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Siemens Werk für Arbeitsplatzsysteme
Siemens/Nixdorf in Augsburg
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Principal Layout of the 
Distribution Center
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Simulating the stacker crane

Simulating the factory logistics

Simulation languages?

Possible sources of trouble:

Who has designed the factory?

What is the role of the planning department?
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Simulation of a 
one-week long 
real production
run of a stacker 
crane using 
AMSEL
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A preview of
some results
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Built in the early nineties for ~200 mio Euro
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Control of the stacker cranes in a 
Herlitz warehouse
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Picture deleted
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Commissioning of 
greeting cards

Theory
Simulation
Practice

Slides
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Order Picking Project:

Norbert Ascheuer, Martin Grötschel, Nicola Kamin, Jörg Rambau

Combinatorial online optimization in practice

OPTIMA, 57 (1998) 1-6

Kamin, Nicola:
On-Line Optimization of Order Picking in an Automated Warehouse
PhD Thesis, TU Berlin, 1998
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Picture deleted
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There will be two special lectures on online optimization 
and the mathematics involved

Now: Just a brief introduction
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http://www.zib.de/dfg-echtzeit/
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Stacker Crane
“Background Problem”

What do we have to solve when we want to “optimize”
(find a good control) of the stacker cranes.
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Problems 
with this 
snapshot model 
and the
replan heuristic
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Even MODELLING is not easy!

What is the „right“ LP relaxation?

N. Ascheuer, M. Fischetti, M. Grötschel,
„Solving the Asymmetric Travelling Salesman

Problem with time windows by branch-and-cut“,
Mathematical Programming A (2001)
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Cutting Planes Used for all Three Models 
(Separation Routines)

Subtour Elimination Constraints (SEC)
2-Matching Constraints

-Inequalities
"Special“ Inequalities and PCB-Inequalities
Dk-Inequalities
Infeasible Path Elimination Constraints (IPEC)
Strengthened -Inequalities
Two-Job Cuts
Pool Separation
SD-Inequalities
+ various strengthenings/liftings

, ,( , )π σ π σ− −

( ),π σ
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Preprocessing
Tightening Time Windows
Release and Due Date Adjustment
Construction of Precedences
Elimination of Arcs

Branching (only on x-variables)
Enumeration Strategy (DFS, Best-FS)
Pricing Frequency (every 5th iteration)
Tailing Off
LP-exploitation Heuristics
(after a new feasible LP solution is found),
they outperform the other heuristics
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Simulation of a 
one-week long 
real production
run by AMSEL



Martin
Grötschel

50

CO at
Work Testing Heuristics



Martin
Grötschel

51

CO at
Work Results of Heuristics



Martin
Grötschel

52

CO at
Work Poor optimization results



Martin
Grötschel

53

CO at
Work Final decision



Martin
Grötschel

54

CO at
Work

Optimized
Stacker  Crane
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Optimizing the stacker cranes of a 
Siemens-Nixdorf warehouse
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Very uneven performance

Model 1 is really bad in general

Model 2 is best on the average (winner in 16 of 22 test 
cases)

Model 3 is better when few time windows are active
(6 times winner, last in all other cases, severe numerical
problems, very difficult LPs)

How could you have guessed?
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Unevenness of Computational
Results

problem #nodes gap #cutting
planes 

#LPs time

rbg041a 43 9.16% > 1 mio 109,402 > 5 h

rbg067a 69 0% 176 2 6 sec

Largest problem solved to optimality:  127 nodes
Largest problem not solved optimally:   43 nodes
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