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Loop Unrolling and Data-Path Generation of Sliding-Window Operation
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? (Logistics Science Research Institute, Beijing 100071)

Abstract  Window operations which are computationally intensive and data intensive are fre-
quently used in image compression, pattern recognition and digital signal processing. Reconfigu-
rable hardware boards provide a convenient and flexible solution to speed up these algorithms.
Based on a memory and data schedule method as well as the method of data-path generation, this
paper studies the effect of loop unrolling on the area, clock speed and throughput for sliding win-
dow operations. The results indicate that due to the unique design of the compilation framework,
inner loop unrolling makes the controllers become more complicated than outer loop unrolling and
increase more requirements of areas at the same time. However, outer loop unrolling demands
more memory elements to keep the reused data. The clock speed begins to decrease when the
number of RAM modules extends to a certain size, and the throughput increase in different de-

grees for different operations.
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char I[SIZE]|[SIZE], O[SIZE]|[SIZE];
int 1, «2, threshold;
for (i=0;i < SIZE;i++){
for (j=0; j< SIZE; j++){
wl = Ii—1][j+1]+2*I[i)[j+1]+Ili+1][j+1]—
Ali—t=1]+2* =1+ Il+1=11)
w2 = i+ 11— 1]+25[i-+1 ][I~ I[i+1[+1]) —

(Ili=1][j=1]+2*I[i—1][j]+I[i—=1][j+1]);
if (CabsCul)+abs(u2)) <threshold)
Oli][j]="0xff";
else
O[i][j]="0x00";
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for(i=1;i<62;i=i+2){
for(j=1;j<62;j=3+2){

Cli—1[j—=1]=ALi=1[j= 1]+ AL =11+ AL - 1][j+ 1]+ AL+ 1]+
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}
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Test.ir.c

Test.c void main()

void main() \

~compile test.c inti_3,j_4,k_5,sum_6,t1,

int i,j,k; 12,13,15,14;
int sum;
sum=0; sum_6 = 0;

for(i=0;1<<10;1++) i_3=0;

{ 11=i_3< 10
sum=sum-+1i; config.sparc T_> :_!T];
) if (15)gotoLL1;
LL3:

}

t4 = sum_6 +i_3;
sum_6 = t4;
LL2:
12 =1i_3;
13 =12+ 1;
i3 =13;
tl =1_3<10;
if (¢1) goto LL3;
LL1:
}
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for(i=0; i<<M; i++)
for(j=0; j<Nj; j++)
(
\

middle +=A[K*i+k]*B[ N*k+j];
}
}

for(k=0; k<K; k++)
{ A[K*i+k]
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# edge_id dep_type distance src_node_id dest_node_id
# node_id op_name: operand_type:
Nodes Edge
0 ADD 0  FlowDepend 0 0 1 LeftOperand
1 MUL 1  FlowDepend 0 1 3 LeftOperand
2 ADD 2 FlowDepend 0 2 3 RightOperand
3 ADD 3 FlowDepend 0 3 4 LeftOperand
4 LOAD 4 FlowDepend 0 4 10 LeftOperand
5 MUL 5  FlowDepend 0 4 48 RightOperand
6 ADD 6  FlowDepend 0 5 7 LeftOperand
7 ADD 7  FlowDepend 0 6 7 RightOperand
8 LOAD 8  FlowDepend 0 7 8 LeftOperand
9 MUL 9  FlowDepend 0 8 9 RightOperand
10 ADD 10 FlowDepend 0 9 10 RightOperand
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(e) Sobel edge detection
&9 R v 25 RIS A 0 3% I 10 S JR F 109 8 1AW 1L

N e — 25 BE T B R T X R S AL AN A 5
BRI » F AT 47 ] 22 B8 R 53 30 2K A B 2y S

WA 20 R T B AZ AR 00 » 23 G S R A3 1 o [ i
x 1 hdg il TP K SmartBuffer K/NFITE

e Hindeft 256G, i B s B M Ml 2 5 f SR
F1 MAEFMIRER

il b A J SmartBuffer 185 FH 0 77 ik B FEHPR S e
WA LRSS PN PR EE /B Slices % Slices % L1 Stices

Unl 5 512 166 63 96 37 262

Un2 6 512 228 68 108 32 336

5-tap FIR Un4 8 512 228 84 129 16 789

Un8 12 512 1321 90 151 10 1472

Unl6 20 512 3314 94 204 6 3518

Unl 9 512 79 35 145 65 224

Un2 10 512 155 49 160 51 315

9-tap Moving Filter Un4 12 512 310 63 181 37 491

Un8 16 512 626 73 236 27 682

Unl6 24 512 1254 78 351 22 1605

Unl X1 4 1024 69 38 115 62 184

Unl X2 6 1536 136 51 133 49 269

Un2 X1 6 1024 136 47 152 53 288

SHARP Un2 X2 9 1536 270 63 162 37 432

Un2 X4 15 2560 548 73 204 27 752

Un4 X 2 15 1536 548 70 232 30 780

Un4 X4 25 2560 1100 80 283 20 1383

Unl X1 9 1536 84 36 141 64 235

Unl X2 12 2048 174 53 152 47 326

Un2 X1 12 1536 174 51 170 49 344

Lowpass Filter Un2 X2 16 2048 348 67 174 33 522

Un2 X4 24 3072 681 75 224 25 905

Un4 X 2 24 2048 681 74 241 26 922

Un4 X4 36 3072 1354 83 287 17 1641
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WA LRSS KN PRSI/ B Slices % Slices % A Slices B3
Unl X1 9 1536 73 35 137 65 210
Unl X2 12 2048 142 49 148 51 290
Un2 X1 12 1536 142 47 163 53 305
Sobel Un2 X2 16 2048 288 63 168 37 456
Un2 X 4 24 3072 580 73 220 27 800
Un4 X2 24 2048 580 71 238 29 818
Un4 X 4 36 3072 1160 80 282 20 1442
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putation and data manipulation. Reconfigurable hardware
boards provide a convenient and flexible solution to speed up
these algorithms.

High level synthesis is increasingly recognized to be the
key to reducing the complexity of hardware design. Howev-
er, the memory structure has become the performance bottle-
neck. This paper presents a parameterized memory architec-
ture for high level synthesis to automatically generate the
hardware frames for all window processing applications,
gives a design for three levels memory structure to realize in-
ner-loop and outer-loop data reuse completely, and at the
same time uses shifted registers to make hardware design
simpler. Based on the memory and data schedule method as
well as the method of data-path generation, this paper studies
the effect of loop unrolling on the area, clock speed and

throughput for sliding window operations.



