
Supplementary Note:  
Equations to calculate Flash Entropy Similarity in MS/MS queries 

 

As defined before1, we calculate the unweighted entropy similarity as: 

1 −
2 × 𝑆𝐴𝐵 − 𝑆𝐴 − 𝑆𝐵

ln 4
(1) 

𝑆𝐴 = −∑𝐼𝐴,𝑖 ln 𝐼𝐴,𝑖
𝑖

(2) 

𝑆𝐵 = −∑𝐼𝐵,𝑗 ln 𝐼𝐵,𝑗
𝑗

(3) 

Here the 𝑆𝐴𝐵 is defined as the spectral entropy of a 1:1 mixed spectrum for spectra A and B. 

Therefore: 

𝑆𝐴𝐵 = −∑

{
  
 

  
 

1

2
𝐼𝐴,𝑖 𝑙𝑛 (

1

2
𝐼𝐴,𝑖) , 𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 ≠ 𝑚𝑧𝐵,𝑗

1

2
𝐼𝐵,𝑗 𝑙𝑛 (

1

2
𝐼𝐵,𝑗) , 𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 ≠ 𝑚𝑧𝐵,𝑗

(
1

2
(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗)) 𝑙𝑛 (

1

2
(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗)) ,  𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 = 𝑚𝑧𝐵,𝑗

𝑖,𝑗

(4) 

After simplifying the formula (4), we obtain: 

𝑆𝐴𝐵 = −
1

2
∑{

𝐼𝐴,𝑖 𝑙𝑛 𝐼𝐴,𝑖 − (ln 2)𝐼𝐴,𝑖 , 𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 ≠ 𝑚𝑧𝐵,𝑗
𝐼𝐵,𝑗 𝑙𝑛 𝐼𝐵,𝑗 − (ln 2)𝐼𝐵,𝑗, 𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 ≠ 𝑚𝑧𝐵,𝑗

(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) 𝑙𝑛(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) − (ln 2)(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗),  𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 = 𝑚𝑧𝐵,𝑗𝑖,𝑗

(5) 

Where we get: 

2 × 𝑆𝐴𝐵 = 𝑙𝑛2∑𝐼𝐴,𝑖 +

𝑖

𝑙𝑛2∑𝐼𝐵,𝑗
𝑗

−∑{

𝐼𝐴,𝑖 𝑙𝑛 𝐼𝐴,𝑖  , 𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 ≠ 𝑚𝑧𝐵,𝑗
𝐼𝐵,𝑗 𝑙𝑛 𝐼𝐵,𝑗 , 𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 ≠ 𝑚𝑧𝐵,𝑗

(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) 𝑙𝑛(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) ,  𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 = 𝑚𝑧𝐵,𝑗𝑖,𝑗

(6) 

We substitute formulas (2), (3), and (6) into formula (1), to obtain the unweighted entropy 

similarity as: 

1 −
1

ln 4
(𝑙𝑛2∑𝐼𝐴,𝑖 +

𝑖

𝑙𝑛2∑𝐼𝐵,𝑗
𝑗

−∑{

𝐼𝐴,𝑖 𝑙𝑛 𝐼𝐴,𝑖  , 𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 ≠ 𝑚𝑧𝐵,𝑗
𝐼𝐵,𝑗 𝑙𝑛 𝐼𝐵,𝑗 , 𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 ≠ 𝑚𝑧𝐵,𝑗

(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) 𝑙𝑛(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) ,  𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 = 𝑚𝑧𝐵,𝑗𝑖,𝑗

− 𝑆𝐴 − 𝑆𝐵)(7) 

This formula equals: 



1 −
1

ln 4
(𝑙𝑛2∑𝐼𝐴,𝑖 +

𝑖

𝑙𝑛2∑𝐼𝐵,𝑗
𝑗

) + 𝑄 (8) 

Where: 

𝑄 =
1

ln 4
(∑{

𝐼𝐴,𝑖 𝑙𝑛 𝐼𝐴,𝑖  , 𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 ≠ 𝑚𝑧𝐵,𝑖
𝐼𝐵,𝑗 𝑙𝑛 𝐼𝐵,𝑗 , 𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 ≠ 𝑚𝑧𝐵,𝑖

(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) 𝑙𝑛(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) ,  𝑤ℎ𝑒𝑟𝑒 𝑚𝑧𝐴,𝑖 = 𝑚𝑧𝐵,𝑗𝑖,𝑗

−∑𝐼𝐴,𝑖 ln 𝐼𝐴,𝑖
𝑖

−∑𝐼𝐵,𝑗 ln 𝐼𝐵,𝑗
𝑗

) (9) 

The formula (8) equals: 

1 −
1

2
(∑𝐼𝐴,𝑖

𝑖

+∑𝐼𝐵,𝑗
𝑗

) + 𝑄 (9) 

When the total intensity of spectrum A and B are normalized into 1, we will have unweighted 

entropy similarity equals 𝑄. Therefore, we have unweighted entropy similarity equals: 

1

ln 4
(∑(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) 𝑙𝑛(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗)

𝑖,𝑗

−∑𝐼𝐴,𝑖 ln 𝐼𝐴,𝑖
𝑖

−∑𝐼𝐵,𝑗 ln 𝐼𝐵,𝑗
𝑗

) , 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑚𝑧𝐴,𝑖 = 𝑚𝑧𝐵,𝑗  (10) 

This formula can be simplified to: 

1

2
∑((𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) 𝑙𝑜𝑔2(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) − 𝐼𝐴,𝑖 log2 𝐼𝐴,𝑖 − 𝐼𝐵,𝑗 log2 𝐼𝐵,𝑗)

𝑖,𝑗

, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑚𝑧𝐴,𝑖 = 𝑚𝑧𝐵,𝑗  (11) 

If we define the function: 

𝑓(𝑥) = 𝑥𝑙𝑜𝑔2𝑥 (12) 

we obtain the unweighted entropy similarity as: 

1

2
∑(𝑓(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) − 𝑓(𝐼𝐴,𝑖) − 𝑓(𝐼𝐵,𝑗))

𝑖,𝑗

(13) 

The formula (13) equals: 

∑(𝑓 (
1

2
𝐼𝐴,𝑖 +

1

2
𝐼𝐵,𝑗) − 𝑓 (

1

2
𝐼𝐴,𝑖) − 𝑓 (

1

2
𝐼𝐵,𝑗))

𝑖,𝑗

(14) 

When normalizing the total spectral intensity to 0.5, we get an unweighted entropy similarity 

as: 

∑(𝑓(𝐼𝐴,𝑖 + 𝐼𝐵,𝑗) − 𝑓(𝐼𝐴,𝑖) − 𝑓(𝐼𝐵,𝑗))

𝑖,𝑗

(15) 



As previously defined1, we apply the formula (16) to obtain a weighted entropy intensity: 

𝐼′ = {
𝐼 (𝑆 ≥ 3)

𝐼𝑤, 𝑤 = 0.25 + 𝑆 ∗ 0.25 (𝑆 < 3)
 (16) 

We calculate the formula (15) to get the entropy similarity as published before1. 
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