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Abstract Aiming at the issue of transient fault tolerance in distributed system while taking into
account the system’s robustness and scalability, a self-stabilizing distributed transactional memory
model, called SSDTM, is proposed. Firstly, the model frame is constructed by layered technology and
collateral composition theory, which includes spanning tree layer, objects location layer, transaction
proxy layer and application layer. Furthermore, the spanning tree algorithm is improved in self-
stabilizing way, which can solve deficiencies of being only adaptive to stable environments based on
existing methods. Then, data object manipulation algorithms are designed, which utilize data stream
paradigm and self-stabilizing theory for locating objects and enhancing data access locality, and ensure
mutually exclusive access to objects in distributed system with transient faults. Moreover, after
building the transaction service model that defines the basic types of memory transaction states and
operations, the concurrency control algorithms based on the improved logic clock are given. Finally,
combining theoretical derivation and instance verification, the performance of SSDTM is verified and
analyzed through multi-angle large-scale virtual tests based on 4 classical benchmarks in SimJava
environment. Experimental results show that the algorithms presented in the paper exhibit good
robustness and applicability, and SSDTM has higher system throughput and better fault-tolerance

compared with other models under the same conditions.
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Fig. 3 Legality analysis diagram of ballistic state.
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@ A7 ($(CiH>D A (diry, Fch)—>nop.
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S5 LGB 4T T8 — 75 0D Bl X R 0 ] 7
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1R 45 IR 55 1 S 80 (read $VERT A 25l L, write $
VERE 5 AMH o). S AF sino, B Bl 5% & 45 A0 1Y
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® End Foreach
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Table 1 Parameter Setting of Simulation Experiments

1 EXESHIEE

Parameter Name Parameter Value

n 50,100,150,200,250,300
of & ef 0.1,0.2,0.3.0.4,0.5,0.6.0.7,0.8,0.9,1
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(b) Convergence time when ccr =10

Fig. 4 Comparison results of SSDST algorithm convergence time.

Kl 4 SSDST Fvk W S 1) b 45 3¢ L £ 181

N4 BT LUF Y7 880 B0 ONF 150)
SSDST #4 # A= J B i 46 114 15 S5 [ #1 5 e pE g £
BE 2 D 25 B AR 1 7 0K Wi S TRl ) DL X BOE 5C
(b GO AR BE AN R AR S i B L 3x 32 22
S DM AR SCHR B SSDST 4403 ] AR 4 J&) 3B 15 B 52
JSAE JRS (A A, ELA R B O M A — i 4% A
T WSS R B A R 1 R AR G DT LA
B AT, [RIA X L B 4 Ca) TR 4 () A LA
A H . SSDST B 3E A 155 %5 42 2 v .

KW 2. TAEGUEARRE B0 T MM RE L3R

ARSI H B T X SSDTM () R 4875 ntk &
AT WAL I 5 0 — ML B o A XU FH S N R G
GenRSTM'"™' ik 47 1 6€ 4> #7 b . 5 SSDTM
LCTC HIEA T Y J2& . GenRSTM R HI 4138 {5 1 i
TG IE R HEAT 95 55 I & 8 . AR Uk S5 56 18 1Y)
FEFFER App Btk A SSDTM ) 38 %
7 3 8 K 22 TF & 19 STAMPN b il 48 17 fi% 4% 3%

HEMNK . g, A Rs 1T 8 N AR B A
LAEAT 50~100 5555, B 10 Y3 A9 ~F- 240
LIS tfr=0.01,ccr=1,vf Ml ef HBEVE
B A 25 SR ANl 5 B,

LS LU L 25715 58 n 8D B, GenRSTM
PERE L T SSDTM, {H fifi %5 15 & B iy 3% £, SSDTM
G AE 5 04 Fp L B O T S R B T
GenRSTM W M fig. ZE U BAL 55 M E M H T F
SSDTM (WL g 9] i, iX & ] 2 GenRSTM
BESE o T R R RO R A A % 4R T A R AR
BT I, R, 528 & B GenRSTM AE 5 A1 4%
Z G LT (300 DA B K s 3045 05 % 973 I8¢ 23 1717 1
T SSDTM M A&V & L. T LA R
5 9 15t B ) .

M F R S S5 R AT LLE )« 7R A7 T B I R Y
LT SSDTM AJ AE 4% B ML A ) 24 3R 55 T 45 P b
DL A R 19 752X S I R A2 5 A TG I (g il e )



M AESE - A RRE B9 0 A U 5 A AT AR Bk

2055

5.0l -#- GenRSTM
—=— SSDTM

107X Throughput / tps
[SS]
o

20 50 100 150 200
Number of Nodes
(a) 10% reads and 90% write

6
2 5 ---#--- GenRSTM
E —=— SSDTM
2 4
o
IR I
g 3 MIZAREEEE ...
E g R N
X
g 1
0
20 50 100 150 200
Number of Nodes
(b) 50% reads and 50% write
8
" ---#--- GenRSTM
& —a— SSDTM
~ 6
E
)
)
=
H
72
= L
0
20 50 100 150 200
Number of Nodes

(c) 90% reads and 10% write

Fig. 5 Comparison of throughput.
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