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Electrifying Challenge

Germany

* gives priority to
renewable sources

«rewards renewdable energy
above market price

« drops nuclear energy
after Fukushima incident

More ChO”engeS: source: http:/fwww . wikipedia.org
m Sweden, UK, France, Fiji, ...
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Power Grids and Microgenerqﬁon

Renevx./clble energies are on the rise < >
= particularly in Germany
= particularly photovoltaic genero’rors
on rooftops of residential houses

2009: 10 GW 2011: 25 GW 2020: ??7 GW

That is so great!
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Power Grids and Microgenerqﬁon

Renewable energies are on the rise < D :
= particularly in Germany

= particularly photovoltaic genero’rors
on rooftops of residential houses

2009: 10 GW 2011: 25 GW 2020: ??7 GW

That is so great! 540, HM“U{ o German peqi load:
Is it Jmn [} 208 around 89 Gy

European grid:
15 GW = 1 Hz
Target: [49.8, 50.2] Hz
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Power Grids and Microgeneration

Renevx./clble energies are on the rise < Q ~

= particularly in Germany

= particularly photovoltaic genera’rors
on rooftops of residential houses

2009: 10 GW 2011: 25 GW 2020: ??7 GW

2 good control strategies needed
for photovoltaic microgenerators

hundreds of thousands  geographically distributed

distributed self-stabilising
centralised simple
sl
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Current Control Strategies < DJ ‘

On-off controller EN 50438: enforced in 2007
when £ > 50.2 Hz

about 3 o
80 fhousand on-off Controy,
ers on

German r00ftops now

Linear controller

VDE-AR-N 4105: enforced since 2012
when £ > 50.2 Hz
decrease output inearin £
when £ > 51.5 Hz
switch off (simplifie o)
when £ < 50.05 Hz for | minute
19 AUg 2013 switch on again



Current Control Strategies - Visuadlisation

50.4

5030 - - -t -#

On-off controller

oscillating,
unstable

ur
=

50 &
0

50.4

Linear controller

50.3F == ===~

no oscillation, B
dampening,=:

ho active
stabilisation

[\

50'==
0
m 19 Aug 2013

S0 100 150 200 250 300 350 400 450 500 550 600



New Control Strategies

Let's invent some nhew controllers!
simple — stable — randomised

3 fry to reuse computer network ideas and solutions

©®
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New Control Strategies
Frequency-dependent probabilistic switching

Used in: IEEE 802.11e
Goal:  Adapt to system state, but not deterministically

ldea: Switch on or off with certain probability
that depends on the current frequency

)
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probability
1
on

off

0 > frequency
50.0 Hz 50.2Hz 50.4 Hz




New Control Strategies

Frequency-dependent probabilistic switching
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New Control Strategies

=)

Exponential backoff
Used in: Ethernet

Goal: Mediate access 1o shared medium, decentralised

ldea: Try to send.
Collisione Wait time given by 2-sided die roll.

Try to send.
Collisione Wait time given by 4-sided die roll.
Try to send.
Collisione Wait time given by 8-sided die roll.

Try to send.
Collisione Wait time given by 16-sided die roll.

# adjust wait time fo number of parficipants



New Control Strategies

Frequency-dependent probabilistic switching
plus exponential backoff
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Availability and Goodput
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Availability and Goodput
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Controller Model Checking Results

Availability vs. goodput

0.006
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Controller Model Checking Results

Availability vs. goodput
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Controller Model Checking Results
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Can|l also do this?
Do | need to develop my own simulator?

R ——— o |
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invarianst (¢ <= T3) alt |
Bireibie, re=d, e=d ~ Megiages
- received - =
IS G urgent break L) Reencnnng I dectared but unused rymboily)
1! whan(c == T3 L4 re < MAX) ._h$p1“tn.‘ 2% vanables :!“wﬂ'm“l‘ww‘ -
timecut, retry
(= reepcel, o=0 =)
1: whanjz == TS £ ro e MAX &6 g
model checker, e St zx
o _nok (= pe=d, o=) =
wigest throw |errer) Tree of araiien  moies. Duicrete-everd umolaton
OC-I- G" 11 whea(c == 13 Anabyis options: Runs 2000 RNGFbonace
U y- 5_ax 0 Compieted st 15202001 17424
t thi ]
. urgen row(error
¥ r Storded Devistion | =
T_A2 na
A 9, PO000OO0OOD0000Es
I_! 00000
P2 2, 33606 TITTARITHOE~
r2 CELLLLEERLLTT 2
e vmc ?_! 2. 33606THTTANNTHOE~
— 1] 8 o o
l'r!Itlrt i= pit=false, ::.llt-fli done=troe ,—‘ ", 9008000 oo00oE«E
] Dmax 2, 23604THTTANTHOE~
} 4 604THTTARNTHOE=
Emax 0
process Receives|) Emiz 3, 351650000000000E+001 2000
{ - .
ool £_22, E_1E. x_ab:
ool & =
[ m— - . il Gave v

www.modestchecker.net

19 Aug 2013



Modest

A Modelling and Description Language
for Stochastic Iimed Sysfems

Language features:

. . bool, int, arrays
Variables and assignments

Processes and recursion Clocks

Exception handling Rewards/costs

Deadlines & invariants Probabilistic branching

Random variable sampling

Bohnenkamp, D' Argenio, Hermanns, Katoen:
IEEE TSE 32 (10), 2006
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Quantitative Models

A quantitative automata family

Finite Automata

FA




Quantitative Models (D:

A quantitative automata family

Finite Automata
Markov Chains

FA MC

off!



Quantitative Models (D:

A quantitative automata family

Finite Automata
Markov Chains
Markov Decision Processes

MDP

]

FA MC

off!



Quantitative Models C D’ ]

A quantitative automata family

Finite Automata

Markov Chains

Markov Decision Processes

Probabilistic Timed Automata PTA

/N

time/TA MDP

clocks /
F

A MC

x==50 off!



Quantitative Models and Their Composi’rioéﬂi

A quantitative automata family

Finite Automata

y>d
on!

Markov Chains
Markov Decision Processes

Probabilistic Timed Automata €: 2- ' PTA
some / \

MDP

FA MC

x==50 off!



Quantitative Models and Their Composi’rioéﬁi
A quantitative automata family ‘ <A

Finite Automata 5
Markov Chains g e
Markov Decision Processes _N[ 5 3] ; ‘
Probabilistic Timed Automata 4d:=2: PTA

some
Stochastic Timed Automata / \

MDP

FA MC

x==50 off!



Quantitative Models and Their Compositions

e ) continuous
A quantitative automata family SHA dynamics

Finite Automata 5 |

y>d STA

on' ‘

Markov Chains

Markov Decision Processes _N[ 5 31;

Probabilistic Timed Automata < iome PTA
Stochastic Timed Automata / \

Stochastic Hybrid Automata
MDP

..... \/\

- DTMC

t<40

% * 1x==50 of £!
t>80



The Modest Toolset

") New 7 Open # Save

brp.modest brp.modest - Results x

brp.modest — An:

Result: True -
Time: 0.0 =

Property P_A
Result: 0
Time: 0.0

-]

Property P_B
Result: 0
Time: 0.0 =

/1 he first file
property Emax = ¥max(t - _
property Emin = Xmin(time | first_file_done);

+ Property P_1
Result: 0.000423332873690399
Memory: 0.12 MB
Time: 3.4 s

process Sender()
{

bool bit:
int(0..MAX) re:
clock ¢z

invariant (¢

<= 0) new_file (= i=0, Property P_2
Result: 2.6453079916412€E-05
Memory: 0.12 MB

Time: 1.0 s

do {
:: when(i < N) invariant(c <=
do {

:: // send frame
invariant(c <= 0) put
invariant(c <= TS) al1

2 get_ 1 {= bit=!hbi
// ack receiwved
invariant(c <=

:: when(c == TS &&
e eout, reti
{= rcsrc+l, c=0

:: wheni{c == TS &&

Property P_3
Result: 0.000185191171803529
Memory: 0.12 MB

Time: 2.0 s

Pramartic B4
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The Modest Toolset mantic
mctauv - mcpta - prohver - modes - mime - ;t_os a

L four analysis tools

brp.modest - Results x

brp.modest — An:

True
0.0 =

Result:
Time:

Property P_A
Result: 0
Time: 0.0 =

Fmax(<> s Od seen ‘E time <= ¢
Pmin (<> s_ok_seen && time <=

Property P_B
Result: 0
Time: 0.0 =

// of the first |
property Emax
property Emin

= Xmin(time | first_file done);

+ Property P_1
Result: 0.000423332873690399
Memory: 0.12 MB
Time: 3.4 s

process Sender()
{

bool bit:
int(0..MAX) re:
clock ¢z

invariant (c i=0, rc=0 =},
do |
:: when({i < N) invariant{c <=
do {

<= 0) new_file (= + Property P_2
Result: 2.6453079916412€E-05
Memory: 0.12 MB

Time: 1.0 s

Property P_3
Result: 0.000185191171803529
Memory: 0.12 MB

Time: 2.0 =

P4

Pramavrtir

_nva.-dnt{* <=
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The Modest Toolset

mctav - mcpta - prohver - modes - mime - mosta

=)

mctav Model-checking for TA using UPPAAL L
Export from Modest to UPPAAL with layout
Overapproximation of probabilistic choices

@@ . ot N s
w by w Bogdoll, David, Hartmanns, Hermanns: sein2o12 o 8O
'] p B D o v
19 Aug 2013 3ot Ve



The Modest Toolset

mctav - mcpta - prohver - modes - mime - mosta

=)

mctav Model-checking for TA using UPPAAL L
Export from Modest to UPPAAL with layout
Overapproximation of probabilistic choices

mcpta Model-checking for PTA using PRISM Q
Export from Modest to Guarded Commands




The Modest Toolset

mctav - mcpta - prohver - modes - mime - mosta

=)

mctav Model-checking for TA using UPPAAL L
Export from Modest to UPPAAL with layout
Overapproximation of probabilistic choices

mcpta Model-checking for PTA using PRISM Q
Export from Modest to Guarded Commands

modes Simulation & Stafistical Model Checking for STA
with spurious nondeterminism

jsM
Rp‘lN

NONDETE%

0\ OhOﬂ

e e sratt R et
Blm Bogdoll, Ferrer Fioriti, Hartmanns, Hermanns: s g (>
Huuuuuw FMOODS /FORTE2011 Aot

Huuu - - ‘,.'--'--”' s

19 Aug 2013 "\‘r, ot
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The Modest Toolset

mctav - mcpta - prohver - modes - mime - mosta

mctav Model-checking for TA using UPPAAL L
Export from Modest to UPPAAL with layout
Overapproximation of probabilistic choices

mcpta Model-checking for PTA using PRISM Q
Export from Modest to Guarded Commands

modes Simulation & Stafistical Model Checking for STA
with spurious nondeterminism

prohver Safety Verification for SHA
Using (modiified) HA Solver Phaver _——— -

e ot
R L

@@ Hahn, Hartmanns, Hermanns, Katoen:
[l FMSD 43(2): 191-232 (2013)
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The Modest Toolset

Modest PRISM
Guarded Commands

l ;

L[ Networks of Stochastic Hybrid Au’romd’ro

sHA —1 sta |—{ PmA TA

==

X J [ PRISM UPPAAL ]

[UPPAAL .xml]

PHAVer > 4.0 >4.1

g -/ /

m 19 Aug 2013




Conclusion

Photovoltaic microgeneration creates new challenges.

Modest Checking helps evaluation of new approaches.

Some of the new control strategies work really well. -.
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