NAIST-IS-MT1251077

Bt

><|_

ZTYVETFIABRIRAT Y 2 —5SFTTOMRSW Lo 24
HERWEELIREGE 7LD XA

g 1

20144 3H 7H

22 B SRRV R KR
SRR SRR T R 8k



IS RTINS T
It (T%) B OB L LT L EH#Th 5,

s 15

WAL

 \m

b EETFHE®R (EREHA)
e K B (RIfREZE)
KH AR B (RIfREZE)
KA K B (R EZE)



ZTVETFIABRIRAT S 2 —5SFTTCOMRSW LS 2%
HERWEEIREET7ILIY XL

e
RNEEH

AETIE, HEAT VSRV AT LA EZBWT, ATV T ABOF AT Y a—
7 FC, 2 COEE IO AN —DOMHIZAEEZ L DHRERET VTV AL RE
T5. ATVET AR Y a—F1%, £ 70 A0REZEHET I T2
DFEFFNEFZ AT a— )T 5. GIRERET VIV XLE LT, 1-€0<e<1)D
MR THEE %R L 5 Conciliator7 )L TV XL EEEN N Z & 2 KRHT 5 Adopt-
Committ 7Y = 7 oMK T 2 FENHONT WS, 7ILITY AL, T
DALDPETTE2DIZD0NET7 7Y FEETILVIT) XLDK T ETIZETORA
BT HEATVADOHAKR THSL T A ATy THAETCIMiiE NS, E
HLOFREGEZE TN T ZLITh 95 Tak A AT v T EIL, Conciliatory )L I
) AL e Adopt-Commith 7Y = 7 hDENZTNDEBUIN DD TUXLAAT v
TEEEOM & WHERNIZE L\, ARFZE T, Multi-Reader Single-Writer(MRSW)
LY A& %HWT, Conciliator7 )L 3 AL, & & O Adopt-Committ 7Y = 7 b
DEBTNIT) AL EERET 5.

%Vﬁ%@ﬁﬁﬁ“@ %, B4 5 MRSW L ¥ 2 & % F\\ 7z Conciliator7 )V I X A

I, AEMRE1-e0<e< 1) ZFATE2DIZ, SV R, 7utv 22Ty THEE
ODJ:E%), ZihZh,0(loglogn +log (1/€)), O(nloglogn + nlog (1/€)) TH 3 Z &
AT 2O ERE BETV IV X LOFBEREEHEMIZEL L. 22T, nike
Tav A THB. DD, #EET S5 MRSW L VA X % W7z Adopt-Commit

R RSB AR KRB R T B A e R TR S & 5, NAIST-1S-MT1251077,
20144 3H 7H.




TNUTYALE, THEZAZT Y TEREENOMN) TH O, MEFEO 7O AR
7 v TEEED O(min(ngoias, 1) (A, IFHEH R RE Q5T 5. 22T, mik7
W) ZXLDASHEDIERDO K EITH S, ZDDRET VIV XLD 56, IET
LZHEAREET NI A LD Tav ARAT v THEEOFHEIX, O(nloglogn) T
H5. BFOEREET VTV XL h 5 Tav AAT v THHEEOMRHMEIX
O(nlog logn + min(nlo';%g‘m, nz)) THO, 7NVITY XLDAIMEDEIKD K E X m
»3 (lognyOdeglogloan) Z 33 2 2 & & FEEFILIE, BFEFIEL IR, T2 AAT v T
FHENREINTVS, ZNUND mTIE, IRETEIZEAFETE & BHE s %
LW,

X 51z, Conciliator7 )V IV R A2 D\WTIE, EFEREFERIC X AR EE 03
fMiz4T > 7z, ERFERL S BELAETILITY AL, ERLESTO oL 2K
T, EEDEEMHERIZE VT, BEFIEL R THMEFEEVIDRIFL Z 2hD
Mol KT, 7a e 28n = 2048054, IRE L 2TV 3 X LA EHEERD
1.69A EIZBWT, BFFIEL DB LIV Y RELSEET 52 L0 hro 7z,

X 512, 8L U7z Conciliator7 )V 3 X AHT, & 70+ AH write %° read% j&
RIBATY FTHBWT, write Z3EIR T R L U T, fHEMEFRRIZ L > TRk 7z
Bl % S 2 FHEOREE1TS. TOFEL, i TR 72 write T % {3
3 53540 Conciliator 7 )L 3D A L3 U T, HERESEERIC X 5 ELEETE %2 17 -
7o, FEERAE R S Bt 7: write HER 2 U 72 FIEDIE S 2, RO AR
BWT, REFIEEPIENT VWS Z e23bh o7z RHZ, 71t 2$in = 20480
G, BRHERD 80%A LIZHB\WT, B /s write iR 2 FH T 51E5H1 77V R
BEETEZ b o 7.

*—7—f

SET IV TY XL, MRSW LY AR E TV, BLIRGERE, 4 7 €7 AH0s A0

Va—7,



Randomized consensus algorithm using MRSW

registers under oblivious adversary

Satoru Nakajima

Abstract

In this study, we propose arfieient randomized consensus algorithm that solves
the randomized consensus problem where every correct process reaches agreement on
a common value in distributed Multi-Reader Single-Writer (MRSW) shared register
model under an oblivious adversary. An oblivious adversary decides a schedule of
processes without checking processes’ states. The randomized consensus algorithm is
known to be constructed by a Conciliator algorithm and an Adopt-Commit object. The
Conciliator algorithm solves the problem that every correct process reaches agreement
with probability at least } €(0 < € < 1) and the Adopt-Commit object detects agree-
ment. An algorithm is evaluated by individual step complexity that is the number of
steps each process takes in an execution of the algorithm. A Conciliator algorithm is
also evaluated by the number of rounds that are building blocks of the algorithm. The
expected individual step complexity of the randomized consensus algorithm above is
asymptotically equal to the sum of the individual step complexities of the Conciliator
and the Adopt-Commit object. We propose a Conciliator algorithm and an Adopt-
Commit object implementation algorithm using MRSW registers.

In theoretical analysis, the proposed Conciliator algorithm reaches agreement with
agreement probability 2 € with O (log logn + log (1/€)) rounds andD(nlog logn+
nlog (1/¢)) individual step complexity.n is the number of processes. These upper
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bounds of the complexities are asymptotically equal to exiting algorithms. On the
other hand, the proposed Adopt-Commit algorithm takes individual step complexity of
O(n) and improves the best known individual step complexit@(}hin(nlog’%g‘m, n?)),

wherem is input values. From two proposed algorithms, we can construct a pro-

posed randomized consensus algorithm v@mlog logn) expected individual step

complexity. This algorithm improves the best known individual step complexity of

logm

O (n loglogn + min (nlog fogm?

nz)) when the rangen is larger than (log)©(9'cglogn)
In the range m except it, the proposed algorithm is asymptotically equal to exiting
algorithms.

We also evaluate the time complexity of proposed Conciliator algorithm by exper-
iments. Experimental results show that The time complexity of the proposed Con-
ciliator algorithm is more fective than the conventional method in any agreement
probability and all of the number of process that we experimented on. In particular,
in the case oh = 2048, the proposed algorithm arrives at least one round early in
comparison with the conventional method when agreement probability is greater than
or equal to 16%.

Furthermore, we propose a method to choose an optimal write probability with simu-
lation for our Conciliator algorithm, where there is a step in which each process decides
a write or read operation according to the write probability. Experimental results show
that the time complexity of this method is moréestive in any agreement probability
and all of the number of process that we experimented on. In particular, in the case of
n = 2048, this method arrives at least one round early in comparison with the proposed
algorithm using the write probability from the analysis when agreement probability is
greater than or equal to 80%.

Keywords:

MRSW register model, randomized consensus problem, oblivious adversary scheduler
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LYARETN AP AHRR AP At
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FTVET A ATr Y a—F %288 e UBGFEFIEE LT, Aspnes[5]iZ, fifé
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% Conciliator7 )L 3 XL, MRSWL VAR ETILIZBEWT, 7TAEAAT v
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2. BEH

AR THRETHETNVPARMEREDERERT.
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NroRBIERPIEEAETVETIV[I2] THY, 7O AFHEAET VATV
7 MADOEEDOETIZLD 7uv AM@EEFE 2175, 7o A0kEE U T, ik
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ECI, BEAEVA TV 27 MW T HHENT S I v 2 ilitbhd5E, 20
ATV M7 MNIVIHFEAERI ATV M EIES,
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TORMBATVWAS. MRMW L V2 XX, VAT LANDOED 7w X% read, write
ARER LV VAR TH 5. THUIH LT, MRSWL Y2 X%, readid ¥ D 7o AT
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TV MINTBEFE, ERDOKET MIv IV IYRAXRERAWTEELTWS,
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VARERWTZMRAT Y THEAREN, 70 ZAATy TEHHEEN, D7V TY XL
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fREINZ T AL ETLRVWEEZS.
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AREMELIE, & 70 AR —DDOWIMEZ K S, Bof&IZIRD =D OMW'E % i
729, @0 —o0aEEErE T e AN T AMETH 5.

o 5EM STOER ot AZEUMEEZEEMELE T .
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ARMEE, 2B ATLAPERBETH 225G, Ave—IY vV TETI,
HELVYARETFLVOM L HIZ, TaZAELED 5L, —DOD 70w A TH iRk
T2 LML Z e NARABEARRIETH 5 2 L ASEHE T W3 [1][2].

FEORAEEM D S, ERIBIOE S AT LICBWTEEE & 256, AEMED
ME O 2 MR T 2ELIRGERMENREZE Z 51 5.
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EUEIET 2MREZ Prik £ 958 &, lime. 2, Prik=1Th 5.

Aspnes[5]id, BLINARME %, lERIZR2 7O AT—DODlICERE L5 Z
EMNTE S Conciliator 7 )V T ALk, BRE L 222 2KRHETZ 5 Adopt-
Committ 7Yz 7 b MALEDLEL Z L THRTHZ L 2L TW5. BRI
%, ERERTEE % & 5 Conciliator7 VTV XL 2 BOINZETL, FORRTH
5% 70t ADEEAM % Adopt-Commit4 7Y = 7 MZ AJ19 5. Conciliator7
VI) XLDFERE LT, 2TO T ADBFAUEIZAEEE2 L > TWEEBE, &7
O+ A% Adopt-Committ 7Y =27 R 6 DRVEL LT, EEPENTWSEZ
LEMBIEMTE, HREBRT VIV ALDOHE I LTZDEEMER T 5.
BRENENTVRWES, Adopt-Committ 7Y =7 M 6iR-> TE A2 KT 0
Y Z3A U, B Conciliator7 )V 3 ) AL %2FETT 5. ZOEDELIZ X > THL
REBT NIV XL Z2FEBT L. ZOEBIEIC X BERERET VTV X LI
L 7w A ATy TEHEEORHEIX, Conciliator7 )L 31 X 4 & Adopt-Commit
ATV NDENTNI D05 TR AR T v TEHEREOM L MR E L.

2.5 Conciliator 7L J1) X L
Conciliator7 )V 3 X Lk, HERMEENE, (B1EM, ZUM2HE T 5.

o RGN 526> 00FEL, ®TOER 70 ZAHF L% 4T
BHELEAD R LD 5 THB.

Conciliator7 VIV AL IFEEZER T 20, BBV END T L 2N TIRIFEZ &
LT AZ L TER.

2.6 Adopt-CommitA+ 7o/ K

Adopt-Committ 7Y =2 b [9] iF, AEZMIBTHA 7Yz N THS. Adopt-
Committ 7Y =7 M, — DDA adopt-commit)) DAZfAZ TS, £ 70k



A1, # % — [0 adopt-commitg) = 179 5. TDOEEIL, HDEVEASIMEL L,
IROPYDDME %723, &5 H B v 1283 % (commitv) £ L < 1 (adopt V)
ZRDMEE ULTRY. 22T, —2HDORADFHEL Y bTHY, THEADVIT
RFEZFT S (commi) 22, v ZERFHT 5 (adop) 2 & KT .

o ZMME ETOMEDHIMEV X, HEEHED AMEV D HERIND.
o fEILME RTOMHEIL, AROKHETKR T I 2.

o —HME HBHEHEMD (commitv) 2R U775 1X, & TOMBIXE U HJIMHE v
ZHiD (adoptv) £ LU < I, (commitv) &3k 9.

o INHM 2TOANMEN VAR SIE, & TOEHAEDKD X (commitv) TH 5.

CHR[9] 12 B W T, Adopt-Committ 7Y = 27 b %, AJ X il v T Hi
ZoTWBhrEKEET 5 mfiid Weak Confilict-Detectort 7Y = 2 b % FWTHEE]
TETNT) XLPREINT VS, 22T, miEA 7TV bAANEINBED
EI DK EXTH 5. ZD Adopt-Commit7 )L TV X L%, Weak Conflict-Detector
ATV NOEBIZ»NE IO AATy TatEE L EHEIOHEAETY AD
HATEBTE 3,

2.6.1 Weak Conflict-Detecotr4 7 = & b

Weak Conflict-Detectorr 7> = 7 b, check() HlE D AZ A T\ 5. T D
B, RO DOMWE %2729, AJMEVIZIT 5 trued UL X falsez ik,

e V#V T % checkf) & check{) HAZ & ATZEREDETIZENT, TN H
DFEAEDDL H—Dld true 2K 7.

o £ T D checkiliBENHE U ANMEZFE DL S RAEEDEFTIZEWT, ZThvo 4
TlX falsez k7.

B trueld, & 70 AN AT UZEDOR CEZENPFHEELZZ L2 KT



3. Conciliator 7). 3" X A

Conciliator7 ) IV X L%, 24, E1EM, RN EEEZ 2T T7 L3 ) X
LTHD. KFZETIE, MRSWL Y ARETFIVIZEWT, &7V BT A A7
Y a2—7 FTO Conciliator7 VIV AL ZRET 3.

XHR[5] T, MRMW L Y AR ETFIZEWT, A7V ET AR Ar YVa—5F
T® Conciliator7 )L TV XLAPREINT WS, AFFETIE, %9 % Conciliator
7T X LA, [5] D Conciliator7 b 3') X 2 & [FFEE O IEREH R & THEE T
5 Z L %FEHT 5. 3.1HiT, [5] D Conciliator7 )V TV XL DT AT 14 7 & ZHIUZ
DhBTaRw ATy TEEEERT. 3.2/ Tk, AL TIRZET % Conciliator
TNVTVZALDT AT AT EZIRNE TOEART Y THAERIZDOWTRL,
BFFiLE DAERZRT. £7-, KB, /i IZBET B5EHICOWTEHRT.

3.1 MRMW L ¥ 2% %R\ 7= Conciliator 7J)L.T!) XA [5]

12, MRMW L YV AR ETMIZEWT, iR 1- €0 < e < 1) TEHEM 272
3 Conciliatorz 5832 7). T XL %RT.

TNT)ZXLDERNZT AT 4TI, TV RNREVWSIRINZEATEHI &
THb. 77 Relk 70 ADBUER > TWAED 5, readd U < 1% write & —
[ 721 SRR L, B OFRFDEZRET 5 —EONIEEZRT. TV RN
WZE T O AXREEE RS, K7 UV NIICHERSI WG L VA& ([i] 264
LTEREZRLDILE2AAD. AEZ LB HEL LT, &ET TV RT, &7 A
TEHEOROEEZ AL VAR wite 352 L TRET 20, BXIN TV SIH
EHAEVIAZD G readd B & MERIIZERL T—HZITETT 5.

v AN write IR U 72354, T D 70 ADFFOMEIZIRD Z 7 > RizHf#
AIns. 22/ U T, readz EBIR L7256, WALV VUV AZXDOHEN L THSY
BDOA,ZTD T ADREMEIFIROZT 7Y NIZbFHING. LY AXD 5D
TR ADPRE U fHZ GARA GG, A AT R B DOREMEE U T
MU, ZnBEOI 7 Y RTHAT S, LN E2KR T Y RTEITED KL
195,
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shared data:
registers r[1 ... R], initially L;
local data:
[, initially L; v, initially L;
Let R = [loglogn] + [log4/3(8/6)]
Let chooseWrite be a vector of R independent random Boolean
variables with Pr[chooseWrite[i] = 1] = p;

1. procedure ConciliatorMW(input)
2. begin

3 v « input

4 fori <« 1..R do

5. if chooseWrite[i] = 1 then

6 r[i] « (v, chooseWrite)

7 else

8. [ «7r[i]

9. if v #1 then

10. (v, chooseWrite) « [
11. end

12. return v

13. end

1 MRMW L YA X T7)LTY X2

write & readD WD 5, 77 ¥ ROWDIZFAET 58 70 ADR DR 5
FEDMEBUL, RO T T > ROYID F TITHERKNIZED T 5. ZOFER, HRO F
DY RNET, AR T DILETERIRRMEOEBEZRS L, AREELDZ L
NAREL 72 5.

DB EITS 72012, X Tak A E T 7 v KT &2 write 2> read®D &
H 5 EFETT BDWRET 5 %5 chooseWritex £k 9 5. REfZ%ETlE, A7V ET
AW AT Y a—F % MELTNWE20D, &7 0 ADA KT % chooseWrite
ATV a—)VIFHNILTWS, 207D, £ 7L AL, 7TV TV XLDRIIC
chooseWritex A2 U, #IHAfE L AE T TH L. 2D Z &Ik b, readDFEATIT &
DRICMEZRE T 5 70 AN REL 254G, ACHEEZFFD> 7 a2, 2D
D79 v R TO write, readD:EIRIZETH UERZTS 2 12725,

7, ZO7NVTY) XLTIE, &7 ZBERAPIZS Y Y ReEDdT WL, %
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D7zH, {ZETHRAIEHEDI VY FOAZNZ ZENTE, MO TOXLZADT Y
VREERILTEZ L, HEDI U Y REDRRIELZGA, 9V KRR T
DIREFE % Conciliator7 )L IV XL DPREME LTH T 5.

Y RZTLIZ, &7 0k AN write 2> read % JE IR T AR 2 E X5 Z LT,
DIY Y FDOELLREMOMEBOIMFHEZ NERIZHS LT W ZenTE
3. BAKHRK ST 2 RiTO write 2B 2% 1%, p = 22" (n-1)2' T
H5. NIEFTEELADLHERT. ZOMETERNELITS> LT, £70kAN
R=loglogn]+[log,(8/e)1 D7V ¥ FZF{T TN, AEMHER 1-€0<e<1)
@ Conciliator7 )L I 1) ALDEHTE 5.

XCHk [5] @ Conciliator 7 )L 3V XL %, MRSWL VA XET IV ETEBT S
TeEEZRD. TIVIVXLOMETIE, 477 RTMRMW L Y2 X IZ—E
read® U < IZwrite 275 DT, MRSWL YA X ET)L ETIZOM) D 7ot A A
T TEREENN S, ZD7-H, Conciliator7 )L 3 X L& FEHT 572I121%
O(nloglogn+nlog (1/€)) D 70t A AT v TEIHER 11 5.

3.2 MRSW L Y R4 &#FH\W7= Conciliator 7JL3") X A

3.1%i® Conciliator7 )V TV XL T, £F7 7V KIZBWT, MRMW L Y A &
EHWT WA 720, & 70X A0 readil{ B IZ & o THAZTEIL, D readidH A
DERTIZ write BHE Z T o 72 70 2 ADMH L 72 5. AL TIE, MRSW L VA X %
W, readiiif i IZ & » T, ZNLARTIZ /TN 7z write R TE ZAE N2 2T
ZHAH U, TOHRTERADMEZIERT 2 Z & T, RWICERITEDIT TV Z
CEEZD.

212, MRSWL VAR ETNIZEWT, R 1-e(0<e< 1) TEREMRE-
3 Conciliatorz #9527V TV XL %RT.

MRSWL YV ARETINTI, %77 NiT, 702 AMO@EED7ZDIZ nfE#ld
7 IV MRSW L YR A ([i] BMfibivs. £7-, 3AHO TN TV XL & [k
2, 9 Y RORINZEATS. £V Ri TR TAEL R jIZIZ, MRSWL Y A
R[] pEL ST ohD.
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shared data:
MRSW registers r[1 ... R][1 ... n], initially L;
local data:
[[1...n], initially L; v, initially L;
Let R = [loglogn] + [log4/3 (8/6)]
Let chooseWrite be a vector of R independent random Boolean
variables with Pr[chooseWrite[i]= 1]= p;

1. procedure ConciliatorSW(input) for process x

2. begin

3. v < input

4, fori <« 1..Rdo

5. if chooseWrite[i]= 1 then

6. r[i][x] < (v, chooseWrite)
7. else

8. forj < 1. n do

9. U] < rlillj]

10. if 3I[j] #L then

11. (v, chooseWrite) « max(l[j].v)
12. returnv

13. end
2 MRSWL U2 X 7L T) XL (FOE A p 2 53— K)

KITVRIT, &7t XiTwrite B U < 1F read% MERMNIEIR L, —[7Z1F
FEIFT5. 8708 AE, £ 77 NCwrite b readD ¥5 5 2 & IRT 20 %2 KT
%% chooseWritex 7 )L IV X LD #liZ K9 5. write Z# IR L 72 71 & AT,
HEIZH D YT oN L IV ARITREMEZ FHZIAD. readz i EIRL 7 702 2L,
%%éhﬁéf@Vy17ﬂﬂ%m&L@~U HNVEHN T 5. 2 LT,
D ENDNZ L UADIEPRF I N5E, L A OEO T TRADIEE HE DHE
& UTEHAL, U 507z chooseWritek & 12, ZNABED 7 7 > KT
T5. RTCOVIARDMEN L TH- 256, BHOFROMHEEZZDE ROV
YRTHMHHTS.

B 2D7 )3V XLD Conciliatord =2 DM E 2T d I e &, AEKER%:

1-e2 U7 &, ENZimE T 2DITBELRT T Y REH O(loglogn + log (1/€))
ThHdHILrETNTNGHT 5. MRMW L ¥ A X % i\ 7= Conciliator 7 )L 3V
ALB) I, 1T 7y PRI S RR 2 IREMEDREEY, &R 75 e IR EMHE D
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BOX = Y5 — LIZH U, E[XplX] < min(paaX + 52, (1- pa + py) X)) 230 57
DI ELERMALT, &7 7Y NTOwrite iR, MBIV R ERDTWS. £
T, AUAERDPRET LT XLZHUTHY IO I & E2RT,

BELY, 2207 0VT) XLDi 572 RBIZHES TW SR B RO,
Xi=Y - 1%2ROBELIBEREOMEE LT 5. 2D L &,

I+1

. 1
E [Xi+1lxi] < mln(Pi+1Xi + p_a(l = Pis1 + p|2+1)x')
AN W RVASH

BERR . X DIEA K E WV E X, mMInDRYI DT —ADNER L7325, &Y DX %15
57202, FIDIZ E[Yi,alY] 23K, 2N ML TE[X,1X] 2FHHET 5.

i TV RCIREHE LTARL =200 70k ZEEN LMD, i + 1
TV RNIZBWT, RANIIRDRA I VT DEL 5 DWE U T A7 35

(1) BAREMEDS (i + ] DENDIT write SNz XA I VT

() read DFER L LTETDIDN L DL E, ZD read WH TDHAH D MRSWA
D PIAADPTONT R A IV T

i+15 7Y FTORELEMEE T 2L DN EIX, 1051 57V RIgBT
% chooseWrites fif A7 ¥ 2 — I IWNERT AT YV a— b ofkEIND. i+1
79 ¥ NIZB1T % chooseWritdZ, 1525 i 7 7 >~ RiZEB1F % chooseWrite: Bk A
T a—IPERTEAT T a— DD IFME LTV 3,

FREMEa ITBWT, LEOXA IV IMRID, I7V Ni+ 1 TRHAINS
DIFIRDEGEDATH 5.

(@) aj 2Fi2H 25 T AN, ZNITHEO DT 517z chooseWritfi +1] T 1% H
T, a % write L7255

(b) aj KD dH B 7 H X ADY, chooseWrith + 1] TO0 % R Cread 21757243, %
DFER L TH o726
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a & ai(j/ < ) DETITBWT, #5172 chooseWrith + 1] 0 TH 2 55
&DH, (D)3 3,

LEDGEMRZ BHERIE, (@)1 py, 0) X (L-pua) AFTHS. 22T,
)DL D jOELSE Jy e TEHLE, ZNSDHMREETO | THRATT S &,
E[YialY] € paYi+ X (1-pe)! 255605, 22T, Yjeg(1-pirn)) < 22,1
Pi1)) = /P — LAV NLD, ZOMREIZ X1 =Yia—-12 Y, =X +1%/RA
T3,

E[XialX] < puaXi+1)+1/pia—2

A

Pir1Xi + 1/Pis1 + Pic1 — 2
Pi+1X + 1/ Pis1

A

A

Xi NZWVWEE MND - DHDT —ARERN 5. ZOERERD B, &%
Flo7Tux A ghireadd write DEH 6 ZBIRL 720 K> THER T E2IT-T
EZ 5. qhiwrite DA, 77V RNi+ 1 TRAINAHEIL, 3T write X748
THhb. £7-,qhread % BN L 72561, 2B TCOREMEMPHEA S Z L, 2T
HEhz W Hiffin ERE2FZEZ 5. LR TRUEZZ DS, HRHEE,

E[X:1X] = (1- p)E[Xi1lX, greadg + pii1E [ X1l X, qwrited
(1 pu)Xi + Py X
(1 — Pis1 t p|2+1)X|

IA

L72%. Ko T, MIEDPE Y LD, O

LS, TIVIT) XLDOERINIFET DR LR DEEEMEOMEB X & L
EE X BRI T D write R pid, pr=1/ VX TH B, Zhh s, E[X] <
2V < Vn=12B o5, ZOFEEFL T Y FCHRMIZEVELITS
ET,%=n=1,p1=1/VX, X =PX+1/p=2yx L LI L &,

Xi — 22_27i+1(n _ 1)24
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WREONS. i, FRRKIZ,
p=24F (-1

NFEHN 5.
ML X, p 225, MRMW L ¥ 2 ZiZx$9 % Conciliator7 )L 3V X A [5] & [H
PRIZEUN Ofli, EEEDS D 31D,

BE2.X2X2D7)LITY XLZEWT, i =[loglogn] 77 >~ KH £ T p % write
MR LU THWEZEED, i 77 RIS TWA R IREMEOMEEE 3 5.
Z DI, 1...[loglogn] DETD T v FIZEWT,E[X] <X Th5.

HWE3 X 2ZHM207)LTY XLIZBWT, i =loglognl 7> RHXTp =
272"~ 1)¥2 i > [loglogn] ® 5 ™7 >~ R TlE p, = 1/2 % write & & L TH
W2 ZED, i T Y RRIZE S TWAELLREEMODEK L T5. £72,j>0L
T5. 2D L%, E[Xiogiogmyj] < 8- (3/4) TH 5.

FE L M207V3Y XA, 772 FR=loglogn] +[log, ;(8/e)] £ 92 &,
B EMER 1 - € D Conciliator 2 EHTE 5.

SRR . EIEMEICBL T, K207 LT ZA0 S, BT retumBEFTINB 70,
AL 5.

ZUMIZE LTI, K207 VT X605, AFEME UTIREINSEIZT IV
TV XLDEVEVTHS. viE, 7TVITV XLDRINZ, %70 AD A SHEHK
AZIN, BT Ri DU TIEL, MRSWL VA X ([i] I N TWABIED S 5,
BARDMEN VIZRAZI NG, r[i] IS N2 DIEE T T 2R v OMED A7
DT, VIZRAZINBAHENED D 2 DI, & 70 ANERHNZFRFOWUAED ATH
5. £oT, ZUMBHRIESINS.

BRI, HEEMARIMEICBIL T, M 3245, R=[loglogn] + [log,5(8/€)1 7
7V RRIZHER - TV B R B IREMDMEE X OIARHE I, & 4

8- (3/4)°%s8/c = 8. (¢/8) = €
7% XIZHFATRBOMRLMTH L5720, XIVATDRERLD,
Pr[xrlog logn1+[logy, 5(8/€)1 > O] = I:>r[xrlog logn1+[logy 3(8/€)1 2 1] <€
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NI ARVASR O

3.1Hi& 328 DFEEREL S, MRSW L ¥ A X % H\\ T Conciliator # £ § % $2
ETNVITVZLIBEWT, ARMHER 1 - e 2R TH2DIIHER TV Y RO L
5%, O(loglogn +log (1/€)) £ 72D, MRMW L ¥ X & % H\ 7= Conciliator 7 )V
TJYXL[B] DTV Y REEBHENIZEL Y., £72, BETIVIVZXLDLTY
YRIZhMBE TR ARAT Y TEHERIE, K320 70 T) XL 5, Oh) &k
5. DD, TVIVZALDKRTIZENS T ARATy TiBEED ERIX
O(nloglogn + nlog (1/€)) £ 72 H, MRMW L ¥ A & % i\ 7= Conciliator 7 L. IV
ALl DTa AAT Y TEIHEE EHHEIZEL W,

GHEITIE, FIBEMERIZ KD, REFIRLBEFIEOLEEBHR, AT v T5HH
=X iRd 5.
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4. MRSW L ¥ 24 &AW Adopt-Commit 7Y = 7
k

Adopt-Committ 7'~ = 7 b 1%, 3CHk [9] %> 5, Weak Conflict-Detectort 7> =
7 b EEREOEAE ) ADHBETERTE 2 Z MR I N TN, [9] O
Adopt-Committ 7Y =7 h2EHT 27V TY) XL %23 ITRT.

shared data:
MRM Wregisters proposal, initially 1;
weak Conflict-Detector wCD;
1-bit MRMW register conflict, initially L;
local data:
v, initially 1; u, initially L;

1. procedure adopt-commit(input)

2. begin

3. v « input

4 if wCD.check(v) then
5 conflict « true

6. u < proposal

7 if u # 1 then

8 Veu

9. else

10. proposale« v

11.  if conflict = true then
12. return (adopt, v)
13.  else

14. return (commit, v)
15. end

3 Weak Conflict-Detectorr 7'~ = 2 k % FH\ 7z Adopt-Commit7 )L 3V X A

H 570 AT (commitV) DR - T E 7256, £ O returnh b s £ TITM
DIEV(V£ V) ZR>7= 70X AN 44THD checkiiifi 2175 Z L i3V, £D7-
D,V EFSZTHOEANTITHT, U= L THA I LIFR\V. TOME, LY
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A Z proposall vV REFEZIAEND Z L NN 2D, vV Zreturnk L TRT Fut
ZNIFAEL R\, 2D 728, (commitv) 233K - T < 54 T, (commitv) L <
IX (adoptVv) DAIE ST 5. FD7=8H, Adopt-Committ 7Y = 27 b D —E:%
e L T\W5b., £72, £ TD adopt-commiti{ & CIH Ul v 23 A1 E 24, weak
Conflict-Detectort 7Y = 7 b TEZEN R X 72D T, conflict A’ truelZ 72 %
Z MW , Adopt-Committ 7Y = 7 b DUUERMEZETERE L T\ 5.
AWgETIE, EEo 73 X L% EIZ, Weak Conflict-Detectorr 73 = 27 b ®
FEHT N T XL EFHHIRET S Z & T, Adopt-Committ 7Y = 27 b DES %

/= =

172

4.1 MRSW L ¥ 2% % B 7= Weak Conflict-Detector4A 7> x4 b

XHER[9] Tl, MRMW L ¥ A & % I\ T, mfid Weak Conflict-Detector 7' «
27 b D 2 % checkifi% %2 @(min(logm/ loglogm, n)) THEHEH L TW5. MRSW L
VARETFINVET, XB[O] DT LTV XL%E2FEBET B L, checkifl & DFEITIZ
®(min(nlogm/loglogm, n?)) ® 7at A A5 v THERL N 5.

AIFETIX, MRSW L Y A X % -V, LD A B D IR T LB 7] HE 7% Weak
Conflict-Detectorz 7u & A2 7 v TEHEE O(N) TEHET LTIV TV XL %2 HRE
$5. X412, MRSWL Y 2 X €5 )L ET®D Weak Conflict-Detectorr 7> = 7 b
DEHTNIT) AL%ERT.

ADTNITYZXLTIE, FE7OXATIZMRSW L V2 X R[i] 204 T5.
checkiia Ti%, 7R AZHBOEI D Y Ton/ L VA XIZ write 21T\, T D
B, B TOLIYARIZreadz ETT 5. KAH 5, BEEOLATOE IO AD
checkiliB D 7B A AT v TEHEEIZOM) &7/ 5.

B 2. ¥4 1%, checkEHFE D 71t 2 A 7 v 7 EHHE & O(n) T Weak Conflict-Detector
ERETZT7VIVALTHS.

EEAR . 22T D checkEHBE D AJEMFE UfE vV DG, LY AR R[] IZIEvDANE
SIAENS. 5THTVE ULKIZ LUANDER R SGHAIRATEND Z & 1T W
b, £ TOEBEDOH I falsediK > TKL 5.
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shared data:
registers R[1 ... n], initially 1;

1. procedure check(v)

2. begin

3 Rl[i]«< v

4 forj<1..ndo

5. if R[j] € {v, L} then
6. return true
7 end

8 return false

9. end

4 MRSW L YA &% %5 )V ETOD Weak Conflict-Detectof£Ei 7 )L TV A L

4TI, A 7TaATHBED L YA XIZwrite 27> T 6 £ L YV AXIZ read
ZITODT, ZDDO TR APELLMEV £V D check(V)iH & check(V) . %
FEIFUGE, iz write 217> 7= 70 ANE S AALEIL, B Twrite 2175 7
OY ARNBT readd 5 Z & IZHRD, HDOEENRI -2 2RET 5. Thb
%, check(VY#EH, check(() & (v £ V) D L5 52 i true 23K 7. O

FH 2256, MRSWL Y ZAXET)IL ETIE, L7 )L 3D X412 &5 Weak
Conflict-Detectort 7Y = 7 b OEBIZh» b Tatv A ATy TEERIL, SCH
O] 7T VTV XL KD EHEENTWS.
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5. Consiliator & Adopt-Commit =R W/=EIREETIL
O XA

AHZETIE, MRSW L YA X % W ERERE TV T X LDREELTS . Sk
[5] 125\ T, Conciliator7 )L IV X & Adopt-Committ 7> =27 % ffifHT 5
ZETHRAERTNTY AL E2FEBTEL I EWRINT VD, BRINZIE, T8
R THER L 5 Conciliator7 )L TV XL %2ETL, TOMRTH K Tk A
DEEME % Adopt-Committ 7Y = 2+ @ adopt-commitiHFE D A SfE & L THW
T, HBEDFEITZ17T 5. adopt-commitFE D /1 & LT (commitv) 24537z 71+ X
EVEARBMEEPEL TN I) XL 2T 5. (adoptv) 2572 7t %, B
filiv % HaDREME UTEML, HE Conciliator7 )L 3V X 2, adopt-commifi
Ha2FETTE. 5570 AD (commitv) HK > T & 7254, £ D Adopt-Commit
ATV b TE->TL B 11 (commitv) $ U < & (adoptv) & 725728, flid
lEEEME U THRELRT T2 70 ZIZFEEL V. Ll O 20 R
T HREEMEZMIRT SN TES.

FROIREZET NI XLZhh 5 Tav AAT v TEHEEOHRHEIL, Con-
ciliator 7 VTV XL D T uv AR Ty TR E L Adopt-Committ 7 =2 b & FE
B2 7T a ATy TEEE ORI & MRS L. SCER[5] TlREINTWS
HRAEE T VT Y X 41E, MRMW L ¥ 2 & %2 W, O(log logn+logm/ log logm)
DTBEAAT Y TetEAROMHETEE I NS, 207 )T Y A% MRSW L
VARETIVETEZGE, TIVIV XLDEBII» NS O AATy THE
EOMAREIX, O(nloglogn + nlogm/loglogm) T& 5. Ai5E CTIRET 5 HLIRE
B7NVIY XL, 3L 4HiOFER2 S, MRSW L Y A X % FH\WT, O(nlog logn)
THEETHIENTE 3.

KA, ETNTY) ALINT 2REFELEBLEFEENETNO IO AT Y
TEHEEERT.

REFIRLGETEER RS &, 7L TV X LD ASEDAEIE m A (log n)©los leglogn)
BHZLGE REULIREET VI X001, BETEBl L0, 7ok A A
Ty TEHEBEIZBWTENT WS, m2 (logn)Pteglegloa IR T, 2L Tk
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F2 £T7NTY) XLDOFEE ELIRGET VI XL TIRGHEEOMAHE)

BEAFFIL RREFIE
Conciliator O(nloglogn + nlog 2)[5] O(nloglogn + nlog )
Adopt-Commit 0 (min (nlog’%’;‘m, nz))[9] O(n)
ARG | O(nlog logn + min (npsit, n?))[5] O(nlog logn)

EMGFEFEDO Ta 2 AAT v TR EITENEIZE L W,

22



6. Conciliator 7JL 3 X LICEE T BT E#ERR

BFTIE, IREL TN TY) XLDRRHFHEED LSAY, BEFEFE & WnE Iz 5E
LWZ & ZGFHH U7, LA L, Conciliator7 )L 3 X AHDE T 7 v RLEIZE W
T, BFEFE readiliE THMAALMED, T OHADERTO write JHA TE XA F
NIEDATH 2 DIZx LT, BETHETIE, readfiBE O E1T AR/ T b N7z write
HEETOMEEZFHARADZEDARETHS. 2O Lh 6, {77V NIZEWT,
BRPENDIERDPREFIEOLADVEL BB LEZOND. TDD, IREFIL
X, HEEEMREZELDITRBRERT T Y NEBPBMAETFIEL D D0 FOEE
MNREZ 5N, 6.1 TlE, LEEOFZZ %2, 5HHEEEHWTT VI AL%EY Ia
L—yarvd 52 & Ol fliz17>.

72, #8%E L7z Conciliator7 L 3V X Ad D writefiiR & L T, 3HiT/R L 7= write
MR p Tl FHEMEY I 2L —2 a3 v & W TREZR write FER popy & FH
= FEOREERTD . TOFED R, FHEEERE2 VT, p 2HHT 2%
FEAE B SRE UT, ARMER, ATy TEtREEICE U CHEFH 247 5. 6.2
fiie UC, IREFIEDHA & FHEROFERIZOWTRT,

6.1 REFEELBHFFEZ LR L 2 Mm=E5R

FMEERTIX, BET VT Y XA 2 LTI, 3.1HD MRMW L Y A X & W=
Conciliator7 )L 3 X% MRSWL Y2 X EF)IV ETERTS. BE7ILITY X
L%, 3.28i> MRSW L ¥ 2 % % [\ 7= Conciliator7 )V 3V XL %2 LT 5. £
ETNT) ZALEFETIVI) ZLOHRTHHT 554 F 7 2 Ni TOD write iR
B2 TRU p 2MHTS. ATV ET AN AT ¥ a— 1200 T, —FfliE
RIZEDB TR ADEREZTIAT Va2 -5 UTHEHLE. K70 A0
AIAME I, 022 S a2 28 n D 1045 £ TOMEIROELEUE & 3 5. SR DS
e ULTIE, 7a 28, S0y FEEZBRT 5. £, DRBOFKERTIK, 73
A % 3,000FE17 U722 W 5.

FEEFERE LT, 7ot A% 32,128,1024,204& L, %77 ¥ REEFETL
TG EDEEMREZX 3, X 5,678 -7, £/, 870 REEZEITLEZGED
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TNT) XLDRAT Y TEHEERZK4,1X9, 10, 11, 127737

FI3WMELWAFDO T IV IY XL TOEEMEE (%)

AR
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128

1024

2048

V@I 2= DN IN

Wefr | 1%

BEfF | 1%

e | 1%

Y RERE e

VAV Y 1

00| 14

00| 01

0.0 | 0.0

0.0 | 0.0

2

2.3 | 30.3

11| 21.3

00| 7.2

0.0 | 32

10.3| 54.9

6.1 | 52.7

1.3 | 42.0

16 | 37.6

209 | 731

10.8| 71.6

6.8 | 65.6

6.1 | 624

31.1| 84.2

21.6| 83.2

16.0| 81.1

14.9| 79.6

45.5| 90.4

36.0 | 90.6

28.7 | 88.9

27.7| 90.4

55.6 | 94.2

46.5| 94.6

40.0| 94.4

39.0| 94.6

65.7 | 96.4

58.6 | 97.2

54.2| 96.9

49.9| 96.4

Ol N0 | b | w

75.1| 97.9

70.1| 98.2

62.7 | 98.2

60.5| 97.8

10

80.9| 98.2

75.0| 99.0

70.3| 99.3

70.3| 99.0

11

84.8| 99.1

81.9| 98.7

80.1| 99.5

77.0| 99.8

12

89.4| 99.5

84.1| 99.6

83.7 | 99.6

80.1| 100.0

13

93.1| 99.6

90.2 | 99.8

88.7 | 99.7

87.0| 100.0

14

93.8| 99.6

91.5| 99.8

89.7 | 99.9

89.4| 99.8

15

95.3| 99.8

94.2 | 99.8

91.3 | 100.0

93.7 | 100.0

16

95.6| 99.9

94.4 1 100.0

94.1| 100.0

94.9| 100.0

17

97.5| 100.0

97.3 | 100.0

95.6 | 99.9

96.4 | 100.0

18

98.2| 99.9
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19
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97.5| 100.0

97.9 | 100.0

98.8 | 100.0

20

99.2 | 100.0

98.6 | 100.0

98.4 | 100.0

98.9 | 100.0

3, RADKERDPS, DT 2ABUIZENTH, IFLAED TV Y NT, IBE
TN ZLDBEET VTV XALDERE
DADRVEIRETT VI AL 2K T LTWEZ b hrd. GEHERIZB VT,
FEEDHERZTRE T H2DICBER I T Y NEELKRT 2L BET VI AL

BTNV T) XL REBREPETNTVWS. ZDOZ &5
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1024

2048

TN XL

WEAF
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W7

fe%

AV ik

1,024

848

16,384
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1,048,576

1,015,908

4,194,304

4,101,264

2

2,048

1,551
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7,826,191

3,072
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4,096
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6,144

3,692
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8,192

4,776

131,072

77,754

8,388,608

5,109,255

33,554,432

20,664,734

O oI N OO 0|~ W

9,216

5,230

147,456

85,624

9,437,184

5,640,243

37,748,736

22,463,390

10

10,240

5,796

163,840

93,672

10,485,760

6,201,333

41,943,040

24,503,596

11

11,264

6,321

180,224

102,375

11,534,336

6,758,814

46,137,344

27,027,768

12

12,288

6,863

196,608

110,251

12,582,912

7,150,910

50,331,648

28,416,066

13

13,312

7,448

212,992

118,333

13,631,488

7,756,761

54,525,952

30,840,724

14

14,336

7,905

229,376

126,697
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8,245,275

58,720,256
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15,360
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245,760

133,782

15,728,640

8,838,323

62,914,560

34,832,448

16

16,384

8,973

262,144

143,098

16,777,216

9,339,998

67,108,864

36,970,256

17

17,408

9,469

278,528

150,915

17,825,792

9,875,289

71,303,168

39,829,360

18

18,432

10,016

294,912

158,875

18,874,368

10,360,401

75,497,472

40,959,516

19

19,456

10,528

311,296

167,978

19,922,944

10,932,598

79,691,776

42,978,260

20

20,480

10,990

327,680

175,819

20,971,520

11,427,274

83,886,080

45,640,252
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G EDORER T AATy TR, BET N T XLBEET VT XA
IZHAR, SEHIZBTE 5 2 2 0h 5. HilZIX, 10247 10 & A THEMER 98%%
REETHTINVITY X LD T AAT Y JEHEEEZZEZ 2 &, MGET LT XA
T3 20,971,520 7 > R) DIZxf U, 2= 7 )L 3V X114 5,640,243(95 7
RYTHy, M3 7255 ETH B, £7-,20487 0t ADGE, IRET VT XL
AR 1.6V FIZB W BEFELIVE 1TV NRELCEFET HZ
Dotz
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6.2 EtEHS I 2L —Y 3 Vv ERAVWEREF L ETTMER

BETNLVI) ZALZEWT, 3HTRLUEZ T TV Ri THHT % write fER p;
1, BTV RTHE-o T2 R EEMOMEE X DMtz ERZRIZEE L
MRTHD. TDLD, B I 2L —va itk V& ITVRTDO X O %
BN T 2 B0 7 write fER popy & RO THHT 5 2 & THREMRIE, HizE<
mbHEEZOND. T T, RE L MRSW % 7= Conciliator 7 )L IV X L
D write R & U T popg AT 2 FiL2RET L. ZOFTRIIBEWT, HSAR
MEZRLDIIBERT T Y P FIHEEY IaL—Ya v TREEI IV
TOEEMENEE L EEMEL L7277 v Nk 95,

ZOFIRIZBE L TH, FHAEEERIZEL D, p 27z Conciliator7 )L T XL &
PR & AT VRIS 2 fERR L 7=

EEFER L LT, a2 8% 32,128, 1024, 204& U7-[iZ, %77 > R TOD
X DEEBNE T B write T popi & KD 72455 % K 5ITRT. £72, Popr % H
LG aD&R T Y RBTOERBIERERAT Yy T3HHRE2R6I1IRT. £z,
13,14,15,16Z p & popi 2 AL 2EETNTNOAEHFEE2 7T 7 TRT. £
7z, 17,18, 19, 202 p & popii 2 L 2B T NTNDMRAT v TitHE%E 7
7 7 TmRY.

KE5LRKODIFERNS, Popi ZHHTHI LT, LV EBVWAREEEZFR NI Y v
RTHEEZENTELZ R Dol 72, 7O ABPKREL BB IZON, &
UV RTDEEMEIIIVEL L>T W5, Kz, 7at A8 n = 2048054,
BIEMERD 80%LA EIZBEWT, popy 2T 2IESI1 7V FREEST S Z
Ebiro Tz, EEOERKEED S, write % popy % 7z Conciliator 7 )V 'Y
AL g 2EHLUZEEG &R, REEHEE, SEfERICBVWTENTWE I .
Nbhhoiz.
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£S5 RBETNITV ZLDET WY KTO write fER (%)

VAR S '§ 32 128 1024 2048
write =R pi Popti pi Popti pi Popti pi Popti
77 v R#E1]0.1796| 0.1068| 0.0887| 0.0411| 0.0313| 0.005| 0.0221| 0.0034

21 0.2997| 0.321 | 0.2106| 0.243 | 0.125 | 0.19 | 0.1051| 0.15
310.3871| 0.376 | 0.3245| 0.35 0.25 | 0.33 | 0.2293| 0.35

4| 05 0.43 0.5 0.4 | 0.3536| 0.41 | 0.3386| 0.49

5 0.5 0.44 0.5 0.42 0.5 0.45 0.5 0.46

6 0.5 0.47 0.5 0.47 0.5 0.54 0.5 0.49

7 0.5 0.47 0.5 0.56 0.5 0.53 0.5 0.51

8 0.5 0.47 0.5 0.43 0.5 0.53 0.5 0.53

9 0.5 0.49 0.5 0.47 0.5 0.48 0.5 0.5

10| 0.5 0.46 0.5 0.47 0.5 0.51 0.5 0.49

11| 05 0.56 0.5 0.54 0.5 0.51 0.5 0.5

12| 0.5 0.44 0.5 0.54 0.5 0.52 0.5 0.5

13| 0.5 0.5 0.5 0.5 0.5 0.49 0.5 0.5

14| 0.5 0.53 0.5 0.45 0.5 0.49 0.5 0.5

15 0.5 0.54 0.5 0.51 0.5 0.5 0.5 0.5

16| 0.5 0.44 0.5 0.49 0.5 0.5 0.5 0.5

17| 0.5 0.5 0.5 0.52 0.5 0.5 0.5 0.5

18| 0.5 0.49 0.5 0.52 0.5 0.5 0.5 0.5

19| 0.5 0.44 0.5 0.47 0.5 0.5 0.5 0.5

200 0.5 0.49 0.5 0.49 0.5 0.5 0.5 0.5
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i‘% 6 %l%ﬁf\‘*&)f: Wl’lte Eﬁgfé popti %ﬁﬁl{\f:i%éo)

Aiﬁ
= &=

MR LA T v TR R

7a v A8 32 128 1024 2048
AR (%) | MAT v 7| AEHE (%) | ATy 7 | AEMHE (%) | AT v 7| AEMHE (%) | ATy 7
PAZAN 9.4 918 16 15,698 3.0 1,043,141 1.0 4,180,327
2 42.7 1,591 38.7 28,300 39.3 1,893,701 37.3 7,704,466
3 63.8 2,250 64.5 37,829 56.0 2,562,637 59.1 10,224,390
4 77.9 2,832 76.8 46,932 77.8 3,134,918 76.0 12,063,052
5 86.7 3,393 87.0 56,654 90.4 3,713,714 91.1 14,488,786
6 91.7 3,984 93.4 65,790 95.8 4,231,999 94.2 16,689,292
7 95.2 4,515 94.9 73,490 96.4 4,709,261 97.9 18,640,054
8 96.8 5,085 97.5 81,975 98.7 5,099,652 100.0 20,635,682
9 97.9 5,617 98.6 91,454 100.0 5,796,179 99.0 22,648,234
10 98.7 6,171 98.9 99,243 100.0 6,238,645 100.0 24,891,460
11 99.2 6,670 99.5 106,822 100.0 6,657,156 100.0 27,233,250
12 99.5 7,269 99.7 114,101 100.0 7,382,954 100.0 28,979,466
13 99.7 7,775 99.7 123,283 100.0 7,845,255 100.0 30,963,380
14 99.8 8,294 99.9 131,827 100.0 8,399,880 100.0 33,405,528
15 99.7 8,739 100.0 141,078 100.0 8,881,243 100.0 35,793,024
16 99.9 9,321 100.0 150,186 100.0 9,334,403 100.0 37,559,732
17 99.9 9,886 100.0 154,847 100.0 9,928,948 100.0 39,564,676
18 100.0 10,372 100.0 163,247 100.0 10,379,337 100.0 41,849,276
19 100.0 10,995 99.8 172,335 100.0 11,015,188 100.0 44,386,528
20 99.9 11,499 100.0 183,795 100.0 11,686,194 100.0 45,755,244
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7. F&H

AWZETIE, MRSW L Y AR & Wz, SLIRGE T VT A LDREZRT - 7-.
HKRMIZ1Z, Conciliator7 )L 31 X 4 & Weak Conflict-Detectort 7Y = 7 b+ %%
BREB7NITY XLEREL, SIRAET VI AL ZEBL 7.

RZE L 7z Conciliator 7 )V IV XL TIE, 6BMHERN1-e0<e < 1) Th?
ConciliatorZ, MRSW L ¥ A & % H{\\» T O(nloglogn + log (1/€)) ® 71 & A A
T TEIRBETHEBITE 5. 2, XHk[5] @ Conciliator7 )L I X LD 7FH+
ATy TEHEE LRI E L.

Weak Conflict-Detectort 7> = 7 b % 5B 2 7 )L TV XL T, KHk[9] DFE
BT, 7R2AAT v TR OMin(pste, 1) Td 5 DI LT,
ET7NTYZXLTE, T AAT Yy THEENON) TEHETE .

FLIRAE T VTV XA, Conciliator7 )L 31 X 2 & Weak Conflict-Detectort
TV NOMALGOETEBTE, TO T AAT Y TEHREEITZLZT NI
W05 TAX AT Y TEHREBEON EMNEIIZE L W2, RELZT VT X
LD TaXARTy THEEIZO(nloglogn) THS. ZOFERIK, 70TV XLD
AFHEDEE m 7S m = (logn)©loglogloan %8 2 254128\ T, RO 15T
B 5 XHK[E] DELIREET VIV AL LD HEENT WS, TNUHNDHEIZHENT
I, REFEDO T AR Ty TEHRERIIBAZATIE L HHEIZE LW,

F 7z, Conciliator7 )L IV X L2 DWTI, ftRBESERIZ K 0, BIFEFIE[B] &
W RTA 2 4T - 72 SRERAE SR & U T, $8E L 7z Conciliator 7 )V I X403, $57E L 7=
BEMRZHLT 2DICBERRATy TetEED, BEFEIVIE NI %
AU, RETNVIT) XLOEHMEZHER L. X6, BEFHEL LT, BLRAE
TNUTY ZXLHFTHHAT 2 write RS LT, 5B Ia L —Ya it K o5
f popti Z VD FIEZRRE L2, ZOFHEITH LT, FHABKERICL D, 3T
m U7z write MR p 2 IV B REFHE & T 217 - 72 EERRFER L LT, p %
AWEGE XD popi Z AW FHEDIR S A, KGR, GEERIIBWTE
NTWBZ D bhhroT-.

SHBOMREE UL, IRET7 LT XL OEAMHICE U T, 3l T34 < &
REIZK D270, GEHT 2R EREZ 6N D,

38



B

Mo e D 2IZH7=0, HEEX D BYTE L ZTHREH Y £ L EHEEHAD
H EREFEIRIOP SR U LI £, ARICEEL T, BEEZEEEZH D
E URREBE OORFELERICES EHB U LT £ 4. KR ZT512H7D,
AIREZREIBN S, B4R E 2 W2 72 & £ U 2 BIFREE B O KRH M BB O S &
HU LT ET. KR ETS CHh70, BELHEE, Au2fliEE s W2 %
U 7B EHE DR FEKBBUC RS BEH U BT E . £72, KR EIT512H
720, RN E 2\ W22 & U2 B IL—FERMEBER I 00 S B U LI &
TRBIC, HEP S S EIFRATHATKEI 0T ARV XTIV AT L
HRBEDA Xy 7, HEOWREE) 218 U CTIER LM I BN EaVnitnsz
TARYZTIVY AT LERFREORMOFEE, FHE, BARE, YussufF 12 &
HELET.
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