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Our mission: supporting SMEs in developing high-quality Big data 
applications 

 

Consortium: 

 



“…AND AFTER BIG DATA SOLVES ALL OUR PROBLEMS,  
WE’LL RIDE AWAY ON MAGIC FLYING UNICORNS” 

 
Quote: Marketoonist.com 
 



A story from our consortium.... 

Company 

core market:  
Legacy software 

modernization 



A story from our consortium.... 

New market:  
Analysis of legacy 

Big data 



The barrier: a steep learning curve! 



Example: configuring a Big data system... 

! 



Riddles for the brave 

 
• Will my Big data application scale? 
• How do I select the right Big data 
technology? 

• How do I choose the best 
architecture? And how to verify 
that I am right? 

• What if service-level agreements 
change? 

 

 



Our Concerns 

Characterize Data Properties 
DevOps tools for popular  

Big Data Technologies 

Quality-Aware 
Reasoning Tools 



DICE: a DevOps toolchain for Big data 
applications 



Different perspectives 

Developers 

Architects 

Ops 

Testers 

 



The problem with creating a unified view 

source: xebialabs.com 



Big Data Technologies 
 
  
 

Cloud Testbed 
` 
 

 
DICE IDE 

 
 
 
 
 

Profile 

Plugins 

QA: Simulate, 
Verify, Optimize 

DICE 
UML 

Methodology 

Monitoring + 
Anomaly 
Detection 

 
Big Data Application  

 

CI/CD & Testing 

The DICE Framework: Model-Driven DevOps 
Free & open source (non-GPL) 
https://github.com/dice-

project/  

https://github.com/dice-project/
https://github.com/dice-project/


Dev View 



Ops Views 

Cloudify 

Kibana Jenkins testing 



DICE Platform Independent Model 
(DPIM) 

Simulate 
& 

Verify 

DICE Methodology 

Behind the Scenes: Dev side 



Wordcount example: platform independent model 

<<Source 
Node>> 

<<Computation Node>>  
Word Count 

(Batch, Machine Learning) 

<<Storage 
Node>> 

DPIM 
<<DICE::ResponseTime 
30 sec on average>> 



DICE Platform Independent Model 
(DPIM) 

DICE Technology Specific Model 
(DTSM) 

Choose 
technologies 

Simulate 
& 

Verify 

Simulate 
& 

Verify 

DICE Methodology 

Behind the Scenes: Dev side 



Wordcount example: technology  specific model 

<<Source 
Node>> 

<<Computation Node>>  
Word Count 

(Batch, Machine Learning) 
<<Storage 
Node>> 

<<implements>> <<implements>> <<implements>> 

DPIM 

<<HDFS>> 

WC 
mapper 

WC 
reducer 

Job 
Configuration 

Framework 
Configuration 

tester 

DTSM 

<<HadoopMR>> 

<<DICE::ResponseTime 
30 sec on average>> 

<<DICE::nTask=[3]…>> 



DICE Platform Independent Model 
(DPIM) 

DICE Technology Specific Model 
(DTSM) 

DICE Deployment Specific Model 
(DDSM) 

Choose 
technologies 

Choose 
concrete 
architecture 

Simulate 
& 

Verify 

Simulate 
& 

Verify 

 Cost & 
Optimizatio

n 

DICE Methodology 

Behind the Scenes: Dev side 



Wordcount example: deployment specific model 

<<HadoopMR_MasterNode>> 

<<deployed on>> <<deployed on>> DDSM 

<<HadoopMR_WorkerNode>> <<HadoopMR_HDFS>> <<HadoopMR_WorkerNode>> 

<<deployed on>> 

<<OpenStack_Cluster>> 

<<HDFS>> 

WC 
mapper 

WC 
reducer 

Job 
Configuration 

Framework 
Configuration 

tester 

<<HadoopMR>> 

2 



Simulation, Optimization, Verification 

 Example: Cost Optimization 



DICE Platform Independent Model 
(DPIM) 

DICE Technology Specific Model 
(DTSM) 

DICE Deployment Specific Model 
(DDSM) 

Choose 
technologies 

Choose 
concrete 
architecture 

TOSCA 
blueprint 

Simulate 
& 

Verify 

Simulate 
& 

Verify 

 Cost & 
Optimizatio

n 

Model-to-text 
transformation 

DICE Methodology 

Behind the Scenes: Dev side 

Enact 

App Code 



Deployment: OASIS TOSCA & Cloudify 

Node 

Node 

Node 

“Connects_to” 

“Hosted_on” 
 



DICE TOSCA blueprints 

 StormCluster: 
    type: dice.components.storm.Nimbus 
    relationships: 
    - {type: dice.relationships.ContainedIn, 
       target: StormMasterVM} 
    - {type: dice.relationships.storm.ConnectedToZookeeperQuorum, 
       target: ZookeeperCluster} 
    properties: 
      configuration: {taskTimeout: '30', supervisorTimeout: '60', 
                      monitorFrequency: '10', queueSize: '100000', 
                      retryTimes: '5', retryInterval: '2000'} 

Powered by  
Cloudify 



Deployment 

Testbed 

Monitoring 

Fault Injection 

Quality 
Testing 

Trace 
Checking 

Enhancem
ent 

Anom
aly 

Detection 

Running 
Big data 
System 

MW 

VM 

Running 
Big data 
System 

MW 

VM 

Configuration 
optimization 

TOSCA 
blueprint DICE M

ethodology 

Behind the Scenes: Ops side 



 
DICE Ops Tools:  

configuration optimization for 
Big data 



Example: configuring a Big data system... 

! 



NewsAsset platform  



News & social media analysis 



DICE configuration optimization 



DICE configuration optimization 



DICE configuration optimization 

Applying Bayesian 
Optimization to DevOps 



 
DICE Ops Tools:  

deployment 



©DICE 

Guiding ships in ports with geofencing 



©DICE 

The data 



Posidonia Operations 








In numbers 

 

8h 
 

Before 

 

5h 
 

1st attempt 
 

 

20min 
 

Later 
attempts 

Production testbed deployment 



 
Cross-cutting concerns:  

data privacy 



Application Domain: Tax Fraud Detection 



Using Big data for Tax Fraud detection 

 
 

Train Fraud Indicators 

Initial tax  
declaration data 

New Fraud Indicator 

  

     

  

  

Tax declarations 

Identified 
fraudsters 

Income, council, property 
taxes, and payments  



Correctness of data privacy rules 

Resources (StorageNodes,…) 
Roles (Operator & 
Supervisor) 

(Grant, Renew, Revoke) Permissions 

(Create, Read, Update) Permissions 

… 



Runtime verification of data privacy rules 



Conclusion 

• Model-driven helps “gluing” Dev, Ops, & 
QA 
• Shared view of the system 
• Facilitates reasoning on and enforcing 

quality concerns such as privacy, 
performance, … 

 

• Automated model-driven deployment: 
• Valuable to SMEs new to DevOps and/or Big 

data 
    

     
 

 
 

 

 





Q&A 
GIULIANO CASALE, IMPERIAL COLLEGE LONDON 

G.CASALE@IMPERIAL.AC.UK 
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