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Introduction

» Open Context Systems (OCS)

» Dynamic system boundary
» Dynamic context awareness

Introduction

» Smart Cars, Smart Grids, Smart Homes, etc...
» Virtual Power Plant (VPP)?

» Challenges
» Limitations

» OCS involve Uncertainty

» Uncertainty is an umbrella over terms (Accuracy,
Precision, Ambiguity, Vagueness, Predictability...)

» Where is uncertainty located in a component?

» Uncertain input, output, behavior
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Research Problem

Introduction

Rapid Formal Methods(Bounded Top-Down)
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» PS1: Formalism for fuzzy specifications to model
explicitly uncertainty in component interactions
Equivalence model for quantitative reasoning
PS2: Formalism for qualitative specifications for
approximating component behaviors

» Dynamic adaption to systems context




Focus Theory
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A formal theory for interactive systems

v

System structure: static hierarchy of components Freas Tieew)
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Syntactic Interface: /> O

» Component interactions through message exchange
Streams: finite (M*) or infinite (M)

Semantic Interface : B: | — 9(5)
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Composition of subsystems: B; ® By

Figure: Focus Component




Virtual Power Plant
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Figure: Virtual Power Plant and its Context

» Context-dependency

» Time-Dependency




Fuzzy Property

Definition (Fuzzy Property)

A fuzzy property p is a three-tuple (X, {, m¢), where X is the
universe of discourse which can be referenced by p, £ is a
linguistic term which characterizes the property and

e : X = [0,1] U {L} is the membership function.

Syntactic Interface
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Fuzzy Port - Bindings
Definition (Fuzzy Port)

A fuzzy port © 1 over a type T is a set of fuzzy properties
©1 = {p € P}, which satisfies the following two conditions:

- Each property type is a subset of T, formally:

Syntactic Interface

VPeEOTr »pXCT (c1)

- Each property is uniquely characterized by its linguistic
term, formally:

Vp1,p2 €OT : pr# P2~ p1§ #F P2l (c2)
Definition (Binding)
A binding B between a typed channel ¢ : C and a fuzzy port
Ot is a 2-tuple B = (¢, ©71) which satisfies following
connectivity property:
-CCT




Syntactic Interface
Syntactic Interface (/s » Os) = /O channels + fuzzy

Syntactic Interface

IP/OP ports + 1/0O bindings
Example (Syntactic Interface of the VPP)
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Figure: Syntactic Interface Specification for the VPP



Rule Base Specification

Given: Is » Os and p = (1 @t,...,i,@t) € h X ... X I, the
semantics are determined by a rule base of the form:

RC: if 1@t is €') .. and ... i,Ot is &)
then 0Q(t+1)is &, r=1,..,k

. Semantic Interface
In case of multiple output channels: Rs = {R', ..., RO} e
R:T— p(5)
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Figure: Behavior interpretation of a rule based specification




Mapping Strategies

Definition (Mapping Strategy)

A mapping strategy for a given property p = (X, &, m¢)(total
or partial) is a high order function over a stream to a
membership function for that property, formally:

mapstrg : Stream X,N U {oo} — (m¢ : X — [0,1])




Composition

Figure: Parallel Composition with Feedback

Given two subsystems SLand 52_\/>vith LhNb i@ and_>
behavior functions Ry : 1 — ©(01) and Rz : b — p(05),
the parallel composition is given by:

R1®R227—>p(6)

where, = h U b, IPs = I'D51 U IP52, O =0,UO0,, and
OPs = OPs, U OPs,.




VPP Specification

[ SPECIFICATION VPP
— PORTS

in Ow : (Weroupy. Wsunny)

in Or: (Toow.,TavErcgaE, THIGH)

out Op : (Prow.PavERGAE. PHicH)

— /O -

in w:W,t:T

out p: Pr Eorm.?.l )
— RULE BASE pecification

R1: if w is SUNNY and ¢ is HIGH then p is HIGH

R2: if w is CLOUDY and t is LOW then p is LOW

R3: if w is SUNNY and ¢ is LOW then p is AVERAGE

R4: if w is CLOUDY and t is HIGH then p is AVERAGE

RS5: if w is SUNNY and ¢ is AVERAGE then p is AVERAGE

Ré6: if w is CLOUDY and t is AVERAGE then p is AVERAGE
— MAPPING STRATEGY —————

local w' = wyn [t =tn|p =pn

! ’"“”” ,maz.aw')

Mw .y wny = trapezodian(min.w’, min.w’,
My,
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Figure: Virtual Power Plant Specification



Conclusion & Future Work

» Formalism for qualitative specifications within Focus

» Framework for Uncertainty based on fuzzy logic

» Limitations

> Tooling Fture Viork
» Case studies to evaluate the expressiveness and

effectiveness of the overall approach




The End

Thank you for your attention!
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