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Dynamic Programming Algorithm for Essential Dynamics Coarse-Graining (EDCG) 

The goal of EDCG is to minimize the residual from mapping n Cα atoms of a protein into 
N CG sites, which is defined as 

𝜒 =
1
3𝑁&𝐂!

"

!#$

 

where  

𝐂! =& & 〈)∆𝒓%&' − ∆𝒓(&')
)〉

(*%∈!%∈!

 

is the loss of total covariance from mapping a group of Cα atoms to the CG site I. In a 
sequential/linear model, Cα atoms associated with each CG site are assumed contiguous in 
the protein primary sequence, and a loss function for mapping a group of consecutive Cα 
atoms {a, a+1, a+2 … b} into a CG site can be rewritten as 
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Therefore, to calculate the loss function for all possible values of 1 ≤ 𝑎 < 𝑏 ≤ 𝑛, the time 
complexity is 𝑂(𝑁0). To gain a higher computational efficiency, the loss function can be 
calculated from the recurrence equation: 

𝐂(𝑎, 𝑏) = 7𝐂(𝑎, 𝑏 − 1) + 𝐂(𝑎 + 1, 𝑏) − 𝐂(𝑎 + 1, 𝑏 − 1) + 〈|∆𝒓/
&' − ∆𝒓,&'|)〉, 𝑎 < 𝑏

0,																																																																									𝑎 = 𝑏
 

The pseudo code with a time complexity of 𝑂(𝑁)) can be designed as 

 

After obtaining all values of the loss functions, we can then define a sub-residual,  𝜒(𝑘,𝑚), 
which is the minimum of total loss by mapping the first k Cα atoms into m CG sites, where 
1 ≤ 𝑘 ≤ 𝑛, and 1 ≤ 𝑚 ≤ 𝑁 and 𝑚 ≤ 𝑘. A recurrence equation can then be defined as 

𝜒(𝑘,𝑚) = >
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{𝜒(𝑘 − 𝑖,𝑚 − 1) + 𝐶(𝑘 − 𝑖 + 1, 𝑘)	} , 𝑚 > 1

𝐶(1, 𝑘),																																					𝑚 = 1
 

The pseudo code can be designed as 

 

The time complexity is 𝑂(𝑁6) for calculating all sub-loss functions and the final residual 
𝜒(𝑛, 𝑁) is the global minimum. This algorithm, known as dynamic programming, can be 
used to obtain the globally optimized solution. 

loop L from 1 to n # number of Cα atoms to be mapped 

    loop a from 1 to n-L # starting Cα atom 

        b = a + L – 1 # ending Cα atom 

        Calculate C(a,b) # calculate the loss 

Chi(k,1) = C(1,k) 

loop m from 1 to N 

    loop k from 1 to n  

        Chi(k,m) = min{Chi(k-i,m-1)+C(k-i+1,k)} 


