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Problem Domain: Hybrid Computing ﬂ Hasso

Architectural Shift

Dealing with massivly multi -core:
Yy New architectures are evaluated (Intel SCCQC)

y" Accelerators (APUs) that accompany common
general purpose CPUs (Hybrid Systems )

Hybrid Systems

y" GPU Compute Devices:
High Performance Computing (3 of top 5

Theoretical

supercomputers are GPU  -based!), s
Business Servers, Home/Desktop 0 s oo e
Computers, Mobile and Embedded Systems I i

Yy Special -Purpose Accelerators:
(de)compression , XML parsing ke
(en|de )cryption , regular expression -
matching Y gl
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Problem Domain: Hybrid Computing
The Power of GPU Compute Devices

Theoretical
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Problem Domain: Hybrid Computing Hasso
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The Power of GPU Compute Devices Institut

(= | Cuda/GL Stable Flui

Fluids

.Uﬂing CUDA device [B]1: GeForce GTH 275
Sorting 1848576 32-hit wunsigned int keys and values

radixSort, Throughput = 74.6231 MElementzsz, Time = B.01485 =, Size = 1848576 el
ements, MumDevzlUsed = 1, Workgroup = 256

PASSED RadixSort




Problem Statement: Divergent Hardware
GPU Compute Capability by Version
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10 11 ]12 [13 |20

double precision floating

point operations No ves
caches No Yes
max # concurrent kernels 1 8
max # threads per block 512 1024
max # Warps per MP 24 32 48
max # Threads per MP 768 1024 1536
register count (32 bit) 8192 16384 32768
max shared mem per MP 16KB 48KB
# shared memory banks 16 32

Plus: varying amounts of cores, global memory sizes, bandwidth,
clock speeds (core, memory ), bus width, memory access penalties é



Our First Approach: Survey  and Guide ﬂ Hasso
Best Practices and Optimization Strategies

Institut

AAsynchronous, Recompute, Simple

Algorithm Design
VIEI eI (=Ig A Chaining, Overlap Transfer & Compute
Control Flow ADivergent Branching, Predication
Memory Types ALocal Memory as Cache, rare resource
Memory Access ACoalescing, Bank Conflicts
AExecution Size, Evaluation

Sizing

Instructions AShifting, Fused Multiply, Vector Types

Precision ANative Math Functions, Build Options

[ Feinbube , F, Troger, P, and Pol ze, A., i Fom Multithfeaded ePsogramming
to GPU Co mp u tEEESpftware , vol. 28, Oct. 2010, pp. 51 -57.]
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Problem Statement:;

Low-Level Progr. Model

Open Compute Language ( OpenCL)

Processing s I:l % Host
Element .
nnn l:l /
' Compute Device
Compute Unit P
Compute Device
Compute unit 7 Compute unit N
Private Private Private Private
memory 1 memory M memory 7 memory M
I . I ves
| pE1 | | PEM | . PE1 | | pEM |
i F Y [y
Local Local
memory 1 memory N
A y

| Global/Constant Memory Data Cache |

L3

L

A 4

| Global Memory |

| Constant Memory |

Compute Device Memory
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NDRange size Gy
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work-group size Sx
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Problem Statement: Low -Level Progr. Model Hasso

Open Compute Language ( OpenCL) Institut

f/ build the program
err = clBuildProgramiprogram, ©, HNULL, NULL, NULL,

/{ create the OpenCl context on a GPU device NULL) :
cl context = clCreateContextFromIvpe (0,
T CL DEVICE TYPE GFU, NULL, NULL, NWULL); f/ creats the ksrnel
kernel = clCreateRernel (program, “wvec add”, NULL):
/4 get the list of GPU devices associated with
CONTEXT /) s=t the args values
clGetContextinfo (context, CL CONTEXT DEVICES, O, err = clSetKernel2rg(kernel, 0, (void *) &memobis[0],
WULL, &ch): sizeof (cl mem)):
devices = malloc(cb); err |= clSetKernellrg{kernel, 1, (void *)&memcbis[l],
cletContextInfo (context, CL CONTEXT DEVICES, clb, gizeof (cl mem)):

Asviess, HULL) err |= cl3etEernelfrg(kernel, 2, (void *) &memcbis(Z],
sizgeof (cl mem)) ;
[/ creats a command-queues (cl_mem))
cmd queus = clCreateCommandlusue (context, _— . _ .
devices[0], 0, NULL): global work size[0] = n;

F{ set work-item dimensions

Jf =xecute kernsl

err = clEngueneNDRangeEernel (cmd queue, kernel, 1,
NULL, glcbal work size, NULL, O, NULL, HULL):

/f allocate the buffer memory objects

memobjs[0] = clCreateBuffer (context,
CL MEM EERD ONLY | CL MEM COPY HOST PIR,
sizsocf{cl float) *n, STch, - -

NOLL) ; } /) read output array
memobjs[l] = clCreateBuffer (context,CL MEM READ ONLY err = clEngueueReadBuffer (cmd queus, memobis[2],
CL MEM COPY HOST PIR, 313EDficl_f:oatT*%ﬁLsch; CL TRUE, 0, n*sizeof(cl float), dst, 0, NULL, NULL);

memobjs[2] =
clCreateBuffer (context, CL MEM WRITE CHNLY,
zizeof(cl floatc) ¥m,
NULL, -
NULL) :
/{ create the program
program = clCreateProgramdithSource (context, 1,
Eprogram source, NULL, NULL);
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Problem Statement: Low

-Level Progr. Model
Open Compute Language ( OpenCL)
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Define platform and queues I

= :::: 5 Rt
Define Memory objects

Build the program

- Create and setup kernel [

(roid *) dmemobis[0],

gizeof {cl mem})

1, (woid ®)amemobisfli],
zizeofl (ol

2, {woid *)imemcbis[2],

gizeol (el mem)) :

=i
meamd § o

[l set wc:urk—ltm d.l.l]EIlS-lﬂnS
global v ~ o

i _ Execute the kernel

Serr— 1t

1
NULL, global work size, NULL, 0O, HIIII.L H'EII..I.} :

TR T
D e RIS
Sl i

T R

L= S A
S PRl L b bt Lk b
i o e

ead results on the hnst

- Create the program _
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Astandard fi overhead
for an OpenCL program

© Mattson




Problem Statement: Augl yo Pgassoam
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Open Compute Language ( OpenCL) Institut
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IS OpenCL the solution to our parallel (intel)
programming problems?

e NO ... OpenCL is ugly

— Its great for expert programmers mapping software onto
low level hardware features.

- Its great for programmers who want full control over the
hardware.

- Its terrible for end-user or domain expert programmers

We need to develop parallel programming
technologies that will change the world and make
every programmer a parallel programmer.
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Possible Approach:

Use Avalilable Programming Models

ABCPL
ACE
ACT++
Active messages
Adl
Adsmith
ADDAP
AFAPI
ALWAN
AM

AMDC
AppLeS
Amoeba
ARTS
Athapascan-0b
Aurora
Automap
bb_threads
Blaze

BSP
BlockComm
C*,

"C*in C
C**

CarlOS
Cashmere
Cc4

CC++

Chu
Charlotte
Charm
Charm++
Cid

Cilk
CM-Fortran
Converse
Code
COOL
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CORRELATE
CPS

CRL

CSP
Cthreads
CUMULVS
DAGGER
DAPPLE
Data Parallel C
DC++
DCE++
DDD

DICE.
DIPC
DOLIB
DOME
DOSMOS.
DRL
DSM-Threads
Ease .

ECO

Eiffel

Eilean
Emerald
EPL
Excalibur
Express
Falcon
Filaments
FM

FLASH

The FORCE
Fork
Fortran-M
FX

GA
GAMMA
Glenda

GLU
GUARD
HA<L.
Haskell
HPC++
JAVAR.
HORUS
HPC
IMPACT
ISIS.
JAVAR
JADE

Java RMI
javaPG
JavaSpace
JIDL

Joyce
Khoros
Karma
KOAN/Fortran-S
LAM

Lilac
Linda
JADA
WWWinda
ISETL-Linda
ParLin
Eilean
P4-Linda
POSYBL
Objective-Linda
LiPS
Locust
Lparx
Lucid
Maisie
Manifold

Mentat
Legion
Meta Chaos
Midway
Millipede
CparPar
Mirage
MpC
MOSIX
Modula-P
Modula-2*
Multipol
MPI
MPC++
Munin
Nano-Threads
NESL
NetClasses++
Nexus
Nimrod
NOW
Objective Linda
Ocecam
Omega
OpenMP
Orca
OO0F90

P+t

P3L

Pablo
PADE
PADRE
Panda
Papers
AFAPL
Para++
Paradigm

Parafrase2
Paralation
Parallel-C++
Parallaxis
ParC
ParLib++
ParLin
Parmacs
Parti
pC
PCN
PCPE:
PH
PEACE
PCU
PET
PENNY
Phosphorus
POET.
Polaris
POOMA
POOL-T
PRESTO
P-RIO
Prospero
Proteus
QPC++
PVM
PSI
PSDM
Quake
Quark
Quick Threads
Saget+
SCANDAL
SAM

pCH+
SCHEDULE
SciTL
SDDA.
SHMEM
SIMPLE
Sina

SISAL.
distributed smalltalk
SML

SONiC
Split-C.

SR

Sthreads
Strand.
SUITF.
Synergy
Telegrphos
SuperPascal
TCGMSG.
Threads.h++.
TreadMarks
TRAPPER
uC++
UNITY

uc

A%

ViC*
Visifold V-NUS
VPE

Win32 threads
WinPar
XENOOPS
XPC

Zounds

ZPL
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Models from
the golden age
of parallel
programming
(~95 )
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Problems with that Approach : ﬂ Hasso
Too many options can hurt Institut
12
Choice overload 60
Too many options can hurt you
% 40
The Draeger Grocery Store experiment consumer 8
choice : . 30
o
y° Two Jam-displays with coupons for >
purchase discount .
Yy 24 different Jams /6 different Jams
3
y" How many stopped by to  try samples ? ]
y* Of those who tried, how many bought ? g 3 g 2
24 6
Programmers dondt need a gl 0 f'”d'@sffrOmB‘jJStt'dXS'B
. . that an extensive arr of options
give us something that works OK on every platform can at first seem highly appealing

we care about. Give us a de@‘ﬁ“‘é’”ﬁ“rif‘erS ‘ftcﬁnﬁorﬂcﬁrd

elrsubsequen motiva
do the rest. purchase the product
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Our Approach: E Hasso
Keep it Simple! Keep it Familiar ! Institut
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y Library for .NET
y" Executed on OpenCL -enabled GPUs and CPUs
y" Conceptis knownto developers; parallel -foris partof .NET 4.0

int [] data = ... // Get vector

Action< int > action = delegate( int  i){
data[i] = data[i]+1;

}

/[ based on Task Parallel Library

Threading.Tasks.Parallel. For (0O, dataSize , action);

Microsofts
Solution ==

Our

) /I Our Lib
Solution = urLibrary

Hybrid.Parallel.For (0, dataSize |, action);
Hybrid.Parallel.For (0,datSizeX,0,datSizeY ,action2D);




Implementation: ﬂ Hasso
Hybrid Parallel Library
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Hybrid.Parallel Library

OpenCL code as
String ( Platform
independent )

Application

Virtual Machine (.NE})

OpenCL OpenCL
Driver Driver

GPU Compute
Device

CPU

Hardware &
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