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Calling Software Functions from Hardware Functions
in High Level Synthesizer CCAP

MASANARI NISHIMURA,! NAGISA ISHIURA,t YOSHIYUKI ISHIMORI,*
HirROYUKI KANBARAT and HIROYUKI TOMIYAMAGftt

We are developing a high-level synthesizer named CCAP (C Compatible Architecture Pro-
totyper), which synthesizes functions in C programs into hardware callable from software. The
hardware functions (the functions synthesized into hardware) can be called from software and
the other hardware funcstions without designing specific interface in the synthesized system.
In this paper, we propose a novel framework in which the hardware functions can call software
functions in CCAP, for which we show both multi-thread and single-thread implementation
schemes. We verified the correctness of the proposed method (single-thread version) through
register transfer level simulation.
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Fig.1 A system synthesized by CCAP.
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Fig.2 Flow of synthesis in CCAP.

int caller() { int callee(a,, ..
int y; int r;

<A o

y = callee(Xy, ..., X,); return r;

)]
void caller() { void callee() {

int y; while (1) {
waitl1(_RUN_callee);

int r;
_ARG_callee_1 = x,; int a, = _ARG_callee_1;
_ARG_callee_n = Xx.; int a, = _ARG_callee_n;
_RUN_callee = 1;

wait@(_RUN_callee);
_RET_callee = r;
y = _RET_callee; _RUN_callee = 0;
.. }

y }
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Fig.3 Transformation for calling hardware function.
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Fig.4 Multi-thread scheme of calling software functions

from hardware functions.

void callee. () {
while (1) {
while (!_RUN_callee) {}
_RET_callee = callee(_ARG_callee_1, ...);
_RUN_callee = 0;
}
¥

05 0000000
Fig.5 An implementation example of stub function.
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Fig.6 Single-thread scheme of calling software functions

from hardware functions.
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void caller() { void caller() {
int y; int y;
_ARG_callee_1 = x,; _ARG_callee_1 = X3

_ARG_callee_n = x.;
_RUN_callee = 1;
®

_ARG_callee_n = x.;
_RUN_callee = 1;
@.
i while (_RUN_callee) {}:

i while (_RUN_callee) {
i if (_RUN_sw,) {
_RET_sw, =
swy(_ARG_sw, 1, ...);
} else if (_RUN_sw,) {

y = _RET_callee;

} else if (_RUN_sw,) {
_RET_sw, =
N sw,(_ARG_sw, 1, ...);

Ly

y = _RET_callee;

() 0000000 (b)00DO0O0D000000
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Fig.7 Polling of global variables during the wait state.
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main() {
YRR EGBHET] a DMHE;
bucket_sort(a) DMEUHL;

}

bucket_sort(a[]) {
NrobERDS;
malloc EFUHLT A7 YrDOEEERER;
NNy —MEREER;
Ny bR DERICESTEINEY—;
}
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Fig.8 Outline of experimented C program.

ooooooo,cpUO0ODOOOOOODOODOO
O0.0o0000 cpUDODODOOOODOOOOO0,O
ooooooooogo ceuboooooooog,
goooobooooooobooooooboobobooo
gooooooooooooobobooooooobobooo
ooooo.ooobooooooooooooooo,
goboooooobbooobooo,ooo0oon
ooooOooooo. oo,ceiObOOOOUOOOO
ooo,CpUOO0OO0OOODOOOODOOOOOO
gobooooooobooooboooon.

5. O (]

gooo0oooOooooOo,0b0b000o000oon
gdoooooooO,000D00000D0D0O00000
oooooooooooooo.

0800000 COOOOOOCODDOO0OO. main
000 CPU ODOODO, bucket_sort 0O OO OO
O00000main000O0OO0O0O. CPUDOO MIPS
R2000 (D0OOO0O) 00O, bucket_sort 0O OO
gobobooo0ooboooouoboooooboogg RT
0000000000000000. bucket_sort O
0000000 malloc O, MIPS R2000 00O C O
0000000000000, mallocd000OOOOO
000o0o00ooooooooo.oooooooo
ModelSim (XE I1 5.8¢c) 0000000000, main
g00b0000 bucket_sort U malloc OO OO
goboooooooboooboo,00o0ooDon
gopoooooog.

6. U 40O 0O

ooo0O,00000000 CCAPOODOOOO
goooobooooooooooocoooooboooo
goo,000000000000000000DO
gooooooooboobobooODb. 0D, 0000000
gobooooooob,bbooobbo0ooooooDo
goboooooooooooooooooooooo



oooooooo.

0o0,00000000000O0DOO0O0OooooO
o0o0o0oooo0o0oooooOoUoooooOoo,O0o
goooooo cCApOOOoOooOoOooOoOO. o4,
OO0 CchUOOOOOO busy loop OOOODOOO
go. oob,0ob0obbbooobobobooooobo
oooooo.

00 00oooO0O0,0000o0000o0oooOg
oooooooooooooooo,0ooooooo
ooo0.00,000000000000ooo0Qg,
ooo0ooooo0ooooooooooOooooo.

g o 0 0o

1) 00 00,00 000,00 00,00 00,
oo 0oo,b0 00,00 O:«00D0DOD
gooooooboooboboooooboooog
CCAPpUOO0OO0OOoOOOOoODOOO, DOOO,
VLD2005-12 (Dec.2005).

2) 00 00,00 000,00 00,00 OO,
00 00: “0000o00ooo ccCApOoOoonO
gooopooobooboobobooobooo
0000000000, C-05 (Oct.2006).

3) http://www.mentor.com/.

4) http://www.yxi.com/.

5 00 00:“000000/0000000000
00, 000000,00 2003-114914 (2003).

6) L.Séméria, K.Sato, and G.De Micheli: “Syn-
thesis of Hardware Models in C With Point-
ers and Complex Data Structures,” in IEFE
Trans. VLSI Systems, vol.9, no.6, pp.743-756
(Dec.2001).

7) http://suif.stanford.edu/.




