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Fast binary conversion – Part II 
1. Introduction 

This is the second part of fast binary conversion techniques. In this second part we 
cover singed (i.e. two’s complement) number. Let us first briefly introduce twos 
complement: 

” In 2C’s representation, the most significant bit (the one most to the left) is the sign bit. 
Positive numbers would have this bit to zero and negative numbers to one. The value of 
the number can be obtained like this: 

𝑣𝑎𝑙𝑢𝑒 = −𝑏ேିଵ ⋅ 2ேିଵ + ෍ 𝑏௜ ⋅ 2௜  

ேିଶ

௜ୀ଴

= −𝑏ேିଵ ⋅ 2ேିଵ + 𝑏ேିଶ ⋅ 2ேିଶ + ⋯ + 𝑏ଵ ⋅ 2ଵ + 𝑏଴ ⋅ 2଴ 

So, number 3 would be represented with 8 bits as 00000011 and number -3 as 
11111101. Do the maths to check that it fits. An interesting property of 2C numbers is 
that we can add them no matter their sign: the results will be positive of negative 
directly, and it will be correct (given that the result can be represented with the available 
bits). … you can easily check that if we add 3 and -3 in 2C the result is zero 
(00000011+11111101 = 100000000, discarding the ninth bit).“ 

So, let’s see if we can find ways to read 2C binary numbers quickly. 

2. Positive numbers 

Positive numbers are those with a zero in the most significant bit (MSB) zero. So, the 
negative most significant weight is multiplied by zero leading to a positive number. For 
instance, the 2C binary number 011 is 3, since 011ଶ = (−2ଶ) × 0 + 2ଵ × 1 + 2଴ × 1 =
3ଵ଴. Therefore, if the MSB is zero, numbers are positive, and we can apply the rules 
from part I. 

So, from now on we will stick to negative numbers. 



3. All ones 

N-bit numbers with N ones are always equal to −𝟏𝟏𝟎. The reasoning is 
straightforward: 

𝟏𝟏𝟏 … 𝟏𝟏𝟏𝟐 = 𝟏𝟎𝟎𝟎 … 𝟎𝟎𝟎𝟐 + 𝟎𝟏𝟏 … 𝟏𝟏𝟏𝟐 = (−𝟐𝑵ି𝟏) + (𝟐𝑵ି𝟏 − 𝟏) = −𝟏𝟐  

Here we have applied the consecutive-ones rule to the second term of the addition. So: 

𝟏𝟐 = −𝟏𝟏𝟎 
  
𝟏𝟏𝟐 = −𝟏𝟏𝟎 
  
𝟏𝟏𝟏𝟐 = −𝟏𝟏𝟎 

… 

𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐 = −𝟏𝟏𝟎 

Etc. 

  

4. More ones than zeros (for negative numbers) and 2C numbers in general 

A number with more ones than zeros can be seen as a number with all ones with some 
ones subtracted. For instance: 

𝟏𝟏𝟏𝟏𝟎𝟏𝟐 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟐 − 𝟎𝟎𝟎𝟎𝟏𝟎𝟐 = −𝟏𝟏𝟎 − 𝟐𝟏𝟎 = −𝟑𝟏𝟎 
 

 𝟏𝟏𝟏𝟏𝟎𝟏𝟎𝟏𝟏𝟏𝟐 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐 − 𝟎𝟎𝟎𝟎𝟏𝟎𝟏𝟎𝟎𝟎𝟐 = −𝟏𝟏𝟎 − 𝟒𝟎𝟏𝟎 = −𝟒𝟏𝟏𝟎 

From the example, it is simple to infer that a way to read a negative 2C number is to 
invert the number (flip zeros and ones), add one, and then apply a negative sign. So, a 
negative number 𝑩 can be converted to decimal performing the operation −(𝑩ഥ + 𝟏) =
−𝑩ഥ − 𝟏. For instance, number 𝟏𝟏𝟏𝟏𝟎𝟏𝟐 = −𝟎𝟎𝟎𝟎𝟏𝟎𝟐 − 𝟏 = −𝟐𝟏𝟎 − 𝟏𝟏𝟎 = −𝟑𝟏𝟎. 
So now, it is up to you to see a negative 2C number as a −1 lacking some ones in the 
positions where there are zeros, or as the result of −1 multiplied by the value of the 
inverted binary number minus one. 

 

5. More zeros than ones (for negative numbers) 

If there are more zeros than ones you might as well simply add the weights of the 
corresponding ones: 

𝟏𝟎𝟎𝟎𝟎𝟎𝟎𝟏𝟐 = −𝟐𝟕 + 𝟏 = −𝟏𝟐𝟕 



 

  

𝟏𝟎𝟎𝟎𝟏𝟎𝟏_𝟐 = −𝟐𝟔 + 𝟒 + 𝟏 = −𝟓𝟗 

  

𝟏𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟐 = −𝟐𝟗 = −𝟓𝟏𝟐 

 

6.   Zeros to the right 

As with unsigned numbers (and positive 2C numbers), the effect of having zeros to the 
right is equivalent to a multiplication of a power of two. For negative number we have: 

 

𝟏𝟎𝟏𝟎𝟎𝟐 = 𝟏𝟎𝟏𝟐 ⋅ 𝟐𝟐 = −𝟑 ⋅ 𝟒 = −𝟏𝟐 

 

𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟎𝟎𝟎𝟐 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐 ⋅ 𝟐𝟑 = −𝟏 ⋅ 𝟖 = −𝟖 

 

𝟏𝟏𝟏𝟏𝟎𝟏𝟎𝟏𝟏𝟏𝟎𝟎𝟎𝟎𝟐 = 𝟏𝟏𝟏𝟏𝟎𝟏𝟎𝟏𝟏𝟏𝟐 ⋅ 𝟐𝟒 = −𝟒𝟏𝟏𝟎 ⋅ 𝟏𝟔 = −𝟔𝟓𝟔 

 

𝟏𝟎𝟎𝟎𝟏𝟎𝟏𝟎𝟎𝟐 = 𝟏𝟎𝟎𝟎𝟏𝟎𝟏𝟐 ⋅ 𝟐𝟐 = (−𝟐𝟔 + 𝟒 + 𝟏) ⋅ 𝟒 = −𝟔𝟏 ⋅ 𝟒 = −𝟐𝟒𝟒 

 

Etc.  

7.  Putting all together 

 Let’s try to find the best way to perform fast conversion to several 2C  numbers. 

 

𝟎𝟏𝟎𝟏𝟎𝟎𝟎𝟎𝟎𝟏𝟎𝟏 = 𝟏𝟎𝟐𝟒 + 𝟐𝟓𝟔 + 𝟓 = 𝟏𝟐𝟖𝟓 

 

𝟏𝟎𝟏𝟎𝟎𝟎𝟎𝟎𝟏𝟎𝟏 = −𝟔 ⋅ 𝟏𝟐𝟖 + 𝟓 = −𝟕𝟔𝟖 + 𝟓 = −𝟕𝟔𝟑 



 

𝟎𝟏𝟏𝟏𝟏𝟎𝟎𝟎𝟎 = 𝟏𝟓 ⋅ 𝟏𝟔 = 𝟐𝟒𝟎 

 

𝟏𝟏𝟏𝟏𝟎𝟎𝟎𝟎 = −𝟏 ⋅ 𝟏𝟔 = −𝟏𝟔 

 

𝟎𝟏𝟏𝟏𝟏𝟎𝟏𝟏𝟏𝟎𝟎𝟎 = (𝟐𝟓𝟓 − 𝟖) ⋅ 𝟖 = 𝟐𝟒𝟕 ⋅ 𝟖 = 𝟏𝟗𝟕𝟔 

 

𝟏𝟏𝟏𝟏𝟎𝟏𝟏𝟏𝟎𝟎𝟎 = −𝟗 ⋅ 𝟖 = −𝟕𝟐 

Etc. 

 

Combining the two parts of this series on fast binary conversion I think that we have 
learnt a few useful tricks that can be handy if a calculator is not available.  It remains 
open if we will be proficient at communicating with moisture vaporators.  

 


