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1] DEIRFMNBEDFIET DH ?
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21T EFRDself-reduction [DGOO,KM04]

C=C(r,c) (rl&T#0, c(F5IF0)
> —MREZRDCERL =2 &ETB.

c* ={X| X, 2

cn}
2

> Sl gEsFm)OocHEm.

IC]

icH=1e@’, )l
> Zfcurf = — [%"Lc?’,t = ¢, — [C_n

18

12

30

\ EEE[KMOZI-] m >

2

Xin=xeX{,=a—-3

18

12

5

A

3/7|5]6]30

N =

ICl
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21T EFRDself-reduction [DGOO,KM04]

C=C(r,c) (rl&T#0, c(F5IF0)
> —MREZRDCERL =2 &ETB.

c* ={X| X, 2

cn}
2

> Sl gEsFm)OocHEm.

IC]

icH=1e@’, )l
> Zfcurf = — [%"Lc?’,t = ¢, — [C_n

\ EEE[KMOZI-] m >

2

cp, = LDOBF(IFINIRSE D

13

012

25

X1n=x<=>X{n=x—1

13

12

5

A

3719125

N =

ICl
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!'- Bipartite matching



19965 Godel prize
Bipartite matching e 2004Ff#R (Fulkerson Prize)

O —87>7:6=(UV;E). |[E|=m&9D.
TENYFIIOZEZDEEHUI =V =n&ETB.

OXYF>2O M={MCE|Ve,fEM (e#f),enf =@}
HAZXkRYF 2T M, = {M||M| = k}; M = UL, M
TEYYF TP =M,

Q. ZEIVSITDREIYVF >V DEEHERDD
FPRASIITETET DD ? (1979~2004)




Bipartite matching

B{u, v}(CEHE
u, v}ZES o #{G[U \ {u},V \ {v}]Dbipartite matching}
{u, v}ZEDIR o #{G[E \ {u, v}]]Dbipartite matching}
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!'- The end

Thank you for the attention.



TAIL BOUND
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FIE (YL T DAZEI; Markov's inequality)

TEIE: (VW)U I T DARETN; Markov’s inequality)

X FIEEDERTDHETDERDERH a>0(CXTLT,
E[X]

Pr[X > a] < —
a

alf B85

EIX]_ H
a a

_[Tx d>oox d>OO dx = Pr|X =
_jo Ef(x)x_ja —f(x)x_faf(x) x = Pr[X = a]

a

Lich>TC

- 0
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Chebyshev’s inequality

TFIB [FTEY T IDOARETN: Chebyshev’s inequality]

FEEZDa>0IlCxtLUT,
Pr(|X — E[X]| = a] <

Var|X]
a2

RDBECEFRT D.
Pr[|X — E[X]| = a] = Pr[(X — E[X])? = a?]

NIV DAFANKD,
mﬂX—HﬂYZaﬂSE

[(X —E[X])?] Var[X]
a?  a?
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Chebyshev’s inequality

A[FTES T IDDAEI: Chebyshev’'s inequality]

FEEZDa>0IlCxtLUT,

PrX > (14 1) - E[X]] < —2r ]

(t - E[X])?

PriIX > (1 +1¢t) E[X]]=Pr[X —E[X] >t
< Pr||X —E[X]| > ¢t - E[X]]
Var|X]

<
— (¢t E[X])?
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Chernoff bound [E—nmox<cTan ]

TFEIL [Chernoff] V
X1, Xg, oo, Xp [FABEICIRYI7S {0, IHERZ I E L,
X=X+ -+ X,DEFEZUETDE,

e 3
PriX = (1+¢&)u] < <(1 n 8)(1+s)>

Poissonzii{T
EIEEIN B.

e® g
PriX < (1 —9)u] < ((1 _ g)(1—8)>

&

0<e<1DBHE,

2
ot 1+ o1 00

M
=

|
)

ml\)
N o
=

PrIX < (1 —-¢&)u] <exp




HILE[ISY OLS,

tX]

PriX = (14 &)u] = Pr[etx > et(”g)”] < et(1+e)u (1)

ZX ({01 HERZTHKD, p;:=Pr[X; =119 DE,
E[e**i] = piet + (1 —py)

=1+pi(e' — 1)
< exp(p;(e* — 1))

Maclaurin 5

JRIIMEXRD

E[etX] = HE[etXi] < nexppi(et - 1)

i=1 i=1

= exp <(et‘1) z pi> = exp((e’ — Du)
=1

t=In(1+e)&TDE,

(1) < exp((e — 1),u) efH e K
— t(1+e)u (1 4+ 8)(1+e)u (1 + 8)(1+e)
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Hoeffding

TIP [Hoeffding; —IEB 3 fhver.]
X~Bnp&ddDE,

Pr[|X — np| > t] < 2 exp(—2t?/n)
MDD,
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— I8 faDHoeffdingzIE BA

q=p+eZ9ID. VIITDAREFNNH

!

Z?:]_ Xl
n

>p+e]=Pr ZXi>qn

= Pr tZXi > tqn

= Pr|exp (tZXi> > exp(tqn)]

! i=1
E[exp(t iz, Xi)]
< etqn
1 Elexp(tX;
= =1 itq’”l‘)( A (since X; are independent)
(Elexp(tX) )™

= ~tan (since X; are identical)

(pet + (1 — p))n
etqn

= (pet(l_CI) + (1 — p)e_tQ)n

(by Markov's ineq. )
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—_ BT @Hoef@iﬁﬁ@ﬁb

(pet(l_q) + (1 —p)etd

. (1 - p)q (1—-p)q
(1 — q)p

<(1—p)1 1q'~1 (1 p)~iq- >

(1—-q@)~p~a (1— q)~Ip~1

—q —q
(1 —p)t-a 1
P P) (1- q)1 q (1 —q)~1
i 1 (1—¢g)°
<P (1-p)t~ q(l—q)l"q+ pr )
~ g+(1-q\"
<pq(1 p)l a (1 _ q)l—qqq>

(= ) |
(2 (S5
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—_IB93faDHoeffdingslF B
MR ETDE

CERE=A]
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76

— B faDHoeffdingslF A

WUTEREREZTDE
fle)=(@+e)logp—log(p+e€))+(1—p—e€)log(l—p)—log(l—p—e¢))
ER<<E

f'(e) = (logp —log(p +€)) —1 — (log(1 —p) —log(1 —p —¢)) + 1
= logp — log(p + €) —log(1 —p) +log(1 —p —¢€)

. B 1 1 _ 1

f (E)__p+e_1—p—e__(p+e)(1—p—e)
1 1

f() =

p+e)?2 (1—p—e)?
FONOO—")VERLD

1 1
F(&) = f(O) + [0 +5f"(0)€? + 5 f " (0)% + o(€%)

0+0+1( - )2+1 L7234 o(ed)
_ i - €2 4 = €° + o(e
2\ p(1-p) 6p2(1—p)?

1 (1 - 2p) (Lgn€m§>
.2 — 4p)e 3 5.2 3p(1—p 3
— 262(4p(1—p)+12p2(1—p)2>+0(6)S 2€ (1 =) + 0(€?)
< —2¢

Hoeffding(dKL divergenceZx5t& L CEEBE L CL\D.



Hoeffding

TIP [Hoeffding; —IEB 3 fhver.]
X~Bnp&ddDE,

Pr[|X — np| > t] < 2 exp(—2t?/n)
MDD,

— @ijrely boun@_
TIE [Hoeffding; —fi%HZ]

X1, X5 o, Xy (SHEBE(CIRIIT, WK1 Ta; <X; < b, ETB.
Y, =YX, £9DE, EFRDt > 0(CXHH LT,

Pr[|Y,, — E|Y,,]| > t] < 2exp <— 2t7 )

2ie (b —ay)
A DIID.
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