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2.1 AR (2.20)
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HT42 A (3.6) T 0[5 b = EZ:‘ZJ%—U’%% A EZ;L Yi=19, QZZ’; =2, 0 b=y-wz,

ALK
wzx —Zym > (- waa,
i=1

m
2 —
wg 171—5 Yil; — g xi—l—wxg €;
=1 =1 =1

3

m

m m
w ol =2} @) =) ywi—g)
i=1 i=1 i=1

i=
Z:n 1 yzxz Y Z:n 1L
Z’L 1 z 'TZ'L 137@

—

w =

1 1 1
BT gy = EZL Yid g i =T Yy Ty = EEZ’L Ty iy T = E(Zz cxa)?, fRA
FREATEAR (37)
i Yilwi — @)
1
St - (S )
AR EALH Python SRsSZBl BxUiE, B psk Az HaE G RSE I, (2 iR RA1aerr X m
wAb, WM AERE (&) 28, IPARATAT AR E NumPy $SCFf % [ s 4 ez )

1
RPEARMEATIS - Pt s AT AL, R (0L, @0)* = 2300, o AT

271%( T; — )
Zz 1% iﬂzl 1%
. > (Yiwi — yiT)
B 2211(%2_%@
XA g3 lywe = 23000y = 2l g = 300, Ty = may = 31,3, YL @ = Ty m =
Fome L YT e =ma? = Y0, 22, W R

w =

S (yiws =y — 2,y + TY)

SN (2 — 2 — T + T2)

Z:il(xl —7)(yi — )
ZZl(xi —z)?

%é\ x = (21,22, xp)’, g = (01 — T, 20 — T, ..oty — )T AEYEFEN ©, vy = (1,92, Ym) ",
= (yl gva _ga ey Ym _g)T %%@'fﬁ}éﬁg Yy, ;H\:EP T\ Ta~ Y- yd i@ﬂ‘j m ﬁ? 1 ﬁu%ﬁuﬁﬂi» /T_%)\J:

w =

8



EVRIEG;

w— TiYq
ozl
3.4 AKX (3.10)
OFE4 -
% =2X"(Xw — y)

[T B Eo = (y — Xw)" (y — Xw) BIF15
Eo=y"y—y"Xw - o X"y + 0" X"Xw

PO TN R
0FEy oyTy 0y™Xw 00Xy ow XTXw

+

ow  ow  ow 0w oW
) ~dar  0z"a oxT Az
HIAE Rl 225K = =a, = (A + A"z W[5
ox ox ox
0F4
50~ 0~ X'y - X'y + (XX + X X)w

0w _ T (xi
Do (Xw —y)

3.5 AR (3.27)

Z —4iB & + In(1+ 7 %))
1

] H5AR (3.26) LA (3.25) W74

= Zln (yip1(2i; 8) + (1 — yi)po(@i; 3))

T =05 1, W
() = | DB, =
ZZ1(13T§31' —In(1+ eB &), oy =1

«B) :i(yzﬁ & — In(1+ %))
i=1



T B AR AT RLAR e 2R FJ?U\FjMUMku BEEO T s/ MO RLIR R B R R, B EIAE
SReRBHT AN S R4 (3.27) (EAS—HRAE, AR (3.26) XAMUARITRE A p(yi|zs; w, b) =
[p1 (245 B)]¥ [po (233 B)]' ", ﬁ%%/ﬁ\ﬁ/\/&iﬁ (3.25) Al

(B) = Zln ([pl (235 B)] [po(2:; 13)]1—;%)
=2 il (a5 8)) + (1 = i) In (po(@:; B))]
= Z {yi In (p1(24; 8)) — In (po(Z4; B))] + In (po(x:; B)) }
m [ p1(2i;8) .

s
S

|
g

In(ef ®) 11 _
—1 yin(e >+n 1+ BT

= (yiﬁTﬁ:i —In(1+ eﬁTii)>

i=1

R, WA S A (3.27)

-
Il

3

3.6 AR (3.30)

sz Yi pl T;; ))

[pr] s R PAE T A, 2 po(@; 8) = 9, ALK

3€(ﬂ Z .

3.7 AR (3.32)

wh (o — py) (o — ) w
wT(EO + El)w

10



[
J— ||wTN0 - lequ%
o ’LUT(EO + Zl)w

Ty~ w )3

'U)T(zo + El)w

(o — 1) w3

N ’lUT(Eo + El)w

(1o — 1) ™w)] " (1o — p1y)Tew
wT(ZO + Zl)w

w (o — py) (o — ) w
’U)T(EO + El)w

3.8 AR (3.37)

S,w = AS,w
] Hiaat (3.36) AT A H B ECh
L(w,)\) = —w'Syw + A\(w'S,w — 1)

XFw KA T 15
OL(w, \) I(wTSyw)  I(w'S,w —1)

ow - ow tA ow

= —(Sy + S;)w + A(S,, + Sp)w

M Sy =S;,S., =S, FrPA
OL(w, \)
ow

= =2S,w + 2\S,w

A EXE&ET 0 HImris
—2S,w + 2)\S,w =0

S,w = AS,w

AT RATVEZORE A w, A AR MR T HABEZ DEICHTE, NI AT T DMEEBOE A ok
BLERATRME w. FATHES
Svw = (ko — py) (ko — py) " w

WERFAT MEET (1o — 1) w, A4 EXI TR
Syw = A(pg — p1)

PKHAN Syw = AS,w B[ fEE
w= S;(No - )

3.9 AR (3.38)

Syw = A(pg — p1)

W
o=l
L\\

[T WAL (3.37)

11



3.10 AR (3.39)

w = S;l(ﬂo - Hy)
[HER]: S WA (3.37)

3.11 AKX (3.43)

S Az (3.40). A5 (3.41). AR (3.42) A[f5:

Sy =8S;— Sy,

N
=> (Z (@—p)(@—pw" —(@—p)(@- ui)T)>
i=1 xeX
N
= (Z (@ — )" —pu") — (@ - p) (" ~ u?)))
i=1 xeX;
N
=> ( (za" —zp” — pa” + pp” - zx” + zpl + pa’ - um?))
=1 xzxecX;
N
=> ( (—zp’ — pa” + pp" + opl + pat — mu?))
i=1 \zeX;
N
=Z<— SDap” = pa"+ D e+ Dl + >t - ) um?)
=1 xeX; xEeX; xeX; xeX; xzeX; xzeX;

N
= (—mapap™ = mapgn] + mapp” + map il —map )
/N
=3 (—mapp” = mappn] + mapp” + mp )
N
= "mi (—pp” — ppl + pp” + pl)
N
= milp; — p) (i — p)*
3.12 AR (3.44)

tr(WTS, W)
B G (WTS, W)

12



BT AR (3.35) ST, EWIATR: 58 W = (wy,ws, oy, . wy_y) € RIXV-D | of
€ RT3 d 47 1 SRS ke, O

tr(WTS,W) = Zw Sywi
tr(W'S, W) Zw S.w;

FA K (3.44) W2 TE N
ZivlleSbwl
MaX =N —§ o —
WS wiS,w;

S AR (3.35) Zpan BRI AL (3.35) mutfE X

3.13 AKX (3.45)

Sy W = AS,, W

S A (3.35) —H, FATFEMAL M E A (3.44) BEER 1, ABAAS (3.44) MBIENTATF

DAk I
min  — tr(WTS,W)

st.  tr(WIS,W)=1
ARSI H e 7yEmT AL, B OuAk A hias B H s 8Ch

L(W,\) = —tr(WTS,W) + \(tr(WTS, W) — 1)

0
HHBAE R A5 o o (XTBX) = (B + BT)X i ETF W ok{f i

OLOW.N) 0 ((WIS,W)) & (1r(W'S, W)~ 1)
ow W + oW

—(Sp +S; )W + A(Sy, + S5H)W

BT S, =8;,,S. =S, FrbA
OL(W, )
oW

= —2S5,W + 2AS, W

4 BT 0 Binlfs
—28,W +2\S, W = 0

SyW = AS, W

13



9543 Juiih
41 AR (4.1)

1V
Ent(D) = — Zpk log, pi

[ftf]: W] 0 < Ent(D) <log, |V|: CHES D BIFEERIE LH

IV
Ent(D) = — Zpk log, pi

Horp, (V] FORMEARLRIEEL, pe TR & BFEATEREO, H 0 < pe < 1LY p = 1. 5%
VI =n,pr =z, BAEEH Ent(D) #al AFVE—A n JCEERE, A

Ent(D) = f(xy,...,x Zxk log,,

H, 0 <o <135 o =1, FHEFERIZZICREBNRE. HERNBARRERE, WRAFIEL
WO<a <1, FIE S0 20 =1 B9, X for, ) SRR T AT e/ MU

n
min Y xy log, zx
=1

n
st. Y axp=1
k=1

BAR, AE 0 <z < 1WF, BRREOSN AL, T T OL A ARG, BB HAIAKR B H BRI — B i 5
BEET 0 W A B A ARPERIAS B H e FIA I, DAL R Fia% B H e ECh

L(zy, .y @p, A kalog2xk+)\(2xk—1

Hor, N RS AT o X L(z1, oy T, A) HIKRT @1,y @, A SR Br I SEL, HF I SESFT 0 W15

OL(X1, ey Ty A) 0 |
ot (97 Zazklogzxk—i—)\ Zl‘k—l =0
1 ! A=0
—og2x1+x1-mlln2+ =
1

log2x1+1 +A=0

A 1 !
T A= 08T T

14



OL(1, ..., Tpy A) 0 |
o7 78 lg x logy xg + A( E xk—ll
2

1
—_1 o
= A 0gy T2 )
OL(X1, ey Ty A) 0 | n
Oy, ~ Oz, >_mnlogamy + A 1)) =0
k=1 k=1
A 1 !
== — - —
082 In2

8L(x1,

...7,’I,'n7)\) a ln n
= — kalong’k + )\(Zxk — 1)] =
oA oA — P
k=1

Kot F AT

1
)‘n: — logy z; — I —log, x5 — me —log, x, — L2
Z T = 1
k=1
H AP R T AR A
1 =T = ...=Tp = —
n
1 1
Xy 2 ETFWRAR O <y <1, R0 — <1, il oy =20 = = 2, = — 2L ITA LRI R
1
DA, Ry R MEF B B ME, R f (20, 00) BIBCRMEAL. $f or =20 = o =20 =
A flzy, .y x,) AT
1 1 "1 1 1 1
f(ﬁ; e 5) == z Elogz no 510g2 n log, 7

k=1

JIEPA f21, e ) TEWGRLYHR 0 < < 1,370 o = 1 BFAYEKAE R logy ne SRIEHRAMA G T IHFRAT A
Kip/IME, WERAFELR Do =1, (CHE 0 <z, <1 WG, f(r,...,2.) ATLAEMGE n DNEAH
K —TCRR B AR, o R

fz1, .. xy) Zg k)

Hr g(ay) = —aplogy 2, 0 < @y, < 1. ALY g(11), 9(22), ..y g(@n) 43 SIBCEN Htg/ MBS, f(21, .0 1,) 5
WUCE T/ IME . BT A TR AR g(21), 9(22), -0y g(2n) B ARIECIME, BT g(21), 9(22), ..., g(n)
8 ST R ik ML, Br AR TR g(2) M/ MEESRIE T g(22), .., g(z0) WE/IME. FTE
FHEOR g(x1) Ml/MA, BER g(v1) KT 2 K—Brfl —pr 4

d(—x1 1
Joy = T80 oy —
dx, 2 In2
d (—log2 Ty — )
d(g 1
g//(xl) _ (g ($1>> _
dxy xl In2

15



B, M0 <a <1H ¢/ (x) = e fH/ANE 0, FrPA g(a) f— e RE SO FE NI H 1) T M
R A2 MELATEAFTH, TRABE 21 =0Ff 21 =1, XA g(21) WFF

g(0) = —0log, 0 =0
g(1) =—1log,1 =0

FPA, g(z1) Wds/MER O, [RIBEATEY g(22), 0o () BISR/MEAR O, HBA f (21, .., 2n) HOER/MEBEIN LY
0. E2, IHHEAHFEAHR Do,z =1, (LHE 0 <z < 1 WIRBIWEC/IME, EHHEAR Y,z =1
WG, B4 f(x1, . 2n) E/ME—ERTET 00 WRSFEA 2 =1, IPAMRIELHR Do) 2 = 1 WA
T =Ty = ... =Tpp_1 = Tpy1 = ... = T, =0, FFHAA f(z1,...,2,) 715

f(0,0,...,0,1,0,...,0) = —0log, 0 — 0log, 0... — 0log, 0 — 11log, 1 — 0log, 0... — 0log, 0 =0

JIPAh o = Loy =20 = . = Ty = Tpqr = oo = Xy = 0 —5E S @1,y n) TEWRZR Y0 =1

O < o <1 WIS FRER/MERS, Hi/MER 00 <br> ZE EWAL XY f(y, ... z,) BB RKER:
1

TLE Ty = e Ty = WHHEARE ST R Y f(21, .., z,) BEB/MER: o =11 =2, = ... =

Tp_1 = Tpp1 = ... =2, =0, BEHTEERESHE .

4.2 AR (4.2)

2
Dl

Gain(D,a) = Ent(D) — > Ent(D")

[d] - x> RAE B et i E LA, EFRERHEEHNaBCAERE (SUHxRO), HFREm—1=
WAL B 5 ELS S50 — MBS R A AERE TR DR . BT DAMEIX L, X A2 T AR A TR R 1
a MPECHGEEE D H 25 k AHHE MB/NORR R . A RIS B T RS 2 09 fF B sk
O3 A R B R AR SR AN E Dl SRR BB, BRI 5 BTty “ai i he It Bk,

4.3 AR (4.6)

1D
Gini_index(D,a) = Z

v=1 |D|
ti]: X2 EdEdE D Ptk o MECISEINE X, EFRTERE o MBUEE AT, BiEE D
HERYE o BYPTA PTBEBUER 2 ISR ZERE , A e CART 73 JAMIS I A 2 e 1 I 4 SO e i
ekl JEte, FEGEN CART Zp 28R —R SR, Q2R By 2 0K ikl o Jm e, Joikit
— Ve B R R R B R 43 . CART 3 28R i M i S -

o B, XMEANEME o BEATTERIE v, FEIRE D 28 a = v Ml a # v PIERITEEIEEL,
]

Gini(D")

D=

|D|
o NI, WePRRRJE SR AR/ N R B HORE LA de A o3 T A AN R AR 73
o Wa, ERELAEPIY, HEWRREILASAE.

Ll

Gini(D**V

Gini_index(D,a) =

Gini(D*™") 4+
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TNTEAVE R e 4.2 T IR AE 2.0 SHBIEMEE CART 43264, A dg— A et o S A e it 43
SRR - DUBTE “@ik” i, B 3 nlRERIE: {Fsx SR KHY, %ﬁﬁﬁﬁ%@ﬁ’ﬂ%ﬁﬁ

ST AR X ERE D B TR WRIARE 2 A>T, alie Dl(’é?% = %Eéi) D2 (0% # H4%).
TH D' W8T {1,4,6,10,13,17} 36 6 MG, HAEGLS po= 3, "L po = §5 TH D* &5
5 {2,3,5,7,8,9,11,12,14,15,16} 3t 11 MREGL, HAIEGS po= 7, KOS po = &, RIEAK (4.5)
IR CERE = AT RIS 2R EE AN

Gini_index(D, {4 = H4k) = 167 (1 - (%)2 - (2)2> + % X <1 - (%)2 - (161)2> = 0.497

R, ATPATHSRH DA R AR PEBOR F{E A B JE 455

Gini_index(D, (4% — [38) — (1 (e (2)2> + 2y <1 - (%)2 - (171)2> — 0456

17 6 6 17
e 1 4 12 7 5
Gini_index(D, A% = ¥k 1) = 17 X (1 - (5)2 - (5)2> + 7 X (1 - (E)2 - (12)2> = 0.426

Gini_index(D, #i# = BE4) = 0.456
Gini_index(D, R = F§E) = 0.496
Gini_index(D, #R# = fifif) = 0.439
Gini_index(D, g7 = i) = 0.450
Gini_ index(D, {5 = Jift]) = 0.494
Gini_index(D, i = J5ME) = 0.439
Gini__index(D, Z(F = M) = 0.286
Gini_index(D, &P = fl§fi) = 0.437
Gini_index(D, £33 = ) = 0.403
Gini_ index(D, I = [UIfE) = 0.415
Gini_index(D, F#5 = f4U1) = 0.497
Gini_index(D, ff# = ~4H) = 0.362
Gini_ index(D, fils% = fififf) = 0.494
Gini_index(D, filtist = #cks) = 0.494
R, XFErE M, T ERTREAECY 2, B ARSI TR TN E R R e R T
M EE ARG T Gini_index(D, 80 = J5M7) = 0.286 &/, FroAk#REte s Mkl s
JEMEFFE BURTT A, HEELL B = W hEm ik s S DY (B = ), D (B0 # M) P
TAT R, XFTWASTAY S A EA P IRARSE A T — 2 A, AR R IR AR DA BfER CART

TR R, MEE R R PAE Y, CART %é@ﬁfﬁ%%ﬁgﬂﬁﬁﬁ’]m*%ﬁﬁlm o CART pifit
B T RRAL B EIBIASN, EE T DAL BRI A, BISR@ P4l T CART [IAR MG RE

4.4 AR (A7)

a’ + a1
2
T XAAXPrRBr EARE R, 302 AR HABEUE R s B X 4 5, TR ATE R 53
4.3 TV REESE 3.0 HBRUEH AR T B XASESEME, OO R R R BREUE A
{0.243,0.245,0.343,0.360, 0.403, 0.437,0.481, 0.556, 0.593, 0.608, 0.634, 0.639, 0.657, 0.666, 0.697,0.719, 0.774 }

Ta:{

1<i<n-—1}
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17 AME, RIEA (4.7) rF1, peik  KRER 1 F] 16, B4 “HREET XASBEMEM SRR RSN
{(0 243+0 245) (0. 245+0 343) (0. 343+0 360) (0. 360+0 403) (0. 403+0 437) (0. 437+0 481) (0. 481+0 556) (0. 556+0 593)

(0 593+0 608) (0 608+0 634) (O 634+0 639) (O 639+0 657) (O 657+0 666) (O 666+0 697) (0 697+O 719) (0 719+0 774)}
’ )

4.5 AR (4.8)

Gain(D, a) = max Gain(D, a, t)

teT,

= max Ent(D) — Z D7
teT, |D|
Ae{—+}

[d] s AR AR (4.2) T BlUL ERES B IR A, Hok T, 2t (4.7) RSk, A e {—, +}

SRR @ (IS BN T2 TR TR £ INEOREE, HEIY A = — If: D) = D!, % ) = +
it: D} = Dg>t,

Ent(D))

4.6 i
OHfER [1]

FEMREEAG R Z AT, 2SR MM 2R &M FHRFR AR EC A — R R AT,
%#&%Mﬁ%%?%ﬁéoﬂwﬂ,ﬁuﬁ%mﬁiXﬂH’EEMWMMT%@%K%%

PX=uz,Y=y;)=p; i=12,....,nj=12,...m
2T X BT, B E Y B

Ent(Y[X) = p; Ent(Y|X = ;)

i=1

Hrp, pi=P(X =2;)i=12,...,n. BFEESCHFEEMMAIRNZE, 3Rt i— AR
(A5 G A 55— RS S A E VDS D IR . B, RN R X MY, IBATEE A X
MfERS, Y AT E R DR N

I(Y; X) = Ent(Y) — Ent(Y|X)
A SREREY SN E S

@CART [|-1h [1]

TR 4 e Bt 4k
D = (z1,1), (T2, Y2) -, (TN, YN)
Hpx e Ry d dpfpiEin i, y € R ZESRFIE &, 0@ AR blH RS Edh b . #E4
JEVEAA AR S ] i — N A bndl, W) d AN EPERI L T — A d 4ERHFIEAS A, W!Adﬁﬁﬁﬁiw
%ﬁﬁTd%m%ﬁ SR — N . CART [ B AR RHARRAE 25 18] 3 73 et 4> 1- 251
2SR — AT E i e, Wl L s e Rl — 1 WW%W%5QJWM%HﬁM%$ﬁm
mw# HAR A% =5 [t AR IR A0l o o AT e ? 3k BOR H— RS Ky o ik

o ALV BN o, wHPAATRERUE, MRIGUIT AKX EN: o Hill s o™

. : 2 . 2
v* = argmin | min E (y; —c1)” + min g (y; — ¢2)
v c1 Cc2
x;€ER1(a,v) x;ER2(a,v)

18



;H\:EFlv Rl(avv) = {:II‘:II € Dagv}yR2(aav) = {,’.ltl:l: € Da>v}’ C1 ﬂ:ﬂ C2 %%Uﬂ‘j%é Rl(avv) ﬂ:ﬂ RQ((I,’U)
A @, TR R vi HOII(E, HLRD

1
¢ = ave(y;lx € Ri(a,v)) = |R1(a,v)| Z v
’ mieRl(a‘!v)
1
cy = ave(y;|x € Ray(a,v)) = |Rz(a,v)| Z v
’ z;€ER2(a,v)

o HPIETAJENM, BRI IEIE o, RIGIRYE o MR > A o RPRFIE A R 3 73 A 125 ]
BRI TR EL LS, Eﬁfrﬁﬁ%ﬂ:é&%# RXFERUAE I T CART [ERY, RBTRE
FERFEZS RGN 2N T M AT 230 Ry, R, .., Ry, A4 CART IR AEEL A T AR

M
= Z eml(z € Ry,)
m=1
[FIH, AR e, SR RES Ry FHREAR @ XV HTE v AME. A UEN LR BE AR

g, WTF—EERREAR o, ECHIWIHE A2, AR5 R IR A 23 A) R . B4 i (i
VERZAEA ) FNE vs

%75 3k

(1] 2. weit s3] 7 ik, THHRFARGE, 2012.
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45w pheemgy

51 AR (5.2)

Aw; = 71(3/ - ?3)931‘

[ed] s s 2R BB S B P SRR 250, N IRMKIRES HBIAURLAL 22 ) S A= > FIRAY
Hiond [1]:

RNBLEY
CLRIEAWIL R PZ A 20, MUY ) AR

Z W;T; — w x —0)
Hr, e R" AFARNFHMERN S, REFPBERA w,0 BEAIPEISE, we R HE, 6
HEE. g f OB EReREL, B2 B AT 30R R

1, w'z—-6>0
0, wlz—-0<0

y=sgn(w 'z —0) = {

I n 2SS ) Y T R

w1z + wely + - +wpr, +b=wrx +b=0

P PAREIS BRI U ZL 2 AU ) w e — 0 FTAB AR n gE2S )P g —ASEPTE , Gl ERF n ekl
whe —0>0 M w'e—0 <0 PATEEN, EIER— DT 2SI BFEAXT A By 1, FAER—1
TR FEAKT AR A (Y 0, DARARSEBLI KT8

JRIBL 2 > S

BE—NEREN T EEEE T (SISO ), BAEWLIA S B s RIS R T EdEE T hidiE fke4

56 4 TR R 43 11) 4 2 7 1 T -
wlz—0=0
B ILIHR S BFEARLE S M C T, SMEE— MRS B (x,y) € M KL, 24 wle—0 >0 I}, #ifd
BHERN §=1, HARIRCH y =0 RZ, ¥ we—0 <0, BEEHER §=0, HARELRC
H oy =1, LEEPIFETERAL, DA A=E G
(5 —y)(wre—0)>0

FRUA, S Bdinse T, AR R R AL AT DASE SCh -

L(w,8) = 3 (5 - y)(w"x — 6)

xeM

R, HBURRECRARY . AR IR A, BRREER 0. H., ROERMD, 5’% L
FGBGE, KR BERE N, L, SRR T, SRR L(w, 0) 2KT w, 0 1% ?f e
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JRIMBLY: ) ik
JRFIHUASZRY F) 27 ] 17) R DA AL A SR O B S U AG I, LA, 45 e Bt g
T ={(z1,11), (®2,92), -, (TN, yn)}
Hrp oz e Ry, € {0,1}, SRSE w, 0, H MMM K 5 -

. . . A. _ . T o
min L(w, 0) =min > (5 — y:)(w" e — 0)

w,0
Hp M CT iR FENAELS. FRHEIE 0 BFE—TDRIEMAN —1 0 “HEy &7, Bl
—0=-—1- Wn4+1 = Tp41 " Wn41

4 wrhe; — 0 "[{LfEN

n
T
wx; — 0= g WiTj + Tpt1 * Wt

j=1
n+1

= E :wﬂj
j=1
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i=1 j=1 zeD i1 j=1
_ZZOZZQS mz mly’l (ul) Oéjd)(w])
=1 j=1
Horp, 55 1 ATk
ZZ i ()" d(@)p(x) T () ZZ Z a0k (T, @) Kk (25, )
i=1 j=1 xeD i=1 j=1xeD
TKKT

£ 2 i ALfaih

iia@(mi)Tmoug (I»'/g) a;o (x;) mozzaaﬂﬁ )" < )T¢>(:1:j)

=1 j5=1 =1 j=1

3o Z"“’”H z¢<m]¢IJ
S o 3 e [ 3 o)
:mOZZaiaj lmo Z H(wi,w)] l”zto Z /ﬁ(a:j,w)l

Ta ~T
= MO Mo by

[FIBEAIAS, 26 3 Wil fkfaih

m m T
o> e () mpt (uF) j0 (@) = maTipa

i=1 j=1
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15 R = IR AL TSR AR ] PR AR ] w ST w WIS
wTSffw =a'KK"a — moaTﬂoﬂOTa —miaT i} o

= o™ (KK = mofigiy —miju it} ) - o

1
=a’. (KKT - meiﬂ}> o

=0
=a'Na
6.20 B
OKKT Z&fF [3]
X T — B 2 S A )
min  f(x)

st. gi(x) <0 (i=1,...,m)
hi(@) =0 (G=1,....n)
Hep, AR x e R & f(x),9:(x), hy(x) BAELR)—PrinTE80, o U8 /. #1%
Ak 1 B AT = — N AR BRHI 4514 (constraint qualifications or regularity conditions) [1], M—E7ELE
p= (1 15 )T AT = (AL AS, AL

VoL(z*, p*, A%) +Zulv91 +ZA*wL (1)
hj(z*) =0 (2)
gi(x*) <0 (3)
pi =0 (4)
pigi(x*) =0 (5)

Horp L(z, p, N) ARSI H R %L
L(JZ I“l’a = + Zﬂ'zgz + Z )\ghj(m)
j=1
DL 5 26 H1H KKT 0, PoRSeEiEm s ma% 3o (7] 1 § 42.1.

%75 3CHk

[1] Wikipedia contributors. Karush-kuhn-tucker conditions, 2020. URL: https://en.wikipedia.org/
w/index.php?title=Karush¥%E2%80%93Kuhn}E2%80%93Tucker_conditions&oldid=936587706.

2] EBT. Shfe. KRG, 2013.
[3] FaEZE. miikahr@ib s ik, B H R H GG, 2011.
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97w VUM RS

7.1 AR (7.5)

R(c|x) = 1—P(c|x)
HES]: AR (7.1) A (7.4) A5

R(ci|l®) =1 P(cq]x) + 1% P(ca|x) + ... + 0% P(c;|x) +

XY, Plegle) =1,
R(ci|lz) =1 — P(c;|x)

BRI A (7.5)

7.2 AR (7.6)

h*(x) = argmaxP(c|x)
cey

S FFaX (7.5) WAL (7.3) BInIHERH.

7.3 AR (7.12)

= —
© 1D

XL; (@ — fr,) (x—fp,)"
[ WA (7.11) AR (7.10) m@igﬁg@ﬁﬁ
6. = arg maxLL 0.)
= argmin — LL (8.)

— arg min — log P (x|6..
gy > log P (x|6.)

x€D,

. + 1% P(en|x)

F PR R SCRT, BB BE R AR p(z|c) ~ N (pe, 02), FLAEM TS

P (z|0.) = P (x|p,,0?) =

c

1
Jenis L <_2
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Hr, d o8 WAL, B = o RFRIEEN I 201, (2] 28 2 5500 FHAASECRR A
IR

1 1 -
ft., 3 = arg min — Z log l(27r)d|2| €xp <—2(93 — ) S (- l‘l"c))

HerBe xeD,.

. d 1 1 _
= arg min — Z [—2 log(27) — 3 log |X.| — 5(;1; — )" (e — uc)}

BerXe

d 1 1
= arg min Z [2 log(2m) + B log |X.| + 5(:): —p)'S (- uc)]

. 1 1 _
—argmin 3 |3 log 2]+ (o - )5 @ - )

HerBe xze€D,

RIS De HRIRERNECR n, WRY D[ =n, W AW PAKE K
1 Ty —1 o
fro, Se —argrg:nZ[ log || + 5 (i — pe) B (2 uc)}

= argming log =]+ Z — )" S (i — )

=1

HTEFABIRM po, B e, TEXHERAIEAR 27Az = tr(Azz®), 2 = 2 Y7 | @ 4 FRIESL N

n

=) (@ - ) (- 2)"

i=1

n

+ 9 (l’l’c - j)Tzc_l(H’c - j)

. 1
P, 3. = argrninﬁ log |[X.| + = tr
wS. 2 2

WEE FATTAL, dF bt S0 R B, PR IEEAERE, BT p, — 2 # 0 B, EREUE TN IEE
TORA, AR IR TR, R e TR A RN AL e — 2 A, T HLY HLALY
pe—x =0, EXEFE—IRER/ME 0, BUIn] AT

e

FERARLRE o, AR SEORAF L X THHSEORR A 5

3

R 1 n
3, = argzrfling log |X.| + B tr |21 ;(ml —z)(x; —x)"

M SRR AR RG Se MERIEEL H 7RG Se, FEX BIRATRMEEIIHL H—A5 13 (R A
WEMIZ LSS0k [0]): B B o4 p Brib@iibE, n> 0 sl 1A p BribE ik X 4

n 1 n n
§log|2| ot [(=7'B| > §log|B| + 7(1 — logn)

BHAY B = B WSRO, FrRMRIRIS AR, M A 2= 300 (2 — @) (z —2)" i, b
RBHORE AR A arg min S FHER/ME, IB2LHE e BTRA BRI ..

7.5 AR (7.19)

. D] +1
Plo= |’D| |+ N

(] DTG T (2 LI O) f A BER UL, 8 BT IRt T 5E %Ay Dirichlet 734 (S ILF
K@) WSS ENT 0 T HTORIAGATT 8, FATE R E L TR o et & m AR 2>
FEARUIZGEN D, D halGERISIECN £, KIS RAEREEEN {c1, e, .. o} 2RISR C
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TR, H O BEEAMERARR D58 p(C = ) = 01,p(C = c2) = 0s,...,p(C = ¢;) = Oy,
ALK C IMMSEH 0 = (01,02, ...,0;) € R [ Categorical 431l (ZULIIFR@), HARZ SR ECH

p(C =¢;) = p(e;) = 6= g lo=) g lo=)

b p(ei) = 0; SRA (7.9) FrEsR@m P(e), FRFBNH ST b i S5 B M R4 0:

HRAE DU Al T A AT L, FEIE TS EUE T 2 0T, RIS SEmmii p(0), R T oy

B 17 RsR p(0|D), JAT AR REL p(D]0) RYILHESES [3] AT SERARR . AR, JHGEHLB"JM

SREREL p(D]0) &— 4T Categorical 23l ok k%L, 1M Categorical 437 it 3L #5456 4 Dirichlet 4)

?‘ﬁ VARG AR E I eIl E p(0) Sy Dirichlet 4311, SRS G HIN B E AT akaEfE T ;. BAk
;10 D HREARERIBUEA ¢ BIREARDNECH i, WIHBLREEEL p(D16) T REIFH

k
p(D|6) =07 ..o = [ ov
=1

IR 2 JEHAME p(D16) (D|6)p(6)
_ p(DI0)p(8)
POID) === T,

__p(DI6)(6)
> p(D16)p(6)
A0
S, [ e o]

BB SEIHER p(0) RSEH o = (a1, s, ..., ap) € R [ Dirichlet 4315, W p(6) AI5N

FFHACA p(D16) A1

(o)D) — — L= 22O
o [Hz 6! -p<9>]

Z§:1 Qg g
Hz 1 93 1‘5’?:1 F(Oti)) Hz 1 61 -
[ Z?:l Qi a;

ZG Hz 1 951 I_Ek T(a; )) Hz 1 01 1:|
H oY . ( i=1 % ) H gei—1

i=1"1 Hk 1‘ i=1 "1

@ D i

ZG _Hz 1 05] Hl 1 01 1:| I_Ei'c:1 F(ai))
HZ 1 9? H’L 1 9? B
ZG _Hz 1 9;/ H’L 1 9;1 1:|

H 19a+y -1
S [T, 05
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IEAT S a4+ y = (o1 + y1, a2 + Yo, oy a + yi) € RF, MUIARYE Dirichlet 43 0 & SCAT A

r Zf:1(ai + yi
1=
gznkr<

~— | ~— ~~—

iy — k
Ze [Hle 0; e 1} Hi:l o +yi
FrvE5e A p(D]0) T4

i=1 "1

S [IT, 07

r{Shec)
Hf:l Dl +yi) iy '
=p(0;x +y)
Zr WL, X Categorical 43if 0 SKit, BB p(0) £SHH a 1) Dirichlet 43,
BEIERAEE p(0]D) EBHCH o+ y 19 Dirichlet 5377, JH T TR GRS 515 F1E T B2 4
TGS R 3R A3 (3], LRI p(61D) MELATE AR, RIS R (A (v o]
1 0, Wl

p(0|D) =

0; = Epop)[0:]
= Ep(6ia-+y)|0i]
25:1 (aj =+ ?Jj)
o + Ui
Z?:l o + 2?21 Yj
ity
Z?:l a;+m
I, AR (7.9) BY a = (1,1, 1) MHEEHOEALER, JH %0 TR ISR EE p(6) ik
WISV, SRR, 3, SR AT o MRS, WA AP A5

7.6 AR (7.20)

Aoty Dea| +1
(e ZRAK (7.19)
7.7 A (7.24)
» N ‘Dc,wi‘ +1
P(e,x;) = DI LN
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Do 1

P (zjle, z;) = Do, |+ N,
C,T; J

$1,$2 E P $1,$2,$4

_ZP (z4|z1, 2) P (21) P (22)

= P (z1) P (22)
(fAT] . AEX BANFE— T R A S MR 25 S RIACE5H: FE4R
P(l’l,xg,.%l;)
P(z1)

P(x1) P(w3]71) P(w4]71)
P(xy)

P(ZE3, LI?4|LL’1) =

= P(x3|w1) P(z4]71)

WEFP2ERe - ARG ETT A« BIEIET y, 2 Jor

Ply.sla) = T

7.10 A (7.34)

LL(®|X,Z) = In P(X,Z|®)

1 AT x3, xs PHSL

[fEHT]: EM BGX — B AR I (vt k) Shds, UK At 72> .

7.11 Kbk
@ VI (5]

T2 IR B T H— R DU RR A, 98 B0 DU £ R R e (Maxcimum
A Posteriort Estimation, (i MAP). fisfrb (B AVSHMIB NI 3 FSB ik, Fishl
B 3 RO R . B RO TR R (504 A0 A 1 e R MBI R 1 SRR, B4 DA
B ) N p(a0), MR TFLR ) n SR R M R REAEE R D = {21, 2, - 20},

WUPHRAE DU S 2 SRR AR D IZRIET . 0 AR

p(DIO)p(8) _ _p(DI0)p(0)
p(D) 2o P(D|0)p(0)

p(0|D) =
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p(D|0) FRRREL, HTAEASE D AR ML R AT, B DAMEAA s 80T PARE— 22 T

S6ID) — LDIOPO) __TI, p( 0)p(0)
0 P06~ 3y Ty pl:l6)p(6)

FRAE DI IR, AR ARRERAER TIRNTEC AEALE D JEX 0 P ERHTRIAR, E4G T 3RA]
XT 0 FUHBLAY STt p(0) FAEALE D AlRNE R, EHEFFHDY 0 BEIMER. VIHEEIRiACh, 18

151 p(O1D) DUR, ABHC 0 MERSEHEIT, MABEET p(0|D). T RAMATEGE, oA
ﬁfﬁﬂ]~ii§ﬁﬁ, Gl ta —ER A mE. ST MRS, KR p(0|D) BFIH KN Orvar
1 0 HORHTHOVRRRRAR T 5K p(O]D) 6951 G4 Duseaion 145 0 BORGI TR RS SRR oK
P(OID) BRI arean 1650 6 BTGV IR

@ Categorical 431 [1]

Categorical 4311 AR AT LAALE A 5311, 2R A 5 A 41 I BE LA & ] BUE N Sz e 2
MR Bk, RS & X R kAR EUE {21, v2, ..., 2}, H X BEMGAMERIR
FAHIH p(X = x1) = 01,p(X = 23) = Oy, ...,p(X = x3) = O, WFRHEHIZ R X ]RIASECH 61,0, ..., 0k
i) Categorical 7311, HARAR &R ECH

p(X =x;) = p(x;) = HE(X:'“) .. GE(X:“) ... 9],16()(:“)

Hor 1() ZH7nek g, & - HEMEE 1, FHWEE 0.

@ Dirichlet 434 [4]

AT Categorical 4RSI TAINZ AL TE, Dirichlet 48772 Beta 4077 [2] MOIZ ALK, WHF
A kR @ = (21,20 zp) €RY, KA 2= 1,2 R WREO<S 5 < LY m=1, #Ha
IRMZHHN = (a1, as, ..., ax) € R [y Dirichlet 43, muwﬁ%%r $H

k
Tt L
H T(z) = [T o e dz ) Gamma B3 [5], 24 a = (1,1,...,1) }, Dirichlet 4% M T3 5301

%75 3CHk

1] Wikipedia contributors. Categorical distribution, 2019. URL: https://en.wikipedia.org/w/index.
g P p g
php?title=Categorical_distribution&oldid=905316786.

[2] Wikipedia contributors. Beta distribution, 2020. URL: https://en.wikipedia.org/w/index.php?
title=Beta_distribution&oldid=953406542.

[3] Wikipedia contributors. Conjugate prior, 2020. URL: https://en.wikipedia.org/w/index.php?
title=Conjugate_prior&oldid=946918786.

[4] Wikipedia contributors. Dirichlet distribution, 2020. URL: https://en.wikipedia.org/w/index.
php?title=Dirichlet_distribution&oldid=954542610.

[6] Wikipedia contributors. Gamma function, 2020. URL: https://en.wikipedia.org/w/index.php?
title=Gamma_function&oldid=953059892.
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https://en.wikipedia.org/w/index.php?title=Beta_distribution&oldid=953406542
https://en.wikipedia.org/w/index.php?title=Conjugate_prior&oldid=946918786
https://en.wikipedia.org/w/index.php?title=Conjugate_prior&oldid=946918786
https://en.wikipedia.org/w/index.php?title=Dirichlet_distribution&oldid=954542610
https://en.wikipedia.org/w/index.php?title=Dirichlet_distribution&oldid=954542610
https://en.wikipedia.org/w/index.php?title=Gamma_function&oldid=953059892
https://en.wikipedia.org/w/index.php?title=Gamma_function&oldid=953059892

[6] BKAEF. ZICIES S EAE TR BRI 1535 548, 2020. URL: http://staff.ustc.edu.cn/
~zwp/teach/MVA/Lec5_slides.pdf.

7] BEAR. HLHEEE 51, 2020. URL: https://baike.baidu.com/item/%E5%85%B1%E8%BD%AD%ES%
85%88%E9%AAY%SCYESY,88%86%E5%B8%S83.

8] Btk #F 5 I, PEBRE R AR RS I, 2009.
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98w AR

8.1 AR (81)

P (hi(z) # f(x)) =
FEAT]: hi(x) 2950 « MDA « WINARIE, f(x) 2 « WESRE, B2 EA 2%
N €.

8.2 A (8.2)

x) = sign (Z hl(w)>

JT]: ha() 448 & 20 LIS, hy(x) = 1, B0 hy(x) = —1. S DEDP IR hi B RERRINZ G
AIE . aE 0, FURBERAEWER, B “DRIRAZET, 755 K% sign, RFIERAEM 1, BAEM-1,
0 U585 0, FrPA H(w) 2B E R 4R

8.3 AR (8.3)

[T/2] T
P(H(2) # f(2) = 3. < )(1—e>ke”

k=0 k

< exp (—IT(l — 26)2>

(e d B g BT, BB R X 8 T SR 28 RIER R, At X ~ B(T, 1 —¢),
Bz RN RIEFRRE, W ~B(l,1-¢)i=123...T, I2hH

MR R
P(H(z) # f(z)) =P(X < |T/2])
<P(X <T)/2)
[ T
=P X—(l—a)T<2—(1—5)T}
=P -X—(l—e)Tg—g(l—%)}]
S ZEW < % (1- 25)]]
=P _1 ; ; 1 (1-2
M Hoeffding A2 20
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&
™

8.4

~0 =
[T/2]
P(H(z) # f@) = 3 ( f; )(1—@’%“
k=0

1
< exp <—2T(1 — 26)2>

AR (8.4)

H(z) =Y arhi(x)

AT s AT R ST Y, IR R AR R B, TR H (@) = 30,2 auhu(a) +
arhr(x) FURCEHRE—NBHE ERACHY he (WX 8.18) #l ar (3K 8.11)

8.5

% (8.5)

gexp(HrD) =FEpup [e—f(w)H(w)]

[EpT] - |t (8.4) A

H(z) =Y ah(z)

X (8.11) AT

1 <1_6t>
ap = —1In
2 €t

1 In pRAREY BRI AT R, %0 FEARAOAN . 5 70 JE A B DR GO O (BB DR O, AEBAIR) , i
PR TR RS % bR R 5L

1.

Fe EARBAR R AL eI s S f R ESREL, M TR o RUE, f(e) € {+1,-1} K
AEIC +1 M -1, 10 H(z) @& A%40 4 H(z) M55 fz) 20, f(z)H(x) > 0, Kt
e J@H@) = oM@ <1, H |H(z)| MKIRBARRREL e /@H® Mol GIREH: JLh |H(2)]
MR IR 73 JA5 A B W N SR B 5 oK, SR IV A%l 3 [H ()| FEZ ML, SEAATIE
i, (HFRIR S REA G M METRFE AN, RBZEK) 5 24 H(z) M55 f(e) A—50,
f@)H(z) <0, Hit e /@H@ = H@1> 1 | |H ()| BOCHREER KRB GIRABE: i
|H ()| BOKEERE 73 I8 A B TSR B (5 Dok, (HRTNEAR2 R, IR I oK 27
|H (x)| fELHIA, BATMEE DR, HFRRSREAGWTMEREOMRD, BRET, BURVIRR
/M)

47T Bonp[] B30 D ORI, ] ) BN FERIRSE D APdb AT —IRBEALAEE, ARl

BEIAER Bl A2 Sig e, WZEEER Eoupl] ZOREMRN M D _LAINE, wl i SRR E
XS D DM D TSR . B

loxp(H|D) = Egrop [e*f(m)H(m)]
= Z D(x)e F@H@)

xecD
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8.6 A (8.6)

8£exp(H|D) _ —H(x — H(x —
S Hm = —e H@Pp(f(x) = 1|z) + @ P(f(x) = —1|)

[t s (8.5) HMTAFS Eunn[] RUBERERTA

lexp(H|D) = B [~ @H(®)]

= Z D(z)e@H®)

xeD
| D]

=YD (@) (P (f (@) = Uen) + " =P (S (@) = ~1la))

)i
Oexp(H|D)

@)~ ¢ "TPU@) =1l2) +e"DP(f(@) = ~Lja)

8.7 AKX (8.7)
Hiz) = L U@ =1l2)

P(f(z) = —1|z)
[fdr]: 23K (8.6) 5T 0, BUH2E H(x), RIFHEIRK (8.7).

8.8 A (8.8)

‘ P(f(z) = 1|x)
sentil () = s (510 57 = )
:{ L, P(f(z) =1lz) > P(f(z) = —1|=)
~1, P(f(z) =1]z) < P(f(z) = —1|)

[T SE—AT3156 AT RARMOL, ’“’“_ﬁ@J’“’“:ﬁmﬂFﬁT arg max BRI SE o ar%rrllaﬁP(f( z) = ylx)
ye
FORERFREL P(f(2) = ylx) BUSHRMER v I1E, FRIFRHIG 25 —ArrX 7.

8.9 A (8.9)

Coxp (th|Dy) = Egrup, [e” (@ he(@)]
=Eonp, [e7I(f(z) = hu(2)) + e I(f(2) # he(2))]
=¢ “Poup, (f(x) = hi(x)) + € Poup, (f(2) # hi(x))
=e M (1—¢)+ere
[fEdT]: e S (8.1) —BL, FIR hu(x) BRI .

8.10 A3 (8.10)
8€exp (Oét ht |Dt)

Oay
(FEAT] . FEEAR R BB oo KW, A TR B EF345 2k sR BB/ IME R o0 BIME

=—e Y (l—¢)+eeg
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8.11 AR (8.11)

1 | 1—¢
"= 2 n< €t >
[fiftt]: 24 (8.10) %1 0 BIEIRRI %A . BT o MBUERIRZIEE D RARE o U 2% R %L
/e

8.12 AR (8.12)

Eexp (Ht—l + ht|D> = E.'L'ND [eif(l‘)(Htfl(x)Jrht(fE))]
=E,.p [e_f(o:)Ht71(w)e—f(o:)ht(g;)]

[fEA]: A Hi(x) = Hioi () + he() Wi AR (8.5) BIAT, [RONERAHAY he AIDAZYIE Hyoy B)4F0ERER, B
PR B A RO 1o AR R o 2 VRO, XS4 R BB S

8.13 AR (8.13)

b (His 4 D) = By [ @) (1= f@fa) + 5 )|
S e M RBBITHN 1+ 2+ 2 +o(2?) 5
loxp (Hi—1 + hy|D) = Egop [e7/ @ Hi-1(@) o= (@he(2)]
~ Eop [e—f@)Ht—ﬂm) (1 — f(@)hi(x) + W)}
N f(x) 5 he(x) BUEERH 1 8k-1, FTRA f2(x) = h2(x) = 1, FibAfE:

b (Hs 4 D) = By [ @) (1= f@f@) + 5 )|
8.14 /A (8.14)

hi(x) = argminley, (Hi—1 + h|D)
h

= argminE,p {ef(“”)H“(w) (1 — f(z)h(z) + ;)]

h
= argmaxE,..p [e*f(m)Ht,l(m)f(m)h(m)]

h

e—f@Hi_1()

Egnp [e= /@ Heor ()] f(w)h(w)]
(fEAT] . AR he(x) 215 Hy(x) WMFEEER K REIUS 5/ MERTT k() , ZZCRF RS AL BRI EE 1Y
B BoARTFRE=AXTFRAN Eoup [Se /@H@] 5 p(x) BX, B—ANEH. H=AKXT
5 AT RN Tty 3 (@) TXABA UG

= argmaxE,.p [
h

8.15 AR (8.16)

e—f(m)Ht—l(m)

Eyp [/ @Hi-1(2)]

f(@)h(z)

hi(x) = argmaxE,p
h

= arg}ILnaXEmNDt [f(z)h(z)]
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[T B = iR f(z) (O AP sfiewe D(x))

|D|

g(:B Zf wz

Bk

|D|
EwND f(z)H(z Z D (:1’,' 7f(:r, VH (z;)

= (8.15) Wl

e_f(mi)Ht—l(mi)

Eyp [ @Hi-1()]

JIrPA= (8.16) W LAZRIR A

e~ f(@Hi1(x)
[e_f(w)Ht—1(:c)] f(w)h(m)]
2 @_f(mi)Ht—l(mi)

e~ f@H-1(@))] I

]E:r,ND |:E
x~D

- ZDt () f () b ()
=Eg~p, [f(T)h(T)]

8.16 2 (8.17)

f@)h(x) =1 =21(f(x) # h(z))

[fEdT): 3 f(e) = h(z) B, 1(f(z) # h(x)) =0, f(@)h(x) =1, % f(z) # h(x) B, 1(f(x) # h(z)) =

f(@)h(z) = —1.

8.17 AR (8.18)

hi(@) = arg minEenp, [I(f () # h(x))
(AT AL (8.16) F1=t (8.17) 4
hi(@) = argmax By p, [f () h(z)]
= argmax (1 — 2E,p, [I(f(2) # h(z))])

= argmax (—2E,p, [I(f(x) # h(x))])

=argminE,p, [I(f(x) # h(x))]

8.18 AR (8.19)

’D(:E)e*f(m)Ht(fc)
Diya(z) = Epop e/ @Hi(@)]
'D(w)e—f(w)Ht—l(w)e—f(w)atht(w)
Epp [e= (@ He(2))
Epop [e—f(m)Htfl(m)]
Epp [e= (@) Hi(®)]

— Dt(ZB) e~ f@)ahy(z)
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[ #7]: boosting VMY IR IFIFEAR LRGN — A Er K, Xl “EBGE” MFEAR R

PR A,
8.19 AR (8.20)

T

H () = argerrll]axZ]I(ht(a:) =y) -I(x ¢ Dy)

[t T(he() = y) oA T ANEE G, H— AR RS G S v —2, v ’IBE—foe -1 M1,
WEREZ I GRER S v —8, W I (h(z) =y) = 1, WEREEAAEILGEN, W I(x ¢ D) =1, Zifik
KB, AOSMEIE, B CHREERRY EEREAMETTRIZR, B 1 Ek-1.

8.20 AR (8.21)

00 1 00
= X @) £9)
(z,y)eD

[#AT]: Hh 8.20 1, HO(z) Xt s flivt, TR it iRm N ER AR RN, ARz AR 2E
BOMETT

8.21 AR (8.22)

(EAT] s XA AR I G R EA T TR LAY T2

8.22 A (8.23)

[AT] s R SRAR A G R AT A1 o

8.23 Ak (8.24)

H(:IZ) — Cj? if erzl hf(w) > 0'5 chvzl ZZ:l h’f(w)
reject,  otherwise.

(b)) RN RIS, KT ITA SRR 5, WERERZEN j A A a5 R

8.24 /A (8.25)

H<m) = Carg max 37, hg ()
J

(i) AHEET A, %20 § AEE M RERIIA R R, WIEHERA j A LR
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8.25 A (8.26)

H(iL') = Cargmax ST wikd(2)
J

FEMT]: M AR, %2R j R RIS R MR, WIRERERA j A &g, 530 (8.25)
KRR, AR 2R e b — MERY, REBKTST 0, H T MUEZAH 1.
8.26 A (8.27)
A (hi|x) = (hi(x) — H(z))®
[EAT] R A ) s R ST G5 SR 220 00T, BIRAMARSE S 30 “Ir i,

8.27 AR (8.28)

A(h|x) = sz (hi|z)

—§jm (@) — H(x))*
RHT): ek T R STHR I b BTSSR R, BISERHY “5MB7

8.28 AR (8.29)

E (hilz) = (f(z) - hi(2))?
RHT): AR AR S 38 5 B 2 I T, BIA A ST g8 P 15t

8.29 AR (8.30)

E(H|z) = (f(x) - H(z))*
[pr]: RN RIS HIAEZ (M ZEE - T5, BRI T iR e .

8.30 Ax (8.31)

A(hlx) = ZwE (hi|x) — E(H|x)

[1#E5]: i (8.28) I
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MR .
ZwE (hi|lz) — E(H|z)

wi (f(@) = hi(2))” = (f(2) — H())*

Il |
.M'ﬂ =

«
I
A

w;hi(xz)* — H(x)?

I
\MH

“
Il
_

JIr A
A(hlx) = ZwE (hi|x) — E(H|x)

8.31 AR (8.32)

éwl/ (hi|x) p(x)dx = sz/ (hi|x) p(x)dx — /E(H|a:)p(m)da:

T [ A (hilz) p(z)de Fm Mk SEARA FI 07, S50 w; [ A (hlz) p(z)de FmE st
AREAR R i ARERPER (8.31) HrAiRZEE A

8.32 A (8.33)

B = [ E(lo)p(e)de
th]: Fon MR e e A BRIz AR ZE
8.33 A (8.34)

A; = /A(hﬂ:):)p(:n)d:n
[tIT]: SR MR S S E e A BT EG .
8.34 A (8.35)

E = /E(H|m)p(m)d:c
[ti]: TR RIS iz iR
8.35 A (8.36)

E=FE-A

[EHT): B FRmARE I ERZ AR IBUSE , A ORI 3803 SO IABOSE , %P “BR2E-4r
L5y
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9.1 AR (9.5)

10 = a+b+c
(ffbr]: BEPINES A M B, N Jaccard R2FUE TR A
[ANB| _ AN B

JC =

|[AUB|  |Al+|B|-ANB
Jaccard REATARIRAGIAPINMEG R HEE: RiXef U g n K, HACU, BCU,
W — AN TC R BB SR DU DL

L JCRFERAESRS A M B F, AR DMEGE N My

2. LRSS A, BERAMIUEES B F, ZHMITERNGLH Mo

3. URIAHMIESRS A d, HHBHERS B H, ZFHMICERNEECA Mo

4. TTRBBA MIEES A, BWEAHIEES B 1, XFEMITERNEGCH Moo

RPE Jaccard ZREIE X, AR Jaccard £2ECHUTF A

_ My,
My + Mo + Mo,

HI TR IR T E ), SRR A AE R IS REAS T 2 B AR IC T (GRS, RSB R
FAWME R G R, FATRICE BRI GRAME 5B R ISRC 2 AR A, SLH 2R
RIGMEABRE S BRI G EOE T REA—FE, PRI R B RRAS TCIA A RIS TERE R B IR
AR I B A AR AS B AR 253 70 NS IR, DRI — R i P AR AN
RELRApPEET K, ESHHEMR B[R T 3, S XA R AR BT 2K,
TSP MR T2, IAXT WAL R — R IE R
LRI A AR A T SRR A S A E DU A O -

L AR eSS BT — A28, FE S R T4 2%
2. RGP AL BB R T[4, (S H R AR TR — 2%
3. BTGP A RA AR D R T R A%, S4BT 2%
4. BEAKE PP REAAE RS R R IR T[4, ZE5 5B P R R T4

gi bRk, BT REARRHEAEE A A5 (9.1)-(9.4) MIPURME DL, BIAEBGRIE S A HAFICE M EAET
[ JR T IR EEERI A — D RFEARS, Bl A=SSUSD, & B WHHCEW AR ET S B HA
[ — AR REART, Bl B=SSUDS, 24 Jaccard 2% & LA -

|ANB| |SS| B a

|[AUB| |SSUSDUDS| a+b+ec

JC

JC =

W] HEERB AL (9.1)-(9.4) PUFME RS, Bl My =a, Mg =0, My =c, FiPA
M11 a

JC = —
My +Myo+Myy a+b+c
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9.2 AR (9.6)

a+b a+c

(] Hb 4 # o o Wallace $2 I HEXIFRFERR, o REBPIDFEARTER LGRS HH A D
BIET W —RMHEARX N, o + b AEWDHEARTER LR PR T R — R, o +c R
R MEATES R D G T [/ — SRR AL, XA A FR AR 1 ] BRAR A AR X0 v i A
AIERRG RS R I 8 T R —22nia. TR aE it X MR EATEA R, H
It Fowlkes #1 Mallows $i i 1| FJ ST P2 EOCRF X B A JEXS FRAE AR AL N — DX FRAEdR, Bl Fowlkes and
Mallows Index, FMI,

FMI =

9.3 AKX (9.7)

2(a+4d)

RL= m(m — 1)

[f##]: Rand Index 5 XU :
a+d a+d 2(a + d)

RI =

atbtctd mm—1/2 mm-1)

AT DATRLAE R AR B T R R G R AN S A AL vp 1) [R]— R AR A G IR A 5 5 AR AR o BN 8 T
RELE RS H BB i) [F]— A BN S RITE BT A FE A R B A%, AT DATR] SRR A 2R 2K
GRS SRR — k.

9.4 AR (9.8)

2
avg( ) |C|(|C| _ 1) 1<i<zj:g|c 18 ( J)
(] - FEBE I o SRS Ze00@ (w4, ;) HAE MR BT, KIS A2 X S AR, B
AP AR E SR B

9.5 AR (9.33)

zm: Qg 'p(lep’iaEi)

Xj — ;) =0
j=1 Zf:l - p (X py, ) ( i)
(S MR (9.28) A4
p(ij“ %)= % xp (; (Xj - ,Uz')T 2;1 (Xj - Nz)>
(2m)= 3]
SRAE A (9.32),
OLL(D)
op,; N
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iln(Zaz (X;|pi, 2 ))

In (Zal (X, X ))

(673 3# ( (X |lu’z7 ))
121 Lo p (X |y, %)

M= TMS

J

I
NgE

1 ) (1(X.)m>
T (2m)F |3 exp (- %(Xj—ui)TEf(Xj—ui)) Opi—yon - p(Xjpy, B) \ 27
)
o,
:53 o - p (X pi, %) .(_1> % x, 5
=1 Zf:l o - p (X, ) 2 2
Em:a-- X»Tzl:mxj—ui)) ( 1) 5
- (@0 p (X[, 30) 514

j=1

J

(XIZ7'X, = XIS — ! 7' X + ! 57 )

(—XT= = 20X + 6l 2 )

2

BT 2T, A pl Sy B9 b H S X RRARE, LA
(@727 )" = uf (BT Ty = pf (B)) ey = pi By = 2]

TR BT — 2
OLL(D) . ;- pe)|p;, %) 1

o, :Z . _5)

%
j=1 Do e p(x g, X)

8/1/ ( 2“’12 m7+iu’12 iu’z)
0XTa 0XTBX

AR AR ——— = a, —

= (B+B”) X A[{§

OLL(D) I o pla;|p;, %) 1 _ _
e 7 - (—5) (2571 + 25 )
K j=1 > i o plaslpg, )

“ plxjlp, 2i)
Z : ;! (z; — ;)

_1 Q1 p($]|y’l> zl)

& LT 0 T
OLL(D) I\ ai-plzjlp, )
22 j=1 Zl:l Qg 'p(mj|:u’lazl>

A PIIAIFIS A b 3 mAG

“ w “"’17 2)
Z - (z; — p;) =0
= l 100 p(xJ“"‘lv )
BRI AR (9.33).
9.6 A (9.34)
i = Z;n:1 Vi X,
' Z;nﬂ Vji
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] H=X 9.30
vii = pan (25 = i1X5) = o p(X;
’ ™ ’ ZL o p (X, Z)
A 9.33
Z’yﬂ z 0
e
[ = Z;n:1 V5i X,
' 27:1 Vi
9.7 AR (9.35)
s _ oy iy — ) (g —py)"
' Z;nzl Vji
(] RIEA (9.28) Ar40:
Pl D) = ey (e )5 ) )
SRR A (9.32), H
OLL(D)
oy,
i
OLL(D) 0 [
o= o [ (e )
7 Z J:].
0
Z o In (Zal $J|[,l,“ ))
j=1 "
0
m Qe @(p(wjlui, %))
- j=1 Zf:l o - p( g, 3)
Hrp
1 1 Ts—1
s, 080 = g | e (5@ - m"= - 1)

0
0%

1
{GXP [ln (WWGXP <;(mj - Ni)TE;I(wj - M)))} }
1 _

0

= p(xj|p;, 2i) - o5

10 (In |2,)

1 1 1
In— — — ==z — p) T N, —
n (27{_)5 21n|2 ‘ 2(:1:] IJ'L) EZ (:rj l’l’z)]

10 [(;

= pla 1, ) [—

2

oy, 2

- ,J’i)TEi_l(wj - I'Lz)]
0%,
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u . 9X] 9a”X"'B . )
HH R Gl 23 23 2K X = IX| - (X—H7T, —x = X Tab"X~-T u[fa

1 1
@@Mm&»=ﬂw%ﬁm~P}IW@EW%—MM%—MVE1

03
~ 9LL(D)
Fstitm o Ty
8LL(D) _ i ai'p(mj“l’iyzi) ] 12,1 n 12.,1(3;_ 711/)(33 *N-)Tzfl
%, j=1 Zf=1 o - p(xj|py, 20) 2 2 ’ v ' '
o7 p(wJ’/J‘u 7) \ . R PN
245K (9.30) WA = vji, BTPA BT ALfR N

Zl 100 p(mj|u’lv 1)

oLub §jwﬂ- -;zi*+;21%wj—LQij—u»T2i1
S LR 0 Al

OLL( D) i% . [_;2;1 + ;zil(wg— — ) (x; — “i)Tzi_1:| =0
BT

Z%‘i L (g - ) (2 - p) T2 =0
Z%z — )5 Z%z
Z’in(wj — ;) (T — Ni)T = Z'Vjizl
j=1 Jj=1
S0y vl - )@y - )" =)
j=1 Jj=1

>y vy — ) (x5 — )"

3, = -
' Zj:l Vji

1 m
= m;%i

(] XFA30 (9.37) PHARIARLA o AIER

S i i, i
Z ;1 p(@j|pi; 2i) +ha; =0
j=1 Zl:l (&7} 'p(a:j|tu/lv El)

= Q; -p(m-lui,&)
= - = —Aa

j=1 Zl:l ag - p(wj‘/'l‘la El)
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PRI AT TR B a3 SRR AT 45

P& e pla|p, ) k
Zz i P J/J‘ia i ):*AZQZ
i=1

%
i=1 j=1 >oimr o @]y, 2

Sy gl ) ):_Aiai
i=1

k
j=1 i=1 > iy o p(@s |y, 2

H
m=—\
A
m . TS >
Z :‘z P, Xi) — “Xa; = maoy
j=1 Doy o |y, )
P

o = ii o - p()|pi, Xi)
om k . ATRD>)
j=1 lel a p(wj|p'l7 l)
Q; p(mJ’y’wzz)

AL (9.30) BN T =i, PrPA LT R
> i1 s pllpg, 20)

1 m
Q= m Z Vji
j=1

RIS 22K (9.38).
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4 10 5 RRAES R Y]

10.1 A (10.1)

P(err)=1-_ P(c|z)P(c|z)

cey
(AT Plclz)Plelz) Fom o Ml 2 @I c BB, WHTATRERIER] c € Y KA1, WIRE] = F 2 [F])&
MR, I 1 =3 oy, P(cl@)P(clz) Fm = F 2 S3JEA RSB

10.2 AR (10.2)

P(err)=1-Y_ P(clz)P(c|z)

cey

~1-— ZP2(0|$)

cey

<1- P (c|z)

=1+ P(c[2)) (1= P(c|z))

<2x(1—=P(c|x))
Ep] s 55 AT R AR IR T A f s B AL M AT, HAMER @ AMERVNIERL 0, 7E = P 6
B B0 B P S R AR B — M IR, T P(cl2) = P(cla + 8) ~ P(clz). B=ASTRINY ¢ € Y,
I P2 (") J& Doy P2 (clm) W— Ao, BTA 32 ey PP (cla) 2 P2 (c*|@)o SRPUAF R T 22 A5’
I, Ba— A FBER 14 P? (cf|x) < 2.

10.3 A3 (10.3)

dist}; = ||z]” + l|z]° — 227 2
= bis + bj; — 2by;
[#E]:
dist?; = [|2; — 2;]° = (21 — 2) " (21 — 2))
=zlzi—z z;— 2z zi+ 2] 2
=z/z + ijzj —22] z;
= |lzll® + |l2]° — 22] 2,

= bii + bjj — 2b;;

10.4 AR (10.4)

Z dist?; = tr(B) + mbj;
i=1

[di]: EeiREsN 10.3 A

m

idistfj = i bii + i bjj —2 Z bij
i=1 i=1 i=1

i=1
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ST, MIREEEE R E S, Y by = tr(B), MFHEI, mAORASNICEM i Tk, Wik

Zz 1 bjj =mby;, W55 =10
Zbij:izjz] Zz zz:zTZzZ:zJT =
=1 =1

Hodr 30 2z = 0 2R T B R R, B S R A B ot

10.5 AR (10.5)

zm: dlst = tr(B) + mby;
(i) 275 10.4

10.6 A (10.6)

i=1 j=1
[ 5 o o
2.2 disty = 323 (Il + 1217 - 227z
o Z;L j;bl m. o m m m
=3 w2 YR
i=1 j=1 i=1 j=1 i=1 j=1
/\EF] m m
Yo lal —mzuzzn — mtx(B)
i=1 j=1
ZZHzJH —mZHzJII — mtx(B)
i=1 j=1
iizjzj—o
i=1 j=1

AT RK AT BHMEE, BiEgERNEAE Z gt ofe.

10.7 A3 (10.10)

bij = —%(distfj — dist] — dist’; + dist?)
(3] At (10.3) wrfy )
bij = —5 (disty; = bis — by;)
A (10.6) F1 (10.9) W45

tr(B) = % SOY dist,

i=1 j=1

= @dist?
2
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A= (10.4) F1 (10.8) w75
1 m ‘ ) 1
b]j = E i:E 1 dZStij — Et'f’(B)
= dist®, — Ldist?
= dist’; — 5 1817

Bz (10.5) 1 (10.7) AJfE

—_\
Jn

Zdzst —tr B)
= dist? — idist_2
1. ..,
bij = —*(dZSt»» — bz — bjj)

1
= —f(dzst2 — dist? + dzst2 dist?j + idist%)

= —f(dzst2 — dist? — dzst2 + dist?)
10.8 A (10.14)

d

E zijwj — X

Jj=1

m m
= E 2l z; —2 E 2] Whz; + const

g i=1 i=1

x — tr(WT(Z x;x] )W)

m

>

i=1
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fES]: MWW =12, = W'z, N

m d’
E E zijwj — &;
- =1

=1

2

m
2
= [IWz; — ai;

9 =1

(Wz; — ;)" (Wz; — ;)

I
NE

1

-
I

(2, W'Wz, — 2/ W', — 2] Wz, + ] x;)

Il
.MS

s
I
—

T T T T
(zq; z; —2z; Wz, +x; wz)

I
.Ms

s
Il
-

I
NE

m m
T T T T
ziz¢—2§ ziW:L'H—g T, T;
i=1 i=1

=1

m
2z —2 E 2] W'z, + const

1 =1

I
NE

-
Il

m
T T
z;z;—2 E z; z; + const
1 i=1

I
.MS

(2

m
= — E z»Tz‘—i— const
7 7
i=1

- _ Z tr (z,2] ) + const
i=1

= —tr <Z ziziT> + const

= —1tr ZWTwa?W> + const

(
:w(mﬂ<;?m§)w>+cmﬁ
(!

10.9 AR (10.17)

XXTw; = \w;
] @iz (10.15) "T%1, FRMsr ot tiie B sk
min - — tr (W XXTW)
st. WI'W =1

Hi, X = (2, @,...,2,) € R W = (wy,ws,...,wy) € R Te R A HilE, T
FEZ R AR R, ARYE [1] R IRAR 7 vA AT B0 B AR Taks B H e Eich

L(W,0) = — tr (WIXX™W) + (6, WI'W — 1)
=—tr (W'XX"W) + tr (6" (W'W 1))
b, © € R ks o B e FHEME, JL4EREfH % T R Uh R4, HIL RS TC R AR IR
P H T, (O, WIW-I) = tr (OT(WTW —I)) MHFER R [2] 25 B JE AR wlw; = 1(i =
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1,2, .,d"), WA B H O FAERE © U AR, 8 RS I H R TAEFEN A = diag(A1, As, ...

R Rk AN
L(W,A) = — tr (W'XX"W) + tr (AT(W'W —1))
XA H BRECET W SR SRS

AL(W,A) 0
oW W

[~ tr (WIXX"W) + tr (A"(W'W —1))]

) )
— T T T T
= 5w T (WIXXTW) + oo tr (AT(W'W -T))

d )
P Rt 4y A o I (XTBX) = BX + B'X, —_ tr (BX"X) =XB" + XB {4

oX
OL(W, A) IXXTW + WA + WAT
—ow AT
= 2XX"W + W(A + AT)
= —2XXTW 4+ 2WA
OL(W, A) .
4 oW 0 "1

—2XXTW + 2WA =0
XXTW = WA

R WAL A RIS
XXTwi = )\iwi, 1= 1, 2, ...,d/

;)\d’) S

AR, MO PR AR AR A R E G, R A ws R IERR A XX AR AR (R B AR 1]
o BT A ERMFIEAR wiw;, = 1 FRIGFWEER, 1 w; BT LEYR wiw; =000 £ j). WEE XXT
5 SCATL, XX — AN SR FRAE G, SR R AN TR R AP o B2 F AL 1) 2 [ A IR R, [l —
AR ) AN TR o i T DAGE it 2 T2 S A B HARAR IR A, BT A I B ORATR w; ] DA I 2 2495
wiw; = Lwlw; =00 # 7). MRIGHAFEH A LM BRI, HRSRIFI SRR AR L 25T,
i H XXT A d AR EIEACR AR &, BT AR TREMX d DRAEm & R & ADREREASH Ar gl

IRB B A E R FRAE I RV E N B iR B XX T w; = \w; RN B IR R 15
min — tr (WTXXTW) = max tr (WTXXTW)
W W

d/
= max g w; XX w;
w

i=1

d/
= Imax E 'LU;T . )\zwz
\)\%
i=1

d/

:maxg )\i'wiTwi
W
i—

d/
= max g A
W
i=1

BIR, B HEREA M, Ao, s A Al wi, wo, o wa AHRRERE XX BET & S ROIRFAE BRI
%

ik 1] BRI RE L 15 H A ek B 2 e L {E
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10.10 A3 (10.24)

Ko/ = )\;af
(ESF]: B 2z = ¢(x:), RKH X = {1, 22,....xn} WA Z = {21, 22, ..., 20}, FIPAAT (10.21) 7]
AEHH

(Z ¢(wi)¢(mi)T> w; = (Z ziziT> w; = ZZij = \jw;

X124 (10.22) B

m

Z¢ x;) ol —Zza =Zo’
Ko, of = (of;0d;.0d,) € R™ BIAATK (10.21) 7T PAHE— B A5y
ZZ"Zo’ = \;Zo!
2770’ = ZX\;o?

HIT RO B AR EOR ) w;, WS N TEORMME XA of, B, MR Z7Za/ = \jo 1) of
—EW R LS, AR AL R TR AR 2 R o :

Z 7o’ = N0
Ko/ = )\;af
PRI AR (10.24), HAPHRE K B955 1 4556 § 5T R (K)i; = 27 25 = ¢(@:) T ¢(x)) = k (2, )

10.11 AR (10.28)

> C

keQ;
> Oy

1,s€Q;

(e mAp ER3CRA, 2 (10.28) AR UL AR -

mln E E wlj:c]
w1, W2;,...,

i=1 JEQ;

JEQ:

HY x € RN Qo= {q}, 7, gy, W EIROLAL R H AR & BT ABE TN T A AE T

m m
2@~ 2w =Z D Wi - wawa
=1 €Q

=1 {ljeQ: JEQi

wij =

2
2

w”

2

i X w5
3

66



HA w; = (wig1, w2, ..., wign) € R X = (:1:z — X1, T — T

iq; 0 Migio
AT DAEA T 40 1H 25 AR T

Z U}ij = ’LU,LTI =1
JEQ:

Hp I'=(1,1,..,1) e R™ Jyn 47 1 S ERAL I B, PRIk, B o mdtnl DA S 4

g2r e @i — Egn ) € RV []FH, A4

m
: T T
min E w; X; X, w;
W1, W2,..., Wm £ 1

1=

st w;TI=1
AR, BEREUC A AR AL A, PRI AT DA R R A% B H o ok b TR A . RIS B H SRk T
TR A R ks B H R ECH

L(wy,wa,...,wpy,\) = ZwiTX?Xiwi + A (wiTI - 1)

i=1
XHIAS Y H R T wi SR 3 HAFT 0 {5

OL(wy,wa, ..., wy, A) O[> w "X Xw; + A (w;"T —1)]

3} [wiTX;FXﬂU,; +A (’wiTI - 1)]
= — 0
Gwi
) _ 0z'Bz 0xTa /
SR AR (BB 2y

= 2X! Xw; + M =0
0wi

XTIX;w; = —%/\I
XX s, )
w; = —%/\(XiTXi)*lI
XK w; T =T w; = 1, W EXWAFE AT IT 5
I'w,; = —%AIT(XEXi)—lf =1

1 1
— A=
2 I (XIX)-'1

A w; = — g N(XTX) ™ T RIATf#es
XXyt
COIN(XTX)-T
EAMME (XTX0) ™ &5 1755 k FIMcE R O, W
> Ch
keQ;

> oLt

1,5€Q;

w;

Wij = W, 0 =

BEEISA A5 (10.28). WAk, #5 XX, wdh, MOUAb MR Ot s, ELIi RS B H o 1ok 15
1 w; NE R
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10.12 A3 (10.31)

mzintr(ZMZT)
st.Z2Z =1.
(=] : . .
mziﬂz lzi = > wiszglls = > _I1Z21; — ZW |3
i=1 1

JEQ: =
m

= Z 1Z(I; — W )|
i=1

=Y (2 - W) 21 - W)

i

I
-

(I, -W)T'Z"z(I1, - W;)

I
NE

.
Il

tr(I —W)TZ"Z(I - W))

=tr(Z(I - W)(I-W)TZ")

=tr(ZMZ")
Hop, M = (I-W)(I-W)". [f#hi]: 480 Z27Z = T 28 T8RN (FRHEIEEs ) R4
LGN

—~ N =

%75 3CHk

[1] Michael Grant. Lagrangian optimization with matrix constrains,
2015. URL: https://math.stackexchange.com/questions/1104376/

how-to-set-up-lagrangian-optimization-with-matrix-constrains.

[2] Wikipedia contributors. Frobenius inner product, 2020. URL: https://en.wikipedia.org/wiki/

Frobenius_inner_product.

68


https://math.stackexchange.com/questions/1104376/how-to-set-up-lagrangian-optimization-with-matrix-constrains
https://math.stackexchange.com/questions/1104376/how-to-set-up-lagrangian-optimization-with-matrix-constrains
https://en.wikipedia.org/wiki/Frobenius_inner_product
https://en.wikipedia.org/wiki/Frobenius_inner_product

95 11 7 FRAEREE SR )

1.1 AR (11.1)

D]
D]
7] BT ELMRARISE X, XPBCRSE D RURME TS A, TR A WEUEH D 4T V AT
{DYD%,..., DV}, FBATE BRI KR U5 Z HIURIE D i EARIIS 2 i THURIE D° )
RG22, BN R— RGO, DALUCRIAMTRRI SRR 2K, o RIAHRATRL, KI5
HORA” (5 EE K

Gain(A) = Ent(D) — Z

Ent (D")

11.2 AR (11.2)

1Y
Ent(D) = — Zpk log, px

T M AE B Lo, Hod pe, k= 1,2, .|V FR8 D 5 « BEEARRr G LG, nTAEH, FEA
jiati, Bl pp — 0 5 pp — 1 B, Ent(D) #/), H/IMEN 0. WBUAE pi=1,p:=0,i=1,2,...,|V].

11.3 AR (11.5)

mln E —w?’ wl

eti]: ORI LA H AR, v %‘%m?ﬁf‘zl-‘ i B, T w ey FOR A, 3 A
(BRI L SEAE 22 1107 A 8 T (L Ot o LSRR R

11.4 ARX (11.6)

mlnz yi —w'x;) +)\||'w||§

eti]: iz O Lo IEAUEIRG LA H b, tont] B[, A SRR Y SRZe BRI AL AT A X B
B, SIAIEAMEIY H 20 185 Ik w 7B ad K- 2o L6 i KU

11.5 AKX (11.7)

mlnz yi —w' ;) +)\||w||1

(] s UfF 11.6 i Ly IEAUMEIIR R T Ly IEAEIT, dn LASSO [a[)H. &T Ly #l Ly BANIE
AT X, R 11.2 450 TARIBRAIERE. RO, 456 Lo SR AL S o) 1 i i) 1
B0, [AHHA S BT A o
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11.6 A3 (11.10)

fl@) = (@) +(VF (@0) @ — )+ o —
L

2

5 xr — <azk - in(wk)> .
(fEA]: e E Ak B AR 11.7 LASSO [P R S], 2y o XP 2K 117 19 w, BIFRAT]
AL Hbn . PHAERE T 252 [L—Lipschitz Z&{F](https://zh.wikipedia.org/wiki/FIF iy FOHAH) , RYE4E
EERHE L R GER (842 (https://zh.wikipedia.org /wiki /541 pR#0) TR IGIEIE . H
o b, RS A VRS R AR T RS R, AR A A A R SRR R B R, N T RO RS
T ICH S GREBURREN € ) . R B BEEE— M EiR, 76 wiki ARHYE SR, X117 Wi
EHg

= -+ const

Vi) -Vi@)|<Llz' -z (V)

P T4
Vf (&) - V()|
|z — |
T ES AR o, o B8, | [S507 2 X (https://zh.wikipedia.org/wiki/5%8), XA PAE ME
f(z) M- SEAEART L. B

<L (Vo,z')

V2f(x) <L
BEXANGEEZ G, FBAPRMES 11.10. d [ZE#H2A 0] (https://zh.wikipedia.org/wiki/ZZ /A, o) M
W f(x) i@t — B Z R T

V2f2(xk) ||CC

< f @)+ (VF @), - 2i) + 5 o —

2
|

F@) = f (o) +(Vf(x)), 2 — ) + — x,

= [ @)+ VS @) (@) + o @ m) (@ )
— fo)+ 5 (@@ @2+ 2Vf @) (0 a)
— e+ (-0 (@0 + 2 VF @) @2 + V@) (@) - 5y V) Vi)

= e+ 2 (@ + 19 en) (@ w0+ 295 @0) - V@) TS

2

— -+ const

éj T — (azk — %Vf (:I:k)>

Hrfr const = f(ay) — =55V f (@) Vf (k)

[ﬁgi‘ﬁ]i XMBREZ PR, HN 2 B HE/IMER 0, 24 Tpt1 = T — %Vf (ka) ff, f(l'k+1) < f(xk) 15
WL, [FFE flzee) < fang), -, BICREEIAEBEE F(z) MIEARE R,
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11.8 AR (11.12)

2

+ Azl
2

- <a:k _ %Vf (a:k))

(M) 2 1011 B f(o) i, TTE 118, HALMEECH f(z)+ Al mZEsEArAR, i
W BARATERLE f(2) 4+ Aljolly, AR 11.10 7151, o M HHh 11,12 duig.

Tyl = argmin—
z 2

11.9 A (11.13)

. L
@41 = argming @ — z[|; + M|

[fdT] s X R 1112 WAL BRIF A T W2, B2 2 = o — £V (@) AT 2, REHRMK
11.13, 1BRIH55 R 22,

11.10 AR (11.14)

z'—\/L, M\L<?z
Thi1 =14 0, 12" < A\/L
2+ NL, z'<-=\/L

A7) AL
L 2
9(@) = Slle = 2[5 + A=l

L d . 2 d ;
:*ZHf—Z’HzHZHx’Hl
i=1
_Z< b — 2 +)\‘azi|>

AKX TR g(x) TTABARMILAL = 18 I, X o, HAOUEEE

g (xl) = % (:L” — zi)Q +A |SL’Z|

sk o
gdg:: ) =1L (xi — zz) + Asgn (xl)
/\E':l
. i 1, 2°>0

/J\?WT’P%IZI%& (1], XF 2 = 0 WAFRERIGOL, T || 78 2 = 0 SURASEH, FrAHORT S, 35 st

Y B i
=z —581gn(:c)
BRI R A AR g(2f) MIRRAELR, PREASE b & RS & ot MOt
L2 20> 2 a0 R 2" <0, W s1gn(:r) =1, Wp2af o' =2+ 3 > 0 5EEFE: b KK

z' >0, J”'J sign(a’) =1, LA o' = 2" — 3 < 0 AURBARSERI, FHRRL o* = 2" — 2 AR
BREL g(a") BYBISR/IME. 24 o' <0 i,




TERE NS, W g(27) 134K

d?g (")
dxi®

HT L J& Lipschitz #EHEKT 0, BN o' = 2" — 2 REEL g(=7) MBR/ME.

=L

2% z; < =2 W oa B 2’ >0, W sign(a’) =1, WK o' =2 - 2 <0 SEEFHE; b. ik
v <0, W sign(a) = 1, WAA o = 2+ 3 < 0 SRBHAG, i kB SEEKT 0w,
ot =2+ 3 2 g(ah) W MA.

3.0 —3 <& < W a fBLat >0, Msign() =1, M2 o = 2" = 3 <0 GREPE: b. R
' <0, W sign(z’) = -1, LA ' =2"+ 2 >0 HERETE.

4 FJEVHE @ = 0 WL, B g(a?) = L (297 a. 2 |27 > 2 i, i RIS AT o) iR METE
af =2t — 3 MBS, 4

LY (] > 2 B, 2= 0 RAREH g(z:) 0E/ME. b 24 —2 < 2 < 2 B, BFTALT Az # 0
£

g(Az) = g (Az — zi)2 + A Azx|
g ((Am)Q —2Ax -2+ == |A17]) + g (21)2
L . 2A L, 2
2((Ax) —2Az -2 —|—LAJ:>+2(Z)
L 2 L i\ 2
>3 (Az)” + 3 (z")

Vv
Q
—

8
\_j
H—

|
(=]

HIt 2t =0 J& g(z) s/ IMELA .

22 BRRAR, 11.14 gisr

11.11 AKX (11.15)

m m
min§ :||:132- —Bay|; + Q :||ai||1
B,a; 4 -

i=1 =1

eth]: XA RAREERES PR, A 2AEA o IRHEES o 7 B EMJEAEEAR z; (1
RN R, WA R, IBAMAER a; 2RI . ST 1 e 1 EFonE
TR -

11.12 A3 (11.16)
min |2 — Baul + Al
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(BT ATk 1115, AR AA RN N (B AR EM 83%), HiiEzas B, W) 11.15
KRN Z m ANEEARAIMAB/ME, B A BEEA AR Z B (BISCH TR ool (u # v) XFERTE
X)), BT AR E O AR Y o, SRR 11.13, 11.14,

11.13 AR (11.17)

min||X — BAJI3

BT): X RAAL 1115 0056 25, B cui = 1,2,...,m, BERER 1115 M55 0080, Hitk
1115 BfEfl ming S, |12 — Bou||?. 5 HAHHTRAHR N ming |X - BAZ, ¥ 2 @8y Es F
SR L H AR ming | X — BAJZ,

11.14 A% (11.18)

2

k
X — ijaj

Jj=1

min || X — BA|% = min
B b:
F

(X - ijoﬂ) — ba’

J#i

2

= mi
b;

F

= ayin B, — byo 2
T XA AXESTETHES BA = Zle bjad . KREMEEAE bja? AR BA [RIFELE A

W, XANFEFER A E R LR 2 BA XA EICRI— D08, XN EEE A kA, B
SRR 2] T R A AR . R AR

1,1 1 17] 1 1 1]
bl b2 o bk Qg Qg o gy
2 72 2 2 2 2
bl b2 R bk af a3 - - - an,
BA =
bd bd L. bd ak ak L. ak
L71 2 kd sk L1 2 md kxm
N~k 3100 kg1 g Eoog1 ]
Zj:l bjal Zj:l bja2 o Zj:l bjO‘m
kg2 g kg2 d k72 5
Zj:l bjal Zj:l bjaz o Zj:l bjam
ko gd J koad J ko pd g
_Z_j:l bjal Zj:l bja2 o Zj:l bjam_ dxm
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(71
bj
2
bj
P R R N O R
bjo’ = [a1 oy agn:|
d
_bj_
1 1.9 . . . 1.5 ]
bj(Jc1 bja bjad,
2.7 12,0 . . . p2.5
bjag iy biad,
dJ dJ d\j
bjag Do biad, | .
B ZE .
SKFNA] 15
i
b
J
b,
k k
ool =30 || [od o o
j=1 j=1
J
_bd_
1 1 .o 17 ]
ZJ 1bj Z] 1bj Zj 1bja
2oy 20 .. 27
Z] lbj Z] lb] Z] lb_]a
d oy dod . .. dJ
Z] lb] Z] lbj Z] lbjanl dxm

THIE. W B ARBHEFES] by, j = 1,2,... &k Hk—ANrak, BIAT 11.16 FyJFHERMIE, M) 552
TG, PEATPAZ S48, B ming || ... B... % b |13, BEIE=ATHY
G S5, FRSCH A KSVD Sk ey

525 3CHk

[1] Wikipedia contributors.  Sign function, 2020. URL: https://en.wikipedia.org/wiki/Sign_

function.

74


https://en.wikipedia.org/wiki/Sign_function
https://en.wikipedia.org/wiki/Sign_function

512 % RS

121 AR (12.1)

E(h; D) = Ppnp(h(z) # y)
eth]: Oz AR E 3G, Frifz iRz, BIARA o NESERIREAR D D RAR 5 AT
{H h(z) AETHEEME v R, RIS, RATRMESRSEARD G D, FATER BT AE M
FEMFEAGMAYT D Al SE R AR o AEPRAT Y, FRATERIBRSE, FROvEEGI4E DIt ILide .
AL, RS D X5,

12.2 AR (12.2)

hD) Z]I (x;) # yi)

] U esiREmE K, Irifgsnmds, 2IEWNE D PRREAR 2,0 = 1,2, m BIFII{E
h(z;) FIESE y: R RE

12.3 A (12.3)

d(hy, hs) = Porp (h1(x) # ha(x))

[EAT] s BRERATA P by A Ry, FFENTFEBHERTHA @ &, BAMAIN" AE “BEE XM
AR FIE AR [ A

12.4 AR (12.4)

f(E(z)) <E(f(x))

] Jensen ARE(: XA TR DAMMUR EIL RO, PLamisise —4E=s(a) b, Mk Bl AR 0T A i)
LML, BN TP A 21, 20, B2 f(B(2)) FZoREY 2P s EINELE, 101 E(f () Fom
AR SRR, PO SR AR AR R AL, B DA E AR 2/ h— 2

12.5 AR (12.5)

P (; le - %ZE (x;) > e) < exp (—2me?)

[f#d7]: Hoeffding R4 X TMSLRENVE R 21,20, 2 UL, MATIIE =5 390 o, X0, 2 B
BRI E(r) WIME o, 200, B (2) ML, ARSI AR — AN AT A RIEAT
ZIZEEA/NT € AR FAFH BIERA KT exp (—2me?), TTPAR SIS A8 2 LI Y
Y E TS R A I (L
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12.6 AR (12.7)

P(f(z1,...,xm) —E(f (21,...,2m)) Z €) <exp <_2602>
[f#HT]: McDiarmid A% B 00MPRE T A 554

sup  |f (@1, .y xm) — f (@1, i1, T Ty )| <
!

SR A o 2B o] B, SR L sup ORBRFAT e BHELAIA sup WTDAE
AR (DR, PTREAEI T AE LA . ML PRI, McDiarmid %3t igih: B
P ) AR E (o, o) ABE, WEROMIERAR: EIIZFZGERNT o b
O PRI A KT exp (525 ), FTDATR H 20k 2 R R s B R LR, B
SO

12.7 AR (12.9)

P(E(h) <e)>1-46

[AT]: PAC FERAYE X B(h) FoR83% £ 72N D YIZk/5 5 h B ek L b, Briizfeing (I
2~12.1) EAEARGE SR, AR b B ARZEA KT e BRRA/NT 1 -6, ABAFAFRY- A £
REMMBBL=S ] H o PAC HHAMRSE C.

M 12.10 25 12.14 B4R T I BT R DREBIA Res s B it ¢ ARG
e HEIGSE D B REE M-I RIE £ DMRER 1 — 0 k& HARRiy e SrIBIal. "Fgte HEes 2
A ATHhG

12.8 A (12.10)

P(h(z) =y) =1- P(h(z) # y)
=1-E(h)
<1l-—c¢
[ffttr]: P(h(z) =y) =1 — P(h(z) # y) BWABIREMNLH, P(h(z) #y) = E(h) EEZALIRERE X
(W 12.1), HFRAIMRE TiZ4iRZE E(h) >e, HILA 1 - E(h) <1-¢,

12.9 AR (12.11)

P((h(x1) =y) Ao A (B (@) = ym)) = (1 = P(h(z) # y))"
<(1—-¢™

(AT SeRett 22 h 5 DURI—50, 12.2 9T K B TR REROE , Wk b GBS D T REA IR S5 1
SEhrpic— By e 4t , AIFR 2 XF D 2—2ur. B (b (21) = y) A AR (2m) = ym) A True,
AEEAFEREISLE, FroA EXATAFG L P ((h (1) = y) A A (7 (@) = yim)) = [T2, P (h (@) = yi)
ARIEXTSE AR E A [T P (h(xs) = 9i) =12, (1= P (h(m) # 9:)), XHIEAK (12.10), 4

m m

[[a-Pt@)#y) <][a-a=0-9"

i=1 i=1
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12.10 A (12.12)

P(heH:E(h) >eAEM)=0)<|H|1-e™
< |Hlem™

RAT]: SRR T4 NS RS T S0k £ Sl H AR« B — S 3 5k
S AELE D R SRR IR, B R A ST RO BT, YIRS 1 I th 2 B Wi
NS BN b SEOME. PARERT ¢ HARIRER 0 EE (HIEDI%58E 2050 81
IR AZR N P(h € H 2 B(h) > e A E(h) = 0), M0 1211, fG—ARE B h #2
P(E(h) > e NE(h) = 0) < (1— ™, RE&—3A [H| X 2ZAHMBR b, FAEA BRI b L
E(h) > e fl B(h) = 0 BOr i3 tR 5T, FHEIEER P(h e 1 : E(h) > e A E(h) = 0) jiEXEH
I )

P(he?—L:E(h)>e/\E(h):0) :%P(E(hi)>e/\f?(hi):0)

<|H|(1—¢)™

INFERARAR (12.11), 55— NFE920 RN [H](1— o™ < [Hle—me, BIEW (1 " < o,
Hp e e (0,1], m 2IEBE, ST MET]: 2 e =110, BRBL, 2 e (0,1) B, FAAKX
A AR KT 0, BT RART AZEA a0 [m] i BROGE B3, SR Ak B el 50 PR s 14 R 4k, 9T AR IE B
mln(l —e€) < —me, HHEH In(1 —¢€) < —e, XN FRESUEH: 4 f(e) =In(l —€)+¢e, Hfr e (0,1),
flle)=1—==0=e=0BULKME 0, FBL In(l —€) < —e HAP [H[(1 — )™ < [H|e™™ WL,

12,11 A% (12.13)

Hle™™ <
(7] IR 2510 TR B 2 RO R BRI © 0RGERL. LIS D oL
B2 S B0 £ DA 1 — 0§80 FARBERAY ¢ TN, Mt 12,12, 0500 £ MR T
FRMEE ¢ RIS P (he H: B(h) > e A B(h) = 0) < [Hle™, HBt%I5 £ L s
6 FRMELSE ¢ SERMIRAR 1= P (he 1 B(h) > ¢ A E(h) =0) = 1~ [l kMR
1—6, P 1—6>1—[Hle™™ = [Hle™™ <6

12.12 AR (12.14)

m = ! <ln|7-[|+ln1>
€ o
[
[Hle ™ <6
0
G
—me < Ind —In |H|

1 1
m> - <ln|H|+ln>

—me

e

€ 0
] XA TR, RS H 2 PAC WIS FOL T, M s h Wiz ARz e BrEASL
H m BRIMISE] 0, WSGES A O(S). XM RIRITENLERE T hag—A30H, BIaTSeEa I 2 i oL
AL Z , Planas I BAU Iz A RE T
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12.13 A (12.15)

P(E(h) — E(h) > €) < exp (—2me2)
[T S, 12.5
12.14 A5 (12.16)

P(E(h) = E(h) > €) < exp (—2me?)
[fEHT]: S, 12.5
12.15 A (12.17)

P(|E(h) — E(h)| > ¢) < 2exp (~2mé?)

[ftr]: 200 12.6

12.16 A (12.18)

B — 20 < iy < By + /20
S 4 6 =272 Ml e= /20 sk 1217
P(|E(h) — E(h)| > €) < 2exp (—2me?)
P(IE(h) = E(h)| > €) <6
P(|E(h) —E(h)| <€) >1-6
P(—e<EMh) —EMh)<e)>1-6
PE(h) —e< EMh)<EMh)+€¢>1-6

HEA €= /200 JHE AR T M T MR AR I, b R AL
PRI (.

12.17 A (12.19)

2m

p<E(h)§(h)|g\/hl|H|+hl(2/6)) >1-96

HMES]: 2 haho, .. by FoRBER HOPRIERSL, A

P(3h e H : |E(h) — E(h)| > ¢)

=P ((‘Ehl — By | > 6) V...V <|Ehm| - Eh|m|>e>)
<Y P(E(h) = E(h)] > ¢)
heH
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BRI, AP MBI b (545 [E(h) — E(h)| > e PRSI AZRR Sy 852 ] 4 T A3 FA 3t
mJelquHL@%ﬂm“—ﬁmk>azf$ﬁm”ﬁ”$ﬁoﬁﬁf«mnﬂ:fm®+Puﬂ—PmABx
M P(AAB) >0, A4S0, Bl 12.17:

P(|E(h) — E(h)| > €) < 2exp (—2me?)

= > P(IE(h) — E(h)| > €) < 2|[H|exp (—2me?)

heH
PRIt - ~ ~
P(GheM:|E(h)— Eh)>e <> P(Eh) - E(h)| >
heH
< 2|H| exp (—2me?)
ot ok

P(VheH :|E(h) — E(h)| <e)=1—PBheH: |ER)—EMh)| > e
> 1 — 2|H|exp (—2me?)

&6 =2Mle>m ", W e =/ RIHERCR A F R )

2m

P(Vhe?—[:|E(h)E(h)|<\/mlH|+ln(2/6>) >1-96

2m

Horp Vh € H XTI B F AT AR

12.18 A3k (12.20)

P (E(h)—}llni%E(h’) <e> >1-96
‘e

fEHT]: XATR7 AR PAC ml2e>) “fe X, ARATHLEHE Y RS ¢ RTERE £ B
s H OB, ) @R H Pz iR E s MR argmingey E(h), HiXMREMIZIIRE
RS B S MIZ AR ZEMZEAKRT e MWIREA/NT 1 — 0. AR BRI AR H A
PAC m[2g2] 11,

12.19 2K (12.21)

My(m)= max  [{(h(x1),...,h(zn))|h € H}

{z1,...,.xn}CX
[T XA R B e SRR Ty (m) OB H X m AFEAS B BRI T AR A fe K
ATREMIATRAL. FEAXT T EAR I 3, — It 4 PRI RERBRAE4LA ([0, 0], [0,1], [1, 0], [1, 1]], 40
R ml Hy BERCT XA R R 2R LA (0,0], [1,1]], W Ty, (2) = 2. AR, H XIEEAPTREM T
PRERATREST RO . H YR BE s . R R BT DA R SR s i) H iR IR .

12.20 AR (12.22)

P(IE(h) — B(h)| > ¢) < AlLyy(2m) exp (_”';f)

] XA TR E R B e, U E MR H, m e N, 0<e <1, f7fE h € H IF4IIENZS

T 3C On the uniform convergence of relative frequencies of events to their probabilities [3]
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12.21 AR (12.23)

VC(H) = max{m : Il (m) = 2™}

ti]: X VO 4ifE 3G VO 4R SCRBER H ATRUN SORBPIERI AN PR B 12.1 704
122 S5 TIRRIGIT. HE, VO 4EiE SGUERREL 2 ZoRXA T 2 02K . R n 7
R, A2 IR 22 n.

12.22 AR (12.24)

(b ESEMRE TECA RN RIG R B m=1,d =08 d =11, EHEL", Zm=1,d=0
i, B VO 4ir e X (28 12.23) VC(H) = max {m : Iy (m) = 2™} = 0 "1 Ty (1) < 2, T d 7] PABLE]

m=1,d =1, HH—DEEARRZ LEEATNED, B Ty (1) =2, REUaHH S, < 1 ) =2,
WAEEARAL . FFT AN RE , X R IH AN VA R R 12.24 X (m—1,d—1) Fl (m—1,d) B57, #E
%":H;H\:Xﬂ‘ (m7 d) ﬂlﬁk—jo iﬁwaﬁﬁfp%l/\muww% D= {mh To, ... 7wm} %niﬂfﬂU% D, = {wh T2, ..., mmfl}a
Hir DI D' Z— A 2y, BEADS R ZS A AFIR A -

Hip ={(h(x1),h(x2),....h(xy))|h e H}

Hipr = {(h(z1) ,h(x2),... ., h(T1m-1))|h € H}

MR b € H X @, BERERN +1, B804 —1, W2MEMHITE Hip THRBESAE Hip PHH—
WECEWR . X RN TR RAE SR T, Rk m=3:

HlD = {<+7 B _>7 (+’ =+, _)7 (+7 =+, +)7 (_7 =+, _)7 (_7 ) +)}

H\D’ = {<+7 +)’ <+7 _)a <_v +)’ (_v _)}
Hrpe (+,4) £ Hip FHILTIK (+,+,+), (+.+,—), Hip FRHEME (+,-), (=, +), (- —) HRIE
Hip PRI T —K. XRWER R MEARZ R0, FTAZ IR o, B2 +, E2W —, #E4
I (R DPAMEE b X @ U TA—BUFIND . L5 Hpp FRTE Hip HHBL TP Hip H
WSS, HAE LBl Hpp = {(+ )}, A

(Hip| = || + | Mo 0]

BT Hip FnBREITEREAL D ERRIEESE] H Rk EE T (BIETA B AL D' Bragit i bnic
L), BEAEE D' WBE N m — 1, IRIE R B L, Bk as ) oS m — 1 AR A
REMA T A e R C RN Ty (m — 1), HIE [H o] < Ty(m — 1) XARSERCHAANER R R, A

"HD/|<HH(m—1)<Z<m._1>

i=0 ¢

TS Mo AT, (M| > | P42 |, e (o] < | 52| PRt D il m, A4
HEREBIOIES, A7 (Mo | < | 2420 | < Thum - 1). 8% Q FURAER Hop THINGS, BH
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Hpp WES, Hp MMICR o 45E TA—ERHAE, Bk QU {z,.} LREWE Hip ITHL, Hiaifefik H
1) VC 4tk d, Btk Hpp B VC 4z Kl d -1, Zibf

d—1 _1
[ Hpipr| < Thyy(m —1) <Y < mi )

)
')

PRt -
[Hip| = [Hip| + [Horp|

¢ m—1 dt1 m
S0 )&
i=0 ¢ i=0
m —
i —

B i m—1 n
- i=0 i
W BE—HRIEA G A, ST

m—1 m—11Y)  (m—1)! (m —1)!
( ' >+< i-1 )_(m_l—i)!i!+(m—l—i+1)!(z’—1)!

(m — 1)l (m —1) (m—1)k
(m—4i)(m—1=39lk!  (m—39)!(—1)k
_ (m—1)!(m—14)+ (m—1)k

(m — i)l
_ (m —1D)l(m —i+1) _ (m—1)Im
(m — i)l (m — i)l

m)! m
:(m—i)!i!:< z)

12.23 A (12.25)
[Hip| = [Hip| + [Ho o]
[T : 20 12.24

12.24 AR (12.26)

}pr\gﬂH(m1)<Z<m;1>

(). =0 12.24

12.25 AKX (12.27)

(). S0 12.24
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12.26 AKX (12.28)

[HES]:

mydK(m [ d
N (E) ; ; <m)
my a4 < m d i
< () ()
m\ ¢ d\™
= (E) (”m)
e-myd
<( d
B—LRE T LME=LREULHE A m > d, BULEERLEHT WXEH 1] (e +y)" =

i ( ; )xy Hid k=in=maz=1y==% ()", ( | ) (4) = (=)' (14 2)ym,

ORISR ETEN (1+ 2)" < et B (1+2)" = (1+2) ' Huli 1 XPHURHL e 195 X
[ ]7 (1—|—%)7d < ed, E%}Ei*)ﬂﬂg% <, {EZEII:EH? €:lim%_>0 (1+%)7 E‘J%X%Q/IWF&FE, E]"I)j\
R <.

12.27 AKX (12.29)

= 8dIn 2¢m 4 8In 4
P(E(h)—E(h)g\/ S ﬂ5)>1_5

m

) IR ISR, R 12.22, E(h) - B(h) MRS 0. B 12,28 AR

12.22 15 d
~ 2 2
p (IE(h) — E(h)| > e) < 4(2’”) exp (ﬁ“g)

5:\/8d1n23ﬂ+81ng

m
WA 1222, WEHAHE. BAK TR VO ARz IR, T, 252 RS REAS m 4
%, MR (/R (LRl ).

12.28 A (12.30)

B) = prig B 09)

(REAT] = XA e AU e/ M s SO B A AR50 225 (1) v 4 ) i fok 2 36 XS e/ A AR
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12.29 A (12.31)

E(g) = min E(h)

(A EoEkZ PAC alsg>] iRy, LaE SC 12.2, iR A1/ AN AT PAC m] 272> 22 18] X A CEE T4

©E c REUGTEREER H F. 4

, 0
=3
(In2/8) e
om 2
AP MRICAIR S, hife 121 T
B(g) - 5 < B(g) < E(9) + 5

BPA L —0/2 BIREAR ST . B AR A E A :

P(|E(9) - B(g)l < 5) > 1-9/2

i P ((Bo) — Elg) < 5) A (Bl9) — B(g) > —5)) > 1-6/2, Bt P(B(g)— E(g) <5) >1-0/2 i
P(Elg) - E(g) > ~5) > 1~ 0/2 3. F%

8d1n Qilm +8ln§ G
m 2

= 12.29 AT
P (‘E(h) - E(h)‘ < %) >1-2

2

s, P (B(h) — B(h) < 5) > 1-6/2 8. P (B(h) - B(h) > —5) > 1-6/2 i3 h P (E(9) - Blg) > —5) >
1-6/2 M1 P (E(h) - B(h) < §) > 1-8/2 BRI B(g)— B(g) > —5 F
A

P((B) - Blg) = —5) n (B - B < 5))
=P (B(g) - Blg) > —5) + P (B — Em) < 5) = P ((E(9) ~ B(9) > —5) v (E®) — E(h) < 5))
>1-6/2+1-6/2-1
=1-34

R

Pt
€

P (E(g) = Bg) + E(h) = E(h) < 5 + 5 ) = P (E(h) = E(g) < E(h) = B(g) +¢) > 14

€

2
Tidh b Al g B9E X, h FR IR P AR R MOIR, g BT R R/ NS, B B
SEFEATRALE D, M—Eh E(h) < E(g), it ERTTRARLR:

P(E(h) - E(g) <e)>1-4

HEN 12,32 AR 12,34, WRAKH m T (1/e,1/6,size(x), size(c)) FZ T, HILARIER 12.2, 5
FH 125, EFISHEIET VO 4 RIIIREE H #52 CRATH)PAC i3/,
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12.30 A (12.32)

(In2/8) ¢

2m 2

(). 20 12.31

12.31 A (12.34)

m 2

\/8d1n 2€dm +8ln% G
[T 200 12.31

12.32 AR (12.36)

[FEAFT] - X HLARE AN 28 — 20 3158 2B RS, UM AR BB 2 70268, v € {—1, +1}, L T (h(w:) # vi) =
717%2]1@”) o AR yi = +1,h(2;) = 1 B oy = =1, () = =1, B I(h(z) Ay) =1 = 717%2’1(”);
ez, By = —1,h(z;) = +1 8 yi = +1,h(z;) = —1, F [(h(z;) £ y;) = 0 = rl)

12.33 A (12.37)

1 m
arg max— yih (x;
heH m; ( )

AT AR 12.36 WAL, GRiEE E(h) ML T, wih (2) RIZHAOER, KBS R 2%
DRIEERUME b B2 350 yih (i) BRE he

12.34 A (12.38)

1 m
sup — oih (x;
S (o)

[fEdT]: ERRA sup sXAMEERITH O MR, Wl 12.7 Wb, BT o BN R, BN
PABEAR AR AEMIBENLAE b2 (B o) SRR EMIEESE (4 o0 Al h(z;) 564800, AT

12.35 AR (12.39)

Es

1 m
sup — o;h(x;
hegm; ( )]
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] XA ARBR AT R B =S i) H R EE Sy, MR o SKIE W AR 8/ o s Ty
RERIERIS, B H O PRBEAIERE b MRS REGIEE . FOyRii R0 2 2020 M,
Nt o —30F 27 B, SXEEAFR o T BAaE D = {(z1,01), (22,2), -, (@ ym) } 97 FF53 “(12.4
), WR—AMERBES R RIS B s, A2 i REX T4 —Fh o, (RS HAERAEAE—A> h (75
h(zi) Rl o AEFZAE BAE, XA AT RERY o BUNERRI Al B i SRR IR AR T, XX 4
XT3

12.36 A3\ (12.40)

R;(F) =E,

1 m
sup — o.f (Zz)
ferm =1

[ep] s xbbeaX 12,39, X B ek s i) 7 AR 1Bl ia) L eRBR f AR TR b, RS BEE
Hofgse b RIRT AR A AR« ER— AR, Gl X B T AR EIAR S g AR RS
EEEEER F 2 2 - R, MIBGE f SRR 2 USR] TS ml, XAIRTA R o f— MR
o; € {+1, _]-}o

12.37 AR (12.41)

R, (F) =Ezczz/=m [EZ(]:)}

(fhr]: X TR E F KT 401 D ) Rademacher Z4:E, FILAM D FRHAFMFEA Z, HHHEX
SEREANT VY Rademacher 52 22 B[ EE

12.38 AR (12.42)

E[f(2)] < 2 5, (21) + 2Ry (F) + 1/ 2L
E[f(2)] < 2 37 f(2:) + 2R, (F) + 3,/ 220

[fbr]: EELiLs

B Ez(f) REEL [ (ERIR F AR, ©(2) FRERIBEMZUIRIEN LA . T 2 NG
Z H—ABl (FEAR) ARG, AW 2m € Z M 2, € Z' HAFRRB, 24

@ (7) = 2(2) = sup (Ef] = Ex(f)) —sup (Elf] - Ba(f))

~

< sup (Ez(f) - EZ/(f))

fer
_ up it 1) = L D)
feF m
_qup ) =S )
feF m
1

X
m
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B AAEXZA N LA EARTZR LA 2], BUTNSESHT 275 Z2 A 2, AR, &
Ja—ATHIAERR I i fe B F 0 2 — [0,1], B f(2m), f(z5,) € [0, 1] [A]2E
(I)(Z) _ @(Z,) = sup f(Z;n) — f(zm) < i
feF m m
i A .
2(2) -2 (7)) <
1 © AR fOEEXER f A @ EXEY f), IBARPAE McDiarmid AE45E 12.7

P (8(2) — B, [0(2)] > ) < exp (g)

/ﬁf\eXp(gi)zéﬁjw\j‘zﬁez W(/6) gy

2m

P (@(Z) ~EL[®(2)] = W) <6

2m

H SR AR A

2m

P <<I>(Z) ~E,[8(2)] < ln(1/5)> >1-6
BP4irhal 12.44 194518, TNHEECEMGTT EZ[@(2)] 1 A

E[2(2)] = Bz |sup (BLf] - B2(/)

feF }
sup Ez/ [E\Z’(f) - Ez(f)]]

feF

~

<Ezz {SUP (
feF

1)~ Bt

= ]EZ,Z’ sup

g ]Eo-,Z’ + EO’,Z

1 & ,
sup — o. f (=
fe]-‘m; ( )

sup l iaif (Zz)]

ferm =

= 2R, (F)

1 m
sup > —oif (zi)l

i=1

= 2]EO',Z

BATERRANAE T AR D BRBIE 2 RWE, WH ErnEs(f)] = E(f), TiRE
WK Z' B Z WEMS, FE EzeplBz(f)] = Ez(f). H=A7R%ET R B sup 2
B, HF supser BHCRMEE £, B Ex(f) — Es(f) BHUER o B Jesen R (L 124), 4
Ez [supser Bz |Ez(f) = B2(f))|] <Ezze [swpser (Bz(f) = E2(D)) |, Hof Bzz[] 1 B2 [Ex[]] W07
Hia. HFHAT5 AX Rademacher BEHLASFROMIE , 1T i BUE 2 R bRR, TN o tEERE, B
oi € {~1,+1}, H. o, SOUHFBS AT DUREX B AME, FILATASIA E, TiRBHRLALRE . H5H
T EWA RN TR F S (2], BORSE—Sh L as st 2, FRDATTLAYS B, 254, DR 56 I
LA 2, FROATTDASE By 254, H5-LATRIM o RXPFRE, BIDA —o MR o 5243, FibA
ALK IR i S 250, AR Z fI 2/ B D i d REEEEIRRE, AT DU — TR
2L B 2, B 2" Bl Z. HEiRdEE K 12.41 115 E4Z[@(2)] = 2R (F), = 12.24 15k,
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12.39 A (12.43)

In(2/0)
2m

Ef(2)] < - 3 f () + 2Ro(F) +3

(). S0, 12.42

12.40 AKX (12.44)

O(Z) <E[d(Z)] + %
[fRHT]: 200 12.42
12.41 AKX (12.45)

Ro(F) < By 4 2200
[ftr]: B0 12.42
12.42 AKX (12.46)

B(Z) < 2R (F) +3 1“(2%5)
[fgdT]: S0 12.42
12.43 AX (12.52)

Ro(H) < QIHHT%W)

[ERA]: HeZwt, [FH ERrR, 20 Foundations of Machine Learning]!]

12.44 23X (12.53)

E(h) < E(h) + \/Ml:;;n + \/1n(1/5)

2m

[AT) : AR 1228 45 Ty (m) < () B4R 12.52 5 R (M) < (/220 g Ty (m) < o/ 2425
FHRIE 12.47 E(h) < E(h) + Ry () + 1/ ™02 BiiE,

2m

12.45 2K (12.57)

16(Lp,z) —€(Lp:, 2)|
<(Lp,2) = £(Lpvi, 2)| + [0 (Lpi 2) — £ (Lpvi2) |
<28
[bT]: ARGE= A AR (0],  la+0] <la| +[b], ¥f a=1{(€p,2) —L(£p1), b= (Lpiz) — L (Lpriz)
AR ARSI, MR DV FoRBk D i i MREA, DT FREe D i i AMREA, B4
a, b BB — AR, HHE 12,57, a <B,0< 8, HIL a+b <28,
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12.46 A (12.58)

In(1/6)
2m
[GEMH]: s, FH ER, 20 Foundations of Machine Learning]!]

UL, D) <UL, D)+ 26 + (4mfB + M)

12.47 AKX (12.59)

In(1/9)
2m
[WERH]: EeER, [ FRR, 20 Foundations of Machine Learning]!]

g(gvp) < gloo('Q»D) +/8 + (4mﬂ + M)

12.48 AR (12.60)

((£,D) < I(£,D) + % + 4+ M) ln(;n/f)

GERA): 4 6 = L 4 AE 1258 EDHE.

12.49 EH (12.9)

HFEY: L2 ERM H2RueEn), MR 2SI H nl2E3 . (b EemsfLiMie, ERM £oR
BYE LW R4 XS i /ME (Empirical Risk Minimization), 2#3BYERER R BT L HELKRE
F/ME, A4 g FoR RS R HA Nz A R s, BP

£(g,D) = min£(h, D)

heH

!

[a)}
Il

2exp <—2m (e’)2)
A€ = 5 WA § = 20xp (—2m (¢)) LA m = 3Ind, it Hoeffding K4t 126,

1
4l
m:

m 1 m
=1 m =1
He LS E(2,) =4(g,D), 30, o, =0g,D), #HAAE

[\G]|S%)

> e) < 2exp (—2me2)

P(|t(g. D) - (g, D)| > 3) <

FR a0 FAF R T 15
P(|¢(g,D) — £(g,D)| < %) >1—

BISC [0(g. D) — £(g, D)| < § ZALA 1 — 6/2 MHRSEEAL.
E\[E‘ *+(4+M) /1n(2/5) € TU\—J—{%&

(4+M)\/—“‘(§/‘” + \/(4+M)2—1“<§/5) —4x &% (-2)
2 x5

m =
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~

H P(|6(g,D) — (g, D)| < §) > 1 — § AP HRIRI A 12.31 oo 24 (A ] (9 0 v 9 5
PU(L,D)—4(g,D)<e)=1-9

MK m KT (1/e,1/0,size(x), size(c)) WZ W, PRI ER 12.2, EMH 12,5, G450 H 2 (A
AHNPAC A2 1,

L EPEN
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13.1 AR (13.1)

Zaz 213’[.111, i

[t R A1 K.

13.2 AR (13.2)

flx) = argen;axp(y = jlz)

—argmaXZp =jl0=i,2) p© =ilz)

HT): MASES 1L AT5I5 2 AR I T4k (marginalization); JHIT5|A © FEXFHRA 7, PA

HIHT AR WA 2 77215 3 4T arr

p(y =170 =iz

p(y=7,0=ilx) =

p(x)
_ply=j0=iz) pO©=iu=x)
p(©=i,x) p(z)

=ply =j|® =i,x)-p(© =ilz)

13.3 AR (13.3)

. a; - p\T ivzi
p(6 = ilz) = —2 (z|p;, 35)
Zi:l Q; p(m“l’z) 21)

[fb] - AREE 13.1
Zaz (®|p;, =

A it
p(© =i, x)

P(x)
o (a3
SN o p(elp, 2)

p(O = ilx) =

13.4 AR (13.4)

LL(D/UD,) = > ln(Zai-p(wjlui,ili)-p(yjl(%—i,wj)>

(zj,y;)€D: i=1

+ ) ln(Zal (z|p;, S ))

;€D
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(WA 58 ARG ARRE, AR E B, FEA o; AORERATARISK 13.1 3R, Prf eRailfE
SHREAR Dy ISR BrA A REL, BN In sRACREIARY, FreAtn] DAKS In eR B0 X IR BLH
WA R 3 AR R R E T S M, 26— TS LA TREARIIRAE R R,

1, i=j
0, i#7]

AL, XIRGE TREAS 2 HRTRER ATy BT e 1.

ply =jl® =i, x) :{

13.5 2 (13.5)

o p(xi|p, X0)
Yoy e p (x|, )
[ffdT] s Z WK 13.3, X I AT DA REAS oy J& T IBINR4 i (B Ut 26 @ e i Al m e Sl
HH o, 35 WA S A FRCHEA TR R . B

a; = [l)— where |D;| =SV

Vii =

l;

=1

_ 1
i - TZZ% y])EDl/\yJ_ZmJ .
lL Z (®,y;)EDI Ayj=i ( ,Uzi) (:Bj — ui)

i

13.6 AKX (13.6)

@ €D (wj»yj)eD,,ij:i
(5] XIA] DA
OLL(D,U D,)
o
M, Rl 13.4 BWimis-alich

LL(D)= Y M (Za p(xj|pg, Bs) - p(yi|@=s,fvj)>

(x5,y;€D1) s=1

= Z In (ozyj'p(mj“v‘yjazyj))

(xj,y;€D1)

LL(Du = Z In (Zas' ng|l~tsa S))

x; €Dy
B¢, LL(D)) X p; KwS, LL(D)) KASH G v, =i BWIRERE F2k, B

OLL (D)) _ 3 91n (o - p (x;]p;, Xi))
om; o,

(wj,yj)GDl/\yj:i

_ oy L Op(ayle, )

(x5,y5)€DiNYy;=i

1 -
= Y e (e ) B (= - )

(x4,9;) €D Ay;=i p (mjmia 3)

= Z 2;1 (x; — 1)

(mj,yj)EDl/\yj:i
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LL(D,) % mi kS, 5% 933 (S

OLL (D,) Z a; .
5, N p (x|, i) -2 (25 — ;)
aui x; €D, Zs:l Qs - p (wj“"sv 25)
= > B (@ - )
ijDu
Zi L,
OLL (D, U D, B -
%: Z 2i1<wi_“i)+Z%‘i'zil(l’j—ui)
Hi (zj,9;)€Di1AY;=i xz;€D,
=z Z (T — pi) + Z Vi - (T5 — ;)
(z;,y;) €D Ay =i z;€D,
=3 DooomE D W= Y D iy

(zj,y;)€EDINY; =i

A OLL(DUD,)
~ O,

Z Vii * My T+

x; €D,

>

P it

Z Vi +

;€D

>

A5 13.6,

13.7 AR (13.7)

1
Zi:

(x5,y;)EDiNY;=1i

S, s WTOMENRERARER AN, 1 3, eping,—s |

(z5,y;)€DiAy;=i

> wen, Vi 1

xj€D., (xj,y;)€DiNy;=i zj€Dy

=0, Wi 3, -

B = Z Vit T+

(l!jEDu

2. =

(xj,y;)EDINY;=1i

=1;, HIE @ BEEARATRCHEALH

L p = Z Vi Tj +

;€D

D

(zj,y;)€EDi1Ay;=i

Tj

> i (@ — ) (2 — )’

v :EjeDu

+ Y @) (-
(z;,y;)€ED1Ay;=i
} > aLL(Dl U Du) 2 e N » Ny N N
s 2T 136 st —— o = 0 fh, fEfatRER 136 BB LL(D) A 2 K5, %
I+ 13.6
- > Oln (ai - p (x4|p;, %))
0% | o,
(x5,y;) €D Ny ;=i
- ¥ L (a3
(5,y;) €D Ay =i p (2|1, ) 03,
! -1 T 1,
- Z o (@l ) (B (= ) (5 — ) 1) - 03
(x5,y5)EDiANy;=i P(:leup %) ( ) 5
— 1 _
- ) (Ei Ny — ) (5 — ) — I) 3% 1

(x5,y;)€EDiNy;=i
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SRIG LL(Dy) X 2 K, FLF 9.35

OLL (D,) . . L
B w;) i (Ei (@5 — ) (2 — ) — I) 55
LRI
PLLDIUD S~ (50 e )y " 1) L
821 x; €D & ' ! Hi J Hi 2t

* > (Efl () — ;) (25— )| — I) : 12;1

2
(w]‘ ,y]-)GDZ/\yj:i

= ( > v (Efl (z; — 1;) (mj_/'l’i)T_I)

x; €D,

+ Z (2;1 (x; — ;) (x; — #i)r B I)) ' %E;l

(:E]‘,yj)GD],/\yj:i

4 GLLCWDY) — 0, Wi R AT 25, ARSI

Yoo B ) (@ — )+ Y B (@5 — ) (5 — )

x;ED, (x5,9;€DiAy;=i
= E Vi - 4+ E I
z; €D, (z,y;)ED1Ay;=i

x; €D,

PRI ZE e DA 850

D v (@ =) (@5 — ) + > (05— p,) (5 — ;)| = ( > v+l

;€D (xj,y;)EDINY;=1i x; €Dy

RS2 13.7,

13.8 A (13.8)

1
a; = m ( Z /in‘l‘li)
:l‘:jEDu

[ES]: KT 9.36, Hili LL(D; U D) MHA% I H B

N
LZ(DlUDu,/\):LL(DlUDu)+)\(Zas—1>

s=1

= LL (D)) + LL(D,) + A (Zas - 1)

KT 9.37, X o KT MT LL(D,), KFLERGK 9.37 iR+

OLL(D.) _ 1
ooy x;€D, Zi\le as - p(x;|p,, Xs)
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¥HF LL(Dy), 28T 13.6 A1 13.7 (S fE

LDy _ Z Oln (ai - p (x| p;, i)
aai ) aaz
(z5,y;)EDIAY;=1
= Z 1 . 9 (i - p(xi]p, 34))
Qg - p (mj“‘l’ia 21) 80éi

(xj,y;)EDINY;=1i

1

(x;,y;)ED Ay;j=i i - p(x;|p;, i)

1 1 l;
SR R RN DRy
(xj,y;)€EDINyY;=1i (xj,y;)€DiNy;=i
PR S RR, EAEEARE o, plaglw, X)) BE RS RIEAT o XTI RS E R, BIE
AR TEEBIRAIS AN 1 5 @ REEARARCHEAREH . ZAMmER

AL (D,UD,, ) i |, i
D L )
(07 Q; x; €D, Zs:l Qs - P (:Bj“l’s’ 23)
ALL(D; U D) \ .
I . A
- cop@r )y, g

@ g S as e p (@l )
gher30 9.30 KB, SKAS BN FRAER v):, B

L + Z vVji + Aa; =0

;€D
XF B AR A SR, 1 .
le—FZ > %2+2Aaz—0
i=1 x;ED,

YN ai=1, FEI SN i = AN oy = A, R 9.30 1, FikE AT

Noiag-plalps Xs) Zivzl as - p(aj|ps, Xs)

N
Z’Y . - plajlpi, 5i) 2im & P, B)
Jji —

TGS A AW L ATHR A, FIrA
N N
Z Vi = Z Z%'iz Z 1=u
1 x;ED, T, €D, i= T, €D,

1

1=

DAEAHTERER, 3, cp, TERE S0, S0, Hd w R RARERE ARG S, =1 H LR
APRCFEAERFEAN L FRXEEEERAA

Zz +Z > ’yﬂ-f—Z)\al—O

i=1 z;€D,

MR L +u+ A =0 H {4+u=m Kb m HERSE, BIHIGE A = —m &5 ARG

lz‘f' Z ’in—)\Oéi:O

ijDu

BN 13.8,
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13.9 AR (13.9)

sty (wle, +b) >1-&, i=12...,1
Juin f||w||2+cz§j&+0 Z& i (wTai4b) >1-&, i=l+1,1+2,...m
l
= &>0, i=1,2,...,m

fEHT): XA ARAAI 6.35 FAR—F, BRT5IAT IEhCHEARRIAAS R &, i =1+ 1, - - m FIR AL
TR C, MIHFCEEARIFRICTEIR §io

13.10 A% (13.12)

(REAT] s o ol R XA RE R R Y S SR b, FRATA AR R R AL E(f) BUNB, XA G, 0
RENTAME, W Wiy =0, WEREANIHLE, Wik/IMEEERREESR f(2) 1 f(z;) REREL, FZHEH
fFo NIUEAT AR, Hieh IR

() =530 Y (W) (6 () = ()"

= % Z Z(W)ij (£ (x3) — 2f (z3) f (25) + £2 (x))

;(i @)+ 3 S (W) r () 23 S (W) f () f mn)

=1 j=1 =1 j=1 =1 j=1

S

T W AR, R DA A R G 2

>3

=1

M
NE

<
I

—
-
I

—

Il
1z 1

Uf2 (z;) =

M3

(W);if? ()

1

)
|
3

(W) 2 (24)

s
Il
-
.
I
=

(W), [ ()

I
M
NE

N
Il
—
.
Il
N

Nt E(f) rIetE

NE
M

s
Il
-
~
Il
—
.
Il
-
<
Il
—
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HRIEE X di = Zé:i (W).., Hm=1+u N

17
m m

E(f) = Zdifz (zi) — ZZ(W>ijf (z:) f (x;)

=f'Df - fTWf
=f (D-W)f

13.11 AR (13.13)

D, 0, Wu Wi,
E(f)Z(f?fI)<l0l; ].;, 1_lwul Wl D[]fcl}

= .f;r (Dll - Wll) .fl - 2fEWul.fl + .fg (Duu - Wuu) fu
(] MRIERE MR E S, A
7
fu

| FE(Du=Wu) = FiWu =FI Wi+ £1 (D= W) | [ ;: ]

(f;r (Dll - Wll) - fEWul) .fl + (_f;rWlu + fz (Duu - Wuu)) fu
=fi Du~Wa)fi— FuWafi— FiWulu+ fu (Duw— W) £,
:f;r(Dll_Wll)fl_2fEWulfl+fE(Duu_Wuu)fu

Dll - Wll - Wlu

E(f) = [ i } l W, Dy, —W,,

WG4, fTWnf, = (FIWuf)' = fIWuf,, B THGERE M,

13.12 A (13.14)

S D Ou A% Wu
o-m([2 ][ = ) (2]

:sz (Du — Wy) f, —QfEWulfz-l-fE(Duu—Wuu)fu
7. 5% 13.13

13.13 A (13.15)

fo=Du— W) "Wy,
[f#bT): 1313, A

OE(f) _ Of (Du~Wu) f1 = 20 sWuifi + i (Duu = W) I
of. o Of

Ak AT (0 BI18 13.15,
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13.14 A (13.16)

_ Dfllwll Dfllwlu
D, Wu D Wy,
(FEAT] . AREAR BT A I SO 3%, b RN, XA D Ml T HE XA TRY

pLIf
13.15 AR (13.17)

(Do I—-D3'W,,)) " W,
(I-DiW..)  DiWuf,

(I—-Pu) Puf,

(FRAT]: SR — TR 58 U ARPE A PRyt 3 (AB) ™' =B AT AEXANET
P,.=D.'W,.

P, =D, Wy

f/ll,

ERIDARYE Wy TS8R DAEEARIC £ TRRARC R IRAE £

13.16 A (13.20)

F* = lim F(t) = (1 - a)(I—a8)"'Y
[#AT]: i 13.19
F(t+1)=aSF(t)+(1-a)Y
Yt BURREIRERS, 6
t=0:F(1)=aSF(0)+ (1-a)Y
=aSY+(1-a)Y
t=1:F2)=aSF(1)+ (1 -a)Y =aS(aSY+ (1 - a)Y)+ (1 - a)Y
= (aS)’Y + (1 — a) <i(a8)i> Y

t=2:F@3)=aSF(2)+(1-a)Y _

=aS ((aS)QY +(1-a) (sty‘) Y) +(1-a)Y

=0

= (aS)’Y + (1 —a) (Z(asy) Y

=0

RVSUE-Sp5Kc
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)
t—1
F* = lim F(t) = fli)rn (aS)'Y + fli)rn (1-aw) (Z(O&S)i> Y

t—o0 i—0
i=

HP s —TiH T S = D2 WD~ [{RFAEEAT 1, 1] Z 8 [1], i o € (0,1), BRA limseo(aS) = 0,
5 I A7 RO 2 5K

) - I —limy o (aS)* I .
1 S) = = =(I-aS
tggoi:0<a ) I-aS I-aS ( )
Zran it 13.20,
e DA

[1] Wikipedia contributors.  Laplacian matrix, 2020. =~ URL: https://en.wikipedia.org/wiki/

Laplacian_matrix.
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9 14 7 RO

14.1 AR (14.1)

P(zlayla"wxn)yn)_ Illyl HP y2|yl "leyz)
=2

(AT A AN SR K R AR R RR IR L SE . =FRR P () . P (2ilys) o P (wilys) 20 BIZRBIHRARES
R, LI R AN A PR AR

14.2 AR (14.2)

P& =5 [] va(xe)

QeC

(AT JESR SRR A Z IR AR A1 A EL ST

14.3 AKX (14.3)

(tf] s ORI 14.2, DOIFET IEAL A AT AR R T

14.4 AR (14.4)

P(za,2p,2c) = %Q/JAC (xa,zc)VBe (xB, 2C)
) KRR 14.3 DR x4, 2c T 2, 20 BT

14.5 AR (14.5)

Yac (xa,zc) Ype (xB,xc)

Z ¢AC (7'y, ) Zx;g Ype (T, 7c)

P(xa,zplzc) =

T SIEBHES.
14.6 AR (14.6)

Yac (ra,xc)

Plealre) = = e @)

[MESF]: SR HHES.

14.7 AR (14.7)

P(za,zplzc) = P(zalzc) P (xp|Tc)

[ft]: wIeh 14.5. 14.6 RS2 A5
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14.8 AR (14.8)

g (xq) = e et

[AT]: MR TR B E K, B 35 i B S VR SR R B 2 2K SRR o 2 AR ik, HE RS,
BEAEALER 2~ P AT 2 I, BIAnPE 25 8.5 Al 13.11,

14.9 AR (14.9)

Hg(xq)= Y uwdudy+ Y Buty

u,VEQ, uFv VEQR
(ffAT]: R STEAS & xq BIBREL He (-) WE XU, S0 BT i, SR — W28 B — Xy i 1A
K o

14.10 A (14.10)

P (yv‘xv}IV\{v}) =P (yv|X7yn(v))

[th]: ARG KRR, AR AR R AC R, WA Ry S bR R, RAe i HS A%
ARAR, AN 14.10 PAERR v DAMYITA R SMUAERE o AR R ZEM.

14.11 AR (14.14)

P(x5) = ZZZZP(ml,mQ,xg,x4,x5)

T4 xrs3 T2 Xy

=3NNS P (@) Paln1) P(ws]22) P (walas) P (ws]as)

[fdr]: AEIHZARER AR, EHET MR R R O 2L, HIE R0 i
A AR P P — 2 AR AR T RO R B N5

14.12 AR (14.15)
P(xs) = P(xs|lrs) Yy P(xalws) Yy P(aslws) Yy P (1) P(walay)

= Plwslas) > Plxalas) D P(ws|a) ms (22)

(AT AR B R AT A BAORAG B IR, MY 24 5 o MEMS, HILATS x5 BIHZR0
FrEfe, Xt ALRICE .
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14.13 A (14.16)

ZP $5|.7,‘3 ZP JZ'4|JJ3 m23($3)

—ZP (w5|w3) Moz (23 ZP (z4]23)
:ZP (z5|z3) mas (3)

T3
= mss ($5)

(] R >, P (zalzs) =

14.14 AR (14.17)

1
P (xq,22,23,24,75) = 5%2 (1, 2) Vo3 (22, T3) V34 (T3, Ta) Y35 (23, X5)

(] 2 IE 14.7(a) TS, SRJEHETT I P v B4 A0 i T A B s VS — S ELRE G20 i SR DU A 4T 1
TR Z AT TR A AT REVERIHRR Z A8 1.

14.15 A (14.18)

P (5) ZZ¢35 I3, Ts 21/134 L35 T4 Z¢23 T2, T3 21/112 T1, T2)
= 221/}35 (5337%)21/134 T3, T4 Z¢23 (z2,23) Mg (22)
T3 Tq T2

1
= 2m35 ($5)

(] R 14.15, KOBITE TR AR B R 35 R R

14.16 A (14.19)

: _
mi; () Z¢ T, %) H My (x;)

ken(i)\j
[dT] s BN AT ¢ R ETT AL J AR, KRS FOR B T8 1 @ BT A W RERUEL. RS R
WA 14.200 B4 ROX BIERS I P IRAE A J, R AR ZHEH CRERN T § PASMOTEE
PFITRL g BRI

14.17 23X (14.20)

P (z;) x H M ()

ken(i)

A 4R BRI LT AR ST, B R BMERA LT . AR A8, AR LR
e — LB B 1, BRI B SR I R — 2830 OB, ARAT— 2 BRI {5 B
5P AR A AN S, AL TR S ARk
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14.18 A (14.22)

1 X
HES]: ik o A M MASFEBUE, @ PREEEEN m, (ESEUE T PASR R 2 i 07 3931 BT
BYE),
1 M
f= N;f(fj) AL

= f)- 5
~ 37 (@) ple)
~ [ f@w()iz

14.19 AR (14.26)

p(a")T(z'~ a') = p(z'")T(2']2" )
[fbr]: B E « FrE Ry 2 mAg n ANIRAS (s1, 82, -, 80), 8 AR LE—MNEERHEE T'(n x n) A5
R —E B A% By R n] R AR AE— RS, ff%

Tl ==

Hor, m g — AR n gimde, UK si o, 0 XPRROERSR. B, ARFA A BRI FF A4
A T BRIV 21, 2o, ey R NEREHERE T(n x n) We? FSEE, FABMIFE LT 2 2
/R R ECF R

m(0)T(i,5) = (5T (5, 1)
B3 14.26, X HUR I BIAFS-5 P9 RATIA DX AT B, IR AR

aT(j) =Y w(@)T(i,5) =Y _ w())T (i) = 7(j)

B RAEAFRI BN 21, @2, ., 21, e, WIRTRAGE] M H SRR 2 (RBCHIRE ) FeRoF (R
BOAIRES ;) MR 7 ()T (4, §) = m(5)T'(j, 1)

14.20 A (14.27)

P (Xt71> Q (X*|Xt71) A (X*|Xt71) — p(X*) Q (Xt71|X*) A (Xt71|x*)

[fdr]: X AN 14.26 PRy eREL T PR A m kgt Q ft A Z 8L, BIeitismiz 2 s, T Ehs
SIDESC

14.21 A (14.28)

(4 plat)Q )
Aot = min (1, B )
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[T XA AHIGRIALRFER—A trick, FOMETH 14.27 A

A(z*|2"7") = p(a") Q" |2)
A(It71|$*> — p(xtfl)Q(x*mtfl)

RIAT e 14.26, (HU@S8hs A3 S A pEE rTRELLE S, Hang o 0.1 #1 0.2, AR AKFAZE 5 A4 BRI
ARA TR Z T IUREIMA, ProARURE sz R 308 0.5 11, WIZRECHRIM A PFROR I, FEAH ]

FRKAR T, FrPA T ASE Ay
p(z")Q" " )

A(z*|z"h) =
norm
t—1 *| pt—1
A($t_1|{[*) — p(iU )Q(CE |£U )
norm

Hrp
norm = max (p(z' ) Q(z"[z""), p(a") Q" [z"))

HIPE A5 Y 14.28.

14.22 AR (14.29)

p(x|©) = HZp (2,2]|0)

=1 z
[fRtT]: SRR N AR R ARG R BT o SKFIS2 R R A8 S i A i A T 2 TR P )
AR TR ATRENE, RMIT bR AR T

14.23 A (14.30)

Inp(x|©) = ZlD{ZP(%,Z@ }

[ffbrr): Fal 14.29 BUw4k.

14.24 A3 (14.31)

O = argmaxQ (@; Gt)
e
= ,0N1 ,2|©
argénaxzz:p(ﬂx ) Inp(x,z|O)

(AT . EM SR M 2, 200 7.6 77,

14.25 A (14.32)

Inp(z) = L(q) + KL(q || p)
[ﬁ@]ﬁﬁ$@MiATM%@ p(zle) * p(z), AR plo) = 220 oo Emi R In Eigk, w1

p(z|z

3 Inp(e) = IE22) B q(2) RAEAREIERE, FoA 1 = [ q(=)dz X PRI Inp(z), FH np(z)

o l2)
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BAXTAR 2 (9R%L, FTLA Inp(z) TTASEIERUY BT, 155 Inp(z) = [ q(2)lnp(z)dz

Inp(z) = / 2)lnp(z)dz

—/ { (<;~> b / q<z>lnpé?i”§’

= L(q) + KL(q || p)

a4 £ A KL )& L.

14.26 AR (14.33)

£a) = [ gt {pf]’(‘;)” } az
BT 0 14.32 fiRHF.

14.27 AKX (14.34)

KL(glp) = - [ a2,

(AT L 14.32 fiRbT.

14.28 A (14.35)

= _Hqi (z:)

AT]: P, SRPFISE RS, WTRAR S, 24 R e @A A 1 A 170 AU 3 e B A 2 2 VTR S, 5%

b EAAERCR AN -

14.29 AR (14.36)

_ / H qi{lnp(x, z) — Ei:lnqi}dz

= /%{/P(%Z)H%dzi}dzj —/qjlnqjdzj + const

i#]
= /lenﬁ(xvzj)dzj /qjlnqjdzj -+ const
[

L(q) = / Hqi{lnp(x,z) - Zlnqi}dz = / Hqilnp(x,z)dz - / HinInqidz

104



NAFAEMPT RN, BAVRELZDRD [ 1], eilop(x, z)dz HIHES:

/Hqilnp(x,z)dz = /quqilnp(x,z)dz

i#]

— /qj{/lnp(X,Z)HQidzi}dzj

i#j
BISERT 25 sRERSS , FEXT 25 SRARZY, XA Y 14.36 220 mFR 55 . RATIAER S A MRS 0
WS 1L e Y, Ingdz HES . FEZHRMNET [1], ¢lng.dz BiH5HE

/H qilngpdz = /qi/ H q;Inqrdz

i’

:/Qi’{/HquHdeZi}dZi/

i’
PRI, AR i £ R, BT { S Tz qilnqkdzi} Ho AR g0 T, Y
PARTRASEFIRU M SNE . LB [ gudzy =1, oA

/Hqilnqkdz = /Hqilnqkdzi

i’
= / qrIngrdzy
RIrA k DASNPAS B nT DA BT =0 bR, A TR, FRATRE A

/Hinlnqidz = /Hqilnqjdz—l—Z/Hqilnqkdz

ki

= /qjlnqjdzj +Z/qklnqkdzk

2#]
= / g;Ing;dz; 4 const

Horpsh — AR ks R T R, S-S ¢ eI S const, XA 14.36 AL
G i)

14.30 A3\ (14.37)
Inp(x,2;) = Eigj[lnp(x,2z)] + const
[T S, 14.36

14.31 AR (14.38)

Eizj[Inp(x, 2)] = /lnp(xvz)HqidZi
i
[f#T]): B0 14.36
14.32 AKX (14.39)
Ing; (z;) = Eix;[Inp(x, z)] + const

[fb] s BOEBUHRAE R & PR RR AR, ILIEoR C.3,
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14.33 A3 (14.40)

i(a) = P (Eiz;[In(p(x,2))])
P [exp (Eig[In(p(x, 2))]) dz;

S | 14.39 EXFEOFH
/ qj(z;)dz; = / exp (Eiz;[In(p(x, 2))]) - exp(const) dz;

= exp(const) /exp (Eix;[In(p(x,2))]) dz;

=1

Fir LA
1

J exp (Biz;[In(p(x, 2))]) dz;
q;(2;) = exp (Eiz;[In(p(x, 2))]) - exp(const)

__ exp (Eiglln(p(x,2))])
J exp (Eiz;[In(p(x,2))]) dz,

exp(const) =

14.34 AR (14.41)

p(W,z,8,0la,n) = Hp<0t|a> Hp(ﬁm)(H P(win|2ems By) P (2.n]6:))

[EAT] - (s LDA B FARIEZS A o, n AL BOCRS W RIHES . JLrp 2, B, 0 S 2R iGad AR i v ) A2
PRI A AP R AT AR 1412, PR TSk Mo 14.41 AR 28 PRIRR A A PRI H —— X Bz 1_%;@75
EANERSTS, FORZAMEMILIIHER R . NIRRT AU SR 358 AR 2 A
MAZAY. 58 AR K DI AA 8 T B 1 @ M B . B — SRS A e SOk
B T BT ) AR B A ST Y o

14.35 AR (14.42)

I(>, o H o1
p(@t\a) H Fk(ak @ 1
[fitr): S UL C1.6.

14.36 A (14.43)

T
LL(a;'U) = Zlnp(wt|a7n)
[FEAT]: XTERLSR A S0 7.2 IR BUSRAE I
14.37 AR (14.44)
p(W,z,3,0|a,n)

p(Wla, )
[Ar] s o REibR A, THEA R 2,8, © BUREEE KA, BreAMEREMEAERCR AR

p(z,8,0|W,a,n) =
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o5 15 7k BLWIE2)

15.1 AR (15.2)

7 mtﬁf R ™ m_m,
LRS =2- (m—s- log, Em:; ; + M- log, E t:_ g)

my+m_ my+m_

[fEHT]: (SRR SR (Likelihood Ratio Statistics) 5 Xk,

15.2 A3 (15.3)

F_Gain =y X (log2 m+A — log, i >

my +m_ my +m_
[f##T]: FOIL #475 (FOIL gain) )& XK.
15.3 AR (15.6)
(AvB)—-{B}=A

[ti]: praea R X, Fonfe A 1 B Bt & U P MR B, 30> A,
154 AKX (15.7)

C=(Cr={L})V(C—{~L})
[fth]: C=AvVB, {8 A=C, —{L} fl L =Cy — {~L} i ARG
15.5 2 (15.9)

Cy = (C— (Cy = {L})) v {~L}

[fitr]: i 15.7 \r %
Cy —{~L}=C—(C, —{L})

H =X 15.6 F£I RIS .
15.6 AR (15.10)

p—AANB g+ A
p+qgANB g+ A

[##AT] WU (absorption) #RAERIE Lo
15.7 AR (15.11)

p+—AANB p<« AANgq
g+ B p+ ANg

[f#A]: PEH (identification) #AERTE X o

107



15.8 A (15.12)

p+—AANB p+ ANgq
g B p+ Anqg q+ C

[f##HT]: H (intra-construction) HEEAER)E Lo

15.9 A3 (15.13)

p+—AANB q+rnNC
p+—rAB r«< A q+<rAC

[f#EHT): H A (inter-construction) #AERE L.

15.10 Ak (15.14)
C=(Cr={L1}) 0V (Co = {L2}) 0
(ftir]: s 15.7, 2 SR S RIS T I TV 25 BIASAIE .
15.11 A3k (15.16)
CQ - (C - (Cl - {Ll}) 01 V {—|L191}9§1)
(M) X 0,1 BT S , TRERAEEIER. | 159
Co = (C = (Cr —{L1})) V{L2}

R Ly = (—L001)05 ", RSB A T35 BI0A —F5HIE
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o4 16 7 sinfbir>]

16.1 AR (16.2)

Qu(k) = % (0 —1) x Qo1 () + vy)
(S :

Quk) =13,
i=1

n—1
(Z U + vn)
i=1

((n—=1) X Qu_1(k) +vp)

) + % (U — Qs (k)

O 3= 3=

16.2 A3 (16.3)

Qu(k) = (1= 1) X Qu-a(k) + )
= Quoalk) + - (0~ Qua(B)
[HER]: 20 16.2

16.3 AR (16.4)

6M
P(k) = o
i=1¢
Li2E
e e Q(k) 1
P(k) = ——am xe 7 x —
D€ T T
16.4 A (16.7)
1
Vi(x) = Eﬂ[ftz:;rt | 2o = 2]
T
1 T—-1 1
= ]Eﬂ-[f'lﬂl + Tﬁ ;Tt | To = .’L‘}
T—1
1 T—-1 1
=> 7(z,a) Pza—)z’(TRg—)w’ + TEw[ﬁ > re| @ = 2))
a€cA z'eX t=1
1 T—-1
= ZT((:L’,(I) Z P;ﬁw’(fR;—m’ + Tvizr—l(x/)])
acA z'eX

[fRpT]: P

7(x,a) = P(action = alstate = x)
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P(A) = P(B;)P(A| B)

i=1

CIESS
T
1 T—-1 1
E”[Th + Tﬁgn ‘ Ty = LU]
T—1
T-1 1 )
=> w(z,a) > Pr., T Ry o +TEw[ﬁZ7’t|$0:~T])
acA z'eX t=1
Hrp

r = 7T(ZIT Cl) r—x’ R;%z

wa— A E T

16.5 AR (16.8)

Vi(z) =) w(z,a) > Pl (R, +7Vi ()

acA z'eX
[
= EW[Z Vtrt+1 | To = ZE]
t=0
=E.[m+ Z’Ytrﬂ-l | 2o = ]
t=1

=E;[rm +’YZ’Yt71Tt+1 | xo = ]

t=1

Z xT,a Z < (R +Ex Z’Yﬁ+1|l’o—1’])

acA z’eX t=0
§ : § : Lo

€, (I r—ax’ w~>:v + ny'y (ZL' ))
acA z'eX

16.6 A3 (16.10)

{ Qf(z,a) =Y, ex Pow (ARE, + T2 VE | ()
szr(xv a) = Zx reX ac—mc (Rg—m + ,YV’Y‘IT (.T/))
[HES]: S 16.7, 16.8

16.7 AR (16.14)

V*(x) = max Q™ (x,a)

acA
(] S ARSI ARSI S V', BB PR A, 20l R s Iesemg o Fm iR &sh
VR RREL Q FKRAPIRES maxgea.
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16.8 A3 (16.16)

VT (z) < V™ (z)
5
V() < Q" (x, 7 (x))
ij%miA§+ﬂﬂ<»

xz'eX
< 3" PRI 4@ (@ 7 (@)
z’'eX
=3 PIORIY 4 Y PLCNRL) + V()
z'eX z'eX
= 3" PIORIY v (@)
z'eX
=V (x)

Hor, @i TR &
Q" (z,m'(x)) = V™ (x)
PABCIRAS-Zh VR (ELRR %
Q Z ! iiL) .L g;)’ + Pyvﬂ-(xl))

z'eX
FR, USRI RN
Vi(z) = V™ (z) > V™ (x)

16.9 AR (16.31)

Q71 (z,a) =Qf (z,a) + a(Ry_,, +vQ7 (2',d") — QF (x,a))
] XA 16.29

L - QF ()

Qa»l(l‘va) ZQf(x,a) t+1

PAS H .

1 ¢

GIps!
re = Ry +9Q7 (2, a))
MiHy y Pran BRG]
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