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Implementation and Evaluating of a 2D Lagrange-Euler Method on
MASA Stream Processor

ZHANG Chun-yuan WEN Mei WU Nan XUN Chang-qing WU Wei
College of Computer National Univ. of Defense Technology Changsha 410073 China

Abstract Modern semiconductor technology allows us to place hundreds of functional units on a single chip which provides limited
global on-chip and off-chip bandwidths. General purpose processor architectures have not adapted to this change in the capabilities and
constraints of the underlying technology still relying on global on-chip structures for operating a small number of functional units. Stream
processors on the other hand have a large number of functional units and utilize multiple register hierarchies with high local bandwidth
to match the bandwidth demands of the functional units with the limited available off-chip bandwidth. This paper describes the
microarchitecture of MASA and presents the implementation of the application in fluid dynamics. We developed cycle-accurate simulator
to evaluate the performance. The results show that the application on 500MHz MASA outperforms a 1.6G ltanium2 by a factor of 4. This
research confirms that stream architecture has the potential to deliver high performance.
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Fig.2 One column of data and it’ s stream format the left figure is the mormal format the right figure is the stream format

1
1-24 23 - 46

24

kernel ) 2
Kernel

2.2

MASA

kernel Kernel 18 kernel

Ygx2 kernel




46 2006 4
) kernel
kernel
load  SRF kernel
Ygx2 kernel 12
kernel
kernel kernel
2.3
MASA 1 LRF Kernel 2 SRF
Kernel - Yex2 kernel
- kernel
4 Yegx2 Kernel LRF
SRF Ygx2 Kernel
3
ISIM Imagine MASA C++ Xilinx
Vertex4 FPGA 6= C++ MASA
ALU 500MHz 64b SRF
512KB 1 Yex2
1 Yex2
Tab.1 Some experiment data of stream Ygx2
Memory P SRF LRF e ALU P
GB/s GB/s GB/s Gflops memory®
5.3 51.2 1248 40 36
2.4 7.3 384 24.2 18.4 76
76 memory
0.380% 0.36%.0-32% O ihMemorvif il
Ygx2  MASA IPC  24.2 @ host At
18 . 4Gflops 11.8s Bl hanl TR
kernel  cluster O kemel i35 9b
kernel cluster 0 ucode HIAE
SRF Kernel kernel B chuster stall
Kernel O Pl A%
ucode
MEMORY 3 3 Yg2
Yex2 40% Fig.3 Execution time breakdown of stream Ygx2
Kernel Kernel 18.25% 37.23%

SICIS]



MASA 47
Ygx2
2 Yex2 8 500MHz 1.6GHz
Itanium -03-fast 4
2 Ye2
Tab.2  Performance of Ygx2 on other perocessors
Alpha21264 MIPS R14000 Alpha21264 Intel Itanium2
500MHz 600MHz 800MHz 1GHz
131.30 s 87.85 s 93.30 s 67.16 s
1.00 1.49 1.41 1.96
Alpha21264 Power4 Intel Itanium2 MASA
1.25GHz 1.3GHz 1.6GHz 500MHz
35.20 s 98.28 s 4.3 s 11.8 s
3.73 1.34 2.96 11.1
4
Ygx2 Merrimac StreamSPAS  streamFEM-
3D streamFLO streamMD ° memory SRF
LRF 1:3:100 1:10:200 SRF
SRF 1 MEMORY
2 MEMORY 3 4
5 -
6 —
4
10
B0% |—
60% — _—
40% |— —-—
209 l : —
o, - B B E—. .
FFT2D RS RijnDacl MPEG FEM3D FEMZD MD YGX2

W i

O AR A =3 - i 28 4 D B

O3 el oy i
0O mi7

OO Al = - s 3 R Bk

O iyl

4

Fig.4 Stream level memory access breakdown of some intensive-computing applications
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