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[1] Y. Perez et al. Ringo: Interactive Graph Analytics
on Big-Memory Machines. S1 GCOMMG6 1 4.
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[1] Y. Perez et al. Ringo: Interactive Graph Analytics
on Big-Memory Machines. S1 GCOMMG6 1 4.
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BGQ mechanism
-e- HTM-Long-Mode 5.9%
-4 HTM-Short-Mode —

The whota node
memary filled

Abortand ©

Total time [us]

_057 rollback y,
' 2 overheads 1/ &% The long mode
. Y results in higher
£ latency than
Startup gnd = the short mode
commit T 3 T o 1 PBGL does not o PGL 16 nodes
overheads IS pccessed vertices Accessed vertices support threading g .

thus we run more 2] S, AAM, 16 o
than 1 process/node =

*  Yes, wecanl 0 ) 100 H : 3
Nodes (N) Threadsinode (T)

Th — p D
'@ sweetspol Transaction size (M) [vertices]
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[1] J. J. Willcock et al. AM++: A generalized active message framework. P ALG. T 6
[2] D. Bonachea, GASNet Specification, v1.1. Berkeley Technical Report. 2002.
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Performance Modeling & Analysis

Haswell & BG/Q Analysis | oo

= Can we amortize HTM startup/commit
overheads with larger transaction sizes?

MULTI-VERTEX TRANSACTIONS e
MARKING VERTICES AS VISITED -
) M
2018 2
o °
2. \Of
. | 860 mechanism £ 22 .-“:‘
0.8 - HTM-Long-Made ] Fo10 B i
& HTM-Short-Mode ] 4 «* The long mode

results in higher
latency than
the short mode

Abortand
rollback
overheads

3 6 9 12 5 15 20
ccessed vertices Accessed vertices

*  Yes, we can!

Performance model

The sweetspot! oo 200 200
P Transaction size (M) [vertices]
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/l start handler
v.rank ++;
/I finish handler

® Atomics always
outperform HTM

The reason: each transaction always modifies some
memory cell, increasing the number of conflicts
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"Y(@G) O0 0 O
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PERFORMANCE MODEL
ATOMICS VS TRANSACTIONS

Time to modify N
vertices with atomics:

"Y(@G) O0 0 O

Startup
overheads
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PERFORMANCE MODEL
ATOMICS VS TRANSACTIONS

Time to modify N
vertices with atomics:

"Y(@G) O0 0 O

Overhead Startup
per vertex overheads
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ATOMICS VS TRANSACTIONS

Time to modify N Time to modify N vertices
vertices with atomics: with a transaction
(@) o0 o YO@G) 6 06
Overhead Startup

per vertex overheads
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PERFORMANCE MODEL
ATOMICS VS TRANSACTIONS

Time to modify N Time to modify N vertices
vertices with atomics: with a transaction
Y(@) o 06 o Y O@©) 6 0 6
Overhead Startup Overhead Startup

per vertex overheads per vertex overheads
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PERFORMANCE MODEL
ATOMICS VS TRANSACTIONS

Time to modify N Time to modify N vertices
vertices with atomics: with a transaction
Y(@) o0 0 0O YO@©) 6 6 8
Overhead Startup Overhead Startup
per vertex overheads per vertex overheads

We predict that:
0 0
0 0
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PERFORMANCE MODEL
ATOMICS VS TRANSACTIONS

Time to modify N Time to modify N vertices
vertices with atomics: with a transaction
Y(@) o0 0 0O YO@©) 6 6 8
Overhead Startup Overhead Startup
per vertex overheads per vertex overheads

We predict that: e Transaction

o) 0 startup overheads
5 8 dominate
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PERFORMANCE MODEL
ATOMICS VS TRANSACTIONS

Time to modify N Time to modify N vertices
vertices with atomics: with a transaction
Y(@) o0 0 0O YO@©) 6 6 8
Overhead Startup Overhead Startup
per vertex overheads per vertex overheads

We predict that: e Transaction

Transact.i 0 C startup overheads
§ Ogrows slower 5 o dominate
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PERFORMANCE MODEL
ATOMICS VS TRANSACTIONS

0.20+

N
1

Mechanism: Mechanism: \
® RTM-CAS A ® HTM-L-CAS Z
_ A CAS — A CAS
50.15- 3
o o \
£ E2f oS3
5 0.104 o
2 121 - The long mode
results in higher
0.05- latency than
' 0- the short mode

3 6 9 12 5 10 15 20
Accessed vertices Accessed vertices
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PERFORMANCE MODEL
ATOMICS VS TRANSACTIONS

0.20+

Mechanism:
® RTM-CAS

. A CAS

50.15-

(e}

S

5 0.101

°

0.05-

Accessed vertices

Indeed:
0 o)
0 o]
471[Mechanism: \
® HTM-L-CAS
‘N3]
=,
)
Eo2-
S
121 - The long mode
results in higher
latency than
0- the short mode

20

5 10 15
Accessed vertices
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PERFORMANCE MODEL

Indeed:
ATOMICS VS TRANSACTIONS & &
: : : o 0
A Can we amortize HTM startup/commit
overheads with larger transaction sizes?
0.209 TMechanism: 41 Mechanism: \
® RTM-CAS 4 ® HTM-L-CAS 2
_ A CAS —, |4 CAS
50.15- 3
o & \
= E2i MO9S
T0.10- [
2 121 - The long mode
results in higher
0.054 latency than
' 0- the short mode

3 6 9 12 5 10 15 20
Accessed vertices Accessed vertices
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PERFORMANCE MODEL Indeed:
ATOMICS VS TRANSACTIONS o =

6 b

A Can we amortize HTM startup/commit
overheads with larger transaction sizes?

0.207 Mechanism: 41 Mechanism:
® RTM-CAS A ® HTM-L-CAS
. A CAS —
50.15- £
) )
E Eo-
= . -
5 0.104 =
° 214 The long mode
results in higher
latency than
0- the short mode
5 10 15 20

12
Accessed vertices
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MULTI-VERTEX TRANSACTIONS
MARKING VERTICES AS VISITED

BGQ mechanism

-8~ HTM-Long-Mode
-& HTM-Short-Mode

0.6 -

&
o
1

Total time [s]
o
T

&
w
1

Atomic CAS

0.2+

| | | |
0 100 200 300
Transaction size (M) [vertices]
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MULTI-VERTEX TRANSACTIONS
MARKING VERTICES AS VISITED

BGQ mechanism

-8~ HTM-Long-Mode
-& HTM-Short-Mode

0.6 -

Startup and
commit

overheads

Atomic CAS

0.2+

| |
0 100 200 300
Transaction size (M) [vertices]
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MULTI-VERTEX TRANSACTIONS
MARKING VERTICES AS VISITED

BGQ mechanism

-8~ HTM-Long-Mode
-& HTM-Short-Mode

0.6 -

Abort and
rollback
overheads

Startup and
commit

overheads

Atomic CAS

0.2+

| |
0 100 200 300
Transaction size (M) [vertices]
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MULTI-VERTEX TRANSACTIONS
MARKING VERTICES AS VISITED

BGQ mechanism

-8~ HTM-Long-Mode
-& HTM-Short-Mode

0.6 -

Abort and
rollback
overheads

Startup and
commit
overheads

Atomic CAS

The sweetspot! .

144 vertices 0 100~ 200 300
( ) Transaction size (M) [vertices]
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MARKING VERTICES AS VISITED

0.14

Total time [s]

0.08

Has-C mechanism

- HTM-HLE 2-{"”5

- HTM-RTM

2.3%

—96%

N\
98

5.8%—

/

%

Atomic CAS

1
0 100 200 300

Transaction size (M) [vertices]

2

3y @spcl_eth
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MULTI-VERTEX TRANSACTIONS intel“)
MARKING VERTICES AS VISITED

Has-C mechanism 5.8%—

- HTM-HLE 212%
0.14 | - HTM-RTM

2.3%

! %0_12-
Startup and E \I /
commit © 98%
overheads =h

—96%

Atomic CAS

0 100 200 300
Transaction size (M) [vertices]
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MULTI-VERTEX TRANSACTIONS
MARKING VERTICES AS VISITED

Startup and
commit
overheads

0.14

Total time [s]

Has-C mechanism

- HTM-HLE
- HTM-RTM

2.3%

5.8%—
2.2%

/

N\
98%

—96%

Atomic CAS

1
200 300

Transaction size (M) [vertices]

Abort and
rollback
overheads
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MULTI-VERTEX TRANSACTIONS intel.
MARKING VERTICES AS VISITED

Has-C mechanism 5.8%—

- HTM-HLE 212%
0.14 4| A~ HTM-RTM

®
Abort and
rollback
overheads

2.3%

/

Startup and : \ /
98%

commit

overheads Joes

Atomic CAS

The sweetspot! 200 300
(2 vertices) Transaction size (M) [vertices]



ETH:zurich

spcl.inf.ethz.ch
/ il L "y @spcl_eth

MULTI-VERTEX TRANSACTIONS RN el (intel.

MARKING VERTICES AS VISITED

Startup and
commit
overheads

The sweetspot!
(2 vertices)

due to HTM capacity
overflows

0.14

Has-C mechanism
-&- HTM-HLE

- HTM-RTM Abort and

rollback
overheads

4/
8%

A—96%

Atomic CAS

200 300
Transaction size (M) [vertices]
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MULTI-VERTEX TRANSACTIONS Numbers: % of aborts intel.

MARKING VERTICES AS VISITED due to HTM CapaCity
overflows

Has-C mechanism

-~ HTM-HLE
0.14 | & HTM-RTM Abort and

rollback
overheads

overheads

Startup and : \I /
commit L ia%
/ Majority of
aborts are due
to HTM capacity
Atomic CAS overflows (small
. cache size &

e SHEEIERE 00 200 _ 300 associativity)
(2 vertices) Transaction size (M) [vertices]

A—96%
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PERFORMANCE ANALYSIS
QUESTIONS ANSWERED

What are
performance

tradeoffs related
to HTM?

How can we
Implement AAM
handlers most
effectively?

“"What are the optimal
transaction sizes?
Can we amortize

transaction
overheads?

« What are
advantages of
HTM over
atomics for
AAM?
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What are
. performance

%radeoffs related
to HTM?

® Alt real Wy
But... There are some

regularities

“"What are the optimal
transaction sizes?
Can we amortize

transaction
overheads?

« What are
advantages of

HTM over
atomics for
AAM?
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QUESTIONS ANSWERED

What are
. performance

%radeoffs related
to HTM?

® Alt real Wy
But... There are some
regularities

For some algorithms
(BFS) HTM is better

“"What are the optimal
transaction sizes?
Can we amortize

transaction
overheads?
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PERFORMANCE ANALYSIS
QUESTIONS ANSWERED

What are
. performance

%radeoffs related
to HTM?

® Alt real Wy
But... There are some

regularities

For some algorithms “"What are the optimal
(BFS) HTM is better transaction sizes?

Can we amortize
For others transaction

(PageRank)
atomics give more
performance

overheads?
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PERFORMANCE ANALYSIS
QUESTIONS ANSWERED

What are
. performance

%radeoffs related
to HTM?

® Alt real Wy
But... There are some

regularities

A
yfé':; 5
For some algorithms .. “"What are the optimal

(BFS) HTM is better transaction sizes?

Can we amortize
For others transaction

(PageRank)
atomics give more
performance

overheads?
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PERFORMANCE ANALYSIS
QUESTIONS ANSWERED

What are
. performance

%radeoffs related
to HTM?

® Alt real Wy
But... There are some

regularities

I;M
_ W 18/
For some algorithms
(BFS) HTM is better

“"What are the optimal
transaction sizes?
Can we amortize

transaction
overheads?

Aly,

For others % c@:y S
(GELERENRS 9~
atomics give more
performance
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® Alt real Wy
But... There are some

regularities

I;M
_ W 18/
For some algorithms
(BFS) HTM is better

S’N‘]/I,l,ay
For others"Y C@eo'f whole hierarchy of

AAM establishes a

(PageRank)
atomics give more
performance

_ 1 algorithms; check
the paper J

"y @spcl_eth

What are

. performance
%radeoffs related

to HTM?

“"What are the optimal
transaction sizes?
Can we amortize

transaction
overheads?
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PERFORMANCE ANALYSIS
QUESTIONS ANSWERED

What are
. performance
tradeoffs related
to HTM?

® Alt real Wy
But... There are some

regularities

I;M
_ W 18/
For some algorithms
(BFS) HTM is better

e Size for BG/Q ~100
>

Size for Haswell ~10

S’N‘]/I,l,ay
For others"Y C@eo'f whole hierarchy of

(PageRank) _ 1 algorithms; check
atomics give more the paper J

performance

AAM establishes a
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PERFORMANCE ANALYSIS
QUESTIONS ANSWERED

What are
. performance
%radeoffs related

® Alt real Wy
But... There are some

to HTM?

regularities

I;M
_ W 18/
For some algorithms
(BFS) HTM is better

e Size for BG/Q ~100
>

Size for Haswell ~10

S’N‘]/I,l,ay
For others"Y C@eo'f whole hierarchy of

(PageRank) _ 1 algorithms; check
atomics give more the paper J

performance

AAM establishes a
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PERFORMANCE ANALYSIS Larger cache &

QUESTIONS ANSWERED associativity A

fewer aborts &
more coarsening

® Alt real Wy
But... There are some

regularities

I;M
_ W 18/
For some algorithms
(BFS) HTM is better

e Size for BG/Q ~100
>

Size for Haswell ~10

S’N‘]/I,l,ay

For others "Ccee o’f whole hierarchy of

(PageRank) _ 1 algorithms; check
atomics give more the paper J

performance

AAM establishes a
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PERFORMANCE ANALYSIS Larger cache &

QUESTIONS ANSWERED associativity A

fewer aborts &
more coarsening

® Alt real Wy
But... There are some

Larger (L2) cache
A higher latency

regularities

J;%J/f'a ",
: /i
For some algorithms

(BFS) HTM is better Size for BG/Q ~100

>

Ay, Size for Haswell ~10

S Q
For others"Y C@egf whole hierarchy of

(PageRank) _ 1 algorithms; check
atomics give more the paper J

performance

AAM establishes a




ETH:zurich

spcl.inf.ethz.ch
3y @spcl_eth

OVERVIEW OF OUR RESEARCH

Performance Modeling & Analysis

Haswell & BG/Q Analysis

MULTI-VERTEX TRANSACTIONS
MARKING VERTICES AS VISITED

BGQ mechanism 5.9%,

o~ HTM-Long-Mode 5.9%
-4 HTM-Short-Mode =

.
Startup and
commit

overheads

Totgftime [s]

The sweetspot! jo 200 . 200
P Transaction size (M) [vertices]

'

Abort and
rollback

overheads

PERFORMANCE MODEL

. " |
= Can we amortize HTM startup/commit Y o)

overheads with larger transaction sizes?

0.20

Wechanai *{[iwechaniam:
\-CAS A ® HTM-L-CAS
acas

Total time us]
S
>

od

results in higher
latency than

the short mode.

°
g

3 6 9 12 5 10 15 20
ccessed vertices Accessed vertices

*  Yes, we can!

Performance model
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OVERVIEW OF OUR RESEARCH

Evaluation

EvALUATION EVALUATION
Comoeres miosss Consoenen rvres or crapus [ Reecrord AP s B
PBGL [4] @ ity
=~ e— ﬁg
Q;R ) a
Kronecker (1]
HPC librariss. =3
[1] Handtuned. R
orsr AAM + g
Irgroving =
e rpte
dangn oo
AAA
SRR

(Tl
(r—rry

¢ e ot o gt

Considered engines and graphs

ACCELERATING STATE-OF-THE-ART P - Q:ACPEH;E”:‘:‘TLTMS&ALIE;:;;T ART £
GRAPHS00 + AAM (HASWELL) (inte) . -
w00, %ﬁ 12 " raphSoD for  Gen daa poin

x‘z:wﬂm

o0

Implementation
-~ Graph500-8G0
< AAii'8ca

6 12

)
Edges per vertex (g)

OUTPERFORMING STATE-OF-THE-ART
SCALABILITY ANALYSIS: DISTRIBUTED-MEMORY

P
51008

_“_. e The whole node
50 eagy emory files
Ly
"0

RS

ne [s]

PBGL does not

PAGL. 16 nodes
support threading. - .
thus we run more AR, 16 nodes
han 1 4,16 nodes
1] < 1% H : &
Nodes (N) Threads/node (T)

Scalability
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EVALUATION
CONSIDERED ENGINES

GR

[1] Hand-tuned
algorithm-specific
codes

[1] R. Murphy et al. Introducing the Graph 500. CUG6 10 .
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EVALUATION
CONSIDERED ENGINES

GR

[1] Hand-tuned
algorithm-specific
codes AAM +
Improving
Graph500
design

[1] R. Murphy et al. Introducing the Graph 500. CUG6 10 .
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EVALUATION
CONSIDERED ENGINES

/,J

[2] Runtimes that exploit
amorphous data-parallelism

GR

[1] Hand-tuned
algorithm-specific
codes AAM +
Improving
Graph500
design

[1] R. Murphy et al. Introducing the Graph 500. CUG6 10 .
[2]M. Kul karni et al. Optimistic Parallelism Requires Abstract
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EVALUATION
CONSIDERED ENGINES

[2] Runtimes that exploit
amorphous data-parallelism

GR

[1] Hand-tuned

algorithm-specific
codes AAM +
Improving GR
Graph500
design

[1] R. Murphy et al. Introducing the Graph 500. CUG6 10 .
[2]M. Kul karni et al. Optimistic Parallelism Requires Abstract
[3] S. Seo et al. HAMA: An Efficient Matrix Computation with the MapReduce Framework. CL OUDCOM®6 10 .
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EVALUATION
CONSIDERED ENGINES

PBGL [4]
[2] Runtimes that exploit
amorphous data-parallelism

GR

Distributed

HPC libraries
[1] Hand-tuned
algorithm-specific
codes AAM +
Improving
Graph500
design

[1] R. Murphy et al. Introducing the Graph 500. CUG6 10 .
[2]M. Kul karni et al. Optimistic Parallelism Requires Abstract

[3] S. Seo et al. HAMA: An Efficient Matrix Computation with the MapReduce Framework. CL OUDCOM®6 10 .
[4] D. Gregor and A. Lumsdaine. The parallel BGL: A generic library for distributed graph computations. P OOSCG6 05 .
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EVALUATION
CONSIDERED TYPES OF GRAPHS

Synthetic graphs
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EVALUATION
CONSIDERED TYPES OF GRAPHS

Synthetic graphs

Kronecker [1]

[1] J. Leskovec et al. Kronecker Graphs: An Approach to Modeling Networks. J. Mach. Learn. Research. 2010.



spcl.inf.ethz.ch

ETHzurich g e A, ' -y @spcl_eth

EVALUATION
CONSIDERED TYPES OF GRAPHS

Synthetic graphs

Kronecker [1]

[1] J. Leskovec et al. Kronecker Graphs: An Approach to Modeling Networks. J. Mach. Learn. Research. 2010.
[2] P. Erdos and A. Renyi. On the evolution of random graphs. Pub. Math. Inst. Hun. A. Science. 1960.
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EVALUATION

Real-world SNAP graphs [3]
CONSIDERED TYPES OF GRAPHS

Synthetic graphs

Kronecker [1]

[1] J. Leskovec et al. Kronecker Graphs: An Approach to Modeling Networks. J. Mach. Learn. Research. 2010.
[2] P. Erdos and A. Renyi. On the evolution of random graphs. Pub. Math. Inst. Hun. A. Science. 1960.
[3] https://snap.stanford.edu
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EVALUATION

Real-world SNAP graphs [3]
CONSIDERED TYPES OF GRAPHS

S Social networks
Synthetic graphs

Road networks
Kronecker [1]

w 04 .E.
! G- - \F - - N
B o :A. .‘,‘_ :m-;ﬂ P "
R N F— - % -
J EG :ﬁii» r —‘. L‘ —-' m
| @ a6 L@
oo exx

Comm. graphs

Citation graphs Vb graphs

Purchase networks

[1] J. Leskovec et al. Kronecker Graphs: An Approach to Modeling Networks. J. Mach. Learn. Research. 2010.

[2] P. Erdos and A. Renyi. On the evolution of random graphs. Pub. Math. Inst. Hun. A. Science. 1960.
[3] https://snap.stanford.edu
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ACCELERATING STATE-OF-THE-ART

GRAPH500 + AAM (BLUEGENE/Q) ==
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ACCELERATING STATE-OF-THE-ART
GRAPH500 + AAM (BLUEGENE/Q) Z=%2

_ %N\-" Numbers are speedups of AAM over
10.0 Vl Graph500 for a given data point
1.29

1.14

Total time [s]

1.76 Implementation

-8~ Graph500-BGQ
-4 AAM-BGQ

0.1 1

16 32 64 128
Edges per vertex ( g)
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ACCELERATING STATE-OF-THE-ART
GRAPH500 + AAM (BLUEGENE/Q) Z=%2

Numbers are speedups of AAM over
Graph500 for a given data point

10.0

1.14

Total time [s]

1.76 Implementation

-8~ Graph500-BGQ
-4 AAM-BGQ

0.1 1

16 32 64 128
Edges per vertex ()
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ACCELERATING STATE-OF-THE-ART

GRAPH500 + AAM (BLUEGENE/Q) ==

Fill the Numbers are speedups of AAM over
whole ' Graph500 for a given data point
memory

1.14

1.76 Implementation

-8~ Graph500-BGQ
-4 AAM-BGQ

16 32 64 128
Edges per vertex ()
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ACCELERATING STATE-OF-THE-ART |

GRAPH500 + AAM (BLUEGENE/Q) ==

Fill the Numbers are speedups of AAM over
whole ' Graph500 for a given data point
memory

1.14

1.76 Implementation

-8~ Graph500-BGQ
-4 AAM-BGQ

16 32 64 128
Edges per vertex ()
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ACCELERATING STATE-OF-THE-ART
GRAPH500 + AAM (HASWELL) (i‘ntel‘>

Numbers are speedups of AAM over
Graph500 for a given data point

10.0 -

1.13

Implementation

-8~ Graph500-Haswell
-4 AAM-Haswell

1 2 4 8 1'6_ 32 64
Edges per vertex (d)
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ACCELERATING STATE-OF-THE-ART -
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d L ]
L ™ .
" SNAP, -
o * e
- [
Input graph properties | BG/Q analysis | Haswell analysis
. S over gh00 S over | S over gh00 S over Galois S over S over S over
Type ID  Name Vi 1Bl (M=24) | M Tgs00 | (M =2) (M=2) |M 3500 Galois HAMA
Comm. cWT wiki-Talk 2.4M 5M 2.82 48 3.35 0.91 1.22 6 096 1.28 344
networks (CNs) |cEU  email-EuAll 265k 420k 3.67 32 4.36 0.76 0.88 4 0097 1.12 1448
sLV  soc-Livel. 4.8M 69M 1.44 12 1.56 1.05 1.1 3 1.07 112 > 10?
Social sOR  com-orkut 3M  117M 1.22 20 1.27 1.06 0.69 4 113 0.74 > 10?
networks sL]  com-lj AM  34M 1.44 12 1.54 1.03 1.03 4 1.04 1.04 603
(SNs) SYT com-youtube 1.IM 2.9M 1.67 8 1.84 0.96 1.1 5 0098 1.11 670
sDB  com-dblp 317k 1M 1.33 8  1.80 ~1 2.5 2 =1 2.53 2160
SAM com-amazon 334k 925k 1.14 8 1.62 1.04 1.64 2 1.04 1.64 1426
Purchase PAM amazon0601 403k 3.3M 1.45 8 101 ~1 1.25 3 1.03 1.30 618
network (PNs)
Road rCA roadNet-CA  1.9M 55M ~1 2 1.59 1.33 1.74 8 1.38 1.80 > 10?
networks rTX roadNet-TX  1.3M 3.8M ~1 2 153 1.29 1.89 6 142 2.08 > 10
(RNs) rPA  roadNet-PA 1M  3M ~1 2 152 ~1 2.00 9 107 2.16 > 107
Citati
graphs (Cos) | P cit-Patents  3.7M 16.5M 1.16 8 157 1.01 1.26 2 101 126 1875
Web graphs | WGL web-Google 875k 5.1M 1.78 12 2.08 0.98 1.26 6  1.06 1.35 365
(WGs) wBS web-BerkStan 685k 7.6M 1.91 24 1.91 0.93 1.31 5 107 1.40 755
wSF  web-Stanford 281k 2.3M 1.89 24 1.89 0.98 1.54 5 107 1.58 1077
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Average overall speedup (geometric

* mean) over Graph500: 1.07, Galois: 1.40,
HAMA ~1000

1.85x on average, up to 4.3x

B T
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