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Understanding and 
controlling data streams 

Challenges  
 

× Continuous unbounded 
data streams 
 

× Real-time requirements 
 

× Dynamic nature of input 
data streams 

Air traffic control  

Military command  
 and control 

Emergency response 
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Formal stream analysis 
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Formal stream analysis 

Understand the  
behavior of data 

streams  
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Predict changes 
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Design better  
data admission  

controllers  



MEDAL 

× A formal specification language, which in its nature is 
an enhanced Petri net 
 

× Captures structural, spatial, and temporal 
characteristics of complex distributed real-time 
systems 
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Outline  

×Introduction  
 

×MEDAL 
 

×System model 
 

×Modeling queries and control with MEDAL 
 

×MEDAL analysis 
 

×Conclusions 
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Data flow 
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System model 

Periodic query model  
 

Data admission controller  
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Continuous query model 
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Long  

running  

continuous  

queries 



Disadvantages of the 
continuous query model 

Query execution is driven by the data 
arrival rates  

 

× The model could be resourceɀintensive 
 

× Number of query instances and the system workload 
depend directly on the input  
 

× The application does not have control over the 
frequency and the deadlines of the queries 
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Periodic query model 
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Long  

running  

periodic 
queries 



×No control over the number of query  
instances 
 

×Cannot set how often different queries should 
be executed  
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Query example 
Speed (int  lane; f loat value; char[8] type); 

Traffic  (int  lane; char[10] type); 

Lanes (int  ID; char[10] type; char[20] road); 
 

SELECT avg (Speed:value) 

FROM Speed[range 10 min], Lanes, Traffic [range 10 min]  

WHERE Speed:lane = Lanes:ID 

              AND Lanes:ID = Traffic:lane 

              AND Speed:type = Truck 

              AND Traffic:type = Light 

Period 10 sec 

Deadline 6 sec 
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MEDAL query 
model 
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Modeling admission control 
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Modeling control for multiple 
queries 
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Modeling control for multiple 
queries 
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MEDAL analysis 
Query optimization analysis 

×Take advantage of historical data traces 

 

×MEDAL can be used to analyze 

×The query plans 

×The controller logic 

×The interactions between queries and 
control  
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MEDAL analysis 
Real-time stream analysis 

Traffic application : queries have 6 second deadline 

3 sec 

1 sec 

1 sec 

2 sec 1 sec 

7 sec 


