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Introduction
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AADL 
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Model Based Development 



AADL – basic elements 
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AADL - representation 
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OSATE 
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Information transfer graph (ITG) 
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Simple ITG Transition modes 



ITG - flows 
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Flow 1 Flow 2 Flow 3 



Information theory 
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• Channel capacity C(X,Y)  
– is maximum of transinformation T(X,Y) over all possible dis

tributions of X 

 

– Module capacity C(M) = C(X,Y) 
 
– Line channel C(X), Y = X 

Information channel 
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Channel capacity – transition properties 
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C(Y) = C(X) C(Y) = min [C(Xi,Xj), nY] C(Yi) = min [C(X) , ni] 

C(Yj) = min [C(X), nj] 

C(Yi,Yj) = min [C(X), ni + nj] 



Transinformation - properties 
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𝑇(𝑍;   ​𝑌↓𝑖 , ​𝑌↓𝑗 )≤ ​min ⁠[𝑇(𝑍;​𝑋↓𝑖 , ​𝑋↓𝑗 ),  𝐶(​𝑌↓𝑖 )+𝐶( ​𝑌↓𝑗 ) ] 

To reduce complexity, upper bounded transinformation T’ is introduced 

𝑇′(𝑍;   ​𝑌↓𝑖 , ​𝑌↓𝑗 )​=min ⁠[𝑇(𝑍;​𝑋↓𝑖 , ​𝑋↓𝑗 ),  𝐶(​𝑌↓𝑖 )+𝐶( ​𝑌↓𝑗 ) ] 

T’ can be solved using “min-cut, max-flow” algorithm. 



Testability as controllability and observability 
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Total controllable 

Total observable 
Total testable 



Testability as controllability and observability 
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Cannot 
guarantee all 

possible 
input 

combinations 

Less controllability => less testability 



Testability as controllability and observability 
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Some state of 
the system 
might be 

internal an not 
observable 

Less observability => less testability 



Let F is any flow in the ITG, M is a module in flow F  
 XM: inputs of module M 
 YM: outputs of module M 
 SF: inputs of flow F 
 OF: sinks of flow F 

CO(M)  = ​2↑T(​S↓F ,   ​X↓M )−  C( ​X↓M )  

OB(M)  =   ​2↑T(​Y↓M , ​O↓F )−C( ​Y↓M )    
TE(M)  =  CO(M)  ×  OB(M) 
0  ≤𝐶𝑂(𝑀),  𝑂𝐵(𝑀),  𝑇𝐸(𝑀)≤1 

Measure testability using ITG 
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Theory Exposition   
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  AADL instance model 
  AADL instance connection 

  Convert AADL instance model to ITG 

  Calculate upper bounded testability 
  Calculate controllability 
  Calculate observability 
  Calculate channel capacity 



AADL instance model 
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AADL instance model – Connection instance 
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AADL instance model – port connection instance 

22  /  46	


1 

3 

2 2 

Port connection 
instance 



AADL instance model – data access connection 
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state 

Semantic 
access 
connection 

Access 
connection Provided data 

access 
Required data 
access 

Shared 
data 

User of shared data 

Treat data access connection instance as port connection instance: 
•  Consider source component instance of a data access connection as feature 

instance of a port connection instance 
•  Direction of the connection depends on type of access (readable or 

writable) 



- Input elements  
•  IE1 = {conn1} 
•  IE2 = {conn2} 
•  IE3 = {conn3, conn4} 
•  IE4 = {conn5} 
•  IE5 ={conn6,conn7} 
•  IE6 ={conn8, conn9} 
•  IE7 ={conn10} 
 

Convert AADL instance model to ITG 
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- Input elements  
•  IE1 = {conn1} 
•  IE2 = {conn2} 
•  IE3 = {conn3, conn4} 
•  IE4 = {conn5} 
•  IE5 ={conn6,conn7} 
•  IE6 ={conn8, conn9} 
•  IE7 ={conn10} 

Convert AADL instance model to ITG 
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- Input groups 
•  IG1 = {IE1, IE2} 
•  IG2 = {IE3} 
•  IG3 = {IE4} 
•  IG4 = {IE5, IE6} 
•  IG5 = {IE7} 
 



Convert AADL instance model to ITG 
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- Input groups 
•  IG1 = {IE1, IE2} 
•  IG2 = {IE3} 
•  IG3 = {IE4} 
•  IG4 = {IE5, IE6} 
•  IG5 = {IE7} 

- Input hypergroups 
•  IHG1 = {IG1, IG2, IG3} 
•  IHG2 = {IG4} 
•  IHG3 = {IG5} 



Convert AADL instance model to ITG 
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- Input hypergroups 
•  IHG1 = {IG1, IG2, IG3} 
•  IHG2 = {IG4} 
•  IHG3 = {IG5} 

- Input supergroups 
•  IHG1:  

–  ISG1 = {IG1, IG3} 
–  ISG2 = {IG2} 

•  IHG2:  
–  ISG3 = {IG4} 

•  IHG3:  
–  ISG4 = {IG5} 



Convert AADL instance model to ITG 
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- Output Elements 
•  OE1={conn11, conn12} 
•  OE2={conn13, conn14} 
•  OE3 = {conn15, conn16} 



Convert AADL instance model to ITG 
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- Output Elements 
•  OE1={conn11, conn12} 
•  OE2={conn13, conn14} 
•  OE3 = {conn15, conn16} 

- Output groups 
•  OG1 = {OE1} 
•  OG2 = {OE2, OE3} 



Convert AADL instance model to ITG 
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Functional input analysis 

FI = IHG1 * IHG2 * IHG3  

 = (ISG1 + ISG2) * ISG3 * ISG4 

 = ((IG1 * IG3) + IG2) * IG4 * IG5 

 = ((IE1 + IE2) * IE4) + IE3) * (IE5 + IE6) * IE7 

Functional output analysis 

FO = OG1 + OG2 



Convert AADL instance model to ITG 

31  /  46	


Final specific model for “main” 



CO(M)  = ​2↑T′(​S↓F ,   ​X↓M )−  C( ​X↓M )  

OB(M)  =   ​2↑T′(​Y↓M , ​O↓F )−C( ​Y↓M )    
TE(M)  =  CO(M)  ×  OB(M) 

Calculate upper bounded testability 
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Calculate upper bounded testability - transform 
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C(​X↓M )=𝐶( ​𝑋↓​𝑀↑′  ) 

C(​Y↓M )=𝐶(𝑀) 



Calculate upper bounded testability 
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Calculate controllability 

Add super source SS, connect SS to all sources 

Add fiction edge ur from M’ to super sink SO 

Find max flow from SS to SO 
​𝑇↑′ (​𝑆↓𝐹 ,   ​𝑋↓𝑀 )= ​𝑇↑′ (𝑆𝑆,   ​𝑋↓​𝑀↑′  )=>low( ​𝑢↓𝑟 ) 



Calculate upper bounded testability 
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Calculate observability 

Find max flow from SS to SO 

Connect all flow sinks to SO 

​𝑇↑′ (​𝑌↓𝑀 ,   ​𝑂↓𝐹 )= ​𝑇↑′ (​𝑌↓𝑀′ ,  𝑆𝑂)=>low( ​𝑣↓𝑟 ) 

Add fiction edge vr from SS to M’ 



Calculate upper bounded testability 
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Channel capacity 

Module capacity 

Statistics Exact calculation 
Upper bounded 
transinformation 

method 

Line capacity 

Data type 

C(M) = max_flow(SS,SO) 

Connect all flow sinks to SO 

Build ITG 

Connect SS to all flow sources 

Calculate channel capacity 



OSATE plugin 

Experiment results 
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Experiment results 
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Experiment results 
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Experiment results 
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Good Not good 

design tools are lack of non-functional properties analysis 

component design 
level 

Measure tool and design tool are 
separated 

Test strategies 

Brought to real life application 

Related work 
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• Framework for model based testing AADL models (6) 
• Test case generating based on AADL system compone

nt modes (7) 

Related work 

Good Not good 

Take 
advantage of 

AADL 
model based 
development 

Later of 
development 

phase 

(7) Research of embedded software testing method based on AADL modes. Communication Software and Networks (ICCSN), 2011 IEEE 3rd 
International Conference on: IEEE; 2011.  
(6) A Model-Based Testing for AADL Model of Embedded Software. Quality Software, 2009. QSIC'09. 9th International Conference on: IEEE; 2009.  
 



Summary and future work 
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•  Develop a testability measure method for AADL 
models 

•  Develop a plugin for OSATE that automates the 
testability measurement. 

Summary 



Summary and future work 
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•  Deal with control flow 

•  Extend for execution platform 

•  Utilize the plugin 

Future work 



Question 
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