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Abstract: 

At present the electronic industry consists of chips with many gates and finally a mult i-core system. The performance of the chip 

design varies with regard to the modification in its bus configuration. The communication architecture of a chip has a signif icant 

role in deciding the capability of the chip. For some customized NoC, the communication requirements among IP cores usu ally 

make the loads on the input unbalanced. The bus utilized in  the chip platform requires an arbit ration process since multiple 

components connected to it can act as master and initiate an operation. Using the dynamic weight arbiter we can avoid starvat ion 

among the masters and decrements the average packet delay by modifying the weight in each direction corresponding to the 

blockage. When the congestion is suspended, arbiter has the ability to gain its previous weight in every direction.  
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I. INTRODUCTION 

NoC technology is often called a “front-end solution to a 

back end problem”. As semiconductor transistor dimensions 

shrink and increasing amounts of IP block functions are 

added to the chip, the physical infrastructure that carries  

data on the chip and the quality of service which was 

certainity begins to crumble. Fast growing automatic design 

technology and manufacture process of semiconductor and 

market demand for min iaturizat ion of electronic systems , 

leads to different functional systems put into one chip called 

system-on-chip. Tradit ional bus based communication  

architecture has been proved to be a bottleneck that limits 

the scalability, reuseability and reliab ility of future system-

on-chip. Networks-on-chip (NoC) has been proposed as a 

new communication concept that satisfies requirement of 

the future SoC. NoC provides technologies for generic on-

chip interconnection network realized by routers which  

connects processing elements (PEs) such as ASICs, FPGAs, 

memories and IP cores. 

 

Table I: Summarizes the advantages of NoC over tradit ional 

buses. 

CRITERIA  BUS NOC 

Max Frequency 250 MHz > 750 MHz 

Peak Throughput 
9 GB/s (more if 

wider bus) 
100 GB/s 

System Throughput 
5 GB/s (more if 

wider bus) 
100 GB/s 

Average arbitration 

latency 

42 Cycles  

@250MHz 

2 Cycles 

@250MHz 

 

Regular tile based Network-on- 

Chip (NoC) arch itecture was recently proposed to mitigate 

these complex on-chip communicat ion problems. A chip 

consist of a grid of regular tiles where each tile can be a 

general-purpose processor, a DSP, a memory subsystem etc. 

A router is embedded within each tile  with the objective of 

connecting to its neighbouring tiles. Thus, instead of routing 

design-specific global on-chip wires, the inter-tile  

communicat ion can be achieved by routing packets. Three 

key concepts come together to make this tile based 

architecture very promising: 1) structured wire networking  

2) modularity 3) standard interfaces. Thus, instead of 

routing design-specific global on-chip wires, the inter-tile  

communicat ion can be achieved by routing packets. Hence 

with the increasing number of system components in SoC 

design, it becomes that an efficient arbiter is one of the most 

critical factors for high system performance. The design of 

an efficient arbiter in NoC should be as follows: 1) avoid  

starvation problem 2) decrease the average packet delay in 

NoC 3) reduce the requirement for the buffer resource and 

consume as little resource. An arbiter will prevent collision  

of data being accessed and maintain requests in order to 

ensure that memory are  holding accurate data. In this paper 

we propose dynamic weight arbiter in order to resolve the 

conflict and to ensure that only one block is accessing the 

resource. Lottery arbiter runs slower because of the complex 

logic. A look-up table is proposed by including a wider 

range of values so that we can reduce the computation 

time.This paper organizes as follows: section 2 describes 

related works for arbiters in on-chip networks; section 3 

describes details of the proposed arbiter, section 4 gives 

simulation and comparison results. Finally, conclusions are 

made in section 5. 

 

II. ARBITRATION METHODOLOGIES  

Arbitration plays a crucial role in determining performance 

of bus- based system, as it assign priorities with which  

processor is granted the access to the shared communication  

resources. A system has a shared resource such as a bus or 

memory using which various devices may communicate  

upon a request being granted by an arbiter. The main  

objective of arb itration algorithm is to ensure that only one 

master has access to the bus at any given time, all the other 

masters are forced to remain in the idle state until they are 

granted the use of the bus. Concurrent requests at a slave are 

resolved using a simple arbtier. However simple arb itration  
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lead to poor performance. Hence, it is necessary to 

judiciously select communication architecture that best suits 

or optimally suits the communication traffic generated for 

particular application. An arbiter would typically employ a 

scheduling algorithm to decide which one on several 

requestors should be serviced. The arbitration procedures 

are  

1. Fixed priority algorithm  

2. Round robin algorithm  

3. Dynamic priority algorithm 

Static priority is a common scheduling mechanis m on most 

common buses where the master with the highest priority  

will be serviced. Though it’s simple to implement and have 

small area cost, the master with low prio rity will not have 

access to the resources when the higher priority one’s 

request frequently. In the case of round robin arbitration, 

time slices are assigned to each process in equal proportions 

and in circular order where each person takes an equal share 

of something in turn. A process run until it blocks 

terminates or uses up it’s time slice. Also we experience a 

high overhead due to frequent context switches and a larger 

wait ing time and response time. In fixed priority arbitration  

and round robin algorithm there is no provision to adjust the 

priority of the requests during run time. In dynamic prio rity  

arbitration, the default priorities of the requestors  can be 

changed during the run time. 

 

2.1 RELATED WORKS  

In [9], Jingcao et.al argues that the appropriate routing 

technique for NoCs should be deterministic deadlock-free 

and routing of packets should be along the shortest path. 

Along the same lines, in [6] the performance of SoC is 

improved using the probabilistic round robin algorithm with  

regard to the parameter, latency. In [2], Shashidhar et.al 

designed a simple RR arb iter with the latency of the wire 

delay really small. Arbitration is a combination of 2 

schemes i.e TDMA arbitration scheme allocates time slots 

to various masters. If a master does not have any data to 

transfer during its time slot, a 2
nd

 level RRscheme selects 

another master to grant bus access. This enables better 

utilizat ion of the bus. The conventional bus arbitration 

algorithm such as the static fixed priority and the round 

robin show several defects that are bus starvation and low 

system performance because of bus distribution latency in a 

bus cycle time. In [8], dynamic lottery bus arbiter 

architecture based on a probability bus distribution 

algorithm uses an adaptive ticket value method. Wang[7] 

improved the lottery arbiter and presented a dynamic lottery 

arbiter. The dynamic lottery arbiter detected the loads of 

input ports in every clock cycle and adjusted the priority of 

each input port dynamically, then authorizes one input ports 

to transfer data based on lottery algorithm. The proposed 

arbiter did not work efficiently under the uniform traffic. 

Even under non-uniform traffics, some heavy-load input 

ports might always occupy the out-put ports which caused 

starvation problem. Zhisheng et.al[1] improved the lottery 

arbiter and presented a dynamic weight arbiter. The arbiter 

presented in this paper was able to adjust the weight of each 

direction with respect to congestion situation. 

 

III. DES IGN OF DYNAMIC WEIGHT ARBITER  

3.1 BAS ED ON LOTTERY ARCHITECTURE 

Let the set of bus masters be C1, C2, C3, C4, C5 who are 

requesting in E, W, S, N and L directions respectively. Let  

the number of tickets held by each master be t1, t2, t3, t4, t5 

respectively. At any bus cycle, let the set of pending bus 

access requests be represented by a set of Boolean variables 

r1, r2, r3, r4, r5 where ri=1, if the component Ci has a 

pending request and ri=0, otherwise. 

The master to be granted is chosen in a pseudo-random way, 

favouring components with large number of tickets. The 

probability of granting component Ci is given by 

      
     

      
 
   

 

 
Figure.1: Illustration of a request and ticket to a lottery 

manager. 

Figure.1 shows an example where three out of five bus 

masters have contending requests, with the tickets in the 

ratio 1:2:5. For this request map and ticket holding 

combination, the lottery based approach should result in 

P(C1)=0.06, P(C2)=0.13, P(C3)=0, P(C4)=0, P(C5)=0.33. We 

can generalize that component 5 will get the bus access. 

To make an arbitration decision, the lottery manager 

examines the number of “active” t ickets or the number of 

tickets in possession of the set of components that have 

pending requests. So the active tickets are g iven by      
   

  . Random number generator will then generate a pseudo-

random number (or picks a winning “ticket”) from the range 

[0,      
 
   ] to determine which component to grant the 

bus. When the random number is  between [0,r1t1), (r1t1 is the 

threshold of direction E and [0,r1t1) is the response interval 

of direction E), the arbiter will respond the request of 

direction E; when the random number is between 

[r1t1,r1t1+r2t2), (r1t1+r2t2 is the threshold of direction W and 

[r1t1, r1t1+r2t2) is the response interval of direction W), the 

arbiter will respond the request of direction W. When the 

random number is between [r1t1+r2t2, r1t1+r2t2+r3t3), 

(r1t1+r2t2++r3t3 is the threshold of direction S and [r1t1, 

r1t1+r2t2+r3t3) is the response interval of direction S), the 

arbiter will respond the request of direction S. When the 

random number is between [      
   
          

 
   ), 

(      
 
    is the threshold of direction i). The component 

with the largest number of tickets occupies the largest 

fraction of the total range and is consequently the most 

likely candidate to receive the grant, provided the random 

number are uniformly  distributed over the interval 

[0,      
 
   ]. 

 
Figure.2: Design of an arbiter using lottery algorithm 

For example, if the number of total lotteries is 32, weights 

of each direction are 1:2:3:4:5. When the request of each 

direction is r1r2r3r4r5=11001, the lottery number direction of 

E, W, L are 4,8,20, where [0, 4) is the response interval of 
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direction E, [4, 12) is the response interval of direction W, 

[12, 32) is the response interval of d irection L. If the random 

number is 14, it will respond the request of direction L. If 

the random number is 6, it will respond the request of 

direction E.  But it is difficu lt to make the pre-set weight of 

each direction completely consistent with the actual traffic 

features. Therefore, when the weight of each direction is not 

coincided with the actual congestion situation, the arbiter 

must be able to adjust the weight flexibly. The dynamic 

weight arb iter can adjust the weight of each d irection  

according to the congestion situation. The congestion is 

considered in the dynamic weight arbiter, the weight of 

congested directions is increased according to the original 

priority, and when the congestion is dismissed, the arbiter 

recovers the pre-set weight of each direction. Consider the 

following example, where the arb iter detects the state of 

FIFO to judge congestion situation of each direction. When 

the N
th

 direction is blocked, the dynamic arb iter changes the 

weight of N to 5 by exchanging the weight of N with the 

weight of L. It means that the weight of E,W, S, N, L is 

1:4:2:5:3. If the E,W, S, N, L are all blocked, the weight of 

E,W, S, N, L will be same as before i.e 1:2:3:4:5.  The 

disadvantage of the dynamic lottery bus design is that if the 

pseudo-random number is greater than the total ticket value 

none of the masters will get the grant signal. Distribution of 

random number is not uniform for which strict uniform 

distribution should be desired.  

 

3.2 FUNCTIONALITY OF DYNAMIC WEIGHT 

ARBITER.  

The dynamic allocator detects the state of each directions of 

FIFO in real time through decoding unit and the decoding 

result of the FIFOs state is recorded in a 15-bit flag register. 

Then the allocation unit generates some control signal which  

controls the allocator of each direction’s weight according to 

the flag register and sends the control signals to the look-up 

table. 

 
Figure.3: Implementation of a dynamic weight arbiter  

In the modified look-up table we pre-compute all the 

potential ranges of tickets  owned in each directions to avoid 

the extra time in calculating the ranges at run time. The 

masters from 5 directions will indicate to the look-up table 

which one has the pending requests. For example, 

r1r2r3r4r5=10110 implies E, S and N have pending requests.  

The arbiter requires a random number which is uniformly  

distributed in the range [0,        
 
   ]. Random numbers  

can be efficiently generated using a linear feedback register 

(LFSR). The comparator is used to compare the random 

number with respond range of each direction and the 

selector determines to respond which direction according to 

the compared result. 

 

IV. SIMULATION AND COMPARISON RES ULTS  

The simulat ion result of arbiter with lottery algorithm using 

ModelSim (software) is shown in figure 4. The master bus 

sends a request to arbiter to access the bus; if the bus is free 

to access then it sends a grant signal back to the master. 

Thus, the requesting and the grant signal will be high and 

the rest will be in the idle state (among five master buses 

four will be in idle state). Here in figure 5 we have the 

dynamic arbiter which can produce similar result except that 

the computation becomes far easier using the look-up table 

design. 

 

 
Figure.4: Simulation result of lottery bus architecture. 

 

 
Figure.5: Simulation result of modified dynamic weight 

arbiter 

The arbiter module displayes in the above figure showcases 

the inputs which are given externally and the corresponging 

grant to the master device. The arbiter with lottery algorithm 

has a delay of 23.125ns, while the arbiter with LUT will 

have 9.039ns delay.  

 
Figure.6: Top module of the arb iter 

Finally, the modified arbiter will generate a much lesser 

delay of 6.606ns. 

Table II: Device ut ilization summary  

LOGIC 

UTILIZATIO

N 

US E

D 

AVAILABL

E 

UTILIZATIO

N 

Number of 

Slices 

358 4656 7% 

Number of 

Slice FlipFlops 

25 9312 0% 

Number of 4 

input LUTs 

633 9312 6% 

Number of 

bonded IOBs 

28 190 14% 

Number of 

GCLKs  

2 24 8% 

 

V. CONCLUS ION 

Complex system may require some requests to overtake 

others. An arbiter is needed to resolve the conflicts and to 
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ensure that only one block is accessing the resource. 

Arbiters are commonly used in queueing structure of 

communicat ion and computing design. The dynamic prio rity  

arbiter enables the priorities of the requesters to be changed 

during the arbiter operation allowing different parameters 

such as congestions, waiting time, data size etc.... to affect  

the requester’s priority. In case of unbalanced 

communicat ion between mult i-cores, the use of dynamic 

weight arbiter can effectively improve the performance of 

networks-on-chip. The performance of the system mainly  

depends upon the design of the communication architecture. 

Thus, we can conclude that the dynamic weight arbiter can 

improve the communication performance of NoC.  
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