h)
8 P (hi|x) PHIRER R TTATH, RE 1, R —MERRE, XEFNEAZ IR ER,
A R AIIAE 7 V2 BB R oy FRAR 25 5y TH S () Gnidiied T 5 B AR R 1Y) 7 X ) 3 7 11 3R
THHAD .

XA AT R T RBMs BEAR R, BIE S HCR S R R B S T A B WA EAER . 2
K h A2 Rk, 364G 3RATTR] DL RERSE A e S H , RATA I T LUE R IR x il A (F
S b, FRATTAT AR IR ARAT A B0 A1 D o 7E 7. 4 7018 1 A ) RBMs A8 44 Su vF = JoAH BLAE T [126]

ST IEA S RBM A, W BUE AR ? HEBIARE 7.7 s A s ATR
HHENR, ATRIEFS, FRATESS SR/ Hr ol 2 s AT, R E 3 5. 1

FreeEnergy (x) = —log.

R, —AMFEAS x (19 B RERIBE A

AR EEE 7.1, AR LUEH Gibbs 8. 7F k 25 Gibbs #52 J5 A8 Wi B8R b8 b6 12
FIREFFE, AR JE X 268 AR AT LA SEAE , FRATT AT AR $E Gibbs FEA hl, hk+1, F1xk+1
BEFNGFEA x1 Ab— AN A B SRAH FE -

Hrp R BORSHR RT3, KR —A7 U RBM [ CD-k. fEZHSHORME T, AL
A —AEE IS, — AT ZONAN R T betn (FF hit 1 _ESRIIE I AR SR AR AS)
BATEF S HIE 1

ot nk I nx 4 SR BB T T AL T S F AT B R 7 (200, 17] ik i
7 R S R 00 R0 0 VS R 0 0 S A5 1



#/\E DBN FEREEIALKIBENL L F

FEAT R, AT DBN (R 25 W20) Y R SRR B JeRl . DBN (0% $CfLL AR e 7 Bh ity
Jensen AERA LTS, EWHAT FIEHHEII, 07 LUHFRIECHR (73] F57 A48 1
greedy layer-wise WIZR3RRE, AL 6.1 A 71X —H0E . FoATRAE FHE XS DBN BEA 7
AR (6.1, % hl CGE—RREMIE S{E h FEFRC, 5 A—MEER &5 Q
Chlx)e HHH Log(P(x)FeLh 1=sun(Q(h[x)), ZJFMM P()=P(x, h)/P(hlx), FfaeLL
1=Q(h[x) /Q(h|x), ZJ5RITHE

log P (ZQthX) log P(x) = ZQ[NX .yr h’

X)

3 _P._x.mchlxl'
— gQ{h:leOh P(h|x) Q(h|x)

= Homx) + Zf?ihl‘& Jog P(x,h) + ZQ h|xnm:Q:w]
= KL(Q(h|x)||P(h|x)) + Hympx)
+3Q(hlx) (log P(h) + log P(x[h)) . 1)
h

Forb H Q(h[x) /225070 Q(h[x) . Hi KL BUZREE AU rr 5 2000 R A%

log P(x) = Homx) + E(][lﬂx J(log P(h) + log P(x|h)). (8.2)

1P A QAHEER, AR PIES RO, B, EREMER T (RIZIRIERE 21,
RBMD . % T-3RATTI% 4 T8 F P oR4E AR DBN oM, ix BLIRATIE A Q S48/ RBM iR (38
— 2 RBMD; TWAE 7 R FRATERE Q (h|x) RAEAH—)Z RBM (1] hidden—given—visible %1
e FATHEE—Z RBM AT E L, A7 Q(x[h) =P (x|[h) o T—MRIFEH T, XFEIHFAMHE.
XN RE E Z BRI & h1=h 554 P (h) /& B DBN ) - — 2 ¥z i), {H RBM [l 5t
S Q (h) WAL ER RBM A (S 5 A i

8.1 R 2L RNUNTIRE AR EfE &M %% (DBNs)



FEAE RIS ¥ 43 Aok Ui B+ DBNs 1 S N GRid 22 A, AT 7R B L AE— 4 DBN
) PC(hL) FHE TS R 5 — R BRI 22 @ 0L AR IIL 20 A Q (h1) Z TR IR R « — MR )
MIMEER A, R h2 K4S ho R4ERAHSE A x, WAFAE—> DBN, XA DBN [ hl (i %
SAETHE—NERBEZZ 2NN hL A% 04, B, P ()= Q(hl). EHFIX K, HE—
BRMA R ZE N, ERREREMR S — BRI L SN E G2 A1 7 20 £7
PH—BNEED . TR, HTE—NEBREZZZHIEE 700 T ik m] W FT BRI (4 £t R xR
P CHKBUEREREFATEED, 8 AN IR 2Z S VLN AT W ) 8 L 2 i 558 — A IRk 22 2
HUI B ) B ) i 2k 43 A Q (h1) AH5E

MR BK AR U7 SN [73)45 s BEIR T ¢ = —to, £ T ¢ =0 LR Gibbs
HRE D RBEREE, XT3 — M BRBZE S HUAE x F1 h1 Z A HhRE, e rbmT W i & HlRe T 5 4k
1t BREET AN to XFFET AU — K BA B ESH O f R EOD 6 B E
W T T W EOR I ACEIERE W TERAT S S ML . BE, ] 8.1 s, ARYE ¢ BORE
PRttt FRATAT CASRAAE — HABEAERE W sl W A TRBZLEHT RN ¢ = — 3] £ = ¢/
THE, JFEH/RE-MHE 1 — F CAEFERAE) B DBN. RN sithiiW] 17, —MPER
DBN, 4RAE 5 R OB E R 5 — R AR AR B, 41X A DBN BAH =4 — ] AT BRI %%
2.
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B8.1: —NAMBEEZIT UGS BA—FEAREHLARGRREA GEFARL GELT),
AR, RELEEWNRE COHEGE AR T EER AL, IAMMEEFIITET—4
Gibbs & RAt K&tk =4 xt GFF t 4R K)o HE, £—/DBN ¥ &9TRE 69 A MR 2% & LA 7T 1L
VAFA R 69 7 X4 &, LB —/NDBN A —ANLIRA d EARR, X ANEA | e 2R By (5



R R TR BN FTA )

8.2 BRERAEIZ&H 3

FEXH, AT T [734 iR 21, RPHEIn—A> RBM 242 7 DBN AT Rt 1h3RATIMER
WRATCEUIZR T RBM A x, B AFATRAE T — M Q OO, A AFi5E4) Q(hl|x) and
Q(x|hl) FKik.

FFAE E— NS0, BAEE BRI — AN ISP DBN, BFP (X0 =Q (XD, il
¥ P(x|h1) = Q(x[h1) FP(hl,h2) FP (H1, H2), ‘& H—2% RBM AL E #4 & 15 %) — 2% RBM i
45E o BELEIRATIF )50 (8. 1), H¥&idid S0 P (h1) 4% DBN AHELEE, i, [ & P (x|h1)
F1Q(hl [x) A4, T Fu VS 4% RBM R AR 4k . A2, B KL BUZmaes iz gett. A
P(h1|x) = Q(hl|x) JF4h, XF KL B2% (B, HAgsinD, JFHALERX 8.1 FiHmiAk
#F DBN P(h1),, f1F P(h1) MZEIINGRIIE log P (x) M40, FATELRIE T P (HD) Tif
W= as (RIFEERIEE = RBM 1), FSCPERD ASEEH R BOMALRE F 38 — RBM i b2 BT R AR .
XA A2 R Ay KL ARG 5 T A B 4 ik — 2B 51 58 2 RBM B2 7 X BOR B 11 R (A R(8. 2)),
[ 73] firidk o IXAE B BRI A RBM S KA IR 28 — 350, BIFRAHERIE "hi Q (h1[x) logP(h1) YIZREE.

W, W % % = F  RNOAH B & K b
ZP[}{}Q(hIEKHGgP[hl]. (8.3)
x,hl

$F P(hl) o X FREKALIRAE — MRS, WS hl sk BBCE 0. . P(x)Q(hl [x). 193
BRFEMh . QTR IRATRFF — 2 RBM &€ 1), B4 2% RBM DKt Al DU 4 R o5 Q5 g b i)
FEAR x, SRJERAEA hL T Q(hl | x (1, FFIE hL fE VAR 2% RBM IYIERAEAR (R, VRS <]
W7 Ffk) . WRAAR P (WD) AW, ERIIGARHER R KB R BN “25%7 5t AR

PWM):E:PqumHm. (8.4)
.

FIRERIR S ATIE N T3 =2, 5%, RAOBREE 6. 1 WHIAMZE NS RE. %
SR PR R U I SRR A 2, PRI R AT — 2 (73, 17T A% B ORA UG A0 5T In ) RBM
WA H WM, BRSO A ISR L (FEZ RSN ot it — 27 B kY]
GRS R s I 25

BRI, BRATEE 4k S G AL () O 34 43 X BFE IR IS M 2D, A BELRAE 1ogP(x)
CLAVIZREE AP IAF35) A s hn . Bl BATT SRR N, 52 Brxt BUUSR AT LABE 2 T %
UEFRA AT 40 b B AR AT R AT o SRR 29 55 RBM 4k 2585, KL(Q(hl[x) | [P (h1]x))
T /b o SATT, IX— MR A RTREMRT: BE#E DBN 1 P(hl) BCRBRE hl 25— RBM B9id ks Q(hl),
RATREE S P(hl|x) CRE DBN) A1 Q(hl|x) CRE RBW fmE#kg=Z (KA P(hl|x) i—



AMQG&hDPGDP (HD A Q(hl|x) FI—A Q(x[h1)Q(h1)), EFFHFE (8. 1) H KL I i,
Bt 55 A RBM UIZRARLEE 3, P(hD) P MRS SR AN Q (h1) #2112« (hD) o R,
RALTAR A 55— RBM AOFFSEEAUIE 0 n DBN Ml tE OR R i) I Halid Lk,
SN 2 1 AR T R 2338 0 DBN AR . SRTT, XA IERAN: FATAT S 50 B H 1 R
ZRBM, 3L U GRS PR CRUE T DBN AR ME RS N, BN & D R LR I — AN R B, (T
Sutskever, AN NI TR « % JEH A1 55— RBM ARG JEH% R IR I & 101500, 48 Q(h1[x) = Q(hl)
= thi=h = pPx(hl), (HRMBCEFMNGT W, 45 P(xjlh) = 1Xi=hi, , BPEEGEM M &EC
WS B AT LI AL, 2 DASS — RBM AR % BOREEWIAA 4055 — RBM, 55 = RBM ) E5 LR ML
AREAF B, WASRESG I DBN AR YE . ST, A SR A — RBM (2 AN —> “REEE” Fio B ARk
CHLNZRMURYE S 22, 3 H DBN R EEER), 4 P(h1) K515 P (h1) = " (hl), MR
TREE T RBM PSR PESR &, RIS X KL 0K 02>, DBN fBUSA MK 2 PR BRI (FH 25— RBM & ED
) WAL — RBM B, XLEUREWATIRER . Rk, BATEEEIRE (BT LA ERBEZ 4D
K0k, LR 24 %5 — RBM ALLSR BB i DBN ALLAR Bt [RIRE RS, XA 1] 3R 17 o e o

Ty — PR UL R AR R AT 4 SRR P B TAEEE W R BT 7R (Hinton, NIPS 2007 #if#). HT
S5 RBM K CRESH A (h1) B b1 #80) BIZRor i, HRIEIRINZRAi-P (x) , B K E o RBY
A R EE o X R A P (h1) S 3 ik B2 RBM 25 A i _E 19— AN 2325 BR A P (x) o 14817 3145 119
MFRATEE, 1R 2 B 35 A5 8720 B2 WA RBM 7= A R 83

AW, BRATXA 20 2EE 2 1R I ZR1% RBM A2 /&2 — A DBN T2 (top-level
level?), TATEAFZBRXFE—AFL.: EAE RGNS TmRedk. [102]
Feh 7 EEX L (Contrastive Divergence) MBS, HLLUIZE RBM i3 & E4) 464 DBN
ez FATANE R S, URAIEE @A EREA (DBN 1 B0 X P (h) BEAT A4
FERXAD AT IRA B RIRIRAELL T, TS T 7 RAER P (h) K XU LI 70 H B A
e, JEIFEHFLEGT Q(h|x) I — RBM (BJEHTAIEA RBID, Billn, 55— Z1E B h 772 (8.4)
P,

SEI [102]9F 5L, X MRS S T AR DBN (LLXAS RBM WI4A1E) k. AERE, XA
PRAER A G AL FR, RS LB T FTE BRI & h BB SR B S A BT AU T RE A
BIET, FONEARAEE RBRERHL A IR CGI— A ASR £ | Zh i 35—
AR [195]) EEBRERENX. B— MBS E—— R TR PR —
— B AER T —A DBN AT A 2 B A Ak .

8.3 Joint Unsupervised Training of All the Layers

We discuss here how one could train a whole deep architecture such as a DBN in an

unsupervised way, i.e., to represent well the input distribution. (GZH)FE K%,
T H AN )



8.3.1 HEMEEVE (FEEWERHEE)

M S0 N AR RN (s M2 1) (BRI, BRI R D). ERET — MK
Pris A SR P (h, x) B S I ET IR AR Q (h[x) (L, Qo) FRIIZRE . 18
XH, RATH b R EEE. /£ DBN 1, Q(h|x) fF FEEThiE L (&9 6. 1),
B — AT IR 1) 58 2 (1) B BRI AR R A . TERERRSVA T, JRATAERE TR S 4 (1
EAGE, ARIEQMx)) BIAEKSE (i FAE, FRIFHE P(x[h)) fidfE. HddiRmm
PL A 5.«

LR B WIBEEREA x, AR h Q| x) URAEHT (h, x) 1E A MR R UIZR P (x[h)
FIP(h) o XA — 2D BEALBA BE — S8 M T 2

> Q(h [x)log P (x, h)
h (8.5)

2. HERM B : SR AR P (x, h) FIFEAR (h, x), X —5HE AW g SR IIZE Q (h]x) . XA
— B BENUES B —FOF M T R

> P(h, x) log Q(h | x)
h,x (8.6)

TE 22 S0k (73] v S B A2 35 (466 2 T DBNs, IR MR HR TG, 45— BB A RIE
D&y AL RBMs. S T—ANEHCH G, ..., h®) f) DBN, A7 ST RBM(M h™ "% h*°) AL
B, HEEM B HATEREFIREA h ON Qhlx) PR VBT RBM i 4503 .

— AR A SEABLTT DL SR BRI BERR 6 . Log R MRS IR TR (8. 1)

log P(x) = KL(Q(h|x)||P(hix)) + Hgmx)

—I—ZQ(hIxJ{lﬂgP[h} + log P(x|h)). (8.7)
h

MR FE I log UARTTLAM RIS Helmholtz B HIGERE F IAH S M 4% 5 7t
log P(x) = KL(Q(h|x)||P(h|x)) — F(x) = —F(x), (8.8)
Hrp

F{x) = _H{;?ihlxi - ZQ[M}:) (log P(h) + log P(xlh)), (8.9)
h

MQ = P, ASFERRB AN A5 J7ikHE T sl At ds A R KA T 7 -F. B,
BAMEKL@Q(h[x) [P (hx) o i AtE L -F G0 BB EAR AT RE 4 LogP (x) Mg . KA
TR T Q5 P SEL BAVE 2 7 ERESEK PP BT . fEREpr B, JATIEL I ZhE
FEA x R R E Q ULLAR— P BENUEE BER B RAL F (o) P2, A P 924 (B, 3Kk
AR Q 1Y ERER B, BAEROLT, BAVLAREE Q 5 P, MBI SOR BN 2% e/



L KL@Q(h|x) | [P(h|x)) CED, ik Q#3%), {HiE, BATHBEMEKLP(h, x) | |Q(h, x)) RAE,
ik P %, XEEAKLQM|x) | [Ph|x)) Ak,

8.3.2 % DBN ## NF/RZZ Ml (Boltzmann Machine)

BOEE N T 5 —Fo5id, TEVE RS 21 25 A0 T Wake—Sleep Hi%[161].

BITA NS T 5 —Fho5i:, eVl AR B 45 AR T F Wake—Sleep 5. CAFE6. 1
TR — E WA RBM, IXFERIUAI 2 J5, DBN 4% e N AH BRI 3% /R 22 2 L. RN
FE—NYPIRZE NS, B NRTEZkE EEMTERRN, BRI 21 RBMs BRI
IR BN, HEFEMF RBM — 2P OB . BB — 0, IR BURE 2 ML RBM WI4G1L, X F
13BN 2 AR B 2L

ZJE, XEAEESEH T HORZEEHL (W 5.2 WA 5. 16) 1 IEARAN FUHBERE I M . X
TIEAEAEE R EFREE x [EE, M P (h|x) 3R, MATHR T —Fioxh R T334 st it A2 438
M7 T SRR E RN b 75 BB P (h, x) A, M A THERE (I AE 5. 4. 1 5 isHi8 Je 8 [187]
AR MCMC B (B /R R RBESRF R 2 L) T,

KRONEERA (h, 0 RE O WES, 1 (h, ) RSEARIE YaTs (i, RYEERT
—BREE M, BTN RITHIRE) BL—A Gibbs ST

BIME X Se ZHORIF AR (4208, FRATTI R AR R 1 B JRBHR B AR GRS LE IR IR 3%
IRZEBNSERLTT, 1, 16] —FE) XA TR BORIRSF . F£T DBNs 7 MNIST ##E 4 EHAS 1k
&, FERTBUSSREIE T (HEB KRR ) M2 (R ERORD, B aRRM 1. 2%
TRER] 0.95%. FiT, [1111HBIIZRA DBN CHHFREE MK DBND ey — AR EEBUR 2% 01,
FHSR M AT Bl

BLE BRERR

9.1 XA

1G04, 28 BRI, B I AL 2 W5 BITR L 284 v 1K) Jy 38 2 T B 0 5, 0F e 1 8
G AR A 3 P e 11 T M B AR A SR IR K S B TR R A A A S B I 2, S i — 2D A B
WEEZR X GERIN) o FIRER), BEPAELFREER, hWFHEYIRIR BRI EA
JEVEN— AN IREIBRZEZHL (RBMD , IXGRARH R, EIXPIRALE A, FRATTHS AR AR
FESRFIAN oA BE /T, DAL TR R AR .



FEBE, FATC L m B TAER R Z B ECR,  IF AT DR A B S0 ) B B R B Ak 2
PRI R AR, MATITCVER BEORIEIRAS IR 2 SR P I B AL T, (B IX T30 T
THEALEE T AR IR D0 207 S 1r) BB R AU R ) A o SEAS AR e O H K BT
RPN DN I % e o e S a4 P = Rl wh 1 97 N O P 5 B e o T TS
BRAMR KL — A RS HORMMER S CA (0), CO REMBHCER S ML (ATRER 6
i) 5 CLZIRA T S B A doe /INE U o B8 — N /MBCO (0) , SZB 8N N, fR4F 0 7EC A (0)
JEER i /IMEI X TR A JE# CORE R TCLT I RRAS, LAZET 0 BH IR AN C L2 f/ IME I 51 1
R o

9.1. 1 BN REFERIREE &M DBNs (Deep Belief
Nets) HIAZEZEVIZk

FEER6. 15 CAMIR T RS & WK DBNs (1 S0 2518 IR I ZR 5005, TN T 0 A 4 X f 4
A — MO AR T . EERMZ T GRS 1E ), WREE&EML (DBN) HITIZ FR#
BORZEZNL (RBWD W] ARETFp— A SR IR A B . R 50388 R AL BN & — 2D il A
o BATHGR EIECE RS BORIEIT TUZ IR R 22 201 (RBD (S5, BJRAEE AR 1E
AR TR . R RS HR R R I, AR — NS AE R TCIREE, HRRANNR T IBR
RePEE— B IS HA K . RYIITH 2 ZAIHGE KA. FEVIZREE — AN IRBIBRZZ 20 (RBWD J&
(Blhn, ERXANLR T . BATH S WA E)JZE BT — RS AEIZRE A RIS
IREEZNL (RBMD J& (i, FERS AR B T » JATIRAELNE AT 28 — RS 8. X
FAR —MELERUNZREN, AT BAFAE — MW S XE ROtk R i B B 51 AEAR
MEZNZM T+ 1UEZ 5, FATEEAE TR E T2 flnilgk—4
BRAIPBIRZEZ AL (RBVD o f— /™A% B L, FRATTAH 24 T RIHT—A> A0 B BRI 4R 105 IRBM
MR . ERARMACTTARSH, SOAEREZ T AL ET I # . (H2, RIMEA I LA
VE, I3 R A KR A S R YT ) Y — A B R PR RE ROE 2 N 2507 SRR

9. 1.2 FRiE A BRI

R WP AYSEI R, X TUREEGS K, Sl S B I 2R M EORS A mT DUERAS IR 4 O 2L
Feo SR AR AR B A B R U &5 B A (1000 0 3 - AR M B M A IE AL AR O, 4.2
PR R AR B TR R I 4% A B TN 2 P 49 B ) BRI 5 B 0 A vl IR A R B Z A
.



VR AR £ B e AR B 1R om 2 S S CHLAnARR gt ) SR e FH X o4 DU e 45
A DX U AN R B HE N R RS X B3 [6, 97, 121].

FEL97] 7, RBMAHESE —> P 0 R R] DAk ) R IR, 207 B RN A8 i A H ARy o 31X
FEEIRBM AT LLIE I Y ol @RI S R th m] DU R PR E R (AR B = ) v B A P A v
D o CAERRFERTIEE TAAEN, ERBEYIIEACR A T AR - HEN

06, 12107, FEME Y F 58 I ZRA A 5 AR 55 MK L i 5 2 B 2R — AR
SHMES AL & EHEAARX 22 WG 1 RS2 )5, W AT RN 2 T 3R S 80 732
SHII X ENRAF . R4 (1217, KB B R0 B e AN ¥ S8 FT AR X I Rl da e = 7
AREMSR . FL b, MATFRE 17— FAAER 7 8 N 1A X3 v P a3, AR A —Fif
BT ORI S HEN

9.1.3 EHIEE

RIEARAL — A RBMI T BUALSR R, T RECZ 2 — AN ME AR AL ) R T o 43 FH BE ML B 7
CLban M CD-k1F 21D FE/INFIWI AR 3 & LU L iE 2L T vk, FF HARE B ALl — N ESE
7o 5 REXT R T-RBMIF IE AL B A2 (641 I — SR04k ) . Bl E2 IENIA, LRSS HER R
YRR«

(9.1)

M, FAVE, FFH T CUE HRBMXTEASR B R 1 B A . Y, AR IR (G
BRI RINGER NG, FLerhEpE T sEEHES L) o #EHIRBM A L FITBLE 1K/
SN T 2 onfE | Boltzmann ML RS (REE PREI RE RED o R X N AL = 0 &
45, MRBRARGUE RIS N S T S o3 A ARFREE X N T RERE M R4, JA—/D
TR B E A2 AR

BRI, @ WEBIFENESE T BENBNAE TG, 1EAE R HIE K, Tz il
WM IENA R AR . S22 B A ) — P g sl SR 1 8 15, RN ZRad fE Hhamid — /N6
W MPERE, I HARE R E R ZE RIS RELIEFARIENZ B R R O
LT T [36, 211): WNEUNOS BT RIATELE T RS 2G5 K28, X T 1E WAL ARE
WEFIINEFN . SR, MCEEH FIBENLEL B T % CER BT , TeiRPRIEFRATIE R
(AR A 9. 110 7 1 i Xo B2 (1) J=3 S8 e /NI P 8 o R Al A e BB M LG P2 vk B B/ mT DA 2 B 4
HoiB R IE AL 42 (JRENE 2 B 2 7)) - BadEh], A4 28 e 80T 2470 X M 1K)
JRF iR /NG, IR HE R BB . R B R I HER AT DU DA e F T i1 5 =0 At i o Ath & 4
AR PEARAL A, IR — AR BN . AR N — N2 R R 4 R T E
ERJR A /N, AR IE WAL 46 22 12 7% 9 55 18 U Bl E 1B U o



9.1.4 & XARENIS

P INE S, W LLE B SN S, WERIAES (G R AR R IA T
MR R HARMES CHEERIEEAD o ANFEPONGRRE & R AL 2 I AE N TR ER
29204, XMIZRE REHLMER), KEEHE RGN —BERRE, ARSI RS,
FEII M Z R 24 5T R EoR A5 22 SR N il R AR e o il — EIRAER N 2R ST LA 1) AR
IRHRAE (4918 A T o SEAI BB AR Pk, 5627 S S5 I Tl BR800 B B B T4 55, 155K
BRI AES WIEFROR I A, XA AR e SR B R R, AR5 i X i
AT HERZ I — MR, JEONE 2R Ma e . B RoR AR B
AR R AT RO PP #E4T J s, FRATT AT LUK 22 2 i RE AT 8 5 OF S 2 IR EE 20 38 (TR . I A8
BfoER, IR0 2 K95, 144, 177].

5E TMIURAE (005 FI ) AR i — Fade s U 70 BATBARIR R — A2 2 R ok 3 Tl
SR A AR AT A . T BB RARYE A 40 0 (O URRE, AR ] B (X R AR 3 17 4 5
FHIBESHIREATL E, BRI ZR ARAE AR AR . RSP At JRAT TR A 2 A it
TGR. &, EEEZ 5 T4 MEAPRES L1, H5 S EARIE T 1 ST R s 2R
N (Rl 2 548 TR, IR RISl . ARIEIIZRREA B A0 (11 22
e, RBLIRAL, AT AR IEE — S RS AR, AT B K 2% =T ) U i 21 e 75 AR I R 0 A
01— e 7 IXA B, bt T AOEE B bR Ai, AERE - ANZBEHET H AR A6 IR,
BN GEANE 5 AR S5 AT S50, 45 RAR MR BREE I VA AT S (3 1k

52 A B U R FH URAR ) AR D00 2 JE AR 2 (R AEFE A A 2 A o I 79 35 0 2 A 1 46 2
TS 5 2] RS SR A B S R 5 2 o R E 7 Uk, SRR TE 2 A5 > 1A
B2 FRATHE, SRIBEIE N S H IR ). B R A AR, BATHE I R A AT
CRIEACBE R MEFE OREAR 2 BT, T2 TR IIMES . A RTE B e B A AR A JR I &
RO V00T kI 402 T ) SR T s P M, 35 P o Ak L 2 2% RO R RO A A T R TR 9
iR TS

AR AR AR, FRAEE I H RN A ZAh, BINT 2OM ) f . B0 nT LU R A
15 B UK YeE R s a)— RV MRS DA R T LA £ 27 ST A% (R0 1) e 56 0 iR b) il i WL 5 27 3]
(33 P Sk s AT Bt 3 N TRAR (0 R — P B o 380 D6 0038 45— AN A3 I M BE S5 RN BT REAS, AR T
fiy B T PR 2 TSP J TR, o) U0 W AR AL A E SRR AR T R
P 2% >0 3 T V218 T T ) 2% o0 SRETE IS RUAE A DT 5 50T R A T R 2 1 15 2 mid

9.2 A4 EBEEIMLEE



AN XT BRI TR BEER BE S8R, BESEPL ) 5 ST 5k, 58K 10 e B
B (BA %)) R B R E B AM.

X B PRAT T 4 SR — R iR 4R

o TTFRFEARIIMERNE, LLAARELZ T ARAICAEAR AT P CRTREAN IR T B 2% 2 [148] 2541
RIS 0D

o RAMARAES: WA > agent N HIE R K EAL B A RER) % SIE %, (HRE1TE
AT S5 W 4 e AEBIAE TSR (1 — AN (Ledn, BEALARED JaEA, A USSR TIX
AN SRR T BE 2 1AE B DU T35 ST FOg AT AL, st 6 B

o —HEIB|T MRS ERF R, SIS (Bilin, W SIEEEE>]) w]
ReRBmMEL . WAE, Flan, WREHEENEZ OREERRIETED , LA
SARE SRR [FIRE, AVENE, EHAR bR AERRE 1 R H A SR SREGEE LT,
K35 2 2] B2 T DA BRI CRIE T o AT FNE A& RN BOZR A ARE 1, (AU e g4
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