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Software Pipelining Technique
Based on Four-Phase Manual Optimization
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(1. College of Computer & Communication Engineering, China University of Petroleum, Dongying 257061;
2. Microchip Research Center, Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100080)

Abstract For embedded systems with very limited memory resources, code size becomes one of the most important optimization concerns. Using
the oprofile profiling tool, this paper focuses on the Four-Phase Manual Optimization(FPMO) for the software pipelining technique when running
the EEMBC benchmark. Experimental result of telecom-autocorrelation shows the FPMO method gets 40.678% performance promotion by
increasing 2.04% code size but the pure compiler automatic optimization trades 38.33% performance improvements by 33.35% code size expansion.
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CPU: ICT GODSONZ2, speed 661.725 MHz (estimated)
Counted CPU_CLK_UNHALTED events (Cycles outside of
haltstate) with a unit mask of 0x00 (No unit mask) count 30000

samples % symbol name
17734 99.9944 fxpAutoCorrelation
1 0.0056 t_run_test
99.994 4%
fxpAutoCorrelation
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CPU 30000 )
(1) : [* Compute AutoCorrelation */

2) 24 0.1353: for (lag = 0; lag < NumberOfLags; lag++) {
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(3

4)

(5)
STEP_SIZE;

:Accumulator = 0;
:LastIndex = DataSize - lag;

:for (i = 0; i < Lastindex_z; i++) {
:401514:  blez t4,401570 <fxpAutoCorrelation+

:Lastindex_z = Lastindex - Lastindex % 0x80>

(6) 8011 45.1706: for (i = 0; i < LastIndex_z; i++) {
(7) 9699 54.6885: Accumulator += ((e_s32) InputData[i] * 3 0.0169:401520: move  tO,t6
(e_s32) InputData[i+lag]) >> Scale;
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CPU

:401518: move t3,zero
:40151c:  move t1,a0

:401524:  move t2,zero
:Accumulator += ((e_s32) InputData[i] * (e_s32)

(6)~(8) InputData[i+lag]) >> Scale;

7309 41.2123:401528: lh v0,0(t1)
:40152¢:  |h v1,0(t0)
1983 11.1813:401530: addiu  t2,t2,1
:401534: mult vO,vl
5987 33.7581:401538:  addiu  t1,t1,2
:40153c:  addiu  t0,t0,2
2390 13.4762:401540: mflo v0
:401544:  srav v0,v0,t5
:401548:  bne t2,t4,401528 <fxpAutoCorrelation+
0x38>
:40154c:  addu t3,t3,v0
38 0.2143:401550: sra v0,t3,0x10
:401554:  addiv  t7,t7,1
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