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Challenges (after 3+ decades in the business) A

How to always stay on the pulse of time?

How to invest in hew technologies (Al, ML, Quantum
computing, ..) being a small/medium sized company?

How to excite young users without losing long term users?

How to recruit young developers in a competitive market?

> (academic) R&D projects & commercial projects

- What does GAMS contribute?
- How does GAMS benefit?

GAMS Development Corp. GAMS Software GmbH Www.gams.com 2


http://www.gams.com

GAMS what do we offer?

GAMS -
Modeling Platform

= Algebraic Modeling Language
(platform independent)

m  Commercial and Academic
Solvers (packaged)

=  APIs for major programming
languages (C++, Java, Python,
Matlab and more)

—  Domain Experts
—  Modellers/Developers

S NE
MIRO - .

Graphical Ul Generator

= Turns models into
web applications

= Interactive graphical output
m Extendable with custom code

n Local or Server Installation

QGAMS
Engine - ‘

Deployment Solution

m Solves GAMS models on
centralized resources
(on-prem or cloud)

| REST API
(user & job management)

=  GAMS job scheduling &
Load balancing
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Job Queue W : 2§
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BROKER(REST API)

—  End Users
—  Analysts

—  IT Admins
—  Transparent to End Users
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GCAMS Joint Research Projects

= Research projects should meet certain criteria
a. Help to determine the future orientation of our product
portfolio

b. Interesting/Innovative from technical point of view
=  High Performance Computing (HPC)
= Machine Learning (ML)
=  Quantum Computing (QQC)
c. Relevant fields of application
= Energy
= Logistics
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CAMS Joint Research Projects (2022-2025) A
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§ Multi-objective optimization: Impact of

= RESUME recycling potentials, critical resources, and

§ supply risk on the German energy transition
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CAMS Joint Research Projects T |

(6th/7th Energy Research Programme of the Federal Government/Basic Energy Research)

()]

8. HPC based acceleration strategies for

§ EAM-ME optimizing energy system models

g ‘--o/ Combining Mathematical Optimization and
S \ Machine Learning ((Djn IHPCs for optimizing

Q NSEE energy system models

"J JULICH A GAMS B pusvestimnm

Farschungszentrum German Aerospace Center
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BEAM-ME & UNSEEN in a Nutshell %AM ME \ II

= Important Problem, that cannot be solved
= Large-scale Energy System Models (LP)
« |dea how to approach the problem
= High Performance Computing (HPC)
= Challenge: Find/Develop suitable algorithm(s)
« Parallel interior point solver PIPS » PIPS-IPM++!
= Block diaagonal structure reauired

N
. m\\\\

“Random” non-zero pattern of problem matrix Permutation reveals block structure

! https://github.com/NCKempke/PIPS-IPMpp
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BEAM-ME & UNSEEN in a Nutshell %AM ME \ A

= Important Problem, that cannot be solved
= Large-scale Energy System Models (LP)
« |dea how to approach the problem
= High Performance Computing (HPC)
= Challenge: Find/Develop suitable algorithm(s)
« Parallel interior point solver PIPS » PIPS-IPM++!
= Block diagonal structure required

Plots show four different annotations of identical model
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BEAM-ME & UNSEEN in a Nutshell %m ME \ A

= Important Problem, that cannot be solved
= Large-scale Energy System Models (LP)
« |dea how to approach the problem
= High Performance Computing (HPC)
= Challenge: Find/Develop suitable algorithm(s)
« Parallel interior point solver PIPS » PIPS-IPM++!
= Block diagonal structure required
« Finding a “good” block structure automatically is difficult

» Extend GAMS to introduce block annotation facilities
5> Implement a GAMS/PIPS-IPM++ Interface

! https://github.com/NCKempke/PIPS-IPMpp
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time to solution[sec]

BEAM-ME & UNSEEN in a Nutshell %AM ME \ II
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—8— Mow solver

—&— Mew solver reduced

—#— commercial Solver 1

== commercial Solver 2

=% commercial Solver 3

—8— commercial Solver 4 adjusted

+ Proof of concept

+ Applied to various models
iIn Model experiment!

- Works on some but not on
all models

- Very challenging to use
Annotation is non-trivial

- Compilation is non-trivial

- Access to HPC is non-trivial

> developing research results to
market maturity

T T T T
1 2 4 8

#Threads (comm.

T T T
16 32 64

T T T
128 256 512

solvers) / #MPI tasks (New solver) - Project Proposal PEREGRINE

T Rehfeldt et al., A massively parallel interior-point solver for LPs with generalized arrowhead structure, and applications to energy system models (Link)
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Project Proposal PEREGRINE A

Parallelization in energy system modelling: New concepts for large-scale
analyses and development of innovative solvers

« PIPS-IPM++ will be improved regarding performance and robustness by at
least one full-time PIPS developer over three years

« The block structure annotation required by PIPS-IPM++ to efficiently
parallelize the solution process will be automated

. GAMS/PIPS-IPM++ will be made available in the cloud, such that users no

longer have to deal with finding suitable HPC hardware, compiling the
PIPS source, etc

If you are interested, contact us for further information (and maybe become an associate partner).
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BEAM-ME, UNSEEN, PEREGRINE A

GAMS in different roles:

@@+ ) peRecrINE ©® ool provider Extend capabilities of Modeling Platform
%{EAM'ME wSEE% e Modelling Support

e SaaS Provider (PEREGRINE): provide easy to use cloud solution

QGAMS

GAMS - Engine -
Modeling Platform Deployment Solution
n Algebraic Modeling Language n Solves GAMS models on
(platform independent) centralized resources

(on-prem or cloud)
n Commercial and Academic
Solvers (packaged) ] REST API
(user & job management)
] APIs for major programming
languages (C++, Java, Python, = GAMS job scheduling &
Matlab and more) Load balancing

==
H H Results

Job Queue w1 x(T0x(
T

BROKER (REST API)
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GAMS Commercial Projects (2016-2023) A

Scheduling: Tailormade Scheduling Applications deployed in the cloud (SaaS)

United States Military Academy, West Point
= academic term scheduling
= term-end exam scheduling
= room scheduling

Agricultural Modelling: MIRO Web App and Custom Data Connectors

- Multi-Objective Decision support tool for Agri-ecosystem Management model (MODAM)
S Data Connectors
= MODAM MIRO App

@ Leibniz Centre for Agricultural Landscape Research

Energy System Modelling: TIMES MIRO Web App and TIMES Cloud Service

IEA Energy Technology Systems Analysis Program
) - TIMES Model, Available to all members, no need for individual licenses
C L )) (] P https://iea-etsap.org/index.php/etsap-projects
- Used by 120+ institutions in 50+ countries
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GCAMS Commercial Projects (2016-2023)

Energy System Modelling: TIMES MIRO Web App and TIMES Cloud Service

IEA Energy Technology Systems Analysis Program
c- l.- ))) a IJ - TIMES Model, Available to all members, no need for individual licenses
s e s T s https://iea-etsap.org/index.php/etsap-projects
- Used by 120+ institutions in 50+ countries
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TIMES MIRO App and TIMES Cloud Service i

Graphical User Interface

Cloud service: Solver &
Computing Resources

TIMES Model

Www.gams.com
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TIMES Cloud Service A

Solver, Computing Resources

Client access

GAMS
MIRO VEDA L_| Studio l

Request
access/support

BROKER
REST API

Provide Software

access/support / [GAMS Worker

. ma'\“ta\“ [ GAMS Worker
‘IO @ / Hardware £ /

Service Admins

[ GAMS Worker

[ GAMS Worker
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TIMES Cloud Service

Solver, Computing Resources

B4 GAMS Studio - O b4
File Edit GAMS MIRO Tools View Help

‘ = a & o O ’ - - |idir=..‘l,source ps=0 gdx=demo12 O=demo12.lst filecase=2 r=.. \source'_times.g00 [x] V| ¥ E (=] ﬂ
Process Log g X

Project Explorer & X | demoi2.run [E)

> |

v 9 demol2 1 STITLE TIMES —- VERSION 4.1.0 --- demolz.run(42174) & Mb
= demol2.gdx i ggz;gi ?ESLfH=SODDD, PROFILE=1, SOLVEOPT=REFLLCE; - Beading solution for model TIMES
() demotalst 4 SOFFLISTING | MM SubmitJob % yeopt=REBLACE (0)

E demo12.run 5

& option LP=CE L & Mb
7 7 A G A M S solve: elapsed 0:00:00.650

g ENGINE
10 GAMS 37.1.0 Engine 21.11.12

‘\documents\projectsh
psershuser cumentsiprojectsietsal
Engine URL |htu:|s:ﬂengine.gams.mmfapi | sluserdocuments\projectstetsaphitis
{2433 records processed)
| 24295 Eguation EQG COMBAL (¢
| 43980 GAMS Fini -
15160 Clear HCAP_AFCS

17013 Assignment PRC ACTFLO (@
20934 Assignment PRC YMIN {33
22758 Assignment INVSPRED (14
42174 GREMS Fini

24956 Eguation EQE_COMBARL (.

Username |'I'IMES_admin

Password |....................

B e L O T S (R 1

Login | | Cancel 28666 Equation EQ PERK (24)
43€23 Assignment F OUT (13%1)
YES FEH Status: Normal completion
MoD ——— Job demolZ.run Stop 01/17/22 20:41:32 elapsed 0:00
SOLVEDA YES
SET DATAGDX YES
QOFTION BREATIO=1; £ > W
1 +g . o| svstem Bl [demo1z B =
< > Process Log Help
ChUszers\user,DocumentshprojectsietsaphTIMES_DemomodehdemaiZrun 67fines  25/35 | INS UTF-8
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TIMES Cloud Service

Solver, Computing Resources

Client access

oo ||

Request
access/support

Provide

access/support /

9 ma-\ma\“
e

o maintain / lease i

Service Admins

GAMS
Studio

BROKER
REST API

Software

[ GAMS Worker

[

GAMS Worker

[ GAMS Worker

[

GAMS Worker
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TIMES/MIRO App and TIMES Cloud Service

GAMS as GUI Developer and Saa$S Provider

Rl of

IEA Energy Technology Systems Analysis Program
- TIMES Model, Available to all members, no need for individual licenses

https://iea-etsap.org/index.php/etsap-projects

MIRO - S —

Graphical Ul Generator

n Turns models into
web applications

n Interactive graphical output
[ Extendable with custom code

= Local or Server Installation

u i E — n S -

Engine -

Deployment Solution

n Solves GAMS models on
centralized resources
(on-prem or cloud)

] REST API
(user & job management)

] GAMS job scheduling &
Load balancing
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Results
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BROKER (REST API) £
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Ssummary A

GCAMS is more than just a tool provider

Close collaboration with clients/partners helps to determine the
future orientation of our product portfolio

Joint research projects are a great opportunity to invest in novel
technologies for small/medium sized companies like GAMS

Academic partner network opens opportunities for collaboration
in Master/PhD theses (this is how many of today's employees

were recruited)

GAMS well established and innovative at the same time
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Contact Us

ffland@gams.com

WWW.gams.com

u @GamsSoftware

m https://www.linkedin.com/company/gams-development
®
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