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2 Throughput
2 Latency
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Goals

2 Frame-level only.

2 Definitionsapplicableat AAL layer
Extendibleto higher layers.

2 Applicableto switch or group of switches
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Throughput

a Losdess, Peak, Full-load
2 Unit=bits/sec

Throughput
(Output)
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Statistical Variations

Repeat NRT timesfor TRT secondseach
Default NRT =30, TRT =60 seconds

U

a Sample={T,, T, Tg, ..., T}
Q Samplemean T = (1/n)ST,
2 SampleStandard Deviation s = (S(Ti-T)?%)/(n-1)
2 Standard Error = Standard Deviation/ On
2 100(1- a)% confidence interval
= (T-z[l_a,Z]Std_Err , T—z[1+a,2]Std_Err)
a Confidence a 7
90% 0.1 1.615
99% 0.01 2.346

99.9% 0.001 3.291
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Background Traffic

2 Withandwithout background traffic

2 Tobedefined
2 Without backgroundtraffic until then
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FrameL atency

a2 MIMO =Messagein Message out latency
=min{ LILO, FILO-Normalized FrameOutput Time}

2 NFOT =Framesize/output link rate

2 Applieseven when: Input rate <> Output rate
Even when framesare not contiguous

2 Unit: ns
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Statistical Variations

f

Default:

0 0O 0 0 O

R

Send NML cellsat TTL/(NML +1) intervals
NML = number of marked cellsfor |atency measurement
TTL=T

otal Timefor L atency measurement
NML =30 TTL =31 seconds

Calculate mean and standard error

(Sameway asfor throughput)
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Background Traffic

2 Withandwithout background traffic
2 Backgroundtrafficto be specified
2 Without backgroundtraffic until then
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Reporting Results
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Default Parameter Values

Parameter | Meaning Default
NRT Number of repetitions of throughput experiments 30

TRT Time of each repetition of throughput experiment 60 sec

FSA Frame Sizefor AAL performance experiments 9188 Bytes
NML Number of marked framessent in latency experiments | 30

TTL Total time of latency experiments 31 sec
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Summary

2 Throughput: Lossless, peak, full-load
Q Latency =Min{LILO, FILO-NFOT} =MIMO
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M otion

2 Includethetext of 96-08011 in the baseline draft.
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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

LIFO=LILO - Frametime

Nominal Frameoutput time NFOT = Frame size/output speed
Total Delay = FILO = Switch latency + Frametime

Switch Latency = FILO-NFOT=FIFO=LILO

I W A O EO
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MultipleBit Frames(Cont)

Switch Latency =FILO - FrameTime=FIFO=LILO
Thisassumescontiguousframes b Noidlecellsintermingled
Also assumesinput and output lines are of same speed.

FIFO doesnot reflect the degradation caused by gaps

LIL O doesnot reflect the degradation caused by output speed.
FILO- NFOT issimilarly incorrect if input < output speed
MIMO=MIin{FILO- NFOT, LILO} isthecorrect measure.
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L atency: Comparison

No. [Case FIFO | LILO | FILO- | MIMO
NFOT

la |Input = output, contiguous O O O O
frame, zero-delay switch

1b |Input = output, contiguous O O O O
frame, nonzero-delay switch

1c |Input=output, non-contiguous . . :
frefme, zerol?del ay S\NitChg Thiscaseisnot possible

1d |Input = output, non-contiguous O O O
frame, nonzero-delay switch

2a |Input > output, contiguous O O O
frame, zero-delay switch

2b |Input > output, contiguous O O O
frame, nonzero-delay switch
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L atency: Comparison (Cont)

No. |Case FIFO |LILO | FILO- | MIMO
NFOT

2C |Input > output, non-contiguous Thiscaseisnot possible
frame, zero-delay switch

2d  |Input > output, non-contiguous O O
frame, nonzero-delay switch

3a |Input < output, contiguous O O
frame, zero-delay switch

3b |Input < output, contiguous O O
frame, nonzero-delay switch

3c |Input < output, non-contiguous O O
frame, zero-delay switch

3d |Input < output, non-contiguous O O
frame, nonzero-delay switch

TheOhio State University Ra] Jain

19




Case la: | nput = Qutput Speed,
ContiguousFrame, Zero-delay Switch

| |
Q Zero-delay switch=wire (or acut-through switch)

2 SwitchLatency =FILO-NFOT=FIFO=LILO=MIMO=0
2 All four alternativesgivecorrect answer
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Case 1b: Input = Output Speed,
ContiguousFrame, Nonzer o Delay Switch

2 Example: A very longwire
2 SwitchLatency =FILO-NFOT=FIFO=LILO=MIMO
2 All four metric givethe sameanswer.
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Case 1c: I nput = Output Speed, Non-
ContiguousFrame, Zero Delay Switch

a Switch = A shortwire

2 All bitsexit as soon asthe enter.
P Non-contiguousframeisnot possible.
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Case 1d: I nput = Output Speed, Non-
ContiguousFrame, Nonzer o Delay Switch

2 FIFO doesnot reflect the degradation caused by gaps.
FIFO isnot acorrect measure of switch latency.

2 Switch Latency =total delay - frametime
2 FILO-NFOT=LILO=MIMO
2 Other three metricsgivethe same answer and are correct.
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Case 2a: | nput > Output Speed

ContiguousFrame, Zero-Delay Switch

O O

0 0O U

d

Zero delay switch = Two port memory

Total Delay =FILO
= Switch Latency + Nominal Frame Output Time

Switch Latency = FILO- NFOT=FIFO =0
Inthiscase, LILO will givewrong answer.
LILO>FILO-NFOT P MIMO=FILO-NFOT =0
MIMO isalso correct
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Case 2b: Input > Output Speed
Contiguous Frame, Nonzer o-Delay Switch

2 Total Delay = FILO = Switch Latency + Frame Time
2 SwitchLatency =FILO- NFOT=FIFO

2 Inthiscase, LILO isaffected by the output speed and gives
wrong answer.

Q LILO>FILO-NFOT b MIMO=FILO-NFOT
2 MIMOisalsocorrect
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Case 2c: | nput > Output Speed
Non-contiguousFrame, Zer o-delay Switch

Q Zero-delay switch=Two port memory

QA zero-delay switchwill not introduce any gaps
b Thiscaseisnot possible.
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Case 2d: I nput > Output Speed, Non-
contiguousFrame, Nonzer odelay Switch

2 Switch Latency =total delay - frametime=FILO - NFOT
2 FIFO doesnot reflect gaps b FIFO iswrong
2 LILO isaffected by output speed and iswrong.

Q LILO>FILO-NFOT
P MIMO=min{LILO, FILO-NFOT} =FILO-NFOT
P MIMO isalso correct.
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Case 3a: | nput < Qutput Speed,
ContiguousFrame, Zero-delay Switch

U

Zero-delay Switch = 2-port memory

Contiguousframesare possibleonly if thetransmission of
thefirst bit istimed based on frame size.

FIFOisnon-zero b Not acorrect measure of switch latency
FILO-NFOT = FIFO = non-zero. Also incorrect.
LILOIszero. Soitiscorrect.

U

0 0O U

2 MIMO=MIn{LILO,FILO-NFOT} iszero. Itisalso correct.
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Case 3b: Input < Output Speed,
Contiguous Frame, Nonzer o-delay Switch

2 Tomaintain frame contiguity, the departure of first bit has
to be schedul ed depending upon the output speed.

2 FIFO can bemadearbitrarily large by increasing the output
link speed (and not changing the switch at all).
FILO-NFOT=FIFOissimilarly incorrect.

2 LILOistheonly metricthat can be argued to be correct.

O LILO<FILO-NFOT
MIMO=MIin{LILO,FILO-NFOT} =LILO
MIM QO isalso acorrect measure.
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O O

0 0O 0O O

U

Case 3c: | nput < Output Speed, Non-
ContiguousFrame, Zero-delay Switch

Zero-delay switch =two port memory

To obtain contiguous cell, thefirst bit of the cell issent such
that thelast bit can be sent immediately upon arrival.

FIFO isnon-zero. Soitisincorrect.

FILO- NFOT isnon-zero. Soitisincorrect.

Gapsare caused by speed difference. Not attributableto switch.
LILOIszero. Soitiscorrect

MIMO=Min{LILO, FILO-NFOT} iszero.
Soitisalso correct.
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Case 3d: I nput < Qutput Speed, Non-

Contiguous Frame, Nonzer o-delay Switch

d

Tomaintaincell contiguity, first bit transmission time depends
upon the output speed. FIFO can be made arbitrarily large by
Increasing the output link speed (and not changing the switch).

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

FILO-NFOT > FIFOissimilarly incorrect.
LILO istheonly metric that can be argued to be correct.
LILO<FILO-NFOT b MIMO= LILO
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