
In
tro

d
u

cto
ry

P
ro

g
ram

m
in

g
Im

p
erative

P
ro

g
ram

m
in

g
II,sectio

n
s

3.1-3.5

A
n

n
e

H
axth

au
sen

a

IM
M

,D
T

U

1.
C

ontrolflow
(section

3.1)

2.
C

onditionalstatem
ents

(if
and

sw
itch

)
(sections

3.2
and

3.3)

3.
B

lock
statem

ents
(section

3.2)

4.
B

oolean
expressions

(sections
3.2,3.4)

5.
M

ore
operators

(read
on

your
ow

n:section
3.5)

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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if
statem

en
ts

if
statem

ents
are

usefulin
situations

w
here

you
can

say:

“if...then
...”

E
xam

p
le:

d
o
u
b
l
e
t
o
p
t
a
x
=

0
.
0
;

i
f
(
i
n
c
o
m
e
>

2
6
7
0
0
0
)

t
o
p
t
a
x
=

(
i
n
c
o
m
e
-
2
6
7
0
0
0
)

*
0
.
1
5
;
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if-else
statem

en
ts

if-else
statem

ents
are

usefulin
situations

w
here

you
can

say:

“if...then
...otherw

ise
...”

E
xam

p
le:

d
o
u
b
l
e
t
o
p
t
a
x
;

i
f
(
i
n
c
o
m
e
>

2
6
7
0
0
0
)

t
o
p
t
a
x
=

(
i
n
c
o
m
e
-
2
6
7
0
0
0
)

*
0
.
1
5
;

e
l
s
e
t
o
p
t
a
x

=
0
.
0
;
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if-else
statem

en
ts

S
yn

tax:

if
(
e
x
p
r
e
s
s
i
o
n
)

s
t
a
t
e
m
e
n
t
1

elses
t
a
t
e
m
e
n
t
2

S
em

an
tics:

(1)
the

value
ofexpression

is
evaluated

(2)
ifitis

tru
e,statem

ent1
is

executed,otherw
ise

statem
ent2

is
executed
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B
lo

cks

A
sequence

ofstatem
ents

can
be

grouped
into

one
statem

ent,a
so-called

block, by
enclosing

the
statem

ents
by
{

.
.
.
}

.

T
his

can
for

instance
be

usefulin
if-else

statem
ents

w
here

only
a

single
statem

entis
allow

ed
in

each
ofthe

branches.

E
xam

p
le:

i
f
(
i
n
c
o
m
e
>

2
6
7
0
0
0
)

t
o
p
t
a
x
=

(
i
n
c
o
m
e
-
2
6
7
0
0
0
)

*
0
.
1
5
;

e
l
s
e

{

t
o
p
t
a
x

=
0
.
0
;

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

l
u
c
k

"
+

"
a
t

n
e
x
t

s
a
l
a
r
y
n
e
g
o
t
i
a
t
i
o
n
s
"
)
;

}
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T
h

e
else

p
ro

b
lem

W
hatis

the
resultofthe

follow
ing,ifx

is
4:

i
f
(
x
=
=
3
)

i
f

(
y

<
1
0
)
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
b
r
a
n
c
h

A
"
)
;

e
l
s
e

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
b
r
a
n
c
h
B
"
)
;

R
u

le:
else

is
m

atched
to

the
closestunm

atched
if.

U
se

braces
(tuborg-klam

m
er)

to
specify

w
hich

if
an

else
belongs

to,e.g.:
i
f
(
x
=
=
3
)

{
i
f
(
y
<

1
0
)
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
b
r
a
n
c
h

A
"
)
;
}

e
l
s
e{
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
b
r
a
n
c
h

B
"
)
;
}

W
hatis

the
resultnow

?

Itis
better

to
use

extra
braces

than
m

aking
logicalerrors!
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In
tern

atio
n

alg
rad

in
g

scale

S
core

in
%

G
rade

95–100
A

90–94
A

-

87–89
B

+

83–86
B

80–82
B

-

67–69
D

+

...
...

0–59
F

E
xercise:

W
rite

a
program

thatconverts
a

score
to

a
grade.
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S
o

lu
tio

n
u

sin
g

n
ested

if-else
i
n
t

s
c
o
r
e
;

/
/
0
-
1
0
0

S
t
r
i
n
g

g
r
a
d
e
;

/
/
A
,

A
-
,

.
.
.
,
D
-
,

F

i
f

(
s
c
o
r
e
>
=

9
5
)

g
r
a
d
e

=
"
A
"
;

e
l
s
e

{

i
f

(
s
c
o
r
e
>
=

9
0
)

g
r
a
d
e
=

"
A
-
"
;

e
l
s
e

{

i
f

(
s
c
o
r
e

>
=

8
7
)

g
r
a
d
e
=
"
B
+
"
;

e
l
s
e

/
/

e
t
c
.

.
.
.

}

}
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sw
itch

statem
en

ts

sw
itch

is
useful,w

hen
you

need
m

ore
than

tw
o

branches.
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C
o

nversio
n

o
f

g
rad

es
u

sin
g

sw
itch

i
n
t

s
c
o
r
e
;
/
/

0
-
1
0
0

S
t
r
i
n
g
g
r
a
d
e
;
/
/

A
,
A
-
,

.
.
.
,

D
-
,

F

s
w
i
t
c
h
(
s
c
o
r
e
)

{

c
a
s
e

1
0
0
:

c
a
s
e

9
9
:
c
a
s
e

9
8
:
c
a
s
e

9
7
:

c
a
s
e

9
6
:

c
a
s
e

9
5
:

g
r
a
d
e
=
"
A
"
;

b
r
e
a
k
;

c
a
s
e

9
4
:
c
a
s
e

9
3
:

c
a
s
e

9
2
:
c
a
s
e

9
1
:
c
a
s
e

9
0
:

g
r
a
d
e
=
"
A
-
"
;

b
r
e
a
k
;

/
/

e
t
c
.

d
e
f
a
u
l
t
:
/
/

0
-
5
9

g
r
a
d
e
=
"
F
"
;

}
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B
o

o
lean

exp
ressio

n
s

W
e

have
previously

looked
atexam

ples
ofexpressions

thatdenote

num
ericalvalues

(oftype
in

t,d
o

u
b

le,...)

strings
ofcharacters

(oftype
S
t
r
i
n
g

)

A
B

oolean
expression

denotes
a

truth
value

(oftype
b

o
o

lean
).B

oolean
expressions

include:

tru
e

and
false

relationaloperators
(sam

m
enligningsoperatorer)applied

to
expressions

ofthe
sam

e
type

(e.g.i
n
c
o
m
e
>

2
6
7
0
0
0

)

B
oolean

operators
applied

to
B

oolean
expressions

(e.g.!
f
o
u
n
d
&
&
(
x
<

1
0
)

)
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R
elatio

n
alo

p
erato

rs
an

d
th

eir
p

reced
en

ce

O
perator

M
eaning

E
xam

ple

<
less

than
x

<
6
0

<
=

less
than

or
equalto

x
<
=
6
0

>
greater

than
x

>
6
0

>
=

greater
than

or
equalto

x
>
=
6
0

=
=

equalto
x

=
=
6
0

!
=

notequalto
x

!
=
6
0

T
he

resulttype
is

b
o

o
lean

,i.e.the
resultis

tru
e

or
false.

T
he

ar ithm
etic

operators
*

,/
,%

,+
,-

“bind
tighter”

than
<

,<
=

,>
,>
=

.

T
he

relationaloperators
<

,<
=

,>
,>
=

“bind
tighter”

than
=
=

and
!
=

.
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E
xam

p
le:

w
h

at
are

th
e

valu
es

o
f

th
e

fo
llo

w
in

g
B

o
o

lean
exp

ressio
n

s?

A
ssum

e
x

=
2

and
y

=
4.

B
o

o
lean

exp
ressio

n
V

alu
e

f
a
l
s
e

t
r
u
e

t
r
u
e

=
=
f
a
l
s
e

x
!
=

y

x
<

3
+
y

y
<

x
+
3

(
x
+

y
>

3
)
=
=
f
a
l
s
e

f
a
l
s
e

!
=
x
<

3

x
=
=

y
=
=

f
a
l
s
e
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C
o

m
p

arin
g

ch
ars

Like
num

bers,tw
o

characters
can

be
com

pared:

E
xam

p
le:
c
h
a
r

c
h
1
=

’
a
’
,

c
h
2
=
’
c
’
;

i
f
(
c
h
1

<
c
h
2
)

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
c
h
1

+

"
i
s
l
e
s
s

t
h
a
n
"

+

c
h
2
)
;

e
l
s
eS
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
c
h
1

+

"
i
s
g
r
e
a
t
e
r
t
h
a
n

o
r
e
q
u
a
l

t
o
"

+

c
h
2
)
;

gives:
a

i
s
l
e
s
s

t
h
a
n

c
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C
o

m
p

arin
g

strin
g

s

S
trings

can
be

com
pared

by
the

m
ethods

e
q
u
a
l
s

and
c
o
m
p
a
r
e
T
o

:

E
xam

p
le:

S
t
r
i
n
g
n
a
m
e
1
=
"
H
e
n
r
i
k
"
,
n
a
m
e
2
=
"
A
n
n
e
"
;

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

t
h
e
n
a
m
e
s

e
q
u
a
l
?

"
+

n
a
m
e
1
.
e
q
u
a
l
s
(
n
a
m
e
2
)
)
;

i
f
(
n
a
m
e
1
.
c
o
m
p
a
r
e
T
o
(
n
a
m
e
2
)
<

0
)

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
n
a
m
e
1

c
o
m
e
s
b
e
f
o
r
e

n
a
m
e
2
"
)
;

e
l
s
e
i
f

(
n
a
m
e
1
.
c
o
m
p
a
r
e
T
o
(
n
a
m
e
2
)
>

0
)

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
n
a
m
e
2

c
o
m
e
s
b
e
f
o
r
e

n
a
m
e
1
"
)
;

giv es
A
r
e
t
h
e
n
a
m
e
s

e
q
u
a
l
?
f
a
l
s
e

n
a
m
e
2

c
o
m
e
s
b
e
f
o
r
e

n
a
m
e
1
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C
o

m
p

arin
g

fl
o

atin
g

p
o

in
t

n
u

m
b

ers

Tw
o

floating
pointnum

bers
are

equal,ifall
the

bits
oftheir

internalrepresentations
are

the
sam

e.

O
ften

itis
the

case
thatitis

sufficientto
check

w
hether

tw
o

num
bers

are
close

to
each

other:

d
o
u
b
l
e

x
=
3
.
0
0
0
0
2
,

y
=
3
.
0
0
0
0
1
;

d
o
u
b
l
e

v
=
3
.
0
2
,

w
=
3
.
0
1
;

f
i
n
a
l

d
o
u
b
l
e
T
O
L
E
R
A
N
C
E

=
1
E
-
3
;

i
f
(
M
a
t
h
.
a
b
s
(
x
-
y
)

<
T
O
L
E
R
A
N
C
E
)

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
x
a
n
d
y

a
r
e
e
s
s
e
n
t
i
a
l
l
y
e
q
u
a
l
"
)
;

i
f
(
M
a
t
h
.
a
b
s
(
v
-
w
)

>
T
O
L
E
R
A
N
C
E
)

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

v
a
n
d
w

a
r
e
n
o
t
!
"
)
;

gives
x

a
n
d
y
a
r
e
e
s
s
e
n
t
i
a
l
l
y
e
q
u
a
l

b
u
t
v

a
n
d
w
a
r
e
n
o
t
!
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B
o

o
lean

o
p

erato
rs

an
d

th
eir

p
reced

en
ce

O
perator

M
eaning

E
xam

ple

!
N

ot
!
(
x
=
=
6
0
)

&
&

A
nd

0
<
=

x
&
&
x

<
6
0

|
|

O
r

x
<

0
|
|

x
>
=
6
0

T
he

types
ofthe

operands
m

ustbe
b

o
o

lean
.T

he
resulttype

is
b

o
o

lean
.

T
he

operator!
binds

tighter
than

&
&

w
hich

binds
tighter

than
|
|

.

!
binds

tighter
than

the
relationaloperators

and
the

arithm
etic

operators.

&
&

and
|
|

binds
less

tightthan
the

relationaloperators
and

the
arithm

etic
operators.
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Tru
th

tab
les

fo
r

th
e

B
o

o
lean

o
p

erato
rs:

a
!a

false
true

true
false

a
b

a
&

&
b

a
b

false
false

false
false

false
true

false
true

true
false

false
true

true
true

true
true

T
he

B
oolean

expressions
are

evaluated
from

leftto
right.

T
he

operators
&
&

and
|
|

evaluate
no

m
ore

than
necessary:

Ifexpression1
is

false
in

expression1
&
&

expression2
then

expression2
is

notevaluated.

Ifexpression1
is

true
in

expression1
|
|

expression2
then

expression2
is

notevaluated.
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E
xam

p
le:

w
h

at
are

th
e

valu
es

o
f

th
e

fo
llo

w
in

g
B

o
o

lean
exp

ressio
n

s?

A
ssum

e
x

=
2

and
y

=
4.

B
o

o
lean

exp
ressio

n
V

alu
e

!
f
a
l
s
e

!
t
r
u
e

!
t
r
u
e
=
=

f
a
l
s
e

!
(
t
r
u
e
=
=
f
a
l
s
e
)

t
r
u
e

&
&
f
a
l
s
e

f
a
l
s
e

|
|
t
r
u
e

x
+
y

>
3

&
&
x
<

y

x
+
y

=
=
3
|
|

x
<

4

x
<
y

&
&
(
3
*
4

=
=
2
*
6
-
1
*
2
+
2
)
=
=

!
(
3
<
x
)
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M
o

re
o

p
erato

rs

A
ssum

e
given

in
tc
o
u
n
t

=
0
;

c
o
u
n
t
+
+
;

is
equivalentto

c
o
u
n
t
=

c
o
u
n
t
+

1
;

R
ead

m
ore

aboutthis
in

section
3.5.

A
d

vice:
increase

the
readability

–
w

rite
the

fullexpressions!
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P
rep

are
fo

r
n

ext
w

eek

R
ead

sections
3.6-3.8,3.0,3.9.

P
repare

the
exercises.
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