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Controller Synthesis and Timed Games
Production Cell

GIVEN System moves S, 
Controller moves C, and property φ

FIND strategy sC such that sC||S ² φ
Æ

A Two-Player Game
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Dynamic Scheduling = Controller Synthesis

Section

Reading time is uncontrollable
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Untimed Games

Reachability / Safety Games

Uncontrollable

Controllable

Strategy:     
F : Run(A) Æ Ec

Memoryless strategy:
F : Q Æ Ec

Winning Run:
States(ρ) ∩ G ≠ Ø
States(ρ) ∩ G = Ø

Winning Strategy:
Runs(F) ⊆ WinRuns
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Untimed Games

Uncontrollable

Controllable

Backwards Fixed-Point Computation

cPred(X) = { q∈Q | ∃ q’∈ X. q Æc q’}
uPred(X) = { q∈Q | ∃ q’∈ X. q Æu q’}

π(X) = cPred(X) \ uPred(XC) ]

Theorem:
The set of winning states is 
obtained as the least fixpoint
of the function:             

X a π(X) ∪ Goal
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Timed Games – State-of-the-Art

� Timed Automata + Reachability [AD94]
� Time Game Automata: Control [MPS95, AMPS98]
� Time Optimal Control (reachability) [AM99]
� “False” On-the-fly Algorithm [AT01]

� Priced Timed Automata (reachability) [LBB+01, 
ALTP01, LRS04, RL05]

� Price Timed Automata (safety) [BBL04]
� Price Optimal Control (reachability):

� Acyclic PTA [LTMM02]
� Bounded length [ABM04]
� Strong non-zeno cost-behaviour [BCFL04]

� More to come !!

UPPAAL UPPAAL 
CoraCora

To be To be 
improved improved 

!!!!

UPPAALUPPAAL



Timed Games – State-of-the-Art
Backwards Fixed-Point Computation

Theorem:
The set of winning states is obtained as the least fixpoint
of the function:             X a π(X) ∪ Goal

cPred(X) = { q∈Q | ∃ q’∈ X. q Æc q’}
uPred(X) = { q∈Q | ∃ q’∈ X. q Æu q’}
Predt(X,Y) = { q∈Q | ∃ t. qt∈X   and  ∀ s·t. qs∈YC }

π(X) = Predt[ X ∪ cPred(X) , uPred(XC) ]

Definitions

X

Y
Predt(X,Y)
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We want Forward and On-The-Fly Algorithm
in order to avoid constructing all (backwards) reachable

state-space and to allow for discrete variables (e.g. in UPPAAL)



On-the-fly Algorithms for Timed Games

S

Win(S)



On-the-fly Algorithms for Timed Games

S

Win(S)

UPPAAL Tiga
=

On-the-fly algorithm for timed games

[CONCUR’05]



UPPAAL Tiga : New Concrete Time Simulator



UPPAAL Tiga : CTL Control Objectives

� Reachability properties:
� control: A[ p U q ] until
� control: A<> q ⇔ control: A[ true U q ]

� Safety properties:
� control: A[ p W q ] weak until
� control: A[] p ⇔ control: A[ p W false ]

� Time-optimality :
� control_t*(u,g): A[ p U q ]

� u is an upper-bound to prune the search, act like an 
invariant but on the path = expression on the current 
state.

� g is the time to the goal from the current state (a 
lower-bound in fact), also used to prune the search. 
States with t+g > u are pruned

� .



A Buggy Brick Sorting Program

16MCD 2001, Twente Kim G. Larsen

UCb 
First UPPAAL model
Sorting of Lego Boxes

Conveyer Belt

Exercise:    Design Controller  so that only yellew boxes are being pushed out

Boxes
Piston

Black
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Controller

Ken Tindell
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eject



Brick Sorting

Generic Plate

Controller

Piston
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Balancing Plates / Timed Automata

A Plate

The Joggler

E� ¬(Plate1.Bang or Plate2.Bang or …)



Balancing Plates / Time Uncertainty

Strategy

BDD/CDD



Production Cell



Experimental Results



New Experimental Results
Using UPPAAL 4.0 architecture

Tricks (Alexandre):
- UPPAAL pipeline architecture, which implies 

* active clock reduction 
* PW-list 
* UPPAAL optimizations (successor computation, 

postponed evaluation, reduced copies..) 
* improved DBM library 
* improved copy-on-write implementations 
* improved subtraction (vital) 
* enormously improved merge (between DBMs) (vital) 



Climate Control

With Jan J. Jessen
Jacob I. Rasmussen
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Climate Control / Neighbor

Temperature in 
neighbor zone 
(lower/higher)

Neighbor 
wants to 

receive flow?

Neighboring zone



Climate Control / Controller

Zone Controller



Climate Control / Controller

Zone Controller



Obtaining executable code
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Obtaining executable code
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Conclusion & Future Work

� More Applications - we need you !
� Efficient Algorithms for Optimal Infinite 

Scheduling
� Multipriced Timed Automata
� Priced Timed Games

� Optimal strategies undecidable in general [Raskin ao]
� Decidability in setting of 1 clock or strong non-

zenoness.
� Timed Games with Imperfect information.
� Distributed and parallel implementations (PC 

clusters, GRID, Shared Memory Machines)
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