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Abstract This article presents a method of merging functions during high-level synthesis whose inputs are as-
sembly codes generated by a compiler front-end. While synthesizing functions in programs into separate hardware
modules is one of the major approaches in hardware/software codesign, the overheads for passing arguments, return
values, and control will not be negligible when inter-function calls are made frequently. Our method attempts to
reduce the overhead by merging multiple functions into a single hardware module. The functions are merged by
“goto conversion” so that hardware function modules are callable both from the other hardware function modules
and the software program. We take advantage of the fact that all the necessary tasks associated with function calls
are incorporated as well as optimized in assembly codes generated by a front-end compiler, so that the major part of
the merger tasks is done in source code level transformation. By the merger, hardware cost, as well as the overhead
for inter-function calls, is reduced due to resource sharing among the functions. The preliminary experiments based
on ACAP high-level synthesizer showed that the number of the execution cycles is reduced by 15% while the FPGA
LUT count is reduced by about 60%.
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main.c sub.c

1 int f1(int al); 1 int f1(int al)

2 int £2(int a2); 2 {

3 int £3(int a3); 3 int x1 = al + 1;

4 4 int r1 = £3(x1);

5 int main(void) 5 return ri;

6 { 63

7 int al = 1; 7

g int r1 = fi(al); g %nt £2(int a2)

10 int a2 = 5; 10 int x2 = a2 + 10;

11 int r2 = f2(a2); 11 int r2 = £3(x2);

12 12 return r2;

13 int a3 = 10; 13 3

14 int r3 = £3(a3); 14

15 15 int £3(int a3)

16 return 0; 16 {

17 ¥ 17 int r3 = a3 * 10;
%g return r3;

(a) SWOOODODOOOOD
(b) HW 000000

sw_sub.c hw_sub.c
1 int _RUN_f1; 1 extern int _RUN_f1;
2 int _ARG_fl 0; 2 extern int _ARG_f1_0;
3 int _RET_f1; 3 extern int _RET_f1;
4 int _RUN_f2; 4 extern int _RUN_f2;
5 int _ARG_f2_0; 5 extern int _ARG_f2_0
6 int _RET_f2; 6 extern int _RET_f2;
7 int _RUN_£3; 7 extern int _RUN_£3;
8 int _ARG_f3 0; 8 extern int _ARG_£3_0
9 int _RET_f£3; 9 extern int _RET_f3
10 10
11 int f1(int al) 11 void _HW_funcil(void)
12 12 {
13 _ARG_f1.0 = 13 for(;;){
14 _RUN_f1 = 1; 14 while(!_RUN_f1){;}
15 while(_RUN_f1){;} 15 int al = _ARG_f1_0;
16 return _RET_f1; 16 int x1 = al +1;
17 3 17 ARG_£3_0 = x1;
18 18 _RUN_£3 = 1;
19 int f2(int a2) 19  while(_RUN f3){ }
20 { 20 int r1 = _RET_£3;
21  _ARG_ f2 0 = a2; 21  _RET_f1 = ri;
22 _RUN_f 1; 22 _RUN_f1 = 0;
23 wh1le( RUN f2){ } 23
24 return _RET_f2; 24 ¥
25} 25
26 26 void _HW_func2(void)
27 int £3(int a3) 27 {
28 { 28 for(;;){
29 _ARG_£3_0 = a3; 29 “wnile('_RUN_£2){;}
30 _RUN_£3 = 1; 30 int a2 = _ARG_f2_0;
31 while(_RUN fS){ } 31 int x2 = a2 + 10;
32 return _RET_f3; 32 _ARG_f3_0 = x2;
33 ¥ 33  _RUN_£3 = 1;
34  while(_RUN_£3){;}
35 int r2 = _RET_£3;

36  _RET_f2 = r2;

37 _RUN_f2 = 0;
(c)HW O DODOO Sw OoO 38 3}

39 ¥

40

41 void _HW_func3(void)

42 {

43 for(;;){

44 whlle(' RUN_£3){;}

45  int a3 = _ARG_f3_0;

46  int r3 = a3 * 10;

47  _RET_f3 = r3;
48  _RUN_f3 = 0;
49 3

50 ¥
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<_HW_stub>:

0<f1>:

1 addiu sp,sp,-32

2 sw ra,28(sp)

3 1w v0,32(sp)

4 sl zero,zero,0x0
5 addiu vO,v0,1

6 sw v0,16(sp)

7 lw a0,16(sp)

8 jal <f3>

9 sl zero,zero,0x0
10 sw v0,20(sp)
11 Iw v0,20(sp)
12 lw ra,28(sp)
13 addiu sp,sp,32
14 jr ra
15 sl zero,zero,0x0
16<f2>

LY RGREa—F

L

Sk (P -
1 BIHMOBEE(Set ARG)

=) ra< RY%E DFGID
Goto dfg(f3)
IR YE O B #%(Get RET)

|
:I Lo 25 ERa—F

=) Goto dfg(ra)

04 0O0O0OO0O0OOOOOOGOOOOOO

sw_stub.c hw_sub.c
1 int _RUN_sub; 1 extern int _RUN_sub;
2 int _ARG_f1_0; 2 extern int _ARG_f1_0;
3 int _RET_f1; 3 extern int _RET_f1;
4 int _ARG_f2_0; 4 extern int _ARG_f2_0;
5 int _RET_f2; 5 extern int _RET_f2;
6 int _ARG_f3_0; 6 extern int _ARG_f3_0;
7 int _RET_£3; 7 extern int _RET_f3;
8 8
9 int f1(int al) 9 void _HW_stub(void)
10 { 10 {
11 _ARG_f1_0 = al; 11 for(;;){
12 _RUN_sub = 1; 12  while(_RUN_sub==0){;}
13 while(_RUN_sub){;} 13 if (_RUN_sub==1)
14 return _RET_f1; 14 A
15 ¥ 15 int al = _ARG_f1_0;
16 16 _RET_f1 = f1i(al);
17 int f2(int a2) 17  } else if (_RUN_sub==2)
18 { 18 1
19 _ARG_£2_0 = a2; 19  int a2 = _ARG_£2_0;
20 _RUN_sub = 2; 20  _RET_£2 = £2(a2);
21 while(_RUN_sub){;} 21 } else if(_RUN_sub==3)
22 return RET_f2; 29 {
%Z } 23 int a3 = _ARG_f3_0;
24 ET_£3 = £ ;
25 int £3(int a3) o5 }'R -3 3(a3);
26 { -0-
27 _ARG_£3_0 = a3; gg }—RUN-Sub‘O’
28 _RUN_sub = 3; 28 }
29 while(_RUN_sub){;} 29
30 return RET_£f3; 30 int f1(int al)
31 } 31 {
32 int x1 = al + 1;
33 int r1 = £f3(x1);
(a) SW 0000000000 34 return ri;
35 }
36
37 int f£2(int a2)
38 {
39 int x2 = a2 + 10;
40 int r2 = £3(x2);
41 return r2;
42 }
43
44 int £3(int a3)
45 {

46 int r3 = a3 * 10;
47 return r3;

48 }
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