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[GIRE1 (Recognition)

Bf:b € L?

AN Ewv R b e {0,1}".

Fﬂ%z (¥UEFD?IEEE)

BR: b, = y"(x)?

AN Ewv Rl b, € {0,1}"&E# x € [0,1).

o83 (FTERIRE)

[ SRAT K

A E#x e [0,1) &1
By (x)ZKD K.

CIETXN.
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Vo esm

BIFE1/A\D[O]Z: Average case analysis

[SIE1 (Recognition)
A Ew B5llb e {0,1}".
Bf:b € L?

TEIE 1 (Recognition; ST BFARAT)

U= g € (1,2) (BN T 3.

Ew Kb e {0,1}"hM"5X5NcESE, b e LZ2HERIEE.
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og* u
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) ) Godel 1931
T BRI ZF(CH T DETE: Turing machine Turing 1936
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([x|A|=alx]) |=(|y|+]1

Turing machine

header & tape CHgRk = UTTHEAR
> ROSNTZRANCHED TEMET D
header(3B[REDEEMHRAIE (BEA— Y K~2)
tape(EXED
> XFEZAICDEVNCDEBS]RRIZD) TED. ES(CLRMZWD
X F (I EIETELE
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e L CX*: =5&(language)
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« wE€ L%ZacceptL, w & LZreject CE D E%Z L Drecognition&EULND.
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[FREFETHDC EOETDEAFIIBIRA— MY N> Trecognize CE =S58
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YRTE [5EE (decision problem)

1. 0= J3E
AS:G = (V,E)
BE: GII3BTEDDITENDIN?

£Le2={0,..,9{},,:,; IS TI3ESE

w = 10: {1,2}{1,5}{1,6}{2 3H2,7H3,4}{3,8}{4,5}{4,9}{5,10}
{6,7}{6,10}{7,8}{8,9}{9,10};
wEL
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LDrecognition

Recognition
AJ1:b e {0,1}"
Bfb: b € L2

R £(1.6)

1. b= 100100

2. b=111000111000

3. b=1100110011001100

4. b=1101010101010101010
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F5E) S T > NFS y™(x) = byby -+ b, (x € [0,1))
~ = =< (
— G, fEiRE2.3D5EEA ( 3zE;mes D e
bl = < %
2

Ox=f(x)&T3. & &=
—_— r -
O y"(x) = by by 0 [b; =0]A xl<%
O )/n_l(f) = d1 dn—l - 1:
D bi+1 — dl%ﬂ__\j. 1 [bl = 0] ANlx; = E
~ . bit1 = A - 5
* X1 =X (i=23,...) ! . [bl=1]/\xl§%
> KD Ci = 200155 (3EA .
¢ b') —_ d1 EZI_'\?. \0 [bl = 1] Nlx; > E

> x<1/2DmE:b, =0,% = x,
v f(x) <1/20%&:b, =0;d; =0
v f(x) =1/20%5:b, = 1;d, =1
> x=>1/20D5: b =1, =1—x,
v f(x) <1/20m&: b, =1;d, =1
v f(x) > 1/2003%5: b, = 0;d; =0
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s1EAH
71 ={T(1), T(0)}&Dn = 1(OK.
Tn € Ty U{T(d,), T(dp)}E2RT .
> T(b,) =T(b, b)=ERT.
T(b,) = {f™*(x) | x € S, (by)}

= {1 (F@) |x € Su(by)} —— 122

= (" |y € F(Sa(d)} _
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v = f(z) (4= 16)
oon oL i 010 0111000 101§ 110 111
R R R TR SR e

01 ~ 001 ~ 101 ~ 0001
~ 0101 ~ 1101 on £(1.6)

Js (4 = 1.6)
1, = [0,0.8) I, = (0,0.8]
I, = (0.32,0.8] I =[0.32,0.8)

I3 = (0.512,0.8]
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I; = [0.512,0.8)

I, = [0.32,0.7808)

1, = (0.32,0.7808]

Is = (0.35072,0.8]

I = [0.35072,0.8)




SHRDOKIE & BIEEDETR
fiHied 2.4
© T(by-by)=T(by b ) ETD.
b € {0,1}CX LT,
by --byb € L & by - b;1b € L.
« EBI(CT(by -+ bib) = T(by - bysb).

“SIEBAODE#R”.

¢ b1 €{0,1}3 f¥(x) < STRED.

o AT T(by - by) lEf*(x)DIEL
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(1= 1-6)

0 1
C 1, =[0,0.8) I, = (0,0.8] D
1 0
Y 0 v
I, = (03208 || Y L =1[03208)
X
1 1 0
VL A\ 4
I3 = (0.512,0.8] I; =[0.512,0.8)

0 1
\ 4 A
1, = [0.32,0.7808) fp\/1 I+ = (0.32,0.7808]
1 0
A\ 4 A

Is = (0.35072,0.8] [o 1] Is =[0.35072,0.8)
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Recognition
AJ1:b e {0,1}"
Bf:b € L£?

o JARREN(I2n + 2
» TV {qo,q.}
* L %Eb(nb\u .
> b € LIXBSaccept

> b ¢ LI&5reject

o> 3>5147] e TOER%
LARIILEWLNL(J)TERTY.
e, [L()=1lle ][] =1Iorl]
« A—hKrYb2E [EEXIFR]
X7z (1) = cl(1)).
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C 1, = [0,0.8) I, = (0,0.8] D
1 0
Y 0 v
I, = (03208 || Y L =1[03208)
X
1 1 0
v Y
I3 = (0.512,0.8] I; = [0.512,0.8)
0 1
\ 4 A
1, = [0.32,0.7808) fp\/1 I+ = (0.32,0.7808]
1 0

N B> b
(EE) — v :
Is = (0.35072,0.8] [y 1] Is =10.35072,0.8)
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T"(x) = [v,u)DESE

,
[f), f(5) f™(x)<.5 -
T () = < {(f(v), F frezs TS
|f ), f(W) u<.5
\ (f (), f(v)] v >.5
T"(x) = (W u]lDEE
(
(f(w), f(5)] f*(x)<.5
n v<.5<u
Tn+1(x) — {[f(v): f(S)) f (X) > .5

(f (), f(v)] u<.5
\ |f (), f(W) v>.5
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Recognition
AJ1:b e {0,1}"
Bfb: b € L2

R £(1.6)

1. b= 100100

2. b=111000111000

3. b=1100110011001100

4. b=1101010101010101010

T L OIRREERS
(u = 1.6)
do
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0 1
0

I, = (0,0.8] D

0
\4
| L, =[032,08)
0
\ 4
I, = [0.512,0.8)
1

I, = [0.32,0.7808)

A
1, = (0.32,0.7808]

1

0

A 4
Is = (0.35072,0.8]

15=

[0.35072,0.8)
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lo
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Recognition
AJ1:b e {0,1}"
Bfb: b € L2

R £(1.6)

1. b=100100 5E%

2. b=111000111000 3E%

3. b=1100110011001100 4E%
4. b=1101010101010101010 2E%

AR nbitlch5EED T,

n

rb_

= CWwERWNGS
E> VEIESEFT (Deferred update)

©5D.
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0 1
0 1

I, = (0,0.8] D

1 0
0 v
I, = (0.32,0.8] /_\“ I, =10.32,0.8)
X
1 1 0
VL A\ 4
I3 = (0.512,0.8] I; =[0.512,0.8)
0 1
\ 4 A
1, = [0.32,0.7808) fp\/1 I+ = (0.32,0.7808]
1 0
A\ 4 A
Is = (0.35072,0.8] [o 1] Is =[0.35072,0.8)

'

lo
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Recognition Ts EODIRREER
A71:b € {0,1}" (1 = 1.6)
Bfl:b e £?

do
A 2.6. Z\ 1
i = c/dIBEINIKE TS 009 h=009 [ )
HIERBEDZEMETES(E ! o/\‘ )P
0(k21locd). 0.32,08] | | I, =[0.32,0.8)
" ( " g ) = " \_/1 0
212U, kIEATDDRET DSHEKRLANIL. |= '
. 10.512,0.8] I, = [0.512,0.8)
= 0 1
EIEEH I, = [0.3;,0.7808) o\/1 I+ = (0.32,0.7808]
D L WINE: 1 )
O(k lOg d)%ﬁiﬁf. C\ﬁiﬁr DJ ﬁ\g . Is = (0.3"5072,0.8] 01 Is= [0.3‘5072,0.8)
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di

SIEAA: JEHNSE
k = 0DiZE(XEA.

o fk()<1/203 =)
o (5) = (5) = 72

e(5) = Ee(0D&D

b
lgc, <lgd,
FROEFE(2)
2(klgd +1gb + 1)bit
CTxRIAAIEE

KD TClgdyy; <lgd+lgd, < (k+1)1gd +1gb.

c f5(3) > 120188

rG) w11 (5)-

C

d

(1-

Ck
dy

i)

Cdk —de

d d,,

Eik(Clgdyy; < (k+1)1gd +1gh. KD CTERZED.
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/ worst case time complexityZ 189

Algorithms and Combinatorics 21

O 518% = BEREOZ(BRE(CIRSD)
. HidiAG, BEML, KA, B 072D

- MABEE(+, — x,/) 07D Combinatorial
. REEE(- AV, >)0(1)/URE Optimization
« #EDIR U(for, while)(dH& DR U DEBEDIEE e
e [J\SA-4]

> EE(EZN)RX50(1)

> OIZERSMAIEE(CH£ET D
- [BEEZ1TZV)]
> STEENFRIAINTULNG, BNITHERL
> ASOILGTEE=TIE, BEEOEEIE(IRI(CER D



3.1. ¥JLVATJEFI




T hESEDA-—KMY >

Recognition
AJ1:b e {0,1}"
Bfb: b € L2

R £(1.6)

1. b= 100100

2. b=111000111000

3. b=1100110011001100

4. b=1101010101010101010

T L OIRREERS
(u = 1.6)
do

0 1
0

53

I, = (0,0.8] D

0
\4
| L, =[032,08)
0
\ 4
I, = [0.512,0.8)
1

I, = [0.32,0.7808)

A
1, = (0.32,0.7808]

1

0

A 4
Is = (0.35072,0.8]

15=

[0.35072,0.8)

'

lo
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JILATETI)L (#EEXRNA— BT D)

#H78 3.1.
Xe(ODIEI—HRS>AHLETS.
BB, =y"(X) &9 D&,

IT(b0)| 4o

Pr[B; = 0|B;_; = b] = 0

= 8 0.8
IT(b0)| + |T(b1)| 0.8M0.8

v= £ 0.8 - —
00 01 10 11 08 + 048 C ]1 = [0'08) 11 = (0,08] D
0.48 0.48

, 0.8 + 0.48 0.48 + 0.288 J
f0) I, =(0.32,0.8 N [, =032,08)

0.288 BI ~

0.48 +0.28 v
I3 = (0.512,0.8] I3 =[0.512,0.8)
=fz) (p=18)
e o | v Y
I, = [0.32,0.7808) I, = (0.32,0.7808]
f3(x) 90.4— A\ 4 \
Is = (0.35072,0.8] Is = [0.35072,0.8)



Fik
fPXOET( (X)) EIC—HRICHDTMITD

J.T:HH )‘ﬁ‘%ﬂ/ﬁ
o X(E[0,1)LIC—ARICHT T D (n=0DFE(F0OK) .

X BT(m100) = [v,3) LIE—RICHTL TV BIBAIZ,

an\[f(v),f )J:‘C —RICHTIT B RS (OESTEE) .

Pr [f”(X) <k

o1 €[v3)

X,_1 € [v,%)] = Pr f(Xn )<k

= Pr ‘UXn 1 <k Tl 1 € [ %)]
[ k 1
= Pr _Xn—l <-= m Xn—l (S [U, 7)]

”E) _ w0l _ 1 @), k)l
vy)| vz ”f(v>,f(%)>|

> Ko T X, IS [f(v), f (%))L'C—ﬁl:ﬁﬁﬁé.
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JILITET)L (FHERNA—

Y b2)

fHigE 3.1.

Xe(ODF—H T >AHALETD.

B, B, =y"(X) £ETBE,

Pr[B; = 0|B;_; = b] =

|T(b0)]
u|T(b)|

Remark

* IT(O0)| +T(b1)| = u|T(b)| (HE)

-+ p(.J) =p0.]) (BB

2L, J=1,0EET ] = ZKRIEDETB.

qo

0.8 0.8
0.8+ 0.8 0.8+ 0.8

y
7N 1, = [0.32,08)

C 1, =[0,0.8)
I, = (0.32,0.8]
v
I3 = (0.512,0.8]

A 4

I, = (0,0.8] D

A

X

A 4

I; = [0.512,0.8)

A

I, = [0.32,0.7808)

A 4

Is = (0.35072,0.8]

l

1, = (0.32,0.7808]

A

I = [0.35072,0.8)

!
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T > hEEDA—DMY B>

Recognition Ts EODIRREER
A71:b € {0,1}" (1 = 1.6)
Bfl:b e £?

do
fnRd 2.6. Z\ i
u=c/dIEHINEET B. 008) L =008 [ )
HERIREOEMETEZ(E ! | °
= E'O(kz fg d). (0.32,0.8] é\ I, =0.32,0.8)
12U, kIGAITDAEITIREARLANIL. |t ' °

10.512,0.8] I, = [0.512,0.8)

0 1
Rem. - I, = [0.32,0.7808) \/| L4 = (0.32,0.7808]
7 — Y S ASEGXIFR. ) ;

I//\\) l/a)aj'%ié . Is = (0.3"5072,0.8] I = [0.35072,0.8)

11 lo




= § , BIZE q=-ERATDE,
SN PZAN L) 1

Pr[K = [2 log, n” < "

Zo, Z]J Zz, ZO = (o &3_57)1/3 7@@%‘:
K, = max{L(Z,)|0 <t < n}

1HRE 3.2. <
k, =|log,n+log, q | &H< &, Pr|K, = k,| <q.

e, BULVERTK, = 0(log, n)

sEBHD DI S A >

IR 1.

k=23 FERET D,
A Z DTN TLUNIVKICEHRET D AR hETDE,

I

FiR 2. \ A = NoetlL(Z) < k] AN [L(Z,) = k]




FiE 1.

F5R1D:EIEAH k> 203IBET 2.
_ Ap: Z DRt THIDHTLANILKICENZET D
° |Il| — |Il| (l = 12,3, ) p [A ] < ||
> c‘_’_<(:|[1|=% r t—ﬂk.

L) bb\\ib\\éd)(i Ii - Ii+1 or I_L - I_i+1

B p(l;, 1i11) = L2 = p(7i, 1)

LANIVKICEBETIC, Bi=12,..,k—1(CDLT

I EB1EIL 5L or > [ DEBRBZETD. K>T
k-1

Pr[A.] < p(l;, Ii+1)

=1
k—1

11i41]
i1 ull;]
I |

B =t |
_ 2|1 |

uk




L,

—R20DEIERA

R I
EED N |—k"| > LEARGE
u-4 n
> Q'ukq > Q‘ulogﬂ n+log, q~
n n

o | | S 1ICTFE.

1

k, = |log,n+log, q7t| (#E3.20DRTE)

a_ -1 _
Znnq =1

61



fH783.20D5FBA

o Ap ZWERETHIO TLANIL k, (CRNE

. Pr[K > k,| = PrlViL, 4]

Z Pr[A;]

‘Ik Fik1
<n—— +—
pu-a Pr[A;] <
< ng
n
|’k | p
HTCZIS;'

£ BT AN
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Vo esm
[ ]

BB 1/\D[O]Z: Average case analysis

[SIE1 (Recognition)
A Ew B5llb e {0,1}".
Bf:b € L?

TEIE 1 (Recognition; ST BFARAT)
U= % € (1,2) ([FEARIDENE T .
Ew Kb e {0,1}"hM"5X5NcESE, b e LZ2HERIEE.

AH b HD, [CHES &=, HFEEETERE0 (l°g2 nlogd)

log? u

212U, D, X €[0,1]Z2— 8 Rk&ELT, y"(X)DIRED DM,

UNEHDGESERKROBEMNMSSND (1h) .

\ pBIBENIERE2.6 T UHMED TR



EHE 1
TR 1D | appaip,icies e s, mEtmsat a0 (Rnke)
sIEEA
HEE3. 2N S L FDERZ RS (RDR—2) .
3R (ROA—STRT) iR 3.2.
k, =1 +1 e &,
E[KZ] =0 (;jjgﬁ ) o = [08un oz
Pr[K, = k,| < q.

FiR a2 6NN SEEEBASH. [

Aned2.6

u=c/dIBEIDEE T B.
HIERIREDZEfEIETEEZ(30(k? log d).
22U, k(EATIDHRETDIEmEALANIL.




- aik@D5IE AR

k.= |3log,n|&T 3.

> HRE3.2 (g = AL OPr[K, > k] <

E[K ] ST k2 Pr{K,, = k]

n

Z €2 Pr{Ky = k] + ) i2 Pr{Ky =

=k,

<(k —1)2Pr[K <k,—1]+n?Pr[K,, = k,]

, 1
n
= (k. —1*+1
< ([31og, n| - 1)2 +1

=0 ((10gﬂ n)2>

1 2
-0 og°n
log® p

8 3.2.
kq = [log#n + log, q_l]c‘_’_2F3< &,
Pr|K, = k4| < q.




33.EHFZIIUXA




[ERE3NDOIE : TEENnRE

F':ﬁEI&E3 (ET%FD?EE)
AT E# x €[0,1) E1IEEHnN.
By (x) &K K.

TEIiE 3 (ET%FE?IE@)
U= 2 € (L2)IZBEINEEL, 0<e<1/4 &T 3.
E# x € [0,1) EIEBEnDNSZI SN EE,

1g% u

2 -1 | et p g ="
by € L, (x,€) & 0 (222 + Ign ) SHEMEE TN TEE.

67



[ERE3NDOIE : TEENnRE

Fl:ﬁaﬁa3 (ET%FD?EE)
AN EEx €[0,1).
By (x)ZKD K.

TEIiE 3 (ET%FE?IE@)

K& x € [0,1) LIEEBHnNSZSNIZLE,
b e L(x, ) & 0 (BB et EsABI Tt/ ATHE.

U= 2 € (1,2)(EBFIDEEL, 0<e<1/4 &ETB.

\ nlCX U TCEE
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. w HEEDANT— T ZFkbitlZ 155D,
7ILTUZ 7o

input =25 x € [0,1]
Output £ BFlb, b, - € L(x, €)
K< [-3lge/lgu]
Z < (x)
A—RIh>&ELANIL 2k FTHEEE
Fori=1tok

bi_, &EzM5 b, Z5tE

7f MY I\/O)H( & x 1Bt

z < {f(2))

Fori = Kk to o
T(by ++- b;_10) ET(by -+ bi_1 1) 72 LENX
LARJILIMEWLWADE v h&i&EIR

S HI(EES

TR A

4

EEDIUCDWNT, I,. [ DOIBEOVM R EE—DIE
backward edge (L)L TFHBERE) H\FIE.

FaRRR—TRY)
7)Y XIEDb € L(x, e)Z S

TEIE3(33

=Ly ANSY IS YA

69



et
s1F BH FILTUZAEb € L(x, )& H T

O b e L (FfHBEAKLDEASH,
Oyx—-e)<bsylx+e)Zr9d.
b — b1b2b3 tj%.

x~ =x—§, x "T=x—-€e&UT,
Y¥(x~") <b; b ZRUCTFRZRI. (LFEEKR)
> ye(xTT) <y*(x7)
Vo) = (x| > 1ET S MRS DIERRFODEELD.
> y5(x") < by ... b,
v yl(x) S yi(2)[dEASH.
v yi(x) =y (2) THBRD, z;dx; KD TARAI] (CWBZEZERT:
B 5K [x7 — z] Zg (A TR Y)
|11 — Zigal = 1F ) = (F (@)l
> |f(x;) — f@) = 1f () = (f(Z))l
= ulx; —z;| = 1f (z;) — {f (@)l
e 1 € 1 €

> ———>u—— > —
=H Tk =R T e g T2

DFEDx; — z;DEEEE(F—EU LZEO>TWLWD ( [IEF] BFF) .
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)LV (BRE/\—=32)

Input E#X x € [0,1], EAZIn
Output £ N5lb,b, --- b, € L, (x,€)
K< [-3lge/lgu]

Z < (x)

dA— b b2z LA 2k EFTHE

Fori = 1tok
b;_, EzMB b, Z5tE& L TDHI>A—(Clgn bithE

7f MY I\/O)H( &7 B
z —{f(2))
Fori=kKton

T(by++bi—10) ET(by b1 1)ZLEAN
LARILVIMEWGDE W hZi#EIR

TR A

EEDIUCDWNT, I,. [ DOIBEOVM R EE—DIE
backward edge (L)L TFHBERE) H\FIE.

Fik
7ILTUXED, € L, (x, e)ZH T




3.4. EiR{bHET




Vo esm

BIRE2 A\ D[O]Z: Smoothed analysis

[eleE2 (HIERTE)
A Ew Kb, € {0,1}*&EE x € [0,1).
Bf: b, =y (x)?
T LU E
Lo(x,€) ={y,(x)|x—e<x"<x+ €}
={b, € L [y"(x —€) < b, S y"(x + €)}

EIE 2 (FIERRE; Fa{bazdT)

U= g € (1,2)FEFHIPEEL, 0<e<1/4 &T 3.
Ew KFlb, € {0,1}"&EEEx € [0SR BSNIEES,
* b, €L,(x¢e)=>%IE

* b, &L, (x,2¢) >IER

ZwXRIFEOgE. ASb, MDD, (x,€) I[CRED EF,

R ARIE R 0 (28 0o og e )
og* u

22U, D,(x,e): X€eE[x—e,x+€e]lZ—HREUT, y"(X)DIRED 1R,

73



ZIVTYIYR L

Input Ev 5l b, = b, b, --- b, € {0,1}", EEL x € [0,1]
Outputb,, € £,,(x,€) > YES, b, & L,,(x,2¢) = NO
k< [=3lge /lgu]
"o (-3
z7 « (x —=€
2 K
fe e
ZT <« \x+ <€
2 K
FA— Y 2L k ETHE
Fori=1ton
bi_y &zt (resp. z7)MSb] (resp. by )ZETHR
If b; < b; < b/ Zim/ZLTLVRLY = Return NO
A — b M DIRREZE EFS

2~ {f (2 )

2t {f (2

FERAEDIRRED A — N > DAL AILICEIE
ROLAILZ B

Return YES
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TEIE20D5FBA

«  I[ESEFESRIEGTEOIR S ERR (FH)

- FTES(FEGERT S ERR?
> {IOMERED ?
v REMNRWVES,

NIV D EFHOHERMERMNIE L <780,

S|l
X = 0_4,6 = 02@%/5\ (X € [02'06] u.a.r.)
. 3 _ _ |T(001)]
Pr[b; = 1|b = 00] =1 # |T(000)|+|T(001)|
) _ |T(010)]
Pr[b; = 0|b = 01] = |T(010)|+|T(011)]
|T(100)]

«  Pr[b; = 0|b = 10] >

|T(100)[+|T(100)]

NG

OK

NG

00

Coo01 10 11




L= E(OHIL
X3 [x — €, x + €] LDO—ARWERLZENET B,
O iBIORETX (yDRADZBETD
(X covers around y at the i-th iteration) :
S(re)cx-ex+e
O ([ODORETX (FUZETEDEI D

(X fully covers U € [x — €, x + €] at the i-th iteration) :

|Jsi(rim) cx—ex+e

yeEU

V= (x—(l—%)e,x+(1—%)e)c‘:§'5.

= f3(x) (u=18)

00

01 10 11

ffHEHE3.3.

l. = [2log,n +1log, e |EIRIEDE, XV ZZTETEI D. |

/83 4.
log? d (log?n + log?e™1)

E[K?|1XeV]=0
log* p

)




77

TEIH2(DEIFRH

ff#H7E3.3.

l. = [2log, n + log, e |BIRIED,
/ XEVERLEEY3.
o [ = [2 log, n +log, 6_1] EITBREV (EITEEBSIND.
PN _ a1 T ! o

> X e VDIF&EIIPr[B,=0|B,_; = b] = lT(bO)l+lT(b1)|73\ijZ‘O\_D

> average case E[EIFRICEET CE BD.
+ E[KZ] = E[K2|X € V] Pr[X € V] + E[K2|X ¢ V] Pr[X & V]

1

<E[KZIX € V]* 1+ —n?

_ <10g d?}eg n + log? EWV(’C@;)&HO;)E)&M

logd u

fHTE3.4.

E[K2|X e V] = 0(

log® d (log”n + log? e™?)
log* u




45583 30D=TER = (x=(1-5

1RHREE3.3.
|2log, n +log, e ! |BIRIEDE, XV ZREBET D.

- BHIEATKRY:

3y’ ¢ [x —e,x + €],y € V,y*(y) = y*(y) ET B.
c Y g[x—€x+elEyeV

= ly—y'l>—.
- YO =7r*O"

= |00 = FFON| = ukly -yl
o ukly—9v'| ZMZlog”n+logﬂE_1|y_yl|
=n?ety—-y'|>1
5O - f*ON)| < 1ICFE

00




fHTE3 4.

E[K2|X € V] = 0(

log? d (log?n + log?e™1)
log* p

SIEBAOD TS &1

Remark

,u>\/_@7zz|:|, log, d < 2&D
/ . < [121og,n + 3log, e7?

fHRE3.5. (b & TR )
= [(7 + 3 logﬂ d)

=0 (logu d (logu

ERLS EPrK, =k,

N
log,n+ (1 +log, d)log, €|

logd (logn + loge™1
n+logﬂe_1))=0< gd (log 5 )

log® u
L(Z) =1] <.

)

ZED.

LAF, F£91#rE3.5 = #ig83.4%~L, TDE CiE

13,579 .
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PriKy = kIL(Z) = 1] < PrlKy, = kIL(Z,) = L] for I <,
{2835 = {HigE3.4

E[KZ|X eV] = k2 Pr|K, = k|L(Z,) = 1}Pr|L(Z,) = ]

M:
MN

=
Il
U=y
o
1
[uxy

kzPr[K = k|L(Z,) —I]ZPr[L(Zl = 1]
zkzPr[K =k|L(Z,) = L]

3IIM:

n
=S rlk, = Kz = 1]+ Y ke peli, = K(z) = L]
k=1 ke=le.

< (k. — 1)? )= W2 k|L(Z) = L]
1
< (k*—l)z *1+Tl2—2
n
=(k,—1)%*+1
R CRE
fHEE3 4.

)=L] <5




fHRE3.5DEEBHD 7O S 1>

ff#H7E3.5.

=0 (logﬂ d (log, n + log, 6_1)) =0 (

tﬁ<tmmﬁzhu@g=h]sﬁ.

= [(7 + 3log, d)log, n + (1 + log, d)log, €|

logd (logn + loge™1)

log* p

)

SIEBAD 7D S A >

F5R 1.
Ap: ZINLAN)VICWD EFE,

NDTLANILk (k> DICERETDIAN METBE,

BE%t > s T

|1
PI‘[A ] = %Ml
F5k 2.
k.| 1
k llll | < Tl3

81



F5R10D5ERA

1L =1L (i=123,..)
L) bb\\ib\\éd)(i Ii — Ii+1 or I_l — I_i+1

37 I
HEER p(1;, I141) = LH

Pr[A;]

pll;l

k-1
p(li; Ii+1)

IA

[l
e

11 41]
11 ull;]
1=l
_ |1 |
k=t

FiR 1.

Pr[At] < Hk_—l|ll|

Ap: ZINLAN)VIICWD EE, Bt > sT
NDOTLR)VEk (k> DICERETDAN ETDE,

|T%|

— p(I_U I_i+1)
LANIVICEDBETIC, i=L1+1,...,k—1(CDLT
PR EBLIEL s L or > [, DEREETS, K>T




FaR20D:EIEER A

FiR 2.

Wiy = 7

BB "’;;"I > LeE
1

Zdl*

k*—1* > (7 + 3log, d)log,n+ (1 +1log,d)log,e™* — (3log,n +log, e?)
= 4log,n + (3log, n +log, e *)log, d

> i'uk* l 1 4log, n+(3log, n+log, e 1) log, d _1
] n3 —n . 2dlx
— n
> __p4g3logun+logy € 1 _>—>1
n3 243108, n+logy €~ 2
1| < 1CFE.

=[(7 + 3log, d)log, n + (1 +log, d)log,

\ log,n=1

e 1]

I, = |2log, n+log, e7!| < 3log, n +log, e}
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f#i783.50D5IER

A?Zl*b\‘l//\‘)l/l*(?_b\é EE, Bt > 1. T

Pr(K, > k.|L(Z.) = L] = Pr \/A;

tﬂ*| | FiE 1.

fk. / ||

< n,uk*—l*|ll*| PI‘[At] < uk_—lllll
1

n
n3

- ‘\\\\\\\\\\\Iﬁz
n2

uhebn, | = n3°




3.5.F &Y




Qul

1. 7> hNEELZE

2. L %:rm"t@“%O(n)U: sDA— MY >
3.1. recognition D15 B EEAT

3.2. IUET B OEEMEEI7)L T X s
3.3 I HITE DB LEZAT
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{=]11]

A

O>> hS3EE
OO0 v IO5H ((EE3.2.)

O

—IRTTD

* falx) =

DORsfEIETRE=E (EE3.1.)

ax(1l — x) O<xS1

felcUl <a< 4 3FE

X DHERHZER (e.g. Baker’s map)
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REZDRSL)

B STEHRIZOERN R Z 5
- FUESTEODSTE=#T (DH)E)
« EREEA—BIY N (D)
- IEEIRZILTYVUXLDRET (DFI)
e ILTUXLOWESKEMT (DFI)
B 3T U UVWAREREDREENZ R S
B —ECHHRULEEAN?
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HEMHFRADEBEERK (SO XKD RBRSIVNZUET.

ELREHIWNEUET.
« EM=ZSAE (UMM KE) /

(FARIAZTTDA DO E 7R D T=compression lemmadD 71 5 77

ZEACWZIZEF UL,

o THIEAFLE (JUMNKFE)
X CWIZIZEF UL,

o ARIAFRIFISTESE N FIPMIPRI6ES, JSPSTMAEEIP21H03396,

« FBITHAST [ELIRBER] OHEAFRABDEHWEFRKICE

BIRFHTE (—HBARF) (C

BL<BLBULEITET.
(C(EMarkov extensionDTELE
RE AV UESER

LT,

JP23K21645 D 1EZ 2T 3
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!'- The end

Thank you for the attention.
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