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About this talk...!

“You can talk about Optimal Control, but ...:”

“Bear in mind it is for a general audience”
(=⇒no maths during entire talk ≡ “path constraint”!)

“You have 20 minutes only to complete it”
(≡ “end-point constraint”!)
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Multistage systems
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Origins of optimal control: calculus of variations

Geometrical approach

Bernoulli
(brachystochrone
problem)

Newton (solved
brachystochrone problem)

Analytical approach (calculus of variations)

Euler & Lagrange (problem formulation)

Legendre, Jacobi, Weierstrass (necessary conditions)

Carathéodory (existence of solutions)

Pontryagin (maximum principle)
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Aim:

“to investigate numerical
methods for the
determination of optimal
controls for large complex
chemical processes”

Establishes the feasible
path approach (or
Control Vector
Parameterisation,
CVP),

“Optimise exactly what
you simulate”.
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Aim:

Changeover policies for
refinery distillation, full
scale OCP package
development.

Stiff ODE systems,

Gradients: adjoint
method,

Optimisation: variable
metric projection
method,

OPCON: first-ever,
large-scale, generic
OCP solver!
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Aim:

Study of processes
described by a single and
multiple stages of DAE
systems.

Multistage DAE
systems,

VOPCON: a generalised
OCP solver.
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Aim:

The dynamic simulation
and optimal control of
systems described by
index-2 DAEs.

DAE systems of
index-2,

Gradients: adjoint
equations.
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Aim:

General OCPs with general
constraints.

DAE systems of
index-1,

Multistage OCP
systems,

Gradients: sensitivity
equations,

Treatment of inequality
path constraints,

DAEOPT: a generic
large-scale OCP solver.
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Aim:

Receding horizon
control.

Interior point
formulation for path
constraints,

Robustness
considerations.
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1/5: Nonlinear Model Predictive Control (NMPC)
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2/5: Mixed-Integer Optimal Control Problems (MIOCP)

A commercially available methodology:

gPROMS dynamic simulator by Process Systems Enterprise
LTD.,

feasible path approach for mixed-integer dynamic optimisation
problems.
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3/5: MIOCP without B&B!

Contribution by Sebastian
Sager1:

Reformulation of MIOCP
in relaxed and convexified
form,

ODE/DAE models
affine in the control,

Bang-bang solutions →
0-1 behaviour of binary
controls.

Extended to multistage
systems by PSE group at
Cambridge University.

1 Sager, S., Numerical methods for mixed–integer optimal control problems, PhD thesis, Heidelberg
University (2005),
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Application: maintenance scheduling of HENs subject to fouling1

1Images from: Al Ismaili, R., Lee, M.-W., Wilson, D.I., Vassiliadis, V.S., “Heat exchanger network
cleaning scheduling: From optimal control to mixed-integer decision making”, CACE, 111, 1–15 (2018).
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4/5: OCP under uncertainty (multiple scenario approach)
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Application: maintenance scheduling of HENs subject to fouling1
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5/5: Deterministic global optimisation of OCPs

Methodology

overestimation of solution space of parameter-dependent ODEs

spatial B&B global optimisation algorithm

feasible path approach based methodology

Contributions by Professor Claire Adjiman and coworkers1,2

Contribution by Professor Paul Barton and coworkers3

1 Papamichail, I., Adjiman, C.S., “A Rigorous Global Optimization Algorithm for Problems with
Ordinary Differential Equations”, JoGo, 24, 1–33 (2002).
2 Papamichail, I., Adjiman, C.S., “Global Optimization of Dynamic Systems”, CACE, 28(3),403–415
(2004).
3 Singer, A. B., Barton, P. I., “Global Optimization with Nonlinear Ordinary Differential Equations.
Journal of Global Optimization”, 34(2), 159–190 (2006).
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1/2: Dynamic biochemical processes, DFBA

1 Gomez, J.A., Höffner, K., and Barton, P.I., "DFBAlab: A fast and reliable MATLAB
code for Dynamic Flux Balance Analysis", BMC Bioinformatics, 15, 409–418 (2014).

2 Scott, F., Wilson, P., Conejeros, R., and Vassiliadis, V.S., Simulation and optimization of
dynamic flux balance analysis models using an interior point method reformulation,
CACE, 119, 152–170 (2018).
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2/2: Biomedical applications: towards personalised medicine

Example:
scheduling drug
treatments for the
HIV infection1

Validation and
optimisation of
Structured
Treatment
Interruptions
(STI),

Aim: suppress
emergence of
resistant
mutations.

1Image from: Hadjiandreou, M.M., Conejeros, R., Vassiliadis, V.S., and Wilson, D.I., “Long-term HIV
dynamics: Mathematical modelling and optimal control”, Proc. Of the 2008 Int. Conf. on Bioinformatics
and Computational Biology, BIOCOMP 2008 (2008).
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In Prof.’s own words
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Photo album

At CPSE, Imperial College London, circa 1990–1993
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At CPSE, Imperial College London, circa 1990–1993
R→L: Matheos, Vassilis, Lazaros
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CPSE, 2nd floor, Imperial College London, circa
1990–1993
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ESCAPE 3, Graz, Austria, 1993
R→L: Prof. Sargent, Thomas, Jorge, Vassilis
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ESCAPE 3, Graz, Austria, 1993
R→L: Steve, Nilay, Prof. Sargent, Jorge, Stratos, Vassilis
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PSE@Cambridge!

Thank you all, and ...
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... thank you, Prof.
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