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Abstract- Anywhere in this world the resource is limited and the number of users is increasing day by day. Many systems 
exist in which a large number of requester must get access to a common resource. The common resource may be a shared 
memory, networking such as packet switching and other statistical multiplexing. Everyone wants access and no one wants to 
wait. As for limited channel capacity and limited capacity of the serving device, it is too hard to satisfy the subscribers in the 
conventional way. There comes the idea of resource sharing and giving access to the serving device. In this paper, we have 
proposed a method to design a round robin arbiter that can be implemented using  Verilog  code which can work with equal 
priority for giving users access path in a desired resource sharing. 
 
Index Terms - Arbitration, ASM,  Round-robin arbiter,  Test-Bencher, Xilinx, 
 
I. INTRODUCTION 
 
In computer systems it is often useful to have some 
resource  shared  by a  number  of  different  devices. 
Usually, the resource can be used by only one device 
at a time. When various devices need to use the 
resource,  they  have  to  request  to  do  so.  These 
requests are handled by an arbiter circuit. When there 
are two or more outstanding requests, the arbiter may 
use some priority scheme to choose one of them. An 
arbiter is a logical element serving to select the order 
of access to a shared resource. An arbiter would 
typically employ a  scheduling  algorithm  to  decide 
which one of several requests would be serviced. The 
round robin arbitration, in its basic form, is a simple 
time slice scheduling, allowing each requester a share 
of the time in accessing a memory or a limited 
processing resource in a circular order. The basic 
algorithm of round robin arbitration implies that once 
a requester has been serves he would “go around” to 
the end of the line and be the last  to be served again. 
The simplest form of a round robin arbiter is based on 
assignment of a fixed time slot per requester; this can 
be implemented using a circular counter. [4] For 
example, if the time  slot  is 100  milliseconds,  and 
device1 takes a total time of 250 ms to complete, the 
round-robin scheduler will suspend the device after 
100 ms  and give other jobs their time on the CPU.  

 
Fig.1: Round Robin Arbiter 

 
Once the other device has had their share, device1 
will get another allocation of CPU time and the cycle 
will repeat.   This   process   continues   until   the   

device finishes and needs no more time on the CPU. 
device1 
= Total time to complete 250 ms. First allocation = 
100 ms. Second allocation = 100 ms. 
 
Third allocation = 100 ms but device1 self-terminates 
after 50 ms. Total CPU time of device1 = 250 ms. [6] 
Round robin arbiters are typically used for arbitration 
for   shared   resources,   load   balancing,   queuing 
systems, and resource allocation. 
 
Any application requiring a minimal fairness where 
none of the requests is suffering from starvation is a 
valid application for a round robin arbiter. For more 
complicated applications of round robin arbitration, 
such as packet switching where a fixed time slice is 
used for each requester. 
 
Therefore,  there are several  flavors of round robin 
arbitration, each suited for a different application. 
Round-robin has been used as a fair (non-starvation) 
scheduling policy in many computer applications, 
either implemented in software as part of an 
operating system or in hardware, especially for real-
time applications. 
 
In this paper, we design a system that accepts data 
from  each  independent  device  and  arbitrate  which 
one is granted access to share resource at any one 
time. 
 
If more than one device request at the same time, 
access should be granted on the mechanism of the 
round robin arbiter with low delay. 
 
II. ARBITRATION PROCESS 
 
An arbitration unit that implements a round robin 
policy where each requesting device has an equal 
chance of accessing a shared resource based upon a 
current request  priority assigned  to that requesting 
device, wherein the arbitration unit includes at least a 
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state block that includes a plurality of state registers, 
including a first state register for a first pair of 
requesting  devices,  a  second  state  register  for  a 
second pair of requesting devices, and a third state 
register for a third pair of requesting devices.  Arbiter 
output  logic composed  of logic gates  that are two 
levels or less deep to determine a request to grant 
time. The requests are generally tabulated by a fixed 
order in a multiple bit register with each bit 
corresponding to a specific request. An asserted bit 
meaning a request is issued from the source 
(candidate).   At most one request can be granted at 
any time – this is defined as a turn being given. If the 
turn is given in a circular manner, it can be viewed as 
an exclusive token cycling around. If the request is in 
the same position as of the token being asserted, it is 
called a turn-hit, otherwise it is a turn-miss. [2], [3] 
Fig.2.2 illustrates both the hit and the miss cases for 
an arbiter managing six candidates. The token is 
cycling around by shifting to the right each cycle. It 
gives turn to the second candidate but that one does 
not request so the turn is missed. Although along the 
shifting direction there are asserted requesting 
candidates, the nearest one is the fourth one, it must 
wait until its turn after two cycles later assuming the 
request still persist. 

 
Fig.2.1: Arbiter block diagram 
 

 
 

Fig.2.2: Arbiter Scenario 
 
Apparently there are much more cycles wasted in an 
arbiter managing more candidates especially when 
they generate requests very unevenly. The arbiter 

generates the acknowledgement or grant signal if 
both of the following conditions are satisfied: 
 
a) There is really a request, or the request bit is 
asserted. 
b) The turn is exclusively given to this request, or a 
turn-hit. 
 
Although the design of the arbiter in this way is quite 
straightforward and fast, it may potentially degrade 
system  performance  in  which  existing requests  for 
service are denied or delayed for a long time and may 
force  the  candidate  to  switch   request  for  other 
possible resources (maybe already busy) –  if not, the 
system basically denying service while the requested 
resource is available. If the arbiter is designed in such 
a way that it can skip the non-requesting candidate 
and  find  and  grant  the  closest  asserted  candidate 
along its searching direction, it can improve overall 
system performance. 
The state mechanism of an arbiter is to control access 
by various devices to a shared resource in a given 
system. Each device provides one input, called a 
request  and  produces  a  separate  output  for  each 
device, called a grant. Assume that there are three 
devices in the system, called device 1, device 2 and 
device 3. The request signals are named  r1, r2, and 
r3, and the grant signals are called g1, g2, and g3. 
The devices are assigned a priority level such that 
device 1 has the highest priority, device 2 has the 
next highest, and device 3 has the lowest priority. 
Thus, if more than one request signal is asserted, the 
grant is given to the requesting device that has the 
highest priority. In the state diagram initially, on reset 
the  machine  is  in  the  state  called  Idle.  No  grant 
signals are asserted and the shared resource is not in 
use. It remains in the Idle state as long as all of the 
request  signals  are  0.  In  the  state  diagram  the 
condition r1r2r3 = 000 is indicated by the arc labeled 
000. 

 
There are three other states, called gnt1, gnt2, and 
gnt3. When one or more request signals become 1, 
the machine moves to one of the grant states, 
according to the priority scheme. 
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If r1 is asserted, then device 1 will receive the grant 
because it has the highest priority. This is indicated by 
the arc labeled 1xx that leads to state gnt1, which sets  
g1  =  1.  The  values  of  signals  r2  and  r3  are 
irrelevant because of the priority scheme. We use the 
symbol   x   to   indicate   that   the   value   of   the 
corresponding  variable  can  be  either  0  or  1.  The 
machine stays in state gnt1 as long as r1 is 1. When r1 
= 0, the arc labeled 0xx causes a change on the next 
positive clock edge back to state Idle, and g1  is 
deserted. A change to state gnt2 is labeled 01x. This 
label  adheres  to  the  priority  scheme  because  it 
represents  the  condition  that  r2  =  1,  but  r1  =  0. 
Similarly,  the  condition  for  entering  state  gnt3  is 
given as 001, which indicates that the only request 
signal asserted is r3. [1] 
For   larger   machines   the   designers   often   use   a 
different  form  of  representation,  called  the 
algorithmic  state  machine  (ASM)  chart.  An  ASM 
chart is a type of flowchart that can be used to 
represent the state transitions and generated outputs. 
The decision box drawn below the state box for Idle 
specifies that if  r1 = 1, then it changes to state gnt1. 
In this state the output signals g1. The decision box to 
the right of the state box for gnt1 specifies that as long 
as r1 =  1, the machine stays in state  gnt1, and when  
r1  =  0, it changes to state  Idle. The decision box 
labeled  r2  that is drawn below the state box for Idle  
specifies that if  r2 =  1, then the FSM changes to state 
gnt2. This decision box can be reached only after first 
checking the value of  r1  and following the arrow that 
corresponds to r1 = 0. Similarly, the decision box 
labeled r3 can be reached only if both r1 and r2 have 
the value 0.   Hence the ASM chart describes the 
required priority scheme for the arbiter. [1] 

 
 
III. DESIGN PROCEDURE 
 
Three basic steps are involved in the design of an 
arbiter:  modeling,  logic verification,  and  synthesis. 
The design is first modeled and may be represented  
in schematic  graphs.  The model  is  then  described  
in Verilog HDL and the logic can then be verified by 
using simulation tools. Finally, the design can be 

mapped into a specific process technology, to be 
synthesized and optimized for area cost and clock 
frequency. [3] A round-robin arbiter can be built with 
a shift register and several AND gates. The arbiter 
should keep searching one by one in the cyclic 
direction. The output notifies each input whether or 
not its request was granted. The logic design of an 
efficient and fast round robin arbiter in Verilog or 
any other HDL language relies on the capability to 
find the next requester to grant without losing cycles 
and with minimal logical stages. First we need to start 
with a clear definition of what we actually want the 
arbiter to do. The round robin arbiter design 
requirement can be summed up in a list: 
i.  One  cycle  calculation,  so  the  arbiter  can  grant 
different requester in each cycle. 
ii. Wraparound functionality, meaning that the arbiter 
does not lose cycles at the end of each round when 
moving from a grant to the last active requester, back 
to the first one. 
iii. Work conserving functionality, so no cycles are 
lost on requester that is inactive. [3] 
 
IV. SOFTWARE SIMULATION 
 
We have designed  round robin arbiter that takes four 
requests  from  four  individual  devices  and  produce 
four outputs based on priority. 
 
VI. FUTURE WORK 
 
As digital systems become more and more complex, 
they become much harder and more expensive to test. 

 

 
Fig.4.2: RTL Schematic 

The design is modeled in HDL, using Xilinx 6.3i 
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with SPARTAN 3 family, XC3S1500 device, FG320 
package  logically  verified  and  then  synthesized  in 
XST synthesis tool. 
 
V.  SIMULATION RESULT 
 
The software simulation result is verified by software 
Tech-bencher  Pro.  At reset goes to one (reset=1), all 
requests  go  to  zero  and  output  is  in  idle  state 
(indicated by gray level).  When reset goes to zero 
(reset=0), requests are coming randomly from four 
devices. The grant output is working on the positive 
edge of clock.   Four devices have equal chance of 
getting access to shared resource on  priority basis. 
The number of user is four and delay is 3.166ns. 
 

 
Fig.5: Simulation result 

 
We design for four devices but if huge numbers of 
interface or devices are included in design, it will be 

difficult to keep up and recover in  the case of failure. 
One solution to this problem is to add logic so that it 
can test itself. This is referred to as Built-in Self-test, 
or BIST. When the test mode is selected by the test 
signal, an on-chip test generator applies test patterns 
to the circuit under test. The resulting output is 
observed by the response monitor, which produces an 
error signal if an incorrect output pattern is detected. 
[5] 
 
CONCLUSION 
 
In this paper, we have designed round robin arbiter 
with  faster  speed  and  low delay.  The    simulation 
result matches with round robin arbitration theory. In 
future we wish to design round robin arbiter with  a 
large capacity that has self testing capability. 
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