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Hadoop design 

Hadoop was designed to solve complex data  
– Structured and non structured 

– with [close to] linear scalability 

– and application reliability 

Simplifying the programming model 
– From MPI, OpenMP, CUDA, …  

Operating as a blackbox for data analysts, but… 
– Complex runtime for admins 

– YARN abstracts even more 

 

Image source: Hadoop, the definitive guide 



Hadoop highly-scalable but… 

Not a high-performance solution! 

 

Requires 

– Design,  

• Clusters, topology clusters 

– Setup,  

• OS, Hadoop config 

– Fine tuning required 

• Iterative approach 

• Time consuming  

 

 

and extensive benchmarking 
 

 

 

 



Setting up your Big Data system 

Hadoop 

– > 100+ tunable parameters 

– obscure and interrelated 

• mapred.map/reduce.tasks.speculative.execution 

• io.sort.mb 100 (300)  

• io.sort.record.percent 5% (15%) 

• io.sort.spill.percent 80% (95 – 100%) 

– Similar for Hive, Spark, HBase 

Dominated by rules-of-thumb 

– Number of containers in parallel: 

• 0.5 - 2 per CPU core 

Large stack for tuning 

 

Image source: Intel® Distribution for Apache Hadoop 



How do I set my system, too many options!!! 

Default values in Apache source not ideal 

Large and spread eco system 

– Different distributions 

– Product claims 

Each job is different 

– No one-fits-all solution 

Cloud vs. On-premise 

– IaaS 

• Tens of different VMs to choose 

– PaaS 

• HDInsight, CloudBigData, EMR 

New economic HW 

– SSDs, InfiniBand Networking 

 



BSC’s project ALOJA: towards cost-effective Big Data 

Open research project for improving the cost-effectiveness 

of Big Data deployments  

 

Benchmarking and Analysis tools 

 

 

 

Online repository and largest Big Data repo  

– 50,000+ runs of HiBench, TPC-H, and [some] BigBench 

– Over 100 HW configurations tested 
• Of   dif ferent Node/VM, disks, and networks 

• Cloud: Multi-cloud provider including both IaaS and PaaS 

• On-premise: High-end, HPC, commodity, low-power 

 

Community  
– Collaborations with industry and Academia 

– Presented in different conferences and workshops  

– Visibility: 47 different countries 

http://aloja.bsc.es 

Big Data 
Benchmarking 

Online 
Repository 

Web  

Analytics 



Workflow in ALOJA 

Cluster(s) 
definition 

• VM sizes 

• # nodes 

• OS, disks 
• Capabilities 

Execution 
plan 

• Start cluster 

• Setup 

• Exec 
Benchmarks 

• Cleanup 

Import 
data 

• Convert perf 
metric 

• Parse logs 

• Import into DB 

Evaluate 
data 

• Data views in Vagrant 
VM 

• Or http://aloja.bsc.es 

PA and 
KD 

•Predictive 
Analytics 

•Knowledge 
Discovery 

Historic 

Repo 



Test different clusters and 
architectures 
– On-premise and HPC 

• Commodity, high-end, appliance, 
low-power (ARM) 

– Cloud IaaS 

• 32 different VMs in Azure, similar in 
other providers 

– Cloud PaaS 

• HDInsight (Windows and Linux), 
EMR, CloudBigData 

Different access level 
– Full admin, user-only, request-to-

install, everything ready, queuing 
systems (SGE) 

Different versions 
– Hadoop, JVM, Spark, Hive, etc… 

– Other benchmarks 

Problems 
– All systems though for PROD 

• Not for comparison 

– No Azure support 

– Many different packages 

– No one-fits-all solution 

Dev environments and testing 

– Big Data usually requires a 
cluster to develop and test 

Solution 
– Custom implementation 

• Abstracting differences 

– Based in simple components 

– Wrapping commands 

 

 

Challenges (circa end 2013) 



ALOJA Platform main components 

2 Online Repository 

•Explore results 

•Execution details 

•Cluster details 

•Costs 

•Data sharing 

3 Web Analytics 

•Data views and evaluations 

•Aggregates 

•Abstracted Metrics 

•Job characterization 

•Machine Learning 

•Predictions and clustering 

1 Big Data Benchmarking 

•Deploy & Provision 

•Conf  Management 

•Parameter selection & Queuing 

•Perf  counters 

•Low-level instrumentation 

•App logs 

10 

NGINX, PHP, MySQL 

BASH, Unix tools, CLIs 
R, SQL, JS 



Extending and collaborating in ALOJA 

1. Install prerequisites 
– git, vagrant, VirtualBox 

 

2. git clone https://github.com/Aloja/aloja.git 

 
3. cd aloja 

 
4. vagrant up 

 

5. Open your browser at: http://localhost:8080 

 

6. Optional start the benchmarking cluster 
 

  vagrant up /.*/ 

 
 

Setting up a DEV environment: 

Installs a Web Server with sample data 

Sets a local cluster to test benchmarking 

https://github.com/Aloja/aloja.git
http://localhost:8080/


Commands and providers 

Provisioning commands Providers 

Connect 

– Node and Cluster 

– Builds SSH cmd line 

• SSH proxies  

Deploy 
– Creates a cluster 

– Sets SSH credentials 

– If created, updates config as 
needed 

– If stopped, starts nodes 

Start, Stop 

Delete 

Queue jobs to clusters 

On-premise and HPC 

– Custom settings for 

clusters 

• Multiple disk types 

• Different architectures 

• Resource/Job control 

Cloud IaaS 

– Azure, OpenStack, 

Rackspace, AWS  

Cloud PaaS 

– HDInsight, Cloud Big Data, 

EMR soon 

Code at: https://github.com/Aloja/aloja/tree/master/aloja-deploy 

https://github.com/Aloja/aloja/tree/master/aloja-deploy
https://github.com/Aloja/aloja/tree/master/aloja-deploy
https://github.com/Aloja/aloja/tree/master/aloja-deploy
https://github.com/Aloja/aloja/tree/master/aloja-deploy
https://github.com/Aloja/aloja/tree/master/aloja-deploy


Running benchmarks in ALOJA 

Benchmarking with defaults: 

/repo_location/aloja-bench/run_benchs.sh 

 

 

 

 

 

 

 

To queue jobs: 

/repo_location/shell/exeq.sh 

 
 
Code at: https://github.com/Aloja/aloja/blob/master/aloja-bench/run_benchs.sh 

 

https://github.com/Aloja/aloja/blob/master/aloja-bench/run_benchs.sh
https://github.com/Aloja/aloja/blob/master/aloja-bench/run_benchs.sh
https://github.com/Aloja/aloja/blob/master/aloja-bench/run_benchs.sh
https://github.com/Aloja/aloja/blob/master/aloja-bench/run_benchs.sh
https://github.com/Aloja/aloja/blob/master/aloja-bench/run_benchs.sh
https://github.com/Aloja/aloja/blob/master/aloja-bench/run_benchs.sh
https://github.com/Aloja/aloja/blob/master/aloja-bench/run_benchs.sh


ALOJA-WEB 

Entry point for  explore the results collected from the executions,  
– Provides insights on the obtained results through continuously evolving data views. 

 

Online DEMO at:  http://aloja.bsc.es 

http://aloja.bsc.es/


Impact of HW configurations in Speedup 

Disks and Network Cloud remote volumes 

Local only 

1 Remote 

2 Remotes 

3 Remotes 

3 Remotes 
/tmp local 

2 Remotes 
/tmp local 

1 Remotes 
/tmp local 

HDD-ETH 

HDD-IB 

SSD-ETH 

SDD-IB 

Speedup (higher is better) 

Results using: http://hadoop.bsc.es/configimprovement 

Details: https://raw.githubusercontent.com/Aloja/aloja/master/publications/BSC-MSR_ALOJA.pdf 

http://hadoop.bsc.es/configimprovement
http://hadoop.bsc.es/configimprovement
http://hadoop.bsc.es/configimprovement
https://raw.githubusercontent.com/Aloja/aloja/master/publications/BSC-MSR_ALOJA.pdf
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https://raw.githubusercontent.com/Aloja/aloja/master/publications/BSC-MSR_ALOJA.pdf


Clusters by cost-effectiveness 

Performance2-30 

Io1-30 

Io1-15 

performance1-8 

general1-8 

Fastest Exec Cheapest exec 



Cost/Performance Scalability of cluster size 

– X axis number of data nodes (cluster size) 

– Left Y Execution time (lower is better) 

– Right Y Execution cost (lower is better) 

 

Execution time Execution cost 

Recommended size 



Predictive Analytics and automated learning 



Modeling and predicting Hadoop time 

Methodology 

– 3-step learning process: 

 

 

 

 

 

Use cases 

– Anomaly detection 

– Predict best configurations 

– Guided benchmarking 

– Knowledge Discovery 

 

 

 

ALOJA 

 

Data-Set 

Training 

Validation 

Testing 

Model Select this 

model? 

Final 

Model 
Train 

Test the model 

Test the model 

Tune algorithm, re-train 

NO 

YES 



Concluding remarks 

In ALOJA we are benchmarking from 
– Low-powered to cloud and  super computers 

– Testing both HW components and SW configs 

Each system has it’s own peculiarities 
– …and failures! 

– Different access levels 

– Sharing 
• Public cloud very difficult to measure correctly! 

– Versions of software 

 

Benchmarking its fun!, or at least… 

– It will save you €€€ and allow you to scale 

But it is also tough 
– The industry needs more transparency, We still have a lot to do…  

In ALOJA we provide the benchmarking scripts 
– And also de results, that should be your first entry point 

– We are adding constantly new features 
• Benchmarks, systems providers 

It is an open initiate, you’re invited to participate  
 

Find me around the conference for more details on the tools… 

≠ 



More info: 

ALOJA Benchmarking platform and online repository 
–  http://aloja.bsc.es  http://aloja.bsc.es/publications 

Benchmarking Big Data  
– http://www.slideshare.net/ni_po/benchmarking-hadoop 

 
 

BDOOP meetup group in Barcelona 

 

Big Data Benchmarking Community (BDBC) mailing list  
– (~200 members from ~80organizations) 

– http://clds.sdsc.edu/bdbc/community 

Workshop Big Data Benchmarking (WBDB) 
– Next: http://clds.sdsc.edu/wbdb2015.ca 

SPEC Research Big Data working group 
–  http://research.spec.org/working-groups/big-data-working-

group.html 
 

Slides and video: 
– Michael Frank on Big Data benchmarking  

• http://www.tele-task.de/archive/podcast/20430/ 

– Tilmann Rabl Big Data Benchmarking Tutorial 
• http://www.slideshare.net/tilmann_rabl/ieee2014-tutorialbarurabl 
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The MareNostrum 3 Supercomputer 

Over 1015 Floating Point Operations per 

second 

 

Nearly 50,000 cores 

100.8 TB of main memory 
 2 PB of disk storage  

 

 

 

 

70% distributed through PRACE 

24% distributed through RES 

6% for BSC-CNS use 

Over 1015 Floating Point Operations per second 

 

Nearly 50,000 cores 

100.8 TB of main memory 

 2 PB of disk storage  
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Thanks! 

Contact: nicolas.poggi@bsc.es 
 


