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Abstract Nowadays, the increasing demand for cross-cloud collaborative scheduling of storage and computation puts
high demands on cross-cloud data access speed. Therefore, cross-cloud data access methods based on data redundancy
techniques (erasure coding and multiple-duplicate) with high cross-cloud data access speed are gaining attention.
Among them, the cross-cloud data access method based on erasure coding has become a hot research topic because of
its low storage overhead and high fault tolerance. In order to improve the data access speed by shortening the
transmission time of coded blocks, existing cross-cloud data access methods based on erasure coding introduce
caching techniques and optimize the coded data access scheme. However, due to the coarse granularity of cache
management and the lack of coordinated optimization of cache management and coded data access scheme, the
existing methods suffer from low cache hits, low cache hit efficiency, and high access volume of coded blocks with
low transmission speed, which prolong the coded block transmission time. To this end, we first propose an IPFS-based
cross-cloud storage system framework (IBCS) that can realize fine-grained cache management based on IPFS data
slice management mechanism, and thus can improve cache hits. Then, we propose an adaptive erasure-coded data
access method for cross-cloud collaborative scheduling of storage and computation (AECAM) that evaluates the
transmission speed of each coded block during data access based on the distribution of coded blocks (including cached
coded blocks) and data access nodes, and accordingly formulates a coded data access scheme that can avoid accessing
low transmission speed coded blocks. In addition, AECAM identifies coded blocks that are easily selected in the
coded data access scheme and have low transmission speed, and caches them near the data access nodes, thus
improving both cache hits and hit efficiency. We build a cross-cloud storage system for collaborative scheduling of
storage and computation (C2S2) based on IBCS and AECAM. Compared with existing erasure-coded storage systems
that introduce caching, experiments in a cross-cloud environment show that C2S2 can improve data access speed by
75.22%—81.29%.
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Fig. 1 Illustration of direct data access scheme
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Fig. 2 Illustration of degraded data access scheme
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BN s GEAF i BB Ripvesnorsr P 6 45 10 2080 X 52
REAFIKBHIEF.
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i FH I 5
slowBlocks<—138.A% iy B 1) 4 i B
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GEAF G PO B8 B AT e R
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R—AR Y 1y G2 A7 Bt it 5
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A DL 32 KR X G 1% G B B ) 2 A7
ST He ZAFIL SR 0 1 5 B
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end if
end if
if(event.type==3¢ I} & A7 MWL =4 )
O—EFEAUIE W EL G X 4 (F, R,
Riveshota) 3
UHELSPEISUS VO SINE IR e )n
P ITR ZAAILEH R 0 1 gt B ik
4 tmp AR (O).
@ endif
end while
. CADA 1817 T = WY S X0 N 1 = 03
R b, SO BH 2 1 1 BA B o s S (BRLL 2
AT, Ho A 5 BCHE Vi 18] F5 28 FE B 22 A7 [
FA 5.
v BRI U7 1) Z 4, D) S0 v e
12 AFERS & 1 g i B A5 2, LA B 4% S i B i) 52 B
R R (BR0E 2 AT 3~B) . SR 5, ARG RS 115 2
1339 AFERS & H 74 2 fith P v 4% i FH IR 2584 1) i
P33 slowBlocks, 1 i 1B 854 1) 2t B B 4 S PR A%
i I KT 4 jor By S B, Hoz, o 43 51 ohy 4% 4 i B
e i PR ) 7 S A o 22 (B3 2 AT @), W&
. H A, B slowBlocks T B g RS N A G247, FF:
i v A% o P ) K B G B B R R AT AR S ke R 1,
oAt Gt B B (9 R A AR e 9k R 0CK 3 2 AT @) . Bl

2O0® @ © @ e

©

® 8 6 ®

®

Ji WS Y T GR AE 1 R B A A, DR
B 0 B X G G R AT IR B B F O A 09K 2 ) B
Xt g (B 2 AT O~10) . e, 1 4% 400K 7% 5040 Xt
LGRS AL e CR B AE DL Se R 1 1 mt
B i) A SE 08 R 0) I-45 B AR SE 0 0 1 4t
Pkl tmp RS (L 2 AT@).

A1 B A I 8 A7 [l g4, DU P sk
(R B8 X G 90 % A7 3R 3% B 1 F i 003K 34 1) 5000
G, IR A 008K 5 B X 52 1 g A B 1 28 A7 AR e
CHE B AT T 9h 1R g i B 0 SR A e 900 R 0)
FEBE B AT Y 0 B 4 A5 B 15y tmp IR 2 (B 8k 2
117 ~1).

3) AT

OF: CADA B ZZAE W5 1% AFERS i H 52
B A% i FH B A0 0 A A B, T AR s 28 A7 i rh i A
ST R B, AT 45 6 4 e A i PR s,
B U ) S

Q@51 CADA X 5 B A i FH B A X 85 4K 1) 4 B
Be(BAFL el DT TR, L Z L) 2 1k
ZAFIKE PR B R gdn b A S, AR T
P A7 T L

Q) [] Fh 4 %o 52 9 2% A7 9K 3% 5405 38 T A i
Y, M TR 95 CADA vl 3% it FH ™ @ /8 S EE X
RREAFRB AL, BOLE A RR N FE.

4 FTHHER

4.1 [FEILI

VAL J7 2 AECAM WY PERE, FATSEBL T —AN i
W B A7 5B ) FF B R 4 (cross-cloud storage
system for collaborative scheduling of storage and
computation, C2S2), JFFEIZ RS T 5L T AECAM.

C282 {2k T IPFS Y5 = 17 fiff 2 S HEZL IBCS,
IZHELR Hy DR AL JCEE AL AR R | TPFS 21
PF % S 2, A 11 s

Shy 3G PR S RE, MR AL 24, BT T2
PR b 2% IR R A A T B 2 1 S 4 T R BA
F rh R I L, IR Sl B RO BRI
R P IS AL AR SIS AT K U5 E

A AU S B AT — B R
AN Uiy BHL 2 52 JBCHS A3 1 2 BA S i 9 L, I 7E Al
T BOH B K H g b s v, U B P A
B, LG BARR g i B R AR 4R A b, A 1
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Fig. 12 Illustration of cross-cloud experimental environment
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Table 2 Parameters in Experiments

S ZHE L BRIMAE BYH
S. A% 20 2,5, 10, 15, 20, 25
a Zipfian S 5L 0.9 0.2,0.5,0.8,0.9, 1.0, 1.1, 1.4
(n k) MBS E 9,6) (5,3), (9,6), (11,8), (16,10)
S, A AE LR % 0 0, 30, 60, 90

RAFH AR S, JE A8 B AT 25 A K /N5 R e BOSE X
LRKINZIL.
S TR B T 4 19307 18] IR A Zipfian 43 £ P, 2

K, Zipfian )i B S8 a K.

KOs AR LR S48 2 A Kol X e A B A
AR BE. FEAS S5 v, 42 IEHCHE AR B RE A 4 2 DK
P X G R0 53— AN, N R 2 A R R AR
A L ARARL, ARMBLEE S S AT /N4 22 [8] B4 B %) 52
BRI LEE A 0.

43 iFMER

FRATAE A 3 A~ i b A F A T 17 15 = A7 ST 4 )
A R G0 C2S2 Iy Mg,

D) G A7 i

A7 il AR B8 LA g B e O R AT A7 A B, U
AT 2R GE G AF- i Hh it HS O 2853 22 R HUH Ui )
AT 5 Wl A TP B G AF D R B RN HS a5 1At
B GE LABE o3 i DR HEAT G A7 A B, AT Al AR
GE i ZEAF- o vh i HS O 283 22 K B0 U TR R A IS B
i AT B 2 BB RN HS e
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Fig. 13 Variation of cache hit volume with parameter ; of the
j-sigma caching decision principle
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Fig. 15 Comparison of cache hit volume under different cache

sizes

B 15 RIEZAFA BT A AT T

Wl 5 22 4745 BE 3G I i3, X R T A A e
K, AT A B ik 2

Kl 16 R T ARG S 20T Agar, POCache, C2S2
() % 17 . Agar B C2S2 Y G A2y b X g % 3
B A8 A A BURK, T POCache Y 2% 45 i v 5 X 4
SR AR A B Ry U HLH G A b iR e A 280,
3) KT Agar Fil C2S2. iX J2& K i POCache 1Y 2% 47
2 36y B, A A5 X G it e rh A 6 A o L A R
eI B o LB /b, AT 2% A7 1 g B e /D 3 i AT i e
F1%) G Bt Bk /1>

K17 87 1 A [ B0 A U2 T Agar, POCache,

30

= Agar n POCache « C2S2 (AL

27 P iE/GB

///////////////////////////////////%v

77777/
7z

&)k

a6,

LEIEE

(53

)

=
—
=}
=

Fig. 16 Comparison of cache hit volume under different

encoding parameters

B 16 ARG SET ZA7 o Pt



TRSLSESE T A S A 5 2 2 RS O i AR D ) O vk

585

C2S2 (¥ & A rh it . C2S2 1 Z2 A7 i v dik i 35 H50 40 A
0L BE (1) 28 Jin v 86 n, 7 Agar A1 POCache [ 28 17 fiy
LT A ZEHE AR DL B R X R T C2S2 L T
B 53 e G G A7 3, AU 1 4 B B v B A
[F) 5408 43 e AR A A 1 1Ok, DL 540 A L R R
G A7 23 0] v BB A7 At 19 S A B 22 o 45 2% A i v o
.

| =Agar nPOCache « C282 (£X)

A7 i &/GB
I

o

mmmmmmm;
o
7/

S

: 3 [§
SR HILES %

(=}

Fig. 17 Comparison of cache hit volume under different data
similarity
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Fig. 18 Comparison of cross-cloud transfer volume under

different Zipfian distribution parameter a
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Fig. 19 Comparison of cross-cloud transfer volume under
different cache sizes
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Fig.21 Comparison of cross-cloud transfer volume under
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Fig. 22 Comparison of average data access speed under
different data similarity
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