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In recent years, the technology trends of microchip design
and fabrication has reached a very high level of integration.
Companies have been enhancing chip fabrication technology to
reduce size of transistor on chip as well as increasing working
frequency of their chip design. Unfortunately, this design
method reached the upper bound of power density. To solve
upper bound frequency and power density problems chip
designers have decided to utilize multi-core design method
instead of frequency scaling. Multi-core systems provide better
performance than single core architectures by supporting
parallelism in computing. Nowadays, systems-on-chip is used
in most embedded system and there are many applications that
are integrated on this systems. with application specific, SoC
designers often use heterogeneous processors to improve
performance instead of using homogeneous processors.
According to HiPEAC’s vision [1], nowadays communication
defines performance. Interconnection networks are of high
importance. Due to limitations in bus-based architecture [2,3],
SoCs can not provide enough processing power to keep up with
this new technology trend.
Network-on-Chip paradigm was proposed and considered
as an outstanding alternative for bus-based architecture. NoC
architecture is provided a high performance communication
infrastructure. Therefore, NoC is a paradigm for integrating a
large number of IPs cores for implementing a SoC [4,5], [7].
Main components of a NoC in figure 1 consist of network
routers, links, processing resources and network interfaces
(NI). A complete network infrastructure that enable resources
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to communicate and utilize the usage of link is the main
function of a NoC [6]. In order to communicate between
processing resources and routers, a network interface is
required [6]. This network interface has the same function as
network interface card that connects personal computer to the
internet [6], [9]. The network interface provides services
belong to transport layer in the ISO-OSI reference model [8].
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Abstract—Recently, Network-on-Chip (NoC) paradigm has
been known as a promising solution for complex Systems-onChip (SoC) design. A network interface is a significant part of a
NoC. The network interface operates as a bridge between
computing resources and network routers. This paper introduces
a new network interface designed using parallelism in writing
and reading buffers processes. The network interface
architecture is modeled using Verilog HDL and implemented
targeting Xilinx Virtex-6 board. The experimental results proves
that this network interface design can guarantee stability as well
as 40% improvement in term of latency and throughput compare
to the previous design which only use one buffer for both reading
and writing processes.
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Fig. 1. NoC main components

There are many published researches related to NoC
architecture designing recently. In some research, such as [11]
the authors presented and implemented a simple network
interface architecture for NoC application. However, the NI
architecture presented in [11] has a drawback that its latency is
high. In research [12], the authors used clock gating technique
to optimize the NI for power. Authors in [13,14] have
optimized area of the NI so that they can optimize area of the
over all NoC. Gray coding was used by authors in [15] to
reduce latency in network interface. Ping Pong buffer with four
memory modules to improve NI latency was proposed in [16].
Also utilizing memory and reducing latency, research [17]
proposed techniques in writing packages mechanism and using
standard IP as well as AXI bus to achieve their goals.
However, all these research above haven’t aimed at reducing
latency in reading and writing processing at network interface’s
FIFO buffers.
This paper proposes a new architecture of network interface
that is compatible with 2D Mesh NoC. This network interface
is designed to have low latency, high throughput by taking
advantage of parallel processing in reading and writing
processes. The contributions of this paper:
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•

•

Proposed a new architecture for a network interface
using 2 FIFO buffers and read/write process
parallelism.
We have successfully implemented our network
interface design targeting FPGA Virtex 6 –
6VLX240TFF156 board. Test results show great
stabilization and performance.

III.

NETWORK INTERFACE ARCHITECTURE DESIGN

A. Our NoC design Overview
We has designed a NoC based on 2D Mesh topology using
packet switching, wormhole combined with virtual channel
flow control, XY routing algorithms. The block diagram of a
router in our NoC is shown in Figure 3

The remaining part of this paper is organized as following:
Section 2 presents our idea and approach, the architecture of
our network interface is shown in section 3, section 4 presents
experimental results and finally, section 5 contains conclusions
and future works.
II.

THE PROPOSED APPROACH

A First In First Out (FIFO) buffer is used in the transferring
processes of a packet from a router to a data processing
resource and vice versa by most author [11,13], [15], [17]. In a
FIFO buffer, read and write processes can’t happen
simultaneously that this process takes place serial, so high
latency is inevitable as figure 2a. We think the time a buffer
waiting for a packet to be read and be saved by writing the next
packet in at the same moment. To realize this idea, we divided
16-bit depth FIFO buffer into two 8-bit depth FIFO buffers and
use a flexible algorithms to write and read different packages at
the same time as figure 2b. This method was proved to reduce
latency significantly.
Assume that we want to transfer N packages from a data
processing resource to a router or vice versa. Each package will
spend M clock cycles.

Fig. 3. Router’s block diagram

Basic unit in NoC is a flit. There are 3 types of flit: Header
flit, body flit and tail flit. Each flit in the network has the width
of 34 bits. Flow control information, source address and
destination address is contained in header flit. Flits structure is
shown in figure 4.
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B. Network Interface Architecture
The network interface is a significant logic block in NoC
architecture because its function is to connect data processing
resource to the network [18]. A network interface can be
divided into two parts: The first part communicates with the
network’s router. This part is considered as data-independent
because all flits have same 34-bit data width as designed. The
second part communicates with the data processing resource
and based on the resource this part can be changed (datadependent). Handshake mechanism is used in transferring
packages between resource and router.
Detailed block diagram of our network interface is shown
in Figure 5. The network interface components consists of: 2
FIFO buffers (A and B), InFSM (C2R and R2C), OutFSM
(C2R and R2C), Flitilizer, De-Flitilizer and InstructionFIFO
(small size FIFO buffer).
FIFO A and FIFO B are FIFO buffers that are used for
storing packages. Each buffer has 8-bit depth and 32-bit width
since each flit consists of 32-bit data and 2-bit flit type
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identifier. By using two FIFOs, we can write and read data
from each FIFO simultaneously. When one of these FIFOs is
fully loaded with flits, data will be read from this FIFO by the
controller of InFSM and OutFSM and pushed to router or
resource, and at the same time, the other FIFOs can be used to
write new data coming from resource or router. These FIFO
buffers is designed as a standard First-In First-Out buffer with
read/write enable, full/empty indicators and 32-bit input/output
port. During its operation, FIFO’s priority is write operation,
that is, if both read and write enable signal is asserted at the
same time, the write operation will be carried out first as long
as the buffer is not full.

from InstructionFIFO to perform reading data operation. There
are two pairs of InFSM and OutFSM for two route: Core-toRouter (C2R) and Router-to-Core (R2C). C2R InFSM reads
the 6-bit packet size in the first flit and then uses status of FIFO
A, FIFO B and C2R OutFSM to write a 8-bit instruction to the
InstructionFIFO. Instructions stored in InstructionFIFO is read
by the C2R OutFSM. Base on the write mode and packet size,
OutFSM will read flits from FIFO A and FIFO B in the correct
order. When a read operation on a FIFO is completed, C2R
OutFSM will clear the FIFO buffer. Operations of R2C InFSM
and R2C OutFSM are the same. All transfers to data processing
resource or router follow ack/req handshaking mechanism.

InFSM and OutFSM are controlling block that controls data
read/write from/to FIFO A and FIFO B. After receiving header
flit, packet size and reading/writing mode will be determined
by InFSM. There are 4 modes: 01 – Only FIFO A is needed to
store the packet, 10 – Only FIFO B is needed to store the
packet, 11 – The packet will be written to FIFO A first then
FIFO B, 00 – The packet will be written to FIFO B first then
FIFO A. This reading/writing mode combined with the packet
size is stored in InstructionFIFO as a 8-bit instruction for
OutFSM to use later. The OutFSM will read the instructions

Flitilizer and De-Flitilizer are used to attach and detach flit
type identifier from the flit. Flit type for the Flitilizer is
determined by the OutFSM (C2R). As mentioned above, there
are 3 types of flit in a packet and the head flit contains all
information used in our routing algorithms. As flits are passed
through the Flitilizer, two bits of flit type will be attached to
each flit to make 34-bit flits that are used in the network. On
the other side, Deflitilizer detaches two bits of flit type from
each coming flit to make the original 32-bit flits. Flitilizer and
Deflitilizer operate synchronously with the system.

NI ARCHITECTURE
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Fig. 5. Detailed block diagram of network interface
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IV.

EXPERIMENTAL RESULTS

Implementation and simulation results are presented in this
section. Furthermore, we also analyzed and evaluated latency
as well as throughput of our proposed architecture compare to
an architecture that uses one normal FIFO buffer. The network
interface is described using Verilog HDL, simulated and
implemented
targeting
Xilinx
Virtex
6
ML605
6VLX240TFF156 board by ISE Design Suit 14.1. Our design
area utilization is insignificant compare to the device’s
resources. The synthesis results shown in Table 1.
TABLE I.

SYNTHESIS RESULTS FOR VIRTEX 6 ML605
6VLX240TFF156 FPGA
Device Utilization Summary

Logic Utilization

Used
316

54567

0.58

Slice LUTs

623

27288

2.28

98

296

33.11

112

6408

1.75

No. used as Mem

From simulated and synthesis result, the maximum
frequency of a proposed architecture is up to 348 MHz.
Latency and throughput evaluation is conducted by
continuously pushing randomly generated packages each with
16 34-bit flits. Random packages is generated by a dummy
core and results is tested for correctness by a dummy router
that loops the packages back to our NI and data is compared
between C2R input and R2C output. The result of the test is
recorded and used to measure performance as well as stability
of our NI design. The results of our dual buffer design and
single buffer design is compared in Table 2 and 3.
TABLE II.

THE LATENCY OF NETWORK INTERFACE
Latency (Cycle)

Module name

Our NI
22

32

-30

FIFO (R2C)

22

32

-30

Core – Router

86

113

-31

Router – Core

86

113

-31
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