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Remark

= For some of the photos and pictures shown in the lecture
the copy right is unclear. That is why these pictures have
been removed from the slides.

1B

Martin
Grotschel




Contents

Introduction

ZIB, TU, Matheon and Modal

Modern Industry Problems

Modelling of Real-World Problems

The Solution Cycle of Modern Mathematics
Software Advances

Examples
a) MATHEON
b) Traffic

c) Telecom

N oA WDh =

) »

1B

Martin
Grotschel




Contents

Introduction

ZIB, TU, Matheon and Modal

Modern Industry Problems

Modelling of Real-World Problems

The Solution Cycle of Modern Mathematics
Software Advances

Examples
a) MATHEON
b) Traffic

c) Telecom

N oA WDh =

) »

1B

Martin
Grotschel




About mathematics

= The most challenging intellectual endeavor of mankind

= Beauty, esthetics

» Eternal truths

= But mathematics is more than that: an indispensable tool
for almost all other scientific and economical activities
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The role of mathematics
in this century
= [t is my firm belief — not only an advertisement pitch —

that mathematics is THE scientific endeavor of the 21t
century.

= Advanced sciences and industries have learned that.
= Unfortunately this is hardly known by the general public.

= But also many mathematicians are not aware of this role.




The role of mathematics
in this century

Moreover

= [f a country wants to grow, it needs to improve the skills
of its population, and in particular, its mathematical
education. And the mathematical education has to focus
on both, the elementary and the top level.
(Eric Hanushek, KunMo Chung at MENAO)

= If a company wants to stay competitive, it needs
mathematics.

= To understand the world (by scientific means),
mathematics is indispensable.




My favourite photo, ICM 2002

Groetsch
el



Considering maths as useful?

= In front of the Zeughaus in Berlin
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Considering maths as useful?

= In front of the Zeughaus in Berlin
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What do I mean by ,useful"?

= Karl Weierstrass (1860): Every continuous function on a
compact set assumes a maximum and a minimum.

= Important theorem, but useless in practice.

= Claus Scheiderer (1989): The stability index of an affine
real variety of dimension n>0 is n(n+1)/2.

= Do you understand it?

il = With the Dijkstra algorithm of 1959 (and suitable data
| structures) a shortest path between two nodes of a
weighted directed graph with n nodes and m arcs can be
computed in O(n log(n) + m) time.

= A result that everyone employs every day

ZA B _ : -
v  (without knowing it).
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What is efficiency?
= Complexity Theory

= Polynomial time solvability (fast): Dijkstra's algorithm
= NP-completeness (difficult)
= Practical efficiency
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What is optimization?

The general standard example:

= Given a set S and a function f from S to an ordered set T.
Find a point x in S such that f(x) is as large or as small as
possible (according to the ordering of T).

= Usually, S is a subset of the n-dimensional vector space
over the reals (in theory); in practice we can only compute
with rational numbers, though.

= And also usually, the ordered set T is the set of real or
rational numbers.
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Statements about mathematics
by DAX CEOs

Die Denkweise der Allianz ist mathematisch gepragt.
(Rupprecht, Allianz)

Mathematisches Kdnnen ist ein Wettbewerbsvorteil. (Zetsche, Daimler)

Universelle Anwendbarkeit macht Mathematik zur Konigsdisziplin.
(Zetsche, Daimler)

Unternehmensfiihrung ohne Mathematik ist wie Raumfahrt ohne Physik.
(Kagermann, SAP)

Gerade bei einem chemisch-pharmazeutischen Unternehmen wie Bayer
sind Numerik, Optimierung, Differentialgleichungen und Statistik in den
wichtigen Bereichen Wirkstoffsuche und klinische Studien,
Prozessoptimierung und Logistik nicht mehr wegzudenken.

(Wenning, Bayer)

,Ohne Mathematik tappt man doch immer im Dunkeln."
(Werner von Siemens)



Some ZIB/MATHEON partners from industry
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RESEARCH INSTITUTE RESEARCH SERVICES MEMBERS TRAINING & OUTREACH | CONTA

The Zuse Institute Berlin (ZIB)

is an interdisciplinary research institute for applied
mathematics and data-intensive high-performance
computing. Its research focuses on modeling, simulation
and optimization with scientific cooperation partners from
academia and industry.
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Organisational structure of ZIB
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ZIB's Research Focus Areas

-- Research Focus Area -- Research Focus Area -- Research Focus Area -- Research Focus Area
== Solutions for =- Molecular and -- Materials and Optical -- Combinatorics and
Individualized Medicine Biological Processes Processes MINLP

D1

L 1 (VLA
-- Research Focus Area -- Research Focus Area -- Research Focus Area -- Research Focus Area
== MSO for Multiscale == Robust Solutions == Digital Humanities == Efficient Infrastructure
Systems under Uncertainty and Logistics

http://www.zib.de/research

-- Research Focus Area -- Research Focus Area -- Research Focus Area
-- Large-Scale Data == Highly Parallel -- Scalable and Fault-
Management, Curation & Computing Tolerant Algorithms

Analysis




TU Berlin, Mathematisches Institut

Kontakt Impressum Sitemap B English Index &-Z Mobil Datenschutz ﬂ

TUB-Login
Fakultat Il *| mit Passwort
' Institut fur Mathematik *| mit Campuskarte / Zertifikat

Startseite der TUB
Fakultdt IT

I studieninteressierte I studierende I Beschiiftigte

Institut fiir Mathematik Institut fur Mathematik Direktzugang
____________________________________________________________________________________________________________________________________________________________________ o .
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Forschung Hilfsfunktionen

Studium und Lehre _=| Hilfsfunktionen einblenden

Sarvice

Kontakt-Adresse

Technische Universitdt Berlin
Institut fur Mathematik
Institutsverwaltung

Sekr. BEL 1

Marchstrale &
10587 Berlin
Fax: 314-21754

Besucher-Adresse:
Gebdude MA
Str. des 17. Juni 136

1NE?? Rardin

Mathematikgebdude der TU Berlin
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TU Berlin

Technische Universitat Berlin
Faculty Il - Mathematics and Matural Sciences

Institute of Mathematics

Deutsche Version

People Organization
[issenscnariojonr (SRS

Mothemank m Professors mm o We about us

I <h m Students - Mathelni = Administration
Alles, was zahlt = Faculty and Staff a Secretarial Offices m

"’f Research Teaching

Local MathNet Guide

m Research Groups and Fields m Class Schedules
m OFG Research Center MaTHECH m Academic Programs, Curmicula mm
Visitors Guide = Quantitative Products Laboratory = BERLIN MATHEMATICAL SCHOOL
m Collaborative Research Centres m Research Training Groups wm
TU Berlin - Fakultat I and Projects m Senice for Engineers w
Institut flir Mathematik m Preprints und Publications

Stralbe des 17. Juni 136
D-10623 Berlin

Service News & Events
Fax +4930-314-21754
m Mathematical Library and m Positions Available
Search Search for Literature  mm

m Events, Meetings and Dates

m Computing Senices m Mathematics Calendar Berlin-Potsdam
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Sorry, but pages marked with == are currently only available in German language.
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MATHEON

Forschungszentrum MATHEON
Mathematik fir Schliisseltechnologien

Anmelden Impressum  Kontak

Startseite Forschung - Transfer -~ S e 7 Uberuns - MNeuigkeiten -

Das Forschungszentrum MaTtHEON

entwickelt Mathematik fiir Schlisseltechnologien und unterstitzt Partner in
Industrie, Wirtschaft und Wissenschaft. Schule und Offentlichkeit bilden einen
weiteren Fokus unserer Aktivitaten. MaTthEon wird von den drei Berliner
Universitaten (FU, HU and TU) und den Forschungsinstituten (WIAS und ZIB)
gemeinsam getragen.

GAMM-Preis fiir Joscha Gedicke: Dr. Joscha Gedicke vom
WIAS und Matreon-Mitglied hat einen der vier diesjahrigen
SEREHrs Word Preise der Dr.-Kérper-Stiftung der Gesellschaft fir Angewandte
; - Mathematik und Mechanik (GAMM) erhalten. ...

*1___-1\“"- ;.--“1 .
8 S

Mathematischer Modellbau leicht verstandlich aufbereitet:
Dr. Jannik Matuschke von der TU Berlin wird mit dem Klaus

; Tschira Preis fir verstandliche Wissenschaft ausgezeichnet. ...
Preisv

10. Vektoria Award, : dem Kreativpreis fir Schiler und
Schilerinnen von CASIO! ...

Prof. Thorsten Koch receives Google Faculty Research Award: Far Forschungsarbeiten zu ,Mixed
Integer Optimization as a Service” erhdlt Prof. Dr. Thorsten Koch (ZIB/TUB) einen Google Faculty
Research Award. Prof. Koch leitet die Abteilung Wissenschaftliche Information am ZIB und ...

=~ pLAYLIST | 178 Matheon res
TATHEON

Spatbabylonische Liebe zur Mathematik (Spiegel online)

Die Mathematik des Riechens (Bild der Wissenschaft)

Mathematikerin Héléne Esnault (Tagesspiegel)

omny > :: Zahlenplatiform Imaginary.org (Spiegel online)

Mt G T4 Rechenschwache. (Berliner Zeitung)

J"‘;:#:‘:‘:’ Die neue Miss Germany” ist gekirt (Berliner Zeitung)
MNeue Methoden im Mathe-Unterricht (Arte TV)

Die Optimierung der Welt (Tagesspiegel)

Mathe-Prof als YouTube-Star (Spiegel Online)

BTE R
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Forschungscampus MODAL.:
BMBF and industry supported

Spin-offs Forschung

Inbion

Zuse-Institut
Freie Universitat

Industrie
Deutsche Bahn

(0]€]=
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Printed Circuit Board
Drilling and Assembly Machines
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Design, Verification and Production
of Chips
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Chystal growth (MATHEON C9)

Insulation

m | Control of the process via
| magnetic fields

Inner
pressure

to optimize

e temperature

e flow of the molten mass

o form of solidification surface

without and  with

. Crystal gt
B SEE———

"= magnetic field &

Matheon




Soldering: Trouble on Chips
and Printed Circuit Board

Phase separation and coarsening

_— ,-ziﬁ;;,wvif | Balls of solder (e.g. tin-
; i lead-alloy) establish
electrical contact to the



Background

Morphology in solder joints

> Phase separation and Coarsening

Solder ball After solidification

T ¥, .‘l'" X ‘_'j[

> Crack initiation and propagation

o )
> P

’__;{ : {.

‘Micro cracks
e

BEBSELMIILILT  foum

ELFNET Roadmap 2007:
High priority: Models for microstructure evolution + cracking




MATHEON-Projekt: Modelling and Simulation
of Phase Separation




Optimization of automatic gear boxes

Modellbasierte Regelung von Automatikgetrieben

Dissertation P. Hamann, Daimler AG

berliﬁ

I

1B
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Volker Mehrmann mehrmann@math.tu-berlin.de
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Herlitz at Falkensee (Berlin)




Optimization and control of transport devices
(such as elevators, stacker cranes) in factories

Herlitz, Falkensee




Traffic and Transport

supel'eil‘lsatz. In Berlin und Brandenburg mussten die Gelben Engel letztes Jahr mehr|
als 240000 Mal ausriicken, um Havaristen in der Hauptstadt und auf 1700 Autobahnkilometern wieder
flottzumachen - ein Rekordeinsatz. Einen Riickgang von zehn Prozent bei den Pannen registrierten da-
gegen die Gelben Engel in Vi n. Bei i 72 389 Einsétzen schafften sie je-
doch auch einen Rekord: In 84 Prozent der Falle konnten die Autofahrer mit dem Wagen weiterfahren.

38
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ZIB-Project
Hyperthermia

= Discovery of the location
tumors (cancer zones).

= Positioning of antennas
for radiation therapy

= Computation of the
strength of the radiation
and “ray tracing” to
discover the heat
distribution in the body

Concentrating the heat
in the tumor

Visualization

Martin

Grotschel
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Z1B-Project Hyperthermia (eufihard group)




Implantation &
Automatic FE-Mesh Generation

Virtual Implantation
> Extraction of joint coordinate systems
» Automatic implant selection and positioning

FE-mesh generation

> Feature-preserving, multi-material
tetrahedral meshes

» Large scale studies
» Delaunay grid

Bone cement

—Integrated cement layer 3

Christof Schuette 41



MATHEON Al17
Computational Surgery Planning

Moving joints Bone implant design

State constrained optimization, biomechanical modelling, dynamical contact problems

Application Area A — Life Sciences
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Novel Pain Relief Drugs

Selective pain relief drug in binding pocket of u-opioide receptor

inactive in CNS active in inflamed tissue
novel in silico design strategy ,
0o
%m two patents e

ongoing clinical tests

ZIB Christof Schuettes group



Pain relief drugs: opioids

side effects @ A/
respiratory depression = \—Ni_>7N/
constipation, tolerance,

addiction...

* __pain relief effect

Opioid Fentanyl (Fen),
EUR 271 Mio. p.a. in Germany
EUR 4 Mrd p.a. world-wide (mainly USA)

COMMENTARY

Deaths related to the use of prescription opioids

...prescription pharmaceuticals are e o
now involved in more overdose e .
deaths than either heroin or cocaine B. Fischer, J. Rehm

in North America Deaths related to the use of prescription opioids
CMAJ. Dec 8, 2009; 181(12): 881-882.

Evaluation of ZIB | November 24/25, 2014 44




side effects
healthy tissue pH 7

pain relief effect
inflammation pH 5

ZIB, Charité

o Injection into inflamed paw (i.pl.)
in-vitro "g)'; 164
+ 140
_F-Fen s I:en (] 120

150

| -
5z = 100

el

pH50 pH60 PpH70 PpHTS pH50 pHE0 PpHT7,0 PpHT7S

1504

accumulation

AMP
(% of CTRL)
@ g
AMP-accumul;
(% of CTRL cells)
2 g
Paw pres
N D O OO
g Q 99

0 0.5 1 1.5 2 Qg/paw

Evaluation of ZIB | November 24/25, 2014 45



Pain relief drugs:patents

side effects @ A\ A/
healthy tissue pH 7 = \—Ni_%w/
F
pain relief effect F-Fentanyl
inflammation pH 5 .
ZIB, Charité

Patents in nationalization phase (EU, USA) after PCT

C. Stein, C. Zollner, M. Weber, O. Scharkoi: Fentanyl derivatives as pH-
dependent opioid receptor agonists. EP2559685

C. Stein, M. Weber, O. Scharkoi, P. Deuflhard: Method and system for
indentifying compounds that bind and preferably activate a target opioid receptor
in a pH-dependent manner. EP2613277

Estimated value (including risk to fail clinical phases): EUR 6,7 Mio

Evaluation of ZIB | November 24/25, 2014 46
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Visualization, Animation:
Spider Man (spin-off mental images)




Telecommunication network design
MATHEON B3

Logical connections Physical connections
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Network design
MATHEON B3

Logical connections: solution Physical connections: solution
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FTTH: Fiber To The Home

Matheon
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A Project with BHP Billiton

Production scheduling for an open pit mine with a stockpile

Goal Maximize net present value
Decisions

- Which block is mined when?

- What material is processed immediately?

- What material is stockpiled?

- What fraction of stockpile is processed when?
Constraints

- Block mining order

- Mining and processing capacities

.. . . Block model of an open pit mine
- Mixing of material in stockpile blue = low grade ore, red = high grade ore

ME The University of Melbourne

THE LI WVERSTY 0
MELBOURNE

University of New South Wales
Ea

&84 sHe Biliton

1B

Martin g o :
Grotschel Stockpiles at Yandi mine, Australia.
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Applications

Areas with significant mathematics demand:

= Industrial production (control of CNC machines, assembly line
optimization, robot control,...)

= Mining (Scheduling, rock damage and fracture models, ...)

= Health care & medicine (support for operations, drug design,...)

= Energy (optimization of energy production and mix, unit
commitment,...)

= Financial mathematics (modelling of risk,...)
= Infrastructure planning (public transport, water, street, gas,...

WSkl networks, harbor design)

S = Telecommunication (network design, channel assignment)

= |ogistics & Traffic and Transport (vehicle circulation,....)

= Sports

1B
vl " I can go on forever...........

Grotschel
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Modelling?
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Mathematical models
of integer/combinatorial optimization

= travelling salesman problem (the prototype problem)
= routing

= |ocation

= set-packing, -partitioning, -covering

= cut problems (max and min)

= scheduling

+| = node and edge colouring

J - shortest paths (with resource constraints)

= various flow problems

=" general integer and mixed-integer programs
= etc.

1B
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Typical optimization problems

- T
max f(x) or min f(x) min e’ x mm e x
: Ax=a
g(x)=0, i=L2,..,k Ax = g B <)
h.(x)<0, j=12,..,m Bx<b >0
xeR"(and x €1§) x>0 xeZ’
(xe{0,1}")
~general® linear (linear)
(nonlinear) program integer
program LP program
NLP IP, MIP

program = optimization problem

1B
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Industry requirements grow

max f(x) or min f(x)| |Plus:

g.(x)=0, i=12,...,p | |Stochastic aspects

h]- (x)<0, j=12,...,q Robust optimization

Real time/online optimization

X, € for some i

X, € {0,1} for some | Several objectives

x, e R"  for some k Example:
gas pipeline optimization

More general:
mixed-integer nonlinear
program
ZIB MINLP

Martin

Grotschel
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Simulating, Optimizing, Extension Planning
of a Gas Pipeline Network

l' von Danetmarls
VOn norweg.

Mordses

T _\

o holland. ' ™ ¢

MNordzee \ Sehafe
By

P P © l\|
i "
el -!, Hardburg ey o Russland
X - : ia Polen
|

1z

won Holland
+hrit. Mordses

wior Bussland
wia Tschechien

won Fussland
wia Ungarn

1B
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MATHEON B20 &FORNE Project:
Optimization of Gas Transport

new challenges by E.ON Gastransport and the Bundesnetzagentur:

network
configuration

properties of gas legal requirements uncertain demand

A o | 21 '\A
YR oEE L, TEE Ih a*.’! W
% W — 3R W | o
T4 T4KEIX M I
o o:.:_ © o ._ . ;
mixed-integer nonlinear constraint stochastic

programming programming programming programming
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The problem solving cycle
in modern applied mathematics

The Real Problem

Hard- Soft- Data GUI \ Practitioner
ware ware o Simulation Modelling Specialist
Implementation in Practice Education
Quick Check:
Numerical Heuristics Mathematical

Solution Model

‘ The Application Driven Approach

Optimization

Design
e 1 of Good Solution
Algorithms

Mathematical
Theory

Algorithmic
Implementation

Computer Science <« » Pure Mathematics
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Typical optimization problems

. T
max f(x) or min f(x)|  |minc’x| [T ¢
0, i=12,...k dx=a
gi(x)_ 5 l._ 9 Ligesey Ax:a Bx <b
h.(x)<0, j=12,..,m Bx<h >0
xeR"(and x €1§) x>0 xeZ’
(xe{0,1}")
»general® linear (linear)
(nonlinear) program integer
program LP program
NLP IP, MIP

program = optimization problem

1B
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Progress in LP: 1988—2004

Operations Research,
Jan 2002, pp. 3—15, updated in 2004)

Courtesy Bob Bixby

= Algorithms (machine independent):
Primal versus best of Primal/Dual/Barrier 3,300x
= Machines (workstations —PCs): 1,600x
= NET: Algorithm x Machine 5,300,000x

(2 months/5300000 ~= 1 second)
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SoPlex s o plex

SoPlex is an implementation of the revised simplex
algorithm. It features primal and dual solving routines for
linear programs and is implemented as a C++ class library
that can be used with other programs.

Roland Wunderling,

Paralleler und Objektorientierter
Simplex-Algorithmus,
Dissertation, TU Berlin,1997

now employed by IBM, developing
CPLEX's LP technology

1B
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Zimpl

Zimpl is a little language to translate
the mathematical model of a problem
into a linear or (mixed-) integer
mathematical program expressed in
Ip or .mps file format which can be

read and (hopefully) solved by a LP or
MIP solver.

= Thorsten Koch, Rapid Mathematical Programming,
Dissertation, TU Berlin 2004

- 4 (awarded with the Dissertation Prize 2005 of the
2Ny  Gesellschaft fur Operations Research)

Martin
Grotschel
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SCIP http://scip.zib.de/

1B

Martin
Grotschel

Tobias Achterberg, Tobias, Constraint Integer
Programming, Dissertation, TU Berlin, 2007

Dissertation Prize 2008 of the Gesellschaft
fir Operations Research (GOR)

George B. Dantzig Dissertation Award 2008
of the Institute of Operations Research and
the Management Sciences (INFORMS),

2nd prize)

Beale-Orchard-Hays Prize 2009 of the
Mathematical Optimization Society for the paper:

Tobias Achterberg, “SCIP: Solving constraint integer programs”,
Mathematical Programming Computation, 1 (2009), pp. 1-41.

Started is “business career” at ILOG developing CPLEX's MIP
technology, moved to IBM when ILOG was acquired by IBM, and is
now with Gurobi.




GCG G C G

GCG extends the branch-cut-and-price framework
SCIP to a generic branch-cut-and-price solver. A—-"“' ’

-e-

= performs Dantzig-Wolfe decomposition for
detected or provided structure

= Solves reformulation with branch-and-price
approach

= pricing problems solved as MIPs

= generic branching rules for branch-and-price
Provides easy access to another _ {1 \
state-of-the-art MIP solving technology. Gerald Gamrath

° © © Generic Branch-Cut-and-
Price, Diploma Thesis, TU
° ‘ ° Berlin, 2010

Currently developed in cooperation
with RWTH Aachen, also funded by
SPP 1307 68
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UG U G

UG is a generic framework to parallelize
branch-and-bound based solvers (e.g., MIP,
MINLP, ExactIP) in a distributed or shared
memory computing environment.

= Exploits powerful performance of state-of-the-

art "base solvers", such as SCIP, CPLEX, etc.
=  Without the need for base solver parallelization

UG framework

ZZ[133
Martin
Grotschel

Loads are coordinated by a special process or thread Base solver
1/0, presolve
Base solver Base solver Base solver

Using API to control
solving algorithms

Using MPI or pthreads
for communications

|

=

Using API to control
solving algorithms

Using API to control
solving algorithms

Using MPI or pthreads
for communications

I

Using MPI or pthreads
for communications

Map over a target computing environment
(shared memory, distributed memory)

Yuji Shinano,
A Generalized Utility for
Parallel Branch-and-Bound
Algorithmus,
Dissertation, Tokyo
University of Science, 1997
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The travelling salesman problem

Given n ,cities” and , distances" between them. Find a tour
(roundtrip) through all cities visiting every city exactly once
such that the sum of all distances travelled is as small as

possible. (TSP)

The TSP is called symmetric (STSP) if, for every pair of
cities i and j, the distance from i to j is the same as the
one from j to i, otherwise the problem is called aysmmetric

(ATSP).

1B

Martin
Grotschel
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West-Germany and Berlin

120 cities
7140 variables

1975

M. Grotschel

1B

Martin
Grotschel
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A trip around the world

666 cities
221,445 variables

1987/1991

ZziBl M. Grotschel, O. Holland

Martin

Grotschel
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Drilling 2103 holes into a PCB

e : . Significant Improvements
g via TSP

a T >

ZZ[I[33
— industry solution optimal solution

Grotschel



Some TSP World Records

2006 year| authors| # cities # variables
pla 85,900
solved 1954 DFJ 42/49 820/1146
3,646,412,050| 1977 G 120 7140
variables
1987 PR 532 141,246
number of cites | 1988 GH 666 221,445
X
increase 1991 PR 2,392 2,859,636
4000000 | 1992  ABCC| 3,038 4,613,203
times 1994 ABCC 7,397 27,354,106
problem size
increase 1998 ABCC 13,509 91,239,786
- 2001|  ABCC| 15,112 114,178,716
Pl 2004 ABCC 24,978 311,937,753

2005 W. Cook, D. Epsinoza, M. Goycoolea 33,810 571,541,145 \
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The current world record

65,900 Locations in a VLS| Application
Solved in 2006

http://www.tsp.gatech.edu/optimal/index.html
Zzie http://www.tsp.gatech.edu/pla85900/index.html

Martin
Grotschel
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Public Transport Projects (zs and marseon)

Busses (Berlin and elsewhere)

= Telebus (Transportation of
disabled persons)

= Bus Circulation
= Bus driver Scheduling

= Integrated Vehicle and
Driver Scheduling

Timetable Exchange
Subways and Light Railways
= Subway Time Tabling

= Vehicle Scheduling

Infrastructure Planning

= Line Planing

= Network Planning (Potsdam)
= Fare Planing

Airlines

= Airline Crew Scheduling

= Tail Assignment: Robustness
Railways

= Railway Track Allocation

= ICE Circulation

Spin-Offs : LBW, Intranetz
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Solution “"Technology”

= "good” mathematical modelling in cooperation with
partners from practice

= |inear programming

= integer and mixed-integer programming
= non-differentiable optimization

= |ots of heuristics

Mkl = “verification” by simulation

1B

Martin
Grotschel
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BVG (Berlin): bus circulation

Systematisierter Einsatz

Die neuen Optimierungsmethoden,
die die BVG jetzt nach und nach nutzen
will, stammen vom Konrad-Zuse-Zen-
trum fir Informationstechnik und ga-
rantieren nach Rof'

rungen
Mark im Jahr. ,Sie sind ndtig, um unser
Angebot in dieser schweren Lage stabili-
sieren und dem Einsparungsdruck
(berhaupt standhalten zu kdnnen.”
Bereits 1991 beauftragre die BVG die
Betliner Software-Firma VU, ein EDV-
System zur Betrichbsplanung zu entwik-
keln. IVU stebt fiir Gesellschalt fiir
Information, Verkehrs- und Umweltpla-
nung GmbH®, cin Unternchmen mit
120 Mutarbeitern, das aul Verkehrspla-
nung und Logistik spezialisiert ist. Der
BVG ging es bel dem Auftrag vor allem
darum, die Einsatzplanung ihrer Fahr-
zeuge 2u systemaltiseren

WISSENSCHAET UND PRAXIS

INFORMATIK / Ein Lehrbeispiel, wie sich Mathematik und Wirtschaft ergdnzen

Auf Sparkurs zum Ziel

Rheiwrener Neviwr
Nummer 39 - 26. September 1997 37
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halbe sichdie  re ein, um brik und such bei 3 GroBirechner werden gebraucht - s
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Kosteneinspaning nicht nur anni.

Nun verschicbt man dic Gerade nach
rechis. Zicl st €3, don lctien Punki des

verschiedene Szenarien iesien und ver-

be, der als nnkkumu bei der IVU fir
die

der angewand.  schaftlicher Durchi Vielecks zu bestimmen,
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Fal i I 0 Mil.

optimieren will, muB sich mit Mathe-
matk beschilftigen. um unndtige Ko-
sten zu
Nun gibt es in Berlin ein Lehrbeispiel,
wie Mathematik und Wistschall zuein
anderkommen kénnen. Die Berliner
rhehrsbetriebe

Um ihre Kosten zu decken, hat die
BVG Jahe fir Jahr grofe Zuschimse vom
Senat bekommen. Doch damit

st nun Schiuf; dem Land Berlin geht
das Geld aus, 5o daB auch die BYG unter

um Jahr 2000 konnen wir von den
heute rund 20 000 Miarbeitern nur
noch 15 000 beschafiigen.”

tonen Spalien. Die Zalen i der gan

pllz-nul:dwndhmrlun man

fertigen Software-

Produkts zustandig st
Auch Martin Grotschel betont den
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nung und Logistik spezialisiert ist. Der
BVG ging es bei dem Auftrag vor allem
darum, die Einsatzplanung iheer Fahr-
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wolte man die Dienstpline und die
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Vehicle Scheduling:
The "Camel Curve”

Martin
Grotschel

P Fahrzeugeinsatz

—To=|

Umlaufversion
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Zeitraum von |[04:00  Uhbr

bis 23:00 | Uhr

IDD 230 | [hh:mm]

Schrittweite

Auswertung |

[Unlaufe gultig ab 14.05.2000 =] von | bis | i 50 ThXI SiM SGM gj
0 4:30 5 0 0 1 2 =]
2 o® 04 4 8 4 3
[Hontag - Freitag = 5:30) 6:00 25 E 0 10 4
6:00 6:30 26 9 0 10 4
. : 6:30 7:00 30 13 0 1 4
Betriebsbereich 7-00 7:30 33 17 0 1 4
- 7:30 8:00 13 17 0 1 4
omnibusverkehr =l 8:00 8:30 30 11 0 11 4
8:30 9:00 28 10 0 9 4
Linien 9:00 9:30 27 8 0 9 4
9:30 10:00 27 7 0 9 4
10:00 10:30 27 7 0 9 4
1 10:30 11:00 27 7 0 9 4
i 11:00 11:30 27 7 0 9 4
1 11:30 12:00 28 8 0 10 4
10 12:00 12:30 28 8 0 1 4
i 12:30 13:00 3 8 0 1 4 -
1 || »
1
1
1
1 5G D
1 Fiy sL .
1 Tax [l
1 sim
1 sGhd Bl
1

LL

Beenden |

Eﬂﬂfﬁce Ee

i A

Drucken |

Micrasoft

68




Savings in Berlin public transport
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Network, Line and Fare Planning
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Optimization of Botany Bay
a Container Terminal in Sydney, Australia

ZiBl Gary Froyland, Thorsten Koch, Nicole Megow, Emily Duane, Howard Wren:
ikl Optimizing the Landside Operation of a Container Terminal, OR Spektrum 2007

Grotschel
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Port Botany — doubling throughput




Example: Routing automated guided vehicles in a
container terminal in Hamburg Harbor

Cooperation with

Rolf MOhring's
group




Details of AGV routing

Complex turns of AGVs

Simple grid-like graph

3  Fulumsesion . P4
File FEdit Simulatian

B R][&] 4]

= = m—
i

S1LO0A 15334375, 45925571 2E90625 I?IJETE HHIFEE ]
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L,uUunith of the
service fleet:

supemlllsalz. In Berlin und Brandenburg mussten die Gelben Engel letztes Jahr mehr
als 240000 Mal ausriicken, um Havaristen in der Hauptstadt und auf 1700 Autobahnkilometern wieder
flottzumachen - ein Rekordeinsatz. Einen Rilckgang von zehn Prozent bei den Pannen registrierten da-
gegen die Gelben Engel in Mecklenburg-Vorpommern. Bei insgesamt 72 389 Einsaizen schafften sie je-
doch auch einen Rekord: In 84 Prozent der Félle konnten die Autofahrer mit dem Wagen weiterfahren.
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Service vehicle planning at ADAC

Dispatch:
Yellow Angel human operator

1B

Martin
Grotschel




" Matheon BS:
Flows over Time, a general issue

Routing in a container terminal \ /

Applications

o X . o
Flow of materials in storage areas

Matheon
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Telecommunication topics:
Hardware and logistics

= Designing mobile phones
= Task partitioning
= Chip design (VLSI)
= Component design
= Producing Mobile Phones
= Production facility layout
= Control of CNC machines
= Control of robots
= Cutting and welding
= Printed Circuit Boards
= Via minimization
= Component Placement
= Mounting Devices
= Routing
= Lot sizing
i = Scheduling

|||||

e = Logistics
wabl =  Marketing and Distributing Mobile Phones

Grotschel
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The Basic Question

Telecommunication {\ network design:

N Ne

e/ AKX N

\'0'\“1‘. . . \:}mvf . .

G N S
\ N b /\ P LY\
PR N
YAy da S

LIV s>

[Fres ek - "k\m/

Input: Output: cost-minimal
> potential network > subset of nodes and links
> demands > discrete capacities
> cost values > survivable routing

> various additional constraints > satisfying all constraints
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Number of Nodes in the Core Network

Kosten

10 20 30 40 50

Anzahl Kernnetzstandorte

1B

Martin
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Location- and Network Topology Planing:
solvable to optimality in practice

Faser KPN

Faser GL

Fa_ser vorhanden

Wellenldange

AAC

GAR
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Antennas & Interference

co- & adjacent
channel
interference
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Minimum Interference
Frequency Assignment Problem (FAP)

FAP is an Integer Linear Program:

. co CO
min Z VW VW + Z CVW yvw

vwe E° wweE%

s.t. Z X, =1 Vvel
f€EF,
Xyt X, < <d(vw)
X, + X, S1+z0 VweE”, feF NF,
X, + xwg <l+z% Vvw e
xvfﬂszﬂ VW {O 1}

2213 that is very difficult to solve.

Martin
Grotschel




98

Martin
Grotschel

Region Berlin - Dresden

2877
carriers

50 channels
Interference

reduction:
83.6%



GSM 900-Optimization in Germany

—

Optimierung je Region aller
« Standorte
« Sektoren
« Bander

Zusammenfuhrung der
Ergebnisse aller Regionen

Optimierung eines Streifens
entlang der Regionsgrenzen

Optimierung des 1800 MHz-
Anteils von Dualband-
Sektoren



Network

UMTS-
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Configuration of Antennas

Isotropic
Prediction

= Available for each |-
potential antenna ¢

location i d B Y
© Digital Building (2002),
I E-Plus Mobilfunk GmbH & Co. KG
Antenna —
- - —zL—
Configuration ),
= Azimuth §
= Tilt
» Height l
Antenna
Diag ram © Digital Building Model Berlin (2002), E-Plus Mobilfunk GmbH & Co. KG, Germany
= Signal propagation height: 41m, electrical tilt: 0-8°, azimuth 0-120°
in different
directions

1B
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Optimization:
Reduction of Network Load

Start- Optimized

Adjustment:
= Azimuth

= Direction
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Iy MATHEON: A Large Competence Pool

Scientists of MATHEON

members >200
DFG-financed researchers ~60
PhD students ~70

professors ~40

number of projects ~60

Most members from. applied mathematics!

DFG Research Center MATHEON




Iy Scientific Structure

Mathematical Fields and
Application Areas

A: Life Sciences

B: Networks

C: Production

D: Electronic and Photonic Devices

E: Finance

Numerical Analysis and Scientific
Computing
Applied and Stochastic Analysis

F: Visualization

Optimization and Discrete Mathematics

ZE: Education

DFG Research Center MATHEON 105



@ Added Value through Cooperation across Fields

A: Life Sciences
B: Networks

C: Production

D: Electronic and Photonic Devices
E: Finance

F: Visualization

ZE: Education

DFG Research Center MATHEON

Optimization and Discrete Mathematics

Numerical Analysis and Scientific

Computing

Applied and Stochastic Analysis

106



% Added Value through Cooperation across Fields

)]
4]
Iﬁ
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Q i 4
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(@) Bridge Projects J
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DFG Research Center MATHEON 107



Xy Cooperation

Industry cooperation - examples

0 BASF, Bayer-Schering, Merck, Sanofi-Aventis, ...

d Siemens, IBM, Infineon, Microsoft, NEC, SAP, Philips, ...

3 Deutsche Telekom (T-Systems), E-Plus, ...

a Daimler, BMW, Volkswagen, Tebis, Bosch, ...

d Deutsche Bahn, BVG, IVU, Lufthansa, ABB, ADAC, Herlitz, ...
0 EdF, DREWAG, Vattenfall, E.ON, OGE, BHP Billiton, ...

3 AMRO Bank, Bankgesellschaft Berlin, Commerzbank,
Deutsche Bank London, IKB, Reuters Financial Software, ...

3 Numerous small and medium enterprises (SME)

DFG Research Center MATHEON 108



% Spin-Off Companies

0 Indeed Visual Concepts (www.amiravis.com):
3D data visualization (Amira), today: Mercury

a JCMwave (www.jcmwave.com):
Simulation software for nano-optical components

3 atesio (www.atesio.de):
Plan, configure, and optimize telecommunication networks

3 Lobel, Borndorfer & Weider GbR (www.lbw-berlin.de)
Optimization and consulting for public transport

3 Synoptio (www.synoptio.net)
Mathematical consulting and software

Q Lenné 3D (www.lenne3d.de)
Digital botany and real-time landscapes

3 inbion GmbH (inbion.math.fu-berlin.de)
Bioinformatics solutions for life sciences

DFG Research Center MATHEON 109



X Networks: Our Vision

guiding question:
what constitutes a good network?

overall goal:
To develop theory, algorithms, and software
for a new, advanced level of integrated net-

work optimization that addresses network
planning problems as a whole.

examples:

> line planning and timetabling in public transport
> fiber and UMTS telecommunication network design
> harbor and factory logistics

Application Area B — Networks




X A19 Molecular Design

Drug Design Protein folding

new pain relief drug

conformation dynamics, meshless methods, transition path theory

Application Area A — Life Sciences 111



% Domains of Expertise in MATHEON AA D

Photonic Devices Electronic Devices
D8 Recke Wolfrum:

D14 Bandelow
Mielke: 20, IR
Nonlinear fibers =7

D21 Yanchuk:

Synchronization

D2 Mehrmann
D23 Schmidt: Reis:

Nanostructures Passivation and
D22 Glitzky Mielke: model reduction

Interfaces in solar cells ~> next talk
Eetiis x :

Application Area D — Electronic and Photonic Devices



X5 Record Tandem-Cell with 14% Efficiency

Goal ZIB
Simulation and optimization of solar cell design

Challenge
3D simulation of large structures ( >5 million unknowns)
* large parameter space
(materials, thicknesses, roughness, textures)
Strategies
« hp-adaptivity
« domain decomposition
« adaptive spectral sampling
* reduced basis algorithms

Partners
MASDARS PV _ __ —
A MASDAR COMPANY pvCOomas

Frank Schmidt



Xy Numerical Study of Nanowires

= (o]
e 4 56
o 10 |
[ o
2 178 sec
©
=5 785 sec '
o . o
- 2186 sec
10 - o) il
6133 sec

1 2 3 4 5 6
FEM degree

Frank Schmidt 114



X Visualization: Projects and Domains of Expertise

Geometry Processing Image Processing Interactive Graphics
F1-F4-F9 F2 — F10 F5—-F6

Industrial

F1 Discrete Surface F4 Geometric Shape
Parametrizations Optimization F6 Multilevel Methods
Bobenko/Ziegler Polthier Kornhuber/

Polthier/Yserentant

Computer
Graphics

F5 Physics for
Interactive Graphics
Pinkall/Sullivan
F2 Atlas-based Image
F9 (C25) Trajectory Segmentation F10 (A3) Image and

Compression Hege/Weiser Signal Processing in
Polthier/Weiser Medicine & Biosciences

Polzehl/Spokoiny

Medicine &

Application Area F - Visualization 115
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And so on...
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Have you encountered mathematics
within the last days? Have I?

I am discussing only mathematics produced in my group:

= mobile phone channel assignment

= e-mail: (communication network and data packages)
= bus circulation in Berlin

= bus driver assignment in Berlin

= subway timetable in Berlin

| = Lufthansa plane tail assignment of my flight

= car navigation system

w2 = medical imaging

1B

Martin
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What to do to be
successful in practice: Advice

= Learn (get acquainted with) many branches of
mathematics, you never know what you are going to
need.

= Make colleagues who know other types of maths better
than you your friends. You may need them.

= Don't be arrogant! Other people are also intelligent, and
they may know some things much better than you.

W = Learn the language of your customers. They will not have
the time and patience to learn your mathematics. But you
have to communicate with them. And it is better for
everyone that mathematicians learn the “other stuff”.
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New ,Paradigm": Understanding &
utilizing big and complex data sets

e
.}

Ressourcenmanagement

Marktforschung (.smarter cities/planet”)

LUnternehmenssteuerung
From the IBM homepage: "Every day, we create 2.5 quintillion bytes of data —
so much that 90% of the data in the world today has been created in the

7A1E last two years alone."
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Suppose you would eliminate (modern)
mathematics from technology

= Would the motor of a modern car run efficiently?

= Would an airplane like A380 fly?

= Would your car navigation system operate?

= Would medical imaging systems (X-ray, MRT, ...) show a
tumor in the right spot?

= Would public transport be affordable?
Mk = Would your smartphone work?

= Would high communication networks exist?

» Would data transfer be secure?

Mathematics does not provide the services and technologies,

Z4B : :
weml Hut is an essential part of them.
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Grand challanges as identified by
the US National Academies

THE CHALLENGES

Make solar energy affordable

Provide energy from fusion

Develop carbon sequestration methods
Manage the nitrogen cycle

Provide access to clean water

Restore and improve urban infrastructure
Advance health informatics

Engineer better medicines
Reverse-engineer the brain

Prevent nuclear terror

Secure cyberspace

Enhance virtual reality

Advance personalized learning

Engineer the tools for scientific discovery

»

* & & ¢ ¢ ¢ O O " " " O
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Personal health

= Diseases are going to hit me and some of you in the
audiences in the future or have already done so in the

past — though I hope they will not.

= Two examples
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My Heart

Vorhof-Flattern Ablation
atrial fibrilation

ZIB Visualisierung ZIB Visualisierung
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Cardio Fibrillation

00001

Peter Deuflhard’s group at ZIB
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Magnetic Resonance Tomography
(MRT)

My own spine 28.08.2013
operation on  03.09.2013



Overview on Applications:
Is (advanced) mathematics useful?
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