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Everybody waits for Space Mountain, the Haunted Mansion, Jungle cruise, and so on ...
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O XA TP OREIY F > [Mathor 2012]

[6] S. Kijima and Toshio Nemoto, On randomized approximation for finding
a level ideal of a poset and the generalized median stable matchings,
Mathematics of Operations Research, 37:2 (2012), 356--371.
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Shapley and Roth

ZEfainmlgs  [Gale & Shapley '62]

a. Preference list

Men'’s lists (favor' Women'’s Iists< favor

m W, W, W, Wy W w,  m, m; mg m, m;

m, W, W; W3 W, Wg W Mg M M, my Mg

m; Wz W, W, Wg W, Wg Mg My mz m; my

m, W, Wg Ws; W; W, Wy mp Mg my Mg My

ms  Wg Wy W; W, W, We M, mg m; m, m
men women
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a. Preference list

Men’'s lists Women’s Iisti

m;, @ m; m, mg
m, m, @ m, Ms
ms m, (Mg m, my
m, m, (M) mg m,
Mm; @ m, m, Mg




BEXYVFIE—DE(FR SR

a. Preference list

Men’'s lists Women'’s lists
m;  W; W, W, W; W;g Wy M mp Mg my, Mg
m, W, W; W3 W, Wg W Mg M M, my Mg
ms W3 Wy W, Wy W W3 Mg m, mz m; m
m, W, Wg Ws; W; W, Wy mp Mg my Mg My
mg Ws W3 W; W, W, W m, mg m; m, My
b. Stable matchings (from men’s view) men

women

Hi1 M2 Hz H4 Hs He U7 Ug
1 2 1 2 1 4 2 4

o b~ PN
o b~ WPk
o w r~DN
o w H~
w o1 B~ DN
or W N
w o1 B~ B
w o1 N

®0 00e
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[Conway (Knuth '77,91)]
GEXYVF I IDEEREIRT

Mg

ﬁ. Stable matchings (from men’s view)\

Hi H2 H3 H4 Hs Hg H7 Hg
m 1 2 1 2 1 4 2 4

m 2 1 2 1 2 1 1 1
m, 3 3 4 4 4 2 4 2
m 4 4 3 3 5 3 5 5

\.™ 5 5 5 5 3 5 3 3 )

£ []

[Blair 1984]

Every finite distributive lattice is a set of stable matchings
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[Teo & Sethuraman 1998]

— R ~ A c. GMSMs 28
AT AV BEIYVF D m 11 1 M2 2 4 4
abcd m 2 2 2 1 1 1 1 1
@ m, 3 3 4 4 4 4 2 2
m 4 4 3/8 3 5 5 5
\ m 5 5 55 5 3 3 3
o; O, O3 Oy O Og Oy Og
abc abd ™ , A S :
A 21453 1 M H7 Mg

— A - =
AFA TV IORBENYF> P
BLM T AT REET Y F >

Teo, Chung-Piaw; Sethuraman, Jay (1998), "The geometry of fractional stable

matchings and its applications", Mathematics of Operations Research, 23 (4): 874-891.
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[6] S. Kijima and Toshio Nemoto, On randomized

)(5—/( 7\/&*—?7 Y, 9:\/00)%-'-% approximation for finding a level ideal of a poset

o

2 [Cheng '08]

i = Q(N) DBF, iz

- and the generalized median stable matchings,
Mathematics of Operations Research, 37:2

(2012), 356--371.
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2 [Cheng '08]

i = O(log |P|) D%, i FBB D LI IIZBENEE CE DN D.

FEIE [K, Nemoto '12]

(15 7)US (L2

~’Cl NPE—?%’?; }:
. 0O

25D LI H?) 13,
i = O(NVYDIRETE #PREE. 1BU ¢ > 1 [ZEBDTEH.

FIE [K, Nemoto '12]

i = O(|P|¢) D%, i EBE D LI (FZIRT\

ISR TR DN D.

O(log log N) O((IOQ N)C)

O(N)

#P-hard D |
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v RTETMERW [RSA 2015, TCS 2017, SIDMA 2018]
v BRTARIEORE ST [Algorithmica 2016, TCS 2020]

[7] S. Kijima, Kentaro Koga and Kazuhisa Makino, Deterministic random walks on finite
graphs, Random Structures & Algorithms, 46:4 (July 2015), 739--761.

[8] Takeharu Shiraga, Yukiko Yamauchi, S. Kijima and Masafumi Yamashita, Deterministic
random walks for rapidly mixing chains, SIAM Journal on Discrete Mathematics, 32:3

(2018), 2180--2193.
[9] Takeharu Shiraga, Yukiko Yamauchi, Shuiji Kijima and Masafumi Yamashita, Total
variation discrepancy of deterministic random walks for ergodic Markov chains,

Theoretical Computer Science, 699 (7 November 2017), 63--74.
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SRIETERW (Propphétay; rotor-router)

NBD ~—D VDD S5D EZET D.

V t=0

p.=<d,b,c,a,a,a,d,c,c,c>




ot )(‘SVT): H#tokens @w €V, @ time T > 0 in detRW
::%D% ,u&,T): E[#tokensl @ w €V, @ time T > 0 in RW

TFIL [K, Koga, Makino 10+]
XU DIERIERTI P ODBEEEN I NTIEFEES(I

FEE0ZEEED 5D, (EEDOHERIARE, {E&=Drotor-router,
EFEDERw, F20FZ t (CDUT,
Xy — s | < 4mn - 0(m)

BU,nm (I8 ST DIERE .

Remark
[ ERERTIIPOBEBENINTIEE ] EUVNDFEMK.
> reversible lazy Markov chainld CDFEHZwIC T .
v MCMCETENDN DYV I T &EE
> +PDWUH = PSS IETEIETTH




)(V(VT): #tokens @ w €V, @ time T > 0 in detRW

— gt
——%D% ,uSVT): E[#tokens] @ w € V, @ time T > 0 in RW

TFIL [K, Koga, Makino 10+]
XU DIERIERTI P ODBEEIEN I NTIEEIES(I

q B

l ~—2D YV =EIEDE(S,
deterministic random walk ((R5EMHEFE) 1S
IV NTH =D X< BINT D.

gﬁmwm /
+ [i(T) ~ T[(T): H%Z” T 0)63\$— J_,
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O 3R E5TE (20109
v SRTETERW [RSA 2015, TCS 2017, SIDMA 2018]
v BIRTAHEBEOREMERL [Algorithmica 2016, TCS 2020]

[10] Ei Ando and S. Kijima, An FPTAS for the volume computation of 0-1 knapsack polytopes
based on approximate convolution, Algorithmica, 76:4 (December 2016), 1245--1263.

[11] Ei Ando and S. Kijima, An FPTAS for the volume of some V-polytopes --- It is hard to
compute the volume of the intersection of two cross-polytopes, Theoretical Computer

Science, 833:12 (September 2020), 87--106.
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=RITCZ HARDAEIES T EDRTE TN
Lovasz [1986]
“membership oracle CH X 5N iR TR OARIE(CXT U TC,
VTBLEE 1.999™ DIRFEHZIERFEI7LT U X AFFEURLY. 7
AL (1980~)
v’ Jerrum, Valiant, Vazirani (1986): I X LT~ >A LH>TU> 0
v' Toda (1991): PH c P*? (GédelE)

v’ Dyer, Frieze, Kanna (1991): E/RoiiMATEDELIRIT R EE (FulkersonE) ]

v" Jerrum, Sinclair, Vigoda (2004): /\— <%~ FODELIOALIRIRE (Fulkerson:

il

RIEMETU (GEEDATT 2014~)

v FwvITHw O%Eﬁid)ﬂiﬁﬁ(af‘}ﬂ%i’lii&@{ﬂﬁﬁ(FPTAS) [Algorithmical6]
«  HZHENEK: MEAFAR CRoth NS ZHAE

v By THwy DS EAROERIERE 4T BT EE(FPTAS) [1cs 20]
« VZHK: mmES Tl SN DL MK
o  WRFTLEKBIDIZZE ML (resp. union)DAIEETE (S#PIKIEH




IhDEIET 7 IR (R E1D)

[12] Junpei Nakashima, Yukiko Yamauchi, S. Kijima and Masafumi Yamashita, Finding
submodularity hidden in symmetric difference, SIAM Journal on Discrete Mathematics,

34:1 (2020), 571--585.

[13] Tomohito Fujii and Shuiji Kijima, Every finite distributive lattice is isomorphic to the
minimizer set of an M -concave set function, Operations Research Letters, 49:1 (January

2021), 1--4.

O NHBEBES 15731 (2016-2020)
v TS 1 SEEOZEEZIA [SIDMA 2020]
v EEOBEDELER(EIM f MEEEROs/IME TR (C[EEY [OR lett. 2021]
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BZf:R" > RICWH L, EFEDx,y € R*EERDA = 0[S LT

Af)+A-Df@)=fAx+ 1 -Dy)
MEKDIIDESE, fFIZMBEEEWLD.

@ Gnuplot (window id : 0) Oa >
D& &|lszeaaaly?

100

90 |-\

p\
ol f(x) = x?

50 |-
40 -
30 |-
20 |-
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0 1 — ]

-10 -5 0 5

10.1100, 83.1828
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@ Gnuplot (window id : 0)
D& |ecezeaaald ?
1.5

- O

X

1 _—

N
\

0.5k \
\

-0.5

Fo =1-exp (

T
1-exp(-x**2/2) ——

x2Y

-3

-10 -5 0

10.7232, -0.0260044
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i

f(x,y) = 2x% + 2xy + 5y*
[FORAED 2
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i

f(x,y) = 2x% + 2xy + 5y*
[FREED 7

s
EHEZ
x:=Ss+2t
y:=s5—t
ahtdg.
g(s,t) =f(s+2t,s—1t)
=2(s 4+ 2t)* + 2(s + 2t)(s — t) + 5(s — t)?
= (252 4 8st + 8t?) + (252 + 2st — 4t?) + (552 — 10st + 5t2)
= 952 4 9t2

g(s, )3,
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f(x,y) = x% + 4xy + 3y*
[SEED 7P
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=]

i

f(x,y) = x% + 4xy + 3y*
SRR ?

AEES
R
x =S+ 3t
y:=s—t
ahtdg.
g(s,t) =f(s+3t,s—1t)
=(s+3t)2+4(s+3t)(s—1t) +3(s — t)?
= (s2 + 6st + 9t?) + (4s? + 8st — 12t?) + (352 — 6st + 3t?)
= 852 + 8st

g(s, t)[IO TR,
eg.,g(1,-2)=8-16=-8,9g(—1,2) =8—-16 = -8,

9(5(1,-2) +2(-12)) = g(0,0) = 0 > > g(1,-2) +5 g(~1,2).
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T (B

B R > RICWL, EEDx,y € R*EFEDA > 0T UT
Af)+ (1 -Df(y) = fAx+ (1 - Dy)

MEKDIIDESE, fFIZMBEEEWLD.

TEIE cf. [Rockafellar]

hR" » RUET7 T4 >BEHET D,

FEf R > RDBVND EE g = f o h(FHEAE.
ie,h=A4Ax+b: AERV"" hbe R"DEF,
g(x) = f(Ax + b) (IMEHEN)
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EE . (MBEIEX
FEEf R - RI=

n D> BERNEIZEND )’ O Y

—mo——%TY 1 DR
h: R"

FEZ:R" - R _

i.e, h =Ax+ b: A € k~ beR DEE,
g(x) = f(Ax + b) (I IEZER

AJ
54 n

TUT
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T $5E>1S
EEREE {01}V > RICH LT, o401}V x{0,1} - R%Z
X, Y)=fX)+f¥)—fXUY)-fXNY)

E93.
EERANSE 2T EE, EEDX,Y € {01}V (CHULT
Dp(X,Y) = 0D DI DT ELET D,

TEE: WInEZT A f (1,1) =1
WHIESSRo,: {0,1} - {0,1}V Z
o, (X)=XdS (X €{0,1})
ET 3.
58 g: {01} - RZ

g = foas f(1,0,0) =
Z SICKD f DMIREZEIR SIS,

f(1,1,0) = 2 f(0,1,1) =2

£(0,01) =1
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N

T $5E>1S
EEREE {01}V > RICH LT, o401}V x{0,1} - R%Z
X, Y)=fX)+f¥)—fXUY)-fXNY)

E93.
« EFEBNSETED 1S EE, EFEDX,Y € {0,1} (LT
Dp(X,Y) = 0D DI DT ELET D,

Ig = f © 01,00 PDBE

EE: WA g(O,l) =1
WIES Ko, {0,1}" - {0,1}V &
o, (X)=XdS (X €{0,1})
E93.
E£5[0%g: {01}V - RZ

g = foas 9(0,0,0) =
Z SICKD f DOMIREZIR SIS,

9(0,1,0) = 2 g(1,1,1) =2

g(1,0,1) =1

| —18IC, AFETBIILEY 1SUEREURL.




49

N

T $5E>1S
EEREE {01}V > RICH LT, o401}V x{0,1} - R%Z
X, Y)=fX)+f¥)—fXUY)-fXNY)

E93.
« EFEBNSETED 1S EE, EFEDX,Y € {0,1} (LT
Dp(X,Y) = 0D DI DT ELET D,

Ig = f © 001,01 PBE

FExs: WAL A g(0,0) =1

WHIESSRo,: {0,1} - {0,1}V Z
0s(X)=X®S (X €{0,1}")
ET 3.
S5 g: {01} - R%Z
g = f oo
Z SICKD f DMIREZEIR SIS,

[$EY 1 SHERET BIFEBEEUHES R
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N

e A e

9D,

EEREE {01}V > RICH LT, o401}V x{0,1} - R%Z

« EFEBNSETED 1S EE, EFEDX,Y € {0,1} (LT
Dp(X,Y) = 0D DI DT ELET D, |

PrXY)=fX)+fH¥)-fXUY)-fXNY)

19 == [ o0 n1\d)I%_/lfl\

==

[Nakashima et al.]
R ST 1 SHERE T DMETIROESH T,
M sz 50 SEIMR S 0(d) IR THRE.

£9D.

E58%g: {01} > R%&

Z S(CKDf OMIFEZEA LIS,

0, (XT=X DS (2 [12] Junpei Nakashima, Yukiko Yamauchi, S. Kijima and Masafumi

Yamashita, Finding submodularity hidden in symmetric difference,
SIAM Journal on Discrete Mathematics, 34:1 (2020), 571--585.

g = foag 9(0,0,1)

|LEY1SHEREYT DIEEHEEIHELE
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M--concave set function G

Tomohito Fujii, Shuji Kijima ™

Graduate School of Information Science and Electronic Engineering, Kyushu University, Japan

ARTICLE INFO ABSTRACT

| EROBRARRERERY F > D hE |

minimizers of a submodular
function forms a distributive lattice, where every hinite distributive lattice is possible to appear. Itisa
natural question whether every finite distributive lattice appears as the minimizer set of an M*-concave
set function, This paper affirmatively answers the question,
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M?-concave
Valuated matroid
Submodular I I —
Distributive lattice P *Q #& Hﬁ E"j’ IJ D ‘g:{ﬁ gﬁ L/(/

i — Z Xj M C / : J 70\ \-
1. Introduction Proposition 2 (See e.g., [9]). Given a finite poset P = (N, <), let

[:2% — R be defined by

A set function f: 2V¥ — R for a finite set N is submodular if

JX)+[Y) 2 JXUY)+fXNY) for any X € 2N, where j < i denotes j < i and j # i Then f is
holds for any X, ¥ € 2", Submodularity is often regarded as a dis-  submodular, and it satisfies
crete analug -::-f CDHVLXIE}} [9 15] 2{1 ,26]. A submodular furlutlf)n is (=0 fXe1P)

I -

FIX)=je N\ X :3i € X such that j < i}| (1)
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Cilibrasi & Vitanyi TV LT T D FEEMEDTLELED ?
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R. Cilibrasi, P. Vitanyi, Clusterring by compression, IEEE
Trans Information Theory, 51(2005), 1523--1545.

Cilibrasi&Vitanyil 2 &5 T—2 0 FEIEE

T35

[ A IF 55 FE g Rt

T—HE DT EE

3 Fabuey MRV
193 0013162 0768324 0599067 071675} 0400764
Fortuy= | OT6634 00169 0768214 0299660 0800126
7 0599067 0768214 0012368 0.808387] 0437689
AR 071870289562 0806397 0013047] 0784dn2
LYy 0600764 0800126 0437699 0784512) 0012524

1 _‘ 4 /1 3% (quartet method)

2 B OD 7K B B AT L
(FRiffAE 1 RL)
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R. Cilibrasi, P. Vitanyi, Clusterring by compression, IEEE
Trans Information Theory, 51(2005), 1523--1545.

Cilibrasi&Vitanyil 2 &5 T—2 0 FEIEE

T35

[ A IF 55 FE g Rt

T—HE DT EE

WAV eI\ I 8]
el 0013152 0768324 0599067 0.773675) 0400764
7 00 S )
oM 0.599067 0758214 0012068 0.808307) 0437699
M (.771675 0.28%962 0.806307 0.013047) 0784512
Y] (500764 0800126 0437699 0.784512) 0012524

1 _‘ 4 /1 3% (quartet method)

2 B OD 7K B B AT L
(FRiffAE 1 RL)
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R. Cilibrasi, P. Vitanyi, Clusterring by compression, IEEE
Trans Information Theory, 51(2005), 1523--1545.

TR (FBLE) EEREICEIVTESR
Cf. ILEITODEHE

M.Li, X. Chen, X.Li, B. Ma, and P. Vitanyi, The similarity metric,
IEEE Transactions on Information Therory, 50, 3250--3264, 2004

max {c(xy) —c(x), c(yx) —c(y)}
max {¢(x), c(y)}

NCD(x,y)=

c(x): XFFIxEEMHBIOT S LCEFRAVWTEMRLE-XFIE
xy : XFFIxEXF Ay ERE L =X F 5

o =5 cRBanIT—4THIISEATE: .



R. Cilibrasi, P. Vitanyi, Clusterring by compression, IEEE

Trans Information Theory, 51(2005), 1523--1545.

Cilibrasi&Vitanyil 2 &5 T—2 0 FEIEE

T35

[ A IF 55 FE g Rt

T—HE DT EE

75 0 W ED
Wil (013152 0768324 0599067 0.771675) 0.600764
FoiNuy= | 0768324 0013269 0756214 0289862 0800126
Y (1599067 0758214 0.012068 0806307 0437699
M 07675 0289362 0806397 0013047} 0784512
ky 0800764 0800126 0437699 0784512/ 001254

1 _‘ 4 /1 3% (quartet method)

2 B OD 7K B B AT L
(FRiffAE 1 RL)
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R. Cilibrasi, P. Vitanyi, Clusterring by compression, IEEE
Trans Information Theory, 51(2005), 1523--1545.

| BRI ABEBECERT . |

Wi gy MW
193 0013152 0766324 0:3%9067 0771675 0800764
Fois5=| (68324 0013269 0758214 0289562 0800128
7 0399067 0736214 0012968 0608397 0437699
M 0771672 0.28962 0.808387 0.013047) 0.7e4o12
£y 0400764 0.800126 0437699 0784512 0012024
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R. Cilibrasi, P. Vitanyi, Clusterring by compression, IEEE
Trans Information Theory, 51(2005), 1523--1545.

AR T—EEDIER#ITHID
HN & T —RIHIET HEZTLDORFET

Wi gy MW
193 0013152 0766324 0:3%9067 0771675 0800764
Fois5=| (68324 0013269 0758214 0289562 0800128
7 0399067 0736214 0012968 0608397 0437699
M 0771672 0.28962 0.808387 0.013047) 0.7e4o12
£y 0400764 0.800126 0437699 0784512 0012024
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R. Cilibrasi, P. Vitanyi, Clusterring by compression, IEEE
Trans Information Theory, 51(2005), 1523--1545.

AR T—EEDIER#ITHID
HN & T —RIHIET HEZTLDORFET

Wi gy MW
193 0013152 0766324 0:3%9067 0771675 0800764
Fois5=| (68324 0013269 0758214 0289562 0800128
7 0399067 0736214 0012968 0608397 0437699
M 0771672 0.28962 0.808387 0.013047) 0.7e4o12
£y 0400764 0.800126 0437699 0784512 0012024
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Cilibrasi & VitanyiCY LT 7 D EEEMNESITLELED ?
CATERRLTY , EUH AT 504 TRO>THFRLT =,

T—A3#n =5 x 10%. HDh. T—RISHEHIATEE,
> PERETTHIVE L D BEFE/fEIET B 8 O(n?) = 2.5 x 10°
XEEL, CCTIEXFIEMHONDERILLIET D.
> RAEMERDREEGTEE
v’ A3 (Cilibrasi &Vitanyi 05]: EA—1) A T4 X (NPE 4R /MEREEE)
v IR B S iKsaitou & Nei87): 0(n®) = 1.25 x 10

[Yone et al. |
PEBEIT BT E+ RMABERK: O(s3 + sn) = 10% + 5 x 107
s = 103EH T IV A X (135 A—4) ,




S

1. —8DT—RIHL, RIFEEZEIER.
n: N—RXHY A X (nKn)

2. BRYDT—ZE~—R%iHE ETHEL
3. PRRETTHIEETE.
4. THERDHER.

5. R ER.

o |

1,23, ..
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Ul o3 CRIABEER, BYDT—2ETORGHE ETHEIL, TAvITEICRBBIEERT .

AAA

BEEFATIHELT: | OBSEHELTICRIBEIER
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7

DB S HIBT ¥ R S O 6
ERIBRZmX(CTDDETE UL
o [FES] (& TR > MN=IFIE) ] DERMEIR S A EHIm SN2 T ).
> YLD T 7RREEERCHEISEDWTIT D 7.
« —ETHRUIZEESBS) (IBEAR).
> AH(E, CESHBELRDTI(E?
e ERKREER(CEODND S ETEHT DHEHNMBEERIRDTIE?
> BYERFERR:UFEF, /\— /YT MEFE, = etc.
> SIS DK, HLE
E%iE CIAADKEICRS L.
. HAXRE.
> FoAYA R, BENEEE, BEERE).

- BSAERIHEDS, 5 ———————
.« BULLWFILTUZA. BB TFOHE D

> IRHLEPELS. FILTUXLFEFBEARGEL < TR,



j . FTAOB S EIE T F: HATR

H<HIBETZE



IhDESEIET F: FHiGiRE

OOZEDICHULTIZLY,
2 & AZE T NUIRVDIMOM SR,
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IhDEIET 7 IR (R E1D)

[20] S. Kijima, Nobutaka Shimizu, Takeharu Shiraga, How many vertices does a
random walk miss in a network with moderately increasing the number of vertices?,
Proc. SODA 2021, 106--122,

O BRI TOZII TV AR

v 18X 23— UEE [soDA 2021]
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BRY 8D—D FD7)LT Y X LEEMT

[ T

raimzwhu—auwaagmvaj]

OXvY NDO—OTFETHITTE

» [Kuhn &

Oshman SIGACT News 2011]

» [Augustine et al. SIGACT News 2016]

» [Michail

& Spirakis CACM 2018]

(UL, EHERHNRC EKEFEAEDDDTLRWN, |

O /87t DKE

OOk

> “NETW

ORKS” (B8 2014-2023)

» “DYNAMIC MARCH” (ERC Starting Grant 2016-2021)

|:> SH(EEIT S T EORWDER T (C
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S LNIDA—=DETIVTYR L

ORWETILTU XL " /
[

v RXv NDJ—DFER
cf. *FBIERR, BETTERER,

[ —

universal traversal sequence

O Cover time \\ /
v SIEER(CHH B (HATT) ]

> [Aleliunas et al. 1979]

> HEEERW t.,, = O(mn) Q(n3): lollipop
> [lkeda et al. 2003, Nonaka et al. 2010]

> “B-RW”, Metropolis walk t.,, = O(n?logn) Q(n?logn): spider
» [David & Feige 2017]

> local-min-degree RW t.,, = 0(n?)

= VS INKHEZELT S LE,. RERICHHSERHIS?
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BT ST EDS A LTA—2 (2010—2015LEDEIE)

KipZH, LINERT, RIBSA, LI TS, B
550 L0528 % — O DFIERR S 25 I~ //
I\

R iFfE], 2B ERATIHEEITER, 1849, 100—104, 2013.

v ERATHNEE LU,
BRI DOLITFE, BRIZED, ~\\\///

» [L. Saloff-Coste and J. Zuniga 2009, 2011]

v BREADIZEILTDIZSIIESIRAIESRDS ?

» [C. Cooper and A. Frieze 2003]
c stepC E(C1JERIER D => Ln % cover
B E§NT ST FORWDER HHHH

» [Avin, et al. 2008], [Clementi et al. 2008], [Baumann et al. 2009] etc.

» Workshop "Random Walks on Random Graphs and Applications,"
Eindhoven, The Netherlands, April 14-16, 2015.

vV (HEEOYAT—AFREES S LIA—D)
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O &) s nER\ ? . SEBEFU>D
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| B DU — R UEERIRE

SRISTSE (LX), BKEFEERTLIRK), AZXEE (RIX)
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« JOHFBKF VIR
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AMr

D —hXE

« MBFEDN—FHERUICHRINTDD. IKEATHLD, &
*EEEED?L?\ L/7‘ bTE‘L..%L/C d:</tb-tié E—Cd)ii*ééﬁﬁmu

FRFTITEEDHLNIERNA?
« FEIRORFEEL U R2HI. 00H0599FK T E
ZA3ZBICIFEBREARES ZIELKNH? “‘

=3

PR ZFHEMI0KICEE T D, THALD
0B S N2HTZ 000 599K TEA ZDICIF,
N 5@EINIERNNHD?
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AT

D —hXE

v X, €{1,..,n}(i=12,.
v T = min{t|{X4, ...

X3 ={1,..

VIR EU, PriX; =k =—(k=1,..,n).
,n}}z& 1> Bl (completion time) & AN,

|Q. E[T]Z23ReD K.




AT

D —hXE

v X, €{1,..,n}(i =12 )3T EL, PriX; =k] = %(k =1,..,n).
v' T = min{t|{Xy, ..., X;} = {1, ..., n}}%= 1> T [E%(completion time) &I\,

|Q E[T]ZReDK. |

Ty = min{t | |{Xy, ..., X;}| = k}:kFE > T O1EX
Sy =Ty — Tr_yp:k — 1T U THSHFHEN D ETODIOIES

n
n—-k+1'

Claim. E[S, ] =

v k- TBO>TUIREET, $TEDLSHE p = .

v &> CE[S,] (&AM DEATFHE).

- pk n—-k+1
T=T, = 1Sk(g/1§ L, =519 (n = 100@H%)
n

ZESk ,Zn k+1—nzy~n(lnn+0577)
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D —hXE

v X, €{1,..,n}(i =12 )3T EL, PriX; =k] = %(k =1,..,n).
v' T = min{t|{Xy, ..., X;} = {1, ..., n}}%= 1> T [E%(completion time) &I\,

|Q E[T]ZReDK. |
‘Q. Pr[T = 2nlnn](ZEN K< SLIH? ‘




AT

D —hXE

v X, €{1,..,n}(i =12 )3T EL, PriX; =k] = %(k =1,..,n).
v' T = min{t|{Xy, ..., X;} = {1, ..., n}}%= 1> T [E%(completion time) &I\,

|Q E[T]ZReDK. |
‘Q. Pr[T > 2nlnn]ldENS SLIH? ‘

ChevyshevDAREFI\NZED E

v [X] nZTL'Z
ar < 6 1T

E[X]2 — (nlnn)? _ 6(Inn)2

2

Pr[X = 2E[X]]| <
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IR DT —ThMNE

B/H1

O

HFvZsI<l.

- BEHIBIDIEZDEE, JVJOHEI?
> I JAOJEE

- 2BIC1@FRED ) —REnicb, 377
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IR DT —ThMNE

B/H1

O

HFvZsI<l.

- BEHIBIDIEZDEE, JVJOHEI?
> I JAOJEE

« 2HIC1[O

Rl —Xanics, 37

> Y/ JATJEE
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IR DT —ThMNE

B/H1

O

HFvZsI<l.

- BEHIBIDIEZDEE, JVJOHEI?
> I JAOJEE

« 2HIC1[O

Rl —Xanics, 37

> Y/ JATJEE

« 10HIC1

O ) )—=A=nNico?

P

> > JARNOJEE(FEEE1000DIFEE R THK)
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D> <D EBEXBT—NURE

AMr

BH1EHFv&5I<.
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> Q. 1> JmEE ?
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Do < DEIERDT—

TR NG

AMr

sH1ENFv251<.

([ ] n b

> Q >0 ?

v A DT AROIREER

Edmeunt i RSYANS))

> Q. niRICIFEDS BNI>TENSB?

1.0(n)

2.cn
3.n—cyn
4.n—clogn
S5.n—c

RNV — XN TnBHEICHENDU U —X.

Pz SETE=VA

I_'_I;k
IEZE
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Do < DEIERDT—

TR NG

AMr

sH1ENFv251<.

([ ] n N

> Q >0 ?

v A 2T ATIREGR

Edreunt RS yANSY

> Q. niRICIFEDS BNI>TENSB?

1.0(n)
2.cn

3.n—cyn

4.n—clogn

5. n — ¢ (IEfi%)

RNV — XN TnBHEICHENDU U —X.

Pz SETE=VA

I_'_I;k
IEZE
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BHIOANF v &5 < (—HRS 25 L)

DO DEBERDIT—IME y(n): nBIOEZK
U,,: nHAZRODKRIRE T 1 7~ LADIEXEE

A8
npoRe

bp(n) =ndO&EE, E[U,] < 1.
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