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Availability  Downtime per Year 

90% 36.5  days 

99% 3.7  days 

99.9% 8.8  hours 

99.99% 52.6 min 

99.999% 5.3 min 

99.9999% 31.5 sec 

High Availability (HA): At least 99.999 % (a.k.a. five nines) 

 

 
Service Availability (SA): the percentage of time the 
system/service is available throughout a period of time t. 
 

 
 
 
 

HA definition 
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• More than 40% of companies want 99.99% 
availability  less than one hour outage per 
year 

Demand on HA 

Information Technology and Intelligence Corp. survey 
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• 59% of Fortune 500 companies experience a minimum of 1.6 hours 
of downtime per week (Gartner 2011)  

– 46,000,000$ of loss per year (only employee's salary) 

 
• A Ponemon Institute study shows that in the years 2012 and 2013, 

91% of data centers endured unplanned outages 
 

• Average loss of $90,000 per hour in the media sector to about $6.48 
million per hour for large online brokerages 

Downtime cost 

 IWGCR short report, 2012 5 
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Process A 
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Process C Other 

Components 

Middleware based HA 
solutions 

E.g.: OpenSAF is an open source implementation of an HA middleware 
(www.OpenSAF.org), with contributions from world leading telecom and 

computing companies. 
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Process A 
Process A  Replica of 

Component X 

http://www.opensaf.org/


SAForum  
(Service availability forum) 

• Consortium of industry-leading IT and 
Telecom companies. 

 

 

• Defines open standards for HA systems: 

– Application Programming Interfaces 

– Guidelines for HA system 

– Specifications for an HA middleware 

7 



HA MW configuration 
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• The HA management is performed based on a 
complex XML configuration  file: 



• The configuration structure is described using a standardized 
UML class diagram: 

HA MW configuration 
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Based on 

Configuration model 

Middleware XML configuration 



Complex domain details 

• The 2 main category in the Availability 
Management Framework (AMF) configuration: 

 

 

– The Service Provider: 

 

 

– The Service: 
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service provider 

• SaAware: 
 

 

• Container/Contained: 
 

 

• Proxy/Proxied: 
 

 

• NonSaAwareNonProxied: 
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hierarchical composition 

• This HA MW support the notion of multiple 
inter-dependent components collaborating to 
provide a higher level of service: 
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Previous approach 

• Previous automatic configuration approach:  
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ETF file 

User HA 
requirement 

Configuration 
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*A. Kanso, A. Hamou-Lhadj, M. Toeroe, and F. Khendek, “Generating AMF Configurations from Software Vendor Constraints 
and User Requirements”, in Proc. of the Forth Interna-tional Conference on Availability, Reliability and Security, Fukuoka, 
Japan, 2009, pp. 454-461 



Entity Type File (ETF) 
• Software vendor description for: 

– Software capabilities 
– Dependencies 
– Limitations 

 
• Standardized by an XML schema 

 
• With constraints derived from: 

– the XML schema,  
– the Software Management Framework specification,  
– the Availability Management Framework specification 
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Challenges of defining An 
ETF file 

• The user needs to write the XML file manually, 

 

• Domain constraints are informally described in 
thousand of specification pages, 

 

• Therefore, the user needs deep domain 
knowledge. 
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Abstracting the domain 

• We designed a high level modeling language that is: 

– Graphical 

– Intuitive 

– Expressive 

– Standards-based 
 

• We decided to extend the UML component diagram:  
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New constructs 
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New Modeling Language 
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Etf Component Diagram 
(ECM) 
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Etf Component Diagram 
(ECM) 
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Etf Component Diagram 
(ECM) 
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Domain constraints 

• Our model is annotated with dozens of OCL 
constraints. 
 

• One of the OCL constraints: 
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Novel Approach 
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Research process 

Prototype implementation  

Design the model transformation 

Annotate our model with the extracted OCL 

Extract the OCL from the specifications 

Design the model 

Design the concrete syntax 
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Workflow 

Design HA configuration 

Trigger the automatic validation 

Trigger the automatic generation 

Integrate the configuration into the 
middleware 
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Prototype 
implementation 
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OCLinEcore 



Conclusion 
 Reduce the design complexity of configurations 

—Using an intuitive language that saves time and effort. 

 

 Reduce the configuration errors 

—By automatically validating the generated configurations 
against domain constraints. 

 

No need for the developer to manually manipulate 
heavy and complex XML files. 

 

 Abstraction of the domain complexity. 
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Future work 

• Integrate the specification of HA and non-
functional requirements in our model and 
design language.  
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Thank you  


