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Switch micro-architecture
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Design layers

IP-core IP-core
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Circuit switching

Pre-allocation of resources (links)

Probe (a small set up message) is sent
to reserve the links

Probs reaches the destination

&
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Acknowledgement message
transmitted back

..................

Source receives the ack

Source release the message
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Circuit switching

* This switching is sufficient for the
large message

It can be implemented bufferless
* Poor bandwidth utilization

On-Chip Networks
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Packet switching

e Store and forward
 Virtual cut through

Store and forward

* Store and forward
— The main unit=packet

— Entire packet must be received before
forwarding any part of packet

— Long delay at each hop

— Unsuitable for on-chip network (delay
intensive networks)

— High buffer size

S Midia-Res adi
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Store and forward
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H: header flit
B: Body flit

T:tail flit
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Virtual cut-through

* To reduce the delay packet at each
hop

e Allows transmission before the entire
packet is received

No flits can

olu[s[e]s]r o[ e ]o e[ p.roceed until all 5
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* Packets move forward only if there is
enough storage at the next router

* In on-chip networks: large packet
size (64-128 byte cache lines)

On-Chip Networks

Virtual cut-through
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e To reduce the buffering requirements

Flit-based flow control

|

On-Chip Networks

* WORMHOLE switching

* pros and cons

— It allocates storage and bandwidth in flit-sized units

— The flit can depart the current node as soon as there
is sufficient buffering for this flit.

— Need small buffer
— inefficient use of link bandwidth: why?

* when a packet is blocked, all of the physical links held by
that packet are left idle

— Effective use of buffers
— Suffering throughput:

* because other packets queued behind the blocked

packet are unable to use the idle physical links.
S-MidiaReshadi
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* Wormbhole
packet latency

flow

control
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Virtual channels

* head-of-line blocking in flow control,
thus extending throughput.
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Virtual Channels Planning for Networks-on-Chip
Ting-Chun Huang, Umit Y. Ogras, Radu Marculescu
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Virtual channels

* VCs can be applied to the:

— Circuit switching = virtual circuit
switching

— Packet switching
— Virtual cut-through switching

— Wormhole switching
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Walk-through Example
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Walk-through Example
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Walk-through Example

veo ﬂ n B, VeeRT e B B —_ .
ot o oy I Y R N L]
a 1 2 l L 2
B | To B | To
[n]e] [x]=]
s 4
(e)T=4 (HT=6
O Midi adi

Summary

Links

Buffers

Comments

Circuit-switching Messages

Packet Packet

Store and Forward

N/A (buffer-less)

Requires setup &
acknowledgment

Head flit must wait

for entire packet before
proceeding on next link

Virtual Cut Through Packet Packet

‘Wormhole Packet Flit

Virtual Channel Flit Flit

1
On-Chip Networks

Head can begin next link
traversal before tail
arrives at current node
Head of line blocking
reduces efficiency of link
bandwidth

Can interleave flits of

different packets on links
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