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Desired Propertiesof Metrics

vIeasured performance = Function{ System,

Norkload}

vietrics that depend highly on workload and less on

he system are undesirable
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|LO Latency: Another Exampl

-xample 2: Gap = 2 days. Delay =1 ms.
> FILO=2days+ 3ms
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Two days | FILO=2daysand 3m
h = 172,800,000 m
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MIMO Latency: Definition

MIMO Latency = FILO — FILO,
FILO, = FILO latency through an ideal network
|deal Network = Zero length wire (in many cases)
>

FILO, = 3 m:
é_ g S e — ¢ >
>
FILO=8ms MIMO=FILO - FIL(
3 =5ms
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MIMO Latency: Example 2
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ILO=2days+3ms  FILO,=2days+2ms

MIMO Latency = FILO - FILO,=1ms
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Another Equivalent Definition

-irst Definition: MIMO = FILO —FILQO,,.

lex “0” indicates zero-delay switch

Definition of FILO:

o FILO = Frame Input Time+ LILO

o FILO, = Frame Input Time + LILO,

second Definition: MIMO =LILO-LILOQR ouT

A AP

Frame Input Time —>

FILO
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Delay Through an ldeal Switch

—1 ATM ldeal Switch [—
In Out In Out In Out

— |_||_0Lv:

ALO,=0 If Input speed < output speed
ALO,>0 Iff Input speed > output speed
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MIMO vsLILO: 1-Cell Frame

OC-3 OC-1 OC-3 OC-1
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_onsider a switch with one cell delay
o LILO=3c, LILOy=2c, MIMO = 1c
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MIMO vsLILO: 2-Cdl Frame

OC-3 OC-1
—— P

0
C
2C -
3C -
4c
5C -
6C -
/C
3C

_onsider a switch with one cell delay
o LILO =5c, LILOy=4c, MIMO = 1c
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1IIMO vsLILO: 100-Cdl Fram

0C-3 0OC-1
——
0
C
2C -
100c B
301c B

_onsider a switch with one cell delay
o LILO=301c, LILO, = 300c, MIMO = 1c
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MIMOVvsLILO

Frame Size LILO LILOO | MIMO
1c 4c 3C 1c
10c 31c 30c 1c

100c 301c 300c 1c
1,000c 3,001c 3,000c 1c
10,000c | 30,001c [ 30,000c 1c
10,0000c | 30,0001c |300,000c 1c
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MIMOVvsLILO

MIMO =LILO - LILO,
o LILO measures the total delay.

o LILO, measures the workload dependent part of
the LILO delay. Depends upon the “mismatch”
between input and output speed.

o> MIMO measures the delay introduced only by
switch itself.

-or the n-cell Frame: n depends upon the workload
o LILO = (3n+1)c, LILO, = 3nc, MIMO = 1c
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M easur ement Configuration

155 Mbps
1 Out > Alln
11n AlOut | |ATM
.TM Monitor vy Switc
2 Out 25 M bpS D11n
2 In |« D1 Out
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Workload

nput Rate (155 Mbps) > Output Rate (25 Mbps)

>aps between the cells of the frame increased from !
0 /7 cells. Queueing up to 5-cell gap
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M easur ement Results

Input 155Mbs, Output 25Mbs, 32-cell frame
LILO and FILO depend heavily from frame pattern
MIMO indicates the switch contribution in the del a

Test | Frame | LILOy | LILO | FILO | MIMO

No. | Pattern

1 Nogap| 351.71 | 385.01 | 563.3 | 33.3

2 1-cell | 263.98 | 295.78 | 561.8 | 31.8
gaps

3 2-cel | 176.25 | 209.05| 562.8 | 32.8
gaps

4 3-cal | 8852 | 119.82| 561.3 | 31.3
gaps
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MIMO Latency of a Path

[ |

_:_ 1 2 i _:_

For each switch or wire: -
5 MIMO, = LILO; - LILOy;
Similarly for the network path:
5 MIMOg = LILOg - LILOgg
Since: LILOg=SLILG,
A MIMOg=SMIMO, + SLILO,; - LILOg
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Delay Componentsin a path

MIMOg = SMIMO, + SLILOy; - LILOys

V1M O, component delay introduced by switch i

_ILO,; workload-dependent component delay
ntroduced the mismatch of the input-output speeds
he ith component. LILO, can be computed from
nput/output speed of the ith component

LI1LO,s workload-dependent delay that would have
)een introduced if the path were to be replaced by a
deal switch. LILO,g can be computed from the
nput/output speed of the entire path.
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Examplel

|r 0C-3 0C-3 OC-

— . . .
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-or each component: Input = Output b LILOy =0
-or the path: Input = Output P LILOy,=0
MIMOg = SMIMO+S LILO,-LILOyg=Cc+Cc+cC=
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Example 2
OC- OC-1 OC-3

™ ' ' — 0 Middlelink OC-
> MIMO, =c
> MIMO, =3c
> MIMO;=c

\J \NJ \J \NJ \J \J \J \)

J
J
3

OO0

d

1Oy = 2C
| Oy, =0

| Oy =0

MIMOg = SMIMO, + S LILOy - LILOyg

= (c+3ctc) + (2¢+0+0) - 0=7c
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Summary

T
-ILO and LILO are significantly affected by the
vorkload

-ILO ismeaninglessif large gaps in the frames

_ILO Ismeaningless if large number of back-to-bac
rames

VMO provides system latency.
VIIMO can be aggregated.
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