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i Who are we? &S sima Crverih DFFIS

Frauke Oest OFFIS— Institute for Information Technology
> Senior Researcher @ OFFIS > State-funded Research Institute in Oldenburg, Germany (founded in 1991)
> PhD Student & Researcher @ > 250 Scientist in 4 R&D Divisions (Energy, Health, Manufacturing, Society)

Computer Science, University
of Oldenburg

> frauke.oest@offis.de

> Energy Informatics at OFFIS & UOL
> 1995: First wind power information system in Germany
> 2003: Early “decentralized energy management systems”
> 2010: First Energy Informatics Professorship in Germany (we now have 4!)
>

=p= 2022: ~30 ongoing research projects
Em Ille FrOSt > Largest El team in D/EU (>100 researchers)
> Researcher @ OFFIS

> PhD Student & Researcher @ hiring

Computer Science, University Digitalized Energy Systems
of Oldenburg

> emilie.frost@offis.de

Malin Radtke

> Researcher @ OFFIS

> Master Student @ Computer
Science, University of
Oldenburg

> malin.radtke@offis.de

ST

Self-Organization
Simulation

SCADA
Communication
Automation
Smart Metering

Socio-Technical
Efficient Processes for
Modeling and
Risk Analysis and
Management
Highly Automated and
Secure Operation

Sustainability, System of System Challenges (e.g. Interoperability)

Open Science: Data, Sources, Models, Trusted Spaces
FAIRness (Findable, Accessible, Interoperable, Reusable)
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1 Communication Use Cases in Energy
| Informatics

Carl von Ossietzky I
Universitat
Oldenburg DFF'S

* Create MAS robust to
failures

AN  Consider the

- interaction between

power and

communication

< system
B . Optimize the
communication flow

2 . .
| MR for multiple smart grid
applications
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' Carl von Ossietzky
Universitat
Oldenburg DFF'S

I Requirements for the communication simu%@i@

objectives for cosima

>Ability to model and simulate wired and wireless communication
systems with regards to different OSl-Layers (e.g. 5G, LTE-A,
Ethernet)

>Capability to flexibly and fast configure the network (e. g. by SDN)
>Able to ensure QoS (e. g. traffic shaping, prioritiziation)

>External control of networks

>Ability to manipulate infrastrucure devices in simulation runtime

>Co-simulation with power system to integrate information of OT
availibility into the communication simulation

09.11.20 OFFIS - Institute for Information Technology 5
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I Envisioned Simulation Environment

with our MAS Framework mango and mosaik DES

mango agents

message

L

3

ICT
control
message

ICT
Controller/Obser

;

gmosaik

v

{Z’pandapower

@20

F 3

9.

delayed
message

F 3

09.11.20
~n

ICT Status

OFFIS - Institute for Information Technology

Carl von Ossietzky
Universitat
Oldenburg
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i Co-simulation framework mosaik DFFIS

Performance

Abilities and properties
> Discrete time and discrete event simulation
> Accelerated and real time simulation
> Ability to integrate IP-protected components
> Scaling of simulations on compute clusters
> Python-based

> |n principle: able to connect to simulators of all
languages through TCP- and JSON-based connection§3

Flexibility Usability

Open source (LGPL) https://gitlab.com/mosaik

Utility ecosystem
> Simulation models
> Wrappers for programming languages

ower-0.0-tr_pri
> Interfaces for simulation tools 2°'°°ﬂ o H—?_Qﬂl

. ) ) 12,0 LKoo 18:00 21°00 Sat04 03.00 06:00 0900 &
> Visualization and data storage PWI

20,000
40,000
-60,000
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https://gitlab.com/mosaik

' Carl von Ossietzky
Universitat
Oldenburg DFF'S

I Mosaik 3.0.0.: Discrete Event Capabilitites

https://ieeexplore.ieee.org/abstract/document/9769116

Sal;
o

Time-based

>Simulation components can only schedule steps for themselves
(regular times)

>|n order to not miss any potential message from other
components, simulators have to step themselves for every
simulation step

>Performance Issues in some scenarios, where very high time
resolution is needed (communication simulation)
Event-based (coming with mosaik 3.0.0)

>state of the system can change at a specific time: simulator is
stepped as soon as there is new data available

>Can optionally still trigger themselves
92.11.20 OFFIS - Institute for Information Technology 8
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i Mosaik 3.0.0.: Discrete Event Capabilitites

https://ieeexplore.ieee.org/abstract/document/9769116

Event-based (coming with mosaik 3.0.0)
>Max_advance value

>|Information how far a simulator can advance in time without
expecting new inputs

>Simulator can progress until max_advance without being
interrupted by mosaik and risking causality errors

09.11.20 OFFIS - Institute for Information Technology 9
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I mosaik oS T OFFIS

Integration of communication simulation
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i General Architecture

Universitat DFF'S

Oldenburg

oé&n}osaik - @ @ ZT
Agent client0: mosaik OMNeT++
mosaik simulation simulation
. time time
simulator 2) Message to client1
1) Message from clientO & : ‘
to client1 at time t, Communication- . |
Simulator: MosaikScheduler: | 3) Insert message into FES
mosaik simulator cScheduler
AgentApp
- - clientO:
7) Message to client1 in 6) Message to client1 with 4) Simulation .
time t, current simulation time t of message CSImpleMOdUIe
2 dispatch
e 7 =

Agent client1:
mosaik
simulator

09.11.20
~n

5) Confirmation of
receipt of the message

AgentApp
clienti:
cSimpleModule

OFFIS - Institute for Information Technology
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1 Synchronisation between mosaik and OMNg

o+

client0:
AgentSimulator

clientt:
AgentSimulator

Communication-
Simulator

&amosaik
@20

MosaikScheduler
i

09.11.20
~n

[y

Universitat
Oldenburg DFF'S

message
client0 -> client1

v

] =
message

client1 -> client0

A 4

@\47

T ) 4 X
max_advance = 5 max_advance = 14
max_advance m
-~ - - _——r T = = g\aﬁ'fance
% o
. o e
~ Simylas: S S i | - y\ation
~ 2 U’_atlol =" gimul
@ @ @ @ o>
1 5 10 12 14
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' Carl von Ossietzky
Universitat
Oldenburg DFF'S

I Features

>Start modes using IDE or compiled executables (Qtenv or cmd)
>Adjust the number of agents

>Apply infrastructure changes (dis- and reconnects of clients,
routers and switches) during simulation

>Connect PV plant simulators to agent(s)

> Multiple exemplary OMNeT++ networks

>Qverview of the simulation based on collected information
>e.g., number of simulation steps and evaluation graphs

09.11.20 OFFIS - Institute for Information Technology 13
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Scenarios o OEFIS

Oldenburg
Disconnect end device clientl at time 2ms

Aktivitdten [ pycharm Community 2021.2.1 + 29.0kt 14:14 @

mosaik-integration - config.py
File Edit View Navigate Code Refactor Run Tools Git Window Help
mosaik-integration ' cosima_core ' &
[= Project ~ (] [
~ = mosaik-integration

¥ Project

BN messages
% _init_.py

§ Commit

message.proto
% message_pb2.py
esults
simulators
B util
i _init__py
% communication_scenario.py

e tutorial_scenario.py
B cosima_omnetpp_project
W settings
images
v M messages
& controlType.msg
[

communication_scenario

Structure

P Gt » Run iSTODO @ Problems I Terminal & PythonPackages @ Python Console i Event Log

Checked out develop (21 minutes ago) 66:10 LF UTF-8 4spaces Pvthon 3.8 (mosaik-intearation) P develop
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Scenarios G OFFIS
Large Networks, 50 agents with PV plants

Aktivitdten E] pycharm Community 2021.2.1 ¥ 29.0kt 1419

mosaik-integration - config.py
File Edit View Navigate Code Refactor Run Jools Git Window Help
mosaik-integration = cosima_core = i
[ Project ~ =] s - &
~ B mosaik-integration

I Project

& Commit

N messages
fo_init_.py

message.proto
e message_pb2.py
> M results
> B simulators
> I util
it__init__.py
Fe communication_scenario.py
&
£ tutorial_scenario.py
osima_omnetpp_project
B settings
images
~ M messages
3 ControlType.msg
[
communication_scenario

Structure

# Favorites

PGt »Run ETODO @ Problems B Terminal & Python Packages @ Python Console @ Event Log
Checked out develop (26 minutes aao) 7:23 LF UTF-8 4spaces Pvthon 3.8 (mosaik-intearation) 1 develop
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i Evaluation

Comparing event-based and time-based simulation

CosimaNetwork
Q
§ed - 2
configurator a,_,_q-! %)
terd Shi client0 S
fouter:
N\ s 40

visualizer g
outer. >
Tfouter: o
clien \ 2]
2
scenarioManager client1 -—
v
router1 5

D \ ° 200 |
schedulerModule ﬁ;\‘ B
A 2
fotite switch0 E
client2 =

switch3

step

S

Sl 1 a

duration

client3,

A event-based tl time-based

Fig. 3. Small network set-up in OMNeT++

The number of simulation steps and the simulation duration are

significantly higher for the time-based simulation.

09.11.20 OFFIS - Institute for Information Technology
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Fig. 4. Evaluation of steps and simulation duration
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i Evaluation

Evaluation of scalability

X3 "7
3] 500 oS o 5 N
15 K] s . 0% .
3 & : R
= 2N F =R A
_ =0 B
e =N W =N
— 0% ] %
g ] e = i
= = o = o
> =N W =N W : :
= % (I Th b f lat tep d
2 B =N B e number of simulation steps an
@ 400 | (e =N B N the simulation duration d t
< BB BB e simulation duration do no
] o3, ] o H 1A H H
g =0 B =N B: significantly increase with the
— 0’0 - >0‘4
E =N W =N number of agents.
> — K - B
Z ] b — o
=R K H B
] ool - K
- o - £
- | B O - | R
300 ,
steps duration

[l 5 agents 0 10 agents [l 20 agents B 30 agents N 40 agents [l 50 agents

Fig. 6. Evaluation of steps and simulation duration
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Future Work & Further Information

> Integrate the multiagent system library mango (
https://gitlab.com/mango-agents/mango)

> Enhance usability
> Add more functionality to the ICT-controller

Further Information:

>cosima.offis.de
>https://cosima.readthedocs.io
>https://qitlab.com/mosaik/examples/cosima

>Qest, F., Frost, E., Radtke, M., & Lehnhoff, S. (2022). Coupling
OMNeT++ and mosaik for integrated Co-Simulation of ICT-reliant
Smart Grids. In arXiv. https://doi.org/10.48550/arXiv.2209.12550

>https://www.offis.de/en/applications/energy/distributed-artificial-
intelligence.html

09.11.20 OFFIS - Institute for Information Technology 18
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