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Abstract This article presents a method of synthesizing relinkable hardware for hardware/software codesign uti-
lizing high-level synthesis. Recent development of high-level synthesis through binary codes or assembly codes has
enabled synthesis of functions in software programs into hardware modules callable from the software. In this
scheme, however, hardware description is susceptible to the changes on the software, especially the changes on the
addresses of the variables shared by software and hardware, so that the small changes on the software will lead to
resynthesis of hardware or the hardware can not be linked with the other software programs. To solve this problem,
we propose a method of synthesizing hardware which is less sensitive to the software changes and thus linkable to
modified or different software programs without resynthesis. This is realized by synthesizing hardware from un-
linked codes instead of linked codes, and a table of the addresses of the shared variables is passed from the software
to the hardware. Since the task of creating and passing the address table is added by source code modification,
little modification is needed on the synthesis system. We synthesized hardware modules according to the proposed
method to confirm they are immune to the changes on the software part, and the hardware modules are linkable
to different main programs, though extra cycles to pass the address tables are needed during initialization of the

hardware modules.
Key words High-Level Synthesis, hardware/software codesign, relinkable hardware, ACAP
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int g;

int main(void) // swOOOOO

int v = f1(x,y);

OO UTRWN
— -~

10 int f1(int a, int b) // HWO OO
11 {

13 return r;

() 0000000000

int g;

int _RUN_f1;
int _ARG_f1_0;
int _ARG_f1_1;
int _RET_f1;

int main(void) // swOOOOO
{

OO UTEREWN -

10 int v = £1(x,9);
123y
14 int f1(int a, int b) // SWOOOOO

16 _ARG_f1_0
17 _ARG_f1_1
18 _RUN_f1 = 1;

19 while(_RUN_f1){;}
20 return _RET_f1;
21 3}

a;
b;

=l

23 void _HW_f1(void) // HW O OO
24 {
25 for(;;)

{

27 while(!_RUN_f1){;}
{
29 int a,b;

30 a = _ARG_f1_0;
31 b = _ARG_f1_1;

33 ;ééT_ﬂ =r;
34 3
35 _RUN_f1 = 0;
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1 int f1(int, int); 1 int f1(int, int);
2 int g; 2 int g;
3 3
é int main(void) % int _main(void)
6 ... 6 ...
7 f1(x,y); 7 f1(x,y);
8 ... 8 ...
913} 9}

10

11 int main(void)

%% ¢ ( )

; _INI_f1(void);
(a) main 0O 14 _main(void);
15 return 0;
16
(b) main DO OO0

1 extern int g; void* volatile _RUN_f1;
2 extern int g;
3 int fi(int a,int b) int _ARG_f1_0;
4 { int _ARG_f1_1;
5 ... int _RET_f1;
6 return r;
7% void _INI_f1(void)
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&g,

int f1(int
{

_ARG_f1_0
_ARG_f1_1
_RUN_f1 =
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&_ARG_f1_
&_ARG_f1_
& _RET_f1,

void* volatile addr_table[]=
{

0,
1,

};
_RUN_f1=(void*)addr_table;
while(_RUN_f1){;}

a,int b)
a;

b;
(int *)1;

while (_RUN_f1){;}

return _RET_f1;
}
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void _
while
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for(;

int
a =
b =

*_I

HW_f1(void)

/x 000 =/

('_RUN_£1){;

_g_f1 = *%(int**)_RUN_fi);

int* _arg_f1_0= *((int**)_RUN_f1+1);
int* _arg f1_1= *((int**)_RUN_f1+2);
_ret_f1l = *((int**)_RUN_f1+3);
_RUN_f1 = (voidx*)0;

/+ 00000 =/

3)

a,b;
*_arg_f1_0;
*_arg_f1_1;

et_fl = r;

extern void* volatile _RUN_f1;

¥hile(!_RUN_f1){;}

}
_RUN_f1 = (voidx*)0;
}
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1 int f1(int,int); 1 int f2(int); 1 extern int A;
2 int f2(int); 2 2 int £2(int a)
3 int A; 3 int f1(int a, int b) 3 {
4 4 { 4 ...
5 int main(void) 5 ... 5 return r;
61 6 s = f2(t); 6 ¥
7 ...
g fin,y); 8 return r;
93}
ﬁ £2(2); () 00D00DODO0OOO f2
11 ...
12 return 0; .
13 } (b) 0ODDDDODODOOOOO f1
() 00DDO0O00000 main 00O
1 int f1(int,int); 1 void#* volatile _RUN_f1; 1 void* volatile _RUN_f2;
2 int f2(int); 2 int _ARG_f1_0; 2 extern int A;
3 int A; 3 int _ARG_f1_1; 3 int _ARG_f2_0;
4 ) . 4 int _RET_f1; 4 int _RET_f2;
5 int _main(void) 5 extern void* volatile _RUN_£2; 5 . )
(75 { 6 extern int _ARG_£2_0; (75 ‘€°1d -INI_£2(void)
£1 ¢ . i RET_£f2;
8 f1(x,y); g extern int _REL 8 void* volatile addr_table[]=
10 i 18 x{/oid _INI_£1(void) 18 {&A
%% return 0; E zoid* volatile addr_table[]= S &_ARG_f2_0,
13 1 &_RET_£2
14 13  %_ARG_f1_0, 13 ¥
15 int main(void) 14 &_ARG_f1_1, 14 _RUN_f2=(void*)addr_table;
16 { 15 &_RET_f1, 15 while(_RUN_£2){;}
17 _INI_£10; 16  &_ARG_£2_0, 16 ¥
18 _INI_£20); 17  &_RET_f2 1, i
19 _main(); 18 3; 18 int f2(int a)
20 return 0; 19 _RUN_fi=(void*)addr_table; 19€..2
213} 20 while(_RUN_f1){;}
21 3
22 () 2000000000
4000 ain 00 23 int f1(int a,int b)
(d) main 24 {/*0 3(d) OO0/}
(e)fl000D0ODDDOD
1 void#* volatile _RUN_f1; 1 void#* volatile _RUN_f2;
2 voidx volatile _RUN_f2; % {4 _EW_£2(vold)
3 void _HW_f2(voi
4 void _HW_f1(void) 4 {
5 { 5 while(!_RUN_£2){;}
6 while(!_RUN_f1){;} 6 intx _g_f2 = *((int**)_RUN_£2);
7 int* _arg_f1_0= *((int**)_RUN_f1); 7 int* _arg_f£2_0= *((int**) _RUN_f2+1);
8 intx _arg_f1_1= *((int**) _RUN_f1+1); 8 intx _ret_f2 = *((int**)_RUN_f2+2);
9 int* _ret_f1 = *((int**)_RUN_f1+2); 9 _RUN_f2 = (void*)0;
10 int* _arg_f£2_0= *((int**)_RUN_£1+3); 1?
11 int* _ret_f2 = *((int**)_RUN_f1+4); }2 for(s;)
12 _RUN_f1 = (void*)O0; { .
13 13  while(!_RUN_£2){;}
14 for(;;) 14 A
15 { 15 int a=_arg_£2_0;
16 while(!_RUN_f1){;} 16 ..
17 { 17 *_ret_fl = r;
18 int a = x_arg_f1_0; 18} .
19 int b = *_arg fi_1; 19 _RUN_f2 = (voidx)0;
20 .. 20 3
21 7xf2 callw/ 21}
22  x_arg f2.0 = t;
23 _RUN_f2 = (voidx)1;
24 while (_RUN_£2){;} (h) f2000000000
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26 *_fl ret = r;
27 ¥
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29 3}
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