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On wide-area distributed data placements
with higher tolerance to correlated failures

HiroTAKE ABE! and Kyousi UMEMURAT!

There are cases where a single cause brings simultaneous failures on many nodes in a wide-
area distributed system. Such cases are called correlated failures. In this paper, we describe
our ongoing work for developing a method that can evaluate impact that a data placement
used in a distributed storage system against tolerance to correlated failures. In cases that
the number of data fragments that each node can hold is at most 2, a data placement can
be interpreted as a member of a permutation group. We developed a method to calculate
the tolerance of a data placement based on the structure of coprime circular permutations in
the equivalent permutation of the placement. Using the method, we show that there can be
better placements than random placement or sequential placement, which are commonly used
in existing wide-area distributed systems.
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DEEEZHSILOHELHFTHAEOM A ZEEL .
S VT LREBYD, DI ATATLELIERSN S
BETH 5.

rEozhEnor—2%7ay LS5 7%
K47 Y, ZORRD» 6 FTmARNS 2 LI, (2,
2,2,2) BFTRTD n, KEOTRS EOHBREEA
DMEZZRLTVWBE W) ZETH S, RIZ, v
Y ABREOTFEZ, (2,2 2, 2) OfERY —4 v
> VIR REEIC AR TR EAOMEIME L £ v )
tTHhB, BEEFILVEAR, VY LLRE
By =7 vy e VARRBI R TET R, BEEEH
THEE, BHICHEBETEZED, i TR
EADIEDKIBIAE >,

DT —AAZ TFAD6RBINIHEIE, S5
LAEES I, HBEEEANOmMEIMERT VS &
BEABVEWVL) ZETHD, HBEBEE~DOmMMELE
DEIEDVE—DHNTHIEAI, v —Frivn
ZICE L FRR, 7 V5 AREEIIRATRETIE R
Ric, EEZHT I vV LARBERBITIZRETH S,

/— R¥H 29 DIBEE 30 DIBE

INETDZODT —ARY T4 T, HEEE~D
DB S S, = vy vy VERBRST V¥ Lk
BLE X D SENLEENEELES Z LARBINT
W, TOT—AAZT4TIE, n=298LUn=30
DHEZMY BT, XD KRER n lZonT, B
DHE EFROGEE ZNTRGT 3.

n=298BEUWn=230DEAEITOWT, FEKEH
WTTRTOEEEFIZEL, 2NZNOREBEDROH
BIEE DMt 2 RD-, 2NODOREEZH 5 LK 6
KZNZNRT. ZORTIER, RHMABMEADHMM
VRSO DEBFALTERL, 2hUHNDb i

———a—— Avg of random wio overlap
0 Avg of random
e (8)

° ° o
S > 3

probability of completion

o
n

5 B
# of available nodes

B4 n=8DHPAIK fs VMY B2ERZIT Sy b LEE,
BL, X¥ 1 OKEERE2 S D2,

(022.22222222222) ——
others ——

probability of completion

K5 n=29 DFAIC fs PMHBBHEZTRTTay b AR,
RED7 —AZBRFRL, ZRLUND S DIEEFIL Tz,

(2.22222222222222) ——
others ——

probabiity of completion

# of available nodes

6 n =30 DHAI fs PO BBEZTRATTay FLER,
RRD7 —AZBIFHFTRL, ZhND S DIFKFIL Ty,

DB TERAMEFTICTRTRACMMTRRL TS,

n =29 Tt (3,2,...,2) @2 13MHE<) v
T—FEED, 7z, n=307T (2,...,2) @
15 e <) &) F— P EEDR D itk 2 R L
e, TOREDPS, X1 oKEIEREEET, »
2, X 2 OX[EIEHLE % 5<% O &9 RikE
BIRZIRAT 2 2 L HBIEEAOIMED L2 5 (3
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ZE L L) FRaTmmBIng, Kkalk, o2t
WHYEFEN m =2 LI FIHRICHKL TwB L EZ
T3,

3.2 /—ROEFOEEHD 3 UEDBE

ZIET, m=20HA/IO0T, F—YERER
B oIt E U TR L TBLY &) HiEicow»CEi
LC&ER, ZOFELLT, HUR m >3 DBEEI
DO THRARICTHT 2TV W EEZZDIREARTH
35, Ld»L, m>3DBEAICOVTIE, Bt LT
BIICH DR S EBTERVBEDIL, m =208
ALEECALERITZIZY, b, m=2084
LARDOERZ A BEEE, T-YEEORREE
B SATHIN—ALT 2 L EDH B, ZDFER, HD
ZODRBYED E ) S EHET 2 v REI S
7 7 FARMEHIERIES (RS S, BRI R
75,

Bz, m >3 DA T L7 Fu—FL LT,
ZORBELTWS, —2iF, F—YOEREICH IR
B2 Mz 7 s T 7 MM EREA~E Y e
EVWIHETH S, $H—2IF, m=2DEEDT —
ARY T4 o RBINBER> S HFELT, 2hn
m >3 DBAETHRAMICENTHE I EERTEL
) HETH B,

4.

w

A

BB AT MREI N T — Y O W2 E
DBIDDT 70 —F T erasure code 235 57, Era-
sure code 1, GRo6NTT—¥LEr2 oL, b3
OB EMT LT, W{2DDF—FTuy s
DRI TR E LTHRDOT— Y b2 EHmTs 2L
ZAMBEIC T 5. Erasure code i3, HELRHDOT—% 7
vy 75> Tohud, fERIS, L CIRIERICEY
WRCIHOT— Y2 EILT B ENTES LI BN
TMEZR > T3, ZOKH, —#ic, =¥ 7uy
7 DINBERIZ i e WA, ToF—¥ 2T
TERWV, ZRUHL, ZORITHEMLTVB LD
57— OEMELEL, Piv/ — FETH IO T —
FHMETLTE B[R, L AR WILEETERE T
E LMD D B, StkiE, ThooWEE ) $<H
AEDET, DROWIIEME TSR i % 25
TEBLATLADBGEHIND AL EEZ T3,

5. b DI

AL T, BB AT LIBIFRF—5 7
1y 7 OECE DR OMBIRE O 12 D W CER
BHEI OV, BiL, &/ — P57 —%

7ay 2 hBELZ2 DEBAICOVT, F— B B
HOTMELTIRZZ LT, ZNEOEWICERK
[FEROREED & HBEE O % 5§ 2 k%
ANLTe, £, ZOFMHEERAWET =227 F 4 28
UT, =7 vy vy VEREST V¥ LAREEE V-
LI CRONBEEL D b, K2 oK EIELTII
R N5 57— Y LB O A BRI U TE i
HERTEVIREEEL, 5581, ZomAIxs
BZHERNAMEE, BL, ZORBAERIGHEL Y
AT L DFEHICHD AT\,

& [

AWFED—EIE, BlpBmiREERS W 0 A& DT
ZEHEMETESE CREST Offf%t 7uy =7 + THANES
BEBS 2T LAOBE, OFKBIZE>TiTbNnE,

KR XDHNEZ E LD BICHT>T, SRk
Bes 2 7 NERTEMERORNFHEK & DIk
WICHEETLY, ZCIEHOBRELET.
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