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In this research project, we have focused on the PageRank algorithm for search engines,
which is known to be effective in ranking search results and have developed efficient
computation methods. From the viewpoint of multi—agent cooperative control, we have
designed distributed algorithms based on randomization. Our achievements include more
robust and fast algorithms under communication constraints among the agents and also
those based on a novel technique of graph aggregation. On the other hand, we obtained
useful algorithms for average consensus problems on general directed graphs.

SR E R
(BRAHAL - 1)
ELEEREFY IR & @t

200 94 1, 600, 000 480, 000 2,080, 000
20104 1,100, 000 330, 000 1,430, 000

FIE

FIE

FIE
o dk 2,700, 000 810, 000 3,510, 000

Mgy . 15

By RE « IH © BT T - Al T

F—U—F . HETE, MRTUYy, SEAER, RT7AAY XL, SERE

1. WFZEBRAE S D5

v =7 EORBRERERET DRI, —
F P FIARARRY =V THD. HO
TEWITNRINELET HITIE, BREBEMENLA
HLTeFxF—U—RIZEET L7200 TR, 1Y
MWZT 7SN HENH D, Google
\ZB1F 5 PageRank 7TV XA AL, 7=
TR—VOBERBEELZEEILBIOT 7

T A57-0D0T7 LT XLATHA.

PageRank 7/ 3V X LADOEHEIL, v =7IC
BIFAZX—=UMOY 7 #EEEBICHND
RThDH. TOEARFGEIT, EERN—T0
LBUVIRELNDR—=UE0T Y EE, &
WIHHLDTHD. ZORBET, U 7#Elc
b2 ®DMRITHOEAGRT FVEHRE L
LCER L ED. PageRank 713U XA



H1l: 77 EOwLFc—xr MR

DEIEFFCE G T NEHER AL, AT
T AEEH 80 BL bbb Y =T OB
ThD. Google TiE, BEWIZED - HEMW
ZRLICERIICEHEEZIT O 72, @ FTREZR
FTETEIRESN D, EE, EARpE
FENHAOLN, SHEIT 1 HE» D & O
ERHD. LB, %07 =7 OBHENE
KITKHOAFIRER, R 73R FIEN KD
HINTWD.

29 LEEWEND, WEARERE O, i,
PageRank DFHHEZ 3 HIIICFEITTH7 7
—F 55z, LATHERNRTIEEIER LR
TNITYALERELZ(K 1), 22T,
U7 NIRRT~V 2 P ER
MNT, VT ks T z—T e bRE
LT D ARTEE, HEMRIsEnmET
HY, TORBIILLTO3 HicEobhnb.
1T, £—I1%, BEH D PageRank fE%
TR R A ATRE TH D, ZoLE, VY
EBIOCBHIC) V7 BRI R—U LK%
D% BT HT- D DWEEITS. & 2 12,
FNENDORXR—=JIZBWCRIEZABRT 5
HAIUTNE, WS T A NTRESINS.
L7E=NoT, BEDEHIZ, X—UHicBiT
BHNEFRCE R e B EREZ LT L L7,
%312, H— T T e FHR BT )
<, R=UHOBEEIZOVWTH HHIZH
A TH D.

Z DWFFRIZ DOV THRGH T UL, T, il
T YRy N U— 7 %D 5 THF
NI~V TFo—V e A EREIC
Xufigasni-- L Thsd. BREN LI
Born 72 Blmn s, SEREICRT AT
L) XL PageRank 12X A EFIEL
BEERBEBRERSZ LRSI > T
5. LI, MEICBWTHERITHINAER)
eRE EH S TRY, bAMEOMGNRER
DIFETD.

£V ZhERAY 72 PageRank &
Ty X AEF?

O A A
HlERICB T D ::
RN T T a—F |

____________________

AT : pEBEERETLTY XA

Sy

A

X2 : M

2. WFEDO B

AW CTIIROFEE IR D, 7,
EFROMECTELNTEEAT LT X 0%
HI%E RUZ, PageRank FHRIZKI3 5 /0 Bk
RBINITY XLOMFbEBIEL, £FEH
BRI NIV B RB IR 21T 0 (M 2). &<
W2, BEMEICBT A% - EmE7 LTI X
DT B R0 — L & KERICH 4
L. FRUZXKY, ERECIF W T LI X
DAEENTRE L 70 5. F 12T, AWFFE 5
HIVD A EICBET AR RICOVWT Y,
WHAREEICB T 25 ERESE~OMEH %5
Z, Bl MER T L) X AFEOREESOME
Bem LA 5.

AT TIE, FICHEAMEET LT Y XA
X % PageRank fEOFHEFIEICHE Y A, &
ICHIEFRE T T a—F 2 L 5. BARAIC
%, D5 SOMEDOERZ BT .

(1) ATV TY X LAOFRHT : PageRank 4y
BT LT ZNE/RET LY XL
DOEREMIATS. 757, 175, i
SR I, HERTLTY X AEOH
X0 HmEN LN D.

(2) SR T LAY R LD EHE R
FENOEMRRT LT Y R LEREET 5.
HEFRA RSN D, £ —V 2 T
DOFFEIZ LV EMER L A F I 7 2%
m+s. £/7, =— = MEOBEEIC
B ARHEENSCT — X BREO R
NEDOEBEZBET L.

(3) MEHFERT LY XADII/NA R
It BREOY =T IIRBITHY 70T 1
v I HEER Y 7 OFEFiEET VL L,
FOEEIX LTIV AR N 2T v
T X LEERESD.

(4) SHIHeRT LT Y X hDOREB M
REMRNT « RHELHE & n N2 MEOR O k
L— RF7 2 L, AR BLE D



7T Y X ADOMERERR 21 & 2 C
T 5.

(5) AETNIY XALZHKTDIHH : Eito
AT DL D H AORE S &, PageRank
TAIY XL LT R BERICH D
AEMEC L THEHET 5.

NG OFEICK L, FICHEGRPOFEE ED
D05, TOAMEDIRGETEAE RS 28 U T
79, F£7, KOBENLRBLO Y = 712kt
3% PageRank #HHE AT I 2l —Ta %
CCERT .

3. WD Fik

AAFFEO HIENE, BFTEHE B CTHT 20307

PageRank EE D7 DS HHRIMERT LI

X LG Z LR & T 5. EOfERA~

MFC, FRED 5 FREICEMERIC IR D R A,

BELEEAT LT X LEHIELIC, LV

EERT AT XANERTE D L )RR

EHTNL.

(1) FERT NI X LOfRNT

(2) HIMET VT ) X AOEEL

(3) IR T LY R LD A M,

(4) HDERFERT LT XL OBREH M
HEMEAT

(5) AETNTY LT DI

FFEMAH] & LTI, mfEmIcs T 27 v
FY XLIFELW MY TRRFO e~ )L
b« T U REFR RN ILREEE & LT T
7o, AREHEZE U T, EHRESCERESET
DT 4 ATy rariy, ZiE ToHEF
FOREIZ 595 Z & /N TE 7=, PageRank
Wb AFE () ~ WX EIC2 ATIro 7.
F72, BERMEICET 258 (6) I L OVER
WZOWTIE, WFERER &2 OWFREEDFA
NITo7~.

4. WFZERRR

RKIFETELNTZEROS HEEZHI L0
UTiIcELd 5.

(1) PageRank FFEIZXI9 2y kineR T v
=) 24N

ARAFFETlE, PageRank EFEICK LT, ik
R7 7Ta—FEEZ 250, &AHERNT
EERALEZT AT AAZRETD. AF
HEIE, M7 RENRRETH Y, T DR
LT3 ficE tdonsd. £9, £3—
VI, BHH D PageRank % JRHTHIZFHE AT
BEThHd., Z0Lx, VoI7EBIOBEHFIC

Uo7 b= L & x O &2 ZZHT 5
2ODWEEZITY. £72, ThEhO_—T
WCBWCEEZBBT D24 270, WAz
T U HDIRESND. LEN-TC, WE
DDA —=VMIC BT D IERFRE TR
BEEBREOZ—Y oy MIMELE NN
Zhixary 7BoBETAE L THLhR
L. 7, BELZEHAUNCE N TE, &3
— VTR R R R IR R 2,

ARFEOPEE & LT, HEOS— UM [EIFFC
FH a7 A, H =I5 FihisE
1RHI| 2 F23 U 72358 OVERERIT & 21T - 7=
o, K7 7a—FiIZiibnwWr a3l XAT
DO WEHEICB T 2 R EESC~
NFrx—T 2y NROASEBERMBEICKTT 5
FH & OFFE - B A ISR L7,

(2) WIEEELZZEE L7-oE PageRank
i

AWFZECIE, EiL Q) TRE LA T L
T Y XL EBWTIERmMAI72HFIO T TO
ONA MEEBRDDLZEEBRET. EICE
METH D= bRV DL
DISEEEAT IR EE 2 5. WeRH 3
WEETHDIZ, BEHXITT VX LTRE
INDHHDET D, ZHUIH XN ERFE
SROWEEIRAIH L2225 EHr A &2 £
LHEEICEHTHY, (DOFELY HLHEMBA
EOBWTILIY ALERD. EARTFIEL,
RIRFIZ 2 TO Y 7 o= L AFHRAH N
TEXRWGEA, U v 7 EECRIERCT —#
BENRETHIESICHEARETHD. 3
> b U — 7 LHER A ERE O 5 BB
HiBEEEDET LV E RV CREEZ €k
L, PageRank 23R AIGEZR/y@M 7 LY
A LH B LTz,

(3) 77 7 DEMITES SRR L

AKRAFSE T4 8 PageRank B LB
AREERICBEREEZMA DD, 777
DEFNMCIZE S FIEZIRET 5. oG
BIBWTIE, £ X—=YRNHEHF O PageRank
EEEHT L0, EEOHEIIZO—T%
T—H L LTEOY—NThHDH. £ THKY
— 30, EHTFDO_X—® PageRank fHD#
MEROLZELHEEZD. ZOZLFv=T
ERTTIT7EENET L LTSl B
T R_RELHERWOTZENREE D, 7
RFETE, ENbESInN=r7 70% /7 —F
IZBEWT, Qo7 AT Y XA LEFRRRC
Ty IR H RIS X B0
HIZFEITd 5. IHICHEIZBELTY, W0



OMEIEEINZ 5. T/ — RIEHEHRFC
Y g DRIBEEITS. TERIE T
Uo7l DR BAIT I 72, Y 7
TN EDX—=TTH BN, L) ARRTE~
—VTH> T RWEREZLZE L LT,
IHIZ, K/ —FERY »7hkE0n< oo

I N—FANFT, T — T BE AT .

ZORER, EEROBEREZRD TN, i
J5 TR DO FE R TOUNFEE IZ DN T HAE
KIELEEDL RN LR ENT.

(4) —WRABm 7 77 EToRALTEYE

AERME

ARFFE T, HlHE 52055 B CREACHFIE S
NTWah~vLFro—r FROAERE
BEZL. LT —V L MNEOHEREE
DAEMYZ T 7 TREIN, B8FSNDEHRD
BN EEEHRS . S HICEEICBIT
5 IEREAME 2 BT 5701, vy TARIE
PRI DR EE 2RI 5. &1
fbanBERICHOVWTE, F=—T = bD
BoREELZEY L LTET /LT 5. Wi
OEEMEICIZ T, IREEDOIURIENZ D
HMEDO B L 725 2 L 2k 5 LA
BRI T 2T 21T o 72, &% DA
DONTC, AEEERT OB T VY XL
EREEL, MERR Y T —7 OGS
BT DB+ G h A LTz,

& U A BT 5 5:0M40F, BEFIrstic
BIFH2HOL0 5L, {HBHDHWE T
VAINTEEREEGEEEI 2. T
surplus & PRI D FHINMM 72 B 5% & = —
Vxr MTEATDHI L TEMRAGEL 2o
7=, BETNITY XL D UHRER-IC R
T AN HITV, =—Y = MRIZBE LTS
HARFHOA—F —THDH Z & 2R LT-.

5. ERRERLE
(WFFRARE . WFSEs0 a8 I OV HERT 7241
=Y

CdERERR ) (BE 4 14F)

(D Kai Cai and Hideaki Ishii, Quantized
consensus and averaging on gossip
digraphs, [EEE  Transactions on
Automatic Control, ¥e#E P E, 2011.
e

@ Tomoyuki Kogure and Hideaki Ishii,
Optimal design of cyclic pursuit
weights in hierarchical multi-agent
systems, [nternational Journal of

Control, ¥o@kpiE, 2011. EHHAE

@3 Kai Cai and Hideaki Ishii, Quantized
average consensus on gossip digraphs
with reduced computation, SICE J.
Control, Measurement, and System

Integration, ¥&EIE, 2011. HEFHE

@ Hideaki Ishii and Roberto Tempo,
Distributed randomized algorithms for
the Page— Rank computation, J[EEF
Transactions on Automatic Control,

55: 1987-2002, 2010. &HH

(Fa%ER) G

@D Kai Cai and Hideaki Ishii, Average
Consensus on General Digraphs, % 11
BIGHA B B R R,
2011 4E 3 A 17 H, 7hi@

@ Hideaki Ishii, Roberto Tempo, and
Er-Wei Bai, Distributed randomized
PageRank algorithms based on web
aggregation over unreliable channels,
49th IEEE Conference on Decision and
Control, 2010412 H 17 H, Atlanta, GA,
USA

® Kai Cai and Hideaki Ishii, Convergence
time analysis of quantized gossip
algorithms on digraphs, 49th [EEE
Conference on Decision and Control,
2010 &£ 12 A 17 H, Atlanta, GA, USA

@ Tomoyuki Kogure and Hideaki Ishii,
Optimal design of cyclic pursuit
weights in hierarchical multi-agent
systems, 49th [EEE Conference on
Decision and Control, 2010412 A 17
H, Atlanta, GA, USA

® % 3, A F, BORKR, HHE
T o —FIc L DRy U — 7L
TR DRE RN, 55 2 [0l E 5 FE M MR
WRFIE, 2010411 A 1 H, 42

® fAH FH ~LF—Txr FROW
FAIHEH & PageRank D4y BUIMEIH,
JST/CRDSHIIHH > A T L4y FR4> « SICERFZE
ARV —273a v, 20104210 A 5
H, HA

@ A3 FB, Roberto Tempo, Er-Wei Bai,
RHENIRBEEEZ N LTEN T = 712 ES
< A HOMESR PageRank 713 ) XA,



39 [EIHIEEER S R T A, 20104E 9
H 28 H, KK

Kai Cai and Hideaki Ishii, Convergence
Time Analysis of Quantized Consensus
Algorithms on Gossip Digraphs, % 39
[l R S AR Y 7 4, 2010 429 A 28
H, Kbk

Kai Cai and Hideaki Ishii, Further
results on randomized quantized
averaging: A surplus—based approach,
2010 IEEE Int. Symp. Computer-Aided
Control System Design, 201089 A 9
H, Yokohama, Japan

L FW, v FU—7HlER 0 @
FHR T CHIET 2, 55 1 [BEE s
HRHIEEAFSE S, 2010467 H 28 H, BAC
Hideaki Ishii, Koji Tsumura, and
Tomohisa Hayakawa, Coarseness in
quantization for stabilization of
linear systems over networks, [19th
International Symposium on
Mathematical Theory of Networks and
Systems, 201047 H 6 H, Budapest,
Hungary

Kai Cai and Hideaki Ishii, Gossip
consensus and averaging algorithms
with quantization, 2010 American
Control Conference, 201047 H 2 H,
Baltimore, MD, USA

Hideaki Ishii, Distributed PageRank
Computation with Link Failures
Symposium on Systems, Control, and
Signal Processing, 201043 H 31 H, I
R

Hideaki Ishii, Distributed Randomized
PageRank Computation Based on Web
Aggregation, [nternational Workshop
on Networked Control Systems, 2009 &
12 H 29 H, Shenzhen, China

£ 758, Roberto Tempo, 43 HURIfEHT
LY XN H S L PageRank EHE, Ef
B BFIETE > 2T L FHRE P 2
HEWSS, 20094F 11 A 24 H, Bl

L HFH, Roberto Tempo, B{EME4#E

L7 5708 PageRank FH5E, FHIE B
HlHES 5 38 IflEER > VAT T 4,
2009 4% 9 A 16 H, KB

Kai Cai and Hideaki Ishii, Quantized
Consensus on Gossip Digraphs, EtHIH
WS 5 98 BB > R
L, 200949 A 16 H, KB

ARBEHT, AHFY, BEM~LTF=—
¥ x v FRIZET 5 KELEREE A O i
axaEt, BRI A B 5 38 (Al EER
IR L, 20004E9 A 16 H, K
B 7

CEINGRELD)

)

Hideaki Ishii and Roberto Tempo,
Distributed PageRank computation with
link failures, in J. C. Willems, S
Hara, Y. Ohta, and H. Fujioka
(editors), Perspectives in
Mathematical System Theory, Control,
and Signal Processing, Lecture Notes
in Control and Information Sciences,
vol. 398, pp. 139-150, Springer,
Berlin, 2010.

(Z Dfth)
IR— AR— 5

6.

http://www. sc. dis. titech. ac. jp/ishii

W ZeAH

(1) WFFEA A

aH A
HOR TERT: - RKFEGHRA B LR -
W

ML ®&s: 50376612

(HIDEAKI ~ TSHIT)



