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SYLLABUS
VL4091 NETWORK ON CHIP LTPC
3003
COURSE OBJECTIVES::
The students should be made to:
® Understand the concept of Network - on - Chip
®  Learn router architecture designs
®  Study fault tolerance Network - on — Chip
UNITI INTRODUCTION TO NOC 9

Introduction to NOC — OS] Layer Rules in NOC - Interconnection Networks in Network-On-
Chip Network Topologies - Switching Techniques - Routing Strategies - Flow Control
Protocol Qualityof-Service Support

UNITII ARCHITECTURE DESIGN 9
Switching Techniques and Packet Format - Asynchronous FIFO Design - GALS Style of
Communication - Wormhole Router Architecture Design - VC Router Architecture Design -

Adaptive Router Architecture Design
9

UNITII ROUTING ALGORITHM
Packet Routing -QOS, Congestion Control and Flow Control — Router Design — Network

Link Design — Efficient and Deadlock-Free Tree-Based Multicast Routing Methods - Path-
Based Multicast Routing For 2D and 3D Mesh Networks- Fault-Tolerant Routing Algorithms
— Reliable and Adaptive Routing Algorithms

UNIT 1V TEST AND FAULT TOLERANCE OF NOC 9
Design-Security in Networks-On—Chips-Formal Verification of Communications in
Networks-On Chips-Test and Fault Tolerance For Networks-On-Chip Infrastructures-
Monitoring Services For Networks-On-Chips

UNITV THREE-DIMENSIONAL INTEGRATION OF NETWORK-ON-CHIP 9
Three-Dimensional Networks-On-Chips Architectures — A Nove] Dimensionally -
Decomposed Router for On-Chip Communication in 3D Architectures - Resource Allocation
For QOS On-Chip Communication - Networks—On-Chip Protocols-On-Chip Processor

Traffic Modeling For Networks On-Chip
TOTAL:45 PERIODS

REFERENCES
1. CluysostoMOSnicopoqus, Vijaykrishnan Narayanan, Chita R Das” Networks-On - Chip

“ Architectures Holistic Design Exploration”, Springer,
2. Fayezgebali, Haythamelmiligi, thahedwatheq E1-Kharashi “Networks~0n—Chips Theory

and Practice CRC Press
3. Konstantinos Tatas and Kostas Siozioz‘ggning 2D and 3D Network-On-Chip

Architectures” 2013
4. Palesi, Maurizio, Daneshtalab, Masou, ating Algorithms in Networks-On—Chip” 2014

Dr. G. Balakrishnan, M.E, Ph.D,

Principal
Indra Ganesar, Colleqa of Engineering
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Lecture Schedule

Degree/Program: B.E / ECE

Course code &Name: VL4091 - Network on Chip
Duration: Dec 2022 - March 2023

Semester: IIl  Section: A Faculty : Dr.M.Bhuvaneswari

AIM:

e el

To study the concept of Network on Chip and Architecture design
OBJECTIVES:

The students should be made to:

(i) Explain the concept of Network - on - Chip
(ii) Learn router architecture designs
(iii) Study fault tolerance Network - on — Chip

PREREQUISITES: System on Chip , VLSI Design, Computer Networks

COURSE OUTCOMES:

After the course, the student should be able to:

:_ _CO _lll B - Coursﬁu_tcom;s_ - - *"““**—“-Ir—- - PBSM| P_SOS_
[ 622_05.1_.‘"(_:oﬁp§re_dif‘f"e—reﬁtErcfit_ectire'désig_n"""_ 234 9,

1.23,4567,89,10,11,12 | 123
2022 ;'I Discuss different routing algorithms ~~ ———— ( 1,2345678910,11,12 123 ]
:l. 62—02_.3_;—Exm'tireegin;naoﬁal_ﬁet\;&rks_ on C_hiB afclﬁt&tfr&iﬂ ) '; i,f,3j4,_,6_,7,_,9,_1 O,Tl,l_ l.r'_l_,i,j |
l-" C202.4 TTEstTaﬁ design fault tolerant NOC 1,234 ,5.6,7,8,9,10,11,12 4:_1,_,3_ |

._______j_______,._________ — — e
[ C202.5 | Design three dimensional architectures of NOC ' 1,2,3

l"' C202.6 | Study fault tolerance Network - on — Chip 12345

Dr.G. Balakrishnan, ME, Ph.D,
Principal

~rreen College of Engineering
(T TR "mad
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Topics to be Covered

—_—

i OSI Layer Rules in NOC
Interconnection Networks in Network-

On-Chip
| Interconnection Networks in Network-On-Chj

n.m - Network Topologies -
| 21.12.2022 _Switching Techniques
- 12.20; 4 1 Routing Strategies
-— '_Flow Control Protocol
UNITIT - ARCHITECTURE DESIGN ) )
10 | 30.12.2022 4 | Introduction i -
n 02.01.2023 / 2 | Switching Techniques and Packet Format

04.01.2023 | _Asynchronous FIFO Design -
| Asynchronous FIFO Design
4 I GALS Style of Communication

Zﬁ _ Wormhole Router Architecture Design =~
7 | Wormhole Router Architecture Design
I | VC Router Architecture Design

7 !' Adaptive Router Architecture Design

-ROUTING ALGORITHM o

19.01.2023 | Packet Routing-QOS
|
51 Congestion Control and F low Control

7 Router Design R4
| Network Link Desi £n R4 |
| Efficient and Deadlock I | R4
| Free Tree-Based Multicast Routing Methods R4
7 | Path-Based Multicast Routing For 2D and 3D Mesh Networks
j Fault-Tolerant Routing Algorithms - Reliable and Adaptive
1 | Routing Algorithms

o | a

06.02.2023
26 | 08.02.2023

28 4 | Introduction
]

: =
| 30 | 7] Design-Security in Networks-On-Chips R2 |
31 | 16.02.2023 I | Desi -Security in NetworknggﬁhiEs ~ —t ]

332 17.02.2023 g | Formal Verification of Communications in Networks-On Chips R2 ‘
34 7 | Testand Fault Tolerance For NeMorks—On—Chip Infrastructures R2
L35 ! 23.02.2023 1 Monitoring Services For Networks-On-Chips |
L 36 4 |

B

Dr. G. Balakrishnan, M.E, Ph.D,
Principal
Indra Ganesan College of Engineering
IG Valley, Madurai Main Road
Manikandam, Trichy-620 012.
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UNII‘ V THREE-DIMENSIONAL INTEGRATION OFN NETWORK-¢ ON-CHIP _E_lj_ggt_;’etio_(_lsg |

| 37 } 27 02 2023 |' 2 Three-DlmensmnaI Networks-On-Chxps Architectures [ R3 ]

L = — I .. e —t 2]

;' 38 ; 01 03 2023 - | | Three-Dxmenswnal Networks-On—Chips Architectures R3 f

—— [ —— —~—\_._\_i ——

l { A Novel Di D1mensxonaﬂy-Decom posed Router for for On—Chip ." f

;’ 39 f 02032023 | 4  Communication in 3D Architecryres . R3]

S S — S

‘ Il | A Novel Dlmensmnaliy-Decomposed Router for On-Chip '

| 40 | 03.03.2023 |4 ! Communication in 3p Architectures . R3 ,

.r_4T _:_0;5;;; 023 F_ _; ] Resource Allocation For QOS ¢ On-Chip Communication __i' : 1;2_8;_ 3_ Tf

o — pPotocols |
|42 | 08.03 2023 Ly j Networks-On—Ch:p Protocols R3

1__~—_;_ e —— S -_—

43 | 09.03.2003 | I Networks—On-Chxp Protocols [ R3 '
}_____; — - s
4 If 10.03, 2023 JI 4 On-Chlp Processor Tr Traffic Modehng For Networks On-Chip f[ R3 I}
— — —_—t = - — |

45 | 13.03. 2023 |' 5 i -Chlp Processor Traffic M Modehng For Networks On-Chlp f R3 '
Tl St I ﬂi — " | _
! o Content Beyo Beyond the S\Habus NG o
L_46 | 15.03.2023 I 7 | Wireless Network on Chxp - ——m Material |
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Identiﬁcatioh of Curﬁcular Gap & Content Bevond Syllabus( CBS)

Name of the Faculty :Dr.M.Bhuvaneswari Course Code & Name: V14091 &Network on Chip

Degree & Program:B.E. /ECE Semester & Section: II1/ A Academic Year: 2022 -2023 /0DD
MATERIAL

WIRELESS NETWORK ON CHIP

INTRODUCTION

Networks-on-Chip (NoCs) have emerged as communication backbones to enable a high degree of
integration in multi-core Systems-on-Chip (S0Cs). Despite their advantages, an important performance
limitation in traditional NoCs arises from planar metal interconnect-based multi-hop communications,
wherein the data transfer between two far apart blocks causes high latency and power consumption. There
have been some efforts to address this problem by introducing ultra-low latency and low power express
channels between highly separated nodes. Although these communication channels are significantly more
efficient in terms of power and delay compared to their conventional counterparts, they are still metal
wires. According to the Intemnational Technology Roadmap for Semiconductors (ITRS), improving
characteristics of metal wires will no longer satisfy performance requirements and new interconnect

ic NoCs and NoC architectures with multi-
band RF interconnects have already been explored. All these approaches reduce the latency and power
dissipation to some degree, but they do not generally solve the difficult problem of laying out interconnects

WINoC ARCHITECTURE

The goal of on-chip communication system design is to transmit data with low latencies and high throughput using
the least possible power and resources. Currently, the major challenges in traditional wire-based NoCs are the high
latency and power consumption of their multi-hop finks. A two-tier hybrid (wireless/wired) architecture to
interconnect hundreds to thousands of cores in chip multiprocessors (CMPs) using wireless networking is proposed].
In the design of a wireless NoC based on CMOS ultra wideband (UWB) technology is demonstrated. An interrouter
wireless scalable eXpress channel for NoC architectures that reduces power consumption and area overhead and
improves performance is proposed.. All these works predominantly use a regular wired mesh-based NoC overlaid

with wireless links,

(-

Dr. G. Balakrishnan, M., Ph.D,
Principal
Indra Ganesan College of Engineering
IG Valley, Madurai Main Road
Manikandam, Trichy-620 012



WIRELESS INTERFACE

Down: Basebang

v tNa uk::inn Amplifiar
Pulse-
— ’ Shaping | Des
{, f Filter
Injection-lock 1 ||
-
g'r? veo |
Pulse.
—< ‘é ————{ shaping Lo On
PA Up-conversian Fitter

/M T — e —— S

i :' - _Wa‘rele_ss Network-on-Chip Archite;;;e— ------------------------------------- |
| T e )
[ Ii .I i
' 'g Propose topolagy | New/ Bxisting ' Tl Patterns ]
I' .;'I I|I and Benchmark IIJ ;‘ |
j—— ] — e A

| [ ] I O o A "'

........... .' /._--------.-------.----“-..rl.' '_.-_~-.-------...---~---...__..J |I.--..---..-..--J

{

| | — x _JI II-_.__, ] 1 |

[ Gems + Ruby + Garnet / Topay [

D o g NGNS

| NoC performancewith wi ]
[ 1 |

Dr.G. Balakrishnan, M.E, Ph.D,
Principal
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Assignment Question Paper
[ T Assignment—01 | Dateof Issme: | 08.02.2023 | Marks 110
| Coursecode | VL 4091 [ Course Title | Network on Chip . ]
 Year _lr o  Semester/Section | II/A | Date of Submission: 22022023 |
' Q.No I ~Questions T [ co |
I - M BN
1 | Explain Wormhole Router Architecture Design | C202.1 |
‘ ' |
P —f—— — e — —— e — — e - = - —— I .
12 - Explain Adaptive Router Architecture Design 1 C202.2 |
! |
I.._3__. — — R — _— o I—_ SR d

|; Discuss DesiEn-SEuriﬁ Ne_t\)v_o;ks-On-Chips - ' | C202.4

M é‘%@ﬁ%é: e
o [M-BHuve N Eﬁw&ﬁﬂ M E%Qw@_,

Name and Signature of the Faculty Incharge HoD/ECE

Dr. G. Balake#hinan, M.E, Ph.D.,
Principal
Indra Ganesan College of Engineering
IG Valley, Madurai Main Road
Manikandam, Trichy-620 ¢ 17
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DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING

Assignment Answer Sheet
Name of the Student : T, ABARNA
AU Register Number: 81 1221419001

,  Assignment-01
| Course code [VL4091 T Course Title

[ Date of Isswe: [
o '_N?tw_ork on C}Tiia_ -

- 08.022023 |

li_YEar_ _'J’TI_—_ | Semester/Section Im/Aa —_7' Date of Submission: ,Tzfoz_.z@"_‘]'
QN  Questions I co
7 Explain Wormhole Router Architecture Design [ C2021 |
. Adaptive Router Architectrepee——————— | |
|2 | Explain Adaptive Router Architecture Design | C202.2 J
| | |
3 ' Discuss Design-Security in Networks-On-Chips - - [C2024
Mark Allocation

1"_ © Rubries | Marks Allocated | Marks obtained

et i C—

. Content Quality ! 6 [ ,

~ Presentation Quality 2 1T ?_ - l'

L e e ————— — =S - —

| : =

| Timely submission | 2 9 |

| Totalmarks | T

L | S | _8 MR

M %LL&M,

‘Name and Signature of the Faculty Incharge

br.G, Baza‘.\/Jn,M,E., Ph.D,

Principal
Indra Ganesan College of Engineering
IG Valley, Madurai Main Road
Manikendam, T richy-620 012.
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INDRA GANESAN COLLEGE OF ENGINEERING

IG Valley, Manikandam, Tiruchirappalli, Tamil Nadu — 620 012, India
(Approved by AICTE, New Delhi and affiliated to Anna University, Chennai)
Internal Assessment Exam - I Date/Session ' 20.01.2023 l Marks ' 60
Course code l VL4091 Course Title Network on Chip
Regulation 2021 Duration 90 minutes Academic Year 2022-23
Year i | Semester m Department M'E_VLSI
DESIGN
| COURSE OUTCOMES

C202.1 | Compare different architecture design

C202.2 | Discuss different routing algorithms

C202.3 | Explain three dimensional Networks on Chip architectures
C202.4 | Test and design fault tolerant NOC

C202.5 | Design three dimensional architectures of NOC

| €202.6 | Study fault tolerance Network - on — Chip

E.No. [ Question | €O | BTS
PART A
(Answer all the Questions 10 x 2 =20 Marks)
1 . Co1 K1
| What is Network on Chip? .
2 Compare Circuit switching and Packet Switching CO1 K2
3 Define Mesh Network Co1 K1
4 Define Quality of service Co1 K2
5 Define Flow control Co1 Kl
6 What do you mean by Asynchronous FIFO design? COo2 K2
7 What do you mean by GALS Style of Communication Co2 K2
8 What is meant by Virtual channel router? Co2 K2
9 What do you mean by Wormbhole routing? Co2 K2
PART B
(Answer all the Questions 2 x 14 =28 Marks)
10a | Explain OSI Layer Rules in NOC [cor [ K
OR
10b | Discuss Regular and Irregular topologies in On chip Network | co1 [ K2
11a | Explain Asynchronous FIFO Design in NOC | co2 | k3
OR
b | Explain Wormhole router architecture design briefly in NOC | co2 [
PART C
(Answer all the Questions 1 x 14 =14 Marks)
122 | piscuss Virtual Channel architecture design in NOC | co2 [ k3
OR
| 12b | Write Short notes on Flow control and Quality of support in NOC | col [ k2

) P () \
M Rl L m e
Course Faculty i HoD
(Name /Sign / Date) (mﬁ/ (Name /Sign / Date)
Dr. G. Balz <rishnan, M.E, Ph.D,

Principal
Indra Ganesan College of Engineering
IG Valley, Madurai Main Road
Manikandam, Trichy-620 O.iZ.
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Internal Assessment Test Answer Book

‘ Year/ Semester/Section h]—’
&0[0! }9023 Department . ™,

Name and Sigpature
of the Examiner with date

Name and Signature

. Ph.D.,
rlShnani ME,
Dr. G. Balak ” of the IQAC member

incinal

dra Ganesan Coilege of I?nginesrm
In 1G Valley, Madurai Matn Raaz
Manikandam, Trichy-620 Uiz



INDRA GANESAN COLLEGE OF EN GINEERING
IG VALLEY, MANIDANDAM, TIRUCHIRAPPALLI - 620012
RTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERIN G
ACADEMIC YEAR 2020 - 2021(EVEN SEMESTER)
STUDENTS MARK STATEMENT- CO BASED

INTERNAL ASSESSMENT TEST-I
SUBJECT CODE &TITLE: VL 4091 NETWORK ON CHIP

YEAR/SEM: I/ IIT MONTH & YEAR: JAN 2021

@) I TOTAL (100)

SNO | REGNO ‘STUDENT Namg | €01 | coz ’ TOTAL
|
30 I

1.J 811221419001 'T.ABARNA { 20 ] 50 ' 83
2. | 811221419003 | MPREETHA BRE | 1z s | 2

MARKS RANGE:

<20 ’ 20-30 J 31-40 ‘ 41-50 ] 51-60 [ 61-70 | 71-80 [ 81-90 ' 91-100 [
010)0‘1{0'0’0 1'0J

Total No.of Candidates Present ’ 2

Total No.of Candidates Absent 0

L |

1

Total No.of Students Pass ’

LTotal No. of Students Fail 1

‘ Percentage of Pass ‘ 50 %

STAFF INCHARGE > PRINCIPAL

Dr. G. Balzkrishnan, M.E, Ph.D,,
rincipal '
Indra Ganesan College of Engineering
IG Valley, Madurai Main Road
Manikandam, Trichy-620 012.
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IG Valiey, Munikandam, Tiruchirappaiii, Tamii Nadu — 620 012, india
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