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Ubiquitous Samples in Power System Operation

The legacy grid has been working
admirably over a century.
New components are coming and
reshaping everything.

Data/Samples in power system is
almost everywhere.
The profusion of data paves the way
for smart grid operations and
electricity market optimization.

Figure: Samples are Changing Traditional
Power System Operation.

Question: How Do Samples Facilitate Decision-Making
Involving Distribution Estimations?
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The Impact of Samples on Decision-making

Optimal solutions rely on key distribution
knowledge.
More samples improve distribution
characterization.

How many samples are sufficient to ensure
“good” solutions?

If there exist noises in samples, e.g.,
measurement noises or DP-based noise
injection, what is the impact on the
minimum required number of samples?
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Figure: Electricity Storage
(electricity demand distribution).

Figure: Electricity Procurement
(forecast error distribution).
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Electricity Procurement Model

The mathematical formulation:

Qi = πd · Si + πeq ·Mi (1)

πeq =

 πu, M > 0
0, M = 0
πo, M < 0

(2)

πd: the electricity price in the day-ahead market;
L̂i: the forecast electricity demand for player i;
si: the strategic electricity procurement for player i;
ei: the demand forecast error, ei = L̂i − Li, where Li is the actual demand;
πeq: the trading electricity price in the real-time market.

Si = L̂i − si, Mi = si − ei, Q =
∑N

i=1
Qi (3)
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Electricity Procurement Model

Lemma (The Optimal Strategy)

If ∂E{ei|e=β}
∂β ≥ 0, ∀i holds, then the

optimal strategy is unique and given by

s∗i = E{ei|e = s∗}, (4)

where

s∗ = F−1
e

(
πd − πo

πu − πo

)
. (5)

How many samples are

enough to guarantee that

Ƹ𝑠 lies in the blue interval

with high probability?

Authentic Samples: {x1, x2, · · · , xN};
Privacy-Preserving Samples {x1 + r1, x2 + r2, · · · , xN + rN};
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Theoretical Analysis
Using Bernsterin’s inequality and some mathematical tricks, we can prove that
(under some conditions and corrections)

Theorem (Authentic Case)
For any ε > 0, with probability at least δ, the SAA-based solution ŝϕ satisfies
Q(ŝϕ)−Q(s∗) ≤ ε|Q(s∗)| given N samples, where

N ≥
4 log

(
2

1−δ

)
ε|Q(s∗)|f(s∗)η

. (6)

Theorem (Privacy-preserving Case)
For any ε > 0, with probability at least δ, the SAA-based solution s̃ϕ satisfies
Q(s̃ϕ)−Q(s∗) ≤ ε|Q(s∗)| given N samples, where

N ≥ 12 + 4κ(πu − πo)/(πu − πd)

3ε|Q(s∗)|f(s∗)η
log

(
2

1− δ

)
. (7)
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Performance Analysis

When ϵ ≥ 0.1, the change rate of
the required theoretical number of
samples is slower.

Theoretical bounds provide quantitative analysis for required samples
to ensure the performance of decision-making.
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Thank you for your listening!
wenqianjiang@link.cuhk.edu.cn
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