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Abstract— Technological advances have allowed the development 

of highly complex systems integrated on a single chip (SoCs) by 

using Networks-on-Chip (NoCs) as an alternative for providing 

high performance communication and design scalability. For the 

effective use of NoCs, it is necessary to implement services based 

on the OSI (Open System Interconnection) model in order to 

meet the requirements of the target system. An extensible 

network interface using a layered architecture was designed and 

implemented to facilitate the adaptation to different 

communication standards and the addition of new services. The 

interface developed offers adaptation to a bus protocol, data 

packetization and depacketization, buffering, integrity control 

and bus encoding. Furthermore, its structure was set up to 

facilitate the inclusion of new services, such as security, burst 

transfer, packet reordering and traffic differentiation. The paper 

describes the architecture of the network interface and presents 

results of its validation and synthesis in silicon. 
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I. INTRODUCTION 

The core interconnection of an integrated system is usually 

performed via bus, using hierarchical or shared structures. 

However, this methodology does not meet the requirements of 

some Systems-on-Chip (SoCs) when they are part of several 

cores on a single chip. In the research for a solution to the 

problem of interconnection in future SoCs, was opted for the 

use of switched networks to provide reusability, scalability 

and parallelism. These networks are called on-chip networks 

or Networks-on-Chip (NoCs) [1]. 

A NoC consists of a set of interconnected routers by point-

to-point channels in a structured way [2]. Each router has 

ports that are used to connect its neighbors and routers to the 

processing core. NoCs use the messaging communication 

model and communication between the cores occurs through 

the sending and receiving of packets. An example of NoC is 

the SoCIN (SoC Interconnection Network) [2], a network of 

low cost and scalable performance developed at the Federal 

University of Rio Grande do Sul and the University of Vale 

do Itajai. 

In addition to the routers and links, a NoC requires network 

interfaces (NIs) to adapt its network protocol to the 

communication protocols used by the cores and also to 

provide necessary communication services. In general, the 

interfaces offer services related to the three lower layers of the 

OSI (Open System Interconnection) model (physical, link and 

network). However, services on higher layers are also required. 

This paper describes a network interface architecture for 

the SoCIN. The proposed architecture is based on a multilayer 

model consisting of a protocol adaptation layer, a 

packetization/depacketization layer and a packet 

sending/receiving layer. In addition to this structure, the 

architecture uses an extensible model that allows the inclusion 

of new communication services to the core. 

The following sections present some basic concepts about 

the context of the work (Section 2), a short discussion about 

related work (Section 3), the architecture of the proposed 

network architecture (Section 4) and the experimental results 

of the network interface implementation (Section 5). Finally, 

the conclusions of the work are presented (Section 6). 

II. NETWORKS-ON-CHIP 

A. Architecture of a Network-on-Chip 

A NoC is composed of interfaces, which connect the cores 

to the network, routers and links that interconnect these 

routers. The router is a unit that forwards messages over the 

network and is composed of a set of queues, multiplexers and 

drivers that implement the necessary communication 

mechanisms [3]. The links are usually formed by two point-to-

point channels in opposition, with each channel composed of 

wires responsible for message transport and traffic regulation. 

B. Architecture of a generic Network Interface 

A generic model of a NI, as proposed in [4], is structured in 

two sub-modules: the front-end and the back-end. The first 

one implements the session layer while the latter implements 

the lower layers of the OSI model (transport, network, data 

link and physical layers). 

The front-end can be seen as the implementation of the 

session layer of the OSI reference model. This layer represents 

the user interface with the network, determining when the 

session opens, the time it requires and when it will be closed. 

Flow control strategies and negotiation of QoS (Quality of 

Service) may also be implemented on that layer. Due to their 

roles in communication, in some protocols, masters and slaves 

are called initiators and targets, respectively. 

High-level communication services of the session layer 

have to be implemented on the back-end. This unit provides a 

reliable transfer of data using services from the Network layer, 



 

 

which performs the data packetization and routing related 

functions. 

In another vision [4], the services typically offered by NIs 

are grouped in four categories: adaptation, networking, clock 

and functional, which combine services from different layers 

of the OSI model. The implementation of these services 

depends on the target system requirements and the availability 

of resources. Adaptation services adjust the communication 

protocol of the component to the network. Clock services are 

related to the timing clock, phase adjustments and latency 

mechanisms. Network services include the management of 

transactions, the provision of reliable transactions and the 

regulation of the packets flow over the network. The 

functional services add new functionalities to the system, such 

as cache coherence, security levels and low power. 

III. RELATED WORK 

Several research groups have conducted studies on network 

interfaces for NoCs. In general, they offer the basic adaptation 

services: interfacing, packetization and depacketization [5-9]. 

Some NIs include network services, like packet reordering [7] 

and flow control [8-9], while others offers clock services, like 

flow synchronization [9]. 

Regarding the bus interfacing, some works are compliant 

with standard protocols, like OCP [6], AMBA AXI [7] and 

AMBA AHB [8], while others use non-standard protocols to 

communicate with the system cores [5,9]. 

IV. EXTENSIBLE NI ARCHITECTURE FOR SOCIN 

The network interface proposed in this work aims at the 

integration of cores with different intra-chip communication 

protocols to SoCIN [2]. The proposed architecture provides 

the basic adaptation services using a layered architecture that 

facilitates the adaptation to different protocols and also the 

inclusion of new services, especially the functional ones.  

A. SoCIN features 

The SoCIN [2] uses 2D mesh topology and wormhole 

packet switching. To provide QoS in communication, in [10], 

mechanisms were added based on techniques of circuit 

switching, virtual channels and aging. The circuit switching 

technique uses control packets to allocate and release circuits 

applied to transfer data packets with minimal latency. The 

virtual channels technique allows distinguish the 

communication flows in four classes of traffic with different 

priority levels. The aging technique aims at prioritizing 

packets that are travelling for more time on the network. 

B. Architecture of the proposed Network Interface 

The proposed NI was structured into three layers: Specific, 

Generic and Network, which are illustrated in Fig. 1. The 

Specific layer is essentially the front-end. It is responsible for 

communication with the core and the adaptation of its 

protocol to a generic protocol of the bottom layer. The 

Generic layer integrates the back-end and performs the data 

packetization/depacketization. The Network layer, which also 

integrates the back-end, handles the temporary storage and the 

injection/extraction of packets to/from the NoC. 
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Fig. 1  Layered architecture of the proposed Network Interface 

 

C. Communication services 

The architecture of the proposed NI was specified 

considering the immediate and future implementation of a set 

of communication services. 

The adaptation services include interfacing, packetization 

and depacketization. The structure of the NI was defined in 

order to facilitate the adaptation to different intra-chip 

protocols. The packetization and depacketization services 

comprise the translation between the generic communication 

protocol and the packet-based protocol of the target NoC. 

The network services include integrity control, link-level 

flow control, flow differentiation, burst transfers and packet 

reordering. The first one concerns the verification and 

signalization of errors in data transfer. The flow control 

service is related to the regulation of traffic in order to avoid 

packet loss. The flow differentiation service is based on the 

approach adopted in [10] and consists in the identification of 

four traffic classes: RT0 and RT1 (for real-time streams) and 

nRT0 and nRT1 (non-real-time streams). Additionally, 

packets are labelled as requests and responses, which enable 

the adoption of separate virtual channels for these types of 

packets. The burst transfer service was proposed to transfer 

large amounts of data. Finally, the packet reordering service 

will allow restoring messages ordering when the network uses 

adaptive routing algorithms. 

The functional services include low power and security 

services. For the first one, the bus-invert technique [11] is 

used to reduce the bit switching in data streams and network 

buffers. Regarding to the security service, is planned to 

support the adoption of solutions to avoid Denial-of-Service 

(DoS) attacks, including admission and bandwidth control. 

V. IMPLEMENTATION AND RESULTS 

A. Internal organization 

As illustrate in Fig. 2, a core is connected to the network 

interface through a Specific layer compatible with its interface 

(in this version was implemented the Specific layer compliant 

with the Avalon bus). The protocol used for communication 

between the Specific layer and the Generic layer is based on 

the MIPS processor interface. 
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Fig. 2  Block diagram of the proposed Network Interface 

 

The Generic layer is constituted by the Packetizer and the 

Depaketizer modules (with their respective control units). The 

Packetizer has a routing table (not illustrated in the Fig.2) that 

maps the addresses of a 32-bit address space to network 

addresses. This module is responsible for packetizing the data, 

building the header and serializing the flits of the packet. The 

Depacketizer performs the reverse process, extracting the 

header and collecting the flits of the packet. 

The Network layer has the sending and receiving FIFOs 

that temporarily store the received packets to allow the 

protocol conversion. It also includes the Integrity Control (IC), 

the Flow Control (FC), the Bus Encoder (BE) and Bus 

Decoder (BD) modules. IC modules implement the parity 

calculation and checking, signaling when a flit is received 

with an error. FC modules deal with link-level flow control 

implementing the same techniques adopted in the network 

(credit-based or handshake). The BE module performs the 

encoding of the flits in order to reduce the switching activity 

in the transfers over the network by applying the bus-invert 

technique [11]. The BD module decodes the received flits. 

B. Implementation 

The NIs were described in VHDL and synthesized for a 

FPGA device using Altera Quartus II version 12.0. The 

deployment followed a bottom-up approach, with the 

description of the building blocks of each layer, followed by 

the integration of them in higher level modules corresponding 

to the three layers of the interface (Specific, Generic and 

Network). Subsequently, these modules were integrated to 

form the front-end and back-end units. 

C. Verification 

The VHDL implementation of the network interface was 
verified by simulating the operations of each communication 
service. As example, Fig. 3 depicts the simulation of a single 
write posted transaction. The main events include: 

 At cycle 2, the core attached to the network interface 
begins an operation to write the data 0xFFFFFFFF in 

0x0000AAAA. The operation is held in suspension 
while the network interface remains the signal 
waitrequest~result at the logic level 1; 

 At cycle 4, the network interface begins the injection 
of the corresponding packet into the NoC. The packet 
is composed of two header flits, a payload that carries 
the address and a trailer that carries the data. The 
signals o_OUT_VAL, o_OUT_DATA_FRAME 

o_OUT_DATA represent the flit validation, the framing 

bits and the data bits, respectively. o_OUT_DATA[34] 
is the parity bit; 

 At cycle 8, the packet injection is completed and the 
network interface resets the signal 

waitrequest~result to level 0, completing the 
write operation. 

 

 
Fig. 3  Waveform diagram of the simulation of a single write posted transaction



 

 

VI. RESULTS 

In order to check the costs of the implemented network 

interface, each model has been verified and validated with the 

Altera Quartus II software. The network interface was 

configured using buffers with size equivalent to that of the 

ParIS router (i.e. capable of storing 4 flits) and with 32-bit 

data channel. 

Table I presents the costs of the proposed NI in terms of 

combinational (Look-Up Tables – LUTs) and sequential (Flip-

Flops – FFs) resources, as well as the maximum operating 

frequency (Fmax). These values are compared with those of a 

ParIS instance with 5 communication ports. As can be 

observed, the interface costs approximately 56% of the router 

costs. It stands out that the interface is able to operate at a 

frequency higher than the router and would not downgrade the 

network performance in a system. 

TABLE I 

COSTS OF THE NETWORK INTERFACE AND THE PARIS ROUTER 

Component #LUTs #FFs Fmax (MHz) 

Network Interface 546 423 282.17 

ParIS Router 918 800 164.74 

 

Table II shows that the vast majority of the NI costs are 

given by the back-end (Generic and Network layers), and the 

Network layer is the one with the higher costs. 

TABLE II 

COSTS OF THE NETWORK INTERFACE LAYERS 

Layer LUTs (%) FFs (%) 

Specific 0.20% 0.47% 

Generic 11.68% 15.37% 

Network 88.12% 84.16% 

 

Table III shows the costs related to each service 

implemented in the current version of the NI. The low power 

service accounts for approximately half of the consumed 

combinational logic, while most of the sequential logic (about 

2/3) is spent with the buffering service. 

TABLE III 

COSTS OF THE IMPLEMENTED SERVICES 

Layer Service LUTs (%) FFs (%) 

Specific Adaptation 0.46% 0.38% 

Generic Packetization 6.71% 16.32% 

Depacketization 6.86% 7.69% 

Network Low Power 48.48% 8.82% 

Integrity Control 3.35% 0.00% 

Flow Control 1.37% 0.75% 

Buffering 32.77% 66.04% 

 

The synthesis results are for an interface with minimum 

configuration parameters and buffers with depth equal to that 

used in network routers. It should be emphasized that the 

interface should be configured according to the needs of the 

target application. For example, in applications that do not 

have power requirements, the low power service does not 

need to be used, which would reduce costs in terms of 

combinational logic. 

VII. CONCLUSIONS 

This paper presented an extensible network interface to 

SoCIN, which was modeled using VHDL and characterized 

regarding its cost and the impact on the network performance. 

It was possible to identify that the Network layer is the one 

that presents the services with higher costs, both in 

combinational logic as in sequential logic. Since it is an 

extensible and customizable model, the costs of the NI may 

vary according to the services used and the target application. 

Compared to the related work discussed in this paper, the 

network interface proposal took the definition of its Specific 

layer based on [5], with the back-end and front-end units 

being based on the kernel and shell divisions presented by [8], 

respectively. The organization of the back-end unit aimed at 

separating the basic packetization/depacketization services in 

the Generic layer and functional services in the Network layer. 

It must be highlighted that the interface has been designed to 

support all the communication services typically necessary in 

NoC-based systems and also services that are not offered in 

other network interfaces for NoCs. 
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