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Definition 1 (Framework of discernment).

Let Θ be a set that consists of 𝑟𝑟 mutually exclusive and collectively exhaustive events,
Θ = {𝑒𝑒1, 𝑒𝑒2, … , 𝑒𝑒𝑖𝑖 , … , 𝑒𝑒𝑟𝑟}

which indicates the framework of discernment. The power set 2Θ is used to describe uncertainty
which can be defined as follows:

2Θ = {∅, {𝑒𝑒1}, … , {𝑒𝑒𝑟𝑟}, {𝑒𝑒1, 𝑒𝑒2}, … , {𝑒𝑒1, 𝑒𝑒2, … , 𝑒𝑒ℎ}, … ,Θ},

where ∅ indicates the empty set.

Definition 2 (Mass function).

Based on the frame of discernment Θ, 𝑚𝑚 as a mass function, also known as BPA, is a mapping from 2Θ
to [0,1] which is defined as:

𝑚𝑚: 2Θ → 0,1 .

Because events must arise from propositions in the framework of discernment and empty set is not the
cause of the events, it abides the rule of

�
𝐸𝐸∈2Θ

𝑚𝑚 𝐸𝐸 = 1 and 𝑚𝑚 ∅ = 0.

If 𝑚𝑚 𝐸𝐸 > 0 𝐸𝐸 is a focal element. 
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• Two lists of consecutive non-overlapping time windows

• Focal element of BPA

• Dj in each corresponding window
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• The average divergence represents the 
complexity of a biological system time series λ

• Property 1. When all the data fall on the boundaries

• Property 2. 

• Property 3. 
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The pseudocode of dynamical complexity analysis algorithm for biological 

systems based on KL divergence is shown in Algorithm 1.

Feature extraction

Complexity measurement



Cardiac inter-beat time series
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In this study, cardiac inter-beat interval time series is 

applied to demonstrate the feasibility of BKLDC algorithm 

for biological systems complexity analysis. The data is 

selected from the databases on PhysioNet as follows:

• BIDMC Congestive Heart Failure Database (CHF);
• MIT-BIH Normal Sinus Rhythm Database (Healthy);
• Long Term AF Database (AF).



12

• Each subject is truncated into 5 sets inter-beat interval time series by 
utilizing the first 500 data points from 10,000 data points. 

• Hence, there are 240 sets inter-beat interval time series. Specifically, 75, 
90 and 75 records are from CHF Healthy and AF, respectively.

• The data points {𝑥𝑥𝑖𝑖} are ranked and split into 1000 segments. To 
release the influence of noise and detection error, the 1stand 999th
1000-quantiles of the ranked segments are regarded as 𝑥𝑥𝑚𝑚𝑖𝑖𝑚𝑚= 0.3 and 
𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 = 1.6

Data processing



• Table 1 shows the 14 divergence values for each time 

window of data sets, respectively.

• Fig. 3 shows the three original time series and 
divergence series, respectively.
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• Sensitivity of pathological subjects
and specificity of healthy subjects
are defined as follows：

where TH and FH represent the amount of
healthy subjects that classified correctly
and falsely, respectively. Besides, TP and
FP represent the amount of pathology
subjects that classified correctly and
falsely.
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• The patter classification accuracy based on different methods.



Conclusion
Contribution:

• Biological systems time series data is converted into mass function by using
the D-S evidence theory, where feature of data can be extracted.

• The proposed BKLDC algorithm proposes an effective way to figure out the
complexity of time series data in biological systems by generating BPAs and
measure the average divergence of them.

• An application for pathological states analysis in cardiac inter-beat interval
time series is carried out to illustrate the effectiveness of BKLDC algorithm.

Future work:
• The time complexity of the BKLDC algorithm for biological systems should

be addressed to adapt to real-time data flexibly.
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THANK YOU VERY MUCH!
Any questions and comments are welcome!

Email address: zhanglang_cqu@163.com
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