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Abstract. In the environment of distribute data stream systems, the available communica-
tion bandwidth is a bottleneck resource. It is significant to reduce the communication 
overhead as possible for improving the availability of communication bandwidth with the 
constraint of the precision of queries. In this paper, we propose a new method for transfer-
ring data streams in distributed data stream systems, named as compound-data streams. 
The idea is that raw data streams are grouped and merged into compound-data streams, 
and then compound-data streams, instead of raw data streams, are transferred to the central 
processor node. By this way, the communication overhead can be reduced greatly. 

1   Introduction 

In many recent application systems, data takes the form of continuous data streams, rather 
than finite stored data sets. Examples include stock ticks in financial applications, performance 
measurement in network monitoring and traffic management, log records or click-streams in 
Web tracking and personalization, data feeds from sensor applications, network packets and 
messages in firewall-based security, call detail records in telecommunications, and so on. 

The technique of processing distributed data streams has attracted the researchers in commu-
nity of database [12,16,17,21]. In the environment of distributed data stream systems, the distrib-
uted remote data source nodes produce and collect data, and transfer the data to the central proc-
essor node with the form of stream. Furthermore, the central processor node deals with the 
queries and returns the answers to users. The data stream from the remote data source nodes can 
be denoted as an unlimited set with the model of <r, t>, which we call as Single-Data streaMs 
(SDM) in this paper, where r denotes a tuple and t denotes a timestamp which is determined by 
the time when r enters the data stream system or when the remote data source node produces r 
[26]. In distributed data stream systems, the available communication bandwidth becomes a bot-
tleneck resource [12]. In addition, the electric energy, sensors used to transmit data, is also a bot-
tleneck resource in the application of wireless sensor network [19,20]. So, one issue of process-

 



ing distributed data streams is how to reduce the size of transferred data as possible with the con-
straint of the precision of queries, in order to save the communication cost or the electric energy 
of sensors. At present, there are two kinds of solutions. One solution is discarding a portion of 
data, which should be transferred to the central processor node, by installing filters at remote data 
source nodes [12]. The other solution is pushing some operations down to the remote data source 
nodes to run [19]. However, both two solutions have drawbacks. 

(1) The first method can�t support ad-hoc queries in real-time, because the remote data source 
nodes only transmit the data satisfying the queries, e.g. A≥10. If a new ad-hoc query need access 
all the data of the recent time, the central processor node can�t give the answer since the data sat-
isfying the condition of A<10 is absent.  

(2) The second method restricts the sharing of querying-results since the operations pushed 
down to the remote data source nodes may be complex. Moreover, some operations, such as 
JOIN, can�t be pushed down to remote data source nodes to run, and the raw data streams still 
need to be transferred to the central processor node, so that it causes the redundant data during 
the transferring  

In a word, the previous work on distributed data streams focuses on single-data stream, and 
the efficiency of method is dependent on the category of queries. Thus, we consider drawing out 
a common operation from all kinds of queries and pushing it down to the remote data source to 
run, so that it can not only overcome the drawback of above methods, but also reduce the com-
munication overhead. 

We propose a new method to transfer the data streams in the environment of distributed data 
stream systems, named as Compound-Data streaMs (CDM). The main idea is transferring 
CDM to the central processor node, while items in SDM are grouped and merged into items in 
CDM at the remote nodes. Following is the advantage of transferring CDM instead of SDM. (1) 
Since one item in CDM has replaced several items in SDM, the communication cost is reduced.  

(2) In the application of wireless sensor network, the electric energy, which the sensor needs 
to transmit the data, can be saved. (3) Since CDM is the partial result of processing SDM, the 
load of the central processor node can be reduced when dealing with CDM.  

The contribution of this paper can be described as follows: 
(1) We give the definition of CDM and define the operations on it. 
(2) We present the join and aggregation algorithm based on CDM.  
(3) Some special issues about the generation of CDM are discussed, including the span of 

CDM, the delay of queries, etc. 
The remainder of this paper is organized as follows: Section 2 describes the model of distrib-

uted data stream system based on CDM. The querying algorithms over CDM are studied in Sec-
tion 3. Section 4 discusses some special issues about the generation of CDM. Section 5 presents 
related work. Finally, Section 6 concludes the paper. 

  



2   Model of Distributed Data Stream System 

2.1   Compound-Data Streams 

An item in SDM with the model of <r, t> consists of a tuple r and a timestamp t, where r 
contains p dimension-attributes and q measure-attributes, denoted by D1,..,Dp and M1,�,Mq re-
spectively. However, an item in CDM consists of a tuple, deviation range, time interval and 
volume. 

Definition 1. Suppose R is a set of items in SDM and R={<ri,ti>| ri.Dk=r i+1.Dk=vk ∧ ti≤ti+1 ∧ 
1≤i<n ∧ 1≤k≤p}, then all items in R can be merged into an item in Compound-Data streaMs 
(CDM) with the model of < z, Dev, N, V >, denoted by s. Following explains the content of s in 
detail. 

(a) z=(v1,�, vp, u1,�,uq), ui=AVG{rk.Mi|1≤k≤n}; 
(b) Dev={(minVi, maxVi) |1≤i≤q} describes the boundary of deviation of measure-attributes, 

where minVi=max{ui−rk.Mi | 1≤k≤n} and maxVi=max{rk.Mi − ui | 1≤k≤n}; 
(c) N=[t1, tn] describes a time interval, where N.b=t1 and N.e=tn. Meanwhile, we call the value 

of N.e−N.b as the span of s, denoted by |N|;  
(d) V=n is the volume of s, which describes the number of items in SDM absorbed by s. 
For easy to discuss, we assume p=q=1 in remainder of this paper. Meanwhile, we denote the 

dimension-attribute and the measure-attribute of ri

 in SDM as ri.D and ri.M respectively. We 

also denote the dimension-attribute, the measure-attribute, the time interval and the deviation�s 
bound of si in CDM as si.D, si.M, si.N, si.maxV, si.minV respectively. When there is no confusion, 
above symbols can be simplified as Di, Mi, Ni, maxVi and minVi respectively. 

From Definition 1, we can know that the aggregation of items in SDM absorbed by an item s 
in CDM can be evaluated without any error based on the content of s. Suppose R is the set of 
items in SDM absorbed by s, then SUM(R)=s.M×s.V, COUNT(R)=s.V, AVG(R)=s.M, 
MAX(R)=s.M+s.maxV and MIN(R)=s.M−s.minV. 

2.2   Precision-Metrics of CDM 

Since each item in CDM is generated through several items in SDM, some precision-metrics 
of CDM are needed to evaluate the performance of this process. The span and the volume of 
CDM can be regarded as two explicit precision-metrics, which explain the valid time range and 

                                                                      
 When no confusion, the item <r,t> in SDM can be denoted by r and the item <s,Dev,N,V> in CDM can be denoted by s. 

  



the number of items in SDM absorbed by the item in CDM respectively. In addition, the fol-
lowing is another two precision-metrics which character the deviation degree from different as-
pects between the average and the values of measure-attributes of items in SDM absorbed by the 
item in CDM.  

Definition 2. Suppose s=<r, Dev, N, V> is an item in CDM, then the value of max{s.minV, 
s.maxV} / s.M is called as the Convergent- Degree of s, denoted by s.η. 

The Convergent-Degree describes the maximum deviation from the value of items in SDM 
absorbed by the item in CDM to their average. Meanwhile, Convergent-Degree can be used to 
adjust the precision of queries (see section 3.4). 

2.3   Our Model of Distributed Data Stream System 
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Fig. 1. The model of distributed data stream system 

Figure 1 illustrates our model of distributed data stream system based on CDM. There are 
three kinds of processing nodes, including the central processor node, relay nodes and remote 
data source nodes. Remote data source nodes produce or collect items in SDM, and transfer 
SDM to relay nodes. While receiving SDM, the relay nodes group and merge the SDM into 
CDM, and transmit CDM to the central processor node. The central processor node deals with 
user�s queries and returns the answers.  

Based on the system load and the requirement of queries, the controller on the central proc-
essor node sends the control messages to relay nodes. Meanwhile, the relay nodes adjust the pa-
rameters of CDM in light of these control messages in order to reduce the communication over-
head and improve the precision of queries as possible. 

From Definition 1, we know that CDM can be regarded as the results of subsection 
Group-AVG operation over SDM. Actually, the effect of transferring CDM to the central proc-
essor node corresponds with that of the central processor node pushing a common operation (i.e. 
Group-AVG operation) of all queries down to the relay nodes for long running, only that the 
former method can provide more abundant information to the central processor node. 

  



3   Generating and Querying CDM 

3.1   Generating CDM 

The relay nodes control the process of generating CDM based on the parameters of control 
messages such as the Convergent-Degree η0 and the maximum span Tu, etc., which can be de-
scribed as follows: While the relay nodes receiving SDM from remote data source nodes, they 
divide SDM into groups (called as branch-groups) in terms of dimension-attributes and make 
each branch-group absorb as much as items in SDM. With the constraint of parameters of con-
trol messages, the relay nodes transform each branch-group into an item in CDM with the 
maximum volume. After transmitting an item in CDM to the central processor node, the relay 
node restarts the next proceeding of the corresponding branch-group. Following is the algorithm 
of generating CDM on relay nodes. 
Algorithm  Generating_Compound_Stream : 
Input: SDM, parameters such as η0 and Tu. 
Output: CDM. 
(1) WHILE ( Receiving a new item r in SDM ) 
(2) Evaluate the value of dimension-attribute of r, then find the corresponding 

branch-group Gi and the item zi in CDM; 
(3)   On the basis of zi, transform Gi∪{r} into an new item s in CDM; 
(4)      IF ( s.η>η0  OR  OR  |s.N|>Tu ) 
(5)    Transmit zi to the central processor node; /*since zi is of maximum volume */ 
(6)    Clean and set Gi := {r}, then generate a new item zi in CDM through Gi; 
(7)      ELSE 
(8)           Gi :=Gi∪{r}, zi:=s, 
(9)   END IF 
(10) END WHILE                                                           

In the above algorithm, the time complexity of clauses (2)~(9) is O(d), and the space com-
plexity is also O(d), where d is the number of branch-groups. Thus, we can conclude that when d 
is not large, the resource expense is low during generating CDM. Furthermore, in the application 
of wireless sensor network, sensors are capable of generating CDM with limited memory and 
energy resource. 

  



3.2   SPJ Operations of CDM 

In spite of CDM �s infinity, the operations of CDM can still be restricted within a valid time 
interval. 

Definition 3.(Select Operation, Project Operation) Suppose R={<ri, Dev(r)
i, N(r)

i, V 

(r)
i>|1≤i≤n}, O∈{σ, ∏}, Nq is the valid time interval of O, P is the predicts or the projected attrib-

utes of O, then OP(R)={<sk, Devk, Nk, Vk>| sk=OP(rk), Devk=Dev (r)
k, Nk=N(r)

k∩Nq, Vk= 
V(r)

k⋅|Nk|/|N(r)
k|, <rk, Dev (r)

k, N(r)
k, V (r)

k>∈R}. 
Definition 4.(Join Operation) Suppose R={<ri,Dev(r)

i,N(r)
i,V(r)

i> | 1≤ i≤n} and 
S={<si,Dev(r)

i,N(s)
i,V(s)

i>| 1≤i≤m}, then R  S={<tk, Devk, Nk, Vk> | tk=ri   sj, Devk=Dev(r)
i∪Dev(s)

j, 
Nk=[ max{N(r)

i.b, N(s)
j.b}, max{N(r)

i.e, N(s)
j.e} ], Vk=V(r)

i⋅V (s)
j, <ri, Dev(r)

i, N(r)
i, V (r)

i>∈R, <sj, Dev (s)
j, 

N(s)
j, V (s)

j>∈S}. 
Suppose V is the average volume of CDM, CS and CC are the time cost of operations of SDM 

and CDM respectively, then we can know CC (σ)/CS(σ)=1/V, CC (∏)/ CS(∏)=1/V, CC (  )/ 
CS(  )=1/V2. 

3.3   Join Algorithm of CDM 

At present, most of join algorithms of data streams are based on sliding windows [2,3,4,23] 
and are divided into two classes. One is based on the idea of Nested-Loop (denoted by NLJoin), 
and the other is based on the idea of Hash (denoted by HJoin). The join process over sliding 
windows is separated into three phases [23]: inserting an item, probing and joining items, inva-
liding items. 

Suppose A and B are two sliding windows which preserve the recent arrival of items in 
CDM. Each sliding window is corresponding to a data stream. Then, the process of A  B can be 
described as follows.  

(1) Inserting an item: When a new item s in CDM arrives, NLJoin algorithms insert s into A 
(or B) directly. However, HJoin algorithms should evaluate the hash-value of joining attribute of 
s, then insert s into the corresponding bucket of A (or B). The time complexity of this process is 
both O(1). 

(2) Probing and joining items: After a new item s in CDM is inserted into A (or B), the items 
in B (or A) should be probed and joined with s, then the join-results are output based Definition 
4. In this process, NLJoin algorithms need scan all items in B (or A) and the time complexity is 
O(n). However, HJoin algorithms only scan the item in one bucket of B (or A) and the time 
complexity is O(n/B), where B is the number of buckets.  

(3) Invaliding items: Suppose T is the valid time interval of the sliding window, then the con-
dition of invaliding the item <s,Dev, N, V> is that Now−T>N.e holds, where Now is the current 
system clock. In spite that both immediate-invalid strategy and timing-invalid strategy can be 

  



used to invalid the items in CDM, all items in sliding windows should be scanned. The time 
complexity is O(n). 

3.4   Aggregation of CDM 

CDM supports all kinds of standard aggregation including SUM, COUNT, AVG, MAX and 
MIN. For each aggregation, we can evaluate the results and the precision of aggregation based 
on the content of items in CDM. Suppose Nq is the valid time interval of aggregation, R={<si, 
Devi, Ni, Vi > | Nq∩Ni≠φ ∧ 1≤i≤n} is the set of items in CDM satisfying the condition of aggrega-
tion. Then, during the central processor node dealing with the aggregation of CDM, each time 
interval Ni of the item si in R should be compared with Nq. If Ni⊆Nq holds, we can obtain the ag-
gregate result of items in SDM absorbed by si without any error. Otherwise, i.e. Nq∩Ni≠Ni, we 
should use the content of si to estimate the aggregate result of items in SDM covered by the time 
subinterval Nq∩Ni. In light of the relation between Nq and the time interval of si, the set R can be 
divided into two subset of R1 and R2, where R1={<si, Devi, Ni, Vi > | Ni⊆Nq ∧ 1≤i≤n }, R2={<si, 
Devi, Ni, Vi > | Nq∩Ni≠Ni ∧ 1≤i≤n }, R1∪R2=R and R1∩R2=φ. 

The aggregation on R can be defined as follows: 

(1) SUM(R)= ∑ ∈ ∩××+∑ ∈ × 2 ||/..1 .. Ris NNNVsMsRis VsMs iiqiiii . 

(2) COUNT(R)= ∑ ∈ ∩×+∑ ∈ 2 ||/.1 . Ris NNNVsRis Vs iiqii . 

(3) AVG(R)=SUM(R)/COUNT(R). 
(4) MAX(R)=max{max{si.M+si.maxV|si∈R1},max{si.M|si∈R2}}. 
(5) MIN(R)=min{min{si.M−si.minV | si∈R1}, min{si.M | si∈R2}}. 

4   Adjusting the Precision-metrics of CDM 

Relay nodes transfers CDM, instead of SDM, can reduce communication cost, which is in-
fluenced by the value of precision- metrics of CDM. When the value of precision-metrics be-
come larger, the data size transferred to the central processor node is reduced more. However, 
the value of precision-metrics can�t be large enough, otherwise, not only the precision of queries 
on the central processor node descends, but also it causes much delay of queries� responding 
time. Thus, it is critical for relay nodes to adjust the value of precision-metrics of CDM reasona-
bly based on the status of the system. 

There are several factors impacting upon the setting of precision-metrics of CDM, including 
queries� tolerable delay of responding time, the constraint of queries� precision, the available 

  



bandwidth of network, etc. In this section, we will discuss the adjustment of precision-metrics 
based on these factors. 

4.1   Span of CDM and Tolerable Delay of Queries 

Suppose {<ri,ti>| ti≤ti+1 ∧ 1≤i<n} is the set of items in SDM absorbed by the item s in CDM, 
then the span of s is T=tn−t1. Based on Generating_Compound_Stream algorithm, we know that 
the relay node transmits s to the central processor node only after it has received the item <rn,tn> 
in SDM. Without considering the time cost of transferring s, the delay of transferring the infor-
mation of the item <r1,t1> in SDM to the central processor node is tn−t1. In the same way, we can 
know that transferring the information of the item <ri,ti> in SDM to the central processor node 
can cause the delay of tn−ti. Therefore, when an item in CDM with the span of T is transferred to 
the central processor node, it will cause the internal maximum delay of T. 

Since the delay of transferring data could impact upon the precision and correctness of que-
ries, the central processor node should be capable of dealing with the problem of delay. Thereby, 
based on the requirement of queries, the central processor node should determine a maximum 
tolerable delay τ, which is sent to relay nodes by the controller. Then, relay nodes will adjust the 
span T of items in CDM with the constraint of T≤τ.. On the other hand, the central processor 
node may also predict the future items based on the arrived items to deal with queries.  

4.2   Span of CDM and Available Bandwidth 

The limited bandwidth resource determines that there is the low bound of the span of items in 
CDM. Suppose B is the available bandwidth and ω is the number of relay nodes, then, the 
maximum data size transmitted by each relay node in unit time is B/ω. For any relay node i, 
suppose Li is the number of branch-groups, αi is the size of each item in CDM and Ti is the span, 
then we should have the constraint of αi⋅Li/Ti≤B/ω in order to avoid the jam in network. There-
fore, the low bound of the span Ti of CDM is αi⋅Li⋅ω/B. 

5   Related Work 

There is a good survey about issues of data streams in [5,6]. Several famous projects have at-
tracted many researchers on data streams, such as STREAM [7], Telegraph [8,9], Aurora [10] 
projects. STREAM is a general data stream management system, which focuses on issues about 
query language and precise semantics of stream queries [5], about scheduling the operators [11], 
and about management of resources [7]. Telegraph [13] can deal with the streaming data adap-
tively. Aurora [10] schedules the operators and controls the flow direction of streaming data 

  



among the operators with the model of work flow system, so that it can optimally utilize the re-
source and enhance QoS [10,14,15]. [1,2,3,4] discuss how to improve the efficiency and preci-
sion of queries. However, above work was limited to processing data streams on single proces-
sor.  

The research about distributed data stream systems has risen and wireless sensor network can 
be regarded as a special application environment of distributed data stream systems. [16] de-
scribes some method to processing the distributed data streams in Aurora*. [12] studies the 
problem of saving the bandwidth in distributed data steam system through adjusting the filters on 
the remote data sources. [17] discusses the issue of Top-K queries in the environment of distrib-
uted data stream systems. [18] presents an implement of data stream management system based 
on wireless sensor network. [19] discusses the problem of processing queries in wireless sensor 
network. [20] studies how to deal with acquisitional-queries in TinyDB. [21] gives some distrib-
uted stream algorithm and [22] studies the routing strategy of tuples among distributed opera-
tions. However, above work is based on SDM, and doesn�t consider the case of processing 
CDM. 

6   Conclusion and Future Work 

The main idea of this paper is to transfer CDM in network in order to reduce the communica-
tion overhead. We push the common operation (i.e. Group-AVG operation) down to remote 
nodes, which can reduce the communication cost greatly in distributed data steam systems. In 
future work, we expect to add more useful information into CDM and find more efficient com-
mon operations pushed down to remote nodes, so that the precision of queries is improved and 
the communication overhead is reduced greatly.  
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