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Motivation

® Controller Generation

? || Env avoid Bad

|

Controller

® Two-Player Games :
® Controller = Player |
® Environment = Player 2

® We are looking for a winning strategy for
Player |




Imperfect Information =
Finite Precision

Thermome ter

The temperature is in the interval

(c—1,c+ 1)

Digital
Controller

Typical Hybrid System




A Game Example

Player | chooses a letter
Player 2 resolves nondeterminism




Imperfect Observations

0,
e
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One observation, many possible states




Imperfect Observations

One state, many possible observations



J2:] Memory is heeded to win

Player | cannot win
with a strategy based
only on the current
observation




Games / Strategies

Definition 1 |Two-player games||A two-player game is a tuple (S, Sy, X, —).

Definition 2 |Observation set]|An observation set of S is a couple (Obs,~)
where v : Obs — 2°.

Definition 3 |Observation based strategy||An observation based strategy is a
function A : Obs™ — X,

Our objective is to find an algorithm to construct strategies
that avoid a set of Bad states.




Games / Strategies

Definition 1 |Two-player games||A two-player game is a tuple (S, Sy, X, —).

Definition

o -of 1 hose games generalize games
—————of perfect information

tuction A - 'where ops = sand is the
identity function
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Our objective is to find an algorithm to construct strategies
that avoid a set of Bad states.




Games / Strategies

Definition 1 [Two-player games||A two-player game is a tuple (S, Sy, X, —).

Definition
where v : Ok

ple (Obs, )

Those games generalize games

Definition of

function \ :

Our objective is to find an algorithm to construct strategies
that avoid a set of Bad states.




Classical Approaches

® For games of perfect information :

® fixed point algorithm using a controllable
predecessor operator

® For games of incomplete information

® [Reif84] build a game of perfect information
using a kind of
subset construction




A fixed point algorithm

We define a controllable predecessor operator for a
set of sets of states g

CPre(q) = {-] Jo € X - Vobs € Obs - 3s’ € ¢ : Post,(s) N~(obs) C s}

(ii) there exists os.t. the set of possible successors of s by dis

covered by
(a) no matter how the adversary resolves non-determinism,
(b) no matter the compatible observation Obs







Cpre({A,B})= Blue sets




Maximal sets

If there is a strategy for set A,
there is a strategy for any B included in A

a/_\VO

/ e It is enough to keep only
the maximal sets

=
b/O

CPre(q) = [{s C Bad | 30 € X - Vobs € Obs - 3s’ € q : Post,(s) N~y (obs) C s’}



Antichains

Definition 4 |[Antichain of sets of states]

An antichain on the partially ordered

set (2°,C) is a set ¢ C 2° such that for any A, B € ¢ we have A ¢ B.

Let us call L the set of antichains on S.

Definition 5 [C| Let ¢q,¢ € 22° and define ¢ C ¢/ if and only if

VAcg:JA €q : AC A

The minimal element is (), the maximal element {S'}.




CPre over antichains

CPre(q) = [{s CBad | 30 € X - Vobs € Obs - 35’ € ¢ : Post,(s) N ~(obs) C 5"}
® CPre is 2a monotone function over
the lattice of antichains
® CPre has a least and a greatest fixed
point

Advantage : we only keep the needed information to find
a strategy




Main theorem

LEt (G = <S, S(),E,%,Obsaqo

be a two-player game of imperfect
information. Player | has a winning
observation based strategy to avoid Bad, iff

{So N~(obs) | obs € Obs} C |_|{q | g = CPre(q)}.

We can extract a strategy from the fixed point




Complexity for finite
state games

® The imperfect information control problem is
EXPTIME-complete

® There exist finite state games of incomplete
information for which the algorithm of
[Rei84] requires an exponential time where
our algorithm needs only polynomial time




d Infinite state games

*We drop the assumption that S if finite

*We can use our fixed point algorithm if
*There exists a finite quotient of the state space

*Post, Enabled, 7y are definable using this quotient

Application : Discrete Time Control of RHA




*Player | (contr.) must choose an action every | time unit
*Player 2 (env.) resolves nondeterminism
(in discrete and continuous steps).




Discrete time control of RHA

Everything else
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Conclusion/Perspectives

® A lattice theory to solve games of imperfect
information, those games are needed to make the
synthesis of robust controllers
(= finite precision).

Our technique computes only the needed information
to find a strategy

Applicable to discrete time control of RHA

Define games whose controllers are implementable

Are antichains useful for other purposes?! The answer
is YES
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