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1. Dissertation summary: 

The objective of the thesis is to propose some novel approaches for some time 

series data mining problems. The research deals with time series data which is 

defined as X = x1, x2, x3,.. xn, where xi is the value observed at time i. Research 

problems include similarity search, motif discovery, clustering and forecasting.  

To overcome high dimensionality of time series data, several dimensionality 

reduction methods, which is based on feature extraction, have been proposed and 

used. However, several of these methods did not provide any formal proof that they 

satisfy the lower bounding condition and many of them did not go with any 

multidimensional index structure which helps in fast retrieval. So, first we develop a 

novel dimensionality reduction method which can represent not only values but also 

the approximate shape of time series while it must conform to the lower bounding 

condition. Besides, this method is supported with a multidimensional index structure 

to make the similarity search effectively. Next, we apply the proposed method to 

problems: (1) approximate motif discovery in time series using a multidimensional 

index structure; (2) time series clustering using I-k-Means algorithm and proposing a 

method in choosing better initial centers for this algorithm; (3) Similarity search in 

streaming time series based on the idea of incremental computation and the delayed 

index update policy; (4) prediction for seasonal or trend time series based on pattern 

matching. 

2. Contributions of the dissertation. 

The first contribution of this thesis is a new dimensionality reduction method 

based on Middle points and Clipping, called MP_C, which performs effectively with 

the support of Skyline Index. Through formal proof and experiments on benchmark 

datasets, we show that MP_C satisfies the lower bounding condition which 

guarantees no false dismissals. Experimental results also reveal that MP_C is more 

effective than the popular dimensionality reduction method, Piecewise Aggregate 

Approximation (PAA) and the Clipping method in terms of tightness of lower 

bound, pruning ratio and running time. We also proposed the extension of MP_C in  



Kontaki’s framework which can be applied effectively for similarity search in 

streaming time series. 

The second contribution of this thesis is the application of MP_C method to the 

three important time series data mining tasks: motif detection, clustering and time 

series prediction. As for motif discovery, we propose two algorithms for finding 

approximate motif in time series data: (1) the algorithm that uses R*-tree combined 

with the idea of early abandoning in Euclidean distance computation and (2) the 

algorithm using MP_C associated with Skyline index; and between the two 

algorithms, the latter is more effective than the former. As for clustering, we exploit 

the multi-resolution property of MP_C in using I-k-Means algorithm for time series 

clustering and propose the use of kd-tree or CF-tree in choosing initial centroids for 

I-k-Means algorithm in order to overcome the drawback of randomly determining 

the initial centroids in the first level of I-k-Means. As for time series prediction, we 

propose the use of MP_C with Skyline index in a  prediction approach based on a “k-

nearest-neighbors” algorithm and experiments show that the proposed method 

performs better than artificial neural network model in terms of prediction accuracy 

and computation time, especially for seasonal and trend time series. 

3. Recommendation for future work. 

In future, we plan to continue researching some issues as follows: 

 Improving algorithms proposed in this thesis so that end users can determine 

input-parameters in easier way. As for clustering using I-k-Means we will study 

how to use CF-tree to determine k automatically for partitioning-based method. 

As for two proposed motif discovery algorithms, we will research using MDL 

(Minimum Discription Length) principle proposed by Tanaka et al., to determine 

the appropriate motif length for a time series data set. As for similarity search in 

streaming time series and time series forecasting based on a “k-nearest-

neighbors” algorithm, we will investigate some improvements in this method so 

that end users can determine parameters of the algorithm easily. 

 Applying the dimensionality reduction method MP_C to other problems in time 

series data mining such as classification, novelty detection. These research 

directions in time series data mining seem promising. 
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