Mathematical Optimization and Data Analysis Laboratories

SRR
Z D

Slightly Sorted Slides

Thorsten Koch
Zuse Institute Berlin / TU Berlin

COST Workshop on Mathematical Methods
and Software for Energy Optimization,
Dublin
March 2016




)| VIODAL @ ¢ swMATH

Mathematical Optimization and Data Analysis Laboratories

A8

an informationservice for mathematical software

Project

Start 2011 with MFO, FIZ; 2015: ZIB, Modal: swMATH-about

Open access software database swMATH.org

Database includes benchmarks, languages, services, ...

Complete coverage of all mathematical topics
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an informationservice for mathematical software

Publication-based approach:

Use zbMATH-publicationsto identify software and extract
information

MSC-2010 Mathematical Subject Classification, e.g. 90C11

Continuousupdates: daily (production)and weekly (swmath.org)

Monthlyincrease by 100-200 packages with 1500 zbMATH-
references

Implementation: PostgreSQL (Full Text Searching), Python, django
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an informationservice for mathematical software

zbMATH (Zentralblatt Mathematik) is not open access

Missing references in zbMATH-publications

Time delay with peer reviewed publications

No arXiv, no preprints

No software citation standard for easy identification, e.g. soplex (?),
scip (+)
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an informationservice for mathematical software

About & Contact

Advanced ssarch Browss

@ OSWNATH | sear

SCIP

SCIP Is currenlly one of the fastest non-commerdal solvers for mixed Integer programming (MIP) and mixed Integer
nonlinear programming (MINLP). ks also a ramewaork for constraint Integer programming and branch-cut-and-peice. t
allows for total contral of the solulion process and the access of detalled Information down tothe guts of the solver. SCIP Is
partof the SCIP Oplimizalion Sulte, which also contains the LP solver SoPlex. the maodelling language ZIMPL. the
parallelizalion ramework UG and the generic colurmn generation solver GCG.

& Keywords for this software

mixed-i nteg%'M‘@mm&mww fetabling

network design

combinatorial optimization

mixed-integer quadratically constrained programmis
branch and bound
branch-and-cut

cutting planes
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reformulation

Feedback Conlribute Help

References in zbMATH (referenced in 155 articles , 4 standard articles )

Sorted by year (dtaions) b

Showing results 1 to 20 of 155.
123 ..6 7 8 next
1. Bdrdal, Gustav; Monelte . Jean-Noél: Rener, Plerre: Pearson, Justin: A constraint-basad local search backend o
Mnizinc (201 5¢

2. EG(HEII'I Jonaman Hart, walllam E.: Phillips, Cynthia A.: PEBBL: an cbjed-orented ramework for scalable parallel

ZbMATH

URL: sdpzibde/
Authors: Gerald Garrrath,
Ambeos Glebmer, Gregor Hendel,
Stephen J. Maher, Malthlas
Mitenberger, Banjamin Miller,
Marc Pletsch, Felipe Serrano,
Dieter Weninger, Jakob wWitzig
Platforms: LUinux, vandows, Mac
os

Licence: ZIBacadermiclloznss
Current version: 3.2
Dependencies: LP-solver.e g.
SoFlex,CPLEX, XPress, ...

Add Informabion on this soltware.

FRelated software:

CPLEX

MIPLIB

MIPLIE2003

Benchmarks for Optimization....
SoPlex

FEASPUMP

MINLPUD

LINDO

LINDOGIcbal

Bonmin

Showmore...

Article statistics & filter:

Searchforarticles
Clear

MSC classification
5 v Top MSC dasses
|- &' 05 Combinatorics
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an informationservice for mathematical software

Web-GUI

Simple search in swmath.org: mixed integer programming

Browsing or advanced field seach, e.g. by name

Search with URL-parameter (REST), e.g. Scip

In zbMATH with software tab page

In zbMATH with software-field: sw:scip cplex gurobi
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an informationservice for mathematical software

Externalsites

Double-linked integration with zbMATH and ORMS

XML export to integrate swMATH-content:|ast 10 publicationsof Singular

MSC-export for generatinga MSC-Profile or compare software:

MSC-3-level: software-comparison
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A quick update on the
SCIP Optimization Suite

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 8
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. B CcBC29.4
w 2400 |nen-commercial | commercial
'g 3.00x B SCIP 3.2.0 - SoPlex 2.2.0
§ 1800 vrp o - . SCIP 3.2.0 - CPLEX 12.6.2
5 1200 B Gurobi 6.0.0
0.18x 0.16x 0.15
0 : 0 ) : . 86x 86x B Xpress 7.9.0
solved 4 7 7 4 .
- data: H Mittel
(of 87 instances) g?a;hicsa:m%IBl Lot

W SCIP 0.7 — SoPlex 1.2.2

4000 W SCIP 0.8 — SoPlex 1.2.2

P M SCIP 0.9 — SoPlex 1.3.0
= 3000 4.31x _4.35 SCIP 1.0 — SoPlex 1.3.2
g I SCIP 1.1 — SoPlex 1.4.0
- 2000 W SCIP 1.2 — SoPlex 1.4.2
© ea B SCIP 2.0 — SoPlex 1.5.0
£ 1000 B 106 W SCIP 2.1 — SoPlex 1.6.0
B SCIP 3.0 — SoPlex 1.7.0

0 W SCIP 3.1 — SoPlex 2.0.0
lved . 0.
(-‘»gf 57) 23 36 20 48 51 58 63 67 65 67 70 B SCIP 2.2 — SoPlex 2.2.0
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solved 600 624 652 682 693 768
(of 1357 instances)
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Now something completely different

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 11
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Notes about gas network

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 15
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maximum power (kW)
|
|

spec. adiab. enthalpy (kJkg™')

5,000 6,000 7,000

volumetric flow (m®s™!)

compressor speed (min~*)

Compressorperformance depends oninput pressure, output pressure,
flow, temperature, composition,compressor power.

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 16
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M; How precise can we model a
T' *@ "T compressor?
| ! Let us assume we have the gas
”— — > ~— —>o o
My temperature 10" too low.
. >e This gives about 3% more power to
the compressor station.
M, M, This might be enough to get another

8 @ - @ N 1500 MW gas through.
e—> re-in —*¢ M, — re-out —>'

bypass

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 17
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Remarks

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 19
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» SCADA (supervisory controland data acquisition)

Severalvendors like PSI and Siemens

v

Process-accompanying Simulation
Standard gas network simulators: Simone, Ganesi, Mynts-G

Reconstruction
Planning (TSP specific tools like MCA, ForneOS, Excel © )
Contracts (SAP)
Trading(?)

vV v v Vv

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 20
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* Make the Optimization fit into the software/data/transformation stack

* Timeresolution/ Network resolution /Precision of input data

 Gainingacceptance by using the Google approach:
do not requirethe users to work first!

 Everybodyis different—so they are the same
Hard to agree on generalizationsof the models between companies

* Difficultto get agreement on acceptable simplifications

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 21
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How to make optimization solutions work in industrial practice? B

Have the right people with the right mindset!

« Industry is full of optimization problems, but they are often
not obvious — identifying them is part of the job.

« Excellent mathematics which fits to the challenges of the
application is necessary but not sufficient for success.

« Having the right people with the right mindsetis a key to
success.

Why isn't it considered innovative,

If a solution works in industrial practice?

e85 G A DD
MnAew

M3y 16, 2011




The way to real-world applications

- 4B
Problem Realworld Data Code
definition constraints

Pure research None None None None
Applicableresearch General Unknown Random/Simplified Whatever
Applied research General Maybe Random/Simplified Whatever
Case study Simplified Some Simplified Whatever
Planningapplication Simplified Some more Simplified/Real Production
Controlapplication Complete all Real 24/7

Mathematics and Industry

Thorsten Koch

23
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Task:

Predict the hourly gas demand of the next day at every entry and exit.
Check quality of forecast with reality.

Reality: Is the gas flow at every entry/exit.
Demand: Whatthe TSO customers wanted.

* Whyis this notthe same?

* interruptible capacities

 TSO nominations (swaps)

* Forced Standard Load Profile nominations
 Balancing energy

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 24
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The Research Cooperation Network
EVALUATING o P . .
Optimization ran 6 years, involving

GAS NETWORK more than 30 peoplefrom 7 research

CAPACIT'ES institutes and Germanys largest gas
b 'L'! network system operator.

S |

Here are the results.

| Edited by -

- Thorsten Koch

" Benjamin Hiller
Marc E. Pfetsch
Lars Schewe

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 25
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Thank you very much!

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 26
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Questions?

Thorsten Koch ZIB / TU Berlin Optimization between Legislation and Physics 27



