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Overvi ew

Reasoni ng about conponent QoS.

A QoS neta nodel .

What's the val ue of this approach?
Rel at ed wor K.

Concl usi ons.




The QUA Proj ect

An architecture that enabl es conponent-based software engi neering of real-time and
mul ti nedia applications (both a priori guarantee and dynami c adaptati on approaches).

Need a theory of what QoS is, how to specify requirenents, how to reason about for
conponent sel ecti on.

The QUA QS Meta Moddel provides a theory of how to specify QS for conmponents
and how to reason about relati on between conponent and conposition QoS.
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Reasoni ng About Conmponent QS
What 1s QOS?

del ay, resolution, reliability...
schedul ed event tinme, cost, bandw dth...
extra functional properties

What’' s different about conponents?
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The QUA QoS Meta Mbdel

Definition 1. A service is a subset of output nessages
and causally related inputs to sone conposition of object:
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The QUA QoS Meta Mbdel

A nessage event trace is a sequence of nessage val ues
associated with the sending interface and the tine
It was sent.
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What ' s the best QoS possi bl e?

For a given input trace, the ideal output trace is gener:

when the service executes conpletely and correctly
on an infinitely fast platformwth unlimted resources.

The actual output trace is what is observed.

i deal = ( 10, v1, 20, v2, 30, v3, 40, v4, 50, v5)

interpretatiom n J
\J

actual = ( 12, v1, 21, v6, 44, v4, 45, v3)

actual = ( 12, vl1, 21, v6, 45, v3, 44, v4, infinity, v5)
- ideal = ( 10, vi1, 20, v2, 30, v3, 40, v4, 50, v5 )
difference = ( 2, O, 1, 4, 15, O, 4, O, infinity, 0)
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How to nodel only interesting differenc

An error model € = (61(5’): sy en(g)) is a vector
of n functions that each map from a difference

—

vector 4 to a real number such that
I&3)]| = 0 when ||5]] = o.
Packet €Seriricevexarple= error“nbdel :
e delay(t) is the mean of time differences in d(10,t, 5’}
e jitter(t) is the variance of time differences in d(10, ¢, 8).

e loss(t) is the ratio of the number of packets lost in

—

i(10,¢,9) to the number sent, or zero if none were sent.
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Supporting Conposition

Arbitrary patterns:
pi pel i ne, framework, backup, parallel deconpositior
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A Video nject Tracking Service
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Exanpl e Error Mbdel s
(bj ect Tracker:
e latency(t) is the mean of time differences in (10, ¢, g)

e errorRate(t) is the ratio of non-zero location differ-

ences in (10, ¢, 5’) to the total number of location val-
ues.

e period(t) is the maximum ¢ such that location dif-

ference is non-zero for all values in i(q,t’,g), where
t—10<t' <t

Classifier: sane error nodel
Feature Extractor:

e latency(t) is the mean time difference in i(10,¢,6).

e errorRate(t) is the ratio of non-zero motion vector
array differences in ¢(10,1, 5) to the total number of

motion vector array Values D D [I D D E
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Error Prediction

| atency(t) =
comuni cati on. del ay +
avg( ME«<l.latency, ...MEen.latency) +

classifier.latency

error«rate(t) = f( MELl.errorRate, MEl.|atency(t),
MEn.errorRate(t), MEn.|atency(t))

period = max( classifier.period, source.period)

ME. | atency(t) = f(task, cpu.del ay)
ME.error«rate(t) = 0
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Conposi tional Properties
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Rel at ed Wor k

QuUO (Schantz, et al., BBN)

Reusabl e adapti ve QoS nmanagenent.
Client-server contracts.
| nformal senmanti cs.

SLANG (Lamanna, et al., Tapas)

Very |l arge grain conponents.
Acknow edged i nformal semantics problem

QS conpil er (Nahrstedt, et al.)
Fi xed set of QoS di nensi ons.
More research needed to all ow uni form specificat
of QoS for different application donains.
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Concl usi ons

QoS Met a Model

- basis for formal QoS specification semantics

- can nodel any conponent service

- prediction functions rel ate conponent and
conposi ti on QS

Because QoS error nodels do not depend on
| npl enent ati on, standard nodel may be used by both
conmponent consuners and third party devel opers.

Because interface location is well defined, conponent
assenbl ers may provi de accurate error prediction
functi ons.
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