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Problemstatement

p loT: more and moresensors

== LOW-pOWErsensors
= INCcreasdifetime

Y Seltoptimisation

» Somecode optimisations are not accessiblestatic
compilers
== Unknowndata or hardware

» Delay code optimisatioret runtime
== Constant propagatioreliminationof deadcode,
== LOopunrolling,
= etC.
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Outline

» Codegenerationwith deGoal

m State of the art

» Ourapproach: Automatisationprocess

» Results

m Conclusion and futurevorks
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Codegenerationflow

fcompilett Jcompilette

deGoal
paltform
compiler
compillette

static runtime
e cdg ;(ﬁ | binary | binary

:DESlGN::> <=COI\%E'IAI‘_R%ON=;> = RUNTIME —
TIME TIME (data adaptation)
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deGoalexample

m Standard code » deGoal code
void compilette (cdglnsnT *code, float
mulvalue) {
float mul(float a, float b){ cdginsnT zcode = CDGALLOC(1024);
. #
return a*b; _ ,
Begin code Prelude float input
} . .
mul input, input, #( mulvalue)
rtn
End
I#
}
int  main() |{nt main()
{ _ o
float result =0; :::oat reslult_ _3’ _
float  value = rand(); oat value = ran 0;
mulCDG = compilette(value);
for (it i=0; i<5; i++) { for ( 'ntl IZOJ;rI_<5: I+I::)D{ i N
result  += mul(value, (  float ) i): \ result += mulCDE( float ) 1);
} }
}
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Features

deGoal

Reducesxecutiontime

Runtimeportable optimization

Specializen runtime data parameters hardware)
Generateacodeissmaller

No runtime dependenciesvith anycompiler

o cen ignsresened DACLE Division| January 2014 6



deGoal limitation

fcompilett Jcompilette

paltform
compiler

deﬁal
compillette

static runtime
e cdg ;(ﬁ | binary | binary

STATIC
DESIGN I RUN TIME
E TIME > <_COM_FF>|I'I\_A/ETION=;> '=(dataadaptation)$

Written by the developer
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State of the art

e JIT

High memory footprint
Callto f High overhead
It LookupCache (f) HotCompileis the same for all function

} Execute foptim No datadependent optimization
se

If ExecCount (f)>  Thresh
foptim <- HotCompile (f_bytecode )
Execute foptim

Else m Seltoptimizationsystem

Interpret f

Call to f(val)

If LookupCache (f, val)

Execute fspec_val
Else

: Standard dEGoaI If ExecCount (f, val) > Thresh_f
fspec_val <- Compilette(f, val)
Execute fspec_val
Else

Execute f(val)

fspec_val <- Compilette(f, val)
Call to f(val)
Execute fspec_val

Specialization done by the developer Datadependent seHoptimization

Low memory footprint Low memory footprint
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Automatisation process

m Library

== Readyto-usecompilettes(lightweight runtime code
generators).

== NO more development cost for the developer

m Code cache

== Keep several versions of the specialized code
== Save generation cost
== LOW memory footprint
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cea  Use Case Floatingpoint multiplication

m Floatingpoint multiplications on MSP430
Wismoteplatform
m Why?
= Standardibrary function: ~1000 cycleper
invocation
== Micro-controllers lack dedicated HW support for arithmetic computing
== Linear function often used to convert sensor value to wsdue
m Specializen first argument value

®» Adjustprecisionp usingmantissatruncation

gccgenericversion specializedersion
/* tgcc x/ 1 /* tgen: code generation */
float fmul (float M, float X) { 2 float (x) (float) fmulM;
return (MxX); 3 fmulM = generate_fmul_code(M, p);

} 4
5 /* tdyn: run the generated routine
6 float fmul (float X) {
7 return fmulM(X);
8 }
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Performancemetrics

tyec: €Xecution time of O @téplication routine

t4en: €XECUtION time of code generation

tayn - €Xecution time of the generateinction

B Speedup
S:EfLé y
oo
m Overheadecovery:
N == u—zlj A
B odkey
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Resultsfor standarddeGoa

speedup factor

o o
123456 7 8 910111213141516 1718192021222324
precision

Box plot Redlineisthe median bottom and top of the box
are first andthird quartiles,individualpoints areoutliers

B Speedup more than 7
= and increases Iif 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
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