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Abstract—This study describes a novel technique of using 

cellular automata for congestion control in wireless LANs 
(WLANs).  Our approach relies on cooperation between 
central nodes in WLANs, covering the same geographical 
area. Such geographical areas, even in the scope of a single 
building, may be covered by several available wireless 
networks, supporting same or different WLAN standards over 
the same space. We propose a technique for congestion 
avoidance in such heterogeneous environments, based on the 
use of cellular automata (CA). When each mobile device 
attempts to join a wireless network, a decision is made by the 
central node, whether to accept the association attempt, or 
reject it, in accordance with the outcome of a CA execution. 
Our technique attempts to reach a social goal for a large 
number of WLANs of optimizing the use of central node 
resources. This technique is not applicable in ad hoc networks 
due to the inherent decentralization of resources.  
 

Index Terms — WLAN, congestion control, cellular 
automata, IEEE 802.11. 
  

I. INTRODUCTION 
 Wireless devices, supporting the IEEE 802.11 suit of 
standards (WiFi) are widely available today on the 
consumer market – personal digital organizers, laptop 
computers, tablet PCs, smartphones, etc. This trend leads to 
the development of supporting networks, worldwide. There 
are projects initiated to install Wireless LANs in big 
clusters and cover entire cities. Examples in the US are 
projects in the following cities: Grand Haven, Michigan, 
Grand Rapids, Michigan, Boston Main Street WiFi 
initiative, Massachusetts, Philadelphia, Pennsylvania, 
Tempe, Arizona, Dayton, Ohio, the initiated by GOOGLE 
Free City Wide WiFi in San Francisco, California. Other 
projects are initiated outside the US, such as in Amsterdam, 
Netherlands and Taipei, Taiwan. Over 300 cities have 
already had their city-wide WiFi LAN and the number 
keeps growing [10]. 

 In addition, 802.16 based wireless MAN projects are 
initiated for city wide wireless access coverage, such as the 
related city of Tokyo project [5]. Laptops and other mobile 
devices with integrated IEEE 802.16 (WiMAX) interfaces 
are expected to be widely available on the consumer market 
in the next few years. Dan Coombes, Motorola Networks 
senior vice-president, predicts that 10 million WiMAX 
laptops will ship in 2008. [7] 

 In parallel with IEEE 802.11 and IEEE 802.16 networks, 
there are 2G (e.g. EDGE) and 3G GSM and CDMA mobile 
phone data network protocols that consumers can use to 
access the Internet from smartphones. They are available in 
many non-urban and remote areas. Cell phone providers 
already allow users to choose between their own mobile 
phone network and an IEEE 802.11 hotspot to access the 
Internet, or to make phone calls. 

 Coverage by IEEE 802.16 based networks complements 
very well the widely available IEEE 802.11 based LANs. 
Metropolitan Area Networks, such as IEEE 802.16 are 
easier to build and maintain in areas, located outside main 
urban centers. Stationary mobile users, or users that are not 
in motion for the duration of the application session, have a 
variety of choices to decide, which of a number of available 
LANs or MANs to join.   

 For cell phone users who are mobile and roaming, e.g. 
traveling in a car, while accessing the Web, cell phone 
networks solve the handoff problem. There are existing 
IEEE 802.11 based techniques that provide continuous 
connectivity to a roaming client [9]. However, there are no 
widely deployed and efficient, transparent handoff 
solutions for wireless 802.11 networks [1], [4]. Existing 
networks require specially modified client software to be 
able to transfer TCP connections from one access point to 
the next. 
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Figure 1. IEEE 802.11b/g Coverage Map 
 

 In this study we investigate the problem of cooperation 
between central nodes in wireless local area networks 
(WLANs), covering the same geographical area. As shown in 
Figure 1, the same geographical area, even in the scope of a 
single building, may be covered by several available WLANs. 
Figure 1 depicts a single building layout with five available 
IEEE 802.11b/g access points, covering a joint area of over 
30,000 square feet. We propose a novel technique for 
congestion avoidance in such environments, based on cellular 
automata. When each mobile device attempts to join a 
WLAN, a decision will be made by the central node, whether 
to accept the join attempt, or reject it.  A cellular automaton is 
then executed to help in the decision making. 

 This paper is organized as follows. Section II provides an 
overview of the problem of congestion in some existing 
wireless network protocols. Section III presents the use of 
cellular automata for congestion control in large scale 
heterogeneous wireless networks environments, where several 
wireless standards and multitude of their instances are 
employed over the same geographical area. Section IV 
provides a summary of this study and outlines future work 
directions. 

II. CONGESTION IN WIRELESS NETWORKS 
 Traffic congestion in a large system of several nearby 
positioned WLANs is an interesting problem, since resources 
in   wireless  networks  are  limited,    leading    to     degraded  

performance of existing traffic congestion techniques for 
wired networks.  
 
 The performance of the various protocol layers has been 
shown before to be affected by congestion. In wireless 
networks, both the lossy nature of the channel and congestion 
contribute to degraded performance, however there are 
existing algorithms based techniques to help distinguish 
congestion from wireless network losses [3]. Reactive 
optimization techniques to improve the performance of IEEE 
802.11 protocol by adjusting frame sizes have been 
introduced, and studied before [6], [8]. The effect of 
congestion on frames transmission time, when frames are sent 
over channels supporting different data rates have been 
theoretically analyzed before [2]. The results in [2] are also 
confirmed in [11]. Metrics to estimate congestion levels are 
discussed and proposed in [11]. Link reliability and channel 
utilization (measured as busy-time) along with network 
throughput can be used to detect congestion.    
 
 We propose a proactive traffic congestion alleviation 
technique for infrastructure based (as opposed to ad hoc) 
wireless networks that relies on cooperation between central 
nodes (access points) and estimation of current congestion 
levels. Our technique can also be used when bit error rates are 
high, since it is threshold based and the threshold value is 
estimated by tracking channel utilization and network 
throughput, as well as bit error rates.  

III. CELLULAR AUTOMATA USED FOR CONGESTION 
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CONTROL IN LARGE SCALE HETEROGENEOUS 
WIRELESS NETWORKS 

 Let A be a finite set, called the set of states. We denote with 
d , 0>d  the dimension of the cellular automaton. The finite 

set dN Ζ⊆ , where dΖ  is a −d dimensional integer 
lattice, is used to specify the local neighborhood of the 
cellular automaton. For dv Ζ∈  we will denote Nv +  the set 

}|{ NjjvNv ∈+=+ .  

 If 2=d  and },...,1,0,1,...,{ rrN −−= then for Ζ∈v  

we have that Nv +  is the set of all elements in 2Ζ  which 
are on distance at most r  from v  (in this case the distance of 

),( ji and )','( ji   is the |}'||,'max{| jjii −− .  

 In general, for a dimension d  if 

},...,1,0|),...,{( 1 djriiiN jd =≤≤= and dZv ∈  we 

have that Nv +  is the set of elements in dZ  which are on 

distance at most r  from v . The neighborhood N  is called 
−d dimensional neighborhood of radius r . It is a square box 

with side 12 +r  centered at the origin. In the case of  
1=r and 2=d , the −2 dimensional neighborhood of 

radius 1 is called the Moore neighborhood. Or, a cell and its 
eight immediate neighbor cells form a 3 × 3 cell square,          
N = {{ − 1, − 1},{0, − 1},{1, − 1},{ − 1,0},{0,0},{ + 1,0},      
{ − 1, + 1},{0, + 1},{1, + 1}}. These relative cell positions 
can be viewed as the directions on the compass, respective of 
order:   N = {NW, N, NE, W, Center, E, SW, S, SE}. 
 
 A global configuration is an assignment of a state to each 

element of dZ , i.e. it is a function from dZ to A and is 
denoted with one of the Greek letters. If M is a subset of 

dZ and α  is a global configuration, then Mα  is the 
restriction of α  on the index set M . The set of global 

configurations will be denoted with }.:{ AZ d →=Γ α  A 
local function (also known as local dynamics function) is a 

function }: AAl N → . 
 
 Definition: (cellular automaton [12]) A cellular automaton 
(CA) is a four-tuple },,,( lNdA , where A is a finite set of 

states and d  is the dimension, N  is a finite subset of 
dZ called the neighborhood and AAl N →:  is the local 

function. The global function of the cellular automaton is  
Γ→Γ=lG  defined with )())(( Nvvl lG += αα . 

 The Convay’s Game of Life is a two-dimensional CA, 
where the neighborhood N is the Moore’s neighborhood and 
the set of states is }1,0{=A , two states: dead or alive 
(graphically representing two colors used to color cells, gray 
and white in Figure 2.). The local function is defined with 

AAl N →:  with 1)( =wl , if w contains three 1’s, not in 
{0,0} position (i.e. the cell becomes alive (state of 1) if there 
are three live cells surrounding it). Also, 1)( =wl  if w 
contains two 1’s not in position {0,0} and  0)( =wl in the 
other cases, that is, the cell becomes dead (state of 0) if there 
is not enough life environment  (only one or no cell in the 
neighborhood is alive) or if it is overcrowded (more than three 
live cells surrounding it).  

  

 

             

 

 

 

a)  Still “life form” examples 

 

 

        

 

 

b)  Oscillating “life form” examples 

                 

 

 

 

 

c)  “Glider” – “life form” examples 

 

Figure 2.  Some Initial Game of Life Configuration Patterns 
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We can think of the automaton being iterated, that is, its local 
function computed over some initial configuration and then 
re-executed over the resulting configurations, until some 
halting condition is met.  After the automaton is iterated and 
the halting condition is met, the last global configuration is 
examined, that is, it is computed whether all cells have died 
out completely, alive cells formed a stable population, 
oscillate, or the “live population” is growing forever.  For 
some initial configurations (e.g., square 2 × 2 , see Figure 2), 
there is no change in consecutive iterations outcome, but other 
configurations die (e.g., a 3 × 3  square dies in three 
iterations). Some game of life configurations result in dying 
out patterns, where all live cells – both from the initial 
configuration and later “born” become dead after a finite 
number of iterations. Other starting patterns do not “die out”, 
but become either stable figures or patterns that oscillate 
forever in a closed loop, see Figure 2.  The reader is referred 
to [12] for more detailed presentation of CA. 

Cellular automata have already been applied in real-time 
transportation traffic congestion simulations. Wireless 
network congestion control is aimed to solve a different 
problem. Unlike transportation traffic, wireless network traffic 
congestion is not estimated with a unit of space occupancy 
metric. It can be defined as load at the wireless routers or 
access points.  

  
    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 3. 802.11 WLAN cells model 

We use the game of life (a two-dimensional cellular 
automaton) idea to model the network topology across 

multiple WLANS as dZ , where 2=d . In such system  
each cell can be represented as a WLAN with certain 
transmission power and receive sensitivity. We will assume 
that two immediate neighbors are reachable form each other, 
that is, have sufficient levels of transmission power and 
receive sensitivity to support a full duplex communication link 
(See Figure 3).  Figure 4 depicts how immediate neighbors are 
modeled to form the Moore’s neighborhood.    

 
If channel utilization and throughput in a WLAN exceed a 

threshold value (e.g., caused by too much traffic at an access 
point, or signal degradation (high bit error rates) caused by 
natural phenomena such as rain), we say that the cell becomes 
alive. If a new mobile node attempts to associate with this 
base station the cellular automaton is executed with some 
initial configuration, reflecting the state of all cells in the 
network topology. If such execution of the initial 
configuration results in a pattern that grows forever, the 
association request is declined.  

 
  
 
 
 
I = number of rows; 
J = number of columns; 
 
alive      = TRUE; 
dead       = FALSE; 
cell[I,J]      = dead; 
neighbor[I,J]  = dead; 
update_matrix[I,J] = update from neighbor APs; 
 
for (i=1 to I)  
  for (j= 1  to J) // initialize configuration 
 { 
   if update_matrix(i,j)==alive;  
  cell(i,j)=alive; 
 } 
while (halting condition not met)  
{ 
for (i=1 to I) // begin iteration 
  for (j= 1  to J) // for each cell 
 { 
  count = 0; 
  position=0; 
  for( position = 1 to 8) // for each neighbor 
   if (neighbor[position] == alive) 
    count++; 
   
  if (cell(i,j) == alive) 
   if !( (count == 2)||(count == 3) ) 
    cell(i,j) == dead; 
   
  else // cell is dead 
   if (count == 3) 
    cell(i,j) == alive; 
   
 } // end iteration 

} // end execution 

 
 
Figure 4.  WLAN Congestion Avoidance Algorithm 
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 The social goal is to reduce the total number of cells 
becoming alive (or base stations with performance problems) 
in the future.  This is an attempt to predict (by executing the 
cellular automaton) if the traffic contributed from this new 
station will result in “global” network congestion, affecting 
more than one WLAN. It is hence necessary to share status 
information between neighbor access points.  In this manner 
cellular automata can be used to improve aggregate network 
performance without having to introduce any changes to 
existing protocols at the wireless workstations.   

 
The basic algorithm for implementing congestion control  

for each WLAN association request is presented in Figure 4.  
The halting condition in the pseudocode of Figure 3 is a union 
of the following cases:  
- all cells die; 
- system stable (oscillating pattern or still configuration); 
- system unstable after some threshold reaching iteration step. 

 One of the interesting observations about the Game of Life 
CA is that implementing a fairly simple local function can be 
used to model quite complex global behavior. The time 
complexity of the above algorithm is )( JIO × . Note that the 
complexity required to keep track and check if the halting 
condition is met is no worse than the above. Hence, we expect 
that a software implementation will be feasible in terms of 
added processing delay at the time of workstation association 
even in citywide WLAN cluster layouts.  

IV. SUMMARY AND FUTURE WORK 

 This study describes a novel technique of using cellular 
automata for congestion control in WLANs.  Our approach 
relies on cooperation between central nodes in WLANs, 
covering the same geographical area. Such geographical areas, 
even in the scope of a single building, may be covered by 
several available wireless networks, supporting same or 
different layers 1 and 2 protocols over the same space. We 
propose a technique for congestion avoidance in such 
heterogeneous environments, based on the use of cellular 
automata. When each mobile device attempts to join a 
wireless network, a decision is made by the central node, 
whether to accept the association attempt, or reject it. A 
cellular automaton is executed to support the decision making. 
Our technique attempts to reach a social goal for a large 
number of WLANs of optimizing the use of central node 
resources. This technique is not applicable in ad hoc networks 
due to the inherent decentralization of resources. The time 
complexity of the proposed basic algorithm for implementing 
congestion control  in a group of WLANs depends on the 
number of cooperating WLANs. 
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