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Deterministic random walk 1%, 5 Y XL+ — 27 &\ 5 RERER % e BRE CERIKT 3
RATHS. 2000 F 512 James Propp PEEL /-0 — X —)— X —EF) (rotor-router) %
Ll L, B0 L LXIRTHEINTWS, AT, BRZJ S 7 L0 deterministic
random walk IZB8§ 2 EE S OREDHEERRNT 5. FHIHERN TV ITY XLOBRERILOHE
AH 5, deterministic random walk £ T 5 <)L 3 7 HEDO P EDBEEIZONWT, T THE
FHOERFEM (mixing time) 2 AW IERSBERIFE25X 5.

1 KU&HIC

O0— X —)L—&X—%E5 ) (rotor-router) i¥, 2000 4E Z A James Propp iZ & » TIREX hi-#EMH
B2 T, Propp #M (Propp machine) & HMEEND. b—2 VS5 7 LOTHRZRERKIZERBL
TWFTYELIA—=2IZ/ L, B—R—)L—R—FFIL TR, SHEAEBINL—X—IHRE
Bz h—2 v 28%T 3. Doerr 51 (10, 13] 7V X LT 4 —27 L OEEIH 5 “deterministic random
walk” LIRS Z L RBIBLTWAS L AROET VL, ARSI, iA—bobr, BOMEBLR
YOSRTIEL T W5 [30, 12, 31]. |

$—TARREDHHT Cooper & Spencer [11] %, (&R 7 7 TH3) 2" LOEH N —2 > (5]
Y4 — 2 multiple-walk) €FN AL, B—THABEEICOVT - <o VW3 EREEX
Twa, 22T, P (AR uP) &, B—R—A—K—FN (A, SV XLTr—2) ORIt
BUBHESRvEZ EO =2 v OBERL, EEDve Vit LT o0 = x9 dlb uob D LT
5. ZDEE, cp ERTn DRKET Z2EET, b—2 v ORBITHEAE L\, Cooper 5 [10] 1k
c~229 (TROLEEEREOT—X—)—X—FF)V) % Doerr & Friedrich [13] i& ¢y AV — & —
DIEFIHEELT, BXZ 729 (ETER) £721k783 (LETE) THBHZLERLTWS., —4,
Cooper 5 [9] 38 —THABMAENKEL 2BHEL LT, EBD) kEMALET P - p?| = Q(VE)
YRBRN—I VUL — R —DEBEERZ TV,

23 7 EBEOBEI LB Y LT, R85 [22] HERY S 71T T AR £ T o TV B, HIRO
SEHES T 7 (V,A) LOBER -2 v BOO—R—)L—X—EFVOBF 2TV, NET5HBIT
FIABERI CIERRIN (F7bb Tl T— FiK) THMAD lazy D& DWT [x& — P | = O(|V||A)])
DEREERTVS. $-TRELT, WP —uld|=qAa) e zspt5ExTW5E. BES 21] 1k
[22) DEHEE LML, BMRHBTFI—R (F72bb, KR, T, lay 2EELAEV) KHLT,

LD %z deterministic walk & FERZ & Z#RBIBL TV 5.



B_EEEEZAVEZEREEZTWA. 22, 21] S EW 2 AV CHEERO BRI 2K L&
HDIZX L, Holroyd & Propp[19] 72 5 TNZ Angel & [3] RR/INBARBMZHAWEETLE, HES
(32] (& van der Corput | Z WA ET LV EENTHREL, BHEBOMBHREZIIZEIZLSI1CL
TV, HES B2/ 30— Z— V=X —ETNVEELINSDEFVEZLEL BBV - X —EF 1L
(functional router model) %#MIEL, BN — X —EFIIIB T2 B—TRBREDHIT 25X, HB
HRBFAF TV T— NP OTROBEZOVWTEREMERVAEEREEZXTWS, 20 LR,
Rzl a 7 EEMPRFRLR (rapidly mixing) T 25&IREHR 2S5 7 DTEALKIZE L THES
HAL 5.

LSk, h—3F X, Johnson 7’7 77 ¥ ORFRAAMR Y S 7ITx LTI, EHOWELH b HA
BOMBLZIHAD ERAPHSNTVWS. dIRFTTEIL RIS LTI, EES [22] B 0(d®) D LR %25
A, TNERREEFS [21]1F O(d?) IcRELTWS. HE, Akbari & Berenbrink [1] i Friedrich & [16]
DREREZHNT, OdY5) DER%EEXT WS, Akbari & Berenbrink [1] IZEBIRTD b —F 2 izxt
LT, EROBERBRTFROBELAKIZON) DERAEZEXITWAS.

BEMRR D—X——X—EFVOWRER, HABREOMMIZESZ\. Holroyd & Propp[19] i3,
N=T VB —D2DHE (B—U%4—2) OO—R—N—R—TFVOERSS 7 EOFHRHEE ICET
BN TV, ThEAWT W) —tr,| = O(V||A]) 2R LTS, =EL, v ikt 27y 7Ok
BORIZ =2 U ATHR v 2HHLZERTHY, r 3HET LIV XLT+— 2 DBEMHRET.
Friedrich & Sauerwald (17] &, R, Z&X—, b—F R, BYAKRRLED T 71z U THE~Y 5 —
7 D2HHKRA (cover time) ZAFTLTWS. [5] & 8] I ZR— X —V—X—EFLDOELHIZONT
BITLTW5E., 2O, 0—X—)—X—EF)LOD aggregation (LT BHIZ ([23,25) & ¥) ®, Z
NEIGH U BRABICE T 2R (4, 14, 20) 2 ) 0% OMEND 5.

AWDE I —DDTF - THOMRLFHBIZBL T, EE, GIRT7LTY XL (randomized algo-
rithm) DBELIRAL (derandomization) DAZEAREIHNITHLNT 5. Gopalan & [18] & Stefankovic
5 [35] 12 0-1 v 7Hy VROEHROHEICE T 2 REMED L FERARMALIE B A ¥ — 4 (FPTAS)
EEXATWS. ZOMBEIZN LTI, MCMC iz D < LIRS ERBRLELEHE X % — 4 (FPRAS)
(28] ¥, BIMIRZMARDEALBHNY V7Y JHICE D FPRAS (15| 2 HBHs T\, &
B, 0-1F7y 7Yy 7 SEEROERBEEICN LT, R#kERIE (2] 1ZBAAAES DIELEE % R H
U7 FPTAS 25X TW5. Weitz [38] I correlation decay DHEZ R L, BAREM 5 U LD
77 7 DMAIREDE A EVSIZHT 5 FPTAS 25X TWwW5., ABOEEAMILIZ Bandyopadhyay
& Gamarnik [6] IZ & > TR I, correlation decay ZF\\/= (7, 27| R EDE K DEEHBEBESNT
w5,

RO AT, BRIV 7EHEOBALINL 2 8 L 35 deterministic random walk ¥ —
HRREICHT2EESOREDWMEEZBNT 5. ¥HEL LT, B2ETAMEOEH L 725 MCMC
BIZOWTHBLUCHAAL, B3ETO—XR— L —X—EFNV23HTS. F4ETHEo—K—)L—
R—DHRIZHBEBUL -2 —EFNVEFHAL, BE—TERHRZEO LRCETIEES [32) DR%
MAT5. BEEETCREMNLEBL - X —EFVERBNTS. F6ETO-1Fy FHy Zicstd
DREMDY VT Y VTR OWTHRT 5.

49



50

2 TIIaJEETEYTHIAOE

Deterministic random walk DM O¥EME LT, AETIEv LI 7HEEE YT A VT (MCMC)
BEEENTS. MCMC EOHMI (34, 26) F2 BRI hiz .

BRESV S (1, N} OBEE f=(fi,..., fv) € RY, (CHHIT 2 MR TIEARHEL 2V 6D
2T, LR, 6ETIROLF Y THy 2RO—BY Y TY VI RE SN, TOB, VIZ01Ty
THy IROLBEEERL, BveVIZHLT f=1¢%5. SLVITHEET Y TANVTEDT
1F7E f/lIflL ZBRAFCE O 7 EBEERE L, TOIN I TEHEHS ST TERS
D SEAMEETS LW HOTHE. ZIT|fll = ey fo RESILERE FT.

WE, REBZEMV O 7EFHOHBRERTIEZ PRI 295, $abb, P, XRE
PO v ANDHEBREREZRT (yveV). EBRERTHP HEEM (irreducible) THB L, V OIE
BORBuL v ICHUT, Bt Lo BWEELT P, >0 %W TIL 285, LEL, P, &
THI Pt (PDER) O (u,v) R %KY, £/, PHEBEMN (irreducible) THD LI, EROR
BoeVISHUTGCD{t € Zso | PL, >0} =1 %I I L 2T 5. BN THAMPNLHEBHET
T T— R (ergodic) 5. TNT— FHLEBRERITH PIE—BREBEDHE (stationary
distribution) , bbb P =x 2T m e Ry, 2HETBHILHEIHAONTWS. EHILV
LOEEDIHINT £ € RY) 2 S OBBAAIXZ OB —BT B, TROLEP® =7 Y
L.

TV I— R HEBRERITI P e RYSN A0 (reversible) TH 5 L1E, FHENAVOR (detailed

balance equation )
fuPu,v = fvPv,u Vu,veV (1)

iRt R2ES. WBRERTH PHFMNAEVOREMH-TLE, fP=fHHEDILDILHA
BIZREN, THEOE f/|fli B PN TIBBAMELLD FALX[26)2R). £E8V LO=>D
nAE L (DREERE (total variation distance) %
ef. 1
Duv(6,€) < max (60— &) = 5 1€~y @

ACV
T veA

TEDHB. ZDLE, ThFh|E)1 =1LV =1&Y, Dw(£¢) <1AEHID. £ED
e>0ZxL, HBERTH POEZEME (mizing time) %

T(g) def. Inea‘a( min {t € ZZO ‘ Dtv(P-Lf,d 77) < E} (3)
v

TEDD. 727ZL, PLIZPOofTEDITRI PLERL, T4bDL P} 3R B v e V DTV
a7HEPOBL BT BRHEERRT. EVBI DL, 1(c) HOEBKROTIN I 7EEDONME PL 1
Dy (P, m) < ¢ %M=L, BEAHOEMY Y 7Y VT LEX S, @ADED, t+ < r(1/4) 2L,
BX#% (mixing rate) LRI LIZF 3 2,

3 O—4%9—IL—9—FFTI
AECIESI 7 EOBMS VXL A —2DELTHEIO - X —V— R —EFT L ERENTS.

ILIELIE r(1/e) ZBRRE VS, I TIRHMEEMC 7(1/4) #HVWS. H4ICLT, (1/e) & T(1/4) A — X —FHi
ZBVWTEHELWVWEEZ SIS [26]




HEV={L,... , N}ZHLT, 6=(V,&) RBEMAERI 573235, HRveV OBERES
ZN@) TRY. fBiEDLD, §(v)= N &T5. £BV EOOD—X—)V—X—EF LIBT3
b= IR EE x© € 2, TRL, BAticB B M- VEER xO € 2Y, TRT. b—2
VIRE x® RIEA R Eﬂ@éhf"ﬂ §——4— (rotor-routers) IZ&->T, RO S IZEHIh
5. ¥F, —EEES Zea<, BHEMv eV OBBEEAES N(v) EITHIEE v, ..., us0)_1 B
EHOLNTWEEDLT 5, Iﬁ;ﬁveVJ:om-—a—w——a—av:ZZo — N(v) I&

Uv(.]) = uz mod §(v) (.7 € ZZO) (4)
LEHEINE., WE, v,ueVIZNLT
{jE{O,-,X§)~1}IU Q-+EL—ox9w-—u})

Y35, Thbb, Z8 BRI B AEFTor S u CBETS h— 2 v OEKERT. ZOL
&, )z

Z(t dgf.

v,u

W L2l wev)

LEDLND.
EHELD,

I{JG{O,,Z‘"‘I}IUU(])-—_—UH Z—00, 1

4

z d(v)
fa*&bu’) Ehbhd, TiRbL, HRuvPSHTW M—2 VDA, v IiZA»S L D0DEEIT
0 280 o xS B bbb N, BHAELIT DN B SHETWL h—2 VBRI 3 & 1/6(v)
c%ﬁ?é Lo T, (REMRED) 0—X—NL—%—» (BRBRED) BMS L1 —2
Dh—-I VEEBEEZEMTILOLEHFINS.

4 B¥IL—-4Y—FFI

4.1 EFI

RIEZM V E (1, N} LEBREGTH P c RV TEOSNETL I TEPEEX S, 0
L&, REudsw f\m&@mxm BIZEFEEEIRBSRVWEDETE4 BT, PIRTIAT—FR
WTARLEETS Q&SR . Vi, 4@ =0 ) ezl kv Eichs MED -2
YONMEEERTLOL L, u® eRY X P c:ckézmizwm%ﬁotf&@ﬂ#% LIz BT B HIRE
BERTHOLTE. $4bb, |[ubi=M U, u® = 0Pt HEKH 7o,

HBHETH P OREEBRE G= (V,6) T5. THbb, £={(u,v) e V2| P, >0} Th
D, ERECNV—T2EATEIVEDL TR, ZOLE, | <N2HRHVUDZLIZEEINAEL,
WEN() ZTARveV O (M) BER&AS 2XRT, $hbbNv) ={ueV |P, >0} 275,
o) =N@)| &T5B. $UP,,>0ThHTveN() ERBI LICERINE.

51 ETEEEHAS T 7T EDEFTLVEES.

13 7%bb, Py, =5/10, exp(—10), sin(r/6) ¥ TH L1,

PVE PRAFLRELTWS LD, ue Nw) 85 ve Nw) BEDID. ZThEEEXTN@) TRKIZve V
DAHBEERBEESRTILIZT 3.
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wE, xO = 4O r U, xO e Z§, THBLV -2 -—EFVORR Lt IKBI 5 M- VEEEE
TH0rT 3. b~ VRE YO IE, P, TREFLX, EHRv € V CERBI BB —9—
0v: Lo > N(v) LK >TEHIND. BHDED, Bo,ueV LERBD 2,2 € Zyo (2<2) TH
LT

Toule?) € |{i € {2, 2 = 1} | ou(4) = u}] (5)
BEDD. ZDLE, 0, ¥ 2€Z>0 ITDOWVWT
23, ©)
z

ANXLT B LSBT S, BRNARFBEIIOVWTIIED 52, 5.1, 53 ETRRS. i,
0 =L [Cod Tiord?)  uew) ™

YU, BALtOEHIZBVWTHER v RS u~BBLE b=y BERT. Z5UT, xtHD i
W E Ty Zy (weV) (8)

LEDLHND.

B5ETIREBRL— X —OFRER, vh 5 u~OEBEE T 20/ T xS A =2 VBB
BRI P, CWET 3, THDBEEN— X =85 Y KLY+ —2 % & BT 5%
N 5.

4.2 BE—TARREDLFRN

L —R—L S5V XL A= DERLELT, VLODORKIR =2 VAHORNTHS 5. H
£5 [32) BBV — X —DOEMw e V, BET > 0055 8—THAEE X - )| 2w,
ROEHEEEZ TS,

EHE 4.1 ([32]) #BHRTH P e RN GABTIAVT-FHEL, niR PO (—B%) EHAH
93, ZOLE, FROweV, T>08LTy(0<y<1/2) izl T

2(1—+) Tw
(@) _ (™) <
W~ | < v A

BEDIID. 27U, ARREEBRG = (V,£) OBAREERL, 7,

def.
v, = Op,, (9)

v

max zH —
veV, ueN (v), t>0 vu ~ X

L35,

5 HABIL—Y—FEFTIL

BIECIREBL— 2 — OS2 5 2 /. A TIREENRERL— X — 0,: Z>o - N(v) DFEE
ERNTD.
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5.1 %Eﬁs7tmn—&—»—9—f?»

BLET, V57 LOBMI VX LT A — 2 TS T 50— R — L — X —ETF I DWTHB L 7=,
AHITIE, RO (FEBOEBHRE2ED) Vo 7EGZERS 2012, KIES [22) OBALLA
BBEEAMI 77 EOO—X— )L —R—FEFMIZOWTHET 3.

BRI PIZT VT - FRTTHL L, FEEOAPSR56DL TS, Rve VIIRLT,
5(v) € Z30 W Py T RTDue N(v) CHLTEALAARETS. ThbL, &ueNw) kK
UT () Poy REBELRZ, O—R—L—K—0,(0),0,(1),...,0,(0(v) = 1) &, EEDveV &
u € NW) IZHL T

|{j €0,...,06() | ou(§) = u}l = S(U)-Pv,u
2T &S ICHRICED, i >6(v) It LTH

o@@):obﬁnmdgﬁﬂ)(Eo@(i—gwy[§é3J>) (10)
LEDDB. ZDOLE, UTOBE2E3.
B 5.1 ZERAS 77 LD - -V —X—FFMIBWT, ¥, < max,d(v) KD L.
Tiebb, EHALLEES1HS, B L r(1/4) 2HVTREBS.
EE 5.2 ([32]) REEM V LOMBRERESTH P e QYN 3TV I— FHTHHLL, rnid PO—&

BREEDHLTSE., ZOLE, FROweV LT >0IZHLT

|X5UT) ~ M&T)' < 3w max §(v)- t*A

Tmin

HER D L.

5.2 SRT IV—%—

AETIIBNEREEEBE (shortest remaining time; SRT) V—X—% 523, ZON—KX—i,
Angelet al. Bl &> THEX oM 6D THS. HRv e V EOBBUL— K — 0,(i) (i € Zxo) IFIR
DEIEHEIND. HRveEV, ue N(v) EHEEH i c Zo ITHL T,

Li(v’ u) = (i+ I)Pv,u - Zv,u[oa i)
&L,
Ti(v) = {u € N(v) | Li(v,u) > 0}

3. ZOLE, o,(i) € T,(v)
1— Li(v,u)
Py
ZueT(v) CEALTR/MNIT 23D T3, EHODue T,6) ¥E/MEZEERT 25101, (FHT
KEDR) HFT—BNIWED% 0,(i) €T 5. SRTV—X—IF, EXoN-HBRERGHINEHE
BOBEIZE, HHTHNLAEZSESS 7DD —R— V-2 —EF N L LTRREINS.
ROFEEI Angel 5 [3] & Tijdeman([36] 12 & 5.
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EIE 5.3 ([36, 3)) HBHERITH P IIMERLTE. ABDv,ueV & 2€Z5 IKHLT,
|Zo,u(0,2) = 2 Pou| < 1
N R/ RVASR
Angel 5 [3] & Tijdeman[36] & SRT %% (6) 2 B/NMCT B2 RLTWVWS., TSITEHSI NS
T, <2 (11)
ERTILNTE, TNEEELIDS, BRRe Y r(1/4) 2AVTRESRS.

EE 5.4 (32)) RBEMV LOHBRERTH P e RIFY TV I— FHTHRL L, n3EDEH
[NEETD, 0L E, SRTV—X—EFMIBWT, AR weVBELIUTT>0Z/HLT

‘XEUT) - M&T)‘ < 8w pep

Tmin

WD LD,

5.3 van der Corput FJJL—% —

BEB LIRS R WHBRRTH2KS Z LD TE S SRT USfoBHBLV—2—fie LT, XL
¥ (quasi-random) ® 2V —X—2ENT 5.

RFLMETITH B van der Corput T p: Zso — [0,1) RIRD L SIZEDH 51D [37,29]. W&,
i € Lo VB B;(5) € {0,1} (j € {0,1,..., llgi]}) BAWT i = Y18l g;(0)- 27 r 2 e RAEE 1
250rT3. ZorE, p0)Lory,

llg <]

¥(i) €Y Bi(0)- 270+ (12)
=0
LEBET S, RAERIICIR
P(1)=1x1/2 =1/2,
$(2)=0x1/2+1x1/4 =1/4,
P(3)=1x1/2+1x1/4 =3/4,
$(4) =0x1/2+0x1/4+1x1/8 =1/8,
P(5)=1x1/2+0x1/4+1x1/8 =5/8,
$(6)=0x1/2+1x1/4+1x1/8 =3/8,
P(T)=1x1/2+1x1/4+1x1/8 =7/8,
(8 =0x1/2+0x1/4+0x1/8+1x1/16 =1/16,
P(9) =1x1/2+0%x1/44+0x1/8+1x1/16 =9/16,

L. HESHIZ, FBED (BBEOD) i€ Zso oL TyY(>i) € [0,1) B3 Y 3LD.
638 —Kk43 7% (low discrepancy sequence) ¥ HIE.R. BRBIEE (pseudo-random) L FBEIKE BB,




EZoNTci€ZogiZNUTo,(i) EBATOXDICED D, —MEES Z e, BHHRveV
DBEERES N (v) BITIIEE u, ... ugp) PEDOSNTVELDET S, ZDLEveV LD —
R—0y: Lo = N(v) & 0y(1) = up, € N(v) D

?;11 P’u,uj S ¢(Z) < Z?:O Pva“j

EHTLOICED S,
van der Corput F/IZ%f U TIRDEEAIK b 31D.

EHE 5.5 ([37]) MEOHEBERITII PIZBVWT, FEDv,uc VEEV 2€ Zog I LT
1Zo,ul0, 2) — 2- Pyu| < lg(2+1)

A D LD,

55 ZHVWTROBENRINSG.

' 5.6 van der Corput FIN— X —EFMIIH LT U, < 21g(M + 1) BB ILD. =EL M i
M=o DB e &R

EH 415606 EES.
EE 5.7 ([32]) REZM V EOHBRRTH P c QYN dT )V I— FTAHL L, nld PO—5

REEDIHLTE., ZOLE, AEOweV ET>0IIXLT
D — D] < T g0 4 1) 4

MDD,

5.7 DRET S ER log M 12 b—2 » OBBUCH L TERTEAZVS 0D, |y /M - 1P /M| =
O(log(M)/M) BV iLh, Tiabb, Bh—27 VEOBIMIAEWSHEOE IIHNIIZNE 2B
ZEMREEENB,

6 0-1Fv Yy IBORERYYTYVIE

AETIIEX EITHEPH#P B2 THLMEERED—BY > TV V72T 5 -bORERDY
TV ZTAITY XLEBNT B, FHMIT 33 2 BBV AEZE 0,

EBBAY MlaeZly LIEBEb e Zog BEASNEZEE, 0-1Fy TH Y VROEEIZ Qe =
{x e {0,1}" | 0, aix; < b} TEHIND. £E Qxne EOWBRERTI| Pyna € RIVWnaX[%nal %,

1/2n (y e NKna.(w))
Pgna(2,y) = § 1 - |Nkna(®)|/2n (y =)
0 (RS

(@, Yy € Qkna) TEDD. 727U Mina(x) ={y € Qkna | |z~ yl1 =1} 2T 5. HEBERITH Pina
TN I— RBTI SIZRRRD T, EELEIE Qxpe EO—BOHEL 23, IROEH I Morris &
Sinclair [28] IZ& 5.
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£ 6.1 ([28)) D v > 0 R LT, HBHEETH Py, DEZHM r(y) i O(ni+ology™1) %
-3, R La>0MERETS.

2N 3 7B Ppo IZRLT, BREMY TV U TTNTY ZLBUATOLI LRI NS, &b,
HRDBEDRD, THORELI— FEIFSHER, KEGRERE BRERD DT,

FILIYZL1
Step 0. &i=1,..., MIZHLTW]:=027%3.
/* WHil 1 Qgpa E TR =2V iDW 3R EEET S, */
Step 1. For (t=0to T — 1){
(a). SY #02METE z € Qo KOV,
VAN SY ={ie{l,..., M} | Wi = x} R T 5.
(b). S:(c‘) #0 27~ THE x € Qkna IC2VT,
VAR SY D h—2 v R BEEL— 2 — i > TREEACEC BB €5,
HER—=I VDOV T WHI] 2508 T 5.
}
Step 2. & h—2 v iiz2WT W] #HHh7 5.

TR 6.2 ((32)) FEDe (0<e< 1) THLT, BURER c1, 2 o ZAVWTM := ¢ ns o]
YU, T:=conit@loge™! £ T 5. TATY XA 11 Qgna 75> M BEOEAZ £ L,

K7 =7l <& (13)
BT, 72U 1 Qgne EO—BAHL T B, TATY XL 1 OF BRI
O(T M log(M) npoly(log a, log b)) = O*(n11+22e~1)
TH5. 172U 0*iFpolylog HEBELALDTH 3.

AER1) R L® /NVLAIZBIBERTHEIL2ERLTS. L /W AICBI 5 ERIIRBRT
H5.

7 HE—TARREDTREM

FETHE-THRABREZOTHROMELEXS. HREnD%LS 77 K, DEHERICHCNV -T2
BURTI7EDBMI VXL —0%EX 5. HBRETIEZRODLIZEXoNS.

11 1
n n n
1 i1 .01
n n n
P=—1""= . (14)
n P
1 1 1
n n n

FEED:D K, DIEAZ {0,1,...,n -1} 2T 5. HODICEHEAH/IE{0,1,...,n— 1} LO—KD
HThD.



FEADT— R ==X —% 0,(i) 2 i mod n TED, MRE YO Ex? =nisticy® =0
we{l,...,n=1H) LR —X—V—R—FFN T %2FEX LD, MARAF TV XL+ —2I12&
BHIRE N — 2 VB, EEOBAT> 1IZBWT, TRTOERweV Tul) =1 ThsZ &h
BRIZOPSE., ZOLE, FERUT=2k+1 (k€ Zy)ITHBVTI, B—X— V=X —FF )T &
5h—s VB, EEOHEAwe VIEBWT Y =120 2o. —%, BEE%T =2k o8
WTIRER w = kmodn'ﬁxffk) =n, TOMOEK v (v # w) 'C*Xg,k) =0DWH LD, Thb
5, EROBEEAICBNT, X g — Ko =1 — 1 2185,

EHE 7.1 ([22]) TN T R THRZHEBHRITF P It LT, B—X—V—%&— (A, SRT
w—&—,ﬁﬂﬁw—&—)ﬁﬁﬁbf,ﬁ&@%ﬂTﬂEmfhgtqﬁW=Q@)ﬁ&bﬁo%
BT 5.

8 F&o

A Tld deterministic random walk D B —ITHMARZDBITIZOWTERL 7=, MCMC E2HW
ELIR7 VTV XL ORBREIRILIZSBO K ERBETH 5.

e

HEAMREOWBHMAK, HEBANEK, RBENRK, A2XHE, LAHLCFE, ITHESEKIZR
I 5. AWRIIBIAE (23650007, 25700002) DEIFE%2ZIITW5.

S5 3

[1] H. Akbari and Petra Berenbrink, Parallel rotor walks on finite graphs and applications in
discrete load balancing, Proceedings of the 25th ACM symposium on Parallelism in algorithms
and architectures (SPAA 2013), 186-195.

[2] E. Ando and S. Kijima, An FPTAS for the volume computation of 0-1 knapsack polytopes
based on approximate convolution integral, Proceedings of the 25th International Symposium
on Algorithms and Computation (ISAAC 2014), to appear.

[3] O. Angel, A.E. Holroyd, J. Martin, and J. Propp, Discrete low discrepancy sequences,
arXiv:0910.1077.

[4] S. Angelopoulos, B. Doerr, A. Huber, and K. Panagiotou, Tight bounds for quasirandom rumor
spreading, The Electronic Journal of Combinatorics, 16 (2009), #R102.

[5] E. Bampas, L. Gasieniec, N. Hanusse, D. Ilcinkas, R. Klasing, A. Kosowski, Euler tour lock-
in problem in the rotor-router model, Proceedings of the 23rd International Symposium on
Distributed Computing (DISC 2009), 423-435.

(6] A. Bandyopadhyay and D. Gamarnik, Counting without sampling: asymptotics of the log-
partition function for certain statistical physics models, Random Structures and Algorithms,
33 (2008), 452-479.

TZOHIE SRT V— X —PEABL— KX —Td b 5.

57



58

[7] M. Bayati, D. Gamarnik, D. Katz, C. Nair, and P. Tetali, Simple deterministic approximation
algorithms for counting matchings, Proceedings of the thirty-ninth annual ACM symposium
on Theory of computing (STOC 2007), 122-127.

[8] J. Chalopin, S. Das, P. Gawrychowski, A. Kosowski, A. Labourel, P. Uznanski, Lock-in problem
for parallel rotor-router walks, arXiv:1407.3200 (2014).

[9] J. Cooper, B. Doerr, T. Friedrich, and J. Spencer, Deterministic random walks on regular
trees, Random Structures & Algorithms, 37 (2010), 353-366.

[10] J. Cooper, B. Doerr, J. Spencer, and G. Tardos, Deterministic random walks on the integers,
European Journal of Combinatorics, 28 (2007), 2072-2090.

[11] J. Cooper and J. Spencer, Simulating a random walk with constant error, Combinatorics,
Probability and Computing, 15 (2006), 815-822.

[12] D. Dhar, Self-organized critical state of sandpile automaton models, Phys. Rev. Lett., 64
(1990), 1613; Erratum: Phys. Rev. Lett., 64 (1990), 2837.

(13] B. Doerr and T. Friedrich, Deterministic random walks on the two-dimensional grid, Combi-
natorics, Probability and Computing, 18 (2009), 123-144.

[14] B. Doerr, T. Friedrich, and T. Sauerwald, Quasirandom rumor spreading on expanders, Elec-
tronic Notes in Discrete Mathematics, 34 (2009), 243-247.

[15] M. Dyer, Approximate counting by dynamic programming, Proceedings of the 35th Annual
ACM Symposium on Theory of Computing (STOC 2003), 693-699.

[16] T. Friedrich, M. Gairing, and T. Sauerwald, Quasirandom load balancing, SIAM Journal on
Computing, 41 (2012), 747-771.

[17] T. Friedrich and T. Sauerwald, The cover time of deterministic random walks, The Electronic
Journal of Combinatorics, 17 (2010), R167.

[18] P. Gopalan, A. Klivans, and R. Meka, Polynomial-time approximation schemes for knapsack
and related counting problems using branching programs, arXiv:1008.3187v1, 2010.

[19] A.E. Holroyd and J. Propp, Rotor walks and Markov chains, M. Lladser, R.S. Maier,
M. Mishna, A. Rechnitzer, (eds.), Algorithmic Probability and Combinatorics, The Ameri-
can Mathematical Society, 2010, 105-126.

[20] A. Huber and N. Fountoulakis, Quasirandom broadcasting on the complete graph is as fast as
randomized broadcasting, Electronic Notes in Discrete Mathematics, 34 (2009), 553-559.

[21] H. Kajino, S. Kijima, and K. Makino, Discrepancy analysis of deterministic random walks on
finite irreducible graphs, discussion paper, 2013.

[22] S. Kijima, K. Koga, and K. Makino, Deterministic random walks on finite graphs, Random
Structures and Algorithms, to appear.

[23] M. Kleber, Goldbug variations, The Mathematical Intelligencer, 27 (2005), 55-63.

[24] G.F. Lawler, M. Bramson, and D. Griffeath, Internal diffusion limited aggregation, The Annals
of Probability, 20 (1992), 2117-2140.

[25] L. Levine and Y. Peres, Strong spherical asymptotics for rotor-router aggregation and the
divisible sandpile, Potential Analysis, 30 (2009), 1-27.

[26] D.A. Levine, Y. Peres, and E.L. Wilmer, Markov Chain and Mixing Times, American Mathe-
matical Society, 2008.



[27] C. Lin, J. Liu, P. Lu, A simple FPTAS for counting edge covers, Proceedings of the 25th Annual
ACM-SIAM Symposium on Discrete Algorithms (SODA 2014), to appear, arXiv:1309.6115.

[28] B. Morris and A. Sinclair, Random walks on truncated cubes and sampling 0-1 knapsack
solutions, SIAM Journal on Computing, 34 (2004), 195-226.

[29] H. Niederreiter, Quasi-Monte Calro methods and pseudo-random numbers, Bull. Amer. Math
.Soc., 84(1978), 957-1042

[30] V. Priezzhev, D. Dhar, A. Dhar, and S. Krishnamurthy, Eulerian walkers as a model of self-
organized criticality, Physical Review Letters, 77 (1996), 5079-5082.

[31] Y. Rabani, A. Sinclair, and R. Wanka, Local divergence of Markov chains and analysis of
iterative load balancing schemes, Proc. FOCS 1998, 694-705.

[32] T. Shiraga, Y. Yamauchi, S. Kijima, and M. Yamashita, Deterministic random Walks for
rapidly mixing chains, arXiv:1311.3749 (2013).

[33] T. Shiraga, Y. Yamauchi, S. Kijima, and M. Yamashita, L.-discrepancy analysis of
polynomial-time deterministic samplers emulating rapidly mixing chains, Lecture Notes in
Computer Science, 8591 (COCOON 2014), 25-36.

[34] A. Sinclair, Algorithms for Random Generation & Counting, A Markov chain approach,
Birkh&user, 1993.

[35] D. Stefankovic, S. Vempala, and E. Vigoda, A deterministic polynomial-time approximation
scheme for counting knapsack solutions, SIAM Journal on Computing, 41 (2012), 356-366.

[36] R. Tijdeman, The chairman assignment problem, Discrete Math. 32 (1980), 323-330.

[37] J. G. van der Corput, Verteilungsfunktionen, Proc. Akad. Amsterdam, 38 (1935), 813-821,
1058-1066.

[38] D. Weitz, Counting independent sets up to the tree threshold, Proc. STOC 2006, 140-149,
2006.

59



