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Design and Implementation of a Programming Framework
achieving MPI-OpenCL Hybrid Parallelization

MUNEHIRO DoI1,t MASANA MURASE,t KUMIKO MAEDA,t
HipEakl KoOMATSU,t SHIGEHO NODAt and RYUTARO HIMENO®#

We have difficulties in programming parallel applications for heterogeneous systems, because
it requires parallelization of algorithms, optimizations for each architecture, and network pro-
gramming to exploit the performance from such systems. To address these problems, we have
proposed a parallel programming framework for heterogeneous systems, where an application
programmer constructs workflows of “components” that are subroutines optimized for each
architecture. Our compiler determines a data decomosition policy, assigns computational re-
sources to each component, and generates network code. This paper extends our framework to
handle both conventional MPI-based parallelization and language-level parallelizaiton such as
OpenCL or OpenMP. We implement a ray-tracing OpenCL component running in parallel on
a heterogeneous system with IBM POWERY, Intel Core i7 X980, and NVIDIA Tesla C2050.
With our framework, the compiler decomposes a rendering area and determines workloads to
each architecture. As a result, we achieved 23.5 fps for rendering a 1920x1080 image.
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01 UDOPOUO KERNEL OOOOODODOOO
Table 1 UDOP and KERNEL Annotation

Annotation H Description

UDOP Annotation

UDOP The name of

a UDOP

[udop-name]

IN (or '+7) An input port

for this UDOP

[type] [port-name]

OUT (or ’-") An output port

for this UDOP

[type] [port-name]

KERNEL Annotation

KERNEL [kernel_prototype] The prototype

of a kernel function

The base
UDOP for this kernel

BASE (or ’>’) [udop-name]

IN (or '4’) type] [port_name] Override port name,

memory_type] Specify memory type

Override port name,

memory_type] Specify memory type

[
[
OUT (or ’-") [type] [port-name]
[
[

ARCH The host machine

architecture to

host_architecture]

run this kernel

ACCEL accelerator] The acceleration
feature of this kernel
INIT [tnit_prototype] The prototype

of a inititialization
function

CLEAN [clean_prototype] The prototype
of a cleaning-up

function
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Fig.1 2-Level Programming Model.
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<node id="node" num="1">
<processor id="node_cpu_bundle"
architecture="x86_64*11" num="1"/>
<processor id="node_cpu" architecture="x86_64" num="1"/>
<processor id="node_gpu" architecture="oclgpu" num="1"/>
</node>

02 00000000O0O0O0O000000O0C0O0O0O000O0
ooooo

Fig.2 A hardware configuration using Resource Bundle.
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(a)
/// KERNEL conventional_kernel
/// ARCH z86_64

(b)
/// KERNEL OpenCL_kernel
/// ARCH ©86_64%11

03 U000 KERNELOODa 00000000O00O0O0ODO

0 KERNEL 00O 0ObO0O
Fig.3 A conventional KERNEL definition (a) and a KER-
NEL definition which requires a Resource Bundle.
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04 Juliad00OO0OO0ODOOOOO.
Fig.4 A renderered image of Julia set.

02 00000000ODDOOODD
Table 2 A system used for our experiments.

Node 1 Node 2A | Node 2B

CPU IBM POWERT7 Intel Core i7 X980
CPU Clock 3.3GHz 3.33GHz
Physical Cores 8 6
Hadware Threads 32 12
Host Memory 64GB 12GB
Network Interface 10Gb Ethernet 1Gb Ethernet

GPGPU N/A NVIDIA Tesla C2050

Compiler GCC 4.3.2 GCC 4.4.5
CUDA Version N/A 4.1RC2
OpenCL Version 1.1 1.0

Display None None | Yes
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Loop Counter gy, Raw Image
int32 Uint8[1920][1080]

all
COMPUTEH ENCODE

Compressed Image
uint8[1310720]

SRC DECODE }»

VIEWER
NOTE:

Viewer is shown here for understandability. Viewer
is actually not appear in a stream graph.

05 JuliaOODOODOODOODOOOODOOOOOOOOOO.

Fig.5 Stream graph for the Julia set renderer.

/% UDOP definition is an interface definition */
/// UDOP UDOP_JULIA_COMPUTE

/// +int32 counter_in

/// -wint8[][] out

UDOP UDOP_JPEG_ENCODE
+uint8/[][] counter_in
-int32 counter_out
-uint8[] out

UDOP UDOP_JPEG_DECODE
+uint8[] in

+int32 counter_in
-int32 counter_out

KERNEL definition */
KERNEL julia,kernel(oounta?,in,
+int32 counter_in
-uint8[1920][1080] out

> UDOP_JULIA_COMPUTE

INIT julia_init ()

CLEAN julia_cleanup ()
ARCH ©86_64[12],ppc64 [32]
/// ACCEL oclcpu,oclgpu

void julia_kernel (

rv_int32_t counter_in,
rv_uint8_t* out,

out$$)

const rv_int64_t* out_dim) {
snipped...

}

06 Julia0DOOOOODDOOOOOOOOODO UubDOPODODO
KERNEL 00O
Fig.6 UDOP and kernel definition for the Julia set
renderer.
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UDOPO OO KERNELOOOOOO
UDOP_JULIA.COMPUTEOOOOOOOOOO
OO0 UDOPOOOOKERNELOOOO OpenCL O
gobooooooooobooobooooooooon
O000OD0O000D0O0O0000D000OOpenCLO
gooboooboobooooobOoooobOoDbOon
goooooocpuOdOOO 1x1oGgpUOOOO
OpenCLODOOODOOOOODOOOOOODOOO
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<dppx>
<configuration>
<node id="nodel" num="1">
<processor id="nodel_cpu_bundle"
architecture="ppc64*32" num="1"/>

</node>

<node id="node2" num="2">
<processor id="node2_cpu_bundle"

architecture="x86_64%11" num="1"/>

<processor id="node2_cpu" architecture="x86_64" num="1"/>
<processor id="node2_gpu" architecture="gpu" num="1"/>

</node>

<connect architecture="mpi">
<peer id="nodel"/>
<peer id="node2"/>

</connect>

</configuration>
</dppx>

07 0000O0oooODOOODOOOOO
Fig.7 A hardware configuration file for for our

experiments.
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Loop Counteg > Rendered Image (Raw Format) Compressed Image
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Fig.8 Structure of the generated program.
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Fig.9 A comparison of frame rates.

03 JPEGUOODDDDDOOO0O0OOOmsecdO
Table 3 Overhead for JPEG codec (msec).

Node ENCODE KERNEL | DECODE KERNEL
Node 1 63.9 NA
Node 2A 14.1 NA
Node 2B 14.1 26.8
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