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Abstract: Recently, General Purpose computing on GPU (GPGPU) has frequently been used as an acceleration tech-
nique in High Performance Computing (HPC). Most of the GPUs used in GPGPU are discrete GPUs which are con-
nected to CPUs via general purpose buses. Therefore, they are not effective for fine grained parallelism because of
their large latency in a context switch and slow data transfer. Heterogeneous System Architecture (HSA), which has
been developed recently, provides unified memory access including the virtual space between CPU and GPU without
the transfer (Heterogeneous Uniform Memory Access) and job queuing without kernel context switch (Heterogeneous
Queuing) in order to address this problem. However, there is no previous research on the effectiveness of HSA in HPC.
In this paper, from the viewpoint of latency and bandwidth in data access and job queuing latency, we evaluated the
performance of Godavari that is an APU implements HSA.
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Table 1 Memory Support List

Device Al10- Xeon ES5S- | RadeonR9 | GTX
7850K 4600 v3 Fury X TITAN X

Manufacturer | AMD Intel AMD NVIDIA

Type CPU CPU GPU GPU

Memory DDR3- DDR4- HBM1 GDDR5
2400 2133

BW*!(GB/s) 384 68 512 336.5
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Fig. 1 The Features of HSA
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Table 2 Test Platforms
Platform Name CPU (OpenMP) iGPU (HSA) iGPU (OpenCL2) | dGPU (OpenCL1)
Runtime OpenMP HSAIL.0 OpenCL2.0 OpenCL1.2
Kernel Ubuntu 3.19.0-42 | Ubuntu 4.0.0-100002 | Ubuntu 3.19.0-42 | Ubuntu 3.19.0-42
GPU - Godavari Godavari Radeon HD 7970
Microarchitecture - GCN 1.1 GCN 1.1 GCN 1.0
Manufacturing Process | - 28nm 28nm 28nm
Compute Units - 8 8 32
Hardware Threads - 512 512 2048
Memory Bus Type - DDR3 DDR3 GDDRS5
Memory Bandwidth - 38.4GB/s 38.4GB/s 264GB/s
Memory Type - Shared Shared Independent
Device Memory - - 2274MB 2962MB
Local Memory - - 32KB 64KB
Core Clock Frequency | - 866MHz*? 866MHz*? 925MHz
Peak FLOPS - 886.784GFlop/s 886.784GFlop/s 3788.8GFlop/s
Bus interface - - - PCle 3.0 x16
CPU A10-7870K
Processor Clock 3.9GHz*?
System Memory 16GB (DDR3-2400)*3
Cache L1: 64KB, L2: 4AMB
Motherboard ASUS CROSSBLADE RANGER
Chipset AMD A88X FCH
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Fig. 2 Flowchart of Conventional Task Offloading [3]
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Fig.3 Flowchart of HSA Task Offloading [3]
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Table 3 Basic Benchmark Results

Platform CPU dGPU iGPU

Runtime OpenMP | OpenCL1 | OpenCL2 | HSA
Tq (us) <1.2 36.9 38.0 5.0
T (ps) <12 59.6 1.6 1.2
BW (GB/s) || 19.4 11.5 18.4 19.5
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