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Introduction

J Motivation d ISA Extension
» Many applications are tolerant to a degree of error without »  Set of Integer-type instructions for approximate operations.

a significant loss in quality of results. d Multiple level of accuracy

> Approximate Computing (AC) aims at exploring the error >  Processor-wide Approximate Bit Width (ABW) value for all
resiliency of applications. AC instructions.

» Lack of support for Approximate Computing in RISC Operation Mode
processors

approx.set.abw Set the internal ABW
d Challenge o

. L . approx.get.abw Get the internal ABW
» Help the rapid investigation of AC in RISC-V for energy °F gdd/ 443 _ N
reduction purposes approx.a addil Approximate Additions

d Proposal approx.sub/subi Approximate Subtractions

> ApproxRISC, an infrastructure for approximate computing appmx'mllll/mu}l | Aper)X|mate M_U|tlp|lCa-tI(.)n_S
In RISC-V processors. approx.udiv/udivi Approximate Unsigned Divisions

» |SA Extension, Simulator, Compilation approx.sdiv/sdivi Approximate Signed Divisions

ApproxRISC Software

Modifications to the Original #Pragmas extensions to LLVM Spike
RISC-V Infrastructure d #pragma approx
Spike ISA Simulator = Only AC integers are supported NeW Featu l'eS

Jd #pragma full approx

GNU Binutils = Floating point AC Is also supported by means of
LLVM 3.9 fixed-point

d Pragma parameters:
= List of AC variables — explicit & implicit
* Approximate bit widths.
= Total width, vs fractional width

Approximate
Computing

— -\ |#define aABW 7
S~ _— #define WIDTH 32
#define FRAC 10
AppfOXRlSC float Example full approx() ({ int Example approx() ({
— — float a = 44.23, b = 2300.12, d, e = 1000; int a =44, b = 2300, d, e = 1000;
N A #pragma full approx(a, b) ABW (WIDTH, FRAC) #pragma approx(a, b) ABW True
— _—— True {
Original RISC-V . d=at+b+tert 1
Infrastructure - @ < / }
} return d;
return e; }
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Conclusion

Experimental Results

w—r—r—r777 < ApproxRISC
0 Validation 00} g > An infasiructure for rapid
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> jmelnt from AxBench [1] o~ O ¢ o | lnvestlg_atlo_n O apprOXImate
_ S 90 e me (pansossoiennnnl ' """"" basomseShmmense fuasss R i Computlng In RISC-V
» Pragmas in the code = A e
. - processors.
» ABW from O (fU” preC|S|on) to 14 = oL A
. U : : § : i : : § : : § : : : :
> : : 5 : : : : 5 : : 5 : : : :
> Energy model according to [2] KL N S S S S S S S S B M B S 1 Future Works
0 '
> Up to 50% of energy reduction & 10 S S W O O S S SO SO S S SO SO W S » Conduct thorough
IR T A experimentation to show the
Wt s benefit of AC and our infra
AppraxIniate: Bt > Exploration of new instructions
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