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Processor Desigh Landscape
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Rely on High-Level Synthesis to automatically synthesize pipelined
processors from an Instruction Set Simulator
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Customizing Instruction Set Processors

Instruction set

i Register
file

Example

instrucmtion Instruction name Meaning

add x1,x2,x3  Add Regs[x1]«Regs[x2]+Regs[x3]

addi x1,x2,3 Add immediate Regs[x1]—Regs[x2]+3
unsigned

Tui x1,42 Load upper Regs[x1] 0%ZH4 240"
immediate

s11 x1,x2,5 Shift left logical Regs[x1]—Regs[x2]<<b

sIt x1,x2,x3  Setless than if (Regs[x2]<Regs[x3])

Regs[x1]«1else Regs[x1]«0

ISS or DSL specification

Micro-architecture Circuit

while (1

) 1

opcode,ra,rb,rc,imm = mem[pc];
pctt;
switch (opcode) {

case LOAD: reg[rc] = mem[regra] + imm]; break;
case ADD: reg[rc] = reglral + reg[rb]; break;
case JUMP: pc = reglra]; break;

case BNZ: pc = rb 7 reglral : pc; break;
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Proprietary DSLs Verilog, Chisel

// Instruction-set grammar
opn my_core (arith_inst | ctrl_inst);

opn arith inst (a:alu_inst,
d: div_Inst, 1:load store_inst);

T module cont

odule controliclk,

opcode, isalusp,

3 bus_addr, bus_read, bus_write, bus,
o_fetch, do_regload, do_aluop, do_
statel;

opn alu_inst (opiopcod, x:clu, y:elu,
z:clu) (

action (
stage EX1:
A= RA(X):
B = RB(y]:
switch (op) (

case add: C = add(A, B) @alu;
case and: C = and(A, B) @alu;
case or: C = or(A, B) falu;

) include “parameters.vh"
stage EX2:
RA[z) = C aly;

input wire clk;
syntax: op " RA" y ", RB" x ", RA" z;
image: "0"::op::ix:iiy::ig;

)
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Synthesizing a CPU from an Instruction Set Simulator in C

(- M
while(1) {

unsigned int ir = fetch(mem, pc);

struct decode_info dc = decode(ir); >
unsigned int rsi
unsigned int rs2

x[dc.rs1]; W XILINX

x[dc.rs2]; VITIS ’
“ -

switch(opcode(dc)) {

case RISCV_ADD:
x[dc.rd] = add(rsl, rs2);
break;

case RISCV_MUL:
x[dc.rd] = mul(rsl, rs2);

e
HH

Il

break;
case RISCV_JAL: q
Vst N Main challenge
break; ) Q..q . i
it Current HLS can’t generate efficient pipeline because of
if (dc.funct3 == RISCV_LD_LB) static scheduling
x[dc.rd] = mem[rsl + dc.imm_S];
else if(/* ... */)
// ...
break;
o
}
i
L J
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Synthesizing a CPU from an Instruction Set Simulator in C

G’:ile (1){ \

unsigned int instr = fetch(pc); ! 2 ? 4 > & 7 8 2 e 11 12 13 14 15
if (resolve_branch(instr)){ « II >
pc = branch_target(pc, instr);
else { instr = fetch(pc) | F1 ~» F1 ~» F1
pc += 1; 4
1 instr = fetch(pc) F2 F2 F2

} / = I
\ resolve_branch(instr) R1 R1 R1

— I
\ resolve_branch(instr) R2 R2 R2

pc += 1 | I1 < 11 > I1
Pc
» Resolve / . \
pc = branch_target(instr) ~—» Bl Bl \ Bl
- F oy
L | pc = branch_target(instr) B2 B2 B2
Tat }»
> ot N /
pc = branch_target(instr) B3 B3 B3
@
x L
1 A

Key takeway

Static scheduling is pessimistic and can’t generate efficient
processor pipeline 5
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Synthesizing a CPU from an Instruction Set Simulator in C

1 2 3 4 5 < 7 a8 9 e 11 12 13 14 15

G\ile (1){ \ IT

unsigned int instr = fetch(pc);
if (resolve_branch(instr)){ instr = fetch(pc) | F1 | F1 Fx Fx Ff* ~—» F1
pc = branch_target(pc, instr); 2
else { instr = fetch(pc) F2 | F2 Fx Fx F2
pc += 1; oy
} resolve_branch(instr) R1 | R1 R“ R1
4 T
\ / resolve_branch(instr) R2 | R2 R2
\ et | m |1 YN 1:* L 1
pc pc = branch_target(instr) ~—> B1 | B1 | B1 B1
» Resolve - x .
F pc = branch_target(instr) B2 | B2 \ B2
N Tgt w}» pc = branch_target(instr) B3 B3 B3
>j_..-%-.__ﬁ A R
1
. Key takewa
speculative Loop
Pipelining Speculative loop pipelining may lead to efficient instruction

pipelines 7
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State-of-the-art: Speculative High-Level Synthesis

Source-to-source transformations enabling Speculative HLS

while(1) {
ir = mem[pc];
taken = exec(ir) {
if (taken) {
pc = target(pc);

} else {
pc = pc + 4;
+
) O
1 2 3 4 5 6 7 8
exec | E E
E E
E | E |
+4 | F <— F
target| T = T
T T
T T
T | T |

12

Static pipelining

Jean-Michel Gorius, Simon Rokicki, Steven Derrien. SpecHLS: Speculative Accelerator Design using High-Level Synthesis. IEEE Micro, Institute of Electrical and Electronics Engineers 10
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Back to full scale RISC-V ISS

(- =)
while(1) {
unsigned int ir = fetch(mem, pc);
pc += 4;
struct decode_info dc = decode(ir); e e
unsigned int rsl = x[dc.rsi]; ' : '
unsigned int rs2 = x[dc.rs2]; F s> D
| pe u - Mult
switch(opcode(dc)) { — B
case[ RISC;/_ADD: ( ) —\+j .
x[dc.rd] = add(rsl, rs2); vyl | .
break; T > ALU N
case RISCV_MUL: 4
x[dc.rd] = mul(rsl, rs2);
break;
case RISCV_JAL:
pc = pc + dc.simm_J; mem
break;
case RISCV_LD:
if (dc.funct3 == RISCV_LD_LB)
x[dc.rd] = mem[rsl + dc.imm_S];
else if(/* ... */)
2L o
break;
A
}
}
§ J

11
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Automatic DSE Example: Memory Speculation
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Jean-Michel Gorius, Simon Rokicki, Steven Derrien. A Unified Memory Dependency Framework for Speculative High-Level SynthesisCC 2024 - ACM SIGPLAN International Conference on
Compiler Construction, Mar 2024, Edinburgh (Ecosse), United Kingdom. 12
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Automatic DSE Example: Pipeline depth
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* Fully automated exploration of CPU designs i I
 Memory speculation, pipeline depth, non-pipelined g
multi-cycle operations mem
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Results
RV32i| RV32IM
9 | ®
m Sodor @ —_ m CVE4
/;J\ 2 12
= 4 Comet ° 2 2 Comet .
§ 8| |eProposed 8 8 » Proposed . o
-5 ° =
: 2 .
8 2 SO . - . 1
8 70 N L) ! S
= 8 -
2 <8 I N
Z - ' ° .
A 6 R ~ | °
5) m D) 9
=% o 6l T B
D] D]
£ =
= 5 =
| | | |
1,000 2,000 3,000 4,000 5,000 4%500 5,000 5,500 6,000 6,500
LUT+FF LUT+FF

S. Rokicki, D. Pala, J. Paturel, and O. Sentieys, “What You Simulate if What You Synthesize: Design of a RISC-V Core from C++ Specifications,” in RISC-V Workshop, 2019
A. Traber, F. Zaruba, S. Stucki, A. Pullini, G. Haugou, E. Flamand, F. K. Gurkaynak, and L. Benini, “PULPino: A small single-core RISC-V SoC,” in RISC-V Workshop, 2016

https://github.com/usb-bar/riscv-sodor
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Conclusion

Fully automated exploration of CPU designs

* Memory speculation, pipeline depth, non-pipelined
multi-cycle operations

* Competitive area and performance

« Unrolling main loop to synthesize superscalar
« How to integrate out-of-order execution

* Poster Wednesday (yesterday) at stand C-05
* Email: simon.rokicki@irisa.fr
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