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Abstract
Purpose — The join operations between data streams need more time and request more
energy than traditional joins. In wireless sensor networks, energy is a critical factor. The
survival of the network depends on this energy, thus it is necessary to consider, for this
type of queries in such networks, the reduction of the sensors’ energy consumption. While
works that have been done to treat n-way join operations between data streams are rare so
far, we propose a technique, named NSLSJ (N-way Stream Local Semi-Join) to perform
this type of join operations. The principal aim is to considerably reduce the consumed
energy.
Methodology/approach/design — The technique 'N-way Stream Local Semi-Join
(NSLSJ) proposed in this paper is based on an in-network execution, and on
filtering tuples strategy for an important gain in energy.
Findings — Compared to NSLJ and Sens-Join techniques, NSLSJ shows better
performances in the realized tests as it consumes less energy.

Keywords: Joins query, wireless sensor networks, query processing, communication cost.

Introduction

A wireless sensor network is a wireless network using sensors that are
characterized by their low cost, limited computing and storage capacity. Each
sensor records the captured data as a local data table. Local table records constitute
distributed tables; one table per type of records (Yao e Gehrke, 2003). Traditional
relational operators are used for querying these databases.
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Joins represent queries that are performed in wireless sensor networks by
applications that require data from several nodes. In general, joins use a lot of
energy. Joins on data streams need a lot more energy than joins on static tables.

Because data transmission consumes more energy than data processing in
the node (Zhao e Guibas, 2004), it is necessary to decrease the transmitted data
quantity during a join query to reduce the energy consumed by the sensors.
Thereby, our aim is to propose solutions for minimizing energy consumed during
a join execution, by reducing data transmission. Most of the existing techniques
in this area have essentially targeted binary joins. Works on n-way joins are very
rare.

We present in this paper an energy-efficient technique for n-way
join queries between data streams in sensor networks.

General features of join queries in wireless sensor networks

Definitions

Let us consider two tables R and S.

Join of R and S is a query that concatenates the tuples of R and those of S,
which verify a specified condition (join predicate). When the join predicate uses
the equality operator, the join query is called equijoin. In wireless sensors
networks, join queries are usually performed between two geographical regions.

An n-way join is the join performed between n tables, where n>2.

Semi-join of two tables R and S is the join performed between one of the
two tables and the projection on an attribute of the other table.

Joins implementations in wireless sensors networks

A join query can be executed at sink. The tuples of tables are previously
being transferred from nodes. This implementation is called extern-join.

A second implementation is when join query is executed at nodes in the
network. This is the in-network implementation.

The extern-join implementation introduces an excessive consumption of
energy due to the high amount of transmitted data. The in-network
implementation, by contrast, does not involve high energy consumption, as the
number of messages transmitted is reduced. It is the most efficient
implementation.

Join classes in the wireless sensors network

In wireless sensors network, a join query can be executed between sensors
of a unique region, or between sensors of multiples regions. In this last case join
query is more common and known as inter-region join.
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On the other hand, a join can be performed between static tables and is
called one execution join, or between streams of data, in a continuous way, and is
called continuous join. A continuous join that runs at regular intervals is said
periodic join.

Related works

With the first proposed techniques to execute join queries, in wireless
sensor networks, no filtering of data tuples is performed (Madden et al., 2003;
Yao e Gehrke, 2003; Bonfils e Bonnet, 2004; Abadi et al., 2005; Chowdhary e
Gupta, 2005; Pandit e Gupta, 2006; Mihaylov et al., 2008; 2010). The main
disadvantage is that the energy consumption is very high because of the large
number of transmitted messages.

However, with recent techniques, joins queries are executed based on
filtering tuples to eliminate records which do not participate in the result of the
join query. So, the consumed energy will be more reduced. These filtering
techniques have been designed mainly to deal with binary join queries (Coman e
Nascimento, 2007) (Yu et al., 2006) (Min et al., 2011) (Yang et al., 2007) (Stern
et al., 2010) (Lai et al., 2008) (Lai et al., 2010). Few works have considered n-
way join queries.

Stern and al. (Stern and al., 2009) proposed SENS-join, a technique to
process all join types: binary and n-way joins. The join query is executed at the
sink in several steps: First, the join attributes are transferred to the base station, in
order to determine a filter, which is later broadcast in the network. Each site
extracts the relevant tuples and transfers them to the sink, where finally the join
query is performed.

SENS-join introduces too high energy consumption because of the high
number of tuples to be transmitted to the well.

NLJ (N-way Local Join) (Djail et al., 2016b) and NLSJ (N-way Local
Semi-Join) (Djail et al., 2016a) are the techniques that we proposed to execute n-
way join queries between static tables.

NSLJ (N-way Stream Local Join) (Djail et al., 2018) is a suggested
technique to treat continuous n-way join queries in wireless sensors networks.
NSLJ performs a join query locally at each step No filtering process is used by
this technique, so its performances are bad.

For better efficiency in performing n-way join queries in wireless sensors
network, we propose a new technique which uses semi-join to filter no-
matching tuples. This technique is described in the following.
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N-way Stream Local SEMI-Join (NSLS]J) technique

NSLS]J principle

In this paper, we present N-way Stream Local Semi-Join (NSLSJ), a
technique to treat n-way join queries between data streams. Our aim is to
efficiently decrease the consumed energy.

With NSLSJ, we are interested in executing continuous inter-region joins
having syntax like this:

SELECT Sl.attributes, S2.attributes,...,Sn.attributes

FROM S1, 82, ..., Sn

WHERE predicate(S1) AND predicate(S2) ... AND predicate(Sn)

AND join-expression (S1.join-attributes , S2.join-attributes ,..., Sn.join-

attributes)

An example where this join type can be performed is the control of road
traffic through several transit regions. A query that we can write is:

SELECT V1.V_ld, V1.time, V2.time, V3.time

FROM  V1,V2,V3

WHERE (V1.time IN il) and (V2.time in i2) and (V3.time in i3) and

(V1V_Ild=V2.V_ld) and (V2. V_Id=V3. V_Id)

where:
- V1, V2, V3 are the relations (data streams)
- i1, i2 and i3 indicate the time ranges in which the vehicles crossed
regions 1, 2 and 3, respectively.
In this example, the query selects the Id of a vehicle (the same value in each table),
the times at which the vehicle passed in each region.

NSLSJ is based on in-network execution. Each join query is executed in a
succession of intermediate joins. Each of these sub-joins is performed in a
network node. The left linear trees technique was also adopted in order to define
the execution sequence of the intermediate joins (Steinbrunn et al., 1993). This
order of execution is more accurately determined by considering the geographical
positions of the participating regions at the join query, going from the first to the
last region, by selecting at each step the nearest zone as the next zone.

Since we consider joins between data streams, we have adopted the
principle of the 'distributed one-way stream join processed at destination'
technique, proposed in (Tran e Lee, 2010). This technique uses, at each execution,
tuples windows of every data stream. Each intermediate-join is performed at the
node receiving end result.
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The detailed description of NSLSJ technique indicates a three-phase
execution:

Phase 1.

Initially, the query is diffused by the sink to the root node of each region. A
location routing protocol such as GPSR : Greedy Perimeter Stateless Routing for
wireless networks (Karp e Kung, 2000) (Ratnasamy et al., 2002) is used to
guarantee the reception of the query message by the concerned nodes.
Additionally, each root node receives the tuples from the nodes of the region that
it represents. For this, we assume that each node knows its position and the
positions of its neighbors, by GPS : Global Positioning System or by localization
algorithms (Savvides et al., 2004).

Phase 2.

At the root node of each region, is maintained a window of tuples that were
received from other nodes of the region. The window is noted W; for the it node.
To avoid transmitting a projection of one tuple at every execution, we transmit to
i" region Si a projection noted K; of a set of tuples, noted Bii.

The following process is then performed:

A projection of Biy, Kiy, is transmitted by region S1 to S2. A semi-join is
performed between the current window and Kiz. The result W21= (Wa1 join Kiz)
is then sent to the S2 region. In this region, the join operation between W»; and
the window W2, maintained in this region is executed .

The projection of Biz (Kiz) received in this region, will be used to
determine the semi-join with the calculated result. The result of this semi-join is
forwarded to the S3 region. The process is repeated between each stream Si and
the following stream until the final result is determined at the last node Sn (Figure
1).

Phase 3.

The last result, at region Sn, is transmitted to the sink.

Sink

Wa-=Wop join Kz Wa-=(Way join Way) join Kys
G —

Kiz K
W,; is the window maintained at the region Si.
Kj; is the projection of the window W2i on the join attributes.

Figure 1 — N-way Stream local Semi-Join (NSLSJ) principle.
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NSLS]J example

We present in the following example an illustration of NSLSJ principle.
We consider a join query between tree streams.

Vehld Veh1. Veh2.

time Time

Vehld Time Speed 003 08 :45 09 :45
003 08 :45 82km/h . .

004 08 :50 70km/h ggg gg gg ?g gg
005 09 :05 76km/h - -

(3) W21'join W22

©

(2) W21'=W21 join Kiz

Vehld Time Speed Vehid Vehld Time Speed
001 08:10 | 80km/h 003 003 09 :45 | 80km/h
002 08 :30 | 75km/h 004 004 09:50 | 72km/h
003 08 :45 | 82km/h 005 005 10 :05 | 75km/h
004 08 :50 | 70km/h 006 006 10:10 | 82km/h
005 09:05 | 76km/h 007 007 10:15 | 85km/h

Wi (1) K21 Waz
@
Vehld | Veh1. | Veh2. Vehld | Veh1. | Veh2. | Veha.
time Time time Time time
004 08:50 | 09:50 004 08:50 | 09:50 | 11:10
005 09 :05 10 :05 005 09 :05 70.05 | 11:15
(5) Wz2'=(W2r' join Wz2) join K13 (6) W22'join W23
Vehld Vehid Time Speed
004 004 11:10 | 77km/h
005 005 11:15 75km/h
008 008 11:18 | 70km/h
009 009 11:22 | 80km/h
010 010 11:28 | 85km/h
(4) K3 Was

(b)

Vehld Veh1t. Veh2. Veh3.
time Time time

004 08 :50 09 :50 11:10

005 09 :05 70 .05 11:15

(7) Wz2" join W23

Vehld Veh1. Veh2. Veh3.

time Time time
@ 004 08 :50 09 :50 11:10
005 09 :05 70 .05 11:15

W22' join W23

©

Figure 2 — An example of NSLSJ execution.

DJAIL, B; HIDOUCI, W. K.; LOURINI, M. A filtering technique for n-way stream joins in wireless

sensors networks. Law, State and Telecommunications Review, Brasilia, v. 11, no. 1, p. 119-
132, May 2019. DOI: https://doi.org/10.26512/Istr.v11i1.24853



https://doi.org/10.26512/lstr.v11i1.24853

A filtering technique for n-way stream joins in wireless sensors networks (p. 119-132) 125

First, the join operation is executed between a stream region S1 and the
nearest stream region S2. This phase is executed in four steps (Figure 2 (2)):

Step 1: A projection Kiz of a set of S2 tuples is transmitted to the S1
region.

Step 2: A semi-join operation is performed between K1, and a window Wo;
maintained at the S1 stream region.

Step 3: The result of the semi-join operation Wy is forwarded to the S2
stream region.

Step 4: A join operation is accomplished between W21 and a window Wa,
of the S2 stream region.

In the second phase, the join operation is performed between the S2 stream
region and the S3 stream region. The same steps as the first phase is executed
(Figure 2 (b)).

At the end, the final result is forwarded to the sink. (Figure 2 (c)).

Performance analysis

Experiment environment
We accomplished our tests on the NS3 simulator.
We assumed the following:

a tuple size equals 40 bytes,

a column size equals 20 bytes,

a result tuple size equals 30 bytes,

a message size is similar to a tuple size.
We determined the communication following selectivity factors of the
intermediates joins in the ranges [10°,10%] and [10%, 10%]. The values of
selectivity factors are generated randomly.
Note that the selectivity factor of a join is the ratio of the tuples number of the join
result by the product of the tuples number of the first relation by that of the second
relation. The selectivity factor expresses the volume of the join result.

Two simulations were performed: one for 3 streams and another for 5
streams. In each simulation case, we compare our technique (NSLSJ) with our
previously proposed technique (NSLJ) and with the SENS-join technique. We
consider for this the number of transmitted messages as a measure of efficiency.
The best technique will present the low number of diffused messages during its
execution.
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Experiment results

With values of the range [10°, 10*] for selectivity factors, (Chart. 1 and
Chart. 2), ‘N-way Stream Local Semi-Join’ shows better performances than NSLJ
and SENS-join whether with 3 streams or 5 streams. The number of transmitted
messages is about 105 messages for NSLSJ, 102.5 for SENS-join and up to 120
for NSLJ during all the interval. Note that in this range, selectivity factors values
are very low; less than 10,

In the range [10%, 107%] of selectivity factors, (Chart. 3 and Chart. 4),
NSLSJ continues to offer the best performance, but not in the same way than the
previous range. With high values of selectivity factors, NSLSJ tend to decrease in
performance. SENS-join keeps the same performances for both selectivity factor
ranges.
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Discussion

For low values of selectivity factor, NSLSJ offers the best performance,
given that it executes in in-network to minimize the quantity of transmitted
messages to the sink and because, additionally, it uses the semi-join principle to
more filter tuples of concerned tables.

SENS-join performs less than NSLSJ since it executes join query at the
sink, whence it inducts a high energy consumption, because of the great quantity
of transmitted messages. The filters determined and used by SENS-join remain
insufficient.

For high values of selectivity factor, the two techniques show bad
performances. In this case, the best way is to execute extern-join.

Conclusion

In this paper, we presented NSLSJ, an energy-efficient technique for n-
way stream join execution.

In order to guarantee the best performance, NSLSJ use semi-join principle
to filter the tuples that participate to the join query, and then to reduce the number
of tuples transmitted during its execution. The in-network principle adopted
additionally permits decreasing the quantity of transmitted messages at each step
of the execution.

NSLSJ offers the more energy efficiency in comparison with SENS-join
in the case of low values of selectivity factor.
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In future works, we will try to adapt other solutions proposed for binary
joins in sensor networks (such as synopsis join (Yu et al., 2006)), in order to
further reduce the number of transmissions in the network and allow better gain
in sensors energy. We will also extend our solution to treat specific join queries.
Recent works in this domain are those of Mo and al. (Mo et al., 2014) for spatial
queries and Kang and al (Kang, 2015) for iceberg joins.
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