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Overview

| nput frame not contiguous

Output frame not contiguous

| nput Speed! Output Speed

SingleCell

SingleBit
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Overview: CasesToConsider

Discontiguous Frame

L atency
SingIIeBit SingIIeCeII |
ZeroDel zliy Switch Nonzerlo Delay Switch
Ri, :IRout Ri, >IRout Ri, <IRout
1. Rir: =R,

2. Rin < Rout 3. Rin > Rout

1la. No Changein Gaps| | 1b. Expansion

1c. Compression

2a. Zero delay switch

2b. Nonzero delay switch

3d. Nonzerofirst bit delay

Zerofirst bit delay

3a. No Changein Gaps

3b. Expansion

3c. Compression
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L atency: SingleBit
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a Latency =1, -t
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L atency: SingleCell

O = :iist-bit In to first-bit out
O = Last-bit into last-bit out
| O = First-bit in to last-bit out
O = Last-bit into |ast-bit out

FO=LILO=FILO-Celltime=LIFO + Cell tim

2 Assumesinput speed = output speed
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M easur ement Points

AAL AAL
ATM ATM| [ATM ATM
PHY PHY| |PHY PHY

] ]
|7A\| |7A\|

N

M easurement points

2 Host speed should not affect the measured switch
performance

2 Delay caused by input/output link speeds should not

ne attributed to switch latency.
The Ohio State University
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L atency: SingleCell,
|nput Speed 1 Output Speed

(a) Input speed < Output speed (b) Input speed > Output speed

d

~O =FILO - Cell output time
_O=FILO-Cell inputtime

~FO =FILO - (Cell input time + Cell output time)

2 Wewill show that MIM O i1sthe correct switch latenc
MIMO =MIn{LILO, FILO-Cell Input Time*R/R}
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(a) Wire: R, =R

2 Intelligent
Knows cel

2 Thesecom

Simple Switches

— (I —
I

w (OFIFO:R.>R ., (c)Intelligent FIFO:
- FO: I:\)in < Rout
size. Holdsfirst bit to avoid underrun.

ponents have known switching latencies

2 Combinationsof theseb Known latency switches
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Zero-Delay Switch
| nput Speed = Output Speed

— (I —
I

—

Q FIFOiIszerob Correct
2 LILOiszerob Correct

A MIMO=MIin{LILO, FILO-Cell inputtime*R/R,}
= 0P Correct

The Ohio State University




Zero-Delay Switch
| nput Speed > Output Speed

— (I —
I

Q FIFOiIszerob Correct
2 LILOIsnon-zerob Incorrect

A MIMO=MIin{LILO, FILO-Cell inputtime*R/R,}
= 0P Correct
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Zero-Delay Switch
| nput Speed < Output Speed

— (I —

2 FIFOi1snon-zerob Incorrect
2 LILOiszerob Correct

A MIMO=MIin{LILO, FILO-Cell inputtime*R/R,}
= 0P Correct
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Non-ZeroDelay Switches

— = — —— |l ——_I

(a) Qin - Rout (b) Rinz Rout (C) Rin <R

out

(@ FIFO=LILO=MIMO=D
(b) FIFO=MIMO =D, LILOIsincorrect
(c) LILO=MIMO =D, FIFO isincorrect
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Summary: SingleCell

No. |Case FIFO | LILO | MIMO
1 |Input speed=outputspeed | O O O
2 |Input speed> output speed O ’ O
3 |Input speed < output speed | O O

2 MIMO istheonly metric that appliesto all cases.
2 Theseresultsalso apply to contiguous frames

The Ohio State University
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Discontiguous Frames

2 Frames coming in and out of aswitch are not
contiguous

2 Position and number of gaps may change

A MIMO=MIn{LILO,FIT*R /R .}
Where, FIT = Frame input time

= First-bitinto last-bit in
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1. Input Speed = Output Speed

(a) No change (b) Expansion

(c) Compression
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la. Input Speed = Output Speed
No Changein Gaps
D

a2 FIFO=D
a2 LILO=D
Q FILO-FIT=FIFO=D

D MIMO=MIn{LILO,FILO-FIT} =D

2 All three metrics are correct
The Ohio State University
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1b. Input Speed = Output Speed
Expansion in Gaps

2 FIFO doesnot reflect expansion.
P FIFOisincorrect.

A LILO=FILO-FIT=FFO + expansion=D
D MIMO=MIn{LILO,FILO-FIT} =D

a2 LILOand MIMO arecorrect.
The Ohio State University




1c. Input Speed = Output Speed
Compressionin Gaps

2 FIFO doesnot reflect compression.
P FIFOisincorrect.

A LILO=FILO-FHT=FFO-compression=D
D MIMO=MIn{LILO,FILO-FIT} =D

a2 LILOand MIMO arecorrect.
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Summary: Discontiguous Frames
| nput Speed = Output Speed

No.|Case FIFO | LILO | MIMO
la |No Changeingaps O O O
1b |Expansion ’ O O
1c |Compression ’ O O

2 MIMO isthe only metric that appliesto all cases so
far.
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2a. I nput Speed < Output Speed

Zero-Delay Switch

2 Needto storebitsto avoid underrun
2 Inthe best case, |ast bits of each cell has no delay

D—

a

D

The Ohio State University Ra Jain

O 1snon-zerob FIFO isincorrect.
L O=0pP LILOIscorrect

_LO=FITP FILO-FIT*R./R,, = Positive
MIMO =Min{LILO, FILO-FIT*R/R_,} =0
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2b. I nput Speed < Output Speed

2 In each case:
o FIFO>Db FIFOIsincorrect.
aLILO=DP LILOIscorrect

LO=FIT+DP FILO-FIT*R /R, >D
MIMO =Min{LILO, FILO-FIT*R/R,_ .} =D

Uy 11 1
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3a. | nput Speed > Output Speed

No Chlangein Gaps

2 Switchingdelay =0

Jd
Jd
Jd

D

~-|FO 1szerobP FIFO iscorrect.

LOiIsnonzerobP LILO isincorrect
LO=FIT*R /R P FILO-FIT*R. /R, =0
MIMO=MIn{LILO, FILO-FIT*R/R,;} =0

MIM O iscorrect
The Ohio State University Raj Jain
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3b. Input Speed > Output Speed
| Expansi on In Gaps

2 Worsethan 3a. S\Nltchlng delay Two cell input tim
1 FIFOiszerob FIFOisincorrect.

2 LILO>Twocell inputtimeb LILO Isincorrect

A FILO>FIT*R /R, P FILO-FIT*R. /R ;=2
MIMO =MIn{LILO, FILO-FIT*R/R,,} =2

MIM QO iscorrect
The Ohio State University
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3c. Input Speed > Output Speed
Comprleﬁsion In Gaps

S

FOiIszerob FIFO isincorrect.

A LILO=2Pb LILOIsIncorrect
LO=7FIT=5,
MIMO =MIn{LILO, FILO-FIT*R/R,,} =-3

MIMO iscorrect
The Ohio State University
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Summary: Discontiguous Frames
| nput Speed > Output Speed
Zero First Bit Delay

No.|Case FIFO | LILO | MIMO
3a |[No Changein gaps O ‘ O
3b |Expansion ’ ’ O
3c |Compression ’ ’ O

2 MIMO isthe only metric that appliesto all cases so
far.
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3d. Input Speed > Output Speed
Nonzero First Bit Delay

2 Thesecasesare similar to 3a, 3b, 3c except that the
switch delay hasincreased by d, whered isthefirst
bitdelay.

2 It can be shown that the previous summary table
appliesherealso.

The Ohio State University Raj Jain

27



Summary: Discontiguous Frames

| nput Speed > Output Speed
No. Case FIFO | LILO | MIMO
3a+3a [No Changein gaps O ’ O
3b+3b’'|Expansion ’ ’ O
3c+3c’ |Compression ’ ’ O

2 MIMO istheonly metric that appliesto all cases.
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User Perceived Delay

155 _ 155 155 _ 51
— Switch » — Switch -

(@) (b)

2 Theswitch latency issamein both cases.

2 Theuser percelved performancein casebisworse
than that in case a.
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User Per celved Performance(Cont)

2 Theuser percelved performance dependsupon the
link speeds

2 Theswitch latency measured by MIMO s
Independent of the input/output link speeds.

2 User can not begin itswork until the last bit has
been recelved and so user perceived performanceis
reflected by LILO.

2 ThedifferenceLILO-MIMO isdueto link speed
differential. Thisiscalledouffering delayandis
nonzero only Iif theinput hasto be buffered (input
speed > output speed).
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User Percelved Performance(Cont

2 Inall other cases, buffering delay iszero (Input
speed > output speed). | n these cases,

MIMO=LILO.

2 Ingeneral:
User Perceived Delay =LILO
=MIMO + Buffering Delay

2 Buffering delay and user perceived delay isnever
negative.

2 Switches are smart and can compress aframe
resulting sometimesin negative delay (when input
speed < output speed)
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Summary

2 Switch Latency:

MIMO=MIin{LILO,FILO-FIT*R/R,}
2 Switch latency s not affected by host or link speeds

2 User perceiveddelay =LILO
2 Bufferingdelay =LILO-MIMO
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