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Abstract: 

On-chip communication architecture plays a significant role in determining the overall performance of the system on chip (SoC) design. 

This paper presents a modified arbiter architecture based on fuzzy logic for a system on chip design. The arbitration plays an important 

role in determining the overall performance of bus distribution based system. When two or more than two masters generate the request 

signal to access the bus at the same time, arbiter manages the situat ion using previous information of requested and granted master, 

fuzzy arbitration scheme. This paper proposed a new modified technique for implementation of modified fuzzy logic in the system 

arbiter along with dynamic lottery scheme which results in removing bus starvation and contention problem. This architecture also 

solves the problem when two or more then two master has same acceptance rate by using dynamic lottery scheme.  The design is 

modeled in Verilog HDL and some of simulation results of modelsim simulator are presented. 

 

Index Terms: Bus Arbiter, Fuzzy logic System-on-chip (SoC), Verilog HDL 

 

I. INTRODUCTION 

Performance in multicore shared bus embedded controller can be 

measure by the factor that, how effectively the sharing resources 

can be utilized.  In the resource sharing mechanism of SoC 

(integration of homogeneous and heterogeneous components 

together), the communication architecture should be flexible, so 

that it can provide performance over a wide range, The principle 

characteristics of multiprocessor system is the ability of each 

processor to share a set of main memory modules, peripheral 

modules and possibly input out devices. Common bus in SoC is 

shared by the multiple master cores and also acting as a channel 

between master core and slave core (peripherals). Therefore 

shared bus is used by SoC bus architectures should be designed 

in such a way to manage access to the bus, which are 

implemented in bus arbiter. An arbiter is a main component on the 

shared bus that uses certain algorithm to determine which master 

gains access to the bus, if more than one masters requesting to 

access the bus at the same time. The arbitration scheme that 

decides which master gains access to the bus. Bus arbitration 

mechanism is utilized to make sure that only one master has the 

control of access to the bus at a time. To achieve the best 

performance, bus should be designed to minimize the time 

required for request handling, arbitration addressing, so that most  

bus cycles are used for useful data transfer operations. The 

arbitration plays a crucial role in determining the performance of 

bus based system as it assigns the priorities with which 

processor is granted the access to the shared communication 

resources In this paper, modified fuzzy logic based arbitration 

scheme is discussed to remove the problem of contention and 

starvation. 

 

II. FUZZY LOGIC 

Fuzzy logic had already proved to be an innovative and 

successful design methodology in certain key areas of embedded 

systems. Typical “fuzzy goods” which have been particularly 

successful include control systems in air conditioners; washing 

machines, cameras and camcorders integrate an auto focusing 

mechanism, video cassette recorders and audio systems. The 

basic concept of fuzzy sets is a generalization of the   crisp set. 

The crisp set is defined in such a way as to intersect the 

individuals in few given universe of discourse into two groups: 

members   and nonmembers A sharp, unambiguous difference 

exists between the members and nonmembers of the class 

represented by the crisp set.[1] A fuzzy set can be determined 

mathematically by allowing to each possible individual in the 

universe of discourse a value gives its grade of membership in 

the fuzzy set. The characteristic function of a crisp set assigns a 

value of either 1 or 0 to each individual in the universal set, 

thereby discriminating between members and nonmembers of the 

crisp Set under consideration.[1] This function can be generalized 

such that the values assigned to the elements of the universal set 

fall within a specified range and indicate the membership grade of 

these elements in the set of question. Larger values denote higher 

degree of set membership.[1] Such a function is called a 

Membership function and the set defined by it a fuzzy set. 

 

Let X denotes a universal set. Then, the membership function fa 

by which fuzzy set is usually defined has the form: 

 

fa: X          [0,1] 

Where [0,1]  indicate the interval of real numbers from 0 to 1, 

inclusive.[1] 

 

III. METHODOLOGY 

 

In the multiprocessor system the processor and peripheral are 

connected to the same bus as per shown in Figure 1. The shared 

bus may consist of data bus, address bus and control bus. All 

these buses are controlled by fuzzy logic arbiter. Master 

connected is independent processor having their individual 
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structure and buses. Fuzzy logic arbiter (FLA) will allot the shared 

bus according to the master request. Master request may be 

signal at a time or there may be multiple requests at a time. If there 

a single master request then FLA will allot the bus to the 

requested master subject to condition that bus should be free. If 

FLA received multiple request then bus allocation will be as per 

fuzzy logic and rule base. The parameters considered for control 

are acceptance rate of the request raised by processors. The 

entire membership function can be partitioned into three 

segments: 0, 1 and 2 as shown in 

 

Figure. 1. The Y-axis indicates the degree of membership (μ) as a 

value between 0 and 1.The X-axis indicate the universe of 

discourse and is divided into three segments. Figure 2 shows 

how triangular input membership functions are formed in the 

Fuzzification process... 

 

 
Figure.1. Membership Functions 

 

Acceptance Rate calculation 

 

Acceptance rate for individual processor can be determined as 

the ratio of master request accepted with the master requested.  

Acceptance rate can be estimated as follows. 

 

  
 

Where AARi is the acceptation rate for ith processor,Pi.accept is 

number of request accepted by FLA and Pi.nreq is total master 

request to FLA. For implementation, it will have two inputs 

namely request and grant, output as Acceptance rate which is a 

8- bit crisp value. 

 

IV. FUZZIFICATION OF INPUTS 

 

The inputs in this case are chosen to be the current acceptance 

rate of each processor. The input is a crisp numerical value 

restricted to the universe of discourse which is in this case. The 

three membership functions were defined for each input; low, 

medium, and high, shown in figure 2  

 

 
Figure.2. Membership Functions for each processor 

 

V. RULE BASE DESIGN 

 

Once the inputs have been fuzzified, we know the amount up to 

which each part of the earlier has been satisfied for each rule. A 

set of rules have been defined for a fuzzy arbiter. The listing of 

the rules for a four input system is given bellow, where AP1, AP2, 

AP3 and AP4 are the current acceptance rates of input processor 

0,1, 2 & 3 respectively. The output is the processor selected 

(I0,I1, I2 & I3). The rules have been chosen in such a way as to 

increase the acceptance rate of all processors, by selecting the 

lowest acceptance rate processor.  

Shows block diagram of the rule base module. 

 

Table-1 
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VI. PREVIOUS ARBITATION SCHEME 

Problems in the previous fuzzy architecture is starvation and 

contention is created which had a adverse effect on shared bus 

system. This problem comes when two or more than two master 

acceptance rate is having same than only one master is getting a 

grant for continuous cycles and other are waiting to get the grant. 

 
Figure.3.fuzzy logic abriter 

   

VII. Modified Fuzzy Logic Arbiter 

In the proposed Architecture to overcome the problem of 

starvation and contention the dynamic lottery scheme used in 

fuzzy logic arbitration scheme. When two or more than master 

have same acceptance rate than in this case dynamic lottery 

scheme is used to resolve the problem. In this architecture enable 

signal is gated with clock signal to drive dynamic design and this 

will work only under the following rule list is  In the following 

architecture as shown in Fig. 4, the input to lottery manager are 

request and ticket of all masters, generated by ticket manager, in 

the architecture tickets will randomly generated by ticket manager 

and can take any arbitrary value which is not in the case of static 

one, where tickets are fixed. The rest of the architecture having 

comparison and random number generator hardware.  

 

 
Figure. 4. Modified Fuzzy logic architecture view 

 

 
Figure. 5. Dynamic lottery  bus arbiter architecture 

 

VIII. PERFORMANCE ANALYSIS 

 

The proposed architecture is modeled using Verilog. Fig. 5 shows 

Verilog result for a modified fuzzy logic. In the given illustration 

signals are shown for the request map1111 which indicates that 

all masters request to access of the communication bus. Basically, 

the proposed architecture is for very critical situation when all 

masters are requesting to access the bus then arbiter will use the 

lottery logic according to the proposed method for bus grant . 

Performance of the designed arbitration schemes has compared 

based on the parameters like acceptance rate of masters, average 

waiting time of masters, it is observed that the proposed arbiter 

gains improvement in overall performance. 

 
Figure.6. Simulation result of fuzzy logic arbitration scheme of 

grant and request count 
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Figure. 7.  Simulation result of fuzzy arbitration scheme 

 

 
Figure.8. Simulation result of modified fuzzy arbitration with 

enable signal scheme 

 

 
Figure. 9.  Simulation result of modified fuzzy arbitration 

scheme (grant, request count) 

 

IX. EXPERIMENTAL RESULTS 

 

In the modified fuzzy logic arbiter the problem of starvation and 

contention is removed 80% as shown in wave forms. In the 

previous fuzzy logic arbiter when all master generate the request 

for accessing the bus than only one master gets grant 

simultaneously. In proposed modified fuzzy logic the above 

maintained problem of distribution of grant   is resolved. 

 

X. CONCLUSION 

 

We presented a detailed analysis of the performance of proposed 

architecture and it is capable of getting over some of the 

shortcomings of previous techniques used in modern on chip bus  

architectures. In this proposed work to remove the drawback of 

FUZZY LOGIC BASED ALGORITHM by combining dynamic 

lottery method with the basic algorithm, that helps in reducing 

starvation and contention problem of masters .When all masters 

M0, M1, M2, M3 are request simultaneously to access the bus 

and if two or more than two master has same acceptance rate, 

then the modified fuzzy arbiter dynamically choose the one 

master for accessing the bus. 
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