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Abstract: A wireless sensor network (WSN) which is generally consisted of a few or several dozens or 
hundreds or even thousands, where each node just like an Agent is used widely to monitor some digital signal 
and analog parameters. When the quantity of wireless senor is becoming larger and larger, some sensors are 
included some zone or clique to work cooperatively. The aim of this paper is to turn the group technology in 
WSN into GAI models which can represent multi-objective combinatorial optimization problems and then 
construct a GAI tree with hypertree decompositions. GAI (generalized additive independence) is very important 
in decision making system because of interactions between attributes. The paper focuses on the construction of a 
GAI tree with hypergraph decompositions. We show how the GAI tree is constructed by an instance. More 
precisely, in Section 2, we introduce concepts and examples linked to the notion of GAI. In Section 3, we show 
how to construct a GAI tree with hypergraph decompositons. Finally, in Section 4, we point out some 
conclusions and interesting work in the future. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 

 

A wireless sensor network (WSN) is used widely 
to monitor some digital and analog parameters, such 
as digital input (DI), digital output (DO), and velocity, 
temperature, pressure, etc. Now, such networks are 
used in many industrial and domestic applications, 
such as data acquisition in oilfield, intelligent home 
or campus system, and so on. 

The WSN is generally consisted of a number of 
ranges nodes, where each node is connected to 
another sensor just like the adjacent Agent in 
multiagent system. Because of the capacity and 
consumption, one important question in WSN is 
resources allocation. Mostly, the topology structure 
determines the complex of allocation question. It is 
easy obviously in tree and polytree, but is 

complicated in a large star network even a mesh 
network or others without mathematical structures [1-
3].  

When the quantity of wireless senor is becoming 
larger and larger, some sensors are included some 
zone or clique to work cooperatively. And in these 
situations, some sensors could be included in 
different clique, that is, one single sensor can be 
contained in one clique or in the others 
simultaneously.  The group model in WSN is very 
similar to additive utility function and GAI 
(generalized additive independence) in artificial 
intelligence. When multiple Agents collaborate to 
work in the distributed artificial intelligence (AI) 
system, it exists in some case that the agent can be 
grouped into different alliance which is another hot 
topic in AI. 

http://www.sensorsportal.com/


Sensors & Transducers, Vol. , Issue , August 2014, pp. 1-1 

 2

Generally, in a multi-agents decision making 
system, the alternatives are often seen as 
multiattributes which consist a product set in 
attributes domains, the value system of each 
individual being encoded by a utility function defined 
on the multiattributes space and measuring the 
relative attractiveness of each tuple, we have to deal 
with several such utilities that must be optimized at 
the same time. Since individual utilities are generally 
not commensurate, it is always impossible to 
construct an overall utility that might override the 
fact task which may be a complicated multiobjective 
problem. Moreover, even when there is single one 
decision maker, several coupled attributes may be 
considered comprehensively in the preference 
dealing, in which he has to solve them with several 
criteria. All these questions have leaded to the 
emergence of multicriteria ways for preference 
handling model and human decision making system 
[4]. The typical question is turned into the 
generalized additive independence which is different 
to utility function additively. 

The aim of this paper is to turn the group 
technology in WSN into GAI models which can   
represent multi-objective combinatorial optimization 
problems and then construct a GAI tree with 
hypertree decompositions. More precisely, in Section 
2, we introduce concepts and examples linked to the 
notion of GAI. In Section 3, we show how to 
construct a GAI tree with hypergraph 
decompositions. Finally, in Section 4, we get some 
conclusions and a bit topic of future work. 

 
 

2. GAI 
 
2.1. Utility Theory 
 

The principle behind utility theory is quite simple: 
The preferences the decision maker on every object is 
a factor number, in which that the higher the number, 
the preferred the object. The decision maker 
expresses her preferences by a certain number of 
values in a set of attributes. This is a trivial task for 
computing machines when comparing objects 
equivalent to comparing their associated even big 
numbers.  

For instance, when we hope to buy a car, the 
comparison will certainly be based on brand, price, 
color, level of class, and so on. So each car can be 

represented as a tuple (price, brand, color, etc). The 
objects can thus be represented as tuples of levels of 
satisfaction of attributes, and modeling the decision 
maker's preferences on these objects with quantity 
number or qualitative express. 

Suppose that there are 5 attributes and that each 
one has 10 levels of satisfactions, then the outcome 
set is an 105 9765625  element set, and storing the 
utility function into memory, up to 9765625 bytes (or 
words) may be needed. 

If, on the other hand, the utility function can be 
separated as follows:  

1 1 1( ,..., ) ( ) ... ( )n n nf x x f x f x     

Then storing each ( )i if x  requires only 10 bytes, 

and the whole utility is stored in at most 50 bytes, 
which seems to be a reasonable amount for 
computational machines. Such a utility function 
which can be represented by several separable utility 
functions is called an additive utility function. 

Advantage of additive utility function lies in the 
computing machine: utility function with additives is 
very simple mathematical numbers or functions in 
common and therefore they can be usually computed 
very quickly, especially when the parallel computing 
manner is used. 

Unfortunately, not all utility functions can be 
added separately, as shown in the below instance:  

Suppose that we have to choose between meat 
and fish for today's and tomorrow's lunch. Then: 

We may have a preference relation much like the 
following: 

(fish today,meat tomorrow)>(meat today,fish tom
orrow) >(fish today,fish tomorrow) 
>(meat today,meat  tomorrow). 

In such case, the attributes are not independent. 
And indeed, what we prefer to eating tomorrow is 
conditioned by what we eat today. This question is 
described by CP-NETS which we omit in this paper 
because of the length. 

The natural idea is to decompose the utility of a 
tuple into a sum of smaller utility factors. 
Generalizations have thus been proposed in the 
literature to significantly increase the descriptive 
power of additive utilities. Among them, GAI 
decompositions [3, 4] allow general interactions 
between attributes while preserving some 
decomposability. GAI decomposable utilities can be 
compiled into graphical structures closely related to 
junction tree [5].  
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Fig. 1. A GAI tree. 
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2.2. Formulation of GAI 
 

Definition 1. GAI network. Let 1X n
i iX  . 

Let 1Z ,...Z N={1,... }r n .Let 1( ) ( )r
i i iu x u xz    

for all Xx . Then a GAI network representing 

( )u  is an undirected graph ( , )G V E , satisfying 

the following two properties: 
1) 

1
{ ,..., }Z ZrV X X ; 

2). For every ( , }
iZ ZjX X E , Z Zi j   . For every 

pair of nodes ,
iZ ZjX X  such that Z Z =Ti j ij   , 

there exists a path in G linking 
iZX and ZjX such that 

all of its nodes contain all the indices of Tij . Nodes 

of V are called cliques. Every edge ( , }
iZ ZjX X E  is 

labeled by Tij Zi ZjX X   and is called a separator. 

Cliques are drawn as ellipses and separators are 
drawn as rectangles respectively.  

For instance, a GAI network can be represented 
by the following: 

 

1 2 3( , , , , ) ( , ) ( , , ) ( , )u a b c d e u a b u b c d u c e  
 

 
 
2.3. From WSN to GAI 
 

The WSN linking communications instance is 
given in figure 2. For a WSN (where each 
communication link has various antennas), assign a 
frequency to each antenna in such a way that all 
antennas may operate together without noticeable 
interference. 

 
 

 
 

Fig. 2. A WSN with GAI.  
 
 
The question can be described as following. 
Variables: one for each antenna 
Domains: the set of available frequencies 
Constraints: the ones referring to the antennas in 

the same communication link. 
The question is how we can get a GAI tree? 
 
 
 

3. Hypergraph 
 

3.1. Hypergraph and Hypertree 
 

Treewidth is a measure of the degree of cyclicity 
of a graph. Many problems which are NP or NP-
complete can become polynomial or tractable 
because of its bounded treewidth.  

The structure of a large number of problems is, 
however, more generally described by a hypergraph 
than by a graph. And, a few of typical NP-complete 
problems turn into tractable ones if they are limited 
to in case of acyclic hypergraphs.  

In some particular condition, a case in point of 
hypergraph width should satisfy both of the 
following criteria: relevant hypergraph-based 
problems should be solvable in polynomial time with 
bounded width k and whether in polynomial time it 
should be possible to produce an associated 
decomposition of width k of the given hypergraph [6, 
7]. 

In order to be accepted easily, the concept of tree 
decomposition is given at first. A tree decomposition 
of a graph G = (V, E) is a pair <T, L>, where T = (N, 
F ) is a tree, and L is a labeling function assigning to 

each vertex p ∈ N a set of vertices L(p) ⊆ V , 

satisfied:  
      (1) for each v ∈V, there exists p ∈ N such that v 

∈ L(p);  
 (2) for each e ∈ E, there exists p ∈ N such that e 

⊆ L(p);  

     (3) for each vertex b of G, the set {p ∈ N | b ∈ 
L(p)},   

which induces a connected subtree of T. 
Definition 2. A hypergraph is a 

pair ( ( ), ( ))H V H E H , consisting of three parts, 

which is an actual set V(H) of vertices, a set E(H) of 
subsets of V(H), and the hyperedges of H 
respectively. 

Definition 3. A tree decomposition of a 
hypergraph H is a tuple ( , )T x , where 

( ( ), ( ))T V H E H  is a tree and ( ): ( ) 2V Hx V H   is 

a function that linking a set of vertices ( ) ( )x t V H  

to each vertex t of T  which is a decomposition tree, 
such that for each ( )e E H  there is a node 

( )t V H such that ( )e x t  and for each ( )v V H , 

the set { ( ) | ( )}t V H v x t   is connected in T. 

The figure 3 shows a hypergraph contrast to a 
general graph. 
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Fig. 3. A graph (Left) and a hypergraph (Right). 
 
 

Theorem 1. Deciding whether a hypergraph H has 
k-bounded hypertree-width is in LOGCFL. 

Proof. LOGCFL consists of all decision problems 
that are logspace reducible to a context-free language. 
Greibach’s hardest context-free language [8] is a 
typical LOGCFL problem. There are a lot of science 
problems known as LOGCFL-complete [9-11]. The 
relationship between LOGCFL and other famous 
computing complexity is showed in the following list: 

AC0 NC1 LOGCFL  AC1 NC2 P NP 
In the above mentioned, ACi and NCi are uniform 

categories in log space based on the homologous 
types of binary digital circuits, P is polynomial time, 
and NP is famous to computing science which is 
nondeterministic polynomial time. The detail about 
them can be seen in reference [12]. LOGCFL coincides 
with the category of all decision problems recognized by 

ATMs operating simultaneously in tree-size (1)( )OO n  and 

space (log )O n . 
 
 

3.2. Hypergraph Decompositions 
 

At first, the paper gives the sufficient of 
hypergraph decompositions.  

Deciding Acyclicity of Hypergraph Can be done 
in linear time by Reduction manners like as GYO- 
Reduction 

Input: Hypergraph H  
Method: Apply the following three rules as long 

as possible:  
(1) Contain in at most one hyperedge by 

eliminating vertices;  
(2) Eliminate hyperedges that are empty; 
(3) Contain the vertices in other hyperedges. 
Theorem 2. H is acyclic iff the corresponding 

hypergraph is empty. 
Proof: A hypergraph is acyclic iff it has a join 

tree. A join tree JT(H) for a hypergraph H is a tree 
which vertices are the cliques in the body of H such 
that whenever the variable X occurs in two cliques C1 

and C2, then C1 and C2 are connected in JT(H), and X 
occurs in each clique on the unique edge connecting  
C1 and C2. That is, the set of nodes in which X occurs 
induces a connected polytree of JT(H). This 
condition is called in this paper as the Connectedness 
Condition of join trees. 

Considering leaves of join tree is easily 
understood. 

The below shows an algorithm connected with 

treewidth k. 
 

k-bounded treewidth ALGORITHM 
Input: A hypergraph ( ( ), ( ))H V H E H . 

Output: If H is k-bounded treewidth, execute  
k-decompositions. 

 

Procedure k-decompositions (VR:Vertices-set, 
R:Hyperedges-set ) 
 

Begin 
1) Selected randomly a set which has max k elements; 
2) The following condition should be satisfied in (1): 

2.1) ( )RE edges V  , 0( )E R S   ; 

2.2) 0( ) RS V   . 

3) If (2) is not satisfied, Then reject;  
Else 
C is the whole component in S0. 

: { ( )}C V H  . 

4) For each C   , k-decompositions 
End 

 

From the algorithm, we can get tree 
decomposition. 

In the following section, the algorithm is applied 
to get a GAI tree. 

 
 

4. An Instance of GAI with Hypergraph 
 

With the concepts and instances of hypergraph, 
we can get a GAI tree. 

With k-bounded treewidth algorithm hypertree 
decomposition, the hypergraph in figure 4 can be 
transformed into figure 5. 
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Fig. 4. An instance of hypergraph. 
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Fig. 5. An instance of hypergraph decompositions. 
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The graph in figure 5 is just like the GAI tree in 
figure 1 as well. 

 
 

5. Conclusions and Future Research 
 
In this paper, WSN, GAI and hypergraph is 

organized together to solve the group problem in 
WSN. GAI is a useful model in artificial intelligence 
and utility theory. Hypergraph is beyond general 
graph and used to deal with sophisocated graph with 
mesh constructure. In this paper, we get a  
conjunction point and transform the hypergraph in 
WSN into a GAI tree with an instance. The method is 
simple and novel. 

We believe that hypertree decompositions and 
hypertree-width are interesting concepts will deserve 
further investigations. The following problems are of 
more specially: (1) Are there other hypergraph 
invariants and associated decompositions that 
strongly generalize hypertree-width? (2) Can we find 
a deterministic algorithm for computing a k-width 
hypertree decomposition whose worst case? (3) Is it 
possible to find some heuristic method for computing 
better hypertree decompositions for an over-
whelmingly large number of realistic instance 
stemming from various applications? 
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