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IEEECS Charles Babbadevard

In Recognition of Significant Contributions in the Field of Parallel Computing

Established in memory @harles Babbagm
recognition of significant contributions in the
field of parallel computation. The candidate
would have made an outstanding, innovative
contribution or contributions to parallel
computation. It is hoped, but not required, that
the winner will have also contributed to the
parallel computation community through
teaching, mentoring, or community service.

Mateo ValeroNamedRecipientof 2017IEEEComputerSocietyCharlesBabbageAward
Citation “contributions to parallel computation through brilliant technical work, mentoring PhD
students andbuildingon incrediblyproductive Europearnresearchenvironment”
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Once upon a time

1986 and 1988 , UPC multiprocessor prototypes
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TheMareNostrum4 Supercomputer
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Design of Superscalar Processors

Decoupled from the softwarestack

Applications
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Latency Hageen a Problem from the
Beginning.../
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* Feeding the pipeline with the right instructions:

» Software trace cache (ICS’'99)

* Prophet/Critic Hybrid Branc
» Locality/reuse

 Cache Memg PIASTEDSIicYim Cache-

* Dug
 Anovel rrism that boosts software prefetching (ICS’01)
o VirtualPf Registe(RHIPCA’98)
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. and the Power Wall Appeared Latéf/
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» Better Technologies
» Twolevel organization (Locality Exploj
* Register file for Superscalg
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Fuzzy computatioQiCS’'01, IEEE CAL'02, {EEBS). Currently knowams
Approximate Computing
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Fuzzy computation

Thisimageisthe Performance
originalone @ LowPower

Fuzzy
Computation

Binary
systems
(bmpy) {[sl5 Thisoneonlyused

~85% othe time
Accurac while consuming

Compresiog

~75% othe power
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« Simultaneous Multithreading (SMT)
» Benefits of SMT Processors:

 Rufiahead hreads for SMTs (HPCA 2008)
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Time Predictability(in multicore and SMT processors)
o QoS

Definition: B space
* Ability to provide a minimum performancetoatask TR

Requires biasing processor resouatiecation

Where is it required:
 Increasingly required in handheld/desktQs

* Also in embedded hard reime s N

How to achieve it:
. Controlling how

Inistic resource ‘securinSCA 2009)
ImeRandomisedlesigns (DAC 2014 best paper award)

(( Cm!rb Visoigoad oy Sopmrtoimtalaiitn



Vector Architectures... Memory Latency
and Power - - -

Out-of-Order Access to Vectogsca 1992, 1sca 1995)

Command Memory Vect@#act 199s)
* In-memory computation

Decoupling Vector Architectur@esca 199s)
 Cray SX1

Out-of-order Vector Architecturesicro 1g

owev

ures for Multimediarca 2001, micro 2092

Barcelona

Buparcompurtiog

Contor

Chertes Maciora!l e Sopesrompaianidn




Statically scheduled VLIW architectures
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TheMultiCore Era

Moore’s Law+ Memory Wall +PowerWall

[ ChipMultiProcessor¢CMP$ }
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How MulticoresWere Designed at the Beginning?

IBM Power4 (2001) IBM Power7 (2010) IBMPower8(2014)

e 2cores, ST e 8cores, SMT4 e 12 cores, SMTS8

e 0.7 MB/core L2, « 256KB/core L2 e 512KB/core L2
16MB/core L3off-chip) 16MB/core L3on-chip) 8MB/coreL3(on-chip)

« 115W TDP e 170W TDP e 250W TDP

e 10GB/smemBW « 100GB/anemBW e 410GB/anemBW
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How To ParallelizeFuture Applications?

 Fromsequentiako parallelcodes

 Efficientrunson manycoreprocessors
Implieshandling

* Massiveamountof coresandavailable

parallelism

Viemory Access (NUMA
Dle addressspaces
Stringentenergybudget

Load Balancing

A Really Fuzzy Space
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Living inthe ProgrammingRevolution

Multicores made the
Interface to leak...

—

Applications
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Visionin the ProgrammingRevolution

Need to decouple again

Applications

PM: Highlevel clean abstractinterface

Powerto the runtime
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History / Strategy

COMPSs COMPSs
COMPSs$ el ServiceSs
~2010 2013
CellSs
~2006] ™~ Gpus
2 \ ~2009
StarSs S
~2008 ta r
PERMPAF/ SS
~1994
SMPSs V1
2007 [T——>| S5 VE

DDT @ NANOS \ OmpSs

Parascopg —”> ~1996 .

1992 ~2008
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OmpSs
A forerunner forOpenMP

ﬁ
Prototype Task + Taskloop Task reductions i

+ K Multidependences
of tasking dependences 1\ prototyping + Dependences + Commutative
on taskwaits |\ + Dependences

+ Task + OMPTimpl. | | ontaskloops

priorities & ,

OpenMP
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OmpSsdata-flow execution of sequential programs

void Cholesky (float*A) {
int i, ], k;
for (k=0; k<NT; k++) {
spotrf  (A[k* NT+K]) ;
for (i=k+1; i<NT; i++)
strsm  (A[k* NT+k], A[k* NT+i]);
/l update trailing submatrix
for (i=k+1; i<NT; i++) {
for (j=k+1; j<i; j++)
sgemn({ Alk* NT+i], A[lk* NTHj], A[* NT+i]);
ssyrk  (A[k* NT+i], A[i* NT+i]);

1

#pragma omp task

O void spotrf  (float *A);

#pragma omp task input ([TS][TS]A)

@ void ssyrk (float *A, float *C);

#pragma omp task input ([TS][TS]A,[TS][TS]B)
@ void sgemm (float *A, float *B, float *C);
#pragma omp task input ([TS][TS]T)

"void strsm  (float *T, float *B);

Decouple howve write Clean offloading to

applicationsform hide architectural

how they areexecuted complexities
Execute
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OmpSs..Taskified..

#pragma css task input(A, B) output(C)

void vadd3 (float A[BS], float B[BS],
float C[BS));

#pragma css task input(sum, A) inout(B)

void scale_add (float sum, float A[BS],

float B[BS]);
#pragma css task input(A) inout(sum)
void accum (float A[BS], float *sum);

for( 1=0; i<N;

vadd3 ( &A[

i +=BS)
i ], &B[

/I C=A+B

i], &C[ i ]);
1.‘;).r( i =0; i<N; i+=BS)
accum (&C[ i ], &sum);

[[sum(C[ 1])

for( i=0; i<N; i+=BS)

/[l B=sum*A
scale_ add (sum, &E[ i],&B[ i]);
for( 1=0; i<N; i+=BS) /I A=C+D
vadd3 (&C[ i],&D[ i], &A[ i ]);
for( 1=0; i<N; i+=BS) Il E=G+F
vadd3 (&G[ i ], &F[ i], &E[ i]);
Supercomputing
Canbor
Cuestrs Matioen o Sapesongolngitin

Color/number: order of task instantiation

Some antidependences covered by flow dependences not drawn
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... ancExecutedin a DataHow Model

#pragma css task input(A, B) output(C)

void vadd3 (float A[BS], float B[BS],
float C[BS));

#pragma css task input(sum, A) inout(B)

void scale_add (float sum, float A[BS],

float B[BS]);
#pragma css task input(A) inout(sum)
void accum (float A[BS], float *sum);

Decouple

how we write
form

how it is executed

for( 1=0; i<N; i+=BS) Il C=A+B
vadd3 (&A[ 1], &B[ i],&C[ i]);

1.‘;).r( i =0; i<N; i+=BS) l/lsum(C[
accum (&CJ[ i ], &sum);

1.‘;).r( i =0; 1<N; i+=BS) [/ B=sum*A
scale_add (sum, &E[ ], &B[ i]);

1.‘;).r( i =0; 1<N; i+=BS) Il A=C+D
vadd3 (&C[ i],&D[ 1], &A[ i]);

1.‘;).r( i =0; 1<N; i+=BS) Il E=G+F
vadd3 (&G[ i ], &F[ 1], &E[ i]);

i)
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Color/number: a possible order of task execution
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OmpSsPotential of Data Access Info

 Flat global address space seen by Main Memory
programmer [l offchip BW
* Flexibility to dynamically traverse ;
dataflow graph “optimizing” OTED CEeE
. I(\:/Ioncurrency. Cr.lttljcal path f ."
« Memory access: data transfers T

performed by rurtime

o Opportunitiesfor automatic
« Prefetch —
e Reuse —
« Eliminateantidependenceg¢rename) *"**%»
* Replication management
» Coherency/consistency handled by

the runtime
« Layout changes
(C :c‘émmgwmwwm RO{\\O !’?}ject




CellSsmplementation

PPU

Work
assignment

\ | Synchronization
User Task graph N Eiinalization
- gnal
data |

Stage in/out

Mermory data

SPE threads

IFU——| DEGC—> REN—2* 1Q |-——|ISS

——* REG> FU
Helper thread |

Main thread
e Barcelona ; ; . .
s " P.Bellenset al, KCeIISsA Program_mlng Model for the Cell BE AEch|tectL‘B@ 06. RO OL
Cantor P.Bellenset al, ‘CellSsProgramming the Cell/B.E. made easier” IBM JR&D Project
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Stream benchmark reduction in execution time

SMPSs

Renaming @ Cell

o Experiments on th€ellSgpredecessor ocOmMpS$
* Renamingo avoid antiddependences

larly donet SS desigis

Imi
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P. Bellens, et al,CellSsScheduling Techniques to Better Exploit Memory

Hierarchy” SciProg 2009
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e Experiments on th€ellSs
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7e+06
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main memory accesses (bytes)

le+086

Data Reuse

Data Reuse @ Cell

Matrix—matrix muItipIy

Locality arcs in dependence graph

6.9 ._'O'f.fj.ﬁ.ﬁ.'_

e _

Good locality but high overhead=no time improvement

temporal locality for matmul
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cache size (MB)

main memory accesses (bytes)
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P. Bellens, et alCellSsScheduling TechniquesBetter Exploit Memory Hierarchy” Sérog 2009
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Reducing Data Movement @ Cell

o Experiments on th€ellSgpredecessor of
OmpS}

* Bypassing global software cache wait me in matmul
. . . . 30000 - — . :
 Distributed implementation s | breasing
« @each SPE 70000
 Usingobject descriptorsnanaged atomically with 7 150,
specific hardware support (line level&C) " eon
Maln memory cholesky_16_64 5000
’ 42407 . . . . . . . . .
cold \\ 0
3.5e+07 :‘r : : : : : : : 1 number of SPEs
) 20407 | wait time in cholR
Main memory: __§ 0 T Eypasaig
; g T 1 ] 1200 assin
capacity . = | s
:; 1.5e+07 L L _'—‘"—' g 800
Global ; : —_:__77_7__ i’ 600
software cache ~ ™' 1 400
Se+06 q 200
ol J
LocaI% 1 2 4 =) a8 10 12 DMA Reads ’ 1 2 3 4 5 G 7 8
software cache Number of SPUs number of SPEs
Wmum ting P.Belenset al, “Making the Best of Temporal Locality: JustTime Renaming
(C Cont ' and Lazy WriteBack on the Cell/B.E.” 1IJHPC 2010 RO O L
Caitre Maiorsd o Supercputiniiy Project




GPUSs implementation

 Architecture implications
e Large local store O(GBElarge task granularity A Good
« Data transfers: Slow, non overlapped A Bad

 Cache management
» Write-through
» Write-back 8] UNIVERSITAT

* Run time implementation JAUME-I
« Powerful main processor and multiple cores

 Dumb accelerator (not able to perform data transfers, implement
software cache,...)

Slave threads

IFU |—> | DEC |— REN —

— |REG/* FU
Helper thread I

Main thread

RET [«

Barcelona
oo haciorl g Scperoamputciy E.Ayguade et al, “An Extension of th&tarS$rogramming Model for Platforms with Multiple GPU&uropar2009



Prefetching @ multiple GPU-

. Im rovements in runtime mechanismmpSs+

e Improvement in schedulers
 Late binding of locality aware decisions

2500

g

Performance [GFlop/s|
&
S

o

1
(C foﬂmﬁsmxﬂdﬂ&w@mﬂaﬂm J. Planas dl, “Optimizing Taskased Execution Suppah AsynchronouBevices.”Submitted

CUDA)
» Use of multiple streams

« High asynchrony and overlap (transfers and kernels)

» Overlap kernels

« Take overheads out of the critical path

« Propagate priorities
Nbody

me OmpSs 256Kbod

-

8

OmpSs 512Kbod

=-g-CUDA 256Kbod
=3-CUDA 512Kbod

#GPUs

void Cholesky( float *A[NT] [NT] ) {

int i, j, k;
for (k=0; k<NT; k++) {

}

#pragma omp task inout (A[k][k])
O spotrf (Alk][k]) ;
for (i=k+1; i<NT; i++) {

#pragma omp task in (A[k][k]) ir

@ strsm (A[k] [k], A[kI[i]);

}

for (i=k+1; i<NT; i++) {
for (j=k+1; j<i; j++) {

nout (A[k][i])

#pragma omp task in (A[k][i]l, A[kI[J]) inout (A[3]1[i])
@sgern ( Ak [1], A[kI[3], A[FI[i]);

}

#pragma omp task in (A[k][i]) in

@ssyrk (A[k][i], A[i][i]);
}

out (A[i]l[i])

Cholesky

wo OmpSs async 256Kbod

s OmpSs async 512Kbod

# GPUs

s OmpSs 16K

s OmpSs async 16K
OmpSs 32K

s OmpSs async 32K

== CUDA 16K

== CUDA dgemm 16K
ceiling reference




OmpSdJbiquity

e OmpSs@ Cell
» CellS$SC 2006, IBM JRD 2007]
« Speculative Distributed Scheduling [IPDPS p011

e OMmpSs@ Multicores [PPL 2011]

e OmpSg@ Clusters
e Multicores EuroPARO11, IPDPS 20413 ICS 2013]
* Multicores+GPUICS 2011, IPDPS 2012]

« OmpSs@ Multicore+GPUIPDPS 20123]
e OMpPSSA Zynq

« Offload computation andNanos+ runtime acceleratiofFPGA 2014]

« OmpSs@ multiple GPUs

» High asynchrony and overlgfansfers and kernejs
* Improved schedulers

|

v\ I
Y\ Proiec
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CellSsStarSsOmpSs... .papers

P.Bellens..."Memory— CellSsaprogrammingmodelfor the CellBEarchitecture” SC 2006

J. M. Pérez, et alCellSsMakingit easierto programthe CellBroadbandEngineprocessoil' IBM
Journalof Researctand Development 2007

J. M. Pérez, et al: ‘@ependencyawaretaskbasedprogrammingenvironmentfor multi-core
architectures’ CLUSTEROOS

P.Bellens..."ExploitingLocalityon the CellB.E.throughBypassing SAMOX2009

E.Ayguadéet al.:AProposato Extendthe OpenMPTaskingModel for Heterogeneous
Architectures IWOMP2009

P.Bellens et al. ‘Justin-TimeRenamingnd LazyWrite-Backon the CellB.E” ICPP Workshops
2009

E.Ayguade: “AnExtensiorof the StarS$rogrammindviodel for Platformswith Multiple GPUS
Euro-Par2009

P.Bellens et al.CellSsSchedulindechniquesto better exploitmemoryhierarchy’ Scientific
Programming2009

A. Duran, et al. “Rroposato Extendthe OpenMPTaskingModel with DependentTasks
International Journalof ParallelProgramming2009

J.Labartat al “BSisionTowardsExascalé [JHPCAR009

35



CellSsStarSsOmpSs... .papers

E.AyguadéET ALExtendingOpenMPto Survivethe Heterogeneoudviulti-Core Era.”
International Journalof ParallelProgramming2010

P.Bellens ..."AStudyof SpeculativeDistributedSchedulingpon the CellB.E” IPDP2011
J. Labarta, et alHybridParallelProgrammingvith MPI1/StarS$ PARCQ011
J. Bueno, et alProgramminglustersof GPUsvith OMPSsIC2011

A. Duran, et alOmpss aProposafor ProgrammindgdeterogeneousVulti-CoreArchitectures’
ParallelProcessind etters2011

J.Dongarreet al, “ThelnternationalExascal&oftware Projectoadmapg IJHPCA 2011
V. Krishnar OmpSgOpenCIProgrammindViodel for Heterogeneoussystems LCPQ012

N.Vujic “DMA-circular:anenhancedhighlevelprogrammableDMAcontroller for optimized
managemenbf on-chip locaimemories’ Conf. Computindgrrontiers2012

A. FernandezTaskBasedProgrammingvith OmpSsandIts Application” Euro-Par 2014
Many more since2014...

36



RuntimeAware Architectures

The runtimedrivesthe hardware design

_ _ Task based PM
Applications annotated by the user

Data dependencies

PM: Highlevel clean abstractinterface detected at runtime

Dynamic scheduling

“Reuse” architectural
ideas under
new constraints

Barcelona

Supercomputing L
Center R O O

Centro Nacional de Suparcompulacidn Project



Superscalar vision at Multicore level

Superscalar World :: Multicore World

Out-of-Order, Kilelnstruction Processor, Taskbased, Datdlow Graph, Dynamig
Distant Parallelism Parallelism

Branch Predictor, Speculation Tasks Output Prediction,

Fuzzy Computation Speculation

DualData CacheSack for VLIW Hybrid Memory Hierarchy, NVM
Register Renaming, Virtugkgs Late Task Memory Allocation

Cache Reuse, Prefetching, Victim CacheData Reuse, Prefetching
In-memory Computation In-memory FU’s

Resilience Resilience

Interconnection Network
Data Movement

Resilience Wall

(( mmwwwmmm



Architecture Proposals iRoMoL

Runtime Support Unit Cache Hierarchy

- DVES - LM usage

- Lightweight deps tracking - Coherence
- Taskmemoization - Eviction policies

- Reduced data motion - Reductions

Vectors
- DB, sorting

- BTrees '
Stacked External
DRAM DRAM




Runtime Managemenbf Local Memories (LM)

LM Managementin OmpSs
— Task inputs and outputs mapped to thigl$
— Runtime manages DMA transfers

8.7% speedup Iin execution time

14% reduction in power

20% reduction in networon-chip traffic

. . = Hybrid Stacked

jacobi kmeans md5 tinyjpeg vec_add vec_red DRAM

External
DRAM

Supercomputing LI. Alvarez et alTransparent Usage of Hybrid e@hip Memory Hierarchies iMulticores. ISCA 2015.
Center

LI. Alvarez et al Runtimé&uided Management of Scratchpad Memories in Multicore Architectures. PACT 201
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Exploiting the Task Dependency Graph
(TDG) to Reduce Coherence Traffic

 To reduce coherence traffic, the
state-of-the-art applies rounerobin
mechanisms at the runtime level.

« Exploiting the information
contained at the TDG levs|
effective to

e improve performance

» dramaticallyreducecoherence
traffic (2.26x reduction with respect
to the stateof-the-art).

Stateof-the-art Partition (DEP)
[EEm coNTROL  mEE DATA | GaussSeidel TDG

250 4.6 TB

600 28 TB

S " DEP requires ~200GB of
g - data transfer across a 288
e R T cores system
(a) Gauss-Seidel (b) Integral histogram

@

Barcelons
Coatres Maiorss! o Sapermputioii Project



Exploiting the Task Dependency Graph
(TDG) to Reduce Coherence Traffic

[ ]
* To reduce coherence traffic, the state . :‘1?\
of-the-art applies rounerobin o u ue e ¥
. . d& i@’l » .
mechanisms at the runtime level. o o8 we wwEwS i
o % whe e &T
* Exploiting the information contained at f'“'";"'m
the TDG levab effective to YN
. " LA ., ot
e improve performance AR AEpie.

« dramaticallyreducecoherence traffic

(2.26x reduction with respect to the
state-of-the-art).

Graph Algorithm®riven Partition (RHDEP)

|- CONTROL  [NEE I)ATAI

GaussSeidel TDG
600 —p2iall 250 aS2k
3 o RIRDEP requires ~90GB of
“ 10 — (ata transfer across a 18
o | I | | I e I S sockets (288 cores) system

(a) Gauss-Seidel (b) Integral histogram

I. Sanchez et al, Reducing Data Movements on Shared Memory RO O
MQWW@&MWW Architectures (submitted to SC’17) Project



Runtime Managed Dataocality

e Leveraging runtime knowledge of th
10 Performance = DFT
HW (NUMA topology) and the SW . Benefit =Dl
(task input data) 8 - NAFT
7 -
 Runtimemanages caocation of data 3s -
and computation (PACT’16): &>
 NUMA Oblivious (DFT) 3 -
« NUMA Aware Datallocation onlyDI) o ‘
« NUMA Aware Data Allocatiand Task R —
o -Schedu“ng (NAET Cholesky Jacobi IntHist
Ezs __________________________________________ Reduced Data || Control ~» NAFTprovidesbest
§ ' Movement Data To.Cache performance(6_7x
g2 N N -pamiebe  average speedup) and
s Y N lowest datamovement
CEER AR\ N TR (4.0x average reduction)
Sos5{ B Y Bk RS In a real 288 core ccNUMA
S oM & . .. SMP (16 sockets x 18
DFT] DI [NAFT DFT| DI [NAF DFT| DI |NAF1 DFT] DI |[NAF COI‘eS)
Cholesky SMI Jacobi IntHist
m P. Caheny et al., “Reducing cache coherence traffic with hlerarch|caIRO{v\O
o acions 8 Scpweomguiaci directory cache and NUMaware runtime schedulingPACT 2016 Project




Runtime-Assisted Cache Insertidpolicies

» Motivation: Improve LLC hit ratio to reduce costl
requests to memory (EuroPAR’17)

* Use information about application semantics
provided by the runtime:

o Task types

» Task datadependency types (inputs, outputs, non
dependencies)

* Insertion policies based on fReference Intervals
o TTIP uses probabilities per tagigpe to decide
insertionposition

» Bestprobability is determined by training at the
beginning of the execution

« DTIP gives outpudependencies a higher priority in DRAM
the cache
» Outputswill be reused by the successor task
 Input- andnon-dependenciesower priority

* Average MPKI improvement over LRU: 11.2% (TTIP) and 16.8% (DTIP)

sX Ju] s oXWsdsiedsShared Cache Insertion PoIiciesRO OL
Based on R&Reference Intervals. EuroPAR 2017. Project
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OmpSsn Heterogeneous Systems

Heterogeneous systems \mm
 Biglittle processors mm

e Accelerators
e Hard to program

Taskbased programming models can adapt to these scenarios
e Detect tasks in the critical path and run them in fast cores

Non-critical tasks can run in slower cores

Assign tasks to the most energificient HW component

Runtime takes core of balancing the load

Same performance with less power consumption



Criticality-Aware Taskscheduler

« CATS on a big.LITTLE processor (ICS’15)
e 4 Cortex A15 @ 2GHz
o 4CortexA7@ 1.4GHz

1,3

m Original m CATS

Cholesky Int. Hist QR Heat AVG

» Effectively solves the problem bfind assignmenof tasks
» Higher speedups for double precisioniensive benchmarks
» But still suffers fronpriority inversiorandstatic assignment

K.Chronakiet al. CriticalityAware Dynamic Task Scheduling for RO OL.
HeterogeneousArchitectures. ICS 2015. Project



Criticality-Aware Task Acceleration

o CATA: accelerating critical tasks (IPDPS’16)

* Runtime reconfigures perore DVFS meeting a global power budget

» Architectural Support foDVFS: Runtime Support Unit (RSU)

» Reduces reconfiguration overheads of software solution

« Serialization in DVFS reconfigurations

» Userkernel modeswitches
* Runtime system notifies to thRSU task criticality and running core
« Similar hardware cost to TurboBoost

150% m Original m CATS m CATA = CATA+RSU
0

140% | 32-core system with
130% | 16 fast cores I |
120% —
110% ——————— —
100% - —
== =
80% .
Performance imprv EDP imprv

E. Castillo etl., CATACriticality Aware Task Acceleration for RO{V\OL_
Multicore ProcessorsIPDPS 2016. Project



Approximate TaskMemoization (ATM)

« ATM aims to eliminateedundant tasks (IPDPS’17)

o ATMdetects correlations between task inputs and outputs to
memoizesimilar tasks

— Static ATMachieves 1.4x
average speeduwhen only
applyingmemoization
technigues

— With task approximation,
Dynamic ATMachieves 2.5x
average speedup with an
average 0.7%ccuracy loss,
competitive with an offline
Oracleapproach

I. Brumaret al, “ATM: Approximate Taslemoizationin the RO{V\OL
Runtime System”. IPDPS 2017

Project



Dealing with Manufacturing Variability icPUs

« Manufacturing Variability of CPUs and
Power becomes performance
heterogeneity in powexconstrained
environments (ICS’16)

 Typical loaebalancing may not be
sufficient

» Redistributing power and number of
active cores among sockets can improve

performance « Statically trying all possible configurations
for each node imposes huge overhead
(static).

* Runtime can try different configurations
for a segment of the execution and
choose a good one for the remaining time.

« Carefully limiting the configuration space
to meaningful choices can greatly improve
performance within a single run

(exhaustivevsscoped.
D. Chasapis et alRuntime-GuidedMitigation of Manufacturing RO O!)._
Variability in PowerConstrained MultiSocket NUMANodes”. ICS'16 et



TaskSuperscaldiaskSePipeline

TaskSpipeline

« Hardware design for a distributed task
superscalar pipeline frontend (MICRO’10)
e Canbe embedded intanymanycorefabric
 Drive hundreds of threads
« Work windows of thousands of tasks
* Fine grain task parallelism

e TaskSsomponents:

Gateway (GWAllocateresources for task metdata

ObjectRenamingrable (ORT)
* Map memory objects to producer tasks
Object Versioning Tab(©VT)

* Maintain multiple object versions
TaskReservatiorStations {R$
» Storeand track task ilght meta-data

e ImplementingTaskS&D Xilinx Zynq (IPDPS’14

Multicore Fabric

Y.Etsionet al, “Task Superscalar: An OGat-Order Task Pipeline” MICR&B, 2010

X. Tan etl, “General Purpose TadRependence Management Hardware for Task RO O!— t
based Dataflow Programming ModelsIPDPS 2017 rojec



HashJoin Sorting Aggregation DBMS

Goal Vectoraccelerationof data bases e Proposenovelapproach(VSRjor vectorizingradixsort with

2 newinstructions
“Real vector'extensionsto x86 «  Similaritywith AVX512CDinstructions

* Pipelineoperandgo the functionalunit (like Craymachines, gfgéﬁ?ﬁﬁ?géﬁ?ﬁggg{}?&?g%uecrti',?&SbecauSdhe
not like SSE/AVX) . Small CAM
» Scattefgather, masking vectorlengthregister . : .
. ) » 3.4xspeedupover next-bestvectorisedalgorithmwith the
* Implementedin PTLSirt DRAMSIim2 sameﬁardwgr)econfigurationdueto: J
Hashjoin work publishedin MICRO 2012 : gar_‘s‘c‘fm'”gslt_”dfdd‘:‘f‘;estsemt unit-stride
» 1.94x (argedata sets) and 4.56x (cacresidentdata sets) minatingeplicatetdatasiicires
of speedupior TPCH « Ongoingwork on aggregations
* Memorybandwidthisthe bottleneck q tval | | |
. . . * Reductionto agroup of values not a singlescalarvalue
Sortingpaperpublishedin HPCA 2015 ISCA 2016 group d
. Cor_npareexistingvectorizedqruicksort bitonic mergesort «  Buildingfrom VSRwvork
radixsorton a consistentplatform

m1lane O2lanes m4 lanes
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OverlapCommunication and Computation

Hybrid MPIOmpSsLinpackexample

Extend asynchronous daflow
execution to outelevel

o TaskifyMPI communication primitives
Automaticlookahead
Improved performance
Tolerance to network bandwidth  *
Tolerance to OS noise

V.Marjanovicet al, “Overlapping Communication and Computation by using a R OI_
Hybrid MPI/SMPSs Approach” ICS 2010 0 Project



Effects onBandwidth

flattening
communication pattern

thus

reducing
bandwidth requirements

*simulation on application with
ring communication pattern

V. Subaoticet al. “Overlapping communication and computation by RO O L

enforcing speculative datdlow”, January 2008HIPEAC Project



OmpSRuntime-based Resilience

« Suitability ofOmpSdor resilience
» Asynchrony- OoOexecution, Input/output annotations

e Checkpoint-restart techniques (PDP’15)

» Pertask inputscheckpointingtask replication to check outputs,
asynchronousecovery tasks

 AlgorithmicRecoverRoutines (SC’15)
« Conjugate Gradient (CG)
» Detection
« Memory Page Retirement
« Correction
 Algorithmic
« Computation/Recovery

overlap pluscheckpointless
S Zv]<u « W 0}A }A EZ

O. Subasi et al, "NanoCheckpoints: A Td&dsed Asynchronoudataflow
Frameworkfor Efficient and Scalable Checkpoint/Restart." PRELS5.

L.Jaulmeset al, “Exploiting Asynchrony from Exact ForwaRk&coveryfor DUEN RO O!)— .
Iterative Solvers. SC'15Nominated to the Best Paper award e



Related Work

* Rigel Architecture (ISCA 2009)

 No L1D, nortoherentL2,read-only, private and clustershareddata
* Globalaccessedypasshe L2 andgodirectlyto L3

 SAR@rchitecture (IEEE MICRO 2010)

* Throughputawarearchitecture
 TLBsisedto accesgemote LMsandmigratedataaccrosd.Ms

Runnemede@Architecture(HPCA 2013)

« Coherence islands (SW managed) + Hierarchy of LMs
» Dataflowexecution ¢odeletg

Carbon (ISCA 2007)

» Hardware scheduling for tadkased programs
Holisticrun-time parallelism management (ICS 2013)
Runtimeguided coherence protocols (IPDPS 2014)

RO{V\O !’TJJect



RoMoL...papers

V.Marjanovicet al., “Effective communication and computation overlap with
hybrid MPI/SMPSsPPoPR2010

Y.Etsionet al., “Task Superscalar: An €itOrder Task PipelineMICRO 2010

N.Vujicet al., “AutomaticPrefetchand Modulo Scheduling Transformations for
the Cell BE Architecturd EEE TPDS 2010

V.Marjanovicet al., “Overlapping communication and computation by using a
hybrid MPI/SMPSs approachCS 2010

T. Hayes et al., “Vector Extensions for Decision Support DBMS Acceleration”.
MICRO 2012

L.Alvarez,eftal., “Hardwaresoftware coherence protocol for the coexistence of
caches and local memorieSC 2012

M. Valero et al., “Runtim@ware Architectures: A First ApprodcBuperFRI
2014

L.Alvarez,etal., “HardwareSoftware Coherence Protocol for the Coexistence of
Caches and Local Memoriel€EE TC 2015

Romo !’7>ject



RoMoL...papers

M. Casas et al., “Runtim®wvare Architectures’'EuroPar 2015

T. Hayes et al., “VSR sort: A noxggdtorisedsorting algorithm & architecture
extensions for future microprocessorsfPCA 2015

K.Chronaket al., “CriticalityAware Dynamic Taskchedullindor
Heterogeneous ArchitecturesiCS 2015

L. Alvarez et al., “Coherence Protocol for Transparent Management of
Scratchpad Memories in Shared MemdganycoreArchitectures”ISCA 2015

L. Alvarez et al., “Rdhime Guided Management of Scratchpad Memories in
Multicore Architectures’PACT 2015

L.Jaulmeset al., “ExploitingAsycnhronyfrom Exact Forward Recoveries for DUE
In Iterative Solvers’SC 2015

D.Chasapiet al., ‘PARSECS3svaluatinghe Impactof TaskParallelismn the
PARSEBenchmarkSuite.” ACMTACO 2016

E. Castilleet al., “CATA: Criticality Aware Task Acceleration for Multicore
ProcessorsIPDPS 2016

Romo !’7>ject



RoMoL...papers

T. Hayes et dlFutureVectorMicroprocessoExtensiongor DataAggregations
ISCA 2016.

D. Chasapigt al., “RuntimeGuidedMitigation of Manufacturing Variability in
PowerConstrained MultiSocket NUMANodes.”ICS 2016

P.Cahenyet al.,“Reducing cache coherence traffic with hierarchical directory
cache and NUMAware runtimescheduling.PACT 2016

T. Grass et al., “MUSA: A mildtvel simulation approach for negeneration
HPQmachines."SC 2016

|. Brumaret al.,"ATM: Approximate Tadldemoizationin the RuntimeSystem.”
IPDPS 2017

K.Chronaket al,, “Task Scheduling Techniques for Asymmetric MCitre
Systems.IEEE TPDS 2017

C. Ortega et al. libPRISMAnN Intelligent Adaptation dPrefetchand SMT
Levels.ICS2017

V. Dimic et al., “RuntimAssisted Shared Cache Insertion Policies Based-on Re
Reference IntervalsEuroPAR 2017
Romo!xnect



RoMoLTeam

e Riding on Moore’s LaviROMol, hitp://www.bsc.es/romol)
« ERC Advanced Granty8ar project 2013-2018.

e Our team:
 CS Department @ BSC
o PI: Project Coordinators:
 Researchers: Postdocs:
e Students:

e Open for collaborations!

RO{V\O !Taject
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Roadmapgo Exaflop

with domestic
technology.

From K computer...

... to Post K

with domestic
technology.

From Tianhe..

...to Tianh&A

with domestic
technology.

IPCEI on HPC

From the PPP for
HPC...

to future PRACE
systems...

..with domesti
technology =




HPC is a global competition

“Thecountrywith the strongestcomputingcapability
will hostthe world’snextscientificbreakthrough

USHouseScienceSpaceand TechnologyCommitteeChairman
Lamar Smith(RTX)

“Our goal is for Europe to become one of the top 3
world leaders in higiperformance computing by 2020

EuropeanCommission President
JeanClaudeJunckern27 October2015)

“Europe can develop axascalanachine with
ARM technology. Maybe weeed an

consortiumfor HPC and Big Ddta

SeymourCrayAward CeremonyNov. 2015
Mateo Valero



HPC: a disruptive technology for Industry

“The transformationalmpact of
excellent science in research and
iInnovation

Finalplenary panel atiCT- Innovate, Connect,
Transform conference?2 Oct 2015, Lisbon.

“...Européas a unigue opportunity to act and
Invest in the development and deployment of High
Performance Computing (HPC) technology, Big

Data and applications to ensure the

competitiveness of its research and its industries

GuntherOettinger, DigitaEconomy & Society
Commissioner



BSC and the EC

Finalplenarypanel at ICT- Innovate,
Connect,Transfot m conference22
October 2014.isbon Portugal

the transformational impact of excellent science in
research and innovation

“Europeneeds to develop an entire
domesticexascalestack from the
processor all the way to the system
and applicatiorsoftware”

Mateo Valero, Director of Barcelona
Supercomputingenter



Mont-BlancHPCStackfor ARM

Industrial applications

Applications

System software

Hardware



BSC Accelerator RISO/ 1SA

Vector Unit
Flas - 2048b vector
FlasilFlas - 512balu (4clk/op)
ENNENEEEER IIIIIIIIIIIIIIII(:¥I(:|I(=:]I?IIIIIIIIIIIIIII F L GHZ @/mln
Inte@s& ___________ =
cyclone - 000
Package substrate - 4w Fetch
FlasiliFlas 164KB 13
- Decoupled I$/BP
| s (e .2 level BP
Interposer - Loop Stream Detector
512Risc\tores in 64 clusters, 16GF/core: 8TF 4w Rename/Retire
4 HBM stacks (16GB, 1TB/s each): 64GB @ 4TB/s D$
16 custom SCM/Flash channels (1TB, 25GB/s eh6fB @ 0.4TB/ :Z‘lngHne
- 128 inflight misses
- Hardwareprefetch

1MB L2 per core

D$to L2
- 1x512b read
- 1x512b write

L2 to mesh
- 1x512b read
- 1x512b write

Cluster holds snoop
filter
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HPCEuropeanstrategy & Innovation

Awindow of opportunity is open:

e Basic industrial and scientific kndvwow is available

* Excellent funding opportunities exist in H2020 at European lev
and in the member state structural funds

o

- )

Do weneedan

type consortium for HPC and Big Data?

http://ec.europa.eu/commission/2014019/oettinger/blog/matecvalero

director-barcelonasupercomputingcenter_en



http://ec.europa.eu/commission/2014-2019/oettinger/blog/mateo-valero-
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Arewe planningto upgradée?.. Negotiating our next site ;)
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