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From Model to Execution 
 

1.  Design time (researcher, process expert) 

□  Definition of parameterized process model 

□  Uses graphical editor and jobs from repository  

2.  Configuration time (researcher, lab assistant)  

□  Select model and specify parameters, e.g. aln opts 

□  Results in model instance stored in repository 

3.  Execution time (researcher) 

□  Select model instance 

□  Specify execution parameters, e.g. input files 
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Scheduling and Execution of Pipelines 

Reproducible Research: 
Pipeline Execution 

In-Memory Database 

Tasks 

Scheduler 

ID Pipeline Params 
12 BWA xyz.fastq 
13 Stanford A_1.fastq 
14 Bowtie xyz.fastq 

Worker 

Worker 

Subtasks 
Task ID Job Status Params 

12 97 Split done xyz.fastq 

12 98 Import todo abc.vcf 

12 98 Import done abc.vcf 

Webservice 

. . . 

1. Trigger task execution 

2. Schedule subtasks 

3. Execute subtasks 
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Software Components and Communication 
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Node 

Worker Worker Worker 

IMDB 

Node 

Worker Worker Worker 

IMDB 

Node 

Worker Worker Worker 

IMDB 

Scheduler 

Node 

Worker Worker Worker 

IMDB 

Relay 

Node 

Worker Worker Worker 

IMDB 
... 

Site I Site II VPN 

UDP 
TCP 

Shared File System Shared File System 



IMDB Structure 
TASKS 
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IMDB Structure 
SUBTASKS 
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Node 

Worker Worker Worker 

IMDB 

■  Workers execute jobs one by one 

■  Subtask execution status in IMDB: 

□  Ready (0), 

□  In Progress (1), 

□  Done (2), or 

□  Erroneous (3). 

■  Jobs implemented as Python modules/classes 

□  Can contain arbitrary code 

□  Have access to IMDB  

□  Can read/write to shared working directory 

Runtime Layer 
Worker 
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Coordination Layer 
Scheduler 
 

Schapranow, Nov 2016 

Reproducible 
Research: Pipeline 
Execution 

8 

Scheduling Algorithm 

Pipeline Executor 

Ressource 
Allocator 

Subtask Subtask Subtask i 

Subtask k 

Subtask m 

m .. 



Scheduling 
Pipeline Executer 
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■  Scheduling algorithms are plug-in software modules 

□  “User-/Group-based” to let users execute their tasks on their local site only 

□  “Priority First” to prefer important users 

□  “High Throughput”, i.e. “shortest task first” to deal with high load 

■  Scheduling algorithms can also be composed hierarchically 

Scheduling  
Algorithms 
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Group-based 

Priority-based 

High-throughput High-throughput 

High-throughput 

Site I Site II 

Prio A Prio * 



■  Maintains lists of running and idle nodes 

■  Idle worker requests new sub task for its assigned groups 

■  If there is no matching sub task, it sleeps until a new sub task gets ready 

Scheduling 
Resource Allocator 
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Node 

Worker Worker Worker 

IMDB 

Site 1 Site 2 

Node 

Worker Worker Worker 

IMDB 

Node 

Worker Worker Worker 

IMDB 

Working Working Waiting 



■  All execution data is stored in IMDB 

■  Temporary files on a shared file system 

■  In case of any failure, the system-wide 
state can be restored 

Recoverability 
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IMDB 

Pipeline Tasks Scheduler 

Worker 
Worker 

Worker 
Worker 

Pipeline Subtasks 

Events 

Data 



■  How to bring all puzzle pieces together? 

■  How to enable real-time data analysis? 

What is Next? 
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Human genome/biological data 
600GB per full genome 
15PB+ in databases of leading 
institutes 

Prescription data 
1.5B records from 10,000 doctors 
and 10M Patients (100 GB) 

Clinical trials 
Currently more than 30k 
recruiting on ClinicalTrials.gov 

Human proteome 
160M data points (2.4GB) per sample 
>3TB raw proteome data in ProteomicsDB 

PubMed database 
>23M articles 

Hospital information systems 
Often more than 50GB 

Medical sensor data 
Scan of a single organ in 1s 
creates 10GB of raw data  

Cancer patient records 
>160k records at NCT 



Keep in contact with us! 

Dr. Matthieu-P. Schapranow 
Program Manager E-Health & Life Sciences 

 
Hasso Plattner Institute 

August-Bebel-Str. 88 
14482 Potsdam, Germany 

 
schapranow@hpi.de 

http://we.analyzegenomes.com/ 
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