W2 1M it A HL =5 Eire Vol. 32 No. 1
2009 4F 1 A CHINESE JOURNAL OF COMPUTERS Jan. 2009

B S EINEF B TR FPGA FiRH
ST K &R

#T8 E B R @ ARK
D ORE O R 91655 FBL JERT 100036)
D (E PR RAR R AT AR KY 410073)
VP E AR A 61785 #BEA - JLat 100075)
VORJE R BRERT R M E  JEat 100071

@ E TFPGA NIMETESER N ARG T — 30 & 6. 8. h TR B3R R — 0T . &
TR KRR I F AL 10 22 1 96 8 7 43 B B S B FPGA | $UAT 4 — A8 SRR AT 58 B8 e T 5 o il
FPGA LIHRAT T —MEFREF  FPGA B R DR FHAT S R 5 A TR ZEEL SCh it 7 —41 2 8k
WK LA I Hh T A DL 9 15 4 23 O IR BE SR M L SCBL T [ Sl ke 2 0 B PR L IR B H AR FPGA R B R 48 [l i)
TERE PP U AT E9E 4T FPGA Y. SCIR 4 R R WL W BB AR 7 . SO B0 MR K R RE 8 3 5 & AT A
5 AR AR 2 B AT 15 91 ) IR 555 2 T 2 e U 4 I £ A I ]

KEIE IEHFPGA; WK LB 5 15 4 I BE
HEESES TP302 DOI 5 10. 3724/SP. J. 1016. 2009. 00152

Pipelined Template for Mapping Multiple Loop Nests on FPGA with
Restricted Resources

DONG Ya-Zhuo” DOU Yong” SONG Jian” Liu Ming-Zheng"
D (Unit 91655, People’s Liberation Army Beijing 100036)

2 (School of Computer» National University of Defense Technology» Changsha 410073)
D (Unit 61785, People’s Liberation Army Beijing 100075

Y (Application Laboratory . Logistic Science and Technology Research Institute, Beijing 100071)

Abstract FPGA provides a convenient and flexible solution to speed up loop-intensive algo-
rithms. However, these loop nests in a large scale application have to be mapped onto the target
FPGA orderly because of the limited resources on-chip. FPGA reconfiguration which needs a long
time is inevitable when switching between the loop nests. This paper presents a pipelined tem-
plate and instruction schedule method corresponding to execute all the loop nests in sequence
without FPGA reconfiguration. Experiments show that the pipelined template can achieve a com-
parative execution cycles for a loop comparing with the special hardware and without the need of

FPGA reconfiguration.
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> n
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FMUL]  Deb T oz 1 98131 3 2
| Pos [2.3] 4 58099  [7.9] 4 180917 [2.3] 58099 4 4
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processing  STORE, ~forward 1,0,2] 6 1,0,8] 0 18] 68
ABS, [8,3,5, [30,10,17, ’
MIN] DT_backward 1.0,2] 4 20443 1.0,8] 1 68860 1 1
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Kernel set Kernel S AL Hi Sfb)E [i§
crmense ¢ ADD MUL LOAD  STORE  FADD FMUL e i it R
R K1 0/0 X 0/0 0/0 1/1 0/0 0.33 0.33 0
Livermore
K2 0/0 X 1/1 0/0 1/1 2/1 1.33 1.0 0.33
kernel ,
K7 0/0 X 0/0 0/0 1/1 1/1 0.67 0.67 0
PR ADD:2, MUL.0, LOAD:3, STORE:1, FADD:3, FMUL.3
DiffEq 5/1 2/0 X X X X 4.8 0.8 4
HLSynth92 o
Elliptic 7/1 2/0 X X X X 5.2 0.8 4.4
gl ADD.3, MUL.2
De3 2/0 0/0 0/0 0/0 0/0 0/0 0.55 0.0 0.55
Mediabench Ded 1/1 0/0 0/0 0/0 0/0 0/0 0. 36 0. 36 0
De6 2/1 0/0 2/0 0/0 0/0 2/0 1.45 0. 36 1. 09
gl ADD:3, MUL:2, LOAD.2, STORE:1, FADD.1, FMUL.2
Pos X X X X 2/1 1/1 3.08 2.31 0.77
Kalman filter Align X X X X 2/1 0/0 1. 85 1.23 0.62
Shape X X X X 3/1 3/1 7.38 1. 69 5.69
PR FADD:6, FMUL.7
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called window operations. This kind of applications is widely

They concentrates on one class of applications

used in signal, image and video processing and requires much
computation and data manipulation. Reconfigurable hardware
boards provide a convenient and flexible solution to speed up
these algorithms.

This paper presents a pipelined template and instruction
schedule method corresponding to execute all the loop nests
in sequence without FPGA reconfiguration. Experiments
show that the pipelined template can achieve a comparative
execution cycles for a loop comparing with the special hard-

ware and without the need of FPGA reconfiguration. Thus

the pipelined template is better.



