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Zurich University of Applied Sciences ZHAW 

Switzerland’s biggest fully-featured university of applied sciences

From Stockholm, Sweden to Zurich, Switzerland it’s 1,902 km and 
it takes 102 hours by bike
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Our Most Famous Lecturer

1901: Albert Einstein
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Outline

• The Data Promise and the Problem

• Need for Novel Tools to Explore Data

• Experience in Building Systems for Intelligent Data Exploration

• Bio-SODA: Natural Language to SPARQL without Neural Networks

• ValueNet: Natural Language to SQL with Neural Networks
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●Many different data sets are generated by users, systems and sensors
●Many processes are increasingly more data-driven
●Many aspects of our lives are in fact more data-driven

The Data Promise

Data is the new oil … but we need the right tools to leverage it!

Source: Georgia Koutrika, Athena Research Center
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• Astrophysics:
• Massive amounts of data about galaxies in relational databases to study star formations

▶ Understanding hundreds of database tables with thousands of attributes is very hard

Data-Intensive Use Cases 

• Cancer Biomarker Research:
• Very complex data sets to allow integration of cancer biomarkers to study cancer types
• ~50,000 human genes and ~3 million base pairs

▶ Datasets are very hard to analyze for domain experts 

• Research & Innovation Policy Making:
• Many heterogeneous database of EU projects

▶ Datasets are hard to analyze and understand for non-technical experts

Need for novel approaches and tools 
to access and understand data 
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Why is this relevant for the distributed systems or network community?
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Network Traffic Analysis at Supercomputing in 2006

Stockinger, K., Bethel, E. W., Campbell, S., Dart, E., & Wu, K. (2006). Detecting Distributed Scans Using High-Performance Query-Driven Visualization. In SC Conference.
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Network Traffic Analysis

• Very data-intensive

• Need smart way of analyzing data to avoid intrusions 

• Problems are “similar” to other data-intensive disciplines
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Limitations of Existing Data Exploration Tools
1. INPUT

● Limited Query Exploration Capabilities

● Knowledge of SQL (or SPARQL, etc)
● Knowledge of the database schema
● Well-formed information needs

1SQL = Structured Query Language for relational databases
2SPARQL = SPARQL Protocol and RDF Query Language for graph databases

Source: Georgia Koutrika, Athena Research Center
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Limitations of Existing Data Exploration Tools
2. OUTPUT

● No interpretation of results
● No explanation of system choices/answers
● No clue how to proceed next

Source: Georgia Koutrika, Athena Research Center
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Limitations of Existing Data Exploration Tools
3. DATA

● Hard to find new related sources
● Hard to link and query new related 

sources

Source: Georgia Koutrika, Athena Research Center
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Needs of Scientists and Business Analysts
Need for novel approaches and tools to access and understand data

Cancer Biomarker Research

Allow users to query other annotation sources 
Enable ontology-based data integration and access 

Research and Innovation Policy Making

Enable powerful queries by even non-technical 
users, who are the majority in R&I use cases.

Astrophysics

Make the interface to data as natural as possible to 
allow us formulate our scientific questions .

Source: Georgia Koutrika, Athena Research Center
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Requirements/Challenges

1. Data accessibility: 
Enable more natural interfaces to data.

1. User guidance: 
Offer guidance to users to understand the data and formulate the right queries.

1. Data discovery and linking: 

Allow linking and combining data sets to generate rich information and insights. 
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Outline

• The Data Promise and the Problem

• Need for Novel Tools to Explore Data

• Experience in Building Systems for Intelligent Data Exploration

• Bio-SODA: Natural Language to SPARQL without Neural Networks

• ValueNet: Natural Language to SQL with Neural Networks
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Natural Language Interfaces to Data:
Building Data Systems with Academia and Industry
• SODA – Search Over Data Warehouse:

• ("Future ZHAW employee" + Credit Suisse + ETH Zurich)
• Accessing business data warehouses in natural language

• Bio-SODA:
• (ZHAW + Swiss Institute of Bioinformatics)
• Accessing bioinformatics databases in natural language

• NQuest - Natural Language Query Exploration System:
• (ZHAW + Zurich Startup Veezoo)
• Accessing databases and (partially) machine learning in natural language

• INODE – Intelligent Open Data Exploration System
• (ZHAW + 8 partners in Europe)
• Exploring structured and unstructured data in natural language

References are given after the conclusions
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INODE – Intelligent Open Data Exploration
http://www.inode-project.eu/

• Users should interact with data in a more 
dialectic and intuitive way similar to a dialog with a 
human

• Services for exploration of open data sets that help 
users: 
• Link and leverage multiple datasets
• Access and search data using natural language, 

using examples and using analytics 
• Get guidance from the system in understanding the 

data and formulating the right queries 
• Explore data and discover new insights through 

visualizations
• Focus on Astrophysics, Cancer Biomarker Research 

and Research & Innovation Policy Making 
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INODE Architecture
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Bio-SODA: Building a Natural Language-to-SPARQL System 
without Neural Networks
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The Current Way of Querying Graph Databases in Bioinformatics

Assume that we have a graph database about drugs and diseases
A typical question could be:

• What are the drugs for diseases associated with the brca1 genes?

• Answering the question would require the following SPARQL2 query:

1brca refers to breast cancer
2SPARQL = SPARQL Protocol and RDF Query Language for graph databases
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The Bio-SODA Way of Querying Graph Databases

14.06.21

Question

Answer

1QALD-4: Benchmark for Question Answering over Linked Data

.Sima, A. C., de Farias, T. M., Anisimova, M., Dessimoz, C., Robinson-Rechavi, M., Zbinden, E., & Stockinger, K. (2021). Bio-SODA: Enabling Natural Language Question Answering over Knowledge Graphs
without Training Data., International Conference on Scientific and Statistical DatabaseManagement (SSDBM), 2021
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The Graph Data Model
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• We can use basic concepts of information retrieval to search the search:

• Build inverted index on all data stored in the database
• Use the inverted index to find matches between the query and the database
• Use the graph structure to find connections between data

• Essentially the translation task is a pattern matching problem – no learning required

Intuition for Translating from Natural Language to SPARQL
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Example of an Inverted Index
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The Bio-SODA Approach #1
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The Bio-SODA Approach #2
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The Bio-SODA Approach #3
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Evaluation of Bio-SODA for Question Answering

Bio-SODA significantly outperforms state of the 
art systems for large and complex  datasets
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ValueNet: Building a Natural Language-to-SQL System 
with Neural Networks
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Querying a Relational Database in Natural Language
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ValueNet: A Transformer-Based Neural Network 
Architecture
• Generate SQL given a natural language 

question – end to end

• At its core a neural network – consisting of an 
encoder / decoder architecture

• Generates an intermediate language – SemQL
– which abstracts technical details

• SemQL is deterministically transformed to 
SQL, or any other query language (e.g. 
SPARQL)

• Uses state of the art pre-trained transformers 
to understand the natural language question.

Brunner, U., & Stockinger, K. (2021). ValueNet: A Neural Text-to-SQL Architecture Incorporating Values. International Conference on Data Engineering (ICDE), Chania, Greece, 19-22 April 2021.
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Encoding of Question & Database Schema
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Decoder Recurrent Neural Network: 
Decoding a Query Step by Step #1

Root

Select(“one 
column”) Filter(“=”)
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Root

Select(“one 
column”) Filter(“=“)

A(“none”)

C(“inst_name”) T(“institutions”)

A(“none”)

C(“c_name”) T(“countries”) V(“Italy”)

Decoder Recurrent Neural Network: 
Decoding a Query Step by Step #2
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Evaluation of ValueNet for Question Answering

ValueNet outperformed initial
state of the art systems 

• Spider dataset: 200 publicly available databases with 10,181 natural language / SQL pairs
• Training set: 8,659 queries
• Validation set: 1,304 queries
• No access to test set 
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INODE in Action – A Natural Language Dialog with System Feedback
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ValueNet at INODE Demo by Kate Kosten, 
Zurich University of Applied Sciences
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Conclusions and Further Information

• Building intelligent systems is not only fun but also enables access to data for a wide range of (non)-
technical users

• We understand data faster and can also use it faster to generate scientific results or business value

• Further information:

• http://www.inode-project.eu/

• https://www.linkedin.com/in/project-inode/

• Amer-Yahia, S., Koutrika, G., Bastian, F., Belmpas, T., Braschler, M., Brunner, U., ... & 
Stockinger, K. (2021). INODE: Building an End-to-End Data Exploration System in Practice 
[Extended Vision]. https://arxiv.org/abs/2104.04194

http://www.inode-project.eu/
https://www.linkedin.com/in/project-inode/
https://arxiv.org/abs/2104.04194
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