®0 éIlpAQTYaUC ¥«
Wf-t,nX0iA2 iy

— U]
CY-GIGTA~-&AJZEAE



ZEE &

0 ZEE

| —U*|¢CYG&AYNZEAE

VYVYYYC&A»Taebd~:gDdCe2E

0 E Z€

| e<m™C¢CYG3pAUGCE

| 'S¢;O0C¢CYG |EzNETAYZE

| Colin Cooper (KingOs College London)
0O L€ —

l 6T 5¢YG3uAUGBC~ D2£

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q



A"UesyAtl qG-1 w

o Eud7&=
l UAZc°aefJUCAtsgE
Il -% O0VS

o U, - %o
| At-%0qG - - %o

0 ZR-%0

Il ATV U ¢ ¥«
o At@CqgG-@C
0o ¢js’t z&ATpXE
Il :g-h
Il CAt7&QQ9qG-7&Qw £

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q



0 ®06 éITPuAATLUCY¥ «w(f-t,n
XO0iA2 T
0o ©"&"A
l &1v%U¢¥"«¢Uc NE/Ef-y
1@AtOEéA ¢f-
I 0iA2 iy
@Gl f-"
0 *“hM\q
l ®0iA2 i H>®U¢ NE/f-"w : T’
2011/10/8 ® TPa"AY«put'"uiA2z2 i"z

€q



7 <Wé

o0 4ivuUc¥"«¢tUc NE/EPAC(
fw ;
0 DNA-%tSZ”S f-

0 ®AT%UCY¥"« t b”"Z€ U

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q



—ANITwaivU ¢ ¥ «

0 &ps—-ptHIO®-&N Tw®O: t
STeh®A”«i U “b”bAcg




—ANITwaivU ¢ ¥ «

0 &ps—-ptHIO®-&N Tw®O: t
STeh®A”«i U “b”bAcg




-aNiwadivaU¢ ¥«

0 —-aNeyO:qfe’>Ae%T’ s "m,l
o =-aNwO:It’Teh{ U

P=g
3¥%0.3 06 O 0.1
4%0 0 0.5 0.5

-p$t- b” bAC
1 2 3 4
1§L0 0.5 0.5 0 #
260 0 1 01
|
I

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q



-pgqAg-aNIiwaivaiU ¢ ¥«

0 7's®-p$ sqAU-&NIw
ATYaUC¥"«qg OoPAGg="e"

MXMmTw«
«”Ui)BdJy
"wodJ
Web«é”a"y
=q!'=S
-pz¢c°e MU

O O O O O O

T P

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q



\i ~EEUGtSZ"aTvUC¢Y¥"«

U S w 6!= XalaUC¥"«$ 5%2,0% 8%
DA A

,‘Q,fg-s

COA P
100 nm

0]

al

T/ #EMmIT
éj‘-:;y . DNAO>YEax—T427

/2

F

DNADFDZRiEELTILHF
DNADFD 2 KigEZT{t FAL-FAERIE

2011/10/8 ® TDAAV«pt "aiAz i Z
€q

10




DNAwI '=wUc¢ NPAg
o RNAwl !'=xUc¢ Na
Cai%UC¥ " «EpPAc=D6
Il °Sw » pw”~ ,0> R
[Tacker et al.1993] [Flamm et al. 1999]

0 Y6- =pxU2wY6w't* b”

¢lUc N$1®ATnuUCY¥ "« £
[ Pr(X,, =x, | X, =x,X,=%,.... X, =x) } KEE . RNADMER

= Pr(Xz+1 = X ‘ Xt = xt) e AL&
* RNADQEEZIE <f|\l|JGCALa; e
R SR A 1+ Ehik UACGUA /v \UACGUA

Si$tx DNAT '=t<&:DO6

2011/10/8 ® D4 AVautraike iz UACGUA i1

€q



DNAwI '=wUc¢ NPAg
o UcegOwl T’ ,0>°m!="
d”\gp R”«"|l wBU

RERHE
:  XDIVBY~DEREEG

- N(x) : XD s P(X,,=Y|X, =X)= "y ,
CE(X) : xDEBEIRLFE— %rxz
z=N(X)
5 1
m ( E(-E®
; o[-y | Ew= E)
iy ! (E(y) < E(x))
| [Wolfinger et al. 2004 ]
2011/10/8 ® TPa"AY«put'"uiA2z2 i"z 12

€q



I\=9fTgqwzz

|
0 DNAU S wadiaUc¥ "«t'"pAg=

[Shiozak] et.al 2006]

! - ap _.$p %y 7st6: ,UAUD" O
ny - T fe227
R -
P(X,., =y|X, = | , Pex Z+M(ydE(y)>E(x))
z".N(X) - oy = # ) RT
h 1 (E(y) <E(x))

L2 RERIER

EIEE
- I
=) S

2000
EFEs)

E*ﬂ:?%%ﬁ%‘*% EEETILOVZTaAL— 3y

2011/10/8 ® TPa"AY«put'"uiA2z2 i"z 13
€q



DNA» ct'"GiAz i

o0 DNAt'"3E¢cDTuO©”"~
RothemungdPapadakis,Winfre2004)

Vo
“ MUpezM X U0M"Ouxz ¥7'>_17080" 0Xi"M{ ” 065 e ¢ % MoXiAM{T+p ezl X UT0neOlxz Y5 1020

Il (ey3£¢cDHDip©”"~
| E«y300WwDNA» ¢T'TRAh3£c¢Di
u © "o — ® Seate mmoxinm e e e v t0a0"0x

Z/[ey
http://eands.caltech.edu/articles/LXVIl4/crystalpower.html

2011/10/8 ®TIDA’AV«pt"aiAz {7z 14
€q



Wipwiqg$S

0o aivuUc¥"«¢Uc NE/EPAC
o DNA\.S tOb”

a1 UC¥ «bAC
0 DNA» &i->:Mh®uiA2 i~

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q

15



ATvaUCY¥"«t. nXUiTA2 §

o DNA>;MhP % A2 ig
S—-wWw®UiA2 i"WEM
' DNA-eyy
0o Y6i wm,=t& oM”¢ E»BuUi £
0 + fUZ+$GVMCe£E
0 GiA2 TgMO‘“x YA2 je

| S—ne
0 Y6i xZ2c <m,=t& sM
o + fU-~M
0O zeb”:
o {\.U z=7}S xAG1$¢Uc NQE

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q

16



ATvaUCY¥"«t. nXUiTA2 §

Vd

Y "'oM"p@wA”U
o E AA >MTtl tm,=b"T
l ¢oM2eyrswhSwE é&~'S "f£

o m,= hPAcipw7&=9J
| e.g.,DNA» &i-PAc¢p zt wU7>
yyyigb”hSw z7-w» ¢cBuxe
I Mixing Time (A% U¢C¥ " «U xult
xab"ipwl )xae»wH { «t*"
«<gif”

2011/10/8 ®TIDA’AV«pt"aiAz {7z 17
€q



N

Z€ U

0 aTVaUC¥ «w SwW°A
| CUiA2 jew ;DOQE
0 ATV UCY¥ «w SW°A

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q

18



xal qZdl

-aNG=(V,B qfwiw- =p Pt0 o
o xal y (Hitting time)
I stwxal ey HZ(st)
Giw- -p Pwai%U¢t¥"«tSMo |st
STehA’«iU ttx ab”tpw EpA¢ O:
| xal sy y H/=maxH[(s,?)

s, &V

o 7281 y (Covertime)

l swUt0b”"Z8l . CP(s,U)
%oaXstSTehA”«iU UwfowO:>Z
ob"fpw EpA¢ O:

| 1Z31 .y Cé =maxC(sV)

2011/10/8 ®_'|'Dé1”AV«pt‘”l'Jl'Asze'l'/_Z

€q



Mathew w gqfw® =

o Matheww g [Mathew 1988]
I G=(V,B) lw- =p PwaiU¢¥ " «tSMo
| Z<URQ

- P P P
h(n—l)glvér\} Ho(uv)=<C < h(n—l)rur,l\ge/( H:(u,v)

o Matheww g¢° " =£ [lkeda, et.al. 2009]

I G=(V,B) lw- =p PwaiU¢¥ " «tSMo
|O:wae iBUWEYyYyt0 ' 0Z<URGQ

h(U " DminHE (u,v) # CEU) # h(U | " D maxHE (u,v)

2011/10/8 ®TIDA’AV«pt"aiAz {7z 20
€q




ATV UCY¥ «W®

0 ATY%UC¥ «w [1- =p
|l - apwO4xAvtK”

0 - ~pw>SM
| U™M¢Mvs £
I o O:W®At@C w rb;
0 OUceyl:@Cw"
| «eyomai%UC ¥«
0 1Uceyi€:Wwl:@C>b;D6
| «eyl- 4T%UC¥ "« | YAéUaRUCY¥ "«

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q

21



omaiT¥UC¢ ¥’ «

0 omaivaU¢¥”«¢ Simple Random Walg

1 2 3 4
1§Lo /2 1/2 0 #
2¢l/2 0 1/2 0

I

3%1/3 173 0o 1/3!

490 0 1 00

G
l j€0:t s=p p- b"aT%UC¥ "«
| - ape 1
| P Puy =
deg(u)
2011/10/8 ® TPa"AY«put'"uiA2z2 i"z 22

€q



omaitTUC¥ " «t b”"ZE€

G=(V,B) |[n=[V|,m=|E| t0 0

o xal | 281 wi, [Aleliunas,1979]
¢crees—-aNt "o«Z<pHQ'+"£
I xal oy Onm=0(n3
| Z31 oy O(Mm=0(n3)

. . <vU©°e,
o xal |Z<’5I W< ¢rsx» AE
¢Z<>"hb-4NU Ob"£
I xal oy I (N
1 Z81 ey I (M)
2011/10/8 ® TPa"AY«put'"uiA2z2 i"z 23

€q



Omé'|'1/4U¢¥”«tOb”7q«

0 Lollipop graph

|
2n/3 n/3

I xal 1 (M)
| Z8l « S‘fy  4n¥27

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q

24



B-aiYa U¢¥” « [Ikeda, et.al. 2003]

0 iEbh’O:Ww@C>»—0aiv%UCt¥«

A (deg(v))”
Puyv = (deg(W))_ﬂ "=1/2 DL ETxE
WEN (U)

<o - 4
2011/10/8 ® TIDA"AY«utmaiAz i7z 25
€q



B-aT%UC¥ " «w S

G=(V.B) [n=|V|, m=|E| 10 o
[lkeda, et.al, 2003,2009]

o xal |Zz81 wi,
¢crees—-aNt "0«<Z<pHQ'*"£
I xal ey O(n?
I Zdl «y O(nog n)
eyxal x
X X <vU°©e,
o xal | Zol w<, ~yZ3l t
¢Z<>"hb-4NU Ob”E aR¢ 0,
I xal ey | (N
I Z81 oy | (N
2011/10/8 ® TPa"AY«put'"uiA2z2 i"z

€q




B-aTY%UC¥" «w A

o xal w@p "-aiuU¢¥" « ("=1/2)x
7&s!"%”  Om)>aR

0 lp-aNwaixuUc¢¥”«
O

O O O O
l @&y aivaUc¥ «wxal xxt | (n%
rw:T'ZC o
<TO:>Z8
2011/10/8 ®_'|'E)é1”AV«pt‘”l'J|'A2 (V4 27

€q



YAéUeaepu~Ct¥’ «

VYYAéUap~0 pAYi-pOt
NXaTvaU¢¥”«

o YAéUeaepu~0O pAYi-pOEVH O)
| U¢ NE/PiA8¢céOWE z¢°a U
| SIAMwW-0i20HD10GZ2¢c°a&afUw®’m
S A

o *i0O¢i T'0Ags”£i0O¢>U™w
iip+iOai-b"\qUD6

0 &pstiOei-z¢ @fU>®U™w
iiptiOaei-pV” “0Ot.Yb”

2011/10/8 ®TIDA’AV«pt"aiAz {7z 28
€q



YAéUaeU~C¥ "«

0 OomaiTYv%UC¥”«t

MHO»>&:"

- ap>.Y 0T edTVaUC ¥«
l +i0&ei-~2¢c°efUw O

Il ® xUl~ #y>! DO
o °7uil>! b"\qU M
0 mt“|°7+7i0e&in
| -

- p ° -
—— O R Y =IN)
deg(u) 7, deg(V)
puv=<1_ puw U=y,
WeN (U)
0 otherwise

2011/10/8
€q

® TIDA"AY«pt"aiAz i7Z

29



YAéUaep~C¥"«w S

[Nonakaet.al,2010]
f e mmax/ o i=minz, =g /7
. u'vVv X itEV max min
o xal | Zol wl,
I xal - O(fin?)
L 1Z81  : O(fn’logn)
I<vu°e,
0 Xa‘l |26‘| W<, ¢rsx» AE
| xal - ()
I 1z3l 1 (fu*logn)
2011/10/8 ® TPa’AY«put'"GuiA2z i7z 30

€q




YAéUaepu~¢t¥ «w'A

o Glitter star graph 7T max
I u»"w%tO:> .
NN N o K max
a O ODVh"aN T max  max
o Ew‘Os xul>iqgb” — O —O—
U™MwaivaUe¥ «x | T poin
xal e 1 (i) e
I 1Z81 «  Q(fn’logn) o
'77;max
YAéUaxeput¥"«xxal | 281 >
7T&W,|"Y"piq,
2011/10/8 ® TPa"AY«put'"uiA2z2 i"z 31

€q



|:@Cqai%UCc¥”«wo

0 "-aT%UC¥ " «px |i€0:w
|:@C>b:b”’\qt‘“6 =

I omaiuUc¥ " «wxal O(nd) T
O(n%) to =
| xal w@p7&
0 iEO:WI:@CxSI$T ?

I Y —sMCEC?£EQDCp\eUaRpPVsSMT

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q

32



i €EO0O:Wl:FCtpxAEA

0 g [Cooper, OnoRadzi{
i €EO0:wl:w;:tp "TloMey |
xal OMwainUc¥ «Uf-DO6
0 Z<w- =ppigpV”
(2logd(v) )-ﬁ
pu,v = —
E(zlogd(w))
,wEN(u) .
0 (EO:WR®Il:w:: @CUSIi$ ?
2011/10/8 ® TPa"AY«put'"uiA2z2 i"z 33

€q




€E0O:wWw®Il:w:: @CxSi$

0 g [Cooper, OnoRadzi{
i€0: wwlog dw))t0 o | log @d(w))®
IpeP<1£ T " T’sMY px |U™Mw
S8D6sai%Uc¥ «xxal x
(M) gs”

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q

34




DNAwI '=wUc¢ NPAg (6 £
o UceqOwl T’ ,0>°m!="

d”\gp R”«"|l wBU

1R e B R

[y @ XMNDYy~NDEBREE
© N(X) : xDIEEE P(X,,=Y|X, =X)= "y ,
" E(X)  XDBHIRILF— ;rxz
z=N(X)

=l
T . (_E(Y-EX
; - exp( ) () > E)
L 1 (ECy) < E(X)
| [Wolfinger et al. 2004 ]
2011/10/8 ® iPDa"AY«ut"aiA2 i7Z 35

€q



TP CWZAGUQUO&D”«w

o DNAwl I=wUc¢ NPAC
Il (€O0:woEc2"@C>b;
| BEG3"-% ey $-hO \
DNA »wO” kt0O" ,yOK | >Ab”
| Ucx Yoy O
I - pA¢c Ot OKDI >ADb”

0 Y-soEca"@CpsXqge« |!"W"$
tX%SW SWATLUCY " «U™ Q"
I - WA OtADb”I > OK) I t

2011/10/8 ®_'|'E)é"AV«ut‘”l'J|'A2 (V4 36

€q



ATY4U ¢ ¥ «

o °mw=-aNwi>o6:w{ U- b”
o { ]gt- -pUYs”

o xal qZd81 w

O g
G=(V,B) iw- =p PwaiZuUC¥"«tSMo |yy
yyZ<URQq

h(n! DHmin_ , . (HE (SV)! D#CH

SHVARYS

Co #h(n! Hmax_ . . HE (SV)

2011/10/8 ® TPa’AY«put'"GuiA2z i7z 37
€q




tqS

0 é'l'1/4U¢¥"«WI‘ST’f—°
0 UiA2 Tew ;wDOQ

0 W K'"MX]EWXirM
email: hirotaka@en.kyushu-u.ac.jp

2011/10/8 ®TIDAAV«pt"aiAz i7Z
€q

38



