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What is HercuLeS?
G

Automation for FSMD-based accelerators

W

An extensible, high-level synthesis (HLS) environment * The generated accelerators adhere to an extended FSMD
for whole-program hardware compilation that allows model of computation
pluggable optimizations and analyses  This model allows for:
— Synchronous embedded memory accesses
— Intermodule communication (hierarchical FSMDs)
— Hardware-optimizing transformations such as operation
chaining
— Automatic IP integration
* More on optimizations:
— Optimizations possible at the source, NAC, graph and

/

. Over\é)omes limitations: (1) nonstandard source languages, (2)
insufficient representations, (3) maintenance difficulties, (4)
mandating the use of code templates, (5) vendor dependence

1. Connects to GIMPLE/GCC as a frontend scenario
2. Uses the succinct NAC intermediate representation
3. Optimizations added as self-contained external modules

4. Hardware compilation engine is entirely graph-based VHDL level
5. The generated HDL is human-readable and completely — Pluggable loop-oriented transformations, advanced
vendor- and technology-independent arithmetic optimizations, graph rewriting, VHDL “hacks”
Overview Memory accesses Hierarchical FSMDs Chaining
o whem S 1 3 =>
/ ANSI C / NAC / when STATE 1 => x_reg > callee t3 next <= "000"&x reg(l5 downto 3);
v mem addr <= index; Caller _C ready>m - isqrt(x) t4 next <= "0"&y reg(l5 downto 1) ;
source optimizer waitstate next <= not (waitstate req); —r'n < E_done next state <= S 1 4;
v if (waitstate reg = ’1’) then A, ne<xt when S 1 4 =>
gce mysignal next <= mem dout; N I t5 _next <= x reg - t3_reg;
GIMPLE dump next state <= STATE 2; m_regj * m_eva next state <= S 1 5;
gimple2nac else when S 1 5 =>
| next state <= STATE 1; t6_next <= t4 _reg + t5_reg;
Y n__ end if; B c_start= 1 next state <= S 1 6;
optimizer

when STATE 2 =>

IP integration transformations when S 1 1 =>

heuristic basic block partitioning
v optimized NAC

nac2cdfg store: Raises BRAM write. Stored data are made

t3 next <= "000"&x next (15 downto 3);
c_ready ==1 t4 next <= "0"&y next (15 downto 1);

G cores 7 available in the subsequent machine cycle && t5_next <= x next - t3_next;
— : load: Requires a walitstate register to devise a c_start =2 R SRR S
HW IPs  [—» dfg2hd | C ready == = T .
| : — dual-cycle substate (address + data cycles) N 4 m—g\e/;} - Assigns dependent SSA operations to a
@H@‘ﬂuﬁu L_Aﬁ% c start == — single control step
B - Merges successive ASAP states; a
heuristic constrains long paths
ple: ) gai
procedure pfactor ( = =
in ul6 x,out ulé outp) {
void pfactor (uint x, localvar ul6 i,n, tO0;
uint *outp) { BB1: //ij/
uint i=2, n=x; n<=mov x; 1i<=ldc 2;
while (i <= n) { BB2: 1
while ((n%i)==0) { BB3, BBX<=jmple i, n; //mﬂ//
n = n / 1; BB3:
*outp = i; t0<=modu(n, i) ; //{ !
\ BB4, BB5<=jmpeq tO0, 0; /883 /BBX / !
i =1i 4+ 1; BB4 .
} n<=divu(n, i) ;
} outp<=mov i,' /BB4/ BB5/ @
BB3<=jmpun; FPGA area
BB5: F
i<=add i, 1; BB2<=jmpun; o)
ANSI C code BBX: nop; | NAC IR CFG SSA CDFG
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