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Gonzalez, Joseph E., et al. "Graphx: Graph processing in a distributed dataflow
framework." Proceedings of OSDI. 2014.
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System PageRank ConnComp
Ligra [29] 44.1 7.46
Galois [21] 19.0 11.5

Polymer [34] 43.1 7.14
PowerGraph [11] 40.3 29.1
GraphX [12] 216 104
PowerLyra [9] 26.9 22.0

twitter-20108(#5 45 [, 20 % PageRankiEf{(41.7M 45 55, 1.47B 14)
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XA T: LABFS 94 (1)

Dual mode updates proposed in
shared-memory systems (LigraPPoPP'13l) |Active edge set| / |E| < threshold
= Sparse mode
—> Push operations

[ Active edge set }

[ Active vertex set }

Selective scheduling:
only access out-edges
from active vertices

15t iteration Locks/atomic operations
required for correctness
of concurrent updates



XL T: LABFS 94 (2)

|Active edge set| / |E| > threshold
—> Dense mode

_ => Pull operations
Active edge set

Limited
selective scheduling

Vertices pulling along in-edges
2nd iteration Contention-free updating



AR IR T 5







GeminiH) 7341 T\ push

Masters message mirrors, who update their local neighbors



GeminiH 7341 = Pull

Mirrors pull updates from neighbors, then message masters



. fELE

B

— A = metis

PR 72

— %5

/_—Iﬁ_‘C

!

hunk X
GRS

= 1]

~chunk )
X453 5%

nash

AN

J]

1) A

bl

A



7]1'1L 2 Atichunk ) 432

o chunkXl| 1%

— B2 LK

[

W I AL

AR AFE R BB A

* E.g., WebGraphWWW’04] 'B| p[WSDM"13]

o BIZE Rid% “h

X7 HiFF

Facebook Country Adjacency Matrix?
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1 The Anatomy of the Facebook Social Graph

UK Web (2005) Adjacency Matrix
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Chunk size affects random access efficiency!
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Per-node partition

cluster [ [

Per-socket partition w.
NUMA-aware placement

node

= Locality-aware
Data partitioning till socket-level

Per-core work chunk

socket

core } Fine grain
(64-vertex)

Mini-chunk for work stealing Work partitioning within socket
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Intel Xeon E5-2670 v3 (12-core CPU), 30MB L3 cache
2 sockets sharing 128 GB RAM (DDR4 2133MHz)
Network: Mellanox Infiniband EDR 100Gbps

e « K

— PageRank (PR) (20 iterations) __Graph | v | Bl

. twitter-2010 41,652,330 1,468,365,182
Single-Source Shortest Paths (SSSP)
3 dth-First S h (BES uk-2007-05 105,896,555 3,738,733,648
r -Fir r
€a St >earc ( ) weibo-2013 72,393,453 6,431,150,494

Betweenness Centrality (BC) clueweb-12 978,048,098  42,574,107,469
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21.2 19.3
SSSP 2.81 3.33
BFS 0.347 0.528 -_
BC 2.45 394 | 188
Runtime in seconds (twitter-2010)

NUMA-aware

| system | _Ligra | Gemini_ memory accesses

Remote access ratio 50.1% 9.10%

L3 cache miss rate 52.6% 40.1%

Average access latency 183ns 125ns
Memory reference profiling results

usn

uses different algorithms. 29
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twitter—2010

uk—2007—-05

+chunk] 775
Hash 1%l 43 77 7%

Mem. Ref. (G) LLC Miss (%)

Runtime (s) Comm. (GB)

385 106

3.02

54.3

36.8

17.4

%ﬁ/zjlznﬁz—

8.05 154

1.48

3.98

84.4

35.5

27.8

I Hash

3 Chunk

42.2

19.1
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Runtime(s)

73 A1 2 push/pul R

Iteration #

PageRank
1
0.75 x S /<. o 0Q@o———
0.5
0.25
¥
’ 0 20
—Sparse ——Dense
Runtime of each iteration using sparse / dense mode (uk-2007-05)
Connected®omponents Single-SourcelBhortest@Paths
0.6 0.2
0.45 0.15
0.3 0.1
0 0
76 0 172

—Sparse ——Dense —Sparse ——Dense

“mis-predictions”: 2 out of 76 for CC and 5 out of 172 for SSSP .
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Speedups of different intra-node load balancing
strategies over static scheduling (PR)

twitter-2010

uk-2007-05

M static scheduling M balanced partition ™ stealing M stealing w/ balanced partition
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Graph | Raw Gemini PowerGraph
EnWiki | 0.755 4.02 13.1
Twitter 10.9 25.1 138
UK 27.8 57.2 322
Weibo 47.9 73.3 561
ClueWeb | 318 575 -
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