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We s a w operationa
l

characterizations of these language classes.

Regular: Deterministic/non-
deterministic

finite automata

Context-free: Pushdown automata
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But computation i s not just about recognizing language
s

What about calculating var ious functions?

Are a l l functions computabe there is a n effective procedure

Is there always a n effectiv
e

procedu

re
to calculate the value of a function

o n arbitrary inputs?

fake, y) =
aty f

(a)--o f,G,y). {T.
if my-0

F , otherwise

f (x) = {
"Success",

if there a r e a
consecutive 4s i n the

decimal expansion of I T

"Failure"
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Any effective procedur
e

must terminate and return expecte
d

output

i n a finite number of steps,

each of which takes a finite amount of time.

This is a n algorithm.

Are a l l functions computable
?

Not al l function
s

have algorithms: not allfunctions a r e computable
.

Which function
s

a r e
computabl

e?
Which ones a r e not?

Needs
s om e

uniform notionof a computatio
n - of a machine which c a n

perfor

m any such?
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Register machine:

* Infinite supply of registers R1, R2 . . . . .

Number contained i n Rn represente
d

by r n .

* A
program

is a finite l ist of instructions

* Instructions
a r e of four types:

Zero: For each n = 1,2, 3 . . . . Z (n) sets r n to 0, a l l others unchange
d

Next: For each
n : 12 ,3 . . . . S (n) increments i n by 1 , a l l others unchange

d
Transfer: For each m = 1 , 2 , 3 , . . . and each n = 1 2 , 3 . . . .

T (m,n) replaces i n by r m i n Rn, al l others (Rmalso!)unchange
dJump: For each m--1, 2,3 , . . . . each n = 1,2 , 3 , . . . , and each

p
= 1,2, 3 . . . .

J (m,n ,p) takes the machine to the pᵗʰ instruction if rm - - r n ,
a n d continues to the next instruction otherwise if this doesnot

exist, halt !



Start with a program P, and a n initial configuration

(values of r i for i - 1 2,3,...)

Example: P is the following program,with the initial
configuratio

n
R1 R , R, R Rs

T É " "
" " ##
# # $ #

Is : S (3)

I n : J (t,2 ,6)

I s : J (1, 1 , 2)

I s : 713,1)



Start with a program P, and a n initial configuration

(values of r i for i t 2,3,...)

Example: P is the following program,with the initial
configuratio

n
R1 R , R, R Rs

I É 0 0 5/1,2, 6) I , : T (1,2,6)

I k i ¾ ) Dis

k
Is : S (3)

I n : J (1,2,6)

I s : J (1,1, 2)
I s : 713,1)



Start with a program P, and a n initial configuration

(values of r i for i t 2,3,...)

Example: P is the following program,with the initial
configuratio

n
R1 R , R, R Rs

I - 0 1 0 1 . i n 5/1,2, 6) I , : T (1,2,6)

19171010101...... ¾ ) DisT - l o l . i s (3) I s : S (3)

I n : J (1,2,6)

I s : J (1,1, 2)
I s : 713,1)



Start with a program P, and a n initial configuration

(values of r i for i t 2,3,...)
Example: P is the following program,with the initial

configuratio

nR1 R , R, R Rs

I É 0 0 5/1,2, 6) I , : T (1,2,6)

19171010101...... $ ) DisT - l o l . i s (3) I s : S (3)
I k i J (1,2,6) I n : J (t,2,6)
/9 /8 / 1 /0 /01 . . . . . . 5/1,1, 2) I s : J (1,1, 2)

5 (2) I s : 713,1)

SG)#####
#$$# $ # $ $ ¥¾# ¥h instructions; Halt


