
W
hat’s

Im
portant

�

W
riting

and
C

om
m

unication
S

kills

�

W
riting

and
C

om
m

unication
S

kills

�

M
athem

aticalS
kills

�

C
om

puter
S

kills

A
typicalcom

m
ercialsoftw

are
projectinvolves

creating
m

ore
than

20
kinds

of

paper
docum

ents
on

such
item

s
as

requirem
ents

and
functional,logic,and

data

specifications.
F

or
civilian

projects,atleast100
E

nglish
w

ords
are

produced
for

every
source

code
statem

entin
the

softw
are.

F
or

m
ilitary

softw
are,about400

w
ords

are
produced

for
every

source
code

statem
ent.

M
any

new
softw

are

professionals
are

surprised
w

hen
they

spend
m

ore
tim

e
producing

w
ords

than

code. �
�

C
apers

Jones,G
aps

in
program

m
ing

education
,IE

E
E

C
om

puter
M

agazine,pp.
70–71,A

pril1995

3

C
S

C
181F

Introduction
to

C
om

puter
P

rogram
m

ing

Instructor:
R

ay
O

rtigas

Lectures:
R

11
in

G
B

119,F
12

in
G

B
220,T

12
in

R
S

211

Tutorial:
M

12
in

G
B

405,H
A

403

P
ractical:

W
4-6

in
S

F
1106,S

F
1012

O
ffice

H
ours:

T
2-4,F

11
in

S
F

3207

E
-m

ail:
rayo@

dgp.toronto.edu

N
ew

s
group:

u
t
.
e
c
f
.
c
s
c
1
8
1

W
eb

P
ag

e:
w
w
w
.
d
g
p
.
t
o
r
o
n
t
o
.
e
d
u
/
p
e
o
p
l
e
/
r
a
y
o
/
c
s
c
1
8
1
/

1

C
S

C
180F

&
C

S
C

181F

C
S

C
180F

C
S

C
181F

no
previous

experience
assum

es
previous

experience

no
previous

program
m

ing
assum

es
previous

program
m

ing

covers
introductory

C
covers

m
ore

(advanced)
C

covers
C

+
+

basic
program

m
ing

skills
covers

advanced
m

aterial

m
ore

em
phasis

on
technique

and
style

teaches
effective

program
m

ing

F
inalA

verage(
C

S
C

180F
)

�

F
inalA

verage(
C

S
C

181F
)
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C
S

C
181F

Lecture
N

otes

T
hese

lecture
notes

are
provided

for
the

personaluse
of

students
taking

C
S

C
181F

in
the

Fallterm
2000/2001

atthe

U
niversity

ofToronto

C
opying

for
purposes

other
than

this
use

and
allform

s
of

distribution
are

expressly
prohibited.

c�

D
avid

B
.W

ortm
an,1995,1996,1998,1999

c�

H
iroshiH

ayashi,1997

c�

R
ay

O
rtigas,2000
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A
ssignm

ents
and

Tests

�

A
ssignm

ents
are

due
atthe

S
TA

R
T

oflecture
on

the
due

date.

�

A
ssignm

ents
m

ay
be

handed
in

early
to

the
instructor.

�

Late
assignm

ents
w

illN
O

T
be

accepted
exceptin

case
ofdocum

ented
illness

or
fam

ily
problem

s.
S

im
ilarly,m

idterm
s

m
ay

notbe
m

issed
exceptin

case
of

docum
ented

illness
or

fam
ily

problem
s.

C
onsultthe

instructor
ifyou

need

specialconsideration.

T
he

testand
exam

are
closed

book,buta
single

page
(8.5

by
11

inch,both
sides)

aid
and

non-program
m

able
calculators

w
illbe

allow
ed.

7

R
eading

A
ssignm

ent

K
.
N
.

K
i
n
g
,

C
h
a
p
t
e
r
1

S
u
p
p
l
e
m
e
n
t
a
l

r
e
a
d
i
n
g

S
.
M
c
C
o
n
n
e
l
l

C
h
a
p
t
e
r
s
1

t
o
3

5

G
rading

S
chem

e

A
ssignm

ent1
D

ue
26

S
ep

4%

A
ssignm

ent2
D

ue
10

O
ct

4%

Term
Test1

T
B

A
(W

eek
of16

O
ct)

20%

A
ssignm

ent3
D

ue
31

O
ct

4%

A
ssignm

ent4
D

ue
14

N
ov

4%

Term
Test2

T
B

A
(W

eek
of20

N
ov)

20%

A
ssignm

ent5
D

ue
5

D
ec

4%

F
inalE

xam
T

B
A

(D
ecem

ber)
40%

6

B
ooks

for
C

S
C

181F

�

R
equired

TextB
ooks

–
K

.N
.K

ing,C
P

rogram
m

ing:
A

M
odern

A
pproach,N

orton,1996

�

R
ecom

m
ended

TextB
ooks

–
S

.P
H

arbison
and

G
.L.S

teele
Jr.,C

A
R

eference
M

anual,P
rentice

H
all,

4th
edition,1995

–
S

.M
cC

onnell,C
ode

C
om

plete
-

A
P

racticalH
andbook

ofS
oftw

are
C

onstruction,

M
icrosoftP

ress,1993

�

R
eference

Texts

–
E

.R
oberts,T

he
A

rtand
S

cience
ofC

,A
ddison-W

esley,1995

–
E

.R
oberts,P

rogram
m

ing
A

bstractions
in

C
,A

ddison-W
esley,1998

–
B

.W
.K

ernighan
&

D
.M

.R
itchie,T

he
C

P
rogram

m
ing

Language
(A

N
S

Iedition),

P
rentice-H

all,1988

–
B

.W
.K

ernighan
and

R
.P

ike,T
he

P
ractice

ofP
rogram

m
ing,A

ddison-W
esley,1999
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P
rogram

C
onstruction

�

U
nderstand

the
P

roblem
!!!!

�

D
esign

A
lgorithm

s
and

D
ata

S
tructures

�

D
esign

to
P

rogram

�
W

rite
the

program

�
Inspectthe

program
for

errors
�

C
om

pile
and

D
ebug

the
P

rogram

�

Testthe
program

thoroughly

�

D
ocum

entthe
program

11

G
uidelines

for
A

voiding
P

la
giarism

You
m

ay
discuss

assignm
ents

w
ith

friends
and

classm
ates,butonly

up
to

a
point:

You
m

ay

discuss
and

com
pare

generalapproaches
and

also
how

to
getaround

particular
difficulties,

butyou
should

notleave
such

a
discussion

w
ith

any
w

ritten
m

aterial.
You

should
notlook

atanother
student’s

solution
to

an
assignm

enton
paper

or
on

the
com

puter
screen,even

in

draftform
.

T
he

actualcoding
ofyour

program
s,analysis

ofresults,and
w

riting
ofreports

m
ustbe

done
individually.

Ifyou
do

talk
w

ith
anyone

aboutan
assignm

ent,please
state

this
in

your
assignm

entand

state
the

extentofyour
discussion.

N
ote

thatitis
also

a
serious

offense
to

help
som

eone
com

m
itplagiarism

.
D

o
notlend

your

printouts,reports
or

diskettes,and
do

notletothers
copy

or
read

them
.

To
protectyourself

againstpeople
copying

your
w

ork
w

ithoutyour
know

ledge,retain
allofyour

old
printouts

and
draftnotes

untilthe
assignm

ents
have

been
graded

and
returned

to
you.

Ifyou

suspectthatsom
eone

has
stolen

a
printoutor

diskette,contactyour
instructor

im
m

ediately.

9

H
elping

E
ach

O
ther

A
lthough

you
m

ustnotsolve
your

assignm
ents

w
ith

the
help

ofothers,there
are

stillm
any

w
ays

in
w

hich
students

can
help

each
other.

F
or

instance,you
can

go
over

difficultlecture
or

tutorialm
aterial,w

ork
through

exercises,or
help

each
other

understand
an

assignm
enthandout.

You
can

ask
the

tutors
to

explain
m

aterialthatyou
are

having
difficulty

w
ith.

T
his

sortofcourse
collaboration

can
be

done
in

study
groups

or
through

the

new
sgroup.

10

P
la

giarism
and

C
heating

P
lagiarism

is
a

kind
offraud:

passing
offsom

eone
else’s

w
ork

or
ideas

as
your

ow
n

in

order
to

geta
higher

m
ark.

P
lagiarism

is
a

serious
offense

atU
ofT.Itw

illnot
be

ignored.

W
e

have
program

s
to

com
pare

students’program
s

for
evidence

ofsim
ilar

code.
W

e
shall

ask
you

to
subm

itelectronic
versions

ofallofyour
assignm

ents,and
w

e
shallrun

our

program
s

on
these.

D
ue

to
the

w
ay

program
s

w
ork,itdoes

nothelp
to

change
com

m
ents,

variable
nam

es
or

even
code

organization.

You
can

really
scre

w
up

your
career

at
U

of
T

A
N

D
Y

O
U

R
F

U
T

U
R

E
by

com
m

itting
an

act
of

pla
giarism

.

T
he

assignm
ents

you
hand

in
m

ust
be

your
o

w
n

and
m

ust
not

contain
anyone

else’s

ideas.

R
efer

to
A

ppendix
A

in
the

U
ofT

C
ode

ofB
ehavior

on
A

cadem
ic

M
atters

for
a

m
ore

detailed
description

ofplagiarism
.
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P
rogram

D
evelopm

ent

�

R
equirem

ents

�

S
pecification

�

D
esign

�
Im

plem
entation

�
D

ebugging
&

Testing

15

K
no

w
ing

a
P

rogram
m

ing
Langua

g
e

�

S
yntax

T
he

form
oflegalconstructs

�

S
em

antics

T
he

m
eaning

oflegalconstructs

�

Technique

H
ow

to
use

the
language

effectively
and

efficiently

13

P
rogram

D
evelopm

ent

�

S
tepw

ise
refinem

ent

�

C
hoose

data
structures

�

C
hoose

algorithm
s

�

T
hink

before
program

m
ing

�

K
IS

S
-

K
eep

ItS
im

ple
S

tupid

�

S
olve

m
ostgeneralinstance

ofproblem
,m

inim
ize

specialcases

14

Im
portant

C
onsiderations

�

C
orrectness

�

C
orrectness

�

C
orrectness

�

P
rogram

m
aintainability

and
m

odifiability

�

P
rogram

’s
efficiency

�

P
rogram

m
er’s

efficiency

12



P
rob

lem
A

nalysis

�

W
hatare

the
inputs?

dom
ain

&
range?

specialcases?

�

W
hatare

the
outputs?

dom
ain

&
range?

specialcases?

�
H

ow
are

outputs
related

to
inputs?

�
W

hatis
the

generalcase
ofthe

problem
?

�
H

ave
Isolved

this
problem

or
a

sim
ilar

problem
before?

�

H
as

som
eone

solved
this

problem
or

a
sim

ilar
problem

before?

19

P
rogram

D
esign

�

T
he

D
esigner’s

P
alette

D
ata

S
tructures

A
lgorithm

s

P
rogram

m
ing

Language

�

D
esign

G
oals

A
lw

ays
correctness

T
im

e
or

space
efficiency

D
evelopm

enttim
e

M
aintainability

�

D
esigner’s

R
esources

E
xperience

B
ooks

and
articles

on
algorithm

s
and

design

17

D
esign

Techniques

�

Top
D

ow
n

S
tepw

ise
refinem

ent

�

B
ottom

U
p

�

Yo-yo,C
haotic

B
A

D
-

leads
to

rotten
program

s

P
rogram

design
should

be
system

atic
and

m
ethodical!

18

R
equirem

ents
&

S
pecification

�

U
nderstand

the
problem

G
eneralcase

S
pecialcases

B
oundary

conditions

E
rrors

&
E

xceptions

�

R
equirem

ents

W
hatthe

user
needs

O
ften

described
inform

ally

�

S
pecification

F
orm

al&
P

recise
description

ofP
roblem

D
escribe

problem
notthe

solution16



S
tepw

ise
R

efinem
ent

E
xam

ple

P
roblem

:
S

olve
quadratic

equations

�� �
� 	�
� 


�� 
�

A
nalysis

generalcase
2

realor
im

aginary
roots

specialcases
a,b

and/or
c

=
0.0

A
pplicable

algorithm

���� � �����

�
�

23

P
rob

lem
A

nalysis �

�

A
nalogy,C

onditions

�

D
ecom

position
&

R
ecom

bination

�

U
se

allthe
problem

description?

�

S
olve

subproblem
&

generalize?

�

Induction,w
ork

backw
ards?

�

Identify
interm

ediate
results

�

C
heck

the
results?

�

Iterate
on

sim
plifying

solution

�

G
.P

olya,H
ow

to
S

olve
It,P

rinceton
U

niversity
P

ress

21

D
esign

b
y

S
tepw

ise
R

efinem
ent

�

S
tartw

ith
the

w
hole

problem

�

S
ubdivide

problem
into

severalseparate
subparts

e.g.
input,com

pute,output

�

D
ecide

how
to

representdata
and

carry
itbetw

een
subparts

�

S
ubdivide

each
subpartinto

sim
pler

subsubparts

�

C
ontinue

subdividing
untilsub*

parts
are

sm
all

�

C
om

bine
sub*

parts
to

m
ake

com
plete

program

22

D
esign

Technique

�

D
ata

structures
then

algorithm
s

�

A
lgorithm

s
then

data
structures

�

Try
to

find
efficientm

ethod
for

the
m

ostgeneralcase

M
inim

ize
specialcases

and
exceptions

�

Iterate
on

design

m
ore

efficientor
m

ore
general

�

K
IS

S
-

K
eep

ItS
im

ple
S

tupid

S
im

plicity
is

the
virtue

20



T
hird

R
efinem

ent

����
� �������� :

no
valid

roots
ifa  

0.0
and

b  

0.0

����
� �����!�� :

specialcase
ifa  

0.0
and

b"  

0.0

����
� �����!�!

:
non-specialcase

ifa"  

0.0

����
� �����# �� :

ifnon-specialcase,com
pute$��%  

& !
'(�%

����
� �����# �!

:
roots

are
realif$��%

) *
+*

����
� �����# �# :

otherw
ise

roots
are

im
aginary

,-.
/ 01

2��!�� :
com

pute
roots

ifspecialcase
,-.

/ 01
2��!�!

:
com

pute
non-specialcase

realroots

,-.
/ 01

2��!�# :
com

pute
non-specialcase

im
aginary

roots

301
/ 01

����� :
P

rinta,b,c

301
/ 01

��!�� :
ifno

valid
roots,printerror

m
essage

301
/ 01

��!�!

:
ifspecialcase

printroots

301
/ 01

��!�# :
ifnon-specialcase

realroots,printroots

301
/ 01

��!�4

:
ifnon-specialcase

im
aginary

roots,printroots

27

F
irst

R
efinem

ent

567 89
: :

read
quadratic

coefficients

;6�<= >?>: :
identify

type
ofroots

@ AB
7 89

C: :
calculate

roots

D 89
7 89

: :
printcoefficients

and
roots25

S
econd

R
efinem

ent

567 89
:E: :

read
a

567 89
:E�

:
read

b

567 89
:EF :

read
c

‘;6�<= >?>:E: :
determ

ine
ifequation

has
valid

roots

;6�<= >?>:E�

:
deterim

ine
ifspecialcase

or
not

;6�<= >?>:EF :
determ

ine
ifnon-specialcase

roots
are

realor
im

aginary.

@ AB
7 89

C:E: :
com

pute
roots

for
specialcases

@ AB
7 89

C:E�

:
com

pute
roots

for
non-specialcases

D 89
7 89

:E: :
P

rintcoefficients

D 89
7 89

:E�

:
P

rintroots

26

Q
uadratic

E
quation

C
ase

A
nalysis

�� �
� 	�
� 


�� 
�

b �
0.0

bG �

0.0
bG �

0.0
b �

0.0

c �

0.0
c �

0.0
cG �

0.0
cG �

0.0

a �

0.0

H

roots
one

realroot
one

realroot
no

roots

� 
� �� 
�
	�

�� 
�

	�
� 


��

c
=

0.0

aG �

0.0
tw

o
realroots

tw
o

realroots
tw

o
roots

tw
o

roots

�� �
�� 
�

�� �
� 	�

�� 
�
�� �

� 	�
� 


�� 
�
�� �

� 

�� 
�

A
pplicable

algorithm
is

only
valid

w
hen

aG �

0.0

A
pplicable

algorithm
is

overkillifc �

0.0

R
oots

are
im

aginary
if

	 �
� I
�


24



G
ood

S
tyle:

,G
ood

Technique:
and

W
A

R
N

IN
G

:

�

G
ood

S
tyle:

indicates
a

preferred
w

ay
ofprogram

m
ing

in
C

.P
rogram

s
w

ith

G
ood

S
tyle:

are
easier

to
read,understand,m

odify
and

getcorrect.

M
arkers

justlove
program

s
thatexhibitG

ood
S

tyle:
.

�

G
ood

Technique:
indicates

a
good

w
ay

to
do

som
e

particular
program

m
ing

task
in

C
.T

he
technique

is
good

because
its

efficient,easy
to

understand,

easy
to

getcorrect.

A
n

entire
slide

ofG
ood

Technique:
usually

has
H

O
W

TO
in

the
title.

�
W

A
R

N
IN

G
:

is
used

to
indicate

a
particularly

tricky
or

dangerous
partofC

.

G
ood

program
m

ers
avoid

W
A

R
N

IN
G

:
constructs

or
are

extrem
ely

careful

abouthow
they

use
them

.

31

C
P

rogram
m

ing
Langua

g
e

�

V
ery

w
idely

used
generalpurpose

program
m

ing
language

�

A
vailable

on
m

any
m

achines
and

operating
system

s

�

D
esigned

to
be

flexible,pow
erful,and

unconstraining

�

O
riginally

a
replacem

entfor
assem

bly
language

�

C
requires

extrem
e

care
in

program
m

ing

�

C
requires

extrem
e

care
in

program
m

ing

�

Traditional
C

and
A

N
S

I
C

�

C
+

+
is

a
supersetofC

w
ith

O
bjectO

riented
features

29

B
E

R
E

A
LL

Y
R

E
A

LL
Y

C
A

R
E

F
U

L
IN

C

�

C
provides

no
run-tim

e
checking

e.g.
array

subscripts,undefined
variables

�

P
rogram

m
er

m
ustm

anage
dynam

ic
storage

allocation

�

P
ointers

are
w

idely
used

butare
unc

hecked

�

P
rogram

w
ith

extrem
e

care

�

T
here

are
good

softw
are

tools
for

developing
C

program
s

debuggers,program
checking

aids

large
libraries

ofexisting
softw

are

30

R
eading

A
ssignm

ent

K
.
N
.

K
i
n
g

C
h
a
p
t
e
r
2

K
.
N
.

K
i
n
g

C
h
a
p
t
e
r
3

K
.
N
.

K
i
n
g

S
e
c
t
i
o
n
s

7
.
1
t
o
7
.
3
,

7
.
6

S
u
p
p
l
e
m
e
n
t
a
r
y

r
e
a
d
i
n
g

S
.
M
c
C
o
n
n
e
l
l

C
h
a
p
t
e
r
1
9
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H
O

W
TO

C
om

m
ent

�

D
eclarations

–
D

escribe
the

purpose
ofthe

thing
being

declared

–
Include

any
know

ledge
aboutrange

ofvalues,specialencodings,etc.

–
D

escribe
w

here
the

thing
is

used,ifthat’s
im

portant.

�
S

tatem
ents

–
D

escribe
the

purpose
ofthe

statem
entor

block
ofstatem

ents.

–
D

escribe
any

assum
ptions

necessary
for

the
correctexecution

ofthe
statem

ents

�

Tricky
C

ode

–
A

ny
particularly

tricky,clever
or

obscure
piece

ofcode
should

geta
really

large

block
com

m
entthatexplains

w
hat’s

going
on.

Tric
ky

C
ode

should
really

be
re

w
ritten.

35

�

W
A

R
N

IN
G

:
A

n
unterm

inated
com

m
entin

C
w

illsilently
E

A
T

part
of

your

program
.

T
his

w
illalm

ostcertainly
lead

to
bugs

in
your

program
.

E
xam

ple:/*
T

he
program

m
er

forgotto
end

this
one

line
com

m
ent

root1
=

x
*

y
-z

;

root2
=

root1
/(

a
-

c
)

;

/*
the

originalcom
m

entR
E

A
LLY

ends
hereJ

*/

�

G
ood

S
tyle:

D
o

not
use

com
m

ents
to

delete
code

from
a

program
.

U
se

the
#ifand

#endifconstructs
as

show
n

below
:

#
i
f
0

T
his

code
is

ignored

#
e
n
d
i
f

�

G
ood

S
tyle:

U
se

a
com

m
entstyle

thatleaves
no

doubtas
to

w
here

the

com
m

entstarts
and

ends.

33

B
loc

k
C

om
m

ent
S

tyles

�

S
im

ple,unadorned

/*
firstline

follow
ing

lines

*/

�

H
ead

and
TrailM

arkers

/*******************************************************

firstline
ofcom

m
ent

m
any

m
ore

lines
ofcom

m
ent

********************************************************/

�

F
ullB

lock

/**************************************************************/

/*
C

om
m

entthatextends
over

severallines
to

explain
*/

/*
som

e
really

vitalconceptaboutthe
program

.
*/

/*************************************************************/

34

C
om

m
ents

�

C
om

m
ents

startw
ith

the
characters

/
*

C
om

m
ents

end
w

ith
the

characters
*
/

A
ny

arbitrary
textcan

be
included

in
a

com
m

ent.

C
om

m
ents

can
be

placed
anyw

here
thata

blank
is

legal.

�

G
ood

S
tyle:

com
m

ents
should

add
to

the
readers

understanding
ofthe

program
by

providing
inform

ation
thatis

notavailable
justby

reading
the

program
.

Just
repeating

the
program

in
E

nglish
is

dum
b

and
useless

.

�

G
ood

S
tyle:

use
lots

ofcom
m

ents
to

m
ake

program
easy

to
read

and
easy

to

understand.

32



Integ
er

C
onstants

Type
D

igits
S

tarts
w

ith
E

xam
ples

decim
alinteger

0123456789
1..9

1
123L

456790U

octalinteger
01234567

0
01

0123
0456707U

hexadecim
alinteger

01234567899
abcdefA

B
C

D
E

F
0x

or
0X

0x14
0x123

0X
D

E
A

D
B

E
E

F

A
dd

an
upper

case
L

after
a

constantto
force

itto
be

treated
as

a
long

num
ber.

G
ood

S
tyle:

D
on’tuse

low
ercase

l(el),itlooks
like

1
(one).

A
dd

an
upper

case
U

after
a

constantto
force

itto
be

treated
as

an
unsigned

num
ber.

W
A

R
N

IN
G

:
num

bers
starting

w
ith

0
(zero)

are
octalconstants.

123
and

0123
have

differentvalues.
(

*
KLMN  

OM�P

)

39

Identifier
s

(basic
nam

es)

�

Identifiers
startw

ith
a

letter
or

(
underscore

)

Identifiers
contain

letters,digits
or

U
pper

and
low

er
case

letters
are

distinct,e.g. ;G ��

E
xam

ples:
i,I,total,bigN

um
ber

,
D

E
B

U
G

,testing
123

�

W
ords

thathave
a

specialm
eaning

in
C

(keyw
ords

,S
ee

K
ing

Table
2.1

)
are

reserved
and

can
not

be
used

as
identifiers.

E
xam

ples:
int,

w
hile

,if

�

Identifiers
are

used
to

nam
e

variables,constants,types
and

functions
in

C
.

�

G
ood

S
tyle:

U
se

m
nem

onic
identifiers!!

M
nem

onic
m

eans
thatthe

identifier
describes

its
purpose

in
the

program
,e.g.

use
sum

and
index

instead
ofM

ary
and

fabulous

M
nem

onic
identifiers

help
you

(and
others)

understand
w

hatthe
program

is

supposed
to

do.

37

B
asic

D
ata

Types

U
se

keyw
ord(s)

constants

integers
unsigned

,int
,short

,long
-237,0,23,101467

realnum
bers

float
,doub

le
-0.123,+

417.6,1234e+
7,0.23e-12

characters
char

’a’,’A
’,’3’,’+

’

�

V
alues

oftype
char

can
be

used
in

integer
expressions.

�

T
he

character
data

type
is

for
single

characters.

C
haracter

strings
w

illbe
described

later.

�

N
otation:

the
phrase

type-nam
e

w
illbe

used
to

denote
any

valid
type

in
C

.

int
,doub

le
and

char
are

instances
oftype-nam

e
.

38

�
P

rocedures
and

F
unctions

–
D

escribe
w

hatthe
procedure

or
function

does

–
D

escribe
the

purpose
ofeach

param
eter

including
any

assum
ptions

about

param
eter

values
or

usage.

S
ay

ifparam
eter

is
used

for
input,outputor

both.

�

D
ata

S
tructures

–
D

escribe
the

purpose
ofany

com
plicated

data
structure

–
D

escribe
any

assum
ptions

abouthow
the

data
structure

is
used.

–
D

escribe
how

this
data

structure
is

linked
to

other
data

structures.

T
he

purpose
ofcom

m
ents

is
to

m
ake

the
program

easier
to

understand.
U

se
com

m
ents

generously

36



D
eclarations

for
S

calar
V

ariab
les

�

T
he

declaration
for

a
scalar

variables
has

the
form

type-nam
e

identifierList �

;
E

xam
ples:

int
I,

J,
K

;
char

tem
pC

har,
nextC

har
;

�

A
variable

can
be

declared
and

initialized
atthe

sam
e

tim
e

using

identifier
=

expression

E
xam

ple:
int

xP
osition

=
25

,
yP

osition
=

30
;

W
A

R
N

IN
G

:
E

ach
variable

m
ustbe

individually
initialized.

int
M

,
N

=
0

;
/*

only
initializes

N
.*/

�

G
ood

S
tyle:

A
llvariables

should
be

initialized
w

ith
som

e
value

before
they

are
used

in
a

program
.

�

B
A

D
S

tyle:
do

not
depend

on
the

”system
”

to
autom

atically
initialize

variables

for
you.

T
his

is
lazy

and
dangerous.

S
om

eday
the

variables
w

illbe
initialized

to
R

U
B

B
IS

H
and

your
program

w
illC

R
A

S
H

.

�

identifierListis
a

com
m

a
separated

listofidentifiers

43

C
haracter

and
S

tring
C

onstants

Type
C

ontains
S

tarts
and

E
xam

ples

ends
w

ith

character
a

single
character

’
(single

quote)
’a’

’@
’

’1’
’C

’

string
arbitrary

characters
”

(double
quote)

”abc”
”C

S
C

181F
”

”arbitrary”

T
he

backslash
(
\

)
notation

can
be

used
to

create
character

or
string

constants

containing
arbitrary

non-printable
characters.

S
ee

”E
scape

S
equences”

in
K

ing
S

ection
7.3.

W
A

R
N

IN
G

:
be

carefulto
use

character
constants

w
here

a
single

character
is

required
and

string
constants

w
here

a
string

is
required.

41

V
ariab

les
and

Types

�

V
ariables

are
the

basic
containers

used
to

hold
data

in
C

.

�

E
very

variable
m

ustbe
declared

before
itis

used.

�

E
very

variable
is

associated
w

ith
a

specific
type.

�

T
he

type
ofa

variable
detrerm

ines
the

kind
ofvalues

thatitcan
hold

and
the

am
ountofstorage

thatis
allocated

for
the

variable.

�

scalar
variables

can
hold

exactly
one

variable
ata

tim
e.

N
on-scalar

variables

(e.g.
arrays)

can
hold

m
any

differentvalues
atthe

sam
e

tim
e.

42

H
O

W
TO

U
se

Integ
er

Types

�

F
or

alm
ostallinteger

variables,use
int

�

U
se

short
or

char
w

hen
saving

space
is

really
im

portantA
N

D
IT

’S
K

N
O

W
N

thatthe
range

ofvalues
for

the
variable

w
illfitin

-32768
..

32767.

S
hortor

char
integer

variables
m

ay
be

slow
er

to
access.

�

O
n

a
few

m
achines

long
is

64
bits

and
provides

a
m

uch
larger

range
of

values.
D

on’tassum
e

long
is

larger
than

int
unless

you
check.

�

U
se

unsigned
for

S
T

R
IC

T
LY

N
O

N
-N

E
G

AT
IV

E
integer

values.

�

F
or

m
axim

um
portability

use:

int
or

short
int

for
integers

in
the

range
-32768

..
32767

long
int

for
allother

integers

C
standard

only
requires:

sizeof(
short

)Q

sizeof(
int

)Q
sizeof(

long
)

40



Typedef
D

eclaration

�

A
nam

ed
type

is
created

w
ith

the
declaration

typedef
type-nam

e
identifier;

�

type-nam
e

can
be

any
valid

type
including

com
pound

types
or

a
new

type

definition.

�
identifier

becom
es

a
new

nam
e

for
this

type

�
G

ood
S

tyle:
U

se
typedefs

for
allcom

plicated
types.

E
xam

ples:
typedef

long
int

portableInt;

typedef
float

realType
;

portableIntI,
J,

A
[100

];
realType

xA
xis,

yA
xis,

zA
xis

;

47

D
efining

N
am

ed
C

onstants

�

U
se

the
#define

constructto
create

nam
ed

constants

#define
identifier

expression

�

T
he

identifier
becom

es
a

synonym
for

the
expression

in
the

restofthe

program
.

Ifthe
expression

is
a

constantexpression
then

the
identifier

can
be

used
anyw

here
thata

constantcan
be

used

�

G
ood

Technique:
A

LW
AY

S
enclose

the
expression

in
parentheses.

G
ood

S
tyle:

U
se

U
P

P
E

R
C

A
S

E
nam

es
for

defined
constants

to
m

ake
them

stand
outin

the
program

.

�

E
xam

ples:
#define

C
U

B
IC

IN
P

E
R

LB
(

166
)

#define
S

C
A

LE
FA

C
TO

R
(5.0

/9.0)

#define
A

R
R

AY
S

IZ
E

(
100

)

�

W
A

R
N

IN
G

:
com

m
on

errors

#define
N

=
100

/*
W

R
O

N
G

,defines
N

to
be

”=
100”

*/

#define
N

100
;

/*
W

R
O

N
G

,defines
N

to
be

”100
;”

*/

45

N
am

ed
Types

�

A
nam

ed
type

is
an

type
thathas

been
associated

w
ith

a
specific

identifier.

N
am

ed
types

are
created

using
the

typedef
declaration.

�

N
am

ed
types

m
ake

program
m

ore
easily

m
odifiable,since

there
is

a
single

pointofdefinition
for

the
type.

�

Ifm
nem

onic
nam

es
are

used
for

the
types,nam

ed
types

m
ake

program
s

m
ore

readable.

�

N
am

ed
types

m
ake

iteasier
to

w
rite

a
correctprogram

.

�

G
ood

S
tyle:

A
void

M
agic

Types

U
se

nam
ed

types
for

all
types

thathave
any

significantim
pacton

the

program
’s

operation.

46

N
am

ed
C

onstants

�

A
nam

ed
constantis

an
identifier

thatserves
as

a
synonym

(nam
e)

for
a

constantvalue.

�

N
am

ed
constants

are
often

used
to

provide
a

single
pointofdefinition

for
a

constantvalue
thatis

used
throughouta

program
.

�

U
sing

nam
ed

constantm
akes

program
s

m
ore

easily
m

odifiable
and

easier
to

understand.

�

N
am

ed
constants

m
akes

program
m

ore
readable,use

m
nem

onic
nam

e
for

constant.

�

N
am

ed
constants

m
akes

program
correctness

easier
to

achieve.

�

G
ood

S
tyle:

A
void

M
agic

N
um

bers

U
se

nam
ed

constants
for

all
values

thathave
any

significantim
pacton

the

program
’s

operation.

44



T
he

printf
F

unction

printf
(

form
at-string

,
expressionList �

);

�

T
he

form
at-string

controls
how

the
inform

ation
is

printed.

�

T
he

expressions
in

the
expressionListare

printed
in

the
order

given.

T
he

type
ofeach

expression
m

ustbe
com

patible
w

ith
the

%
item

used
in

the

form
at-string

�
B

y
defaulteach

expression
is

printed
using

the
m

inim
um

num
ber

of

characters
required

to
express

its
value.

A
llform

atting
and

spacing
m

ustbe
provided

by
the

program
m

er.

�

A
n

expressionListis
a

listofexpressions
separated

by
com

m
as

51

F
orm

at
S

trings

�

A
form

atstring
is

used
to

specify
how

printfand
scanfshould

operate.

F
or

printfthe
form

atstring
specifes

exactly
how

the
printed

outputshould
look.

F
or

scanfthe
form

atstring
specifes

the
exactform

ofthe
inputthatw

illbe

read.

�

T
he

form
atstring

consists
of

–
conversion

specifications
a

percentsign
(%

)
follow

ed
by

som
e

optional

inform
ation,follow

ed
by

a
conversion

specifier
character

thatindicates
the

type
of

data
to

be
printed

or
read.

–
ordinary

text
E

verything
else.

P
rinted

as
is

by
printf.

M
atched

againstthe
data

being
read

by
scanf �

�

T
his

feature
is

rarely
used

49

C
on

version
S

pecifier
C

haracters

C
onversion

Type
S

pecifier

int
%

d
or

%
i

char
%

c

S
trings

%
s

doub
le

%
for

%
e

or
%

g
printf

doub
le

%
lfor

%
le

or
%

lg
scanf

float
%

for
%

e
or

%
g

short
%

hd

long
%

ld

N
ote

thatprintfand
scanfuse

differentspecifiers
for

doub
le

.

U
se

%
%

to
printa

%
.

U
se
\

n
to

printa
new

line.

50

R
eading

D
ata

and
P

rinting
in

C �

�

Inputand
O

utputare
notpartofthe

C
language.

�

B
uiltin

library
functions

are
used

for
allreading

and
printing.

�

P
utthe

construct

#inc
lude�

stdio.hR
atthe

startofevery
program

to
m

ake
the

builtin
inputand

outputfunctions

available.

�

T
he

printffunction
does

sim
ple

printing

�

T
he

scanffunction
is

used
to

read
values

into
variables.

�

T
he

description
of

printfand
scanf

below
is

intended
to

get
you

started.
R

eading
and

P
rinting

w
ill

be
discussed

in
m

ore
detaillater

in
the

course.

48



�

scanfreturns
the

num
ber

ofvaraibles
thatitsuccessfully

read
and

stored.

R
eturns

specialvalue
E

O
F

ifan
error

or
end

ofinputw
as

detected.

�

U
se

the
address-ofoperator

&
to

create
the

addresses
ofvariables

for
the

argum
ents

to
scanf.

T
he

address-ofoperator
is

alm
ost

alw
a

ys
R

E
Q

U
IR

E
D

.

�
W

A
R

N
IN

G
:

forgetting
the

address
ofoperator

in
a

callto
scanfw

illalm
ost

certainly
cause

your
program

to
C

R
A

S
H

.
�

G
ood

S
tyle:

alw
a

ys
check

the
value

returned
by

scanfto
m

ake
sure

thatyou

read
as

m
any

varaibles
as

you
expected

to �.

�

W
e

m
ay

som
etim

es
not

do
this

check
in

these
slides

in
order

to
keep

the
exam

ples
sim

ple,
but

it

should
alw

a
ys

be
done

55

E
xam

ples
P

rinting
the

V
alue

of
a

S
calar

V
ariab

le

E
xam

ples:

i
n
t
i

,
h
e
i
g
h
t
,
w
i
d
t
h
;

c
h
a
r

c
;

f
l
o
a
t

x
;

d
o
u
b
l
e
y
;

p
r
i
n
t
f
(
"
%
d
"
,

i
)
;

p
r
i
n
t
f
(
"
%
c
"
,

c
)
;

p
r
i
n
t
f
(
"
%
f
"
,

x
)
;

/
*
d
e
c
i
m
a
l

f
o
r
m

*
/

p
r
i
n
t
f
(
"
%
e
"
,

x
)
;

/
*
s
c
i
e
n
t
i
f
i
c

f
o
r
m

*
/

p
r
i
n
t
f
(
"
%
g
"
,

y
)
;

/
*
d
e
c
i
m
a
l

o
r

s
c
i
e
n
t
i
f
i
c
f
o
r
m

*
/

p
r
i
n
t
f
(
"
h
e
i
g
h
t

i
s

%
d
a
n
d

w
i
d
t
h
i
s

%
d
\
n
"
,
h
e
i
g
h
t
,
w
i
d
t
h

)
;

p
r
i
n
t
f
(
"
i

=
%
8
d
,

x
=
%
1
4
f
\
n
"
,

i
,
x
)

;

p
r
i
n
t
f
(
"
\
n
"
)

;
/
*
b
l
a
n
k

l
i
n
e

*
/
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T
he

scanf
F

unction

int
scanf

(
form

at-string
,

variable-address-list �

);

�

T
he

form
at-string

controls
how

the
inform

ation
is

read

A
ny

ordinary
textin

the
form

atstring
m

ustm
atch

the
inputexactly.

�

scanfattem
pts

to
read

values
for

each
ofthe

variables
in

the
order

given.

T
he

type
ofeach

variable
m

ust
be

com
patible

w
ith

the
%

item
used

in
the

form
at-string

�

scanfautom
atically

skips
w

hite
space

betw
een

inputvalues

�

A
variable-address-list

is
a

listofad
dresses

ofvariables
separated

by
com

m
as
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P
rinting

Technique

�

In
a

form
atstring

a
constantbetw

een
the

%
and

the
follow

ing
control

character,specifies
thatthe

expression
is

to
be

printed
using

the
num

ber
of

characters
specified

by
the

constant.
T

his
feature

can
be

used
to

print

colum
ns

ofvalues.
E

xam
ples:

%
1
0
d

%
1
6
e

�

T
he

printfprints
to

standard
output.

Ifyou
are

w
orking

ata
term

inal,this
m

eans
printing

to
your

screen.

T
here

are
U

nix/W
indow

s
com

m
ands

thatletyou
redirectstandard

outto
a

file.

�

W
A

R
N

IN
G

:
m

ake
really

sure
thatthe

type
ofthe

expression
m

atches
the

type

of%
character

thatyou
use

to
printit.

�

W
A

R
N

IN
G

:
m

ake
really

sure
thatyou

have
provided

a
%

character
for

each

expression
in

the
expression

list.
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M
ain

P
rogram

in
C

�

In
C

the
m

ain
program

is
a

function
called

m
ain

�

T
he

body
ofthe

function
is

enclosed
in

left(S

)
and

right(T

)
curley

braces.

�

M
inim

alm
ain

program
exam

ple:

#
i
n
c
l
u
d
e

<
s
t
d
i
o
.
h
>

m
a
i
n
(
)

{

/
*

d
e
c
l
a
r
a
t
i
o
n
s

a
n
d
s
t
a
t
e
m
e
n
t
s
g
o
h
e
r
e

*
/

}
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E
xam

ples
-

R
eading

Input

E
xam

ples:

i
n
t
i

,
k

;

c
h
a
r

c
;

d
o
u
b
l
e
y

;

s
c
a
n
f
(
"
%
d
"
,
&
i
)
;

/
*

r
e
a
d
o
n
e
i
n
t
e
g
e
r

*
/

s
c
a
n
f
(
"
%
c
"
,
&
c
)
;

/
*

r
e
a
d
o
n
e
c
h
a
r
a
c
t
e
r

*
/

s
c
a
n
f
(
"
%
l
f
"
,

&
y
)
;

/
*

r
e
a
d
o
n
e
d
o
u
b
l
e

v
a
l
u
e
*
/

s
c
a
n
f
(
"
%
d
%
d
"
,

&
i
,
&
j
)
;

/
*
r
e
a
d

t
w
o
i
n
t
e
g
e
r
s

*
/
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