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= Becoming more important [1]

[1] A. Lumsdaine et al. Challenges in Parallel Graph Processing. Parallel Processing Let. 2007.
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= Becoming more important [1]
= Machine learning
= Computational science
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[1] A. Lumsdaine et al. Challenges in Parallel Graph Processing. Parallel Processing Let. 2007.
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= HTM works fine for single shared-memory domains
» Most graphs fit in such machines [1]
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[1] Y. Perez et al. Ringo: Interactive Graph Analytics
on Big-Memory Machines. SIGCOMM’14.
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= HTM works fine for single shared-memory domains
» Most graphs fit in such machines [1]

= However, some do not:
= Very large instances
* Rich vertex/edge data

Node A Node B

>

jon
tart tr, ansaction M

S

[1] Y. Perez et al. Ringo: Interactive Graph Analytics
on Big-Memory Machines. SIGCOMM’14.



_ .y ST > g spcl.inf.ethz.ch
ETH:zurich e /&&z' W @spcl_eth

SHARED- & DISTRIBUTED-MEMORY MACHINES

= HTM works fine for single shared-memory domains
» Most graphs fit in such machines [1]

= However, some do not:
= Very large instances
* Rich vertex/edge data

= Fat nodes with lots of RAM still expensive ($35K for a

machine with 1TB of RAM [1])
ction
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[1] Y. Perez et al. Ringo: Interactive Graph Analytics
on Big-Memory Machines. SIGCOMM’14.



.. .y I v spcl.inf.ethz.ch
ETHzurich RV o e /@2' 3 @spcl_eth

SHARED- & DISTRIBUTED-MEMORY MACHINES

= HTM works fine for single shared-memory domains
» Most graphs fit in such machines [1]

= However, some do not:
= Very large instances
* Rich vertex/edge data

= Fat nodes with lots of RAM still expensive ($35K for a
machine with 1TB of RAM [1])

Node B

How to apply

HTM In such a
setting?

[1] Y. Perez et al. Ringo: Interactive Graph Analytics
on Big-Memory Machines. SIGCOMM’14.



spcl.inf.ethz.ch

ETH:zurich (Y 7 A7 ¥ @spcl_eth

OVERVIEW OF OUR RESEARCH



spcl.inf.ethz.ch

ETH:zurich e Sal / 7 _Ax 9 @spcl_eth

OVERVIEW OF OUR RESEARCH

HTM for graphs in SM & DM environments



spcl.inf.ethz.ch

ETH:zurich e Sal 7 _Ax 9 @spcl_eth

OVERVIEW OF OUR RESEARCH

HTM for graphs in SM & DM environments

AM + HTM = Atomic ACTIVE MESSAGES

HTM + Active Messages
= Atomic Active Messages



spcl.inf.ethz.ch

ETH:zurich R e Sal 7 _Ax 9 @spcl_eth

OVERVIEW OF OUR RESEARCH

HTM for graphs in SM & DM environments

AM + HTM = Atomic ACTIVE MESSAGES Coarsen I ng & CoaleSCI ng

ACCESSING MULTIPLE VERTICES ATOMICALLY
B

HTM + Active Messages
= Atomic Active Messages




o <y - e S DT spcl.inf.ethz.ch
ETH ziirich A TN Y

OVERVIEW OF OUR RESEARCH

HTM for graphs in SM & DM environments

AM + HTM = Atomic ACTIVE MESSAGES Coarsen I ng & C0a|esc| ng

ACCESSING MULTIPLE VERTICES ATOMICALLY
B

HTM + Active Messages
= Atomic Active Messages

Performance Modeling & Analysis



spcl.inf.ethz.ch

ETHzurich g 9 @spcl_eth

OVERVIEW OF OUR RESEARCH

HTM for graphs in SM & DM environments

Coarsening & coalescing

ETHzurich I Yata

ACCESSING MULTIPLE VERTICES ATOMICALLY
B

HTM + Active Messages
= Atomic Active Messages

Performance Modeling & Analysis

Haswell & BG/Q Analysis

ETHzirich

MULTI-VERTEX TRANSACTIONS
MARKING VERTICES AS VISITED




. . oy gl s =y spcl.inf.ethz.ch
ETH:lrich RN -

3y @spcl_eth

OVERVIEW OF OUR RESEARCH

HTM for graphs in SM & DM environments

AM + HTM = Atomic ACTIVE MESSAGES o o
G Coarsening & coalescing

ETHzurich

ACCESSING MULTIPLE VERTICES ATOMICALLY
Example: BFS

Transaction
by thread A

Transaction
by thread B

HTM + Active Messages
= Atomic Active Messages

* Size must be appropriate to
minimize overheads from both
commits and rolibacks

Performance Modeling & Analysis

Haswell & BG/Q Analysis

PERFORMANCE MODEL

. "
= Can we amortize HTM startup/commit Yeu e o)

MuULTI-VERTEX TRANSACTIONS overheads with larger transaction sizes?

MARKING VERTICES AS VISITED

0.20

Mechanism: echanism:
© ATM-CAS A © HTM-L-CAS
0/ BGQ mechanism 5:9% oy A | goilhchs
6] - HTM-Long-Mode 5.9% ) 20 P 2
A HTM-Shori-Mode = M s AL S e oo
Abort and £ e o B2 N
_05q rollback Fo10 > £ o —"| = -
- L ? ) ° The long mode
2 overheads | 4=k g
! © L vz T model | F! &% resuls in higher
£ « latency than
Startup and &g 0% 04 the short mode
commit
overheads [iS]

5 6 9 12 S o 15 2
1 ccessed vertices Accessed vertices
*  Yes, wecan!

Performance model

" T 300
R Transaction size (M) [vertices]




.. : SR TR, spcl.inf.ethz.ch
ETH:zurich £ :

3y @spcl_eth

OVERVIEW OF OUR RESEARCH

HTM for graphs in SM & DM environments Evaluation

AM + HTM = Atomic ACTIVE MESSAGES o o
G Coarsening & coalescing

ETHzurich

ACCESSING MULTIPLE VERTICES ATOMICALLY
Example: BFS

Transaction
by thread A

Transaction
by thread B

HTM + Active Messages .

* Size must be appropriate to
minimize overheads from both

= Atomic Active Messages

Performance Modeling & Analysis

Haswell & BG/Q Analysis

PERFORMANCE MODEL

= Can we amortize HTM startup/commit

MULTI-VERTEX TRANSACTIONS overheads with larger transaction sizes?

MARKING VERTICES AS VISITED

)20 [Mechanism: 4 [Mechanism:
RIM-CAS o HTM-L-CAS
6| BGQ mechanism il = S | lasas
RIS IRS ] 2 Yk
-Shor-Mode ~ M ) 35 a ) e\ e
¢ Abortand E L. | B oot
o5 / rollback Fos PO I &
0, =] . =] The long mode
2 overheads =ik g
! - © oo model [ B1] & O Pigh
& Eg o« latency than
Startup and W] the short mode
commit L T S 0 15 2
overheads IS pccessed vertices Accessed vertices
3 r *  Yes, we canl
g The sweetspotl 100 200 300
P Transaction size (M) [vertices]

Performance model




spcl.inf.ethz.ch

ETHzurich e 7 ST 3 @spcl_eth

OVERVIEW OF OUR RESEARCH

HTM for graphs in SM & DM environments Evaluation

AM + HTM = Atomic ACTIVE MESSAGES

s Coarsening & coalescing — e me—

Consioeneo encmes (ialofis ConsioERED TYpes OF GRAPHS Sl
Noda A a SN ETHzurich I ¥ o) Sk grazie @ i‘g“*
\\ G% Road retworis.
~ ACCESSING MULTIPLE VERTICES ATOMICALLY - Smstortl et
\ Example: BFS S R
St ransacion st sacion by thread A codes Comm. graphs
Web graphs
NodeA | Ctation graphs .
| oda
&a

ErdosRony [2]

Considered engines and graphs

by thread B

HTM + Active Messages .

* Size must be appropriate to N
minimize overheads from both X

= Atomic Active Messages

Performance Modeling & Analysis

Haswell & BG/Q Analysis

PERFORMANCE MODEL

= Can we amortize HTM startup/commit
MuULTI-VERTEX TRANSACTIONS overheads with larger transaction sizes?

MARKING VERTICES AS VISITED

41 [Mechanism:

® HTI-L-CAS
A CAS

BGQ mechanism
-e- HTM-Long-Mode 5.9%
-4 HTM-Short-Mode —

sl

Abortand ©
rollback
overheads

\

1 o0 e

e
&

.
Total time [us]

«

&% The long mode

A& results in higher
& latency than

the short mode

.
Startup and
commit

overheads

Totdftime [s]

12

5 10 15 20
Accessed vertices

s 6 9
pccessed vertices

*  Yes, wecan!

The sweetspot!

1 300
Transaction size (M) [vertices]

Performance model



spcl.inf.ethz.ch

ETHzurich Gt S : ST 9 @spcl_eth

OVERVIEW OF OUR RESEARCH

HTM for graphs in SM & DM environments Evaluation

AM + HTM = Atomic ACTIVE MESSAGES

Coarsening & coalescing o ——

il Cousoenea evomes C 8 108S Cousoenso s or orams | Moo SUESRRD]
NodeA 7 £ Node B 7 P9, PE/GL M e 5 %\4 (i
& \ EMzurich TN ¥ Gnﬁ \. ‘amorphous data-paaliolsm ynthetic graphs = i\'
N\ Read netucrks
\ \ ACCESSING MULTIPLE VERTICES ATOMICALLY = & Dekes et u 8 8
\ Example: BFS - B 5 i
Transaction it YT
TS [———": by thread A codes i
Gaenss
dangn

NodeA |
| \

Considered engines and graphs

by thread B

HTM + Active Messages .

* Size must be appropriate to N
minimize overheads from both X

= Atomic Active Messages

ACCELERATING STATE-OF-THE-ART

ACCELERATING STATE-OF-THE-ART GRAPHS00 + AAM (BLUEGENE/Q) 121/

GRAPH500 + AAM (HASWELL) (nteD)

Performance Modeling & Analysis

Total time [s)

LI
Edges per vertex (7

S R
Edges per vertex

Accelerating state-of-the-art

Haswell & BG/Q Analysis

PERFORMANCE MODEL

= Can we amortize HTM startup/commit
MuULTI-VERTEX TRANSACTIONS overheads with larger transaction sizes?

MARKING VERTICES AS VISITED

BGQ mechanism
061 - HTM-Long-Mode |~ 5.9%
A HTM-Shori-Mode =

sl

Abortand ©
rollback
overheads

Total time [us]

«

&% The long mode

A& results in higher
& latency than

the short mode

.
Startup and
commit

overheads

Totdftime [s]

12

LT S 0 15 2
hocessed vertices Accessed vertices

*  Yes, wecan!

The sweetspot!

1 300
Transaction size (M) [vertices]

Performance model



spcl.inf.ethz.ch

ETHzurich Lt S e s ST 9 @spcl_eth

OVERVIEW OF OUR RESEARCH

HTM for graphs in SM & DM environments Evaluation

ETHzirich

AM + HTM = Atomic ACTIVE MESSAGES

s Coarsening & coalescing = e ——

Comomrs ares ey - (2alofis Conseenen rresorouuene | *SEEESIEEEL
Node A Node B = E i
= i o
G% \ Road retwonts.
ACCESSING MULTIPLE VERTICES ATOMICALLY N~ Dekes Se
Example: BFS {1 Handuned -
Transaction g et KA detels
Start transactigy, _ ransaciol by thread A codes.

Considered engines and graphs

by thread B

HTM + Active Messages
= Atomic Active Messages

* Size must be appropriate to
minimize overheads from both
commits and rolibacks

IA- TEEa

/ACCELERATING STATE-OF-THE-ART
GRAPH500 + AAM (BLUEGENE/Q)

ACCELERATING STATE-OF-THE-ART

p ;
GRAPHS00 + AAM (HASWELL) (intel)

Performance Modeling & Analysis

Implementation
& Graph500-8G0
< AAii'8ca

)
Edges per vertex (g)

S
Edges per vertex {7)

Accelerating state-of-the-art

Haswell & BG/Q Analysis

PERFORMANCE MODEL

= Can we amortize HTM startup/commit

4 2 OUTPERFORMING STATE-OF-THE-ART %
overheads with larger transaction sizes? X

MULTI-VERTEX TRANSACTIONS SCALABILITY ANALYSIS: DISTRIBUTED-MEMORY

MARKING VERTICES AS VISITED

0201 [Wechanism: 47 [Mechanism:

nism:
® HTI-L-CAS

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]

Performance model Scalability
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HTM for graphs in SM & DM environments

AM + HTM = Atomic ACTIVE MESSAGES Coarsen I ng & Coa|esc| ng

ACCESSING MULTIPLE VERTICES ATOMICALLY
B

HTM + Active Messages
= Atomic Active Messages
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Process q

Memory

A's addr: " EE/ A

Z's addr: [ EE| 74
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Process p

Process q

Memory

A's addr: " EE/ A
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Process p

Process q

Memory

A's addr: " EE/ A
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¢ /
@
Z’s addr: RO/
Handler Z @A7

(
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ACTIVE MESSAGES (AM)

Process p

Process q

Memory

A's addr: " EE/ A

H BN
\ /

@
Z : A =N
s addr: | EEGIE 4 ) ®

(
W e

)

S

D

A

N

»

[1] J. J. Willcock et al. AM++: A generalized active message framework. PACT’10.
[2] D. Bonachea, GASNet Specification, v1.1. Berkeley Technical Report. 2002.
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AM handlers run as
HTM transactions
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Node A Node B
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AM + HTM = ATOMIC ACTIVE MESSAGES

AM handlers run as
HTM transactions

Node A ( ‘ %
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Node B
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ACCESSING MULTIPLE VERTICES ATOMICALLY
Example: BFS

Transaction
by thread A

A /\ Transaction
Z by thread B

\

¥ 7 )
/O | \\\
\ ; Saco”
\

Size (the number of vertices) must be \
appropriate to minimize overheads

\
\
N\

from both commits and rollbacks
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Vertices must be appropriately
relocated to enable execution of a
hardware transaction



spcl.inf.ethz.ch

ETHzurich R Ty AL ' L -y @spcl_eth

OVERVIEW OF OUR RESEARCH
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ACCESSING MULTIPLE VERTICES ATOMICALLY
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= Atomic Active Messages
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OVERVIEW OF OUR RESEARCH

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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handlers to run

most efficiently?
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PERFORMANCE ANALYSIS
RESEARCH QUESTIONS

0 What are

. erformance

How can we P
Implement AAM

handlers to run

tradeoffs related
to HTM?

most efficiently?

' What are the optimal
transaction sizes?
Can we amortize
transaction
overheads?

« What are
advantages of

HTM over
atomics for
AAM?
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= [InfiniBand cluster
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1
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Deployed in L1
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Deployed in L1
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Haswell HTM

32KB per core

Deployed in L1
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(Restricted (Hardware
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Memory) Elision)
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

// start handler
if(!v.visited) {
v.visited = 1;
ks

// finish handler
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

Lower contention // start handler

(10 racing accesses/vertex) if(Iv.visited) {
v.visited = 1;
b
o // finish handler
»
S
—'1e-02 -
)
E
e
O 1e-03+
Intel RTM / HLE
fe-04 > “Intel atomics

1 2 4 8 16 32 64
Threads per node (T)
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

Lower contention // start handler

(10 racing accesses/vertex) if(Iv.visited) {
v.visited = 1;
} - .
ot // finish handler

%)

S

—1e-02-

)

£

e

O 1e-03+

Intel RTM / HLE

_——Q-—I —==‘-
' % R &
Intel atomics

Atomics . , , , | .
2 4 8 16 32 64
Threads per node (T)

(CAS) slightly
faster than
HTM
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

Lower contention // start handler

(10 racing accesses/vertex) if(Iv.visited) {
v.visited = 1;
} - .
ot // finish handler

%)

S

—1e-02-

)

£

e

O 1e-03+

Intel RTM / HLE

_——.-—I —==‘-
' % R &
Intel atomics

Atomics . . ! .
2 4 8 16 32
Threads per node (T)

(CAS) slightly
faster than
HTM

Commit e
overheads

dominate
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

quer contention // start handler
(10 racing accesses/vertex) if(1v.visited) {
v.visited = 1;

b

1e—01 // finish handler

1e-02 1

1e-03 -

Total time [ms]

Atomics 1 ! I A s
(CAS) slightly Threads per node (T) Commit e
faster than overheads

HTM dominate
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

Lower contention // start handler

Very few (10 racing accesses/vertex) if(Iv.visited) {
aborts v.visited = 1;
I
1e_01 4 // finish handler

1e-02 1

1e-03 -

Total time [ms]

Atomics 1 ! I A s
(CAS) slightly Threads per node (T) Commit e
faster than overheads

HTM dominate
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

quer contention // start handler
Very few (10 racing accesses/vertex) if(1v.visited) {

v.visited = 1;
aborts Numbers are total 3 '

aborts per data point -
// finish handler

1e-01 1

1e-02 1

1e-03 -

Total time [ms]

Atomics 1 ! I A s
(CAS) slightly Threads per node (T) Commit e
faster than overheads

HTM dominate



o e, ST i spcl.inf.ethz.ch
ETH ziirich B TN Y

SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

Higher contention
(100 racing accesses/vertex)

1.000- Intel HLE
— BGIQ HTM e
E \ond mode) _———X
—.0.100q o— . [
= Ao HT
£ BG/Q HTM romics
c_"'U' (short mode) BG/Q A
E 0.010- Z B ntel atomics >
Intel RTM
|
// start handler | ¢ * —
if(lv.visited) { 090717 5
v.visited = 1; _ _
} 1 1 1 1 1 1 1
7/ finish 1 2 4 8 16 32 64

handler Threads per node (T)
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

Higher contention
(100 racing accesses/vertex)

1.0007 Intel HLE
— BGIQ HTM e
= long MQde) _———X
—.0.100¢7 o— @ —
£ A1 T
= BG/Q HTM tomics
c_"'U' (short mode) BG/Q 2
E 0.010+ Z<s ®ntel atomics =
Intel RTM '
: —— & —— ®
// start handler i RTM
if(lv.visited) { 090717 5
v.visited = 1; _ _ better
} I 1 1 1 1 1 than
7/ finish 1 2 4 8 16 32

handler Threads per node (T) atomics
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SINGLE-VERTEX TRANSACTIONS
MARKING A VERTEX AS VISITED

Used in BFS,
SSSP, ...

Total time [ms]

// start handler
if(v.visited) {
v.visited = 1;
¥

// finish
handler

Higher contention

(100 racing accesses/vertex)

BG/Q

Threads per node (T)

HTM still
worse (L1
1.000 intel HLE vs L2
matters!)
\ongd mOde) / : '
0.1004 o— O [ —
AH/ —
BG/Q HTM [
(shor?m ode) BG/Q afpme
0.010 4 2 = Intel xc’;{tomics—a
Intel RTM !
' —— o ——
0.0014 RTM
better
1 1 1 1 1 1
1 2 4 8 16 32 than

atomics
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

Higher contention

Still very (100 racing accesses/vertex) * BG/Q

HTM still
worse (L1
Vs L2

few
aborts

1.000

Intel HLE
matters!)
— gelaH™ _
g \ong mOde) / 4
—.0.1004 o— ® [ —
£ A0 v
-c_":'U (shor?m ode) BG/Q atomicS
é 0.010- A3 B ntel atomics >
. ‘Intel RT_I\ﬁ_ !
// start handler —
if(lv.visited) £ 20017 RTM
v.visited = 1; _ _ better
1 1 1 1 | 1
/}/ finish 1 2 4 8 16 39 than
o Threads per node (T) atomics
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SINGLE-VERTEX TRANSACTIONS
MARKING A VERTEX AS VISITED

Still very
few
aborts
)
=
()]
£
s
2

// start handler
if(v.visited) {
v.visited = 1;
¥

// finish
handler

Higher contention
(100 racing accesses/vertex)

Used in BFS,

SSSP, ...

Threads per node (T)

1.000 - Intel HLE
2.2k
N\ ~
gelaHT 3] e
12 ong MO 3 :
0.1001 e———o Noll /2 15k
AH/ — —
BG/QHTM 13 tomics
(short mode) 69 BG/A 3
""'-*__ et how.d
0.010- Z: Intel xc’;{tomics—a
Intel RTM
| v —— = —0—
0.0014 2 I Numbers are
total aborts per data point
I 1 1 1 1 1 1
1 2 4 8 16 32 64

BG/Q
HTM still
worse (L1

Vs L2
matters!)

RTM
better
than

atomics
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=
~r
‘%)

// start handler
v.rank++;
// finish handler
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INCREMENTING VERTEX RANK PageRank

// start handler
v.rank++;
// finish handler

® Atomics always

outperform HTM
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SINGLE-VERTEX TRANSACTIONS el
INCREMENTING VERTEX RANK PageRank

// start handler
v.rank++;
// finish handler

® Atomics always
outperform HTM

The reason: each transaction always modifies some
memory cell, increasing the number of conflicts
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Time to modify N
vertices with atomics:

Tar(N) = AarN + Bar
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ATOMICS VS TRANSACTIONS

Time to modify N
vertices with atomics:

Tpor(N) = AarN + Bar

Startup
overheads
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Time to modify N
vertices with atomics:

Taor(N) = AarN + Bar

Overhead Startup
per vertex overheads
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vertices with atomics: with a transaction
Tar(N) = AurN + Bar Turm(N) = AgruN + Buyry
Overhead Startup
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ATOMICS VS TRANSACTIONS

Time to modify N
vertices with atomics:

Taor(N) = AarN + Bar

Overhead Startup
per vertex overheads

=

Time to modify N vertices
with a transaction

Turm(N) = AgryN + Byry

Overhead Startup
per vertex overheads
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Time to modify N Time to modify N vertices
vertices with atomics: with a transaction
Tar(N) = AgrN + Bar Tyrm(N) = AgruN + Burm
Overhead Startup Overhead Startup
per vertex overheads per vertex overheads

We predict that:
Bar < Byrm
Apr > Agry



. e N T S spcl.inf.ethz.ch
ETH:zurich Z\/iﬁz W @spcl_eth

PERFORMANCE MODEL
ATOMICS VS TRANSACTIONS

Time to modify N Time to modify N vertices
vertices with atomics: with a transaction
Tar(N) = AgrN + Bar Tyrm(N) = AgruN + Burm
Overhead Startup Overhead Startup
per vertex overheads per vertex overheads

We predict that: e Transaction

Bar < Burm startup overheads
Agr > Aprm 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
Tar(N) = AgrN + Bar Tyrm(N) = AgruN + Burm
Overhead Startup Overhead Startup
per vertex overheads per vertex overheads

We predict that: e Transaction

Transactions’ cost Bar < Burm startup overheads
§ Ogrows slower Ayr > Aprm dominate
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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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Indeed:
ATOMICS VS TRANSACTIONS B, < B
AT HTM
Apr > Aty
0.209 Mechanism: “47[Mechanism: \
e RTM-CAS 4 ® HTM-L-CAS Q@
_ A CAS —q A CAS
50.15- 5
[) () \
E E2f %%
5 0.10- ©
° 214 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

Indeed:
ATOMICS VS TRANSACTIONS Buyr < Byrm
: : Apgr > A
= Can we amortize HTM startup/commit AT T T
overheads with larger transaction sizes?
0.209 TMechanism: 47[Mechanism: \
® RTM-CAS 4 ® HTM-L-CAS 2
_ A CAS — |4 CAS
50.15- 3
o o \
= E2i MO9S
T 0.10- e
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
ATOMICS VS TRANSACTIONS

Indeed:

Bar < Byrm

Apr > Agrym

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

e Yes, we can!

0.20+

N
1

Mechanism: Mechanism:
® RTM-CAS = ® HTM-L-CAS
_ A CAS — A CAS
50.15- 3
© ) e\
= £2] 09
= o| = ®
5 0.104 o
2 121 - The long mode
results in higher
latency than
0- the short mode
12 5 10 15 20

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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Has-C mechanism

- HTM-HLE 2-{"”5

- HTM-RTM
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N\
98

5.8%—

/

%

Atomic CAS

1
0 100 200 300

Transaction size (M) [vertices]
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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
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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]
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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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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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tradeoffs related
to HTM?

¢ ltreally depends” ©.
But... There are some
regularities

For some algorithms
(BFS) HTM is better

“"What are the optimal
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Can we amortize

transaction
overheads?
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tradeoffs related
to HTM?
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regularities
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Can we amortize
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(PageRank)
atomics give more
performance
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What are
performance

tradeoffs related
to HTM?

¢ ltreally depends” ©.
But... There are some

regularities
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(BFS) HTM is better transaction sizes?

Can we amortize
For others transaction

(PageRank)
atomics give more
performance
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For others"Y C@eo'f whole hierarchy of

AAM establishes a

(PageRank)
atomics give more
performance

_ 1 algorithms; check
the paper ©

"y @spcl_eth

What are
performance

tradeoffs related

to HTM?

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

transaction
overheads?
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fewer aborts &
more coarsening

¢ ltreally depends” ©.
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For some algorithms
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>
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PERFORMANCE ANALYSIS Larger cache &

QUESTIONS ANSWERED associativity -

fewer aborts &
more coarsening

¢ ltreally depends” ©.
But... There are some

Larger (L2) cache
—> higher latency

regularities

”Mayfa',
: /i
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 ©

performance

AAM establishes a
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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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Implementation
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GR

[1] Hand-tuned
algorithm-specific
codes

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

GR

[1] Hand-tuned
algorithm-specific
codes AAM +

GR

Improving
Graph500
design

[1] R. Murphy et al. Introducing the Graph 500. CUG’10.
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CONSIDERED ENGINES
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[2] Runtimes that exploit
amorphous data-parallelism

GR

[1] Hand-tuned
algorithm-specific
codes AAM +

GR

Improving
Graph500
design

[1] R. Murphy et al. Introducing the Graph 500. CUG’10.
[2] M. Kulkarni et al. Optimistic Parallelism Requires Abstractions. PLDI'07.
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EVALUATION
CONSIDERED ENGINES

[2] Runtimes that exploit
amorphous data-parallelism

GR

[1] Hand-tuned
algorithm-specific
codes AAM +

GR

Improving
Graph500
design

[1] R. Murphy et al. Introducing the Graph 500. CUG’10.
[2] M. Kulkarni et al. Optimistic Parallelism Requires Abstractions. PLDI'07.
[3] S. Seo et al. HAMA: An Efficient Matrix Computation with the MapReduce Framework. CLOUDCOM’10.
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EVALUATION
CONSIDERED ENGINES

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

Distributed
HPC libraries

[1] Hand-tuned
algorithm-specific
codes AAM +

GR

Improving
Graph500
design

[1] R. Murphy et al. Introducing the Graph 500. CUG’10.
[2] M. Kulkarni et al. Optimistic Parallelism Requires Abstractions. PLDI'07.

[3] S. Seo et al. HAMA: An Efficient Matrix Computation with the MapReduce Framework. CLOUDCOM’10.
[4] D. Gregor and A. Lumsdaine. The parallel BGL: A generic library for distributed graph computations. POOSC’05.
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CONSIDERED TYPES OF GRAPHS

Synthetic graphs
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Synthetic graphs

Kronecker [1]

[1] J. Leskovec et al. Kronecker Graphs: An Approach to Modeling Networks. J. Mach. Learn. Research. 2010.
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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.
[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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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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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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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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Fill the $ Numbers are speedups of AAM over
whole * Graph500 for a given data point
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OUTPERFORMING STATE-OF-THE-ART Vet

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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© No, you don’t have to read it. All details
are in the paper. Here: just a summary.
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OUTPERFORMING STATE-OF-THE-ART
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* mean) over Graph500: 1.07, Galois: 1.40,
HAMA ~1000
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OUTPERFORMING STATE-OF-THE-ART
HASWELL (inteD

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

The whole node
memory filled

‘ AAM, 128 nogec
PBGL does not .\\PBGL, 16 nodes
support threading, "

thus we run more 2 \4\

than 1 process/node I
0 50 100 2 4 6 8
Nodes (N) Threads/node (T)

50 P@G(

o
1

o
1

Total time [S]
Total time [s]

—
1

AAM, 16 nodes
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Operation 624 (BGQ) Numbers are total aborts 6.3k
[T & mecrmmm] =4 | -o- BGQ-HTM-L —+ Has-HLE per data point
i 10400 - BGQ-HTM-S - Has-RTM 433
T - BGQ-ACC__ - Has-ACC 1.000 N
@' 1e-014 ‘Q
E’ ED 100
o o
£ 1e-024 £
= =
° gu 010
1e-034
T ] LA b 008 “1 wo Speration
2 HTM- \ — o -HIM-|
oand | b ER [ A = HTM implementations 050 s o i o 1e-04 1 0001 peisculive ot}
[ f I g of stomic CAS =03 Numbers are total aborts per data point - BGQ-ACC % Has-ACC

E‘) 35 | \f = ":_; 1 2 4 8 16, 32 64 1 2 4 8 16 32 64

[ _g Inter-node 0.459 g N Threads per node (T) Threads per node (T)

= = CAs = H0.21

0a0 = T 0010-

z @ = = HTM mplementations

= 0.01 Eoaod Ll H o o ACE Traversing a graph

e E Atomic 3.2% o Sows it 2% yertces
2 0 6\% CAS, 5 - 2 Atomics o 008
<1% o001 )
020 1 4 16 B4 256 1024 At cAS . = HIM implementations
Coalesced transactions (C) 0354 — ot vertkes g of atomic ACC
00 2 300 S | in the first few =
., Transaction size (M) [vertices] Coslesced transaciions (C) most powerian e
T gral T
§ 100 200 300 001 IMeRede
az2e o aborts due to Transaction size (M) [vertices]
o overtous 100 HasP mechariam S S Koo vebeies &
- TR e
0.1504 .04 \1..40""
= — aJnsactions
= [ 2 e Fran Lt Nrtrresng Y eesess 0.75 Aborts due to:
B Saa ” 199 apclts ——hfer @ M Buft ol
Eon.1254 3 R Aboyts ~ T cueflons Y sm.(.n) uffer Jther
= =) | Rl g \ £ 0504 conflicts  overflows reasons
2 26 g gum——— £ | % )
2 Terod w -
0.100 H - 2 5 2z Has-RTM 1,520 1 0
| momiccas B _F .Jm‘q asts z = - 13% . Z BGQ-HTM-L 624 62 614
1 ol ber of allowsd .25 et G “
R R R o vtz | it i i = BGQHTM-S 623 62 613
a 100 200 300 Transaction size (M) [vertices] - e e Eoa o — <1% 7% i3 P—
Transaction size (M) [vertices] T e e e e i N AtOmiE CAS 2 Has-RTM 18,952 0
Transaction sizo (M) [vertices] mrofot 0.004 =~ BGQ-HTM-L 6,374 637 6.360
- o . .
2 0 aize (M Fvarticon 200 at = BGQ-HTM-S 6,392 639 6,380
Transaction size (M) [vertices] Transachon size (M) [vemces] —
080
2 ‘/\
g © 1007 M 12408 fransactions
1 _ gaﬂ J" HTMr%uffer g co?'\?i?:g \ Aborts due to:
H H = | overflows @ 754 Memory  Buffer Other eernoze
Eos. £ Sap{ | ® Or'} C . = Infinifand ACC
3 -RU [+ e & ‘ ic: re: r Y
H conterion H ) I; £ 810005 conflicts  overflows reasons ooto)

025 from atomics. £ \ M S 50 E = ITHV:'mpemezr:rmn-,
the runime 8207 | ernory @ g HTM & Has-RTM 2 2 0 ] atpmic
of Graphs00 o 15} [ canﬂ\cts o ) __buffer o . . Eoooa

o < 2 { overflows BGQ-HTM-L 802 3 1 3
T I T % %4 T old R € 254 e " =] - . 2
Concurrent threads (T) " Concurentthveads (M) 0 g HTM buffer Tes04 g = BGQ-HTM-5 1,118 46 180 " o
2 4 [ 8 % _
< overflows Queers dus to data o
Concurrent threads (T) & o "la“ff:‘g‘:‘f:{izlﬁ‘;ﬁ;lﬂ;“ g Has-RTM 2 2 0
1 15 20 25 of other aborts. o BGQ_HTM_L ‘r, 1 C i ﬂ“a‘ alﬁ 1%1
0 100 200 300 S : ‘ Daksced transactions
16403 ° Goncurrent threads T Transaction size (M) [vertices] = BGQ-HTM-S 13 2
ang
Input graph properties | BG/Q analysis ] Haswell analysis
—_ 1.0 . . § over g500 S over | S over ;,Jnu S over Galois Sover Sover 8 over
L, % — Type |“’ Name vl el ‘ (M = 24) | M 500 (M ( 2) | M g500 Galois  HAMA
@ {e+014 E Cua\esﬂ‘“gmv\uﬂi Comm WT wiki-Talk 18 0.91 6 096 1.28 344
E Fomw inter-node networks (CHs) |cEU  cmail-EuAll 32 0.76 1087 112 18
= Bo.
— 2 sLV  soc-Livel 12 1.05 1.1 307 L1z >0t 1.0
E — Social com-orkut 20 1.06 0.69 1 113 0.74 > 10! —_
s} BGQ mechanism vt networke cam-j 12 1.03 1.03 1 LM 1.04 603 )
001 & Internode_ACE. (sts) com-youtube 8 0.96 1.1 5 008 111 670 £
4 threads/node e W Inter_node_HM-C com-dblp 8 =1 2.5 2 =1 2.53 2160 =
1e-01+ 0 100 200 com-amazon 8 1.04 1.64 2 104 1.64 1426 =
Nodes (N) Purchase = Q
notwork (s | PAM amazon0601 403k s 191 =1 1.25 3 L03 1.30 618 e 001
! . . Road rCA 1.9M 2 159 3 L7 8 138 Ls0 > 10t
networks PTX 1.3M 21 1.89 6 142 208 >10* 0.14
1e+03 le+04 fe+05 (Ris) rPA  roadNet-PA 1M 21 2.00 9 L07 216 > 10 Numbers are the
Vertices/node (| Vi) Citation local + remote
- k |1‘i|) cit-Patents ™™ | 8 1.57 ‘ 1.01 1.26 | 2 1.0 1.26 1875 :
graphs (CGs) marked vertices
b graphe | WOL web-Google 875k 12 2.08 0.98 1.26 6 106 1.35 365 ! T T
“‘lm‘grs‘)“"" wBS  web-BerkStan 685k 21 191 0.93 131 5 L7 140 755 0 50 100
wSF  web-Stanford 281k 24 180 0.98 1.54 5 Lo7 158 1077 Nodes (N)
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AAM: Combine the
advantages of HTM and
Active Messages
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AAM: Combine the lllustrate HTM’s advantages
advantages of HTM and in performance, next to

Active Messages programmability
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CONCLUSIONS

HTM for graphs in SM & DM environments

commits and rolibacks.

AAM: Combine the lllustrate HTM’s advantages  Deliver the of hierarchy of
advantages of HTM and in performance, nextto ~ atomic messages that covers
Active Messages programmability various graph algorithms
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CONCLUSIONS

HTM for graphs in SM & DM environments

AAM: Combine the lllustrate HTM’s advantages  Deliver the of hierarchy of
advantages of HTM and in performance, nextto ~ atomic messages that covers
Active Messages programmability various graph algorithms

Detailed performance analysis
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CONCLUSIONS

HTM for graphs in SM & DM environments

ACCESSING MULTIPLE VERTICES ATOMICALLY

AM + HTM = AToMIC ACTIVE MESSAGES
Example: BFS
Transaction
by thread A

* Size must be appropriate to N
minimize heads from b b

overhe:
commits and rolibacks.

lllustrate HTM’s advantages  Deliver the of hierarchy of
atomic messages that covers

various graph algorithms

AAM: Combine the
advantages of HTM and in performance, next to

Active Messages programmability

Detailed performance analysis

PERFORMANCE MODEL

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

7 [Mechanism: 4
oSHT-CAS
| =
T 7
Ton Bl T T L&
s <
g £
s b =
2 = g
© 8
of

Model & analyze
performance tradeoffs
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HTM for graphs in SM & DM environments

ACCESSING MULTIPLE VERTICES ATOMICALLY

AM + HTM = AToMIC ACTIVE MESSAGES
Example: BFS
Transaction
by thread A

* Size must be appropriate to N
minimize heads from b b

overhe:
commits and rolibacks.

lllustrate HTM’s advantages  Deliver the of hierarchy of
atomic messages that covers

various graph algorithms

AAM: Combine the
advantages of HTM and in performance, next to

Active Messages programmability

Detailed performance analysis

Derive close-to-optimal
transaction sizes for
Haswell & BG/Q

PERFORMANCE MODEL

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

1 Iu« nnnnnnn I 4
o ATM-CAS
| [Aca -
D 0 I o
g g
- 2 =7 MULTI-VERTEX TRANSACTIONS
g ! £ MARKING VERTICES AS VISITED
] s 211
od

Model & analyze
performance tradeoffs




spcl.inf.ethz.ch

ETH:zurich 7 R 3 @spcl_eth

CONCLUSIONS

HTM for graphs in SM & DM environments

<
AM + HTM = ATOMIC ACTIVE MESSAGES ACCESSING MULTIPLE VERTICES ATOMICALLY A ing Irregular C ions with Hardware
Example: BFS ional ive Messages
g
AM handlers run as Transaction
HTM tions
Node A / Node B

AAM: Combine the

advantages of HTM and in performance, nextto ~ atomic messages that covers
Active Messages programmability various graph algorithms
Detailed performance analysis Accelerating state-of-the-art

Derive close-to-optimal
transaction sizes for
Haswell & BG/Q : [2

MULTI-VERTEX TRANSACTIONS
MARKING VERTI

PERFORMANCE MODEL

ACCELERATING STATE-OF-THE-ART " e ACCELERATING STATE-OF-THE-ART
GRAPH500 + AAM (BLUEGENE/Q) T . GRAPHS00 + AAM (HASWELL) (inteD)

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

Average speedup 1.85x
Up to 4x

Model & analyze
performance tradeoffs
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spatintiov

ACCESSING MULTIPLE VERTICES ATOMICALLY EVALUATION
AM+HIN = ATOME ACTIVE MESSAGER e e paasianll | €16 T ACCELERATING STATE-OF-THE-ART 8 25
AM handlers run as i — Q ot GRAPH500 + AAM (BLUEGENE/Q) Ly @ 5=
HTM transactions é%
Disuis
fhesed
{1 Handimed Numbers are speedups of AAM over
s spechc R Graph500 for a given data point

.
=3

' Transaction
by thread 8

iz must b appropriate 1o
ni rheads from both

mmits and rollbacks

Total time [s]

ACCELERATING STATE-OF-THE-ART
GRAPHS00 + AAM (HASWELL) (nieD

128

64

Total im (5]

e
T e

Edges pervertex (3) 0.4

EVALUATION Resl-workd SNAP graghs (3]
CONSIDERED TYPES OF GRAPHS

s

Total time

oo s A Mg e v L o 10

Thank you el
for your attention =l |

HTM implementations
)/

8

“Total time (5]

Total number

tevaz] ouers due o
6 2% 1020

T i 16
Coalesced transactions (C)

= e oot
H Pl
T % m e
Transaction size (M) [vertices]
ofBord e
ransachon s 0 it =\ e
MuLTI-VERTEX TRANSACTIONS g0 e :
2 emory Zoms
MARKING VERTICES AS VISITED 2 conflicts 3 .
280 R S 75 oo o T
2 £ X oriMows, memary
- L conflicts)
Em ""\'ﬁrm buffer S 50 a1 T mn e
0.6 BGQ mechanism ol | overflows 3 oaesca vansacions () Sransacton sizo (M vortios
-2 ~e= HTM-Long-Mode X S g .
2 [iTM_Shori-Made — ! 8 ] HTM buffer
. PERFORMANCE MODEL C20{ | Memory o overflows
Abort and <A \v/\\conmcts o
0.5+ o cani & Il N 5 10 15 20 25
@ rolback = Can we amortize HTM startup/commit You, we car o 2 1 : 3 Concurrent threads (T) OUTPERFORMING STATE-OF-THE-ART
] E‘ overheads overheads with larger transaction sizes? Concurrent threads (T) SCALABILITY ANALYSIS: DISTRIBUTED-MEMORY
.
Startup and g . 0% 020 4]
commit e - - s o st G 1 108 T ransactions
puffer overflans B The who'e node
overheads -0.03% Soss ) L thT s Memary fled
g 2] moteh a0 P I\ >
Atomic CAS Fo0 72 ["TT&L | z e et [ [ BT 11
e .EJ A“ The long mode Eus pagd Y € |/ %
| &% results in higher =4 £ HTM l Ta 848, 128 noge,
e latency than E | g R buffer e
L the short mode “ 2 gl jloverfioys
01 26 1e404 »-PEGL. 16 nodes
G By Ao 1S outiers dus 1o data / =
ccessed vertices Accessed vertices et i B ; S AWM, 16 nodes
The sweetspot! 200 300 24 e 3 :,lmmwyzsme H =1
Transaction size (M) [vertices] b b sk ] Nodes (N) Threads/node (T)
Transastion size (M) [verlioas] Transaction size (M) [vertices]
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DISTRIBUTED HTM TRANSACTIONS

-
o
1

Total time [s]

o
-
1

Numbers are the
local + remote

marked vertices
1

0 50 100
Nodes (N)
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TRANSFERRING TRANSACTIONS
INCREMENTING RANKS OF VERTICES

_ Inter-node
BGQ mechanism InfiniBand ACC
I Inter—node-HTM-L
0.05 - Inter-node-HTM-S 0.010-
= Y HTM implementations
— HTM implementations — of atomic ACC
() / of atomic ACC )
& -
= = 0.003 1
[ S
° ke
0.001 4
Inter-node
0.01 - Haswell mech.
ACC \t\“iﬂ -o- |IB+RTM
-4 |B+HLE
| | 1 1 | | 1 T 1 1 1 1 || T
1 4 16 64 256 1024 1 4 16 64 256 1024

Coalesced transactions (C) Coalesced transactions (C)
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TRANSFERRING TRANSACTIONS

INCREMENTING RANKS OF VERTICES

2

= Can we amortize HTM transactions’ transfer
overheads with coalescing?

Total time [s]

0.05+

0.01 1

BGQ mechanism

-8~ |nter-node-HTM-L
-4 |nter—node-HTM-S

HTM implementations
/ of atomic ACC

Inter-node
ACC

: \‘*‘iﬂ

1

4 16 64 256 1024
Coalesced transactions (C)

0.0104

0.003 1

Total time [s]

0.001 +

Inter-node
InfiniBand ACC

\

HTM implementations
of atomic ACC

/

Haswell mech.

-o- |IB+RTM
-4 |B+HLE

1 1 1 1 1 1
1 4 16 64 256 1024
Coalesced transactions (C)
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TRANSFERRING TRANSACTIONS '
INCREMENTING RANKS OF VERTICES Yes, we can!

= Can we amortize HTM transactions’ transfer
overheads with coalescing?

_ Inter-node
BGQ mechanism InfiniBand ACC
I Inter—node-HTM-L
0.05 - Inter-node-HTM-S 0.010-
™ Y HTM implementations
s HTM implementations o of atomic ACC
() / of atomic ACC )
e &
= = 0.003 -
[ S
° ke
0.001 4
Inter-node
0.01 - Haswell mech.
ACC \‘\Liﬂ -o- [B+RTM
-4 |B+HLE
| | 1 | | 1 T 1 1 1 1 || T
1 4 6 64 256 1024 1 4 16 64 256 1024
2d transactions (C) Coalesced transactions (C)

Yes, we can!
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SINGLE-VERTEX TRANSACTIONS

Used in ==7=
INCREMENTING VERTEX RANK PageRank /-7
(lntel
Lower contention Higher contention
(10 accesses/vertex) (100 accesses/vertex)
Operation 624 (BGQ) Numbers are total aborts 6.3k =

-- BGQ-HTM-L =+ Has-HLE

per data point
1e+00 1 -4 BGQ-HTM-S —- Has-RTM

= BGQ-ACC =& Has-ACC 1.000
&'1e-01 4 EENG —
E o1 E.0.100-
D (0]
£ 1e-02- E
g 5
o 5 0.0104
= 1e-03 1 —

~N

43 (RTM)/.

B2

Operation

to0dd g o m— = = % 0.001 - - BGQ-HTM-L — Has-HLE

-4 BGQ-HTM-S = Has-RTM
Numbers are total aborts per data point % BGQ-ACC & Has-ACC
1 1 1 1 1 1 1 1

4 8 16 32 64 1 2 4 8 16 32 64
Threads per node (T) Threads per node (T)
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SINGLE-VERTEX TRANSACTIONS el
INCREMENTING VERTEX RANK Pa
geRank x :
| tel)
' L/
® Atomics always
outperform HTM

=

Lower contention Higher contention

(10 accesses/vertex)

Operation 624 (BGQ) Numbers are total aborts 6.3k =
| - BGQ-HTM-L - Has-HLE per data point
16+00 -4 BGQ-HTM-S —- Has-RTM 1 0004
% BGQ-ACC - Has-ACC :
&' 1e-01 1 55 =
E o1 E.0.100-
[} [}
£ 1e-02- E
e I
'919—03- | 2 0107
a3 (RTM)/. Operation
& %=t 5 - -8 BGQ-HTM-L —+ Has-HLE
104 g o ——— H 0.001 -4 BGQ-HTM-S - Has-RTM
Numbers are total aborts per data point % BGQ-ACC & Has-ACC
1 1 1 1 1 1 I I I 1

4 8 16 32 64
Threads per node (T)

(100 accesses/vertex)

1 2 4 8 16
Threads per node (T)

32

64
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SINGLE-VERTEX TRANSACTIONS el
INCREMENTING VERTEX RANK Pa
geRank x :
| tel)
' L/
® Atomics always

Lower contention outperform HTM Higher contention
(10 accesses/vertex) (100 accesses/vertex)

=

Operation 624 (BGQ) Numbers are total aborts 6.3k =
| - BGQ-HTM-L - Has-HLE per data point
16+00 - BGQ-HTM-S -~ Has-RTM 1 0004
% BGQ-ACC =% Has-ACC :
&' 1e-01 1 55 =
E o1 E.0.100-
o o)
£ 1e-02- £
[ e
'919—03- | 2 0107
a3 (RTM)/. Operation
% = = - 8- BGQ-HTM-L =+ Has-HLE
16-04 - # 0.001 -4 BGQ-HTM-S —- Has-RTM
Numbers are total aborts per data point % BGQ-ACC & Has-ACC
1 1 1 1 1 1 1 ] ] ] 1 1 1 1
1 2 4 8 16 32 64 1 2 4 8 16 32 64
Threads per node (T) Threads per node (T)

The reason: each transaction always modifies some

memory cell, increasing the number of conflicts
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SINGLE-VERTEX TRANSACTIONS
INCREMENTING VERTEX RANK

Used in
PageRank

More e ® Atomics always
aborts Lower contention o llis=soliulzil @ Higher contention
(10 accesses/vertex) (100 accesses/vertex)

=

Operation 624 (BGQ) Numbers are total aborts ‘6.3k*-~
| - BGQ-HTM-L - Has-HLE per data point
16+00 - BGQ-HTM-S -~ Has-RTM 1 0004 433
- BGQ-ACC =& Has-ACC : \
&' 1e-01 1 55 =
£ E.0.100-
o o)
£ 1e-02- £
[ 8
'919—03- S - 2 0107
= (RTM)/. Operation
% = = - 8- BGQ-HTM-L =+ Has-HLE
16-04 - # 0.001 -4 BGQ-HTM-S —- Has-RTM
Numbers are total aborts per data point % BGQ-ACC & Has-ACC
1 1 1 1 1 1 1 ] ] ] 1 1 1 1
1 2 4 8 16 32 64 1 2 4 8 16 32 64
Threads per node (T) Threads per node (T)

The reason: each transaction always modifies some

memory cell, increasing the number of conflicts
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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

05 6.7% ~5.5%

| | | |
0 100 200 300
Transaction size (M) [vertices]
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MULTI-VERTEX TRANSACTIONS Numbers: % of aborts due to
MARKING VERTICES AS VISITED ' the lack of HTM resources +
. memory conflicts

BGQ mechanism

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

0.6 -

&
o
1

Total time [s]
o
v

&
w
1

Atomic CAS

| | | |
0 100 200 300
Transaction size (M) [vertices]
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MULTI-VERTEX TRANSACTIONS Numbers: % of aborts due to
MARKING VERTICES AS VISITED ' the lack of HTM resources +
. memory conflicts

BGQ mechanism

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

0.6 -

Startup and
commit

overheads

Atomic CAS

| |
0 100 200 300
Transaction size (M) [vertices]
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MULTI-VERTEX TRANSACTIONS Numbers: % of aborts due to

MARKING VERTICES AS VISITED ' the lack of HTM resources +
. memory conflicts

BGQ mechanism

06 - HTM-Long-Mode
-& HTM-Short-Mode

®
Abort and
0.5- rollback
overheads

Startup and
commit

overheads

Atomic CAS
6.7%

0.2 = —5.5%

| |
0 100 200 300
Transaction size (M) [vertices]
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MULTI-VERTEX TRANSACTIONS Numbers: % of aborts due to
MARKING VERTICES AS VISITED ' the lack of HTM resources +
. memory conflicts

0.6 - BGQ mechanism
| == HTM-Long-Mode '
-4 HTM-Short-Mode .
Abort and
0.5+

rollback
overheads

Startup and &Ehe 0%
commit ~

overheads —0.03%

Atomic CAS

6.7% —5.5%

The sweetspot! I

144 vertices 0 100~ 200 300
( ) Transaction size (M) [vertices]
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MULTI-VERTEX TRANSACTIONS Numbers: % of aborts due to

MARKING VERTICES AS VISITED ' the lack of HTM resources +
. memory conflicts

BGQ mechanism

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

0.6 -

Abort and
rollback
overheads

Startup and
commit

overheads Not too many
aborts due to
the lack of HW

resources

Atomic CAS

6.7%

(large cache
size &

, o
| | 500 300 associativity)
Transaction size (M) [vertices]

The sweetspot! !
(144 vertices) 0 100
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Average overall speedup over Graph500
(geometric mean): 1.51 (1.85)
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2 Average overall speedup over Graph500
% (geometric mean): 1.51 (1.85)
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OUTPERFORMING STATE-OF-THE-ART
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2 Average overall speedup over Graph500
% (geometric mean): 1.51 (1.85)

The same
transaction

size for all
graphs
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% (geometric mean): 1.51 (1.85)

The same The same
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size for all for each graph
graphs separately
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2 Average overall speedup over Graph500
% (geometric mean): 1.51 (1.85)
Average
speedup: 1
The same The same
transaction transaction sizes

size for all for each graph
graphs separately
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OUTPERFORMING STATE-OF-THE-ART
BLUEGENE/Q Z=E=

< Average overall speedup over Graph500
?ﬁ (geometric mean): 1.51 (1.85)

Average
speedup: 1

The same The same
transaction transaction sizes
size for all for each graph

graphs separately

Average
speedup: 1.85
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OUTPERFORMING STATE-OF-THE-ART
BLUEGENE/Q ZI==

\.

~ 2« Average overall speedup over Graph500
?% (geometric mean): 1.51 (1.85)

Average
speedup: 1
The same The same
transaction transaction sizes
M, B fo s size for all for each graph
& b= W e Lo graphs separately
. “: . d ”i: @
“w A K . a ‘
Average
Average speedup: 1.85

speedup: 3.20
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OUTPERFORMING STATE-OF-THE-ART
BLUEGENE/Q ZI==

\.

~ 2« Average overall speedup over Graph500
?% (geometric mean): 1.51 (1.85)

Average
speedup: 1
The same The same
transaction transaction sizes
M, B fo s size for all for each graph

> "' S T graphs separately
P “: 2 F “‘i: (in)
“w A K . O

Average Best transaction size:

Average speedup: 1.85 ~24-100 vertices

speedup: 3.20

accessed
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SINGLE-VERTEX TRANSACTIONS

MARKING A VERTEX AS VISITED

Lower contention
(10 accesses/vertex)

Operation

-8- BGQ-HTM-L -+ Has-HLE
=& BGQ-HTM-S === Has-RTM
1e-01- @ BGQ-CAS =& Has-CAS

Numbers are total
aborts per data point

1.1k—

ms]

1
[
3
)]
1

Total time

1e-04 1

2 4 8 16 32 64
Threads per node (T)

Used in BFS,
SSSP, ...

Higher contention
(100 accesses/vertex)

Operation

- BGQ-HTM-L =+ Has-HLE
1.000 4 =#= BGQ-HTM-S == Has-RTM

# BGO-CAS =& Has-CAS
)
£.0.100-
(]
E
£ 0010
|9 .
0.001 4 a

Numbers are
total aborts per data point
1

1 > 4 g 16 32 64
Threads per node (T)
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

Lower contention Higher contention

(10 accesses/vertex) (100 accesses/vertex)
Operation Numbers are total Operation
- BGQ-HTM-L =~ Has-HLE | aborts per data point -~ BGQ-HTM-L —— Has-HLE
=& BGQ-HTM-S == Has-RTM 1.1k 1.000 4 =+ BGQ-HTM-S == Has-RTM
1e-01- @ BGQ-CAS =& Has-CAS - % BGQ-CAS - Has-CAS
B B3
._.19_02_ |_|D.1DD-
o) o)
£ £
{_"E {_"E 0.010
|9 1e-03 |9 -
0.001- 4 Numbers are
total aborts per data point
32 64 1 2 4 8 16 32 64

Threads per node (T)

e Atomics (CAS) slightly
faster than HTM
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

Lower contention Higher contention

(10 accesses/vertex) (100 accesses/vertex)
Operation Numbers are total Operation
- BGQ-HTM-L =~ Has-HLE | aborts per data point -~ BGQ-HTM-L —— Has-HLE
=& BGQ-HTM-S == Has-RTM 1.1k 1.000 4 =+ BGQ-HTM-S == Has-RTM
1e-01- @ BGQ-CAS =& Has-CAS - % BGQ-CAS - Has-CAS
0 %)
AT £.0.100-
o) o)
£ £
{_"E {_"E 0.010
IQ 1e—03 IQ .
0.001- 4 Numbers are
total aborts per data point
3I2 6I4 ; é :l é 1I6 3I2 6I4
Threads per node (T)
0
e Atomics (CAS) slightly overhead

faster than HTM do e
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SINGLE-VERTEX TRANSACTIONS
MARKING A VERTEX AS VISITED

Lower contention
(10 accesses/vertex)

Operation

-8- BGQ-HTM-L -+ Has-HLE

=& BGQ-HTM-S === Has-RTM
1e-01 4

-# BGO-CAS  # Has-CAS
%)

=

=1e-02

[0}

E

8

© 16-03-

Numbers are total
aborts per data point

1.1k—

32 64

e Atomics (CAS) slightly OVE

faster than HTM

1.000 A

3y @spcl_eth

Used in BFS,
SSSP, ...

Higher contention
(100 accesses/vertex)

Operation

-8- BGQ-HTM-L -+ Has-HLE
=& BGQ-HTM-S == Has-RTM
% BGQ-CAS & Has-CAS

o
-
o
(@]
1

0.010 1

Total time [ms]

0.001 1

&
v & v

EER S

Numbers are

total aborts per data point
1

|
1 2 4 16 32 64

RTM outperforms other
(overcontended) targets
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

BG/Q HTM still !
worse (L1 vs
L2 matters!)

Lower contention
(10 accesses/vertex)

Higher contention
(100 accesses/vertex)

Operation Numbers are total Operation
- BGQ-HTM-L =~ Has-HLE | aborts per data point -~ BGQ-HTM-L —— Has-HLE
-4 BGQ-HTM-S == Has-RTM 1.1k 1.000 4 BGQ-HTM-S == Has-RTM
1e-01- @ BGQ-CAS =& Has-CAS - BGQ-CAS & Has-CAS 2 2k
~
0 %)
AT £.0.100-
o) o)
£ £
{_"E {_"E 0.010
|9 1e-03 |9 -
0.001- 4 Numbers are
total aborts per data point
3I2 6I4 ; é :l 1I6 3I2 6I4
0
faster than HTM dominate

(overcontended) targets
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SINGLE-VERTEX TRANSACTIONS Used in BFS,
MARKING A VERTEX AS VISITED SSSP, ...

Very few @

BG/Q HTM sitill !
worse (L1 vs

Lower contention Higher contention

L2 matters!

Gl (10 accesses/vertex) W (100 accesses/vertex)
Operation Numbers are total Operation
- BGQ-HTM-L =~ Has-HLE | aborts per data point -8- BGQ-HTM-L -+ Has-HLE
=& BGQ-HTM-S == Has-RTM | 1.000 W= BGQ-HTM-S == Has-RTM

1e-014 - BGO-CAS =& Has-CAS - Llk— BGQ-CAS & Has-CAS

3 z
5 1e-02- 30-100' :
A
£ £
_— ot
© ©
O 1603 - *50.0104
|9 1e-03 |9 S
L

e
4

&
v v bl

— v S
0.001 4 @——J L ’ Numbers are

total aborts per data point
1

|
32 64 1 2 4 16 32 64

e Atomics (CAS) slightly overhead
faster than HTM dominate

RTM outperforms other
(overcontended) targets
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mean) over Graph500: 1.07, Galois: 1.40,
HAMA ~1000
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HAMA ~1000



spcl.inf.ethz.ch

ETHzurich & o S ke ST -y @spcl_eth

OUTPERFORMING STATE-OF-THE-ART
HASWELL (intel)
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Average overall speedup (geometric
: mean) over Graph500: 1.07, Galois: 1.40,

Average HAMA ~1000
speedup: 1
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OUTPERFORMING STATE-OF-THE-ART
HASWELL (intel)

\.

_ Average overall speedup (geometric
’ mean) over Graph500: 1.07, Galois: 1.40,

Average HAMA ~1000
speedup: 1

Average
speedup: 1.85
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OUTPERFORMING STATE-OF-THE-ART
HASWELL (intel)

\.

_ Average overall speedup (geometric

< mean) over Graph500: 1.07, Galois: 1.40,

Average HAMA ~1000
speedup: 1

.;ié“ & S o e —
&' w0y = e
sl I = = ===
DS ey e e =
al? Rl ws N - - - S0
‘. A H . ’
y-n;'.age 7“’?“1 7 2
| N b
= i

Average

Average speedup: 1.85
speedup: 3.20
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OUTPERFORMING STATE-OF-THE-ART
HASWELL (intel)
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_ Average overall speedup (geometric

< mean) over Graph500: 1.07, Galois: 1.40,

AlEELE HAMA ~1000
speedup: 1

1.85x on average, up to 4.3x

Average _ _
Average speedup: 1.85 Best transaction size:

speedup: 3.20 ~2-9 vertices accessed
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OUTPERFORMING STATE-OF-THE-ART
HASWELL (intel)

\.

_ Average overall speedup (geometric

< mean) over Graph500: 1.07, Galois: 1.40,

AlEELE HAMA ~1000
speedup: 1

1.85x on average, up to 4.3x

Average _ _
Average speedup: 1.85 Best transaction size:

speedup: 3.20 ~2-9 vertices accessed
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OUTPERFORMING STATE-OF-THE-ART
HASWELL (intel)

\.

_ Average overall speedup (geometric

< mean) over Graph500: 1.07, Galois: 1.40,

AlEELE HAMA ~1000
speedup: 1

1.85x on average, up to 4.3x

w Ol &
8 L5 e (GRAED
LT - 21, — €Y
A
|

Average _ _
Average speedup: 1.85 Best transaction size:

speedup: 3.20 ~2-9 vertices accessed
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~4 vertices Q)
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OUTPERFORMING STATE-OF-THE-ART
HASWELL (intel)

Average overall speedup (geometric
mean) over Graph500: 1.07, Galois: 1.40,
HAMA ~1000

Best transaction size;:

~4 vertices Q)
~14 vertices
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OUTPERFORMING STATE-OF-THE-ART
HASWELL (intel)

Average overall speedup (geometric
mean) over Graph500: 1.07, Galois: 1.40,
HAMA ~1000

1.85x on average, up to 4.3x

Best transaction size:
s == lcrap) 4 vertices G
- ~14 vertices |HEES]
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OUTPERFORMING STATE-OF-THE-ART
SCALABILITY ANALYSIS: SHARED-MEMORY

Implementation

-8~ AAM
=& Graph500

1.00 -

A

Contention
0.05 4 from atomics
' dominates
the runtime
of Graph500

Total time [s]
o
S

1 o 4 8 6 32 64
Concurrent threads (T)

"y @spcl_eth

+__.

10.0 1 Framework

-o- HAMA
-&- Galois
-l- Graph500
- AAM

1.0

Total time [s]

0.1 -

Concurrent threads (T)
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OUTPERFORMING STATE-OF-THE-ART S E=—

BLUEGENE/Q
Input graph properties | BG/Q analysis
S over gh00 ) S over
Type ID Name [V | E| (M = 24) M 2500
Comm. cWT wiki-Talk 2.4M 5M 2.82 48 3.35
networks (CNs) | cEU email-EuAll 265k 420k 3.67 32 4.36
sLV  soc-Livel. 4.8M 69M 1.44 12 1.56
Social sOR com-orkut 3M 117TM 1.22 20 1.27
+ Kk sL]  com-lj 4M 34M 1.44 12 1.54
ne(;g > sYT com-youtube 1.IM 2.9M 1.67 gl 134
sDB com-dblp 317k 1M 1.33 8 1.80
sAM com-amazon 334k 925k 1.14 8 1.62
Purchase
AM amazon0601 403k 3.3M 1.45 8 1.91
network (PNs) p \ )
Road rCA roadNet-CA 1.9M 5.5M ~1 2 1.59
networks rTX roadNet-TX  1.3M 3.8M ~1 2 1.53
(RNs) rPA roadNet-PA 1M  3M ~1 2| 1.52
Citation
graphs (CGs) ciP  cit-Patents 3.7TM 16.5M 1.16 8 1.57
Web eraphs wGL web-Google 875k 5.1M 12 2.08
(w%;s)p wBS web-BerkStan 685k 7.6M 24] 1.091
wSF web-Stanford 281k 2.3M 24 1.89
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OUTPERFORMING STATE-OF-THE-ART intel.
HASWELL L./

Input graph properties

Haswell analysis

S over o500 S over Galois S over S over S over
T ID N V E M
ype ame Vi IE] M = 2) (M = 2) I— g500  Galois HAMA
Comm. cWT wiki-Talk 2.4M 5H5M 0.91 1.22 6 0.96 1.28 344
networks (CNs) | cEU email-EuAll 265k 420k 0.76 0.88 4 0.97 1.12 1448
sLV  soc-Livel. 4.8M 69M 1.05 1.1 3 1.07 1.12 > 104
Social sOR com-orkut 3M 117TM 1.06 0.69 4 1.13 0.74 > 104
networks sL.J com-1j 4M 34M 1.03 1.03 4 1.04 1.04 603
(SNs) sYT com-youtube 1.1M 2.9M 0.96 1.1 5 0.98 1.11 670
sDB com-dblp 317k 1M ~1 2. 2 ~1 2.53 2160
sAM com-amazon 334k 925k 1.04 1.64 2 1.04 1.64 1426
Purchase pAM amazon0601 403k 3.3M ~1 1.25 3l 1.03 1.30 618
network (PNs) \ )
Road rCA roadNet-CA 1.9M 5.5M 1.33 1.74 8 1.38 1.80 > 10*
networks rI'X roadNet-TX 1.3M 3.8M 1.89 6 1.42 2.08 > 104
(RNs) rPA  roadNet-PA 1M 3M ol 107 2.16 > 10*
Citation ) )
graphs (CGs) ciP cit-Patents 3.7M 16.5M 1.01 1.26 | 2 1.01 1.26 1875
Web graphs wGL web-Google 870k 5.1M 0.98 1.26 6 1.06 1.35 365
(w%S)p wBS web-BerkStan 685k 7.6M 0.93 1.31 5| 107 1.40 755
wSEF  web-Stanford 281k 2.3M 0.98 & 5 1.07 1.58 1077




