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A
rith

m
etic O

p
erato

rs

 

•

 

“N
orm

al” binary arithm
etic operators:  

 

+
 
-
 
*
 
/

 

•

 

M
odulus or rem

ainder operator:  %

 

x
%
y
 

 

is the rem
ainder w

hen

 

 
x
 

 

is divided by

 

 
y

 

w
ell defined 

 

o
n

ly

 

 w
hen

 

 
x
 
>
 
0
 

 

and

 

 
y
 
>
 
0

 

•

 

U
nary operators: 

 

 
-
 
+

 

•

 

P
recedence (see H

&
S

, section 7.2.1)

highest
unary

 

 
-
 
+

*
 
/
 

 

%

low
est

 

+
 
-

 

 

so

 

 
-
2
*
a
 
+
 
b
 

 

is parsed as

 

 
(
(
(
-
2
)
*
a
)
 
+
 
b
)

 

•

 

A
ssociativity: left to right

 

a
 
+
 
b
 
+
 
c
 

 

is parsed as

 

 
(
(
a
 
+
 
b
)
 
+
 
c
)
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P
o

rtab
ility: P

rin
tin

g
 N

u
m

b
ers

 

•

 

P
rint a num

ber in decim
al

 

v
o
i
d
 
p
u
t
d
(
i
n
t
 
n
)
 
{

i
f
 
(
n
 
<
 
0
)
 
{

p
u
t
c
h
a
r
(
'
-
'
)
;

 

n
 
=
 
-
n

 

;
}i
f
 
(
n
 
>
=
 
1
0
)

p
u
t
d
(
n
/
1
0
)
;

p
u
t
c
h
a
r
(

 

n
%
1
0

 

 
+
 

 

'
0
'

 

)
;

}

 

•

 

C
an this program

 print

 

 
I
N
T
_
M
I
N
 
=
=
 
-
2
1
4
7
4
8
3
6
4
8
?
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P
o

rtab
ility: P

rin
tin

g
 N

u
m

b
ers, C

o
n

t’d

 

•

 

C
onvert to negative num

bers

 

s
t
a
t
i
c
 
v
o
i
d
 
p
u
t
n
e
g
(
i
n
t
 
n
)
 
{

i
f
 
(
n
 
<
=
 
-
1
0
)

p
u
t
n
e
g
(
n
/
1
0
)
;

p
u
t
c
h
a
r
(
"
0
1
2
3
4
5
6
7
8
9
"
[
-
(
n
%
1
0
)
]
)
;

}v
o
i
d
 
p
u
t
d
(
i
n
t
 
n
)
 
{

i
f
 
(
n
 
<
 
0
)
 
{

p
u
t
c
h
a
r
(
'
-
'
)
;

p
u
t
n
e
g
(
n
)
;

}
 
e
l
s
e

p
u
t
n
e
g
(
-
n
)
;

}

 

•

 

n
/
1
0
 

 

and

 

 
n
%
1
0
 

 

are “im
plem

entation dependent” w
hen

 

 
n
 
<
 
0
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P
o

rtab
ility, co

n
t’d

 

•

 

R
em

ainder is a m
ess:

 

i
n
t
 
a
,
 
b
,
 
q
,
 
r
;

q
 
=
 
a
/
b
;
 
r
 
=
 
a
%
b
;

 

A
N

S
I S

tandard guarantees 

 

only

 

q
*
b
 
+
 
r
 
=
=
 
a

|
r
|
 
<
 
|
b
|

r
 
>
=
 
0
 

 

w
h

en

 

 
a
 
>
=
 
0
 
&
&
 
b
 
>
 
0

 

r

 

 

 

m
ight

 

 be negative if 

 

a

 

 is

 

•

 

C
heck for sign of 

 

n
%
1
0

 

, handle both 

 

cases

 

s
t
a
t
i
c
 
v
o
i
d
 
p
u
t
n
e
g
(
i
n
t
 
n
)
 
{

i
n
t
 
q
 
=
 
n
/
1
0
,
 
r
 
=
 
n
%
1
0
;

i
f
 
(
r
 
>
 
0
)
 
{

r
 
-
=
 
1
0
;

q
+
+
;

}i
f
 
(
n
 
<
=
 
-
1
0
)

p
u
t
n
e
g
(
q
)
;

p
u
t
c
h
a
r
(
"
0
1
2
3
4
5
6
7
8
9
"
[
-
r
]
)
;

}
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A
n

 E
asier W

ay

 

•

 

U
se unsigned arithm

etic

 

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

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

s
t
a
t
i
c
 
v
o
i
d
 
p
u
t
u
(

 

u
n
s
i
g
n
e
d

 

 
n
)
 
{

i
f
 
(
n
 
>
 
1
0
)

p
u
t
u
(
n
/
1
0
)
;

p
u
t
c
h
a
r
(
"
0
1
2
3
4
5
6
7
8
9
"
[
n
%
1
0
]
)
;

}v
o
i
d
 
p
u
t
d
(
i
n
t
 
n
)
 
{

i
f
 
(
n
 
=
=
 
I
N
T
_
M
I
N
)
 
{

p
u
t
c
h
a
r
(
'
-
'
)
;

p
u
t
u
(
(
u
n
s
i
g
n
e
d
)
I
N
T
_
M
A
X
 
+
 
1
)
;

}
 
e
l
s
e
 
i
f
 
(
n
 
<
 
0
)
 
{

p
u
t
c
h
a
r
(
'
-
'
)
;

p
u
t
u
(
-
n
)
;

}
 
e
l
s
e

p
u
t
u
(
n
)
;

}
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In
crem

en
t/D

ecrem
en

t

 

•

 

P
refi

x

 

 operator increm
ents operand 

 

b
efo

re

 

 returning the value

 

n
 
=
 
5
;

x
 
=
 
+
+
n
;

 

x
 

 

is

 

 
6

 

,

 

 
n
 

 

is

 

 
6

 

•

 

P
o

stfi
x

 

 operator increm
ents operand 

 

after

 

 returning the value

 

n
 
=
 
5
;

x
 
=
 
n
+
+
;

 

x
 

 

is

 

 
5

 

,

 

 
n
 

 

is

 

 
6

 

•

 

O
perands of

 

 
+
+
 

 

and

 

 
-
-
 

 

m
ust be 

 

variab
les

 

+
+
1

2
 
+
 
3
+
+

 

are illegal

 

C
opyright 

  

1995 D
. H

anson, K
. L

i &
 J.P. Singh

C
om

puter Science 217: R
elational &

 L
ogical O

perators
Page 55

 

Septem
ber 29, 1998

 

R
elatio

n
al &

 L
o

g
ical O

p
erato

rs

 

•

 

Logical values are 

 

i
n
t

 

s: 0 is false, !0 is true

 

•

 

“N
orm

al” relational operators:

 

 
 
>
 
>
=
 
<
 
<
=

 

•

 

E
quality operators:  

 

=
=
 
 
!
=

 

•

 

U
nary logical negation: 

 

 
!

 

•

 

Logical connectives: 

 

 
&
&
 
 
|
|

 

E
valuation rules: left-to-right ; 

 

as far as

 

 to determ
ine outcom

e

 

&
&
 

 

stops w
hen the outcom

e is know
n to be  0

 

|
|
 

 

stops w
hen the outcom

e is know
n to be !0

 

i
f
 
(
i
 
>
=
 
0
 
&
&
 
i
 
<
 
1
0
 
&
&
 
a
[
i
]
 
=
=
 
m
a
x
)

+
+
a
[
i
]
;

 

•

 

A
ssociativity: left to right; precedence:

 

highest

 

!

 

arithm
etic operators

 

<
 
<
=
 
>
=
 
>

=
=
 
!
=

&
&

 

low
est

 

|
|
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B
it M

an
ip

u
latio

n

 

•

 

B
itw

ise logical operators apply to all the bits of an integer value:

 

&

 

bitw
ise A

N
D

 

1
&
1
=
1

0
&
1
=
0

|

 

bitw
ise inclusive O

R

 

1
|
0
=
1

0
|
0
=
0

^

 

bitw
ise exclusive O

R

 

1
^
1
=
0

1
^
0
=
1

 

unary 

 

~

 

bitw
ise com

plem
ent

 

~
1
=
0

~
0
=
1

 

•

 

T
he

 

 
|
 

 

operator can be used to “turn on” one or m
ore bits

 

#
d
e
f
i
n
e
 
B
I
T
0
 
0
x
1

#
d
e
f
i
n
e
 
B
I
T
1
 
0
x
2

#
d
e
f
i
n
e
 
B
I
T
S
 
(
B
I
T
0
 
|
 
B
I
T
1
)

f
l
a
g
s
 
=
 
f
l
a
g
s
 
|
 
B
I
T
0
;

 

•

 

the

 

 
&
 

 

operator can be used to “m
ask off” one or m

ore bits

 

t
e
s
t
 
=
 
f
l
a
g
s
 
&
 
B
I
T
S
;

 

•

 

exam
ples using 16-bit quantities

 

B
I
T
0
 
=
 
 
 
 
 
 
 
 
 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

B
I
T
1
 
=
 
 
 
 
 
 
 
 
 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0

B
I
T
S
 
=
 
 
 
 
 
 
 
 
 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1

f
l
a
g
s
 
=
 
 
 
 
 
 
 
 
0
1
0
0
0
1
1
1
0
0
0
0
0
0
0
1

f
l
a
g
s
 
|
 
B
I
T
S
 
=
 
0
1
0
0
0
1
1
1
0
0
0
0
0
0
1
1

f
l
a
g
s
 
&
 
B
I
T
S
 
=
 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
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S
h

iftin
g

 

•

 

S
hift operators:  

 

<
<
 
>
>

x
<
<
y
 

 

shifts

 

 
x
 

 

left

 

 
 
y
 

 

bit positions

 

x
>
>
y
 

 

shifts

 

 
x
 

 

rig
h

t

 

 
y
 

 

bit positions

 

•

 

W
hen shifting right:

if

 

 
x
 

 

is signed, shift m
ay be 

 

arith
m

etic

 

 or 

 

lo
g

ical

 

if

 

 
x
 

 

is unsigned, shift is 

 

lo
g

ical

 

arithm
etic shift fills w

ith 

 

sig
n

 b
it

 

logical shift fills w
ith 0

 

•

 

W
hen shifting left, the vacated bits are alw

ays filled w
ith 0

 

•

 

E
xam

ples using 16-bit quantities

 

b
i
t
s
 
=
 
 
 
 
 
 
1
1
0
0
0
1
1
1
0
0
0
0
0
0
0
1

b
i
t
s
 
<
<
 
2
 
=
 
0
0
0
1
1
1
0
0
0
0
0
0
0
1
0
0

b
i
t
s
 
>
>
 
2
 
=
 
1
1
1
1
0
0
0
1
1
1
0
0
0
0
0
0
 

 

(arith
m

etic, w
ith

 sig
n

 exten
sio

n
)

 

b
i
t
s
 
>
>
 
2
 
=
 
0
0
1
1
0
0
0
1
1
1
0
0
0
0
0
0
 

 

(lo
g

ical)
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A
ssig

n
m

en
t

 

•

 

A
ssignm

ent is an 

 

o
p

erato
r

 

, not a statem
ent

 

c
 
=
 
g
e
t
c
h
a
r
(
)
;

i
f
 
(
c
 
=
=
 
E
O
F
)
 
.
.
.

 

can be w
ritten as

 

i
f
 
(
(
c
 
=
 
g
e
t
c
h
a
r
(
)
)
 
=
=
 
E
O
F
)
 
.
.
.

 

•

 

W
atch out for “typos” like

 

i
f
 
(
c
 
=
 
E
O
F
)
 
.
.
.

 

•

 

“A
ugm

ented” assignm
ent com

bines 

 

 
+
 
-
 
*
 
/
 
%
 
>
>
 
<
<
 
&
 
^
 
|

 

  w
ith 

 

 
=

 

 

 

i
 
=
 
i
 
+
 
2

 

is the sam
e as

 

i
 
+
=
 
2

 

 

 

f
l
a
g
s
 
=
 
f
l
a
g
s
 
|
 
B
I
T
0

f
l
a
g
s
 
|
=
 
B
I
T
0

 

;

 

 op

 

=

 

 
is the sam

e as

 

 

 

=
 

 

 

 

op

 

 

 

except that 
 is evaluated once

 

•

 

W
atch out for precedence

 

x
 
*
=
 
y
 
+
 
1

 

m
eans

 

x
 
*
=
 
(
y
 
+
 
1
)

 

n
o

t

 

(
x
 
*
=
 
y
)
 
+
 
1
 

 

(w
hich is also legal)

 

C
opyright 

  

1995 D
. H

anson, K
. L

i &
 J.P. Singh

C
om

puter Science 217: C
onversions

Page 59

 

Septem
ber 29, 1998

 

C
o

nversio
n

s

 

•

 

Im
p

licit

 

 conversions occur in expressions and across assignm
ents

 

•

 

In
 exp

ressio
n

s w
ith

 m
ixed

 typ
es, “P

ro
m

o
te” to

 th
e “h

ig
h

er” typ
e

 

i
n
t
 
+
 
f
l
o
a
t
 

 

 

  

f
l
o
a
t
 
+
 
f
l
o
a
t

s
h
o
r
t
 
+
 
l
o
n
g

 

 

  

l
o
n
g
 
+
 
l
o
n
g

 

•

 

W
atch out for sign extension! e.g. 

 

c
h
a
r

 

 

  

i
n
t

 

c
h
a
r
 
c
 
=
 
'
\
3
7
7
'
;
 
i
n
t
 
i
 
=
 
c
;

 

is

 

 
i
 

 

equal to

 

 
0
3
7
7
 

 

o
r

 

 
-
1

 

? w
hen in doubt, m

ask:

 

 
i
 
=
 
c
&
0
3
7
7

 

•

 

A
ssigning a “big”

 

 
i
n
t
 

 

to a “sm
all”

 

 
i
n
t

 

, causes the extra bits to be 

 

d
iscard

ed

 

•

 

A
ssigning a

 

 
f
l
o
a
t
 

 

or

 

 
d
o
u
b
l
e
 

 

to an

 

 
i
n
t
 

 

tru
n

cates

 

i
n
t
 
n
 
=
 
2
.
5

 

assig
n

s

 

 
2
 

 

to

 

 
n

 

•

 

E
xp

licit

 

 conversions are specified w
ith 

 

casts

 

: (

 

typ
e

 

)

 

exp
r

 

s
q
r
t
(
(
d
o
u
b
l
e
)
n
)

(
i
n
t
)
1
.
5
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E
valu

atio
n

 O
rd

er

 

•

 

E
xcept for

 

 
&
&
 

 

and

 

 
|
|

 

, the evaluation order of expressions is 

 

u
n

d
efi

n
ed

 

;

 

•

 

A
void expressions w

hose outcom
e m

ight depend on evaluation order

 

x
 
=
 
f
(
)
 
+
 
g
(
)
;

 

u
se 

 

l
i
n
t

 

!

 

a
[
i
]
 
=
 
i
+
+
;

f
(
+
+
n
,
 
g
(
n
)
)
;

 

O
p

erato
rs

A
sso

ciativity

 

(
)
 
[
]
 
-
>
 
.

 

left to right

 

!
 
~
 
+
+
 
-
-
 
+
 
-
 
*
 
&
 
(

 

typ
e

 

)
 
s
i
z
e
o
f
 

 

right to left

 

*
 
/
 
%

 

left to right

 

+
 
-

 

left to right

 

<
<
 
>
>

 

left to right

 

<
 
<
=
 
>
 
>
=

 

left to right

 

=
=
 
!
=

 

left to right

 

&

 

left to right

 

^

 

left to right

 

|

 

left to right

 

&
&

 

left to right

 

|
|

 

left to right

 

?
:

 

right to left

 

=
 
+
=
 
-
=
 
/
=
 
%
=
 
&
=
 
^
=
 
|
=
 
<
<
=
 
>
>
=
 

 

right to left

 

,

 

left to right


