
How do computers compute? 
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Representing data 

§  Representing all data with 1s and 0s, on/off, true/false 
§  Numbers -> binary (positional like decimal) 
§  Letters/symbols -> ASCII, Unicode, UTF8 
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Positional Notation 

§  Binary	  numbers,	  like	  decimal	  numbers,	  use	  place	  
notation	   	  	  

	  1101	  =	  1×1000	  +	  1×100	  +	  0×10	  	  +	  1×1	  
	   	  	  =	  1×103	  	  	  +	  1×102	  	  +	  0×101	  +	  1×100	  

	  except	  that	  the	  base	  is	  2	  not	  10	  

	  1101	  =	  1×8	  	  +	  1×4	  	  +	  0×2	  	  +	  1×1	  
	   	  	  =	  1×23	  +	  1×22	  +	  0×21	  +	  1×20	  

1101 in binary is 13 in decimal 
© 2010 Larry Snyder, CSE 

Base or 
radix 



UC SANTA CRUZ 

Binary to Decimal 

§  What is the decimal equivalent of the binary number 
1101? 

§  A. 10 
§  B. 11 
§  C. 12 
§  D. 13 
§  E. 14 



UC SANTA CRUZ 

Decimal to Binary 

§  What is the binary representation of the decimal 
value 21? 

§  A. 10010 
§  B. 10100 
§  C. 10101 
§  D. 10110 
§  E. 10111 
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Binary combinations, True/False possibilities 

§  One bit 
§  0 
§  1 

§  Two Bits 
§  00 
§  01 
§  10 
§  11 

§  Three bits 
§  000 
§  001 
§  010 
§  011 
§  100 
§  101 
§  110 
§  111 

§  Four bits 
§  0000 
§  0001 
§  0010 
§  0011 
§  0100 
§  0101 
§  0110 
§  0111 

§  1000 
§  1001 
§  1010 
§  1011 
§  1100 
§  1101 
§  1110 
§  1111 
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Binary Addition 

 0 
+0 
	  	  

 0 
+1 
	  	  

 1 
+0 
	  	  

 1 
+1 
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Binary Addition 

 001101 
+010111 
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Binary Addition 

 011101 
+010011 
	  	  

A. 101010 
B.  110101 
C. 110000 
D. 111000 
E.  101101   
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Bytes 

§  A	  byte	  is	  eight	  bits	  treated	  as	  a	  unit	  
§  Adopted	  by	  IBM	  in	  1960s	  
§  A	  standard	  measure	  ever	  since	  
§  Bytes	  encode	  the	  Latin	  alphabet	  using	  ASCII	  -‐-‐	  the	  
American	  Standard	  Code	  for	  Information	  Interchange	  

0101	  0101	  
0101	  0111	  
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ASCII 
	  	  

0100	  0011	  
0101	  0011	  
0101	  0000	  

0100 0111|0110 1111|0010 0000|0101 0011|0110 1100|0111 0101|0110 0111|0111 0011 
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ASCII 
	  	  

0100 0111|0110 1111|0010 0000|0101 0011|0110 1100|0111 0101|0110 0111|0111 0011 

What is the 
first letter of 
the message 
at the 
bottom? 
A.  G 
B.  t 
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UTF-8   

Uniform	  	  
Transformation	  	  
Format	  for	  bytes	  
	  (UTF-‐8)	  is	  	  
universal	  …	  all	  	  
characters	  have	  a	  
	  place:	  1-‐4	  Bytes	  
	  
(Unicode	  has	  space	  for	  over	  

1	  million	  symbols)	  
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UTF-8   
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UTF-8   

A.  0000000001101010 
B.  0000000011101010 
C.  0000001010000111 
D.  1010000011000111 
 

What is the first Unicode value represented by this sequence?  
11101010 10000011 10000111 00111111 11000011 10000000 



UC SANTA CRUZ 

UTF-8   

A.  1 
B.  2 
C.  3 
D.  4 
E.  5 
 

How many Unicode characters are represented by this sequence?  
11101010 10000011 10000111 00111111 11000011 10000000 
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But how do they compute? 

§  Basic operations are arithmetic, compare, read/write 
memory, test and jump (to a different memory 
location for the next instruction). 
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Fundamental units of computers: Logic Gates 
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Truth Table for And (using True and False) 

P Q P and Q 

True True  True 

True     False  False 

False True False 

False False  False 
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Truth Table for And (using 0 and 1) 

P Q P and Q 

1 1 

1 0 

0 1 

0 0 
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Truth Table for Or (using 0 and 1) 

P Q P or Q 

1 1 

1 0 

0 1 

0 0 
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Truth Table for Not And (using 0 and 1) 

P Q P AND Q NOT (P AND Q) 

1 1 1 0 

1 0 0 1 

0 1 0 1 

0 0 0 1 
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(NOT P) OR (NOT Q) vs. NOT (P AND Q) 

P Q NOT P NOT 
Q  

P AND 
Q 

NOT 
(P AND Q) 

(NOT P) 
OR 
(NOT Q) 

1 1 0 0 1 0 0 

1 0 0 1 0 1 1 

0 1 1 0 0 1 1 

0 0 1 1 0 1 1 
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(NOT P) OR (NOT Q) vs. NOT (P AND Q) 

P Q NOT 
P 

NOT 
Q  

P 
AND 
Q 

NOT 
(P AND 
Q) 

(NOT 
P) OR 
(NOT 
Q) 

1 1 0 0 1 0 0 

1 0 0 1 0 1 1 

0 1 1 0 0 1 1 

0 0 1 1 0 1 1 

§  NOT (P ∧	 Q)	 =	 NOT P ∨ NOT Q 
§  This is DeMorgan’s Law of Boolean Algebra 
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P and Q or R 

§  What is P and Q or R if P is true, Q is false, and R is 
true? 

§  A. True 
§  B. False 
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Exclusive-OR  == XOR  

§  Consider two propositions, either of which may be 
true or false 

§  Exclusive-or is the relationship between them when 
JUST ONE OF THEM is true. 

§  It EXCLUDES the case when both are true,so 
exclusive-or of the two is… 

§  False when both are true or both are false, and true 
in the other two cases. 
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Truth Table for XOR 
(using 0 and 1) 

P Q P xor Q 

1 1 

1 0 

0 1 

0 0 
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What would you ever want XOR for anyway?  

§  http://en.wikipedia.org/wiki/Adder_(electronics) 
§  Binary Addition 
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Summary: It All Works Because of Digital 
§  Key	  principle:	  information	  is	  represented	  as	  simply	  the	  

presence	  or	  absence	  of	  a	  phenomenon	  at	  a	  given	  place	  
and	  time!	  

§  Phenomenon	  in	  computers:	  Electrical	  output	  on	  a	  line	  
§  Hole	  in	  punch	  card,	  early	  example.	  

§  Logic	  Gates	  
§  Charge	  on	  line	  
§  No	  charge	  


