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4.3 Virtual Output Queue (VOQ) Input Q’ing
and the Crossbar Scheduling Problem

• Crossbar Switch with one Buffer Memory per Input Line

• Throughput per Buffer Memory = 1 (incoming) + 1 (outgoing)

• Multiple (one per output) Queues per Buffer Memory:

“Virtual Output Queues – VOQ”
– N queues per input, N2 queues total, for N×N switch

• Crossbar Scheduling, per cell-time:
– pairings (“marriages”) between inputs and outputs – each input 

specifies a subset of the outputs that it accepts to be married to
– interdependent decisions – difficult problem!
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Crossbar Scheduling: Parallel Itarative Matching (PIM)

Request Phase: Grant Phase: Accept Phase:
independently,Each output,

requests in parallel
All inputs send their

requests that it received
grants to one of the

that it received
one of the grants
Each input accepts
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of the received requests

Unmatched inputs
accept one of the
received grants

(received no grant)

Accept Phase:Grant Phase:
Unmatched inputs

resend their requests

S e c o n d   I t e r a t i o n

Unmatched outputs (rcv'd
Request Phase:

no accept) grant to one

1

4

B

C

D

A1

D

C

B

4

3

2

1 A

2

3

D

C

B

4

3

2

A

• Original PIM proposal: outputs grant randomly among requesting 
inputs, inputs accept randomly among granting outputs
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for the given request pattern

Cannot add any new connection
of connections

Maximum Matching

already made connection(s)
without breaking some
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iSlip: Most Popular, Practical Crossbar Scheduler

• Practical variation of PIM

• Widely used in commercial switch products

• Nick McKeown: “The iSLIP Scheduling Algorithm for Input-
Queued Switches”, IEEE/ACM Tr. on Networking, April 1999

• Performance properties:
– performs well under uniform and heavy load, when most VOQ’s are 

non-empty and matching almost “rotate” among inputs & outputs

– adds delay under medium loads, until most VOQ’s become non-empty

– does not perform very well under “unbalanced” traffic (each input 
preferentially sends to one or a few “favored” output(s) of itself)



http://archvlsi.ics.forth.gr/~kateveni/534

4.3  VOQ, Crossbar Scheduling 5

CS-534, Copyright Univ. of Crete 9

CS-534, Copyright Univ. of Crete 10



http://archvlsi.ics.forth.gr/~kateveni/534

4.3  VOQ, Crossbar Scheduling 6

CS-534, Copyright Univ. of Crete 11

12



http://archvlsi.ics.forth.gr/~kateveni/534

4.3  VOQ, Crossbar Scheduling 7

13

14



http://archvlsi.ics.forth.gr/~kateveni/534

4.3  VOQ, Crossbar Scheduling 8

15

16



http://archvlsi.ics.forth.gr/~kateveni/534

4.3  VOQ, Crossbar Scheduling 9

CS-534, Copyright Univ. of Crete 17

CS-534, Copyright Univ. of Crete 18


