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What is Time Series 

• Time series is a sequence of data points, measured 
typically at successive time points spaced at 
uniform time intervals.  

 

• Time series mining comprises methods for analyzing 
time series data in order to extract meaningful 
statistics and other characteristics of the data.  

 

• Time series are frequently plotted via line charts. 



Example of Time Series Data 

  



Candlestick Chart 

• A candlestick chart is a 
style of bar-chart used 
primarily to describe 
price movements of a 
security, derivative, or 
currency over time. 

 

• It is a combination of a 
line-chart and a bar-
chart, 



Pre-Processing Steps 

• Visualize the data 
 

• Outlier removal – Box Plot 
 

• Observe Linear Trend – lm(), abline() in R 
 

• Compute Correlation 
 

• Prepare for in-sample testing or back-testing  



Box Plot and Outliers 

• Box plot graphically 
depicting groups of 
data through their 
five-number 
summaries: the 
sample minimum, 
lower quartile, 
median, upper 
quartile, and sample 
maximum. A boxplot 
indicates which 
observations might 
be considered as 
outliers. 



Linear Trend Observation 



Lm(), abline() functions in R 



Remove Trend or Not? 
• For some techniques, percentage changes of 

time series data points ought to be calculated 
 

• Same variance over time -> Remove 

• Different variance over time -> Further Analysis 

 



Approaches Toward Time Series 
Mining 

 

• Signal Processing Approaches (MA, MACD, 
etc.) – Technical Analysis for finance 

 

• Model Based Approaches (AR, EMM, GARCH, 
etc.) – Quantitative Analysis for finance 



Moving Average (MA) 

 

• Moving average is a type of low pass filter used to 
analyze a set of data points by creating a series of 
averages of different subsets of the full data set. 

 



Low Pass Filter (in red) 

 



Moving Average Convergence-
Divergence (MACD) 

• The MACD is a computation of the difference 
between two moving averages. This difference is 
charted over time, alongside a moving average as a 
trigger. The divergence between the two is shown as 
a histogram or bar graph 



Haar Wavelet Analysis 

• Try to decompose 
the a continues 
signal, and assign 
each piece with a 
constant. 

• Haar Building Block             



Haar Wavelet Analysis 

 



Haar Wavelet in R 



More Techniques 

• Fisher Transform – getting a bell shaped PDF of 
time series data 
 

• CG Oscillator – Obtain time series signal trend by 
observing the center of gravity of the signal 
 

• Relative Vigor Index, etc. 
 

• Smoothing, Averaging, Filtering and 
Normalizing… 



Discussion: How much sense does 
Technical Analysis (Signal Processing 

Approaches for Time Series 
Forecasting) make? 



Autoregressive Model (AR) 

• 𝑋𝑡 = C+ 𝜑𝑖
𝑝
𝑖=1 𝑋𝑡−𝑖+𝜀𝑡 

 



Performance of AR 



Extensible Markov Model (EMM) 



Discussion: The AR-EMM innovation 

• AR model takes the weighted sum of 
previous p values to get the next data 
point 

 

• How about use p as the size of each 
vector used by EMM for clustering? Will 
these p historical values recommend by 
AR model improve the performance of 
EMM prediction?  



Performance of AR-EMM 



GARCH Model 

• Generalized Autoregressive Conditional 
Heteroskedasticity Model 



GARCH in R 



Other Models in the future 

• SABR model – for volatility analysis, 
designated to find the volatility smile.  

 

• Black-Schole – for financial derivative 
pricing. 

 

• Much more quantitative models for 
financial time series mining/analysis 
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Thank You 

Questions? 


