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Konrad-Zuse-Zentrum für I nformationstechnik

Zuse-I nstitute Berlin (ZI B)
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Main - Campus

Berlin University of  Technology

Mathematics
Brandenburg Gate
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The DFG Research Center in Berlin
supported by the German National Science Foundation

DFG Research Center 
Mathematics for key technologies

Modelling, simulation, and optimization
of real-world processes

6 new chairs
70 new research positions

8 million �IXQGLQJ�SHU�\HDU�VLQFH�����
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Former Lecture/ Article Titles of 
EURO Gold Medal Winners

ŒEgon Balas: “Some thoughts on the development of 
integer programming during my research career” (2001)

ŒRainer E. Burkard: “OR Utopia” (1997)

ŒJan Karel Lenstra: “Whizzkids” (1997)

ŒPierre Hansen: “A short discussion of the OR crisis” (1986)

ŒDominique de Werra: “What is my objective function?” 
(1995)

ŒMy mulitcriteria optimization goal:

ŒMinimize the title length

ŒUse as few letters as possible

ŒThe title should have a meaning

“Or on OR”
6 letters,

3 different letters
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Claude Berge
EURO Gold Medal 1989

Claude passed 
away on 

June 30, 2002

This week, a
memorial conference

is held in Paris
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A Childhood Dream

ŒI start with telling you a secret that I  never 
revealed to anybody before.

ŒAs a child I  dreamt of becoming a gold medalist 
at the Olympic Games.

ŒI was quite good in shot put.
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A Childhood Dream

ŒI start with telling you a secret that I  never 
revealed to anybody before.

ŒAs a child I  dreamt of becoming a gold medalist 
at the Olympic Games.

ŒI was quite good in shot put.

ŒI just was not good enough (# 9 in Germany) and did 
not make the 1972 German olympic team.

ŒReceiving an EURO Gold Medal in Greece is the 
second best that could have happened to me.
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Operational Research
ŒS. Vajda, (article on  EURO Gold Medal Ceremony)

“The three ages of Operational Research”,
European Journal of Operational Research 45(1990)131-134

“I  believe that the term fits awkwardly those activities 
which OR comprises now, but it is too late to change.”

ŒR. L. Ackoff, “The future of Operational Research is past”
Journal of the Operational Society 30(1979)93-104

ŒJ. Krarup, “EURO Gold Medal 1986: A parable on two-
level parallelism”,
European Journal of Operational Research 38(1989)274-276

“…an interdisciplinary bastard like operational research…”
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Google Search (Saturday morning)

Œ"operations research“
about 929,000 hits for "operations research"

Œ"operational research“
about 226,000 hits for "operational research“

Œ "Unternehmensforschung“
about 9,660 hits for “Unternehmensforschung“

Œ "Unternehmungsforschung“
about 83 hits for “Unternehmungsforschung“

Œ“Operationsforschung”
about 719 hits for “Operationsforschung“
(Mostly from medicine, though)
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The basic questions of philosophy

ŒWhere do we come from?

ŒWho are we?

ŒWhere are we going to?

ŒWhat is the meaning of life?
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The basic questions of an OR consultant

ŒI made a long list, but deleted it yesterday since 
I  thought that you would know that anyway.

Œ(I will try not to bore you too much.)
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Operational Research:
approaching it as a subject
Œ OR as a topic in mathematics

Œ optimization

Œ mathematical programming

Œ OR as a topic in management science
Œ operations management, business information management

Œ management engineering

Œ OR as a topic in engineering
Œ industrial engineering

Œ supply chain management/ flexible manufacturing

Œ OR as a topic in computer science

Œ OR as a topic in psychology/sociology

Œ Systems Theory/Cybernetics

Œ Decision Sciences, Decision Aid

Œ … 
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de Werra’s sweep

D. de Werra: “What is my objective function?”
European Journal of Operational Research 99(1997)207-219

2. OR is a pure science

3. OR is an open science

4. OR relies on basic sciences and on life sciences

5.  OR is a natural science

6. OR is an art

7. OR does miracles

Dominique forgot: OR is an applied science
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Academic OR in Berlin

Œ Technische Universität Berlin 

Œ Fakultät IV - Elektrotechnik und Informatik

ŒInstitut für Wirtschaftsinformatik und Quantitative Methoden

Œ Operations Research (OR)

Œ Fakultät VII I  Wirtschaft und Management

ŒFachgebiet Produktionsmanagement

Œ Fakultät I I Mathematik und Naturwissenschaften

ŒInstitut für Mathematik

ŒArbeitsgruppe Algorithmische und Diskrete Mathematik

Œ Freie Universität Berlin

Œ Fachbereich Wirtschaftswissenschaft

ŒInstitut für Produktion, Wirtschaftsinformatik und OR

Œ Humboldt Universität Berlin

Œ Wirtschaftswissenschaftliche Fakultät

ŒInstitut für Operations Research

R. Möhring
M. Grötschel
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Answering the HARD questions

ŒWhat do I  mean?

ŒI think that OR should start adressing politically 
relevant “global questions” seriously.

ŒAfter a few examples I  will be more precise.
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Typical optimization problems
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Special „simple“ 
combinatorial optimization problems

Finding a

Œminimum spanning tree

Œshortest path

Œmaximum matching

Œmaximal flow through a network

Œcost-minimal flow

Œ… 

solvable in polynomial time (and very fast in practice)
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Special „hard“ 
combinatorial optimization problems

Œtravelling salesman problem

Œlocation und routing

Œset-packing, partitioning, -covering

Œmax-cut

Œlinear ordering

Œscheduling (with a few easy exceptions)

Œnode  and edge colouring

Œ…

NP-hard (in the sense of complexity theory)

The most successful solution techniques employ 
linear programming as a bounding procedure.
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LP Progress: 1988 – 2000

ŒAlgorithms

Primal simplex in 1988 versus

Best(primal,dual,Barrier)  today 2360x

ŒMachines
800x

Net :   Algorit hm *  Machine ~ 1 900 000x

by courtesy of Bob Bixby
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Linear Programming 1987-2000

ŒMachine

ŒMathematics
10Compaq Server ES 40, 667 MHzCray X-MP/416

45Compaq Server ES 40, 667 MHzIBM 3090/108S

400Compaq Server ES 40, 667 MHzIntel 386, 25 MHz

900Compaq Server ES 40, 667 MHzSun 3/50

800Pentium 4, 1.7 GHzSun 3/50

Speedupnew machineold machine

960Cplex 7.1XMP

3,7Cplex 7.1Cplex 5.0

22,0Cplex 5.0Cplex 1.0

4,7Cplex 1.0XMP

Estimated Speedupnew codeold code

Robert E. Bixby, Solving Real-World Linear Programs: A Decade and More of Progress. Operations Research 50 (2002)3-15.

„A Model that might have taken a year to solve 10 years
ago, can now solve in less than 10 seconds.“
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Progress in I nteger Programming

This book appeared just 
two weeks ago.

One particularly interesting 
article on MIP:
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Bixby et al.:
LP Speedups
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Bixby et al.:
Opinion

Top computational advances during the last 15 years:
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Bixby et al.:
New MI P features

New features of the new generation of 
mixed-integer programming codes
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Bixby et al.:
MI P instances

Hard test cases:
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Bixby et al.:
MI P Speedups
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Bixby et al.:
I mprovement factors
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Bixby et al.:
Which cuts work?
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The “classical” Transportation Problem 
in Mathematical Programming
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ŒThis problem rarely occurs in real life 
in its pure form. 

ŒIt does appear as a subproblem of 
some much more complex real 
problems.

ŒIt can be solved very quickly.

S =  sources, origins,
supply

T =  sinks, destinations,
demand
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High Quality Public Transportation:
Mathematical, Social, Polit ical, and Business Aspec ts

My research group at ZIB has, for more than a 
decade, worked on various mathematical aspects 
of public transportation. 

ŒWe have optimized the 
transport of disabled people in Berlin,  

Œfound the minimal number of busses to run the 
Berlin and other city or regional bus systems, 

Œsolved driver scheduling problems and 

Œmany other optimization problems of this type. 
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High Quality Public Transportation:
Mathematical, Social, Polit ical, and Business Aspec ts

These problems are, in general, of very large scale
and represent significant mathematical challenges. 
I  will sketch some of the achievements briefly in 
my talk. 

I t turned out, though, that implementing solutions 
of such problems often creates (unexpected) social 
or polititical difficulties. 

This is an example of a HARD question.
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High Quality Public Transportation:
Mathematical, Social, Polit ical, and Business Aspec ts

But what is a "good" public transportation 
system? 

Can such a system result from deregulation? 
How does one deregulate, e.g., the railway 
system of a country, properly? 

We are currently investigating such and related 
issues which are highly relevant for everybody’s 
everyday life. There are more questions than 
answers. 
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Examples of practically important and 
challenging transportation problems

Some of the tasks that have to be addressed:

Œplanning routes
Œassigning vehicles
Œdispatching drivers
Œimproving quality
Œinforming customers
Œcreating (multi-modal) links
Œcontrolling fleets
Œcoordinating tours
Œkeeping track of jobs
Œoptimizing schedules
Œlocating vehicles
Œfailure management/online rescheduling

film produced by IVU
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The ZI B Transportation Team,
including former members

Public Transport:

Ralf Borndörfer

Fridolin Klostermeier

Christian Küttner

Andreas Löbel

Sascha Lukac

Marc Pfetsch

Steffen Weider

Online Transportation:

Norbert Ascheuer

Sven O. Krumke

Diana Poensgen

Jörg Rambau

Luis Miguel Torres

Andreas Tuchscherer

Tjark Vredeveld
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The ZI B Transportation Team
spin-off companies

Intranetz:

Fridolin Klostermeier

Christian Küttner

Norbert Ascheuer

LBW:

Ralf Borndörfer

Andreas Löbel

Steffen Weider
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Service vehicle planning at ADAC

Help center

Dispatch:
human operator

Wireless data transmission

Yellow Angel
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„Unit“ of the 
service fleet: 
Yellow Angel

gelber Engel

1,700 yellow angels 

10,000 calls per day
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Online aspects at ADAC

Optimal:

10 min

10 min

• Requests are not known in advance

• Decisions are based on incomplete information

• Suboptimal results

• How to evaluate an online algorithm?
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Yellow Angels

ŒA prototype of our dispatching software is in use 
at two of the five ADAC dispatching centers in 
Germany.

Œconsiderable planning improvement reached

Œin full use everywhere in Germany probably at 
the end of this year
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Telebus:
Transportation of disabled people
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The „Telebus mathematics“

Finding a „Good“ 
Mathematical Model

Finding a „Solvable“ 
mathematical model:
Set Partitioninging
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Solution
technology

min

1

0

0 /1

Tc x

Ax

x

where A is a matrix

=

³

-

We employ:
Œvarious heuristics:

clustering
TSP/Routing
improvement

Œcutting planes 
based on the
set packing and
set covering
polytopes

Œcolumn generation
to dynamically
generate „good“
tours/variables

Œbranch&cut
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Where is the
mathematics?

We employ:
Œvarious heuristics:

clustering
TSP/Routing
improvement

Œcutting planes 
based on the
set packing and
set covering
polytopes

Œcolumn generation
to dynamically
generate „good“
tours/variables

Œbranch&cut

Improvements
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History

0

5.000

10.000

15.000

20.000

25.000

30.000

35.000

82 84 86 88 90 92 94 96

Customers/ 1.000 Users/ 1.000 Costs/ Mio DM

Taxi Coupon
System

Taxi Account
System

Optimized
Dispatching
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Some Telebus stories

ŒHistory: The system, newspaper reporter

ŒSocial and political context (Berlin, BMBF)

ŒIndustry interests (subsidies)

ŒRiding telebuses, psychology of customers 

ŒTaxi and „social“ transport companies 

Œunion influence

Œpsychology of employees and bus companies

ŒTelebus 2004: Another crisis, 
Testimony in Berlin House of Representatives
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Planning Public Transportation

Crew Assignment
Delay Management 
Failure Management

Vehicle Scheduling
Duty Scheduling
Duty Rostering

Network Design
Line Planning
Timetabling

Steps:

Get it doneCost ReductionService LevelObjective:

(very) Short term

Day of Operation
online planning

Medium term

Timetable Period

Long TermHorizon:

DispatchingSchedulingPlanningPhase:
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Projects

VS-OPT

Telebus

DS: BVG

VS: BVGDS-OPT

IS-OPT
LPP

OPTRA

94-97

97-00

00-03

03-06

MCF92-94

Other

RS-OPT
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Partners

VS-OPT

DS-OPT

IS-OPT

Telebus

LPP

OPTRA

Project Funding Partner Product

RS-OPT LBWLBW
DIVA
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A HARD Question

What is a „good“ public transportation network?
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Network Planning:
A didactical example city

city center

4 living quarters

industry district
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Origin/ Destination Matrix 
for the didactical example

5005000100001000VI

5005000200002000V

5005000300001000IV

5000000500III

5000030000500II

50010000200001500I

VIVIVIIIIII
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A real Origin/ Destination-Matrix:
Potsdam

Potsdam
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Network Planning:
available streets/ tracks
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MI P Model 
for Network Planning

passenger flow on path 

{0,1} use track/street 
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a

y p P

z a
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Network Planning:
selected network of streets and tracks
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Network Planning:
The Potsdam Tram Network

blue lines =  existing 
tram tracks

red lines =  suggested 
track extensions
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Line Planning:
our didactical example city

The selected network of
streets and tracks: the
result of network planning

Now we have to 
“invent” bus/ tram lines
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MI P Model for Line Planning

: :

transport all passenger

... other linear constraints

s

capacity constraints

frequency boun
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The currently existing
Potsdam Network of Lines

Œbus
Œtram
ŒS-Bahn
Œregional train
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Network of all Public Transportation 
Lines in Potsdam

optimized system
of lines
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New Lines in Potsdam 

Œnew lines suggested
by optimization

also (but not drawn): 
Œsome lines removed
Œfrequencies of lines 

determined
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Passenger Flow in the 
new Potsdam Network of Lines
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Planning prices and frequencies

ŒAnsatz
Œ„Controlling“ demand via prices and travel times

ŒPrice system =  Individual price +  ???

ŒMaximize profit

ŒElectronic Ticketing

ŒStatus
ŒResearch project

ŒData? 

ŒMathematical models ?

ŒGiant amount of literature on topics of questionable
value for practice (versions of local elasticities) 
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Planning prices

price
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optimal price

Maximize
income

service?
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Planning frequencies &
synchronized timetables

travel time
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VS-OPT

a code developed at ZI B,
maintained and distributed by spin-off company

LBW GbR (Löbel, Borndörfer & Weider)

Mathematical Model and Algorithmic Approach:

Multicommodity Flow model solved by 
Lagrangean relaxation and dynamic column generation
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I P Model for Vehicle Scheduling

ŒD – Depots

ŒT – Timetabled Trips

min

1 (Flow Requ.)

0 , (Flow Cons.)
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(Integrality)
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vehicle utilization

morning peak

68
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several vehicle schedules
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VS-OPT employed in Berlin (BVG)
Œ Real Really Large-Scale Optimization

Œ 28.000 scheduled trips (worldwide largest known instance)

Œ 100 million degrees of freedom (of 400 mio possible)

Œ optimization of a whole transportation company

Œ no heurist ic simplifications

Œ „Lagrangean Pricing“-technique

Œ Mathematical quality guarantee

Œ fleet minimal solution

Œ at most 1%  off minimal cost

Œ Added value

Œ Scenario analysis

Œ Sensitivity analysis

Œ Stability, Fixing, Freezing, Outsourcing, etc.

Œ Running time

Œ Minutes on standard PCs

In other words, we have a
multicommodity flow 
problem with 
100 million integer variables
and can solve it in a few
minutes on a laptop
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Mathematical duty scheduling DS-OPT

ŒTypes of duties

ŒInvestigating whole paths

Œsupplementary duty elements

Œ2.000 duty elements:

Œ50.000 nodes

Œ280.000 links (edges)

Œ¥ duties
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I P Model for Duty Scheduling

ŒI – Tasks
ŒJ – Duties
ŒB – Mix (Base) Constraints

min

1 (Tasks)

(Mix)

{0,1} (Integrality)

j j b b b b
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DS-OPT

ŒLagrangean Shortest Path Pricing

ŒLinear Resource Constraints

ŒResource Constrained Shortest Path Model

ŒLagrange Relaxation of Linear Constraints

ŒShortest Path Lower Bound

ŒLP Heuristic

ŒDual Ascent

ŒBox Step

ŒBranch-and-Generate Heuristic

ŒFixing on Links
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DS-OPT Computational Results

0,5 d

252

4 Mio

66.602

4,453

1

3

1

WI

36122387103117114114Duties

977.7011,8 Mio3 Mio851.1602 Mio2 Mio1,2 MioArcs

71.33142.724160.88250.97991.365116.569142.261Nodes

0,5 d1 d4 h0,5 d1 d1 d1 dTime

3,0142,4361,3172,8674,3454,3454,345Tasks

2Averages

355Capacities

4343353Duty Types

1141224Areas

BNM (S)MI (I)TRKS 3KS 2KS 1Name
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Some Users

München (S)  (D)München (S)  (D)

Norgesbus (N)Norgesbus (N)

Rhein-Neckar (S)  (D)Rhein-Neckar (S)  (D)

DB Regio (D)DB Regio (D)

Connex (D)Connex (D)

Bonn (D)Bonn (D)

Berlin (D)Berlin (D)

ATC/ Terni ( I )ATC/ Terni ( I )

Geilenkirchen (D)

Wiesbaden (D)Wiesbaden (D)

Mailand (U)  ( I )Mailand (U)  ( I )

Genua ( I )Genua ( I )

Ennepetal (D)

Athen (U)  (GR)

DS-OPTVS-OPT
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Optimization Results

0,0%19,5%

DS-OPTmanualVS-OPTmanual

=n.a.157195Bus

9,1%141155n.a.-2n.a.Bus

DS-OPTmanualVS-OPTmanual

DS-OPTmanualVS-OPTmanual

14,3%* 40280*Bus

2,5%1171200,0%=n.a.Tram

4,3%2,5% 268280196201Bus

DS-OPTmanualVS-OPTmanual

Duty SchedulingVehicle Scheduling
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Auf Sparkurs zum Ziel

Artikel erschienen am 26. Sep 1997
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The Psychology of I mprovement

ŒCompany goals

ŒManager goals

ŒDispatcher goals

ŒThe 15% rule
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min
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I P Model for I ntegrated Scheduling

Œ T – Timetabled Trips D – Depots
Œ H – Deadhead Trips I  – Tasks
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I S-OPT

ŒLagrangean Relaxation on Coupling Constraints

ŒProximal Bundle Method

ŒApproximate Solution of Vehicle and Duty Scheduling
Components

ŒBranch-and-Generate Heuristic

ŒFixing Deadhead Trips
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Trassenbörse =  track auctioning

European Union : 

ŒEstablish a rail traffic market

Œopen the market to competition

ŒDeregulate/Regulate this market

History of our project
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Trassenbörse =  track auctioning

What is the goal of the deregulation attempts?

General answer: More traffic at lower cost, better service

How do you measure?

Our answer: in terms of willingness to pay (Zahlungsbereitschaft)

What is the „good“ of this market?

Our answer: Fahrplantrasse

=  timetabled dedicated track section 

=  use of railway infrastructure in time and space

=  brief: “timetabled track”
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Public Transportation
Summary

ŒPossible savings in public transport

ŒCan public transport break even?

ŒWhere are the bottlenecks?

ŒWhat can OR do?

ŒMulti-modality considerations

Œindividual vs. public transport?

ŒWhat is a „good“ transportation system?
(HARD question)
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Contents
1. Introduction

Œ Where am I from?

Œ Selecting a title

Œ Revealing a secret

2. What is OR? (A name is a name, or not?)

3. OR on OR

4. Answering the HARD questions
Œ What can we do? Examples of Success Stories:

Œ Linear and integer programming

Œ Public transportation

Œ Telecommunication

Œ What should we look at?

5. What is good OR?
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The Telecom Group

Andreas Bley

Andreas Eisenblätter 

Martin Grötschel

Thorsten Koch

Arie Koster

Roland Wessäly

Adrian Zymolka

Associates

Manfred Brandt

Sven Krumke

Frank Lutz

Diana Poensgen

Jörg Rambau

Clyde Monma
(BellCore, ...)

Mechthild Opperud
(ZIB, Telenor)

Dimitris Alevras (ZIB, IBM)

Christoph Helmberg (Chemnitz)

ZI B Telecom Team
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ZI B Partners from I ndustry

Bell Communications Research

Telenor (Norwegian Telecom)

E-Plus (acquired by KPN in 01/2002)

DFN-Verein

Bosch Telekom (bought by ?)

Siemens

Austria Telekom (I talia Telecom?)

T-Systems Nova (T-Systems, Deutsche Telekom)

KPN

Telecel-Vodafone

Atesio (ZIB spin-off company)
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What is the Telecom Problem?

Design excellent technical devices
and a robust network that survives
all kinds of failures and organize
the traffic such that high quality
telecommunication between
very many individual units at 
many locations is feasible
at low cost!

Speech
Data

Video
Etc.



Martin
Grötschel

100

What is the Telecom Problem?

Design excellent technical devices
and a robust network that survives
all kinds of failures and organize
the traffic such that high quality
telecommunication between
very many individual units at 
many locations is feasible
at low cost!

ThisThis problemproblem is is 
tootoo generalgeneral

to to bebe solvedsolved in in 
oneone stepstep..

Approach in Practice:
• Decompose whenever possible
• Look at a hierarchy of problems
• Address the individual problems one by one
• Recompose to find a good global solution
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Cell Phones, Mathematics, and OR

Designing mobile phones
•Task partitioning
•Chip design (VLSI)
•Component design

•Computational logic
•Combinatorial

optimization
•Differential algebraic

equations

Producing Mobile Phones
•Production facility layout
•Control of CNC machines
•Control of robots
•Lot sizing
•Scheduling
•Logistics

•Linear and integer programming
•Combinatorial optimization
•Ordinary differential equations

Marketing and Distributing Mobiles
•Financial mathematics
•Transportation optimization
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Design and Production of I Cs and PCBs

Integrated Circuit (IC)
Printed Circuit Board (PCB)

Problems: Logic Design, Physical Design
Correctness, Simulation, Placement of 

Components, Routing, Drilling,...
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Siemens Problem 

before after

printed circuit board da4
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Network Design:  Tasks to be solved
Some Examples

ŒLocating the sites for antennas (TRXs) and 
base transceiver stations (BTSs)

ŒAssignment of frequencies to antennas

ŒCryptography and error correcting encoding for
wireless communication

ŒClustering BTSs

ŒLocating base station controllers (BSCs)

ŒConnecting BTSs to BSCs
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Network Design: Tasks to be solved
Some Examples (continued)

ŒLocating Mobile Switching Centers (MSCs)

ŒClustering BSCs and Connecting BSCs to MSCs

ŒDesigning the BSC network (BSS) and the
MSC network (NSS or core network)
ŒTopology of the network

ŒCapacity of the links and components

ŒRouting of the demand

ŒSurvivability in failure situations

Most of these problems turn out to be
Combinatorial Optimization or

Mixed Integer Programming Problems
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Connecting Mobiles: What´ s up?

BSC

MSC

BSC

BSC

BSC

BSC

BSC

BSC

MSC

MSC
MSC

MSC

BTS
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Frequency Planning Problem

Find an assignment of frequencies to 
transmitters that satisfies 
Œall separation constraints

Œall blocked channels requirements

and either
Œavoids interference at all

or
Œminimizes the (total/maximum) interference level
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Minimum I nterference
Frequency Assignment Problem

Integer Linear Program:
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min
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Region Berlin - Dresden

2877 
carriers

50 channels

Interference
reduction:

83.6%



Martin
Grötschel

111

The UMTS Radio I nterface

ŒCompletely new story
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Network Optimization

Networks

Capacities Requirements

Cost
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What needs to be planned?

ŒTopology

ŒCapacities

ŒRouting

ŒFailure Handling (Survivability)

ŒIP Routing

ŒNode Equipment Planning

ŒOptimizing Optical Links and Switches

DISCNET: A Network Planning Tool
(Dimensioning Survivable Capacitated NETworks)

Atesio ZIB Spin Off
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The Network Design Problem

200

65

258

134

30

42Düsseldorf

Frankfurt

Berlin

Hamburg

München

Communication Demands

Düsseldorf

Frankfurt

Berlin

Hamburg

München

Potential topology 
&

Capacities
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Mathematical Model

á topology decisison

á capacity decisions

á normal operation routing

á component failure routing
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Flow chart

Optimal
solution

Initialize
LP-relaxation

Run
heuristics

Solve
LP-relaxation

Separation
algorithms

Augment
LP-relaxation

Solvefeasibility
problem

Separation
algorithms

Inequalities?

No

Yes

x variables
integer?

Yes

No

Feasible
routings?

Yes

No

Polyhedral combinatorics
Valid inequalities (facets)
Separation algorithms
Heuristics
Feasibility of a capacity vector

LP-based approach:
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Finding a Feasible Solution ?

Heuristics
ŒLocal search

ŒSimulated Annealing

ŒGenetic algorithms

Œ...

>      2 x 10e1212312336

>  500 x 10e97910736

>  150 x 10e6784615

Routing-PathsDemandsEdgesNodes

Manipulation of
– Routings
– Topology
– Capacities

Problem Sizes
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How much to save?

Real scenario
• 163 nodes
• 227 edges
• 561 demands

34% potential savings!
==

> hundred million dollars

PhD Thesis: 
http://www.zib.de/wessaely

wessaely@atesio.de
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Summary

Telecommunication Problems such as

• Frequency Assignment
• Locating the Nodes of a Network Optimally
• Balancing the Load of Signaling Transfer Points
• Integrated Topology, Capacity, and Routing Optimization

as well as  Survivability Planning
• Planning IP Networks
• Optical Network Design
• and many others

can be succesfully attacked with optimization techniques.
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Contents
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Œ Where am I from?

Œ Selecting a title

Œ Revealing a secret

2. What is OR? (A name is a name, or not?)

3. OR on OR
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Œ Linear and integer programming

Œ Public transportation

Œ Telecommunication

Œ What should we look at?

5. What is good OR?
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Summary Telecommunication
The OR approach

• Helps understanding the problems arising
• Makes much faster and more reliable planning possible
• Allows considering variations and scenario analysis
• Allows the comparision of different technologies
• Yields feasible solutions
• Produces much cheaper solutions than traditional 

planning techniques
• Helps evaluating the quality of a network.

There is still a lot to be done, e.g., 
for the really important problems, 
optimal solutions are way out of reach!
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The OR Challenges

ŒFinding the right ballance between
flexibility and controlability of future networks

ŒControlling such a flexible network

ŒHandling the huge complexity

ŒIntegrating new services easily

ŒGuaranteeing quality

ŒFinding appropriate Mathematical Models

ŒFinding appropriate solution techniques (exact, 
approximate , interactive, quality guaranteed)
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Paradigm Changes

Deregulation

Affordable services

Growth,Development

Mobilität

Internet

Convergence

New Technologies

Globalization
Co mpetition

GrowingGrowingcustumercustumernumbersnumbers
And And growinggrowinginfrastructureinfrastructure

A flexible and A flexible and powerfulpowerful
NetworkNetworkinfrastructureinfrastructure
Independent Independent 
Of Of thethe servicesservices

Fast Fast deploymentdeploymentof of 
newnewservicesservicesand and 

applicationsapplications

Flexibility

Speed

The enlarged „new world“

The Network Business will Change

The good „old world“

Courtesy Dr. Winter (E-Plus)
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Integrating Variable Multimedia Services

Time of Day Usage Patterns

Courtesy Dr. Winter (E-Plus)
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The OR Challenges

ŒWhat is a good telecommunication network?
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What is good OR?

Staying in touch 
with everybody
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Challenges

Œfirst line of the text outlining the conference theme:

"One of the most important concerns of the
European Union is the ensuring and continuous
improvement of  goods and services within the
Europe of today and  tomorrow." 

ŒWe (the OR community) have not given enough
thought so far to what we mean by
"improvement of goods and services".
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Challenging Questions

Œ What is a GOOD public transportation system?

Directly related to the conference theme:

Œ What is a GOOD telecommunication system?

Even more directly refering to the conference theme:

Œ Is the Internet really beneficial?
For whom? Under what rules?....

Œ ………….
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Directions
I  am myself a person preferring to address questions 
Œthat can be quantified precisely 
Œthat have clean data and 
Œthat have clear objectives and 
Œthat can be modeled nicely.

However, I  think we should start addressing problems 
seriously

Œthat can’t be quantified precisely 
Œthat don’t have clean data and 
Œthat don’t have clear objectives and 
Œthat can’t be modeled nicely.

Œbut that are of higher political and social relevance
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Directions
OR has the potential – employing its interdisciplinary 

strength – to contribute to other issues such as:

Œunemployment

Œfair trade

Œsafe water supply

Œenergy supply, in particular renewable energy

Œelectronic services (not only their management) 

Œ…
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Directions
Œ P. Hansen, “A short discussion of the OR crisis”

European Journal of Operational Research 38(1989)277-281

“No general agreement seems to have been reached about its 
methodology, and the directions in which it should evolve. …
There are many ways to live a life of OR, to discover new results and 
apply them, and thus to enjoy OR’s truth and beauty.”

R. Burkard, “OR Utopia” 
European Journal of Operational Research 119(1999)224-234

“The borders of OR Utopia have yet another quality: people can 
come and go, without passport. There is no quota for foreigners…
OR Utopia…is a peaceful border between OR, mathematics, and 
computer science, …management science, economy, logistics, …”
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Science in the View of the Public 

ŒI am concerned since I  see downfalls of scientific 
fields such as nuclear technology that has made 
many promises and brought fear. 

ŒThe same is presently happening to 
biotechnology (many people are simply afraid of 
the progress announced). 

ŒSimilar tendencies are currently coming up in 
nano technology.
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OR in the View of the Public 

ŒOR has to watch out that it keeps the right 
balance and people do not start getting afraid of 
OR. 

ŒI see tendencies in public talks of company 
bosses, politicians, journalists, and union leaders 
that  optimization means nothing but eliminating 
jobs, cutting down services, etc.



Implementation
in 
Practice

The Problem Solving Cycle

in Operations Research

The Real 
Problem

Mathematical
Model

Quick Check:
Heuristics

Numerical
Solution

Hard-
ware Soft-

ware

Data
GUI

Algorithmic
Implementation

Design of 
Good Solution 

Algorithms

Mathematical
Theory

Milestones!
Costs!

Expert from Practice
Specialist

Simulation
Mat

he
m

at
ica

l

Pr
og

ra
m

m
ing

Computer Science

Economics

Engineering
Modeling

Pure
Math

Engineering
Business



Martin
Grötschel

136

my advice

ŒDon’t care about definitions of OR

ŒLet us not define the field OR, let us just be OR
(OR stands for itself, no interpretation) 

ŒBe flexible with your goals and approaches

ŒEnjoy the stuff that you do

ŒPosition yourself depending on your own needs, 
goals, and wishes and that of your company or 
academic institution

ŒOR is a subversive science (addition to de Werra)

ŒOR is a transdisciplinary discipline
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my advice

Try to contribute to

Œscience

Œsociety 

Œbusiness

Œwith the tools that you have, respecting the work 
and contributions of others, at your best possible 
level.



http:/ /www.zib.de/groetschelgroetschel@zib.de
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