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Abstract—According to Moore’s Law, the 

quantity of transistors on a chip generally pairs in at 

regular intervals. Thus, PC engineers have been using the 

exponential development of transistors to upgrade the 

presentation of integrated circuits. The packing density of 

transistor increases with scaling down of chip area so does 

the capacity to incorporate more abilities onto a chip 

subsequently expanding the device multifaceted nature. In 

multi core processor frameworks, the interconnection 

systems and routers assume a critical job in 

correspondence between the centers of the devices. The 

bottlenecks faced by the modern architectures are the 

mainstay of ongoing research. One such issue envisaged is 

the transfer of information between multiple processors 

performing joint tasks. The performance metrics of the 

proposed architecture is manipulated against the 

performance of traditional wired architectures viz., Argo 

and Mango using Xilinx14.2. The proposed Wired NoC 

proves to be a better architecture in terms of power 

consumption and leakage power. 
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I. INTRODUCTION 

For on-chip communication, NoC (Network on 

Chip) has been considered as a scalable solution to achieve 

better performance. The processor requires proficient on-

chip correspondence design to help high information data 

transfer capacity and expanded parallelism. The 

conventional type of interconnection between different 

centers is on-chip bus (such as AHB and Avalon), that 

determines the performance of 32-bit RISC processor. Be 

that as it may, conventional buses enable one master to get 

to one slave at once, which influences the exhibition of the 

entire framework[1]. for example the System on Chip 

experiences restricted adaptability and usefulness because 

of rapid number of core inside the chip.Multi-processor 

architectures and platforms have been introduced consensus 

with Moore’s Law. The present system on chip engineering 

can be characterized uniquely with its proficiency and 

reconfigurable structures. The router of the SoC 

interconnects many cores inside the chip which uses layer-

based protocols[2]. The research community has responded 

to the bottlenecks of multi core processors with the 

Network on Chip concept, where the processors will be 

connected by means of wires. Many topologies have been 

utilized by researchers to alleviate problems associated with 

the NoC. Figure 1 describes the block diagram of NoC 

router utilized in this research. A common Network on 

Chip comprises of processing cores, interfaces, memory 

blocks and hard-wired modules which are associated with 

at least one router[3]. 

 

 

Figure 1 Block Diagram of NoC router 

Network Interface (NI) is the interface among 

cores and the routers which are utilized to associate the 

on-chip segments of the SoC, such as processor and 

memory The NI acts as a bridge between the mesh 

architecture and the NoC router. 

 
 

Figure .2   Network Interface (NI)  registers 
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The Network Interface (NI) transmits data 

between the NoC and the program RAM in a Direct 

Memory   Access (DMA) fashion way[4]. The NI 

consists of three memory mapped registers: read, write 

and status register. Figure 2 illustrates the NI internal 

registers.      The Read register is utilized for capturing 

received packet from NI to the programming memory.  

 

II. Literature Survey  

Recent Systems on chips (SoCs) designs are 

integrated by IP (Intellectual Property) cores which are 

useful in designing reconfigurable architectures. A rapid 

evolution of interconnects is experienced in this century 

which have catered the compelling need for higher 

bandwidth at ultra-low power. Here, the background of 

NoC is discussed. Argo is a globally asynchronous, 

locally synchronous architecture for a general-purpose 

multiprocessor platform [5]. The platform has one NoC 

which offers access to a shared memory and one NoC 

supporting message passing, each of them optimized for 

its purpose of use[6]. It is made up of two different 

components namely Network Interfaces (NI) and routers. 

The NI converts the transaction based communication 

from the processor core to stream based communication 

towards other processor cores in the network. The router 

is routing the stream of packets that are injected from the 

NIs through the network according to the static TDM 

schedule. The routers are connected in a 2D bi-torus 

structure.  

The MANGO network (Message-passing 

Asynchronous Network-on-chip providing Guaranteed 

services over OCP interfaces), developed at the 

Technical University of Denmark, is a clock-less NoC, 

targeted for coarse-grained GALS-type SoC [7]. 

MANGO NoC consists of Network Adapters (NA), 

routers and links[8]. Each IP core is connected to the 

network through an NA, providing high level 

communication services, i.e. OCP transactions, on the 

basis of primitive services implemented by the network. 

Each NA, which also performs the synchronization 

between the clocked IP core and the clock less network, 

is connected to a router[9]. The routers are connected by 

links in a grid type structure, either homogeneous or 

heterogeneous. To keep speed up, long links can be 

implemented as pipelines. 

One of the possible ways to overcome the 

communication overhead incurred by the multi-hop 

channels in wired NoC is to adopt wireless 

communication fabric. Surface wave communication has 

been recently demonstrated as a feasible on-chip wireless 

solution. WNoC is a on-chip communication architecture 

based on Radio Frequency (RF) interconnection[10].  

Philips developed a NoC named, ÆTHEREAL 

provided a satisfactory throughput [11].  The researchers 

of KTH Royal Institute of Technology, Stockholm 

identified the rising complexity associated with the dense 

VLSI technology and proposed the NOSTRUM NoC 

[12,13]. The Technical University of Denmark developed 

the MANGO network (Message-passing Asynchronous 

Network-on-chip providing Guaranteed services over 

OCP interfaces) which is targeted for coarse-grained 

GALS type SoC[14].  

Recent advances in IC technology make it 

possible to integrate low-cost transceiver antenna onto a 

single chip which is termed as Radio-on-Chip 

technology. In conventional on-chip network, the on-

chip routers are connected through metal wires and the 

data are transferred in a multi-hop communication 

manner. 

 

III. Wired NoC Architecture 

The capturing process is enabled by writing the 

address pointer of the buffer and its size on the read 

register. By writing the buffer pointer address and the 

size of data to be sent in word on write register the NI 

start sending the packet to NoC. The status registers hold 

some information about the status of NI. This 

information is tabulated in Table 2.1. 

 Table 2.1 Status Register of Network Interface 

File name Description 

Write done A flag which has been asserted when 

 the packet is sent out from the NI.  

This flag remains zero during sending  

process. 

 

Read done 

A flag which has been asserted when the 

process of transferring a packet from NI to the 

programming RAM is finished. This flag 

remains zero during transferring of packet. 
Read over 

size 

An error f l ag  which indicate tha t  the length 

o f  received packet was more than the 

dedicated buffer size. 

read no pck An error flag which indicate a store (read) 

command has been received by NI while there 

was no received packet in NI. 

All Write 

VCs full 

This flag is asserted when all write VC are 

full, Hence, until this flag is asserted no packet 

can be sent out to the NoC. 

         Transmission of data among different cores can be 

perform by Routing Switches (RS) through links. Owing to 

the benefits of controlled environment, on-chip network can 

be interconnected with different components of a single VLSI 

chip architecture. These SoC components can range from a 

small arithmetic unit to a large on-chip memory unit, where 

NoC is used to transfer data among these components and 

cores. There are buffers in the router to store the data packet 

prior to forward through the connections to the progressive 

router following the data packets route. Links are utilized to 

associate the routers, which may comprise of at least one 

logical or physical channels relying upon the usage 

methodology. 

    NoC routers typically comprise of two unidirectional 

data channels each went with additional control wires in 

both directions. The control wires are utilized for 

multiplexing of logic channels to a single physical 

channel and back strain to prevent buffer overflow in the 

progressive router. The switching unit is utilized to 

characterize data which is sent through the network. 

Packet switching procedure has been utilized, where the 

Suraj Punj Journal For Multidisciplinary Research

Volume 7, Issue 4, 2017

ISSN NO: 2394-2886

Page No: 52



information can completely route before the data is 

passed from source to destination. The data is sliced into 

small packets that are delivered self-reliantly. Routing 

algorithm determine the authentic route for the data 

transmission. Figure 3 explains the top-level design of 

the wired NoC architecture. It depicts about the initial 

level router, which consists of the basic components 

including virtual channels from multiple data inputs, 

switching unit, RNA unit, Processing Elements , flow 

control unit  etc. 
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Figure 3. Top Level design of NoC router 

A. Flow Control Unit  

It determines the allocation of resources such as channel 

bandwidth and buffer capacity of the network to traverse 

a packet. It fills in as a synchronization protocol among 

sender and receiver nodes which decide moves to be 

made if there should be an occurrence of busy output 

links, overflowed buffers and deadlocks with faults etc. 

Flow Control Unit guarantees the fruitful transfer and 

accessibility of buffer space at the receiver. It manages 

distribution of channels and buffers to a packet as it 

voyages next to a routing path. Only one packet can be 

assigned by the channel if two packets compete for the 

same flow control, but the channel must also deal with 

another packet. 
Here, wormhole switching technique is adopted for 

flow control. Wormhole technique advantage is to cut- 
through the buffers in the routers and it does not need to be 
hold full packets, it only store a number of flits. Wormhole 
technique use more efficient buffer space compared to cut-
through technique.  Phit (physical unit ) represents the unit 

of data transferred in a single cycle on a link. Flit (flow 
control unit) represents the unit of synchronization. 
Multiple flits constitute a packet to each other that 
modules connected to the NoC. 

 

 

Figure 4 Organization of Data Unit 

The grouping of messages into phit is shown in Figure 4. 
Various NoCs uses different physical unit, flow control unit , 
packet and message sizes. Router arbitration speed is 
determined by the phit and flit sizes. NoC packet contains 
different fixed size of flits. 

There are three type of flits: header flit, buddy flit and tail 
flit. The minimum packet size is 2 flits, (one header and one 
tail). Figure 5 depicts the NoC flits format. Generally a  flit 
contains of two parts one is  header and other is payload. The 
header part indicates the flit type and the assigned virtual 
channel number to the packet and it can be assigned 
automatically by NoC. The payload is assigned using software 
and it is 32 bit wide. 

 

Figure 5 NoC packet format 

      The data transferred to the destination core is in buddy 

and tail flits in the payload. And the information for 

forwarding the packet between cores in the header flit of 

payload which has been described in table 2. 

     Here, flit sizes of 4,8,16 and 32 have been used and the 

results are analyzed. To achieve buffer requirement ( reduced 
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to one flit) forward each flit of a packet to the receiving 

router when there is a space for the flit in receiving router. 

Path in the network can be build’s by header flit and other 

flits follows in pipeline.   

 

Wormhole switching is formed by the sequence of 

links and buffers occupied by flow control unit of a given 

packet.  However, the length of the path here is proportional 

to the number of flits in the packet. Typically, it spans the 

whole path between the source and destination.  

 

Table 2 The header flit fields description 

 

On the off chance that the header can't continue 

because of busy channels, the entire chain of flits gets 

slowed down, involving flits buffer in router on the path 

constructed until now and blocking other possible 

communications  

B. Virtual Channel Unit 

In generic router architecture, each physical channel 
has a fixed number of virtual channels (VC). It has 
collection of settings such as a physical channel data 
allocation unit, name, input terminal,etc. Whenever a flow 
control unit (flit) arrives from a port for bandwidth 
allocation, the incoming flits will be stored in a particular 
VC. Now the state of VC turns into routing state. Figure.6 
illustrates the Virtual Channel unit block diagram. It is 
used as an interface between the flit and switching unit 
where the status of the data can be easily identifiable. The 
input to the virtual channel arrived from the previous 
router or from the routing processor . Virtual channels 
solve the deadlock problem and improve network latency 
and throughput. 

 

Figure 6 Virtual Channel Unit 

C. Switch Unit  

        It interconnects the various input and output buffer. In 

this architecture, the NoC router is constructed with crossbar 

switch with DyAD routing. The switching unit follows the 

packet switching technique i.e. route every packet from 

source to destination individually. During the switching 

stage, the crossbar output port will be selected among the 

requesting input ports. The Switch Allocation unit (SA) 

arbitrates amongst all VCs requesting access to the crossbar 

and grants permission to the winning flits. The winners are 

then able to traverse the crossbar through an appropriate 

output link. 

 
    Figure7 Switch Unit 

 The data from the virtual channels are traversed to the 

neighbor routers using Injection and Ejection FIFO’s. In this 

architecture, the proposed routing algorithm enjoys the 

benefits of both deterministic and adaptive routing. Based on 

current network congestion DyAD routing algorithm 

switches from adaptive to deterministic.The network 

condition is monitored via the FIFO status. The status of the 

neighboring routers is shared and based on the congestion 

level, the decisions are made. Figure 7 shows the 

architectural view of switch unit. DyAD router functions as a 

deterministic router when network congestion is having less 

value. So, it will get the advantage of less latency. The DyAD 

router operates in adaptive routing mode when the network 

File name Description 

Output port The result of look ahead routing algorithm. It 

will be updated by NI at source and NoC 

routers along the path. 

Destination x 

& y 

The destination IP x & y address 

Source x & y The source IP address, it will be used by the 

shared memory IP core to send the requested 

data or ack to the source core 

RAM ack req This filed is for communicating with shared 

RAM. By setting this filed the processor ask 

for receiving an acknowledge packet from 

shared ram core after the write process on ram 

is finished 

RAM WR 

req 

This filed is for communicating with shared 

RAM. If its set the packet contains data which 

must be written on shared RAM otherwise it 

contains a read request. 
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congestion level is more. So, it enjoys the advantage of 

avoiding the congested links by exploring other routing paths, 

which leads to higher network throughput. In this algorithm, 

XY routing is adopted for deterministic routing and OE 

routing is incorporated for adaptive routing. 

D. Routing and Arbitration (RNA) Unit 

 
The Routing and Arbitration (RNA) unit assumes a 

significant job in exchanging the data  between the routing 
nodes  to determine information conflicts. This uses basic 
first-come-first-serve or Round Robin  methods  including 
need access and disruption of routes. 

       All of these constraints have a significant influence on 
congestion, latency and network load which will be limiting 
the performance of SoC as well as NoC. In this architecture, 
round robin arbitration unit has been utilized. An arbiter is a 
logical component serving to choose the request for access to 
a hared resource. A arbiter would ordinarily utilize a 
scheduling algorithm to choose which one on a few requestors 
would be serviced.. The round robin intervention, in its 
essential structure, is a basictime slice scheduling, permitting 
each requestor an equivalent portion of the time in getting to a 
memory or a limited processing resource in a circular order.. 

IV. EXPERIMENTAL ANALYSIS 

The Arbiter unit, Flow control unit, Virtual channel 
unit and Switching unit are designed in Xilinx by 
behavioral modeling. The data is sent to the North port 
with the clock frequency of 100 MHz The input to the 
designed architecture includes data_in, injection enquiry, 
clock, reset and injected data. The output that is seen from 
the simulation includes data_out, ejection data and 
injection status.    

A 5x5 network simulation is utilized for experimental 
purpose.The exhaustive experiment conditions used in 
this project are listed below. The simulation is performed 
in Xilinx software. A test bench is written to test the 
architecture for varying data packets. With these 
specifications, the data are sent to the designed router and 
the system parameters are manipulated. The simulation 
result is seen in Figure 3.1. The reset signal must be kept 
low for normal operations. The input signals (north data_ 
in, south data_ in, east data_ in and west data_ in) are data 
packets which are given at specified port. The output 
signals follow a round robin scheduling. The data at the 
input port are directed towards the output port.   

Simulation Setup 

Type of network :  5X5 Mesh 
Routing Algorithm :  Adaptive Routing 
algorithm  
Architectures    :             1. Argo 
    2.  Mango 

    3. Modified Wired   
NoC Architeture 
Message Size  :  32 bits 
Switching Technique    :  Worm hole switching 
Clock Frequency :  1 GHz 
Performance Metrics     :  1.PowerConsumption

                                  2. Throughput 

                                    3. Latency  

  The synthesis results of wired NoC architecture is shown 
below. The total statistical information of our router synthesis 
on the FPGA model is obtained. The target device is Virtex4. 
The minimum input arrival time before clock and maximum 
output time required time after clock is estimated as 4 ns and 9 
ns respectively. 

 

 
Figure 8 Simulation graph for Wired NoC Architecture 

In the simulation window Figure 8, the proposed wired 
NoC architecture transports the flit from the north_data_in to 
north_data_out. The proposed wired architecture is analyzed 
in Xpower analyzer and the results of wired NoC 
architectures are tabulated in Table 3. The performance 
analysis of wired NoC equipped with the proposed routing 
algorithm is compared with conventional wired NoC namely 
Argo and Mango.  

Table 3. Performance analysis of Wired NoC 
Architectures 

 

Performance 

Parameters Argo 

 

Mango 

Wired NoC 

(proposed) 

     Power 

Consumption 

     (in milli-watts) 

 

0.682 

 

0.71 

 

0.593 

     I/O Utilization 

% 
68.4 56.08 80.1 

     Leakage Power 

     (in milli-watts) 

 

0.485 

 

0.562 

 

0.443 

     Thermal 

Properties 

     Junction 

Temp.(C) 

60.4 68.2 54.9 
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The power consumed by Argo Architecture is 0.682mW 
and of Mango Architecture is 0.71mW. Compared to both 
conventional wired NoC, the power consumed by the wired 
NoC architecture with proposed architecture is very less.The 
I/O utilization observed in the proposed architecture is also 
very high. The leakage power and junction temperature is 
also reduced with respect to the conventional architectures.  
The performance metrics of Argo, MANGO is compared 
with the proposed wired architecture under uniform traffic 
conditions.  

The performance metrics of synthesized architecture is 
extracted using Xilinx-XPower Analyzer. It is an utility for 
estimating the power consumption and junction temperature 
of FPGA and CPLD devices. It reads an implemented design 
and timing constraint data. The input data for the Xpower 
Analyzer will be activity rates, Clock frequencies, Activity 
rates for nets, logic elements, and output pins, Capacitive 
loading on output pins, Power supply data, ambient 
temperature and Detailed design activity data from simulation 
(VCD file). The XPower Analyzer calculates the total 
average power consumption and generates a report. It 
generates the power consumed by clock, data and leakage 
power. It also provides the I/O utilization, Junction 
temperature, static, and dynamic power for different voltages, 
power estimates and power data. 

V. CONCLUSION 

Network-on-chip is a emerging architecture for the next 
generation computation systems that, in principal, can scale 
up to infinite number of nodes. However, communication 
between higher numbers of core via wired links seem 
challenging. The performance of wired architecture depends 
on the routing scheme, switching technique and topology in 
which the nodes are connected. The performance metric 
incorporated in this chapter includes power consumption, 
leakage power, I/O utilization and junction temperature. In 
this chapter, a wired architecture is proposed with DyAD 
routing scheme. The performance metrics of the proposed 
architecture is manipulated against the performance of 
traditional wired architectures viz., Argo and Mango using 
Xilinx 14.2. The proposed Wired NoC proves to be a better 
architecture in terms of power consumption and leakage 
power. The junction temperature is also scaled down to a 
greater extent compared to traditional architectures. 
Additionally, for long distance communication, performance 
of wired NoC degrades in terms of power and area. In case of 
short distance communication, wired architecture 
outperforms wireless by means of simplicity.  
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