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Pipeline synthesis from multiple for-loops with
loop fusion

KENSHU SETO,™ TERUAKI TANAKA,?
SHUNSUKE SASAKIL,? Satosur Komarsut
and MASAHIRO Fujita 4

High-level synthesis from C is an effective technique for designing hardware
in short time. In particular, loop pipelining using high-level synthesis helps de-
sign high-performance hardware. However, most existing high-level synthesis
tools can only perform simple pipeline synthesis. In this paper, we propose a
method for synthesizing high-performance pipeline by applying several source-
level optimizations such as fusing successive loops before loop pipelining using
high-level synthesis. We also present formulae that show whether loop fusion
can improve the performance of synthesized hardware pipeline. Experimental
results showed that the performance of pipeline can be greatly improved by
fusing successive loops aggressively.
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void filter(int a[], int c¢[]) {
int b[10000], i
for (i =1, i <9999; i++) // LOOP L1

1 1 void filter(int a[], int c[]) {
2 2
3 3
4 b[i] = ali-1] - 2#a[i] + a[i+1]; 4
5 5
6 6
7 7

int b[10000], i:

for (i =1; i <9999; i++) // LOOP L1
bl[i] = ali-1] - 2«ali] + a[i+1]:

for (i =200; i < 9999; i++) // LOOP L2
c[i-100] = b[i-200] - 2*b[i-100] + b[i];

for (i =100; i < 9899; i++) // LOOP L2
c[il = b[i-100] - 2+b[i] + b[i+100];

02 0000000000
Fig.2 Loop alignment

01 00
Fig.1 Example
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void filter(int al], int c[]) {
int b[10000], i:
for (i =1; i <9999; i++) // LOOP L1
b[i] = ali-1] - 2#ali] + ali+1];

1 1 void filter(int a[l, int c[]) {
2 2
3 3
4 4
5 for (i =1; i <9999; i++) // LOOP L2 5
6 6
7 7
8 8

int b[10000], i:
for (i =1: i <9999: i++) { // LOOP L1+L2
bli] = ali-1] - 2*ali] + ali+1];
if (i>=200)
¢[i-100] = b[i-200] - 2%b[i-100] + b[il:
}

}

if (i >= 200)
¢[i-100] = b[i-200] - 2#b[i-100] + b[il:
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Fig.3 Guarded iterations
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Fig.4 Loop fusion
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void filter(int a[l, int c[]) {
int b[10000], i, tb1, tal, ta2, ta3:
tal = a[0]; tal = a[0];
ta2 = a[l]; ta2 = a[l1];

1 1 void filter(int a[], int c[]) {
2 2
3 3
4 4
5 for (i =1; i <9999; i++) {// LOOP L1+L2 o for §im l 1 <8999 i L//LO0P LIsL2
g 7
8
8

int b1[10000], b2[10000], i, tb1, tal, ta2, ta3:

= aTisdT- tad = ali+1]:
Al s thl = tal - 2+ta? + tad;
bli] = tb1; 9
9 if (i>=200) 10
10 cli-100] = b[i-200] - 2%b[i-100] + tb1; 1
" tal = ta2; 12
12 ta2 = ta3; 13
13} 14 ]
14} 15}
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Fig.5 Scalar replacement

b1[i] = tb1:
b2[i] = tb1:
if (i>=200)
¢[i-100] = b1[i-200] - 2#b2[i-100] + tb1;
tal = ta2;
ta2 = tald;

0e OOOoOO
Fig.6 Array duplication
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