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Aims of Work 

• Proof of Claim [von Hanxleden, Mendler, Aguado, et. 
al. DATE 2013] that Sequential Constructiveness is a 
conservative extension of Berry-Constructiveness. 

• New domain-theoretic presentation of Berry‘s 
constructive „must-cannot“ analysis for pure Esterel: 
– Reconstruction of imperative synchronous programming 

for multi-threaded shared-variable programs (from a 
scheduling perspective) 

– New sequential-concurrent reaction model 
– Captures explicit signal initialisation 
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Structure of Talk 

1. Introduction 
2. Sequential Constructiveness (Scheduling) 
3. Berry Constructiveness (Domain) 
4. Examples 
5. Conclusion   
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1 INTRODUCTION 
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Widening the Scope of a Logical Clock 

• Lustre/Signal oversampling clock abstraction 
• Quartz clock refinement [Gemünde,Brandt,Schneider 2009] 

• Reactive ML clock domains [Mandel,Pasteur,Pouzet 2013] 

• Bursty integer clocks [Guatto, et.al. 2012] 
• ... 
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logical clock  
     on-a logical clock  
          on-a logical clock  
                on-a ....  sequential composition 

nesting can lead to over-synchronisation... 



Shared Memory Multithreading 
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thread 
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Clocked Shared Signal Multithreading 
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Clocked Shared Signal Multithreading 
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init;update;read 

Clock Refinement 
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global 
tick n+1 
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tick n 

init;update;read 

init;update;read 

subordinate local ticks 



Prescriptive Sequentiality Replaces Local Clock 
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global 
tick n+1 

global 
tick n 

seq seq local thread sequencing 

init;update;read 



2 SEQUENTIAL CONSTRUCTIVENESS 
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Pure Signals = Synchronised Boolean Variables 
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A,B = 0 

prec 

presence  1 
absence   0 
init         x = 0 
update  x = 1 
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O1 = 1 
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+ 

- 
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Pure SCG 

prec 

Vorführender
Präsentationsnotizen
init of O1, O2, O3 optimised, only once at beginning; 
init of A, B parallel + constraint, for compositionality since environment may emit A,B

first uniform sequential initialisation of O1, O2, O3 in their scope;
second: bring up uniform concurrent initialisation for A, B;



Synchronous Instants 

O2 = 0 
O1 = 0 

O3 = 0 
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Concurrency, Precedence, Confluence (Informal) 
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Sequential Constructiveness SC 
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Conservative Approximations of SC 
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Static Approximation 

Data-dependent Approximation 

What means Berry-constructive in the shared-variable setting 
with explicit initialisations ? ...  



Examples 
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Every non-concurrent program 
is sequentially constructive 
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3 BERRY CONSTRUCTIVENESS 
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BC Semantics – Variable Status 
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Sequential-Concurrent (SC) Reaction Model  
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U 

concurrent 
stimulus 

sequential 
stimulus 

response 
notice 
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difference! 

x=1 

x=0 

init 
after update 

Program P in Context 

x=0 x=1 

init 
before update 



Interval Domain of Variable Statuses     

Kleene‘s ternary domain (Esterel) 

crisp 
values extension for  

initialisation 
and crash 
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Interval Domain of Variable Statuses     
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Interval Domain of Variable Statuses     
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Berry Constructiveness 
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4 EXAMPLES 
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S4 = S0 _ upp S3 = f x[0;1]; y[0;1]g
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5 CONCLUSION 
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Conclusions 

• Signals can be emulated and generalised using  
shared variables + synchronisation constraints. 
 )  „SC-Thesis“: Signals in Esterel are syntactic sugar. 

• Sequential Constructiveness permits  
– arbitrary (init;update;read;)*-tick cycles. 

• Berry-constructive reactions correspond to 
– a single (init;update;read;)1-tick cycle;  
– fixed point analysis on sequential-parallel lattice  

• Yes, SC is a conservative extension of BC 

M. Mendler & PRETSY Synchron 2013 @ Dagstuhl 45 



Open Problems 
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• extend results to full Esterel (V7) syntax 
• develop fixed-point semantics for SC  
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