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Key Contributions

* Modeled the home load

 Showed the electricity grid is equivalent to a
gueuing network

* Developed a guideline for sizing the electrical
grid
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Load Measurement:
Testbed and Classification
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Load Modeling

* Why should we model a house as a Markovian
source?

— Aggregate load is the superposition of a finite set
of on-off loads from individual appliances

— Enables us to use queuing theory and teletraffic
analysis




Markov Modeling

* Definition of a Markovian source
* How many models are needed?
* Choosing Markov states

* How many Markov states should a model
have?




Definition of a Markovian Source

* Governed by a discrete-time Markov chain
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How Many Models are Needed?
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Choosing Markov States

Clustered load

1 Home load ——
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How Many Markov States Should a Model Have?
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Load Modeling - Validation

Ground truth Synthesized trace
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System Model:
Similartoa D /G /1/B Queuing Model
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Equivalent Model:

A G/D/1/B Queuing Model
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Equivalence

* Equivalence Theorem: Every workload trajectory
in the D/G /1/B queuing system corresponds to
an equivalent trajectory in the G/D/1/B queuing
system such that vt, W (¢t)+W (t) = B.

W

B




Equivalence

* Corollary: It follows from the equivalence
theorem that:
P(W () > B) = P(W () < 0)
P(W () < 0) = P(W () > B)
Where W (o) is the stationary workload process.

Loss probability = Buffer overflow probability = Storage underflow probability
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Effective Bandwidth
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Effective Bandwidth

It is defined as:

1 1
a(s) = ElogE[eSX] = ElogM(s)

-

\§

Additive property of effective bandwidth:

I

a(s) = ) na;(s)

=1

Moment generating function of a Markovian source (defined by (P, R)):

M(s) = z ;e

i




Capacity Region

* Bufferless:
P(Y = C) < € = Capacity Region
= {Clinf;{s(a(s) — ()} < loge}

* Buffered:
P(W(o0) = B) < € = Capacity Region
= {(C,B)|infAs(a(s) — C)} + zB < loge}




Capacity Region
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Teletraffic-based Sizing and Validation
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Validation

 Comparing our sizing with industry practice




Validation: Comparison with Industry Practice
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Conclusion

* We construct Markovian reference models for the
home loads of each class

 We prove that a branch of the electrical gird is
equivalent to a queuing system

 We present an approach to jointly size a transformer
and a storage system

 We show that our transformer sizing approach is
consistent with industry practice




Thank you!

Any Questions?
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