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e Part 1: The motivation

e Part 2: Characterising uncertainty

e Part 3: Network expansion problem with transmission switching

e Part 4: Demo

Smarter
Technology Centre © 2014 IBM Corporation

s



IBM Research - Ireland

e To paraphrase von Neumann:
uncertainty characterisation is like a non-elephant

e There are very many approaches to optimisation under uncertainty

e Even if you do the distributional forecasting well,
you get one solution for stochastic programming with 3 scenarios, one
for stochastic programming with 4 scenarios, one solution for the
usual robust optimisation, one for Bertsimas-Sim with the budget
[ =3, one with the budget =4, ...

e The solutions can be evaluated with respect to a number of key
performance indicators (KPIs), but none very likely dominates all
others.

e You need to pick exactly one.

The quote on control and elephants is attributed to John von Neumann.
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There are a number of varieties in optimisation under uncertainty:

o Aggregation of data, e.g. consider ranges corresponding to supports
of probability distributions

e Aggregation of solutions, e.g. average over the solutions obtained for
each scenario, deterministically
e Hybrids, e.g. take a small range around the values in each scenario,
average over the solutions thus obtained
which proceed in two steps:
* You solve one or more instances of (integer) convex deterministic
optimisation, a.k.a. robust counterparts, scenario expansions

* You map the solutions of the deterministic instance(s) back to
solutions of the problem in optimisation under uncertainty.
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Ref. Authors Captures
Aggregation-of-Data Approaches (aka. Robust)

[14] Soyster Interval uncertainty for inequalities

[1]  Ben-Tal-Nemirovski Ellipsoidal uncertainty

[10] ElGhaoui et al. Worst-case value-at-risk (VaR)

[3] Bertsimas-Sim Lo budget of uncertainty

[9]  Fischetti-Monaci Budget of uncertainty wrt. the objective
Sampling-of-Data Approaches (aka. Stochastic)

[7] Dembo Sample and optimise

[6] Dantzig Two-stage stochastic opt.

[5] Campi-Garatti Chance-constrained opt.
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Ref. Authors Captures
Hybrid approaches
[12] Mulvey-Vanderbei-Zenios Penalty for cons. violation
[4]  M&hring et al Recoverable Robustness
Calafiore-El Ghaoui Distributional robustness
[13] Natarajan-Pachamanova-Sim  Discrete Conditional VaR
[8]  Fischetti-Monaci Light Robustness
[2] Ben-Tal et al. Soft robustness
[2] Ben-Tal et al. Comprehensive robustness
[11] Maretek Mixed criticality
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IBM Software:
e IBM ILOG CPLEX is a library of optimisation routines

e IBM ILOG Decision Optimisation Center is a “platform for building
and deploying analytical decision support applications”. It connects
data in a SQL database to an algebraic model, such that the solving is
performed remotely, in a distributed fashion, and such that custom
user interfaces are easy to develop.

N.B. Decision Optimisation Center will be presented by Alex Fleischer.

A 2013 joint program of IBM Research and Decision Optimization:
o A user-friendly toolkit as plug-in to Decision Optimization Center
e Built-in automated reformulation

Information about the joint programme are quoted from [Kawas et al., IFORS 2014].
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e The 'recipe’ captures the uncertainty characterization for a given
deterministic algebraic optimization model

e Automated reformulation of the deterministic algebraic optimization
model based on the 'recipe’ and a number of scenarios.

e Using a single deterministic algebraic optimization model and one set
of scenarios, multiple 'recipes’ give you multiple solutions hedging
against uncertainty in various ways.

e An advanced user can devise the “recipe” using a wizard
e Any user apply use “the recipe” using another wizard

e Any user can compare multiple solutions hedging against uncertainty
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The Wizard |
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e Tl e =)
Constrants shoud be o KPL Sctection @
5. Specify
oo st L e =
I constraint e ATV WA
P satisfaction bereae vone @ otiem?
L s = L
F1 cone 2na_cmpmsecc = i
[ sy vzosire 6. Define
| =
; KPls
| -
= . - ‘ST mn prosiom
B s - (I e Spmnngras
[ ook | | |
A e — | =) & Uncartinty Tooiki: resips manager [
Recipe Manager [>] s there any strong commelation between the parameters? (]
0 e recos ot |
Reove el 7 Defi
wama [ra— open ks - Leline
20140313 11:31 Benial new approech Open  Delete, 1,
S i e o s o m_ correlation
o ity D ot 1 oo e -
Pon4oa13.11229 Baree Gomaa sotgtn o pekee — (optional)
o 8 reap pesind Gren e
[anaia s e el pa
BoLyuy/L1 15123 Rebuar by appreschuth 2. Opan Dekete W allocats lciget of unceetainty (across uncertal paremeters]
2014/03/13 11:31 Sachaatic 3 o Open  Delete
Dot b Sodee WA Zeoms b e
|Uncerraint H Uncartal
[z~ | 8. Save your recipe for later Jur v
use . = -

From the presentation of [Kawas et al., IFORS 2014]
Smarter
Technology Centre © 2014 IBM Corporation




IBM Research - Ireland

e OECD: Global infrastructure spending is estimated at USD 2.2T p.a.
e EDF invested circa EUR 12B, while RTE invested EUR 1.45B in 2013

We consider:

e Investment into switching equipment and line capacity in an electricity
distribution system employing dynamic reconfiguration of the network
topology

e Minimisation of capital and operational cost with respect to uncertain
load and generation scenarios

e Maximisation of reliability with respect to line failures
e A two-stage problem with discrete decisions at both stages.

Investment figures from 2013 annual reports of EDF and RTE
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Amortised investment costs f; for line capacity

Amortised investment costs fg for switching equipment

Probability mj of scenario k € K

Operational decisions Q) feasible in scenario k € K
e Operational costs ¢k in scenario k € K
Reliability ry in scenario k € K (e.g. SAIFI)

min fsxs + fix; + Z Tk (Ckqu + rk(qk)> (1)
ke

st. xp —xs+y <1 Vk e K (2)

XLty =1 Vke K (3)

(Vks gk) € Qk Vke K (4)

xs,x1 € {0, 1} (5)
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o A steady-state model within each time period, i.e. with constant
current injection and loads
e A rudimentary piece-wise linearisation of the ACOPF,
i.e. linear outer approximations and disjunctive constraints
Formulation 1 (based on Ferreira et al., 2013):
e Rectangular current-voltage formulation with switchable lines
o Power injection p + jq
o Current injection | = pu + qv + j(qu — pv)
where p = ﬁ and v = WUUZ
Formulation 2 (based on Trodden et al., 2013):
e Polar power-voltage formulation with switchable lines

e Linearised sine function and piece-wise linearised cosine
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o Piece-wise linearisation at evaluation points (v, u) with values u, v
Vi = ZV/)\J’/‘ u;p = Z U,k)\{:k e'A=1
Jk Jk
—jk \ jk ~jk \ jk
D SR Y
j k .k
e The SOS2 constraints:
X<yt vj e 7\ {0}
MR 4 xK vk € K\ {0}
N0 g0 AR <O
elp=e'x=1 . x €{0,1}

where 7 is the index set of points v and K is the index set of points
U =1iff visin [/, W], and x* = 1iff uiein [k @kFL]
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Power balance equations in the polar formulation:
o Pp=+ 22121 ’V,'HV;(KG,';( cos 0 + Bji sin 9,'/()
o Qi =M1 IVil| Vil (Gik sin O — Bix cos 0i)

Linearised sine function and piece-wise linearised cosine:
e sin(6j;) linearised by 6;;
* cos(6jj) piece-wise linearised (instead of 1)
° \/,-2 linearised to 2v; — 1
* v;vjcos(f;;) approximated by v;v; + cos(6;;) — 2

* v;v;sin(6;;) approximated by 0;;
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[[lustrations: 4-Bus Network, AC v. PWL

0.025 4 jO.11 0.025 + j0.14 Configuration ACOPF PWLOPF

(lines) cost  rank cost obj.  rank

all 102.12 1 102.60 -8.43 1

all except 2-3  102.18 2 102.63  -8.38 2

all except 3-4  102.48 3 103.03  -7.70 3

all except 2-4  103.56 4 10433 -6.77 4

all except 1-3  103.83 5 104.77  -5.73 6

0.037 4 jO.10 0.032 + j0.08 all except 1-2  104.38 6 10536 -5.75 5
106.95 7 10820 -1.02 7

108.38 8 109.75 1.52 8
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[llustrations: Graver's Network, PWL v. DC
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lllustrations: IEEE 14-Bus, Optimum Switching
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lllustrations: IEEE 14-Bus, PWL Expansion vs. 0 for DC
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e |t is important to know what uncertainty characterisation works best

e ... but it is hard to learn that without the appropriate tools.
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Further References |

B A. Ben-Tal and A. Nemirovski
Robust solutions of uncertain linear programs.

B Aharon Ben-Tal, Dimitris Bertsimas, and David B. Brown
A soft robust model for optimization under ambiguity.

Dimitris Bertsimas and Melvyn Sim
The price of robustness.

Christina Biising, ArieM.C.A. Koster, and Manuel Kutschka
Recoverable robust knapsacks: the discrete scenario case.

M.C. Campi and S. Garatti

A sampling-and-discarding approach to chance-constrained optimization: Feasibility and optimality.

George B. Dantzig
Linear programming under uncertainty.

) W W B
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Scenario optimization.
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Further References Il

B Matteo Fischetti and Michele Monaci.
Light robustness.

Matteo Fischetti and Michele Monaci

Cutting plane versus compact formulations for uncertain (integer) linear programs.

Laurent El Ghaoui, Maksim Oks, and Francois Oustry.
Worst-case value-at-risk and robust portfolio optimization: A conic programming approach.

Jakub Marecek
Optimization of Mixed-Criticality Systems.

John M. Mulvey, Robert J. Vanderbei, and Stavros A. Zenios
Robust Optimization of Large-Scale Systems.

Karthik Natarajan, Dessislava Pachamanova, and Melvyn Sim
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Constructing risk measures from uncertainty sets.
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Further References Il

@ A. L. Soyster.

Convex programming with set-inclusive constraints and applications to inexact linear programming.
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