
Use Case Oncology Data Management 

Dr. Matthieu-P. Schapranow 

Data Management for Digital Health 
Summer 2017 



From Raw Genome Data to Analysis 
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■  Sequencing: Acquire digital DNA data 

■  Alignment: Reconstruction of complete 
genome with snippets 

■  Variant Calling: Identification of genetic 
variants 

■  Data Annotation: Linking genetic variants 
with research findings 
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■  Currently Genome Data Processing Pipelines (GDPPs) consist of individually combined 
command line scripts 

■  Complex to 

□  Understand,  

□  Maintain and update, and 

□  Reproduce 

■  Objective: Model GDPPs in a… 

□  Graphical and machine-readable representation 

□  Reproducible and exchangeable format 

Genome Data Processing Pipelines 
Motivation 
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How to Find a Solution? 
Call a Bioinformatician 
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■  The BROAD is a joint institute of MIT and Harvard established 2004 in Cambridge, MA 

■  Genome Analysis Toolkit (GATK) focuses on variant detection 

■  Open-source tools and shared best-practices  

BROAD Institute 
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https://software.broadinstitute.org/gatk/best-practices/ 



 

■  Concatenation of command line tools reading/writing files 

■  Lack of standardization and exchangeability  

■  Requires dedicated expertise for 

□  Setup and configuration, 

□  Error handling, and 

□  Scalable processing 

■  Objective: Enable modeling, configuration, and execution of reproducible pipelines 
without involving IT experts 

Genome Data Processing Pipelines 
State of the Art 
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 bwa aln hg19.fa sample.fastq | bwa samse hg19.fa – sample.fastq | samtools view -Su - | samtools sort … 



Let us Make it a Workflow! 
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■  Open-source, web-based platform 

■  Supports data-intensive research 

■  Focuses on process automation and high-
throughput sequencing 

Galaxy 
Workbench 
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https://usegalaxy.org/ 



Galaxy 
Workflow Modeling 

Data Management for 
Digital Health, Summer 
2017  

Use Case Oncology 
Data Management 

9 

https://usegalaxy.org/ 



■  IT process automation at DKFZ, HD 

■  Builds upon OpenStack and Vagrant 
to reduce setup time 

■  Workflow managed by SeqWare Pipeline Manager 

■  Special-purpose developed for DKFZ requirements 

          DKFZ One Touch Platform  
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https://seqware.github.io/docs/6-pipeline/ 



■  Integration of existing Google services to genome data processing 

Google Genomics 
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https://cloud.google.com/genomics/resources/google-genomics-whitepaper.pdf, accessed Jun 1, 2017 



■  Used for functional modeling of business processes 
and workflows 

■  Graphical notation addresses business and technical 
users à intuitive modeling and understanding 

■  Can be serialized and exchanged using XML Process 
Definition Language (XPDL) 

Business Process Modeling and Notation (BPMN) 2.0 
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BPMN 2.0: Basic Notation Overview 

Start 
Event 

End 
Event 

Annotated Data 
Objects 

Exclusive 
Gateways 

Parallel 
Gateways 

Collapsed 
Subtask 

Task 
Multiple Task Instances 

Executed in Parallel 
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Reproducibility 
Modeling of Data Analysis Pipelines 
 
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 

Use Case Oncology 
Data Management 
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■  Graphical modeling notation compliant with Business 
Process Modeling and Notation 2.0 extended by 

□  Modular structure 

□  Parallelization annotations 

□  Parameters and variables 

■  Model descriptions are stored within IMDB 

■  Model instances are transformed into graph structure 
for execution by dedicated runtime environment 

Standardized Graphical Modeling 
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BPMN Example 
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Persisting Pipelines 
XML Process Definition Language 
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PIPELINES.MODELS 

Database Structure 
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PIPELINES.PIPELINES 

 



■  Processing and results are kept within IMDB 

■  Optimization reduced execution time by >50% 

Traditional vs. IMDB Approach 
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■  Pipeline categories (each traditional and optimized): 

□  Single read, 

□  Paired read, 

□  Amplicon 

■  Alignment: IMDB-based, TMAP, BWA, Bowtie, Isaac 

■  Variant Calling: IMDB-based, BcfTools, GATK 

■  Intermediate steps: SAMtools, Picard, GATK 

Available Tools 
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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 

Use Case Oncology 
Data Management 
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■  Uses workflow, which is… 

□  Predefined by a subject-matter expert 

□  Preconfigured for a specific run or set of experiments 

■  Requires only minimal configuration whilst enabling reproducibility 

Execution of GDPPs 
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■  Requirements 

□  Managed services 

□  Reproducibility 

□  Real-time data analysis of big data 

■  Restrictions 

□  Data privacy 

□  Data locality 

□  Volume of big medical data 

■  Solution? 

□  Federated In-Memory Database System vs. Cloud Computing 

Execution Environment for GDPPs 
Software Requirements in Life Sciences 
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Execution Environment for GDPPs 
Cloud vs. On-Premise? 
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Multiple Cloud Service Providers 
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A Single Service Provider 
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Multiple Sites Forming the 
Federated In-Memory Database System 
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Network Setup 
Site-to-Site VPN 
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Federated In-Memory Database (FIMDB) 
Incorporating Local Compute Resources 
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■  File System 

□  Managed services directory 

□  OS binaries statically compiled for individual platforms 

■  Database 

□  In-memory database landscape 

□  Stored procedures and database algorithms 

□  Master application data 

Provided by the Cloud Service Provider 
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1.  Establish site-to-site VPN connection b/w site and 
cloud service provider 

2.  Mount remote services directory 

3.  Install and configure local IMDB instance from 
services directory 

4.  Subscribe to and configure selected managed service 

Setup of a New Client 
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■  Supports parallel query execution 

■  Protects sensitive data 

■  Brings algorithms to data 

Data Partitioning 
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Scheduling and Execution of GDPPs 

Use Case Oncology Data 
Management 

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 

Data Management for 
Digital Health, Summer 
2017  

Use Case Oncology 
Data Management 

37 



Coordination Layer 
Scheduler 
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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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■  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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■  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 



■  FIMDB provides (smaller) algorithms to (larger) data 

■  Forms a single virtual database across sites and locations 

■  Master data managed by service provider whilst sensitive data resides locally 

FIMDB Comparison 
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Pros Cons 

Single database license Complex operation 

Easy to consume services Single setup required 

Query propagation by IMDB 


