
In
tro

d
u

cto
ry

P
ro

g
ram

m
in

g
Im

p
erative

P
ro

g
ram

m
in

g
III,sectio

n
s

3.6-3.8,3.0,3.9

A
n

n
e

H
axth

au
sen

a

IM
M

,D
T

U

1.
Loops

(w
h

ile,d
o

,fo
r)

(sections
3.6

–
3.8)

2.
O

verview
ofJava

statem
ents

(learntso
far)

3.
P

rogram
developm

ent
(sections

3.0,3.9)

a.P
arts

ofthis
m

aterialare
inspired

by/originate
from

a
course

atIT
U

developed
by

N
iels

H
allenberg

and
P

eter
S

estoft

on
the

basis
ofa

course
atK

V
L

developed
by

M
orten

Larsen
and

P
eter

S
estoft.
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C
o

n
tro

lfl
o

w
o

f
p

ro
g

ram
s

controlflow
=

order
in

w
hich

statem
ents

are
executed

U
nless

otherw
ise

specified,a
program

is
executed

linearly
:

–
Java

executes
the

statem
ents

ofthe
m
a
i
n

m
ethod

one
by

one

T
he

execution
order

can
be

controlled
by

tw
o

specialkinds
ofstatem

ents:

–
conditionals

(valg-sæ
tninger)

give
the

choice
betw

een
tw

o
or

m
ore

statem
ents:

if,if-else
and

sw
itch

.

–
loops

(lø
kker/gentagelses-sæ

tninge
r)repeata

statem
ent:w

h
ile,d

o
and

fo
r.
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L
o

o
p

s

Loops
are

used
for

repeating
a

statem
ent.

kind
ofloop

usefulfor
repetitions

ofthe
form

w
hile

as
long

as
...do

...

do
do

...as
long

as
...

for
do

...a
fixed

num
ber

oftim
es
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W
h

ile
lo

o
p

s:
g

en
erally

G
en

eralfo
rm

at:

w
h

ile
(condition

)

statem
ent

E
ffect:

false

tru
e

condition

statem
ent
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W
h

ile
lo

o
p

s:
exam

p
le

f
i
n
a
l
i
n
t
L
I
M
I
T

=
7
;

i
n
t
c
o
u
n
t
=

2
;

w
h
i
l
e
(
c
o
u
n
t

<
=
L
I
M
I
T
)

{

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
c
o
u
n
t
)
;

c
o
u
n
t

=
c
o
u
n
t

+
1
;

}

gives
the

follow
ing

output:
234567
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D
o

lo
o

p
s:

g
en

erally

G
en

eralfo
rm

at:

d
o

statem
ent

w
h

ile
(condition

)
;

E
ffect:

false

tru
e

condition

statem
ent
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D
o

lo
o

p
s:

exam
p

le

d
o

loops
can

e.g.be
used

for
repeating

inputuntilthe
user

has
given

a
correctinput.

E
xam

p
le:

/
/
i
n
p
u
t
a

’
y
’
,
’
Y
’
,

’
n
’

o
r
’
N
’

c
h
a
r
c
;

d
o

{

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
E
n
t
e
r
(
y
/
n
)
?

"
)
;

c
=

C
h
a
r
a
c
t
e
r
.
t
o
U
p
p
e
r
C
a
s
e
(
K
e
y
b
o
a
r
d
.
r
e
a
d
C
h
a
r
(
)
)
;

}w
h
i
l
e
(
!

(
c
=
=
’
Y
’

|
|
c
=
=
’
N
’
)
)
;
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F
o

r
lo

o
p

s:
exam

p
le

f
o
r
(
i
n
t

n
=
1
;
n
<
=
1
0
;

n
=

n
+

1
)

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
n
+

"
s
q
u
a
r
e
d
i
s

"
+

(
n

*
n
)
)
;

gives
the

follow
ing

output:

1
s
q
u
a
r
e
d
i
s
1

2
s
q
u
a
r
e
d
i
s
4

3
s
q
u
a
r
e
d
i
s
9

4
s
q
u
a
r
e
d
i
s
1
6

5
s
q
u
a
r
e
d
i
s
2
5

6
s
q
u
a
r
e
d
i
s
3
6

7
s
q
u
a
r
e
d
i
s
4
9

8
s
q
u
a
r
e
d
i
s
6
4

9
s
q
u
a
r
e
d
i
s
8
1

1
0
s
q
u
a
r
e
d

i
s
1
0
0
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F
o

r
lo

o
p

s:
g

en
erally

+
exam

p
le

false

tru
e

c
o
n
d
i
t
i
o
n

s
t
a
t
e
m
e
n
t

i
n
c
r
e
m
e
n
t

i
n
i
t
i
a
l
i
z
a
t
i
o
n

false

tru
e

     n =
 1

.
.
.
p
r
i
n
t
l
n
(
.
.
.
)
;

n <
=

 10

n =
 n +

 1
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F
o

r
lo

o
p

s:
g

en
erally

G
en

eralfo
rm

at:

fo
r
(

initialization
;

condition
;

increm
ent

)

statem
ent

A
n

initialization
is

usually
a

declaration
ofa

variable
containing

an
initialvalue,e.g.i

n
t
n
=
1

A
condition

is
an

expression
oftype

b
o

o
lean

(e.g.n
<
=
1
0

);can
be

om
itted

–
is

then
a

shorthand
for

tru
e

A
n

increm
ent

is
usually

an
assignm

ent(e.g.n
=
n
+
1

)
or

a
listofassignm

ents.

E
q

u
ivalen

t
to

:

initialization;

w
h

ile
(condition

)

statem
ent;

increm
ent

;
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N
ested

lo
o

p
s

A
loop

inside
the

body
ofanother

loop
is

said
to

be
nested.

E
xam

p
le:

f
i
n
a
l
i
n
t

M
A
X
_
R
O
W
S
=
7
;

f
o
r
(
i
n
t
r
o
w

=
1
;
r
o
w

<
=

M
A
X
_
R
O
W
S
;
r
o
w
+
+
)

{

f
o
r
(
i
n
t
s
t
a
r

=
1
;

s
t
a
r

<
=

r
o
w
;
s
t
a
r
+
+
)

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
*
"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
)
;

}

gives
the

follow
ing

output:
**
*

*
*
*

*
*
*
*

*
*
*
*
*

*
*
*
*
*
*

*
*
*
*
*
*
*
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W
arn

in
g

!

W
hatis

w
rong

in
the

follow
ing

piece
ofprogram

?

i
n
t
i

=
1
;

w
h
i
l
e

(
i

<
7
)
{
i

=
i

-
1
;

}
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O
verview

o
f

Java
statem

en
ts

K
ind

ofstatem
ent

E
xam

ple

assignm
ent

x
=

x
+

1
;

if
i
f

(
x
!
=
0
)

y
=

1
/
y
;

if-else
i
f

(
x
!
=
0
)

y
=

1
/
x
;

e
l
s
e
y

=
0
;

sw
itch

s
w
i
t
c
h

(
x
)
{

c
a
s
e

0
:
y
=

0
;
b
r
e
a
k
;

c
a
s
e

1
:
y
=

1
1
7
;

b
r
e
a
k
;

d
e
f
a
u
l
t
:

y
=

1
/
x
;

b
r
e
a
k

}

invocation
ofm

ethod
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
H
e
l
l
o
"
)
;

block
{

x
=
1
;
y

=
1
/
x
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
y
)
;
}

for
loop

f
o
r

(
i
n
t
i
=
1
;

i
<
1
0
0
;

i
=
i
+
1
)
s
u
m
=
s
u
m
+

i
;

w
hile

loop
w
h
i
l
e

(
s
u
m

<
1
0
0
)

s
u
m
=

s
u
m
+
1
;

do-w
hile

loop
d
o

{
s
u
m
=

s
u
m
+
1
;
}

w
h
i
l
e
(
s
u
m

<
1
0
0
)
;

S
tatem

ents
can

only
be

w
ritten

inside
a

m
ethod

(e.g.in
m
a
i
n

),notin
a

class.
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P
ro

g
ram

d
evelo

p
m

en
t

T
he

developm
entofa

program
usually

goes
through

the
follow

ing
four

phases:

A
n

alysis:
decide

the
requirem

ents
to

the
program

–
W

H
AT

should
the

program
accom

plish?

D
esig

n
:

decide
H

O
W

the
program

can
accom

plish
its

requirem
ents.

Im
p

lem
en

tatio
n

:
w

rite
the

program
transform

ing
the

design
into

the
chosen

program
m

ing

language

Test:
run

the
program

w
ith

m
any

differentinputs
and

check
thatthe

outputis
as

expected.

You
can

learn
m

ore
aboutthis

in
course

02260
S

oftw
are

E
ngineering.
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P
ro

g
ram

d
evelo

p
m

en
t:

exam
p

le
(exercise

8)

R
eq

u
irem

en
ts

fro
m

th
e

clien
t

W
rite

a
program

that(1)
reads

a
passw

ord
and

(2)
checks

thatthe
length

is
greater

than
4

and

less
than

9.

c
H

axthausen
and

S
estoft,IM

M
/D

T
U

,
17.septem

ber
2002

02100+
02115+

02199+
02312

Introductory
P

rogram
m

ing
S

ide
3b-15

P
ro

g
ram

D
evelo

p
m

en
t:

exam
p

le

A
n

alysis

S
hould

the
program

be
interactive

(dialog
on

the
screen)?

W
hatshould

the
program

answ
er

ifthe
passw

ord
is

legal?

W
hatshould

the
program

answ
er

ifthe
passw

ord
is

illegal?
S

hould
itfor

instance
just

answ
er

“P
assw

ord
is

illegal”,or
should

itstate
in

w
hich

w
ay

itis
illegal?

A
fter

conferring
w

ith
the

client,w
e

find
outthatthe

answ
ers

should
be:

Yes.

”T
he

length
ofthe

passw
ord

is
legal”.

”T
he

length
ofthe

passw
ord

is
illegal”.
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P
ro

g
ram

D
evelo

p
m

en
t:

exam
p

le

D
esig

n
1

T
he

algorithm
can

be
sketched

by
pseudocode:

prom
ptfor

and
read

a
passw

ord;

check
passw

ord
and

printresult;

P
seudocode

is
a

m
ixture

ofcode
statem

ents
and

phrases
ofnaturallanguage.
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P
ro

g
ram

D
evelo

p
m

en
t:

exam
p

le

M
o

re
d

etailed
d

esig
n

prom
ptfor

and
read

a
passw

ord;

if(passw
ord

is
ok)

then
print”T

he
length

ofthe
passw

ord
is

legal”

otherw
ise

print”T
he

length
ofthe

passw
ord

is
illegal”
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P
ro

g
ram

D
evelo

p
m

en
t:

exam
p

le

Im
p

lem
en

tatio
n

i
m
p
o
r
t
c
s
1
.
K
e
y
b
o
a
r
d
;

p
u
b
l
i
c
c
l
a
s
s

P
a
s
s
w
o
r
d
{

p
u
b
l
i
c
s
t
a
t
i
c
v
o
i
d

m
a
i
n
(
S
t
r
i
n
g
[
]

a
r
g
s
)
{

/
/
p
r
o
m
p
t

f
o
r
a
n
d
r
e
a
d

a
p
a
s
s
w
o
r
d

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
W
r
i
t
e

a
p
a
s
s
w
o
r
d
:

"
)
;

S
t
r
i
n
g

p
a
s
s
w
o
r
d
=
K
e
y
b
o
a
r
d
.
r
e
a
d
S
t
r
i
n
g
(
)
;

/
/
C
h
e
c
k

p
a
s
s
w
o
r
d
a
n
d

p
r
i
n
t
t
h
e

r
e
s
u
l
t

i
n
t

p
l
e
n
g
t
h
=
p
a
s
s
w
o
r
d
.
l
e
n
g
t
h
(
)
;

i
f

(
p
l
e
n
g
t
h
>
4

&
&
p
l
e
n
g
t
h
<
9
)

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
T
h
e

l
e
n
g
t
h
o
f

t
h
e
p
a
s
s
w
o
r
d
i
s

l
e
g
a
l
"
)
;

e
l
s
e

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
T
h
e

l
e
n
g
t
h
o
f

t
h
e
p
a
s
s
w
o
r
d
i
s

i
l
l
e
g
a
l
"
)
;

}
}
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P
ro

g
ram

D
evelo

p
m

en
t:

exam
p

le

Test
(D

an
ish

:
afp

rø
vn

in
g

)

1.
M

ake
a

testsuite,i.e.a
collection

ofexam
ples

ofinputand
expected

output.

2.
R

un
the

program
w

ith
the

chosen
inputand

check
thatthe

outputis
as

expected.Ifnot,you

m
ustre-do

the
developm

ent.

Tw
o

kinds
oftesting:

internal
external

C
ontext

program
text

problem

K
inds

oferrors
logic

over-seen
cases

w
rong

initializations
ofvariables

over-seen
requirem

ents
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In
tern

altest

K
ind

ofstatem
ent

cases
thatshould

be
tested

i
f

C
ondition

false
and

true

s
w
i
t
c
h

each
branch

f
o
r

zero,one
or

m
ore

executions

w
h
i
l
e

zero,one
or

m
ore

executions

d
o
-
w
h
i
l
e

one
or

m
ore

executions
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P
ro

g
ram

D
evelo

p
m

en
t:

exam
p

le

Test:
exam

p
le

o
f

a
test

su
ite

Test
1

W
r
i
t
e

a
p
a
s
s
w
o
r
d
:

p
a
s
s
2
2

T
h
e
l
e
n
g
t
h

o
f
t
h
e
p
a
s
s
w
o
r
d

i
s
l
e
g
a
l

Test
2

W
r
i
t
e

a
p
a
s
s
w
o
r
d
:

y
e
s

T
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