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Context

— Software development
 Increasingly complex
* maintenance Is difficult and expensive
* need for rapid development
— Goals
« development of generic components
» basic blocks
» component corresponds to a given problem family
— Contraints
¢ code size
¢ execution time
— Solution: configuration
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An example problem family :
forward error correction encoders

* Prevent losses and errors

' * Transmit redundant information

— family of problems
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Forward Error Correction (FEC)

o

-

—»—/'

— Family of problems
» Different encoders

»

» Parameters (e.g., amount of data redundancy)
 Different degrees of criticality for transferred data

Types (properties)

combine; — A

 Different compositions of encoders
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Variation pants

—

encoder type

TR

encoder

length in

CONV| | CRC

PB

LBC

=> variation point = genericity

e

generator type

length out

matrix vector
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Configuration d generic componrents

— Configurable component - family of problems
— Time and space constraints — configuration

Configurable Configuration Description of a
for afamily of Componrent information given problem
problems (ausage ontext)

Generator

Configured
component
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Software componrent configuration

— Functional configuration
* restrict behavior
» ex: JavaBeans
— Code configuration
* restrict behavior
* reduce genericity
— 2 alternatives:
* Implement transformations

* use a transformation generator
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lmplement transformations

— How :

« | f def compiler directives

» code hard to read, hard to maintain, complex
+ C++ Templates
» cumbersome, error-prone, difficult, no debugger
— Limitation :
 the willingness of the programmer to encode the

transformations
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Example: power

int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }
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Example: power

int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }
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Example: power

int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }

expon =3
int power(int base){

return base* base*b ase;
}
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Cocde configuration
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Example: power

Int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }

expon = 3
Int power(int base){

return base* base*base;
}
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template<int expon>
inline int power(const int& base)
{ return power<expon1>(base) * base;}

template<>
inline int power<1>(const int& base)
{ return base;}

template<>
inline int power<0>(const int& base)
{ return 1;}
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Example: power

Int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }

expon = 3
Int power(int base){

return base* base*base;
}
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template<int expon>
inline int power(const int& base)
{ return power<expon1>(base) * base;}

template<>
inline int power<1>(const int& base)
{ return base;}

template<>
inline int power<0>(const int& base)
{ return 1;}

Poor readability
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Example: power

Int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }

expon = 3
Int power(int base){

return base* base*base;
}
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template<int expon>
inline int power(const int& base)
{ return power<expon1>(base) * base;}

template<>
inline int power<1>(const int& base)
{ return base;}

template<>
inline int power<0>(const int& base)
{ return 1;}

Transformation semantics
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Example: power

Int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }

expon = 3
Int power(int base){

return base* base*base;
}
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template<int expon>
inline int power(const int& base)
{ return power<expon1>(base) * base;}

template<>
inline int power<1>(const int& base)
{ return base;}

template<>
inline int power<0>(const int& base)
{ return 1;}

power<3>
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Example: power

Int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }

expon = 3
Int power(int base){

return base* base*base;
}
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template<int expon>
inline int power(const int& base)
{ return power<expon1>(base) * base;}

template<>
inline int power<1>(const int& base)
{ return base;}

template<>
inline int power<0>(const int& base)
{ return 1;}

power<2>(base) * base
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Example: power

Int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }

expon = 3
Int power(int base){

return base* base*base;
}
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template<int expon>
inline int power(const int& base)
{ return power<expon1>(base) * base;}

template<>
inline int power<1>(const int& base)
{ return base;}

template<>
inline int power<0>(const int& base)
{ return 1;}

power<l1>(base) * base * base

17



Example: power

Int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }

expon = 3
Int power(int base){

return base* base*base;
}
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template<int expon>
inline int power(const int& base)
{ return power<expon1>(base) * base;}

template<>
inline int power<1>(const int& base)
{ return base;}

template<>
inline int power<0>(const int& base)
{ return 1;}

base * base * base
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Example: power

Int power(int base, int expon) {
int acam = 1,
while (expon> 0) {
acaim *= base;
expon- - ;}
return accum; }

expon =3
Int power(int base){

return base* base*base;
}
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template<int expon>
inline int power(const int& base)
{ return power<expon1>(base) * base;}

template<>
inline int power<1>(const int& base)
{ return base;}

template<>

inline int power<0>(const int& base)
{ retiirn 11

Do werealy get what we wanted ?7?

base * base * base
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lmplement transformations;
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summary
What to configure A

=>» Complex code
=> Hard to implement
=> No guarantee

Compiler

Configured
componrent
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Transformation generator

Configuration
parameters

Transformation
generator

Code
+

transformations
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Transformation generator
-
parameters
values

Transformation
generator

Transformer

Configured
component
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Code
+

transformations




Transformation generator

Configuration _ _
parameters Configuration
values

Code .
+ Configured
transformations component
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# nclu de” encode.h " I

#inclu de" pari ty bith "
#inclu de" |'in_b_codeh "
#inclu de" l'in_b_code_sysh " structdat a
# nclu de” code_conv.h" {
#inclu de" encode_crch " int |ongueur;
#inclu de” |ibs trin g.h" int *v;
voi d ¥
encode(str uct data* donnees, struct code* codage, struct data* resul t){ structcod e
if (donnees->|ongueur != codage->k) {
{ perr or(" donnees->lon gueur != codage->k") ; int k
exit (1)} int o

el se if( strc np(codage->t ype, "pa rity _bit ")= = 0) int ‘;mat rix

if (e sult ->lo ngueur != codage->k + 1) charty pe; !

{ perro r (r esul t->longueur != codage->k + 1"); char *op t '
exit (1)} ) :

el separit y_bit(codage->k, donnees->v,resu |t> v); '
else if( stc np(codage->t ype," li n_b_code”)= = 0) extemvoi d encode(str uct data*do nnees,s truct code *codage,s truct data* result);

if((*  result). |ongueur != (*codage).n)

{ perr or ("result-> | ongueur != dag n");
exit() :}
el sei f (strcmp(codage->opt," syst")= = 0)

l'in_b_code_sys (donnees->v, codage->k, codage->n, codage->matrix , result ->v);
else
lin_b_code (donnees->v, codage->k, codage->n, codage->matrix , result ->v);
el se if( strc np(codage->t ype, "co de_conv")

if((* result). longueur != (2* (* codage)k) )
{ perr or ("result> |ongueur !'= (2* codage->k)");
exit() :}

el sec ode_conv(donnees->v, codage->k, resul t->v);
el se if( strc np(codage->t ype," crc") 0)
if((* result). |ongueur (*codage) .n )
{ perr or ("result> | ongueur
exit(1)
el see ncode_cr c(donnees->v, codage- >k, codage->n, codage->matri x[0] , result ->v);

codage->n");

el se

{ perr or (" unknown code typ e");
exit (1);} ext em int str cmp(char*s1 , char* s2);
}
extemvoi d encode_crc (int*do nnees,i ntk , int n, int *poly,i nt* result); |
extemvoi d parity _bit (intl, int *vector, int *res ul) | | extemnvoi d code_conv(int *donnees, int I, int*res ult) 3:,,":'” de* encode_creh
encode_crc (int*do nnees,i ntk , int n,int*po ly,i nt* result)
. #inclu de" code_conv.h" int | _poly;
#inclu de" pari ty bith " ) voi d int i)
voi d extemvoi d li n_b_code_sys (int*ve ctor , int k int n,i nt* *matrix, int *re sult ) code_conv(int *donnees, int k int*re sult )
parity _bit (intl, int *vector, int*re sult ) - ! ' | _poly= n- k+ 1
{ int temp for (i= 0 i <kii ++)
int res; int i result [i] = donneesl[i] ;
int i #inclu de" |'in_b_code_sysh " for (i= 0; i <Kkji ++4)
res = 0 # nclu de” mult _mat. h" for (i= 0 i <k - 2;i +4) if e sult [ ==1)
voi d { for (j= 0; j <|I_poly;, j++)
for(i =05 <l i++) li n_b_code_sys (int*ve ctor , int kintn, int **matrix, int *re sult ) temp= donnees[i ] ~ donnees[i + 2J; resull i +j]*= poly[]
{ resul t2* i+ 1] = temp for (i= 0 < kii +4)
res "=vectorf] int sub_marix _siz e; temp = donnees[ i + 1J; result [i] = donneesl] ;
resultfi ] = vectorfi ]; int i resul2* ] = temp
} )
resultl ] =res; sub_marix _size =n - k; temp= donneeslk- 2] ~ donnees[ k - 1J;
} mu t_mat(v ecto r,k , sub_marix _siz e,mati x,re sult , k); resul 2 * 4 =
for(i =0i <k i++) result2* k- 3] donnees[ k - 2]; extemvoi d li n_b_code(int*ve ctor , int k, intn, int* *matrix, int *re sult )
result [i] = vector [i] result2* k- 2] donnees[ k - 1];
} resul f2* k- 1] donnees[ k - 1J;
}
#inclu de” 1in_b_codeh "
#inclu de" mult _mat. h"
voi d
i n_b_code(int*ve ctor , int Kk, intn, int **mat rix, int *re sult )

mult _mat( vect or, k, n,matri x,r esult,0);

}

extemvoi d mdtmati nt* vector, int k,i ntn, int*m ati x,i nt* result, int indice)

#inclu de" mult _mat. h"

voi
md t_mat(i nt* vector, int k,i ntn, int *matr ixi nt* result, int indice)
{

int temp

inti,j;

for(i =0;i <n; i++)

temp= 0;

for(j =0ij <ki jr+)
temp "=vec torfj ] & matr ix[j ][] ;

resul tfi + indic e]= temp;
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# nclu de” encode.h " I

#inclu de" pari ty bith "
- - #inclu de" lin_b_codeh "
Configuration parameters | :2iiicite oo
# nclu de” code_conv.h" {
#inclu de" encode_crch " int |ongueur;
#inclu de” |ibs trin g.h" int *v;
= voi d ¥
I en th I n encode(str uct data* donnees, struct code* codage, struct data* resul t){ structcod e
if (donnees->|ongueur != codage->k) {
{ perr or(" donnees->lon gueur != codage->k") ; int k
exit (1)} intn
Ien th out else i f( strc np(codage->t ype, "pa rity _bit ")= = 0) int *mat i
if (e sult ->lo ngueur != codage->k + 1) charty pe; !
{ perro r (r esul t->longueur != codage->k + 1"); char *op t '
exit (1)} ) :
t e el separit y_bit(codage->k donnees->v,resu | t> v); i
yp else if( stc np(codage->t ype," li n_b_code”)= = 0) extemvoi d encode(str uct data*do nnees,s truct code *codage,s truct data* result);
if((*  result). |ongueur != (*codage).n)

{ perr or ("result-> | ongueur != dag n");

generator eI
el sei f (strcmp(codage->opt," syst")= = 0)

l'in_b_code_sys (donnees->v, codage->k, codage->n, codage->matrix , result ->v);

else
o t lin_b_code (donnees->v, codage->k, codage->n, codage->matrix , result ->v);
el se if( strc np(codage->t ype, "co de_conv")
if((* result). longueur != (2* (* codage)k) )
{ perr or ("result> |ongueur !'= (2* codage->k)");
exit(l) 1}

el sec ode_conv(donnees->v, codage->k, resul t->v);
el se if( strc np(codage->t ype," crc") 0)
if((* result). |ongueur (*codage) .n )
{ perr or ("result> | ongueur
exit(1)
el see ncode_cr c(donnees->v, codage- >k, codage->n, codage->matri x[0] , result ->v);

codage->n");

el se

{ perr or (" unknown code typ e");
exit (1);} ext em int str cmp(char*s1 , char* s2);
}
extemvoi d encode_crc (int*do nnees,i ntk , int n, int *poly,i nt* result); |
extemvoi d parity _bit (intl, int *vector, int *res ul) | | extemnvoi d code_conv(int *donnees, int I, int*res ult) tlo:'igh.l de* encode_creh
encode_crc (int*do nnees,i ntk , int n,int*po ly,i nt* result)
. #inclu de" code_conv.h" int | _poly;
#inclu de" pari ty bith " ) voi d int i)
voi d extemvoi d li n_b_code_sys (int*ve ctor , int k int n,i nt* *matrix, int *re sult ) code_conv(int *donnees, int k int*re sult )
parity _bit (intl, int *vector, int*re sult ) - ! ' | _poly= n- k+ 1
{ int temp for (i= 0 i <kii ++)
int res; int i result [i] = donneesl[i] ;
int i #inclu de" |'in_b_code_sysh " for (i= 0; i <Kkji ++4)
res = 0 # nclu de” mult _mat. h" for (i= 0 i <k - 2;i +4) if e sult [ ==1)
voi d { for (j= 0; j <|I_poly;, j++)
for(i =05 <l i++) li n_b_code_sys (int*ve ctor , int kintn, int **matrix, int *re sult ) temp= donnees[i ] ~ donnees[i + 2J; resull i +j]*= poly[]
{ resul t2* i+ 1] = temp for (i= 0 < kii +4)
res "=vectorf] int sub_marix _siz e; temp = donnees[ i + 1J; result [i] = donneesl] ;
resultfi ] = vectorfi ]; int i resul2* ] = temp
} )
resultl ] =res; sub_marix _size =n - k; temp= donneeslk- 2] ~ donnees[ k - 1J;
} mu t_mat(v ecto r,k , sub_marix _siz e,mati x,re sult , k); resul 2 * 4 =
for(i =0i <k i++) result2* k- 3] donnees[ k - 2]; extemvoi d li n_b_code(int*ve ctor , int k, intn, int* *matrix, int *re sult )
result [i] = vector [i] result2* k- 2] donnees[ k - 1];
} resul f2* k- 1] donnees[ k - 1J;
}
#inclu de” 1in_b_codeh "
#inclu de" mult _mat. h"
voi d
i n_b_code(int*ve ctor , int Kk, intn, int **mat rix, int *re sult )

mult _mat( vect or, k, n,matri x,r esult,0);

}

extemvoi d mdtmati nt* vector, int k,i ntn, int*m ati x,i nt* result, int indice)

#inclu de" mult _mat. h"

voi
md t_mat(i nt* vector, int k,i ntn, int *matr ixi nt* result, int indice)
{

int temp

inti,j;

for(i =0;i <n; i++)

temp= 0;

for(j =0ij <ki jr+)
temp "=vec torfj ] & matr ix[j ][] ;

resul tfi + indic e]= temp;

25

Anne-Francoise Le Meur, 13Décanbre 2002 [




# nclu de” encode.h " I

# nclu de” pari ty bith "
- - #inclu de" lin_b_codeh "
Configuration parameters | e iz prae
#inclu de" code_conv.h"
#inclu de" encode_crch " int |ongueur;
#inclu de” |ibs trin g.h" int *v;
= voi d ¥
I en th I n encode(str uct data* donnees, struct code* codage, struct data* resul t){ structcod e
if (donnees->|ongueur != codage->k) {
{ perr or (" donnees->lon gueur != codage->k") ; itk

exit (1)} inon
en t out el'se if( stc np(codage->t ype, "pa rity _bit ")= = 0) int **mat rix
if (e sult ->lo ngueur != codage->k + 1) !

{ perro r ('t esul t->longueur != codage->k + 1'); char'ty pe;

exit (1) ) ) char*op t;
t e el separit y_bit(codage->k, donnees->v,resu | t> v); i
el se 'fff 5‘&5 :“;éjl"‘d)agle;“gizs; |=" ?7553232;)n§ =0 extemvoi d encode(str uct data*do nnees,s truct code *codage,s truct data* resul t);
{ perr or (“resu|t> | ongueur '= codage->n");

generator i
el sei f (strcmp(codage->opt," syst")= =
|

=0)
in_b_code_sys (donnees->v, codage->k, codage->n, codage->matrix , result ->v);
else

o t Ii n_b_code (donnees- >v, codage->k, codage->n, codage->matrix , result ->v);
el se if( strc np(codage->t ype, "co de_conv")
if (* result). longueur != (2* (*codage)k) )
{ perr or ("resu|t> longueur = (2* codage->k)");
exit (1)

el sec ode_conv(donnees->v, codage->k, resul t->v);
el se if( strc np(codage->t ype," crc") 0
if  ((* result). |ongueur (*codage) .n )
{ perr or ("resu | t-> | ongueur
exit(1)
el see ncode_cr c(donnees->v, codage- >k, codage->n, codage->matri x[0] , result ->v);

codage->n");

el se
{ perr or (" unknown code typ e");
exit (1); } ext ern int str cmp(char*s1 , char* s2);
}
extemvoi d encode_crc (int*do nnees,i ntk , int n, int *poly,i nt* result); |
extemvoi d parity _bit (intl, int *vector, int *res ul) | | extemnvoi d code_conv(int *donnees, int I, int*res ult) tlo:'igh.l de* encode_creh
encode_crc (int*do nnees,i ntk , int n,int*po ly, int* result)
. #inclu de" code_conv.h" int | _poly;
#inclu de" pari ty bith " ) voi d int i,j
voi d extemvoi d li n_b_code_sys (int*ve ctor , int k int n,i nt* *matrix, int *re sult ) code_conv(int *donnees, int k, int*re sult )
parity _bit (intl , int *vector, int*re sult ) - | _poly= n-
int tempg for (i= 0
int res; inti; result [i]
int i #inclu de" |in_b_code_sysh " for (i= 0
res = 0; # nclu de” mult _mat. h" for (i= 0; i <k - 2;i ++) if ( result
voi d for (j= i+
for(i =05 <l i++) li n_b_code_sys (int*ve ctor , int kintn, int **matrix, int*re sult ) temp= donnees[i] ~ donnees[i + 2J; resull i +j]*= poly[j];
resul t[2* i+ 1] = temp for (i= 0 i <kii +4)
res "=vector[i]; int sub_marix _siz e; temp = donnees[i + 1]; result [i] = donnees[i];
result[ i] = vector[i]; int i result[2* i] = temn
}
resul 1] = res; sub_marix _siz e = n - k; temp= donnees[k- 2] ~ donnees[k - 1;
} mu t_ mat( vecto r,k , sub_ma rix _siz e,mati x, result , k); result[2* k- 4] =temp
for(i =0/i <k i++) result[2* k- 3] donnees[k - 2]; extemvoi d li n_b_code(int*ve ctor , int Kk, intn, int* *matrix, int *re sult )
result [i] = vector [i] result[2* k- 2] = domnees[k - 1];
} result[2* k- 1] = domnees[k - 1];
}
#inclu de" 1'in_b_codeh "
#inclu de" mult _mat. h"
voi d
li n_b_code(int*ve ctor, int Kk, intn, int **matrix, int*re sult )
milt _mat(vector, k. n,mati x, result,0);
}
extemvoi d mdtmati nt* vector, int k,i ntn, int*m ati x,i nt* result, int indice)
#inclu de" mult _mat. h"
- - voi
md t_mat( int* vector, int k,i ntn, int **mat ix, int* result, int indice)
{
int temp
inti,j
for(i =0;i <n; i++)

temp= 0;

for(j =0ij <k; j#+)
temp "=vec torf j] & matr ix[j][i];

resultf i+ indcel= temp;
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: :
Configuration values e a
{
int 1 ongueur;
lengthin=4 )
encode(str uct data* donnees, struct code* codage, struct data* resul t)f

int *v
structcod e
— int k;
ength out = L
int **matrix ;

char*ty pe;

type="lin_b_code” G

matrix = {{ 1, 1, 1}, {1, 1, O}, TR B,
{1, O, O}, {O, 1, 1}} 1in_b_code _sys (donnees->v, codage->k codage->n, codage->matrix , result ->v);
opt - I|W§l|

voi d
li n_b_code_sys (int*ve ctor , (int*re  sult )
{
mu tmat(v ecto r, re sult | k)
for
result [i] = vector [i];
}

# nclu de” mult _mat. h" - .
voi d
md t_mat(i nt* vect or, Jiont* result, ) &I I Za
{
int temp

for(

{

for(
temp ~=vec tof ] &
resul ] =tem p;
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Configured component

structd ata{i ntl ongueur;
int* v;} ;
structc ode{i ntk ;
intn ;
int* *matrix;
char* type;
char* opt;} ;
externi ntp error();
externi nte xit();
externv oi de ncode_spe(structd ata* ,s tructd ata* );
externv oi de ncode_spe/ *0*/(structd ata* donnees,s tructd ata* result)
{
{
int* lin_b_code_sys_0 result;
int* lin_b_code_sys_0_vector;
l'in_b_code_sys_0_vector=( *donnees).yv;
lin_b_code_sys_O_result=( *result).v;
{
int* mult_mat_1 result;
int* mult_nmat_1 vector;
intmult_mat_1 tenp;
mult_mat _1 vector=1 in_b_code_sys 0_vector;
mult_mat _1 result=1 in_b_code_sys O _result;
mult _mat_1 temp=( ((0~( unsignedi nt)( (int)((unsignedi nt)mult_mat_1 vector[0]&1 ))~*
(unsignedi nt)( (int)((unsignedi nt)rmult_mat_1 vector[1]&1 ))~
(unsignedi nt)( (int)((unsignedi nt)rmult_mat_1 vector[2]&1 ))~
(unsignedi nt)( (int)((unsignedi nt)rmult_mat_1 vector[3]&0 ));
mult_mat_1 result[4]=m ult_mat_1 tenp;
mult_mat_1 temp=( ((0~( wunsignedi nt)( (int)((unsignedi nt)mult_mat_1 vector[0]&1 ))~*
(unsignedi nt)( (int)((unsignedi nt)rmult_mat_1 vector[1]&1 ))~
(unsignedi nt)( (int)((unsignedi nt)rmult_mat_1 vector[2]&0 ))~
(unsignedi nt)( (int)((unsignedi nt)rmult_mat_1 vector[3]&1 ));
mult_mat_1 result[5]=m ult_mat_1 tenp;
mult_ mat_1 temp=( ((0~( unsignedi nt)( (int)((unsignedi nt)mult_mat_1 vector[0]&1 ))~*
(unsignedi nt)( (int)((unsignedi nt)rmult_mat_1 vector[1]&0 ))~
(unsignedi nt)( (int)((unsignedi nt)rmult_mat_1 vector[2]&0 ))~
(unsignedi nt)( (int)((unsignedi nt)rmult_mat_1 vector[3]&1 ));
mult_mat_1 result[6]=m ult_mat_1 tenp;
}
l'in_b_code_sys_O_result[0]=I in_b_code_sys_0_vector[O0];
lin_b_code_sys_O_result[1]=] in_b_code_sys_0_vector[1];
lin_b_code_sys_O_result[2]=] in_b_code_sys_0_vector[2];
l'in_b_code_sys_0O_result[3]=I in_b_code_sys_0_vector[3];
}
return;
}

Anne-Francoise Le Meur, 13Déceanbre 2002
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Configuration using speaali zaion
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Configuration using speaali zaion

Configurable\ /Configuration
component values
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Configurable
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Configuration ;E'ng speaalizaion
component values

global
declarations )
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tool
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Thesis

— Make specialization predictable and easier to use

— Declarative approach
» specialization declarations
» developer’s intention
» specialization verifications

» feasibility of the desired specialization

Compose group - - Anne-Frangoise Le Meur
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Problems to solve

— Specializability of a program
* a posteriori
— Complex mechanisms

* tool configuration difficult

— Difference between the result and the developer’s expectation
» global specialization information

¢ unconstrained analyses

Compose group - - Anne-Frangoise Le Meur 35



Proposed solutions (1/3)

— Specializability of a program

* a posteriori

- | — Take specialization into account during program
development

» what code fragments to specialize
* In what context
=P Declarations: specialization scenarios

Compose group - - Anne-Frangoise Le Meur
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Proposed solutions (2/3)

— Complex mechanisms

 tool configuration difficult

—P | — Translate declarations into configuration
parameters accepted by the specializer

Compose group - - Anne-Frangoise Le Meur
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Proposed solutions (3/3)

— Difference between the result and the developer’s

expectations
» global specialization information

¢ unconstrained analyses

— |_ Declarations express intentions: contraints

— Verification during analyses that constraints are
respected

Compose group - - Anne-Frangoise Le Meur
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Integrating ou approad Into
an existing speaali zer

Codeto Speaadlizaion
speaalize values
~— Anayses \ .
—> —» | Specidizer | —»
/v (pre-speg
O Code + Spedalized
Declarations to configure transformations program

the analyses

Compile-time specializaion process
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Integrating ou approad Into
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Global view of our approad
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Anne-Francoise Le Meur, 13Déceanbre 2002

#inclu de" mult _mat. h"

voi
md t_mat(i nt* vector, int k,i ntn ,
{

int temp

int i,

for(i =0;i <n; i++)

{
temp= 0;

for(j =0ij <ki j++)

temp "=vec torfj ] & matr ix[j ][] ;

resul tfi + indic e]= temp;

int *matr ixi nt* result,

int indice)
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Example: multmat

Think of an algorithm and of the desired speadalizaion

multmat.c

multmat.mdl

-
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Example: multmat

int multmat (int *data, int k, int n, int **matrix, int * result, int ind)

multmat.c

multmat.mdl

[T

Compose group - - Anne-Frangoise Le Meur 45




Example: multmat

int multmat (int *data, int k, int n, int **matrix, int * result, int ind)

multmat.c

multmat.mdl

[T
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Example: multmat

int multmat (int *data, int k, int n, int **matrix, int * result, int ind)

multmat.c

multmat (int* data, int k, int n, int ** matrix, int * result, int ind);

multmat.mdl

-
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Example: multmat

int multmat (int *data, int k, int n, int **matrix, int * result, int ind)

S: known at speaalizationtime
D : unkown at speaalizationtime multmat.c

multmat (D(int *) data, S(int) k, S(int) n,
S(int **) matrix, D(int *) result, D(int) ind);

multmat.mdl

[T
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Example: multmat

int multmat (int *data, int k, int n, int **matrix, int * result, int ind) {
int tmp, i, j;
for(i =0; 1 <n;i++)
tmp = 0;
for(j =0; ] <k; j++)
tmp = tmp " (data]j] & matrix[j][i] );

} result[ind + i] = tmp; multmat.c
multmat (D(int *) data, S(int) k, S(int) n,
S(int **) matrix, D(int *) result, D(int) ind);
multmat.mdl

-

Compose group - - Anne-Frangoise Le Meur
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Example: multmat

int multmat (int *data, int k, int n, int **matrix, int * result, int ind) {
int tmp, i, j;
for(i =0; 1 <n;i++)
tmp = 0;
for(j =0; ] <k; j++)
tmp = tmp " (data]j] & matrix[j][i] );

} result[ind + i] = tmp; multmat.c
Btmultmat :: multmat (D(int *) data, S(int) k, S(int) n,
S(int ** ) matrix, D(int *) result, D(int) ind);
multmat.mdl

-

Compose group - - Anne-Frangoise Le Meur
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Example: multmat

int multmat (int *data, int Kk, int n, int **matrix, int * result, int ind) {
int tmp, i, j;
for(i =0; 1 <n;i++)
tmp = 0;
for(j =0; ] <k; j++)
tmp = tmp " (data]j] & matrix[j][i] );
result[ind + i] = tmp; multmat.c

From multmat.c {
Btmultmat :: intern multmat (D(int *) data, S(int) k, S(int) n,
S(int **) matrix, D(int *) result, D(int) ind);

}

multmat.mdl

-
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Example: multmat

int multmat (int *data, int k, int n, int **matrix, int * result, int ind) {
int tmp, 1, J;
for(i =0; 1 <n;i++)
tmp = 0;
for(j = 0; j <Kk; j++)
tmp = tmp " (data]j] & matrix[j][i] );
result[ind + i] = tmp; multmat.c

}

Modue mult_mat {
Defines{
From multmat.c {

Btmultmat :: intern multmat (D(int *) data, S(int) k, S(int) n,
S(int **) matrix, D(int *) result, D(int) ind);

13
Exports{ Btmultmat; } multmat.mdl

} [

Compaose group - - Anne-Francoise Le Meur 52




#inclu de" mult _mat. h"
voi d
li n_b_code_sys (int *ve

{

int sub_ma rix _siz
int i

sub_marix _siz e =

for(i =0/i <k

md t_mat(v ecto r k ,

#inclu de" |'in_b_code_sysh "

ctor , int kintn,

nt
e;
n - k;

sub_mat rix _siz e, m atri
i +4)

result [ = vector [

**mat r ix, int *re sult )

x,re sult , K);

Anne-Francoise Le Meur, 13Décanbre 2002 [

#i
vo

{

nclu de” mult _mat. h"
id

md t_mat(i nt* vector, int

int temp
inti,jo;

for(i =0;i <n; i++)
{

temp= 0;

for(j =0ij <ki j+

resul tfi + indic e]=

k,i ntn, int *matrixi nt* result,

+)
temp "=vec torfj ] & matr ix[j ][]

temp;

int

indi ce)
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Module composition

#include "multmat.h"
int systLBC (int *data, int k, int n, int ** matrix, int * result) {
inti;
for(i =0; 1 <k; i++)
result[i] = data(i];
multmat(data, k, n - k, matrix, result, k} ;

systLBC.c

int multmat (int *data, int k, int n, int **matrix, int * result, int ind) {
int tmp, 1, J;
for(i =0; 1 <n;i++)
tmp = 0;
for(j =0; ] <k; j++)
tmp = tmp ** (data]j] & matrix[j][i] );
result[ind + i] = tmp;

}

multmat.c

L
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Module composition

#include "multmat.h"
int systLBC (int *data, int k, int n, int ** matrix, int * result) {
inti;
for(i =0; 1 <k; i++)
result[i] = data(i];
multmat(data, k, n - k, matrix, result, k} ;
} systLBC.c

Modue mult_mat {
Defines{
From multmat.c {
Btmultmat :: intern multmat (D(int *) data, S(int) k, S(int) n,
S(int **) matrix, D(int *) result, D(int) ind);

1}
Exports{ Btmultmat; }} multmat.mdl
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Module composition

BtsystLBC :: intern systLBC (D(int *) data, S(int) k, S(int) n,
S(int ** ) matrix, D(int *) result)

systLBC.mdlI

Modue mult_mat {
Defines{
From multmat.c {
Btmultmat :: intern multmat (D(int *) data, S(int) k, S(int) n,
S(int **) matrix, D(int *) result, D(int) ind);

1}
Exports{ Btmultmat; }} multmat.mdl
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Module composition

BtsystLBC :: intern systLBC (D(int *) data, S(int) k, S(int) n,
S(int ** ) matrix, D(int *) result)

needs{ Btmultmat; }; systLBC.mdl

Modue mult_mat {
Defines{
From multmat.c {
Btmultmat :: intern multmat (D(int *) data, S(int) k, S(int) n,
S(int **) matrix, D(int *) result, D(int) ind);

1}
Exports{ Btmultmat; }} multmat.mdl
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Module composition

Imports{ From multmat.mdl { Btmultmat; }}

BtsystLBC :: intern systLBC (D(int *) data, S(int) k, S(int) n,
S(int ** ) matrix, D(int *) result)

needs{ Btmultmat; }; systLBC.mdl

Modue mult_mat {
Defines{
From multmat.c {
Btmultmat :: intern multmat (D(int *) data, S(int) k, S(int) n,
S(int **) matrix, D(int *) result, D(int) ind);

1}
Exports{ Btmultmat; }} multmat.mdl
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Module composition

Moduesyst LBC{
Imports{ From multmat.mdl { Btmultmat; } }
Defines{
From systLBC.c{
BtsystLBC :: intern systLBC (D(int *) data, S(int) k, S(int) n,
S(int ** ) matrix, D(int *) result)
neads{ Btmultmat; }; }}
Exports { BtsystLBC; }} ystLBC.md|

Modue mult_mat {
Defines{
From multmat.c {
Btmultmat :: intern multmat (D(int *) data, S(int) k, S(int) n,
S(int **) matrix, D(int *) result, D(int) ind);

1}
Exports{ Btmultmat; }} multmat.mdl
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Compil ation
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Compil ation
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Analyses and werificaion
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Analyses and verificaion

specialize Declarationsto  _  verification that specialization
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Constraints
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Analyses and verificaion

Codeto
. Declarations to
e .
specidiz configure the

analyses

— Verification that specialization

Constraints

O O analysis satisfy the constraints

\ * / — Ifincohence then raise error

Analys\]/eesriﬁcation  similar to type checking

v

properties determined by the

Code +
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satisfying
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Analyses and erificaion

Code to . o o
specialize Declarationsto  _  verification that specialization
Congtraint configure the
onstrain . .
> analyses properties determined by the
O O analysis satisfy the constraints
\ * / — Ifincohence then raise error
Analys\z/eesriﬁcation « similar to type checking
* — Otherwise, calculated
Code + transformations will yield the
transformations
satisfying desired specialization
constraints
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Verificalon example

int systLBC (int® P data, int® k, int® n, int® * S« Smatrix, int® =P result) {
multmat(data, k, n - k, matrix, result, k};
}

int multmat (int® =Pdata, ints k, intSn,
Nt S+« Smatrix, int® *° result, int® ind) {

5 and P : developer’s constraints

Compose group - - Anne-Frangoise Le Meur
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Verificalon example

int systLBC (int® P data, int® k, int® n, int® * S+« Smatrix, intP =P result) {

multmat(data, k, n - k, matrix, result, k};
}

int multmat (int® =Pdata, intS k, intSn,
INtS * S+« Smatrix, int® P result, int® ind) {

Compase group - - Anne-Francoise Le Meur
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Verificalon example

int systLBC (int® P data, int® k, int® n, int® * S+« Smatrix, intP =P result) {

multmat(data, k, n - k, matrix, result, k};
}

int multmat (int® =Pdata, intS k, intSn,
INtS * S+« Smatrix, int® P result, int® ind) {

Compase group - - Anne-Francoise Le Meur
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Verificalon example

int systLBC (int® P data, int® k, int® n, int® * S+« Smatrix, intP =P result) {

multmat(data, k, n - k, matrix, result, k}; int
} :
int? [

int multmat (int® =Pdata, intS k, intSn,
INtS * S+« Smatrix, int® P result, int® ind) {

Compose group - - Anne-Frangoise Le Meur 77



Verificalon example

int systLBC (int® P data, int® k, int® n, int® * S+« Smatrix, intP =P result) {

multmat(data, Kk, n - k, matrix, result, k};

| Nt

int®

int multmat (int® =Pdata, intS k, intSn,
INtS * S+« Smatrix, int® P result, int® ind) {

Compase group - - Anne-Francoise Le Meur
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Verificalon example

int systLBC (int® P data, int® k, int® n, int® * S+« Smatrix, intP =P result) {

multmat(data, k, n - k, matrix, result, k} ;

| Nt

int?

int multmat (int® =Pdata, intS k, intSn,
INtS * S+« Smatrix, int® P result, int® ind) {

Compase group - - Anne-Francoise Le Meur
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Verificalon example

int systLBC (int® P data, int® k, int® n, int® * S+« Smatrix, intP =P result) {

multmat(data, k, n - k, matrix, result, k} ;

| Nt

int?

int multmat (int® =Pdata, intS k, intSn,
INtS * S+« Smatrix, int® P result, int® ind) {

Compase group - - Anne-Francoise Le Meur
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Verificalon example

int systLBC (int® P data, int® k, int® n, int® * S+« Smatrix, intP =P result) {

multmat(data, k, n - k, matrix, result, k}; OK
}

int multmat (int® =Pdata, intS k, intSn,
INtS * S+« Smatrix, int® P result, int® ind) {

Compase group - - Anne-Francoise Le Meur
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Dedarative approach:;
summary

— Specialization modules
» developer’s intention
¢ programming framework
— Compilation + verification
» configuration of the specializer

» specialization predictable with respect to the

developer’s declarations

— Systematic use of specialization now possible
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Environment to build
configurable components

Developer interface

Configurable
component
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Environment to build
configurable components

/\ User interface

Directary: fhoPssdemeurworkisofttexplesiencoder

Developer interface

arios

isualize

e Customizable

Configurable Configured \\ ..., Configured
component \] omponent component n
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Developer interface:
configurable component generation

| Component Brovwsar

Lirectory: fhomedemeurdvork/softfexplesfencoder

Modules SCEnanos
— parity__bit —Btencode
—mult_mat
—lin_b_code_sys Visyalize
—lin_kh_code
— libistring Fake Customizable

— eRCOde_cro

—code_caony

todule Editor *

Zustomization Sheet Editor |

=1Lt |
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Developer interface:

configurable component generation

|=lI=l[x]

Buffers Files Tools Edit Search Hule Hdl-node Help

encode £
1 =
= n code_corw.mdl  §
Bteode_cormw ;
3
From lin_b_code_sys.mdl £
Btlbc _sys;
3
From parity_bit.mdl £
Btparity _bit;
3
From lin_b_code.mdl {
532 17 e 2]
3
From encode_croc.mdl £
Btencode_crc}
3
From libstring.mdl £
Btstrocmp;
3
3
Defines £
From encode.c i
code :: struct code € Siint) k ;
R i ek s
(]
[T
(]

m

Slchar) = ltype ;
Siimt) 5S¢ SCL1) matrix ;
Sicharl S([]1) opt;?;
intern encode(Diint®x) w_in, codelstruct codel) Si#) enc,

Eterncode Tl
i Etparity_bit; Btlbc;

tneeddsi Btoode_com ;

Etlbc_sys; Btencode_crc;

mol 1

P Mdl ——L

——C0-—Al1ll

Diimt#®) w_out )

Etstromp ;33 ;
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Developer interface:
configurable component generation

| Customizat ion Sheet Editar EI=1|ET]

STRUCTURES

struct codefint K; int n; char [ type; int [ [ matri=; char [ opt}

k: Inumber af bits to treat = LUSER O P_CALL
I lnumber of resulting bits & USER O P_CaLL
type: ;type of encoding = ISER CPoE Akl
rriatriz: Idata generator " ISER = P CALL
opt: Imatrip-c; properties i LISER P Call

GLOBAL YARIABLES

FUMCTIOMNS

encodefint * v_in, struct code © enc, int ¥ v_out)

v ing iwurd to encode = LUSER O P_CALL
enc: lencnder propedies & USER O P_CaLL
v_out: ]encnded wird & USER  P_CALL
Record I Cancel
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Developer interface:
configurable component generation

| Compaonent O B pendencies

encode cre:
Btencode_cic

c_sys:| | parity_bit: | | lin_b_code:
. E‘*Fﬂﬂil_hﬂ : Btlbe

]

- [Btmui_mat muit_mat ¢ [REREN vector, NEE . NEE . NEERDIRDN mati-, NEEREN recut, BRE indice )
IEOdeTEaRY code_conv | [RIEE word, BBE k. BRORER resutt )

Quit |
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Developer interface:
configurable component generation

=1k

|z Btencode encode ( [JREE v_in, struct code B enc, I v_out ) ancode

code struct code { [l «; IS n; ERSERND tvpe; BREDDDRN mati< [EEENDD ont 1

—t7 Code

Efstremp stromp ( B <. B < )

Btencode_crc encode_crc { iR word, §6E k. Bl o, GEOREE poly, GEEEE resuit )
Btlbe lin_b_code ( [N vector, [ «. NGE n, NEENEINDE atri<, IRER resutt

Drata

lin_b_cade

iat mult_mat ¢ [IRENEN vector, B8 ¢, JGE n, IGENEIREN matri-<, BEEREN rosut, Rl indice encode_cre

|'- 1L |
1'.1 whi= ...r'

B Bi-par’riy bit' parity_bit ( [l |, BRESEY voctor, MRENE result )
| | lin_b_code_sys ( IENEN vector, §RE ¢ W68 n. FEENEEREN matvi-, IR resut )

W code_cony { [REE word, 6 <, BEERER resutt )

Quit |
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Developer interface:
configurable component generation

| Com pone nt Browser

Directory: fhomedemeurivorkssoft'e=plessencodear

FAodules SCcenarios

—parity_bit

= = - — _Btencocde
' Make Component Customizatle

successiul

Ok Wiesy Analysis Result Wiew Logs |

MModule Editor

!:ustu:_umiza’finn Sheet Editar

it &
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- Userinterface: |
configured component generation

' Customizahle Component Browser

Directory: rhomesdlemeuriworkisoftfexplesiencoder

Components SCenarios

—BEtencode \

It
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- Userinterface: |
configured component generation

| Component Custamization
Component: encode
Customization values:
“encocer propeties” (struct code)
"number of hits to treat” {int) : 4
"number of resulting hits" '_|;i mty 7
Mype-of encoding” (Char *y JEMES
“data generator” (int ™7 @ callfsource éinit_n::rn:[j init.c
"matri= properies” (char ™ ; i""
Customize * Cancel
it
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- Userinterface: |
configured component generation

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ =B —

Buffers Files Tools Edit 5Search Hule C Help

extern woid encode_spes®0%/{int *v_in, int #w_out)
Ak
binding times of formals: w_in 0, wv_out D
eval non-locals top: dummy_arrayz2l], dummy_srrau3l], code.k, code.matrix,
code.n, code.opt, code.type
evaluation time of body: D
evaluation times of pairings: 0O, D
e
i
i
int #kencoede_croc_0_result;
int #*encode_cro_0_word;

int #xencode_crc_0_suilf_tmpd;
encode_crc_0_word = v_1n;
encode_crc_0_result = wv_out;
enclde_crc_0_result[0] = encode_crc_0_word[0];
encode_crc_0_result[l] = encode_crc_O_word[1];
encode_crc_0_result[Z] = encode_crc_O_word[Z];
encode_crc_0_result[3] = encode_crc_O_word[3];
i+ (encode_crc_O_result[0] == 1)
i
encode_crc_0_suif_tmpd = Lencode_crc_0_result[0];
sencode_crc_O_sulf_tmpd = (unsigned int) (kencode_crc_O_suif_tmp4) ™ 1;
encode_crc_0_suif_tmpd = &kencode_crc_0_result[1];
sencode_crc_0_sulf_tmpd = (unsigrned int)(xencode_crc_O_suif_tmpd) ™ 1;
encode_crc_0_suif_tmp4 = &encode_crc_O_result[Z2];
sencode_crc_0_suilf_tmpd = (unsigned int) (kencode_crc_O_suilf_tmp4) ™ 1;
encode_crc_0_suif_tmpd = &kencode_crc_0_result[3];
sencode_crc_0_sulf_tmpd = (unsigned int) (kencode_crc_O_suif_tmpd) ™ 0O;
k)
if (encode_crc_0O_result[1] == 1)

——:—— pgncode__Btencode ..cts.c (C)-=L33——CY9-—-1F¥——————
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Conclusion

— Declaration language

 specialization predictable with respect to the declarations

— Environment
« compilation and verification (targeted to Tempo)

« graphical interfaces
— Real size applications: FEC, RPC, FFT, BPF, ...

— A step towards integrating specialization in the software

development process
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Future work

— Declaration language extensions

- aliases, external functions

 finer grained control over transformations
— Tools to assist specialization

* debugging environnment

 estimation of the size and execution time of the result
— New applications

« graphic stack (Philips) , network stack -- both ongoing

* runtime component re-configuration
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