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Perfect correctness is not required

computer vision

machine learning augmented reality

sensory data games

: . : scientific computing
information retrieval

physical simulation
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Generality

A range of approximation strategies
supported with a single abstraction.
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Generality

A range of approximation strategies
supported with a single abstraction.

Safety

Separate critical and non-critical
program components.



Java language extension
using type annotations

Proposed approximate hardware

Potential energy savings
In existing Java programs
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Java language extension
using type annotations

Type qualifiers: @Approx & @Precise
Endorsement

Operator overloading

Prevention of implicit flows

Objects: qualifier polymorphism



Type qualifiers

OApprox 1nt a

OPrecise 1nt p




Endorsement: escape hatch

@Approx int a = expensiveCalc();

1Nt p;

x= endorse( )

quickChecksum(p):

output(p):



Logic approximation: overloading

OApprox 1nt a = ...;
int p = ...;
p * p;

+ : @Precise Int, @Precise int — @Precise Int

P d,

a + a;
+ : @Approx Int, @Approx Int — @Approx int



Control flow

OApprox 1nt a

1Nt p

Xf (a

p
J

10) {



Control flow

OApprox 1nt a




Objects

class FloatSet {
float|] nums = .. .;
float mean() {
calculate mean

}
new @Approx FloatSet()

new @Precise FloatSet()



Objects

class FloatSet {
float|] nums =
float mean() {
calculate mean



class FloatSet {
@Context float|[] nums = ...;
float mean() {
calculate mean

}
@Approx float mean_APPROX() {

take mean of first 2

J

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



Java language extension
using type annotations

Proposed approximate hardware

Potential energy savings
In existing Java programs



Hypothetical hardware
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Hypothetical hardware

CPU

Reduced Vpp

Smaller FP mantissa

Memory

Registers ~ Functiodql Units

o/

Data Cache

\4

/4

7

Lower SRAM supply voltage

Lower DRAM refresh rate



Java language extension
using type annotations

Proposed approximate hardware

Potential energy savings
In existing Java programs



Annotated declarations

100%

75%

50%

33% 34% 33%

25%

0%
FET SOR MonteCarlo SMM LU /ZXing JME Image) Raytracer

SciMark?2 algorithms T other kernels
full application

Annotations are sparse & straightforward to insert



Total energy used

100%

- | ‘ \ ‘ ‘ ‘ ‘ _|
- | ‘ ‘ ‘ ‘ ‘ ‘ |
- | ‘ ‘ ‘ ‘ ‘ ‘ |

0%

FET SOR MonteCarlo SMM LU /ZXing JME Image] Raytracer
B Base = Mild ~ Medium B Aggressive

Saved 10%—50% of total execution energy

(in simulation)



Quality-of-service tradeoff: output error

100%
75%
50%
- I
0%

SOR MonteCarlo SMM ZXing ' ImageJ Raytracer
B Base o Mild Medium . Aggressive

“Mild” configuration is a good fit for all

Some applications can tolerate more approximation



Formal semantics
Noninterference claim
Object layout
Hardware model

Quality-of-service metrics



Save energy
using programmer controls
over execution correctness.



