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As the fabrication technology scales down, wire
delays began to dominate gate delays.
Consequently, global wires interconnecting the
processing cores in a large System-On-Chip (SoC)
became bottle-necks in its performance.
Networks-On-Chips (NoC) is a unified scalable intra-
chip communication solution for large SoCs,
employing Globally Asynchronous Locally
Synchronous (GALS) concept in which locally
synchronous cores are communicating
asynchronously.

The Connection-Then-Credit (CTC) end-to-end flow
control protocol is an extension to the normal
Credit-Based (CB) flow control protocol that is
widely used in NoC. CTC was introduced to address
the NoC message-dependent deadlock problem,
while offering an area-efficient network interface
with respect to the normal CB flow control, which
needs a lot of buffering resources.

The aim of this thesis is to present a cycle-accurate
RTL design details of NoC Interfaces based on the
CTC and the CB protocols. We also present their
post-synthesis implementation results in TSMC
40nm CMOS technology, to highlight the area
savings introduced by the CTC over the CB.
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Abstract

As the fabrication technology scales down, wire delays began to dominate gate
delays. Consequently, global wires interconnecting the processing cores in a
large System-On-Chip (SoC) became bottle-necks in its performance. It became
even harder to achieve global synchronization across the chip. Additionally,
routing congestion problems increased with the tremendous increase in the
number of communicating cores in a single SoC.

Networks-On-Chips (NoC) is a unified scalable intra-chip communication
solution for large SoCs, employing Globally Asynchronous Locally
Synchronous (GALS) concept in which locally synchronous cores are
communicating asynchronously.

Although NoC design paradigm has a lot of performance advantages in terms of
speed, power, scalability, reusability and time-to-market, however the global
communication bandwidth offered by any NoC is still finite, where heavy traffic
loads that causes contention of the NoC resources may result in an
unpredictable latency. End-to-end flow control protocols are used to regulate
the access to the NoC fabric, in a way that prevents the resources congestion
while satisfying the Quality-of-Service (QoS) guarantees required by any
system.

The Connection-Then-Credit (CTC) end-to-end flow control protocol is an
extension to the normal Credit-Based (CB) flow control protocol that is widely
used in NoC. CTC was introduced to address the NoC message-dependent
deadlock problem, while offering an area-efficient network interface with
respect to the normal CB flow control, which needs a lot of buffering resources.

The aim of this thesis is to present a cycle-accurate RTL design details of NoC
Interfaces based on the CTC and the CB protocols. We also present their post-
synthesis implementation results in TSMC 40nm CMOS technology, to
highlight the area savings introduced by the CTC over the CB.

Keywords: Credit-based flow control, end-to-end protocol, message-dependent
deadlock, network-interface, networks-on-chips.
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Thesis Summary

In this thesis, the RTL design and implementation details of a complete NoC
system will be presented. The NoC is a mesh-topology based, its routers employ
worm-hole switching, XY-routing algorithm and round-robin arbitration, and
the interfaces implement the CTC end-to-end flow control protocol. The NoC
implementation is done using 40nm CMOS technology.

The thesis is divided into six chapters and lists of contents, tables, and figures as
well as the bibliography and three appendices.

Chapter One: In this chapter, we give a brief introduction to the thesis and the
research area of interest.

Chapter Two: In this chapter, the Networks-On-Chip concept is introduced,
and its advantages, disadvantages, and implementation challenges are
highlighted. It also presents the literature survey of different NoC interfaces
implementation and different end-to-end flow control protocols.

Chapter Three: This chapter explains the end-to-end flow control in NoC and
it goes through the CTC protocol specification and shows its main differences
with respect to the normal CB protocol.

Chapter Four: This chapter demonstrates all the design details of a basic mesh-
topology NoC using HDL and explains the construction of its verification
environment. It also shows the design details of the network interfaces,
implementing CTC and CB end-to-end flow control protocols.

Chapter Five: In this chapter, the NoC performance is evaluated using NoC
standard traffic patterns, where the CTC performance is compared against
normal CB protocol performance. This chapter also introduces the post-
synthesis implementation results of the NoC implementing CTC and CB
protocols, in 40nm TSMC CMOS technology. Finally, the area-saving results
are presented.

Chapter Six: This chapter ends the thesis by conclusions, summary and future
work.
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