
O
S

/161
C

P
rim

e
r

1

M
odular

C
ode

S
tructure

•
m

odule
im

plem
entation,e.g,thread.c

–
contains:

∗
function

im
plem

entations

∗
globalvariable

declarations

∗
#i
n
c
l
u
d
e

s
ofheaders

needed
by

im
plem

entation

∗
definitions

needed
(only)

by
im

plem
entation

∗
static

vs.
regular

globalvariables
and

functions

–
static

vs.
regular

functions
and

globalvariables

•
m

odule
interface,e.g.,thread.h

–
#i
n
c
l
u
d
e

d
by

code
thatneeds

to
use

threads

–
contains

∗
prototypes

of(public)
thread

functions

∗
declarations

ofdata
structures

and
constants

used
by

the
in

terface
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O
ther

C
ode

S
tructuing

Issues

•
som

e
header

files
are

nottied
to

specific
m

odules

–
exam

ple:i
n
c
l
u
d
e
/
t
y
p
e
s
.
h

•
order

ofinclusion
ofheader

files
is

signficant

#
i
n
c
l
u
d
e

<
t
y
p
e
s
.
h
>

#
i
n
c
l
u
d
e

<
l
i
b
.
h
>

#
i
n
c
l
u
d
e

<
k
e
r
n
/
e
r
r
n
o
.
h
>

#
i
n
c
l
u
d
e

<
a
r
r
a
y
.
h
>

#
i
n
c
l
u
d
e

<
m
a
c
h
i
n
e
/
s
p
l
.
h
>

#
i
n
c
l
u
d
e

<
m
a
c
h
i
n
e
/
p
c
b
.
h
>

#
i
n
c
l
u
d
e

<
t
h
r
e
a
d
.
h
>

.
.
.

O
S

/161
convention

is
thatty

p
e
s
.
h

should
alw

ays
be

included
first
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O
S

/161
D

irectory
S

tructure
(1

of4)

os161−
1.11

testbin

conf
include

kern

com
pile

A
0

A
1

A
2

thread
vm

bin
testbin

root

cs350−
os161

bin
kern
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O
S

/161
D

irectory
S

tructure
(2

of4)

sim
ulated m

achine
file system

 of the

kernel and application source code

O
S

/161
kernel

goes here

O
S

/161
application
program

s

os161−
1.11

testbin

conf
include

kern

com
pile

A
0

A
1

A
2

thread
vm

bin
testbin

root

cs350−
os161

bin
kern
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O
S

/161
D

irectory
S

tructure
(3

of4)

source code
O

S
/161 application

kernel
source
code

os161−
1.11

testbin

conf
include

kern

com
pile

A
0

A
1

A
2

thread
vm

bin
testbin

root

cs350−
os161

bin
kern
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O
S

/161
D

irectory
S

tructure
(4

of4)

kernel configuration files

architecture−
independent

include files

includes used by kernel
A

N
D

 applications

build directories (one per assignm
ent)

"m
ake install"

copies kernel
to root directory

source code
O

S
/161 application

kernel
source
code

os161−
1.11

testbin

conf
include

kern

com
pile

A
0

A
1

A
2

thread
vm

bin
testbin

root

cs350−
os161

bin
kern
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K
ernel’s

S
tandard

Library

•
U

ser-levelC
applications

can
use

the
C

standard
library

•
T

he
O

S/161
kernelalso

has
a

library,sim
ilar

to
the

user-levelstandard
library,

e.g.,

–
dynam

ic
m

em
ory

m
anagem

ent(k
m
a
l
l
o
c

,k
f
r
e
e

)

–
string

functions

–
input/output(k

p
r
i
n
t
f

,k
g
e
t
s

,p
u
t
c
h

–
data

m
ovem

ent(c
o
p
y
i
n

,c
o
p
y
o
u
t

)

•
kernellibrary

is
notidenticalto

the
user-levellibrary,e.g.,

–
k
m
a
l
l
o
c

vs.
m
a
l
l
o
c

–
k
s
t
r
d
u
p

vs.
s
t
r
d
u
p

–
k
p
r
i
n
t
f

vs.
p
r
i
n
t
f

W
hy??

C
S

350
O

pe
ra

ting
S

yste
m

s
S

pring
2009

O
S

/161
C

P
rim

e
r

8

P
ointers

and
A

rrays

s
t
a
t
i
c

c
h
a
r

*
b
o
w
l
s
;

i
n
t

i
n
i
t
i
a
l
i
z
e
_
b
o
w
l
s
(
u
n
s
i
g
n
e
d

i
n
t

b
o
w
l
c
o
u
n
t
)

{

u
n
s
i
g
n
e
d

i
n
t

i
;

b
o
w
l
s

=
k
m
a
l
l
o
c
(
b
o
w
l
c
o
u
n
t
*
s
i
z
e
o
f
(
c
h
a
r
)
)
;

i
f

(
b
o
w
l
s

=
=

N
U
L
L
)

{

p
a
n
i
c
(
"
i
n
i
t
i
a
l
i
z
e
_
b
o
w
l
s
:

u
n
a
b
l
e

t
o

a
l
l
o
c
a
t
e

s
p
a
c
e

f
o
r

%
d

b
o
w
l
s
\
n
"
,
b
o
w
l
c
o
u
n
t
)
;

}/
*

i
n
i
t
i
a
l
i
z
e

b
o
w
l
s

*
/

f
o
r
(
i
=
0
;
i
<
b
o
w
l
c
o
u
n
t
;
i
+
+
)

{

b
o
w
l
s
[
i
]

=
’
-
’
;

}.
.
.
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D
ynam

ic
M

em
ory

A
llocation

s
t
r
u
c
t

s
e
m
a
p
h
o
r
e

*
s
e
m
_
c
r
e
a
t
e
(
c
o
n
s
t

c
h
a
r

*
n
a
m
e
a
r
g
,

i
n
t

i
n
i
t
i
a
l
_
c
o
u
n
t
)

{

s
t
r
u
c
t

s
e
m
a
p
h
o
r
e

*
s
e
m
;

s
e
m

=
k
m
a
l
l
o
c
(
s
i
z
e
o
f
(
s
t
r
u
c
t

s
e
m
a
p
h
o
r
e
)
)
;

i
f

(
s
e
m

=
=

N
U
L
L
)

{
r
e
t
u
r
n

N
U
L
L
;

}

s
e
m
-
>
n
a
m
e

=
k
s
t
r
d
u
p
(
n
a
m
e
a
r
g
)
;

i
f

(
s
e
m
-
>
n
a
m
e

=
=

N
U
L
L
)

{

k
f
r
e
e
(
s
e
m
)
;

r
e
t
u
r
n

N
U
L
L
;

}

s
e
m
-
>
c
o
u
n
t

=
i
n
i
t
i
a
l
_
c
o
u
n
t
;

r
e
t
u
r
n

s
e
m
;

}

W
hatdoes

a
s
e
m
a
p
h
o
r
e

look
like?
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v
o
l
a
t
i
l
e

Variables

s
t
r
u
c
t

s
e
m
a
p
h
o
r
e

{

c
h
a
r

*
n
a
m
e
;

v
o
l
a
t
i
l
e

i
n
t

c
o
u
n
t
;

};v
o
i
d

P
(
s
t
r
u
c
t

s
e
m
a
p
h
o
r
e

*
s
e
m
)

{.
.
.
.

w
h
i
l
e

(
s
e
m
-
>
c
o
u
n
t
=
=
0
)

{
t
h
r
e
a
d
_
s
l
e
e
p
(
s
e
m
)
;

}

a
s
s
e
r
t
(
s
e
m
-
>
c
o
u
n
t
>
0
)
;

s
e
m
-
>
c
o
u
n
t
-
-
;

.
.
.
.

}

v
o
l
a
t
i
l
e

indicates
that

the
value

of
a

program
variable

m
ay

change
“spontaneously”
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c
o
n
s
t

Variables

•
from

k
e
r
n
/
l
i
b
/
k
h
e
a
p
.
c

:

#
d
e
f
i
n
e

N
S
I
Z
E
S

8

s
t
a
t
i
c

c
o
n
s
t

s
i
z
e
_
t

s
i
z
e
s
[
N
S
I
Z
E
S
]

=
{1
6
,
3
2
,
6
4
,
1
2
8
,
2
5
6
,
5
1
2
,
1
0
2
4
,
2
0
4
8
};

•
from

k
e
r
n
/
i
n
c
l
u
d
e
/
l
i
b
.
h

:

i
n
t

s
t
r
c
m
p
(
c
o
n
s
t

c
h
a
r

*
,

c
o
n
s
t

c
h
a
r

*
)
;

c
h
a
r

*
s
t
r
c
p
y
(
c
h
a
r

*
,

c
o
n
s
t

c
h
a
r

*
)
;

c
o
n
s
t

indicates
thatthe

value
of

a
program

variable
should

never

change.
In

the
case

of
a

pointer
variable,c

o
n
s
t

indicates
thatthe

thing
pointed

to
should

never
change.
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