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Abstract: Well recognized as a primitive data structure, graph is an abstraction of objects and their pairwise connections. There exists a
wide spectrum of applications, including semantic web analysis, social network analysis, biological genetic analysis and information
retrieval, which can be modeled as graphs. Therefore, it is of great importance to conduct data analysis over these applications. With the
development of information technology such as mobile Internet and Internet of things, the scale of graph data is increasing continuously
and rapidly. To provide fast analysis over large-scale graph data, Pregel was first proposed as a distributed graph processing framework by
Google. Since then, based on Pregel framework, a variety of optimization techniques and systems have been proposed by academic and
industrial communities. Through extensive investigation and analysis, this paper first establishes three optimization objectives for the
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state-of-the-arts solutions to build distributed graph processing systems. Subsequently, it reviews mainstream optimizing techniques for
the state-of-the-arts solutions from the perspective of computation granularity, task scheduling, communication mode and load balance.
Finally, the paper discusses some open research problems and possible future research directions in this field.

Key words: distributed graph processing systems; calculating granularity; task scheduling; communication mode; load balance
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Table 1 Graph processing systems and their calculating granularity
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F 3 A EAH R GG 7 A R

B H S
Giraph v
Pregel
Pregel+

GPS

PowerGraph
Hama
GraphHP
HybridGraph
MOCGraph
PowerSwitch
GraphSteal
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o

(@) JRIHFE (b) GraphLab L= P75 (c) PowerGraph JL=2 Py 471 15

Fig.7 Adiagram of shared memory based communication
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R B U a7 R M 2R 4 1) T
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MU 55 A8 JUAN B B D 5 2 (1038 P SR B 0 LA v 28 R o] & 9F AN, @ W BB IR R AN g
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Receiver-side scatter 43 R4 5 Combine &L HE A, AN 7] B %A X &AL Rl — B FIHLER A R B 875 5
M B HEAT A I A B2 — 45 B HE A R IE B R — I RE VT S0 s 2 A B SO % 40 T BB 2 1 e R % BN
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3.2 TEHER

A 53 2 P Ak R v, A o S A R T 94 17 4 Dy B9 288 :Push LA Pull 51926 4 JOR T3> R4
L5 JERE R T AR A
Table 4 Distributed graph processing systems and their operating modes

x4 A B AR AR G TAERE N SR

E3S Push i3 Pull 45 3¢
Giraph v X
Pregel v X
Pregel+ v X

GPS v X

PowerGraph X v
Hama v X
GraphHP v X
HybridGraph v v
MOCGraph v X
PowerSwitch X v
GraphSteal v X

75 Push B A5 G0 ER 22 T 207 P 0 U 1o 0 S 1 e, BI04V 3 PR A e v SO A A B [ R A
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S5 B AT S HHR A A% i B R 408 S T A A R AR R IR A R i DA AV S AN B RUm Ut R
b T P AT AR B AR R R T Y B AR S ML 2R 6B H BT R R H IR s AT AR A S T
RN WAER K. HHT,GPS. Giraph. Hama L& MOCGraph 2 Z 48 37 #5 Push 15X [& 4(a) /< T Push A5
I PageRank S I AT 2 v 7E IR GRS 5 b 15 58 IR Bk AR B (W A7 AE AR MU IRV B CGR 2 47);
SR S R X e v B TH 5 5 3T PageRank (B (55 4 17~ 7 47),IF 3280 1) FEAR JE 4 i & 2690 8 W, I PageRank {5
HHEEMCGE 847 8 9AT)Ba, W I ARIA 2] T B R BAR YA, WK 1 O (RPPR A BB R AR FR R (BE 10 17
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RN 1) SEAT S 1Y sl SR B AR pull BESTR, A4 FE1 4T r3i SR B8 J5 23 37 20 2 5 vF ST RETBON I 1R 6L,
JIT LT LA G A fiff R A9 B 920 R G0N N A 1A 7 SR AR T AR A% sy X A3 Pl 5 2, DAL 40 e
AR JE A SR E N T CH A K 1D RIERGNS U5 AR5 A REIRECR T EE 0 Kol B0 T RSN R AR SR A
S A AR IR G AT Pull HLI I, B8 P 4% e m] LB B2 IDORH N2 (R SR Kot (B 265 3.1.2 5 Jiridk, [A] ghost 1Y
U BN, 2o A4 R G0 19 4710 75 R 38 A Pull B8 % 3R 45 3= 324,48 Chrronost?), Seraph®ILL & PowerGraph
2518 A(b) 7R T Pull 150 PageRank ) O A A5 : B 5 ki v AEREAT I AR SN, 0 56 5 S ) JL AR S 1Y mi A a5 B
TSR (EE 7 A7), 40 a1 m AW SR K0 JEL (&0 19 25010 PageRank B 55 et RE Y R ) A 3% 45 19 o v(B 1 47~58
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vertex.compute(){ Vertex.pullRes(){
Message msgs = getRecMsg(); if{getUpd()is True)

1
2
3 doubule sum=0.0; for(Edge e: getOutEdgel).iterator())
4
S
6

=W

for(Message m: msgs.iterator()) sendMsgTo(e.Target(),
sum = sum + m_getValue(); getValue()/ getOutDegree());

double newVal = 51}
0.15/getNumVertices() + 0.85%sum; 6 Vertex.update(){
7 setValue(newVal); 7 Messages msgs = getRecMsg();
8 | for(Edge e: getOutEdges().iterator()) 8 double sum = 0.0;
9 sendMsgTo(e.Target(), 9 for(Message m : msgs.iterator())
getValue()/getOutDegree()); 10 sum = sum + m.getValue();
10 if{getNumSupersteps() > maxNum) 11  double newval =
11 voteTohalt(); 0.15/getNumVertices() + 0.85*sum;

12 } 12 setValue(newWal);

13 setUpd();

14 if(getNumSupersteps >maxMNum)
15 voteToHalt();

(a) Push #2358 PageRank {414 #i5% (b) Pull #3X T~ PageRank {y{tig
Fig.8 Pseudo code of PageRank under push and pull mode
K 8 push #I pull #= T PageRank £t
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PowerGraph %5 2 4 17V . S 46 45 5L 2% FH 75 P A7 70 2 RN A2 B TR P FIOIRZS HybridGraph (AT 20 AR T4
28— 1 Giraph T PowerGraph #5A ASFE B2 H 2 5.
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4 Exl5
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Table 5 Distributed graph processing systems and their graph partitioning methods
F5 B RS E R 47 2 R

H R B9y 75 HP5 I
Giraph v X
Pregel v X
Pregel+ v X

GPS v X

PowerGraph X v
Hama v X
GraphHP v X
HybridGraph v v
MOCGraph v X
PowerSwitch X v
GraphSteal v X

Y4 4810 BRI 43 ook Fea BEAT U1 4 B BOE e Kl 43 5 T8 o A — A1 S B B BAE — A B P B
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Table 6 Distributed graph processing systems and their techniques
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