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Resource Assignment Problem

» Resources: CPU, Bandwidth, etc.

* Resource Assignment Problem: How much
resource should be assigned to real-time tasks?
— Always satisfy minimal timing constraints (or QoS)
» Minimal resource assignment

— Optimize QoS with left over resource
» More resource - Better Quality




Quality vs. Resource

» Target Tracking Quality
— Minimal sampling rate for the minimal quality

— Better tracking quality by using higher sampling rate and more
sophisticated algorithms (allocate more CPU cycles).

Tracking with a low sampling rate Tracking with a high sampling rate

Quality vs. Resource

» Quality vs. Invested Amount of Resource
» Optimal Use of Limited Resource for Best Quality
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Resource Assignment Problem

o How multiple tasks share the limited
resource such that the sum of quality can
be maximized?

Optimal Frequency Assignment for
Quality Optimization
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Problem Formulation
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Kuhn-Tucker Condition

Non-linear Optimization Problem

Maximize V(X),X cR"
Subjectto  C (X)>=01< <k

Kuhn-Tucker Conditions
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X* that satisfies the Kuhn-Tucker conditions is the optimal solution




Kuhn-Tucker Theorem

Non-linear Optimization Problem

Maximize V(X),X cR"
Subjectto  C (X)>=01<j<k

Kuhn-Tucker Conditions
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If both the objective function and the constraint functions are convex,

There exists a unique solution X* that satisfies the Kuhn-Tucker condition

Back to Our Problem ....
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Optimization (2)

fi.min
=12 (8 +1nr,-0)
Q;
r=%%% o=
where ¢

Jisoy f, are ordered according to f; i<y fmin Which are arranged as
l—*le’%fLmnn +B < 1"2670’2/2"“"‘%2 <... < rne*an Somin*Bs ,

and pe {1,~~~,n} is the largest integer such that

P n ., r
zcz.fi,min + Z C’(ap.fp‘mln + Inri’-#ﬁi _ﬁpj >UB.
i=1 a

i=p+1 U

i=1-p

i=p+l--n

n

”1C [iciﬁ,min + z i(ﬂ: +Inri)_1]’ /
ziz i=1 i=p+1 & BRI

i=p+l a;

P

Generalized Resource Management Framework
(QRAM: Qos-based Resource Allocation Model)

* Quality depends on multiple factors (not only frequency)
— Picture format (SQCIF, QCIF, CIF, 4CIF, 16CIF)

Color depth (1, 3, 8, 16, 24)

Frame rate (1, 2, ..., 30)

Audio sampling rate (8, 16, 24, 44)
Audio bit count (8, 16)

 Discrete options (not continuous)
 Different types of resources (not only CPU)

- CPU
— Memory

— Channel bandwidth




General Problem Formulation

ntasks:i=12,---,n
m QoSdimensions: j=12,---,m
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Q-RAM Challenges

* QoS Option to V mapping
* QoS Option ro R mapping
* RtoV mapping
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Optimization
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Online QoS Management
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How to Apply to Multimedia

. Resource
VoD Server QoS Filter Player

Stored
MPEG-2 Movies

Depending on the resource availability....

Resource Level 1: 10%
QoS Option 1 (SNR1,
Resolutonl, fpsl)
Movie Clip (10 sec) Type 1:
(Action, 0.7~0.8 Mbps) QoS Option 2 (SNR2,
Resoluton2, fps2)

QoS(R=10%) = 4

Resource Level 2: 20%
QoS Option 3 (SNR3, |
Resoluton3, fps3)

Full Quality (100% = 10)

Q0S(R=20%)= 7

Resource Level 3: 30%
QoS Option 3 (SNR3, _|
Resoluton3, fps3)

Q0S(R=30%) = 9
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