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By Jure Leskovec

- SNAP, -

SNAP for C++
SNAP for Python
SNAP Datasets
What's new
People

Papers

Citing SNAP
Links

About

Contact us

>
»

Open positions

We have filled all the
positions for this quarter.
More info.

STANFORD

UNIVERSITY

B o'. Stanford Large Network Dataset Collection

e Social networks : online social networks, edges represent interactions between people

Networks with ground-truth communities : ground-truth network communities in social and information networks
Communication networks : email communication networks with edges representing communication

o Citation networks : nodes represent papers, edges represent citations

e Collaboration networks : nodes represent scientists, edges represent collaborations (co-authoring a paper)
e Web graphs : nodes represent webpages and edges are hyperlinks

e Amazon networks : nodes represent products and edges link commonly co-purchased products

e Internet networks : nodes represent computers and edges communication
e Road networks : nodes represent intersections and edges roads connecting the intersections

e Autonomous systems : graphs of the internet
e Signed networks : networks with positive and negative edges (friend/foe, trust/distrust)

e |ocation-based online social networks : Social networks with geographic check-ins
o Wikipedia networks and metadata : Talk, editing and voting data from Wikipedia

o Twitter and Memetracker : Memetracker phrases, links and 467 million Tweets

e Online communities : Data from online communities such as Reddit and Flickr

e Online reviews : Data from online review systems such as BeerAdvocate and Amazon

SNAP networks are also availalbe from UF Sparse Matrix collection. Visualizations of SNAP networks by Tim Davis.

.= Social networks

ego-Facebook
ego-Gplus
ego-Twitter
soc-Epinions1
soc-LivedJournal1
soc-Pokec
soc-Slashdot0811
soc-Slashdot0922

Undirected
Directed
Directed
Directed
Directed
Directed
Directed

Directed

4,039
107,614
81,306
75,879
4,847,571
1,632,803
77,360
82,168

88,234
13,673,453
1,768,149
508,837
68,993,773
30,622,564
905,468
948,464

Social circles from Facebook (anonymized)
Social circles from Google+

Social circles from Twitter

Who-trusts-whom network of Epinions.com
LiveJournal online social network

Pokec online social network

Slashdot social network from November 2008

Slashdot social network from February 2009
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02 BT OFmEsE (1)

« PageRank : WebDt&RRY AT AlCH T2 1EFRERDFRRIE
DFIMEEDI DE UTERIND > EERWebR—I(F,
e SARDR=IHN5VvoEND

- MapReduce : EXGT—5t v ~IHITI30EIVE 21—
Ta V0 EXIEITDET. GooglelCk > T2004F(CEA
SNETO9SIVIETIL

« Hadoop : MapReduce & HDFS 15> HDFSI(J.
MapReduce CAUB T 2T —F =R SNERA S L —I T, E#
DY VZIDDASL—=IEULUTIRSZENTED > &2
AH0 2 VRICHEWVNC < W—Eah'dh D

A 4

- Pregel (375 7BABICFHE UBRERE LTI —T )L TH
&Nz > BSP (Bulk Synchronous Parallel) DL




02 I Dm0 (2)

Pregel [CE (735 BSP (Bulk Synchronous Parallel)

1. Concurrent Computation
N RODEREZITOPR. /— RETETICITTHND.
2. Communication
&/ — RETRIEZ I BFA.
3. Synchronization
S TCDBRZFERITDP (RHIE) . £ TDYRIMERT Do

« Pregel CBT2A—TVVY—2

1. Giraph : HadoopiRiE  THEI9 %
.Jpregel: BB DHEIRIZTEEIT D
3. ScaleGraph : X10 L THB(E9 3
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Pregel 7OJ3>=VJFFI)L (1)

. BATOIREEZMEA{L T B : Each vertex initialize its state.
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Pregel 700>V JEFTIL (2)

c BREFMBORCAYLE—IZXETD
« Each vertex send messages to other vertices.
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Pregel 7O 3>=VJEFIL (3)

s BREFEULEXYE—IZNIBL T, REZEHIT D
« Each vertex process received messages and update its

state.
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GraphfEtr 2R DB (1)

« QGraphlLab CREATE (https://dato.com/products/create/)
. FICEWEBRDT S @Y —IU
ARCHITECTURE

Data Products

Your

Fraud Network
Data Recommender Detaction R App:ec:etbn
GraphLab CREATE Architecture %

@ oo i
SFrame™ | SGraph™ t/lachl_ne
Relational earning

Scales out of Fastest graph Most advanced Blg Data

core analytlcs modellng Visualization

Execution Environments

o

« — Giraph&GraphlLabl(cBd U TIEIBM developerWorks(TsE L LY
« http://www.ibm.com/developerworks/jp/opensource/library/os-giraph/




=D GraphfZiTIBXRDBN (2)

GraphX

— Spark & E(EN 2 MapReduceEZETENMET 50 S JAIB R

— GraphX: A Resilient Distributed Graph System on Spark

— Apache Spark DA VR—RY LDV ED

- RBEDT S 77 —FZUHNEIRIET WIBTDIODIL—LD—D
https://amplab.cs.berkeley.edu/publication/graphx-grades/

X-stream
http://labos.epfl.ch/x-stream

Neo4J
http://www.neo4j.org

- JavaTaBhesNic I 577 —9N—2
- FASA4 V=D eAxDNERENTWNSD (http://graphdatabases.com)
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IMVMEDER
L' L‘ AEFX v-t BRI R

Closeness CentrIaM
CC (’U) —

Graph Centrality

1
& —
G(v) max¢cy dg (v,1)

Stress Centrality

Csw)= Y

s#v#FtEV Vv EBED st MRERY
Betweenness Centrality

Ost\U
s#tv#teV s-t BRI




, [ ]
Brandes’s Algorithm
WRBICIHU T, BERER) S TSR %Z Random Sampling)
). BEREIDER

BB D | 2. 1 ’C{&E bfc,*ﬁ%ﬂé}ﬁc‘:ﬂ'%/\ “
fﬁ??%bi’gl./ - fFE{%SE}:’ﬁ% (BFS) ETGDEZE?T 1
- BEIRME (SSSP) - BREERE
- 3. BROKEBR. REBHDSPLEZESTE
Betweenness Centrality 1: Cplv] <~ 0,veV
(v) 3 forsg‘zgf—olaps*( )
O- . 0-7 ) S
CB(’U): E ot 4:  Sv]«+—0,veV
O-St 5: S S\S
sFv#teV 6: while S # 0 do
7 w < pop(S)
o (s,t) MDBREWER : da(s,t),(s,t€V) 8: for v € P[w] do
o dg(s,s) =0(s € V) 9: 5[v] + 8[v] + ZH2k - (1+5[w])
o dg(s,t) =dg(t,s),(s,t €V) 10: Cplw] + Cplw]+ d[w]
o (s,t) BIDRMEME : 0s¢t,(s,t €V) 11: end for

12: end while
13: end for
14: return Cp

¢ O'SS:].,(SEV)
@ 05t =0¢s,(s,t€V)



NETAL (NETwork Analysis Library)

c BERABRERETRE - PIOEEREE
— NUMA DR Z BERNICRE L7 7« Z T A REZ1TD
— EXRKEERY NT—7 (25000 R) ICNT 22heRmEKZ 7.75 H
TETEABET. 9N DIMACS OSRRERICLENT 230 fFEE
— B DISIZ Closeness, Degree, Graph, Stress, Betweenness (BC),
edge-Betweenness /& EICXIH L. GraphCT (BC D H) & D 13 -

T|_-—I—.\

26 fE=R. SSCA#2 (BCOH) & D 2.4 - 3.8F51E

1 .
Closeness [1] Co(v) = S da (0. 1) EIEIEPY
tev 4Gt RBRY NT—
1 65077 /1446751
Graph [2] Ca(v) =
maxtcy dg(v,t)
BC
Stress (3] Cs(v) = Z ost(v)
s#vELEV
Betweenness [4] Cp(v) = Z 75 (0)
SHEVALEV Tst
Y. Yasul, K. Fujisawa, K. Goto, N. Kamiyama, and M. Takamatsu:
NETAL: High-performance Implementation of Network Analysis Library Importance -
Llow L I high |

Considering Computer Memory Hierarchy, Journal of the Operations Research

Society of Japan, Vol. 54-4,2011.
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Centrality) o | 13,076 vertices and 40,528 edges
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20— - R kD=2
~ 21— (R#) 41,652,230
- 74 0—BR (B 2 405 026.092
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11— 21,804,357 H5DIBETEIRRDIER

0 1 0.00 0.00
1 7 0.00 0.00
2 6,188 0.01 0.01
3 510,515 1.23 1.24
4 29,526,508 70.89 72.13
5 11,314,238 27.16 99.29
6 282,456 0.68 99.97
7 11536 0.03 100.00
8 673 0.00 100.00
9 68 0.00 100.00
10 19 0.00 100.00
11 10 0.00 100.00
12 5 0.00 100.00
13 2 0.00 100.00
14 2 0.00 100.00
15 2 0.00 100.00
&t 41,652,230 100.00 -

0.069 ¥ CTHRRTHE
= 21.28 GTEPS (10° TEPS)
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Graph500 - Green Graph500 ;G@

Q Graph500 - Green Graph500 XY F~¥—72

NS X—% SCALE & edgefactor (=16) N5, mE n=2SCALE %4
m=edgefactor - n £7%% Kroncekr graph Z4a%

- MBEBLEHER (BFS) TO1#HAD DEFEZRE TEPS (C&XK D, Graphb00 U 2 ~Z=1ERk
- SHEBSHH7=DOD TEPS (TEPS/W) [C&D. Green Graph500 U R kZERK

RIGBBITHRRDER BFS O Green Graph500 (June 2013)
. 51' S REZ 5 | S IINANGERIE

W Rank MTEPS/W Site Machine — Scale GTEPS Nodes|

4waySBep2.4

1 64.12 Chuo University GraphCREST-Tegra 132 [ 20 [0.153885 1
2 | 53.82 Chuo University GrophCREST-IntekNUC | 110 | 23 [1.08175]| 1
N\ e _ 3 | 5347 Chuo University GraphCREST-Mac-mini | 90 [ 24 [1.94104| 1
f'l RANEILI=28Y 57K (Bottom-u p step) l—\ 4 | 5202 | ChuoUniersty | GrophCRESI-MBAI3 | 105 | 23 [122761] 1
A . 5 | 5162 | ChuoUniversity | GrophCREST-Refinal5 | 89 | 24 [1.98735] 1
'I]Eii (/J \) 6 | 3929 | Changsha, China TH-IVB-FEP/C = 26 |9.74402| 1
7 | 3225 Cl ) GLODhCRESTNEXUSIO 1133 1 20 o.118688| 1
N 8 | 3041 24 (512372 1
NQ RRFREEM L
- 9 | 2058 \[ 25 |6.14248] 1
@) o 1 = f.a}’—i Hm 10 | 18.68 25 [6.77685] 1
v PTRw 2 - s
neighbors SR = o 557%8 THOHE 11| 17.39 Chuo University iy 57 [ 26 (111148 1
1
1

o O O frontier \

12 | 1095 | Chuo University GrophCREST-Wex40 | 58 | 26 | 11061
>0 The University of Alingi 106 | 28 |1.20576
HO [0.n/4) 3] 24 British Columbia :
T d University of § §
Op_ own *, 2 >0 14| 189 . Viridis HPC@Unilu - | 21 pa3sgess 32
< Swiss National
15| 020 | Supercomputing Todi 49 | 29 |15.5983| 272
HO Center
@—>0 [n/4n/2)
P — P
! 7 Gl 7~ Gl
R (K) e
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Graph500\>F Y —2JDE1TIE

Graph Generation o/eg/e
COFIN L9 | -

}fa,ﬁ%ajé‘m:w@%m

Graph Construction

Kernel 1 (KX b%ZEBFSTIERI DIcHDFT—4
(CSR or CSC)(CZ5ie)

l

Kernel 2 { Breadth First Search

[ 64[0
Validation R DRI
(5 DD)L—)LTBFSY U —%4&5T)

X CSR: Compressed Sparse Row, CSC: Compressed Sparse Column
28
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OF k2459 A28 H L FARAA.
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15363

K t
15363 15363 °°'""_e]' #1

Top 1

16384 || >
—A—  K-computer
—5- TSUBAME 2.5 (2.0) %325
—-©— FX-10 A A& - = == = = 1
B 4096 | —&— sGI uv2000 25 ]
| —+— TSUBAME-KFC U ont
- . ~ o onl
RIKEN Advanced Institute for Computational . qopq | I fway Xeon sery v
N ' ) -
Science (AICS)'s K computer GR 3
is ranked 80
2 256
=
%
Iarick A Boda & % 04
on the Graph500 Ranking of Supercomputers with David A.Bader 3 =
17977.1 GE/s on Scale 40 apf— & © 16
on the 8th Graph500 list published at the International Andrew Lumsdaine g‘ 16 - .
Supercomputing Conference, June 22, 2014. > w %
—M o CPU only 82
Congratulations from the Graph500 Executive Committee Richard Murphy § 4
==~ ¥
1 I I I I T T

1st 2nd 3rd 4th 5th 6th 7th 8th
Nov. 2010 June 2011 Nov. 2011 June 2012 Nov. 2012 June 2013 Nov. 2013 June 2014
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Target networks
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Target networks on UV2000
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Target networks on Supercomputer
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Hybrid BFS for low-diameter graph

 Efficient for Low-diameter graph [Beamer2011, 2012]

— scale-free and/or small-world property such as social network.

* At higher ranks in Graph500 benchmark
* Hybrid algorithm

— combinestop-down algorithm and bottom-up algorithm
— reducesunnecessary edge traversal

Neighbors
Level k+1 Switch O O

g © o
Frontier Frontier Level k+1
Level k Level k neighbors
Frontier < neighbor Frontier > neighbor
Top-down algorithm Bottom-up algorithm

Efficient for a small-frontier Efficient for a large-frontier




Direction-optimizing BFS

Chooses direction from Top-down or Bottom-up Beamer @ SC12
for small frontier for large frontier
# of traversal edges of Kronecker graph with SCALE 26 Top-down
V] = 228, |E| = 20
Distance from source
Level Top-down Bottom-up Hybrid @
0 2 2,103,840,895 2
R AXGQOG 1,766,587,029 66,206 Bottorm-up
2 346,918,235 52,677,691 52,677,691 ° o
Large | 3 1,727,195,615 12,820,854 12,820,854
frontier| 4 29,557,400 103,184 103,184 (o)
5 \2,357 21,467 21,467
6 221 21,240 227 %
Total 2,103,820,036 3,936,072,360 |65,689,631 Top-down
Ratio 100.00% 187.09% 3.12%
=[]

Hybrid-BF S reduces
unnecessary edge traversals




Direction-optimizing

Chooses direction from Top-down or Bottom-up

Top-down direction
» Efficient for small-frontier
« Uses out-going edges

BFS

Beamer2012 @ SC2012

Bottom-up direction

Efficient for large-frontier
Uses in-coming edges

Outgoing .
edges Incoming Candidates of
edges neighbors
: Frontier Level k+1
F{g’r;flker Lec‘a’fglj lt(1+lo1ors Levelk Neighbors
Input : Directed graph G = (V,A%), Queue QF Input : Directed graph G = (V, A®), Queue Q"

Data : Queue QV, visited, Tree n(v)
OV 0
| for v € O in parallel do |
forw e A” (v) do
if w ¢ visited atomic then
a(w) «< v
visited « visited U {w} p=

oY « QN U {w)

Currentfrontier

Unvisited
neighbors

0" < Q"

Data : Queue QV, visited, Tree m(v)
OV —0

for w € V' \ visited in parallel do

forv e A%(w) do
if v € O then

visited « visited U {w}

oY — 0N U {w}
break

o « oV

Candidates of
neighbors

a(w) « v = | Currentfro

ntier

Skips unnecessary edge traversal




NUMA architecture

* 4-way Intel Xeon E5-4640 (Sandybridge-EP)
— 4 (# of CPU sockets) N Max.
8 (# of physical cores per socket) — 4 x 8 x 2 =064 threads
2 (# of threads per core) 3

Memory Bandwidth using STREAM TRIDAD

NUMA node ——
—— NUMA 0 — NUMA 0

Memory access for Local RAM (Fast) 14 | = NUMA 0 NUMA 1 )] Local access
—— NUMA 0 — NUM

A
processor core & L2 cache 12 4| & NUMA O — NUM% 13 GB/s

T -
RAM 100 ||

1>

Faster

Bandwidth (GB/s)
(o]

Remote access

\
20 25 30
Number of elements log, n

Memory access for Remote RAM (Slow)

NUMA-aware (optimized) computation

[- Reduces and avoids memory accesses for Remote RAM




NUMA-optimized BFS

« Clearly separated to accessing for local and remote memory
— Edge traversal on Local RAM
— All-gather of local queues and bitmaps for Remote RAM

Traversal on local memory  Swap on L/R memory

For each level, f b
NUMA-optimized
No q Top-down
Large frontier? L) Marging local frontier
Yes| | | NUMA-optimized quenes
Bottom-up
* Searcheslocalneighbors | | @ Qi” 8_':>:

from local copied frontier

NUMA-opt. requires two CSR graphs

« Out-going edges for Top-down
« In-coming edges for Bottom-up

s e
QS
o2
(o0
l 2
00

|

QR © e e

()

o2
Q
=~

»< Notsame forundirected graph | Y



NUMA (Non-uniform memory access) System

NUMA system (4 CPUs)

Different
distances

(Example) 4-socket Xeon system

* 4 (# of CPU sockets)
» 8 (# of physical cores per socket)
« 2 (# of threads per core)

Local access: 24 GB/s

g NUMA O NUMA 3 A
Fast local access Slow non-local access Threads
| | Data J
_ 3 3.4 3.0 3.4 (24.2) = =
é | NUMA1 NUMA2
Q 2 3.0 3.5 24.3 3.4
® Remote access: 3 GB/s
ol
g’ 1 3.4 23.9 3.4 3.0 NUMA 0 NUMA 3 )
GEJ S threads
= 0 24.2 3.3 3.0 <3.5>
0 1 2 3 x

Thread placement

NUMA 1
\

NUMA 2
/




SGI UV 300 Specification

« UV300 one rack
— All-to-all communication
— SUSE Linux Enterprise Server 11 (x86_64)
— Up to 1152 threads (= 32 sockets x 18 x 2)
— 16 TB RAM

UV300 rack
= 8 UV300 chassis

Each chassis has
two HARP interfaces

 UV300 chassis
— 144 threads (4 sockets x 18 cores x 2 SMT)
— Intel Xeon E7-8867 v3 2.50GHz (Haswell)
— 2TB RAM (512 GB per NUMA node)

38

33

28

23

UV300 Rack

1SN

UV300 chassis

HHFH BBl
B [ENE)EigE] | BlENE




Bandwidths on

1. NUMA local
— 56 GB/s

2. NUMA remote
— 12-14 GB/s

3. NUMA Link7
— 6 GB/s

12.3

14

/
56.4
/

4.1

Node 1 (4-socket)

Memory placement

Measured by STREAM Benchmark TRIAD operation

UV300

31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10

9
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Ours: NUMA-aware 1-D partitioned graph rep.

* Divides sub-graphs and allocates on each NUMA node

Adjacency matrix 1-D part. Graph NUMA node
0 o| divide ©

« Avoids remote memory access at traversal phase

e N [ R
« Forward graph GF for Top-down « Backward graph GB for Bottom-up
Data: visited V, Output: i Output:
- neighbors Data: visited V neighbors
) o[ [V Vi - Vi
Input: o /J )- 0 Data: 1 ) o 9
Frontier cht::itier < L V)
o—1o17| Local RAM o1 | Local RAM
V ( V (o)
O o (o ()

Usingsubset y, _ [ } ie [En’ (k+1) n)
of vertex J




GTEPS

Ours: NUMA-optimized + Dir. Opt. BFS

Our implementations

50

40

30

20

10

Top-down

Top-down Top-down Top-down
e SRR NUMA-aware| | Bottom-up Bottom-up
3 a0 22 o
3
777777777777777777 7777777777777777777 777777777 NUMA—aware
,,,,,,,,, g O B
¢ = °
(O} - :
— = |
""""" - X33 ||
1 X9 S
g7\ 800M
I
20]] SC]O SC]2

Our latest ver.
Is 489X faster than
Reference code

| » Obtained 4 Xeon proc.
NUMA O NUMA 3

NUMA 1 NUMA 2

A,
PCS 20 15



Our implementations for Graph500 and Green Graph500
® Multiple nodes and multiple processes

Multiple CPUs (K computer, TSUBAME 2.0, Fujitsu FX10, TSUBAME
KFC)

® 38621.4,GTEPS, 1st position in 10" Graph500 list

Multiple CPUs and GPUs (TSUBAME 2.0 & TSUBAME KFC)

® 317GTEPS, 4t position in 4t Graph500 list

® 6.72GTEPS/KW, 15t position in 2" Green Graph500 list (Big)

® Single node and single process

NUMA optimized and multiple threads (SGI Altix UV2000, 4-way Intel

Xeon server)

® 174,.7GTEPS, 40t position in 10t Graph500 list (world fastest
implementation for single node

Multiple threads and power efficient (Android tablet, Android based

smart phone)

® 153.2 GTEPS/KW, 1st position in 29 Green Graph500 list (Small)




2D Hybrid BFS [Beamer, '13]

» 2D partitioning of the adjacency matrix for the
gre—"-

» Each partitioned region is assigned to a
processor places on the 2D mesh.

Locality is better in 2D partitioning

1D partitioning requires all-to-all communication
among all the processes.

» Our implementation is based on this method.

[Beamer, ‘13] Scott Beamer, et. al. Distributed Memory Breadth-First Search Revisited: Enabling
Bottom-Up Search. IPDPSW '13.

46 1 Dec 2014



Efficient Hybrid Search with 2D
Partitioning

» Our approach is based on the
Top-down and bottom-up
hybrid search BFS.
[Beamer2011, 2012]

Expan Top-down

» We realized the hybrid search
- without any increase of
memory footprint.

Graph data is shared between
two search directions.

» Overlapped communication
with computation.

Both top-down and bottom-up

.: Graph data owned by a single processor Utilize overlapping
communication.

Sharing the same graph data
between two direction search.




The Graph500
K Computer and TSUBAME 2.0 & 2.5

Graph500 ranking history for BFS performance on
TSUBAME2.0 and 2.5 TSUBAME2.0 and 2.5
1400 1280
November 2011 99.858 Top-down only 1000
)]
June 2012 4 317.09 cpPu+GPU & °¥
= ]
November 2012 20 462.25 CPU + GPU 400 317.09
July 2015 12 1345  Efficient hybrid 200 |29-858 I I
*Every score is obtained using TSUBAME2.0 1366 0
nodes or TSUBAME 2.5 1024 nodes ,9«," w& 100 ,Lo'»”‘
Graph500 ranking history for (&,@‘ & &oo‘ o
K Computer 4"' 4"’
GTEPS
November 2013 5524.12 Top-down only
June 2014 1 17977.05 Efficient hybrid
Julv. Novemb Efficient hybrid &
uly, 23;; er 1 38632.4 Zero-degree suppression & Vertex

sorting
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GTEPS (in logscale)

Graph500 N FI—I(2H1T5
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The 10t and 11t Graph500 Lists :

The winner is K computer
Scale 40 : 38621.4 GTEPS (July and November 2015)

RIKEN Advanced Institute for Computational
Science (AICS)'s K computer

is ranked

GR

0 DowidABoden o

on the Graph500 Ranking of Supercomputers with David A.Bader 2
38621.4 GE/s on Scale 40 Quf— B

for High Performance Computing, Networking, Storage, and Analysis Andrew Lumsdaine g
(5C'15), November 16, 2015. — - s

2 & s g

Congratulations from the Graph500 Executive Committee Richard Murphy §
—i~ 7

Marc Snir




The 10*" and 11t
Graph500 Lists:
The winner is K computer
Scale 40 : 38621.4 GTEPS
(July and November 2015)

SCALE:

edgefactor:
NBFS:
graph_generation:

num_mpi_processes:

construction_time:
min_time:
firstquartile_time:
median_time:
thirdquartile_time:
max_time:
mean_time:
stddev_time:
min_nedge:
firstquartile_nedge:
median_nedge:

thirdquartile_nedge:

max_nedge:
mean_nedge:
stddev_nedge:
min_TEPS:
firstquartile_TEPS:
median_TEPS:
thirdquartile_TEPS:
max_TEPS:

harmonic_mean_TEPS:
harmonic_stddev_TEPS:

min_validate:

firstquartile_validate:

median_validate:

thirdquartile_validate:

max_validate:
mean_validate:
stddev_validate:

Result

40

16
64

197.379

82944
609.395
0.395321105141

0.409624118358

0.455501377815
0.566996186739
1.95167534612
0.562004323256
0.311699826145
1.7592103987e+13
1.7592103987e+13
1.7592103987e+13
1.7592103987e+13
1.7592103987e+13
1.7592103987e+13
0
9.01384752422e+12
3.10268470903e+13

3.86214067477e+13
4.29469437914e+13
4.45007963348e+13
3.1302435335e+13
2.18728188393e+12
43.201660905
43.4925568579
44.3293765394
45.4055157886
50.040661654
44.6539914012
1.39768976422



The 1st to 6th GreenGraph500 Lists :

We keep the 1st place
Scale 30 : 62.93MTEPS/W (November 2015)

E ”
Y o
s

Kyushu University's
GraphCREST-SandybridgeEP-2.4GHz

is ranked

in the Big Data category of the Green Graph 500

Ranking of Supercomputers with

62.93 MTEPS/W on Scale 30
on the sixth Green Graph 500 list published at the
Supercomputing Conference, November 17, 2015.

Congratulations from the Green Graph 500 Chair
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Fast and Exact Computation of Betweenness Centrality
on Post peta-scale Supercomputer

(.

Exact computation = All pairs shortest paths

Vector Vecter Veaor Vector
Ex. USA (23,947,347 nodes, 58,333,344 edges ) vl Saater saal
1 thread = over 35 days | e | B
1M threads = only 3 minutes > real-time analysis L
Many applications i T
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Health care (disease spread) Com==] v -
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A HUOVE (Betweenness centrality; BC)
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Betweenness centrality of a node v is the sum of the fraction of all-
pairs shortest paths that pass through v:
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Current_flow betweenness centrality
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Current-flow betweenness centrality uses an electrical current model for information

spreading in contrast to betweenness centrality which uses shortest paths.
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Closeness centrality ata nodeis 1/average distance to all other nodes.



communicability centrality
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Communicability centrality, also called subgraph centrality, of a node nis the
sum of closed walks of all lengths starting and ending at node n.

0.8

0.6

0.4

0.2



edge betweenness centrality
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Betweenness centrality of an edge e is the sum of the fraction of all-
pairs shortest paths that pass through e:
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Uses the power method to find the eigenvector for the largest eigenvalue of the adjacency

Compute the eigenvector céntrality forthe graph G.
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matrix of G.
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Katz centrality computesthe relative influence of a node within a network by measuring the
number of the immediate neighbors (first degree nodes).
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