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Hans Vangheluwe

k = 1     
xPowerK = x
Sign = 1; s = 0  

while k <= N :  
 term = sign*xPowerK/
        factorial(k)
 s = s + term
 k = k + 2
 xPowerK = 
  xPowerK * xSquare
 sign = -sign

 http://msdl.uantwerpen.be/people/hv/teaching/ComputerSystemsArchitecture/meelooples.pdf

http://msdl.uantwerpen.be/people/hv
http://msdl.uantwerpen.be/people/hv/teaching/ComputerSystemsArchitecture/meelooples.pdf
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Oefeningen ... al doende ...Oefeningen ... al doende ...

  

Logisim
https://sourceforge.net/projects/circuit/  

http://courses.missouristate.edu/KenVollmar/MARS/ 

MARS

https://sourceforge.net/projects/circuit/
http://courses.missouristate.edu/KenVollmar/MARS/


  

Data Representation



  

(binary) Data Representation

● Numbers
   ℕ, ℤ, ℚ, ℝ
● Letters (and “strings”)

● Instructions

● ….



from Analog ...

electrical voltage (V)

time (s)



…  to Digital

True/1

False/0

logical 0/1 – Boolean True/False – asserted/de-asserted –  high/low

digital value

time (s)



  

Binary representation

● in computing and telecommunications
● a bit is a basic unit of information storage
● “binary digit”
● the maximum amount of information 
 that can be stored in only two distinct states 

0 or 1



  

Bit sequences 
(bit) “string”  (vs. char string)

               0   1 bit    bit
            0111   4 bits   nibble
        01100001   8 bits   byte  
0101010110110111  16 bits   half-word
             ...  32 bits   word
             ...  64 bits   word

A word is a natural unit of data used by a particular processor design
(historically: 8, 16, 24, 32, or 64 bits)

Bit is abbreviated as “b”. e.g., kbps (kilo bits per second)
Byte is abbreviated as “B”. e.g., kB (kilo Bytes)

French: “octet”



  

Binary representation ++

With 1 bit, can represent 2 
distinct entities

With 2 bits, can represent 4 
distinct entities
...

With N bits, can represent 2N 

distinct entities

Example: {Red, Green, Blue} 
encoded as {00, 01, 10}



  

Binary representation/approximation of numbers
Binary representation/encoding of Unsigned Integers (ℕ)

Binary Coded Decimal (BCD) representation/encoding of 
Unsigned Integer (ℕ) / Real numbers (ℝ)

Binary representation/encoding of Signed Integer Numbers (ℤ)

● Signed magnitude
● One's complement
● Two's complement 
● Biased (Excess B) 

Fixed-Point binary approximation/representation (ℚ) 
of Real numbers (ℝ)

Floating Point binary approximation/representation 
of Real numbers (ℝ)



  

“xn-1xn-2...x1x0” is an n-bit,  base 2 (binary) encoding of value x

0
0

1
1

2n
2n

1n
1n 2x2x2x2xx  




 

 Range: [0, +2n – 1] ⊆  ℕ0

 Example
0000 0000 0000 0000 0000 0000 0000 10112

= 0 + … + 1×23 + 0×22 +1×21 +1×20

= 0 + … + 8 + 0 + 2 + 1 = 1110

Binary representation/encoding of Unsigned Integers (ℕ)

x0

xn-1

Least Significant Bit (LSB)

Most Significant Bit (MSB)



  

Powers of 2
 N                  2N            binary encoding as unsigned integer

 0                  1                        0000 0000 0000 0001
 1                  2                        0000 0000 0000 0010
 2                  4                        0000 0000 0000 0100
 3                  8                        0000 0000 0000 1000
 4                 16                        0000 0000 0001 0000
 5                 32                        0000 0000 0010 0000
 6                 64                        0000 0000 0100 0000
 7                128                        0000 0000 1000 0000
 8                256                        0000 0001 0000 0000
 9                512                        0000 0010 0000 0000
10              1,024                        0000 0100 0000 0000
11              2,048                        0000 1000 0000 0000
12              4,096                        0001 0000 0000 0000
13              8,192                        0010 0000 0000 0000
14             16,384                        0100 0000 0000 0000
15             32,768                        1000 0000 0000 0000
16             65,536                      1 0000 0000 0000 0000

 …                 …                                  … 

32      4,294,967,296  1 0000 0000 0000 0000 0000 0000 0000 0000



  



  

(intermezzo) Binary addition of Unsigned Integers (ℕ)

For (much) more detail: see Computer Architecture (slides in presentation.logicDesign.pdf) 



  

unsigned “modulo” arithmetic

000

001

010

011100

101

110

111

4

5

6

7 0

1

2

3

+1 (unsigned): carry gets discarded, no “overflow”

0
0

1
1

2n
2n

1n
1n 2x2x2x2xx  




 

000    0       
001    1       
010    2       
011    3       
100    4      
101    5      
110    6         
111    7      

N bits: [[2N]] = (2N) MOD 2N = 0;   
                (2N) DIV 2N = 1 
     [[2N+k]] = (2N+k) MOD 2N = k

used in for example address calculation (PC) 



  

Binary Coded Decimal (BCD)
representation of unsigned Int (ℕ) / Real (ℝ)

Decimal:    0     1     2     3     4     5     6     7     8     9
BCD:     0000  0001  0010  0011  0100  0101  0110  0111  1000  1001

Every Decimal digit gets represented by 4 bits (Binary digits)

Decimal:            127  :     1      2      7
BCD:       000100100111  :  0001   0010   0111

Used mostly in 

● Mainframes/servers (financial applications)
● Embedded microcontrollers/small processors (computation <<<)
● Only digital logic (no processor), display (7-segment)

Word size often 10 or 12 decimal digits (e.g., in calculators)



  

Binary Coded Decimal (BCD)

Advantages:

● Easy to print, display (e.g., 7-segment), ... thanks to per-digit conversion
● Numbers such as decimal 0.2 have 
 an infinite representation in binary 

(0.001100110011...) 
 a finite representation in binary-coded decimal

(0000.0010)
● Scaling by factors of 10 by shifting (clever compiler ...)
● 10-based rounding is easy

Disadvantages:

● More complex to implement  +,-,*,/ (+: 15-20% more circuitry)
● Slower 
● More storage space required 
  e.g., 1510: 1111binary vs. 00010101BCD
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