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Hardware support for
disciplined approximate programming

int p = 5;

@Approx int a = 7;

for (int x = 0..)
a += func(2);
@Approx int z;
z =p * 2;

p += 4;

}

a /= 9;

func2(p);

a += func(2);

@Approx int y;

zZ =p * 22 + z;

p += 10;

{
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Approximation-aware ISA
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Safety by isolation

references pixel data

neuron weights

jump targets
audio samples

JPEG header « video frames

Precise Approximate




Type qualifiers

@Approx int

@Precise int
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Type qualifiers

@Approx int

int

%




Endorsement: escape hatch

@Approx int a expensive();

int p;

)6 - o

guickChecksum(p);

output(p);



Endorsement: escape hatch

@Approx int a expensive();

int p;

‘/

guickChecksum(p);

= endorse(a);

output(p);



Logic approximation:
overloading

@Approx int a

int p

p + p;

p + aj;

a + aj



Control flow: implicit flows

@Approx int a c oo}

int p c oo}

Xf (a == 10) {

p = 2;
}



Control flow: implicit flows

@Approx int a c oo}




Objects

class FloatSet {
float[] nums = ...;

float mean() {
calculate mean

}
new (Approx FloatSet()

new (dPrecise FloatSet()



Objects

class FloatSet {
@Context float[] nums =

float mean() {
calculate mean



class FloatSet {
d@Context float[] nums =

float mean() ({
calculate mean

}
@Approx float mean APPROX()

{

take mean of first >

}

@Approx FloatSet someSet = ...;
someSet.mean();



Enerd type system

P = int|float
g ::= precise|approx
T = qClqP

«— subtyping

precise P < approx P



“Havoc” rule

small-step operational semantics

‘precise equivalence”
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Noninterference theorem

program type checks
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