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Outline

1. Chemical Batch Scheduling

2. Stochastic Integer Programs

3. Hybrid Evolutionary Algorithms
General Evolution Strategy

Specific Evolutionary Algorithm

Comparative Numerical Tests
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Chemical Batch Scheduling

Given
Flexible multi-product batch plant
Recipes for batch-wise production

Batch Scheduling
Feasible and optimal assignment of
processing steps – plant units – time

Mixed-Integer Linear Program (MILP)
Real-Time Conditions

Uncertain data: large-scale problems
Limited solution time: fast algorithms
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EPS-Production
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Aggregated Scheduling Model

Moving horizon

Discrete decisions
Number, timing and  
recipes of batches

Operation Finishing

Constraints
Capacity Polymerization

Capacity Finishing

Dynamics Finishing

Economic objective

Uncertainties
Demand

Capacity Polymerization
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Deterministic Base Model
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Stochastic Integer Programs

Information- and decision 
structure

next
observation

1st stage
here & now-decisions x

2nd stage
recourse decisions yω
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Stage Decomposition

Hybrid algorithm

Evolutionary algorithm:
solution candidates x

MILP-algorithm (CPLEX):
Objective value (fitness)

Subproblems: 2nd stage
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Masterproblem: 1st stage

non-convex in x

not necessarily feasible
(no relative complete recourse)
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Evolutionary Algorithms

Imitate natural evolution
“survival of the fittest”
Randomized search
Population of individuals
Black-box fitness function
Variation-selection-paradigm

Variation: diversity
Selection: direction

Theoretical properties
No optimality bounds
No convergence guarantee

Classes
Genetic algorithms
Evolution strategies …

term? stop

start

variation
- recombination

- mutation

population initialization

fitness evaluation

selection

fitness evaluationne
xt

ge
ne
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ti

on
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Natural representation of 
object parameters
Here: 1st stage x

Evolution of strategy 
parameters
Here: mutation strength

1. General Evolution Strategy

term? stop
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population initialization

fitness evaluation
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fitness evaluationne
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recombination
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- scaled probability distribution
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recombination
- dominant/intermediate 
mutation
- scaled probability distribution

specific mutation on tree
reflecting expert knowledge
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2. Specific Evolutionary Algorithm

term? stop

start

variation
- recombination

- mutation

population initialization

fitness evaluation

selection

fitness evaluationne
xt

 g
en

er
at

io
n

random and feasible

(μ, κ ,λ)-selection

CPU-time

+ specific tree representation 
of feasible solution space

∑
Ω

=ω
ωωπ+=

1

)x(xc)x( Qf T



12/18

Specific Tree Representation

Decision tree of 
feasible solutions

Strong hierarchy of 
decisions
1. Operation Finishing

2. Feed Finishing

3. Number, timing and  
recipes of batches

Dynamic generation 
from small set of 
sub-trees

p = 1/3
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Specific Mutation Operators

Design criteria
Reachability

Unbiasdness

Scalability

Causality

Expert knowledge
Similarity of recipes

Temporal order
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Hybrid Algorithms

16 demand scenarios
3 first stage intervals
4 second stage intervals

1,568 discrete variables
5,601 continuous variables
4,083 constraints
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spec.EA
(rand. init)
spec.EA
(zero init)
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Dual/Scenario Decomposition

Branch & bound-algorithm (Carøe & Schultz)
1. Initialization: Set Z* := ∞ (best current solution) and let 

P (list of untreated problems) consist of the original 
problem.

2. Termination: If P = ∅ then Z* is optimal.
3. Node Selection: Select and delete a problem P ∈ P and 

solve its Lagrangian Dual. If P is infeasible, set ZLD := ∞. 
If ZLD(P) ≥ Z* go to 2.

4. Bounding: Determine heuristically a solution suggestion 
xR. If ZR <Z* set Z* :=ZR and delete all P‘ ∈ P with ZLD(P‘) 
≥ Z*.

5. Branching: Select a component x(K) and add two new 
problems to P by extending P by the additional 
constraints x(K) ≤ x(K)

R and x(K) > x(K)
R.  Go to 3.
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Rigorous vs. Stochastic Algorithm

Uncertain demands

Relative complete recourse

1,144 Variables

716 constraints

Uncertain demands & capacity

no relative complete recourse

1,256 Variables

842 constraints
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Essence

Chemical batch scheduling problems as
2-stage stochastic integer programs

Fast solution by 
structural specific hybrid algorithms

Acceleration by systematic 
integration of expert knowledge
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