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Dynamic Block Reassignment for LLoad Balancing of
Block Centric Graph Processing Systems

Yewon Kim' - Minho Bae™ - Sangyoon Oh™

ABSTRACT

The scale of graph data has been increased rapidly because of the growth of mobile Internet applications and the proliferation of social
network services. This brings upon the imminent necessity of efficient distributed and parallel graph processing approach since the size of
these large-scale graphs are easily over a capacity of a single machine. Currently, there are two popular parallel graph processing
approaches, vertex—centric graph processing and block centric processing. While a vertex—centric graph processing approach can easily be
applied to the parallel processing system, a block—centric graph processing approach is proposed to compensate the drawbacks of the
vertex—centric approach. In these systems, the initial quality of graph partition affects to the overall performance significantly. However, it
is a very difficult problem to divide the graph into optimal states at the initial phase. Thus, several dynamic load balancing techniques
have been studied that suggest the progressive partitioning during the graph processing time. In this paper, we present a load balancing
algorithms for the block—centric graph processing approach where most of dynamic load balancing techniques are focused on vertex-centric
systems. Our proposed algorithm focus on an improvement of the graph partition quality by dynamically reassigning blocks in runtime,

and suggests block split strategy for escaping local optimum solution.

Keywords : Block-Centric Processing, Large-Scale Graphs, Load Balancing, Block Reassignment
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Table 1. Experiment Environment

Nodel Node?2 Node3 Node4

Type EC2-r4.xlarge
CPU Intel Broadwell, 2.3 GHz
vCPUs 4
Memory(GiB) 305 GiB
) | g T B S
0S Ubuntu Server 16.04 LTS
Cluster Master ‘ Worker ‘ Worker ‘ Worker
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Table 2. Description of Experiment Data

Datal Data2 Data3 Data4 Datab

Youtube .
Amazon . . Flicker
Name (MDS) fnepd Skitter links Orkut
ship
Code CA CY SK LF OR
Fﬁ{gze 12291 | 730 | 145612 | 189948 | 1768888
i ol 334,863 | 1,134,890 | 1,696,415 | 1,715255 | 3,072,441
Vertex

# of Edge | 925872 | 2,987,624 | 11,095,298 | 15,551,250 117,184,899

Average

5.5299 5.265 13.081 18.133 76.281
degree
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NS 7IW o2 APE 7t 222 7 JEEe
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shubel Aol Hof A AAY JE AMEAIEC] THoR
Aw} Skitter: Skitterd Edo]~ 2}$-E(traceroute)
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Table 3. Improvement of Execution Time

Data NB DB Improvement(%)
CA 210.25 212.21 -0.92
CY 1518.06 1390.68 9.16
SK 7374.78 6728.04 9.61
LF 773113 7028.16 10.00
OR 67626.73 60123.25 12.48

ZER0 H HIOIH 33 M7 HM5=(2018. 5)

70 .
G | =
g o EXR e
%]
S
q L
=)
@ 40 -
£
Yoo
c
9
"j‘ 20
Lo}
g,
% ol

o

CA cy SK LF CR

Fig. 11. Comparison of Execution Time

80

N B
T EEEA

#of superstep

CA CcyY SK LF OR
Fig. 12. Comparison of Supersteps

o]
oF
< |
ojm) g, o
Ea
Z}F

©

_>‘4_“

24 @AY At el /1E 71
e ol A el 1= A
As WA 2T £ES FAE AL
el A7t kA R CASl A5 259
F7he e el ol 1
A%el AAFoR P2 Wk a4
Aok g9 BHoE HUAL H§
3

A
G2k 23 ° gkt

X o
N

P

N
- &
[
N
o

=
[
fo
=
o
™
Hu
N
~

)
2 K
fo, o
L 2
_HH_EJ

il

T

N
ASH
i
o,

ol
ol
N
g}
Sl

o

[r
=)

=
>
rir
A
i
olN
o>
u
&
(Kl
™
>
[
o
lo,
o g

N fo
% % fo
rlo ok
il
Jfu
B
=
)
N
L
o
2
[
ol
ol
32
iy
e
ooy

fu
o,
>
12
3
[¢]
oxl
e
[4\:1
o
N
N
>
=
ka3
™
> Rolo

o2
_0|L
2
Mo
ok
I
i)
[
)
AV

3
£l

2L
ol

o

2 gt 2 o
E)
=
o 9

o b
&

s}

T

e

fo = mx )y g 2 o
-
N
1o
T
[~
it}
¥
e
o
N
QL
g
>~
b
ol
Ml
=)
w
X =2

A= N N

A

>
)
o
ot
>,
2,
o
o,
lo

2,
2

DAL . RN
i)

o lo

o2
o5
o rr
ox
2L
-
L
it
b
N
2 [o

w0
:Oé

1
ko o

N
i



1

el E312 9E Awackn 2 4 gloh mebd 3o

e 29 W]
AT APt
3 A

=
<)
704
t}

I »
=
o
nj
=
o
e
Y
[
oX,
=)
Lo
]
)
rir ko

e CON ST (B
R

References

[1] G. Malewicz, M. H. Austern, A. ]. Bik, J. C. Dehnert, 1, Horn,
N. Leiser, and G. Czajkowski, “Pregel: a system for
large-scale graph processing,” In Proc. 2010 ACM SIGMOD
International Conference on Management of Data, ACM,
pp.135-146, 2010.

The Apache Software Foundation, “Welcome to ApacheTM

Hadoop®!,” The Apache Software Foundation, 2014. [Online].

Available: http://hadoop.apache.org. [Accessed Dec. 1, 2017].

U. Kang, C. E. Tsourakakis, and C. Faloutsos, “Pegasus: A

peta-scale graph mining system implementation and

observations,” In Proc. IEEE 9th International Conference on

Data Mining, IEEE, pp. 229-238, 2009.

[4] J. Lin and M. Schatz, “Design patterns for efficient graph
algorithms in MapReduce,” In Proc. 8th Workshop on Mining
and Learning with Graphs, ACM, pp.78-85, 2010.

[5] J. Dean and S. Ghemawat, “MapReduce: simplified data
processing on large clusters,” Communications of the ACM,
Vol.51, No.1, pp.107-113, 2008.

[6] Y. Low, D. Bickson, J. Gonzalez, C. Guestrin, A. Kyrola, and
J. M. Hellerstein, “Distributed GraphLab: a framework for
machine learning and data mining in the cloud,” In Proc
VLDB Endowment, Vol.5, No.8, pp.716-727, 2012.

[7] J. E. Gonzalez, Y. Low, H. Gu, D. Bickson, and C. Guestrin,
“PowerGraph: Distributed Graph-Parallel Computation on
Natural Graphs,” OSDI, Vol.12, No.1, p.2, 2012.

[8] J. E. Gonzalez, R. S., Xin, A. Dave, D. Crankshaw, M. ]J.
Franklin, and I. Stoica, “GraphX: Graph Processing in a
Distributed Dataflow Framework,” OSDI, Vol.14, pp.599-613,
2014.

[9] S. Salihoglu and J. Widom, “Gps: A graph processing system,”

[2

=

[3

=

In Proc. 25th International Conference on Scientific and
Statistical Database Management, ACM, 2013, p.22.

[10] Z. Khayyat, K. Awara, A. Alonazi, H. Jamjoom, D. Williams,
and P. Kalnis, “Mizan: a system for dynamic load balancing
in large-scale graph processing,” In Proc. ACM 8th
European Conference on Computer Systems, ACM, 2013, pp.
169-182.

[11] L. G. Valiant, “A bridging model for parallel computation,”
Communications of the ACM, Vol.33, No.8, pp.103-111, 1990.

[12] Y. Tian, A. Balmin, S. A. Corsten, S. Tatikonda, and J.
McPherson, “From think like a vertex to think like a graph,”
In Proc. VLDB Endowment, Vol.7, No.3, pp.193-204, 2013.

Ot

o TIHZE ME| AIAEel 2ot 24 2B S5 =5 MUHAl 71Z 187

[13] Y. Simmhan, A. Kumbhare, C. Wickramaarachchi, S. Nagarkar,
S., Ravi, C., Raghavendra, and V. Prasanna, “Goffish: A sub-
graph centric framework for large-scale graph analytics,” In
Proc. 20th European Conference on Parallel Processing,
Springer, Cham, pp. 451-462, 2014.

[14] D. Yan, J., Cheng, Y. Lu, and W. Ng, “Blogel: A block-centric
framework for distributed computation on real-world graphs,”
In Proc. VLDB Endowment, Vol.7, No.14, pp.1981-1992,
2014.

[15] S. Aridhi, A. Montresor, and Y. Velegrakis, “BLADYG: A
novel block-centric framework for the analysis of large
dynamic graphs,” In Proc. ACM Workshop on High
Performance Graph Processing, ACM, pp. 39-42, 2016.

[16] M. R. Garey, D. S. Johnson, and L. Stockmeyer, “Some simplified
NP-complete graph problems,” Theoretical Computer Science,
Vol.1, No.3, pp. 237-267, 1976.

[17] G. Karypis and V. Kumar, “A fast and high quality multilevel
scheme for partitioning irregular graphs,” SIAM Journal on
Scientific Computing, Vol.20, No.1, pp.359-392, 1998.

[18] P. Sanders and C. Schulz, “Engineering Multilevel Graph
Partitioning Algorithms,” ESA, Vol.6942, pp.469-480, 2011.

[19] A. ]J. Soper, C. Walshaw, and M. Cross, “A combined
evolutionary search and multilevel optimisation approach to
graph-partitioning,” Journal of Global Optimization, Vol.29,
No.2, pp.225-241, 2004.

[20] N. Xu, L. Chen, and B. Cui, “LogGP: a log-based dynamic
graph partitioning method,” In Proc. VLDB Endowment,
Vol.7, No.14, pp. 1917-1928, 2014.

[21] A. Zheng, A. Labrinidis, and P. K. Chrysanthis, “Planar:
Parallel lightweight architecture-aware adaptive graph
repartitioning,” In Proc. IEEE 32nd International Conference
on Data Engineering, IEEE, pp.121-132, 2016.

[22] C. Mayer, M. A. Tariq, C. Li, and K. Rothermel, “Graph:
Heterogeneity-aware graph computation with adaptive
partitioning,” In Proc. IEEE 36th International Conference
on Distributed Computing Systems, IEEE, pp.118-128, 2016.

[23] D. Kumar, A. Raj, and J. Dharanipragada, “GraphSteal:
Dynamic Re-Partitioning for Efficient Graph Processing in
Heterogeneous Clusters,” In Proc. IEEE 10th International
Conference on Cloud Computing, IEEE, pp.439-446, 2017.

[24] L. M. Vaquero, F. Cuadrado, D. Logothetis, and C. Martella,
“Adaptive partitioning for large-scale dynamic graphs,” In
Proc. IEEE 34th International Conference on Distributed
Computing Systems, IEEE, pp. 114-153, 2014.

[25] Pivotal Software, “RabbitMQ-Messaging that just works,”
Pivotal Software, 2007. [Online]. Available: https:/www.
rabbitmg.com. [Accessed Dec. 1, 2017].

[26] J. Kunegis, “KONECT - The Koblenz Network Collection,”
uni—koblenz.de, Apr. 25, 2017. [Online]. Available: http://konect.
uni-koblenz.de. [Accessed Dec. 7, 2017]



188 SEMEStel=2A/AZEA0 3 HI0IH S M73 Hb5=(2018. 5)

:

4o #
https://orcid.org/0000-0002-4309-9923
e-mail : kimyewon@ajou.ac.kr
2016 ofFdietul wt)o] 8tuk(3HAL)
2018+ oFFoighal 73 E & g aH A A
2018~ A ZriEs A
FAEoF W E/ A A, 2 E A

=
O/é)l-_l,._,_

—4

https://orcid.org/0000-0001-5854-149X
e-mail : syoh@ajou.ac.kr
2006 vl= Qe efubeh ka7 e & 8t
(3h21)
200611 ~2007d SKeleElF degfrjsii
2007 ~d A ofFuhdtul
AZES o) g}

B .8 T o
Bk B/ A2dl wASARY, FHEAFY

)

)

Hf 2l S
https://orcid.org/0000-0003-3342-1779
e-mail : minkkang @ajou.ac.kr
2012 o}Fuleka A BAFE T

20124~3 A ot HHE T}





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


