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	QUESTION ONE

	a)
	What is Big Data? Explain characteristics of Big Data, discuss it in terms of the five V’s dimensions, Volume, Velocity, Variety, Veracity and Variability.  

	(15 marks)

	b)
	Discuss the benefits and challenges associated with Big Data. Big Data Analytics can be useful in the development of smart cities. (Discuss one application)

	(15 marks)

	
	
	




	[bookmark: page3]QUESTION TWO

	a)
	Explain core architecture of Hadoop with suitable block diagram. Discuss role of each component in detail.
	(10 marks)

	b)
	Discuss role of each component of the Hadoop Ecosystem in detail. 
	(10 marks)

	c)
	What are the advantages and disadvantages of Hadoop framework?
	(10 marks)




	QUESTION THREE

	a)
	Explain clearly the concept of a data warehouse and the main steps required for constructing a data warehouse.  
	(10 marks)

	b)
	Explain the meaning of star schema and snowflake schema in relation to a data warehouse
	(10 marks)

	c)
	What is a data cube? Explain the OLAP operations roll up and drill down, slice and dice in relation to a data cube.
	(10 marks)









Question 1
What is Big Data?
· Big data is a term that describes the large volume of data – 
· Both structured and unstructured 
· Inundates a business on a day-to-day basis. 
· But it’s not the amount of data that’s important but its value. 
· Big data can be analysed for better decisions.

Big Data characteristics 
Velocity: 
· Speed at which vast amounts of data are being generated, collected and analysed.  
Volume: 
· Volume refers to the incredible amounts of data generated 
· Data have become so large  we can no longer store and analyse data using traditional database 
· We now use distributed systems
· Parts of the data is stored in different locations, brought together by software.  
Value:
· Worth of the data being extracted.  
· Unless it can be turned into value it is useless.  
· While there is a clear link between data and insights, this does not always mean there is value in important to understand the costs and benefits of collecting and analysing the data 
Variety
· Different types of data we can now use.  
· Structured data (name, phone number, address, financials, etc) 
· Unstructured.  In fact, 80% of all the world’s data fits into this category, including photos, video sequences, social media updates, etc.  
Veracity
· Veracity is the quality or trustworthiness of the data.  
· Just how accurate is this data?  

Big Data Challenges:
· Dealing with data growth
· Generating insights in a timely manner
· Recruiting and retaining big data talent
· Integrating disparate data sources
· Validating data
· Securing big data
· Organizational resistance
Smart Cities
· Security
· City Planning
· Transport
· Traffic
· Power Management
· Water management
· Waste management
· Safety
· IOT



Question 2
Hadoop core architecture
· Two major components
· HDFS Hadoop Distributed File system
· Runs on top of existing file systems
· Designed to handle very large files 
· Designed for Sequentially Data access
· Uses BLOCKs to store files or parts of files
· HDFS Nodes
· NameNode
· Only one Name-Node
· Manages the file system Namespace
· Single point of failure
· DataNode
· Many per Hadoop Cluster
· Mages blocks of data
· Use inexpensive hardware

· MapReduce (Preforms forms calcalations on data)
· Based on paper form the Google Map reduce systems
· MapReduce consists of two parts
· Map (Map Tasks run parallel with each other)
· Reduce (Reduce Tasks run parallel with each other)
· MapReduce Nodes
· Job-Tracker Node
· Manages MapReduce jobs
· Only one per cluster
· Receives jobs requests form client
· Schedules and Monitors Jobs and tasks
· Monitor any failing task and reschedules
· Task-Tracker Node
· Executes MapReduce Operations
Many per cluster
· To achieve parallelism, there are any task tracked a cluster
Terms
· Node: 	Commuter. non-enterprise commodity HW for nodes that contain data
· Rack: 	Collection of nodes. Physically connected together on the same NW switch 
· Cluster:	Collection of Racks
· Blocks:
· 128MB block size
· 1 HDFS block can contain multiple OS Blocks
· Fixed size easy to calculate how many fit on a disk
· File can be larger than any single disk
· Block work well with duplication makes HDFS fault tolerant
· Bock replicated on Multiple Nodes (allows for node failure without data loss)
· e.g.: Block 1 (Node1,3),  Block 2 (Node2,1),  Block 3 (Node3,2)




Hadoop Ecosystem

YARN: 
· Yet Another Resource Negotiator, as the name implies, 
· Manage the resources across the clusters. 
· Consists of three major components 
· Resource manager has the privilege of allocating resources for the applications in a system whereas
·  Node managers work on the allocation of resources such as CPU, memory, bandwidth per machine and later on acknowledges the resource manager. 
· Application manager works as an interface between the resource manager and node manager and performs negotiations as per the requirement of the two.
PIG: 
· Pig Latin language
· Query based language similar to SQL. 
· Pig helps to achieve ease of programming and optimization and hence is a major segment of the Hadoop Ecosystem.
HIVE: 
· Performs reading and writing of large data sets. called as HQL (Hive Query Language).
· It is highly scalable as it allows real-time processing and batch processing both. 
· All the SQL datatypes are supported by Hive 
· Data Processing Services using Query (SQL-like)
HBase: 
· It’s a NoSQL database which supports all kinds of data and thus capable of handling anything of Hadoop Database. 
· It provides capabilities of Google’s BigTable, thus able to work on Big Data sets effectively.
Sqoop
· Imports data from external sources into related Hadoop. 
· Exports data from Hadoop to other external sources. 
· Sqoop works with relational databases.



Hadoop Advantages and Disadvantages
Advantages 
Scalable: 
· Highly scalable storage platform, 
· Stores and distribute very large data sets across inexpensive servers 
· Operate in parallel. 
· Thousands of nodes involving many thousands of terabytes of data.
Cost effective
· Hadoop also offers a cost effective storage solution for businesses
Flexible
· Hadoop enables businesses to easily access new data sources 
· Tap into different types of data (both structured and unstructured) 
· Derive valuable business insights from data sources such as social media, email conversations. 
Fast
· Based on a distributed file system that basically ‘maps’ data wherever it is located on a cluster. 
· Tools for data processing on same servers as data resulting in much faster data processing.
· Deal with large volumes of unstructured data
· Able to efficiently process terabytes of data in just minutes, and petabytes in hours.
Resilient to failure
· Hadoop is its fault tolerance. 
· data is also replicated to other nodes in the cluster
· In the event of failure, there is another copy available for use.

Disadvantages of Hadoop:
Security Concerns
· Vulnerable By Nature
· Written Java, has been heavily exploited by cybercriminals and as a result
· Implicated in numerous security breaches.

Not Fit for Small Data
· Big data platforms are suited for small data needs.
· Can’t efficiently support the random reading of small files. 

Potential Stability Issues
· Like all open source software
· Stability issues free versions


Question 3
Data warehouse 
· A system used for reporting and data analysis.
· Central repositories of integrated data from one or more disparate sources. 
· Stores current and historical data in one single place.
· Used for creating analytical reports.

Construction
· Gathering Requirements for Data Warehouse implementation and design
· Determination of the physical environment for ETL, OLAP and database
· Data modelling using Star Schema or Snowflake approach
· Extract, Transform, Load (ETL)
· Designing OLAP
· Front-End Design
· Dashboard Design
· Report Design 

Star Snowflake
· Star Schema: 
· Centralized fact table which is connected to multiple dimensions. 
· Dimensions are demoralised with each dimension represented by a single table. 
· Join logic is generally simple. 
· Snowflake Schema: 
· Dimensions are normalized into multiple related tables. 
· Snowflake schema needs complex join logic. 

Data Cube OLAP
· Data Cube:
· Data cube is a multidimensional array of dataset. 
· Each cell of the cube holds a number that represents some measure of the business, such as sales, profits, expenses, budget and forecast and is related to one of the values from each of the dimensions present in the dataset. 
· Each dimension represents some attribute with some hierarchy and aggregates.

· Roll up Drill Down, Slice and Dice
· Slice is the operation performing a selection on one dimension of the given cube, resulting in a sub-cube. 
· The dice operation produces a sub-cube by selection on multiple dimensions. 
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