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loop
wait(A)

p < random peer

if push and in state I then
send update to p

end if
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if pull then
send update-request to p
end if

end loop

procedure ONUPDATE(m)

store m.update

end procedure

procedure ONUPDATEREQUEST ()

if in state I then
send update to m.sender
end if

end procedure
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loop

wait(A)

p < random peer

if push and in state I then
send update to p

end if

if pull then
send update-request to p

end if

end loop

procedure ONFEEDBACK(m1)
switch to state R with prob. 1/k
end procedure
procedure ONUPDATE(m)
if in state I or R then
send feedback to m.sender
else
store m.update
end if
end procedure
procedure ONUPDATEREQUEST (1)
if in state I then
send update to m.sender
end if
end procedure
2.4 BAHEENIURIE
AR5 G AE N Z 2K H Gossip Push #1 Gossip
Pull 455 5977 2530 Sk 1 B R 4 i
15 W 26 14 i )2 5% H] UDP L% Fl UDP ZFEAHZE & 1Y
75 AL 4y 28412 3C, A7 R0 1 IR 2% v 1 0 2% 671
BT, TR R T A 55 IR g5 AR AE SR U,
% PR SLA IR P TN 8] 3 BT 7 o
HARLBRUNT
1 B EER . ERER AR
B AT W g I 55, MU B T S P A
255 BERR o PR gt AT IR AR A, JIF Rt iy
T Rl 55 Rk 55 R AR, X 55 2 1 EAT S
Wy, FERE 55 ik 45 R 75 (api_state) B A AF 4L, 4n
SRR T b 55 1k 55 4 F1RRPIR S TR, 23 BRI Y £
5 AGAT, QR DRSO 2B W 2 R Wy
FE2 Bt UhE g EERE shr
[, W e Re bl 2 Ja 3, T 2 32 247 5¢ Gossip
TH B W WET, BT AR A P I T iE A% - Gossip
F B T L FE AN Gossip 8 3h Wa T #EFE .
Gossip 3 5l Wi Wy £
1) A i [ 7 1) 16 fih o M
2) iRl 55 IR 5 RS api_state (94 y Join, 3
55 Bk 55 R AR 55, 2R H Push-Gossip /7 2
BT A B (LD) A AckMsg 14 8. >, 5 it
UDP ™ 1 77 2UHE 26 25 46 1 v i oA H AR Y 4.
WS 55 R 55 R 25 api_state A {E & Update, 26715
55 R 55 19 B8 i A R, 1 SR BE AL R AR JE Y AR
[l € % F Gossip push 5 208517 4 A s cHE (LD) i
A AckMsg i B4, il i UDP S8k i) ek 45
VAR R R B
3) HHY AR ZS node state A 1, R Y RTI AR



505 1 R 2, S5 KT Gossip M) = S SERERE Rl 26 5 &= 1633
Al 55 iz 55 i AT EEhe Yoo Hopt
bl PR A I A T,
{ e e I
I {
e ] - 5. 54k T e ———
LETEET — I A e I
BRIl 55 MR 55 R (api_state)
(api_state) HAGAT | |
{ B 20 BT I
| |
SN SRR B PR I F4 GosipESIILR S o — 1--—-
alt
Gossip Push LD into AckMsg
UDP/ " 1%
Gossip Push LD into AckMsg
UDPHi45
o S - { FH GosoWaamizkE ___F--—--- N 1---
HUDPH L
I Gossip AckMsg
Gossip Push GD into Ack2Msg ” UDP i
[msg_type = Ack2Msg] T T T T T T I T
#I2Gossip Ack2Msg
HHGD
Hnode state: R

1 1 1

B3 AR
Fig. 3 Timing diagram of self-developed propagation protocol

4) YT A BB Sl I T R A MR IIRE, &5
FFF1-Gossip push JH.E XN 1) Gossip pull LR A,

Gossip B 2l I T 2 e

1) e oy [ 15F ] fih 2 W W, 422050 I % UDP
3.

2) TSR YT AU B AR A WS R T
MR KA AckMsg TH B, B AckMsg H YA b
4 (LD) A H A5 735 50 8 B 15 SU7E Y 4 Jmy B
(GD)#ATH I, IF& IF 5 B4 Ui (GD) fim A
F| Ack2Msg 75 5 2, il i UDP 545 iy 7 =0k
SRR Ao

3) AN ST AT A W SRR B AR
IR AT Ack2Msg 8 &, K Ack2Msg H 1) 42 Ja B

35 (GD) FEHY A5 B A7 i 1 A b K4l (LD) #E AT
“ite

4) FIZH 2,4 3 8, WIARFREE k WO E [F]—H
B 85I E 2R Bl (GD) B A AT L1, [ I
He 1 SRS (node_state) TEHT N R, Fon iH AL fE 45
W, 2R

3 TiRWUER S

kA C T E B2y R DK il EPNY S 1 B3 2N 1
i), I PED R R 2D | T AR 4 ] Y [ 2 R R 55 e )
o, AR SR vk, —BEgE P MR S E
[BIFFFEANAM . 5 Z M B, 3T Gossip W33 AY ST A
RUFT SIR BEARLER (L 1 Lot fb . 302 A 38 v L B



1634 b3 M2 it KR %% % ik

2025 4F

R FUEAE | R m PO R G fde S
Gossip P 8038 3 fI 1k Wi 84 i) B8] O(log,n). 1% i 2%
A AL W 4% B 2k R A B RE IR A OC B g
i, TERAUBE AT R Ge b SR B s kvl . A%
PE A48 LTI RN 42 1t P00 15 R w75 70 ORI B —
FHPERY [E s, Bl T BT R 2 B S T
G R R

HT EARHELSARYE, REEH Java i F 7E TR
AT T G S RS B IE, H AT RS C R E B
AT R IAEE, A7 PR B A AL A RN D 28 e B N 3% 1
FR o

*1 WIEERE

Table 1 Verify environment configuration

ZH [Ty
HFEE TS Java
BERSE Linux Redhat v6.5
FHLA X86f 55
CPUMZEL 16Core

A7 512 GB

fifi 3T SSD
ML T3 IR ™
Node#iti: 1004

S ER T Gossip RS B — BOHERE | WS
W ARER 3 WUOCHETTAL PR AR A T I UE A BT o e SR
T 10 000 %& A ki [ 20 45 51, B 1 000 56 45 R 5 %F
3 WOCHAR AR RO ME . LI e ML R
0.8, BI AR s 7E B J5 0 A 80% 1Y HE 4 1]
BEDL L5 0 &8 5 A RE (5 8 . 5 8 TR 1] B ik
BN LR, BRSNS SULE A JE A 2 2l
HAFBURA . A 1000 6 Bl BL K B 35 (0%~
0.2%) , SEH N Ge it s an 4 2 s .

DAL S5 R R, —BUBRF 9 1H 0 99.84%,

RTEL R ZHUEOL T, P45 RE A% 16 A J i [A] 48 Uk

PR 3K B i B RO — BobE o WSRO

2.84 4, IX BEMRAE 15 BL7E M 4 vh AL 4 0T 38 31— Btk
2 Gossip W EITE TR

Table 2 Gossip Protocol Key Performance Metrics

LIt/ — R /% WSl A /4e FEHHAR/%
1000 98.8 32 99.8
2 000 99.9 29 100
3000 100 2.8 99.9
4000 99.9 3.1 98.7
5000 99.6 22 99.3
6 000 99.7 2.4 98.9
7000 100 2.5 98.8
8000 100 3.0 100
9 000 99.9 2.7 99.9
10 000 100 2.6 100

RER AR, RN HEY 99.62%, 3=
A R A 3 43 0 BB A DL T, Gossip PMY
S RE AR AR = 1 — B, U8 B DS LA TR 5 Y 25
HERETT . AN 1000 525 10 000 %, 7545 R s A I 5,
{H SR AR FETE 99% LA 1, iRt Gossip DM AE
AN TR 56 YR AT BE R R R AR E M . £ B
iR, Gossip PHIAE fy I3 rp J 80 1 T R By P
R, U H R T 25 Ve AR W SO T ) R B,
BCR 53 A 2R G T B R 25 1A ik =

Ry B EAE vy £ 48 ) 4% it i 1) A A b R AT B
W26 E T AT ME A AL, S8 T 10 5 547
DA% ] 55 Be & A LS 2T 7 R RIE . B A lasn
W 2% 17 2 100 TPS, B U K 1Y BT A i SCR/INVE
1o 150 kB, 38 i 457 2L F D sk SE AL 2%, R 2Lhd ] 35
BT 24 h, FFHEHICR TR BT RSP
1% 55 B0 4G 6] 26 13 13U F UDP-Based Gossip 10 I3 B A9
K] £ 71 26k 28 Al 55 ik 55 FE BT

TESLI ARG, XX 10 G HLEs W BE 247 T
SERE A, A E] T 2 X S g BE, anE 4
Bl 5PN . il at 2 HxF g s, AT LUE B A BFR
UDP-Based Gossip WM AR T1% e i 7] 20 7 2 78
Do £ 171 28 R R 55 FE B R T XA S 3 R, mT LA

100

80
X
360 f
&
= 40+
£

20 ¢ - fEGERE R AL L

-&- UDP-Based Gossipl/}i
0 5 10 15 20 25

A 1] /h

P4 2R LS

Fig. 4 Comparison experiment of network load rate

500
" 400 ,*,—r’\r"*rbrl ~x I"'"l"w-f"’!“’
£
=300
bos
=
= 200
R
=

100 | - (LGBHRIFRAE DML

-&- UDP-Based Gossipf/F¥
0 5 10 15 20 25

i al/h

s kg e FEI X LSS
Fig. 5 Comparison experiment of business service time

consumption



55 5

TR, G5 HET Gossip PRSI e U8R BERICHE [R) 25 5 48

1635

LR T RATIE 8 R R g ik REw k™

4 £ ip

1) RSO EWE T — R 5T UDP &40 UriSUfI
Gossip G ML ERRIR S W ik, Mk T
o B 2 T A I T, SRR NI 55 IR S5 RS 1Y
WA RS [m] 26 11 [

2) AR S5 % N R 45 T AL A% iy J2 R0 N T 2
F 83T, 1615 5 J2 18 FHl UDP 1% i b 30k s /0 42 B
FRT AT ) B B R A BB, AT S BB T
W 2% A% iy 3k R v RIS L (IRFE IS o 7R L 2 il
F Gossip 1% #5 P IO 52 B 1) F5e 46— 350k, RIE
B A A v P REE

3) JE i % 5 )2 UDP 1% % By SCRI R 2 Gossip
TR UL P J7 IR 45 G, e ORI T AR RF e i ik
T v BRI () 2 1) v R R AT A e, R TR S R AU
ELAT — 5 A ML R e PR

& EZ 3k ( References )

(1] sk, s2UTH, XUFFIE. BT T 1) 1) RATE M8 R OT 4R R
T HE R 2R 2A4, 2020, 38(3): 40-44.

ZHANG H H, PENG M T, LIU K S. Design of price-based airfare
search method[J]. Journal of Civil Aviation University of China,
2020, 38(3): 40-44(in Chinese).

[2] FEplds. 2T UDP (93 S RN 2k R i 5 T[] 7 &
A, 2008(7): 162-164.

WANG C Q. Study and design of real-time message transmission
system based on UDP[J]. Information Technology, 2008(7): 162-
164(in Chinese).

(3] XUGRIL, JUut M, B4R, JE T Gossip 944 B A T S 1 B 5IE
9] 15 B4 AR, 2022(7): 109-113.

LIU J J, FAN H B, GAO Z W. Gossip network protocol-based pre-
message authentication[J]. JInformation Technology, 2022(7): 109-
113(in Chinese).

[4] BAKER B, SHOSTAK R. Gossips and telephones[J]. Discrete
Mathematics, 1972, 2(3): 191-193.

[5] HEDETNIEMI S M, HEDETNIEMI S T, LIESTMAN A L. A sur-
vey of gossiping and broadcasting in communication networks[J].
Networks, 1988, 18(4): 319-349.

[6] BOYDS, GHOSH A, PRABHAKAR B, et al. Analysis and optim-
ization of randomized gossip algorithms[C]//Proceedings of the
43rd IEEE Conference on Decision and Control. Piscataway: IEEE
Press, 2004: 5310-5315.

[7] WEATHERSPOON H, MIRANDA H, IWANICKI K, et al. Gossip-
ing over storage systems is practical[J]. ACM SIGOPS Operating
Systems Review, 2007: 41(5): 75-81.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

DEMERS A, GREENE D, HOUSER C, et al. Epidemic algorithms
for replicated database maintenance[J]. Acm Sigops Operating Sys-
tems Review, 1988, 22(1): 8-32.

MARK J, ALBERTO M, OZALP B. T-Man: Gossip-based fast
overlay topology construction[J]. Computer Networks, 2009, 53(13):
2257-2258.

NAOHIRO H, MAKOTO T. Design of the notification system for
failure detectors[J]. International Journal of High Performance Com-
puting and Networking, 2009, 6(1): 25-34.

BOYD S, GHOSH A, PRABHAKAR B, et al. Randomized Gossip
algorithms[J]. IEEE Transactions on Information Theory, 2006, 52(6):
2508-2530.

GIUSEPPE D, DENIZ H, MADAN J, et al. Dynamo: amazon's
highly available key-value store[J]. Symposium on Operating Sys-
tems Principles, 2007, 41(6): 205-220.

ZEW, B 25 TCP/IP 3 s RIS 5T & 0]
FHEPLT RSN, 2002, 38(16): 150-153.

LI M, JIA Z P. Research and development of distributed monitor-
ing and control system based on TCP/IP protocol[J]. Computer En-
gineering and Applications, 2002, 38(16): 150-153(in Chinese).
EARR, JBUE B, fRorig, 4. ATEE UDP AU e i h sl i it 5
BTN, THEHL TS 8, 2006, 42(15): 113-116.

WANG J G, GU G C, XUN L F, et al. Research and design of reli-
able data transfer based on UDP[J]. Computer Engineering and Ap-
plications, 2006, 42(15): 113-116(in Chinese).

SR, M, EARER, 55, 0 A REE T (Y Gossip S 25IAR[I].
BHIRE, 2010, 37(11): 24-28.

LIU D H, YIN G, WANG H M, et al. Overview of Gossip al-
gorithm in distribute system[J]. Computer Science, 2010, 37(11):
24-28(in Chinese).

RIEIEN, 2%, E R, 45 —FhIE TR 5 P2P SR Gossip 5k
[J]. THEHLRLE, 2013, 40(9): 103-105.

ZHANG G Y, LI J, WANG X H, et al. Improved Gossip algorithm
based on mobile P2P networks[J]. Computer Science, 2013, 40(9):
103-105(in Chinese).

Zegk, BUIZ, BB, 45 Redis SRFFATSEMERBISE S 0401 1
BHLTAE, 2018, 44(5): 40-46.

LI'Y, GUN J, HUANG Z S, et al. Research and optimization of re-
dis cluster reliability[J]. Computer Engineering, 2018, 44(5): 40-
46(in Chinese).

T, 2N, WO, A, RATAT R R G R G AT R A — SO
FX[9). AP FH, 2016, 36(6): 1510-1514.

WANG F, LIL X, CAO J Y, et al. Research on replication consist-
ency of cache in publish/subscribe systems[J]. Journal of Computer
Applications, 2016, 36(6): 1510-1514(in Chinese).

Wk, T, EMEAR. AR R80T R AR S R T 5
HIBHI]. HEHLEOR 5 K, 2019, 29(11): 163-167.

YANG Y K, PENG M T, WANG W D. Design of effcient and reli-
able data file distribution solution in cluster[J]. Journal of Com-

puter Applications, 2019, 29(11): 163-167(in Chinese).


https://doi.org/10.3969/j.issn.1674-5590.2020.03.008
https://doi.org/10.3969/j.issn.1674-5590.2020.03.008
https://doi.org/10.3969/j.issn.1009-2552.2008.07.050
https://doi.org/10.3969/j.issn.1009-2552.2008.07.050
https://doi.org/10.3969/j.issn.1009-2552.2008.07.050
https://doi.org/10.1016/0012-365X(72)90001-5
https://doi.org/10.1016/0012-365X(72)90001-5
https://doi.org/10.1002/net.3230180406
https://doi.org/10.1145/43921.43922
https://doi.org/10.1145/43921.43922
https://doi.org/10.1145/43921.43922
https://doi.org/10.1016/j.comnet.2009.04.006
https://doi.org/10.1504/IJHPCN.2009.026289
https://doi.org/10.1504/IJHPCN.2009.026289
https://doi.org/10.1504/IJHPCN.2009.026289
https://doi.org/10.1109/TIT.2006.874516
https://doi.org/10.3321/j.issn:1002-8331.2002.16.052
https://doi.org/10.3321/j.issn:1002-8331.2002.16.052
https://doi.org/10.3321/j.issn:1002-8331.2002.16.052
https://doi.org/10.3321/j.issn:1002-8331.2002.16.052
https://doi.org/10.3321/j.issn:1002-8331.2006.15.034
https://doi.org/10.3321/j.issn:1002-8331.2006.15.034
https://doi.org/10.3321/j.issn:1002-8331.2006.15.034
https://doi.org/10.3321/j.issn:1002-8331.2006.15.034
https://doi.org/10.3969/j.issn.1002-137X.2010.11.005
https://doi.org/10.3969/j.issn.1002-137X.2010.11.005
https://doi.org/10.3969/j.issn.1002-137X.2010.11.005
https://doi.org/10.3969/j.issn.1002-137X.2013.09.021
https://doi.org/10.3969/j.issn.1002-137X.2013.09.021
https://doi.org/10.11772/j.issn.1001-9081.2016.06.1510
https://doi.org/10.11772/j.issn.1001-9081.2016.06.1510
https://doi.org/10.11772/j.issn.1001-9081.2016.06.1510
https://doi.org/10.3969/j.issn.1673-629X.2019.11.033
https://doi.org/10.3969/j.issn.1673-629X.2019.11.033
https://doi.org/10.3969/j.issn.1673-629X.2019.11.033
https://doi.org/10.3969/j.issn.1673-629X.2019.11.033

1636 b w5 it = it K K % % 4 2025 4F

An efficient cluster data synchronization scheme based on the Gossip protocol
ZHANG Honghai" > ", CUI Binhao"”*, LI Yiming"’, TIAN Feng"’, JIA Yonggiang"?, XIAO Aosan"’

(1. Research and Development Center, TravelSky Technology Limited, Beijing 101318, China;
2. Beijing Engineering Technology Research Center of Civil Aviation Big Data, TravelSky Technology Limited, Beijing 101318, China)

Abstract: With the rapid development of the civil aviation ticket fare search system business, the internal
network traffic scale of the search system cluster continues to grow. Under high-load network traffic, a cluster data
synchronization scheme based on the Gossip protocol was developed. This solution is designed from the transport
layer and application layer of the network protocol and uses the user datagram protocol (UDP) transmission protocol
in the transport layer to reduce the number of connections and interactions between cluster nodes in order to achieve
low traffic and low data consumption during network transmission. At the application layer, the Gossip propagation
protocol is used to achieve eventual consistency of data and ensure the reliability of data transmission. In the cluster
monitoring process, the effectiveness and dependability of data synchronization are guaranteed by the combination of
the Gossip propagation protocol at the application layer and the UDP transmission protocol at the transport layer.

Keywords: gossip protocol; data synchronization; consistency algorithm; high-performance cluster;

decentralization
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