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Cross-cloud Replication System for Object Storage Based on Serverless Computing

SHU Jun-Yi"?, HUANG Xiao-Long'?, MA Yun®, LI Hao-Yuan®’, HUANG Gang'?, LIU Xuan-Zhe'?, JIN Xin'?,
MEI Hong'*

'(School of Computer Science, Peking University, Beijing 100871, China)
*(Key Laboratory of High Confidence Software Technologies (Peking University), Ministry of Education, Beijing 100871, China)
*(Alluxio Inc, Beijing 100080, China)

Abstract: Object storage is one of the most widely used storage solutions in cloud computing environments. Replicating data stored in
object storage across one or more cloud regions improves reliability and availability while reducing access latency for users. An object
storage replication system is required to ensure consistency among replicas while minimizing replication latency. Existing open-source
cross-cloud object storage replication systems, such as Skyplane, support object data replication across major cloud platforms but do not
guarantee data consistency and exhibit high replication latency under dynamic workloads. To enable low-cost and low-latency object data
replication under dynamic workloads, this study proposes a cross-cloud object storage replication system, termed FastRep, based on
serverless computing. Data consistency is ensured through object-grained replication task locks and an optimistic replication mechanism.
Cloud function invocation latency is reduced via a time-bounded complete tree, while bandwidth degradation is mitigated through adaptive
function cloning. Experimental results demonstrate that FastRep achieves low-cost replication of dynamically sized object data with latency
at the minute level.
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& PUT #4E. T X GAFAETE AR L [R] — X R % B N A B0 E AT AR, (R E AT RE B Fh m] R 45 5L
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BRI PUT iR EBR M PR, S T # R — 30, RG L AUE Gt R Z TS ik, B 7 BR T 35— 1PN Ku%
Wer 3 M Z A 35 2= REOHAT BRI, i REZ R KA T 53— PUT #84F, 2 SUEM R R 3R
AT e A — B 2 A B P& I Ak

SN PUT PUT
FIFER - ke i) (key, v2)
A
RISV e V2= | PUT-remote
GET(key) (key, v2)
v1?
BHMT5v1 vl= PUT-remote v2?
GET(key) (key, v1)
][R
Ble [F—Xf KA TR I R S 380K 2 AT N
PUT PUT
(key, Vl) (key, V2)
eV
vl_pl= PUT-remote

GET(key, p1) | (key, pl, v1_pl)
e <
A
v2_p2= PUT-remote

GET(key, p2) | (key, p2, v2_p2)
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B 7 ZASHREE IR AAS—E

o X RBLE IR HE S5 B 9l 1k 2 A B HIE ST FIN $UAT S BOF K PUT #:4F, FastRep 51 T — 7041 208
A RS HIE S5 1 AT AL, 20 A sUB AT DU 2= 85080 e S B, 530 1 JoR 7 SRS BRI BRI A M L. 447 A2
IEAEREAT M R A A 551, FastRep £ AR R M4 55 1 BREZ BB ARA (Y] ETag (ETag AN S5 [A] -0 51 4 2505 A1,
H~F & B A2, 15 ZHIE 55 45 ROR T T, FastRep 2K 135 4L LK) ETag 5 Bt | ) ETag #E4T FLEL. iR
P ANVEIE, 8 5 FOAS 1 R B2 A1, IS FastRep H5-F UCd FH 52 861 S L) R K5 L E-d 8 (¥ i A 75 21 S 1.

Bk 1 "HMESBL

1. function LOCK(obj key, etag, seq)
2. lock — try_lock(obj_key)

3. if lock.status = success then
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return true

else if lock.seq = NULL or lock.seq < seq then

4.
5.
6. lock.seq « seq; lock.etag «— etag
7. return false

8. function UNLOCK(obj_key, lock)

9. etag « lock.etag; seq < lock.seq

10. release_lock(lock)

11. if etrag # NULL then

12. cur_etag < get_etag(obj key)

13. if etag # cur_etag then

14. event_notify(obj_key, etag, seq)

o SR E M SRS HLH: i e AE— N EHUTE S N E T A— 8 2 A5, ERIER S I0E 5T ETag /2
75 5 52 ) SR s R AR AR AL 1Y) ETag VCIC. 40 SR R BUARULHES, 477 6 & T 554 3 7 1k, AR SCA A, X Rl Ik i
AR AT TE I S 7 30 AR A 1. Bk 368 2 A AT B B (1 O] B, JH B Ve R 8 T 5 R . TR AR o 1
TR, RN G A L ZRgoing, LAHI{# FastRep &% B Th & Hl &A1
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R ARIG N P A7 AT DA BEARR o K8 P 1), 524 i R R 0 e — A SR R B A B, B2 55 5 9 T BEAE bR
Hofi H b BUREE. FastRep 9 H AR R B — MAMKAT 2 08 B BC B e D077 3. BB B0 P #2 LR 8] 1 2 — A
() A, AESY E B E T B BURBIAEIR D 52 1 HOFE5 o8 K0 FOARIAR S5 _E A — N4 5 A 39 s R 2 17 L. bR
B PR (AR T i BT SR N 1 BR, e 1 0 2 ) B P T D, 2 R S0t T DR 80 1 B2 7 R .
FIRE AN LR — U B B A, e 74 AR e ST e fi A 1 R B0, 1 01 R R U TR R T
FEAARANGE R, Frh R AN T R A AN S PRI 5], 8 6 65 18] 52 i A 7 B 18] ) 5 AL

FeJ 28 52 75 B T T RE AT I B I T 5 R AR S — A AR 5 178 22 T PR A i) 7 (NPP-hard problem). I
A n] UL 3o B A A B A W A el 15 2R 1, A7 R A AAE 5 BRI T P9 S LR R S R R AR R . O T A
O(nlogn) I [8] Py 25 il e D e, ASSCRE LT — g (K G5 W —— I RIAT FRog e, JF2E T —HdR a5 et 7 — 4
B AR A B I TR0 A 558 A B 5 SO, T4 2 I (8] B, I )45 57 58 A W — N () AN B iR, HLG
T2 SRR 1 I R N R TS AN L B. ] 8 JRAR TR IE 21K B = 10 MR BIAEIR D = 3 I8 I a) A 5 58 44
A T B (B PR 5 ) IR (]300 10.

8 B=10, D=3 KN [F]A 7 78 4tk

BT WA R 2R, AR T — B AT 8 n AL s AR FH b B B O SRk R I 93 B
TR (B S 52 W Tree B ng 715 55, WIS n = ng, W Treey BAZW 1295 B R IS AR 31 . 235 (B 50 I [R] £ 3R
N B+ 1 WIS [A)H R 72 W Treeg,, B ngyy A0 5. WER ng < n < ng,y, WA LUK Treeg,, "MAETETT Treey " AELE )
n—ng N EININE] Treey W TR EE—ANE RN B+ 1 PR, 5035 2 JRoR T L TAE R,

Bk 2. mBUR SR,

. function GENERATE TREE(n, tree)

B «— 0; num_nodes < 1

while num_nodes <n do
candidate_parents «— @
for node € tree do
if time(node) + D = B then
candidate_parents.append(node)
B+=1

A T A o O A

for parent € candidate parents do

10. add_child(parent)

11. num_nodes += 1

12. if num_nodes = n then
13. break

FESE 2 W5 47 A7 i E4R A T DA I 735 )5 A AL B (181 8 w19 i 1-4). TR A7 X e fir B 7 2
O(n) HIIF 8], XA R 295 B, W] AR I E ARSI i o
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b, —SEAFAE 7 — N N § ROR, FLIR (] 77 (i) 2
T'(i) < Topi + 1) < Topu(i) )
XY Ty () ACHMBRBET .
B, A SCUE WA 45 2 (0 B AE IR D FOB A 2931 B, I 1] 45 556 A 2 B 1. 8352 2 i e, JAT T

THHEZR B IR 1 B35 3T B— D AN, MR LLLE R A1 2 3 P s i o 22 45 45

BT IR EE 1 I Fh N2 [ 52 0, BT VERCE (IR 5 2 7 V0 eh ot A2 A 1. R, SR 2 A 45t AT T i [l A
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Wea, BT RIR TR, AT DUIE A S0E 2 A BRSO T 45 12 11 A n IR EOR L. AN SOE I B A ghik
TEB TIZE B M= LI, BEA S — BRI — N RO, X R ME—RT AR SR AL, DRI R . 3T ok, R
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TEOL 1 BT 0= kI, AR B A & — BRI (]G 5 58 . R B2 2 i I — AN 715 R, IS [) S50 e g G
by B £ (R ] 22 SE AR R W Tpee (0) AR Tree; IIIFIA], Toqe () 7515 2L Node; FIIS [, A5 :

Tiee(k + 1) = max {Tee(k), Tnoge(k + 1)} = max {max {Toae (i), i <k}, Thoae(k + 1)} (10)
Fje(,2,.. k), Tooge(k+ 1) = Thoae () (11)

R, &+ 1A BRI BT TEN Toe(k + 1) = Tee (k).

0L 2. B2 R RAB B n = k B, B9 R RO AR — AR () S A, TR — AN 2 S BN B 1) 2E
Trreolk + 1) = Tie (k) + 1. QIR X BB A BRARIY, FBADF — B k+ 1 AT S BIERAA, FBT BN T2 (k+ 1) = Tiee (k).
A T oo () A2 b AN71T BRI ERAR IS 18], 3 HAEARINT SO B ) R 2 CREEAS AR B I, Fir DA 2047 7E — BRAS & I [
TR BRI Tree,. FRYEIT [HAH FL 56 W E X, 7T LAIA] Tree|, W8N EE 2745 £, A3 BN A 293 Tpee (k) 11
B R 58 A, L SBON k+ 5, SRTR S FT G,

3.5 BT B1E B R ¥ e B AR AT B AL AN )

FENR, ASCAREEARAAL T BR VIR ). R 6T [ 1 OGS S50 iR ) A IC B DA R R BT . 2R 1
BATFT A SR BRI 512 MB WAFIC B 5, B0 A4 2R A1 bR AR . N T SELF I AR, AR S Dk AWS
P s BUE B E ) 512 MB AAARCE, FEARBIR BT SRR B R W IR AL s . BR AR TR X RN BB
L. FHHEER,. FAEEE R, MREELBIEE n MREL YN DR BN RBAE AN, L o] DL R a s+
FREL, R, A1 R, W] LA 22 5048 e o A 10 7 S0 F 545 B i A ). S Ao AR 2 0B % m IRV DAV 2 DL R AR 2%
P 55—, n AR AN AR R, A R DB AN B 55, ST IRITE bR AR R B A

SR, I AR B AR 503 5 3 AN e 58 S HE M RIS AT I AR S 2. Wi 4 Fs, = U0 58 v Rk 2>
LR35 TR B R REXS R BRI 8 T B, — AN BB B AN E A SO ek U PR R A R AR A, ey B AT SR RT LA
76 R BRI () BN K0 AR SCR ) 1 3 e 2 1 g =R T IR R B A (4 1 e 2 R B — AN e R
I, B2 B 2 BRI AR B ). FastRep $ 5008 X153 o2 B0 B, IFE AR BRER L. 24 e % 5 T TivE
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FIAFAESEIR . DR, o T3k st 2 ) 325 7 R 5 e B A I 2 38 I &2 I 1], FastRep 245 54 B BUL 6 (X I 1] 22,
ST BELRAFAE H AR R I 18] A, A 2 A% ok =t BL™ sl 22 I, A 1 I e K e B AR N B T B AE 8T 9
o, SRR BUA ILE FEE ¥ 5 3 0 A T S B4 R R 7 DT AR B A 3 R 4 A Hodln b

Zﬂlﬁ%ﬂ‘%‘l HH B2 | b B3 [Hodi ed

/ o
FICET

IEEN S
N
Ko HIEM R LS

FES AT 55 TT 46T, FastRep 2 A TR B0 PO A Ny A1 H B8 58 BRI 1) Tgpger, A EEA S 11 R K 5E —
AT ETE FE IR Peypectea(?)- AEAETEI [ £, TR 58 BREUE B LU L.

Pexpec&ed(t) =

(12)

target

AN oA BAE AT R 2 AP 2 R ERIB BRH SEPR 58 B KBRS Nyoqar(0), TS SERRIE L Pcyal(0):

NJC ual (l)
Prca(t) = N‘—‘ (13)
total

RS G A>T HCE A RE i 22 B 0 R BCRIIE BE A IS B B 24— R B St 2 5 T
R ZE B R AZ A I, R G 2 i se e R 5
chpcclcd(t) - Paclual(t) >0 (14)

4 STRWIE

AN 2 AN T5 TP FastRep IR RAMRR: (1) MR FIFEN RAEMEH RAMITE HE6 RS
ST RN RAS; (2) BRBOR AR BLVE RO far s T LA AL (0 R
41 LWHE

o SLINF & AL HITET Btk AWS. 3K Azure. 23K GCP 47 T SC4G. FastRep /& 56 45 IR 55 #% T I
[, ANl R PO 25 7 B FAC B ) Y. AWS Lambda 1 P8 77 K /NERIAER & 4 512 MB. Azure Functions 377K/
X 2048 MB Fi1 4096 MB Wi Ff BRINAL B, SLIGERIAEH 2048 MB [ NAARLE. 743K GCP L, A Cloud Run
7E 512 MB WAFICE M H/R S8 2] WA L RO, R Cloud Run HI N AZERAR B N 1024 MB, vCPU BRI &
1A BENER R — A B A & Cloud Run 235 S R G B H 723 ).
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4.2 EHIFEFREA
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