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Data Representation: Signed Integers 

Introduction 

                             high and low voltages (ones and zeros) 
“Data” in a computer is just ________________________________________________________ 

We have assigned meaning! 
high                         ‘1’             low                         ‘0’ 
_______________________ ➔ ____________ ,  _______________________ ➔ ____________ 

How do we interpret this “data?” 

              the encoding 
It depends on _______________________________________________________________________ 

       0xFF -> 11111111 255? -127? -1? 
e.g. ________________________________________________________________________________ 

Computers encode all sorts of data: 

Numbers 

      integers 
➔​ ________________________________________________________________________ 

unsigned 
➔​ _________________________________________________________________ 

signed 
➔​ _________________________________________________________________ 

sign magnitude, two’s complement, bias notation 
_________________________________________________________________ 

fractions 
➔​ ________________________________________________________________________ 

fixed point 
➔​ _________________________________________________________________ 

floating point 
➔​ _________________________________________________________________ 

Text 

ASCII - plain text 
➔​ ________________________________________________________________________ 

latin alphabet, punctuation,  
________________________________________________________________________ 
ISO - latin and international symbols 

➔​ ________________________________________________________________________ 
latin and international symbols 
________________________________________________________________________ 
UTF-8 (standard for most applications), all latin, international 

➔​ ________________________________________________________________________ 
unicode-table.com has list of all UTF-8 characters 
________________________________________________________________________ 
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Integers 

Unsigned 

                         positive 
These are interpreted as ____________________ numbers 

     # bits                     [0, 2^(n)-1] 
n = ___________________, Range: _____________________________________________________ 

                    2^n 
# distinct values: __________________________________________________________________ 

Sign Magnitude 

                  sign bit              positive                 negative 
The MSB is the ___________________: 0 = ____________________ 1 = ____________________ 

                            magnitude 
Other bits are treated as a _________________________________________________________ 

If we have 4-bit sign magnitude notation, what are the maximum and minimum values?  
1111: -7, 0111: 7 
 
 
How many distinct values can we represent? 
15 distinct values 
 
We have 4 bits - that should mean 16 values(?) Why do we only have 15?  

    # bits,                     [-[2^(n-1) - 1] -> 2^(n-1) - 1] 
n = ___________________, Range: _____________________________________________________ 

                    2^n - 1 distinct values 
# distinct values: __________________________________________________________________ 

What is the binary representation of -64 
in 8-bit sign magnitude notation? 
 
1 0 1 0 0 0 0 0 0 
 

What does 0xFF represent in 8-bit signed 
magnitude notation? 
 
1 1 1 1 1 1 1 1 
-127 

Two’s Complement (2SC) 

                                               signed 
Two’s complement is how modern computers store ____________________ integers. 

                  sign bit              positive                 negative 
The MSB is the ___________________: 0 = ____________________ 1 = ____________________ 
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                                         unsigned           
Positive #s are encoded the same as _________________________________________________ 

  one less bit 
with ________________________________________________________________________________ 

 
There are 3 steps to encode a negative # in 2SC notation: 

    take the binary form of the positive number 
(1) _________________________________________________________________________________ 

    invert all the bits                          add 1 
(2) ______________________________________  (3) _____________________________________ 

       # of bits                 [-[2^(n-1)], 2^(n-1) - 1] 
n = ___________________, Range: _____________________________________________________ 

                    2^n 
# distinct values: __________________________________________________________________ 

What is -7_10 in 4-bit two’s complement? 
    0111 
(1) 
    1000 
(2) 
    1001 
(3) 

What is 7_10 in 4-bit two’s complement? 
    0111 
(1) 
    we're done! (its positive) 
(2) 
  
(3) 

To find the additive inverse of a 2SC #: 

    invert all the bits                          add 1 
(1) ______________________________________  (2) _____________________________________ 

What is -5_10 in 4-bit two’s complement? 
     0101 
 
     1010 
 
     1011 (go in reverse) 

What is 5_10 in 4-bit two’s complement? 
     0101 
 
     we're done! (its positive) 
 
 
 

What decimal number does 0b0100 
represent? (4-bit 2SC) 
MSB = 0 => positive 
 
0100 is 4 

What decimal number does 0b1100 
represent? (4-bit 2SC) 
MSB = 1 => negative so, what is the 
additive inverse? 
 
1 - 0b1100 
     
2 - 0b0011 
 
3 - 0b0100 = 4 
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What decimal number does 0b1111 
represent? (4-bit 2SC) 
 
-1 
 

What number does 0b11111111 represent? 
(8-bit 2SC) 
 
-1 

What number does 0b1110 represent? 
(4-bit 2SC) 
 
-2 
 

What number does 0b11111110 represent? 
(8-bit 2SC) 
 
-2 

What number does 0b1000 represent? 
(4-bit 2SC) 
 
-8 
 
 

What number does 0b10000000 represent? 
(8-bit 2SC) 
 
-128 

How to convert 2SC to decimal? 

                          treat MSB as negative 
Just like before except… ___________________________________________________________ 

Convert the following binary number to decimal: 0b101 
 
Assuming this number is unsigned: 
1*2^2 + 0*2^1 + 1*2^0 
 
Assuming this number is 3-bit 2SC: 
-1*2^2 + 0*2^1 + 1*2^0 
let's check: 
101 
010 
011 

Convert the following 5-bit 2SC binary number to decimal: 0b10111 
-1*2^4 + 0*2^3 + 1*2^2 + 1*2^1 + 1*2^0 = -9 
let's check: 
10111 
01000 
01001 

Convert the following 8-bit 2SC binary number to decimal: 0x81 
-1*2^7 + 0*2^6 + 0*2^5 + 0*2^4 + 0*2^3 + 0*2^2 + 0*2^1 + 1*2^0 = -127 
let's check: 
10000001 
01111110 
01111111 <- 127 
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4-Bit Number Line  

-8 
1000 
0111 
1000 <-the most negative number this number can represent) 
 
 

+8 (Can we 
represent this 
number?) 
It would be 
1000, but the 
first bit is 1 
so that means 
this number 
must be 
negative. 

-7 
0111 
1000 
1001 

+7 
0111 

-6 
0110 
1001 
1010 

+6 
0110 

-5 
0101 
1010 
1011 

+5 
0101 

-4 
0100 
1011 
1100 

+4 
0100 

-3 
0011 
1100 
1101 

+3 
0011 

-2 
0010 
1101 
1110 

+2 
0010 

-1 
0001 
1110 
1111 

+1 
0001 
 

-0 (Can we represent this number?) 
What about 1000? This number is 8! 
=> There is only 1 representation of 0. 

0 
0000 
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8-Bit Number Line  

-8 
00001000 
00000111 
11111000 
 
 

+8 (Can we represent this number?) 
It would normally be 1000, but the first 
bit is 1 so that means this number must 
be negative. 

-7 
00000111 
11111000 
11111001 

+7 
00000111 

-6 
00000110 
11111001 
11111010 

+6 
00000110 

-5 
00000101 
11111010 
11111011 

+5 
00000101 

-4 
00000100 
11111011 
11111100 

+4 
00000100 

-3 
00000011 
11111100 
11111101 

+3 
00000011 

-2 
00000010 
11111101 
11111110 

+2 
00000010 

-1 
00000001 
11111110 
11111111 

+1 
00000001 
 

-0 (Can we represent this number?) 
 
What about 10000000? This number is 8! 
 
=> There is only 1 representation of 0. 

0 
00000000 

 

© 2019, Rebecca Rashkin - This document may be copied, redistributed, transformed, or built upon in 

any format for educational, non-commercial purposes. Please give me appropriate credit should you 

choose to modify this resource. Thank you :) 



 

Data Rep: Signed Integers Page 7 of 10 Computer Systems and Assembly 

 

2SC Addition 

                            ignore final carry out 
Just like unsigned, except: _________________________________________________________ 

Perform the following computation using 6-bit 2SC notation 
 
 
                001010 
 10 
                000011 
+ 3 
---- 
                001101 
                              0xD 
Express the result in hex: 
 

Perform the following computation using 6-bit 2SC notation 
                001010 
                110101 
                110110 
-10 
                000011 
+ 3 
---- 
                111001             
 
Express the result in hex: 
 

Perform the following computation using 6-bit 2SC notation 
 
                111111 
 -1 
                000001 
+ 1 
---- 
               1000000 
Express the result in hex: 
 

Perform the following computation using 6-bit 2SC notation 
         -10:   001010        -3: 000011              110110 
                110101            111100            + 111101 
                110110            111101             1110011 (-13) 
 -10 
                                                     0001100 + 1 = 0001101 (+13) 
+ -3 
----- 
                                 0x33              
Express the result in hex: 
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2SC Subtraction 

                                     A - B = A + (-B) 
Convert to an addition problem, e.g. ________________________________________________ 

Perform the following computation using 5-bit 2SC notation 
 
   4                        
-  1 
----- 
         4:   00100        -1: 00001             00100 
                               11110             11111 
                               11111            100011 (+3) 

Biased / Excess Notation 

                                             shifted 
Biased notation is like unsigned, where 0 is ____________________ on the number line. 

Example 

Unsigned 

    0    1    2    3    4    5    6    7    8    9    10   11   12   13   14   15 
    |----|----|----|----|----|----|----|----|----|----|----|----|----|----|----| 
  0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 
 
Excess 8 

   -8   -7   -6   -5   -4   -3   -2   -1    0    1    2    3    4    5    6    7 
    |----|----|----|----|----|----|----|----|----|----|----|----|----|----|----| 
  0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

 
                  sign bit                negative                positive 
The MSB is the _____________________: 0 = ___________________ 1 = ___________________ 

    # bits                      [0 - b, (2^n - 1) - b] 
n = ___________________, Range: _____________________________________________________ 

                    2^n 
# distinct values: __________________________________________________________________ 

                  2^(n-1) or 2^(n-1) - 1, n = # bits 
The bias is often ___________________________________________________________________ 

to get and equal number of values above and below the bias 
_____________________________________________________________________________________ 

                                             subtract the bias 
To convert from biased notation to unbiased, ________________________________________ 

                                             add the bias 
To convert from unbiased notation to biased, ________________________________________ 
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Examples 

Express 2_10 in 3-bit bias 4 notation. 
 
add bias => 2 + 4 = 6 = 0b110 
 

Express -2_10 in 3-bit bias 4 notation. 
 
add bias => -2 + 4 = 2 = 0b010 
 

Convert from 3-bit bias 4 notation to 
signed decimal notation: 0b001 
 
subtract bias => # - b 
1 - 4 = -3 
 

Convert from 3-bit bias 4 notation to 
signed decimal notation: 0b100 
 
subtract bias => # - b 
0b100 = 4 => 4 - 4 = 0  
 - 31 = -18 

What is the range for 8-bit bias 127 
notation? 
 
0 - b -> 2^n - 1 - b  
0 - 127 -> 2^8 - 1 - 127 
-127 -> 256 - 128 => -127 -> 128 

Convert from 8-bit bias 127 notation to 
signed decimal notation: 0b00001100 
 
subtract bias => 12 - 127 = -115 

Express 6_10 in 8-bit bias 127 notation. 
 
 
add bias => 6 + 127 = 133 
 
 

Express -12_10 in 8-bit bias 127 
notation. 
 
add bias => -12 + 127 = 115 

Sign Extension 

Adder Example 

                                                         same number of bits 
In a computer, computations on two numbers must have the ____________________________ 

                 32 
               --/--|   \ 
                     \   \      32 
                      |   |-----/----- 
  16   -------   32  /   / 
 --/--|signext|--/--|   / 
       ------- 

Sign Magnitude 

    Keep MSB 
1 - _________________________________________________________________________________ 

    Shift magnitude to right 
2 - _________________________________________________________________________________ 

    Fill in the rest with zeros  
3 - _________________________________________________________________________________ 
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Examples 

Sign extend 0101 to 8 bits 
 
0---0101 => 00000101 
 
 
 
 

Sign extend 0x1E from 5 to 8 bits 
 
11110 => 11111110 

Two’s Complement 

    Pad with MSB 
_____________________________________________________________________________________ 

Examples 

Sign extend 0xB from 4 to 8 bits 
 
 

Sign extend 0x1E from 5 to 8 bits 

Sign extend 0x0B from 6 to 8 bits 
 
 

Sign extend 0x1E from 6 to 8 bits 

Sign extend 26_8 from 5 to 8 bits 
 
 

Sign extend 26_8 from 6 to 8 bits 

Sign extend 0x29 from 8 to 12 bits 
 
 

Sign extend 0x29 from 6 to 8 bits 
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