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à
l’

U
n

iv
er

si
té
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èm

e
(e

t
n

on
pr

og
ra

m
m

at
io

n
in

te
rn

e
d

u
sy

st
èm
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èm
es

et
a

u
x

ré
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tè
m

es
d

’e
xp

lo
it

a
ti

o
n

et
p

ro
g

ra
m

m
a

ti
o

n
sy

st
èm
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èq
u

es
)

5
S

yn
ch

ro
ni

sa
ti

on
en

tr
e

pr
o

ce
ss

us
P

ro
b

lè
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èm

e
d

’e
xp

lo
it

a
ti

o
n

L
og

ic
ie

l
en

tr
e

le
s

ap
pl

ic
at

io
ns

et
le

m
at

ér
ie

l

I
O

ff
re

u
n

e
in

te
rf

ac
e

u
n

ifi
ée

au
x

ap
p

lic
at

io
n

s

I
G

èr
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lè

m
e

d
’e

ffi
ca

ci
té
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ô

le
d

e
l’

O
S

:
in

te
rm

éd
ia

ir
e

m
a

té
ri

el
↔

a
p

p
lic

a
ti

o
n

s

D
eu

x
fo

nc
ti

on
s

co
m

pl
ém

en
ta

ir
es

I
A

da
pt

at
io

n
d’

in
te

rf
ac

e
:

I
D

is
si

m
u

le
le

s
d

ét
ai

ls
d

e
m

is
e

en
œ

u
vr

e
(a

b
st

ra
ct

io
n

)
I

D
is

si
m

u
le

le
s

lim
it

at
io

n
s

p
h

ys
iq

u
es

(t
ai

lle
m

ém
o

ir
e)

et
le

p
ar

ta
g

e
d

es
re

ss
o

u
rc

es

I
(m

ém
o

ir
e,

pr
o

ce
ss

eu
r,

d
is

q
u

e,
ré
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èm

e
d

’e
xp

lo
it

at
io

n

P
ro

te
ct

io
n

d
es

re
ss

ou
rc

es

C
on

cl
u

si
on

P
ro

te
ct

io
n

d
es

re
ss

o
u

rc
es

(r
a

p
id

e
in

tr
o

d
u

ct
io

n
–

cf
.

R
S

A
)

M
ét

ho
de

s
d’

is
ol

at
io

n
de

s
pr

og
ra

m
m

es
(e

t
ut

ili
sa

te
ur

s)
da

ng
er

eu
x

I
:

n
e

d
on

n
er

au
x

ap
p

lic
at

io
n

s
q

u
e

ce
q

u
’o

n
p

eu
t

le
u

r
re

pr
en

d
re

I
:

p
as

d
’a

cc
ès

d
ir

ec
t,

vé
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é

T
er

m
in

au
x,

se
ss

io
n

s
et

gr
ou

p
e

en
U

n
ix

E
xe

m
p

le
s

d
’u

ti
lis

at
io

n
d

es
si

gn
au

x

C
on

cl
u

si
on

Q
u

’e
st

ce
q

u
’u

n
p

ro
ce

ss
u

s
?

D
éfi

ni
ti

on
fo

rm
el

le
:

I
E

n
ti

té
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lé

lis
m

e
=

ch
ac

u
n

so
n

to
u

r

I
A

u
tr

e
ex

éc
u

ti
on

p
se

u
d

o-
p

ar
al

lè
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é
c
u
t
i
o
n
d
’
u
n
n
o
u
v
e
a
u
p
r
o
g
r
a
m
m
e
)
*
/

}

C
ré
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è
r
e
e
s
t
1
0
2
7
0

p
o
u
r
1
0
2
7
1
,
i
=

j
e
s
u
i
s
l
e
p
è
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’à
la

ré
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é
c
u
t
e
:

/
b
i
n
/
l
s

-
a

.
.
*
/

i
f
(
c
o
d
e
!
=
0
)
{

.
.
.
}
/
*
P
r
o
b
l
è
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tâ
ch

e
de

fo
nd

$
c
o
m
m
a
n
d
e
&

I
L

e
sh

el
l

n
e

fa
it

p
as

w
a
i
t
(
)

I
Il

n
’e

st
p

lu
s

b
lo

q
u

é
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é
d

u
d

éb
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ré
ce

p
ti

on
d

éc
le

n
ch

e
l’

ex
éc

u
ti

on
d

’u
n

ge
st

io
n

n
ai

re
(h

an
d

le
r)

I
D

iff
ér

en
ce

s
:

in
te

rr
u

p
ti

on
re

çu
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èr

e
<
c
t
r
l
-z
>

su
sp

en
si

on
S

IG
S

T
O

P
b

lo
ca

ge
d

’u
n

pr
o

ce
ss

u
s

(*
)

su
sp

en
si

on
S

IG
C

O
N

T
co

n
ti

n
u

at
io

n
d

’u
n

pr
o

ce
ss

u
s

st
op

p
é
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èm

e
te

rm
in

ai
so

n
S

IG
U

S
R

2
(d

is
p

on
ib

le
s

p
ou

r
l’

u
ti

lis
at

eu
r)

te
rm

in
ai

so
n

I
K

IL
L

et
S

T
O

P
:

n
i

b
lo

q
u

ab
le

s
n

i
ig

n
or

ab
le

s
;

ge
st

io
n

n
ai

re
n

on
m

o
d

ifi
ab

le
.

I
V

al
eu

rs
n

u
m

ér
iq

u
es

as
so

ci
ée

s
(e

x
:

S
IG

K
IL

L
=

9)
,

m
ai

s
p

as
p

or
ta

b
le

I
V

oi
r

m
an

7
si

gn
al

p
ou

r
d

’a
u

tr
es

si
gn

au
x

(s
ec

ti
o

n
7

d
u

m
an

:
co

n
ve

n
ti

o
n

s)
co

re
d

u
m

p
:

co
p

ie
im

a
g

e
m

ém
o

ir
e

su
r

d
is

q
u

e
(p

re
m

iè
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lé

s
p

ar
d

es
co

m
m

an
d

es

T
er

m
in

a
u

x,
se

ss
io

n
s

et
g

ro
u

p
es

en
U

n
ix

I
C

on
ce

p
t

im
p

or
ta

n
t

p
ou

r
co

m
pr

en
d

re
le

s
si

gn
au

x
so

u
s

U
n

ix
(d

ét
ai

llé
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à
to

u
s

le
s

pr
o

ce
ss

u
s

sa
u

f
sy

st
èm
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à
u

ti
lis

er
p

ou
r

in
st

al
le

r
u

n
n

ou
ve

au
ge

st
io

n
n

ai
re

#
i
n
c
l
u
d
e
<
s
i
g
n
a
l
.
h
>

i
n
t
s
i
g
a
c
t
i
o
n
(
i
n
t
s
i
g
,
c
o
n
s
t
s
t
r
u
c
t
s
i
g
a
c
t
i
o
n
*
n
e
w
a
c
t
i
o
n
,
s
t
r
u
c
t
s
i
g
a
c
t
i
o
n
*
o
l
d
a
c
t
i
o
n
)
;

I
V

oi
r
m
a
n
s
i
g
a
c
t
i
o
n

p
ou

r
le

s
d

ét
ai

ls

A
ut

re
in

te
rf

ac
e

ex
is

ta
nt

e
:

A
N

S
I

C
I

P
eu

t-
êt

re
u

n
p

eu
p

lu
s

si
m

p
le

,
m

ai
s

b
ie

n
m

oi
n

s
p

u
is

sa
n

te
et

p
as

th
re

ad
-s

af
e



E
xe

m
p

le
1

:
tr

a
it

em
en

t
d

’u
n

e
in

te
rr

u
p

ti
o

n
d

u
cl

a
vi

er

I
P

ar
d

éf
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ç
u

(
e
n
%
d
s
e
c
o
n
d
e
s
)
\
n
"
,

5
-

r
e
s
t
a
n
t
)
;

e
x
i
t
(
0
)
;

}

E
xe

m
p

le
3

:
sy

n
ch

ro
n

is
a

ti
o

n
p

èr
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à

so
n

p
èr
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èr

es
:

r
m
*
.
o

:
d

ét
ru

it
to

u
s

le
s

fi
ch

ie
rs

d
on

t
le

n
om

fi
n

it
p

ar
.o

l
s
*
.
c

:
d

on
n

e
la

lis
te

d
e

to
u

s
le

s
fi

ch
ie

rs
d

on
t

le
n

om
fi

n
it

p
ar

.c

In
te

rf
a

ce
d

e
p

ro
g

ra
m

m
a

ti
o

n
P

O
S

IX
d

es
fi

ch
ie

rs

In
te

rf
ac

e
sy

st
èm
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ré

al
lo

u
er

ce
n

u
m

ér
o

In
te

rf
ac

e
st

an
da

rd
I

Il
ex

is
te

u
n

e
au

tr
e

in
te

rf
ac

e,
p

lu
s

si
m

p
le

(o
n

y
re

vi
en

t)

In
te

rf
a

ce
d

e
p

ro
g

ra
m

m
a

ti
o

n
P

O
S

IX
:
r
e
a
d
(
)

L
’o

bj
et

fi
ch

ie
r

I
C

h
aq

u
e

fi
ch

ie
r

a
u

n
p

oi
nt

eu
r

co
ur

an
t

:
tê
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cé
ap

rè
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té
d

’é
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é
c
u
t
e
p
r
o
g
e
n
é
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é
e
s
t
a
n
d
a
r
d

T
ub

es
(p

ip
es

)
:

m
oy

en
de

co
m

m
un

ic
at

io
n

in
te

r-
pr

o
ce

ss
us

I
B

ra
n

ch
e

la
so

rt
ie

st
an

d
ar

d
d

’u
n

pr
o

ce
ss

u
s

su
r

l’
en

tr
ée

st
an

d
ar

d
d

’u
n

au
tr

e

I
E

xe
m

p
le

:
c
a
t
*
.
c
|
g
r
e
p
v
a
r

I
cr

ée
d

eu
x

pr
o

ce
ss

u
s

:
c
a
t
*
.
c

et
g
r
e
p
v
a
r

I
co

n
n

ec
te

la
so

rt
ie

d
u

pr
em

ie
r

à
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é
ce

rt
ai

n
s

ca
ra

ct
èr
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èr

es

I
S

i
le

tu
b

e
co

n
ti

en
t
n

ca
ra

ct
èr
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té

(M
A

P
S

H
A

R
E

D
en

tr
e

p
ro

ce
ss

u
s

;
M

A
P

P
R

IV
A

T
E

co
p

y-
o

n
-w

ri
te

,
et

c)

I
f
d

,
off

se
t

:
Q

u
el

fi
ch

ie
r,

q
u

el
le

p
ar

ti
e

pr
oj

et
er

.

I
R

et
ou

rn
e

l’
ad

re
ss

e
(v

ir
tu

el
le

)
d

u
d

éb
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é
en

cl
u

st
er

s
(t

ai
lle

cl
as

si
q

u
e

:
4k

o)

I
L

es
fi

ch
ie

rs
so

n
t

éc
ri

ts
d

an
s

u
n

ou
p

lu
si

eu
rs

cl
u

st
er

s

I
U

n
se

u
l

fi
ch

ie
r

p
ar

cl
u

st
er

S
tr

uc
tu

re
de

do
nn

ée
s

p
ou

r
la

ge
st

io
n

in
te

rn
e

de
s

fi
ch

ie
rs

I
C

h
aq

u
e

fi
ch

ie
r

su
r

d
is

q
u

e
es

t
d

éc
ri

t
p

ar
u

n
in

o
d

e
S

tr
u

ct
u

re
d

’u
n

in
o

d
e

:

D
at

es
(c

ré
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ré

p
er

to
ir

es

A
pp

el
s

sy
st

èm
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ré

p
er

to
ir

es

E
x
e
m
p
l
e

:
Im

p
lé
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rè

gl
es

(p
ol

it
iq

u
es

d
e

sé
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té

u
ti

lis
at

eu
r

m
om

en
ta

n
ém

en
t

m
o

d
ifi

ée
id

en
ti

té
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à
u

n
ét

at
fi

n
al

I
L

an
ga

ge
[d

e
la

]
m

ac
h

in
e

:
su

it
e

d
e

0
et

d
e

1,
d

iffi
ci

le
p

ou
r

h
u

m
ai

n
s

I
L

an
gu

es
h

u
m

ai
n

es
am

b
ig

u
ës
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à
pr

io
ri

,

I
In

te
rp

ré
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ré

ta
ti

on

/
E

ffi
ca

ci
té
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èq
u

e
d

e
pr

o
g

ra
m

m
es

I
S

tr
u

ct
u

re
s

d
’e

xé
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ré

ta
ti

on

I
A

n
al

og
ie

av
ec

cy
cl

e
pr

o
ce

ss
eu

r

I
P

se
u

d
o-

co
m

p
te

u
r

or
d

in
al

(P
C

)
In

st
ru

ct
io

n
d

e
te

rm
in

a
is

o
n

?

L
ir

e
in

st
ru

ct
io

n
su

iv
a

n
te

E
xé
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ré

te
u

r
le

la
n

ga
ge

co
m

m
an

d
e

(→
ap

p
el

s
sy

st
èm
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à

m
ot

,
sh

el
l=

co
q

u
ill

e,
ca

r
ça

�
en

gl
ob

e�
l’

O
S

I
Il

ex
is

te
p

lu
si

eu
rs

sh
el

ls
(s

h
,

cs
h

,
tc

sh
,

b
as

h
,

zs
h

,
et

c.
)

M
a

té
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iè

m
e

ch
ap

it
re

E
xé
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ré
te

u
r

:
le

sh
el

l

C
om

p
ila

ti
on

et
éd

it
io

n
d

e
lie

n
s

P
ri

n
ci

p
es

d
e

la
co

m
p

ila
ti

on
L

ia
is

on
,

éd
it

eu
r

d
e

lie
n

s
et

d
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é
d

an
s

le
m

êm
e

u
ti

lit
ai

re
:

l
d

E
xe

m
p

le
s

d
e

co
m

m
a

n
d

es
d

e
co

m
p

ila
ti

o
n

I
L

a
co

m
m

an
d

e
gc

c
in

vo
q

u
e

co
m

p
ila

te
u

r,
éd

it
eu

r
d

e
lie

n
s

et
ch

ar
ge

u
r

g
c
c
p
r
o
g
.
c

→
a
.
o
u
t

=
b

in
ai

re
ex

éc
u

ta
b

le
g
c
c
-
o
p
r
o
g
p
r
o
g
.
c
→

p
r
o
g

=
b

in
ai

re
ex

éc
u

ta
b

le
g
c
c
-
c
p
r
o
g
.
c

→
p
r
o
g
.
o

=
b

in
ai

re
tr

an
sl

at
ab

le

I
S

i
u

n
pr

og
ra

m
m

e
es

t
co

m
p

os
é
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dé

fi
ni

ti
on

s
m

ul
ti

pl
es

I
d

eu
x

sy
m

b
ol

es
fo

rt
s

:

I
u

n
sy

m
b

ol
e

fo
rt

et
p

lu
si

eu
rs

fa
ib

le
s

:

I
p

lu
si

eu
rs

sy
m

b
ol

es
fa

ib
le

s
:

P
iè
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ré
te

u
r

E
xe

m
p

le
d

’i
n

te
rp

ré
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èq

u
e

st
an

d
ar

d
d

u
la

n
ga

ge
C

(p
ri

n
tf

,
st

rc
py

,
et

c.
)

I
/
u
s
r
/
l
i
b
/
l
i
b
m
.
a

:
b

ib
lio

th
èq
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cé

e
ap

rè
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éf
au

ts
d

es
b

ib
lio

th
èq
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èq
u

es
si

m
p

lifi
ée

(m
ai

s
at

te
n

ti
o

n
au

D
L

H
el

l)
V

er
si

o
n

n
er

le
s

b
ib

lio
th

èq
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tê

te
s

d
’u

n
el

f
(n

m
+

si
ze

)

I
ob

jd
u

m
p

:
to

u
t

m
on

tr
er

(m
êm

e
le

co
d

e
d

es
as

se
m

b
lé
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é
e

*
/

.



E
xe

m
p

le
d

e
g

re
ff

o
n

so
u

s
lin

u
x

ch
ar

ge
u

r.
c

#
i
n
c
l
u
d
e
<
u
n
i
s
t
d
.
h
>

#
i
n
c
l
u
d
e
<
s
t
d
i
o
.
h
>

#
i
n
c
l
u
d
e
<
e
r
r
n
o
.
h
>

#
i
n
c
l
u
d
e
<
d
l
f
c
n
.
h
>

i
n
t
m
a
i
n
(
i
n
t
a
r
g
c
,
c
h
a
r
*

a
r
g
v
[
]
)
{

c
h
a
r
p
a
t
h
[
2
5
6
]
,
*
e
r
r
e
u
r
=
N
U
L
L
;

i
n
t
(
*
m
o
n
_
m
a
i
n
)
(
)
;

v
o
i
d
*
m
o
d
u
l
e
;

/
*
C
h
a
r
g
e
l
e
m
o
d
u
l
e
*
/

m
o
d
u
l
e
=
d
l
o
p
e
n
(
a
r
g
v
[
1
]
,
R
T
L
D
_
N
O
W
)
;

i
f
(
!
m
o
d
u
l
e
)
{

f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
"
%
s
\
n
"
,
d
l
e
r
r
o
r
(
)
)
;

e
x
i
t
(
1
)
;

} /
*
R
e
t
r
o
u
v
e
l
a
f
o
n
c
t
i
o
n
d
’
e
n
t
r
é
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é
e

e
n
s
e
c
t
i
o
n
c
r
i
t
i
q
u
e

s
e
c
t
i
o
n
c
r
i
t
i
q
u
e

s
o
r
t
i
e
d
e
s
e
c
t
i
o
n
c
r
i
t
i
q
u
e

.
.
.

P
ro

ce
ss

u
s

2
.
.
.

e
n
t
r
é
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è
s
à
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é
.
.
.

1
5
5
4
6
:
d
é
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èm

es
d

is
tr

ib
u

és
;

l’
id

ée
re

st
e

la
m

êm
e

N
o

ti
o

n
d

’i
n

te
rb

lo
ca

g
e

U
ti

lis
at

io
n

si
m

ul
ta

né
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ré
d

u
it

le
s

p
os

si
b

ili
té
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lè

m
e

d
e

sé
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sé

m
a

p
h

o
re

s

I
E

nv
oi

de
si

gn
al

I
U

n
pr

o
ce

ss
u

s
in

d
iq

u
e

q
u

el
q

u
e

ch
o

se
à
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à

la
sé
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sé
m

ap
h

or
e

d
e

ca
p

ac
it

é
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é
d

u
ci

n
q

u
iè
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èq

u
e

d
e

fo
n

ct
io

n
s

I
S

yn
ch

ro
:

co
m

p
ét

it
io

n
,

in
te

rb
lo

ca
ge

,
fa

m
in

e.
S

ém
ap

h
or

e,
m

u
te

x,
m

on
it

eu
r

..
.

In
di

sp
en

sa
bl

e
p

ou
r

co
m

pr
en

dr
e

l’o
rd

in
at

eu
r

I
1%

d
’e

n
tr

e
vo

u
s

vo
n

t
co

d
er

d
an

s
l’

O
S

,
5%

vo
n

t
co

d
er

si
b

as
n

iv
ea

u

I
M

ai
s

ce
s

co
n

n
ai

ss
an

ce
s

re
st

en
t

in
d

is
p

en
sa

b
le

s
p

ou
r

co
m

pr
en

d
re

la
m

ac
h

in
e

I
P

ro
gr

am
m

er
effi

ca
ce

en
Ja

va
d

em
an

d
e

d
e

co
m

pr
en

d
re

le
ta

s
et

le
s

th
re

ad
s

I
L

es
pr

ob
lè
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é
(d

’o
rd

o
n

n
an

ce
m

en
t)

I
D

o
n

n
ée

s
sp

éc
ifi

q
u

es
I

L
is

te
d

es
si

g
n

au
x

b
lo

q
u

és

I
L

e
re

st
e

es
t

p
ar

ta
gé
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à-
vi

s
d

e
l’

O
S

(fi
ch

ie
rs

ou
ve

rt
s)

et
d

e
la

m
ac

h
in

e
(m

ém
oi

re
)

I
P

ro
ce

ss
u

s
=

T
h

re
ad

+
E

sp
ac

e
d

’a
d

re
ss

ag
e

C
o

d
e

F
ic

h
ie

rs

R
e

g
is

tr
e

s

P
ro

c
e
s
s
u

s
 m

o
n

o
−

th
re

a
dP

il
e

P
ro

c
e

s
s

−
s

p
e

c
if

ic

T
h

re
a

d
−

s
p

e
c

if
ic

F
ic

h
ie

rs
C

o
d

e

R
e

g
is

tr
e

s

P
il

e
P

il
e

R
e

g
is

tr
e

s

P
il

e

P
ro

c
e
s
s
u

s
 m

u
lt

i−
th

re
a
d

s

R
e

g
is

tr
e

s

D
o
n

n
é
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ré
el

�
m

o
u
�

I
P

ou
r

gé
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’é
ta

t
en

tr
e

le
s

ap
p

el
s

I
C

o
n

tr
e-

ex
em

p
le

:
s
t
r
t
o
k

,
r
a
n
d

(s
t
r
t
o
k
r

es
t

ré
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ré
al

is
e

u
n

e
ét

ap
e

et
p

as
se

so
n

ré
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èl

e
M

:1

T
ou

s
le

s
th

re
ad

s
d’

un
pr

o
ce

ss
us

m
ap

pé
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à
im

p
lé
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èm

e
c
l
o
n
e
(
)

p
ou

r
d

u
p

p
liq

u
er

u
n

e
tâ
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èl

e
M

:N
,

p
ar

IB
M

;
ab

an
d

o
n

n
é
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èl
es

M
:1

,
1:

1
et

M
:N

É
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à

la
m

ai
n

I
in

t
p

th
re

a
d

cr
ea

te
(i

d
en

ti
té
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éé
s

?

O
n

p
eu

t
p

as
,

ca
d

ép
en

d
d

es
fo

is
(g

ar
e

au
x

ra
ce

s
co

n
d

it
io

n
s)

E
xe

rc
ic

e
:

C
om

m
en

t
p

as
se

r
d

eu
x

ar
gu

m
en

ts
à
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à

d
ir

e
q

u
e

p
er

so
n

n
e

n
e

le
jo

in
d

ra
à
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à
in

it
ia

lis
er

I
D

es
tr

u
ct

io
n

:
p

th
re

a
d

m
u

te
x

d
es

tr
o

y
(m

u
te

x)
(d

oi
t

êt
re

d
év

er
ro

u
ill

é)
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