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Abstract:  Software pipelining tries to improve the performance of a loop by overlapping the execution of several
successive iterations. Modulo scheduling is a kind of widely used scheduling technique. The drawbacks of software
pipelining, such as increased register pressure, would sometimes degrade the performance improvement that
software pipelining gains. This kind of cost varies with the processor architecture, compiler optimization, and
characteristics of programs. In this paper, a program characteristics oriented cost model for software pipelining is
proposed, and the cost is evaluated in some aspects. A dependency based cost testing (DBCT) algorithm is
developed to provide information for the compiler to decide whether to apply software pipelining or not.
Experimental results show that DBCT algorithm boosts performance greatly.
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Bool Decision_For_ SWP {
/* 1. loops with low trip count */
If (trip_count<C1) return false;
/* 2. loops with too many operations */
If (num_of ops>C2) return false;
/* 3. DBCT algorithm */
Build_DDG(Q);
RecMII=Compute RecMII(g,cyclic);
CPL=Compute CPL(g,acyclic);
If (CPL<=RecMII) return false;

+

Fig.3 Software pipelining decision framework
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Table 1 Cost of software pipelining

1
Benchmarks L2 cache miss RSE reference Percentage of 1-stage SWP-ed
Ratio (SWP/No-SWP) Ratio (SWP/No-SWP) loops (%)
CG 2.10 1.95 26
EP 1.58 1.44 25
FT 2.07 245.45 6
IS 1.08 1.00 50
MG 1.01 1.01 12
Average 1.31 41.81 19.83
4 5 5  kernel benchmarks 102 (SO) (1D
4 35% 65% .5 70%
5 / / ,
Percentage of loop (%) 25T Percentage of loop (%)

40

Nest level

Fig.4 Distribution of nest level
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Fig.5 Distribution of II

4 5
3.2 DBCT
ORC 2 s 3, DBCT
2 1 R 5 NAS kernel benchmarks, 4 SPECfp2000. 2
DBCT , TDBCT/Tx100%. 3 DBCT
Table 2 Performance of the DBCT algorithm
2 DBCT
Benchmarks Speedup (%) # of SWP-skipped loops
CG 9.49
EP 0.07 1
FT -0.75 2
IS 16.46 5
MG -2.85 6
171.swim 1.22 1
177.mesa 5.45 426
183.equake 20.02 9
200.siztrack 6.84 169
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