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Theory of computation is the theoretical study of capabilities and limitatios

of Computers (Theoreticalmodels of computation).

Set: A set is simply a collection of object without repetition .

Example:

A={ae,gy.q,n}
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Example:

C={Xx|x, is integer, x>0}

C={12,34, ..cc......... }
( universe ):d,u de gana cand Ale ganall palic & auial Lrd\ dc ganall-
U L e
Example:
A={1,2,3} ,B={5,6,7}
U={1,2,3,5,6,7}
@.
Example:
S={x|x is positive integer, x>=3}
S={ 0}
Subset:

A set A is a subset of a set B iff every element of A is also an element of
B. Such a relation between sets is denoted by AS B. IFAC Band A #
B we call A a proper subset of B and write A c B.

Caution:

- sometimes c is used the way we are using <.

- Both signs can be negated using the slash / through the sign.

Example:

Let A={1,3,4,5,8,9}, B={1,2,3,5,7}, C={1,5}
A¢zB, CcB, CcA,



Basic operation on set

- Union Ay

Let A and B be arbitrary sets.

The union of A and B, written A U B, is the set whose elements are just
the elements of A or B or of both. In the predicate notation the definition

IS AUB=def{x|xe€AorxeB}
Examples:

Let K ={a,b}, L ={c,d} and M = {b,d}, then
KuL={ab,c,d}

KuM ={ab,d}

LuM={b,c,d}

(KuL)uM=KuU (LuM)={ab,c,d}

KUuK=K
Kupg=0puUK=K={ab}
- Intersection el

The intersection of A and B, written A N B, is the set whose elements
are just the elements of both A and B. In the predicate notation the
definition is A N B =def { x| X € Aand x € B}

Examples

Let K = {a,b}, L = {c,d} and M = {b,d}, then
KNL=9

KNM= {b}



LNM={d
KNL)NM=KN@LNM)=0
KNK=K

KN@=p0NK=0.

- Difference aEAY)

sets is the difference “A minus B”, written A — B, or written A/B, which
‘subtracts’ from A all elements which are in B. [Also called relative
complement: the complement of B relative to A.] The predicate notation
defines this operation as follows:

A-B=def{x]x€ Aand x ¢ B}
Examples

A={1,2,3,4,5}, B={3,4,5,6,7}
A-B={1,2}

B-A={6,7}



- complement JeSAl)

This operation is to be distinguished from the complement of a set A,
written A’, which is the set consisting of everything not in A. In

predicate notation: A’ ={x|x¢&A}

It is natural to ask, where do these objects come from which do not
belong to A? In this case it is presupposed that there exists a universe of
discourse and all other sets are subsets of this set. The universe of
discourse is conventionally denoted by the symbol U. Then we have

A ={x|xgA xeU}

A’=U-A

Examples

Let U={1,2,3,4,5,6,7,8,9}, A={1,3,5,7,9}
A’ ={2,4,6,8}

Properties of sets

1. Idempotent Laws a2
(@ XU X=X, b)XNX=X
2. Commutative Laws Jalal)

@XUY=YUX, (®XNY=YNX

3. Associative Laws zadall i (381 yall

@(XUuY)uzZ=XU((YUu2), BXNY)NZ=XN(Y NZ)



4. Distributive Laws Rl
@XuUu(YNZ)=(XUY)N(XU?2Z),
GXNIYUZ)=(XNY)Uu(XN2Z)

5. Identity Laws Uladl)

@Xup=X, ()Xnod=0, (b)XuU=U [XNU=X
6. Complement Laws Jalall

@XuX=U (bXnX=0 ©X)Y=X{d), X-Y=XNnY
7.DeMorgan’s Laws

QA XuyYy)y=X'nY, (b)) XNY)=XUY

Languaqge:

language is the set of all strings of terminal symbols derivable from
alphabet.
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Types of language

1-Natural language: (e.g.: English, Arabic):

It has alphabet:={a, b, c,....z} From these alphabetic we
make sentences that belong to the language.
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2- Programming language: (e.g.: Cobol, Pascal):It has
alphabetic: ={a,b,c,.z, AB,C,..Z, ?,/, - \.} From these alphabetic we
make sentences that belong to programming language.
Cobol, basic al Jie culanlall das (8 Aediiveall 548 5 yrall dpna yall Rl o
Cfinit 30 5aa ¢S5 el o2a
( Sentences)Jdes s (Word9 <lelS s ( letters) —isos (o GSE ple JS& 4alll o -

sac 5 Sl G o5 Adayl yiall o a1 (e a2e aladinly of Cua (entities) Axdll e
20 (385 ()5S LS e aanl 138 () &3 Y 5 (Sentence) deal) oS5 il (4

Axlll o3¢y 4ald (grammar)

Alphabet (dslag) g all):

Jia, 3 & ey (Set of alphabet ) iias Cigja ede sene 8 Aad gl slissan 5 0
A ISV 54 jal) elagll o a

Y={s......... ,Q,t,—rj}
Y={ab.c,.......z}
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Examples

Let Y={x}, be set of alphabet of one letter x.

We can write this in an alternate form:
L1={x", forn=1,2,3,....}
- If a=xx and b=xxx then
Ab=xxxxx by concatenation a&b
- L2={xXXX XXXXX,.....}={x°0dd}
If a=xxx and b=xxxxx are accepted
But the catenation of a and b notin L2
Ab=xxxxXXXX
String: Al
:Jie Lppiany aa ddayl iall Co g all (e de gana oo
“Windows” , “computer” , “#1$” , “123”
Length of string
String ) i Cag yall aae ) e (o yry
Examples
a="“windows” then length(a)=7
b="xxx" then length(b)=3
c="428" then length(c)=3



Empty String

3 4 A ,\xL«J)Aw&,@w\wq}@g#yw&mug\‘g
.qu.d\ ub.ot_u.u;

Example
LA={A, X XX, XXX XXXX,...... }
L4={x", forn=0,1,2,3,....}
@l GV Gl g ol ) Sl Jie L a1 rAkaadle
X0=A duluaall @ X0=1 aall uﬁ

Kleene closur

Also called (kleene star OR closure) DSl S8le oa
O=——> n Sl gan 0 oo LS Jiad ¥
l=————=n Sl e N 0 o VS i
Examples

3 *= {A, X, XXXXX,XXXX,...... }

Y T2 XXX XXX XXX, ... }

If 3 ={0,1}, then
> *= {4, 0,1,00,01,11,111,000.......}

Y *=1{0,1,00,11,010,000.,......}



Language grammar

Letter

Word — grammar ——={ L.anguage

sentence

Example
The dog eats the house
sinn Ll Gl (il Bnls (g () A a0 i) (385 Alaal) o3
Laa Cphal e (i (e 0SS O g Alaall Aaa e o it Uia (g

Syntax ac ) gall
semantic ol

Terminal Symbol (T):

oy all 23355 5 (Final sentence) oessis dalad I zUs3 Y Sl A8ledll 5 ge )l A
‘Jia 3 sl

The, dog, eat, house
Non-Terminal Symbol(N):

so) ) Ji1as e 8 2508 58 5 3m) ) JIat L) m Bl 5l e b 5
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Types Of Grammar

1- A finit set of Non-Terminal Symbol(N)
2- A finit set of Terminal(T) ,NNT=0
3- A set of production rules (P) of the form:

U7V
Ue€ (NUT)*  NULL 058 Y of e
V e (NUT)* NULL 058 o (Sas
4- A string symbol (S):

rJie (N) 0sSe Wala 5 GELEY) saie Tay ) dglad) ey 58

[rammar 7= G(D=(N, TI, P

Non-terminal

Example

Let G(L)=({S,A,B},{a,b},P,S)
Where P denoted as:

S —— aA/bB/a/b

A —— aAla

B—— bB/b

Is the string “aa” and “bb” in G(L)?



S—— aA by using S—— Aa
S— aa by using A—— a
accepted
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S—— bB by using S——bB

S——bb by using B——bD
accepted

Example

Let G(L)=({S,B,C}, {a,b,c},P,S)
Where P is denoted as:

S— aSBC/aBC

CB— BC

aB —— ab

bB __, bb

bC — bc

cC — CC

is the string  a%b?c® accepted?

S——»aSBC by using S — aSBC
— aaBCBC by using s — aBC
—»aabCBC by using aB __,ab

—»aabBCC by using CB —.,BC



—»aabbCC by using Bb_—, bb
— aabbcC by using bC— hc
— aabbcc by using cC— cc

accepted



