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Accelerating Irregular Computations with Hardware
Transactional Memory and Active Messages
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= Machine learning S Ty T
= Computational science SERYANS -
putati | . Ve
L)

= Social network analysis : " 4

[1] A. Lumsdaine et al. Challenges in Parallel Graph Processing. Parallel Processing Let. 2007.
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SYNCHRONIZATION MECHANISMS An example
COARSE LOCKS graph

protocols

Serialization

Detrimental
performance
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SYNCHRONIZATION MECHANISMS

FINE LOCKS
)
- Higher performance a a
possible
Complex
protocols Complex access
patterns ©
Risk of
deadlocks l )
4
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SYNCHRONIZATION MECHANISMS
ATOMIC OPERATIONS

High performance (may R
be challenging to get)

Complex Complex access
protocols
patterns ©
Subtle issues l
ABA, ...
( ) \ 4
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SYNCHRONIZATION MECHANISMS Non-conflicting
SOFTWARE TRANSACTIONAL MEMORY (STM) [1] a accesses
N\

Conflicting

/ accesses

Proc g

Conflicts solved with ‘

ol i WA
A\

Rollback
Rollback

Software

overheads

protocols

[1] N. Shavit and D. Touitou. Software transactional memory. PODC’95.
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SYNCHRONIZATION MECHANISMS
HARDWARE TRANSACTIONAL MEMORY (HTM)

High
performance?
For graphs?

protocols
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HARDWARE TRANSACTIONAL MEMORY

QAZUL

SYSTEMS®

> SUN

microsystems
Rock

BlueGene/Q

Haswell

POWERS
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HARDWARE TRANSACTIONAL MEMORY

They offer

programmability, how
about performance?
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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 A Node B

How to apply

HTM in such a
setting?

S

jon
tart fransactiop, W

[1] Y. Perez et al. Ringo: Interactive Graph Analytics
on Big-Memory Machines. SIGCOMM'14.
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OVERVIEW OF OUR RESEARCH

AAM Design

Coarsening & coalescing

ETHzurich I Vala

ACCESSING MULTIPLE VERTICES ATOMICALLY

Active Messages + HTM




spcl.inf.ethz.ch

ETH:zurich e : 9 @spcl_eth

ACTIVE MESSAGES (AM)

Process p

Process q

Memory

AM++[1]  GASNet [2] As addr: | Ll

AL UE  Handler 7 2%

[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 + HTM = ATOMIC ACTIVE MESSAGES

AM handlers run as
HTM transactions
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ACCESSING MULTIPLE VERTICES ATOMICALLY

Example: BFS
Transaction
by thread A
l' N
Node A ! ,, BES frontier

A /\ Transaction
Z by thread B

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

from both commits and rollbacks
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TRANSFERRING TRANSACTIONS ACROSS NODES

Node A , Node B

\
A}
\
\
\
\
\
\.

Transactions must be
appropriately coalesced to

minimize communication
overheads
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EXECUTING TRANSACTIONS ON MULTIPLE NODES

Node A Node B

o T T .

Vertices must be appropriately
relocated to enable execution of a
hardware transaction
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EXECUTING TRANSACTIONS ON MULTIPLE NODES

Node A Node B

Vertices must be appropriately
relocated to enable execution of a
hardware transaction
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OVERVIEW OF OUR RESEARCH

Performance Modeling & Analysis

Haswell & BG/Q Analysis Panromussca Moce.

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

®  Yes, we can!

MULTI-VERTEX TRANSACTIONS

0.20- 4

MARKING VERTICES AS VISITED s -
Sos g
) )

BGQ mechani £ £z

069 o~ HTM-Long-Mode 1 Fo.10 B A
& HTM-Short-Mode &4 e kN «* The long mode
Abort and

& results in higher
latency than
the short mode

rollback
overheads

°

Startup and
commit
overheads

S 6 8 12 5 10 15
pccessed vertices Accessed vertices

Totdftime [s]

*  Yes, wecanl

The sweetspot!

Performance model

100 200 300
Transaction size (M) [vertices]
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PERFORMANCE ANALYSIS
RESEARCH QUESTIONS

o What are

o erformance

How can we P
Implement AAM

handlers to run

tradeoffs related
to HTM?

most efficiently?

i What are
advantages of What are the

HTM over best transaction
atomics for sizes?

AAM?
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PERFORMANCE ANALYSIS
TYPES OF MACHINES

= Evaluation on 3 machines
= |ntel Haswell server

= InfiniBand cluster
= |BM BlueGene/Q ‘ !

HPC clusters

Commodity machines S\Opercom\puting machines
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PERFORMANCE ANALYSIS
CONSIDERED MECHANISMS

. Haswell HTM
mtel)

32KB per core

I Deployed in L1
...... g
11 L1 / 8-Way

—___ associative

HLE
(Hardware
Transactional Lock

Memory) Elision)

(RES[ ]

HTM

2MB per core

Deployed in L2

/ 16-way |

associative

The Long The Short

Running Running
Mode Mode
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SINGLE-VERTEX TRANSACTIONS
MARKING A VERTEX AS VISITED

Very few @

Lower contention
(10 racing accesses/vertex)

aborts

1e-01 -

—_
T
o
no
1

1e—-03 1

Total time [ms]

Numbers are total
aborts per data point

1.1k—

SGiQ HTM (1ong M2
d0).8I(
ode
A——4——* golan™ (short ™
— m—H
BG/Q atomics
N =N Intel RTM / HLE
= Intel atomics

Atomics

(CAS) slightly
faster than
HTM

4 8 16 32
Threads per node (T)

Commit e
overheads

"y @spcl_eth

Used in BFS,
SSSP, ...

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

ks

// finish handler

dominate
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SINGLE-VERTEX TRANSACTIONS
MARKING A VERTEX AS VISITED

Higher contention

Used in BFS,
SSSP, ...

BG/Q

HTM still
worse (L1
VS L2
matters!)

RTM
better

Still very (100 racing accesses/vertex)
few
aborts
1.000 7 Intel H
2.2k
N\ ~
— BGIQ \“z 3e) =
12 ng M g
£01004 o——o Nollo /—— 15
£ SSQnm 13-
R= B HTM 13 tomics
c_"'U' (short mode) bEo BG/Q a0
+— — - prost E3
2 0.0107 23 B ntel atomics >
| Intel RTM
// start handler i / 4‘ ¢ 4
if('v.visited) { 0.001 % % I Numbers are
v.visited = 1; total aborts per data point
1 1 1 I | 1 1
/}/ e 1 2 4 8 16 32 64

handler

Threads per node (T)

than

atomics
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SINGLE-VERTEX TRANSACTIONS . E ==S<==
Used in P

INCREMENTING VERTEX RANK PageRank P l)
l

// 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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PERFORMANCE MODEL
ATOMICS VS TRANSACTIONS

Time to modify N Time to modify N vertices
vertices with atomics: with a transaction
Tar(N) = AyrN + Bar Tyrm(N) = AprmN + Byry
Overhead Startup Overhead Startup
per vertex overheads per vertex overheads

We predict that: e Transaction

Transactions’ cost Byr < Burm startup overheads
§ grows slower Aur > Apra dominate
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PERFORMANCE MODEL Indeed:
ATOMICS VS TRANSACTIONS

Bar < Byrm
Apr > Aprym

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

Yes, we can!
0.209 I'Mechanism: 47[Mechanism:
e RTM-CAS = ® HTM-L-CAS
. A CAS —
50.15- 3
[0 o)
E E2-
e ) et
0.10- T
2 121 - The long mode
results in higher
latency than
0- the short mode

)12 5 10 15 20
Accessed vertices Accessed vertices
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-

MULTI-VERTEX TRANSACTIONS
MARKING VERTICES AS VISITED

BGQ mechanism

-o- HTM-Long-Mode
-4 HTM-Short—-Mode

0.6 1

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
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Numbers: % of aborts intel.

Has-C mechanism

- HTM-HLE
-4 HTM-RTM

Startup and
commit
overheads

Atomic CAS

The sweetspot!
(2 vertices)

200 300
Transaction size (M) [vertices]

due to HTM capacity
overflows

Abort and
rollback
overheads

Majority of
aborts are due
to HTM capacity
overflows (large
cache size &
associativity)
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PERFORMANCE ANALYSIS
QUESTIONS ANSWERED

What are
performance
tradeoffs related
to HTM?

How can we
Implement AAM
handlers most

effectively?

« Whatare
advantages of
HTM over
atomics for
AAM?

What are the
best transaction
sizes?
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PERFORMANCE ANALYSIS [PE————

QUESTIONS ANSWERED associativity -

fewer aborts &
more coarsening

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

Larger (L2) cache
- higher latency

regularities

:,M
: ay’éi/”
For some algorithms
(BFS) HTM is better

S’A/M’Gy
For others™“ Ceeo,f whole hierarchy of =

GELERERY 4 algorithms; check Size for Haswell ~10
atomics give more the paper ©
performance

AAM establishes a Size for BG/Q ~100
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OVERVIEW OF OUR R

ESEARCH

Evaluation

EvALUATION
CONSIDERED ENGINES

11] Fand-uned

EVALUATION

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

T

Roadnotwerks
Ao
Comm. grsphs

Gatongrapns N0 B

220

sde

Purchase networks

Considered engines and graphs

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

Wamers are 2

Total time [s]

AW over
Graphs00 for 3 Gven data point

1 W, A
Edges per vertex (3 )

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

bers are speedups of ARM over
'GraphS00 or a given data paint

Total time [s]

Tmplementation
= Graph500-8G0
< Ri°8c0

I ] 2
Edges per vertex ()

Accelerating state-of-the-art

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

.
cessi0o®S

PBGL does not
support threading.
thus we run more

than 1 process/node

oy

The whota node

» PBGL 16 niodes |

 AAM, 16 nodes

2] 1%
Nodes (N)

z : &
Threads/node (T)

Scalability
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EVALUATION

CONSIDERED ENGINES
Galolis

[2] Runtimes that exploit
amorphous data-parallelism

GR

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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EVALUATION

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

S Social networks

SUNY L
Synthetic graphs ‘ ‘ " iu

e

Road networks
Kronecker [1]

o S v o s - C
\a a‘; N ”‘.:nu'
9 “2.- P vl @
oﬂz'.';;v':i‘:i_
o L. ﬁf? i Q
w s & .0
e

Comm. graphs

Citation graphs Web graphs

Erdbs-i?ényi [2]

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



https://snap.stanford.edu/

s gy ST s , spcl.inf.ethz.ch
ETH:zirich e e /\/ﬁ'ﬁ; W @spcl_eth

-

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

Fill the
whole
memory

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

0.93

1.14

Total time [s]

1.76 Implementation

-8~ Graph500-BGQ
- AAM-BGQ

014 “71.38 1.96

1 2 4 8 16 32 64 128
Edges per vertex ()
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2

ACCELERATING STATE-OF-THE-ART
GRAPH500 + AAM (HASWELL) (i’ntel‘>

'
Fill the ¢

whole
memory

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

1.13

1.10

Implementation

-8~ Graph500-Haswell
-4 AAM-Haswell

1 2 4 8 1'6_ 32 64
Edges per vertex (d)
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OUTPERFORMING STATE-OF-THE-ART et

- *SNAP, -
L] ®
[ ]
* L ]
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 VIEIEL | =24 |[M g0 | (M=2) (Mm=2) |M 5500 Galois HAMA
Comm. ¢WT wiki-Talk 2.4M 5M 2.82 48  3.35 0.91 1.22 6 096 1.28 344
networks ((Ns) |cEU  email-EuAll 265k 420k 3.67 32 4.36 0.76 0.88 4 0097 1.12 1448
sLV  soc-LivelJ. 4.8M 69M 1.44 12 1.56 1.05 1.1 3 1.07 1.12 > 104
Social sOR com-orkut 3M  117TM 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 1.1M 2.9M 1.67 8  1.84 0.96 1.1 5  0.98 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 &  1.62 1.04 1.64 2 1.04 1.64 1426
Purchase pAM amazon0601 403k 3.3M 1.45 8§  1.01 ~1 1.25 3 1.03 1.30 618
network (PNs)
Road rCA roadNet-CA  1.9M 55M ~1 2 159 1.33 1.74 8§  1.38 1.80 > 104
networks rTX roadNet-TX 1.3M 3.8M ~1 2 153 1.29 1.89 6 142 2.08 > 104
(RNs) rPA  roadNet-PA 1M 3M ~1 2 1.52 ~1 2.00 9  1.07 2.16 > 10%
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
(Wes) wBS web-BerkStan 685k 7.6M 1.01 24 1.91 0.93 1.31 5 1.07 1.40 755
wSF  web-Stanford 281k 2.3M 1.89 24  1.89 0.98 1.54 5  1.07 1.58 1077
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OUTPERFORMING STATE-OF-THE-ART

© 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
HASWELL (inteD

Average overall speedup (geometric

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

1.85x on average, up to 4.3x

= I
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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 27 \4\

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

50 A pQG(

—_
o
1

Total time [S]
o

Total time [s]

—
1

AAM, 16 nodes
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Operation 624 (BGQ) Numbers are total aborts 53K
N ] -e- BGQ-HTM-L 4+ Has-HLE per data point
s 3 A 16+00 A BGQ-HTM-S - Has-RTM 1.000 433
F = BGQ-ACC  # Has ACC - N
452
7° T 1e-014 @
£ = Eoi00
= o °
3 £ 10-024 £
g = =
oos s =
5 5 0.010
2 =
, 1e-031 10 (HLE—K_
0.05 0.4 o ; ; 43RT™) /.
i e uo
a0 = HTM implementations 0.50 T—o0.002% Tranzacion s22 () fuertoss) 1e-04 0.001
qE> of atomic CAS —a.2 Numbers are total aborts per data point
Tpas = 0.4% % i H 4 5 B a2 A 1 H 3 8 16 32 64
g % I"te(;r;q"gude 0.454 E N Threads per node (T) Threads per node (T)
= = = 0.2 o010
gow @ a% 5 = M mplementations
= 0,014 E \ Lo B f S ASC Traversing & graph
025 = 0409 Atomic 320 Eows / 044 with 22 vertices
g 0.6%  CAS A 014 E Arcrhics and 2% edges 005
= \ w -
. e oo L3 o M mplementatons
B T TR e Coalesced transactions (G) 0354 g 1 are praceesed g of atomic ACC
Transaction size (M) [vertices] S e v ‘_; 024 in ﬂ’eemntﬁ(n':.v: ‘_a“
2 Coalesced transactions (C) k) oid most pover o ©
) 9 oor| T
a2le No aborts due to Transaction size (M) [vertices] 1 004
\ “"./\ buffer overflows 1.001 Has-P mechanism H H H Coalesced transacions ()
‘h P -8 HTM-HLE BFS phase
‘. A HTM-RTM
0.150 204 ettt
= — aeneactions
= ® e ‘s'“uansa.m.ms W 0.754 Aborts due to:
o £ At / HTM @
] =281 paat Tes08 L R °,
Eo.1254 3 *\ Aborts “,‘.‘.ﬁma Abiqts T ufter ® Memory  Buffer Other
= e E"'D" L : g 'Ensﬂ— conflicts  overflows  reasons
2 =0
2 2.6+ 5 \ E =
E \ Tei04 [} 7 -
0.1004 5 2 "_6 =3 Has-RTM 1,520 1 0
R et borts du £ = | _ . ‘
5] omic CAS [Epmen .‘_ ma%lggvt%%xd g 0o <ib = BGQ-HTM-L 624 62 614
- A e = B P— : N = BGQHTMS 623 62 613
[ 100 200 300 Transaction size (M) [vertices] -~ e et h\:;n:a e o o — <1% 79, T RTM -
Transaction size (M) [vertices] F T S e craaes e L N Aomie CAS| 2 HasRT 33 0
Transaction size (M) [vertices] 7 ofot 0.00 = - - BGQ-HTM-L 6.360
S ranzacton siza (11 verlk ey 200 S BGQ-HTM-S 6.380
Transaction size (M) [vertices] Transac“on size (M) [verllces] —
080
2 P
Te— 3 100 Tes06 -
5 @ M Transactions
. 100 oe0 | HTM buffer 5 emory \ Aborts due to:
= = / overflows o conflicts
] = ! © 4 o v S1 $ a1 Internode.
g Sal| | o7 Memory  Buffer Other g nods
] 2 ; £ B1e.05- Ab°<5 conflicts  overflows reasons ot
© Contention 3 = £
025 from atomics. 2 M S 504 E " - - = HTM Implementations
o || Bl - o § HaRTM 2 2 ’ Eunl| N/
f Graph500 ' 5 . So. ;
o ) & . g g o ou?elcl-ﬂgrws S BGQ-HTM-L 802 3 1 Soemn /
T I e e 1 € 254 . i
Concorrent threads (1 ' Goncurent threads m : o1t 8 B HTM buffer Te+044 —~ BGQ-HTM-S 46 180 ’EUWI
2 4 6 8 /
o overflows Qutirs due to data T sl moch,
Concurrent threads (T) & sbdabisssssiiistbinns o 2 Has-RTM 0 P
04 Increases the nr © :
10 15 20 25 l of gtharabiorty y o BGQ-HTM-L 5 1 Lo e &
0 100 200 200 =} . E oalesced transactions (G}
164034 CU ”CU rrent threads (T) Transaction size (M) [vertices] = BGQ-HTM-S 13 2
ang
Input graph properties | BG/Q analysis | Haswell analysis
1.004 3 g : -
— — . Sover | S e 2500 S over Galois Sover Sover S over
@ z T e Type Nams vl 2500 ‘ ) (M =2 M G500 Galoie  HAMA
@ 1e+01 4 £ a\esf-‘“q Hiies Comm " wiki-Talk 2.4M 3.35 0.91 6 096 1.28 344
E Soio ode networks (CNs) email- EuAll 265k 1.36 0.76 1 007 112 1448
= Z0.10
(=} s - 4
— 2 soc-Livel 1.8M 1.56 1.05 3 1.07 112 > 10 —_ 4
o - Social com-arkut M 1.27 1.06 1 113 0r > 10 L
o BGQ mechanism o om-1 1M 154 1.03 1 1 1.0 603
= AAM, o [pier-node-RaM networks Comyoutube  L1M 181 0.96 5 008 111 670 2 3,000
] —node X com-youtube 1.1\ 5 9 7
4 threads/node 00118 = inter_ode-HTMC (sns) comablp T 10 - 7 . 288 men E 7,000 + 3,000
1e-01 ) 100 200 com-amazon 334k 1.62 1.04 2 LM 1.64 1426 —_
Nodes (N) e — ) PR — — £ 00
notwork (Ps) amazon0601 403k 1.01 ‘ =1 1.25 308 1.30 618 e 000 * 1.0
. . r Road roadNet-CA 1.9M 1.59 1.74 8 1.38
networks roadNe X 1.3M 1.53 1.89 6 1.42 0.14
Te+03 Vi ;.HM/ d 1e+\c/)5 (Ris) roadNet-PA 1M 1.52 2.00 9 107 Numbers are the
ertices/node (V) —— e PR local + remote
graphs (06s) cit-Patents  8.7M st | 1o 126 |2 1m marked vertices
s web-Coogle 875k 2.08 0.08 1.26 6 106 T T T
“"?H‘{;)‘p"’ web-BerkStan 685k 191 0.93 1.31 5 L7 0 50 100
weh-Stanford 281k 1.80 0.8 1.54 5 Lo7 Nodes (N)
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CONCLUSIONS

Atomic Active Messages

Irregular C with

ACCESSING MULTIPLE VERTICES ATOMICALLY
Tr. ctional Memory and Active Messages

Example: BFS

AM + HTM = Atomic ACTIVE MESSAGES

AM handlers run as

HTM transactions

NodeA

Transaction
by thread B

* Sizo must be appropriate to
minimize overheads from both

commits and rolibacks

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

Detailed performance analysis Accelerating state-of-the-art

ACCELERATING STATE-OF-THE-ART
GRAPH500 + AAM (HASWELL) (intel)

Derive close-to-optimal

transaction sizes for S \— :
Haswell & BG/Q

MULTI-VERTEX TRANSACTIONS
JARKING VERTICES AS VISITED

PERFORMANCE MODEL

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

Total time [s]

Haswel

Edges per verte)

T i 5 % @
Edges per vertex (g)

Average speedup 1.85x
Up to 4x

Model & analyze
performance tradeoffs
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1.00 Has-P mechanism Corie
ACCESSING MULTIPLE VERTICES ATOMICALLY e ﬂm:%
AM + HTM = Atomic ACTIVE MESSAGES Example: BFS i W

ACCELERATING STATE-OF-THE-ART o ¥ 25
GRAPH500 + AAM (BLUEGENE/Q) &

AM handlers run as
HTM transactions

Numbers are speedups of AAM over
GraphS00 for a given data point

Total time [s]
°
3

‘ 0.25 <13
A% 0
N :
:;l(rr\::\ﬂg 000 i Atomic CAS|

® Sizo must be appropriate to
overheads from both
commits and roflbacks

0 100 200 300
Transaction size (M) [vertices]

minirmi

\ransactio

Start transaction

start

Total time [s]

ACCELERATING STATE-OF -THE-ART
500 + AAM (HASWELL) (inicD)

4 8 32 64 128
Edges per vertex (g)

Totaltime f5]

Edges por vertex (3}

EvaLUATION Real-worid SNAP graphs [3]
CONSIDERED TYPES OF GRAPHS N XA

5]
M

Total time

7

Thank you ==
for your attention eyt

* fransactions must be appropriately

c ze 15 £ v v o e P2 M e A S T8

oan 00s.
= = HTM implementations
Zoan o / of atomic CAS
_ overflows g £
2 Soa 3 ,
- z z internode
= o5 o1
s
utiiers due. 020
102 GEREHES 0 W0 o o 14 f6 1 25 102t
ifouerons Transacton size (M) [verices] Coalesced transactions (C)
it
T % o
Transaction size (M) [vertices] o
. iy
P
2 W Implementatins g e
MULTI-VERTEX TRANSACTIONS g 100f 7ees H osfomc s 1 ammmnn
T lemory Eous 3
MARKING VERTICES AS VISITED 2 conflicts z © e oo
2 = A overflows, memery
& z I i
EM ;\'AM buffer g 50 T otso riaia it S W @ om
0.6/ BG@ mechanism Sl | overflows $ oaosood ransacions (€) ransacion sizo () vertces]
“©7 -~ HTM-Long-Mode . 2% Z 5]
& HTM_Short-Mode = ' E——— § " il HIM uffer
20 emory I} overflows
Abort and g1 N\ /S confiens [
054 rollback 7 *  Yes, we canl &, [V N 0_ 5 10 15 20 25
& = Can we amortize HTM startup/commit 3 T T 5 Concurrent threads (T) OUTPERFORMING STATE-OF-THE-ART
' ';' overheads overheads with larger transaction sizes? Concurrent threads (T) SCALABILITY ANALYSIS: DISTRIBUTED-MEMORY
.
E
Startup and WEShS 0% 020 4
commit - - - sz o e T e [ T whole o
7 7 \ 504 e
overheads —0.03% Sors £l . \ A e ey e
o ° o e
E Eal  modS, 30 .
. £ £ - = 5
Atomic CAS o0 2 [*TLl | o Lt Frewos
e Sy &~ The long mode £, £
= L &~ results in higher =288 g
latency than ] )
ass o the short mode N e
26 Tes04 PBGL. 16 nodes
5 6 8 LRI P o M. -
. - ccessed vertices Accessed vertices heomie ca e v i re | i o AR, 16 noc
The sweetspot! h . . e T ; i e o 3 e B 3 T S
Transaction size (M) [vertices] R - ) e W e Nodes (N) Threadsinode (T)
Transaction size (M) [vertices] 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

overheads with coalescing?

BGQ mechanism

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

0.05 0.010-
2, HTM implementations 2.
CIE.) e of atomic ACC GEJ
E = 0.003-
g g
o o
0.001 -

1 Inter-node
0.01 ACC

ST

6 64 256 1024
2d transactions (C)

Yes, we can!

Can we amortize HTM transactions’ transfer

Yes, we can!

YW @spcl_eth

Inter-node
InfiniBand ACC

HTM implementations
of atomic ACC

/

Haswell mech.

-e- |[B+RTM
-4 |B+HLE

1

I I 1 I
4 16 64 256 1024

Coalesced transactions (C)
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SINGLE-VERTEX TRANSACTIONS
INCREMENTING VERTEX RANK

Used in

PageRank X .
' ( tel)
More e ® Atomics always

aborts Lower contention aileuioiulaaY® Higher contention
(10 accesses/vertex) (100 accesses/vertex)

=

Operation 624 (BGQ) Numbers are total aborts ‘6.3|(“~
| -* BGQ-HTM-L -+ Has-HLE per data point
1e+00] -4 BGQ-HTM-S — Has-RTM 1.000 - —433 -
% BGQ-ACC =& Has-ACC - N
g1e-011 55 B
= E.0.100-
(O] (O]
E 1e-02- E
I 8
2 1o-03- == SR
3 (RTM)/. Operation
= 5 5 | - BGQ-HTM-L — Has-HLE
16-04 - it 0.001 -4 BGQ-HTM-S - Has-RTM
Numbers are total aborts per data point % BGQ-ACC =% Has-ACC
| | | | | | ] L] L] L] | | | |
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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OUTPERFORMING STATE-OF-THE-ART
BLUEGENE/Q ZI=E=

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

Average
speedup: 1
The same The same
o, transaction transaction sizes
My B Bo size for all for each graph
a7 Lol graphs separately
M - o, G g

L Average Best transaction size:
Average speedup: 1.85 ~24-100 vertices
speedup: 3.20

accessed
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OUTPERFORMING STATE-OF-THE-ART
SCALABILITY ANALYSIS: SHARED-MEMORY

Implementation \
-o- AAM —0— o
=& Graph500
10.0 4 Framework
1.007 o HAWA
Y Ty Galois
% % - Graph500
= 2 —— AAM
= 0.50 - =
8 © 1.0-
(@] . (@]
= Contention =
0.05 4 from atomics
' dominates
the runtime
of Graph500 0.1-
1 | | 1 1 | | | | 1 T | 1 1
1 2 4 8 16 32 64 1 2 4 8

Concurrent threads (T) Concurrent threads (T)



