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Designing a RISC-V CPU should be as simple as writing an Instruction Set Simulator

Introduction
Context: Increasing need for customizable Problem: Micro-architectural design is tedious Our approach: Leverage High-Level Synthesis
architectures for embedded applications. and error-prone, how do we make such to synthesize micro-architectures from a
customizations available to everyone? single instruction set simulator in C.
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From ISS to RISC-V Processors
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e bl g Speculative HLS h Key takeaway
taken = exec(ir) k ) 7 _
if (taken) { — GSSA SLP Codegen J | —*“74 Speculation comes at the cost of
c = target(pc); - 1 . .
SO \. i J > 1By design space explosion
pc = pc + 4; p . 71
¥ #pragma hls distance mis_pc=4 > 51 —1 N
} o # hls dist trl=3 0 4 x 10”° configurations for a
L ) pragma hls distance ctr [y )ﬁ s g
1 2 3 4 5 6 7 8 do { o 72 > simple RISC-V CPU!
#pragma hls pipeline II=1 > S, > 1
exec | E ~—>» E ctrl[t] = branch(s_pc[t-3]); o
E E mis_pc[t] = target(s_pcl[t-1]); I—) ?
E E cs = nextstate(cs, ctrl[t-3]); N Scenario Y1 Y2 73 7va CP(ns) Prob.
+4 | F < > F 5 s_pclt] = cs.selSlow 7 Cs configuration 1 1 0 | 0 2 ns 0.34
t £ T Sl mis_pc[t-4] : configuration 2 0 0 1 1 21ns 0.21
arge . . s_pclt-1] + 4; configuration3 0 0 0 1 8 ns 0.17
: configuration 4 1 1 0 0 2’7 ns 0.10
T T Lt (cs.roll‘t—)ack) _ configuration 5 0 1 0 0 13 ns 0.08
T T f?_pc [t] = ?_p clt-4]; configuration 6 1 0 0 1 27 ns 0.04
1f (cs.commit
e ’ pc = Smr;z [t-4] : static - - - - 27 ns 1
£ 4= 1 - ’ speculative 1 0 - 0 1 8 ns 0.17
Static plpehmng ! While(i) ; e speculative 2 - 0 1 - 2 ns 0.58
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SpecHLS [1] 1 2 3 4 5 6 7 8 Exploring speculation opportunities
« Speculative HLS toolchain E E E E | ~E]|E E « Proposed algorithm based on Branch-and-Bound approach [3]
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Synthesizing RISC-V CPUs is
E O Minimality pruning ;

possible [2], but time-
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