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2 Throughput
2 Latency
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Throughput

a Zero Lossand Peak

2 Unit=Frames/sec, cells/sec, or bits/sec
bits/sec ismost intuitiveand
doesnot require specifying asize.

2 MeasureWith and without background (VBR)

A P
Pesk
Throughput \
(Output) ; Zeroiloss
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L atency

2 Forasinglebit:
Total latency = Bitinto bit out = Switch latency

T |
2 For multiplebit frames:
a FIFO =First bit Into First bit Out
a LILO= LasthitInto Last bit Out
a FILO = FirstbitInto Last bit Out
o LIFO=Lastbit Into First bit Out
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L atency: MultipleBit Frames

FIFO=LILO

FILO =FIFO + Frametime = FIFO + Frame sizem/Speed C
LIFO =FIFO - Frametime=FIFO - m/C

Total Delay = FILO = Switch latency + Frametime

Thisassumescontiguousframes
P Noidlecellsintermingled

2 Also assumesinput and output lines are of same speed.
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L atency: General Definition

2 Framescoming out of aswitch (or anetwork) are not contiguous
2 Also, Input/output linksmay be of different speed.

2 Total delay = Firstbitintolast bit out=FILO
= Switch latency + Frametime

2 SwitchLatency =min{LILO, FILO-m/Cout} =MIMO
2 MIMO =Messagein Message out
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L atency Definitions. Comparison

Non-zero switch Latency

Case FIFO | LILO | FILO | MIMO
-m/Cout
la |Ci, = Cou ContiguousFrame O O O O
1b | Cip = Cou, NoONn-contiguous Frame X O O O
2a | Ci, > Cyy, ContiguousFrame O X O O
2b |Ci, > Cou, Non-contiguous Frame X X O O
3a |Ci, < Cuu, ContiguousFrame, X O X O
Zero SwitchLatency
3b |Ci, < Cou, Non-Contiguous Frame, X O X O
Zero SwitchLatency
3¢ |Ci, < Cou, ContiguousFrame, X O X O
Non-zero switch latency
3d |Ci, < Cou, Non-contiguous Frame, X O X O
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Case 1: Input = Output Speed

2 Total Delay = FILO = Switch Latency + Frame Time
2 A. Contiguous Frame on Output:

o Switch Latency =FILO-m/C_,=FIFO=LILO=MIMO
2 B. Non-Contiguous Frameon Output:

o Switch Latency = total delay - frametime

o FILO-m/C,, =LILO=MIMO

out

o Inthiscase, FIFO will givewrong answer.
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Case 2a: | nput > Output Speed
ContiguousFrameon Output

Total Delay = FILO = Switch Latency + Frame Time
Switch Latency =FILO-m/C_, =FIFO

Q

4 out —
Q2 Inthiscase, LILO will givewrong answer.
Q
Q

LILO>FILO-m/C P MIMO=FILO-m/C

out out

MIM QO isalso correct
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Case 2b: Input > Output Speed
Non-ContiguousFrameon Output

Total Delay = FILO = Switch Latency + Frame Time
Switch Latency =total delay - frametime=FILO-m/C
FIFO<FILO-m/C_ P FIFOiswrong
LILO>FILO-m/C_ ;P LILOIswrong

MIMO=min{LILO,FILO-m/C_,} =FILO-m/C
P MIMOiscorrect.
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Case 3: | nput < Qutput Speed

a Ititdifficult to get contiguous frame on output since output
ISmuch faster unlessthe switch storesthe entireframe.

a Someof theflawsof traditional definitions can also be seen
by considering aswitchwith zero latency.

2 Therearefour possible cases:
o 3a ContiguousFrame, Zero switchlatency
o 3b. Non-contiguousframe, zero switch latency
o 3c. Contiguous Frame, non-zero switch latency
o 3d. Non-ContiguousFrame, non-zero switchlatency
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Case3a: C, <C_ ., ContiguousFrame,
Zero Switch L atency

2 FIFOisnon-zero b Not acorrect measure of switch latency
2 FILO-m/C,, = FIFO = non-zero. Also incorrect.
2 LILOIszero. Soitiscorrect.

a2 MIMO=Min{LILO,FILO-m/C_,} iszero.
It isalso correct.
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Case3b: C, <C,,, ContiguousFrame,
Zero Switch L atency

a FIFOiIsnon-zero. Soitisincorrect.
2 FILO-m/C,, isnon-zero. Soitisincorrect.
a LILOIszero. Soitiscorrect

a2 MIMO=Min{LILO,FILO-m/C_,} iszero.
Soitisaso correct.
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Case3c: C,;,<C,,, ContiguousFrame,
Non-ZeroSwitch L atency

2 FIFO can bemadearbitrarily large by increasing the output
link speed (and not changing the switch at all).
FIFO isnot anincorrect measure of switch latency.

a FILO-m/C,,;=FIFOissimilarly incorrect.

2 LILOistheonly metricthat can be argued to be the correct
measure of switchlatency.

Q LILO<FILO-m/C_,
MIMO =Min{LILO,FILO-m/C_,} =LILO
MIM O isalso acorrect measure.
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Casedd: C, <C_,, Non-Contiguous
Frame, Non-Zer o Switch L atency

2 FIFO can bemadearbitrarily large by increasing the output
link speed (and not changing the switch latency at all).

2 FIFO can also be made small by sending thefirst cell fast but
introducing idiecellslater b FIFOisnot correct.

2 FILO-m/C,,;>FIFOissimilarly incorrect.
2 LILOistheonly metric that can be argued to be correct.

2 LILO<FILO-m/C,,
MIMO=Min{LILO, FILO-m/C_,} =LILO

TheOhio State University

15



Summary

2 Throughput: Zero-lossthroughput and peak throughput
a Latency =Min{LILO,FILO-m/C_,} =MIMO
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