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Abstract— Memories are the storage devices, which typically work with single processing system. Sometimes, multiple
systems require accessing the same memory for a number of different processes. This is when the Arbiter comes into
picture. Since, a shared memory is one of the fastest techniques for inter-process communication; the design of an arbiter
plays a very important role as it acts as a control system for various processes and it also avoids data corruption. With this
said, an arbiter is designed and implemented in this work. It is implemented using VHDL (hardware description language)
in the Xilinx ISE (Integrated Software Environment) Design suite 14.2. The simulation results obtained verified the correct
functioning of the arbiter.
Index Terms— Arbiter, FPGA, Round Robin, shared memory, VHDL, Xilinx 14.2.

I. INTRODUCTION
Random-access memory (RAM) is a form of computer data storage. The two main forms of modern RAM are static
RAM (SRAM) and dynamic RAM (DRAM). Both static and dynamic RAM is considered volatile, as their state is
lost or reset when power is removed from the system. Synchronous dynamic random access memory (SDRAM) is
dynamic random access memory (DRAM) that is synchronized with the system bus.
The memory controller is a digital circuit which manages the flow of data going to and from the main memory.
Memory controllers contain the logic necessary to read and write to DRAM, and to "refresh" the DRAM. Without
constant refreshes, DRAM will lose the data written to it as the capacitors leak their charge within a fraction of a
second.
Even though the memory allocated for specific processes is normally isolated, processes sometimes need to be able
to share information. Shared memory is one of the fastest techniques for inter-process communication.
A. Problem statement
Multiprocessor systems can solve problems many times faster than a single processor alone. However, these
processors must communicate in order to efficiently divide and solve a problem. Fast volatile memory is designed
for use with a single processing system. In order for multiprocessor systems to access a common resource such as
a memory, there must be some facilitation between the processing systems and the memory, in order to avoid any
data corruption or malfunctioning of the system. [1] This is where the arbiter comes into play. An arbiter can be
considered as a controlling system, which can be incorporated in between the multiprocessor systems and the
shared memory. The arbiter follows a set of rules to pass the communication between the various processing
systems.
B. Objective of the work
Arbiters can be used for different purposes and in a variety of applications. However, in this case it will be
implemented on a Field Programmable Gate Array (FPGA) between some processing systems and a shared
memory. Here, each system can be considered to be different and perform different tasks. A memory arbiter must
be designed in such a way that it should consider which system is granted access in order to fairly share the access.
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II. LITERATURE SURVEY
A. Concept of Arbiter
The arbiters are an important piece of the scheduler design. It works on three elements of a process: Request, Grant
and Accept. [2]

Fig 1: Block diagram of Synchronous Arbiter [2]

Step1 Request
Each unmatched input (R1, R2 & R3 in this case) request the arbiter to grant the access of the memory.
Step2 Grant
The arbiter grants the access depending upon the scheduling algorithm used. It chooses the one that appears next in
a fixed priority or round-robin schedule starting from the highest priority element. The output notifies each input
whether or not its request was granted.
Step 3 Accept
If an unmatched input receives a grant, it accepts the grant and does its work of data transfer or data access from the
memory.
B. Round robin scheduling scheme
In this type of arbiter scheme, priority is cyclic in nature. It keeps on changing at every clock cycle. Here no process
is considered the most important and so each process gets equal chance for getting their request completed.
Advantages of Round Robin Arbiter are
 Maximum delay in granting client’s request is C-1 where C is the number of clients/requests.
 Starving of clients does not take place.
 No user biasing is prevalent.
Disadvantages of Round Robin Arbiter are
 Request of prime importance can be missed to due to cyclic priority.
 Complexity of the design is higher than fixed priority. [3]
III. IMPLEMENTATION
This section describes the design of Arbiter. It has been divided into two parts: - In the first part, a single system
interface to the memory is described and in the next part a four system arbiter design using round robin scheme is
described.
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A. Single System interface showing Read and Write operations

Fig. 2: Single system interface to memory

In this case, a single system is interfaced with the memory. Reset and Clock are the inputs and they should be
enabled for any operation to take place. Write is the input to the memory and the data can be written into the
memory only when the write is enabled. Read is the output from the memory and the data can be read only when
read is enabled.
B. Four Systems Arbiter design using Round Robin scheduling algorithm

Fig. 3: Four systems interfacing with Arbiter.

In this case, the four systems, namely s0, s1, s2 and s3 want to access the memory. The Arbiter which is the control
system has been designed in such a way that it follows the Round Robin scheduling algorithm to provide the access
of the memory to the four systems. Each of the systems can access the memory for a particular duration of time, i.e.
the scheduling is based upon fixed time slice for each system.
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IV. RESULTS
A. Single system Read & Write operations

Fig. 4: Write operation

Fig. 5: Read operation

Fig. 6: Read and Write operation
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Fig. 7: RTL schematic of single system interfacing to RAM showing Top view

Fig. 8: RTL schematic of single system interfacing to RAM showing detailed view

B. Arbiter Design using Round Robin scheduling scheme with four systems/requestors interface

Fig. 9: Idle case
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Fig. 10: Single system i.e. only s0 requests

Fig. 11: Two systems i.e. s0 and s1 request

Fig. 12: Three systems i.e. s0, s1 and s2 request

Fig. 13: All four i.e. s0, s1, s2, & s3 request at the same time
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Fig. 14: RTL schematic of four requestors interfacing to Round Robin Arbiter showing Top view

Fig. 15: RTL schematic of four requestors interfacing to Round Robin Arbiter showing detailed view

V. CONCLUSIONS AND FUTURE SCOPE
In this work, the basic structure of the arbiter was designed and implemented. This design can be extended for more
number of systems and also can be implemented using various other scheduling algorithms. Different scheduling
algorithms can be implemented, and the arbiter could be designed in such a way as to choose between any one of
the scheduling schemes.
The arbiter has been designed in a generalized way, showing simple read and write operations of the data. It can be
implemented considering the real time applications. The data in the form of images or video can be stored into or
accessed from a shared memory by the multiprocessors.
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