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S
om

e points from
 th

e tex
t...
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C
S

 is Prob
lem

 S
olving

•
M

ath
em

atics: 
–

F
orm

al languages, proofs.

•
E

ngineering: 
–

D
esigning &

 b
uild

ing h
ard

w
are and 

softw
are.

•
S

cience
–

O
b
serving, h

ypoth
esizing, testing.

S
ep
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b
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1
0

3

C
om

puter Program
 E

lem
ents

• Input – get d
ata from

 som
ew

h
ere.

• O
uput – put d

ata som
ew

h
ere.

• M
ath

 – perform
 b

asic operations.

• B
ranch

ing – if <cond
ition> d

o <input, output, m
ath

>

• R
epetition – repeated

ly d
o <input, output, m

ath
>

S
ep

tem
b
er 9

, 2
0
1
0

D
eb

ugging is Prob
lem

 S
olving

• S
yntax

 E
rrors (program

 w
on't even run)

•  8
 * \ !! 6

• S
em

antic E
rrors (runs to com

pletion)

• I said
 '5

 + 6
' b

ut m
eant '5

 * 6
'

• R
untim

e E
rrors (runs b

ut crash
es)

• K
 = -1

• G
ive m

e th
e kth

 letter in “h
ello” 
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Program
m

ing is ... 

• C
reative

•D
esigning and

 b
uild

ing cool stuff.

•Intellectually C
h
allenging

•F
ind

ing b
ugs can b

e really h
ard

.

•E
x
perim

ental 

•W
riting cod

e and
 pred

icting results.

• Prob
lem

 solving

• A
 m

ost satisfying h
um

an activity. 
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S
om

e snapsh
ots of com

puter 
scientists and

 com
puter 

science...

Pioneers in  com
puter science

A
lan T

uring

(19
12

-19
5

4
)

A
lan T

uring (19
12

–19
5

4
)

h
t
t
p
:
/
/
w
w
w
.
t
u
r
i
n
g
.
o
r
g
.
u
k
/



T
uring's D

ecid
ab

ility R
esult 

•
T

h
ere is no algorith

m
ic 

proced
ure to d

ecid
e 

w
h
eth

er any given 
statem

ent is true.

•
T

h
eory of com

putation:  
W

h
at can b

e com
puted

?

•
A

nalysis of algorith
m

s: 
W

h
at prob

lem
s are 

tractab
le?

h
t
t
p
:
/
/
w
w
w
.
l
a
m
b
d
a
a
s
s
o
c
i
a
t
e
s
.
o
r
g
/

T
uring M

ach
ine

Pioneers in  com
puter science

G
race M

urray H
opper

G
race M

urray H
opper  (19

0
6

–19
9

2
)

C
O

B
O

L – C
om

m
on B

usiness O
riented 

Language

•
Program

m
ing Language T

h
eory: T

h
e stud

y of 
com

puting languages.

•
Language parad

igm
s:  Proced

ural, functional, 
ob

ject-oriented
, logic program

m
ing.



A
llen N

ew
ell (19

2
7

 – 19
9

2
) 

and
 H

erb
ert S

im
on (19

16
 - 2

0
0

1)

•
A

rtificial intelligence – d
esigning solutions to 

intractab
le prob

lem
s.

•
A

I Prob
lem

s – vision, natural language 
und

erstand
ing, speech

 recognition, learning, ch
ess 

playing, jeopard
y...

T
h
e T

uring T
est

•
T

uring, 19
5

0
, 
M

ind
:  W

ith
in 5

0
 years a com

puter 
w

ould
 b

e ab
le to pass th

e test. 
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B
asics E

lem
ents of a C

om
puter

H
ard

w
are layers of a com

puter

•
b
its

•
sw

itch
es

•
gates

•
circuits

•
th

e processor and
 m

em
ory

A
 com

puter m
ay look very com

plex
, b

ut its 
h
ard

w
are is com

prised
 of layers of sim

ple 
com

ponents.



B
its

A
 b

it is th
e sm

allest unit of inform
ation used 

in com
puters.  A

 b
it is eith

er O
 or 1.

Inform
ation of any form

at (num
b
ers, tex

ts, 
im

ages, sound
s, etc.) is represented

 in a 
collection of b

its; th
at is, a sequence of 0

’s 
and

 1’s.

B
inary notation

F
or ex

am
ple, num

b
ers are represented

 in 0
’s 

and
 1’s in th

e follow
ing w

ay.

0
!

 
    0

1
!

 
    1

2
!

  10

3
!

 
  11

4
!

10
0

5
!

10
1

…

S
w

ich
es

A
 sw

itch
 is a d

evice th
at ch

anges th
e status 

of a b
it from

 0
 to 1 and

 vice versa.

In th
e early d

ays (19
4

0
s and

 19
5

0
s), vacuum 

tub
es and

 transistors w
ere used

 as sw
itch

es.

h
t
t
p
:
/
/
w
w
w
.
w
i
k
i
p
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d
i
a
.
o
r
g
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h
t
t
p
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/
/
w
w
w
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t
a
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l
i
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.
o
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g
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G
ates

A
 gate is a tiny d

evice m
ad

e out of sw
itch

es 
d
esigned

 to perform
 a very sim

ple task.

h
t
t
p
:
/
/
w
w
w
.
e
n
g
.
c
a
m
.
a
c
.
u
k
/



C
ircuits

A
 circuit is a tiny d

evice m
ad

e out of gates 
d
esigned

 to perform
 a sim

ple task.

h
t
t
p
:
/
/
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w
w
.
w
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k
i
p
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i
a
.
o
r
g
/

T
h
e processor and

 m
em

ory

T
h
e processor and

 m
em

ory are th
e m

ost 
critical com

ponents of a com
puter.  B

oth
 are 

m
ad

e out of circuits.

•
A

 processor ex
ecutes com

puter program
s (w

h
ich 

are b
asically algorith

m
s w

ritten in a com
puter 

language).

•
M

em
ory stores a large am

ount of inform
ation (in 

b
its).  Program

s as w
ell as d

ata are stored
 in 

m
em

ory.

von N
eum

ann m
od

el

A
ll com

puters sh
are th

e follow
ing b

asic 
d
esign called

 th
e von N

eum
ann m

od
el (nam

ed 
after th

e H
ungarian/A

m
erican m

ath
em

atician 
J

oh
n von N

eum
ann (19

0
3

–19
5

7
)).

J
oh

n von N
eum

ann
M

argittai N
eum

ann J
ános Lajos

h
t
t
p
:
/
/
w
w
w
.
w
i
k
i
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e
d
i
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g
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Instruction cycle
U

nd
er th

is m
od

el, th
e processor ex

ecutes a 
program

 b
y repeating th

e follow
ing cycle.

1.
fetch

 —
 read

s an instruction from
 th

e 
m

em
ory

2
.

d
ecod

e —
 d

ecod
es th

e instruction to 
figure out its m

eaning.
3

.
ex

ecute —
 perform

s th
e task specified

 in 
th

e instruction.
4

.
store —

 stores th
e result of th

e ab
ove 

ex
ecution in th

e m
em

ory.


