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Part 1
Application requirements

NoC: A paradigm shift in VLSI Design

Critical problems addressed by NoC

Traffic abstractions 

Data abstraction

Network delay modeling
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Operation Delay

(.13mico)           

Delay

(.05micro

)

32-bit ALU Operation 650ps 250ps

32-bit Register read 325ps 125ps

Read 32-bit from 8KB RAM 780ps 300ps

Transfer 32 -bit across chip 

(10mm)

1400ps 2300ps

Transfer 32-bit across chip (200mm) 2800ps 4600ps

2:1 global on-chip communication to operation 

delay 9:1 in 2010

Ref: W.J. Dally HPCA Panel presentation 2002

Wire Delay vs. Logic Delay
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Shared bus
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Hierarchical bus
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Bus matrix
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Network - on- Chip -> our main topic in this lecture.

Processing

element

Network
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On-chip Interconnection Types
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Network - on- Chip -> our main topic in this lecture

On-chip Interconnection Types



Traditional SoC Nightmare

ÇVariety of dedicated interfaces

Ç Design and verification complexity

Ç Unpredictable performance

Ç Many underutilized wires
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NoC: A paradigm Shift in VLSI
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Part II: NoC Building Blocks

Topology
Routing Algorithms
Routing Mechanisms

Control Flow
Network Interface 

Router Architecture
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NoC Topology

ÇMainly adopted from large -scale 
networks and parallel computing

ÇA good topology allows to fulfill the 
requirements of the traffic at 
reasonable costs

ÇTopology classifications:
1. Direct topologies

2. Indirect topologies
14

NoC topology is the connection map 
between PEs.



Direct Topology: Mesh
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Direct Topology: Torus
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Direct Topology: Folded Torus
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Direct Topology: Folded Torus
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Direct Topology: Octagon
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Indirect Topology: Fat Tree
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Indirect Topology:
k-ary n-fly butterfly network
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Indirect Topology:
(m, n, r) symmetric Clos network

22

S

W

S

W

00

22

S

W

S

W

00

22

S

W

S

W
11 11

S

W

S

W

33

55

S

W

S

W

33

55

S

W

S

W

44 44

S

W

S

W

66

88

S

W

S

W

66

88

77 77

S

W

S

W

99

1111

S

W

S

W

99

1111

S

W

S

W
1010 1010



How to Select a Topology ?

ÇApplication decides the topology type

üif PEs = few tens Ą Mesh is recommended

üif PEs = 100 or more Ą Hierarchical star 

is recommended

ÇSome topologies are better for certain 

designs than others
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Part II: NoC Building Blocks

Topology
Routing Algorithms
Routing Mechanisms

Control Flow
Network Interface 

Router Architecture
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NoC Routing

Routing algorithm determine path(s) 
from source to destination. Routing  
must prevent deadlock, livelock , and 
starvation.
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Deadlock, Livelock, and Starvation

Deadlock : A packet does not reach its 
destination, because it is blocked at some 
intermediate resource.

Livelock : A packet does not reach its 
destination, because it enters a cyclic path.

Starvation : A packet does not reach its 
destination, because some resource does  not 
grant access (wile it grants access to other 
packets).
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Lifelock
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