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Data'growth'vs'performance

• Performance'growth' trends:'Esmaeilzadeh'et'al,'“Dark'Silicon'and'the'End'of'
Multicore'Scaling,”'ISCA'2011

• Data'growth' trends:'IDC's'Digital'Universe'Study,'December'2012
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Approximate'computing
Embracing'error

Relax)the'abstraction'of'“near%perfect” accuracy)in

Allows'errors to'happen'to'improve'
performance
resource'utilization'efficiency

Processing Storage Communication
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New'landscape'of'computing
Personalized'and'targeted'computing
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IoT ComputingMobile'Computing

Cloud'Computing
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Classes'of
approximate'applications
Programs'with'analog'inputs

• Sensors,'scene'reconstruction

Programs'with'analog'outputs
• Multimedia

Programs'with'multiple'possible'answers
• Web'search,'machine'learning

Convergent'programs
• Gradient'descent,'big'data'analytics
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Avoiding'overkill'design
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WH2of'Approximation
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Approximate'program
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Separation
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Goal
Design'an'automated and'highGlevel
programming'language'
for'approximate'computing

Criteria
1) Safety
2) Scalability)
3)Modularity)and)reusability
4) Generality
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FLEXJAVA
Lightweight'set'of'language'extensions
Reducing'annotating'effort
Language_compiler'co_design

Safety

Scalability

Modularity'and'reusability

Generality
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FLEXJAVA Annotations
1.''Approximation'for'individual'data'and'operations

loosen'(variable)
loosen_invasive (variable)'
tighten'(variable)

2.''Approximation'for'a'code'block
begin_loose (“TECHNIQUE”,'ARGUMENTS)
end_loose (ARGUMENTS)

3.'Expressing'the'quality'requirement
loosen'(variable,'QUALITY_REQUIREMENT);'
loosen_invasive (variable,'QUALITY_REQUIREMENT);
end_loose (ARGUMENTS,'QUALITY_REQUIREMENT);
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float computeLuminance (float r, 
float g, 
float b) {

float luminance = r * 0.3f + g * 0.6f + b * 0.1f;

loosen (luminance);
return luminance;

}

Safe'and'scalable'approximation
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int fibonacci (int n) {
int r;
if (n <= 1) 

r = n;
else

r = fibonacci (n – 1) + 
fibonacci (n – 2);

loosen (r);
return r;

}

Safe'and'scalable'approximation
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int fibonacci (int n) {
int r;
if (n <= 1) 

r = n;
else

r = fibonacci (n – 1) +
fibonacci (n – 2);

loosen (r);
return r;

}

Safe'and'scalable'approximation

20



Modularity

int p = 1;
for (int i = 0; i < a.length; i++) {

p *= a[i];
}
for (int i = 0; i < b.length; i++) {

p += b[i];
loosen(p);

}
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Reuse'and'library'support
static int square(int a) {

int s = a * a;
loosen(s);
return s;

}

main () {
int x = 2 * square(3);

System.out.println(x);
}
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Reuse'and'library'support
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Truffle:)Architecture)support)for)
approximate)computing)[ASPLOS’12]
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Generality

begin_loose(“PERFORATION”, 0.10);
for (int i = 0; i < n; i++) { 

… 
}

end_loose();
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Generality

begin_loose(“NPU”);
p = Math.sin(x) + Math.cos(y);
q = 2 * Math.sin(x + y);

end_loose();
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Approximation'Safety'Analysis

Find'the'maximal'set'of'safe_to_approximate data/operations

1. For'each'annotation,'loosen(v),'find'the'set'of'data)and'
operations that affect)v

2. Merge'all'the'sets
3. Exclude'the'data'and'operations'that'affect'control)flow
4. Exclude'the'data'and'operations'that'affect'address)

calculations

The'rest'of'the'program'data'and'operations'are'precise
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Source)code

FLEXJAVA
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Number'of'Annotations

2× to'17× reduction'in'the'number'of'annotations
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User_study:'Annotation'Time

8× average'reduction'in'annotation'time

10'subjects'(programmers)
Time'for'annotating'fft using'EnerJ and'FLEXJAVA
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Language_compiler'coGdesign to
Automate approximate'programming'
Reduce programmer'effort

FLEXJAVA

Safety

Scalability

Modularity'and'reusability

Generality
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Replication'Package

http://act_lab.org/artifacts/flexjava/

1. Annotated'benchmarks'
2. Compiler'with'approximate'safety'analysis
3. Source'code'highlighting'tool'

Open'source'git repository:
https://bitbucket.org/act_lab/flexjava.code
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