
EXPLOITING SEMANTICS FOR BIG DATA 
INTEGRATION



WHAT IS THIS ARTICLE ABOUT?

 Exploiting  semantics to solve the problem of Big Data Variety

 An approach to integrate data from multiple types of sources

 Spreadsheet

 Relational databases

 Web services

 We address these variety using Karma 



KARMA

Main benefits 

 Allows import from a wide variety of sources

 Clean and normalize data

 Quickly build a model or sematic description of each 
source

 Integrate the data across sources using that model

Being used in..

 Biological data

 Phono data

 Geospatial data

 Cultural heritage data

 Environmental data



STRUCTURE

1. Importing

2. Cleaning 

3. Modeling

4. Integrating data

1. Problems Karma are still trying to fix

Challenges
& 

Solutions 

Presenter
Presentation Notes
First, we import data from any of a variety of sources, including databases, spreadsheets, or web services that provide XML or JSON.Second, we clean and normalize the data, identifying any outliers and normalizing the data such that the same formats are used across all of the related sources. Third, we create a semantic description of each source and the system attempts to automate as much of this source modeling process as possible.Fourth, we integrate the data by converting all records into a uniform format using the semantic descriptions and then integrating the data withinthis unified framework.



IMPORTING

Challenges 

 Importin different data formats into a common representation

 When the sources are large it is not possible to read an entire source into main memory

Presenter
Presentation Notes
Data sets come in different formats. One challenge in integrating diverse data sources is the ability to import different data formats into a common representation. A second challenge is that when the sources are large it is not possible to read an entire source into main memory.



1. IMPORTING

Solution

 Converting all data formats 
into a nested relational data 
model

 Data is represented in tables 
where cells can contain scalar 
values

 Karma imports XML 
documents similarly

Presenter
Presentation Notes
Karma addresses the format challenge by converting all data formats into a nested relational data modelData is represented in tables where cells can contain scalar valuesHere is a JSON FILE being converted into a nested relational model by karmaHere each attribute becomes a column and when an attribute contains arrays or objects, these become nested tablesKarma imports XML documents similarly



2. CLEANING

Challenges 

 Noisy data, missing values, and inconsistencies that need to be identified and fixed

 The data in different sources is often represented in different and incompatible ways

Presenter
Presentation Notes
Noisy data, missing values, and inconsistencies that need to be identified and fixedThe data in different sources is often represented in different and incompatible waysThe picturee shows both types of problems. The spreadsheet has missing values and inconsistent representatations for yearsFirs name last name



2. CLEANING

Solution 

 Karma helps find the 
inconsistent data by 
performing an analysis of the 
data distribution in each 
Colum

 The white bar shows the 
null values

 The red bar shows the 
frequency of outliers

Presenter
Presentation Notes
Karma helps find the inconsistent data by performing an analysis of the data distribution in each ColumThe white bar shows the null valuesThe red bar shows the frequency of outliersThis help users to quickly identify potential problems in a new data setThis approach to transforming the data allows a user to define the required transformations by simply working with the data not showing the system the desired result.



3. MODELING 

Challenges

 One of the main challenges of integrating diverse data sets is to harmonize their representation

 Nomenclature differences: Data sets from different providers often use different names to refer to attributes that 
have the same meaning.

 Format and structure differences: Different data sets come in different formats.

Presenter
Presentation Notes
One of the main challenges of integrating diverse data sets is to harmonize their representation. Even after we clean the data to normalize the values ofindividual attributes, we are left with two main problems.Nomenclature differences: Data sets from different privders often use different names to refer to attributes that have the same meaning.For eks. The Crystal Bridges spreadsheet has the artist names under   the "alphaSort" while the National Portrait Gallery has the artist names in the "artist" attrubute.Format and structure differences: different data sets come in differenet formats( relational, text,delimitided, Json xml osv…We need to convert all of these into a common table



3. MODELING

Solution

 In Karma, they address these differences by modeling all the data sets with respect to a common ontology

 This involves two steps

 Assignment of sematic types to data columns

 Specification of the relationships between the semantic types

 Learning from previously defined models 

 Learning coherent substructures 

 This model greatly reduces the effort needed to create new models

Presenter
Presentation Notes
In Karma, they address these differences by modeling all the data sets with respect to a common ontologyThis involves two stepsAssignment of sematic types to data columnsSpecification of the relationships between the semantic typesKarma uses a conditional random field to learn the assignment sematic types to data field based on prior user provided assignmentsKarma improves the accuracy of its automatic modeling by learning from previously defined models for other sources in the same domain.The system does this by learning coherent substructures both semantic types and the relationships among them.This model greatly reduces the effort needed to create new models and make it practical to create models for a large number of sources



4. INTEGRATING DATA

 Challenges

Involves 2 steps

1. At the schema level, it involves homogenizing differences in the schemas and nomenclature used to represent 
the data.

2. The second integration at the data level involves identifying records in different data sets that refer to the same 
real-world entity

 Karma focuses on the schema level integration problem



4. INTEGRATING 
DATA

Karmas solution

 Using a common domain ontology

 Once the user models them 
using the CRM ontology, 
Karma can convert the data 
into RDF using a common set 
of terms

 Museum example:

 Can be easily queried using 
SPARQL

 Karma can also convert the 
data to CSV

 The advantage is that the 
converted data up to date 
from the database

Presenter
Presentation Notes
Karmas solutionOnce users model their data sets using a common domain ontology, karma can use these models to convert the data into the schema defined by the domain ontology.For example if a data from a museum is represented in JSON and data for another is represented in a Excel spreadsheet, with different names attributes and columnsOnce the user models them using the CRM ontology, Karma can convert the data into RDF using a common set of termsAs seen in table 1 were we have sample records from 2 museums, they are now represented in a common schema. Once the data is converted into rdf using the same ontology, it can be easily queried using SPARQLKarma can also convert the data to CSV format or load it into a  relational databaseThe advantage is that the converted data up to date from the database



KARMA IS NOT PERFECT…

 Karma focuses on integrating sources at the schema level, but there is an equally important problem of linking the 
data at he record level.

 The article focuses on the issue of variety and did not address the issues of volume and velocity, which are the 
other key dimensions of big data.

Presenter
Presentation Notes
Karma focuses on integrating sources at the schema level, but there is an equally important problem of linking the data at he record level.The way they want to fix this is by working to integrate record linkage algorithms directly into karma and building visualization tolls that allow a user to see the results of the linking process and curate the resultsThis will there for support the large scale construction of high-quality linked dataThe article focuses on the issue of variety and did not address the issues of volume and velocity, which are the other key dimensions of big data.To solve this problem they are currently trying to build  a cloud-based execution system for karma. 
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