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f
′

(κ).δk = lim
ε→0

f(κ + εδκ)− f(κ)

ε
.
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 !"#$# $%&'()# W ∗

h *+# %",)( -$. /$ ."+'/0#(') %0 +1+#23* /()"$(.*4

(
∂Ψh

∂Wh

|(κ,Wh))
∗W ∗

h = (
∂J

∂Wh

|(κ,Wh))
∗

56789:; <$/<0/* /!"#$# Wh= +'/0#(') %*4 Ψh(Wh) = 0. >( jh(κ) = (g,Wh(κ)) $/'.+

W ∗

h = −djh

dκ
|κ=0?

 !" #$%&'()*$+*$,) -.*,/+*$0.(

 !"!# $%&'()& *& (+,-+.''& */01+&23/1

9'0+ )'0+ ()#".*++')+ @ %*0A 3'%*+ %* %(B".*)#($#(')= /* 3'%* #$)C*)# *# /* 3'%*

()D*.+*? EA-/(F0')+ <*/$ @ -$.#(. %!0) *A*3-/*? G'(<( 0) -*#(# -.'C.$33* <$/<0/$)#

/$ )'.3* %!0) D*<#*0. @ %*0A %(3*)+(')+?

 !"#"

 ! $%#%

 ! &'() *

 * <'%* %(B*.*)#(" *) 3'%* #$)C*)# *+# /* +0(D$)#? 9'0+ -'0D')+ <')+#.0(.*

+') -.'C.$33* %".(D" F0( <$/<0/* +$ %(B".*)#(*//* <!*+# @ %(.* F0( <$/<0/* -'0. 0)*

-*#(#* D$.($#(') %'))"* %* +*+ *)#."*+ a *# b /$ -*#(#* D$.($#(') $0 -.*3(*. '.%.* %*
+$ +'.#(* s= <!*+# /* 3'%* H#$)C*)#H?

s = 2aȧ

s = a ∗ a
ṡ = ṡ + 2bḃ

s = s + b ∗ b
s = ṡ/2

√
s

IJ$F0* ()+#.0<#(') *+# $<<'3-$C)" %!0)* )'0D*//* ()#.0<#(') %(#* %".(D"* F0(

-.'-$C* /$ %(B".*)#(*//* Kȧ, ḃ et ṡL

9'0+ -'0D')+ $0++( <')+#.0(.* /$ %".(D"* *) 3'%* M()D*.+*M= F0( <$/<0/* /* C.$%(*)#

%0 ."+0/#$# . -$. .$--'.# @ /!*)+*3N/* %*+ *)#."*+Ka *# bL= -$. 0)* -.'-$C$#(') @

.*N'0.+ %*+ C.$%(*)#+ -$.#(*/+?

s = a ∗ a
s = s + b ∗ b
s̄ = s̄/2

√
s

b̄ = b̄ + 2bs̄

ā = ā + 2as̄

I*##* O'(+P<(= /*+ ()+#.0<#(')+ %".(D"*+ +')# .*C.'0-"*+ @ /$ ,) %0 -.'C.$33*=

*# +0(D*)# 0)* <'-(* %0 -.'C.$33* ()(#($/? Q* -/0+ /*+ ()+#.0<#(')+ %".(D"*+ $-P

-$.$(++*)# %$)+ /!'.%.* ()D*.+*?  !$D$)#$C* 3$&*0. %0 3'%* ()D*.+* D(+(N/* +0. <*#

*A*3-/*= *+# F0* /!') 'N#(*)# /*+ C.$%(*)#+ ā *# b̄ *) 0)* +*0/* *A"<0#(') %0 -.'P

C.$33* %".(D" ()D*.+* K<'R# 0)* 30/#(-/(<$#(')= 0)* %(D(+(') *# 0)* .$<()* <$.."*L?
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 ! "# $%&'("!() &%#* "+!%&* #'!,!*- ,) .(%/("00) 1-(!+-) '"&/)&'2 &%#* "#(!%&* 1#

"..),)( #&) 3%!* .%#( $4"5#) $%0.%*"&') 1) ,6)*."$) 16)&'(-) 7 a )' b 8 .%#( #& $%9'

'%'", 1) : 0#,'!.,!$"'!%&*2 ; 1!+!*!%&* )' 1)#< ("$!&)* $"((-)*=

 !"!" #$%&'%() *) +, -!.!

>& .(%/("00) P )*' #&) *#!') 16!&*'(#$'!%&* ?

{I1; I2; · · · ; Ip; }

@4"5#) !&*'(#$'!%& Ii )*' #&) '("&*$(!.'!%& 16#&) 3%&$'!%& 0"'4-0"'!5#) fi : Xi−1 7→
Xi= A) .(%/("00) P " 1%&$ #&) '("&*$(!.'!%& 0"'4-0"'!5#) F : X 7→ Y 5#! )*' ,"

$%0.%*-) 1) 3%&$'!%&* ?

F = fp ◦ fp−1 ◦ · · · ◦ f1

%B X ∈ IRn
)' Y ∈ IRm

=

A" $"("$'-(!*'!5#) )**)&'!),,) 1)* ,"&/"/)* 1) .(%/("00"'!%& !0.-("'!3* $,"*C

*!5#)* 7D%('("&2 @2@EE2F"+"2 )'$=8 )*' 5#6!,* "#'%(!*)&' ," 0%1!G$"'!%&2 ," (--$(!'#()

1) ," +",)#( $%&')&#) 1"&* #&) +"(!"H,) !&3%(0"'!5#)= A)* +"(!"H,)* !&3%(0"'!5#)*

*%&' 1%&$ 1!I-()&')* 1)* +"(!"H,)* 0"'4-0"'!5#)*2 1%&' ," +",)#( )*' G<-)2 1-')(C

0!&-)2 ."( ,)* -5#"'!%&* 5#! *6J ("..%(')&'= K%#( (),!)( ,)* 1)#< &%'!%&*2 &%#*

1!(%&* 5#6#&) +"(!"H,) !&3%(0"'!5#) )*' #& (-$).'"$,) .%#+"&' $%&')&!( *#$$)**!+)C

0)&' .,#*!)#(* +"(!"H,)* 0"'4-0"'!5#)*2 "# $%#(* 1) ,6)<-$#'!%& 1# .(%/("00)=

@%&*!1-(%&* #& .(%/("00) 1%&&- *%#* ," 3%(0) /-&-(",) *#!+"&') ?

Initialiser V avec X

(I1) V := f1(V)

· · ·
(Ik) V := fk(V)

· · ·
(Ip) V := fp(V)

Recuperer Y dans V

L"&* ,"5#),,) V )*' ," $%,,)$'!%& 1) '%#')* ,)* +"(!"H,)* !&3%(0"'!5#)* !&1!+!1#C

),,)* )' ,)* fi *%&' 1)* %.-("'!%&* 1) H"*) 1# ,"&/"/) #'!,!*-= @%00) ," +"(!"H,)

V $%&'!)&' *#$$)**!+)0)&' ,)* +"(!"H,)* 0"'4-0"'!5#)* X1 M Xp2 $) .(%/("00) "

)<"$')0)&' $%00) '("&*$(!.'!%& 0"'4-0"'!5#) ,6-5#"'!%& ?

F = fp ◦ fp−1 ◦ · · · ◦ f1

NJ"&' M &%'() 1!*.%*!'!%& #&) 3%&$'!%& 0"'4-0"'!5#)2 &%#* .%#+%&* 0"!&')&"&'

#'!,!*)( ," (O/,) 1) 1-(!+"'!%& .%#( ,)* 3%&$'!%&* $%0.%*-)* 5#! 1%&&) ?

F
′

(X) = f
′

p(Xp−1)× f
′

p−1(Xp−2)× · · · × f
′

1(X0)

5#! )*' ,6)<.()**!%& 0"'4-0"'!5#) 1) ," 1-(!+-) 1-*!(-)= P%#') ," 1!Q$#,'- )*' 0"!&C

')&"&' 1) R()0%&')(S "# &!+)"# 1)* .(%/("00)*2 $6)*' M 1!() 16-$(!() #& .(%/("00)

!&3%(0"'!5#) P
′

5#! !0.,-0)&')(" ," 3%&$'!%& 0"'4-0"'!5#) F
′

=
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 ! "#$ %&##'(!" )*+)+%$", !*+!-&,'$./" 0 $"! 12*'! 3+!32!" F
′

(X) "4 %!2# )" F (X)5

6"!+ %"2$ 7$," 8+'$ "4 9$"4)+4$ !*'4#$,23$'&4 I1 12' 3+!32!" X1 = f1(X0) +:"3 24

/&,3"+2 )" 3&)" 12' 3+!32!" !+ ;+3&('"44" J1 = f
′

1(X0) × Id. <4 8+'#+4$ 3"!+ %&2,

$&2$"# !"# '4#$,23$'&4# Ik &= &4 +;&2$" Jk = F
′

k × Jk−15 6"$$" $,+4#8&,/+$'&4 "#$

!&3+!" > 3.+12" '4#$,23$'&4 Ik5

<$2)'&4# !"# )"2? /&)"# )" )'@9,"4$'+$'&4#5 6&//"43&4# %+, !" /&)" $+4-"4$5

 ! #*+-'$ )*9:+!2", Ẏ = F
′

(X)× Ẋ 3*"#$ > )'," !+ )9,':9" )" F !" !&4- )" !+ )',"3$'&4

Ẋ5

F
′

(X)× Ẋ = f
′

p(Xp−1)× f
′

p−1(Xp−2)× · · · × f
′

1(X0)× Ẋ

6"$$" 8&,/2!" "#$ 912':+!"4$" > !+ #2':+4$"A 12' + !*+:+4$+-" )*7$," )93&/%&#9" "4

9$+%"# "?%!'3'$"# B

X0 = X

Ẋ0 = Ẋ

X1 = f1(X0)

Ẋ1 = f
′

1(X0)× Ẋ0

. . .

Xk = fk(Xk−1)

Ẋk = f
′

k(Xk−1)× Ẋk−1

. . .

Xp = fp(Xp−1)

Ẋp = f
′

p(Xp−1)× Ẋp−1

Y = Xp

Ẏ = Ẋp

 ! "#$ 8+3'!" )" ,"$,+4#3,'," 3"$$" 8&,/2!" #&2# !+ 8&,/" )*24 %,&-,+//"5 C" /7/"

12" !"# :+,'+(!"# '48&,/+$'12"# V 3&4$'"44"4$ #233"##':"/"4$ !"# :+,'+(!"# /+$.9D

/+$'12"# XiE !"# 4&2:"!!"# :+,'+(!"# '48&,/+$'12"# V̇ 3&4$'"44"4$ #233"##':"/"4$ !"#

:+,'+(!"# /+$.9/+$'12"#B

 !"#"$%"&'( ) $*'+ , '# V̇ $*'+ Ẋ

(İ1) V̇ := f
′

1(V)× V̇

(I1) V := f1(V)

· · ·
(İk) V̇:= f

′

k(V)× V̇

(Ik) V := fk(V)

· · ·
(İp) V̇:= f

′

p(V)×V̇
(Ip) V := fp(V)

Recuperer Y dans V et Ẏ -$!& V̇

F"/+,12&4# 12" 3.+12" )93!+,+$'&4 İk %,93G)" IkA %+,3" 12" Ik 93,+#" !*+43'"44"

:+!"2, )" V 5

H" /&)" +);&'4$ 3&4#'#$" > 9:+!2", !" %,&)2'$ /+$,'3" :"3$"2, X̄ = Ȳ × F
′

(X).

6" 12' #" )":"!&%%"B

X̄ = Ȳ × f
′

p(Xp−1)× f
′

p−1(Xp−2)× · · · × f
′

1(X0)
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X0 = X

X1 = f1(X0)

. . .

Xk = fk(Xk−1)

. . .

Xp = fp(Xp−1)

Y = Xp

X̄p = Ȳ
¯Xp−1 = X̄p × f

′

p(Xp−1)

. . .

X̄0 = X̄1 × f
′

1(X0)

X̄ = X̄0

7&1 ,0 "'0$!&'1/"1*$  $ /'*8'0++  !" -.,1&0" &0' ,9*'-' - &0,&#, - ! X̄k  !" -.&'*1!5

!0$": ;*#! - %*$! -90<*'- &0,&#, ' X̄p−1 & =#1 &*$-#1" > #"1,1! ' ,0 %0, #' - Xp−1:

?0' &*$!.=# $"( ' +/,0& ' "*#" ! , ! Xi /0' V  " , ! X̄i /0' V -0$! ,0 )*'+#, 

+0"@.+0"1=# ! &*$-#1" > #$ /'*8'0++ )0#4: ?*#' '.0,1! ' & "" A1$% '!1*$ -#

B*" - -*$$. !A( /,#!1 #'! +."@*- ! / #% $" C"'  +/,*D. !: ;*#! /*#%*$! -9#$ 

/0'" ' &0,&#, ' &@0=# Xi 3#!" 0%0$" !*$ #"1,1!0"1*$ -0$! fp(Xp−1)(  $ ' &*/10$" , !

1$!"'#&"1*$! -9*'181$ I1 > Ip

E "" +."@*- !90// ,, , F' &*+/#" 50,,A(  ,, 0 , -.!0%0$"08 - './." '

/,#!1 #'! )*1! , ! +C+ ! &0,&#,!: E =#1 ' $- , /'*8'0++ +*1$! / ')*'+0$":

G$ 0#"' +."@*- &*$!1!" > $ /0! ' &0,&#, ' , ! Xk +01! - /,#"H" , ! +.5

+*'1! ' -0$! #$ /1, : E =#1 &*$-#1" 0# /'*8'0++ !#1%0$" 6

Initialise V avec X et V̄ avec Ȳ

push(V))

 I1! V := f1(V)

· · ·
push(V)

 Ik! V := fk(V)

· · ·
push(V)

 Ip−1! V := fp−1(V)

pop(V)

 Īp! V̄ := V̄× f
′

p−1(V)

· · ·
pop(V)

 Īk! V̄ := V̄× f
′

k(V)

· · ·
pop(V)

 Ī1! V̄ := V̄ × f
′

1(V )

Recuperer X̄ dans V̄



 !"! #$%&'()*$+*$,) -./) 0',1'+22( 3,)*()+)* -(4 +55,3+*$,)4

-6)+2$7/(4 89

 ! "#$%!!&'( )#* +#,- ./&*#* *,$$#**01#* 2,# )3%! &1&0( 1,#* *," )3#!*#45)# +# )&

*#$(0%! 6787 9& ."#40:"# ./&*#;<.&**# &1&!(=> $&)$,)#Xi #( )#* *(%$?# *," )& .0)#7 9&

+#,-0:4# ./&*#;<.&**# &""0:"#=> $&)$,)# )#* +@"01@#* #! *#!* 0!1#"*#A #! "@$,.@"&!(

)#* Xi +#.,0* )& .0)# &, B," #( C 4#*,"# +#* 5#*%0!*7

 !" #$%&'()*$+*$,) -./) 0',1'+22( 3,)*()+)* -(4 +55,6

3+*$,)4 -7)+2$8/(4

D%,* ."@*#!(%!* )#* ."%5):4#* "#!$%!("@* +&!* ,! ."%E"&44# $%!(#!&!( +#* &))%$&F

(0%!* +G!&402,#*7 D%,* 0)),*("#"%!* $/&2,# ."%5):4# .&" #-#4.)#A $# 2,0 &4:!#"&

C ,!# *%),(0%! 2,0 #*( +0H@"#!(# *,01&!( 2,# !%,* *%44#* +&!* )# $&* 0!1#"*# %,

+0"#$(7

 !"!# $%&'()* +%& ,--).,'()*& +,*& -% /)+% ',*0%*'

I"@*#!(%!* ,! ."%E"&44# $%!(#!&!( )3&))%$&(0%! +3,!# 1&"0&5)# +G!&402,# V 2,0

#*( +@&))%,@ C )& J! +, ."%E"&44#7

Declarer V

(A1) allocate(V)

Initialiser V avec X

(I1) V := f1(V)

· · ·
(Ik) V := fk(V)

· · ·
(Ip) V := fp(V)

Recuperer Y dans V

(d1) Deallocate(V)

9# $%+# (&!E#!( +# $# ."%E"&44# $%!B%"4@4#!( &,- #-.)0$&(0%!* *," )# ."0!$0.#

E@!@"&) +# )& K7L $%!(0#!( +#* 1&"0&5)#* +@"01@#*7 9& 1&"0&5)# +@"01@# +# V #*( !%(@#

V̇ A @(&!( +%!!@ 2,3#))# $%!(0#!!#!( +#* 1&)#,"* +# 1&"0&5)#* 4&(/@4&(02,#* &..&"F

(#!&!( &, 4M4# #*.&$#7 N) #*( )%E02,# 2,# V̇ *%0( &,**0 ,!# 1&"0&5)# +G!&402,#7 N)

B&,( +%!$ 4&0!(#!&!( *&1%0" %O .)&$#" )#* 0!*(",$(0%!* +3&))%$&(0%! #( +# +@&))%$&(0%!

+# V̇ 7 9& "@.%!*# #*( 2,30) B&,( .)&$#" )& +@$)&"&(0%! )3&))%$&(0%! #( )& +@&))%$&(0%!

+# )& 1&"0&5)# V̇ &, 4M4# #!+"%0( 2,# .%," )& 1&"0&5)# V 7 I%," )3#-#4.)# ."@$@+#!(

!%,* %5(#!%!* )# $%+# (&!E#!( *,01&!(P



 ! "#$%&'( )* +,-.('/&,$&,0/ $1&02$&,31' '& %(04($22$&,0/ %$($5565'

Declarer V

Declarer V̇

(A1) allocate(V)

(Ȧ1) allocate(V̇)

 !"#"$%"&'( ) $*'+ , '# V̇ $*'+ Ẋ

(İ1) V̇ := f
′

1(V)× V̇

(I1) V := f1(V)

· · ·
(İk) V̇:= f

′

k(V)× V̇

(Ik) V := fk(V)

· · ·
(İp) V̇:= f

′

p(V)×V̇
(Ip) V := fp(V)

Recuperer Y dans V et Ẏ -$!& V̇

(D1) deallocate(V)

(Ḋ1) deallocate(V̇)

 !"# $!"%!&# '()*'+"(' +"( ,* '-#!,"./!& 0( 1( $'!2,3)( (#. *##(4 #/)/,*/'( *"

$'/&1/$( 5-&-'*, 0( ,* 67 (& )!0( .*&5(&.8 $"/#+"9!& *:!".( ; 1<*+"( /&#.'"1./!&

0( 0-1,*'*./!&8 09*,,!1*./!& (. "&( 0-*,,!1*./!& $!"' ,* %*'/*2,( 0-'/%-( ,* )=)(

/&#.'"1./!& )*/# 1(..( >!/# $!"' ,* %*'/*2,( 0-'/%-(?

@'(&!&# )*/&.(&*&. "& (A()$,( !B *$'3# ,* 0-*,,!1*./!& 09"&( %*'/*2,( V &!"#

'(C*,,!"!&# "&( #(1!&0( >!/# *$'3# ,9*%!/' *" $'-*,*2,( 0-*,,!"- D

Declarer V

allocate(V)

Initialiser V avec X

(I1) V := f1(V)

· · ·
Deallocate(V)

allocate(V)

(Ik) V := fk(V)

· · ·
(Ip) V := fp(V)

Recuperer Y dans V

Deallocate(V)

@!"' ,( 1*# 0" )!0( .*&5(&. /, #"E. 09()$,!F(' ,* )=)( .(1<&/+"(?

G9(#. ; 0/'( 0-1,*'('8 *,,!"(' (. 0-*,,!"(' V (. V̇ ? 7/&#/ &!"# !2.(&!&# 1(1/ D



 !"! #$%&'()*$+*$,) -./) 0',1'+22( 3,)*()+)* -(4 +55,3+*$,)4

-6)+2$7/(4 89

Declarer V

Declarer V̇

allocate(V)

allocate(V̇)

 !"#"$%"&'( ) $*'+ , '# V̇ $*'+ Ẋ

(İ1) V̇ := f
′

1(V)× V̇

(I1) V := f1(V)

· · ·
deallocate(V)

deallocate(V̇)

allocate(V)

allocate(V̇)

(İk) V̇:= f
′

k(V)× V̇

(Ik) V := fk(V)

· · ·
(İp) V̇:= f

′

p(V)×V̇
(Ip) V := fp(V)

Recuperer Y dans V et Ẏ -$!& V̇

deallocate(V)

deallocate(V̇)

 !"# $!"%!&# %!'( )"* +,&# $!"( -* .,# +" /!+* 0,&1*&02 -* $(!3-4/* #* (5#!"0

+* -, /,&'4(* #"'%,&0* 6

• 7!"( -, +5.-,(,0'!& +8"&* %,(',3-* V 2 !& ,9!"0* +,&# -* .!+* +5('%5 "&* +5.:

-,(,0'!& +* -, %,(',3-* V̇ ;

• 7!"( -8,--!.,0'!& +8"&* %,(',3-* V 2 !& ,9!"0* +,&# -* .!+* +5('%5 "&* ,--!.,0'!&

+* -, %,(',3-* V̇ ;

• 7!"( -, +5,--!.,0'!&+8"&* %,(',3-* V 2 !& ,9!"0* +,&# -* .!+* +5('%5 "&* +5,-:

-!.,0'!& +* -, %,(',3-* V̇ ;

 !"!# $%&'()* +%& ,--).,'()*& +,*& -% /)+% (*0%1&%

<, 1*#0'!& +*# ,--!.,0'!&# +=&,/')"*# +,&# -* .,# '&%*(#* *#0 $-"# .!/$-')"5 .,( "&*

%,(',3-* V +5,--!"5* *#0 $*(+"*; >--* &* $*"0 $-"# ?0(* (5."$5(5* -!(# +8"& pop(V ); @-

A,"0 +!&. 0!"9!"(# #8,##"(*( )"8"&* %,(',3-* &8*#0 $,# +5,--!"5* ,%,&0 +8?0(* *&-*%5*

+* -, $'-*; B*00* (*.C*(.C* !3-'1* D "&* ,&,-=#* $-"# E&*;

F*$(*&!&# -* /?/* *G*/$-* )"* $(5.*+*//*&0 *0 +!&&!&# -* .!+* +'H5(*&0'5

,$$(!$('5;



 ! "#$%&'( )* +,-.('/&,$&,0/ $1&02$&,31' '& %(04($22$&,0/ %$($5565'

Declarer V

allocate(V)

Initialiser V avec X

(I1) V := f1(V)

· · ·
deallocate(V)

allocate(V)

(Ik) V := fk(V)

· · ·
(Ip) V := fp(V)

Recuperer Y dans V

Deallocate(V)

 ! "#$! !% &#$! '%(!)*! !*+ *'&',-')! . "!,/' $/ +-%0!%+1

Declarer V

Declarer V̄

allocate(V)

allocate(V̇)

Initialise V avec X et V̄ avec Ȳ

push(V)

 I1! V := f1(V)

· · ·
push(V)

 Ik! V := fk(V)

· · ·
push(V)

 Ip−1! V := fp−1(V)

pop(V)

 Īp! V̄ := V̄× f
′

p(V)

· · ·
pop(V)

 Īk! V̄ := V̄× f
′

k(V)

· · ·
Mettre dans V la valeur de X

 Ī1! V̄ := V̄ × f
′

1(V )

Recuperer X̄ de V̄

deallocate(V)

deallocate(V̄)

2!3)!%#%* ,! $!/4'5&! !4!&3,!6



 ! ! "#$%&'()#*)#+( ,-.( /+,' 012 34

Declarer V

Declarer V̄

allocate(V)

allocate(V̇)

Initialise V avec X et V̄ avec Ȳ

push(V)

 I1! V := f1(V)

· · ·
push(V)

deallocate(V)

allocate(V)

 Ik! V := fk(V)

· · ·
push(V)

 Ip−1! V := fp−1(V)

pop(V)

 Īp! V̄ := V̄× f
′

p(V)

· · ·
pop(V)

 Īk! V̄ := V̄× f
′

k(V)

deallocate(V̄ )

allocate(V̄ )

· · ·
Mettre dans V la valeur de X

 Ī1! V̄ := V̄ × f
′

1(V )

Recuperer X̄ de V̄

deallocate(V)

deallocate(V̄)

 !"#"$%&" '()*"++,+ "+- ./,# '/0 12 *3/&&1," &/ 4/0(/5&" V &10+ *" &/ %/++" /4/2-6

71,+ +1$$"+ *12' */2+ &!($%1++(5(&(-3 *" 03',%30"0 +/ 4/&",0 */2+ &/ %/++" /00(80"

&10+ *!,2 %1% %,(+9,!12 / /4"' &/ *3/&&1'/-(12 +,%%0($3 &/ 4/&",0 */2+ &/ $3$1(0"6

:1,0 &" $1$"2- 21,+ 2!/412+ "2'10" 03+1&, '" %015&8$" *3&('/-; '" -0/4/(& "+- "2

'1,0+ *" 0"'<"0'<"6

 ! "#$%&'()#*)#+( ,-.( /+,' 012

=/2+ '"--" %/0-(" 21,+ 4"0012+ '1$$"2- *(>30"2-("0 ,2 '1*" "2 $1*" (24"0+"6 :1,0

'"&/ */2+ ,2 %0"$("0 -"$%+ 21,+ *3'0(012+ ,2 '1*" ?:@ *(>30"2-(3; /A2 *!(2-01*,(0"

&/ *3$/0'<" ,-(&(+3" %1,0 *(>30"2-("0 &" '1*" "2 $1*" (24"0+"6 =/2+ ,2 *",# -"$%+

21,+ "#%&(9,"012+ &/ $3-<1*" *" *(>30"2-(/-(12 *"+ '1*"+ ?:@6 B- */2+ ,2 -01(+(8$"

-"$%+ 21,+ "#%&(9,12+ '1$$"2- 03+1,*0" ,2 %015&8$" %014"2/2- *!,2 C1- *" *12)

23"+ 212 *3-"0$(2(+-"6

 ! !" #$%&'(% )*+, '-./-0&&% 123 )456-%,746

:0"212+ ,2 '1*" ?:@ "- *(>30"2-(12+ &" "2 $1*" (24"0+"6 =/2+ 21-" "#"$%&" &"

%01'"++,+ $/(-0" '/&',&" V := f1(V); · · · V = fn(V) %,(+ *(>,+" &" 03+,&-/- *" &/ 4/&",0



 ! "#$%&'( !) *+,-('.&+$&+/. $0&/1$&+20' '& %(/3($11$&+/. %$($4454'

 ! "# $#%&#'"! V #() #(*%!+ ,%-.!++(+ ,#% "/&0*!%12 &#&%!  ! 6789:;$<&3 4 "/#& !

 ! "# $#"!(% V "!+ ,%-.!++(+ .#".("!0* [V := fn+2(V); · · · V = fp(V)] !* %2.(,5%!0* "!

%2+("*#*  #0+ "# $#%&#'"! Y 3

Initialise V avec X

if (processeur maitre)

V := f1(V)

· · ·
V = fn(V)

endif

call mpi bcast(V, processeurmaitre)

V = fn+2(V)

· · ·
V = fp(V)

Recuperer la variable Y la valeur de V

6-&.& "! .- !  &72%!0*&2 # 8-&0*  ! .! ,%-9%#11!: (*&"&+#0* (0! #,,%-.;! <+*-%!=

#""> ,-(% "/&0$!%+&-0  ( ?-*  !  -002!+3

Initialise V avec X et V̄ !"#$ Ȳ

if (processeurmaitre)

V := f1(V)

push(V)

· · ·
push(V)

V = fn(V) endif

call mpi bcast(V, processeurmaitre)

push(V)

V = fn+2(V)

· · ·
push(V)

V = fp(V)

pop(V)

V̄ = V̄× f
′

p(V)

pop(V)

· · ·
V̄ = V̄× f

′

n+2(V)

call mpi reduce% ¯tmp, V̄&SUM'

V̄ = ¯tmp

pop(V)

if(processeurmaitre)

pop(v)

V̄ = V̄× f
′

n(V)

· · ·
pop(V)

V̄ = V̄×f′

1(V)

end if

Recupere X̄ de V̄



 ! ! "#$%&'()#*)#+( ,-.( /+,' 012 34

 !"# $%&!''()##!'# #"$ &!*% (*+!)', -.($&/),%&,"$% *0+1 *0&$),%2 %, %' 3($,)&"-)%$

-%# *%"4 3(##%# #"&&%##)5%#2 (5(', %, ($$)6$%7 8( 3(##% ($$)6$% %9%&,"% -%# !30$(:

,)!'# *)90$%',)0%# *%# )'#,$"&,)!'# *.!$);)'% *('# -.!$*$% )'5%$#%7 <!"$ ="% &% 3$!:

;$(>>% #!), &!$$%&,2 -.)'#,$"&,)!' *)90$%',)0% *% -.(33%-?>3)@A&(#,B *!), C,$% "'

?>3)@$%*"&%B7 D('# -( #"),%2 '!"# +"#,)E!'# &% &/!)4 %, '!"# 3$!3!#!'# "'% *0:

>($&/% #F#,0>(,)="% 3!"$ ,$!"5%$ -%# )'#,$"&,)!'# *)90$%',)0%# (*+!)',%# *%# 3$)'&):

3(-%# 3$)>),)5%# *% &!>>"')&(,)!' G<H7

 ! !" #$%&'($ )*+,-%./0 ,*&/( $%&0./( 123

<$0&0*%>>%',2 '!"# (5!'# 5" -% 3$)'&)3% ;0'0$(- *% -( D7I !J &/(="% )'#,$"&,)!'

Ii %#, $%,$('#&$),% %' K!'&,)!' >(,/0>(,)="% fi2 3")# %#, *0$)50% %' f
′

i %, $%,$('#&$),

%' )'#,$"&,)!' )'K!$>(,)="% I
′

i 7

L,"*)!'# >()',%'(', -% &(# *."' &!*% ",)-)#(', -( -)A$()$)% G<H7  !,!'# IMi "'%

)'#,$"&,)!' &!',%'(', *%# 3$)>),)5%# G<H7 M%,,% )'#,$"&,)!' IMi '% 3%", 3(# C,$%

$%,$('#&$),% %' K!'&,)!' >(,/0>(,)="% *('# -( 3-"3($, *%# &(#2 &($ -%# $!",)'%# G<H

$%3$0#%',%', *%# &!>>"')&(,)!'# %',$% 3$!&%##"#7

8( *0>($&/% ="% '!"# ",)-)#!'# )&) %#, *)90$%',% *" 3$)'&)3% ;0'0$(-7 D('#

"' 3$%>)%$ ,%>3# '!"# #0="%',)(-)#%$!'# IMi %' ISi7 D('# "' *%"4)6>% ,%>3#

'!"# *)90$%',)!'# %' >!*% )'5%$#% ISi 3!"$ !A,%')$ ĪSi7 N'E' '!"# 3$!3!#%$!'# "'

'!"5%(" &!*% 3($(--6-% ĪMi *!', -( #0="%',)(-)#(,)!' &!$$%#3!'* 1 ĪSi

<-"# 3$0&)#%>%', 3!"$ &/(="% 3$)>),)5% G<H G<H@K<D OK<DP5!'&,)!' 6($(--6-%

%' >!*% ,)$%&,%Q %#, ,$('#K!$>0% %' K!'&,)!' #%="%',)%--% RNS@KRD OKRDP5!'&,)!'

70="%',)%--% %' >!*% ,)$%&,%Q 7

RNS@KRD %#, *)90$%'&)0 %' >!*% )'5%$#% 3!"$ !A,%')$ RNS@KRI OKRTP5!'&,)!'

70="%',)%--% %' >!*% **+!)', Q 7

N'E' RNS@KRI %#, >)#% #!"# "'% K!$>% 3($(--6-% U G<H@K<I OK<IP5!'&,)!'

6($(--6-% %' >!*% 8*+!)',Q7

8( *0>($&/% #% #&/0>(,)#% ()'#) U

MPI@fPD

��

MPI@fPA

SEQ@fSD +3 SEQ@fSA

OO

8( 3$%>)6$% 0,(3% %#, *% #0="%',)(-)#%$ ,!",%# -%# $!",)'%# G<H '!"# !A,%'!'#

N $!",)'%# U

SEQ@fSD1 . . . SEQ@fSDN

<")# %' 3(##(', (" >!*% (*+!)', '!"# !A,%'!'# U

SEQ@fSA1 . . . SEQ@fSAN

R) SEQ@fSDk = SEQ@fSAl (-!$# MPI@fPDk ( 3!"$ (*+!)', MPI@fPAl7

R!), -( $!",)'% MPI@fPDk2 '!"# &(-&"-!'# SEQ@fSAk 3")# '!"# &/%$&/!'# *('#



 ! "#$%&'( )* +,-.('/&,$&,0/ $1&02$&,31' '& %(04($22$&,0/ %$($5565'

 !" #$%&'($%" "!)*!%'(!  !" "+ &$,,!"-$%.+%&! SEQ/fSDl0 "$% +.1$(%' !"' + $,"

MPI/fPAl2

3$',! 45'6$.! .! "5)*!%'(+ ("+'($%0 !4-(,()*!0 !"' "(4( +(,! 7  8+--,$&6! 9:+,;

'('($%!. < $=+ >..,!"" ?-+&!@ :<>? *'( ("5! -$*,  !" -,!*A!" .! -,$-,(5'5" .!

&$.!" -+,+  B !"0 A$(, CD0 E0 FG2 H% !%"!4= ! .! -,$&!"" !I5&*'!%' !% -+,+  B !" .!"

-$,'($%" .! &$.! JD $* F .+%" %$',! &+" -$*, +  5K!,  !" %$'+'($%"L2 M% .("'(%K*+%'

 !" A+,(+= !" .! 4N4! %$4 "*, .!" -,$&!"" .(O5,!%'" +* 4$P!% .8*% (%.(&!0 !' !%

(%',$.*("+%' .!" A+,(+= !" K $=+ !" -$*, ,!-,5"!%'!,  !" &+%+*I .! &$44*%(&+'($%0

$% -!*' 5&,(,! *% -,$K,+44! "5)*!%'(! 5)*(A+ !%'2 Q+%"  ! &+" .! .!*I -,$&!""!*,"

%$*" -$*A$%" "&654+'("!,  + "('*+'($% !%

P1 P2

x = 12 x = 0

Q+%"  85&,('*,! "5)*!%'(!  ! .! &! &$.! %$*" .("'(%K*$%"  + A+,(+= ! "*(A+%' )*8!  !

"$(' .+%"  ! -,$&!""!*, R $*  ! -,$&!""!*, D2 Q+%"  ! &+" -,5&5.!%' xi ,!-,5"!%'!,+('

 + A+,(+= ! x .+%"  ! -,$&!""!*, i0 &! + .$%%! + $,"  ! &$.! "5)*!%'(! "*(A+%' S

x1 = 12

x2 = 0

M% -+,+  B ! %$',! %$*A!  ! ,!-,5"!%'+'($% .$%%!

P1 P2

x1 = 12 x2 = 0

3$*" +  $%" 4+(%'!%+%' (%',$.*(,! *%! A+,(+= ! K $=+ ! T&'(A! li )*( ,!-,5"!%'!  !

&+%+ .! &$44*%(&+'($% .* -,$&!""!*, i +A!&  !" +*',!" -,$&!""!*,"2 3$*" $='!%$%"

S

P1 P2

x1 = 12 x2 = 0

l1 = x1

U! &6!4(%!4!%' !I- ()*!  85'+-! MPI/fPD → SEQ/fSD2 :$*, -+""!, 7  85'+-!

SEQ/fSD ⇒ SEQ/fSA %$*" .(O5,!%'($%"2

U+ &* $%" 4+(%'!%+%'  8+.1$(%' !' .!" ,$*'(%!" -+,+  B !" & +""()*!"2

7' 801%5' 9:;<=>?+@9:;<A>"B :$*, -+""!, .* -+,+  B ! +* "5)*!%'(! 0

%$*" .("'(%K*$%"  !" A+,(+= !" "*(A+%'  ! -,$&!""*" .$%%52 :+, !I!4- ! "*--$"$%"

)*! %$*" "$44! !% ?:VQ J ?(%K ! :,$K,+40 V* '(- ! Q+'+L !' )*! %$*" +A$%"

 8(%"',*&'($% "*(A+%'! S

if (P1) then

mpi recv(x, P2)

else

mpi recv(x, P1)



 ! ! "#$%&'()#*)#+( ,-.( /+,' 012 34

 !"#$ % &'(" )"  *+,)" - .,'/#"0&1234 567/(" 81239 6*+( &"# (:'#*0# &"  ):($;

 *0#'&;(*0# <+#$" )"# ,:(:.=$("# "##"0$'")# % ):  *.,(;>"0#'*0 &+ ,:##:?" "0 .*&"

("8"(#"9 @+,,*#*0# A+" 0*+# :8*0# .:'0$"0:0$ &"+B ,(* "##"+(# -

P1 P2

l = x1 y2 = l

C" A+' &*00" #;A+"0$'"))"."0$

l = x1

y2 = l

D"  *&" '08"(#" &*00"

l̄ = 0

l̄ = l̄ + ȳ2

ȳ1 = 0

x̄1 = x̄1 + l̄

l̄ = 0

C" A+' &*00" -

P1 P2

l̄ = ȳ2

x̄1 = x̄1 + l̄ ȳ2 = 0

5+66'/)' ,' ,+((%'7 &%8*&)#'7 9 012:;<=>?@ C"$$" E*0 $'*0 ,"(."$ :+

,(* "##+# (; ",$"+( &"  *))" $"( )"# &*00;"# ,(*8"0:0$ &" $*+# )"# ,(* "##+#9 F:0#

0*$(" "B".,)" )" ,(* "##+# P1  *))" $" )"# &*00;"# x2 "$ x3 ,(*8"0:0$ &"# ,(* "##+#

P2 "$ P39

G*+# #'.,)'H*0# )!; ('$+(" &"# ,:(:.=$("# &" ): ,('.'$'8" 567/IJKLMNO,*+(

&"# (:'#*0# &"  ):($;  *0#'&;(*0# <+#$" )"# ,:(:.=$("# "##"0$'")# % ):  *.,(;>"0#'*0

&+ ,:##:?" "0 .*&" ("8"(#" P 0*+# 0*$"(*0# 567/IJKLMN1BO2OP13O B (",(;#"0$"

)!"0$(;"O 2 ): #*($'" "$ P1 )" ,(* "##"+( (; ",$"+( -

D"  *&" "0 ,:(:))=)" "#$ $(:&+'$ &" ): .:0'=(" #+'8:0$ -

P1 P2 P3

l1 = x1 l2 = x2 l3 = x3

y1[1] = l1
y1[2] = l2
y1[3] = l3

Q+' #" $(:&+'$ #;A+"0$'"))"."0$ -



 ! "#$%&'( )* +,-.('/&,$&,0/ $1&02$&,31' '& %(04($22$&,0/ %$($5565'

l1 = x1

l2 = x2

l3 = x3

y1[1] = l1
y1[2] = l2
y1[2] = l2

 !"# $!"%!&# '(!)# '$$(*+",) (, -!., *&%,)#, /

l̄3 = ȳ1[3]

l̄2 = ȳ1[2]

l̄1 = ȳ1[1]

ȳ1[:] = 0

x̄3 = x̄3 + l̄3
x̄2 = x̄2 + l̄2
x̄1 = x̄1 + l̄1

0, +"* 1!)),#$!&. '" 1!., $')'((2(, /

P1 P2 P3

l̄1 = ȳ1[1] l̄2 = ȳ1[2] l̄3 = ȳ1[3]

ȳ1[:] = 0 ȳ1[:] = 0 ȳ1[:] = 0

x̄1 = x̄1 + l̄1 x̄2 = x̄2 + l̄2 x̄3 = x̄3 + l̄3

+,-17,0/ 7.5'8&,9' :' :0//.' (.%$(&,'7 ; <=>?@"ABBCD 0,33, 4!&15

3*!& $,)-,3 6 "& $)!1,##"# ., .*7"#,) .,# .!&&8,# '"9 $)!1,##"# *&.*+"8#: ;'&#

&!3), ,9,-$(, (, $)!1,##"# P1 .*7"#, #,# .!&&8,# 6 3!"# (,# $)!1,##"# <P2 ,3 P3=:

-$*>#1'33,)<9?@?P1= ,#3 "&, 81)*3"), #*-$(*A8,? 9 ),$)8#,&3, (, $')'-23), .B,&3)8,?

@ (, $')'-23), ., #!)3*,# ,3 P1 ,#3 (, $)!1,##"# +"* .*7"#, #,# .!&&8,#: C, 1!., ,&

$')'((2(, ,#3 3)'."*3 ., (' -'&*2), #"*%'&3 /

P1 P2 P3

l1 = x1[1]

l2 = x1[2]

l3 = x1[3]

y1 = l1 y2 = l2 y2 = l2

0, +"* .!&&, ,& #8+",&3*,(

P1

l1 = x1[1]

l2 = x2[1]

l3 = x3[1]

y1 = l1
y2 = l2
y3 = l3



 ! ! "#$%&'()#*)#+( ,-.( /+,' 012 33

 ! "#$! %&'!()! $#&&!

P1

l̄3 = ȳ3

l̄2 = ȳ2

l̄1 = ȳ1

y[:] = 0

x̄1[3] = x̄1[3] + l̄3
x̄1[2] = x̄1[2] + l̄2
x̄1[1] = x̄1[1] + l̄1

*! +,% $#&&!

P1 P2 P3

l̄1 = ȳ1 l̄2 = ȳ2 l̄3 = ȳ3

ȳ1 = 0 ȳ2 = 0 ȳ3 = 0

x̄1[3] = x̄1[3] + l̄3
x̄1[2] = x̄1[2] + l̄2
x̄1[1] = x̄1[1] + l̄1

"#$.4#+( 5%(%&*6' 7 01289:;<= *!--! .#&/-%#& 0!("!- 1 ,& 0(#/!)),) $!

$%2,)!( ,& "!))34! 1 -#,) 5!) 3,-(!) 0(#/!)),)6 73&) &#-(! !8!"05! 5! 0(#/!)),) P1

!&'#%! y 3,8 0(#/!)),) P2 !- P36

73&) 53 0(%"%-%'! 9:;<=*>?@AyBP1CB y (!0(D)!&-! 5! 03(3"E-(! $F!&-(D! !- $!

)#(-%!B P1 !)- 5! 0(#/!)),) +,% !&'#%! 1 -#,) 5!) 3,-(!) 0(#/!)),)6

P1 P2 P3

l1 = y1

y2 = l1 y3 = l1

*! +,% )! -(3$,%- )D+,!&-%!55!"!&- 03( G

l1 = y1

y2 = l1
y3 = l1

 ! /#$! %&'!()! $#&&!

l̄1 = ȳ3

ȳ3 = 0

l̄1 = l̄1 + ȳ2

ȳ2 = 0

ȳ1 = ȳ1 + l̄1



 !! "#$%&'( )* +,-.('/&,$&,0/ $1&02$&,31' '& %(04($22$&,0/ %$($5565'

 ! "#$ %&''!

P1 P2 P3

l̄1 = ȳ3

ȳ3 = 0

l̄1 = l̄1 + ȳ2

ȳ2 = 0

ȳ1 = ȳ1 + l̄1

789:;<+="< (!))! *&' )$&' +!,-!) %! *.$,! %!/ &+0,.)$&' %! ,0%# )$&' !'

+1#/ %!/  &--#'$ .)$&'/  &11! )$2!/3 4! ,0/#1).) %! 15&+0,.)$&' !/) ,0 #+0,0 /#, #'

/!#1 +,& !//#/3 6.'/ '&),! !7!-+1! 45&+0,.)$&'  &'/$%0,0! !/) #'! /&--! "#$ !/)

,0 #+0,0 +., 1! +,& !//#/ P13

8' 0 ,$,. 9:;<=44<>?6@(?A7BCBD@9BP1E &F C !/) 1. 2.1!#, ,!G #!B 7 !/)

1. 2.1!#, %! /&,)$! !) D@9 15&+0,.)$&' "#! 15&'  &'/$%H,!3 D#++&/&'/ "#! '&#/

),.2.$11&'/ /#, I +,& !//!#,/ P1 P2 et P33 4!  .1 #1 *.$) /#,  J."#! +,& !//!#, !/) 1!

/#$2.')K

P1 P2 P3

l1 = x1 l2 = x2 l3 = x3

y1 = l1 + l2 + l3

(! "#$ %&''! /0"#!')$!11!-!') K

l1 = x1

l2 = x2

l3 = x3

y1 = l1 + l2 + l3

L&#/ &M)!'&'/ 1!  &%! $'2!,/!

l̄1 = ȳ1

l̄2 = ȳ1

l̄3 = ȳ1

ȳ1 = 0

x̄3 = x̄3 + l̄3
x̄2 = x̄2 + l̄2
x̄1 = x̄1 + l̄1

N#$ /! ),.%#$) /&#/ *&,-! +.,.11H1! K

P1 P2 P3

l̄1 = ȳ1

l̄2 = ȳ1

ȳ1 = 0

l̄3 = ȳ1

x̄1 = x̄1 + l̄1 x̄2 = x̄2 + l̄2 x̄3 = x̄3 + l̄3



 ! ! "#$%&'()#*)#+( ,-.( /+,' 012 343

012567789":;9  !""! #$%&"'$% #('" )( *+*! &,$-! ./! mpi0reduce 1 )(

2'345!%&! ./! )! 54-/)"(" 2! )6$745("'$% !-" 54&/7454 7(5 "$/- )!- 75$&!--/-8

9% 4&5'5( :;<0=>>0?@AB @CDEFEGB:EP1H $I F !-" )( J()!/5 5!K/E D !-" )(

J()!/5 2! -$5"'! !" GB: )6$745("'$% ./! )6$% &$%-'2L5!8 G/77$-$%- ./! %$/- "5(M

J('))$%- -/5 N 75$&!--!/5- P1 P2 et P38 >! &()&/) #('" -/5 &,(./! 75$&!--!/5 !-" )!

-/'J(%"O

P1 P2 P3

l1 = x1 l2 = x2 l3 = x3

y1 = l1 + l2 + l3 y2 = l1 + l2 + l3 y3 = l1 + l2 + l3

>! &$2! 754&42!%" 7!/" +"5! 5!754-!%"4 -4./!%"'!))!*!%" 2! )( *(%'L5! -/'J(%"!O

l1 = x1

l2 = x2

l3 = x3

y1 = l1 + l2 + l3
y2 = l1 + l2 + l3
y3 = l1 + l2 + l3

P$/- -$**!- !% *!-/5! *('%"!%(%" 2! 2$%%!5 )! &$2! 2'345!%"'4 '%J!5-! 2/

75$Q)L*!8 $IE (75L- (J$'5 5!*(5./4 ./! )!- J()!/5- 2! l̄1E l̄2E !" l̄3 -$%" '2!%"'./!-O

l̄3 = ȳ3

ȳ3 = 0

l̄2 = ȳ2

ȳ2 = 0

l̄1 = ȳ1

ȳ1 = 0

x̄1 = x̄1 + l̄1 + l̄2 + l̄3
x̄2 = x̄2 + l̄1 + l̄2 + l̄3
x̄3 = x̄3 + l̄1 + l̄2 + l̄3

 ! ./' 2$%%! !% 7(5())L)! O

P1 P2 P3

l̄1 = ȳ1 l̄2 = ȳ2 l̄3 = ȳ3

ȳ1 = 0 ȳ2 = 0 ȳ3 = 0
¯tmp = l̄1 + l̄2 + l̄3 ¯tmp = l̄1 + l̄2 + l̄3 ¯tmp = l̄1 + l̄2 + l̄3

x̄1 = x̄1 + ¯tmp x̄2 = x̄2 + ¯tmp x̄3 = x̄3 + ¯tmp

"%)'&<#(*)#+( ,'= *,>+#()= G' %$/- %$/- '%"45!--$%- 1 :;<0?@AB @ -$%

(2R$'%" -4./!%"'!) !-" O



 !" #$%&'() *+ ,-./)(0'-%'-10 %2'13%'-42( (' &)15)%33%'-10 &%)%6676(

l̄1 = l̄1 + ȳ1

l̄2 = l̄2 + ȳ1

l̄3 = l̄3 + ȳ1

ȳ1 = 0

x̄3 = x̄3 + l̄3
x̄2 = x̄2 + l̄2
x̄1 = x̄1 + l̄1

 !" #$ %&'(!"% )'&

P1 P2 P3

l̄1 = l̄1 + ȳ1 l̄2 = l̄2 + ȳ1 l̄3 = l̄3 + ȳ1

ȳ1 = 0 ȳ1 = 0 ȳ1 = 0

x̄1 = x̄1 + l̄1 x̄2 = x̄2 + l̄2 x̄3 = x̄3 + l̄3

P1 P2 P3

l1 = x1

y1 = l1 y2 = l1 y3 = l1

 !" )$!% #*+,&"&$ #-!# .' /-&0$

l1 = x1

y1 = l1
y2 = l1
y3 = l1

1" 2-!# &$3'&(-2# .$# &-!%"2$# ("&$,%$# #+4!$2%"$..$# 2-!# )-!5-2# &$0'&4!$& 4!$

,$# ($!6 /-2,%"-2# '5$, .$# 070$# 5'.$!&# $2 )'&'08%&$# (*$2%&+$ (-22$2% .$# 070$

&+#!.%'%# ('2# .$# )'&'08%&$# ($ #-&%"$9 :2 ' (-2, 4!$ .*'(;-"2% ($ <=>?@ABCDA

$#% <=>?EDF1G9

A,&"5-2# 0'"2%$2'2% 2-# &+#!.%'%# $2 %$&0$ ($ )#$!(- ,-($ ('2# .$ %'H.$'!



 ! ! "#$%&'()#*)#+( ,-.( /+,' 012 345

 !"#$%&'(#&%) *'%+#,&-

MPI.GATHER(x, y, P1) MPI.SCATTER( ¯tmp, ȳ, P1)

if (P1) ȳ1[:] = 0

x̄ = x̄ + ¯tmp

MPI.SCATTER(x, y, P1) MPI.GATHER( ¯tmp, ȳ, P1)

ȳ = 0

x̄ = x̄ + ¯tmp

MPI.BCAST (y, P1) MPI.REDUCE( ¯temp, ȳ, SUM,P1)

ȳ = 0

x̄ = x̄ + ¯temp

MPI.REDUCE(x, y, SUM, P1) if (P1) { ¯tmp = ȳ; ȳ = 0}
x̄ = x̄ + ȳ

MPI.ALL.REDUCE(x, y, SUM) MPI.ALL.REDUCE(ȳ, ¯tmp, SUM, P1)

ȳ = 0

x̄ = x̄ + ¯tmp

MPI.RECV (y)/MPI.SEND(y) MPI.SEND(ȳ)/, MPI.RECV (ȳ)

MPI.SEND(y)/mpi.recv(y) MPI.RECV (ȳ)/MPI.SEND(ȳ)

 ! !" #$%&'()*+ ,*+ -%.+ ,* ,%//0*+ /%/ ,0.*$)1/1+.*+

/0 1230 %,+0 *0 # 40*2%, 30 *#+2% 3#,* 5'0((0 4 #,"60 0*& $#**! (0 "230- 7(('*& 2,*

,2* $ 2$2* $# ', 0801$(0-

Initialise V avec X

pour chaque processeur Pi

qui n′est pas maitre faire

V := f1(V, Pi)

V = f2(V)

· · ·
V = fn(V)

call mpi send(V, processeur maitre)

fin faire

if (processeurmaitre)

call mpi recv(V, mpi any source)

V := fN+1(V)

· · ·
V = fp(V)

Recuperer la variable Y la valeur de V

endif

92' $2'+2% "2,*& '% 0 (0 "230 #3:2%,&; %( ,2'* )#'& *#+2% 30 5'0( $ 2"0**0' 

<1$%. 0" =  0>2%& *# +#(0' - ?, 0@0& *% $# 0801$(0 <1$%. 0" =  0>2%& *# +#(0' 30

P1 ,2'* $2'+2,* "2,*& '% 0 (0 "230 #3:2%,& *'%+#,& A



 !" #$%&'() "* +,-.)(/',%',0/ %1'02%',31( (' &)04)%22%',0/ &%)%5565(

Initialise V avec X

pour chaque processeur Pi

qui n′est pas maitre faire

push(V)

V := f1(V, Pi)

push(V)

V = f2(V)

· · ·
push(V)

V = fn(V)

push(V)

call mpi send(V, processeur maitre)

fin faire

if (processeurmaitre)

push(V)

call mpi rec(V, mpi any source)

push(V)

V := fN+1(V)

· · ·
push(V)

V = fp(V)

endif

if(processeurmaitre)

pop(V)

V̄ := V̄ × f
′

p(V )

· · ·
pop(V)

V̄ := V̄ × f
′

n+1(V )

call mpi send(V, P1)

endif

pop(V)

pour chaque processeur Pi

qui n′est pas maitre faire

callmpi rec(V, processeur maitre)

pop(V)

V̄ := V̄ × f
′

n(V ) · · ·
pop(V)

V̄ := V̄ × f
′

2(V ) pop(V)

V̄ := V̄ × f
′

1(V, Pi)

fin faire

 !"# "$%&%'(# &) *%+,#(-$%)$%!- *)-' .( .)' %& /)"$ 0!*%1(# &( .!*( 2!"# &( #(-*#(

*,$(#0%-%'$(3 4( 0)-%5#( 6,-,#)&( &( .!*( "$%&%', *!%$ 7$#( (-$%5#(0(-$ *,$(#0%-%'$(3

8( .!*( 9:;<=>? ('$ 2#('@"( @"( $!$)&(0(-$ *,$(#0%-%'$(3 A"(&@"(' .)' '!-$

#,2(#$!#%,'B .(' .)' '( '%$"(-$ *)-' &(' #!"$%-(' ? :3 A"(&@"(' 0!*%1.)$%!-' *('

.!00"-%.)$%!-' !-$ *!-. ,$, -,.('')%#( 2!"# "$%&%'(# &) *%+,#(-$%)$%!-3



 !"! #$%&'()*$% +,"

 !" #$%&'()*$%

 !" #$%&'(!" )*! +'*" ,--./)*'+" +! "'+% -," !+0'1! /+%$21$!" (,+" .3'*%/. (! (/45

4!1!+%/,%/'+6 7..!" +$0!""/%!+% (!" #'(/80,%/'+" (* 0'(! 2$+$1$" 9 .3,/(! (! "01/-%6

:* 8. (* %1,;,/. +'*" ,;'+" 1!+0'+%1$" !% #/" !+ $;/(!+0! (! +'*;!,*< -1'=.>#!"

+'%,##!+% "*1 .3,..'0,%/'+ (?+,#/)*!6 @! )*/ , -!1#/" *+! 1/0&! /+%!1,0%/'+ ,;!0

.!" 0'+0!-%!*1" (* .'2/0/!. A,-!+,(!6

 , (/B$1!+%/,%/'+ (!" 0'(!" -,1,..>.!" CDE ,;,/% 4,/% /. ? , )*!.)*!" ,++$!" .3'=F!%

(! %1,;,*< (! "/#-.! %1,+"-'"/%/'+ ",+" #'(/80,%/'+ (! .3,+,.?"! (! ($-!+(,+0!G

%1,;,*< )*/ -1'(*/"!+% (!" (!1/;$!" 4,*""!" (,+" (! +'#=1!*< 0'+%!<%!"6  3$%*(!

1$,./"$! /0/ , -!1#/" (3$%!+(1! .3,+,.?"! (! ($-!+(,+0!" ,* 0'+%!<%! CDE6 7..! +'*"

, -!1#/" (! ;$1/8!1 )*! .!" #$%&'(!" !#-.'?$!" -'*1 .!" 1'*%/+!" CDE $%,/!+% F*"%!"G

+'*" ,;'+" ,*""/ -1'-'"$ *+! /..*"%1,%/'+ #!%%,+% !+ $;/(!+0! .!" ,(F'/+%" (! 0!15

%,/+!" 1'*%/+!" CDE6 H'*" ,;'+" ,*""/ 1$"'.* (!" -1'=.>#!" (3,..'0,%/'+ (?+,#/)*!

!#-I0&,+% .3!<$0*%/'+ ,*%'#,%/)*! (* 0'(!6 :* %'%,.G *+! (/B$1!+%/,%/'+ (/1!0%!

!"% ;,./($! !% 0!..! /+;!1"! !"% !+ 0'*1"6


