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Big data - Business point of view
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Big Data
Big data is being generated by everything around us at all times. Every digital process and 
social media exchange produces it. Systems, sensors and mobile devices transmit it. 
!

What differentiates big data from traditional business data? 

• Business data is typically well structured, created by specifically 
designed business applications and processes (like CRM, ERP or HR 
systems), and managed in relational databases within the organization 

• Big data is the data arriving from multiple external and/or internal sources 
at an alarming Velocity, Volume and Variety, typically not created by 
business applications and processes, not well organized or structured, 
and not stored in relational databases.

!

To extract meaningful value from big data, you need optimal processing power, analytics 
capabilities and skills.
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What is changing in the realm of big data?

Competitive advantage 

Data is emerging as the 

world's newest resource for 
competitive advantage.

Decision making  
Decision making is moving 

from the elite few to the 
empowered many.

Value of data  
As the value of data 

continues to grow, current 
systems won't keep pace.

Big data is changing the way people within organizations work together. It is creating 
a new culture in which business and IT leaders must join forces to realize value from 
all data. Insights from big data can enable all employees to make better decisions —
deepening customer engagement, optimizing operations, preventing threats and 
fraud, and capitalizing on new sources of revenue.

!

Escalating demand for insights from big data requires a fundamentally new approaches 
to architecture, tools and practices.
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Smarter Public Safety

Smart WaterSmarter Healthcare

Smarter Retail

Smarter TelecomSmarter ProcessesSmarter Traffic

Smarter Finance

Smarter Cities Smarter Grids

Smarter EducationSmarter Living

Big Data & Analytics are making the world Smarter
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Real world big data use cases

http://www.ibm.com/analytics/us/en/case-studies.html
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Real world big data use cases
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Customer Experience 

Product differentiation 

Cost avoidance / productivity  

New Revenue generation 

Improved, real-time customer 
interaction

Revenue from new applications 
and services

Reductions in warranty related 
costs (e.g. recalls) due to remote 
diagnostics

Differentiation opportunities from 
content & service perspective 
(functionality)

Customer Experience

The benefits of connected people and devices will change over time, as connectivity 
becomes commodity and through higher experience & demand of the real value

The Real Value of Big Data
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How can businesses realize the value of big data?
New skills are needed to fully harness the power of big data. Though courses are being offered to prepare a new generation 
of big data experts, it will take some time to get them into the workforce. Meanwhile, leading organizations are developing 
new roles, focusing on key challenges and creating new business models to gain the most from big data.

Discovering the new role of data scientist 
Gartner finds that by end 2015, the demand for data and analytics 
resources will reach 4.4 million jobs globally, but only one-third of those 
jobs will be filled. The emerging role of data scientist is meant to fill that 
skills gap. 
!

Being proactive about privacy, security and governance 
While big data can provide significant value, it also presents significant 
risk. Organizations must be proactive about privacy, security and 
governance to ensure all data and insights are protected and secure. 
!

Create new business models with big data 
From data-driven marketing and ad-targeting to the connected car and 
smart buildings, big data is fueling product innovation and new revenue 
opportunities for many organizations.
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Questions to You

• What are the charasteristics of big data? 

• What is the value of big data? 

• What are the challenges with big data?
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Big data - Information systems point of view
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But first, some key technologies you’ll need to understand…
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Relational Database (“SQL data store”)
Relational databases stores data in series of tables (relations) with pre-defined data 
structure (attributes) and well defined data types (type of value). In other words, rows 
in tables define records and columns in tables define fields (or attributes) for that 
record. As result, each record in a table must share the same set of attributes. Another 
feature of relational database is “relationships” between the tables, meaning that 
records in different tables can be linked together by matching values in key columns 
(e.g primary keys). 
Well-defined Structured Query Language (SQL) is used to maintain and query the 
database. Database functions and procedures are used to perform processes and 
calculations on data. 
These well-defined charasteristics of relational databases makes them well suitable for 
storing and processing numeric data and allow them to be optimized in number of 
different ways to increase performance. 
Relational databases are not well suitable, however, to store unstructured information 
(such as text, audio, video), large amounts of data (petabytes) or data that requires 
flexibility in it’s structure (like generic sensor data). 
!

Examples: IBM DB2, Oracle, Microsoft SQL, mySQL

SELECT B.Title, A.AuthorName from BOOKS 
B, AUTHORS A where PUBLISHERS.PubID 
in ’03-4859223’

Title AuthorName

Fluid Dynamics of Aquaducts Sally Hemmings

Primary Key

Primary Key Foreign Key Foreign Key

Primary Key
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Key-Value Database (“noSQL” data store)
A key-value store, or key-value database, is a data storage paradigm 
designed for storing, retrieving, and managing associative arrays, a 
data structure more commonly known today as a dictionary or hash. 
Dictionaries contain a collection of objects, or records, which in turn 
have many different fields within them, each containing data. These 
records are stored and retrieved using a key that uniquely identifies the 
record, and is used to quickly find the data within the database. 
Key-value systems treat the data as a single opaque collection which 
may have different fields for every record. This offers considerable 
flexibility and more closely follows modern concepts like object-
oriented programming. Because optional values are not represented by 
“placeholders” in the structure, as in most RDBs, key-value stores often 
use far less memory to store the same database, which can lead to 
large performance gains in certain workloads. Data is maintained and 
queried by applications using the database programming interfaces, e.g 
REST API (http).  
Key-value stores are not well suitable for storing data that requires high 
performance in numeric calculations and, due to lack of pre-defined 
structure, they tend to duplicate data. 
!

Examples: Cloudant, MongoDb

{ “ISBN” : ”2-35921-499-4”, 
  “Title” : ”Fluid Dynamics of Aquaducts”, 
  “Date” : 1952, 
  “Publisher” :  [ 
   { “PubID” : ”03-4859223”, 
 “PublisherName” : ”O’Reilly Press”, 
 “PubAddress” : ”77 Boston Ave, Cambridge”}], 
   “Author” : [ 
    { “AuthorID” : ”454-22-4012”, 
      “AuthorName” : ”Sally Hemmings”, 
  “AuthorBDay” : ”12-Sept-70”}] 
} 
{ “ISBN” : ”1-34532-482-1”, 
  “Title” : ”Cold Fusion for Dummies”, 
  “Revision” : 2, 
  “Date” : 1990, 
  “Publisher” :  [ 
   { “PubID” : ”03-4472822”, 
 “PublisherName” : ”Random House”, 
 “PubAddress” : ”123 4th Street, New York”}], 
   “Author” : [ 
    { “AuthorID” : ”345-28-2938”, 
      “AuthorName” : ”Haile Selassie”, 
  “AuthorBDay” : ”14-Aug-92”, 
      “AuthorTitle” : “Mr”}] 
} 

e.g JSON format:
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Hadoop and MapReduce

Map 1 Map 2

Reduce

MapReduce parallel processing (multiply sequences of the file):

Traditional serial processing (single file):

Sources: 
http://www-01.ibm.com/software/ebusiness/jstart/hadoop/ 

http://www.techspot.co.in/2011/07/mapreduce-for-dummies.html

file:

seq 1:

seq 2:

Hadoop is an open source Apache project and framework 
technology for distributed computing that addresses 
data intensive analytic needs in big data domain. 
Allows storing of vast amounts of data in any format on a 
distributed Hadoop File System (HDFS), to be processed 
with massively parallel MapReduce programming 
model for enhanced analytic review. 
Can be integrated with other technologies which 
enhance gathering, analysis, text analytics and 
visualization of massive data sets

Examples: 
Apache Hadoop, 
IBM BigInsights, 
Hortonworks, 
Cloudera, MapR

http://www-01.ibm.com/software/ebusiness/jstart/hadoop/
http://www.techspot.co.in/2011/07/mapreduce-for-dummies.html
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MapReduce on top of Hadoop

MapReduce

Oozie 
(workflow)

Pig 
(scripting)

Mahout 
(machine learning)

R connectors 
(statistics)

Apache Hadoop-HDFS

Apache Hadoop-YARN Resource 
management

Storage 
management

Compute 
layerSlave node 1 …

Hive 
(querying)
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Big Text 
(text analytics)

Big SQL 
(SQL)

Slave node 2 Slave node n

+ BigInsights Data ScientistOpen Platform with Apache Hadoop

Enterprise Management 
and Security

GPFS-FPO

Adaptive  
MapReduce

Big Sheets 
(visual editor)

Big R 
(machine 
learning)

+ BigInsights Analyst

+ BigInsights Enterprise
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• Reliability 
• Resiliency 
• Security

• Multiple data sources 
• Multiple applications 
• Multiple users

Hadoop Advantages

• Files 
• Semi-structured 
• Databases

Unlimited Scale

Enterprise Platform

Wide Range of !
Data Formats
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MapReduce Challenges

• Need deep Java skills 
• Few abstractions available for 
analysts

• No in-memory framework 
• Application tasks write to disk 
with each cycle

• Only suitable for batch 
workloads 

• Rigid processing model

Disk-based Performance

Ease of Development

Combine Workflows
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Spark on Hadoop

Apache Spark

Spark SQL Spark 
Streaming GraphX MLlib SparkR

Apache Hadoop-HDFS

Apache Hadoop-YARN Resource 
management

Storage 
management

Compute 
layerSlave node 1 Slave node 2 Slave node n…

Spark support 
(with BigInsights)

+ BigInsights

Open Source Apache Hadoop and Spark
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Apache Spark in IBM Bluemix cloud
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In-Memory Performance

Ease of Development• Easier APIs 
• Python, Scala, Java

• Resilient Distributed Datasets 
• Unify processing 
• 10 to 100 times faster than 
MapReduce

Apache Spark Advantages

• Batch 
• Interactive 
• Iterative algorithms 
• Micro-batch

Combine Workflows
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Unstructured Information Management Architecture (UIMA)
• UIMA is an open standard (OASIS) to 

manage unstructured data. 
• Typical use case for UIMA is text 

analytics, i.e to create a structure 
upon an unstructured information. 

• Annotators are developed to process 
the information. 

• Information sources (and targets) can 
be relational databases, noSQL 
datastores, HDFS etc. 
!

• Examples: 
Apache UIMA 
IBM Watson Content Analytics
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UIMA with Hadoop

Web Page 
Crawler

File System 
Crawler

Email 
Crawler

        
 
        
 
CAS 

Text            
Index        

Triple 
Store

Relational 
Database

Input Output

Watson Content 
AnalyticsStructured and U

nstructured C
ontent

doc, pdf,
html, txt

file systems

web pages

databases

UIMA Pipeline

Hadoop / BigInsights

Global 
custom 
anlysis

Individual 
documents 
processing

Hadoop/MapReduce

        
 
        
 
CAS 

HDFS/GPFS-FPOOther/custom data capture, data transfer
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! Stream Computing (or Realtime Analytic Processing) is a 
technology to continuously analyze massive volumes of 
streaming data in near real-time 

! In addition to capture streams of data from network, data 
sources can also include persistent data stores, such as 
relational databases, noSQL databases, Hadoop etc. 

! A stream computing system is typically capable of receiving 
hundreds of thousands transactions per second, and can 
leverage sub-millisecond latencies in analytics to 
immediately react upon events and trends 

! Can perform complex but fast analytics of heterogeneous 
data types including text, images, audio, voice, VoIP, video, 
police scanners, web traffic, email, GPS data, financial 
transaction data, satellite data, sensors, and any other type of 
digital information 

! Can adapt to rapidly changing data forms and types. 
! Examples: IBM Streams

Stream Computing
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Predictive Analytics and Stream Computing in HealthcarePredictive Analytics and Stream 
Computing in Healthcare

Capabilities: 

• IBM Stream Computing 
• IBM SPSS Predictive Analytics 

Real-time analytics and correlations on physiological 
data streams  

Heart Rate deviation, Blood pressure, Temperature, EKG, 
Blood oxygen saturation etc., 
 

Improvements: 
 
Early detection of the onset of potentially life-
threatening conditions, up to 24 hours earlier than 
current medical practices  

Early intervention leads to lower patient morbidity and 
better long term outcomes  

Technology also enables physicians to verify new 
clinical hypotheses

© 2014 IBM Corporation
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Asian telco reduces  
billing costs and improves 
customer satisfaction

Capabilities: 
!
IBM Stream Computing 
Analytic Accelerators 
!
!
Real-time mediation and analysis of 
6B CDRs per day 
!
Improvements: 
!
Data processing time reduced from 
12 hrs to 1 sec 
!
Hardware cost reduced to 1/8th 

!
Proactively address issues (e.g. dropped calls) 
impacting customer satisfaction.

© 2014 IBM Corporation
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Streams Analytic Accelerators

Mining in 
Microseconds

Image & Video

Simple & Advanced 
Text Analytics Acoustic

Geospatial

Predictive

Advanced Mathematical 
Models

Statistics

Text 
(listen, verb),  
(radio, noun)
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Information management architectures for big data …
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Systems  
of Record

• Drive every decision  
• Fuel every interaction 
• Power every process 

Systems of 
Insight

Systems of 
Engagement

Systems of Insight create New Value 
New/Enhanced 

ApplicationsAny Data

Managing enterprise 
transactions and data

Using analytics to 
create new insights

Providing user experience, 
engaging customers/employees
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Simplified Big data Reference Architecture

Systems of Insight
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1. Traditional business information systems

Business Data

Aggregated data

Master data
Data Warehouses

Enterprise data

Raw business data

Reporting data

Data MartsEDW

Business function 
specific data
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Master Data

Management & 
Planning (BI, CPM)
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Source Data
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• The focus is to deliver application independent, trusted information to the business (decision making process) 
• DW: Based on well structured data, organized in Relational Databases (SQL-based) 
• BI: “How are we doing”? “Why is it so”? “What should we do about it”?
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Business Data

Aggregated data

Master data
Data Warehouses

Enterprise data

Raw business data

Reporting and 
Analytics data

Analytic  
Data Marts

EDW

Business function 
specific data
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Advanced Analytics

Predictions, 
Scoring

Classification,!
Segmentation

Predictive

Enriched data
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PI
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API’s

Predictive / 
Preventive 

Management & 
Planning (BI, PM)

Enriched 
Services and 
Applications

Predictive 
Approach

Smarter 
Services

Smarter Services
2. Adding analytics for more insight

• The focus is on being able to derive more insight from data 
(business optimization) 

• Enrich existing data with predictive approach 
• PA: “More insight”? “What might happen in future”? “Next best action”? 
• DW: Increase power & speed for analytic workloads

Realtime 
Anomalies 
Detection
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Raw Data Landing Zone & 
Pre-Processing 

(Hadoop)
Machine data, 
Social data, 

Unstructured data, 
Long term data Archive

Collected 
data

Streaming 
data

Big Data Advanced Analytics
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API’s

MQTT

Big Data Processing

Realtime 
Anomalies 
Detection

Predictions, 
Scoring

Classification,!
Segmentation

Realtime Analytic Processing 
(Streams)

Predictive

Raw & processed dataTransactions!
Messages

Business Data

Data Warehouses

Enterprise data Reporting and 
Analytics data

Analytic!
Data Marts

EDW
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Predictive / 
Preventive 

Management & 
Planning (BI, PM)

Enriched 
Services and 
Applications

New Services

New Approach

New Services

Big SQL

Big SQL
Big SQL

Aggregated data

Master data

Raw business data

Business function 
specific data

Enriched data

3. Adding new 
 data sources

• The focus is on being able 
to analyze Any/All data and 
take big data approach in 
order to differentiate, stay 
ahead and create new 
business models (business 
innovation) 

• DW & Streams: 
Dynamic data warehousing 
with added noSQL and 
Streaming data processing 
capabilities to handle 
Volume, Variety and Velocity 
of data

Big SQL

Big SQL
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Example of operational analytics, supporting big data sources

Replicated 
data

Streaming 
data

Data sources
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API’sRealtime 
Anomalies 
Detection

Predictions, 
Scoring

Classification,!
Segmentation

Realtime Analytic Processing 
(Streams)

Predictive Analytics!
(SPSS)

Enterprise Data

Predictive Maintenance  
and Quality (PMQ)

Smarter Products, !
Services and Applications

Forward Looking!
Business Intelligence

Environmental 
and conditional 

data

Sensors 
producing 

readings

Social Data  
Services

Customer 
Interactions

Unstructured 
Internal and 

Public Content

Raw Data Store  
(Hadoop)

Systems of Insight

Business Intelligence!
(Cognos)

Systems of Engagement

Analaytic Data Store 
(Relational, columnar, in-memory)

Text and Content 
Analytics

Data integration, 
replication and federation

Enterprise AppsSystems of Records
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Example data flow

Streaming 
Analytics

Predictive 
Analytics

Hadoop

Raw Data Predict and Classify

    Predictive 
Analytics

Data At-Rest Analysis

Data In-Motion Analysis

Store Results

Business 
Intelligence

Federated 
Navigation and 

Discovery

R
aw

 L
og

s 
an

d 
M

ac
hi

ne
 D

at
a

Capture Data Stream Identify Anomaly

Predict and Score

    Predictive 
Analytics

Analytic Data Warehouse

Aggregate Results

Automated 
Decision  

Management 
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Questions to You

• How can you analyze big data? What kinds of data? 
!

• Why can’t traditional business information systems handle big data very well? 
!

• What kind of architectural changes (or technologies) are needed in business 
information systems in order to start leveraging big data?
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Two examples of business solutions, leveraging big data



• Previous product searches 
• React upon offers 
• Activity 
• Personal preferences and 
habits

10% Sample Predict Persona Next

PERSONA_NEXT_BEST_AC

Predict Persona Next Format Scored Data PERSONA_NEXT_BEST_AC

Receive 10% off select Bamboo cutting 

boards. Valid today only!

Product availability, 
current campaigns etc

“THINGS”

• Analyze customer footprints – purchase history, in-store 
browsing, clickstream data, social media posts and other 
digital exhaust – to create a three dimensional customer view.

Predictive Customer Intelligence (PCI) Shopping & online 
browsing history

Targeted campaigns 
and actions

Realtime location, 
condition or event

“System of Insight”
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Chat

Voice Email

Social media

Interactive  
Voice Response

Mobile  
apps 

Short Message 
Service

Web

Big Data Sources
Predictive  

Customer Intelligence Enterprise Marketing
Multi-channel  

Customer Interactions

HOW? 
Interaction data 
• Email & chat transcriptions 
• Call center notes 
• Web clickstreams 
• In-person dialogues

WHY? 
Attitudinal data 
• Opinions 
• Preferences 
• Needs and desires

WHO? 
Descriptive data 
• Attributes 
• Characteristics 
• Self-declared information 
• Geographic demographics

WHAT? 
Behavioral data 
• Orders 
• Transactions 
• Payment history 
• Usage history

Acquisition models 

Campaign response models 

Churn models 

Customer lifetime value  
Market basket analysis 

Price sensitivity 

Product affinity models 
Segmentation models  
Sentiment models 

Up-sell / Cross-sell models 
Predictive Customer 
Intelligence available both 
inbound (real-time) and 
outbound (batch)

Campaigns 

Offers 

Messaging 

Lead Management 
Cross-channel 
Campaign Mgmt 
Real-time Marketing 

Marketing Event 
Detection 

Digital Marketing

Predictive Customer Intelligence (PCI)
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The Value of Predictive Customer Insight (PCI)
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Repair Build DesignOptimizeControl

“THINGS”

Predictive Maintenance and Quality (PMQ)

MQTT

• Analyzes asset & service data from 
multiple sources, predicts failures 
and events, and provides 
recommended (preventive) actions

Realtime location, 
condition or event

Data related to asset sales, components, 
service history and operations

“System of Insight”
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The Value of Predictive Maintenance & Quality

Optimize asset 
availability and life 

Smarter replacement 
and inspection 

Recover lost 
revenue 

Lower risk 
exposure 

Decrease loss 
of service 

Optimize labor and 
operations costs

Improve fuel cost 
efficiency 

Optimize workforce 
productivity  

Decrease planned & 
unplanned maintenance 

Reduce failures, 
maximize performance 

Improve customer 
satisfaction   

Reduce required 
compliance activity 
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Questions to You

• What types of applications or opportunities you’d see with big data? What would 
be required to make it happen? 
!

• What is the real value of big data? (for e.g people, society, business) 
!

• What obligations or responsibilities do you see around big data? (concerning e.g 
individuals, organizations, business, legal, technology…)



Big Data & Internet of Things

Internet of Things
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Health Care!
Monitor patients at home

Smart Scales!
Track health in outpatients,!

remote measurements

Connected Car!
Track location and status

Shipment Tracking!
End to end container tracking,!

prevent tampering

Smart Deliveries!
Track parcel, monitor and!

open door remotely on arrival

Improved Security!
Facial recognition,!
remote notification

Smart Buildings!
Maximum efficiency using presence!
detection, weather predictions and!

remote control

Mobile Transactions!
Mobile payments, 

signaling & controlling

Smart Metering!
Track and control usage

Vending Machines!
Conditions, shelf life,!

stock reporting

YOU

Internet of Things (IoT) connects Physical and Digital worlds
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 IoT Foundation

Prototype & Develop

Device Registration, Scalable Connectivity, Realtime Analytics, Historian

“Things”

Run in Premise!
 
!

Integrate with 
existing 

systems and 
data

IBM IoT Foundation, Bluemix and Softlayer

Runtimes, Applications, Data Stores, Analytics, DevOps, Mobile, Security…

Run in Cloud

REST APIs

Realtime MQTT APIsTwo-way realtime data

Bluemix
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bluemix.net 

Some demos

NodeRED

Recipes

http://bluemix.net
http://jriot.mybluemix.net/red/
http://bluemix.net
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Use case example: Context-Aware Systems of Insight (prototypes)

Digitraffic 
& Digiroad 

REST API or  
WebSocket

Digitransit 
REST API or  
WebSocket

Digitraffic & Digiroad. Real time traffic information 
for road and rail traffic, e.g travel time system, 
automatic measuring devices (LAM), road weather 
stations and road weather & surface cameras. 

Digitransit. Time table & travel guide for public 
transportation. Combines data from different 
providers (e.g HSL).

Provides HSL real-time public traffic information, 
exceptions, realtime vehicle information and routing 
statistics.

Reittiopas 
REST API or  
WebSocket

Insights for Weather 
Weather data analytics Linked 

Events 
REST API 

Linked Events providing 
categorized data on events 
and places for the Helsinki 
capital region.

IoT Foundation  
5-10 sec motion samples 
with MQTT messaging

Intelligent Mobile First 
applications

Bus 
tracking

Route 
planning

Road 
conditions

Locations, 
events

Train 
tracking

Geospatial Analytics 
Real-time geofencing, based 

on location, type-of-motion  
and prevailing conditions

API Management 
New API’s for intelligent 

alerting and notifications

Context 
Aware APIs

Returns context 
aware information, e.g. 
alerts and notifications

BigInsights Hadoop for raw & history 
data. Data mining & pre-processing with 

text analytics. User preferences & profiling. 
Data federation and enrichment of 

structured data.

Insights from Social Data 
Social sentiment analysis

© 2015 IBM Corporation

Predictive Analytics 
Association Rules, 
Pattern matching
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Use case example: Location & Condition aware Alerting & Notification

Streaming Analytics. Ingest, analyze, monitor, and correlate data 
streams as they arrive from real-time data sources. Analytic models 
for e.g. statistics, predictive, text, acoustic/sound and video.

Geospatial Analytics. Connect to data sources that support the 
MQTT protocol and monitor devices as they move into geographic 
regions of interest. Define geographic regions and control monitoring 
of regions using the geospatial application programming interface.

Predictive Analytics. SPSS analytics platform that developers and 
data scientists will use integrate predictive capabilities with 
applications (segmentation, scoring, classification, pattern detection, 
association rules, anomalies detection etc).

Explanation: 
Stream computing is used here with Geospatial Analysis to notify 
or alert people (or vehicles) as they enter (or leave) a region of 
interest under certain conditions. Location can be detected from 
GPS on a mobile device or in vehicle. Geospatial Regions can be 
created programmatically, based on events and conditions 
acquired from open API’s, user preferences and/or user input. 
!
Example types of Geospatial Regions: 
Road conditions, traffic conditions, service announcements, 
accidents, user alerts, help requests, business opportunities… 

Examples of Analytic services:
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API Management. Using existing API’s and creating new API’s 
for intelligent alerting and notifications



connected-car.mybluemix.net

Connected Car platform 
with MQTT messaging, Stream 
computing (Geospatial & Geofencing) 
and Mobile Apps for Predictive 
Maintenance etc.

http://connected-car.mybluemix.net
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IBM Bluemix & Node-RED

IBM Watson Analytics

IBM Bluemix Cloudant + dashDB 

Use case example: Predicting contest results based on Social Sentiment
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Big Data & Internet of Things

Thank You
Jukka Ruponen!
Business Analytics Architect 

jukka.ruponen@fi.ibm.com!
+358-40-725-6086


