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A
b

o
u

t C
O

S
 217

 

•

 

G
oals: 

 

•  

 

P
repare for other C

S
 courses (and sum

m
er jobs)

 

•  

 

Learn everything you need to know
 about A

N
S

I C

 

•  

 

M
aster th

e art o
f p

ro
g

ram
m

in
g

 

-  design m
ethod, abstraction, interfaces and im

plem
entations, style

-  w
riting efficient program

s

 

•

 

Introduction to aspects of other courses

 

•  

 

Low
-level w

orkings of a com
puter (m

ore in C
O

S
 471))

 

-  S
U

N
’s S

PA
R

C
 architecture and instruction set

 

•  

 

A
ssem

bly language program
m

ing (m
ore in C

O
S

 320 and C
O

S
 471)

 

•  

 

O
perating system

s (m
ore in C

O
S

 318 and C
O

S
 461)

 

-  P
rogram

m
ing using operating system

 services

 

•  

 

O
bject-oriented program

m
ing
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E
veryth

in
g

 is o
n

 th
e W

eb

 

•

 

http://w
w

w
.cs.princeton.edu/courses/cs217

 

•  

 

Texts, C
ontact Inform

ation, A
ssignm

ents, Lecture slides ...

 

•

 

N
o handouts in class (except blank paper for quizzes)

 

•

 

9 assignm
ents, including a final project

 

•  

 

due on M
onday at m

idnight. 

   

N NN
O OO

   E EE
X XX

T TT
E EE

N NN
S SS

I IIO OO
N NN

S SS

 

.

 

•

 

A
 few

 easy quizzes (15 m
in each, in-class)

 

•

 

M
idterm

 

•

 

N
o final
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T
h

is C
o

u
rse is A

b
o

u
t ...

 

•

 

M
o

d
u

les, in
terfaces an

d
 im

p
lem

en
tatio

n
s

 

A
d
d
_
B
o
x
_
T
o
_
P
i
c
t
u
r
e
 
(
B
o
x
,
P
i
c
t
u
r
e
,
P
o
s
i
t
i
o
n
)

D
r
a
w
i
n
g
_
P
r
o
g
r
a
m
(
)

{
{

.
.
.

.
.
.

.
.
.

d
o
 
o
t
h
e
r
 
t
h
i
n
g
s

A
l
g
o
r
i
t
h
m
 
t
o
 
i
m
p
l
e
m
e
n
t
 
f
u
n
c
t
i
o
n

A
d
d
_
B
o
x
_
t
o
_
P
i
c
t
u
r
e
(
B
,
P
,
P
o
s
)

.
.
.

.
.
.

.
.
.

d
o
 
o
t
h
e
r
 
t
h
i
n
g
s

}
}

 

•

 

W
hat’s the m

odule, interface, im
plem

entation, client?
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In
terfaces an

d
 Im

p
lem

en
tatio

n
s

 

•

 

A
 big program

 is m
ade up of m

any sm
all 

 

m
o

d
u

les

 

•

 

E
ach m

odule im
plem

ents (does) 

 

o
n

e

 

 thing 

 

M
athem

atical functions

A
 hash table

A
 stack

 

•

 

In
terfaces

 

 specify 

 

w
h

at

 

 a m
odule does

 

•

 

Im
p

lem
en

tatio
n

s

 

 specify 

 

h
o

w

 

 a m
odule does it
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In
terfaces an

d
 Im

p
lem

en
tatio

n
s: A

n
 E

xam
p

le

 

D
riving an autom

obile

 

•

 

Interface:

 

•  

 

steering w
heel

 

•  

 

gears

 

•  

 

brake

 

•  

 

accelerator

 

•  

 

clutch?

 

•

 

Im
plem

entation:

 

•  

 

engine and all its details
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M
o

re o
n

 In
terfaces an

d
 Im

p
lem

en
tatio

n
s

 

•

 

O
n

e

 

 interface, perhaps 

 

m
any

 

 im
plem

entations. W
hy?

 

efficiency, different algorithm
s for different situations, m

achine dependences

 

•

 

Interface and its im
plem

entations m
ust 

 

ag
ree

 

•

 

C
lien

ts

 

 need see 

 

o
n

ly

 

 the interface

 

do not need to understand im
plem

entation to use the m
odule

m
ay have only the object code for an im

plem
entation

• w
hy m

ight a client w
ant to know

 m
ore than the interface?

 

•

 

C
lients 

 

sh
are

 

 interface and im
plem

entations

 

avoids duplication and bugs --- im
plem

ented 

 

o
n

ce

 

, used 

 

o
ften

 

•

 

W
hat does this sound like in your program

m
ing experience?
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C
lien

t, In
terface an

d
 Im

p
lem

en
tatio

n
: A

 S
tack
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In
terfaces

 

•

 

M
odules 

 

exp
o

rt

 

 interfaces, clients 

 

im
p

o
rt

 

 them

 

•

 

Interfaces specify w
hat clients m

ay use or read

 

D
ata types, variables, function interfaces, text specifications, ...

E
verything a client needs to see

 

•

 

T
hey 

 

h
id

e

 

 im
plem

entation details and algorithm
s

 

•

 

In C
, an interface is usually a 

 

sin
g

le

 

 “

 

.
h

 

” file; e.g.

 

 

 

s
t
a
c
k
.
h

 

 

 

•

 

Interfaces are 

 

co
n

tracts

 

 betw
een their im

plem
entations and clients

 

C
lient responsibilities

:
rules clients m

ust follow
 to ensure correctness

C
hecked runtim

e errors
:

im
plem

entations guarantee to detect them
, but 

they are bugs

U
nchecked runtim

e errors
:

im
plem

entations m
ight not detect them

P
erform

ance criteria
:

im
plem

entations m
ust m

eet them

 

•

 

E
xam

ples from
 the real w

orld?
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Im
p

lem
en

tatio
n

s

 

•

 

Im
plem

entations instantiate an interface

 

•

 

In C
, im

plem
entation source code is in “

 

.
c

 

” files

 

•

 

T
he 

 

in
terface

 

 is the key

 

•

 

S
om

e im
portant things to do:

 

•  

 

D
e-co

u
p

le

 

 clien
ts 

 

from
 im

plem
entations

 

-  C
hanges in an im

plem
entation do 

 

n
o

t

 

 affect clients

-  Im
plem

entations can be 

 

sh
ared

 

, e.g. via libraries

 

•  

 

H
id

e

 

 im
plem

entation details

 

-  P
revents dependency on specific representations and algorithm

s

 

•  

 

S
ep

arate

 

 use of an interface from
 its im

plem
entations

 

-  U
ser should read specifications, not program

s
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A
b

stract D
ata Typ

es (A
D

T
s)

 

•

 

A
b

stract d
ata typ

e: A
 kin

d
 o

f in
terface

 

•  

 

A
 data type, plus

 

•  

 

O
perations on entities ("variables") of that type

 

•

 

D
ata typ

e

 

:

 

 a 

 

class o
f valu

es

 

 

 

integers, reals, lists of integers, binary search trees, lookup tables ...

 

•

 

A
b

stract

 

:

 

 O
perations perm

itted are indept. of internal representation

 

•

 

A
dvantages

 

•  

 

R
estricts

 

 m
anipulation of the values to a set of specified operations

 

•  

 

H
id

es

 

 how
 the A

D
T

 is represented

 

•

 

A
 key idea behind object-oriented program

m
ing

 

•  

 

B
U

T
 G

O
O

D
 P

R
O

G
R

A
M

M
IN

G
 P

R
A

C
T

IC
E

 R
E

G
A

R
D

LE
S

S
 O

F
 LA

N
G

U
A

G
E
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A
n

 A
D

T
 E

xam
p

le: A
 S

tack A
g

ain

 

•

 

T
he interface 

 

s
t
a
c
k
.
h

 

 defines a stack A
D

T
 and its operations

 

#
i
f
n
d
e
f
 
S
T
A
C
K
_
I
N
C
L
U
D
E
D

#
d
e
f
i
n
e
 
S
T
A
C
K
_
I
N
C
L
U
D
E
D

t
y
p
e
d
e
f
 
s
t
r
u
c
t
 
S
t
a
c
k
_
T
 
*
S
t
a
c
k
_
T
;

e
x
t
e
r
n
 
S
t
a
c
k
_
T
 
S
t
a
c
k
_
n
e
w
(
v
o
i
d
)
;

e
x
t
e
r
n
 
i
n
t
 
S
t
a
c
k
_
e
m
p
t
y
(
S
t
a
c
k
_
T
 
s
t
k
)
;

e
x
t
e
r
n
 
v
o
i
d
 
S
t
a
c
k
_
p
u
s
h
(
S
t
a
c
k
_
T
 
s
t
k
,
 
v
o
i
d
 
*
x
)
;

e
x
t
e
r
n
 
v
o
i
d
 
*
S
t
a
c
k
_
p
o
p
(
S
t
a
c
k
_
T
 
s
t
k
)
;

e
x
t
e
r
n
 
v
o
i
d
 
S
t
a
c
k
_
f
r
e
e
(
S
t
a
c
k
_
T
 
*
s
t
k
)
;

 

/
*
 
I
t
 
i
s
 
a
 

 

c
h
e
c
k
e
d
 
r
u
n
t
i
m
e
 
e
r
r
o
r

 

 
t
o
 
p
a
s
s
 
a
 
N
U
L
L
 
S
t
a
c
k
_
T
 
o
r
 
S
t
a
c
k
_
T
*
 
t
o
 

a
n
y
 
r
o
u
t
i
n
e
 
i
n
 
t
h
i
s
 
i
n
t
e
r
f
a
c
e
 
o
r
 
c
a
l
l
 
S
t
a
c
k
_
p
o
p
 
w
i
t
h
 
a
n
 
e
m
p
t
y
 
s
t
a
c
k
.
 
*
/

#
e
n
d
i
f

 

•

 

T
he type “

 

S
t
a
c
k
_
T

 

” is an 

 

o
p

aq
u

e p
o

in
ter

 

 type

 

•  

 

C
lients can pass a

 

 
S
t
a
c
k
_
T
 

 

around, but can’t look inside one

 

•

 

“

 

S
t
a
c
k
_

 

” is a disam
biguating prefix

 

•  

 

A
 

 

co
nven

tio
n

 

 that helps avoid nam
e collisions in large program

s

 

•

 

Q
uestion: W

hat does “

 

#
i
f
n
d
e
f
 
S
T
A
C
K
_
I
N
C
L
U
D
E
D

 

” do?
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A
n

 Im
p

lem
en

tatio
n

 o
f th

e S
tack A

D
T

 

•

 

s
t
a
c
k
.
c
 

 

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

 

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

#
i
n
c
l
u
d
e
 
"
s
t
a
c
k
.
h
"

 

#
d
e
f
i
n
e
 
T
 
S
t
a
c
k
_
T

 

s
t
r
u
c
t
 
T
 
{
 
v
o
i
d
 
*
v
a
l
;
 
T
 
n
e
x
t
;
 
}
;

T
 
S
t
a
c
k
_
n
e
w
(
v
o
i
d
)
 
{
 
T
 
s
t
k
 
=
 
c
a
l
l
o
c
(
1
,
 
s
i
z
e
o
f
 
*
s
t
k
)
;

a
s
s
e
r
t
(
s
t
k
)
;
 
r
e
t
u
r
n
 
s
t
k
;
 
}

i
n
t
 
S
t
a
c
k
_
e
m
p
t
y
(
T
 
s
t
k
)
 
{
 

 

a
s
s
e
r
t
(
s
t
k
)

 

;
 
r
e
t
u
r
n
 
s
t
k
-
>
n
e
x
t
 
=
=
 
N
U
L
L
;
 
}

v
o
i
d
 
S
t
a
c
k
_
p
u
s
h
(
T
 
s
t
k
,
 
v
o
i
d
 
*
x
)
 
{

T
 
t
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
 
*
t
)
;
 
a
s
s
e
r
t
(
t
)
;
 

 

a
s
s
e
r
t
(
s
t
k
)

 

;
t
-
>
v
a
l
 
=
 
x
;
 
t
-
>
n
e
x
t
 
=
 
s
t
k
-
>
n
e
x
t
;
 
s
t
k
-
>
n
e
x
t
 
=
 
t
;
 
}

v
o
i
d
 
*
S
t
a
c
k
_
p
o
p
(
T
 
s
t
k
)
 
{
 
v
o
i
d
 
*
x
;
 
T
 
s
;
 

 

a
s
s
e
r
t
(
s
t
k
 
&
&
 
s
t
k
-
>
n
e
x
t
)

 

;
x
 
=
 
s
t
k
-
>
n
e
x
t
-
>
v
a
l
;
 
s
 
=
 
s
t
k
-
>
n
e
x
t
;
 
s
t
k
-
>
n
e
x
t
 
=
 
s
t
k
-
>
n
e
x
t
-
>
n
e
x
t
;

f
r
e
e
(
s
)
;
 
r
e
t
u
r
n
 
x
;
 
}

v
o
i
d
 
S
t
a
c
k
_
f
r
e
e
(
T
 
*
s
t
k
)
 
{
 
T
 
s
;
 

 

a
s
s
e
r
t
(
s
t
k
 
&
&
 
*
s
t
k
)

 

;
f
o
r
 
(
 
;
 
*
s
t
k
;
 
*
s
t
k
 
=
 
s
)
 
{

s
 
=
 
(
*
s
t
k
)
-
>
n
e
x
t
;
 
f
r
e
e
(
*
s
t
k
)
;

}

 

•

 

C
onvention: In im

plem
entation, “

 

T

 

” is abbreviation of “

 

X

 

_
T

 

” for A
D

T
 

 

X

 

.
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A
 S

am
p

le C
lien

t o
f th

e S
tack A

D
T

 

•

 

t
e
s
t
.
c
 

 

includes

 

 
s
t
a
c
k
.
h

 

 (so it can use the stack A
D

T
)

 

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

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

 

#
i
n
c
l
u
d
e
 
"
s
t
a
c
k
.
h
"

 

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
a
r
g
v
[
]
)
 
{

i
n
t
 
i
;

S
t
a
c
k
_
T
 
s
 
=
 
S
t
a
c
k
_
n
e
w
(
)
;

f
o
r
 
(
i
 
=
 
1
;
 
i
 
<
 
a
r
g
c
;
 
i
+
+
)

S
t
a
c
k
_
p
u
s
h
(
s
,
 
a
r
g
v
[
i
]
)
;

w
h
i
l
e
 
(
!
S
t
a
c
k
_
e
m
p
t
y
(
s
)
)

p
r
i
n
t
f
(
"
%
s
\
n
"
,
 
S
t
a
c
k
_
p
o
p
(
s
)
)
;

S
t
a
c
k
_
f
r
e
e
(

 

&
s

 

)
;

r
e
t
u
r
n
 
E
X
I
T
_
S
U
C
C
E
S
S
;

}

 

•

 

t
e
s
t
.
o
 

 

is a client of

 

 
s
t
a
c
k
.
h

 

changing

 

 
s
t
a
c
k
.
h

 

 

  

m
ust re-com

pile

 

 
t
e
s
t
.
c

 

•

 

t
e
s
t
.
o
 

 

is loaded w
ith

 

 
s
t
a
c
k
.
o

l
c
c
 
t
e
s
t
.
o
 
s
t
a
c
k
.
o

 

•

 

s
t
a
c
k
.
o
 

 

is also a client of

 

 
s
t
a
c
k
.
h

 

changing

 

 
s
t
a
c
k
.
h

 

 

  

 m
ust re-com

pile

 

 
s
t
a
c
k
.
c
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A
ssertio

n
s

 

•

 

E
ven checked runtim

e errors are 

 

bu
g

s

 

•

 

a
s
s
e
r
t
(

 

e

 

)
 

 

issues a m
essage and aborts the program

 if 

 

e

 

 is 0

 

i
n
t
 
S
t
a
c
k
_
e
m
p
t
y
(
T
 
s
t
k
)
{

 

a
s
s
e
r
t
(
s
t
k
)

 

;
r
e
t
u
r
n
 
s
t
k
-
>
n
e
x
t
 
=
=
 
N
U
L
L
;

}

 

•

 

a
s
s
e
r
t
.
h
 

 

(approxim
ately):

 

#
i
f
d
e
f
 
N
D
E
B
U
G

#
d
e
f
i
n
e
 
a
s
s
e
r
t
(
e
)
 
(
(
v
o
i
d
)
0
)

#
e
l
s
e

#
d
e
f
i
n
e
 
a
s
s
e
r
t
(
e
)
 
(
(
v
o
i
d
)
(
(
e
)
|
|
 
(
f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
 
\

"
a
s
s
e
r
t
i
o
n
 
f
a
i
l
e
d
:
 
f
i
l
e
 
%
s
,
 
l
i
n
e
 
%
d
\
n
"
,
 
\

_
_
F
I
L
E
_
_
,
 
_
_
L
I
N
E
_
_
)
,
 
a
b
o
r
t
(
)
,
 
0
)
)
)

#
e
n
d
i
f

 

l
c
c
 
-
D
N
D
E
B
U
G
 
f
o
o
.
c
 
.
.
.

 

•

 

B
e carefu

l u
sin

g
 assertio

n
s

 

e

 

 m
ay not be executed if assertions are turned 

 

o
ff

 

 (w
hy w

ould you do this?)

 

—
 don’t put code w

ith 

 

sid
e effects

 

 in 

 

an assertion

 

•

 

D
on’t w

ant program
 to crash w

ithout a diagnostic (safe program
m

ing)
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P
ro

g
ram

m
in

g
 S

tyle

 

•

 

V
ariable nam

es, indentation, program
 structure... W

hy?

 

•

 

W
ho reads your program

s?

 

com
piler

users

other program
m

ers

 

•

 

W
hich ones care about style?

 

•

 

W
hich ones do you program

 for?

 

•

 

D
ifference betw

een "m
acho" program

m
er and good program

m
er

 

•

 

W
e’ll talk m

ore about style later
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T
h

e S
tan

d
ard

 C
 L

ib
rary In

terfaces

 

•

 

T
he A

N
S

I C
 interfaces (S

ee H
&

S
, C

h 10)

 

a
s
s
e
r
t
.
h

 

assertions

 

c
t
y
p
e
.
h

 

character m
appings

 

e
r
r
n
o
.
h

 

error num
bers

 

f
l
o
a
t
.
h

 

m
etrics for floating types

 

l
i
m
i
t
s
.
h

 

m
etrics for integral types

 

l
o
c
a
l
e
.
h

 

locale specifics

 

m
a
t
h
.
h

 

m
ath functions

 

s
e
t
j
m
p
.
h

 

non-local jum
ps

 

s
i
g
n
a
l
.
h

 

signal handling

 

s
t
d
a
r
g
.
h

 

variable length argum
ent lists

 

s
t
d
d
e
f
.
h

 

standard definitions

 

s
t
d
i
o
.
h

 

standard I/O

 

s
t
d
l
i
b
.
h

 

standard library functions

 

s
t
r
i
n
g
.
h

 

string functions

 

t
i
m
e
.
h

 

date/tim
e functions

 

•

 

A
n A

N
S

I C
 

 

lib
rary

 

 provides the im
plem

entations

 

•

 

re-u
se

 

, don’t 

 

re-im
p

lem
en

t

 

; use libraries
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L
ib

raries

 

•

 

S
o w

hy don’t people alw
ays just use libraries?

 

•

 

It’s a great idea, but often not im
plem

ented w
ell

 

•

 

E
fficiency

 

•

 

S
pecific functionality

 

•

 

M
astering big libraries is hard

 

•

 

Library design is difficult: generality, sim
plicity and efficiency

 

•

 

Libraries m
ay have im

plem
entation bugs
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•

 

U
tility functions

 

 
s
t
d
l
i
b
.
h

 

:

 

a
t
o
f
,
 
a
t
o
i
,
 
s
t
r
t
o
d
,
 
r
a
n
d
,
 
q
s
o
r
t
,
 
g
e
t
e
n
v
,

c
a
l
l
o
c
,
 
m
a
l
l
o
c
,
 
r
e
a
l
l
o
c
,
 
f
r
e
e
,
 
a
b
o
r
t
,
 
e
x
i
t
,
 
.
.
.

 

•

 

S
tring handling

 

 
s
t
r
i
n
g
.
h

 

:

 

s
t
r
c
m
p
,
 
s
t
r
n
c
m
p
,
 
s
t
r
c
p
y
,
 
s
t
r
n
c
p
y

s
t
r
c
a
t
,
 
s
t
r
n
c
a
t
,
 
s
t
r
c
h
r
,
 
s
t
r
r
c
h
r
,
 
s
t
r
l
e
n
,
 
.
.
.

m
e
m
c
p
y
,
 
m
e
m
m
o
v
e
,
 
m
e
m
c
m
p
,
 
m
e
m
s
e
t
,
 
m
e
m
c
h
r

 

•

 

C
haracter classification

 

 
c
t
y
p
e
.
h

 

:

 

i
s
d
i
g
i
t
,
 
i
s
a
l
p
h
a
,
 
i
s
s
p
a
c
e
,
 
i
s
p
u
n
c
t
,

i
s
u
p
p
e
r
,
 
i
s
l
o
w
e
r
,
 
t
o
u
p
p
e
r
,
 
t
o
l
o
w
e
r
,
 
.
.
.

 

•

 

M
athem

atical functions

 

 
m
a
t
h
.
h

 

:

 

s
i
n
,
 
c
o
s
,
 
t
a
n
,
 
a
s
i
n
,
 
a
c
o
s
,
 
a
t
a
n
,
 
a
t
a
n
2
,
 
c
e
i
l
,
 
f
l
o
o
r
,
 
f
a
b
s

s
i
n
h
,
 
c
o
s
h
,
 
t
a
n
h
,
 
e
x
p
,
 
l
o
g
,
 
l
o
g
1
0
,
 
p
o
w
,
 
s
q
r
t
,

 

•

 

V
ariable-length argum

ent lists

 

 
s
t
d
a
r
g
.
h

 

:

 

v
a
_
l
i
s
t
,
 
v
a
_
s
t
a
r
t
,
 
v
a
_
a
r
g
,
 
v
a
_
e
n
d

 

•

 

N
on-local jum

ps

 

 
s
e
t
j
m
p
.
h

 

:

 

j
m
p
_
b
u
f
,
 
s
e
t
j
m
p
,
 
l
o
n
g
j
m
p

 

C
opyright 

  

1995 D
. H

anson, K
. L

i &
 J.P. Singh

C
om

puter Science 217: T
he Standard I/O

 L
ibrary

Page 19

 

Septem
ber 10, 1997

 

T
h

e S
tan

d
ard

 I/O
 L

ib
rary

 

•

 

s
t
d
i
o
.
h
 

 

specifies a

 

 
F
I
L
E
*

 

, a good exam
ple of an A

D
T

 

e
x
t
e
r
n
 
F
I
L
E
 
*
s
t
d
i
n
,
 
*
s
t
d
o
u
t
,
 
*
s
t
d
e
r
r
;

e
x
t
e
r
n
 
i
n
t
 
f
c
l
o
s
e
(
F
I
L
E
 
*
)
;

e
x
t
e
r
n
 
F
I
L
E
 
*
f
o
p
e
n
(
c
o
n
s
t
 
c
h
a
r
 
*
,
 
c
o
n
s
t
 
c
h
a
r
 
*
)
;

e
x
t
e
r
n
 
i
n
t
 
f
p
r
i
n
t
f
(
F
I
L
E
 
*
,
 
c
o
n
s
t
 
c
h
a
r
 
*
,
 
.
.
.
)
;

e
x
t
e
r
n
 
i
n
t
 
f
s
c
a
n
f
(
F
I
L
E
 
*
,
 
c
o
n
s
t
 
c
h
a
r
 
*
,
 
.
.
.
)
;

e
x
t
e
r
n
 
i
n
t
 
p
r
i
n
t
f
(
c
o
n
s
t
 
c
h
a
r
 
*
,
 
.
.
.
)
;

e
x
t
e
r
n
 
i
n
t
 
s
c
a
n
f
(
c
o
n
s
t
 
c
h
a
r
 
*
,
 
.
.
.
)
;

e
x
t
e
r
n
 
i
n
t
 
s
p
r
i
n
t
f
(
c
h
a
r
 
*
,
 
c
o
n
s
t
 
c
h
a
r
 
*
,
 
.
.
.
)
;

e
x
t
e
r
n
 
i
n
t
 
s
s
c
a
n
f
(
c
o
n
s
t
 
c
h
a
r
 
*
,
 
c
o
n
s
t
 
c
h
a
r
 
*
,
 
.
.
.
)
;

e
x
t
e
r
n
 
i
n
t
 
f
g
e
t
c
(
F
I
L
E
 
*
)
;

e
x
t
e
r
n
 
c
h
a
r
 
*
f
g
e
t
s
(
c
h
a
r
 
*
,
 
i
n
t
,
 
F
I
L
E
 
*
)
;

e
x
t
e
r
n
 
i
n
t
 
f
p
u
t
c
(
i
n
t
,
 
F
I
L
E
 
*
)
;

e
x
t
e
r
n
 
i
n
t
 
f
p
u
t
s
(
c
o
n
s
t
 
c
h
a
r
 
*
,
 
F
I
L
E
 
*
)
;

e
x
t
e
r
n
 
i
n
t
 
g
e
t
c
(
F
I
L
E
 
*
)
;

e
x
t
e
r
n
 
i
n
t
 
g
e
t
c
h
a
r
(
v
o
i
d
)
;

e
x
t
e
r
n
 
c
h
a
r
 
*
g
e
t
s
(
c
h
a
r
 
*
)
;

e
x
t
e
r
n
 
i
n
t
 
p
u
t
c
(
i
n
t
,
 
F
I
L
E
 
*
)
;

e
x
t
e
r
n
 
i
n
t
 
p
u
t
c
h
a
r
(
i
n
t
)
;

e
x
t
e
r
n
 
i
n
t
 
p
u
t
s
(
c
o
n
s
t
 
c
h
a
r
 
*
)
;

e
x
t
e
r
n
 
i
n
t
 
u
n
g
e
t
c
(
i
n
t
,
 
F
I
L
E
 
*
)
;

e
x
t
e
r
n
 
i
n
t
 
f
e
o
f
(
F
I
L
E
 
*
)
;

 

•

 

D
o

 yo
u

 n
eed

 to
 kn

ow
 w

h
at a 

 

F
I
L
E
*
 
l
o
o
k
s
 
l
i
k
e

 

?


