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dernières modifications

upsh . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 5 3 6 1 4 3 9 8 +0100
t o o l s . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 5 3 6 1 4 3 9 8 +0100

term . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 5 1 6 1 4 3 8 7 +0100
s y n t a x e . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 5 0 6 1 4 3 8 1 +0100

s h e l l . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 4 9 6 1 4 3 7 6 +0100
p r o l o g u e . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 4 8 6 1 4 3 7 1 +0100

p r o c . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 4 6 6 1 4 3 6 0 +0100
p i p e . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 4 5 6 1 4 3 5 5 +0100
perm . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 4 5 6 1 4 3 5 5 +0100

man . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 4 3 6 1 4 3 4 4 +0100
p a r t . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 4 4 6 1 4 3 4 9 +0100
f i l e . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 4 2 6 1 4 3 3 8 +0100

d i r e c t . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 4 1 6 1 4 3 3 3 +0100
bash . t e x 2024−01−28 2 1 : 0 5 : 3 2 . 6 3 9 6 1 4 3 2 2 +0100
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pipeline

8 - pipeline
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pipeline

traitement des commandes

Le prompt du shell matérialise une ligne de commande invitant
l’utilisateur à soumettre une instruction : une chaine de caractères
analysée par le shell pour lancer des commandes.

interne : traitée dans le processus.

externe : clone + execve.

complexe : clone
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pipeline tracer des commandes

trace des commandes externes

1 #!/bin/bash
2 /bin/echo hello
3 echo HELLO
4 /bin/echo allo

echos.sh

e c h o s . out : e c h o s . sh
s t r a c e −f −e t r a c e=execve , c l o n e , w a i t p i d , w r i t e \

−o e c h o s . s t r −e s i g n a l=SIGCHLD . /
e c h o s . sh

sed −n ’/ e c h o s . out / ,/HERE/p ’ m a k e f i l e > e c h o s .
out

echos.make
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pipeline tracer des commandes

echos.strace

19330 execve ( ” . / echos . sh ” , [ ” . / echos . sh ” ] , [ /∗ 54
v a r s ∗/ ] ) = 0

19330 c l o n e ( c h i l d s t a c k =0, f l a g s=
CLONE CHILD CLEARTID |CLONE CHILD SETTID | SIGCHLD ,
c h i l d t i d p t r=0x7 fe f183379d0 ) = 19331

19331 execve (”/ b in / echo ” , [ ”/ b in / echo ” , ” h e l l o ” ] ,
[ /∗ 53 v a r s ∗/ ] ) = 0

19331 w r i t e (1 , ” h e l l o \n” , 6) = 6
19330 −−− SIGCHLD ( Ch i l d e x i t e d ) @ 0 (0) −−−
19330 w r i t e (1 , ”HELLO\n” , 6) = 6
19330 c l o n e ( c h i l d s t a c k =0, f l a g s=

CLONE CHILD CLEARTID |CLONE CHILD SETTID | SIGCHLD ,
c h i l d t i d p t r=0x7 fe f183379d0 ) = 19332

19332 execve (”/ b in / echo ” , [ ”/ b in / echo ” , ” a l l o ” ] ,
[ /∗ 53 v a r s ∗/ ] ) = 0

19332 w r i t e (1 , ” a l l o \n” , 5) = 5
19330 −−− SIGCHLD ( Ch i l d e x i t e d ) @ 0 (0) −−−
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pipeline pipeline

pipeline

Le pipeline permet de châıner des processus de sorte que la sortie d’un
processus (stdout) alimente directement l’entrée (stdin) du suivant.

1 :: ps −eoppid | sort | uniq −c | sort −gr
2 | head −3 | sed ’ s/[ ]\+/:/g’
3 | cut −d’:’ −f3 | xargs ps −p

La mise en oeuvre d’un pipeline s’appuie sur les appels système :

fork / clone

pipe, dup2

execve
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pipeline pipeline

processus
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pipeline tracer un pipeline

cat </tmp/src | wc -l > /tmp/dst

Philippe Langevin (imath/ustv) Unix et Programmation Shell Automne  10 / 1



pipeline tracer un pipeline

bash pipeline

1 echo hello > /tmp/src
2 call =open,close,pipe, dup2,execve,clone , fork
3 strace −o pipe.out −f −e trace=$call −p $$ &
4 sleep 1
5 cat </tmp/src | wc −l >/tmp/dst

pipe.sh

. / p i p e . sh > p i p e . out
P r o c e s s 2291 a t t a c h e d
P r o c e s s 2298 a t t a c h e d
P r o c e s s 2299 a t t a c h e d
. / p i p e f i l t e r . sh p i p e . out
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pipeline tracer un pipeline

trace brute

5377 −−− SIGCHLD { s i s i g n o=SIGCHLD , s i c o d e=
CLD EXITED , s i p i d =5379 , s i u i d =1000 ,
s i s t a t u s =0, s i u t i m e =0, s i s t i m e =0} −−−

5377 p i p e ( [ 3 , 4 ] ) = 0
5377 c l o n e ( c h i l d s t a c k =0, f l a g s=

CLONE CHILD CLEARTID |CLONE CHILD SETTID |
SIGCHLD , c h i l d t i d p t r =0xb778a728 ) = 5384

5384 c l o s e ( 2 5 5 ) = 0
5377 c l o s e ( 4 ) = 0
5377 c l o s e ( 4 ) = −1

EBADF ( Bad f i l e d e s c r i p t o r )
5377 c l o n e ( <u n f i n i s h e d . . . >
5384 c l o s e ( 3 ) = 0
5384 dup2 ( 4 , 1 <u n f i n i s h e d . . . >
5377 < . . . c l o n e resumed> c h i l d s t a c k =0, f l a g s=

CLONE CHILD CLEARTID |CLONE CHILD SETTID |
SIGCHLD , c h i l d t i d p t r =0xb778a728 ) = 5385

5385 c l o s e ( 2 5 5 ) = 0
5384 < . . . dup2 resumed> ) = 1
5384 c l o s e ( 4 ) = 0
5377 c l o s e ( 3 ) = 0
5385 dup2 ( 3 , 0) = 0
5385 c l o s e ( 3 ) = 0
5384 open (”/ tmp/ s r c ” , O RDONLY | O LARGEFILE ) = 3
5384 dup2 ( 3 , 0) = 0
5384 c l o s e ( 3 ) = 0
5384 e x e c v e (”/ u s r / b i n / c a t ” , [ ” c a t ” ] , [ /∗ 55

v a r s ∗/ ] <u n f i n i s h e d . . . >
5385 open (”/ tmp/ d s t ” , O WRONLY |O CREAT |O TRUNC |

O LARGEFILE , 0666) = 3
5385 dup2 ( 3 , 1) = 1
5385 c l o s e ( 3 ) = 0
5384 < . . . e x e c v e resumed> ) = 0
5385 e x e c v e (”/ u s r / b i n /wc ” , [ ” wc ” , ”− l ” ] , [ /∗ 55

v a r s ∗/ ] <u n f i n i s h e d . . . >
5384 open (”/ e t c / l d . so . cache ” , O RDONLY |

O CLOEXEC <u n f i n i s h e d . . . >
5385 < . . . e x e c v e resumed> ) = 0
5384 < . . . open resumed> ) = 3
5384 c l o s e ( 3 ) = 0
5385 open (”/ e t c / l d . so . cache ” , O RDONLY |

O CLOEXEC <u n f i n i s h e d . . . >
5384 open (”/ l i b / l i b c . so . 6 ” , O RDONLY |O CLOEXEC

<u n f i n i s h e d . . . >
5385 < . . . open resumed> ) = 3
5384 < . . . open resumed> ) = 3
5385 c l o s e ( 3 ) = 0
5385 open (”/ l i b / l i b c . so . 6 ” , O RDONLY |O CLOEXEC)

= 3
5384 c l o s e ( 3 ) = 0
5385 c l o s e ( 3 ) = 0
5384 open (”/ u s r / l i b / l o c a l e / l o c a l e −a r c h i v e ” ,

O RDONLY | O LARGEFILE |O CLOEXEC) = 3
5385 open (”/ u s r / l i b / l o c a l e / l o c a l e −a r c h i v e ” ,

O RDONLY | O LARGEFILE |O CLOEXEC) = 3
5384 c l o s e ( 3 ) = 0
5385 c l o s e ( 3 ) = 0
5385 open (”/ u s r / s h a r e / l o c a l e / l o c a l e . a l i a s ” ,

O RDONLY |O CLOEXEC) = 3
5384 c l o s e ( 0 ) = 0
5384 c l o s e (1 <u n f i n i s h e d . . . >
5385 c l o s e (3 <u n f i n i s h e d . . . >
5384 < . . . c l o s e resumed> ) = 0
5385 < . . . c l o s e resumed> ) = 0
5384 c l o s e ( 2 ) = 0
5385 open (”/ u s r / s h a r e / l o c a l e / f r F R . UTF−8/

LC MESSAGES/ c o r e u t i l s . mo” , O RDONLY <
u n f i n i s h e d . . . >

5384 +++ e x i t e d w i t h 0 +++
5385 < . . . open resumed> ) = −1

ENOENT (No such f i l e o r d i r e c t o r y )
5385 open (”/ u s r / s h a r e / l o c a l e / f r F R . u t f 8 /

LC MESSAGES/ c o r e u t i l s . mo” , O RDONLY) = −1
ENOENT (No such f i l e o r d i r e c t o r y )

5385 open (”/ u s r / s h a r e / l o c a l e / f r F R /LC MESSAGES/
c o r e u t i l s . mo” , O RDONLY) = −1 ENOENT (No such

f i l e o r d i r e c t o r y )
5385 open (”/ u s r / s h a r e / l o c a l e / f r . UTF−8/

LC MESSAGES/ c o r e u t i l s . mo” , O RDONLY) = −1
ENOENT (No such f i l e o r d i r e c t o r y )

5385 open (”/ u s r / s h a r e / l o c a l e / f r . u t f 8 /
LC MESSAGES/ c o r e u t i l s . mo” , O RDONLY) = −1
ENOENT (No such f i l e o r d i r e c t o r y )

5385 open (”/ u s r / s h a r e / l o c a l e / f r /LC MESSAGES/
c o r e u t i l s . mo” , O RDONLY) = 3

5385 c l o s e ( 3 ) = 0
5385 open (”/ u s r / l i b / gconv / gconv−modules . cache ” ,

O RDONLY) = 3
5385 c l o s e ( 3 ) = 0
5385 c l o s e ( 0 ) = 0
5385 c l o s e ( 1 ) = 0
5385 c l o s e ( 2 ) = 0
5385 +++ e x i t e d w i t h 0 +++
5377 c l o s e ( 3 ) = −1

EBADF ( Bad f i l e d e s c r i p t o r )
5377 −−− SIGCHLD { s i s i g n o=SIGCHLD , s i c o d e=

CLD EXITED , s i p i d =5384 , s i u i d =1000 ,
s i s t a t u s =0, s i u t i m e =0, s i s t i m e =0} −−−

5377 +++ e x i t e d w i t h 0 +++
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pipeline tracer un pipeline

filtre

1 #!/bin/bash
2

3 grep −Ev ’(locale | cache|BAD|\−1|255|exited|libc)’ pipe.
out \

4 | sed −r ’s/(clone).∗=(.∗)/\1 := \2/’ \
5 | uniq | tr −d ’[A−Z]’ | cut −c1−44 > mypipe.out
6

7 set $(grep −oE ’ˆ[0−9]+’ mypipe.out | sort | uniq )
8 sed −i −e ”s/$1/& (A)/g” \
9 −e ”s/$2/& (B)/g” \
10 −e ”s/$3/& (C)/g” mypipe.out
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pipeline tracer un pipeline

trace filtrée (1/3)

5377 (A) −−− { s i s i g n o =, s i c o d e= , s i p i d =537
5377 (A) p i p e (3 , 4) = 0
5377 (A) c l o n e := 5384 (B)
5377 (A) c l o s e (4 ) = 0
5377 (A) c l o n e ( <u n f i n i s h e d . . . >
5384 (B) c l o s e (3 ) = 0
5384 (B) dup2 (4 , 1 <u n f i n i s h e d . . . >
5377 (A) < . . . c l o n e := 5385 (C)
5384 (B) < . . . dup2 resumed> ) = 1
5384 (B) c l o s e (4 ) = 0
5377 (A) c l o s e (3 ) = 0
5385 (C) dup2 (3 , 0) = 0
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pipeline tracer un pipeline

trace filtrée (2/3)

5385 (C) c l o s e (3 ) = 0
5384 (B) open (”/ tmp/ s r c ” , | ) = 3
5384 (B) dup2 (3 , 0) = 0
5384 (B) c l o s e (3 ) = 0
5384 (B) execve (”/ u s r / b i n / ca t ” , ” ca t ” , /∗ 55 va
5385 (C) open (”/ tmp/ ds t ” , | | | , 0666) = 3
5385 (C) dup2 (3 , 1) = 1
5385 (C) c l o s e (3 ) = 0
5384 (B) < . . . e xecve resumed> ) = 0
5385 (C) execve (”/ u s r / b i n /wc” , ”wc” , ”− l ” , /∗ 5
5385 (C) < . . . e xecve resumed> ) = 0
5384 (B) < . . . open resumed> ) = 3
5384 (B) c l o s e (3 ) = 0
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pipeline tracer un pipeline

trace filtrée (2/3)

5385 (C) < . . . open resumed> ) = 3
5384 (B) < . . . open resumed> ) = 3
5385 (C) c l o s e (3 ) = 0
5384 (B) c l o s e (3 ) = 0
5385 (C) c l o s e (3 ) = 0
5384 (B) c l o s e (3 ) = 0
5385 (C) c l o s e (3 ) = 0
5384 (B) c l o s e (0 ) = 0
5384 (B) c l o s e (1 <u n f i n i s h e d . . . >
5385 (C) c l o s e (3 <u n f i n i s h e d . . . >
5384 (B) < . . . c l o s e resumed> ) = 0
5385 (C) < . . . c l o s e resumed> ) = 0
5384 (B) c l o s e (2 ) = 0
5385 (C) c l o s e (3 ) = 0
5385 (C) c l o s e (0 ) = 0
5385 (C) c l o s e (1 ) = 0
5385 (C) c l o s e (2 ) = 0
5377 (A) −−− { s i s i g n o =, s i c o d e= , s i p i d =538
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pipeline tracer un pipeline

A : pipe(3,4)

A : clone,close(4), clone
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pipeline tracer un pipeline

A : clone, close(4), clone

B : close(3), dup2(4,1), A : close(3)
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pipeline tracer un pipeline

B : close(3), dup2(4,1), A : close(3)

C : dup2(3,0), B : open(/tmp/src) = 3, B : dup2(3,0)
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pipeline tracer un pipeline

C : dup2(3,0), B : open(/tmp/src)=3, B :

dup2(3,0)

B : close(3), C : open(/tmp/dst)=3, B : execve(cat)
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pipeline tracer un pipeline

B : close(3), C : open(/tmp/dst)=3, B :

execve(cat)

C : dup2(3,1), close(3), execve( wc )
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pipeline tracer un pipeline

C : dup2(3,1), close(3), execve( wc )
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