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Abstract

QoS is not intrinsic in most of todays NoC solutions,
although it is crucial for global predictability and design
reuse. Therefore, the current work presents a novel ap-
proach that borrows several concepts of DiffServ technol-
ogy from internet networks and adapts them to NoCs. This
novel implementation based on connection-less communi-
cation improves the compromise between guaranteeing dif-
ferent traffic requirements and resource utilization, which
is not efficiently granted in connection-oriented techniques,
and provides a better scalability than the last ones.

1. Introduction

Multi-core systems, widely known as Systems-on-Chip
(SoC), have appeared as a promising alternative to face the
difficulties of creating even faster uni-processor systems us-
ing the latest technologies. They consist of a number of Pro-
cessing Elements (PEs) and Storage Elements (SEs) con-
nected by a complex on-chip communication architecture
(e.g., a Network-on-Chip (NoC)}.

The design of flexible, scalable and reliable on-chip
communication architectures that meet the constraints and
requirements of today’s multi-core systems poses many
challenging problems. A significant performance degrada-
tion of on-chip shared buses due to (1) excessive bus con-
flicts on single shared buses and (2) bus bridge overhead on
hierarchical ones, has driven the research of different alter-
natives. At present, the so-called Network-on-Chip (NoC)
constitutes one of the most promising approaches: It mainly
attempts to borrow the concept of packet-switched com-
munication from the area of computer networks and adapt
it to design on-chip communication networks. Basic con-
cepts and components of packet-switched networks, such
as network topology (e.g., 2-D) mesh, hypercube or binary
tree), communication schemes (e.g., connection-oriented or
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connection-less) or communication protocols among others,
are being re-examined within the scope of on-chip commu-
nication architectures.

One important concern that has not been broadly ad-
dressed yet is the importance of providing Quality of Ser-
vice (Qo8) in packet-switched networks for on-chip com-
munication. QoS is characterized by diverse parameters
such as availability, delay, jitter, packet loss, and through-
put. A study of the existing mechanisms on computer net-
works and their applicability to this relatively new domain
has not been exploited yet. QoS is essential for global pre-
dictability and crucial to enable design reuse, but, unfortu-
nately, is not granted in most of the NoCs. They mostly pro-
vide Best-Effort (BE) traffic, where all packets are handled
in the order they arrive at the system as long as there are suf-
ficient resources available. BE traffic provides a good uti-
lization of communication resources in both Constant Bit-
Rate (CBR) and Variable Bit-Rate (VBR) workloads, but, as
main drawback, does not meet the requirements of real-time
applications. By applying additional services to guarantee
traffic characteristics ensures the predefined QoS parame-
ters. This is required by real-time communication and is
necessary for easy IP integration. However, resource uti-
lization, specially for connection-oriented schemes running
VBR applications, remains relatively low.

The current work presents a novel router architecture for
on-chip communication that guarantees different QoS pa-
rameters while improving the resource utilization of exist-
ing approaches for VBR workloads. It borrows and adapts
the IP-DiffServ technology to build a novel packet-switched
DiffServ-NoC based on connection-less communication.

The rest of the paper is organized as follows. Section 2
surveys refated work. In Section 3 an introduction in Diff-
Serv technology and its application to NoCs is given. Sec-
tion 4 describes the proposed DiffServ-NoC Scheme. In
Section 5 a brief analysis of the implementation complexity
is provided. Finally, the results are shown in Section 6 using
a multimedia case study (MPEG-2 video decoder).



2. State of the Art

Although the domain of NoC is relatively young [1},
there already exist several works devoted to this topic, both
on the theoretical concept and on modelling and implemen-
tation issues. For instance, the flexible NoC architecture
called Proteo [9] is motivated by the IP design flow and the
basic principles behind it. Moreaver, it has been demon-
strated the feasibility of building on-chip packet-switched
communication (SPIN) in the existing technology [4].

Nevertheless, there exist few groups dealing with the im-
portance of providing QoS to the NoC. One of the most
relevant approaches in this area is the communication net-
work catled Fthereal proposed by Philips Research Labora-
tory [8]. Such a network supports Guaranteed-Throughput
(GT) for real-time applications and Best-Effort (BE) com-
munication where throughput is not guaranteed, but no data
is lost [7]. For the GT service they suggest a connection-
oriented communication system, which, as main drawback,
delivers a non-efficient resource utilization and is there-
fore not suitable for VBR communication. A further at-
termpt of providing guaranieed bandwidth service has been
implemented within the Nostrumm NoC architecture [6],
reached, as the previous appreach, via virtual circuits on
a connection-oriented system.

3. DiffServ Technolegy for QoS on NoC

In order to be able to place and justify the proposed
DiffServ-NoC approach, it is first necessary to provide a
survey of the different techniques and services supported
by today’s computer networks and introduce various well-
known terms in this field.

3.1. QoS in IP Networks

In order to support diverse applications which have vari-
ous characteristics and require different service levels, the
Internet Engineering Task Force (JETF) has mainly pro-
posed two end-10-end IP service classes [2]: Integrated Ser-
vices {IntServ) and Differentiated Service (DiffServ).

IntServ are well suited for reliable real-time communica-
tion and provide a connection-oriented distinction between
flows. Connection-oriented communication is characterized
by resource reservation. That is, flows must set up paths
through the network and reserve resources at each network-
ing node. Main disadvantages of these systems are a non-
efficient resource utilization, the overhead introduced by the
connection setup and their non-scalability.

DiffServ provides different levels of QoS to each class by
aggregating traffic into different classes at the network edge,
and by scheduling packet forwarding for each class within
the network. This results on a connection-less communica-
tion, which offers a better adaptation of communication to
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the varying network traffic and a better utilization of net-
work resource, making it suitable to VBR communication
(e.g.. MPEG). Although connection-less schemes provide a
poorer QoS support as connection-oriented techniques, this
can be greatly improved by implementing additional ser-
vices such as DiffServ on top of it.

3.2, DiffServ Technology

DiffServ is based on relative priorities with different sen-
sitivities to delay and loss, but without quantitative guaran-
tees. At the ingress nodes of the DiffServ network packets
are classified and marked in the DS-field with the corre-
sponding priority.

The mechanism to allow QoS control at each network
node is based on the following elements. A packet classifier
is used to classify packets based on the predefined rules. A
policer measures the input traffic and assures that the packet
behavior follows the predefined profiles. A scheduler con-
trols the packet transmission sequence from queues of indi-
vidual classes to provide traffic of each class with the QoS
level appropriate to the respective class. Last, a queue man-
agement accurately controls packets during congestion.

3.3. DiffServ onto NoC

The elements introduced by the DiffServ technology in
IP networks can easily be adapted to the NoC paradigm.
In this way, the NoC can offer different communication
services while providing a better utilization of the net-
work resources, opposite to the poorly resource exploitation
for VBR applications of techniques based on connection-
oriented communication, such as IntServ.

Nevertheless, it is mandatory that the complexity of the
NoC does not increase unnecessarily, introducing much
overhead to the on-chip communication. Therefore, the cur-
rent work has borrowed a subset of the DiffServ elements,
which have been considered most relevant, for which a low-
cost implementation is envisioned.

The NoC infrastructure mainly contains Processing Ele-
ments (PEs) and Storage Elements (SEs) that communicate
through a network of routers. These routers act at the same
time as edge routers, for incoming/outgoing packets from/to
the PEs/SEs, and as core routers, for packets arriving from
other routers. In the proposed NoC implementation, each
router performs the following tasks on incoming packets:
parsing of packet header, classification of the packet, deter-
mination of the next hop, queuing, and link scheduling.

4. DiffServ-NoC Scheme

In the following, the conception of the NoC architecture
first and its modetling later are explained in detail.



4.1. DiffServ-NoC Architecture

Fig. 1 shows an overview of the scalable NoC infrastruc-
ture, composed of a number of homogeneous routers orga-
nized following a 2D-mesh topology. A Processing (PE) or
Storage (SE) Element is attached to each router (R), which
acts as a host sending or receiving packets. There exists a
pair of physical links binding two routers or one router with
its respective host, one for each direction.
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Figure 1. Scalable NoC Infraestructure

4.1.1 Routers

The implementation of each router follows a layered ap-
proach by performing the functions related to the lower
three layers of the the OSI model (physical, data-link and
network layer) [10].
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Figure 2. Router Internal Architecture

Fig. 2 shows the generic router architecture of a router
(R) in the 2D-mesh topology depicted in Fig. 1. The data-
path followed by the packets within the router is the follow-
ing: Packets are stored in the corresponding input-FIFOs
attached to each input physical port. A round-robin mecha-
nism progressively selects a packet for a non-empty input-
FIFO and sends it, either to the classification module (RFC)
for packets arriving from the host, or directly to the engine
processing the routing algorithm (RE). The classification
engine sets the DS-field of the packet header to indicate the
service the packet should receive within the network. Later
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on, the routing algorithm calculates the next hop based on
the destination address (DA) of the packet relying on a static
routing table. Then, a switch network forwards the packet to
the selected priority quene of the corresponding output port.
Lately, a scheduling module selects the first packet of the
highest-priority non-empty queue for each output port and
forwards it to the corresponding cutput-FIFQ, The router is
able to process three incoming packets in parallel.

4.1.2 Processing and Storage Elements

PEs and SEs act as hosts inside the NoC, sending/receiving
daia packets to/from the target/source host. For interfac-
ing to the packet switched network they require a wrap-
per, vsually called a network interface (NI), which enables
the PE/SE to communicate with the network using packets.
This NI implements at least the lower three layers of the OSI
model and separates communication from computation.

A NI mainly consist of two parts: A Host-Specific (HS)
part and a Host-Independent (HI) part. While the first one
depends on the host type, the second part can be reused in
every host attached to the same NoC. The HI part is respon-
sible for packetization and depacketization of data and data
encoding for error detection and correction.

4.2, DiffServ-NoC Modelling

The system-level language SystemC has been selected
for the Transaction-Level Modelling (TLM) of the proposed
NoC architecture. Its modularity, its characteristics such
as the modelling of time, reactivity and concurrency, and
its help in evaluating resource contentions, makes SystemC
especially suitable for the modelling and further evaluation
of the proposed DiffServ-NoC.

On top of SystemC the On-Chip Communication Net-
work (OCCN [3]) library has been applied, which facilitates
the developing of new models for on-chip communication
architectures. In the current work, the OCCN library has
been mainly used for the definition of the Packet Drata Unit
(PDU) and the functionalities related to the lower two lay-
ers, physical and data-link layer.

5. Complexity Analysis

In the definition of the router and NI architecture for a
NoC special care has to be devoted to the storage and com-
putation resources, which are relatively more expensive on-
chip than in traditional computer networks. Therefore, for
the current implementation, the recursive flow classifica-
tion (RFC) algorithm proposed by Gupta [5] and a priority-
based scheduling algorithm have been selected due to its
low-cost implementation. And as buffering strategy an out-
put queuing with 4 priority queues for output port has been
applied.



6. Case Study: MPEG-2 Video Decoder

The implementation of multimedia applications, as
MPEG-2 video decoding algorithm, on multi-core systems
poses many new challenges in terms of inter-core communi-
cation. Therefore, it has been used as case study in the cur-
rent work for demonstrating the necessity of a compromise
between guaranteed traffic and resource utilization when
defining the NoC.

Fig. 3 shows the functional data flow of the se-
lected video decoding algorithm as well as its partition-
ing into concurrent tasks, which have variable consump-
tion/production rates, communicating through the imple-
mented DiffServ-NoC.
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Figure 3. MPEG-2 Video Decoding on NoC

The aim of the system simulation is to demonstrate the
possibility of controlling the bandwidth associated to each
packet flow by varying the given priorities in the classifier
thus providing a defined QoS. This is depicted in Fig. 4 for
the data flow (a) from host IDCT to host ADD, which is sent
in parallel to the data flow (b} from host MC to host ADD.
The bandwidth of the physical link between Raand Rj is
shared by both flows and therefore the end-to-end delays
for the packets of one flow vary depending on their priority
respect to the other fow. This can be seen in Fig. 4 for
the flow (a) having a higher or lower priority than flow (b),
respectively. The differences in the end-t0-end delay for
both simulations and for the same packets (packetID) have
been projected to the X-Y plane for observability.

Concerning the resource utilization, it is expected that
the proposed approach based on connection-less commu-
nication applying DiffServ results on a higher utilization
of the available resources than a connection-oriented tech-
nique, specially in VBR applications. This effect has been
already proven in the area of off-chip networks.

7. Conclusions and Future Work

This work has presented a novel NoC architecture that
supports several QoS concepts borrowed from DiffServ
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Figure 4. End-to-end Delay of Flow IDCT-ADD (a)

techniques. It has been demonstrated that the bandwidth of
a shared physical link can be proportionally split between
data flows by associating different priorities to each flow,
whereas the available resources remain highly utilized.

In order not to pay a high penalty in terms of delay or
area, since the resource constraints (e.g., storage and com-
putation resources) are tighter on-chip than off-chip, a low-
cost implementation of the required resources have been se-
lected for the internal router architecture. The completion
of the design flow towards the silicon implementation will
be covered in future work.
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