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a 
b 

0 1 
Alphabet 

Symbols 

Example: 

If we denote this alphabet as , then  = {a, b, 0, 1} 
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Definition: Let  be an alphabet. 

1)  is a string over  

2) if x is a string over  and a   then xa is  a 

    string over  

Example: Consider  = {0, 1}: 

Note:  denotes the empty string that contains no symbols. 
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Definition: Let x be a string over . 

The length of x, |x|, is defined as follows: 

1) if x = , then |x| = 0 

2) if x = a1…an, then |x| = n   

    for some n  1, and ai   for all i = 1,…,n 
Note: The length of x is the number of all symbols in x. 

Example: Consider x =1010 

Task: |x| 

Length of String 
 Gist: |a1a2…an| = n 
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Definition: Let x and y be two strings over . 

The concatenation of x and y is xy. 
Note: x = x = x 

Concatenation of Strings 
 Gist: xy 
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Definition: Let x and y be two strings over . 

The concatenation of x and y is xy. 
Note: x = x = x 

Examples:  

Concatenation of 101 and 001 is 101001 
Concatenation of  and 001 is 001 = 001 
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Definition: Let x be a string over .  

For i  0, the i-th power of x, xi, is defined as  

1) x0 =     2) if i  1 then xi = xxi-1 

Note: xixj = xjxi = xi+j, where i, j  0 

Example: Consider x =10 

Task: x3 

Power of String 
 Gist: xi = xx…x 

i-times 
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Definition: Let x be a string over . 

The reversal of x, reversal(x), is defined as: 

1) if x =  then reversal() =  

2) if x = a1…an then reversal(a1…an) = an…a1 

    for some n  1, and ai   for all i = 1,…,n 

Example: Consider x =1010 

Task: reversal(x) 

Reversal of String 
 Gist: reversal(a1…an) = an…a1 
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Note: Let S be a set; card(S) is the number of its members.  
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Definition: Let L1 and L2 be two languages over . 
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Gist: Union of L1 and L2 is L1  L2 
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 Definition: Let L be a languages over . 

 The complement of L, L, is defined as  

L = * – L  
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Task:  L 

Complement of Language 
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Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

L1 0 

1 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

L1 0 

1 

L2 

00 

01 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

0 L1 0 

1 

L2 

00 

01 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

00 0 L1 0 

1 

L2 

00 

01 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

00 0 

0 

L1 0 

1 

L2 

00 

01 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

00 0 

01 0 

L1 0 

1 

L2 

00 

01 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

00 0 

01 0 

1 L1 0 

1 

L2 

00 

01 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

00 0 

01 0 

00 1 L1 0 

1 

L2 

00 

01 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

00 0 

01 0 

00 1 

1 

L1 0 

1 

L2 

00 

01 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

00 0 

01 0 

00 1 

01 1 

L1 0 

1 

L2 

00 

01 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



L1L2 

Definition: Let L1 and L2 be two languages over . 
The concatenation of L1 and L2, L1L2 , is defined as 

L1L2 = {xy: x  L1 and y  L2} 
Note: 1) L{}= {}L = L  2) L = L =   

00 0 

01 0 

00 1 

01 1 

L1 0 

1 

L2 

00 

01 

Example: Consider languages L1= {0, 1}, L2= {00, 01}  

Task:  L1L2 

Concatenation of Languages 
Gist: L1L2 = {xy: x  L1 and y  L2} 

17/20 



Definition: Let L be a language over . 

The reversal of L, reversal(L), is defined as 

reversal(L) = {reversal(x): x  L} 

Example: Consider L= {01, 011} 

Task:  reversal(L) 

Reversal of Language 
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Definition: Let L be a language over . 

For i  0, the i-th power of L, Li, is defined as: 

1) L0 = {}         2) if i  1 then Li = LLi-1 

Power of Language 
 Gist: Li = LL…L 

i-times 
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iteration of L, L*, and the positive iteration of L, 

L+, are defined as L* =  Li, L+ =  Li  
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i = 1 
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