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Problemstatement

IoT: more and more sensors
Low-power sensors

Increaselifetime

Ý Self-optimisation

Somecode optimisations are not accessible to static
compilers

Unknowndata or hardware

Delay code optimisations at runtime
Constant propagation, eliminationof deadcode,

Loop unrolling,

etc.
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Outline

Code generationwith deGoal

State of the art

Our approach: Automatisation process

Results

Conclusion and future works



Cliquez pour modifier le style du titre

DACLE Division| January 2014© CEA. All rightsreserved | 4&

Code generationflow
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deGoal example

deGoal code

void compilette (cdgInsnT *code, float 

mulvalue) {

cdgInsnT czode = CDGALLOC(1024);

#[

Begin code Prelude float input

mul input, input, #( mulvalue)

rtn

End

]#;

}

int main()

{

float result = 0;

float value = rand ();

mulCDG = compilette(value);

for ( int i=0; i<5; i++) {

result += mulCDG(( float ) i);

}

} 

Standard code

float mul ( float a, float b) {

return a*b;

}

int main()

{

float result = 0;

float value = rand();

for ( int i=0; i<5; i++) {

result += mul (value, ( float ) i);

}

}
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Features
deGoal

Reduceexecutiontime

Runtimeportable optimization

Specializeon runtime data (parameters, hardware)

Generatedcode issmaller

No runtime dependencieswith anycompiler
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deGoal limitation

Written by the developer
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State of the art

JIT

Call to f

If LookupCache (f)

Execute foptim

Else

If ExecCount (f) > Thresh

foptim <- HotCompile ( f_bytecode )

Execute foptim

Else

Interpret f   

Standard deGoal

fspec_val <- Compilette(f, val)

Call to f(val)

Execute fspec_val

Self-optimizationsystem

Call to f(val)

If LookupCache (f, val)

Execute fspec_val

Else

If ExecCount (f, val) > Thresh_f

fspec_val <- Compilette(f, val)

Execute fspec_val

Else

Execute f(val)   

Ý High memory footprint
Ý High overhead
Ý HotCompileis the same for all functions
Ý No data-dependent optimization

Ý Specialization done by the developer
Ý Low memory footprint

Ý Data-dependent self-optimization
Ý Low memory footprint
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Automatisation process

Library
Ready-to-use compilettes(lightweight runtime code 
generators).

No more development cost for the developer

Code cache
Keep several versions of the specialized code

Save generation cost

Low memory footprint



Cliquez pour modifier le style du titre

DACLE Division| January 2014© CEA. All rightsreserved | 10&

Use Case  : Floatingpoint multiplication

Floating-point multiplications on MSP430 

Wismoteplatform

Why?

Standard library function : ~1000 cycles per

invocation

Micro-controllers lack dedicated HW support for arithmetic computing

Linear function often used to convert sensor value to user value

Specializeon first argument value 

Adjustprecisionp usingmantissatruncation

gccgenericversion specializedversion
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Performance metrics

tgcc: execution time of ƎŎŎΩǎmultiplication routine

tgen : execution time of code generation

tdyn : execution time of the generated function

Speedup :

s= 
ǘŘȅƴ
ǘƎŎŎ

Overheadrecovery:

N = 
ǘƎŜƴ
ǘƎŎŎǘŘȅƴ
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Resultsfor standard deGoal

Speedup more than 7
and increases if precision is reduced

Overhead recovery less than 4
and decreases if precision is reduced

Only need 4 executions of the 
specialized code to pay off generation 
time

Box plot : Redline is the median, bottom and top of the box 
are first and third quartiles, individualpoints are outliers.
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Our results
Developerwrites the compilette Self-optimisation system


