
Using Skylines on Wavelet Synopses for CKNN Queries over Distributed Streams Processing  7

Using Skylines on Wavelet Synopses for CKNN 
Queries over Distributed Streams Processing

Ling Wang*   TieHua Zhou**   Kwang-Deuk Kim****   Yang-Koo Lee*   Keun-Ho Ryu***

Abstract  In this paper, we discuss the problem of continuous k‐nearest neighbors (CKNN) monitoring 

over distributed streams wavelet synopses, which also considered sliding window structure under stream 

based kNN query. We developed traditional skylines techniques and propose a new method which called 

DR‐skylines to process CKNN queries as a bandwidth‐efficient approach. It tries to process CKNN 

queries on synopses for optimized sliding window time and space computation. 
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1. Introduction

  Data stream applications such as network monitor-

ing, on‐line transaction flow analysis, trading in fi-

nancial markets, video surveillance, weather forecast-

ing and sensor processing pose tremendous challenges 

for database systems. In data stream applications, data 

arrives very fast and the rate is so high that one may 

not wish to store all the data; yet, the need exists to 

query and analyze this data. There has been a con-

certed effort in recent years to build data stream 

management systems, either for general purpose or for 

a specific streaming application. Many of the DSMSs 

are motivated by monitoring applications. Example 

DSMSs are in [1, 2, 3, 4, 5, 6].

  Since the data streams evolve continuously without 

limit, it is impractical to store complete details for 

each steam. Instead, the queries are usually processed 

from the limited memory in which the behaviors of 

the data streams are summarized. Among all kinds of 

sketching techniques, the wavelet‐based approaches 

[7, 8, 9] have been received the most research atten-

tion due to the property of dimensionality reduction 

and the simplicity of transforming the data cells.

  In the time series streaming environments, sim-

ilarity search, which aims at retrieving the similarity 

between two streams, is an important issue [10]. For 

a kNN query, the DSMS will find the k streams that 

have a more similar pattern than others to a given 

pattern contained in a reference stream. Compared to 

kNN query processing in traditional databases, 

streamkNN query processing is much more challen- 

ging. It must handle an endlessly growing amount of 

data with limited resources.  Unlike a snapshot kNN 

query, a CKNN query requires continuous evaluation 

as the query result becomes invalid with the change 

of information of information of the query or the data-

base objects. In many real‐world applications, data 

streams are usually collected in a decentralized man-

ner such like sensor network. Read- ings from a sen-

sor network are collected in a distributed fashion. It’s 

inefficient to gather all of the distributed streams to a 

central site before doing any query processing. It is 

even impossible to do so when the available network 

bandwidth is limited. Hence, there is a need to develop 

a bandwidth‐efficient approach to processing kNN 

queries among distributed streams.

  In this paper, we use a developed skylines method 
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Fig. 1. System Design

to study the problem of processing CKNN queries 

over distributed streams on wavelet synopses. The 

system model as shown in figure 1, consider 

multiple evolving streams as the input of the DSMS. 

The length of each stream is beyond the storage 

capacity of the main memory. To approximate the 

behavior each stream, a common approach is to 

transform the input data cells as wavelet coefficients 

and then retain the most representative ones. At the 

client side, we consider the fact that different users 

may be interested in different ranges, and allow the 

DSMS to process the queries according to the range 

of interest. Given a query stream, the goal is to find 

the k streams among all input streams with the 

highest similarities to query stream than other 

streams in the user‐defined time range. Searching 

for a better solution, we notice that summary 

sketches(wavelet synopses), instead of complete 

details, of the streams are usually maintained in a 

data streaming environment. In this paper, we 

developed skylines as a bandwidth‐efficient appro- 

ach to combine with our useful sliding window to 

discuss CKNN query problem over distributed 

streams environment by wavelet coefficients.

2. Related Work

  K‐nearest neighbors query is an important re-

search topic in a streaming environment [10, 11, 12, 

and 13]. In [11], the authors proposed to continuously 

retrieve the latest L points of a stream as a query 

pattern and then find its nearest neighbors form a 

time series database. Base on traditional indexing 

methods, the proposed scheme achieves efficient query 

response via perfecting. Searching nearest neighbors 

efficiently is also an important issue in a high‐di-

mensional database, which applies a spatial data 

structure (such as R‐tree) in searching exact nearest 

neighbors. And some other methods which the nearest 

neighbors are approximated within an error bound. In 

our proposed system, we not only consider the stream 

environment, and also support the spatial –temporal 

cases on moving objects which both queries and ob-

jects are changing online. And another useful design 

is that we consider the continuous queries from “now” 

or until “future” which always processes in main 

memory. Even for the “past” which gets the history 

data from disk and combine with real processing data 

of memory for processing the continuously queries 

from “past” to “future” in extended buffer space as 

shown in figure 1.

  Skyline computation has received considerable at-

tention in relational databases [14] and web in-

formation system [15, 16]. The skyline maintenance is 

performed by an in‐memory incremental algorithm, 

which discards records that cannot participate in the 

skyline until their expiration. However, recently, the 

database community witnessed a paradigm shift to 

query processing over continuous streams. The goal is 

to continuously report the qualifying records for long 
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(a) Non‐similar streams (b) Similar streams

Fig. 2. Similarity using a Sliding Window of Length W and Time Series t

standing queries in a real‐time manner. [17] Proposes 

methods for skyline monitoring over sliding windows. 

Generally, sliding window may be too large to fit in 

the main memory, so, we need algorithms that can 

summarize the underlying streams in concise, but rea-

sonably accurate, synopses that can be stored in the 

allotted amount of memory and can be used to provide 

approximate answer to user queries along with some 

reasonable guarantees on the quality of the appro- 

ximation. So, in this paper, we supply the skylines on 

the wavelet synopses to process CKNN queries over 

distributed streams as a time‐efficient approach.

3. CKNN Query over Distributed Streams

  The continuous k‐nearest neighbor (CKNN) query 

is an important type of query that finds continuously 

the k nearest objects to a query point. As shown in 

the figure 1, here CKNN query is to find the k 

streams among all distributed streams with the high-

est similarities to query stream than other streams in 

the user‐defined time range. A class of algorithms 

for stream processing focuses on the recent past of 

data streams by applying a sliding window on the da-

ta stream. In this way, only the last W values of each 

streaming time series is considered for query process-

ing, whereas older values are considered obsolete and 

they are not taken into account. As it is shown in fig-

ure 2, streams that are non‐similar for a window of 

length W left, may be similar if the window is shifted 

in the time axis right.

3.1. Skylines for Wavelet Synopses 

  In this paper, we study skyline computation in 

stream systems that consider only the tuples that ar-

rived in a sliding window covering the W most recent 

timestamps, where W is a system parameter called 

the window length. But for the wavelet decomposition, 

we divided the sliding window into some small sub 

which most for aggregate process as a synopsis. And 

we only count the tuples which stored in each sub‐

window over synopses, and find the most similarity 

streams by using skylines compare with all sub‐win-

dows in synopses over distributed streams. An exam-

ple as shows in figure 3, (s2, s3……) considered as 

some distributed streams, and we use the sum func-

tion in each sub‐window as aggregated process over 

synopses, and the x‐ axis shows the time series by 

timestamps.

  By the general skylines used in sliding window, the 

steams always begin with the first slide until them 

expire, but exactly for base on wavelet synopses 

processing, the example aggregate sum always be 

changed by time series going (here sum means the 

count distance with query count). So, how we pro-

posed a developed skylines method which we called 

DR‐Skylines to fit in this kind of data structure. For 

example CKNN query “Continuously to find the most 

2 similar ports with port1 by count of coming tourists 

in Inchon by ships.” Here, first we can always get the 

query stream from port1. At the same time, some oth-

er streams data can be compared with query stream 

by real time, and make a coordinate axis such as fig-

ure 3. The y‐axis means the distance counts compare 

with test query, and x‐axis means the timestamp for 

each sub‐window over wavelet synopses. The 2NN 
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(a) (b)

Fig. 3. Multiple‐streams over Sub‐windows (a) and 2‐skyband Results (b)

set at time 0 is {s2,s3}. When s3 expires at time 3, it 

is replaced by s4. At time 5, s4 is replaced by s5 be-

cause of low distance contrast. By this approach, we 

can get several time series tuples by each timestamp 

to calculate the final results by the probability table 

which is most time to retain in the 2NN sets. (The 2

‐skyband results as shown in figure 3.)

3.2. DR‐Skylines Algorithm 

  Our proposed DR‐Skylines algorithm as follows:

4. Conclusions 

  For a kNN query, the DSMS will the k most 

streams that have more similar patterns than others to 

a given pattern contained in a query stream. 

Compared to kNN query processing in traditional da-

tabases, stream‐based kNN query processing is much 

more challenging. So, in this paper, we discussed the 

problem of continuous kNN monitoring over dis-

tributed streams wavelet synopses, which also consid-

ered sliding window structure under stream‐based 

kNN query. We developed traditional skylines techni-

ques which called DR‐skylines method to process 

CKNN queries as a bandwidth‐efficient approach. It 

tries to process CKNN queries on synopses for opti-

mized sliding window time and space computation.

  In future work, we intend to extend our research on 

discussing about moving objects based on sensor net-

works, also for spatial –temporal applications. And 

then, we will compare with proposed DR‐Skyline 

method to give a detailed discussion by evaluation.
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